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Discover 
the excitement 
of learning 
Electronics 
with training kits 
NRI sends you 

Available Under 
NEW GI BILL 
If you served slice January 31, 
1955, or are in service, check 
GI line in postage-free card. 

New Achievement Kit 
Custom Training Kits 
"Bite Size" Texts 
Only NRI offers you this pioneering 
method of "3- Dimensional" home - 
study training. It's the result of 
more than half a century of simpli- 
fying, organizing, dramatizing 
subject matter. As an ambitious 
man you can effectively learn the 
Electronics field of your choice the 
NRI way. But NRI training is more 
than kits and texts. It's personal 
services, too, which have made 
NRI a 50 -year leader in the home - 
study field. 

YOU GET MORE FOR YOUR MONEY FROM NRI 
Everything that you see here is included in 
just one NRI course. Other courses are 
equally complete, yet you'll be surprised at 
the low cost. Text for text, kit for kit, dollar 
for dollar -your best home study buy is NRI. 

HEVórMENT) 
11119' 
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Earn $4 to $6 an hour 
spare or full time in 
TV -RADIO 
SERVICING 
Want to earn extra money? Looking 
for a good paying job? Interested in 
your own full -time business? 
Radio -TV Servicing is the branch of 
Electronics offering all these 
opportunities. In addition to 
teaching you the facts, NRI shows 
you how to earn while you learn. 

You can learn quickly how to install, 
maintain and service tube and 
transistor home and auto radios, 
TV sets (including booming Color 
TV), hi -fi and stereo, public address 
systems. Like thousands of others, 
you can be earning $4 to $6 an 
hour in spare -time starting soon 
after you enroll. 

There's glamor and 
success awaiting you in 

BROADCASTING - 
COMMUNICATIONS 
Good paying, fascinating positions 
await competent Communications 
Operators and Technicians. Broad- 
cast stations, commercial stations, 
ships, aircraft, land vehicles all 
need men who know how to 
maintain and repair transmitting 
and receiving equipment. With 
closed -circuit TV, Facsimile, Micro- 
wave, Radar, Telemetry and all the 
communications needs of the 
Space Age, you can see how 
important training in this field has 
become. NRI training includes 
preparation for your First Class 
Radiotelephone FCC License. 
And you must pass the FCC exam 
or NRI refunds your tuition in full! 

More than 
50 years of leadership 
in Electronics Training 

Move ahead in America's 
fast moving industry as an 

ELECTRONICS 
TECHNICIAN 
There is a serious shortage of 
qualified Electronics Technicians. 
Electronics has found its way into 
hundreds of areas not even 
dreamed of ten years ago: offices; 
manufacturing; medical and dental 
uses; transportation; space 
exploration; government and mili- 
tary equipment ... there's no end 
of opportunity for trained men. 
This course stresses the basic 
principles around which most 
Electronic devices are built; 
prepares you for many current job 
openings. Prepare now. Learn 
Automation, computers, data 
processing, ultrasonics, telemetry. 
Whatever your interest in Elec- 
tronics, you'll find an NRI training 
plan for you. Check the course 
of most interest to you on the 
postage -free card and mail it today 
for your free NRI Catalog. No 
obligation. No salesman will call. 
NATIONAL RADIO INSTITUTE, 
Washington, D. C. 20016. 
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DEVR y TECH NOT ONLY TRAINS 

YOU ... BUT HELPS YOU GET 

STARTED AT NO EXTRA COST IN 

THE 31() ,',1O%1 ,/ ,'1 ;; ; OF 

HOME LABORA TORY EQUIPMENT 

- YOURS TO KEEP! 

ELECTRONICS! 
VPREPARE AT HOME 

Whether you want to prepare for a good -paying new 
job or for advancement in Electronics with your present employer, 
DeVry Tech offers specialized educational programs designed to 
meet your needs. You set up your own HOME LABORATORY 
and work over 300 construction and test procedures to develop 
on- the -job type skills. You build a quality Transistorized Meter, 
a 5 -inch Oscilloscope and a special Design Console. DeVry also 
includes modern "programmed" texts, instructive motion pic- 
tures, Consultation Service. Effective? Yes! 

VRESIDENT SCHOOL 
If you prefer you may get all of your training in DeVry's 

U.S. or Canadian resident schools under the close guidance 
of friendly, experienced instructors. You work with a wide variety 
of commercial equipment similar to that actually used in in- 
dustry as you prepare in our laboratories for a technician's job 
in Communications, Microwaves, Radio -Television. Automation, 
Radar, Computers, or other branch of Electronics. DeVry even 
provides part-time job placement service to those who wish to 
earn extra money while attending day or evening classes. 

VPLACEMENT SERVICE 
Meet W. E. Bartz, who has helped thousands of DeVry 

men toward exciting, profitable careers in Electronics. When YOU 
complete your program, he will help you too. As Placement 
Manager in touch with business and industry across the nation. 
Bartz knows the employer demand for DeVry- trained men. He 
has cooperated in placing our graduates with thousands of 
firms! 

Men 18 -45, start preparing NOW for this vast opportunity `field. 
Soon you should be ready for DeVry's valuable employment help! 

MAIL COUPON TOD 
AYi 

No Advanced 
Education or 
Previous Technical 
Experience Needed 
to Get Started 
Your ambition and desire to suc 
coed are more important! DeVry 
guides you every step of the way 
toward success. 

Free 
Send coupon 

for these t 

factual bo 

lets NOW 

DEVRY TECHNICAL INSTI 
4141 Belmont Avenue Chicago, Illinois 6064 

Accedited Member n1 Natoo.l Home Study Covr, r 

February, 1967 

DeVRY TECHNICAL INSTITUTE 
4141 Belmont Avenue, Chicago, III., 60641 Dept. PE-2 -X 

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

Space & Missile Electronics Communications 
Television and Radio 
Microwaves 
Radar 
Automation Electronics 

Name 

Computers 
Broadcasting 
Industrian Electronics 
Electronic Control 

Age 

Address _Apt 
Zip 

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

HOME STUDY AND RESIDENT SCHOOL TRAINING 
2103 AVAILABLE IN CANADA 
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Now there's a full line o 

Soldering Tools 
for all soldering needs 

Each model outperforms any other soldering 
tool of comparable size and price. All have 
replaceable tips of solid copper, instant heat, 
long reach, and rugged construction that 
means long -life, dependable performance. 

Weller Dual Heat Guns 
Feature trigger -controlled dual 
heat, efficient double -barrel de- 
sign, long -life tip, and work spot- 
light. Available in three wattage 
ratings, and in handy soldering 
gun kits. Priced from $6.95 list. 

Weller MARKSMAN Irons 
Best for intricate soldering or con 
tinuous -duty operation. Five sizes 
-all lightweights -with replace- 
able, premium -plated 1/e' to s /8" 
tips. From $2.98 list. Also in com- 
plete kit form with a soldering aid, 
solder and 2 extra soldering tips. 

T r y them all ... at your electronic parts distributor! 

WELLER ELECTRIC CORP., Easton, Pa. 
WORLD LEADER IN SOLDERING TECHNOLOGY 

CIRCLE NO. 38 ON READER SERVICE PAGE 
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all solid state 

12 channe! CB Transceiver 
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T`1 .t,c4- eleUZerA 
8 channel CB Trans:eiver 

Where else 5 full watts ... foras low as 

$ 95 

February, 1967 

All silicon transisto-s 
American made 
1 year warranty 
REGENCY ELECTR»NI";S. INC. 
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. prolong the life of your valuable stereo 
records and delicate stylus. Due to the offset 
angle of the cartridge, and the rotation of the 
record, all tone arms have an inherent tendency 
to move inward towards the center of the record. 
This skating force, a definite side pressure 
against the inner wail of the groove, is a major 
cause of poor tracking, right channel distortion 
and uneven record wear. It is neutralized by the 
patented anti -skating controls featured in three 
of Garrard's new automatic turntables. 

60 Mk II 
with pre -set 

automatic 
anti- skating 

assembly 
built into 
tone arm 

system. 
$74.50 

70 Mk II 
with adjustable 

"sliding 
weight" anti - 

skating 
control built 

Into tone 
arm 

system. 
$84.50 

Lab 80 Mk II 
with adjustable 

sliding weight 
anti -skating 

compensator 
calibrated 

with 1/2 gram 
markings 
and built 
into the 

tone arm 
system. 
$99.50 

These are three of the five Garrard Automatic Turn. 
tables just introduced. For complimentary copy of 
colorful, new Comparator Guide describing all models, 
mail coupon. 

r 
Garrard, Dept. GB -357, Westbury, N.Y. 11590 

Please send Comparator Guide. 

Name 

Address 

City State Zip 

LETTERS 
FROM OUR READERS 
Address correspondence for this department to: 

Letters Editor, POPULAR ELECTRONICS 
One Park Avenue, New York. N. Y. 10016 

STEREO COLOR ORGAN 

Attached is a photo of the "Musette Color 
Organ" (July, 1966) which I built. My unit 
has four channels instead of five, and I 
hooked it up for stereo, making one high and 
one medium channel in series for each stereo 
input, and I used one sensitivity control for 
each pair of channels. For simplicity of op- 
eration, the two controls were ganged. As 
the chassis was going to be out of sight, I 
placed the on /off switch, pilot light, and 
sensitivity controls on a remote panel. 

The unit works fine and is a real eye- catch- 
er, but I do have a hum problem that seems 
to be riding the a.c. line. It consists mainly 

of small pulses of about 10 volts and some 
200 microseconds duration superimposed on 
each a.c. peak, and is particularly bother- 
some when tuning in a weak radio station. I 
would be grateful if you could tell me of an 
effective way to filter out this interference. 

H. P. YRIGO YEN 
Mexico, D.F., Mex. 

Silicon -controlled rectifiers act like high- 
speed switches. and as such are capable of 
setting up r.f. interference. A good r.f. ground 
connection of the color organ may solve your 
problem. If interference persists, you may 
also have to add an L filter between the 
anode of each SCR and its display lamp. The 
filter should be placed as close to the SCR as 
possible and should consist of an r.f. choke 
in series and about a 0.5 -pF capacitor across 
the display lamp line. The choke must be large 
enough to handle the current to the display 
lamp. 

COMMUNIST PROPAGANDA 

If you think that Radio Havana will take 
your name off its mailing list- forget it (re 
"Havana Propaganda," page 8, October, 1966). 
I've been trying (asking nicely) for two 

CIRCLE NO. 13 ON READER SERVICE PAGE 
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Let I.C.S. equip 
you for success 
in radio-TV- 
electronics 
with professional equipment! 

Brand -new "Electronic Laboratory," now 

being offered for the first time, can help you 

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

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

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

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

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

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

INTERNATIONAL CORRESPONDENCE SCHOOLS I 
I Dept. 34037A, Scranton, Penna. 18515 

1 

(In Hawaii: P.O. Box 418, Honolulu. In Canada: I.C.S Canadian, Ltd. 
In other countries: I.C.S. World, Ltd.) 

Please rush me your new 64 -page booklet "ElectronICS" which answers the most often -asked questions about preparing for an electronics 
career. Also send me "How to Succeed," and a sample I.C.S. lesson. I have indicated my field of interest below. 

Cl Electronic Fundamentals Hi -Fi /Stereo & Sound 
Electronic Instrumentation Systems 

Computer Fundamentals General Electronics 

Radio-TV Servicing Electronics Technician 

Electronic Principles for 
Automation 

Semiconductor - 
Transistor Circuits 

Industrial Electronics Industrial Electronics 
Engineering Telephony 

FCC Radiotelephone Other (please specify) 
Licenses 

I Name Age 

I Address 

City State Zip Code_ 
I Occupation_ Employed by 

Working Hours A.M. to P.M. Convenient payment plan Training Programs for Industry 
I am a member of U.S. Armed Forces. Send me facts about special low rates. 

I. 
February, 1967 

1 

si 
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The 3rd Generation arrives! 

INTEGRATED CIRCUITS 
NOW IN SCOTT RECEIVERS 

Brings stations you've never heard before 
to life with amazing clarity! 

First tubes, then transistors and FET's ... and 
now, incorporating the most important techno- 
logical advance of the decade, Scott's new 3rd 
generation receivers ... each with 4 Integrated 
Circuits! Scott Integrated Circuits are designed 
into the 388 120 -Watt AM /FM stereo receiver, 
the 348 120 -Watt FM stereo receiver, and the 
344B 85 -Watt FM stereo receiver. Now you can 
hear more stations with less noise ... less inter- 
ference from electric razors, auto ignitions, etc. 
Scott conservatively rates capture ratio of these 
new receivers at 1.8 dB ... selectivity at 46 dB! 
And, you'll enjoy this amazing performance for 
many, many years, thanks to the rock -solid re- 
liability of Scott IC's. Your Scott dealer will gladly 
demonstrate to you the astounding capabilities 
of these new receivers. 

Scott ... where innovation is a tradition 

0 S C OTT° 
H.H. Scott, Inc., 111 Powdermill Road, Maynard, Mass. 
Export: Scott International, Maynard, Mass. Dept. 520 -02 

F 
REEfactfilled, fully illustrated booklet 

on Scott Integrated Circuits ... simply 
circle Reader Service Number 32. 

CIRCLE NO. 32 ON READER SERVICI PAGE 
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LETTERS (Continued from page 8) 

years. However, there are stations in other 
communist countries that do not send propa- 
ganda -Radio Belgrade, for example, which 
mails a "Happy New Year" card in several 
languages. I suggest not letting propoganda 
scare off prospective QSL's -just get a good 
book of matches. 

R. S. GILMORE, WPE8FJD 
Saginaw, Mich. 

IF IT'S TRUE, IT'S NOT PROPAGANDA? 

I trust it was just a slip of the pen, but if 
not, I would like to object to the remark 
made in your November, 1966, issue on page 
41 where you couple BBC programmes with 
Iron Curtain programmes, or propaganda, 
as you call it. I can assure you that what the 
BBC puts out is pure unadulterated truth - 
just like the New York Times; London hap- 
pens to be on the American side of the Iron 
Curtain, not the Prague side of it. Naturally, 
I am British. 

JOHN TEALE 
Sea Bright, N.J. 

John, we're glad that London is on our 
side. But, the truth is often the best kind of 
"propaganda" we can generate. 

SCIENCE FAIR TROPHIES 

I entered your "Flip -Flop Computer" 
(March and April, 1961) in our school's an- 
nual Science Fair, and came up with the first 
place trophy. Enclosed is a picture of my 

project, with the trophy in front of it. I am 
looking forward to more projects on ad- 
vanced computers in the near future. 

ARTHUR J. KRUMREY 
Chicago, Ill. 

"Big TC" (July, 1964) won first place for 
me in our recent Science Fair. It was my 
first major project and it sure paid off. It 

POPULAR ELECTRONICS 
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Now, for men in electronics 
-"a whole new era 
of quick calculations" 

thanks to this specially designed 
electronics slide rule 

"THERE MUST BE THOUSANDS OF PEOPLE in electronics 
1 who have never had the marvelous adventure of calculating 

problems with a single slide rule; other thousands have had to 
content themselves with a slide rule not specifically designed for 
electronics. For both groups, the new slide rule designed and 
marketed by Cleveland Institute of Electronics and built for 
them by Pickett will open a whole new era of quick calculations. 

"Even if you have never had a slide rule in your hands before, 
the four -lesson instruction course that is included takes you by 
the hand and leads you from simple calculations right through 
resonance and reactance problems with hardly a hitch. If you 
already use a slide rule, you'll find the lessons a first -rate re- 
fresher course. And it explains in detail the shortcuts built into 
this new rule." 

-1 :¡( 

O 
.o. ! ® 

From an article in 
Radio Electronics Magazine 

Want complete details about this time -saving new Electronics Slide 
Rule? Just mail coupon below... or write Cleveland Institute of Elec- 
tronics, Dept. PE -129, 1776 East 17th St., Cleveland, Ohio 44114. 

E 

L 

Mail this coupon for 
FREE BOOKLET 

How to Solve Electronics Problems in Seconds 

With new Electronics Slide Rule and Instruction Course 

CIECleveland Institute of Electronics 
1776 E.17th St., Cleveland, Ohio 44114 

Please send me without charge or obligation your booklet describing 
the CIE Electronics Slide Rule and Instruction Course. Also FREE if 
I act at once: a handy pocket -size Electronics Data Guide. 

Name 
(please print) 

Address 

City State Zip 
Accredited Member National Home Study Council 

A Leader in Electronics Training... Since 1934 PE-129 J 
CIRCLE NO. 8 ON READER SERVICE PAGE 
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LETTERS (Continued from page 10) 

was fun to build and easy on the pocketbook 
(less than $8) and even more fun to run. One 
question: Is it supposed to shock you when 
you hold the light bulb up to it? Mine does, 
and once it 
arced over to 
my hand -it 
packs quite a 
jolt. 

For those 
who want to 
construct this 
project with- 
out much cost, 
here is the 
way I did it. 
I made the 
large coil from 
a piece of plas- 
tic drainage 
pipe. The rings 
for the small 
coil were cut 
f r o m t w o 
pieces of scrap plastic. The spark gap elec- 
trodes were made from a welding rod. I as- 
sembled the capacitor from a combination 
of sheet tin and aluminum foil. The wire for 
the large coil was salvaged from three TV 
yokes. I bought the test prod wire from 
Allied during one of their sales, and the neon 
sign transformer was given to me. The feed- 

through insulator is a turned wooden piece 
with a large thread spool, minus the thread, 
placed on top of it. 

Now, how about an article on a big Van de 
Graaff generator? 

DAVID BYRD 
Erwin, Tenn. 

Enclosed is a picture of my latest creation, 
"Gorgo -The Homemade Robot." He started 
life as "Emily ... The Robot With The One - 
Track Mind" (March, 1962). The photo tells 
what he can do. I entered "Gorgo" in a local 
Science Fair and he took second place. 
"Emily" was originally built for a "Fair" (a 

(Continued on paye 95) 
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For people who really listen,we offer 
the first receiver with $400 specifications 

that sells for $279 

ADC 606 
90 watt, solid -state, FM Stereo Receiver 

Features and Specifications. Power: 90 watts (IHF) n 4 ohms; 
70 watts (IHF) sJ 8 ohms Total Harmonic Distortion 
@ rated output: .5%; 3 db below rated output: .2% 

Usable FM Sensitivity: 1.6 uy (IHF) FM Stereo 
Separation: 35 db civ 400 Hz; 20 db @ 8,000 Hz 

First,true,bookshelf depth: 17 "wide,5 "high, 
9" deep Side panels eliminate 
need for separate cabinet 

Large, readable, FM dial 
Complete tape playback and 

monitoring facilities Musical 
instrument input Automatic 
Frequency Control (switchable) 
for FM Independent controls 
for 2 sets of speakers 

Headphone jack Each 
channel separately fused, 
plus main power fuse 

Automatic FM stereo switch- 
ing 2 -year warranty 

12 

AUDIO DYNAMICS 
CORPORATION 

Pickett District Rd. New Milford, Conn. 
CIRCLE NO. s ON READER SERVICE PAGE 
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This PREMIER PORTABLE TYPEWRITER 

WHEN YOU BUY THIS RCA WR -64B 
COLOR BAR /DOT /CROSSHATCH 

GENERATOR,,,THE ESSENTIAL 

COLOR TV TEST INSTRUMENT 
Here's a deal you can't afford to miss! A FREE Remington 
portable typewriter -yours when you purchase the most 
essential color -TV test instrument -the RCA WR -64B1 

Just imagine how handy your new typewriter will be -in 
the shop or at home. You'll use it almost as much as you use the 
RCA WR -64B- standard of the color TV servicing industry. 

Here's how to get your FREE Remington Typewriter. 
Mail in the warranty card plus the gold label from the 
shipping carton of your new RCA color bar generator to 
RCA Test Equipment Headquarters, Bldg. 17 -2, Harrison, 
N. J. We will ship your new Remington portable typewriter 
to you direct, freight prepaid. But remember -this offer 
covers only equipment purchased between February 1, 1987 
and May 15th, 1987. To allow for postal delay, we will 
honor cards postmarked up to May 31st. 

Plan NOW to take advantage of this BIC offer -a FREE 
Remington portable typewriter with your purchase of an 
RCA WR -64B color bar /dot /crosshatch generator. 

February, 1967 

The standard of the Color -TV Servicing Industry. Gener- 
ates all necessary test patterns -color bars, crosshatch, 
dots plus sound -carrier. Only $189.50 
'Optional Distributor resale price. All prices subject to 
change without notice. Price may be slightly higher in 
Alaska, Hawaii, and the West. 

Ask to see it at Your Authorized 
RCA Test Equipment Distributor 

FICA rNelrenk Components and Devices, H.uri.en, N. J. 

The Most Trusted Name in Electronics 

CIRCLE NO. 27 ON READER SERVICE PAGE 
13 



now there are 

time & tool - saving 

double duty sets 
New PS88 all- screwdriver set 
rounds out Xcelité s popular, f 
compact convertible tool set line. 
Handy midgets do double duty 
when slipped into remarkable 
hollow "piggyback" torque ampli- 
fier handle which provides the 
grip, reach and power of standard 
drivers. Each set in a slim, 
trim, see -thru plastic pocket case, 
also usable as bench stand. 

PS7 
2 slot tip, 
2 Phillips 
screwdrivers, 
2 nutdrivers 

PS88 
5 slot tip, 
3 Phillips 
screwdrivers 

PS120 
10 color 

coded nutdrivers 

V 

XCELITE INC. 20 BANK ST., ORCHARD PARK, N. Y. 

Please send free literature N563. 
na me 

address 

city state & zone 

CIRCLE NO. 39 ON READER SERVICE PAGE 
14 
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ELECTRON ICS 

LIBRARY 
COMPUTERS SELF -TAUGHT THROUGH 
EXPERIMENTS 

by Jack Brayton 

It is the author's contention that digital com- 
puters are simple rather than complex instru- 
ments, and he has written this book to prove 
it. He points out that computers seem com- 
plex because of their size, but that they are 
actually made up of many simple circuits re- 
peated thousands of times. In these pages 
discussions of computer theory appear side 
by side with details that enable the reader to 
construct working models of the circuits - 
which seems to us an excellent way to master 
the subject. All parts values, voltages, and 
other circuit details are given, and the parts 
used in the various experiments are both 
readily available and low in cost. 
Published by Howard W. Sams & Co., Inc., 
4300 West 62 St., Indianapolis, Ind. 46206. Soft 
cover. 192 pages. $4.25. 

IL? ¡:. 
AMPLIFIER HANDBOOK 

Richard F. Shea, Editor -in -Chief 

Truly a giant of a volume (1516 pages, 410 il- 
lustrations), this handbook provides invalu- 
able reference material of both a general and 
a specialized nature. Prepared by a team of 
outstanding authorities in the field, the book 
is divided into three sections: amplifier funda- 
mentals; devices; and circuits. All major 
forms of amplifying devices (from tubes and 
transistors to masers and lasers) are de- 
scribed, but the bulk of the book is devoted to 
specific categories of circuits and includes de- 
signs ranging from one end of the frequency 
and power spectra to the other. Wherever 
possible, a design is generalized and the 
necessary information provided to develop 
desired variations. Emphasis throughout is 
on practical applications. 
Published by McGraw -Hill Book Company, 
330 West 42 St., New York, N.Y. 10036. 1516 
pages. Hard cover. $37.50. 

A TOWER IN BABEL 
by Erik Barnouw 

If you can forgive the minor technical errors 
(the author has little knowledge of elec- 
tronics), you should find this early history of 
broadcasting fascinating reading. The first of 
three volumes, it tells how broadcasting 
started and is spiced with anecdotes about 
the men and women who foresaw a bright 
future for radio. Starting with the invention 

POPULAR ELECTRONICS 



POPULAR ELECTRONICS 
READER SERVICE PAGE 

You can get 
additional information promptly 

concerning 
products advertised or mentioned 

editorially 
in this issue 

1 
Circle the number on the coupon below which corresponds 

to the key number at the bottom of the adver- 
tisement or is incorporated in the editorial mention that interests you. 

2 
Mail the coupon to the address indicated below. 

3 
Please use this address only for Product Service requests. 

POPULAR ELECTRONICS 
P. O. BOX 8391 

PHILADELPHIA, PA. 19101 
Please send me additional information about the products whose code numbers I have circled 
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NAME (Print clearly) 

ADDRESS 

CITY STATE ZIP CODE 
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LIBRARY (Continued from page 14) 

of radio communications, the first volume 
takes the reader up through the winter 
broadcasting season of 1932 -33. This is how 
it was in the days of the Fresh Air Taxi Com- 
pany, the A & P Gypsies, the Cliquot Club 
Eskimos, Norman Brokenshire, etc. Your re- 
viewer cannot help but recommend this 
book for anyone 45 years old or over. 
Published by Oxford University Press. 417 
Fifth Ave., New York, N.Y. Hard cover. 
344 pages. $8.55. 

BUILDING YOUR AMATEUR RADIO 
NOVICE STATION 

by Howard S. Pyle, W7OE 

This book is aimed at the prospective ama- 
teur with a minimum of electronics back- 
ground who would like the thrill of making 
his first Novice contacts over equipment he 
constructed himself. W7OE gives complete 
details (including drilling templates) for a 1- 
tube (6EB8) regenerative receiver covering 
the 80- through 10 -meter amateur bands and 
a 1 -tube (6DQ6B), 25 -watt CW transmitter 
for the 80-, 40 -, and 15 -meter bands. Both 
units contain their own power supplies. Un- 
fortunately, if the transmitter's power supply 
is wired as shown in the schematic on page 
63, the transmitter won't work; and the tun- 

ing instructions for the transmitter are ex- 
actly reversed, which will undoubtedly con- 
fuse inexperienced readers. Otherwise, the 
book is well prepared. 
Published by Howard W. Sams & Co., Inc., 
4300 West 62 St., Indianapolis, Ind. 46206. 
Soft cover. 128 81íz" x 11" pages. $3.50. 

m C 
"HOW -TO" ELECTRONICS LIBRARY - 
Otherwise known as the "103 IRC Series," the 
"How -To" Electronics Library consists of ten 
books (64 pages each) of useful information 
for the beginner in electronics. Subjects 
covered are "Diodes," "The Volt- Ohm -Mil- 
liammeter, "Basic Alternating Current," 
"How to Read Circuit Diagrams," "Basic 
Electronics Math," "Handbook of Transistor 
Circuits," "Learn Electronics in 5 Minutes, 
37 Seconds," "The Oscilloscope," "The Vacu- 
um -Tube Voltmeter," "Elements of Elec- 
tronics," "How to Use and Enjoy Your Tape 
Recorder," and "Practical Radio." Simply 
written and well illustrated, these books will 
enable the novice to become familiar with the 
basic instruments in electronics -how they 
work and how to use them -and to under- 
stand basic theory. Recommended, 
Published by M. W. Lads Publishing Co., Phil- 
adelphia, Pa. Distributed by International Re- 
sistance Company through its electronic parts 
distributors. Soft covers. 64 pages each. $1.25 
each. 

How much performance can you expect 
from a $69.50 turntable? 

The most...when it's the 
new Dual 1O1OA 
Only Dual could bring 'Dual quality' into 
the medium price field. Like the widely 
acclaimed $129.50 Dual 1019, the new 
1010A offers unrestricted flexibility of au- 
tomatic and manual operation in either 
single play or changer mode. Famous 
Elevator- Action changer spindle inter- 
changes with single play spindle. Free - 
floating low mass tone -arm with magne- 
sium head, tracks flawlessly as low as 2 

grams. Stylus overhang adjust assures 
minimum tracking error with any cartridge. 
Precise click stop adjust sets tracking 

force without 
need for exter- 
nal gauge. Powerful 
new Dual Hi- Torque 
motor maintains speed within 0.1% even 
when line voltage varies -!- 10 0/o. 

No need to settle for an ordinary changer 
because of price. The 1010A will upgrade 
your entire system for very little additional 
cost. See your franchised 
United Audio dealer, or lllllted 
write for literature. audio 

515 MADISON AV(_ NEW YORK. N. r 10022 
Dual 

CIRCLE NO. 37 ON READER SERVICE PAGE 
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Introducing EICO's New "Cortina Series "! 
Today's electrotechnology makes possible near -perfect 
stereo at moderate manufacturing cost: that's the de- 
sign concept behind the new EICO "Cortina" all solid - 
state stereo components. All are 100% professional, 
conveniently compact (3,/8"H, 12"W, 8"D), in an 
esthetically striking "low silhouette." Yes, you can pay 
more for high quality stereo. But now there's no need 
to. The refinements will be marginal and probably 
inaudible. Each is $89.95 kit, $119.95 wired. 
Model 3070 All- Silicon Solid -State 70 -Watt Stereo 

Amplifier: Distortionless, natural sound with unre 
stricted bass and perfect transient response (no inter - 
stage or output transformers); complete input, filter 
and control facilities; failure -proof rugged all -silicon 
transistor circuitry. 
Model 3200 Solid -State FM /MPX Automatic Stereo 
Tuner. Driftless, noiseless performance; 2.4µV for 30db 
quieting; RF, IF, MX are pre -wired and pre -tuned on 
printed circuit boards - you wire only non -critical power 
supply. 

7 New Ways to make Electronics more Fun! 
up to 500o with EICO Kits and Wired Equipment. 

NEw lICO 711 -Space R,..pe,. 
4 Band çro '. .,a e Cp ̂ r,,.nrc ±!ion Per.' .e' 
plus ham operators, ship.to- shore, aircraft, 
Coast Guard, and the full AM band. 550KC to 
30MC in four bands. Selective, sensitive super - 
het, modern printed circuit board construction. 
Easy last pinpoint tuning: illuminated slide - 

rule dials, logging scale; "S" meter, electrical 
bandspread tuning, variable REO for CW and 
SSB reception, automatic noise limiter. 4" 
speaker. Headphone jack. Kit $49.95. Wired 
$69.95. 

--;1 r 
r r r 
r f ^ 

_ - 

1 

''the best ham 
transceiver buy for 1966 "a - Radio TV Experi- 
menter Magazine. 200 watts PEP on 80, 40 and 
20 meters. Receiver offset tuning, built -in VOX, 
high level dynamic ALC, silicon solid-state VFO. 
Unequaled performance, features and appear- 
ance. Sensationally priced at $189.55 kit, 
$299.95 wired. 

Model 460 Wideband Direct-Coupled 
5" Oscilloscope. DC -4.Smc for color 
and RAW TV service and lab use. Push - 
pull DC vertical amp., bal. or unbal. 
input. Automatic sync limiter and amp. 
$99 95 kit, $139.50 wired. 

February, 1967 

r 

NEW EICO 888 Solid -State 
Engine Analyzer 
Now you can tune -up, trouble- 
shoot and test your own car or 
boat. 
Keep your car or boat engine in 
tip -top shape with this completely 
portable, self- contained, self - 

powered universal engine ana- 
lyzer. Completely tests your total 
ignition /electrical system. The 
first time you use it - just to tune 
for peak performance - it'll have 
paid for itself. (No tune -up 
charges, better gas consumption, 
longer wear) 7 instruments in 
one, the EICO 888 does all these 
for 6V and 12V systems; 4, 6 & 
8 cylinder engines. 

The EICO 888 comes complete 
with a comprehensive Tune -up 
and Trouble- shooting Manual in- 
cluding RPM and Dwell angle for 
over 40 models of American and 
Foreign cars. The Model 888 is 
an outstanding value at $44.95 
kit, $59.95 wired. 

hew EICOCRAtT easy. 
to -build solid-stare elec. 
tronic TruKrts: great 
for beginners and 
sophisticates alike. As 
professional as the 
standard EICO line - 
only the complexity is 
reduced to make kit. 
building faster, easier, 
lower cost. Features: 
pre drilled copper - 
plated etched printed 

circuit boards; finest parts; step-by-step in- 
structions; no technical experience needed - 
lust soldering iron and pliers. Choose from: Fire 
Alarm; Intercom; Burglar Alarm; Light Flasher; 
"Mystifier "; Siren; Code Oscillator; Metronome; 
Tremolo: Audio Power Amplifier; AC Power Sup- 
ply. From $2.50 per kit. 

7 - PUNCH - : neu EICO -Sentinel - 
Pre- 73 charnel C.:al n, ^,s,on S -naft CO 
r+ - -, .e- New advanced Big -Reach "Range 
Plus" circuitry lengthens "talk- power" reach, 
Automatic noise limiter super -sensitizes for weak 
signals. "Finger Tip" antenna loading and trans- 
mitter tuning controls. 23 crystal -controlled 
transmit and receive channels - all Crystals 
supplied. Rear -illuminated S /RF meter. Tran 
sistorized 12VDC and II7VAC dual power supply. 
Wired only, $169.95. Positive- Negative Ground/ 
Mobile Marine Modification kit (optional $5.95). 

FREE 1967 CATALOG PE -2 
EICO Electronic Instrument Co., Inc. 
131-01 39th Ave., Flushing, N. V. 11352 

Send me FREE catalog describing the full MO line of I 

200 best buys. and name of nearest dealer. I'm inter- 
ested in: 

test equipment ham radio 
stereo /hi -fi D Citizens Band radio 
automotive electronics 

Name__ 

Address 

City 

State lip 
L. J 

CIRCLE NO. 10 ON READER SERVICE PAGE 

Model 232 Peak -to -Peak VTVM. A must 
for color or 0 &W TV and Industrial 
use. 7 non -skip ranges on all 4 func- 
tions. with exclusive AniProbe.W 
$29.95 kit, $49.95 wired. 
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You can earn more money 
if you get an FCC License 

...and here's our famous CIE warranty that 
you will get your license if you study with us at home 

NOT SATISFIED with your present in- 
come? The most practical thing 

you can do about it is "bone up" on 
your electronics, pass the FCC exam, 
and get your Government license. 

The demand for licensed men is 
enormous. Ten years ago there were 
about 100,000 licensed communications 
stations, including those for police and 
fire departments, airlines, the merchant 
marine, pipelines, telephone companies, 
taxicabs, railroads, trucking firms, de- 
livery services, and so on. 

Today there are over a million such 
stations on the air, and the number is 
growing constantly. And according to 
Federal law, no one is permitted to 
operate or service such equipment 
without a Commercial FCC License or 
without being under the direct super- 
vision of a licensed operator. 

This has resulted in a gold mine of 
new business for licensed service tech- 
nicians. A typical mobile radio service 
contract pays an average of about $100 
a month. It's possible for one trained 
technician to maintain eight to ten 
such mobile systems. Some men cover 
as many as fifteen systems, each with 
perhaps a dozen units. 

Coming Impact of UHF 
This demand for licensed operators 
and service technicians will be boosted 
again in the next 5 years by the mush- 
rooming of UHF television. To the 500 
or so VHF television stations now in 
operation, several times that many 
UHF stations may be added by the li- 
censing of UHF channels and the sale 
of 10 million all- channel sets per year. 

Opportunities in Plants 
And there are other exciting opportu- 
nities in aerospace industries, electron- 
ics manufacturers, telephone compa- 
nies, and plants operated by electronic 
automation. Inside industrial plants 
like these, it's the licensed technician 
who is always considered first for pro- 
motion and in -plant training programs. 
The reason is simple. Passing the Fed- 
eral government's FCC exam and get- 

CI E1776 E. 17th St., Dept. PE -51, Cleveland, Ohio 44114 

ting your license is widely accepted 
proof that you know the fundamentals 
of electronics. 

So why doesn't everybody who "tink- 
ers" with electronic components get an 
FCC License and start cleaning up? 

The answer: it's not that simple. The 
government's licensing exam is tough. 
In fact, an average of two out of every 
three men who take the FCC exam fail. 

There is one way, however, of being 
pretty certain that you will pass the 
FCC exam. And that is to take one of 
the FCC home study courses offered by 
the Cleveland Institute of Electronics. 

CIE courses are so effective that bet- 
ter than 9 out of every 10 CIE -trained 
men who take the exam pass it ...on 
their very first try! That's why we can 
afford to back our courses with the 
iron -clad Warranty shown on the fac- 
ing page: you get your FCC License or 
your money back. 

There's a reason for this remarkable 
record. From the beginning, CIE has 
specialized in electronics courses de- 
signed for home study. We have devel- 
oped techniques that make learning at 
home easy, even if you've had trouble 
studying before. 

In a Class by Yourself 
Your CIE instructor gives his un- 
divided personal attention to the les- 
sons and questions you send in. It's like 
being the only student in his "class." 
He not only grades your work, he an- 
alyzes it. And he mails back his correc- 
tions and comments the same day he 
receives your assignment, so you can 
read his notations while everything is 
still fresh in your mind. 

Mail Card for Two Free Books 
Want to know more? The postpaid re- 
ply card bound -in here will bring you 
free copies of our school catalog de- 
scribing opportunities in electronics, 
our teaching methods, and our courses, 
together with our special booklet, 
"How to Get a Commercial FCC Li- 
cense." If card has been removed, just 
send your name and address to us. 

Matt Stuczynski, 
Senior Transmitter 

Operator, Radio 
Station WBOE 

"I give Cleveland 
Institute credit for 
my First Class 
Commercial FCC 
License. Even 
though I had only six weeks of high 
school algebra, CIE's AUTO-PRO- 
GRAMMEDTK lessons make elec- 
tronics theory and fundamentals easy. 
I now have a good job in studio 
operation, transmitting, proof of per- 
formance, equipment servicing. Be- 
lieve me, CIE lives up to its promises." 

Chuck Hawkins, 
Chief Radio 

Technican, Division 
12, Ohio Dept. 
of Highways 

"My CIE Course 
enabled me to pass 
both the 2nd and 1st 
Class License 
Exams on my first 

attempt...I had no prior electronics 
training either. I'm now in charge of 
Division Communications. We ser- 
vice 119 mobile units and six base 
stations. It's an interesting, challeng- 
ing and rewarding job. And incident- 
ally, I got it through CIE's Job Place- 
ment Service." 

Glenn Horning, 
Local Equipment 

Supervisor,Western 
Reserve Telephone 

Company 
"There's no doubt 

about it. I owe my 
2nd Class FCC Li- 
cense to Cleveland 
Institute. Their FCC 
License Course really teaches you 
theory and fundamentals and is par- 
ticularly strong on transistors, mobile 
radio, troubleshooting and math. Do 
I use this knowledge? You bet. We're 
installing more sophisticated elec- 
tronic gear all the time and what I 
learned from CIE sure helps." 

ENROLL UNDER G.I. BILL 
All CIE courses are available under 
the new G.I. Bill. If you served on ac- 
tive duty since January 31, 1955, or 
are in service now, check box on 
reply card for G.I. Bill information. 

Cleveland Institute of Electronics 
Accredited by the Accrediting Commission of the National Home Study Council, and the only home study school to provide complete coverage 
of electronics fundamentals plus such up -to -date applications as: Microminiaturization Laser Theory and Application Suppressed Carrier 
Modulation Single Sideband Techniques Logical Troubleshooting Boolean Algebra Pulse Theory Timebase Generators...and many more. 

18 POPULAR ELECTRONICS 
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Cleveland Institute of Electronics 

of success in obtaining a 

Government FCC License 
The Cleveland Institute of Electronics hereby warrants that 
upon completion of the Electronics Technology, Broadcast 
Engineering, or First -Class FCC License course, you will be 
able to pass the FCC examination for a First Class Com- 
mercial Radio Telephone License (with Radar Endorsement) : 

OR upon completion of the Electronic Communications 
course you will be able to pass the FCC examination for a 
Second Class Commercial Radio Telephone License; 

AND in the event that you are unable to pass the FCC test 
for the course you select, on the very first try, you will re- 
ceive a FULL REFUND of all tuition payments. 

This warranty is valid for the entire period of the com- 
pletion time allowed for the course selected. 

C. O. Allen 
President 
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NEW 

PRODUCTS 

Additional information on products cov- 
ered in this section is available from the 
manufacturers. Each new product is 
identified by a code number. To obtain 
further details on any of them, simply 
fill in and mail the coupon on page 15. 

AUTO /HOME SPEAKERS 

There's no need to cut holes in your car doors 
to accommodate the "Stereo Modulators" now 
being marketed by Capitol Records -they can 
be mounted in the car's rear deck, between 
the seat and the back 
window. Designed to 
replace conventional - 
type speakers for use 
with tape cartridge 
systems, or other elec- 
tronic components, 
the Stereo Modula- 
tors represent a new 
concept in auto /home 
speakers: each one 
consists of 13 fre- 
quency tuned pipes. 
Each of the pipes, 
which vary in length, 
enhances a different segment of the audio 
spectrum -from 40 to 13,000 hertz. The Mod- 
ulators come with mounting plate and other 
materials needed for installation. 

Circle No. 75 on Reader Service Page 15 

90 -WATT SOLID -STATE AM -FM RECEIVER 

You get a handsomely styled walnut cabinet 
at no extra charge with the SX- 1000TA AM- 
FM solid -state receiver announced by Pioneer 
Electronics U.S.A. Corporation. The SX- 
1000TA itself contains a time switching cir- 

cuit equipped with automatic mono- stereo 
switching and provides 38 dB channel separa- 
tion. Each channel has separate bass and 
treble controls. Power output is distortion - 
free (less than 1 %). The front end of the FM 
tuner has a sensitivity of 2.2 pv, with absolute 
selectivity assured by four tuned i.f. amplifier 
stages followed by a wide -band ratio detector. 

22 

A unique transi3tor protection circuit is 
claimed to guarantee reliability until now 
only available in tube -type units. 

Circle No. 76 on Reader Service Page 15 

IMPROVED SSB TRANSCEIVER KITS 

Providing low -cost, high -performance SSB 
communications on 80, 40, or 20 meters, the 
new Heathkit "Single -Banders" now boast 
front panel selection of upper or lower side - 
band operation, improved audio and a.v.c. 
response, micro- 
phone and gain 
control, plus bias 
adjustment on 
the front panel 
for convenience 
in changing 
from fixed to mo- 
bile operation. 
Other new fea- 
tures include: 
more convenient front panel control locations, 
a mode switch position for control of the op- 
tional HRA -10 -1 plug -in crystal calibrator, 
a.l.c. input for operation with linear amplifi- 
ers, power connectors which are compatible 
with the Heath SB- Series power' supplies, and 
updated styling to match the SB- Series equip- 
ment. 

Circle No. 77 on Reader Service Page 15 

THEATRE ORGAN KIT 

No special skills are required to assemble the 
new Schober Theatre Organ kit, and a sav- 
ings of over 50% over the price of a compa- 

rable completed 
organ purchased 
through organ 
dealers is prom- 
ised, with no 
sacrifice in qual- 
ity. Printed cir- 
cuits are used 
throughout to 
keep the amount 
of assembly time 
down; the key - 
boards, wood 
console, and 
bench are sup- 
plied fully as- 

sembled. The Theatre model features a tradi- 
tional horseshoe -shaped console, 25 -note ped- 
alboard, and two full 61 -note keyboards. 
There are 48 stop tablets and the pitch regis- 
trations available range from 1 to 16 feet. 

Circle No. 78 on Reader Service Page 15 

GOOSENECK FLASHLIGHT 

When you need a light beam for working in 
"inaccessible" places, and a regular flash- 
light won't do the job, the flexible flashlight 
put out by Bryce- Branton could be the an- 
swer. This inexpensive flashlight has a com- 
pletely flexible 4" heád that can be twisted, 
bent around corners, or snaked into narrow 

CIRCLE NO. 20 ON READER SERVICE PAGE -O. 



LAFAYETTE HB -525 Solid State 
Mobile 2 -Way Radio 

All Crystals Supplied! 

LAFAYETTE 

5 2 5 F 
- ! 

Si$,íELC H 

Size: 23/8" by 61/4" 99.3076WX* 

Ali 
23CB Channels 
Crystal Controlled 

Plus 2 Reserve Channels 
19 Transistors, 7 Diodes, Thermistor Push -to -Talk Dynamic Microphone 
Dual Conversion Receiver for Extra Selectivity Variable Squelch plus Series Gate Automatic 

and Sensitivity Noise Limiting 
Full 5 -Watt Input Public Address System (with external speaker) 
Range BoostlM Circuitry for Added Power 12 -Volt DC Operation (pos. or neg. ground) 6- 
3- Position Delta Tune -Provides Accurate Fine Volt DC (with optional DC Power Supply) 

Tuning Pi- Network for Optimum RF Output 
Mechanhcal 455KC Filter for Superior 117 Volt AC Operation with Optional Power 

Selectivity 

FREE 
Over 500 Pages 

.ul E 4 e.tt9MiY1rlrt JW4fl 

1967 

Supply *Imported 

1967 CATALOG NO. 670 
Featuring Everything in Electronics for 

HOME INDUSTRY LABORATORY 

from the "World's Hi-Fi & Electronics Center" 
LAFAYETTE Radio ELECTRONICS 
Dept. I A-7 P.O. Box 10 
Syosset, L. I., N. Y. 11791 

Send me the FREE 1967 LAFAYETTE Catalog 670 
IB-7 

Name 

Address 

City State Zip 

IN§ 
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PRODUCTS (Continued from page 22) 

openings. About 5" long, plus 4" head, it comes 
in a black leatherette cover, with a handy clip 
for fastening it to a shirt pocket or belt. 

Circle No. 79 on Reader Service Page 15 

THREE -WAY SPEAKER SYSTEM 

Another new "Ultima" three -way speaker 
system from Olson Electronics, the Model 

S -778, features a full 
16" woofer with die - 
cast frame that han- 
dles low frequencies 
down to 35 Hz. A multi - 
cellular mid -range 
horn is coupled to the 
woofer through an LC- 
type crossover net- 
work, and a 21/2" 
"super- tweeter" ex- 
tends the response to 
20,000 Hz. There are 
level controls for the 
mid -range horn and 
the tweeter. Imped- 

ance is 8 ohms; power capacity, up to 50 
watts. The Model S -778 measures 291/2" high 
x 20'1" wide x 131" deep. 

Circle No. 80 on Reader Service Page 15 

AUTOMATIC TIMER 

Any electrical product can be switched on 
and off automatically many times with the 
"Functional Timer" offered by Yale Audio of 
Florida - as many 
as 48 combinations 
of time intervals 
can be preset. It 
will turn on your 
tape recorder and 
FM radio in your 
absence, record a 
particular program, 
then shut them off 
again. Other appli- 
cations include 
time -lapse photog- 
raphy, sleep learn- 
ing, phone answering service, water and 
lighting systems, and what have you. Models 
are available for either 12 -hour or 24 -hour 
operation, and with or without a tone- adjust- 
able buzzer. 

Circle No. 81 on Reader Service Page 15 

GENERAL- COVERAGE COMMUNICATIONS RECEIVER 

Beginning SWL's and Novice hams will be in- 
terested in the imported, low -cost, 7 -tube re- 
ceiver announced by Lafayette Radio Elec- 
tronics. The HA -63A provides full fingertip 
coverage of AM broadcast, marine and aero- 
nautical bands, civil defense, WWV, amateur 
and foreign broadcasting frequencies. An 
easy -to -read illuminated slide rule dial with 
built -in "S" meter insures accurate tuning. 

The superheterodyne circuit has a 3 -gang 
tuning capacitor with separate tuning coils 
for each of four bands to provide excellent 
selectivity and a sensitivity of 1.5 AV. Fre- 
quency range of the HA -63A is 550 kHz to 31 

o 4 to 411)` 
` .._ - .-. 

MHz. Other features include: switchable 
a.v.c. /m.v.c., a.n.l., BFO, and antenna trim- 
mer control. Output impedance is 4 -8 ohms; 
audio output, 1.5 watts. 

Circle No. 82 on Reader Service Page 15 

ALL- PURPOSE TWO -WATT TRANSCEIVER 

Claricon's new 2 -watt, 2 -way CB transceiver 
is suitable for portable, mobile, marine, or 
base station use. It features two crystal -con- 
trolled channels with 2 -watt output from 13 

transistors, and 
simple push- 
button opera- 
tion. In addition 
to the on /off 
switch, preset 
volume control, 
squelch control, 
and channel se- 
lectors, there is 
a battery level 

indicator which assures full power operation. 
The unit is furnished with four crystals (2 
transmit, 2 receive), and a combination dy- 
namic push -to -talk microphone and speaker. 

Circle No. 83 on Reader Service Page 15 

SELF -ENERGIZED SPEAKER SYSTEM 

The Model 4-100 stereo speaker system intro- 
duced by Viking of Minneapolis consists of 
two walnut speaker enclosures of bookshelf 
size, each of which contains an 8" woofer 

and 31/2" tweeter 
with crossover 
network. A 60- 
watt solid -state 
power amplifier, 
built into one of 
the enclosures, 
feeds both 
speakers -it has 
an on -off volume 
control, bass 

boost switch, and stereo headphone jack. 
Said to outperform most other speaker sys- 
tems of comparable size, the 4400 will work 
equally well with any tape deck, preampli- 
fied tuner, or phonograph. 

Circle No. 84 on Reader Service Page 15 
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FROM 

knight-k!t®ariir 1g 

Citizens Band Transceivers 

With Mike /Speaker, 
Channel 9 Crystals 

att 5 -Watt 5- Channel Transceiver Kit 

Versatile, easy and fun to build, features compact solid -state design with 
factory assembled and aligned transmitter section, yet is priced remark- 
ably low. Full 5 watts input power, 5 crystal -controlled channels. Just 21/8 

x 67/8 x 8 1/2" overall. Connects to 12-volt battery in car, truck or boat in 

minutes ... use as portable with optional battery pack, or as base station 
with optional AC supply. Simple 3- control operation -illuminated channel 
selector, squelch control, on /off volume control. Series gate noise limiter 
circuit overcomes interference. Unique push -to -talk microphone /speaker. 

With Mike /Speaker, 
Channel 9 Crystals 

$84.50 
HANDCRAFTED 

FOR DUALITY 

IT YOU 

-TOUR SATISFACTION 

GUARANTEED IT ALUM 

gaiazto LT 5 -Watt 23- Channel Transceiver Kit 
Designed for those who want the best in CB at a low price. All the deluxe 
features of the Safari II above ... PLUS provision for 23 crystal -controlled 
channels; easy -to -read front -panel "S" meter and fine tuning control to 
tune in stations that are off frequency; and transmit indicator light. 

Read the unique money -back guarantee below ... exclusive in the industry 
... then rush the coupon at right for full details and Special Introductory Offer. 

KNIGHT -KIT GUARANTEE 
Build a Knight -Kit in accordance with 
our easy -to- follow instructions. When 
you have completely assembled the kit, - 
you must be satisfied or we will re- 
turn your money, less transportation 
charges, under the Allied guarantee of 
satisfaction. ALLIED RADIO 

ALLIED RADIO, Knight -Kit Div., Dept. 3 -BB 
P. O. Box 8528 Chicago, Illinois 60680 
Please rush -FREE and without obligation -full details and 
Special Introductory Offer on Knight -Kit Safari II & III. 

Name 

Address 

PLEASE PRINT 

City State Zip 
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FULL}" EQUIPPED FOR 
IMMEDIATE OPERATION 
ON ALL 23 CHANNELS 

ay oui 
with 

the NEW 
CAM-88 

23- CHANNEL CB 
mobile and hase station 

AM TRANSCEIVER 

GREATER RANGE POWER with the exclusive 
new DYNA -BOOST circuit that intensifies speech 
signals and extends the signal range. 
The new Cobra CAM -88 is rugged, handsome and 
field proven. Compare it, feature for feature, with 
other CB equipment and you'll be convinced that 
the Cobra CAM -88 is by far the beat. 

Outstanding Features 
Fully- Equipped for Immediate 23- channel Transmit 
and Receive 
Double Conversion Superheterodyne Receiver 
Transistorized 117V AC /12V DC Power Supply 
Speech Compression with Switch 
Delta -Tune Fine Tuning 
Squelch Control and Standby Switch 
Illuminated Dual- Purpose Meter 
Power -in (Receive) -Power -out (Transmit) 
Modulation Indicator 
Detachable Press -to -talk Microphone 
Convertible to a Public Address Amplifier 

Carefully engineered design makes the Cobra com- 
pletely reliable and easy to operate. Completely 
self- contained. No additional cr ystals needed. 121495 

DIVISION OF DYNASCAN CORPORATION 
1801W. BELLE PLAT NE AVE. CHICAGO, ILL. 60613 

Export: Empire Exporters, 123 Grand St. New York 13, U.S.A. Also available m Canada 
CIRCLE NO. ON READER SERVICE PAGE 
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=TIPS 
_METHODS 

e IDEAS 

GADGETS = TECHNIQUES 
DEVICES 

PROTECTION AGAINST 

WRONG POLARITY APPLICATIONS 

If a diode is connected between your power 
supply and the load, the wrong voltage polar- 
ity can be prevented from getting to your 
equipment and damaging components. How- 
ever, the diode would have to handle the full 
current drawn by the load. You can get better 
results if the contacts of a relay carry the 
load current, leaving only the small amount 
of current needed to energize the relay to be 
passed by the diode. Connect a diode and re- 
lay as shown. When the voltage is of proper 

POWER 
SUPPLY 

LOAD 

polarity, the diode conducts and causes the 
relay to energize, applying the full power 
supply voltage to the load. If the polarity is 
reversed, the diode doesn't conduct and the 
relay stays open. Use a sensitive (5 -mA to 
10mA), normally open s.p.s.t. relay whose 
contacts can handle the current drawn by the 
load. -Mahaveerchand Bhandari 

KEEP YOUR CW KEY CLEAN 

WITH A "DUST COVER" 

Here's a handy way to prevent dust from 
"bugging" your key and to reduce the danger 
of shocks where high voltage is present. 
Take a com- 
mon plastic 
food container 
that measures 
about 2 1/2" deep 
by 3" in diam- 
eter, and cut 
openings in it 
to clear the 
key, the short- 
ing lever -if 
any -and connecting cable. Then place the 
container over the key. The resulting "dust 
cover" can also house a click filter, if you use 
one. Plastic food containers are available 
from most dime stores for about 29 cents. 

-Stephen Stone WNIFSU 
(Continued on page 30) 
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Regardless Of What You Pay 
For A Color TV... 

It Can't Perform 
As Well As This 

New Heathkit "180" 
For Only $37995* 

Here's Why! 
Exclusive Features That Can't Be Bought In Ready - 
Made Sets At Any Price! All color TV sets require 
periodic convergence and color purity adjustments. 
This new Heathkit GR -180 has exclusive built -in 
servicing aids so you can perform these adjustments 
anytime ... without any special skills or knowledge. 
Simple -to- follow instructions and detailed color 
photos in the GR -180 manual show you exactly 
what to look for, what to do and how to do it. 
Results? Beautifully clean and sharp color pictures 
day in and day out ... and up to $200 savings in 
service calls during the life of your set! 

Exclusive Heath Magna -Shield ... surrounds the en- 
tire tube to keep out stray magnetic fields and im- 
prove color purity. In addition, Automatic De- 
gaussing demagnetizes and "cleans" the picture 
everytime you turn the set on from a "cold" start. 

Choice Of Installation ... Another Exclusive! The 
GR -180 is designed for mounting in a wall or your 
own custom cabinet. Or you can install it in either 
optional Heath factory -built Contemporary or Early 
American styled cabinets. 

From Parts To Programs In Just 25 Hours. All criti- 
cal circuits are preassembled, aligned and tested at 
the factory. The GR -l80 manual guides you the 

rest of the way with simple, non -technical instruc- 
tions and giant pictorials. You can't miss! 
Plus A Host Of Advanced Features ... like the hi -fi 
180 sq. inch rectangular tube with "rare earth phos- 
phors", smaller dot size and 24,000 volt picture 
power for brighter, livelier colors and sharper defini- 
tion ... Automatic Color Control and gated Auto- 
matic Gain Control to reduce color fading and insure 
jitter -free pictures at all times . . . deluxe VHF 
Turret Tuner with "memory" fine tuning ... 2 -Speed 
Transistor UHF Tuner ... Two Hi -Fi Sound Outputs 
for play through your hi -fi system or connection to 
the GR -180's 4" x 6" speaker ... Two VHF Antenna 
Inputs -a 300 ohm balanced and a 75 ohm coax ... I -Year Warranty on the picture tube, 90 days 
on other parts. For full details mail coupon on the 
following page. 

*Kit GR -180, everything except cabinet, 
102 lbs. $379.95 
GRA- 180 -1, walnut cabinet (shown above), 
30 lbs...18 %" D x 28'/4" W x 29" H..... $49.95 
GRA- 180 -2, Early American cabinet, 
37lbs...18%"Dx28%"Wx313h "H 
Available February $75.00 

NEW 12" Transistor Portable TV - First Kit With Integrated Circuit 
Unusually sensitive performance. Plays any- 
where ... runs on household 117 v. AC, any 
12 v. battery, or optional rechargeable battery 
pack ($39.95); receives all channels; new inte- 
grated sound circuit replaces 39 components; 
preassembled, prealigned tuners; high gain IF 
strip; Gated AGC for steady, jitter -free pic- 
tures; front -panel mounted speaker; assembles 
in only 10 hours. Rugged high impact plastic 
cabinet measures a compact 11'/2" H x 153/4" W 
x 93/x" D. 27lbs. 

Kit GR -104 

$11995 

Turn Page For More New Kits From HEATH 
CIRCLE NO. 16 ON READER SERVICE PAGE 
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How To Have Fun While You Save .. . 

30 -Watt Solid -State 
FM /FM Stereo Receiver 
... Your Best Buy In Stereo 

Kit AR -14 

$9995 
less cabinet) 

High Performance At Lowest Cost Features 31 
transistors, 10 diodes for cool, natural transistor 
sound; 20 watts RMS, 30 watts IHF music power 
n +1 db, 15 to 50,000 Hz; wideband FM /FM 
stereo tuner, plus two preamplifiers; front panel 
stereo headphone jack; compact 3' /s" H x 15'/4" W 
x 12" D size; simple 20 -hour kit assembly. Custom 

mount it in a wall, or either Heath preassembled 
cabinets (walnut $9.95, beige metal $3.95). 16 lbs. 

NEW! Deluxe Solid -State 
FM /FM Stereo Table Radio 

Kit GR -36 

$6995 
Tuner and IF section same as used in deluxe 
Heathkit transistor stereo components. Other 
features include automatic switching to stereo; 
fixed AFC; adjustable phase for best stereo; 
two 51/4" PM speakers; clutched volume con- 
trol for individual channel adjustment; com- 
pact 19" W x 61/2" D x 91/4" H size; preassem- 
bled, prealigned "front- end "; walnut cabinet; 
simple 10 -hour assembly. 17 lbs. 

5 -Band AM /Shortwave Radio 

Kit GR -54 

4 -Band AM /Shortwave Receiver 

Kit GR -64 

8495 '3795 

Compare It To Sets Costing $150 & More! 5 bands 
cover 200 -400 kHz, AM and 2 -30 MHz shortwave. 
Features tuned RF stage; crystal filter for razor 
sharp selectivity; separate product detector for SSB 
& CW, plus AM diode detector; switchable BFO 
control; ANL; AVC; "S" meter; 4" x 6" speaker; 
headphone jack; antenna trimmer; charcoal gray 
metal cabinet; includes SWL antenna. 25 lbs. 

Hear Live Broadcast From Hundreds Of Foreign 
Countries, Voice of America, Radio Moscow, hams, 
ship -to- shore, plus popular AM. Covers 550 kHz 
to 30 MHz in 4 bands. Boasts 4 -tube superhet circuit 
plus 2 silicon rectifiers; 5" speaker; BFO control; 
"S" meter; bandspread tuning; headphone jack; AM 
rod antenna; charcoal gray metal cabinet. 15 lbs. 

New! Heathkit 60 -Watt Solid -State Guitar Amplifier 

28 

Kit TA -16 

'12995 

All The Features Guitarists Want Most . 60 
watts peak power; two channels, one for ac- 
companiment, accordion, organ or mike, the 
other has variable reverb and tremolo for lead 
guitars; 2 inputs per channel; two foot switches 
for reverb & tremolo; two 12" heavy -duty speak- 
ers; hum reduction switch; one easy -to -build 
circuit board with 13 transistors, 6 diodes - total 
kit assembly time 12 hours; 28" W x 9" D x 19" H 
leather- textured black vinyl cabinet of 3A" stock; 
120 v. or 240 v. AC operation; extruded alumi- 
num front panel; chrome -plated knobs. 52 lbs. 

POPULAR ELECTRONICS 



Build Your Own Heathkif Electronics 
NEW Heathkit® /Magnecord® 1020 4 -Track Stereo Recorder Kit 

Kit AD -16 

$39950 
(less cabinet) 

Save S170 by doing the easy assembly yourself. 
Features solid -state circuitry; 4 -track stereo or 
mono playback and record at 7' & 33/4 ips; 
sound -on- sound, sound -with -sound and echo 
capabilities; 3 separate motors; solenoid oper- 
ation; die -cast top -plate, flywheel and capstan 
shaft housing; all push- button controls; auto- 
matic shut-off; plus a host of other professional 
features. 45 lbs. Optional walnut base $19.95, 
adapter ring S4.75 

New! SB -101 80 -10 Meter SSB Transceiver- 
Now With Improved CW Transceive Capability 

Kit SB -101 

$36000 
(less speaker) 

Now features capability for front panel switch 
selection of either the USB /LSB standard 2.1 
kHz SSB filter or the optional SBA -301 -2 400 
Hz CW filter ... plus simplified assembly at no 
increase in price over the already famous 
Heathkit SB -100. Also boasts 180 -watt P.E.P. 
input, 170 watts input CW, PTT & VOX, CW 
sidetone, Heath LMO for truly linear tuning 
and l kHz dial calibrations. 23 lbs. SBA- 301 -2, 
400 Hz CW filter ... $20.95. Kit HP -13, mobile 
power supply . . . $59.95. Kit HP -23, fixed 
station supply $39.95 

2 -Watt Walkie -Talkie 
Assembled 
GRS -65A 

$9995 

New ... Factory Assem- 
bled. Up to 6 mile range; 
rechargeable battery; 9 sili- 
con transistors, 2 diodes; 
superhet receiver; squelch; 
ANL; aluminum case. 3 

lbs. 117 v. AC battery 
charger & cigarette lighter 
charging cord $9.95. Crys- 
tals $1.99 ea. 

HEATHKIT 1967 
World's Largest 

Electronic Kit 
Catalog! 

108 pages ... many in 
full color ... describe 
these and over 250 
easy -to -build Heathkits 
for color TV, stereo/ 

FREE 

February, 1967 

hi -fi, CB, ham, marine, 
shortwave, test, educa- 
tional, home and hobby 
items. Mail coupon for 
your free copy. 

CIRCLE 

NEW Portable Phonograph Kit 
Kit GD -16 

$3995 

All Transistor. Assembles 
in 1 to 2 hours. Preassem- 
bled 4 -speed automatic 
mono changer; 4" x 6" 
speaker; dual Sapphire 
styli; 45 rpm adaptor; olive 
& beige preassembled cab- 
inet; 117 v. AC. 23 lbs. 

rHEATH COMPANY, Dept.10 -2 

Benton Harbor, Michigan 49022 

Enclosed is $ 

Please send model (s) 

Please send FREE 1967 Heathkit Catalog. 

Name 

Address 

City State Zip 
Prices & specifications subject to change without notice. CL -274 

, plus shipping. 

NO. 16 ON READER SERVICE PAGE 
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XL -100 Now approved by 
D.O.T. for use in Canada 

n 

Tram 
by -the 

-sea 
Showing up everywhere. 

XL -100. The sharpest 
C.B. mobile going. 

Minimal adjacent channel 
interference and 

unsurpassed sensitivity. 
23 channels. A trouble - 

free transceiver 
miniaturized into a dash 
unit just 4x8x8 inches. 

Tram XL -100. If you 
don't have it, you're 

relying on second best. 
$318 complete. 

All use must conform with Part 95 F.C.C. regulations. 

Hobby type c)mmunication or aimless small talk prohibited. 

Tram Electronics, Inc. 
Dept. No. E -2 Lower Bay Road, P.O. Box 187, 

Winnisquam, N. H. Phone 603. 524.0622. 
CIRCLE NO. 35 ON READER SERVICE PAGE 
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TIPS (Continued from page 26) 

FIBER OPTICS CAN PUT LIGHT WHERE 

YOU WANT IT -EVEN AROUND CORNERS 

Use a soldering gun on a component you can- 
not see, and more harm than good can come 
of your work, especially if the component is 
a transistor which is easily damaged by heat. 

There are plastic fi- 
ber optic light guides 
available that will 
light your way with a 
pencil -thin beam of 
light so that you can 
work in the tightest 
and most poorly lit 
areas of a chassis. 
When light is focused 
on one end of a light 
guide, it is transmit- 

ted to the other end with very little loss in 
intensity, even if the guide is bent in a circle. 
A small penlight flashlight can be used as a 
light source, and an alligator clip can be 
taped to the light guide so that you don't 
have to hold the guide while you're working. 
One source of fiber optic light guides is Ed- 
mund Scientific Co., Barrington, N.J.; they 
cost about 65 cents a foot. -E. S. Connors 

CONVERT BALL -POINT PEN 

TO SOLDER HOLDER AND FEEDER 

Are you muscle -bound from juggling a solder- 
ing gun in one hand and a 1 -lb. roll of solder 
in the other? You can lighten the load in at 
least one hand with a ball -point pen and an 
empty thread 
spool. Remove 
the top, cart- 
ridge, and 
spring from 
the ball -point 
pen, and press - 
fit the plastic 
pen shell into 
the hole in the 
spool. It may 
be necessary 
to ream the hole in the spool for the shell to 
fit. Glue the shell and spool together. Now, 
wrap a small supply of solder onto the spool, 
and thread the free end of the solder through 
your new solder feeder as shown. 

-Glen F. Stillwell 

WHITE PAINT KEEPS 

ELECTRONIC EQUIPMENT COOL 

If you have to run your equipment while it is 
exposed to the sun, chances are that the com- 
bined heat from the inside and from the out- 
side will cause tuned circuits to drift, shorten 
component life, and induce other thermal 
problems. A coat of white paint applied to the 
outer surfaces of your equipment cabinet will 
reflect a large portion of the sun's heat and 
reduce the heat level within the cabinet. 

-William C. Bakewell. WB6GHB 
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Interchangea :le center 
spindles for nlcrual or au- 
tomatic play. 

Dynamically balanced, re- 
siliently mounted 4 -pole 
motor shielded from hum. 
The heavy -duty, constant 
speed design assures mini- 
mum wow and flutter. 
(wired for either 110 or 

220 volt operation - easily 
convertible to 50 cycle 
operation). 

Low mass tubular alumi- 
num pickup arm is per- 
fectly counter -balanced 
both horizontally and ver- 
tically - less susceptible to 
external shock, even tracks 
upside down! The arm is 
supported on virtually 
frictionless pre- loaded hor- 
izontal ball bearings for 
sensitive and accurate 
tracking. 

Cueing and pat. se control 
lets you select the exact 
band on the re'ord - you 
can even "pan at any 
point, and then gently 
lower the stylus into the 
same groove. 

Resiliently mounted,coarse 
and fine vernier adjustable 
counterweight. Exclusive 
micrometer stylus pressure 
adjustment that permits '/3 
gram settings from 0 to 6 
grams. 

Automatic lock secures the 
pickup arm whenever the 
machine is "off." Another 
exclusive BSRdevelopment 
prevents jamming -with- 
out having to reset the 
arm! The controls are easy 
operating for manual or 
automatic selection of 7 ", 
10" or 12" records at 16, 33, 
45 or 78 rpm. 

All Kidding Aside, would you spend $49.50 for a $74.50 automatic turntable? 

You already know that the British are experts at 
building the world's finest changers. And now 
there's a new automatic turntable available in 
America from BSR Limited. It's the McDonald 500 
Automatic Turntable- $74.50 features for $49.50.* 

The reason it's on its side? The McDonald 500 

has a truly adjustable, counter- balanced arm ... a 
feature you would expect to find only on the $74.50 
model. Look over the other McDonald 500 features, 
too. Think about all the records you can buy with 
the money you save by getting the McDonald 500 - 
precision crafted in Britain. ':Suggested Retail Price 

McDONIALD 500 
IISR (USA) I:I'I1, ì1.rr1R1NA1.010V).SKIN, 1101,1 1.: :4. 111.A1'VEI.l. N.Y_ 10913 
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eeny meeny, 1 
miney, mo 

Well, that's one way to buy a tape recorder .. . ... But we've got a better idea. It's called the 

1967 TAPE RECORDER ANNUAL 
-your guide to the tape recorder brands and 
models on the market right this minute. The 
only buyer's guide of its kind available in the 
field! 
Oh, it may not be as exciting as the 
"blindman's- bluff" method, but it 
sure is a lot less costly ... and less 
disappointing. This encyclopedic vol 
urne will arm you with all the essential 
data you need to go out and pick the 
very best recording equipment in your 
price range. Without a qualm. Without 
an "after- you -get -it- home" let -down. 
Without a blindfold! 

You'll find more than 132 pages of 
full information on over 250 models 
from virtually every major manufac- 
turer. Stereo and mono. Portables and 
full home installations. Even video 
tape recorders and the new car car- 
tridge machines! All the model num- 
bers, specifications, dimensons and 
prices. Almost 200 photos. Every vital 
statistic you need to compare the new 
est recorders and select the one that 
will bring you the greatest value for 
your dollar! 
And that's only half the story. After 
you buy your recorder, turn to the 
articles on microphone selection, basic 
tape recorder theory, taping off the air, 
creative editing or the special acces- 
sories section. You'll get expert tips by 
the dozens. Ten complete features 
covering every aspect of tape recording. 
All designed to give you better per- 
formance, greater versatility and a lot 
more fun from your tape recorder! 
Hoor much for this indispensable 

of sound advice? 

Just $1.25. a small price 
for a big eye-opener. 

Illnwn.&,h.. ^- 

TAPE RECORDER isc7 . ïi: .a.w m,waew n a. a,. n.,.r .m .» .....« 

Get the Handsome 

Leatherflex- covered 

Edition for $3 

Postpaid! 

THE 1967 TAPE RECORDER 
ANNUAL is also available 
in a splended deluxe edi- 
tion. Rugged Leatherflex 
cover provides lasting pro- 
tection yet is softly tex- 
tured and goldembossed 
for the look of elegance. A 
collector's item -a superb 
addition to your permanent 
reference library. And its 
yours, for just $3 postpaid, 
when you check the appro 
priate box on the order form. 

r Ziff -Davis Service Division, Dept. TRA 
589 Broadway, New York, N.Y. 10012 
Please send my copy of the 1967 TAPE RECORDER ANNUAL 
as checked below: 

Q I am enclosing $1.25 plus 15c for shipping and handling 
for the Regular Edition. ($1.75 for orders outside U.S.A.) 

I am enclosing $3.00. Please send me, postpaid, the 
Leatherflex- covered Deluxe Edition. ($3.75 for orders out- 
side U.S.A.) (Please allow 3 additional weeks for delivery 
of the Deluxe Edition.) 

name 

addrese 

LCIty 
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(please print) PE -27 

state nip code J 

NEW 

LITERATURE 
To obtain a copy of any of the catalogs 
or leaflets described below, simply fill 
in and mail the coupon on page 15. 

"1967 Altec Playback Stereo Components & 
Systems" is the title of a 12 -page multicolor 
catalog announced by Altec -Lansing. Illus- 
trated and described are the "world's first 
all- silicon transistor stereo FM receiver "; 
speaker systems, both full size and bookshelf; 
playback speaker components; and new high - 
style equipment cabinets. Specifications are 
included. 

Circle No. 85 on Reader Service Page 15 

ATV Research has announced the availability 
of its 1967 closed- circuit TV catalog, a 20- 
pager which presents a wide variety of TV 
camera kits (both tube and transistor), as 
well as a full complement of focus /deflection 
coils, monitors, lenses, vidicons, tripods, and 
other essential TV items. 

Circle No. 86 on Reader Service Page 15 

Features, specifications, and prices of profes- 
sional test equipment for servicing radio, TV, 
hi -fi and electronic communications equip- 
ment are detailed in a new 12 -page (81/z" x 
11 ") brochure issued by the B d K Division 
of Dynascan Corporation. Highlighted are 
two instruments for testing and repairing 
both color and black- and -white TV sets: the 
Model 1076 "Analyst" and the Model 465 CRT 
rejuvenator /checker. The brochure also tells 
you how to use equipment to solve specific 
problems. 

Circle No. 87 on Reader Service Page 15 

"Great Scott" greets you from the cover of 
H. H. Scott's 1967 Guide to Compact Stereo. 
The informative full -color folder includes 
complete descriptions, specifications, and 
photos of this company's new line of stereo 
"compacts." 

Circle No. 88 on Reader Service Page 15 

A two-color data sheet offered by The Triplett 
Electrical Instrument Company describes its 
hand -size, battery -operated Model 666 -R volt - 
ohm-milliammeter. Both electrical and me- 
chanical specifications are included on the 
data sheet, which is 3- ring -punched for in- 
clusion in a reference binder. The Model 
666 -R features only one selector switch, three 
resistance ranges, and five voltage ranges. 

Circle No. 89 on Reader Service Page 15 
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If You Service Citizens Radio Transceivers... 
Vi "...111MM 

you should have 
AN INTERNATIONAL 

C 12 
FREQUENCY METER 

Four Instruments In One 
The C -12B is more than a frequency 
standard -it measures power output, 
measures AM modulation, and is a 
signal generator ... all self contained 
in one convenient unit. 

check these features! 
Frequency Measurement - Range 26.965 mc 

to 27.255 mc. Frequency stability ± .0025% 
32 -F to 125 "F; ± .0015% 50'F to 100 °F. 

Power Measurement - 0 to 5 watts, accuracy 
1/4 watt. 

Counter Circuit - Frequency range 0 to 3 kc. 
Residual error 100 CPS @ zero beat. 

AM Modulation Measurement - Range 0 to 
100 %. Accuracy 3% @ 400 CPS @ 80% 
modulation. 

Signal Generator - Frequency range 26.965 
mc to 27.255 mc. Low output 1 microvolt through 
special pick -off box furnished with meter. High 
output 100 microvolts through output jack. 

Panel Controls - Channel selector, 24 posi- 
tions "Hi -Lo" frequency adjust RF level con- 
trol Modulation set Power Meter calibration 
adjust Function selector, 7 positions Modula- 
tion RF Deviation Calibration Battery Test 
"A" Battery Test "B" Battery Test "C ". 

Battery Power Required - 11/2 vdc @ 60 ma, 
671/2 vdc @ 5 ma, 9 vdc. 

The C -12B is capable of holding 24 crystals 
and comes with 23 crystals installed. Every- 
thing you need including connecting cable, 
PK box, dummy load, and batteries. 
Cat. No. 620 -101 $300.00 

Manufacturers of precision electronic products 
for home, industry and aerospace needs. 

WRITE FOR COMPLETE CATALOG 

February, 1967 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
18 NO. LEE OKLA. dry, OKLA. 73102 
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POPULAR SAMS BOORS 

r USE THIS HANDY ORDER FORM, 
RECENTLY PUBLISHED! TIMELY! 

I Experimental Astronautics Teaches the basics of space 
I science through 79 simple experiments using every- 

day materials. Shows how to build a periscope, 
ground -effect device, sundial, telescope, etc. Pro- 
vides an understanding of the principles used in 
space science. Order EAG -1, only $3.25 
Photofact® Guide to TV Troubles 2nd Ed. Over 200 
photos of actual TV picture defects are keyed to 
specific defective components in typical circuits, so 
that you can locate the source of the trouble in 
minutes. Order PFG -2, only $3.95 
101 Ways to Use Your VOM & VTYM. NEWLY REVISED 
AND FULLY UPDATED. Shows you how to get the most 
from these popular instruments, how to make re- 
quired corrections, how to test properly, how to 
evaluate results. Order TEM -3A, only $2.95 

ABC's of Transistors. NEWLY REVISED AND FULLY 
UPDATED. Helps anyone understand the structure 
and function of the transistor. Explains not only 
what transistors are but how they operate. De- 
scribesbasictransistorcircuits and testing procedures. 
Order TR A-2, only $2.25 

How To Read Schematic Diagrams. Not only shows you 
how to read and interpret diagrams, but analyzes 
each component, its construction, and its circuit 
purpose and use. Order RSD -1, only $2.25 

TV Servicing Guide. Tells you how to apply proper 
trouble shooting procedures based on analysis of 
symptoms, illustrated by picture tube photos. Packed 
with troubleshooting and servicing hints. 
Order SGS -1, only $2.50 
Color -TV Servicing Made Easy. Vol. 1. Full explanation 
of color principles, circuitry, setup adjustments, and 
servicing of all color -TV sets. Takes the mystery out 
of servicing color -TV. Order CSL -1 $3.25 

CI ABC's of Citizens Band Radio. NEWLY REVISED & UP- 
DATED. AU you need to know about planning and 
setting up a CB 2 -way radio system. Explains 
functions, principles, setup and operation, latest 
rules and regulations. Order ACR -2 $2.25 

p Transistor Ignition Systems Handbook. IGS -2 92.95 
TV Tube Symptoms & Troubles. TVT -2 1.95 
Citizens Band Radio Handbook. CBH.2 3.50 
2nd -Class Radiotelephone License Handbook. PAN- 2...4.75 
Modern Dictionary of Electronics. DIC -2 7.95 
Handbook of Electronic Tables & Formulas. HTF -2 3.95 
Color TV Trouble Clues. COL -1 1.95 
Solving TV Tough -Dogs. TDM -2 3.25 

FAMOUS ABC'S BOOKS 
Cl Lasers & Masers. LAL -2.. 2.25 Modern Radio. ARS -2... $1.95 

Electronic Test Probes. APG- 1...2.25 Electronic Organs. ECO -1.. 195 
Computer Programming. CPL -l. 2.25 Tape Recording. TAP -2.... 1.50 

HOWARD W. SAMS & CO., INC. - 
Order from any Electronic Parts Distributor, or 
mail to Howard W. Sams & Co., Inc., Dept. PE -2 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked above. $ enclosed. 

Send FREE Sams Book Catalog. 

Name 
PLEASE PRINT 

Address 

R City State Zip 

CIRCLE NO. 30 ON READER SERVICE PAGE 
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OPERATION 

ASSIST 
Through titis column we try to make it 
possible for readers needing information 
on outdated, obscure, and unusual radio - 
electronics gear to get help from other 
P.E. readers. Here's how it works: Check 
the list below. If you can help anyone with 
a schematic or other information, write 
him directly -he'll appreciate it. If you 
need help, send a postcard to Operation 
Assist, POPULAR ELECTRONICS, One Park 
Avenue, New York, N.Y. 10016. Give 
maker's name, model number, year of 
manufacture, bands covered, tubes used, 
etc. State specifically what you want, i.e., 
schematic, source for parts, etc. Be sure 
to print or type everything legibly, includ- 
ing your name and address. Because we 
get so many inquiries, none of them can 
be acknowledged. POPULAR ELECTRONICS 
reserves the right to publish only those 
items not available from normal sources. 

Weston Model 269 meter, circa 1943. Operating manua 
needed. 1 Dominick J. Argano, Bettmar 16749, Roseville 
Mich. 480661 

Hickok Model RFO5 oscillograph, series "E ". Sche- 
matic and operating manual needed. (J.E. Forester. 
10870 Dehmel Rd., Birch Run, Mich. ) 

Inter -Mark Model CR -11 transceiver. Schematic needed. 
i Jesse W. Couch, Box 472. Matador, Tex. 792441 

TT- 41- /TXC -1B transceiver, surplus. Model TXC, ser. 
29. Training manual =TM11 -2258 needed. (Dallas H. 
Waltman, 77 E. Mason Ave., Alexandria, Va. 223011 

Hoffman Model 895 VHF 19" TV receiver, ser. B117036, 
chassis 155, circa 1950. Schematic, operating manual, 
and trouble- shooting data needed. (Bruce Lowell, 715 
N. Sierra Dr.. Beverly Hills, Calif. 90210) 
BC -375 -D transmitter, surplus. Schematic needed. (Al- 
fonso B. Ebanks. TUSLOG Det -16, Box 422, A.P.O., 
New York 092891 

Seeburg "Master" amplifier, type MAl -66; 117 volts. 
60 cycles: has 5 tubes. Schematic needed. (Jeffrey Col- 
bert. 109 N. Oak St., Sparta, Ill.) 
Lincoln Model L2754T transceiver, circa 1959. Sche- 
matic, parts list, coil data, and operating manual 
needed. (AI Johnson, 3262 Towers Court South, Colum- 
bus, Ohio 432271 

Standard Model SR- QI10EL transceiver; tunes 3 bands. 
Schematic, operating manual. and source for parts 
needed. (J.H. Huestis, 220 First St., Summerside. 
P.E.I., Canada) 
Admiral Model C2226N TV receiver, chassis 22A3, circa 
1953; has 21 tubes. Schematic needed. (James D'Amato. 
2865 Marion Ave., New York, N.Y. 10458) 
E.H. Scott "Phantom Deluxe" receiver, circa 1936; 
tunes 550 kHz to 50 MHz on 5 bands; has 28 tubes. 
Speaker or 925 -ohm field coil with 1` +" voice -coil 
opening needed. (Edward E. Fontaine, 183 Oak St., 
Gardner. Mass. 014401 

Electronic Measurements Corp. Model P.F.1083 photo- 
flash battery tester. Schematic and parts list needed. 
(James H. Kuntz, 18 -21 Ditmars Blvd., Long Island 
City, N.Y. 100051 

Zenith Model 5 -J -217 receiver, circa 1930; tunes 550 
kHz to 18 MHz on 2 bands; has 5 tubes. Schematic and 
source for parts needed. (Curtis A. Cook, 2712 Wood- 
land, Des Moines, Iowa 503121 

Midwest Model KC -16 receiver, ser. 11610F0; AM, FM 
and s.w. Schematic needed. (Robert Sauvé, C.P. 32, 
Granby, Shefford, Canada) 

(Continued on page 96) 
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Where the action is you'll find the hot new . 

Hallicrafters CB -20 "Reacter "$99.95! 
Yours today -the ruggedest, cleanest, most 
powerful basic CB transceiver that ever rode the 
range! 

You get Hallicrafters' field -proven, solid -state 
design- compact, fool -proof. You get high -order 
modulation, superb sensitivity and built -in noise 
suppression. You get five -channel convenience. 

In short -you get performance equal to that of 
equipment more than double the price. 

Get the full story from your 
Hallicrafters authorized 

CB outlet today! 

Quality through craftmanship is the whole idea at 6al/cra /ers 
Export: International Division, 
Canada: Available through Gould Sales Co. 5th & Kostner Aves., Chicago, III. 60624 

CIRCLE NO. 15 ON READER SERVICE PAGE 
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"He's a good worker. 

I'd promote him right now 
if he had more 
education in 

electronics:' 
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Could they 
be talking about you? 

You'll miss a lot of opportunities if you try to get along in the 
electronics industry without an advanced education. Many doors 
will be closed to you, and no amount of hard work will open them. 

But you can build a rewarding career if you supplement your 
experience with specialized knowledge of one of the key areas of 
electronics. As a specialist, you will enjoy security, excellent 
pay, and the kind of future you want for yourself and your family. 

Going back to school isn't easy for a man with a full -time job and 
family obligations. But CREI Home Study Programs make it pos- 
sible for you to get the additional education you need without 
attending classes. You study at home, at your own pace, on your 
own schedule. You study with the assurance that what you learn 
can be applied to the job immediately. 

CREI Programs cover all important areas of electronics including 
communications, servo -mechanisms, even spacecraft tracking 
and control. You're sure to find a program that fits your career 
objectives. 

You're eligible for a CREI Program if you work in electronics and 
have a high school education. Our FREE book gives complete 
information. Airmail postpaid card for your copy. If card is de- 
tached, use coupon below or write: CREI, Dept. 1224E, 3224 
Sixteenth Street, N.W., Washington, D.C. 20010. 

r 

I. 

The Capitol Radio Engineering Institute 
Dept. 1221 E. 3224 Sixteenth Street, N.W., Washington. D.C. 20010 

Please send me FREE book describing CREI Programs. I am em 
ployed in electronics and have a high school education. 

NAME AGE 

ADDRESS 

CITY STATE _ _ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK CI 811.1 

I am interested in Electronic Engineering Technology 
Space Electronics Nuclear Engineering Technology 

Industrial Electronics for Automation 
I Computer Systems Technology 

APPROVED FOR VETERANS ADMINISTRATION TRAINING 
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New 

Ampheno 

80 

Amphenol Quality for only 

$139.95 

40 

puts 3 full watts 
in the palm 
of your hand! 
Three watts of talk power in a handheld? 
That's what you get with the exciting new 
Am phenol 80. 

It's just 8" x 4" x 2" and weighs 2 lbs 
with batteries. But into that handsome 
little case we've crammed enough fea- 
tures to make this the most exciting 
handheld buy around. 

For example, the Amphenol 80 is the 
only 3 -watt we know that has a gearshift. 
It's under his thumb (in the photo) and 
has two power positions: 

"High" is for long -range use when you 
need all the power you can get. 

"Low" is for close -hi communications 
where less than full power will do. 

Result? Less battery wear, longer bat- 
tery life. 

If you'd like to learn more about the 
new Amphenol 80 -and the entire Am- 
phenol solid state line -drop in to your 
nearest Amphenol distributor. 

Or write to Amphenol, Box 134, Broad- 
view, Illinois 60153. 

Other Model 80 features: 

6- section telescoping antenna 

Built -in jacks for external antenna, 
microphone, earphones 

Two crystal -controlled channels 

Good -looking leatherette carrying case 

Plenty of options 

A PHENOL 
TM 

CIRCLE NO. 3 ON READER SERVICE PAGE 
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COVER STORY 

"BRUTE- 70" 
SOLID -STATE POWER AMPLIFIER FOR MONO OR STEREO HI -FI 

By E. G. LOUIS 

IN THE NEVER -ENDING search for 
hi'er fi, audio fans and other experi- 

menters are constantly upgrading their 
equipment. If the time has come for you 
to improve the amplifier portion of your 
system, or if you want to start a new 
system, you are in a position to benefit 
from the "Brute -70" solid -state 70 -watt 
hi -fi amplifier, especially if you like to 
build your own equipment and want to 
keep your costs down. You can build two 
Brute -70's and a common power supply, 
all on one chassis, to obtain an unusually 
good stereo amplifier -the specifications 
are most impressive. 

The amplifier gets its name from the 
fact that it puts out a "brute" 70 watts 

of power -that is, 70 root- mean -square 
(r.m.s.) watts. If you build a stereo ver- 
sion, as shown here, and if you rate the 
amplifier by adding both channels to- 
gether, and use the peak watts figure 
(r.m.s. watts x 2 = peak watts), like 
some manufacturers do, you will wind 
up with a whopping 280 watts. But don't 
be fooled, the power is still only a brute 
70 watts (r.m.s.) per channel. 

Unlike many power amplifiers, the 
Brute -70 is able to deliver most of its 
full -quality sound at all volume levels, 
not just at its full rated output. You 
can listen to the authority of the bass 
drum and the command of a bugle or to 
the quiet mood setting background music 
of Roger Williams or Mantovani without 
a worry about distortion. Total harmonic 
distortion is less than 1% at any power 
level, and less than 0.25% within gen- 
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erally used levels. Frequency response 
is flat within 1 dB from a low of 5 Hz 
all the way up to 25 kHz ... and it drops 
off only 3 dB at 50 kHz. It has been 
demonstrated that amplifiers with es- 
sentially flat frequency response well be- 
yond the upper limit of hearing (15,000 
to 20,000 Hz) have a minimum amount 
of phase distortion within the audible 
range. To the purist, distortion of any 
kind is undesirable. Another type of 
distortion is avoided here by using a 
class AB mode of operation instead of 
class B. Class AB amplifiers do not 
have the inherent crossover distortion of 
class B amplifiers. 

Based on an RCA -developed design, 
the outstanding performance of the 
Brute -70 can be attributed to the use of 
sophisticated circuitry made possible by 
the availability of high -quality silicon 
semiconductors. The circuit is a direct - 
coupled, transformerless, quasi- comple- 
mentary configuration with a built -in 35- 
dB negative feedback system. There is 
also a built -in short -circuit proof feature 
which protects both the driver and the 
output stages from high currents and 
excessive power dissipation. Use of sili- 
con devices makes the amplifier more 
tolerant of heat; stability is maintained 
at ambient temperatures up to 71°C 
(160°F) . And, as if this weren't enough, 
the mechanical construction, in conjunc- 
tion with a couple of diodes, provides a 
thermal feedback loop to enhance sta- 
bility. 

Sound expensive? It should be, but it 
isn't. Although a veritable Rolls Royce 
among power amplifiers, the Brute -70 
can be assembled for a little over 50 
cents per watt. 

How It Works. Only 0.8 of a volt input 
signal is needed to drive the amplifier 
to its full 70 -watt output. The signal 
from a tuner, preamp, or other suitable 
source is fed into the amplifier at Jl 
(Fig. 1) and capacitively coupled to Ql. 
Resistor Rl increases the amplifier's ef- 
fective input impedance to 100,000 ohms. 
Capacitor Cl serves as a d.c. blocker and 
signal coupler. Transistor Ql's bias is a 
function of the setting of Zero Adjust 
control R13, and the values of R2, R3, 
and R4, as well as the applied voltages. 

Control R13 is adjusted to obtain zero 
volts at point F under no signal condi- 

BRUTE -70 SPECIFICATIONS 
. rer 

Output 70 watts r.m.s. per channel 
Class AB 

Power 
Gain 68 dB 
Hum and 
Noise down more than 60 dB from 1 W 

Total less than 0.25% @ 1 kHz and 
Harmonic 70 -W output; less than 0.8% @ 
Distortion 20 Hz to 25 kHz from 0 to 70 

watts 
Frequency 5 Hz to 25 kHz ± 1 dB; 
Response down 3 dB at 50 kHz 

Input 
Impedance 100,000 ohms 
Output 
Impedance 8 ohms 
Sensitivity 0.8 -V input for 70 -W output 
Other 
Features 

short- and open- circuit -proof; di- 
rect- coupled series -connected 
output stage; no output or driver 
transformers; all- silicon solid - 
state circuit 

This circuit is based on an RCA design de- 
scribed in Data Bulletin ATC -408. A pream- 
plifier of comparable quality to match the 
Brute -70 is in the works and will be published 
in an early issue. 

tions. A close examination of this circuit 
reveals that a d.c. feedback loop from 
R13 to QI exists. Current through R13 
affects the voltage applied to the emitter 
of Q1, which in turn affects the amount 
of current in all of the other transistors 
and R13. (All stages are direct-coupled.) 
Quiescent voltage at point F is main- 
tained to within ± 0.1 volt. 

Capacitor C3 and resistor R5 provide 
an a.c. negative feedback path to Ql, on 
the order of 35 dB, and give the ampli- 
fier its flat frequency response. Capacitor 
C4 bypasses some of the higher fre- 
quencies across C3 and R5 and prevents 
over -dissipation of the predrivers. Not 
shown (usually not needed) , is a 0.01 µf 
capacitor across R6 to prevent overdrive 
if Q2 has an unusually high beta. 

The signal from Q1 is direct -coupled 
to the modified Darlington pair predriver 
stage (Q2 and Q3) . The Darlington cir- 
cuit is noted for its high gain and high 
impedance. It has a minimum loading ef- 
fect on the input stage, and, with Ql, 
provides all of the voltage amplifica- 
tion for the entire amplifier. Later 
stages do not provide any voltage gain, 
but they function as current amplifiers, 
and bring the impedance down to accom- 
modate an individual 8 -ohm speaker or 
speaker system: From Q3, the signal is 
direct -coupled to a complementary pair 
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Fig. 1. All components within the tinted area are mounted on a printed circuit board. Diodes D1, D2, and 
D3, and transistors Q6 and Q7 are mounted on heat sinks. Stability and low distortion can be attrib- 
uted to a.c., d.c., and thermal feedback loops. Zener diode D5 helps make the amplifier short- circuit - proof. 
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AMPLIFIER PARTS LIST 
(per channel) 

CI -5 -0', 15-volt ei etrolytic capacitor 
C2- 1000 -gF, 3 -volt electrolytic capacitor 
C.3- -2 -µF, 6 -volt electrolytic capacitor 
C4- 100 -pF, 50 -colt ceramic capacitor 
C5 -Not used 
C6- 300 -µF, 6 -volt electrolytic capacitor 
C'7- 100 -µF, 50 -volt electrolytic capacitor 
C8- 0.1 -/2F, 100 -volt capacitor 
D1, D2, D3-- 1.V 3754 diode 
1)4- 1.1'1612R diode 
D5- -4.7 -volt, 1 -wall aener diode (1N1519, or 

similar) 
JI- Phono jack 
J2-- Closed -circuit phone jack 
01 -40406 silicon pop transistor 
Q2 -40407 silisarn "p,, transistor 
Q3-- 40408 silicon npn transistor 
Q4 -40400 silicon "pn transistor, with heat sink 
Q5- -40410 silicon pop transistor, with prat sink 
Q6, Q7 -40411 silicon up,n power transistor 
R1- 82,000 ohms 
R2- 18,000 ohms .-Ill resistors 
R3 -180 ohms I% watt, unless 
R4, R6- 10,000 ohms otherwise stated 

R5- 33,000 ohms 
Ri- 100,000 ohms 
R8-4700 ohms 
R9-270 ohms 
R10 - -250- ohm, V, watt trimmer potentiometer 
R11- 56110 ohms 
1/12- 3900 ohms 
R13-100-ohm, S/ -wall trimmer potentiometer 
R14-100 ohms 
R15 -0.33 ohm, 10 watts -see text 
R16 -0?7 oho,, 10 watts - -see text 
TS1- Two -ter mioal barrier -type terminal strip 
1- Etched circuit board* 
1 -7" x 12" x 3" aluminum chassis / Lind 

:I C -408, or similar) 
2-1Ieat sinks t Delbert Blinn X- 010 -D -3) 
Jlisc. -1" standoff spacers (4), hookup wire, 

shielded wire, diode clips, brackets, etc. 

*A pre -etched and screened printed circuit 
board is available for $2.75 155.50 for tu-o) 
from DEMCO, 219 W. Rhapsody, an Antonio, 
Texas 78216. A complete kit of parts. including 
heat sinks, but less chassis and power supply 
components, is available for 525 per channel. 
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GRN 

GRN-rEL 

RED 

30v 

RED - L - 
0 

RED 
30V 

IIYVAC 

*42V- NO LOAD 
39V-FULL LOAD 

F2 +42V 

2.5AMP BI 

CB 
4500PF GND 

4500yF F 

F3 -42V 
2.5AMP B2 

Fig. 2. Positive and negative supply 
voltages are balanced with respect to 
ground through a 60-volt center-tapped 
winding. Try using 2-ampere, fast -blow 
fuses for F2 and F3, If they don't stand 
up. use the 21/2- ampere size shown here. 

Fig. 3. Actual -size photo of printed 
circuit board. High power and high gain 
characteristics make lead dress criti- 
cal. Point -to -point wiring on a perfor- 
ated board may be used if proper lead 
dress and parts layout is maintained. 

of transistors (Q4 and Q5) which are 
used to direct -drive the two series -con- 
nected power transistors. 

Capacitor C7 performs two functions: 
first, it decouples the power supply to 
remove ripple voltage from the predriver 
and driver stages; and second, it pro- 
vides a bootstrap voltage to increase 
the drive voltage to Q4. 

Bias voltage adjustment for the com- 
plementary driver stages is provided by 
diodes Dl, D2 and D3 and by Bias Con- 
trol R10. The diodes are connected ther- 
mally to the output transistor heat sinks 
to establish a thermal feedback circuit. 
This thermal feedback arrangement sta- 

bilizes the quiescent current of the out- 
put stages at its preset value for all 
case temperatures up to 100 °C, thus pro- 
tecting the driver and output transistors. 

The Bias Control is adjusted to ob- 
tain 20 mA quiescent current in the col- 
lector circuit of Q6. An ammeter can 
be plugged into J2 to measure this cur- 
rent. The forward voltage drop across 
three diodes (Dl, D2, D3) and the volt- 
age across R13 provide the bias voltage 
necessary to maintain the output stages 
in class AB operation. The Bias Con- 
trol permits adjustment for component 
variations. 

Another benefit of the high -tempera- 
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ture compensation provided by the ther- 
mal feedback loop is the ability to 
maintain stability even with small -value 
resistors in the output stages -the less 
the resistance, the less the loss. In this 
case, it results in greater output. 

Short -circuit protection is provided by 
a unique current -limiting circuit using 
zener diode D5 in conjunction with resis- 
tors R15 and R16. Both the driver (Q4 
and Q5) and the output (Q6 and Q7) 
transistors are protected from high cur- 
rent and excessive power dissipation 
such as would be caused by a reduced 
load resistance or, in the worst case, a 
short circuit. 

If a condition develops which causes a 
current to exceed 5 amperes through 
either resistor, (R15 or R16), the follow- 
ing action takes place: during the nega- 
tive -going output half -cycle, the small 
forward voltage across D5 causes it to 
conduct in the forward direction; during 
the positive -going output half -cycle, the 
zener breakdown voltage is reached and 
the diode conducts once again, prevent- 
ing further increase in voltage and fur - 
ther increase in output current. 

This amplifier does not require a reg- 
ulated power supply. A conventional full - 
wave center -tapped circuit as shown in 
Fig. 2 can be used to power either a 
stereo or mono rig. Transformer Ti 
steps down the 117 -volt line voltage to 
60 volts. The center -tapped secondary 
hooked up to the bridge rectifier pro- 
vides both a positive and a negative d.c. 
output voltage (BI and B2) which is 
balanced to ground. 

Capacitors C8 and C9 serve as ripple 
filters, and help reduce distortion at low 
frequencies. Fuses are provided for both 
Ti's primary (Fl) and the d.c. supply 
lines (F2 and F3) . Additional protection 

POWER SUPPLY PARTS LIST 

C8, C9- 4500 -µF, 50 -volt electrolytic capacitor 
(Mallory CG452U50D1, or similar) 

D6- 6- ampere, 100 -volt full -wave diode rectifier 
module (Motorola MDA952 -2, or 4 1N1614R 
diodes, or similar) 

F1 -3- ampere slo -blow fuse 
F2, F3 -2%- ampere fast- acting fuse 
S1- S.p.s.t. toggle switch 
TI -Power transformer; 117 -volt primary, 60- 

volt center -tapped 2.5 ampere secondary 
(Thordarson Meissner 24R105, or similar) 

Misc. -Line cord and plug, extractor -type fuse 
posts (3), wire, solder, rubber grommet, etc. 
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Fig. 4. Component layout on printed circuit board. 
The jumper lead (JUM) connecting C4 to Q3's col- 
lector can be eliminated by extending the foil con- 
ductor from C4 around the left end of resistor R5. 

of the output transistors can be had by 
mounting a 100'C thermal cutout on one 
of the heat sinks of the output transis- 
tors and wiring the cutout in series with 
SI. 

Construction. For a dual -channel ster- 
eo version of the Brute -70, you just 
double the number of components called 
for in the Parts List for the amplifier. 
The components for the power supply 
are the same for either a mono or stereo 
setup. A single chassis can be used to 
hold the mono or stereo amplifier, and 
the power supply. 

Layout is reasonably critical, mostly 
because of the high gain and high power 
levels involved and the heat dissipation 
requirements. An actual -size photo of 
the foil side of the printed circuit board 
is shown in Fig. 3. You can purchase a 
ready -made circuit board (see Parts 
List) or etch your own. 

If you are an advanced experimenter 
and are familiar with the requirements 
of proper lead dress for the audio circuits 
involved, you can assemble the compo- 
nents on a plain perforated board, but in 
any event you should not compromise 
on the heat sinks. Only those compo- 
nents included within the tinted area in 
Fig. 1 are mounted on the circuit board; 
see Fig. 4 for component layout. 

Power transistors Q6 and Q7 and bias 
diodes DI, D2, and D3 are mounted on 
the heat sinks as shown in Fig. 5. No, 
you are not seeing things- that's a mir- 
ror sitting on top of the amplifier to give 
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Fig. 5. Mirror standing on top of Tl shows D2 and 
D3 mounted on the back of the heat sink holding Q6. 
Other heat sink holds D1 and Q7. Note the cutouts 
in chassis to allow heat from Q4 and Q5 to escape. 

you a view of what's behind the heat 
sinks in front of transformer Tl. Note 
that diodes D2 and D3 and transistor Q6 
are mounted on one heat sink, and that 
D1 and Q7 are mounted on the other 
heat sink. Also note the cutout in the 
chassis to allow the heat from Q4 and 
Q5 to escape. 

Mount power transistors Q6 and Q7 
on their respective heat sinks using in- 
sulating washers, silicone grease, and ap- 
propriate fiber shoulder washers for the 
mounting screws. Bias diodes Dl, D2, 
and D3 are also mounted on the output 
heat sinks using RCA SA -2100 or other 
suitable metal clips : this is an important 
construction step which establishes the 
thermal feedback loop. Attach leads for 
later use below the chassis and circuit 
board connections. Assemble the heat 
sinks "back -to- back" on heavy -duty "L" 
brackets, or other suitable vertical sup- 
ports. The thicker the brackets, the wider 
the spacing, and the better the heat 
dissipation. 
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Driver transistors Q4 and Q5 are 
equipped with integral heat sinks, as 
shown in Fig. 6. Bias Adjustment con- 
trol RIO and Zero Adjustment control 
R13 are mounted on the foil side of the 
printed circuit board. Lead connections 
to the circuit board are identified by cir- 
cled letters. 

The power transformer (T1) specified 
in the Power Supply Parts List, and il- 
lustrated schematically in Fig. 2, is 
equipped with a pair of 6.3 -volt filament 
windings which are not required by the 
amplifier. These filament leads should 
be taped to prevent accidental shorts, 
and tied to one side. 

Follow the general chassis layout as 
shown in Figs. 5 and 7. Simply arrange 
the chassis -mounted components on the 
blank chassis and mark the places where 
the holes and cutouts should be. 

The input and bias jacks, output ter- 
minals, power switch, and extractor fuse 
posts are all mounted on the front apron 
of the chassis. The assembled heat sinks, 
power transformer, and filter capacitors 
are mounted on top of the chassis. Final- 
ly, resistors R15 and R16, full -wave rec- 
tifier module D6, and emitter diode D4 
are mounted on the underside of the 
chassis. The assembled circuit boards 
( only one board for mono) are also 
mounted inside the chassis on one -inch 
standoffs. 

(Continued on page 86) 

Fig. 6, Transistors Q4 and Q5 come equipped with 
heat sinks. These silicon transistors have good 
thermal stability, but proper venting is important. 
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MEET MR. FET... 
the transistor that thinks it's a tube 

By LOUIS E. GARNER, JR., Semiconductor Ede' 

THIS LITTLE FELLOW AND 
HIS FAMILY ARE 

TAKING OVER SOLID -STATE 

IT'S HARD to imagine, in the light of 
present scientific and technological 

achievements, that just a few short years 
ago there were no transistors and no in- 
tegrated circuits. In fact, there are still 
many old- timers who remember the 
"prehistoric" age when there were no 
vacuum tubes, either. In those days, 
radio transmitters were weird spark - 
sputtering electromechanical monsters 
which bore a nostalgic resemblance to 
the fire -eating dragons of a yet earlier 
era. 

Radio receivers were simple, too. A 
huge antenna hooked up to a couple of 
oversized coils, a tiny bit of mineral - 
galena -with a cat's whisker ( fine wire) , 

a pair of headphones . . . and that was 
the receiver. The galena, a crystal de- 
tector, was cheap, but it was insensitive 
and temperamental, too. It was on a 
quest for a better detector that Prof. 
J. A. Fleming developed the diode vac- 
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uum tube which, rightly enough, came to 
be known as the "Fleming valve." 

A short time later Dr. Lee De Forest, 
inventor and scientist, added the control 
grid which, for the first time, enabled 
the vacuum tube to amplify, oscillate 
and detect electrical signals. 

With the development of the vacuum 
tube came a giant industry with a rec- 
ord of spectacular achievements in ra- 
dio broadcasting, electronic surveillance, 
computer technology, and industrial con- 
trol. During the course of this industrial 
revolution, the vacuum tube was en- 
larged, miniaturized, modified and refined 
in many ways, including the addition of 
more electrodes. But there was a pro- 
verbial fly in the ointment. Most tubes 
generated so much heat that they had a 
relatively short useful life, and this re- 
sulted in a high failure rate for tube - 
type electronic equipment. 

Then, early in 1948, Drs. Shockley, 
Bardeen, and Brattain -all scientists at 
the Bell Telephone Laboratories-an - 
nounced the invention of a completely 
new device : a triode "crystal" which 
they claimed could amplify as well as 
detect electrical signals. Dubbed a 
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TRANSISTOR (from TRANsfer and re- 
SISTOR), the device was nothing more 
than a tiny cube of crystalline semicon- 
ductor material with two fine wire cat's 
whiskers. A minute voltage applied to 
the base crystal (thereafter called the 
base) controlled a much larger current 
flowing between the two whiskers, one 
of which was called the emitter, and the 
other a collector. The early transistors 
were expensive, noisy, and not too re- 
liable. But these disadvantages were off- 
set by their extremely small size, high 
efficiency and, potentially at least, manu- 
facturing simplicity. 

By 1951, long before this early point - 
contact transistor posed even a mild 
threat to the supremacy of the vacuum 
tube, a radically new type of transistor, 
the now common and widely used junc- 
tion transistor was introduced. 

Of Tubes and Transistors. Although a 
godsend in many ways, transistors 
brought a host of new problems to cir- 
cuit designers. Essentially a current 
amplifier, the device could not be used 
as a direct replacement for the vacuum 
tube, which is a voltage amplifier. 
It had a low -to- moderate input imped- 
ance in contrast to the very high input 
impedance of vacuum tubes. In addition, 
because the transistor has a direct re- 
sistive connection between its input 
(base) and output (collector) terminals, 
a multiplicity of circuit feedback prob- 
lems had to be solved. 

Improved design methods were devel- 
oped later, and transistorized receivers, 
amplifiers, transmitters, hearing aids, 
toys and industrial controls were pro- 
duced in vast quantities. But there were 
still many circuit requirements where 
only high- impedance vacuum tubes could 
fill the bill, and many designers yearned 
for a miracle -Iike device -a transistor 
with tube -like characteristics. 

As time went by, transistors got bet- 
ter and better. Output voltage and cur- 
rent ratings were being extended, as were 
the upper operating frequency limits. 
But no matter how the newer transistors 
were improved, they still had the basic 
characteristics of earlier types. 

Meanwhile, back at the laboratory, 
scientists were experimenting with a 
new solid -state device, based on a molec- 
ular principle described by Lilienfeld as 

far back as 1928. Shockley, one of the 
co- inventors of the original transistor, 
had proposed a practical transistor -like 
device based on Lilienfeld's principle as 
early as 1948, but it was not until the 
mid 1950's that a workable device was 
developed in the laboratories, and prac- 
tical, reliable units were not manufac- 
tured until the early 1960's. 

The new device combined the most de- 
sirable features of the versatile vacuum 
tube and the efficient transistor. It had 
high input impedance and offered good 
isolation between input and output elec- 
trodes. Capable of high gain, it was, at 
the same time, as small as conventional 
transistors and extremely efficient. And, 
oddly enough, it exhibited at least one 
of the important operating character- 
istics of the vacuum tube -the control 
of a current by means of a varying elec- 
tric field -in a solid -state medium rather 
than in a vacuum. 

Identified by a variety of names - 
Fieldistor, unipolar transistor, and so 
on- during its gestation period, the de- 
vice is now known as the field -effect 
transistor (FET) . It is, indeed, a tran- 
sistor which "thinks" and "acts" like a 
tube. 

Meet Mr. FET. Pictorial and schematic 
representations of a triode vacuum tube, 
junction transistor, and field -effect tran- 
sistor are illustrated in Figs. 1 through 
3. Of the three schematic symbols, the 
FET symbol is the least standardized at 
present. 

In a vacuum tube (Fig. 1) , the plate 
current is simply a flow of free electrons 
which are literally "boiled" off of the 
cathode by the heated filament (in some 
high -power tubes, the filament is used 
directly) and are attracted by the posi- 
tively- biased plate. The electrons leav- 
ing the cathode must travel through the 
intervening grid. 

A negative bias on the grid establishes 
an electric field which tends to repel the 
electrons flowing from cathode to plate, 
limiting the plate current. The plate 
current can also be controlled, within 
limits, by the plate voltage. However, 
since the grid is much closer to the 
cathode than the plate, a smaller varia- 
tion in grid voltage has essentially the 
same or greater effect on the plate cur- 
rent as a larger variation in plate volt- 
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Fig. 1. Cutaway view illustrates 
the internal construction of a 

triode vacuum tube. The schemat- 
ic symbol representing this tube 
is shown below the cutaway view. 
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Fig. 2. Basic junction transistor 
cross section shows sandwich ar- 
rangement of semiconductor mate- 
rial for pnp unit. Note direction 
of arrow in the schematic symbol. 

age. It is this characteristic that en- 
ables a vacuum tube to amplify a signal. 

Plate current saturation occurs when 
the plate is attracting all available free 
electrons. When this point is reached, 
a further increase in plate voltage does 
not cause a corresponding increase in 
plate current. 

The basic junction transistor ( Fig. 2) 
consists of three sandwich layers of two 
different semiconductor materials. Here, 
the emitter -collector current consists of 
a movement of two types of particles : 

electrons, which are negatively charged, 
and "holes" ( essentially, the absence of 
an electron in an otherwise stable crys- 
talline structure) which carry a positive 
charge. If the electrons predominate, 
they are called majority carriers and the 
holes minority carriers, with the mate- 
rial identified as an n -type semiconduc- 
tor. By the same token, a material in 
which the positive holes predominate is 
called a p -type semiconductor. 

The transistor's emitter -collector cur- 
rent is controlled by the injection of 

DRAIN 

GATE 
N 

P 

SOURCE 

DRAIN 

SOURCE 

Fig. 3. Cross section of n -chan- 
nel junction field -effect transis- 
tor shows p -type regions diffused 
into n -type substrate. Symbol has 
not been fully standardized yet. 

minority carriers into the base region. 
Since the base is quite thin, a relatively 
small current change there can control 
a much larger emitter -collector current. 
The junction transistor, then, is a cur- 
rent amplifying or control device, in 
contrast to the vacuum tube, which is 
essentially a voltage amplifier. In addi- 
tion, since a base current flow, however 
minute, is essential to operation, the de- 
vice must have a low input impedance. 

The basic field -effect transistor con- 
sists of a slab of either n- or p -type 
semiconductor material with an electrode 
at either end, and two electrodes along 
the sides as shown in Fig. 3. Observe 
that the side electrodes are tied togeth- 
er and thus function as a single element. 
By convention, the terminal into which 
current is injected is called the source, 
and the output terminal is called the 
drain. The remaining electrode, which 
serves as a control element, is called the 
gate. Notice how FET terminology thus 
differs from that of both vacuum tubes 
and junction transistors. 
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Fig. 4. Diffusion of p -type 
regions into n -type substrate 
provides a means of control- 
ling the current flow between 
source and drain electrodes. 
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Fig. 5. When gate is reverse -biased, 
an electric field is set up to 
repel the current carriers, creat- 
ing a depletion area and restrict- 
ing region in which current flows. 

How the FET Works. The basic junc- 
tion FET (JFET) is essentially a bar of 
doped silicon that behaves like any ordi- 
nary resistor. Refer to Fig. 4 and assume 
that the FET is made up of an n -type 
substrate (material). Then, current 
through the device will consist princi- 
pally of electrons as majority carriers. 
Consider what happens when a d.c. volt- 
age is applied to the source and drain 
electrodes, while the gate is at zero bias. 
Under these conditions the device be- 
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METALLIC END 
CONTACTS 

SOURCE 

Fig. 7. A JFET can be manu- 
factured by diffusing p -type 
gates on either side of an 
n -type substrate, and then 
attaching suitable electrodes. 
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Fig. 6. As the reverse gate bias is 
increased, depletion areas spread 
into the channel until they meet, 
creating an almost infinite resis- 
tance between source and drain. 

haves more or less like an ordinary re- 
sistor. Within limits, source -drain cur- 
rent flow is directly proportional to ap- 
plied voltage. 

Now suppose a reverse bias is applied 
to the gate. (This would be a voltage of 
the same polarity as the majority car- 
riers; that is, negative for n -type ma- 
terial, positive for p -type material.) The 
gate voltage would then set up an elec- 
tric field to repel the current carriers, 
and restrict the region through which 
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Fig. 8. This junction FET features 
single -ended construction. Here, an 
n -type channel is formed on one 
side only of a p -type substrate by 
photo -masking, etching, and im- 
purity diffusion processes. The sur- 
face is covered with an insulating 
oxide layer through which holes 
are cut for electrode connections. 

GATE 
(BODY) 

Fig. 9. Cross -section view of in- 
sulated -gate field -effect transistor 
(IGFET) shows gate metal contacts 
insulated by a thin layer of oxide 
which, together with the semicon- 
ductor channel, forms a capacitor. 
The metal contacts serve as one 
plate while the substrate material 
serves as other plate of capacitor. 
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they flow. This action is shown in Fig. 5. 
In essence, the current -carrying channel 
is depleted of current carriers within 
areas immediately adjacent to the gate 
electrode. Logically enough, the regions 
where current movement is restricted 
are termed the depletion areas (some- 
times referred to as zones or regions 
rather than areas). 

A further increase in the reverse gate 
bias further expands the depletion areas, 
as shown in Fig. 6, further reducing 
drain -to- source current. Thus, with a 
given fixed gate bias, the drain current 
will vary with the signal applied to the 
gate. Note, also, that since the gate is 
reverse -biased, the FET has a very high 
input impedance when there is little or 
no drain current flow. The FET behaves 
much like a vacuum tube in that drain 
current is controlled by an electric field 
set up by the gate voltage. 

Consider what happens when the gate 
bias is zero and the source -drain voltage 
is gradually increased. Up to a point, 
drain current will increase linearly as in 
a resistor. However, the drain current 
flowing along the channel sets up an in- 
ternal reverse bias along the surface of 
the gate. This, in turn, establishes an 
electric field which causes a gradual in- 
crease in the depletion areas similar to 
the effect produced by the application of 
an external gate bias. Eventually, the 
increase in the depletion areas, which 
tends to limit drain current, reaches the 
point where it counterbalances the drain 
current increase. From then on, there 
can be no further increase in drain cur- 
rent regardless of any further increase 
in drain -source voltage. 

In effect, the drain current has reached 
saturation (that should be a familiar 
term!). The point at which this current 
limiting takes place is called the drain - 
source pinch-off voltage. And there is, 
as you might suspect, a pinch -off volt- 
age for any given gate bias. With higher 
gate bias voltages, pinch -off occurs at 
much lower drain currents, of course. 

If drain current is plotted against 
drain -source voltage for a given gate 
bias, a FET characteristic curve is de- 
veloped. A family of such curves may 
be prepared by plotting drain -source cur- 
rent vs. drain -source voltage for a num- 
ber of different gate bias voltages. When 
compared to corresponding families of 

vacuum tube characteristic curves, the 
typical FET is found to have character- 
istics which are virtually identical to 
those of a pentode vacuum tube. 

The FET Family. Field -effect transistors 
are manufactured using techniques that 
are almost identical to those used in the 
manufacture of the familiar junction 
transistor. For example, a FET can be 
assembled by diffusing or alloying p -type 
gates on either side of an n -type sub- 
strate and then attaching suitable me- 
tallic electrodes, giving the appearance 
of Fig. 7. 

From a production standpoint, it is 
often easier to carry out all diffusion 
and processing operations from one side 
of the substrate. This type of single - 
ended construction is illustrated in Fig. 
8. Manufacture starts with a wafer of 
p -type material. Photo -masking, etching, 
and impurity diffusion processes form an 
n -type channel on one side of the mate- 
rial. A p -type gate is then diffused into 
the n -type channel, and the entire sur- 
face is covered with an insulating pro- 
tective oxide layer, with holes etched 
through the oxide for the final metallic 
electrode connections. 

If you have been wearing your "think- 
ing cap," you may be wondering, at this 
point, just why the gate electrode is 
joined electrically to the channel mate- 
rial. After all, the gate is reverse- biased 
in use, causing the p -n junction to be- 
have as if it were a dielectric. Further- 
more, the operation of the device is based 
on the presence of a varying electric 
field on the gate and not upon the move- 
ment of current carriers from the gate 
to the channel region. 

So, why not insulate the gate? Good 
question, but someone else thought of it 
before. As a matter of fact, insulated - 
gate FET's (IGFET's) are actually be- 
ing produced by several major manu- 
facturers. One type of construction is 
illustrated in Fig. 9. Here, the gate is 
insulated by a thin layer of oxide. The 
gate metal area is overlayed on the 
oxide and in conjunction with the insu- 
lating oxide layer and the semiconductor 
channel forms a capacitor. The metal 
area serves as the top plate of the ca- 
pacitor, while the substrate material is 
the bottom plate. 

In some cases, the IGFET's are as- 
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sembled as tetrode devices, with the sub- 
strate body ( often identified as gate 2) 
connected to a separate electrode. Since 
the drain and source are isolated from 
the substrate, any drain -to- source cur- 
rent in the absence of gate voltage is 
extremely low because, electrically, the 
structure is equivalent to two diodes 
connected back to back. 

Insulated -gate FET's have extremely 
high input impedances- higher, in fact, 
than many vacuum tubes -but are very 
sensitive to stray electrical charges and 
can be destroyed by body static. Input 
impedances higher than 10 million meg- 
ohms are not uncommon. Manufacturers 
generally wrap IGFET leads in metallic 
foil, or supply them with the leads held 
together by a metal eyelet as a protec- 
tive measure. Extra care must be taken 
during installation, wiring, and testing 
of the IGFET to prevent its destruction. 

The junction field -effect transistor 
(JFET) shown in Figs. 7 and 8 can be 
made as an n- channel or a p- channel 
device. As with conventional junction 
transistors, JFET's are identified by the 
slightly modified schematic symbols 
shown in Figs. 10 ( a) and 10 ( b) . With 
the source considered common, an 
n- channel FET requires a positive drain 
voltage and a negative gate bias ; the 

INPUT 

GND 

Fig. 10. Schematic symbols currently 
used for field -effect transistors include 
(a) n- channel JFET, (b) p- channel JFET, 
and (c) one form of p- channel IGFET. 

p- channel FET is operated with a nega- 
tive drain voltage and a positive gate 
bias. 

As shown in Fig. 10 (c) , the IGFET is 
identified by an entirely different sym- 
bol. This general type of FET is offered 
in two basic forms and in many individ- 
ual types with different electrical speci- 
fications and operating characteristics. 
Unlike the JFET, however, a given 
IGFET may require either a positive or 
negative gate bias, with respect to its 
source, depending on mode of operation. 

In addition to regular FET's, light - 
sensitive FET's are being produced by a 
number of manufacturers. Called photo - 
FET's, they are similar to conventional 
FET's but are equipped with transparent 
lenses that focus external light on their 
sensitive surface areas. The photoFET 
can be up to ten times as sensitive as a 
junction phototransistor, and has a bet- 
ter gain bandwidth factor, in addition to 
offering exceptional isolation between 
input and output circuitry. 

Terminology. As with any new tech- 
nology, a number of terms are used to 
describe FET devices, and their charac- 
teristics. Some terms are used primarily 
by manufacturers, others chiefly by cir- 
cuit designers. Unfortunately, the terms 

Fig. 11. This FET volt- 
meter, featuring a 

matched pair of Sili- 
conix U112 FET's in 
a differential ampli- 
fier arrangement, has 
a sensitivity of 0.5- 
1.0 volt full scale. 
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JFETS FOR THE EXPERIMENTER 

The following low -cost audio, r.f., and general- purpose junction 
field- effect transistors are suitable for experimenter projects 

MANUFACTURER TYPE DESCRIPTION PRICE ORDER FROM 

Motorola Semiconductor HEP -801 n- channel $3.39 Allied Radio Corp. 
Products, Inc. MPF103 n- channel 1.00 100 N. Western Ave. 

P. 0. Box 955 MPF104 n- channel 1.00 Chicago, III. 60680 
Phoenix, Ariz. 85001 MPF105 n- channel 1.00 
Siliconix, Inc. U110 p- channel 1.00 Bill Shipe 
1140 W. Evelyn Ave. U112 p- channel 1.00 Siliconix, Inc. 
Sunnyvale, Calif. 94086 
Texas Instruments, Inc. 2N3819 n- channel 3.75 Lafayette Radio Electronics 
13500 North Central Expressway 2N3820 p- channel 3.75 111 Jericho Turnpike 
Dallas, Texas 75222 TIS34 n- channel 3.75 Syosset, L.I., N. Y. 11791 

*FET circuit ideas and applications data available without cost on request 

and symbols have not yet been fully 
standardized, with the result that differ- 
ent manufacturers may use different 
terms and symbols to represent the same 
thing. 

During its early developmental stages, 
the FET was identified by different 
names. At various times it has been 
called a Fieldistor, UNIFET, and Uni- 
polar field -effect transistor. The UNI- 
FET and Unipolar terms were derived 
from the single -junction construction of 
the FET as contrasted to the two -junc- 
tion (or bipolar) construction of the 
junction transistor. 

The name Fieldistor is practically ob- 
solete today. And so are the other 
names, although one firm still refers to 
its products as UNIFETS. Generally, 
junction -type units are simply referred 
to as FET's, although some firms use 
the more specific designation JFET. 

Insulated -gate field -effect transistors 
are also called MOSFET's in recognition 
of the importance of the metal- oxide- 
semiconductor (MOS) insulating film 
used in their construction. But some de- 
signers refer to the same device simply 
as MOST. The latter could lead to an 
expression such as "Gosh, Mr. FET, 
you're the MOST." 

At times, the full expressions used to 
identify a specific transistor may assume 
an awe -inspiring length. For example, a 
data sheet from one firm identifies a 
specific unit as a -hold your breath - 
low- noise, n- channel epitaxial planar 
silicon tetrode field- effect transistor! 

In addition, not all manufacturers de- 
scribe their products using the same 
specifications. A parameter which is con- 

sidered important by one company may 
be completely ignored by another. As a 
general rule, however, the majority of 
manufacturers do give maximum volt- 
age ratings, input and output capaci- 
tances, maximum power dissipation, and 
typical gate cutoff current. Many even 
specify the common source forward 
transconductance (in 1tmhos, as in tube 
specifications) for typical operating con- 
ditions. 

Naturally, references are still made 
to n- channel or p- channel types, as well 
as to enhancement or depletion modes 
of operation. The fact that both n- and 
p- channel types are available permits 
FET's to be used in a variety of comple- 
mentary circuits, a characteristic that 
FET's do not share with vacuum tubes. 

Some firms, in striving to simplify 
matters, have adapted type designations 
to indicate the intended mode of opera- 
tion of the device. Thus, Type A FET's 
are characterized for depletion -mode op- 
eration; Type B are intended for either 
depletion or enhancement modes ; and, 
finally, the Type C designation is re- 
served strictly for enhancement -mode 
types. But please don't confuse these 
designations with Class A, B or C ampli- 
fiers! 

Typical FET Applications. With high in- 
put and output impedances and other 
tube -like operating characteristics, 
FET's may be considered as almost the 
solid -state equivalents of vacuum tubes, 
and can be used in virtually identical 
circuits, provided power ratings are ob- 
served. The common source configura- 

(Continued on page 94 ) 
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Wonder of Wonders 

A New 

VOM Kit! 
KNIGHT -KIT OFFERS 
A VOM WITH 
TAUT -BAND METER 

HOW MANY YEARS has it been since 
a manufacturer offered something 

really new in a VOM kit? The guesses 
range from two to ten years -the major- 
ity favoring the high side -because once 
you've put a 50- microampere meter 
movement in a VOM (20,000 ohms -per- 
volt, d.c.) , there's nothing much left to 
do. But Knight -Kit (Allied Radio, 100 
N. Western Ave., Chicago, Ill. 60680) 
didn't buy this philosophy, and its 1967 
catalog disclosed a new VOM kit (Model 
KG- 640 -$39.95, kit; $59.95 assembled) 
featuring a taut -band meter movement. 

Why "Taut- Band "? An inherent weak- 
ness of the D'Arsonval meter has always 
been the meter needle support -pivot, 
bearings, and spring. In the taut -band 
meter movement, these are eliminated, 

Prior to mounting the rotary switch, the KG -640 
VOM is only 20 minutes away from final testing. 
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and a stretched (taut) thin band of 
metal is used to return the meter needle 
to zero. The taut -band meter is also 
"new" in terms of reasonable price, and 
it makes the meter more accurate and 
much more rugged. 

Scale Multiplier. Besides the meter 
movement, the Knight -Kit KG -640 has 
another innovation -a "Scale Multiplier" 
switch. This switching arrangement dou- 
bles the number of voltage and current 
ranges and permits really fine visual ac- 
curacy of the meter needle deflections 
(the meter also has a parallax- eliminat- 
ing mirror) . The d.c. voltage ranges 
which would nominally be 1.6- 16- 80 -400- 
1600 -4000 can be subdivided by the Scale 
Multiplier into 0.8-1.6-8-16-40- 80 -200- 
400- 800 -1600 -2000 -4000 volts, full scale. 
The a.c. voltage scale is similarly di- 
vided into 12 ranges and the current 
range into 10 full -scale increments be- 
tween 80 µamperes and 16 amperes. 

Assembling the Kit. Since you've prob- 
ably put a lot of Knight -Kits together, 
there's no percentage in telling you 
about the ease of construction, the care- 
ful manual preparation, etc. Suffice it 
to say that the average builder can as- 
semble this kit in just about three hours. 
The checkout is positive and foolproof, 
and if you make an error (we did by in- 
terchanging R2 and R3), you can trace 
it down in a few minutes. 

The completed kit is a fine addition 
to the POPULAR ELECTRONICS lab- 
oratory. 30 
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BUILD 

CB "AUDIO LEVELER" 
COMPRESSOR /PREAMPLIFIER BOOSTS CB MODULATION 
AND CURBS MIKE BLASTING WITHOUT DISTORTION 

HOw many times have you had to re- 
peat a message during a CB radio 

conversation because you were too far 
away from the mike or weren't talking 
loud enough to put your message across 
clearly? Now you can come over loud 
and clear each time you hit the mike by 
merely adding an "Audio Leveler" to 
your CB rig. 

The Audio Leveler is a low- distortion 
preamplifier which you connect between 
your mike -incidentally, it must be of 
the low- impedance variety used with 
transistorized equipment -and your 
transmitter MIC input to amplify weak 
signals while attenuating strong ones, 
thus producing a constant -level modulat- 
ing signal to the transmitter. As a re- 
sult, whether you talk very loud into the 
February, 1967 

By DANIEL MEYER 

mike, or not loud enough when you move 
your head away from the mike, the 
transmitter "sees" a constant amplitude 
signal. 

The Circuit. The Audio Leveler (Fig. 
1) is a transistorized compressor circuit 
whose gain is automatically adjusted by 
the level of the speech input. It consists 
of QZ, the first amplifier; Q2, the gain - 
controlled stage; emitter follower Q3; a 
control amplifier, Q4; and a field -effect 
transistor (FET), Q5, which operates in 
the circuit as a varistor. 
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RIO R12 814 
TOOK 4:7K 4.7MEG. 
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R15 
I00K 

MFE2094 

8 

C6 
,I5F. 

R2 R4 
10K 47011 

C2 IC3 
.02p5 1301F. 

R6 R8 
47K 22K 

R9 
5K 

T5 22yF. T7 SyF. 

PARTS LIST 

Cl, C5- 0.j2 -µF, 12 -volt ceramic disc capacitor 
C2- 0.02 -0, 50 -volt ceramic disc capacitor - 
C3- 30 -µF, 6 -volt electrolytic capacitor 
C4, C7, C9- -5 -µF, 15 -volt electrolytic capacitor 
C6, C8-- 0.1 -µF, 12 -volt ceramic disc capacitor 
DI, D2- Gencral- purpose germanium diode 

( 1X34 or similar) 
Q1. Q2, Q3, 04- Motorola MPS -3708 transistor 
QS Motorola MFE 2094 field -eßect transistor 
R1. R5, R10- 100,000 ohms 
R2. R3, R11- 10,000 ohms all resistors 
R4 -470 ohms V2-watt,- 10% R6- 47,000 ohms 
R7, R8- 22,000 ohms 
R9- 5000 -ohm PC -type trimmer potentiometer 
R12 -4700 ohms 
R13 -220 ohms 
R14 -4.7 mégohms 
1 --I %" .v 31 phenolic board, or etched and 

drilled printed circuit board (available for 
$1.50 postpaid from DEMCO)* 

*A complete kit containing all parts, including 
the PC board, is available from DEMCO, Box 
16297, San Antonio, Texas 78216, for $9 post- 
paid in the U.S.A. 

R11 
10K 22011 

bOUTPUT TO XMTR 

+ C9 
5yF. 

+ 
1 9 TO 

12V 

Fig. 1. The Audio Leveler takes advantage of the 
drain -source resistance characteristics of a FET, 
Q5, to control the amplifier gain automatically. 

The signal at Q3's emitter is also am- 
plified by Q4 and applied through C8 to 
the junction of Dl -D2. When this signal 
is large enough to cause the diodes to 
conduct, the bias voltage on Q5 starts 
going negative. Since the drain -source 
static resistance of a FET is a function 
of the gate -to- source voltage, and since 
Q5 is in series with C5, Q2's emitter by- 
pass capacitor, the resulting change in 
the resistance of Q5 causes more or less 
bypassing action. 

A negative -going bias voltage on Q5's 

+10 

+5 

0 

The audio input from your mike is ap m 5 

plied to the base of QI through capacitor° 
Cl. The amplified output at the collector Io 

is coupled through C4 to the base of Q2,ß 
whose gain is controlled by Q5. The out-i. -15 

put at Q2's collector is direct -coupled toó 
Q3, hooked up as an emitter follower 
to provide a low output impedance to the 25 

transmitter through C7. 
30 

Fig. 2. Graphical representation of output signal 
level versus input signal level, in dB. The circuit 
has low distortion even with high -level inputs. 
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gate results in a higher drain -source 
resistance, and this, in turn, acts to re- 
duce the bypassing action of C5 and 
limit the gain of Q2. Thus, as the signal 
level at the collector of Q2 tries to in- 
crease, the control circuit acts to reduce 
the gain to its original value. 

Figure 2 shows, graphically, the result 
of this action. The gain of the circuit 
increases only a few dB although the 
signal input level may be increasing by 
as much as 20 dB -about 10 times! 

Construction. The entire Audio Lev- 
eler circuit can be assembled on a 11/," x 
31/2" printed circuit board or phenolic 

Parts identification of the fully 
assembled printed circuit board 
includes input A, output B, and 
+12 -volt supply connection point. 

C8 

514 \ R12 

Fig. 3. Actual -size photo shows toil 
side of printed circuit board (up- 
per left); component side of board 
is below it. Observe polarity mark- 
ings when installing diodes and 
electrolytic capacitors. Also, po- 
sition the transistors as shown. 

circuit board. An etched and drilled 
fiberglass printed circuit board (Fig. 3) 
is available (see Parts List) . The board 
comes marked with the location of all 
components, and it is only necessary for 
the builder to insert the parts in the 
marked positions and solder the leads to 
the copper foil. 

When installing the parts on the PC 
board, be sure to position the flat sides 
of Q1 through Q4 as shown in Fig. 3. 
Also, the locating tab on Q5 must be 
oriented as indicated. The ground lead 
of this transistor (Fig. 4) must be cut 
off since it is not used. And be sure to 
observe the proper polarity when in- 

C6 

RIO 

Q4 

Q3 55 R1 

C5 R7 I C4 R3 

Q2 

Cl 

--- C2 

R15 

D2 

D1 

C9 R13 

B) \ C7 R8 C3 

R11 R9 R6 R4 R2 
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I(C)COLLECTOR 

(B)BASE 

(E)EMITTER 

GND 

MPS370B MFE2094 

SOURCE(S) 

DRAIN(DI 

GATE(G) 

Fig. 4. These outline drawings show the terminal 
identification of the transistors used in the cir- 
cuit. Ground terminal of the MFE2094 must be cut. 

stalling the diodes and electrolytic ca- 
pacitors. 

If you prefer to make your own circuit 
board, you can still follow the parts lay- 
out shown, using the schematic (Fig. 1) 
as a wiring diagram. 

Installation. Since the Audio Leveler 
goes between the microphone (remem- 
ber, it can be used only with a low -im- 

MIC. 

CB 
TRANSMITTER 

MIC. INPUT 

Fig. 5. Terminal A goes to the microphone and 
terminal B connects to the MIC input on the trans- 
mitter. The unit is grounded to the transmitter. 

pedance mike) and your transmitter's 
MIC input (see Fig. 5 ) , it can easily be 
installed in any rig. 

If there's room inside the unit, mount 
the circuit board in any convenient spot, 
supporting it on standoff spacers. The 
photo on page 100 shows the Audio 
Leveler installed inside a Heathkit GW- 

TRANSMITTER 

ANTENNA 
CONNECTOR 

8+ 
1200 TO 300V) 

22K 4 

(2V,IW 
ZENER 
DIODE 

+12V TO 
AUDIO 
LEVELER 

Fig. 6. This simple voltage divider can be used in a 

tube -type transceiver to obtain a 9 -12 volt regu- 
lated output for operating the Audio Leveler. 

14 transceiver. If lack of room does not 
permit this type of installation, the unit 
can be mounted in a small metal case 
and installed outside of the transmitter 
or VFO enclosure. Connection is between 
points A and B on the circuit board. 

To use the Audio Leveler with a tran- 
sistorized CB radio, connect a lead from 
the +12 -volt power source to the +12- 
volt terminal on the circuit board, and 
another lead from the common terminal 
on the circuit board (negative side of 
C3) to the transmitter ground. 

If the Audio Leveler is to be used with 
a tube -type transceiver, a 9 -volt battery 
can serve as the voltage source. How- 
ever, if you would rather operate the 
Audio Leveler from your transceiver's 
power supply, a circuit similar to that 
of Fig. 6 will provide the 12 -volt d.c. 
power. But be sure to connect the re- 
sistor to the cathode of the rectifier 
rather than to the load side of the power 
supply to avoid overloading the set's 
filter system. 

(Continued on page 100) 

- 

OSCILLOSCOPE 

L 

Fig. 7. The Audio Lev- 
eler can be tested 
and adjusted with an 
oscilloscope connect- 
ed to the transmitter 
output through the 
network shown here. 
The gain is adjusted 
while observing the 
transmitter output. 
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SEMICONDUCTOR QUIZ 
By WARREN TODD 

With newer and more efficient semiconductor devices constantly being 
developed, electronic technicians and engineers alike are finding it 
increasingly difficult to keep up with the symbols representing these 
devices. If you can correctly identify ALL of the symbols (A -J) below 
by name (I -10), you're on top of the situation. Even if you can identify 
only eight, you deserve an "A" for being up -to -date with solid state. 

A 

D 

J 

H 

0 
1 UJT 6 SCR 

2 SUS 7 LASCR 

3 SBS 8 JFET 

4 DIAC 9 IGFET 

5 TRIAC 10 ZENER (Answers on page 1181 
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By DON LANCASTER 

BUILD 
THE 

AMLIGNER 
... A MULTIPURPOSE 

TUBELESS, TRANSISTORLESS, CORDLESS BC -BAND SIGNAL 
GENERATOR FOR THE RADIO AFICIONADO 

ABROADCAST -BAND AM signal gen- 
erator without test cables or even a 

line cord? Yes! And what's more, it 
uses no tubes, no transistors, no inte- 
grated circuits ... nothing but a diode, 
a resistor, a coil, and a couple of ca- 
pacitors. 

Yet, here's an r.f. signal generator 
that you can use to signal -trace radio 
receiver troubles, to align the receiver 
i.f. and front end -provided you first 
calibrate the unit -and which, in con- 
junction with any broadcast -band re- 
ceiver, can be used as a code -practice 
oscillator by merely substituting the on- 

-sl _ R2I 

2-v2V 

DI 
POLARITY 

ORIENTATION 

RI 
471< 

LI 
LOOPSTICK 

ANT. 

DI 
M4L3054 

I 

.02pCF 

2 
409pF 

Fig. 1 The AMLIGNER is a free -running relaxation 
oscillator whose frequency is determined essential- 
ly by the value chosen for charging capacitor Cl. 
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off switch for an ordinary telegraph key. 
And what's the miracle ingredient that 

makes all this possible? Nothing more 
than a low- power, short -range radio 
transmitter that sends out an r.f. car- 
rier modulated by a 800 -hertz tone sig- 
nal which is picked up by a receiver 
placed about eight feet away. We call it, 
affectionately, the "AMLIGNER." You 
can build it for about $7.00. 

How It Works. The AMLIGNER (Fig. 
1) is basically a free -running relaxation 
oscillator operating at 800 hertz. The 
circuit is powered by a 22.5 -volt battery, 

PARTS LIST 

B1 -22/ -volt battery 
C1- 0.02 -MF, 50 -volt Mylar capacitor 
C2 -15 to 409 pF TRF variable capacitor (sim- 

ilar to Allied Radio 43 A 3524) Dl- Motorola M4L3054 four -layer diode (avail- 
able from Allied Radio, Chicago, Ill.) 

L1- Loopstick antenna (similar to I. W. Miller 
Company 2004) 

R1- 47,000 -ohm, / -watt resistor, i- 10% 
S1- S.p.s.t. rotary switch l- Plastic case and cover (similar to Harry 

Davies 240 and 241, or Allied Radio 42 D 
7885 and 42 D 7887, respectively) 

Misc. - 4" and 1Y4" plastic knobs, #6 hardware 
or pop rivets, battery holder, 5 -pin terminal 
strip, wire, solder, etc. 

POPULAR ELECTRONICS 



Housed in a plastic instrument case, the AMLIGNER 
can be assembled and wired in a matter of minutes. 
When wiring components to the terminal strip, be 
sure to observe polarity orientation of diode Dl. 

I- .-1'BOO SECOND -. 

(A) 

12V 

0 

B) 

(c) 

0 

T 
400V 

Fig. 2. Voltage and current waveforms include: (a) 
sawtooth voltage across Cl; (b) a current pulse 
through D1; and (c) a ringing waveform across C2. 
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which is in series with switch Si, limit- 
ing resistor Rl, and capacitor Cl, shunt- 
ed by D1 and the primary of Li, a loop - 
stick antenna. The "heart" of the circuit 
is DI, a four -layer diode which snaps on 
with a 12 -volt forward bias and snaps off 
when the current through it drops be- 
low 1 milliampere. 

With SI closed, Cl begins to charge 
through Rl. When the capacitor charge 
reaches 12 volts, DI avalanches and the 
capacitor discharges through the pri- 
mary of L1. With Cl discharged, D1 
turns off and does not turn on again 
until Cl recharges to 12 volts. This on- 
off cycle occurs at a rate of 800 times a 
second, producing a sawtooth voltage 
waveform as shown in Fig. 2( a) . The 
waveform of the current through D1 is 
shown in Fig. 2 (b) . 

As DI turns off, the sudden decrease 
of current sets up an oscillating current 
of a few hundred microseconds duration, 
and at the natural resonant frequency of 
the C2 -L1 tank circuit, producing the 
ringing waveform shown in Fig. 2(c). 

(Continued on page 99) 
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Thousands 
of well paid 
jobs for 
men skilled 
in electronics 
are unfilled now 
RCA INSTITUTES CAN TRAIN YOU 
-AT HOME -AND HELP YOU 
QUALIFY FOR JOBS LIKE THESE! 

Every Sunday -and most week days 
-you will find The New York Times, 
The Houston Chronicle, The Los 
Angeles Times and many, many 
other newspapers cram -full of ads 
like these. Actively seeking qualified 
men for jobs in electronics and re- 
lated fields. 

Many of the men who could qualify 
for these jobs -well paid jobs -that 
is, men with the aptitude and native 
interest to enjoy a career in elec- 
tronics -are handicapped because 
for one reason or another they have 
not had the opportunity to train 
themselves for jobs like these. 

NOW- THANKS TO RCA 
INSTITUTES HOME STUDY - 
YOU CAN TRAIN FOR A 
CAREER IN ELECTRONICS 

Realizing that thousands of techni- 
cal jobs -well paid jobs -in elec- 
tronics are or will be available, RCA 
Institutes has done something posi- 
tive about the problem. To help sin- 
cerely interested men to get started 
toward a well -paid electronics job, 
RCA offers an ideal home training 
program! 

HOME STUDY CAN PROVIDE 
CAREER OPPORTUNITIES! 

To help meet the need for qualified 
men in the electronics field, RCA In- 
stitutes has created a wide variety 
of Home Training Courses, all geared 
to a profitable, exciting electronics 
career in the shortest possible time. 
Included are exclusive "Career Pro- 
grams" designed to train you quickly 
for the job you want! Your study pro- 
gram is supervised by RCA Institutes 
experts who work with you, help 
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guide you over any "rough spots" 
that may develop along the way. 

OFF TO A FLYING START 
WITH AMAZING RCA 
" AUTOTEXT" METHOD 

Each "Career Program" starts with 
the amazing "AUTOTEXT" Pro- 
grammed Instruction Method - the 
new, faster way that's almost auto- 
matic! "AUTOTEXT" helps even 
those who have had trouble with 
conventional learning methods in 

the past. It is truly the "Space Age" 
way to learn everything you need to 

know with the least amount of time 
and effort. 

RCA INSTITUTES ENGINEERED 
KITS SPEED YOUR PROGRESS 

To speed you on your way to a suc- 
cessful electronics career, your 
"Career Program" will include a va- 
riety of RCA Institutes engineered 
kits at no extra cost -each complete 
in itself. As a bonus, you will also 
receive and build a valuable Oscillo- 
scope. You'll get the new Pro- 
grammed Electronics Breadboard 
for limitless experiments, including 
building a working signal generator 
and a fully transistorized superheter- 
odyne AM receiver and Multimeter. 

CHOOSE YOUR CAREER 
PROGRAM NOW 

To get started today on the electron- 
ics career of your choice, look over 
this list of RCA Institutes "Career 
Programs ", pick the one that ap- 
peals most to you, and check it off 
on the attached card: 

Television Servicing 
Telecommunications 
FCC License Preparation 
Automation Electronics 
Automatic Controls 
Digital Techniques 
Industrial Electronics 
Nuclear Instrumentation 
Solid State Electronics 
Electronics Drafting 

To meet other specific needs, RCA 
Institutes also offers a wide variety 
of separate courses which may be 

taken separately from the "Career 
Programs ". Those range from Elec- 
tronics Fundamentals to Computer 
Programming. They are described 
in the material you receive. 

ADVANCED TRAINING TOO 

If you are already working in elec- 
tronics or have some experience but 

want to move on up, you may start 
RCA Institutes training at an ad- 

vanced level. No tedious repetition 
of work you already know! 

UNIQUE TUITION PLAN 

With RCA Institutes, you learn at 

your own pace, and you pay only as 

you learn. There are no long term 

contracts to sign ... no staggering 
down -payments to lose if you decide 
to stop... no badgering bills. You pay 

for lessons only as you order them, 
and should you decide to interrupt 
your training at any point, you may 

do so and not owe one cent. 

CLASSROOM TRAINING 
AVAILABLE 

RCA Institutes Resident School is 

one of the largest schools of its kind 
in New York City with classroom and 
laboratory training available in day 
or evening sessions. Coeducational 
classes start four times a year. Just 
check "Classroom Training" on the 
attached card for more details. 

FREE PLACEMENT SERVICE, TOO! 

In recent years, 9 out of 10 Resident 
School students who used the Free 
Placement Service have been placed 
before or shortly after graduation. 
This service is now available to 
Home Study students. 

SEND ATTACHED POSTAGE PAID 
CARD TODAY FOR COMPLETE 

INFORMATION. NO OBLIGATION 
FOR FREE BOOK AND DETAILS. 

NO SALESMAN WILL CALL. 

RCA INSTITUTES, Inc., Dept. PE -27 
350 West 4th Street, 
New York, N.Y. 10014 

The Most Trusted Name in Electronics 
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ZERO -BEATING THE NEWS 

are 
SOFT LANDING VERIFIED -With data taken 
by electronic strain gauges made by 
Baldwin- Lima -Hamilton Corp., Surveyor l's 
soft landing on the moon was verified 
and radioed back to earth. The strain gauges 
also provided important data on 
the bearing strength of the lunar surface. 
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"CIRCULAR POLARIZED LOOP VEE " -A new 
type of space age antenna (photo above) 

has been designed and built for the U.S. Air Force 
by Electronic Communications, Inc. Together 
with its associated satellite communications 

terminal equipment, this odd -shaped 
antenna will be used in airborne applications. 

It radiates up to 1000 watts of power 
in an omnidirectional pattern to provide optimum 

near -horizon communications coverage. 

SUPERCONDUCTIVE MAGNETS -Pint -size 
magnets have been developed by RCA 
that can generate forces approaching those 
which bind matter together. The 
magnets are cooled in liquid helium to 
reduce the electrical resistance 
of their field windings to zero. Fields as 
high as 150 kilogauss are possible. 

POPULAR ELECTRONICS 



"DYNAMITRON" ACCELERATOR - 
An electron accelerator at 

the Nat,onal Bureau of Standards 
prov des electron beams at 

high currents and energies up to 
1.5 -nega- electron volts by 

using a high -power oscillator to 
drive a cascaded rectifier 

system. The unit will be used to 
develop radiation standards. 

X -RAYS ARE ALMOST OBSOLETE - 
Dentists will soon be able 

to "see" into teeth without the use 
of potentially dangerous 

X -rays. Experiments at Battelle - 
Northwest show that ultrasonics can 

be used to produce X- ray -like 
pictures of bone, teeth and tissue. 
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LITTLE GUY WITH A B -I -G JOB -A tiny memory 
unit built by Electronic Memories is hardly 

larger than 5 packs of cigarettes, yet it contains all 
the irformation needed to put Lunar Orbiter B 

into orbit around the moon, aim the cameras at the moon's 
surface and start them rolling. During Lunar 

Orbiter B's shuttle to the moon, the memory unit has 
the jobs of extending the antennas and solar 

panels, controlling the propulsion and attitude of the 
spacecraft, and starting the scientific experiments. 
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INFORMATION CENTRA 
By CHARLES J. SCHAUERS, w6Oty 

WELCOME to Information Central. I 

hope that as you read some of the an- 
swers to the questions selected for inclusion 
in this first column you will find one or more 
items of interest to you. Although I've stuck 
pretty close to the ham field for the past dec- 
ade, I know that the hobbyist /experimenter 
has just as many -if not more -problems, 
many of which I hope can be solved through 
this medium. 

The questions answered in the first few 
columns will be on topics of general interest: 
some pertain to SWL'ing, some to CB, some 
to general experimenting, and a few to repair 
and maintenance. As is my usual practice, I 
have deleted the name of the questioner in 
each case to elminate any chance of embar- 
rassment. 

Poor Signal Pickup. I have a pair of 
Knight -Kit KG -225 solid -state wireless in- 
tercoms. These units work fine in the house 
and between the house and the garage. 
However, when they are hooked up between 
the house and the barn (about 2500 feet 
away), the signals are too weak for good 
loudspeaker volume. Is there anything I 
can do to increase the volume? 

First, make sure that the house and barn 
are both on the same side of your power 

line distribution transformer- sometimes 
they are not. If the same power line feeds 
both the house and the barn, check the line 
voltage at both units. Maximum output 
with this particular Knight -Kit is realized 
when the line voltage is 120 volts. 

It is possible that the "tuning" of both 
wireless intercoms needs to be touched up. 
This is done by peaking up the coil shown 
in your kit wiring diagram as L -1. Put one 
of the units in "lock -to- talk" position and 
turn on an AM radio so that the intercom 
will pick up sound from the radio speaker. 
At the other unit, tune the slug in L -1 with 
a square insulated alignment tool for best 
audio output. 

In some cases, signal pickup can be im- 
proved when the chassis of the intercom is 
grounded. However, these units should be 
usable on quiet a.c. power lines for dis- 
tances up to about one mile. 

Electrified Fence. I would appreciate your 
publishing a diagram for a transistorized 
electrified fence that I could operate from a 
six -volt "hotshot" battery. I am sure that 
there are other farmers besides myself, with 
cows or pigs, who would like to have the 
same information. 

The circuit diagram for a simple electric 

EDITOR'S NOTE 
The broadening spectrum and diversification of 
electronics has bred a variety of problems for the 
electronics experimenter /hobbyist. Not only are 
many individual components difficult to obtain, 
but the "information explosion" has created its 
own brand of headaches. There are just too 
many pieces of electronic equipment, too many 
circuit diagrams, and too many non-interchange- 
able components. No longer can the hobbyist ex- 
pect friendly advice from the counterman at his 
local electronics emporium -he's lucky if he gets 
waited on. To keep abreast of the explosion, the 
hobbyist needs an extensive library, catalog file, 
cross -referencing index, and patience galore. 

Is there a solution that might fit the scope 
of this problem? Possibly, and in an effort 
to disseminate useful information, POPULAR 
ELECTRONICS is pleased to announce a new 
monthly department -our version of a "ques- 

tion and answer" service- Information Central. 
This department will select about 20 questions 
each month from the reader inquiries received 
by POPULAR ELECTRONICS and answer them 
in print. The questions and answers will be 
those which the Editors feel are of greatest 
and broadest value to our audience. 

Conducting our Information Central column will 
be Charles ( "Chuck ") J. Schauers, W6QLV. 
Chuck is the newest member of our Contributing 
Editor staff and is presently based in Luzern, 
Switzerland. A retired Lt. Colonel of the U.S. 
Signal Corps, he has been conducting a some- 
what similar column in a ham radio publication 
for about nine years. Besides his enthusiasm, 
Chuck brings to Information Central a world of 
electronics experience (plus a law degree), plus 
proven performance in being a helping hand 
to the experimenter /hobbyist with a problem. 
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fence charger is shown in Fig. 1. Any good 
power transistor can be used in this circuit. 
Some obvious choices are: 2N255, 2N301, 
2N618, or 2N2869. The base resistor should 
be adjusted to obtain a pulse rate of about 
50 pulses per minute. For the range of values 
shown, you can go from 10 pulses to 100 
pulses per minute. 

The single fence wire must be insulated 
at each supporting pole and should be 
mounted low enough to prevent an animal 
from crawling under the wire. Make use of 
TV standoff lead -in insulators to hold the 
wire to the supporting poles. The wire 
should be No. 18 copper -clad steel. Build 
the unit in a metal box and arrange to pro- 
tect the circuitry from the weather. The two 

FILAMENT 
TRANSFORMER 
TRIAD F -14% 

OOIF PRIMARY TO 
6V , WIRE 

FENCE 

1500 TO 10K 
SELECT FOR 
PULSE RATE 

NE2H 

NE2H 

22K 
I/2 W 

Fig. 1. Simple electric fence shocker. 

TO 
GROUND 

ROO 

neon lamps indicate when the unit is oper- 
ating. Output is not lethal, but it will cer- 
tainly keep the cows at home! A regular 
"hotshot" battery should last a long time - 
battery life depends upon the pulse rate 
chosen; the slower the rate, the longer the 
battery life. 

Those readers who prefer to build a fence 
charger that operates from a 117 -volt line 
should investigate the project published in 
POPULAR ELECTRONICS, December, 1964, p. 57. 

Surplus SCR -274N to 20 Meters. Where 
can I get some information on how to put 
my SCR -274N on 20 meters? 

The best article on converting this popu- 
lar World War II radio set appeared in the 
April, 1949, issue of QST. Some issues may 
still be available, or possibly the ARRL has 
provisions to Xerox pertinent information. 

Electric Door Switch. This may seem like 
a foolish question, but please recommend a 
switch that I can use to turn on and off a 
low- voltage (6 -volt) light bulb. The prob- 
lem is that 1 do not want the switch to be 
visible. 

Probably your best bet is to bury a sur- 
plus Microswitch in the door jamb. As the 

door closes, the switch opens. If you're me- 
chanically minded, you could probably do 
as well with a Grayhill "Silent- Action" Se- 
ries 4002 miniature push- button switch. 

CB Linear Amplifiers. I have seen some 
ads for CB amplifiers and was wondering if 
such an amplifier is a worthwhile invest- 
ment? 

I presume the ads you have seen pertain 
to linear amplifiers for use with your CB 
transmitter. Those advertisements are di- 
rected toward people holding business band 
licenses and operating in or around the 
same frequencies as your CB station. Use 
of a linear amplifier in conjunction with a 
CB station is illegal and can easily subject 
the user to a fine and /or loss of his station 
license. 

Intermittent Lafayette HE -15. I own a 
Lafayette HE -15A CB transceiver, and up 
to a few weeks ago, it was doing a fine job. 
Now the receiver is cutting out and I find 
it necessary to flip the transmit switch off 
and on to restore reception. What's the 
trouble? 

About 90% of the time -especially with 
these older CB units -your most likely 
source of trouble is in aging tubes. Run 
them through a good tube checker. If the 
tubes are okay, substitute a new coupling 
capacitor (0.01µF) between the 12AX7 and 
a 6V6GT output tube. Also suspect are 
the 22 -pF and 100 -pF coupling capacitors 
between the r.f. amplifier (receiver) and 
mixer (6U8A /6EA8). Last, but certainly 
not least, clean all switch contacts with a 
good TV tuner contact cleaner. 

Ham QRM on Hi -Fi. 1 recently built -from 
a kit -a popular all -transistor 50- watt -per- 
channel stereo amplifier. My son is a ham, 
and when he is on 15 meters, the hi -fi picks 
up everything he says. There must be some 
cure for this nonsense. 

Evidently your hi -fi setup is not bothered 
when your son is operating on some of the 
other ham bands. This may be a tip -off. I 
would first try the simple expedient of bridg- 
ing each speaker output connection with 
a 0.001 -µF capacitor -not enough capacity 
to affect your audio quality, but enough to 
bypass some of the r.f. signal pickup. If 
this does not work, try shielding your speak- 
er lines. It will probably also be worthwhile 
to bypass the r.f. out of your a.c. input 
line to the hi -fi amplifier, which can be done 
by connecting two good - quality 0.01 -µF 
ceramic capacitors together in series across 
the 117 -volt a.c. line. Tie the center connec- 
tion of the two capacitors to a good chassis 
ground. Also, install a similar filter at the 
ham rig. 
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Although t ' does look like a "tuned 
line" problem, there is a chance that the 
signal may be so strong that the tape re- 
corder preamplifier and phono amplifier are 
giving you partial rectification of the ham 
signal. You can cure such a condition by 
inserting a 75,000 -ohm resistor in series 
with the control grid of your tape recorder 
preamplifier. Bypass each of the grids to 
ground through a small -value (0.001 -µF) 
ceramic capacitor. Unlike tube -type ampli- 
fiers, most transistor amplifiers do not have 
the tendency to pick up r.f. signals. 

Upgrading the National NCX -3. I have just 
purchased a second -hand NCX -3 transceiver 
and would like to know if there is anything 
1 can do to improve its performance? 

Generally speaking, when the NCX -3 is 
operating up to snuff, there is little you can 
do to improve performance. However, there 
are some cases where better drive can be 
achieved without too much difficulty. 

First, remove the 12BY7 driver tube and 
replace it with a 6GK6. The filament con- 
nections must be rewired as shown in Fig. 2. 
Using your instruction manual, first locate 
R -11. Change the value of this resistor to 
100 ohms, 1 watt. Change resistor R -13 to 
100,000 ohms, 1/2 watt. Remove the ground 
connection from pin 3 of V -4 and change 

(V4) (V3) 
6BE6 6GK6 

4 3 5 4 

izV 

12f1 
cow 

Fig. 2. Filament rewiring in NCX -3. 

V -4 to a 6BE6 tube. Locate the brown wire 
going from pin 4 of V -4 to pin 5 of V -3. 
Remove the wire from pin 4 of V -4 and re- 
connect this wire to pin 3 of V -4. Connect 
a 12 -ohm, 10 -watt resistor from pin 4 of V -4 
to pin 5 of V -3. Now repeak all driver and 
mixer coils. 

Telephone Pickup. I would like to make 
my own inductive telephone pickup. Or, 
if it would be too much work, is there any 
particular one that you could recommend? 

A telephone pickup is nothing more than 
a small induction coil. You can make your 
own by winding 500 turns of No. 40 AWG 
enameled wire on a 21 -inch length of l,4 -inch 
round or square soft iron stock. Glue a 
small suction cup to one end of the iron rod 
and connect the induction coil to your tape 
recorder or amplifier through a shielded 
lead -the lead must be grounded. However, 
why bother to go to all this trouble? You 
can get a good pickup for $1.19 from La- 
fayette Radio Electronics (99 C 6197), and 

a top -quality pickup is only $1.80 (28 C 
7094). Allied Radio's phone pickup (15 A 
8354) at $1.80 and Burstein -Applebee's (17 
A 811) at $1.69 are also suitable. 

Applying for a CB License. What hap- 
pens if I accidentally make a mistake in my 
FCC Form 505 when filing for a CB station 
license? 

There's a very small chance that you will 
make an error if you follow the details out- 
lined in the 1967 COMMUNICATIONS HAND- 
BOOK. This Handbook is now on most news- 
stands and the chapter on how to prepare 
your license application was written by Peggy 
Ploger, KLJ8033. However, if by any chance 
you do make a mistake, the Form 505 will be 
returned to you and you must reapply -and 
send them another $8 application fee. 

Hi-Fi Speaker Mismatch. I have a top - 
quality hi -fi speaker made in Europe and I 
notice that the voice coil is marked 5 ohms. 
Can I use this in conjunction with my hi -fi 
amplifier which only has a 8 -ohm and 16- 
ohm output? 

Generally, a 3 -ohm mismatch -presuming 
that you would connect the 5 -ohm speaker 
to the 8 -ohm terminals -will have an insig- 
nificant effect on the reproduction quality. 
It all depends on the amount of feedback 
within the amplifier itself ; if the feedback 
level is too low, you may encounter some 
loss in efficiency. Of course, the whole 
problem would be solved if your amplifier 
had a 4 -ohm output connection. 

CB Rig Repairs. I had some trouble with 
the transmitter portion of my CB base sta- 
tion. A friend tried to fix it, but a couple of 
days later a fellow CB'er told me I was off 
frequency. I took the rig to a service shop, 
and they charged me $27 for one crystal, 
transmitter alignment, and frequency check. 
Isn't this too much? 

No, it's just about right. For the expert 
service required in setting up a CB base 
station, you can expect a bench charge of at 
least $9 per hour. However, always make 
sure you have a signed slip from the ser- 
vice shop indicating what has been done to 
your CB rig. You will need this as an ex- 
hibit if the FCC should find that you're still 
off frequency. 

What Have We Here? A wise guy in my 
neighborhood has started using the expres- 
sion "myriametric waves." What are they - 
plasmonics in disguise ?" 

Nope, just plain old radio waves in the 
spectrum from 3 to 30 kHz, or 100,000 down 
to 10,000 meters. Plans for building a re- 

(Continued on page 101) 
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Convert Your "All- American 5" 

For 120 -Meter Marine Band 

TWO NEW COILS WILL LET YOU 
SALVAGE YOUR 

UNUSED AM 
BROADCAST -BAND RECEIVER 

FOR TEN BUCKS you won't get all 
the fancy features like bandspread 

tuning, "S" -meter indication, or auto- 
matic noise limiting. But if you live in 
a fairly good signal area and want to 
put up an appropriate antenna, you can 
pick up AM broacasts from fishing 
boats, U.S. Navy and Coast Guard ser- 
vices, and 160 -meter ham stations with 
a converted All- American -Five broadcast - 
band radio receiver. 

Conversion is simple, easy, and inex- 
pensive. You simply substitute the old 
antenna and oscillator coils for new ones 
to get a tuning range of 1.7 to 5.5 MHz, 
and then do a little touch -up alignment. 
Conversion is pretty much the same for 
any broadcast -band receiver, although 
the All- American -Five variety ( sets us- 
ing 12SA7, 12SK7, 12SQ7, 50L6, and 
35Z5 vacuum tubes) lends itself very 
nicely to this purpose. If you happen to 
have an old transformer -operated re- 
ceiver with a stage or two of r.f. amplifi- 
cation, you'll find it just about ideal for 
conversion to the short -wave bands. 

Preliminary Steps. First, you should 
get the schematic diagram for the re- 
ceiver you want to convert. The dia- 
gram will bail you out if you do get into 
trouble. But if you can't get a diagram, 
don't let that stop you from enjoying 
this adventure. Remove the receiver 
chassis and put it on your workbench. 
Then check it out thoroughly to make 
certain it is in good working order. 

February, 1967 

By JOHN G. CONNER, W4P10 

If the set is pretty old, inspect the 
capacitors and replace any showing signs 
of physical deterioration. For peak per- 
formance, you can also replace the out- 
put tube (50L6) with a new one. If you 
have prior experience in aligning re- 
ceivers, give the i.f. transformers a spot 
check and, if necessary, realign them by 
ear, using an appropriate insulated align- 
ment tool. Remember to keep the vol- 
ume level low enough to minimize the 
effects of the a.g.c. during alignment. If 
you have no prior experience with re- 
ceiver alignment, forget it! Don't tamper 
with the transformer slug adjustments. 

In most broadcast -band receivers, 
you'll find that the loop antenna on the 
cardboard backing is also the antenna 
coil. But there are a few sets around 
which use an independent antenna coil 
for r.f. tuning, and others are equipped 
with a loopstick antenna. Check the 
configuration of your receiver front end 
before beginning the actual conversion. 

Remember that you don't have to phys- 
ically remove either the oscillator or the 
antenna coil from the chassis. It is 
sufficient just to cut the leads going to 
these parts to disable them. Also, this 
practice makes it easy to restore the 
receiver to its broadcast -band status at 
any time. 

Actual Conversion. The new oscillator 
and antenna coils can be mounted 
through any of the existing holes in the 
chassis. But, if necessary, drill a couple 
of 1 % "- diameter mounting holes in the 
chassis near the existing coils. Position 
the oscillator coil (a J. W. Miller B- 
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1-íg. 1. Broadcast receiver oscillator circuit configurations include (a) tapped coil and (b) standard coil 
with "gimmick" winding. In converted oscillator (c), L3 is replaced by Cl, and padder C2 is added. 

5495 -C or similar) as close as possible 
to the converter tube (12SA7) , and keep 
the antenna coil (a J. W. Miller B- 5495 -A 
or similar) at a reasonable distance away 
from the oscillator to prevent interac- 
tion. 

After mounting the coils, disconnect 
the ends of the leads going to the old 
coils and connect them to the appropri- 
ate pins on the new coils. If a lead is 
too short and will not reach, don't add 
to it; replace it with a new piece of 
wire of the proper length. And be sure 
to keep all leads as short and direct as 
possible. 

Upon examining your receiver, you'll 
find one of the three oscillator configura- 
tions shown in Fig. 1, or some varia- 
tion thereof. The tapped oscillator coil 
shown in (a) may include a 
"gimmick" winding (L3) which 
serves to bypass the r.f. com- 
ponent around the grid leak re- 
sistor (R1) . If not, a capacitor 
(C1) will serve that function. 

Fig. 2. In a standard BC receiver the 
loop antenna (a) or equivalent is 
replaced with a J. W. Miller r.f. coil 
as shown in (b). A suitable short- 
wave antenna must be hooked up 
to the coil primary for best results. 
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In Fig. 1 (b), the oscillator has two 
separate coils, Ll and L2, in addition to 
gimmick LS. The third arrangement, 
shown in (c) , replaces L3 with Cl. Since 
the short -wave coils are not equipped 
with the gimmick, your converted re- 
ceiver must include Cl, whose value 
should be 100 pF. Also note that a new 
capacitor, padder C2, has been added. 
The reason for this is explained in the 
instruction sheet that comes with the 
coil. 

The secondary of the antenna coil is 
wired to replace the loop antenna as 
shown in Fig. 2 (b) , and the primary 
goes between ground and the outdoor 
antenna. The before- conversion circuit 
is shown in Fig. 2( a ) . 

(Continued on page 98) 

CONVERTER TO OUTDOOR ANT. 

OCOMMON 

(A) 

CONVERTER 

(B) 

POPULAR ELECTRONICS 



NBFM 
Routs 
6 -Meter 
TVI 

By R. L. WINKLEPLECK, WA9IGU 

YOU SAY your neighbors are up in 
arms because of the massive dose of 

TVI that blankets the valley when you 
work your six -meter rig, even though 
you've tried every type of filter in the 
book ? Have you tried the sure -fire nar- 
row -band FM solution? 

Most TVI caused by the radio ama- 
teur operating on six, and which cannot 
be cleared up by the usual techniques, 
can be traced to high -level amplitude - 
modulated signals. Thus, if your carrier 
is clean and your neighbor's TV recep- 
tion goes haywire when you talk, it's 
time for you to switch over to FM trans- 
mission. Conversion is easy, quick, and 
inexpensive. 

Even if you are planning the construc- 
tion of a 6 -meter transmitter, you might 
consider going FM, exclusively. For the 
AM modulator is always a significant ex- 
pense item; and if you're shooting for 
high power, the AM modulator will take 
a big chunk of your budget. 

This article will describe an inexpen- 
sive solid -state FM modulator that is 
equally efficient when used with a half - 
kilowatt job or a measly one -watter. 

February, 1967 

Hams! Simple Conversion 
Adds Frequency Modulation 
to 50 -MHz VFO 

Simple Approach to FM. The simplicity 
of the FM modulator is due largely to 
the use of a "Semicap," a solid -state 
voltage -variable capacitor that replaces 
the old- fashioned reactance tube modula- 
tor circuitry. Essentially a diode, the 
Semicap's capacity varies inversely as 
the magnitude of the reverse bias voltage 
across it. Thus, if this voltage is varied, 
as by modulation, the Semicap's capacity 
is also varied. The device can therefore 
be used to vary the transmitter's tank 
circuit by merely connecting it across 
the VFO's frequency- determining capaci- 
tor. Simple, isn't it ? 

This principle also disproves the claim 
of some old- timers who believe that diode 
detector -type communications receivers 
cannot fully meet the requirements of 
FM. Since frequency -modulated signals 
are reproduced by slope detection, it is 
only necessary to tune slightly off -fre- 
quency on an AM receiver to pick up 
these signals clearly. Putting it another 
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way, if you tune in dead -on- frequency, 
you'll only pick up the carrier -which 
you'll hardly hear -but you'll pick up 
the modulated sidebands on both sides of 
the slope by off- frequency tuning. Of 
course, if you're too far off center and 
are tuning with a fairly selective receiv- 
er, your reception will be poor. 

By means of on- the -air listening tests 
you can adjust the transmitter's side - 
band excursions for reasonably good 
reception on most ham receivers. Local 
contacts will have no trouble telling that 
you are coming over via FM since they 
must tune to one side of the signal peak 
to pick you up clearly. But the DX lis- 
tener will hardly know what's going on. 
While DX'ing, you may note that occa- 
sionally, after several exchanges, your 
skip contact will give you a good signal 
report but add that there's something 

INPUT/ 
SPEECH ` ToTPUT 

NPUT / 
R12 TO PuT 
MEG C7 

IOpF. 
Fig. 2. Complete FM 
modulator, featuring 
voltage -variable ca- 
pacitor Dl, requires 
only a bias volt- 
age for operation. 

b 

JJpF. 
DI 

FM MODULATOR PARTS LIST 
(r, 1uu -pl oiled capacitor 
l'7- -10 -pF mica capacitor 
D1- -6.8S('20 international Rectifier Semicap 

diode 
R12- 1 megoinn, 1/, -watt resistor 

C5 
50yF. 

+I 
MODU LA 

R11 

IOOK 

Fig. 1. Simple three -tran- 
sistor microphone ampli- 
fier is used to provide 
the modulating audio volt- 
age. The FM modulator 
diode is biased by R1O. 

AMPLIFIER PARTS LIST 
B1 -6- to 9 -volt battery 
Cl, C5- 50 -µF, 12 -volt electrolytic capacitor 
C2, C4 -6 -pF, 12 -volt electrolytic capacitor 
C3- 390 -pF ceramic capacitor 
Q1, 02, Q3 -2X -104 :1 transistor 
R1- 500,000 -ohm potentiometer 
R2, R11- 100,000 ohms 
R3 -4700 ohms 
R4, R5, R8 -3300 ohms 
R6 -1000 ohms 
R7- 33,000 ohms 
R9- 220,000 ohms 
R10 -1 niegol/ot 1- S.p.s.t. switch 

all resistors % watt 

peculiar about your 
can't quite describe. 

Your transmitter must have VFO ca- 
pabilities before it can be modified for 
FM operation -it's tough to swing a 
crystal. However, since 6 meters is rap- 
idly becoming a VFO band, you might 
as well add an outboard VFO unit to 
your rig and change over to FM while 
you are at it. A six -meter VFO will start 
at some low frequency and then come up 
to 50 MHz by frequency multiplication. 
But bear in mind that as the basic VFO 
frequency is successively increased by a 
given factor, the amount of FM devia- 
tion due to modulation is increased by 
the same factor. Thus, it is important 
that a low -level signal be employed to 
drive the FM modulator to help cut down 
frequency deviation to a tolerable amount. 

transmission he just 

The Setup. To change over your AM 
transmitter to FM, you'll need a low- 
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VARIABLE 
FREQUENCY 
OSCILLATOR 

MIC JACK 

AUDIO AMPLIFIER 
AND FM MODULATOR 

CIRCUIT BOARD 

Fig. 3. The microphone amplifier and 
FM modulator are shown combined on 
a single circuit board in a passive 
variable- frequency oscillator case. 

power microphone amplifier and, of 
course, the FM modulator we've been 
talking about. A simple one- or two - 
transistor audio amplifier of the inex- 
pensive imported variety can be used 
as the mike amplifier. To get the needed 
high- impedance output, simply discon- 
nect the output transformer leads and 
pick up your audio from the collector of 
the final stage through a 0.01 -; F capaci- 
tor. 

You may also consider using one of 
the new transistorized mikes to drive 
the FM modulator instead of getting a 
separate amplifier. If you prefer a home - 
built job, try the circuit shown in Fig. 1. 
It is a conventional three -transistor au- 
dio amplifier with limiting features. Lim- 
iting helps prevent excessive frequency 
deviation on audio peaks, and though not 
essential, generally improves signal qual- 
ity. 

Potentiometer RI allows you to adjust 
the microphone output for the correct 
frequency deviation before the audio is 
fed to the base of Ql through capacitor 
Cl. Transistor Q2, hooked up as an 
emitter follower, drives output stage Q3 
through C4. Operating power is provid- 
ed by B1, which also provides reverse 
bias for the modulator Semicap diode 
(see Fig. 2) through R10. 

The FM modulator consists of capaci- 
tors C6 and C7, resistor R12, and diode 

February, 1967 

LEVEL 
CONTROL 

Shown below is the fully 
assembled VFO FM mod- 
ulator with audio level 
control and connecting 
cable. A transmitter is 
converted from AM to 
FM by removing transmit- 
ter crystal and inserting 
cable plug in empty socket. 

Dl. Exhibiting a reasonably linear high - 
Q characteristic when reverse -biased, 
Dl functions as a voltage- sensitive de- 
vice. However, it conducts when forward - 
biased, causing both Q and linearity to 
deteriorate. It is important, then, to 
place a high enough reverse bias on Di 
to prevent high -level audio excursions 
from driving it into conduction. But 
since the applied audio voltage has a 
greater effect on Di's capacitance at low 
bias levels, the bias should not be too 
high either. A satisfactory average volt- 
age is that which powers the amplifier. 

Since, in operation, the FM modulator 
shunts the VFO's tuning capacitor, the 
transmitter's r.f. must be kept from driv- 
ing Dl into forward conduction. This 
danger is minimized somewhat by the 
modulator design since C7 is effectively 
in series with the VFO's tuning circuit 
and Dl, thus dropping the r.f. voltage 
to a safe level. 

Note from Fig. 1 that the modulator 
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Fig. 4. Four components, when assembled on a ter- 
minal strip, comprise the complete FM modulator. 

bias voltage is always on instead of be- 
ing switched. This is so in order to 
maintain the VFO's calibration whether 
the transmitter is operating on AM or 
FM. The small leakage current produced 
has no measurable effect on the battery 
life. 

Installation and Checkout. If space per- 
mits, the modulator and audio amplifier 
can be built on the same circuit board, 
and housed in the VFO unit (Fig. 3) . 

Otherwise, the few modulator parts can 
be wired in the VFO as shown in Figs. 4 
and 5, while the mike amplifier is put in 
its own enclosure and placed alongside 
of the VFO. Then these two units can 
be connected with a short length of 

Fig. 5. The FM modulator (circled area) is shown 
installed in a Thor transceiver. The modulating audio 
signal is applied via the phone jack at right. 
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shielded microphone cable or RG -58/U 
cable. 

When you install the modulator, the 
added capacitance introduced will slight- 
ly lower the resonant frequency of the 
VFO. However, this circuit can be re- 
tuned by simply lowering the value of 
the VFO's calibrating capacitor. 

If the FM modulator or amplifier is in- 
stalled in a powered VFO, or in a trans- 
mitter with a built -in VFO, the bias and 
operating voltage can be taken from the 
transmitter's regulated plate voltage by 
using a voltage divider like the one 
shown in Fig. 6. The value of the drop- 
ping resistor may have to be increased 
or lowered to get the correct voltage. 
Try to get from 6 to 10 volts from the 
divider. And since this voltage is posi- 
tive, it will be necessary to reverse the 
polarity of the diode (DI) from the posi- 
tion shown in Fig. 2. Otherwise, a 9 -volt 
battery can be used as shown in Fig. 1. 

After completing the conversion, call 
up a station on AM. When you make 

a+ 
1200 TO 300V1 

22K 4W 

(SEE TEXT) 

1 
IO 
IsV 

OyF 

9V,IW 
ZENER 
DIODE 

6 9V 

Fig. 6. This voltage di- 
vider can provide bias 
for the FM modulator, 
and operating power for 
microphone amplifier. 

contact, switch the mike over to FM and 
set the amplifier level control to mid- 
point. If your contact reports weak au- 
dio, turn up the gain. If he reports 
overmodulation as evidenced by distorted 
or broken transmission, turn down the 
gain. If there's a slight roughness of the 
signal on FM that cannot be corrected 
with the amplifier level control, substi- 
tute a smaller capacitor for C7 to drop 
more of the r.f. across it. This will 
usually do the trick. 

Your final adjustment should produce 
a narrow -band FM signal that is legal to 
use anywhere on 6 meters, and you can 
operate freely with the assurance that 
those phone calls from the neighbors 
will be for one of the other members of 
the family. --- 
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ASIGNIFICANT breakthrough in the 
production of super- high- frequency 

(SHF) silicon transistors has been an- 
nounced by the Bell Telephone Laboratories 
(Murray Hill, N.J. 07971). The new tran- 
sistors, whose power gain is greater than 4 
dB at 4 GHz, and whose cutoff frequency 
is above 7 GHz, have been developed with 
the aid of improved fabrication techniques 
which reduce their internal dimensions. 

These improved transistors are fabricated 
by a "double- diffused" process. In it, the 
silicon crystal substrate is doped by diffu- 
sion with both p -type and n -type impurity 
elements. For example, arsenic -doped sili- 
con (an n -type material) is first diffused 
with boron (a p -type impurity). This part 
of the silicon substrate becomes the p -type 
base layer of the final transistor. A strip in 

the top of the base layer is then diffused 
with phosphorus to convert it to an n -type 
emitter region. 

High emitter efficiency is obtained by 
using a concentration of phosphorus at least 
100 to 200 times the boron concentration 
in the rest of the base layer in the emitter 
strip. The final structure, then, has a col- 
lector substrate of arsenic -doped silicon, a 
boron -diffused base layer, and a phosphor- 
us- diffused emitter region. 

Although these new SHF transistors may 
not be available commercially for a while, 
their potential applications include pos- 
sible uses in amateur radio gear, UHF TV 
boosters, microwave relay- station installa- 
tions, phased -array radar systems, and sat- 
ellite and space vehicle telemetry and com- 
munications equipment. 

Dr. Rudolf Schmidt of Bell Telephone Laboratories adjusts the rate at which aluminum contacts, formed by 
vacuum deposition within globe -like chamber, are added to newly developed SHF silicon transistor. 
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Fig. 1. Three- transistor TRF radio receiver cir- 
cuit submitted by reader Ronald Cook features 
a novel tuner /diode detector arrangement. 

Reader's Circuit. If there's any one cir- 
cuit that stands out as the all -time favor- 
ite among our readers, it is the simple AM 
broadcast -band receiver. Typical of such 
receiver circuits is the TRF receiver illu- 
strated in Fig. 1. Submitted by reader Ron- 
ald Cook (7 Montgomery St., Saugus, Mass. 
01906), the circuit features a combination 
tuner /diode detector arrangement followed 
by a three -stage audio amplifier. Radio - 
frequency signals picked up by the anten- 
na are selected by tuned circuit LI -Cl and 
detected by Dl. The signal across RI, the 
volume control, is applied through coupling 
capacitor C2 to Ql's base. 

Transistor Ql's base is biased by voltage 
divider R2 -R3, while R4 serves as its col- 
lector load. The amplified signal at the col- 
lector is coupled through C3 to the base of 
Q2, biased by voltage divider R5 -R6. Both 
QI and Q2 are hooked up in a common - 
emitter configuration. The output of Q2 is 

developed across R7, the collector load, and 
direct -coupled to power amplifier Q3, whose 
base is biased by R7. Transistor Q3, wired 
as an emitter follower, furnishes direct drive 
to its PM loudspeaker voice coil Ioad. Op- 
erating power is supplied by BI, a 6- or 
12 -volt battery, through s.p.s.t. switch SI. 

Ronald has used standard components in 
his design. Coil LI is a variable -type loop - 
stick antenna, Cl a small fixed ceramic or 
mica capacitor, and C2 and C3 are 15- to 
25 -volt electrolytics. All resistors are half - 
watters; volume control potentiometer RI is 
a transistor circuit type. For diode Dl, 
Ronald has chosen the familiar 1N34A. 
Transistors QI, Q2, and Q3 are general - 
purpose pnp types similar to GE's 2N107. 
On -off switch SI can be combined with 
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TC 
B- 

RI, or it can be a separate s.p.s.t. unit. 
Battery B1 is a regular 9 -volt transistor 
type, but you could wire from four to eight 
penlight cells in series. Ronald suggests the 
use of a PM speaker with a high- impedance 
voice coil winding, and a 10' -long antenna. 

The circuit can be assembled on a small 
metal chassis, on a breadboard, or on a 
properly designed etched circuit board, as 
preferred. Depending on the characteristics 
of the transistors used, you may have to ex- 
periment with different bias resistor values 
until you come up with the right bias volt- 
age. 

Manufacturer's Circuit. Although the 
super- high- frequency transistors described 
in our introductory paragraphs will not be 
available for some time, you can learn a 
good deal about high- frequency transistor 
operation by experimenting with circuits 
like the 200 -MHz r.f. amplifier in Fig. 2. 

The circuit can be modified for use as a 
buffer stage in a VHF transmitter or re- 
ceiver, be adapted for use as an r.f. stage 
in an FM receiver, or -if desired -used "as 
is" for laboratory experiments. 

Designed by engineers at Motorola Semi- 
conductor Products, Inc. (Phoenix, Ariz. 
85008), the circuit features a new moder- 
ately priced n- channel junction field -effect 
transistor (or JFET) with exceptional VHF 
characteristics. This JFET, a 2N3823, has 
a noise figure of only 2.5 dB at 100 MHz. 
an input capacitance of only 6 pF, a re- 
verse transfer capacitance of just 2 pF, 
and a minimum forward transfer admit- 
tance of 3500 pmhos. It is useful at fre- 
quencies of up to 500 MHz. 

Transistor Ql is used in a common- 
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Fig. 2. Newly developed by Motorola 
Semiconductor Products, this high - 
frequency r.f. amplifier utilizes an 
n- channel field -effect transistor and 
can operate in the 500 -MHz range. 

IN 

2N3823 
OI 

source configuration, and is operated at zero 
gate bias. Capacitor Cl, and coil L1 tuned 
by C2, form a 50 -ohm input impedance net- 
work. Coil L2, tuned by capacitor C7, 
serves as the drain load. Coil L2 also pro- 
vides a feedback signal through C3 to Ql's 
gate for stage neutralization. Capacitor 
C8, in conjunction with L2 and C7, 
matches the stage to a 50 -ohm load. A 
r.f. choke (RFC1) bypassed by C6 iso- 
lates the drain supply voltage source from 
the rest of the circuit. Further isolation is 
achieved by C4 and CS across the battery, 
controlled by Sl. 

If you live in a small town, you may not 
be able to get all the parts required for 
this r.f. amplifier; but you can order them 
from one of the major mail -order houses. 
Coil L1 is made from 11/2 turns of No. 18 
tinned wire, wound on a 1 /y "- diameter 
form and spread out about /8 "; L2 con- 
sists of 31/ turns of No. 18 tinned wire 
wound on a 3/8" -diameter form, and spread 
out % ". This coil is tapped at 11/4 turns 
from the end that goes to the transistor's 
drain. The r.f. choke is a commercial 
0.47 -11H unit, and J1 and J2 are standard 
VHF coaxial connectors. Capacitors Cl, 
C2, C3, C7, and C8 are good - quality ce- 
ramic trimmers, while C4, CS, and C6 can 
be either ceramic or mica types. A 15 -volt 
battery and a s.p.s.t. switch are required 
for the power supply. 

As in all VHF circuits, layout and wir- 
ing are extremely critical. Appropriate 
layout, wiring, and construction techniques 
should be observed. Keep signal and 
ground leads short and direct, and make 
all grounds to a common point. Shield the 
areas indicated by the dashed lines in Fig. 
2; note that one shield cuts across Ql, iso- 
lating the drain electrode. Once the circuit 
wiring has been completed and checked, the 
adjustable capacitors must be set for 
proper tuning and impedance matching 
with both the source and load, and to 
achieve stage neutralization. 

Transitips. If reader mail is any indica- 
tion, most readers find the Darlington cir- 
cuit especially fascinating. And with good 
reason -for it is one of the simplest and 
most versatile of all multistage direct - 
coupled transistor circuits. So, although 
this circuit has been discussed briefly in 
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Fig. 3. Packaged in a single case, this Darling- 
ton pair can be treated as a single transistor by 
making the input and output connections as shown. 

past columns, a more detailed review 
might be worthwhile at this time. 

In its basic form, the Darlington circuit 
consists of two transistors with *hP emitt"r 
of the first connected directly to the base of 
the second, and having both collectors tied 
together, as shown in Fig. 3. The transistor 
pair (Q1 and Q2) becomes, in effect, a 
"super" transistor (Q'), for the configura- 
tion has only three active connections: 
base (of Ql), collector (Ql and Q2 together), 
and emitter (of Q2). This is indicated in the 
diagram by the dashed circle. 

From a practical standpoint, this direct - 
coupled pair can be treated as a single tran- 
sistor, with appropriate base bias (through 
RI), load RL, and input and output con - 

(Continued on page 102) 
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ON THE CITIZENS BAND 
By MATT P. SPINELLO, KHC2060, CB Editor 

EXACTLY ONE YEAR AGO this month 
we lauded the Allied Louisiana Emer- 

gency Radio Team in Baton Rouge for the 
first time -for its volunteer efforts during hur- 

ricane "Betsy." Or- 
ganized only five 
months prior to the 
disaster, the ALERT 
group was highly 
commended for its 
participation in 

emergency assignments that were issued 
around the clock. After another year of 
growth, emergency service to those in need, 
and receiving a charter through the State of 
Louisiana, the ALERT group is now solidly 
established, recognized and respected by local 
and area authorities. ALERT's immediate 
response to hundreds of calls for assistance 
in the past year has drawn much deserved 
attention to the group, which now numbers 
well over 100 members. 

Licensed by the FCC as KMR5905, the 
ALERT control center is operated from a 
room donated by the Bellemont Motor Ho- 

CB CLUB 
SUCCESS 

STORY 

ALERT members Jim Greer (left) and Jim Hancock 
man network communications from West Baton 
Rouge sheriff's office during "Operation Safeguard." 
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Betty Ballard and Joni Betz handle call for as- 
sistance at control center of Allied Louisiana 
Emergency Radio Team in Bellemont Motor Hotel. 

tel, from which assigned members monitor 
channels 9 and 23. The crew of monitors 
includes salesmen, barbers, welders, busi- 
nessmen, newspapermen, printers, policemen, 
housewives, and secretaries. ALERT Con- 
trol is prepared to immediately furnish Civil 
Defense, Red Cross, or law enforcement 
agencies with more than 50 mobile units to 
help in any emergency situation. 

In addition to the group's work during 
Hurricane "Betsy," helping to serve the 
needs of some 3000 evacuees, ALERT par- 
ticipated in "Operation Safeguard," involv- 
ing the lifting of the chlorine barge which 
drew national attention. 

At least a portion of ALERT's success as 
an organized emergency unit, and a group 
now familiar to thousands of Louisianans, 
must be credited to the organization's con- 
tinuing efforts to inform area residents and 
agencies of the worthwhile aspects of CB 
radio for emergency and public service com- 
munications needs. In line with your CB 
Editor's proposals on how to create a posi- 
tive CB image (OTCB, October, 1966), 
ALERT has been one of the few CB clubs 
across the country to keep area news media, 
law enforcement and public service agencies 
informed of their progress, activities, and 
emergency assists. 
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George Weimer (left) and Fred Betz (center) are 
shown at Civil Defense Headquarters during "Opera- 
tion Safeguard." At right is Jim Kimball of CD. 

Some of the praise for spreading the word 
must fall upon the shoulders of Curtis B. 
Lauret, Jr., ALERT's public relations di- 
rector. For example, Curtis has forwarded 
news, periodic bulletins, and photographs to 
our desk practically since the day someone 
decided to form a radio team and name it 
"ALERT." 

One of the largest promotional boosts be- 
stowed upon the ALERT team appeared in 
the Sunday Advocate (a Baton Rouge news- 

Curtis Lauret, ALERT public relations director, 
uses his mobile CB radio to report an accident. 
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paper) in an article titled "ALERT, Ready 
and Standing By. . . '. The ALERT story 
was spelled out to Louisiana readers in 
minute detail. Multiple kudos go to Sunday 
Advocate Editor Charles H. Lindsay for (a) 
recognizing and reporting the value of CB 
radio in the hands of organized users (b) 
devoting much space to making the group's 
cause known and (c) presenting the facts 
correctly -an important ingredient usually 
overlooked by the few news sheets across 
the country which have used CB radio men- 
tions as filler material or with negative sub- 
titles to draw readers. 

In a letter recently distributed by public 
relations director Lauret, he stated that 

A motorist in need gets communications aid from 
an ALERT mobile unit and member Darron Sanchez. 

ALERT's objectives are: (1) to promote 
the furtherance of the public welfare through 
the application of two -way CB radio com- 
munications; (2) to aid and abet normal 
communications media in time of local or 
regional emergency, disaster, or individual 
need, all on a voluntary basis; and (3) to 
promote general understanding among non - 
radio users as to the potential of the Citizens 
Band Radio Service. 

Club News. Emergency squad members of 
the 5 -11 Radio Club, Inc., Pittsburgh, Pa., 
were called into service at 11 p.m. on a 
recent Saturday night to help locate missing 
6- year -old Eugene Forrest. Fifteen squad 
members equipped with walkie- talkies and 
Portapacks joined Pittsburgh police with 
canine corps to search for the boy. By 11:30 
p.m., the search party had swarmed into 
the woods below Olympia Park. Dense foli- 

(Continued on page 112) 
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ENGLISH- LANGUAGE BROADCASTS TO NORTH AMERICA 
FOR THE MONTH OF FEBRUARY 

Prepared by ROBERT LEGGE 

TO EASTERN AND CENTRAL NORTH AMERICA 
TIME -EST TIME -GMT STATION AND LOCATION FREQUENCIES (MHz) 

7 a.m. 1200 Copenhagen, Denmark 15.165 
7:15 a.m. 1215 Helsinki, Finland 15.185 (Tues., Sat.) 

Melbourne, Australia 9.585 
6 p.m. 2300 London, England 6.195, 7.13, 9.51 

Moscow, U.S.S.R. 7.15, 7.205, 9.665, 9.685 
6:45 p.m. 2345 Tokyo, Japan 11.78, 15.135 
7 p.m. 0000 London, England 6.195, 7.13, 9.51 

Moscow, U.S.S.R. 7.15, 7.205, 9.665, 9.685 
Peking, China 15.06, 17.68 
Sofia, Bulgaria 6.07 
Tirana, Albania 7.263 

7:30 p.m. 0030 Budapest, Hungary 6.235, 9.833 
Johannesburg, South Africa 9.675, 11.88 
Kiev, U.S.S.R. 7.12, 9.665 

(Mon., Thurs., Fri.) 
Stockholm, Sweden 5.99 

7:50 p.m. 0050 Vatican 5.985, 7.25, 9.645 
8 p.m. 0100 Berlin, Germany 5.96, 6.16 

Havana, Cuba 6.17 
London, England 6.195, 7.13, 9.51 
Madrid, Spain 6.13, 9.76 
Moscow, U.S.S.R. 7.15, 7.205, 9.665 
Prague, Czechoslovakia 5.93, 7.115, 7.345, 9.55 
Rome, Italy 6.01, 9.63 

8:15 p.m. 0115 Berne, Switzerland 5.965, 6.12, 9.535 
8:30 p.m. 0130 Bucharest, Rumania 6.08, 7.195 

Cairo, U.A.R. 9.475 
Cologne, Germany 6.075, 9.735 
Hilversum, Holland 9.59 

9 p.m. 0200 Lisbon, Portugal 6.025, 6.185 
London, England 6.195, 7.13, 9.51 
Moscow, U.S.S.R. 7.15, 7.205, 9.665 
Stockholm, Sweden 5.99 

10 p.m. 0300 Bucharest, Rumania 6.08, 7.195 
Budapest, Hungary 6.235, 9.833 
Buenos Aires, Argentina 9.685 (Mon. -Fri.) 
Havana, Cuba 6.135, 6.17 

10:30 p.m. 0330 Accra, Ghana 6.11 
Prague, Czechoslovakia 6.095, 7.115, 7.345, 9.55 

TO WESTERN NORTH AMERICA 

TIME -PST TIME -GMT STATION AND LOCATION FREQUENCIES (MHz) 

6 p.m. 0200 Melbourne, Australia 15.22, 17.84 
Tokyo, Japan 15.135, 15.235, 17.825 

6:50 p.m. 0250 Taipei, China 15.125, 15.335, 17.72 
7 p.m. 0300 Moscow, U.S.S.R. 9.54, 11.755, 15.18 

Peking, China 9.457, 11.82, 15.095 
8 p.m. 0400 Sofia, Bulgaria 6.07 
8:30 p.m. 0430 Budapest, Hungary 6.235, 9.833 
8:45 p.m. 0445 Cologne, Germany 6.145, 9.735 
9 p.m. 0500 Berne, Switzerland 5.965 

Moscow, U.S.S.R. 9.54, 9.64, 11.755 
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MISINFORMATION VERIFIED 

I N THE December, 1966, issue, we pub- 
lished an item concerning the Voice of 

the Himalayas, Katmandu, Nepal. Testing 
was to begin "soon" with two 100 -kW 
transmitters, probably on or near 7105 
kHz. Your Short-Wave Editor did not 
check this item out for accuracy, depending, 
instead, on the reliability of the short -wave 
bulletin in which the information was found. 
This publication, put out by an overseas 
organization, had always been a reliable 
source, and it seemed a needless expendi- 
ture of time to verify the item. 

However, it appears that the American 
Shortwave Listener's Club had published a 
feature in one of its bulletins entitled 
"Flashback," which excerpted items from a 
three -year -old bulletin, providing a nostal- 
gic look at the past for those who like to 
reminisce. The overseas organization, short- 
handed due to vacations and with volun- 
teers assisting, picked up the item without 
realizing that it was, in fact, a much out- 
dated one. When it was printed, other clubs 
and organizations the world over, including 
this column, picked it up and used it also. 
Needless to say, the overseas organization 
printed a retraction of the item, with an 
explanation, shortly afterward. 

Incidentally, we have just received word 
from one of our top monitors on the West 
Coast that a station, thought to be R. Nepal, 
has been noted on 4600 kHz with a woman 
speaking in native language but with a sig- 

DX Award Honor Roll 
The following DX'ers are the first to have 
their names listed on the DX Award Honor 
Roll. The figures at the right indicate the 
number of countries, states, and Canadian 
provinces verified, in that order. 

Ed Fellows (WPE7BLN) 
Seattle, Wash. 

L. E. Kuney (WPE8AD) 

200 .... 12 

Detroit. Mich. 150 50 10 

Chuck Edwards (WPE4BNK) 
Fort Lauderdale, Aa. 150 50 10 

Richard Markel) (WPE6DXC) 
Los Angeles, Calif. 150 50 .... 

Frank Scolaro, Jr. (WPE2LUZ) 
Yonkers. N. Y. 150 50 .... 

Nathan Rosen (WPE2CY) 
New York, N. Y. 150 50 ... 

nal too weak to read. The schedule report- 
edly is 1220 -1420. 

While on the subject of misinformation, in 
the November, 1966, issue we listed a sta- 
tion WBBH in New Brunswick, N.J., oper- 
ating with 50 watts on 4970 kHz. The ad- 
dress was given as RPO 914 (an address to 
which a report had been sent and from 
which a QSL had been received), and the 
operator as the Courtland School of Music. 
We also stated that it was "not a pirate 
station." 

Several of our monitors made further 
checks and asked discreet questions about 

(Continued on page 113) 

DRAKE 
- SW -4.4 

DIRECT FREQUENCY DIALING 
International Short -Wave Broadcast RECEIVER 

No more guesswork in identifying stations. Set dial at a station's 
frequency and if conditions permit you'll hear it everytime .. . 

Ultra- precision tuning dial accuracy, SW and standard AM Broadcast 
Crystal lattice filter for adjacent station rejection and good AF response 
Dual conversion Solid state AF output S -meter Preselector gives 

superior sensitivity by peaking antenna and RF stages Crystal- controlled 
H. F. Oscillator stability Amplified AVC constant AF output Price $289.00 

Write for free Brochure No. 44. 

R. L. DRAKE COMPANY Miamisburg, Ohio 45342 
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AMATEUR RADIO 
By HERB S. BRIER, wsEGra 

u+eur Radio Edí +er 

CW IS DEAD ( ?) 

THE OTHER DAY I read a magazine 
article that urged readers to send a 

letter to the FCC saying that CW was ob- 
solete and recommending that the FCC 
eliminate code from the amateur license 
examinations. You can overhear the same 
story in the phone bands- especially above 
50 MHz -and from some would -be ama- 
teurs. With minor variations, the theme is 
always the same: "No one uses CW any 
more except a few old fogies, who aren't 
with it, you know." 

Communications reports coming back 
from Vietnam say that the only way some 
of our military operators are able to get 
radio messages through the thick wave - 
absorbent jungles (even over distances of 
only a few miles) is by using CW. When 
the VC jams a radio circuit, the jamming 
frequently disrupts radiophone and radio - 
teletype communications, but skilled CW 
operators usually manage to get their mes- 
sages through. No wonder so many MARS 
(Military Affiliate Radio System) programs 
stress code operation. 

Shelving public service considerations, 
code proficiency pays off for the amateur in 
other ways. First, it gives him more room 

to spread his wings. The big difference be- 
tween a Technician and General Class li- 
cense is eight words of CW per minute. No 
doubt, many Technicians (at 5 wpm) 
would remain on the VHF's even if they 
had Extra Class licenses, but as long as 
they have Technician licenses, they have no 
choice. 

The ham who goes on phone as soon as 
he gets his General license without becom- 
ing proficient on CW cuts down his horizons. 
Watt for watt, a CW transmitter costs far 
less than a phone transmitter. In addition, 
CW has a 17 -dB advantage over straight 
AM phone and 8 -11 dB over SSB. Twenty 
watts of CW can do the job of 1000 watts of 
AM or 250 watts of SSB. 

What the figures above mean in practice 
has been verified by the record of W9EGQ 
on 20 meters. Running 75 to 150 watts, I 
frequently work several DX stations on CW 
when there are very few phone DX signals 
to be heard, and those that are heard are 
difficult to raise even using my kilowatt 
amplifier. 

"We agree that CW may get out a little 
better than phone," some phone men say, 

(Continued on page 105) 

Steve Natinsky, WA5MAC, of 
Dallas, Texas, operates on 15 
meters with a home -built, 2- 
element rotary beam, a Heathkit 
"Apache" transmitter, and a 

Hallicrafters SX -110 receiver. 
First a Novice, and now a Gen- 
eral, Steve has worked 49 states 
and 27 countries in the two 
years he has been a radio ama- 
teur. A free one -year subscrip- 
tion will go to WA5MAC for 
submitting the winner for Feb- 
ruary in our Amateur Station of 
the Month photo contest. To 
enter the contest, send us a 

clear picture of your station 
with you at the controls, and 
some details on your ham ca- 
reer and on the equipment you 
use. Mail your entry to: Ama- 
teur Radio Contest, c/o Herb S. 
Brier, Amateur Radio Editor, P.O. 
Box 678, Gary, Indiana 46401. 

AMATEUR STATION OF THE MONTH 
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The CB rig 
youcant 

kill. 

This is Courier's 23- channel TR -23S -the most reliable solid -state CB rig 
ever built. So reliable, it's GUARANTEED FOR 10 YEARS! With trans- 
mitter silicon -transistors manufactured to a higher peak voltage than ever 
before, plus new zener diode protection. A compact 53/4"W x 61/4"D x 17/8" H. 
Crystals supplied for all 23 channels. Complete with microphone. Illumi- 
nated S meter. Illuminated channel selector. PA system. Auxiliary speaker 
jack. Single -knob tuning. Modulation indicator. DC cord. Exclusive Courier 
"Safety Circuit" to protect against mismatched antenna, incorrect polarity 
and overload. Just $169, complete! 

See it at your Courier dealer, or mail coupon for full data. 

1 
COURIER COMMUNICATIONS, INC. 

of 
electronics comsmunications inc. 
56 Hamilton Avenue, White Plains, N.Y. 

Yes! I'd like to know all about the Courier TR -23S 
-the CB rig you can't kill. 

Name 

Address 

City County State Zip 
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