
CHRISTMAS IDEA: ELECTRONIC KITS! 

CENTS 

BUILD POWER /IMPEDANCE METER 

LI'L WINKER FLASH GUN 

PORTABLE 12 -VOLT FLUORESCENT LIGHT 

SIMPLE CIRCUIT IMPROVES RECEIVER SELECTIVITY 

ELECTRONIC GADGET BOX 

BUILD 

LOW -COST 

DIGITAL 

READOUT 

VOLT - 

OHMMETER 

SPECIAL PROJECT 
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EXPERIENCE 

IS STILL YOUR 

BEST TEACHER 

NRI designed- for -learning 

training equipment gives you 

priceless confidence be- 

cause your hands are trained 

as well as your head. 

Learning Electronics at home the NRI way is fast 

and fascinating. Read opposite pagé. 

OLDEST AND LARGEST 
SCHOOL OF ITS KIND 
Accredited by the Accrediting Commission of the National Home Study Council 
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You get more for your money 

from NRI -more value, more solid experience 
so essential to careers in Electronics. NRI's pioneering 
"discovery" method is the result of more than half a 
century of simplifying, organizing, dramatizing subject 
matter. In each of NRI's major courses you learn by 
doing. You demonstrate theory you read in "bite- size" 
texts programmed with NRI designed -for- learning pro- 
fessional lab equipment. Electronics comes alive in a 
unique, fascinating way. You'll take pleasure in evidence 
you can feel and touch of increasing skills in Electronics, 
as you introduce defects into circuits you build, per- 
form experiments, discover the "why" of circuitry and 
equipment operation. 
Almost without realizing it, the NRI discovery method 
gives you the professional's most valuable tool -prac- 
tical experience. You learn maintenance, installation, 
construction and trouble- shooting of Electronic circuits 
of any description. Whether your chosen field is Indus- 
trial Electronics, Communications or TV -Radio Servicing, 
NRI prepares you quickly to be employable in this 
booming field or to earn extra money in your spare 
time or have your own full -time business. And you 
start out with training equivalent to months -even years 
-of on- the -job training. 

NRI Has Trained More Men for 
Electronics Than Any Other 
School_ By actual count, the number of individ- 
uals who have enrolled for Electronics with NRI could 
easily populate a city the size of New Orleans or Indiana- 
polis. Over three -quarters of a million have enrolled with 
NRI since 1914. How well NRI training has proved its 
value is evident from the thousands of letters we re- 
ceive from graduates. Letters like those excerpted 
below. Take the first step to a rewarding new career 
today. Mail the postage -free card. No obligation. No 
salesman will call. NATIONAL RADIO INSTITUTE, 
Electronics Division, Washington, D.C. 20016. 

L. V. Lynch, Louis- 
ville, Ky., was a 

factory worker 
with American 
Tobacco Co., 
now he's an Elec- 

tronics Technician with the 
same firm. "I don't see how 
the NRI way of teaching could 
be improved." 

Don House, 
Lubbock, Tex., 
went into his 
own Servicing 
business six 
months after 

completing NRI training. This 
former clothes salesman just 
bought a new house and re- 
ports, "I look forward to mak- 
ing twice as much money as I 

would have in my former 
work." 
APPROVED UNDER NEW GI BILL. 
1955, or are in service, check 

December, 1968 

G. L. Roberts, 
Champaign, Ill., 
is Senior Tech- 
nician at the U. 
of Illinois Coor- 
dinated Science 

Laboratory. In two years he 
received five pay raises. Says 
Roberts, "I attribute my pres- 
ent position to NRI training." 

Ronald L. Ritter 
of Eatontown, 
N.J., received a 

promotion be- 
fore finishing the 
NRI Communica- 

tion course, scoring one of the 
highest grades in Army pro- 
ficiency tests. He works with 
the U.S. Army Electronics Lab, 
Ft. Monmouth, N.J. "Through 
NRI, I know I can handle a job 
of responsibility." 

If you served since January 31, 
GI line on postage -free card. 

COLOR TV CIRCUITRY COMES ALIVE 
as you build, stage -by- stage, the only custom Color -TV engineered 
for training. You grasp a professional understanding of all color 
circuits through logical demonstrations never before presented. 
The TV -Radio Servicing course includes your choice of black and 
white or color training equipment. 

COMMUNICATIONS EXPERIENCE 
comparable to many months on the job is yours as you build and 
use a VTVM with solid -state power supply, perform experiments 
on transmission line and antenna systems and bJild and work 
with an operating, phone -cw, 30 -watt transmitter suitable for 
use on the 80 -meter amateur band. Again, no other home -study 
school offers this equipment. You pass ycur =CC exams -or get 
your moray bac<. 

COMPETENT TECHNICAL ABILITY 
can be instantly demonstrated by you on completing the NRI 
course in Industrial Electronics. As you learn, you actually build 
and use your own motor control circuits, telemetering devices 
and even digital computer circuits which you program to solve 
simple problems. All major NRI courses include use of transis- 
tors, solid -state devices, printed circuits. 
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P OPLJ LAR VOLUME 29 NUMBER DECEMBER, 1968 

WORLD'S 
LARGEST -SELLING 

ELECTRONICS 
MAGAZINE 

SPECIAL CONSTRUCTION PROJECT 
D THE POPULAR ELECTRONICS 

DIGITAL VOLT -OHMMETER 29 ON LANCASTER 

Real breakthrough in test equipment construction 

SPECIAL FEATURE 
CHRISTMAS PREVUE OF KITS FOR BEGINNERS 41 HOWARD B. McENTEE 

An education in electronics 

FEATURE ARTICLES 
BUILD LI'L'WINKER 47 YMAN E. GREENLEE 

Photographic lighting for close -ups 

POPULAR ELECOMICS 50 
BUILD A FET -QM 51 OBERT N. TELLEFSEN, WOKMF 

To improve receiver selectivity 

WHAT'S A WOBBULATOR? 54 IC BELL 

A quiz on circuit and device design 

BATTERY -POWERED FLUORESCENT LAMP 55 BEN RICHARDS 
New light for your camp or boat 

GADGET BOX -MARK 99 64 OSEPH J. TASHETTA 
Keep the kids occupied 

ON THE CITIZENS BAND 66 ATT P. SPINELLO, KHC2060 
Reporting on a year's tour 

UNIQUE POWER AND IMPEDANCE METER 67 OY HARTKOPF 

SOLID STATE 70 OU GARNER 

ENGLISH- LANGUAGE BROADCASTS TO NORTH AMERICA 72 'OGER LEGGE 

SHORT -WAVE LISTENING 73 ANK BENNETT, W2PNA 
Cairo gets a message 

ADD CALIBRATED SWEEP TO YOUR OSCILLOSCOPE 75 OBERT J. BONEBRAKE, W9GCQ 

AMATEUR RADIO 76 ERB S. BRIER, W9EGQ 
Join an "Intruder Watch" 

DEPARTMENTS 
LETTERS FROM OUR READERS 

ELECTRONICS LIBRARY 

READER SERVICE PAGES 

NEW LITERATURE 

NEW PRODUCTS 

OPERATION ASSIST 

OUT OF TUNE 
"Build the Sports Timer" 

INDEX TO VOLUME 29 (JUNE -DEC. 1968) 

8 
14 
15, 115 
16 
22 

101 
103 

112 

POPULAR ELECTRONICS is Indexed This mon M'S cover photo by 
in the Readers' Guide Bruce Pendleton 
to Periodical Literature Copyright © 1968 by ZIFF -DAVIS PUBLISHING COMPANY. All Ights reserved. 

POPULAR ELECTRONICS, Here uber 1968. Volume 29, .Y otbir 0, Published atontld at 107 North Michigan Avenue, Chicago, 
Illinois 60601. One pour ebsr, ipti.iz rate for (..9., L.S. Possessions and canada. .$5.0I : all other countries, $6.00. Second class 
postage paid at Chicago. Illinois and at additional mailing offices. Authorised "u ..rond ,'ass mail by the Post Office Department, 
Ottawa, Parada and for payment of postage in cash. Subscription service and Forms 3.:79: Portland Place. Boulder, Colorado 
80302. Editorial offices for manuscript contributions. reader in0airies, eta: floe Park I. e., Scar I'a,rk, .V.I'. 10016. 

4 POPULAR ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Pat Powers, Computer Technology 

Tom Geary, Automation 

Ronald Wanat , Circuitry Design 

Robert Kastiger, Broadcasting 

These 4 successful men all got started the 
same way: they sent in a coupon like this 

r 
DE VRY InSTITUTE OF TECHnOLOGY 

BELLE HOWELL SCHOOLS 
Please send free booklets and information about 
careers in electronics. I am interested in the following 
fields (check one or more). 

Name 

Nuclear Instrumentation Testing 
Automation 
Broadcasting /telecasting 
Radar 
TV -radio service 

Age 

PE-12-Y 

Address 

City State County 

Apt. 

Zip Code 

Veterans: Check here. If you were discharged after Jan. 31, 1955, the .G. I. Bill" may cover the entire cost of your tuition. 118 

Why don't you? 
Accredited Member, National Home Study Council 

DE VRY If1STITUTE OF TECHf1OLOGY 
4141 IIELMONT AVE., CHICAGO. ILL. 60641 

III ImAm1 
BELLE HOWELL SCHOOLS 

December, 1968 5 
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Now, what's the best way 
to play your records 

for under $80? 

For years the AR manual 
turntable, at $78' has been the 
only truly fine record playing 
mechanism you could buy for 
under $80. 

But now, you'll have to take 
one other product into 
consideration. 

The new automatic Dual 1212 
At $74.50" 

Just like the AR, the Dual 1212 
exceeds every NAB standard for 
broadcast turntables in rumble, 
wow, flutter, and speed accuracy. 
And its balanced tonearm can 
track any cartridge flawlessly. 

But, in addition, the Dual has 
a convenient cueing control. 
A variable -speed pitch control. 
Built -in anti -skating. Automatic 
start and stop, with one record or 
a stack of six. 

So now you've got a decision 
to make. 

Do you want to play your 
records with a host of Dual 
convenience features, for $74.50.. . 

or without them, for $78? 
United Audio Products Inc., 

535 Madison Ave., New York, N.Y. 
10022. 

Dual 'including base and dust cover. 
*Basa and dust cover ore extra. 

CIRCLE NO. 41 ON READER SERVICE PAGE 
6 POPULAR ELECTRONICS 

POPULAR ELECTRONICS 
PHILLIP 

PuT. blisher 
HEFFERNAN 

OLIVER P. FERRELL 
Editor 

LESLIE SOLOMON 
Techn icn l Editor 

JOHN R. RIGGS 
ilanapa,p Editor 

EDWARD I. BUXBAUM 
Art Director 

ALEXANDER W. BURAWA 
Associate Editor 

ANDRE DUZANT 
Technical illustrator 

PATTI MORGAN 
Assistant Editor 

AURORA NARDOZZI 
Editorial Assistant 

H. BENNETT, W2PNA 
H. S. BRIER W9EGQ 
L. E. GARNER, JR. 

CHARLES J. SCHAUERS, WGQLV 
M. P. SPINELLO .KHC2O6O 

Contributing Editors 

RICHARD J. HALPERN 
Adr'.rt isi:,p Manager 

ARDYS C. MORAN 
Adoertistna Service Manager 

LAWRENCE SPORN 
Assoc into Taal steer 

ZIFF -DAVIS PUBLISHING COMPANY 
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212 679 -7200 
Midwestern Office 

307 North Michigan Avenue, Chicago, Illinois 60601 
312 726.0892 

Midwestern Advertising Manager, JAMES WEAKLEY 
GERALD L. TAYLOR 

Western Office 
9025 Wilshire Boulevard, Beverly Hills, California 9021 I 

213 CRestview 4 -0265; BRadshaw 2 -1161 
Western Advertising Manager, BUD DEAN 

Japan: James Yogi 
Ishikawa Mansion, #4, Sakuragaoko 

Shibuya -ku, Tokyo, 462.2911.3 
Circulation Office 

Portland Place, Boulder, Colorado 80302 

William B. Ziff, Chairman of the Board (1946.19531 
William Ziff, President 

W. Bradford Briggs, Executive Vice President 
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EDITORIAL. CONTR BUTIONS must be accompanied by return post- 
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Our Research P ogle 

Golf clubs ... fishing rods . .antennas 
... bows and arrows ... vaulting poles 
. . . pool cues and hot sticks have all 
evolved from Shakespeare's gelius with 
fiberglass. Expert research reliability and 
people proven dependability let Shake- 
speare put a world -wide reputation for 
quality on the line with each product. 

Want the best? ... get a dependable 
Shakespeare fiberglass WonderShaft 
antenna. 
There's one for your requirement. 

C/P CORPORATION 

52 subsidiary o 
R.F.D. 3, Columbia, South Carolina 29205 
Telephone (803) 787 -8710 

CIRCLE NO. 10 ON READER SERVICE PAGE 

The Citizen Bond 176 "Big Stick" is 

one of o complete line of people 
proven fiberglass antennas. 

December, 1968 7 
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a strong arm 
to lean on 

The tonearn system of the Garrard SL 95 Auto- 
matic Transcription Turntable is more than just 
a low -mass, dynamically balanced arm. It is a 
group of integrated, precision devices that main- 
tains correct tracking force and cancels damag- 
ing side -pressure on record grooves. 

The rigid, one -piece arm of Afrormosia wood 
(least resonant of woods) and aluminum, floats 
virtually friction -free within a gyroscopically gim- 
balled mounting. The permanently accurate, slid- 
ing weight anti- skating control, plus a single lever 

manual- cueing -pause control 
are just two of the many en- 
gineering achievements 
built into the SL 95's tone- 
arm system. You are as- 
sured of the lightest 
tracking possible ... the 
most accurate record re- 

production ... and the 
safest record han- 
dling available today. 

8 

For complimentary Comparator Guide, 
write Garrard, Dept. AX138, 

Westbury, N.Y. 11590. 

World's Finest 
British Industries Co.. division of Avner. tee. 

CIRCLE NO. 20 ON READER SERVICE PAGE 

letters 
FROM OUR READERS 

BAD CHOICE fOR COVER STORY? 

I was ratter disturbed to note that your 
choice for the September, 1968, cover story 
was "Build G -Force Accelerometer for your 
Car." I'm sure that you are aware that more 
people have been killed in traftie accidents 
than in all the combined wars the U.S. has 
fought, and that the greatest killer of young 
people up to age 21 is auto accidents. Then, 
why feature a, device that encourages some- 
one to floor the accelerator every so often to 
see how high a reading he can get on your 
ingenious device? 

Now, no such primitive devices as dangling 
trinkets from the rear view mirror are neces- 
sary for the hot -rodder -POPULAR ELECTRONICS 
has come through with an advanced acceler- 
ometer that measures G- forces in tenths of a 
gravity! Wo-et it be fun to take off from 
every traffic light, since a quantitative com- 
parison is now feasible? 

"Ah, but *ou have us wrong," you say. 
"This device is very useful for testing a car's 
brakes." But it's funny the way you show a 
photo of a car patching out in a cloud of 
burning rubber on the cover. The implication 
is clear. 

EDWARD W. HOLMES 
Washington, D.C. 

To clear tl'e air, we are aware that some 
people will p' obably do as Mr. Holmes points 
out -with or without the "G- Whiz" in their 
cars. Because of this awareness, the article 
deliberately belabors the point of safety. Ac- 
cordingly, you will find on page 34 of the 
article the forlowing statement: "Before test- 
ing the G -Wait, make sure that you can ob- 
serve all traffic safety laws." The article then 
goes on to describe how the G -Whiz is to be 
used in comp ete safety, stressing safe driving 
and economy The fact that some people will 
"burn rubber' when taking off at traffic lights 
does not in i `self speak badly of the G -Whiz 
-these people were burning rubber long be- 

fore the GTÑ hiz was available, and they are 
not likely to change until they get into a 
serious accid ;nt or become mature enough to 
realize the hasard they create. 

WHOOPS! PARDON OUR GOOF 

Since the 
Amplifier" e 
issue, quite 
inform us of 
publishing o 
would be sim 

ppearance of "The Basic Mono 
rticle in our September, 1968 

few readers have written to 
errors in the article. Instead of 

Cl of these letters, we felt it 
r ler to enumerate the errors and 

POPULAR ELECTRONICS 
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conversation piece. 
Just look at the Pace Basel For- 
get for a second that it's the 
complete CB two way radio that 
needs no extras. What makes it 
more unusual is how it looks. So 
attractive, so decorative. With 
wood grained cabinet and elegant 
over -all appearance, even the 
lady of the house likes to have 

it around. The Pace Base Station 
is neat -and complete. Included 
in one unit are standing wave 
ratio meter, power meter, S meter 
and variable output control mike. 
All for $330.00. 

See your electronic dealer or 
write us. 

l(1)) 
PACE COMMUNICATIONS CORP, 

a NOV/iTECH company 

24049 S. Frampton Ave., Harbor City, California 90710 
ENGINEERED WITH THE ENGINEER IN MIND 

CIRCLE NO. 29 ON FEADER SERVICE PAGE 
December, 1968 
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NEW SAMS BOOKS 

r USE THIS HANDY ORDER FORM 
I 
I 

101 Questions & Answers About Auto Tape Units. Answers 
all your questions about the increasingly popular 
automobile tape- playing units. Covers cartridge and 
cassette players, cartridges and cassettes, circuitry, 
installation procedures, and troubleshooting 
Order 20671, only $1.75 

Electronics in Photography. Clearly explains how elec- 
tronic photographic equipment works. Covers prac- 
tical theory; discusses lights, lamps, flash units and 
photocells, timing devices, controls, electronic cam- 
eras, and synchronization of sound and film. In- 
cludes chapter on wiring the darkroom and making 
repairs. Order 20672, only $3.50 ] Electric Guitar Amplifier Handbook. 2nd Ed. Fully explains 
the functioning of electric guitar amplifiers; provides 
specific service information for more than 20 com- 
mercial instruments. Order 20694, only $3.95 
101 Easy Test Instrument Projects. Challenging, fun-to- 
build , low -cost test equipment projects (most can be 
built for less than $5). Projects range from a simple 
continuity tester to a more complex sound level 
meter or a radiation finder; also includes power sup- 
plies, signal tracer and injector, meters, generators, 
transistor testers, picture tube rejuvenators, metal 
locators, flashlight cell chargers, and many others. 
Order 20673, only $3.25 
Television Service Training Manual. 2nd Ed. Updated 
and expanded to include new servicing short cuts 
and tests. Shows how to use test points to isolate 
trouble to specific components. Thoroughly treats 
all sections of the TV receiver; packed with sche- 
matics, charts, and drawings. Provides you with 
quick, sure -fire analysis and repair procedures. 
Order 20628, only $4.95 

FET Principles, Experiments, and Projects. Explains op- 
erating principles of the new FET's (field effect 
transistors). Theory coverage is basic, with emphasis 
on practical mathematics used in the featured ex- 
periments and projects. Inserting proper component 
values is taught by use of pegboard or simple chassis 
mounting arrangements. Order 20594, only $4.95 

Recently Published- Timely! 
[J Citizens Band Radio Handbook. 3rd Ed. 20569 $4.25 

How to Build Speaker Enclosures. 20520 3.50 
Color -TV Servicing Guide. 20358 4.25 

í7 Transistor TV Training Course. 20619 3.95 
iJ North American Radio -TV Station Guide. 5th Ed. 20635 2.95 

Tape Recorders -How They Work. 2nd Ed. 20445 4.50 
89 Ways to Improve Your CB Radio. 20515 2.95 
How to Read Schematic Diagrams. 2nd Ed. 20568 3.50 

O Know Your Oscilloscope. 2nd Ed. 20549 3.50 
101 Ways to Use Your VOM & VTVM. 2nd Ed. 20510....3.50 
Modern Dictionary of Electronics. 3rd Ed. 20600 9.95 
So You Want to Be a Ham. 4th Ed. 20607 4.50 
Short Wave Listener's Guide. 2nd Ed. 20542 2.25 
101 Easy Audio Projects. 20608 3.50 
49 Easy Transistor Projects. 20617 1.75 
Walkie- Talkie Handbook. 20572 3.95 

FAMOUS ABC's BOOKS 
Computers. 20012 $2.95 CB Radio. 20019 
Lasers 8 Masers. 20262.... 2.95 Tape Recording. 20395 

$2 
2..50 

50 

Transistors. 20440 275 Boolean Algebra. 20055 2.75 

HOWARD W. SAMS & CO., INC. Nu - 

.1 

Order from any Electronic Parts Distributor, or 
mail to Howard W. Sams & Co., Inc., Dept. PE -12 
4300 W. 62nd St., Indianapolis, Ind. 46268 

Send books checked above. $ 

Send FREE Sams Book Catalog. 

enclosed. 

Name 
PIEPSE PRINT 

Address 

L City State Zip 

CIRCLE NO. 35 ON READER SERVICE 
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LETTERS (Continued from page 8) 

corrections. 
page 68, chan 
read 0.047 pF 
the schematic 
on page 69, 
change to rea 
change C3 to 

ELECTRIC SHOC 

How about 
trie shock eli 
in mind is a 
current if a p 
accidentally 
ing in a puddl 
of protection I 

Such a prof 
we are deferr 
details until 
tive testing to 
ly. After all, i 
tric shock eli 
eliminated sh 
eliminator is 
at the earliest 

eferring to the Parts List on 
q the values for C3 and C7 to 
also change the value of C6 in 
diagram to 0.01 pF). In Fig. 2 
1 is incorrectly called out; 
C3. Then on page 70, Fig. 3, 

7. 

ELIMINATOR WANTED 

publishing plans for an elec- 
inator project? What I have 
evice that would shut off the 
rson were to grab a live wire 
en he was grounded or stand - 
of water. This is just the type 

looking for. 
HUGH CAMPBELL 

Ottawa, Ontario, Canada 

et is already in the works, but 
tg publication of construction 
ter it has undergone exhaus- 
nsure that it will work proper - 
wouldn't do to have an elec- 
inator that only occasionally 
k hazard. If an electric shock 
asible, it will appear in print 
ossible date. 

OVERSEAS READER SERVICE 

Is the infor 
"Reader Servi 
of POPULAR E 
States? And, 
may I obtain t 

Our Reader 
to both the o 

TRONICS and 
nets of intere 
in touch wit 
unie of inqui 
hirers, there i 
information o 
tunately, this 
readers in for. 
sionally Canad 
lective and wi 
tion to interes 
trading in doll r 

ation service provided by your 
e Page" available to readers 
ÉCTRONICS outside the United 
f so, under what conditions 
is service? 

M. AYAZ QURESHI 
Hazara, W. Pakistan 

ervice Page is a convenience 
ders of POPULAR ELEC- 

to the manufacturers of prod - 
t to the readers. It puts one 

the other. Due to the vol- 
es received by the manufac- 
a natural tendency to provide 
y to "sales prospects." Unfor- 
frequently does not include 
ign countries and even occa- 
. Some manufacturers are se- 

1 only send product informa- 
ed parties in countries where 
s is permitted. 

UFO CLUB MEMBERS WANTED 

I'm intereste 
of hams, S`V 
menters who 
UFO's. This gr . 
monitor radio 
sibly be used b 

Any interes 
Mr. Gac. 

3 in forming a club consisting 
L's, and electronics experi- 
have a common interest in 
up would map UFO sightings, 
frequencies that might pos- 

e UFO's, review sightings, etc. 
HENRY GAC, WPE8JST 

1715 HOLDEN 
DETROIT, MICH. 48208 

d parties, write directly to 

POPULAR ELECTRONICS 
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Don't leave 
your "voice" 
at home! 

Model IC -500,3 5 Watts Model IC -3000 3 Watts 
6 channels IC Circuits 6 channels 3 IC Circuits 
Sugg. Retail $99.95 ea. Sugg. Retail $79.95 ea. 

Model IC -1000 I Watt 
3 channels IC Circuit 
Sugg. Retail $49.95 ea. 

Want to talk from your boat to land... to your 
wife in the car...on the job...out hunting or 
fishing? Fanon gives you the largest choice 
of easy to carry, hand -held "voices" in the 
industry. From the finest hand -held 5 watt 
rig ever produced to 3 transistor units that 
are perfect for the kids -Fanon has the top 
seller in every price range...for every appli- 
cation. Our five great new "high end" 
models have been designed for the "pro" - 
each features new space -age IC circuitry for 
greater range and dependability. 
Fanon has been the world's leader in per- 
sonal communications for more than 50 
years - each of our new models reflects 
those years of engineering leadership. 
Our 3 and 5 watt units are the finest avail- 
able anywhere. They feature a center loaded 
antenna, die -cast metal cabinet, separate 
mike and speaker, range booster, true P.A. 

Model IC.100 100MW Model IC -500 1 Watt 
3 channels IC Circuit 3 Channels IC Circuit 
Sugg. Retail $49.95 pair Sugg. Retail $39.95 ea. 

Modell FCB -303 3 tr3nsisto- 
Sugg. Retail $11.95 pair 

Model FCB -606 6 transistor 
Sugg. Retail $17.95 pair 

facility and more -plus they easily convert 
to base station operation with an optional 
AC power supply. 
Our 1 watt, 1/z watt and 100 mw units are the 
style setters for the industry, with a new 
"slimline" design. Rugged too, in metal 
cabinets and featuring separate mike and 
speaker, built -in squelch control, battery 
meter, external power jack and earphone 
jack. 
Our 3 and 6 transistor units are newly de- 
signed for clearer reception and extended 
range. They offer high performance at a low, 
low price. 
See this exciting line at your local parts dis- 
tributor or dealer. Go with Fanon -the line of 
the 70's. 

Fanon Transceivers make ideal Xmas gifts for all the men on your list. 

FANON 

December, 1968 

FANON ELECTRONIC INDUSTRIES 
439 Frelinghuysen Ave., Newark, N.J. 07114 Tel: 201- 242 -3000 
Also Available In Canada. 

CIRCLE NO. 19 ON READER SERVICE PAGE 
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NEW 

AN ECONOMY LISTENER 
Temperature compensated superheterodyne 
police receiver gives a lot of listening for 
the money. Features built -in transistorized 
squelch. 
Models PR -155B (152 -174 MHz) 

PR -35B (30 -50 MHz) $59.95 

THE R. GENCY MONITORADIO 
The most popular and best performing of all 
radios used to listen to police, fire and civil 
defense radio signals. The handsome, graphic 
dial tells you where to find the signal to which 
you want to listen. 
Models.... MR -10D (152 -174 MHz) $84.95 

MR -33D (30 -50 MHz) 

AIRCRAFT MONITORADIO 
For the aviation enthusiast who wants to eaves- 
drop on aircraft radio. Hear two -way conversa- 
tions on everything from an airline jet to the 
tiny single engine Cub. 
Model AR -136 $99.95 

12 

r MONITORADIO 
Crystal ontrolled reception on 1 -6 fre- 
quencies ith 3 -way power supply operation 
make this radio a favorite with the profes- 
sionals. liomplete line of optional equip- 
ment enables it to be "tailored" to your high 
or low b nd needs. From $115.00 

POPULAR ELECTRONICS 
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becatise aith Rege 
it 

. will he the me rest! 
nrP1A 

THE IMPERIAL 
It's the most versatile citizens radio transceiver made. 
Avoid skip and interference on Imperial upper or 
lower sideband . or converse with conventional CB 
sets on regular AM ... All 23 Channels $299.00 

The newest. raciest 23 Channel solic 
state CB set on the market. The strong 
transmitter gets distance. Delta tune 
brings weak or off -frequency signals 
back from far away. PA and externat 
capability $189.00 

Tested to performance excellence at the In- 
dianapolis 503 Mile Race Track. 12 solid state 
crystal controlled channels with PA and ex- 
ternal speaker functions; plus no background 
noise receiver operation $99.95 

Heard and admired everywhere, its double 
sideband, reduced carrier performance is 
used. 23 synthesized channels operate from 
AC or DC power. Join the many who own 
one 5235.00 

PACE!? I 

I1 crystal controlled channels with 23 tunable 
receiver for base or mobile use, are built into this 
economy package. The handsome front panel is 
full of goodies than enable you to "personalize" 
this radio to your CB needs $110.00 

December, 1968 

RIRANC4_ 
ELECTRONICS, INC. 
7900 PENDLETON PIKE 
INDIANAPOLIS, 1N:?. 46226 
Ask your wife, girlfriend, mother or father to 
shop your favorite Regency dealer for your 
best Christmas ever .. You'll like the Regency 
results - - - all Year round. 

CIRCLE NO. 34 ON READER SERVICE PAGE 13 
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library es 

TRANSISTOR CIRCUIT MEASUREMENTS 
by Donald P. Leach 

This book was written to provide the stu- 
dent of electronics with the practical experi- 
ence necessary to understanding semiconduc- 
tor circuits. It contains 31 realistic experi- 
ments ranging in application from network 
analysis to digital logic in integrated circuits. 
The experiments are written to provide a 
maximum degree of flexibility and therefore 
to complement any good semiconductor text- 
book with enough material for a one -year 
semiconductor technology course. Each ex- 
periment has a theory section, a preparation 
section, and a preliminary report. 
Published by McGraw -Hill Book Co., 330 West 
42 St., New York, N. Y. 10036. Soft cover. 
269 pages. $5.50. 

RCA RECEIVING TUBE MANUAL, RC -26 
Basic technology, operating characteristics, 
ratings, and testing of receiving tubes are 
discussed in six well -illustrated and easy -to- 
read chapters in this new manual. Also in- 
cluded: an Application Guide for use in se- 
lecting the optimum tube type for a given ap- 
plication; a Technical Data section that pro- 
vides data and curves for all RCA receiving 
tubes; a design chart for resistance- coupled 
amplifiers; etc. A section on circuits illus- 
trates many practical applications of electron 
tubes and has several circuits that, when con- 
nected together, make up a complete color 
TV receiver. The explanations covering these 
stages provide a good basic understanding of 
the operation and interaction among the 
various circuit stages of current types of col- 
or TV receivers. 
Published by RCA Electronic Components, 
Harrison, N. S. 07029. Soft cover. 656 pages. 
$1.75. 

SOURCEBOOK OF ELECTRONIC CIRCUITS 
by John Markus 

This encyclopedic information -retrieval cen- 
ter can tell you within minutes where to find 
complete design information on any one of 
more than 3000 different circuits. Essential 
construction and adjustment details, design 
precautions, and other application data are 

(Continued on page 109 ) 

"Hey loók, I just built 
a radio in 2 minutes:' 

With new Lectron transistorized magnetic blocks, it's easy to 
put a solid -state radio together. Then take apart and 
build an electronic organ in minutes, or a burglar 
alarm, automatic night light, rain indicator, Morse 
code transmitter, intercom and many more 
that really work. Simply match symbols 
on Lectron see -thru blocks with circuit 
diagrams in 68 -page manual. No wiring. 
No tools. No experience needed to have 
hours of fun while you learn electronics 
Completely safe. Lectron sets 
begin under twelve dollars 
wherever fine toys 
are sold. 

Ma.a. 02154_ 

CIRCLE NO. 33 ON READER SERVICE PAGE 
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READER 
SERVICE PAGE 

free information service: 
Here's an easy and convenient way for you to get additional information about 
products advertised or mentioned editorially (if it has a "Reader Service 
Number ") in this issue. Just follow the directions below...and the material 
will be sent to you promptly and free of charge. 

1 Print or type your name and address on the 
lines indicated. Circle the number(s) on 

the coupon below that corresponds to the key 
number(s) at the bottom of the advertisement or 
editorial mention(s) that interest you. (Key num- 
bers for advertised products also appear in the 
Advertisers' Index.) 

2 Cut out the coupon and mail it to the 
address indicated below. 

3 This address is for our product "Free 
Information Service" only. Editorial in- 

quiries should be directed to POPULAR ELEC- 
TRONICS, One Park Avenue, New York 10016; 
circulation inquiries to Portland Place, Boulder, 
Colorado 80302. 

POPULAR VOID AFTER JANUARY 31, 1969 

ELECTRONICS PHILADELPHIA, PA. 19101 

1 2 3 4 5 6 7 8 9 10 11 1213 14 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 
41 42 43 44 45 46 47 48 49 50 51 52 53 54 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 

15 16 
35 36 
55 56 
75 76 

95 96 97 98 99 100 

17 18 19 20 
37 38 39 40 
57 58 59 60 
77 78 79 80 

NAME (Print clearly) 

ADDRESS 

CITY STATE ZIP CODE 

12 a 
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First of a 

new breed 

-from Sherwood 

Model S-8800e $399.50 

This is what high performance is all about. A 
bold and beautiful new FM Stereo Receiver 
bred to leave the others behind. 160 crisp, 
clean watts -power in reserve. Up- front, 
ultra -now circuitry featuring Field- Effect 
Transistors and microcircuitry. Front -panel, 
push- button command of main, remote, or 
mono extension speakers and loudness 
contour. Sherwood high -fidelity -where the 
action is -long on reliability with a three - 
year warranty. 

-.541,1019f, 
Sherwood Electronic Laboratories, Inc. 

4300 North California Avenue, 

Chicago, Illinois 60618 Write Dept.12P 

CIRCLE NO. 37 ON READER SERVICE PAGE 
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[TAKE ONE 

i 

new 
terature 

To obtai 
or leafle 
in and ma 

a copy of any of the catalogs 
described below, simply fill 

l the coupon on page 15 or 115. 

Everythin ; in electronics from color -TV re- 
ceivers, to stereo systems, to CB transceivers 
is describ in catalog number F1766C avail- 
able fro Sears, Roebuck and Company. 
This colo ful 68 -page catalog lists brand - 
name equ ment such as Fisher Radio, Har- 
man-Kard n, Electro- Voice, Ampex, and 
E. F. Jo nson, in addition to Sears' own 
brand. Se tions in the catalog are given over 
to descri ions of fine hi -fi cabinetry and 
furniture : resembles, accessories for TV, FM, 
and CB -ception, and even non -electrical 
musical i struments. Among the special - 
interest i ms listed are electronic organs, 
backgrou music and public address sys- 
tems, ele _ . nt decorator telephones, short- 
wave rec: vers, and electrical instruments 
and instru ent amplifiers. 

Circle No 75 on Reader Service Page 15 or 115 

A new 21 page, two -color catalog, number 
680, contai ing mechanical specifications and 
electrical : nd performance data about their 
current to e heads is available from Michi- 
gan Magn -tics. A selection from the heads 
illustrated in the catalog will meet almost 
all require ents for full -, half -, quarter -, and 
eight -trac heads, as well as those for cas- 
settes. In t ase information about tape heads 
not detaile in the catalog is desired, a data 
sheet is i eluded that can be filled in and 
sent to the manufacturer. 

Circle No 76 on Reader Service Page 15 or 115 

The theme of the "How To Select A Record- 
ing Tape" atalog available from Audio De- 
vices, Inc., s a timely combination of tips for 
the use, c re, and selection of professional- 
quality recrding tapes and accessories. The 
24 -page ca alog describes performance char- 
acteristics f the five Audiotape formulations, 
and explai s how each meets specific needs in 
recording nd playback. Also included is a 
chart that illustrates the variety of types 
and length of tapes and reel sizes for each 
formulatio s. A table of recording times for 
various ta e lengths and recorder speeds. 
plus a chat that matches the tape type with 
use are pr- sented -all in non -technical lan- 
guage. 

Circle No. 77 on Reader Service Page 15 or 115 
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Technical Series HM-90 

$115 

Suggested Price 

RCA . , 

Hobby Circuits 
Manual 

CIRCLE NO. 31 ON READER SERVICE PAGE 
December, 1968 

Novice or expert... 

Here are 
many new, 
exciting 
solid -state 
hobby 
projects 
For you, in this new manual from 
RCA, are 35 construction 
projects to satisfy your hobby 
interests for the coming months. 
This newest addition to the 
expanding RCA technical library, 
the RCA Solid -State HOBBY 
CIRCUITS MANUAL, HM -90, has 
"something for everyone" -from 
beginner to expert. The 35 
circuits are of interest to 
electronic experimenters 
including hams, motorists, 
photographers, home owners, 
and music and hi -fi buffs. 
Circuits are described in detail 
with circuit schematics, layouts, 
templates, parts lists and 
photographs. In addition, there 
are sections on theory and 
practical applications of solid - 
state devices -including 
integrated circuits and MOS /FET 
units as well as a section on 
trouble shooting and testing. 
Typical circuits include: 
electronic slot machine 
electronic dice metal detector 
single -voice organ electronic 
metronome code -practice 
oscillator automatic keyer 
enlarger exposure meter lamp 
dimmer electronic "fuzz" box 
audio amplifier automobile 
tachometer motor speed 
control electronic flasher 
light minder for automobiles, and 
twenty other interesting circuits. 
See your RCA Distributor today 
for your copy of HM -90, published 
by RCA Electronic Components, 
Harrison, N.J. 07029 

RC" 
17 
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"He's a good worker. 
I'd promote him 
right now if he had 
more education 
in electronics." 

Could they be talking a 
You'll miss a lot of opportunities if you try to get along 

in the electronics industry without an advanced edu- 

cation. 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 supple- 

ment 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 

18 

full -time 
Study Pr 

additions 
classes. 
your own 
what you 

CREI I 

tronics ii 

even mis 
find a pr( 

out you? 
1 

ob and family obligations. But CREI Hom( 

grams make it possible for you to get th( 

education you need without attendinf 
fou study at home, at your own pace, or 

schedule. You study with the assurance tha 
learn can be applied to the job immediately 
rograms cover all important areas of elec 

cluding communications, radar and sonar 

rile and spacecraft guidance. You're sure t( 

gram that fits your career objectives. 

POPULAR ELECTRONICS 
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You're eligible for a CREI Program if you work in elec- 
tronics and have a high school education. Our FREE 
book gives complete information. Airmail postpaid card 
for your copy. If card is detached, use coupon at right 
or write: CREI,. Dept. 1212G. 3224 16th St., N.W., Wash- 
ington, D.C. 20010. 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept. 1212G, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

Please send me FREE book describing CREI Programs. I 

am employed in electronics and have a high school education. 

NAME AGE 

ADDRESS 

CITY STATE ZIP CODF 

EMPLOYED BY 

TYPE OF PRESENT WORK D G I BILL 

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

D Industrial Electronics for Automation 
D Computer Systems Technology 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 

December, 1968 21 

www.americanradiohistory.com

www.americanradiohistory.com


o 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 or 115. 

SOLID -STATE FM STEREO COMPACT 

Big system sound is designed into the small 
space of the Heathkit Model AD -27 Compon- 
ent Compact FM stereo system. The system 
is composed of a modified Model AR -14 
stereo receiver by Heathkit, a BSR McDonald 
Model 500 four -speed automatic turntable, 

and a diamond sty- 
lus pickup by 
Shure. The ampli- 
fier provides 15 
watts /channel mu- 
sic power output 
with a frequency 
response of ±1 dB 
from 12 to 60,000 
Hz; 45-dB channel 

separation; harmonic and IM distortion of 
less than 1%; 4- to 16-ohm output impedance; 
tape output; and front panel headphone 
jack. The tuner has four i.f. stages; a 5-µV 
sensitivity; -45 -dB hum and noise; and less 
than 1% distortion. In addition, the tuner 
features adjustable phase control, stereo 
indicator light, 20-dB channel separation, 
and filterd outputs for beat -free taping. The 
components are housed in an attractive wal- 
nut cabinet with a solid walnut Tambour 
door. 

Circle No. 78 on Reader Service Page 15 or 115 

WIDE -BAND OSCILLOSCOPE /YECTORSCOPE 

The Model CRO-4, made by the Jackson In- 
strument Company, is said to be the only 
oscilloscope /vectorscope in the medium -low- 

cost class that can measure 
waveform amplitudes as 
easily as a VTVM or VOM. 
With a 5" screen, the in- 
strument has an easily re- 
movable graticule with 
two sets of calibrations 
(like a meter scaleplate) 
for the "readout" and a 
switch to select voltage 
range and peak -to-peak 
magnitude for direct read- 

ing on the graticule. Technical specifications: 
vertical amplifier response out to 5.8 MHz, 
±3 dB; 5.8 -mV r.m.s. /cm sensitivity; 0.06 -µsec 
rise time; 1500-volt acceleration voltage; 

22 

5- 500,000 -Hz s rizontal sweep- frequency 
range. The ins ruction manual includes ex- 
tensive applica ion information with set -by- 
set vectorscope test instructions and pattern 
photos. 

Circle No. 79 o Reader Service Page 15 or 115 

Knight -Kit's 
strument ampl 
dudes a full 
features for 
combo group. T 
tically designe 
system has tw 
12" heavy -dut 
ers, while the 
is designed 
effect transisto 
sure low noise 
distortion -free 
ance. Technica 
cations: 90 w 
(30 watts co 
sine -wave out 
er; 90 -dB 
bass boost at 8 
variation; 0-5 
0-75% variabl 
tremolo speed; 
signal -to -noise 
for rated outp 
ance. Controls 
tremolo, intens 
depth. 

Circle No. 80 o 

EIGHT -TRA 

Orrtronics, In 
of 8 -track ste 
designed for u 
mate 8 -r- 4" is 
built -in negati 

INSTRUMENT AMPLIFIER 

del KG-387 "piggyback" in- 
fier and speaker system in- 
omplement of controls and 
he "in" 
e acous- 
speaker 
Jensen 
speak - 

mplifier 
h field- 
s to as- 
evel and 
erform- 
specifi- 

ts peak 
tinuous) 
ut pow - 
inimum 
Hz; 20 dB at 10,000 Hz treble 

variable reverb depth; 
tremolo 2 -10-Hz variable 

60 dB below rated output 
atio; 40-µV input sensitivity 
t; 500,000 -ohm input imped- 
'nclude volume, treble, bass, 
ty, tremolo rate, and reverb 

Reader Service Page 15 or 115 

K STEREO TAPE PLAYERS 

, recently introduced a pair 
eo tape players specifically 
e in car or boat. The "Auto - 
he luxury model, featuring a 

e /positive ground conversion 
switch, exclusive mount- 
ing bolts to reduce the 
possibility of theft, and 
reversible gimbal 
mounting brackets for 
under -the -dash or floor 

. Standard with this model is 
selector bar, plus fingertip 

e controls for maximum rich - 
Also being introduced is the 
ial 8" model, with the same 
d sound as the "Automate 

rd E.I.A. type III tape cart - 
in both models. 
Reader Service Page 15 or 115 

hump mountin 
a lighted trac 
tone and balan 
ness of sound. 
economy "Spe 
performance 
8 + 4." Stand 
ridges are use 

Circle No. 8I o 

COMPLETE 

A single tool, 
erench," can 
open -end wre 
wrench, slip -j 
small vise, w' 
clamp. Unique 
its jaws to re 
Due to a built - 
vides one ton 

WORKSHOP IN ONE TOOL 

co Products Company's "Pli- 
e used as a socket wrench, 
ch, monkey wrench, pipe 
int pliers, lineman's pliers, 
e cutter, and tool maker's 
onstruction of this tool allows 
ain parallel in all positions. 

n 10- to-one gear ratio; it pro- 
f gripping power in all posi- 
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Cobra 98 
the new standard of CB quality. 

1. Built -in SWR bridge lets you tune your antenna 
for maximum output. 

2. Forward- Reverse reflected Power Output Meter 
tells you how much power is going out. 

3. "S" meter measures strength of incoming 
signals. 

Outgrown your present CB? Step up to 
the new B &K Cobra 98, the new, 23- 
channel, fully deluxe CB that's built to 
outperform and outvalue most other 
rigs. The new triple scale (shown above) 
is only part of the story ... the Cobra 98 
looks like a million! The heavy die -cast 
aluminum front panel is magnificently 
finished in black and brushed aluminum. 

B &K Division of Dynascan Corporation 
1801 W. Belle Plaine Avenue /Chicago, Illinois 60613 

Where Electronic Innovation Is A Way Of Life 
CIRCLE NO. 7 ON READER SERVICE PAGE 

December, 1968 

And the Cobra 98 has all the power and 
performance features B &K is famous for 
-including exclusive Dyna -Boost that 
intensifies speech signals and extends 
range even farther! 

Cobra -the big name in CB -now 
brings you the flagship of the line -the 
COBRA 98-it's the most! $239.95 

23 
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PRODUCTS (Continued from page 22) 

tions to prevent slipping. Two models are 
available: No. 86060, 7" long; No. 86070, 8 %" 
long. Accessory parts, such as standard pipe 
jaw, large pipe jaw, and internal -external 
jaws, are also available. 

Circle No. 82 on Reader Service Page 15 or 115 

TUNER AND AMPLIFIER COMPANIONS 

Fully automatic stereo-mono switching, FET 
front end, and built -in AM and FM antenna 
systems are featured in Lafayette Radio 
Electronics' new Model LT -225T AM /FM 
stereo tuner. The tuner's companion, Model 
LA -450T amplifier, complements it with 25 
watts / channel 
output power. 
Both units are 
fully solid state. 
The FM sensitivity 
(IHF) is 3 µV; 
capture ratio, 3 
dB; image rejection, 55 dB; i.f. rejection, 80 
dB; signal- to-noise ratio, -55 dB; and stereo 
separation, 30 dB. Technical specifications 
for the amplifier include a frequency response 
for 20- 20,000 Hz of ±1.5 dB at 1 watt; har- 
monic distortion, 1% or less; hum and noise, 
from -53 to -60 dB; and input sensitivity, 
3 AV (tuner and auxiliary, 250 LV). The 4-, 
8-, and 16-ohm outputs are all fused for maxi- 
mum protection. 

Circle No. 83 on Reader Service Page 15 or 115 

SOLID -STATE COMMUNICATIONS RECEIVER 

Up to 12 plug -in crystals can be used for 
multi -channel operation in the "Professional" 
VHF public safety /marine /business/ indus- 

trial high -band com- 
munications receiver 

11110 
by International Com- 
munications di Elec- 
tronics, Inc. The 
receiver has a self - 
contained power sup- 
ply that regulates 
whether operated from 

a 12 -volt d.c. or a 117 -volt a.c. source, reverse - 
voltage protection, fiberglass printed circuit 
boards, and a 3" X 5" speaker. Technical 
specifications: 0.3-µV sensitivity; better than 
60 -dB adjacent- channel rejection; 20-mA 
squelched current drain when operated on 
12 volts d.c. 

Circle No. 84 on Reader Service Page 15 or 115 

LOW -COST STEREO SYSTEM 

Harman -Kardon's Model SC2350 compact 
music system recreates concert -hall realism 
with full scope and dimension, regardless of 
room size, acoustics, or speaker placement. 
This is accomplished through the use of the 
specially designed Model HK -50 omnidirec- 
tional speaker systems that come with the 
SC2350. Through the proper combination of 
direct and radiated sound energy, the listener 
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obtains the f 
speaker syste 
In addition to 
music system 
automatic tur 
phono pickup 
FM receiver. 
tary dial tuni 
section of the r 
50 watts (IHF 
tem sells for 1 

Circle No. 85 

Il stereo effect -even if the 
s are hidden behind the sofa. 
e speaker systems, the SC2350 

ncludes a Garrard four -speed 
table with a low- distortion 
nd a high -performance AM/ 

ntegrated circuits and plane - 
g are employed in the tuner 
ceiver. The amplifier develops 
output power. The entire sys- 

ss than $400. 
Reader Service Page 15 or 115 

POLICE /AIRCRAFT MULTIBAND PORTABLE. 

Now, for only $44.95, you can pick up AM/ 
FM police and ircraft radio broadcasts with 
Lafayette Rad o Electronics' new four -band 
portable receiv r, stock No. 99- 3550W. The re- 
ceiver covers the 108- 
136 -MHz AM- HF air- 
craft band, t e 88-108 - 
MHz stand: rd FM 
broadcast ban . , the 147- 
174 -MHz pol 
weather band, 
540- 1600 -kHz 
AM broadca 
Features of th 
ceiver include 
(for VHF), a 
and tuning, ba 
a.c. /battery co 
ate on four C 
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FM MUSI 

Now you can 
rupted music 
SCA Music 
Winlund Elec, 
plexer adapter 
easily to any 
allowing yo u 
the hidden 
many FM 
broadcast fo 
restaurant 
stores, and of 
merciai establi 
adapter in oth 
hibited by law 
receiver, you 
programming 
just the flip o 
elude mute, o 
demultiplexer 
shielded cable 

Circle No. 87 

CIRCLE NO. 1 

ce and 
and the 
tandard 

t band. 
new re- 

a telescoping rotary antenna 
errite bar antenna (for AM), 
d- selecting, tone, and on /off/ 
trois. The receiver can oper- 
ells or a.c. line power. 
Reader Service Page 1 5 or I 1 5 

WITHOUT COMMERCIALS 

listen to continuous uninter- 
n your FM radio with the 

emultipiexer available from 
onic Mfg. Co. The demulti- 
attaches 
M radio, 
to hear 
hannels 
tations 
hotels, 

, small 
er com- 
hments. (NOTE: Use of this 

than private homes is pro- 
) Once attached to your FM 
an listen to either regular 

the hidden channel with 
a switch. Other controls in- 
tput level, and tuning. The 
ornes complete with two 36" 
and a one -year guarantee. 
Reader Service Page 15 or 115 
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At Christmastime, 
Courier brings people 
closer together. 

This year, treat yourself, your family, your closest friends 
-o a Courier Communications Christmas. 

Chances are you already own a CB transceiver... now's 
he t me to move up to Courier performance. quality. and 

years ahead styling. (A) 23- channel tube -type C9 trar.sceivers 
-Mobile or Base ($189 to $279). (B) Solid -state CB t- ansceivers 
-with a 10 -year "total reliability" guarantee ($99 to $199). 

Consider Courier's exciting new line of professional- quality 
land -held 2 -way radios, with irtegrated circuits (C)-2 to 6 
charnais, 100 milliwatts to 5 watts ($29.95 to $99.5). 

Or Courier's Police /Fire Band & AM portable radios 
(D) -fully transistorized dual -band receivers that Dull in all the 
excitement of Police, Fire Department and marine broad - 
casts, as well as regular AM programming ($24.95). 

Then there's Courier's new advanced solid -state intercom 
systems (E) -to save time, save steps, add secu-ity ... even 
-elieve you of babysitting chores. A thoughtful g ft fo- office 
or home. 

And who wouldn't want a Courier Port-A-Lab" (F) all - 
purpose transmit tester under his Christmas tree ($44.95). 

See your Courier dealer for a real Courier Christmas, 
or mail the coupon today for additional nformation. 

D 

a 4 t_) COURIER COMMUNICATIONS, INC. 

439 Frelhghuysen Avenue, Newark, N.J. 07114 Dept. PC -81: 
a wnict. ice.. Company 

Please rush me ccmplete details on the Courier 
line of communications equipment. 

Address 

State County 

City Zip 
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The kits 
you never outgrow. 
With a Norelco Educational Kit, you 
learn something new every day. Like 
how to build a radio, p.a. system or 
intercom ... then turn right around 
and change it into an amplifier, os- 
cillator or burglar alarm. 

There are 8 kits in all (5 basic and 
3 add -on), each with step -by -step 
instruction booklets that are so -com- 
plete, they comprise basic courses in 
electronics and mechanics. Which 
means that while you're building 

something that really works, you're 
learning the "bows " -and "whys" of 
electronics and mechanics from be- 
ginning to end. And there's never 
any soldering involved, so even a 
child can build and rebuild the cir- 
cuits safely. 

Norelco "Toys that teach" are the 
perfect gifts for the young. And the 
old. And the in- between. Because 
it's never too early. And it's never too 
late. 

/ VO re/c cf 
Toys that teach 

To find out where to buy them, consult the dealer listing 

North American Philips Company. Inc.. 100 East 42nd Street 
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HERE'S WHERE YOU CAN BUY Wore %o EDUCATIONAL KITS 
Huntsville 

ALABAMA 
Electronic Wholesalers Inc. 
Mobile 
Electronic Supply Co. Electronic World 

ALASKA 
Anchorage 
Yukon Radio Supply 
Fairbanks 
Yukon Rarlio SupRNply CALIFOIA 
Anaheim 
Anaheim Electronics Hetthklt 
Artesia 
('arson Electronics 
Berkeley 
Lafayette Radio Elect. 
Pacific Electronics 
Zackit Stores 
Campbell 

Home Home Elect. Center 
Canoga Park 
Sandy's Electronics Supply 
West t'allt.r Electronics 
Glendale 
Logan,: 
Goleta 
Dow Radio-Milo 
Granada Hills 
North Valley Electronics 
Harbor City 
Buff's 

Electronics 
Bntl Electronics 
Inglewood 
Inglewood Elect, Supply 
Newark Electronics 
Olsen Electronics Inc. 
Long Beach 
Olsen Electronics Inc. 
Los Altos 
Also Home Electronics 
Los Angeles 
Dow bide 
Federated Purchaser Inc. 
International Television 
Olsen Etecectronles Inc. 
Olsen OIs tR Electronics Inc. 
Monterey 
Zacktt Stores 
Mountain View 
Aleo Home Electronics 
North Hollywood 
Olsen Electronics Inc. 
Norwalk 
Commercial Comm. Elect. Elliott Electronics 
Oceanside 
EDO Elect. Dist. 
Oxnard 
Dow 
Palo AAltoo 

-Milo 
Zack Electronics 
Pasadena 
Dow Hadio -Milo 
Redondo Beach 
Bay Electronics 
Redwood City Fortune Electronics 
Sacramento 
Lafayette Radio Elect. Zacklt Stores Inc. 
san Diego 
western Radio TV 
San Francisco 
Pacific Electronics 
San Francisco Radio 
Zack Electronics 
San Jose 
Aleo Paramount 
Peninsula Elect. Supply 
U(uement 

Electronics 
nited Radio TV 

Weaterhle Elect. Ctr. 
San Mateo 
San Mateo Elect. 
San Pedro 
Neptune Electronics 
Santa Ana 
Olsen Electronics Inc. 
Sunnyvale 
Sunnyvale Elect. 
Torrance 
Signal Electronics 
Vallejo 
Zacktt Stores 

COLORADO 
Denver 
lturstein -Applebee Co. 
C.W. Elect. Sales Co.. 
Flstells 

CONNECTICUT 
ly 

Hamden 
Lafayette Radio Elect. Corp. 
New London 

r Electronics 
Norwalk 
Arrow Electronics 
West Hartford 
Lafayette Radio Elect. Corp. 

DELAWARE 
Wilmington 
RESCO Elect. 

DISTRICT OF COLUMBIA 
Electronic Wholesalers Inc. 

FLORIDA 
Bradenton 
Thurow Electronics 
Clearwater 
Thurow Electronics 
Cocoa 
Thurow Electronics 
Daytona Beach 
Thurow Electronics 
Fort Lauderdale 
Thurow Electronics 
Fort Meyers 
Thurow Electronics 
Fort Pierce 
Thurow Electronics 
Fort Walton Beach 
Thurow Electronics 
Gainesville 
Thurow Electronics 
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Homestead 
Thurow Electronics 
Jacksonville 
Thurow Electronics 
Key West 
Thurow Electronics 
Lake City 
Thuroty Electronics 
Lakeland 
Thurow Electronics 
Miami 
Electronics Wholesalers Inc. 
Olsen Electronics Inc. Thurow Electronics 
Ocala 
Thurow Electronics 
Orlando 
Electronic Wholesalers Inc. 
Lafayette Radio Thurow Electronics 
Panama City 
Thurow Electronics 
Pensacola 
Thurow Electronics 
Riverside 
Morose Electronics 
Saint Petersburg 
Thurow Electronics 
Tallahassee 
Ti nrsse Electronics 
Tampa 
'Illumine Electronics 
West Palm Beach 
Thurow Electronics 
Atlanta 

GEORGIA 
Ill sea Electronics Inc. 
Decatur 
Olsen Electronics Inc. 
Savannah 
Electronics ^1 Inc. 

IDAHO 
Boise 
Lafayette Radio 
Idaho Falls 
Lafayette Radio 
5thtventl {ntnn'o Wholesale 
Pocatello 
Westronlcs Assoc. 

ILLINOIS 
Calumet City 
Allied Radio Corp. 
Chicago 
Allied Radio Corp. 
JJ os 

Oe 

pIttE i ectron i cs 
Olsen Electronics Inc. 
Decatur 
Klaus Radio Electronics 
Evanston 
Allied Radio Corp. Hillside 
Allied Radio Corp. 
La Salle 
Klaus Radio Electronics 
Mattoon 
Mattoon Radio TV 
Moline 
Lofttren Distrib. Co. 
Morton Grove 
Olsen Electronics Inc. 
Mount Prospect 
Allied Itadio Corp. 
Norridge 
Allied Radio Corp. 
Oak Park 
Allied Radio Corp. 
Park Forest 
Allier( Radio Corp. 
Peoria 
Klaus Radio Electronics 
Warren Radio 
Quincy 
Klaus Radio Electronics 
Rockford 
Jay -Tronics 
Springfield 
Bruce Electronics 
Waukegan 
Chester Electronics 
Electronics Dist. Inc. 

INDIANA 
Anderson 
Elect. Sunn ly of Anderson 
Fort Wayne 
Ft. Wayne Elect. Supply 
Lafayette Associate Store 
Lafayette Radio Elect. 
Hammond 
Electronic Dist., Inc. 
Michigan City 
Trl State Electronics Supply 
Indianapolis 
Electronic Dist. Inc. 
Graham Elect. Supply 
Van Sickle Radio 
Lafayette 
Lafayette Radio Supply 
Muncie 
Muncie Elect. 

I 
Snnply 

OWA 
Ames 
Mid -Mates Dist. 
Carroll 
Mid -Slates Dist. 
Cedar Rapids 
Iowa Radio Sumtly 
Mid- States Dist. 
Creston u totes Dist. 
Council Bluffs 
World Radio Labs 
Davenport 
Klaus Radio Electronics 
Des Moines 
Bob EVtln'S Amateur Radio 
Mid -States Dist. 
P A B Electronics 
Iowa City 
Mid-States Dist. 
Marshalltown 
Mid -States Dist. 
Mid -States Dist. 
w'avers Electronics Supply 
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Ottumwa 
Meyer's Elect. Supply 
Mid- States Dist. 
Spencer 
Mid -States Dist. 

KANSAS 
Burste 
Overland 
Burstein- Anolebee l'o. 

KENTUCKY 
Covington 
HnlubLafayette 
Louisville 
1'. I. Burks 

LOUISIANA 
Baton Rouge 
Lafayette Radio Elect. 
Gretna 
Thorns' Electronics 
Lafayette 
Ralph's of Lafayette 
New Orleans 
Thurow Electronics 

MARYLAND 
Baltimore 
Electronic Wholesalers Inc. 
Mount Rainer 
Lafayette Radio Elect. Corp. 
Silver Spring 
Federated Purchaser Inc. 
Silver Spring Elect. Supply 
Wheaton 
Electronic Distrib. Inc. 
EIr. E1eMASSACHUSETTS 

Boston 
Camhosco Scientific Co. 
Lafayette Radio Elect. Corp. 
Natick 
Lafayette Radio Elect. Corp. 
Needham 
You -Do -lt Elect. Hobby Center' 
North Hampton 
H. L. Childs A Sons 
Saugus 
Lafayette Radio Elect. Corp. 

MICHIGAN 
ltenpark 

Olson Electronics 
Wedemeyer Elect. Supply 
Ad 
wedemeyer Elect. Supply 
Detroit 
Olsen Electronics Inc. 
Reno Radio 
Jackson 
Wedemeyer Elect. Supply 
Lansing 
Wedemeyer Elect. Supply 

MINNESOTA 
Minneapolis 
Radio Elect. Supply 
Scheele Electronics 
Saint Paul 
Schaak Elect. Supply 

MISSOURI 
Kansas City 
Burstein- Applebee Co. 
McGee Radio Kirksville 
Mid- States Dist. 
St. Louis 
Olive Elect. Supply 
Olsen Electronics Inc. Springfield 
Rutstein -Apee Co. 

NEW 
plebJERSEY 

Barrington 
Edmund Scientific Co. 
Bloomfield 
('arts Unlimited 
Camden 
BESCO Elect. 
Haslet 
Interstate Electronics 
Newark 
Lafayette Radio Elect. Corp. 
Paramus 
Lafayette Radio Elect. Corp. 
Pennsauken 
Lafayette Radio Elect. Corp. Plainfield 
Red 

Radio Elect. Corp. 
Red Bank 
M Radio Supply 
Shrewsbury 
Federated Purchaser Inc. Springfield 
Disco Elect. Inc. 
Federated Purchaser Inc. 
Totowa 
Arrow Electronics 
Lafayette Radio Elect. Corp. 

NEW MEXICO 
Albuquerque 
LasCr Parts Co. 
Las Cruces 
islamtie's Electronics 

NEW YORK Bronx 
BrIco Dist. Inc. 
Brooklyn 
l.affalo [e Radio Elect. Corp. Buffalo 
Olsen Electronics Inc. 
Farmingdale 
Amity Electronics 
Huntington Station 
Rite Electronics 
Flushing 
Flushing Electronics 
Jamaica 
Lafayette Radio Elect. Corp. 
Jamestown 
Warren Radio Inc. 
Lynbrook 
Lafayette Radio Elect. Corp. 
Nanuet 
Electronics 59 Inc. 
New York City 
Arrow Electronics 
Grand Central Radio 
Lafayette Radio Elect. Corp. 
Metro Elect. Corp. 
Midway Radio TV 
Port Chester 
Rat Inc 

READes ER SERVICE PAGE 

Rochester 
Lafayette Radio Elect. Corp. Scarsdale 
Lafayette Radio Elect. Corp. 
Setauket 
Lafayette Radio Elect. Corp. 
Syosset 
Lafayette Radio Elect. Corp. 
Syracuse 
ti- Tronics 

NORTH CAROLINA 
Winston -Salem 
Electronic Wholesalers Inc. 

OHIO 
Akron 
Olsen Electronics Inc. 
Ashtabula 
Morrison's Radio Supply 
Canton 
BurroughsAmiet Elect. Cincinnati 
Holub- Lafayette 
}1l se ile Electronics Inc. 
Cleveland 
Olsen Electronics Inc. 
Columbus 
Hugne,- filters Inc. 
Olsen Electronics Inc. 
Whitehead Radio Co. 
Dayton 
Becker Electric Co. 
Custom Elect. Inc. Fairborn 
Custom Elect. Inc. Hamilton 
custom Fleet. Inc. 
Zanesville 
Thompson Radio Supplies 

OREGON 
Beaverton 
Electra -Tech 
Portland 
Watson' s Lafayette Radio 

PENNSYLVANIA 
Allentown 
federated Purchaser Inc. 
Lafayette Assoc. Store 
Drexel Hill 
Kass Electronics 
Lafayette Radio Elect. 
Erie 
Mace Electronics 
Warren Radio Inc. 
Greensburg 
rwin ttr Assoc. Store rtn 

PARS Unlimited Ctr. 
Nang 

Radio Mead'elte Ratllo Elect. Corp. Wardville 
Warren Radio Inc. Monroeville 
Lafayette Rodeo Elect. Corp. 
Parts Unlimited Elect. Ctrs Philadelphia 
Lafayette Radio Elect. Corp. 
RESCO Electronics 

s Pittsburgh 
House Audio 
Lafayette Rao Elect. Corp. 
Olsen sen tectroni nles Inc. Inc Rolyns Company 
Roslyn 
Kiddie ddie rc 
Upper Darby 
WestElectronics West Reading 
Lafayette Assoc. Store Willow Grove 
ItESCU Electronics 

RHODE ISLAND Pawtucket 
Jabbaur Elect. 

SOUTH CAROLINA 
Charleston 
Wholesale Radio SuPPIY 

centers 
sex Audio center 

TEXAS 
Dallas 
Olsen Electronics Inc. 

UTAH 
Ogden Sat 

Lake City 
Co. 

Salt Lake 
Supply Manville n's 

Radio 
Co. 

U'LOUghlinV Radio TV 
VIRGINIA 

Falls Church 
Lafayette Radio Elect. Corp. 
Hampton 
GeX Audio Center 
Virginia Beach 
Gex Audio Center 

WASHINGTON 
Seattle 
Empire Electronics 
Lafayette Radio Elect. 
Taco( Electronics 
Tacoma 

Vc Lafayette Radio 
Vancouver 
Electra -Tech 

WEST VIRGINIA 
Beckley 
Halley Electronics 

WISCONSIN 
Appleton 
E[ectrWtle Exp. Inc. 
Green Bay 
Electronic Exp. Inc. 
Kenosha 
Chester Electronics 
Madison 
Satterfield Electronics 
Milwaukee 
Allied Radio Corp. 
Olsen Electronics Inc. 
Portage 
Satterfield Electronics 
Racine 
Superior -Racine Inc. 
Wisconsin Rapids 
Satterfield Electronics 
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Should you be a nitpicker... 
Should you be a nitpicker when it 
comes to selecting a stereo deck? Only 
if you want to get yourself a deck 
you'll be happy with for years to come. 

Because every manufacturer claims 
to have the "guts" to make the best 
sound. But, if you had the opportunity 
to "tear apart" most of the tape 
recorders on the market, you'd 
find a lot of surprises inside. 

Like flimsy looking little felt pressure 
pads to hold the tape against the heads 
which actually cause the heads to wear 
out six to eight times faster than 
Ampex heads. 

Like stamped sheet metal and lots of 
other not -so-solid stuff that gets by 
but who knows how long? And all 
kinds of tiny springs and gadgets 
designed to do one thing or another. 
(If you didn't know better, you'd 
swear you were looking at the 
inside of a toy.) 

Like heads that are only adequate. 
Heads that might work fine at first, but 
wear out sooner and diminish the 
quality of sound reproduction as 

they wear. 

There are lots of other things, but 
that's basically what not to get in a deck. 

Okay, now for a short course in 
what to get. 

Exclusive Ampex dual capstan 
drive. No head -wearing pressure pads. 
Perfect tape tension control, recording 
or playing back. 

Exclusive Ampex rigid block head 
suspension. Most accurate head and 
tape guidance system ever devised. Solid. 

Exclusive Ampex deep gap heads. 
Cost about S40 each. Far 
superior to any other heads on the 
market. Last as much as 10 times 
longer. There's simply no comparison. 

So much for the "general" 
advantages of Ampex decks. Ready to 
nitpick about specific features on 
specific machines? Go ahead. Pick. 

Pick the Ampex 755 for example. 
(This is the one for "professional" 
nitpickers.) Sound -on- sound, 
sound -with- sound, echo, pause control, 
tape monitor. Three separate Ampex 
deep gap heads. 

Or, pick the 1455. For lazier 
nitpickers, because it has automatic 
two -second threading and automatic 
reverse. Plus sound -with- sound, pause 
control and tape monitor. Four 
separate deep gap heads. 

One more thing you should get on 
your next deck, whichever one you 
choose: the exclusive Ampex 
nameplate on the unit. Just big 
enough to let everybody know you've 
got the best. (Who says a nitpicker 
can't be a name- dropper too ?) 

So, pick, pick, pick. And you'll pick 
Ampex. Most straight -thinking 
nitpickers do, you know. 

AMPEX 
AMPEX CORPORATION 
CONSUMER EQUIPMENT DIVISION 

2201 LUNT AVENUE 

ELK GROVE, ILLINOIS 60077 

A deck 
Model 145_ 

And a deck 
for nitpickers. for lazy nitpickers. 

CIRCLE NO. 3 ON READER SERVICE PAGE 
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Build the Popular 
Electronic S fliitai 
Volt- Ohmmeter 
COMPLETE 

CONSTRUCTION 

DETAILS 

IN THIS 

ISSUE 

COVER STORY 

BY DON LANCASTER 

December, 1968 29 

www.americanradiohistory.com

www.americanradiohistory.com


or less than the price of many tran- 
F multimeters, you can now build 
your own real digital volt- ohmmeter. 
Gone forever will be your days of having 
wobbly meter pointers, reading the wrong 
scales, or trying to read accurately from 
a cramped and highly nonlinear ohms 
scale. There will be no more problems 

o 

caused by VOM circuit loading or bent 
or broken pointers resulting from circuit 
overload. 

You can just clip the DVM to your 
circuit and read volts or ohms as they 
brightly and unquestionably pop up on 
the front panel of the instrument. Just 
clip and read -instantly! It's that simple. 

O 
D A oá z 

4 
i 
O 

+I(° 1111 

I l 

I1 

I! 

L t0 

Fig. 1. Ohmmeter current reference and V/F con 
verter circuits shown make up a single PC board. 
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This DVM is no slouch on performance 
either. It has better than ±1 percent 
accuracy over most portions of the sev- 
en available scales. It is self- zeroing 
and automatically self -calibrating. Three 
voltage scales, 0 -2, 0 -20, and 0 -200 volts 
are provided, each at reasonably high 
impedances -in fact, you can read down 
to 10 millivolts with ease. Four ohm- 
meter scales, useful from one ohm to 
over 200,000 ohms, are also available. If 
you like, you can easily add extra outside 
circuits to measure digitally anything 
you can convert into a 0 -2 -volt d.c. sig- 
nal, including a.c. voltage and current, 
d.c. current, speed, and temperature. 

Like its far more expensive brothers, 
this DVM is a multiple -slope integrating 
device. This means it averages the input 
signal over a relatively long measuring 
time. It's done in a way that automatical- 
ly rejects all a.c. line- induced hum and 
noise and also eliminates practically all 

V/F MODULE PARTS LIST 
C1- 100 -µF, 25 --s oll electrolytic capacitor 
C2- 0.1 -p.F, 35 -volt Mylar or tantalum capacitor 
C3- 0.0018 -sF, 50 -volt Mylar or polystyrene ca- 

pacitor (see text) 
C4 -1 -µF electrolytic capacitor 
D1, D3, D5 -1N914 silicon computer diode or 

equivalent 
D2- 1X4750 1 -watt, 27 -volt truer diode 
D4, D6- 1X4734 1 -watt, 5.6 -volt zener diode 
Ql-Transistor (Motorola :111'56521, do not sub- 

stitute) 
Q2-- Transistor (Motorola 31PS6523, do not sub- 

stitute) 
Q3-Q5--Transistor (Motorola IIPS2923) 
Q6- Unijunction transistor (Texas Instruments 

TIS43, do not substitute) 
R 1- 10- megohzn 
R3 -68 -ohm 
R4- 3.3- megohm 
R5- 2700 -ohm R6- 680,000 -ohm 
R7- 100,000 -ohnz 
R8- 3300 -ohm 
R9 -4700 -ohm all resistors 
R10 -330 -ohm ¡:z -watt 
R11 -12 -ohm 
R 12- 6800 -ohnz 
R 14 -1000 -ohm 
R 15- 590 -ohm 
R16-5900-ohm 
R 17- 60,400 -oh zn 
R 18- 565,000 -o h m 
R2- 10,000 -ohm trimmer potentiometer (CTS 

type U -201 or similar) 
R13- 250 -ohm trimmer potentiometer (CTS type 

U201 or similar) 
Misc. -3" x 3 -j" PC board, PC terminals or 

eyelets (14) optional) aluminum mounting 
bracket (see Fig. 11) with hardware, solder. 

Note: -The following are available from South- 
west Technical Products, 219 W. Rhapsody, 
San Antonio, Texas 78216: etched and drilled 
printed circuit board, #155V, $3.25; complete 
kit of all above required parts, #CV -155, $16 
postpaid in USA. 

11% precision 

other high- frequency noise that may be 
present. The instrument is essentially 
"blind" to 60 -Hz hum and only measures 
the d.c. component of the input, even if 
hum or noise is present. All this is done 
automatically -all you do is watch a con- 
tinuous output display that updates its 
readings fifteen times a second. 

While not a beginner's project, the 
extensive use of integrated circuits 
makes the construction of the DVM rela- 
tively straightforward and easy on a 
module -by- module basis. A complete kit 
is available as well as individual circuit 
boards, dialplates, and individual module 
kits. If you'd rather build things on your 
own, all parts are obtainable on the 
market, and complete preparation details 
of all the circuit boards are given here. 
Either way, when you're done, you'll have 
a real DVM -at a fraction of the cost of 
commercial equivalents and with perfor- 
mance untouched by anything analog. 

Construction. The project has been 
broken down into five modules plus the 
case and some panel components. Module 
1 is the voltage -to- frequency (V /F) con- 
verter. Modules 2 and 3 are decimal 
counting units (DCU's) described in the 
February 1968 issue of POPULAR ELEC- 
TRONICS, or you can use the improved, 
low -power versions described in the Win- 
ter 1969 ELECTRONIC EXPERIMENTER'S 
HANDBOOK. 

Module 4 is the gate circuit, which 
simultaneously provides the 0, 1, and 
overrange counting needed to complete 
the digital display. Module 5 is the pow- 
er supply.' 

It is best to construct each module 
separately following the details very 
carefully. Each module has its own parts 
list and schematic. If you prefer to 
purchase circuit boards or partial kits, 
details are given in the parts Iists. 

Voltage /Frequency Converter. This 
circuit, shown in Fig. 1, is the "heart" 
of the DVM and converts the input d.c. 

"Important: The circuits labeled GND throughout 
this project are not actually ground connections 
and should not be connected to the metal case. 
They are common connections constituting an in- 
dividual circuit and grounding them to the case 
may produce circulating currents which interfere 
with the operation of the meter. The metal case 
should be either left floating or connected to the 
SW terminal on the V/F module. This is one side of 
the input signal and is actually the reference point 
for the system. 
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signal to a series of pulses that are 
counted by the DCU's. 

You can purchase the printed- circuit 
board for this module or you can make 
one using the actual -size layout shown 
in Fig. 2 and following the drilling de- 
tails of Fig. 3. File or multiple -drill the 
slots required for the two trimming po- 
tentiometers (R2 and R13) . If you wish, 
you can add optional terminals or eyelets 
to make wiring easier. 

Components are installed on the board 
as shown in Fig. 4. Be sure to install all 
semiconductors properly and double - 
check electrolytic capacitor polarities. Be 
especially careful not to interchange R2 
with R13. 

Gate Module. This is actually the con- 
trol center of the DVM. The start and 
stop signals for the V/F converter and 
the reset signals for the various count- 
ing circuits are generated in this module. 
The schematic for this module is shown 
in Fig. 5. 

A printed- circuit board is suggested 
for this module. You can purchase one 
( see Parts List for Fig. 5) , or you can 
etch and drill your own following the 
actual -size layout shown in Fig. 6 and 
the drilling information shown in Fig. 7. 
Don't forget to install the two jumpers 
on the component side of the board as 
shown in Fig 7. Do not use a drill larger 
32 

On the cover, just behind the 
Digital Volt- Ohmmeter, can be 
seen another advanced experi- 
menter's test set using POPULAR 
ELECTRONICS' low -cost digital read- 
out (see our February 1968 issue 
or the 1969 Winter Edition of 
ELECTRONIC. EXPERIMENTER'S HAND- 
BOOK). This particular unit is a 
frequency counter capable of indi- 
cating from 1 Hz to 2 MHz in five 
ranges. It is now in the final design 
stage and complete construction 
details will appear in a forthcom- 
ing issue of this magazine. 

Fi:. 2. If you make your own V/F 
c nverter- ohmmeter current ref- 
erence PC board, carefully copy 
this actual -size etching guide. 

Fig. 3. Place etched and cleaned 
board foil -side up on a block of 
scrap wood, carefully locate and 
mark hole centers, and drill all 
the way through from foil side. 

4.60 DRILL REMAI NG HOLES) 

CUT TO SUIT R2, RI 

1/16 DRILL (14) -ADD PC 
TERMINALS OR EYE ETS IF 
DESIRED (OPTIONA ) 

9/64 DR LL (2) 

ONE REO'D -MAK' 

than #67 
Optional ey 
added wher: 

Mount th: 
8. Use a lo 
fine solder 
rectangular 
and dot at 
have either 

Power S 
not assemb 
wired point 
chassis. Th: 
9. A conven 
is used. Th 
ondary has 
125 -volt a.c 

e- 

3 I/4" 

FROM 1/16" SINGLE -SIDED FIBERGLASS PC MATERIAL 

or the IC mounting holes. 
lets or PC terminals can be 
indicated. 
components as shown in Fig. 
-wattage soldering iron and 
hen mounting the IC's. The 
C's are identified by a notch 

ne end, while the round IC's 
flat or a dot at pin 8. 

pp/y. The power supply is 
ed on a PC board, but is 
to -point at one end of the 
schematic is shown in Fig. 
ional tube -type transformer 
250 -volt, center -tapped sec - 

wo functions. It provides the 
reference, and its output is 
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HOW IT WORKS 

V/F CONVERTER 

The block diagram for this module appears 
here while the complete schematic is shown in 
Fig. 1. The waveforms are keyed to test points 
shown on the diagrams. 

The 0 -2 -volt input from the function selector 
is subtracted from a +27-volt supply generated 
by the power supply module and regulated by 
zener diode D2. Thus the input voltage at the 
V/F converter actually varies from +27 to +25 
volts as the instrument input goes from 0 to +2 
volts. Note that all input signals are referenced to 
+27 volts and not to the power supply common 
(GND). 

Diode D4 provides reverse polarity and over- 
load protection for the circuit. Transistor QI is 
an emitter follower that provides a high input 
impedance. Transistor Q2 is a complementary 
emitter follower that bucks out the offset produced 
by QI and causes a voltage identical to the input 
voltage to appear across R5 and the front -panel 
CAL 1.35 control. The current through these re- 
sistors can be set for a constant input voltage by 
adjusting the CAL 1.35 control. Practically the 
same current appears at 02's collector as flows 
through RS and the CAL 1.35 control. Transistor 
02's output current is then proportional to the 
original input voltage. Transistor 02's output 
current drives a conventional unijunction saw - 
tooth oscillator consisting of UJT Q6 and inte- 
grating capacitor C3. A series of pulses at B1 of 
Q2 changes in frequency as the input voltage 
changes in amplitude. These output pulses are 
sent to the 0 -199 digital counter and display 
modules. 

The UJT oscillator is turned on and off by 

O 
D.C. INPUT FROM 

FUNCTION 
SELECTOR 

LINEARIZING 
CURRENT 

SINK 
04 

C 
GATE INPUT 
FROM GATE O 
MODULE 

C 
GATE 
MODULE 
INPUT 

E* 

NO INPUT SIGNAL 
ZERO PROPERLY SET 

MPEOANCE 
MATCHER 

QI 

Viz 
CONVERTER 

02 

CURRENT- 
SENSITIVE 

OSCILLATOR 
06 

rE 
KEYING 
GATE 

0S 

gating transistor Q5. This transistor is driven by 
the Gate module and allows the oscillator to run 
for 16.7 milliseconds and then shorts it out for 
the next 50 milliseconds and keeps this up con- 
tinuously, recycling 15 times a second. The fre- 
quency produced by the oscillator is determined 
by the input voltage. The time this frequency is 
produced is determined only by the Gate module 
and Q5. As a result, the oscillator generates 0 to 
199 pulses for a 0- 1.99 -volt input signal, once 
each measurement interval. This is how the 
digital display appears to be reading the actual 
value of the input signal. 

There would be a slight linearity problem if 
the current on Q2 were allowed to go down to 
zero. Thus a little more emitter voltage (about 
0.3 volts) is added by the front -panel ZERO po- 
tentiometer to remove a correspondingly constant 
amount of collector current (about 100 micro- 
amperes) all the time. This shifts the operating 
point of Q2 to a more linear region but still lets 
0 -2 volts of input produce 0 -200 pulses per 16.7 
milliseconds at the output. 

The extra 100 microamperes of current is 
'dumped.' into the collector of Q5, which is biased 

to act as a current sink. 
The current source for the ohmmeter is also on 

the V/F board, but it is a completely separate 
circuit. The collector current of transistor Q3 
is either 0.01, 0.1, 1, or 10 milliamperes, depend- 
ing on the resistor selected for its emitter circuit 
(R15, R16, R17, or R18). These resistors are 
not quite decade multiples of each other, be- 
cause they compensate for slight circuit non - 
linearities. 

Base current for 03 is regulated by D6, tem- 
perature- compensated by D5, and adjusted over 
a limited range by R13. Resistor R14 prevents 
oscillation but otherwise does not affect the out- 
put current. 

Many hours of design went into this particular 
V/F circuit, which is far less expensive than the 
usual operational -amplifier V/F converters used 
in commercial gear. It is of utmost importance 
that you neither substitute transistors for QI, (12. 
or 06, nor attempt any modification of the circuit 
unless you consider yourself an expert in analog - 
to- digital converter design. 

OHMS 
CURRENT 
SOURCE 

03 

NO INPUT SIGNAL 
ZERO TWO COUNTS 
HIGH 

LJ L 1_J 

OSCILLATOR / 
WAVEFORM JJ 

F 
OUTPUT TO 
COUNTER 

NO COUNTS 

Í 

II 
TWO COUNTS 

if CAN BE MEASURED ONLY WITH 10M SCOPE PROBE 

COUNT PULSES 
'0 TO UNITS DCU 

REFERENCE 
O CURRENT FOR 

OHMMETER 

INPUT SIGNAL 
ZERO PROPERLY SET 

+3.6V 
L LJ Lo 

5Oma - 
ma 

ti+16V 

JII 
+3V 

0 -200 COUNTS IN 
PROPORTION TO 
INPUT SIGNAL 
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+wp¿ F 
*R6a +F117+.'. 

p +rt+1 is .i *AB 4o 
o \J 4 

RII O +4...C2- 4+ 
'GB 02 rRa . 

Q K-=-5) 1 ' - REFERENCE TO FUNCTION 
a^?-SWITCH AND ZERO POT 

D4ß5 aC3. . + 40"-TO POWER SUPPLY VIA RI + S , 
ó ¢ 

oRn-*. '~iCC% TO OHMS-SELECTOR R ñ'Dr,m 
F,_¡_OHMS CURRENT TO 

Q6 ¢¢¢ ¢ ' SELECTOR SWITCH 

F ¢..ttti t 
, 

,.R2 -INP "T CURRENT ADJUST 

RI3 -OHMS CALIBRATE 

Fig. 4. Avoid accidental- 
ly interchanging R2 and 
R13. Author's prototype 
is shown in photo, right. 

03, 

02 

QI 

Q5 

06 

Fig. 5. This Gate mod- 
ule circuit is the basic 
timer for the DVM. 

QI 
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II 

OVERRANGE 
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MPS2923 A/ MPS2923 
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R4 
47011 

R5 
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COUNT +6V 
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TENS DCU 
CARRY 

ìf SEE °HOW IT WORKS" BOX FOR WAVEFORMS 
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also rectified to provide a 30 -volt d.c. 
supply. Resistor R1 is a voltage dropping 
resistor which dissipates a large amount 
of power and must be located where the 
heat produced will do no damage. 

The power from the "filament" wind- 
ing of Tl is rectified to provide 6 -volt 
and 3.6 -volt d.c. supplies. Rectifier 
RECT1 is a full -wave bridge. Capacitors 

GATE MODULE PARTS LIST 

C1 -1 -,F, 25 -volt electrolytic capacitor 
C2-- 100 -11F, 10 -volt electrolytic capacitor 
('3- 0.1 -pF, 10 -volt ceramic disc capacitor 
C4- 0.001 -pF, 50 -volt Mylar capacitor 
('5- 0.1 -pF capacitor 
D1- 1X014 silicon computer diode or equivalent 
I1- 13 -6.3 -.alt, 50 -m. pilot lamp and lens as- 

sembly, two orange and one red (Southwest 
Technical Products #0 -6.3 and #R -6.3 respec- 
tively, or equivalent) 

IC1- Integrated circuit (Motorola JIC789P) 
IC2, 105- Integrated circuit ( Motorola -11C790P 

or 31(7911') 
IC3- Integrated circuit (Fairchild µ11914) 
1C4- Integrated circuit (Fairchild µ!_000) 
O1 -Q3 -2-ß'5129 transistor or Motorola .11PS2923 RI- 2220,000 -ohm, watt resistor 
R2 -1000 -ohm, ",,L¡-.watt resistor 
113- 3300 -olnu, ;4-watt resistor 
R4- R6- 470 -olun, ?j -watt resistor 
.Misc. -PC board, 3" x 3 -?á ", l'C terminals or 

eyelets (7) (optional), #24 jumpers (2), sol- 
der, lamp bracket i see Fig. 12), mounting 
bracket and hardware ( see Fig. 11). 

Note: -The following Gate module parts are 
available front Southwest Technical Products, 
219 1V Rhapsody, Same Antonio, Texas 78216: 
etched and drilled printed circuit board #1556, 
$3; complete kit of all necessary parts #CG- 
155, $10.85 postpaid in US,1. 

December, 1968 

Fig. 6. Actual -size etching guide 
must be copied exactly as shown 
to insure proper component fit. 
Small dots near solder termi- 
nals indicate IC indexes. 

*24 WIRE JUMPERS 
ON COMPONENT SIDE; 
POSITION EXACTLY 
AS SHOWN 

Fig. 7. Proper location of hole cen- 
ters and selection of drills are 
critical for the Gate module 
board. Once holes are drilled, 
immediately install jumpers. 

I/6'' MATCH DRILL TO 
BRACKET (2) 

*67 DRILL 
(REMAINING HOLES)' 

9/64 "DRILL 12) 

*60 DRILL 

3 I/4" 

/ 3 

1/16" DRILL (7) IF DESIRED, SET PC TERMINALS 
OR EYELETS (OPTIONAL) 

C2, C3, and C4 provide filtering for the 
d.c., and diodes D3,134, and D5 drop the 
rectified voltage from 6 to 3.6 volts. The 
unrectified voltage from the 6.3 -volt 
winding is also used for the pilot or 
decimal -point lamps. Resistor R2 is in 
series with this supply to reduce the 
voltage on the lamps so that they do not 
glow brighter than the counting lamps. 

Most of the power supply components 
can be mounted on terminal strips or a 
component board as shown in Fig. 10. 
The rest of the components are mounted 
on the chassis. 

Assembly. To mount the modules in the 
chassis, aluminum support brackets such 
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1;41.4) 
INPUT -2 
FROM p-__ COUNTER TENS" 
CARRY I/2 IC5 

IC12)O++(6V) 

OVERRANGE 

60Hr 
INPUT Os 

FILTER 
RI,R2, R3 

CI, DI 

OVERFLOW 
LATCH 
I/2 IC5 

RESET 
GENERATOR 

IC4 

RESET PULSE 
TO UNITS ANO 
TENS DECADE 

D 

SQUARING 
CIRCUIT 
ICI, C3 

HOW IT WORKS 

GATE MODULE 
This module is a three -in -one board. First, it's 

a gate generator that produces the on -for -one, 
off- for -three gating waveform used in the V /F; 
it's also a reset generator that automatically pro- 
vides a short pulse the instant the V/F is told 
to start producing a new count; and finally, it 
contains an 0, 1, overrange counter used to com- 
plete the 0 -199 digital display. The complete sche- 
matic is shown in Fig. 5. 

The gate waveform is generated by filtering the 
60 -Hz supply to obtain a smooth sine wave. The 
filter removes any noise from the power line that 
might cause inaccuracies, while /Ci, a hex invert- 
er, produces a rectangular wave with a fall time 
sufficiently steep to trigger the next stage. Capac- 
itor C3 provides positive feedback to improve the 
square -wave form. 

'The next stage, IC2, is a divide -by -four counter 
consisting of two JK flip -flops connected as cas- 
caded binary dividers. Dual -gate IC3 is a 1 -of -4 
decoder producing a gating waveform that is 
grounded for 16.7 milliseconds (one 60 -Hz peri- 
od), and positive for the next 50 milliseconds 
(three 60 -Hz periods). Since this process takes 
up four 60 -Hz cycles, the frequency of the com- 
posite waveform is N. of 60 Hz, or 15 Hz; hence 
the 15 measurements per second. 

The gate output is routed to the V/F converter 
and to a half -monostable reset generator consist- 
ing of C4 and buffer IC4. This circuit generates 
a very brief (about 2 microseconds) reset pulse 
which erases the display before the V/F con- 
verter can produce its first output pulse. The reset 
pulse goes to the two decimal counters as well 
as resetting the 0, 1, overrange portion of this 
module. 

A 

B 

C 

D 

8 

_4 
COUNTER 

IC2 

16.7 
ms ---- 50 r45 

I 

1 OF 4 
DECODE 

IC3 

GATING ^7r0 WAVEFORM 
jT TO V/F 

MODULE 

C 

2V P-P A A 

+1.3V 

O 

+3.6V 

L-D 

+2V 

C 
o 
U 
N 
T 

ERASE 

0 
DISPLAY U 

N 
T 

ERASE ERASE 

DISPLAY 

The 0, 1, overrange counter, IC5, has two flip - 
flops. One is a bi aary divider; the second is a 
latch that goes on when full scale is reached, re- 
gardless of how ir any more counts arrive. This 
counter takes the output of the ten's DCU and 
converts what would be an 0 -99 display into an 
0 -199 plus overrange capability. 

A power -line gate may be expected to be ac- 
curate to ±0.05 %, while the digital 0 -199 di-- 
play used is only ilherently accurate to ±0.5'.. 
Thus, the instrument accuracy is determined by 
the display and the V/F accuracy. Without a far 
more expensive V/ circuit, extra decade modules 
or a more precise ime base will not increase the 
instrument's accuracy. 

IO2 

103 
C4 

IC4 

Photo of author's prototype shows 
properly wired Gate module board 
with indicator lamps and bracket 
in place and optional solder termi- 
n.ls at left; external wiring can 
b soldered directly to board. 
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DANGER, HIGH VOLTAGE., .-01. 
RI 

R3.f A ** 03. 
FROM 60Hz REF ON TI (A .C. ) 1 1. .-R4.a 

i CI i3 Ñ .-RS. .... I2 i3O" 

FROM POWER SUPPLY (GND) 
R+ 

4+ B *K ¡[ a Q2 - OVERRANGE 
I3 

OUTPUT TO V/F MODULE (GATE) - - 
MMM 

TO POWER SUPPLY + (3.6V)- 
TORESET,UNITSANDIO'SDCU(RSTI Cg. 

FROM CARRY ,IO'S DCU (COUNT) ---r 
à03 

FROM POWER SUPPLY + 16V) 

rR6. 
J.--. 

J 

C ** 
D *)* 

K JUMPER ** SEE -HOW IT WORKS "BO% FOR WAVEFORMS 

as those shown in Fig. 11 can be used. 
The photos show how these brackets are 
used for support. 

A three -hole bracket is required for 
the indicator lamps of the gate module. 
This can be fabricated as shown in Fig. 
12. (One of the brackets supplied with 
the DCU kit can be used as a guide.) Use 
orange plastic covers for the 0 and 1 
bulb, and a red one for the overrange in- 
dicator. 

FI 
IA 

117 VAC 

BE 

BL 

Fig. 9. Single power supply 
provides all necessary d.c. 
voltages for various cir- 
cuits and 60 -Hz reference. 

Ti R[n 

01 

Fig. 8. Double and triple check compo- 
nent numbers, values, and orientation on 
board both before and after soldering. 

The complete schematic for the DVM 
is shown in Fig. 13. The photos show 
the assembly used by the author, al- 
though any other similar neat arrange- 
ment can be used. While layout is not 
critical, be sure to keep the instrument 
neat and compact to minimize the chance 
of wiring error. Be sure to use very 
short, heavy ground connectors. A 
ground buss of t:12 solid wire between 
modules is strongly recommended. 

60Hz 
REF. 

+ +30VIWHEN 
CONNECTED 
TO V/F MODJLE) 

RED 

GREEN 

CREE 

D2 
D5 

1N4001 IN4001 1N4001 

RECT. I 

MDA942-1 

C3 
.1 HF 

C4 

6V 

60001F 

C2 
60009F 

GND 

+ +0 +6V 
R2 
2711 

PILOT 

NOTE: I -DO NOT CONNECT CASE TO POWER SUPPLY COMMON 
2 -USE HEAVY GAUGE WIRE WHERE SHOWN 

POWER SUPPLY PARTS LIST 
C1----40 -0, 250 -volt ciccfrolylic capacitor 
( :2, C4 -- 6000 -sF, 10 -volt electrolytic capacitor 
C3--- 0.1 -pF, 10 -volt ceramic disc capacitor 
DI, D2- 1- ampere, 600 -volt silicon diode (Mo- 

torola 1X4005 or similar) 
D3- D5 - --1- ampere, 50 -volt silicon diode (:Motor- 

ola 111'4001 or similar) 
RECT1 - --1.5- ampere. 50 -volt, full -wave silicon 

molded bridge assembly (Motorola MD.1942 -1 
or similar) 

FI --1 -am peer fuse and fuselwider 
R1- 5000 -ohm, 10-watt resistor 
R3 27- odiar, '; -watt resistor 

PILOT 

T1- -Power transformer. secondary 250 volts CT 
u 25 m:l, 6.3 volts 1 ampere (Knight 54E- 

2003, Starrcor PS8416, Thordar.son 22R39 or 
similar) 

Diisc. -16- point (3 or each side) terminal board 
assembly loith mounting hardware, a.c. line 
cord, strain relief, mounting hardware for T1 
and FI, wire, solder, mounting clips for capac- 
itors. etc. 

.Vota : -- Complete kit of all power srrppty parts 
available from Southwest Technical Products, 
219 W. Rhapsody, San Antonio, Texas 78216. 
#CS- 155. $10.70 postpaid in US. -l. 
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CI- 
(C4 

UND ER 

GATE UNITS 
MODULE DCU 

TENS MODULE 
DCU 

POWER SUPPLY 
COMPONENTS 

BOARD 

CI 

FI 

SI 

BI 

S2 

,/e"-.I 

MAIL: 3/64" ALUMINUM 
ONE NEEDED FOR EACH 
MODULE 

Fig. 11. If necessary, to avoid interference with 
components or wiring, deepen the notched cutout. 

It is best to use color -coded wiring to 
minimize wrong connections and facili- 
tate any possible troubleshooting. The 
resistors associated with Si may be as- 
sembled directly on the switch before in- 
stallation. Also, use green -colored lenses 
on the decimal -point indicators. 

The 1.35 -volt reference cell (B1) is 
mounted wherever convenient within the 
chassis. Note that there are two types of 
mercury cell: those for general -purpose 
use and those for standard or voltage - 
reference purposes. Make sure that you 
get the latter. The accuracy of the DVM (S) MOUNTING DETAILS 

will be no better than the accuracy of 
the calibration standard. 

Fig. 10. Power supply circuit 
is located along rear apron of 
chassis. Modules are at left, 
while CAL and ZERO controls, 
range /function switch, polar- 
ity selector are at right. 

Setup and Calibration. After a careful 
wiring check, the DVM may be plugged 
in and Si placed in the ZERO position. 
One digit in each column should light 
brightly and continuously. Turning the 
ZERO control through its entire range 
should change the display from 000 to 
030. At about the mid -point of the con- 
trol, the reading should be 001. 

The proper setting of the ZERO con- 
trol is the position immediately before 

9/32 " DRILL- ENLARGE SLIGHTLY TO SUIT 
VARIATIONS IN PLASTIC LENSES 

I 3/16" 

2 5/8" 
1/8" DRILL (21 

(A/DRILLING GUIDE 

I/32" ALUMINUM 

PILOTS PRESS FIT IN PLACE; 
ARE HELD BY WEDGING ACTION 
OF BULB 

OPTIONAL EPDXY 

COMPONENT 
SIDE 

POP RIVET OR 
#4 HARDWARE 

PRESS INSTANT TRANSFER 
NUMERALS IN PLACE; PRO- 
TECT WITH ACRYLIC SPRAY 

r_ 3/64" CLEARANCE FOR 

I 

ADJACENT DECADE 

Fig. 12. Arrange lamp mounting holes in two closely 
spaced, staggered columns to obtain small size. 
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-060.4K 
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-0565K 
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MODULE 
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O 
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O 

M2 
UNITS 

DCU 

O 
CARRY 

O 
COUNT 

0 
GND 

O 
RESET 

O 

O 
++ 

M3 
TENS 
DCU 

6V 

O 
COUNT --- 
RESET 

+3.6V 

O 
GATE 

0 
GND 

O 
AC 

M4 
GATE 

MODULE 

NOTE: FLOAT CASE -DO NOT CONNECT TO POWER SUPPLY GND RETURN 

Fig. 13. The heavy line connecting the GND terminals in this overall wir- 
ing diagram is NOT a chassis ground; it is a convenient floating common bus. 

COMPLETE DVM PARTS LIST 
B1 -1.35 -volt AA mercury reference cell 
C1- 0.1 -AF, 50 -volt Mylar capacitor 
II- 13 -6.3 -volt, 50 -m.-1 pilot lamp. 
I1, I2 -5 -way binding post, t red and black) 
.1/1 - -V /F module (see text) 
.112, A13 -- Decimal courting :unit. See POPULAR 

ELECTRONICS February 1968 or 117u1er 
1969 ELECTRONIC EXPERIMENTER'S 
HANDBOOK (see note ). 

X114 -Cate module (sec text) 
1115 -- Power supply (see text) 
R1- 250 -ohm, 2 -watt linear potentiometer 
R22- 1000 -ohm, 2 -watt linear potentiometer 
R3 -1 2- megohm, V4-watt resistor 
R4- 102,000 -ohm, 1/4"-watt, 1% precision resistor 
R5-909.000-ohm, is -watt, 1% precision resistor R6- 9.09 -megohm, ../4-watt, 1% precision resistor 

or series resistor combination 
R7- 1000 -ohm, 54-watt resistor SI- Five -deck, five -pole, ten- position, no short - 

ing rotary switch 

S2- D.p.d.t. slide switch 
lJise. 1 "inyl clad aluminum case and support 

assembly, i4" knobs (2), 1 -%" knob (1), 
backup plate for controls, dialplate (optional), 
mounting hardware, brackets for 1112, M3, (see 
Fig. 11), wire, solder, 1300- to 1500-ohm pre- 
cision resistor, green jewels (2), etc. 

Dialplate: -Hard anodized aluminum dialplate 
available from Reill's Photo Finishing, 4627 
N. 11th St., Phoenix, Ariz. 85014. In black and 
silver, $3.00; in red, gold, or copper, $3.45, 
postpaid in USA. Stock ##DV111 -1. 

Note -Kits for the decimal counting units are 
available from Southwest Technical Products. 
219 1V. Rhapsody, San Antonio, Texas 78216 
for $12 each, postpaid in USA. A complete kit 
of all above parts, including a punched and 
machined. vinyl -clad caseand support assem- 
bly, but less dialplate and BI is available from 
the saute source for $79.50 plus postage for 
6%_ pounds. 
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HOW IT WORKS 

OVERALL OPERATION 

The function selector includes switch Si and 
its associated circuits. Here all input signals are 
converted to 0 -2 -volt d.c. voltages across a one - 
megohm resistance. When measuring 2 volts d.c. 
or less, the signal is applied directly to the re- 
mainder of the circuit. Above 2 volts, the signal 
is attenuated by 10 or 100. For ohms measure- 
ment, a calibrated and temperature -compensated 
current source supplies 0.01, 0.1, 1, or 10 mA to 
the input terminals. The voltage drop across the 
resistance (between 0 and 2 volts) is then an ac- 
curate measure of the resistance. For example. 

1 mA of current through a 1600 -ohm resistor pro- 
duces a voltage drop of 1.6 volts. Because maxi- 
mum ohmmeter current is only 10 mA on the 
lowest range (less on the higher resistance 
ranges), you can safely measure most current - 
sensitive devices without fear of damage. 

For calibrating and zeroing the instrument. 
the function selector switch connects either a 
1.35 -volt mercury standard battery or a short 
circuit to the input. 

The 0 -2 -volt d.c. signal front the (unction se- 
lector is fed to a voltage -to- frequency (V /F) 

135- 
VOLT 

REFERENCE 

OHMS 
REFERENCE 

CURRENT 
GENERATOR 

- FUNCTION 
V/F 

SELECTOR 
SWITCH 

CONVERTER O . 
NP,;T 

converter. This is a current -driven unijunction 
oscillator whose output frequency is proportional 
to the input vo tage. Unlike industrial V/F con- 
verters, this on! runs "open loop'' and relies on 
calibration and inherent linearity rather than on 
complex and expensive feedback schemes for ac- 
curacy. Linearity, range, and resolution are more 
than adequate fpr the one -part -in -200 digital dis- 
play used. 

The output of the \' /F converter drives a 0 -199 
counter /display (DCU's) and turns on a red 
overrange indic ttor when full scale is exceeded. 

If this were .he entire circuit, the digital dis- 
play would be s blur of numbers that would just 
keep on adding up the output pulses from the V/F 
converter. Additional circuitry, called the gate - 
and -reset generator, continuously turns the V/F 
converter off and on and erases the old display 
before presentirg an up -dated one. 

In the gate and reset generator, the 60 -Hz 
power from the line is used to generate a signal 
that turns the V/F converter on for one -fourth 
of the time and allows the display to show the 
results for three -fourths of the time. Immediately 
after the \- /F converter is turned on, a very brief 
reset pulse is generated to erase the counter dis- 
play before the new results can arrive at the 
DCU's. 

The V/F converter then averages the input 
voltage and generates the pertinent frequency 
(luring its on t me. The counter /display module 
counts and displays this frequency during the on 
time, and when the V/F is turned off, the display 
indicates the total number of pulses generated 
during the on t me. During the off time, the dis- 
play holds the ast value until reset for the next 
measurement. S nce all this happens fifteen times 
each second, you get the effect of a continuous 
display that rapidly follows the input -voltage 
variations. 

111--111 - 
LrV- 
GATE 

0 -200 
COUNTER 

AND 
DISPLAY 

GATE RESET 
60Hr AND 

REFERENCE RESET 
GENERATOR 

OVERRANGE 
INDICATOR 

you get the 001 reading. If you turn the 
control down all the way, you'll pick up 
some serious low -scale errors. 

After zeroing, switch to the CAL 1.35 
position. When the CAL potentiometer is 
turned through its entire range, the indi- 
cator should go from about 1.20 to about 
1.50 with 1.35 at about the middle of the 
range. If you cannot get the readings 
low enough, or if 1.35 is at the lower end 
of the control, add one or two 500 -pF 
mica capacitors across integrating ca- 
pacitor C3 in the V/F module till you 
get the proper range. 

Very rarely, it may be necessary to 
change the value of R11. This occurs be- 
cause of variations in the characteristics 
of Q6, the unijunction transistor. If the 

40 

V/F cone r oscillates but does not 
drive the co nter, either increase or de- 
crease the v lue of R11 (in a range of 
6.8 to 22 ohms) until proper operation is 
obtained. 

Always rezero the instrument before 
calibrating. The settings will be remark- 
ably stable aster a few minutes' warmup. 
A slight interaction between the CAL 
1.35 and the YERO controls is normal, so 
always rech ck the ZERO setting after 
calibrating. 

To check 
together, a 
to get an 
0 -2 range. 
001. Remov 

( Col 

zeroing, short test leads 
d misadjust zero control 
01 reading. Switch 21 to 
he reading should stay at 

the short. If the reading 
inued on page 108) 
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KITS FOROBEGINNERS 
LEARNING ELECTRONICS FUNDAMENTALS IS EASY 

EDUCATIONAL electronic kits can 
solve the problem of what to get for 

the school -age youngsters on your gift- 
giving list this season. Such kits serve a 
two -fold purpose. Like ordinary toys, 
they occupy play time. But even more 
important, they are educational. 

Few people are aware of the large va- 
riety of educational electronic kits on the 
market this season, much less the ingen- 
uity that has gone into their design. A 
glance at the table on page 45 will reveal 
the variety available. But this table can- 
not possibly show all of the many in- 
genious features incorporated in each kit 
and in the kits in general, nor is there 
enough space in these pages to describe 
each kit in detail. Therefore, a general 
description will have to suffice. 

Some of the kits available require a 
good deal of preassembly, while others 
are ready to use as soon as you take 
them out of their boxes. Naturally, each 
kit has certain advantages and disad- 
vantages. For example, the youngster 
who uses a ready -to -go kit can obtain 
the results described in the manuals in 
about 30 minutes. However, the several 

BY HOWARD G. McENTEE 

hours required for preassembly in some 
of the kits provide valuable wiring ex- 
perience. Whether fortunate or unfortu- 
nate, only one of the kits investigated 
required soldering of any kind. 

Spr pg fasteners of many types are 
comrMon in the kits (except in two cases) . 

These fasteners seem to be reliable. 
Whether this would be the case after re- 
peated use (or if corrosion were to set 
in) could not be determined in our rela- 
tively short test period. 

For evaluation purposes, three projects 
from each of the kits available were se- 
lected for testing. In most cases, those 
selected were the more complex of the 
projects described in the kit manuals. All 
of the projects tested worked, some ex- 
cellently, others passably. Here are the 
test results and some observations: 

Electronic Science Lab ( Allied Ra- 
dio Corp.) -most complex of the kits 
tested. The instruction manual describes 
100 projects, all of which operate on rec- 
tified voltage from the a.c. line. The proj- 
ects selected for testing were a broad - 
cast receiver (weak audio output sug- 
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gested the need for a good antenna and 
ground) , a boat horn (also weak out- 
put), and a light meter. Setup times for 
the projects were, respectively, 20, 25, 
and 20 minutes -a little longer than usu- 
al -but the work involved provides prac- 
tical wiring experience. 

A few projects in this kit employ hy- 
brid transistor (or crystal diode) and 
vacuum -tube circuits. Included in the kit 
are a perforated assembly panel, peg - 
mounted coil- spring connectors, and 
hookup wire color -coded according to 
length. The instruction manual illus- 
trates all suggested projects, but not all 
projects are accompanied by a schematic 
diagram. The manual should have in- 
cluded a comprehensive project index. 

Denshi -Block Model DR -IIA (Aris- 
to- Craft) -a most unusual project kit. 
The instruction manual lists 30 projects, 
all of which are solid state and battery 
operated. The projects selected for test- 
ing included a two- transistor broadcast 
receiver; code practice oscillator (with a 
very low- frequency output signal) ; and 
a Morse code radio transmitter. Setup 
time for the projects was from five to ten 
minutes. 

Kits that require wir- 
ing include, clockwise 
from top left, Allied 
Radio "Electronic Sci- 
ence Lab;" Radio Shack 
"Science Fair "; Heath 
"Jr. Series Electronic 
Workshop "; Philmore 
"Educational Electronics 
Kit." Note variety 
of layouts employed. 

keys are permanently embossed on the 
tops of the cubés. 

Each suggested project is accompanied 
by a schematic diagram, but it would 
have helped if omponent values were al- 
so listed on the drawings. There is some 
difficulty in extracting the cubes from 
the project frame due to their small size 
and the tight fit caused by the springs. 
The project frame and its cover are com- 
pact enough to fit in a coat pocket. 

Jr. Series Electronic Workshop "19" 
Model JK -27 (Heath Company) -re- 
quires a considerable preassembly time. 
All 19 projects are solid state and bat- 
tery powered. The projects selected for 
testing were a three -transistor broadcast 
receiver, transistor /relay timer with in- 
dicator lamp, Ind an "electric eye." Re- 
spectively, setup times were 15 (includ- 
ing time required for removal of excess 
wax from the r.f. tuning coil and applica- 
tion of Lubriplate to the slug screw), 12 
and 7 minutes. 

This kit requires that 68 coil- spring 
connectors be mounted on the assembly 
board before 
project. Howe% 
job, and once 

ou can set up your first 
er, this is a one -time -only 
done, the projects go to- 

Most of the projects in the instruction 
manual are radio receivers or radio -ori- 
ented circuits. Projects are set up with 
the aid of a plastic frame and individual 
component cubes. All cubes (except one 
large block containing a tuning capacitor 
and loopstick antenna) measure 5 /8" on 
a side. Component symbols and number 

gether in a very short time. The leads of 
every component on the assembly board 
are numbered. keyed to the separate 
charts provided for each of the projects 
in the instruction manual. The charts 
show the lengths of hookup wire needed 
for interconnections between components. 
The instruction manual, which includes 
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Ingenious packaging methods de- 
vised to limit damage from ex- 
tensive handling of components 
are illustrated here. In A and 
E, Denshi -Block cube and tun- 
ing block illustrate ribbon -like 
spring conductors. Most elab- 
orate packaging is demonstrated 
in B and D for Raytheon - 

Lectron series kits; blocks can 
contain single components as in 
B or an entire subcircuit as in 
D. All small parts in Philmore 
kits are mounted on plug -in 
plastic plates and terminated in 
metal connector posts as in C. 

E 
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a complete set of schematic diagrams 
with component values listed, shows the 
properly set up board for each project. 

Electronic Educational Kit by No- 
relco (H.H. Smith)- rather simple pre - 
assembly on this one. The instruction 
manual lists 30 projects, all of which are 
battery powered. Projects selected for 
testing were a three- transistor broadcast 
receiver; a two -transistor "tell- tale" 
light ; and an acoustic relay. Perfor- 
mance of the receiver was very good. 
Setup times for the projects were 50, 25, 
and 25 minutes, respectively. Consider- 
able time is used placing the individual 
circuit cards and spring- and -pin connec- 
tors on the assembly board. 

Although this kit is designed to oper- 
ate from two 4.5 -volt batteries, a stan- 
dard 9 -volt battery clip is provided. The 
tuning capacitor, switch, and loudspeak- 
er are attached to the assembly board 
with brass rivets and rubber grommets. 
The instruction manual shows large full - 
color photos of many of the projects in 
addition to a complete set of schematic 
diagrams that are coded to the parts list. 

Of interest in this kit are the little 
"pants" (plastic insulation) that are 
slipped over the leads of the transistors 
to protect them from lead breakage. 

Transistor Experimenters Kit (La- 
fayette Radio Electronics) -another 
long assembly time kit and this is the 
only kit tested that required soldering. 
However, the instruction manual pro- 

Shown here with Knight - 
Kit "Electronic Science 
Lab" (left) is the Lafay- 
ette Radio Electronics 
"Transistor Experimenters 
Kit" -the only kit requir- 
ing soldering equipment. 

vides an excellent section on how to sol- 
der; so, the experimenter obtains practi- 
cal soldering and wiring experience. 

The assembly and instruction manual 
lists 20 projects, all solid state, and all 
battery operated. The projects tested 
were a two -transistor regenerative re- 
ceiver; a two- transistor voice -operated 
alarm; and a photocell relay. The first 
project consumed almost 25 minutes to 
set up, the great majority of the time 
spent in cutting and stripping the hook- 
up wire to be used. However, the other 
two projects tested went together in 15 
minutes each -thanks to the cut and 
stripped hookup wires taken from the 
first project. 

This kit is unusual in that 22.5 volts 
d.c. is required for each project. 

Educational Electronics Kit (Phil - 
more) -no preassembly required for this 
kit. The instruction manual lists 20 ex- 
periments, again all solid state and all 
powered by batteries. From this kit, a 
two -transistor broadcast receiver, a code 
practice oscillator, and a wireless micro- 
phone were selected for testing. The lat- 
ter two worked satisfactorily, but the 
receiver's reception was scratchy (not 
entirely the fault of the earphone pro- 
vided), although intelligible. Setup times 
averaged between 8 and 15 minutes. 

Project setup time is very short-defi- 
nitely the fastest of all the kits that ac- 
tually require wiring. The number of 
components supplied (four capacitors 
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Raytheon -Lectron (upper left) and Denshi- 
Block kits form a class by themselves. Com- 
ponents in each are housed inside plastic, 
component -keyed cubes or blocks. Raytheon - 
Lectron kit is large and easy to work with, 
while Denshi -Block is compact and portable. 

and six resistors, for example) is rather 
skimpy, but the projects outlined in the 
instruction manual are basic "beginner" 
types. This is a good starter kit, especial- 
ly if your youngster is of pre -high school 
age. Hookup wires, color coded as to size, 
are equipped with slip -on connectors that 
mate with posts on the component as- 
semblies. The instruction manual pro- 
vides a pictorial assembly of each experi- 
ment, plus a complete set of schematic 
diagrams with component values indi- 
vidually listed on the diagrams. 

Science Fair (Radio Shack) -comes 
completely preassembled with a large 
number of the components mounted to 
the assembly board. All leads are termi- 
nated in coil -spring connectors. The kit 
is all solid state and battery powered. 
Projects selected for testing were a 
broadcast receiver, a transistor tester, 
and an experimenter circuit consisting of 
a solar cell, meter, and potentiometer. 
The receiver worked well with no prob- 
lems encountered. In the case of the 
transistor tester, the two transistors had 
to be interchanged before positive results 
could be obtained (one of the transistors 
had very high leakage), and the last of 
the three lacked sensitivity. Setup times 
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were 22, 10, and 15 minutes respectively. 
Fifty projects are outlined in the in- 

struction manual, complete with sche- 
matic diagrams that are coded and num- 
ber -keyed to the component connectors 
provided. 

Setting up the individual projects is 
reasonably quick, but it would be a lot 
quicker if the hookup wires were sup- 
plied with their ends pretinned. One fea- 
ture worthy of mention is that the as- 
sembly board comes housed in a sturdy 
wood tray that provides protection 
against kit d mage. 

Raythe n- Lectron Educational Kit 
(Raytheon C mpany ) -certainly the su- 
per- deluxe e = erimenter kit. As with the 
Denshi -Block kit mentioned earlier, this 
kit is made p of individual component 
blocks that a e simply set on the assem- 
bly board wi hout the need for wires in- 
terconnectin the components. The big 
difference is that these are larger blocks 
and easier to handle. 

The instruction manual lists 50 proj- 
ects with schematic diagrams and com- 
ponent values. The projects chosen for 
evaluation included a three- transistor 
broadcast re elver, a photocell circuit, a 

(Con inued on page 111) 
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A MAJOR PROBLEM faced by the am- 
ateur photographer is getting the 

proper lighting for taking pictures. 
Flashbulbs are good, of course, for tak- 
ing pictures of subjects that are a suffi- 
cient distance from the camera. When it 
comes to close -ups, however, flashbulbs 
create harsh shadows and highlights and 
the problem is to get more even lighting. 

In most cases, such light is not con- 
veniently available. This is where the 
"Li'l Winker" comes in. This useful, low - 
cost gadget is ideal for preventing that 
washed -out look in close -ups by provid- 
ing a brief flash of incandescent light. 
However, standard flashbulbs can also be 
used in the Li'l Winker. 
December, 1968 

211 
FILL -III 

LIGHT 

DOUBLES AS 

BC FLASH 

BY i_YAflá,n, F. Gl?F[N! rP 

How It Works. A 22.5 -volt battery, 
B1 in Fig. 1, charges a large -valued 
capacitor, Cl, through current -limiting 
resistor R1. Charging time with a fresh 
battery is about 15 seconds -30 seconds 
with an older battery that has lost some 
of its "punch ". When the SCR is not 
conducting, it represents an open circuit 
and no current flows through II (or 
through S01 if a flashbulb is being used) . 

However, when a low -level positive pulse 
is applied to the gate of the SCR, it 
starts to conduct immediately and allows 
the charge on Cl to flow through the 
lamp, producing a flash. Because the gate 
circuit of the SCR represents a very 
small load, there is little chance of the 
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 BI -22-V2V 

I 
SI 

RI 
2.2 K 

CI 

xl 
405 

TO 
CAMERA 

2200pF R2* 

*SEE PARTS LIST 

Fig. 1. The circuit will not operate until 
the gate of the SCR is triggered by a pulse 
from the camera's internal flash battery. 

PARTS LIST 
B1 -22.5 -volt batter' ,.\.0).1 215) 
C1- 2200 -µF, 25 -volt r1<etrotytic capacitor 

(Sprague type SOD or similar) 
11-6.5 -volt flasher bulb (GE -705 or similar) 
PL1 -Flask fitting and length of cable (to fit 

camera) 
R1- 2200 -ohm All 
R2- 1000 -ohm* resistors; 
R3- 1500 -ohm* J % watt SI- S.p.s.t. switch 
SO1 -AG -1 flashbulb socket 
SCR -Silicon controlled rectifier (GE X1 or 

similar)* 
Misc. -Metal case 2" x 4" x 1 ./" with snap -on 

back cover, 1 /3+" aluminum reflector with 
screw -in bulb holder (salvaged from old flash- 
light), one -teaspoon aluminum measuring 
spoon, four-lug terminal strip, 3/16" rubber 
grommet, mounting hardware, solder, wire etc. 

*!f GE type C10F2 SCR is used, R2 is 470 ohm.;. 
R3 is 15,000 ohms. 

camera's shutter contacts becoming pit- 
ted or burned. 

Since the flasher bulb is rated for 
6.5 volts, its use in a 22.5 -volt circuit 
might be questioned. Actually, the bulb 
has a built -in heater -type contact that 
opens and cuts off the current when it 
reaches a certain critical value. Thus the 
bulb produces a very brilliant flash due 
to the high voltage each time the SCR is 
fired, but it does not burn out. 

Construction. The Li'l Winker is as- 
sembled in a 2" X 4" X 158" metal case 
as shown in the photos. A circular hole, 
just large enough to accommodate a 
screw -type reflector salvaged from an 
old flashlight, is cut at one end of the 
front of the case. Two smaller holes are 
cut at the other end: one 1/2" X 1/4" for 
the switch and the other a circular hole 
for a i íI;" rubber grommet. Mount the 
battery holder and switch S/ as shown 
in the photos. Mount the reflector using 
epoxy cement. 

The flashbulb reflector, mounted on the 
top of the case, is made from a circular 
teaspoon -size aluminum spoon, bent so 
that an AG -1 flashbulb holder can be 
mounted directly in front of it. The re- 
flector and the flashbulb holder must be 
positioned so that. when the flashbulb is 
in the holder, it is properly positioned 
in front of and on the center line of the 
reflector. The rear surface of this re- 
flector can be coated with a dull black 
paint. 

A four -lug terminal strip is mounted 

inside the case (under the reflector) . 

Capacitor CI lies lengthwise in the case 
with its positive terminal soldered to a 
lug opposite the terminal strip. The SCR 
is secured by a large soldering lug which 
is held by the nut on the anode side and 
attached to the end lug on the terminal 
strip. 

The connection between Li'l Winker 
and the camera is made with a flash 
fitting and a length of cable. These can 
be obtained from a camera supply store, 
making sure that the fitting mates with 
the outlet on your camera. Pass the 
loose end of the cable through the rub- 
ber grommet, then wire the Li'l Winker 

SCR R3 CI 

. 
The bulk of the components are wired point -to -point 
on the terminal strip. The coaxial cable to the cam- 
era enters the chassis via a small rubber grommet. 
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Storage capacitor Cl extends 
the length of the small chas- 
sis. One end is tied to the 
terminal strip; the other end 
is connected to the common 
ground (chassis) via a small 
soldering lug. Resistor R1 is 
connected between the term- 
inal strip and power switch SI. 

as shown in Fig. 1. Make sure that all 
components clear the back cover. 

A length of ? V" aluminum strip can be 
used to mount the Li'l Winker to your 
camera. Obtain a thumbscrew fitting, 
either at a camera shop or from a dis- 
carded camera, and mount it at the far 

The "hot" lead to the AG -1 flashbulb socket is 
passed through a hole in the top of the chassis. The 
other connection is made through the spring clip. 

December, 196E 

end of the aluminum strip so that the 
flash unit can be attached to the camera. 
The Li'l Winker is then secured to the 
other end. The author used a six -inch 
length of aluminum. 

Operation. Photographic results depend 
on so many variables that you will need 
to take several trial shots to determine 
the best exposure time and distances for 
use with the wink light. Generally, the 
camera should be set for conventional 
flash, not for "speedlight." The duration 
of the wink -light flash approaches that 
of conventional flashes, but it does not 
produce as much light so don't expect to 
make good pictures at great distances or 
with slow film. Remember that you can 
always use a standard flashbulb, if nec- 
essary. 

You will find that the wink -light fea- 
ture eliminates that "washed -out" look 
on facial close -ups. When you use the 
wink light and a flashbulb simultaneous- 
ly, put the shutter down an extra stop. 
Best results are obtained with a fairly 
slow shutter speed. Using a slow shutter 
speed also eliminates synchronization 
problems between the shutter and the 
light. 

There may be occasions when Cl does 
not completely discharge, in which case, 
the SCR may continue to conduct after 
the flash. This prevents the capacitor 
from recharging. The circuit will return 
to normal, however, if the switch is 
turned off momentarily and then on 
again. -{ 

49 

www.americanradiohistory.com

www.americanradiohistory.com


50 

POPULAR 
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Watch it, Sammy -here comes the fuzz. 

He ..esn't have a QSL so he sent 
you his social security number. 

I thin my mistake was sinking 
most f my money into the cabinet. 

Instead of four 50 -ohm resistors, I got'cha one 200-oh rr} It was much cheaper. 
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eíeci,'v ' /v//í; s/!7/;lifiec/ Q »ultipr'ier¡ amplifier 

HAVE YOU BEEN THINKING of trad- 
ing in your old communications re- 

ceiver because its selectivity is about as 
broad as a barn door? If so, an expen- 
sive replacement receiver -even if it is a 
better model -may not be what you real- 
ly need Instead, the addition of a Q -mul- 
tiplier to your present receiver may be 
just what the doctor ordered. 

Now, for less than $10 you can build 
a Q- multiplier that incorporates a field- 
effect transistor stage to improve re- 
ceiver selectivity and provide controlled 
regeneration. Called the "FET -QM," this 
device is completely self- contained (it 
even has its own line -independent power 
source), compact in size, and easy to use. 
A single coaxial cable connects the FET - 
QM to your receiver. 

December, 1968 

BY ROBERT N. TELLEFSEN, WOKMF 

About the Circuit. The FET -QM incor- 
porates a high -Q 455 -kHz tuned circuit 
(Li, Cl, and C2 in Fig. 1). Additionally, 
amplifier stage QI provides a facility for 
controlling regeneration. 

Regeneration increases the Q of the 
tuned circuit and considerably improves 
receiver selectivity. Now, because the 
FET -QM is connected to the mixer plate, 
where the 455 -kHz i.f. first appears in 
the receiver, its narrow passband de- 
termines the receiver's sensitivity. As a 
result, broadcast signals as close togeth- 
er as 5 kHz can be easily separated (see 
Fig. 2) . 

With the FET -QM switched out of the 
receiver, signals A and B will be heard. 
If you wanted to listen to signal A, signal 
B would interfere. Ideally, signal B 
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CI C2 
.0033yF .001yF 

C3 
.005pF 

QI 
MPF-103 

D 

4 
4T0pF 

R4 R2 
IK 47011 

C5 

RI 

IK 

.OIpF 

BI 
9v 

Fig. 1. HighQ 455 -kHz tuned circuit (C1, 
C2 and L1) helps narrow passband of 
receiver, while R1 in source of Ql pro- 
vides means for controlling regeneration. 

PL MIXER 
PLATE 

!;1 9 -volt batte 
CI- -0.0033 -µF I 

C2 - -- 0.001 -AF ci 
C3- 0.005 -µF ci 
C4- -470 -pF cere 
('5 - -- 0.01 -AF err 
L1- Adjustable . 

Ionia coil 
Q1-- Plastic n -r 

103) 
RI- 1000 -ohm ! 
R2- 470 -o1í)11 

R3- 1,000,000 -o 
R4 -1000- to 15 
S1--- S.p.s.t. switc 
1--4" X 2W' 
-RG -5S.1; C 1 

-disc. -Knob fill 
%"-diameter 
battere Blip: 
etc. 

should be eliminated or at least consid- 
erably suppressed. So, the FET -QM is 
switched in, with the result that the 
passband narrows, and signal B now 
falls outside the half -power point. The 
FET -QM passes signal A and suppresses 
signal B, making the desired signal 
stand out. 

Potentiometer Rl controls the amount 
of regeneration produced by the FET - 
QM. With too much regeneration, the 
Q- multiplier goes into oscillation, and 
a steady squeal is heard from the re- 
ceiver. Therefore, the optimum setting 
for selectivity is when Rl is set just be- 
low the point of oscillation. 

Construction. The circuit of the FET - 
QM should be housed inside a compact 
aluminum utility box. The TUNE con- 
trol, Li, and the PEAK control, RI. 
should be mounted on the front of the 
box as shown in the photos. 

Two terminal strips can be used for 
the mounting of the remaining parts. 
except for battery S1. 

The battery can be mounted with a 
battery clip in a location where it will 
not interfere with the other components 
in the circuit. 

When all parts are mounted, wire them 
together. Drill a hole in the rear of the 

PARTS LIST 
ry 
cralnic disc capacitor 
ramie disc capacitor 
ramie disc capacitor 
nlic disc capacitor 
tunic disc capacitor 
ing -lnurd broadcast land an- 

liarn)rl FET (Motorola JI!'F- 

near taper potentiometer 

1i1i1 loll resistors, 
'' watt 

iIV -ohm, Ísce tctt)J 
Ali, part of R1 
k ".í" aluminum utility box 
oa,Tial cable 

'_¡"- diameter shaft; knob for 
hail; 2 jour -bug terminal strips; 
ookup wire; hardware; solder; 

box to accept a rubber grommet, pass 
one end of the coax through the grom- 
met, and solder the coax into the circuit 
as shown in J'ig. 1. 

Assemble the metal box, and letter 
the two panel controls. Finally, mount a 
knob designed for ','B "- diameter shafts 
over the coil's adjustment screw; a 1/4" 

knob gces onto the shaft of Rl. This 
completes thle construction of the FET- 

NORMAL , SELECTIVITY 
SELECTIVITY WITH MAXIMUM 
WITHOUT FET -OM , FET -0M 

SIGNAL 
A 

SIGNAL 
B 

Fig. 2. Brcadcast signals 5 kHz apart can be easily 
separated with the FET -QM in the receiver's cir- 
cuit; unwanted' signal B is greatly attenuated. 
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QM, and all that is left is to connect it to 
the receiver. 

To connect the FET -QM to your re- 
ceiver, first locate the plate lug of the 
mixer stage and solder one lead of a 
0.005 -µF capacitor to this lug. The other 
lead of the capacitor is then soldered to 
the center conductor of the coax. Ground 
the braid of the coax to the chassis near 
the tube socket. (In a.c. -d.c. receivers, 
ground the braid through a 0.005-AF ca- 
pacitor to eliminate shock hazard.) If 
desired, phono jacks and plugs can be 
used to simplify connecting the FET - 
QM to the receiver. 

WHAT IS Q- MULTIPLICATION? 

The high selectivity provided by the FET -QM 
is the result of positive feedback (regenera- 
tion). The idea of attaching this circuit to the 
i.f. channel was proposed in 1952 by O. G. 
Villard and W. L. Rorden. In the circuit shown, 
the off -resonance of C1, C2, and Ll becomes 
very high, and signals at this frequency pass 
through the i.f. strip unhindered. A Q- multipli- 
cation of 20 -30 is not uncommon. Possibly, the 
phrase "Q- multiplication" is a misnomer since 
the actual Q of the i.f. strip remains un- 
changed, but signal frequencies slightly off - 
resonance in the strip are sharply attenuated. 

After the interconnection between the 
FET -QM and the receiver is accom- 
plished, repeak the i.f. transformer. Be 
sure the FET -QM is turned off when 
touching up the transformer. 

How To Use. Turn on your receiver, 
and tune in a weak, interference -free 
signal with the Q- multiplier turned off. 
If your receiver has an r.f. gain control, 
back it off a bit from maximum to pre- 
vent strong signals from forcing their 
way through the receiver and reducing 
the effectiveness of the FET -QM. 

Turn on your BFO and adjust it for a 
beat note. Now, switch on the FET - 
QM, and set the PEAK control fully 
clockwise. Rotate the TUNE control until 
you hear a strong whistle; then back off 

Fig. 3. Due to simplicity of cir- 
cuit, two terminal strips can easily 
accommodate all small parts. 

on the PEAK control until the whistle 
disappears. Slowly adjust the setting 
of the TUNE control until the desired 
signal suddenly peaks. If necessary, the 
PEAK control can be advanced until the 
FET -QM almost goes into oscillation. 
This is the point of maximum selectivity, 
and any signals coming through the re- 
ceiver will ring like a struck bell. The 
best setting is just below the point where 
the extreme ringing stops but where the 
desired selectivity is still present. 

Even an inexpensive receiver can do 
surprising things with the addition of a 
Q- multiplier. When you build and use the 
FET -QM, you will probably find that the 
ideas you had about trading in your re- 
ceiver for a better model were rather 
drastic. -®- 
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What's A Wobbulator? 
TEST YOUR KNOWLEDGE OF LATEST TV DESIGNS 

BY VIC BELL 
(Answers on page 12: ) 

1 It is sometimes difficult to see a TV picture outdoors 
because CRT phosphors are saturated by sunlight. 

2 A TV circuit with no flyback transformer has been 
developed using a piezoelectric material to "amplify" 
the flyback pulse. 

3 A deflection yoke stuck to the CRT neck can be loosened 
by applying a 60 -Hz voltage to the horizontal yoke coils 
to generate heat. 

4 Pincushion correction circuits used in some color TV 
receivers correct a tendency for the picture to be 
"stretched" at the top and bottom center as compared 
to the top and bottom sides. 

5 If all TV networks used identical setup methods and a 
common, master 3.58 -MHz oscillator for color broadcasts, 
the viewer's hue adjustment would be unnecessary when 
changing from station to station. 

6 TV film projectors use standard 24 -frame film but project 
it so it is synchronized with TV's 60 -Hz field rate. 

7 The mesa transistor was so named because its internal 
structure resembles a mesa in the desert. 

8 Plastic transistors are now replacing silicon and germani- 
um transistors. 

9 A battery- powered oscilloscope operated in an isolated 
area, away from a.c. power lines, etc., would not display 
the familiar 60 -Hz pattern normally found when you 
touch the scope's vertical input. 

10 The MOS transistor derived its name from the mossy 
appearance of the grown silicon inside the transistor. 

11 In functions, the triac is equivalent to three SCR's. 

12 Effective voltage (E,.lf), average voltage (E:,, ), and root - 
mean- square voltage (Er,,,,) are all the same. 

13 At this time it is not possible to build a ceramic stereo 
phono cartridge with reproduction capabilities as good 
as a magnetic cartridge. 

14 Anechoic chambers are used to create "reverb" for re- 
cording. 

15 Doppler distortion is greater in small- diameter, wide - 
range speakers than wide- range, large- diameter speakers. 

16 A wobbulator is employed to sweep frequencies. 

TRUE_ FALSE 

TRUE FALSE 

TRUE FALSE 

TRUE FALSE 

TRUE FALSE 

TRUE FALSE 

TRUE FALSE 

TRUE FALSE_ 

TRUE FALSE 

TRUE FALSE 

TRUE FALSE__ 

TRUE FALSE 

TRUE FALSE_ 

TRUE FALSE_. 

TRUE 

TRUE 
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E Xtra brightness for pur eampinglbvat«rg trips 

I T'S EASY to make an outdoor lighting 
n system for your camping or boating 
trips. All you need is a 12 -volt incandes- 
cent bulb and some wire to attach it to 
your car or boat battery. Unfortunately, 
there are some drawbacks to this ap- 
proach: the intense point- source of light 
generated by a relatively small bulb can 
be very annoying to the eye; the amount 
of illumination delivered by such a bulb 
is limited in coverage, producing a small 
December, 1968 

BY BEN RICHARDS 

bright area surrounded by darkness; and 
the efficiency of such a lighting system is 
low. To get any appreciable amount of 
light, either a number of bulbs or a large, 
high -power bulb must be used. If you use 
either of these approaches, it won't be 
long before your battery gives out. 

All these troubles can now be alleviates 
ed if you build the battery -powered 
fluorescent light described here. The light 
uses a 22 -watt fluorescent lamp and 
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LI 
(SEE TEXT) 

T 

01 
40251 

BLU 

DI 
GE-X4 
(OPT) 

FI 
5A 

SI 

BI 
12V 

CI 
250pF 

RI 
10011 

GRN 

R2 
20(1 

+ 15).(F L 

Fig. 1. The circui is 
a basic power oscillator 
with the fluorescen as 
load. A special trans 
former allows choice of 
two brightness levels. 

SPLIT 
WASHER 

3/4á 
CREW 

31/6 

9/16 "R 

YEL 

BRN RED 
TI 

J 

ORG 

CONNECTOR 
( PART OF TI). 

3/8" 

+i3/8" 
LAMP CLIPS MADE FROM .032 "BRASS 

3 REQUIRED 

Fig. 3. Make three clips for mounting 
the fluorescent lamp. It is important 
that you get the correct curvature. 

I-7/8" 

1i8 
í f 3/16' / 

I/8 "WASHERS FROM PLASTIC OR PLYWOOD 

WIND COIL -FORM WITH 18 -1/2 FT. 
INSULATED SOLID W I4 WIRE IN 
4 EVEN LAYERS 

Fig. 4. Construction data for Ll. Plas- 
tic tape can be wound over coil to keep 
it from unravelling during mounting. 

5/8" 
DOWEL 

COIL BRACKET 
.040 °ALUMINUM 

(1), 

LAMP 
MOUNTING 
CLIP (31 

1/4" 

I-1/4" 
2-3/8" 
SCREW BEND 

works from a conventional 12 -volt d.c. 
car, boat, or trailer battery. It produces 
large -area illumination without harsh 
glare and has two levels of illumination 
-bright, or subdued for extra -low bat- 
tery drain. Efficiency is high, thus get- 
ting the most from the battery, and gen- 
erated heat is almost non -existent. You 
can attach the fluorescent light to the 
end of a 20 -ft, conventional two- conduc- 
tor rubber -covered appliance cord and 
position it where it is needed. 

Construction. A parts list is given on 

page 58 and a schematic in Fig. 1. Al- 
though almost any type of construc- 
tion can be used, Fig. 2 and the photos 
illustrate the method used by the author. 
To duplicate this version, fabricate the 
wood and metal parts as shown. Note 
that there are two electrically isolated 
metal chassis, one for each power tran- 
sistor. When drilling the holes for these 
transistors, make sure that both the base 
and emitter holes are large enough to 
prevent short circuits. Each transistor 
can be mounted directly on its chassis 
without using insulated mounting kits, 
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PLYWOOD 
BASE 

I/4' X 9 -I/8" 
X 9" 

BACK 
I/4' X 9" 
X7-1/4" 

HINGE 

I-1/4"R 

--*-11-1/8" + 
i/2'=1..1 «- 
i-3/4"._ 7/8" 

BEND 

I 

= 3/4° --H f 
TRANSFORMER 

BRACKET 

VINYL 
SHIELD .030" 

--AJ H /2" 1--- 

SIDE 
PANEL 

CHASSIS 
.2 REO'D 

1lu 
w 

p } 
',B E: 1 

A:-' 

B 
------- 

+ I-3/B" 

YY 

!--4v2 

( 

5 

/ 

v2'=-a 

13/Id'R 

2-15/16" 

---. 

COMPARTMENT 
PANEL 

S/8"R r--3i2 --+ I-1/2" 

w 

1+- 7/16" 

9- /8" 

L- RUBBER FEET- --^k_ -i 
-«7 

COMPARTMENT HOLE FOR 
PANEL -WOOD SUPPLY CORD 

5/8" D 3/8"D 

IT 

4 -I /16" 

I-1/4"R 
TOPS B BOT TOMS 

W000 

9 /8" 

BPACKE TS, SIDE PAIPELS(ANO CHASSIS 
APE MADE OF .040' ALUMINUM 
HOLES A,B,C ARE LAMP CLIP MOUNTING HOLES 

2 -7116" 

T 

Fig. 2. If you want to duplicate the author's prototype, follow the construction 
details shown here. Note that the two transistors are mounted through the Wooden 
front panel and the metal chassis. All wiring is done afer components are mounted. 

since isolation is provided by the two 
independent chassis. Put a solder lug un- 
der one of the collector (mounting) 
screws of each transistor. Fabricate three 
lamp -holding clips as shown in Fig. 3, 
making sure that the edges are smooth 
and that they are shaped correctly. 

Assemble the two chassis, the two 
four -lug terminal strips (no ground 
lugs), and the three lamp -holding clips 
to the plywood front panel. Note that 
the two chassis are spaced so that they 
do not touch either each other or the 
metal side panels to be mounted later. 
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The tops of the two transistors fit 
through holes drilled in the wooden pan- 
el. At this time, make sure that holes 
have been drilled to mount the fuse hold- 
er (one screw) , inductor L1 (one screw) , 

and transformer T1 (two screws) . If op- 
tional diode DI is to be used, drill a hole 
near one end of the fuseholder to sup- 
port an insulated standoff. Use counter- 
sunk machine bolts to attach the 7 /c "- 
thick wood top and bottom lo the chassis 
ends. Then use countersunk wood screws 
to secure the 3 " -thick top and bottom 
to the Sib" top and bottom wood parts. 
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A carrying handle can be secured to the 
top surface, but make sure that it does 
not cause a short circuit between the two 
metal chassis. 

Attach the line -cord stowage compart- 
ment panel to the base -and -chassis as- 
sembly using wood screws. (A small 
magnetic door -latch assembly can be 
used to keep the stowage compartment 
door closed.) Assemble the entire cabinet 
to make sure that everything fits prop- 
erly. Note that, of the three lamp clips, 
one is electrically connected to each 
chassis while the third is insulated by 
the wood front panel. 

Construct inductor LZ in accordance 
with Fig. 4. Using the photos as a guide, 
assemble all components in the cabinet 
and wire in accordance with Fig. 1. Note 
that the two "hot" lamp clips are con- 
nected automatically to their respective 

PARTS LIST 

B1 -Car, boat, or trailer 12 -volt battery 
C1- 250 -sF, 25 -volt electrolytic capacitor 
C2- 5 -µF, 150 -volt electrolytic capacitor 
DI -20 ampere, 200 -PIV diode (General Electric 

X4 or similar) (optional) 
F1- 5- ampere, 3AG fuse 
11 -22 -watt, 7" circular fluorescent lamp (II c.st- 

inghouse FC8T9 /C11" or similar) 
Li -see text and Fig. 4 
01, 02- Transistor (RCA 40251) 
R1- 100 -ohm, 5 -watt, wirewound resistor 
R2 -20 -ohm, 5 -watt, wirewonnd resistor 
S1, S2- S.p.s.t. switches (rocker -type preferred) 
T 1- Ballast transi orner* 
alisc.- Wood, aluminum, brass strip, line cord. 

4 -lug terminal strips (2), fuscholder, machin, 
screws, wood screws. transparent plastic shiel(1. 
wire, solder, etc. 

*An inverter- ballast transformer, Type EC -0501- 
L. 1, is available from Milwaukee Electromag- 
nctics, P.O. Box 4476, Milwaukee, Wis. 53207. 
$9.60, postpaid. 
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transistor col 
chassis. Be c 
coding on tra 
former is mou 
L bracket.) C 

tor base and el 
rect soldering 
a heat sink t 
while solderin 
RI and R2 t 
and C2 to a 
capacitors. If 
it can be moi 
a small stanc 

Resistors and capacitors are 
mounted between two terminal 
strips. Note how a wire har- 
ness makes for a clean, neat 
internal arrangement. This 
photo also shows the two iso- 
lated metal chassis and the 
method of wiring the power 
transistors. Both the emit- 
ter and base connections are 
soldered direct to the trans- 
istor leads; the collector 
connection is made to a sol- 
der lug under the collector 
(and case) mounting hardware. 

ectors through the metal 
reful to observe the color 
nsformer Ti. (The trans- 
ited to the chassis with an 
onnections to the transis - 
nitter leads are made by di- 

Use a long -nose pliers as 
avoid transistor damage 

g. Do not mount resistors 
o close to capacitors Cl 
loid heat damage to the 
the optional diode is used, 
nted on the chassis using 
off insulator at one end, 

Front view of thé completed cabinet. Clear vinyl 
shield wraps around entire front surface. Paint 
front panel flat white for best light reflection. 
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HOW IT WORKS 

A.c. power to operate the fluorescent lamp from 
a d.c. source is generated by a pair of power tran- 
sistors, operating in conjunction with a saturable 
transformer in a feedback -type power oscillator 
circuit. 

Oscillation frequency is slightly above the audi- 
ble range to avoid any annoying buzz from the 
device. A portion of the transformer winding can 
be shorted to provide high intensity. 

Were it not for the ballasting action of the 
transformer, lamp brightness would fluctuate ex- 
cessively with small changes in input voltage and 
the lamp current could easily exceed its safe value. 
This happens because a fluorescent lamp acts like 
a voltage- regulator tube. or zener diode, and tries 
to maintain a constant voltage while the current 
through it varies. The type of lamp used has low - 
power filaments which are continuously heated to 
allow rapid self- starting and dimming. 

Diode DI is optional and is used to prevent 
transistor damage if the d.c. supply leads are ac- 
cidentally reversed. Inductor LI and capacitor 
Cl minimize radio interference. Fuse F1 is used 
to protect the wiring only. If the battery polarity 
were wrong, the transistors would fail before the 
fuse could blow. That is the reason for using 
diode DI. 

with the other end connected directly to 
the fuseholder. 

Once the lamp assembly has been 
checked electrically and mechanically, 
paint all exposed exterior surfaces any 
color desired and paint the surfaces sur- 
rounding the lamp flat white. 

Attach the lamp connector (part of 
T1) , then install the lamp in its three 
clips, making sure that it is a snug fit. 
Then mount the transparent plastic 
shield, clamp the line cord in its storage 
compartment, and attach the back and 
storage- compartment access door. 

Fluorescent lamp is held by three clips (one shown 
here). Two of them are at same potential as the 
transistor collectors to aid fluorescent starting. 

Testing and Use. Before placing the 
light in operation, carefully identify both 
the positive and negative input power 
leads. Connect the leads to a source of 
12 volts d.c. capable of delivering at least 
3' amperes. 

Turn switch Si on and note that the 
fluorescent lamp lights almost immedi- 
ately. Current drain is about 3 or 3'',2 am- 
peres when the lamp is started at high 
intensity ( with switch S2 closed) . At 
low intensity, current drain should be 
about 11 <, amperes when starting. 

The author used a cigarette -lighter 
connector with a 20' two- conductor 
( #16) appliance cord so that the light 
can be plugged into the cigarette lighter 
socket and positioned anywhere within 
20 feet of the car. 
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If optional diode Dl is 
used, mount it near the 
fuse and L1 (shown here). 
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In today's electronics boom the demand for 

men with technical education is far greater than 

the supply of graduale engineers. Thousands of 

real engineering jobs are being filled by men 

without engineering degrees -provided they are 

thoroughly trained in basic electronic theory 

and modern application. The pay is good, the 

future is bright ...and the training can now be 

acquired at home -on your own time. 

60 

THE ELECTRONICS BOOM has created a 
new breed of professional man -the non - 

degree engineer. Depending on the branch 
of electronics he's in, he may "ride herd" 
over a flock of computers, run a powerful 
TV transmitter, supervise a service or 
maintenance department, or work side by 
side with distinguished scientists on a new 
discovery. 

But you do need to know more than 
soldering connections, testing circuits and 
replacing components. You need to really 
know the fundamentals of electronics. 

How can you pick up this necessary 
knowledge? Many of today's non -degree 
engineers learned their electronics at 
home. In fact, some authorities feel that 
a home study course is the best way. Pop- 
ular Electronics said: 

"By its very nature, home study devel- 
ops your ability to analyze and extract in- 
formation as well as to strengthen your 
sense of responsibility and initiative." 

Cleveland Method Makes It Easy 

If you do decide to advance your career 
through home study, it's best to pick a 
school that specializes in the home study 
method. Electronics is complicated 
enough without trying to learn it from 
texts and lessons that were designed for 
the classroom instead of the home. 

Cleveland Institute of Electronics con- 
centrates on home study exclusively. Over 
the last 30 years it has developed tech- 
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niques that make learning at home easy, 
even if you once had trouble studying. 
Your instructor gives the lessons and 
questions you send in his undivided per- 
sonal attention -it's like being the only 
only student in his "class." He not only 
grades your work, he analyzes it. And he 
mails back his corrections and comments 
the same day he gets your lessons, so you 
read his notations while everything is still 
fresh in your mind. 

Students who have taken other courses 
often comment on how much more they 
learn from CIE. Says Mark E. Newland 
of Santa Maria, Calif.: 

"Of I 1 different correspondence courses 
I've taken, CIE's was the best prepared, 
most interesting, and easiest to under- 
stand. I passed my 1st Class FCC exam 
after completing my course, and have in- 
creased my earnings by $120 a month." 

Always Up -to -Date 
Because of rapid developments in elec- 
tronics, CIE courses arc constantly being 
revised. This year's courses include up -to- 
the- minute lessons in Microminiaturiza - 
tion, Laser Theory and Application, Sup- 
pressed Carrier Modulation, Single Side - 
band Techniques, Logical Troubleshoot- 
ing, Boolean Algebra, Pulse Theory, 
Timebase Generators...and many more. 

CIE Assures You an FCC License 
The Cleveland method of training is so 
successful that better than 9 out of 10 CIE 
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grcduates who take the FCC exam pass it 
This is despite the fact that, among non - 
CIE men, 2 out of every 3 who take the 
exam fail! That's why CIE can promise 
in writing to refund your tuition in full if 
you complete one of its FCC courses and 
fail to pass the licensing exam. 

This Book Can Help You 
Thousands who are advancing their elec- 
tronics careers started by reading our 
famous book, "How To Succeed in Elec- 
tronics." It tells of many non -degree engi- 
neering jobs and other electronics careers 
open to men with the proper training. 
And it tells which courses of study best 
prepare you for the work you want. 

If you would like to cash in on the elec- 
tronics boom, let us send you this 44 -page 
hook free. 

Just fill out and mail the attached post- 
paid card. Or, if the card is missing, mail 
the coupon at right. 

NEW COLLEGE -LEVEL 
CAREER COURSE 
FOR MEN WITH PRIOR 
EXPERIENCE IN ELECTRONICS 
ELECTRONICS ENGINEERING...covers 
steady -state and transient network 
theory, solid state physics and circuitry, 
pulse techniques, computer logic and 
mathematics through calculus. A col- 
lege -level course for men already work- 
ing in Electronics. 

CIRCLE NO. 12 

CIE 
Cleveland Institute 
of Electronics 
1776 East 17th Street 
Cleveland, Ohio 44114 
Please send me without cost or obligation: 

Your 44 -page book "How To Succeed In 
Electronics" describing the job opportuni- 
ties in Electronics today, and how your 
courses can prepare me for them. 

Your book on "How To Cet A Commer- 
cial FCC License." 

I am especially interested in: 

Electronics Technology 

Broadcast Engineering 

First Class FCC license 

Electronic Communications 

Industrial Electronics 

Electronics Engineering 

Name 

City 

Address 

State 

IPLEASE PNiNri 

Zip Age 

ENROLL UNDER NEW G.I. BILL. All CIE 
courses are available under the new G.I. 
Bill. If you served on active duty since 
January 31, 1955, or are in service now, 
check box on card or in this coupon for 
G. I. bill information. PE -73 

L J 

ON READER SERVICE PAGE 
63 

www.americanradiohistory.com

www.americanradiohistory.com


ELECTRONIC TOY IS ALSO EDUCATIONAL 

BY JOSEPH J. TASHETTA 

IN THIS MODERN AGE, two things 
should be expected of any toy that you 

give to your children. First, it should be 
an effective attention -occupier. Then, 
even more important, it should be educa- 
tional. While many toys are effective at- 
tention- getters, children often lose inter- 
est in them after the initial novelty 
wears off. And few toys are really educa- 
tional. The "Gadget Box," however, is 
one toy that fills both requirements. 

Children, especially toddlers who are 
easily fascinated, won't quickly tire of 
the Gadget Box. This electronic "toy" is 
loaded with special effect controls. Flip 
a switch or press a button, and a siren 
sounds; flip another switch, and a metro- 
nome -like ticking is heard ; twirl a knob, 
and the rate of ticking changes. Through 
the use of various controls and lights, 
the toy can also help to develop motor 
reflexes and teach basic logic. 

About the Circuits. The ticker circuit 
contains a unijunction transistor, Ql. 

Closing S1 causes capacitor Cl to begin 
charging through resistors R1 and R3. 
At some time during the charge cycle 
(determined by the RC time constant of 
the circuit) the voltage at the emitter 
exceeds the voltage at B2, driving Q1 into 

conduction. When Q1 conducts, Cl rapid- 
ly discharges through the UJT, causing 
a "tick" to be heard in the speaker. 

This charge- discharge action repeats 
itself indefinitely as long as power is ap- 
plied to the circuit. To vary the tick rate, 
you need only change the setting of R3. 

The circuit containing transistors Q2 
and Q3 is the siren. When S2 closes, C3 
charges and switches on Q2 and Q3. The 
output of Q3 then provides regenerative 
feedback to the base of Q2 to sustain 
oscillations. As C3 charges, the output 
signal frequency increases. Conversely, 
as C3 discharges, output frequency di- 
minishes. The result is that the output 
signal wails up and down the scale like 
a real siren. 

An independent circuit for developing 
the sense of basic logic is provided by the 
lamp and switch configuration shown in 
the schematic diagram. The circuit con- 
sisting of li, S3, and S4 makes up an OR 
circuit. Closing either of the two switches 
causes Il to glow; closing both switches 
still causes the lamp to glow. 

The circu_t consisting of 12, S5, and S6 
forms an AND circuit. In this case both 
switches must be closed before the lamp 
will glow since closing just one switch 
will not complete the circuit. 
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- 
CI 

OPE 

PARTS LIST 

B1 -9 -volt transistor battery 
132 -Two 1.5-volt D cells 
C1- 10 -µF, 10 -volt electrolytic capacitor 
C 2- 0.02 -µF ceramic capacitor 
C3- 100 -µF, 10 -volt electrolytic capacitor 
11, I2 -#*47 lamp 
Q1- Gcneral- purpose unijunction transistor 

(UIT) 
02- 2N3393 transistor 
Q3- 2N2145 transistor RI- 4700 -ohm, ,,/,-watt resistor 
R2-100-ohm, ;4-watt resistor 

R4 
56K 

C2 

pp/.zp02yF 
N33 293 Q3 

C3 
100yF 

*SEE TEXT 

S2 

WJN/Vv- ; 

R6 
27K 

R3- 10.000 -ohm potentiometer (see text) 
R-I, R5-56,000-ohm, ,/,-watt resistor 
R6- 27,000 -ohm, V,-watt resistor SI- S.p.s.t. switch.( see text) 
S2- D.p.s.t. normally open momentary- action 

push -button switch (sec text) 
S3, S4, S5, S6- S.p.s.t. switch 
SPKR -S -ohm PM speaker 
Misc. -Cigar (or Bakelite or aluminum utility) 

box; battery holders; perforated board; flea 
clips; lamp sockets; hardware; hookup wire; 
colder; rte. 

Unijunction transistor stage Q1 makes up the ticker, and stages Q2 and Q3 form the siren cir- 
cuits. The AND circuit (left) consists of 12, S5, and S6; the OR circuit uses 11, S3, and S4. 

S2 
Construction. Many of the parts needed 

for the Gadget Box you will probably 
have on hand. Except for the speaker, D 
cells and holder, lamps, and controls, all 
parts can be mounted on a 3 "- square 
piece of perforated board, using flea clips 

( Continued on page 109) 
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Controls and lamps mount conveniently 
on lid, all other components on floor, 
of cigar box. After mounting speaker, 
affix rubber bumpers to bottom of box 
to allow the sound to come through. 
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ON THE CCITIZENS N 
By MATT P. SPINELLO, KHC2060. CB Edi'cr 

rim 
1968 MONITOUR RESULTS 

IN ANSWER to one CB'er who ques- 
tioned the meaning of the word "Moni- 

tour"-it is the abbreviated title given to an 
extensive Citizens Band radio monitoring 
tour, initiated and conducted by your CB 
Editor for the last twelve months. Armed 
with a Johnson Messenger 300 and re- 
chargeable battery pack, we monitored CB 
transmissions in 13 cities (some of them 
twice), jetting nearly 30,000 air miles from 
coast to coast, and driving 25,000 road miles 
on the nation's tollways, expressways and 
back roads. 

In addition to monitoring transmissions, 
we interviewed hundreds of CB'ers with 
many different occupations: hospital em- 
ployees, policemen, taxi drivers, fruit ped- 
dlers, TV production personnel, engineers, 
ham operators, truck drivers, mailmen, air- 
line stewardesses, filling station attendants, 
etc. Many non -CB users were found to be 
aware of the service and knowledgeable in 
many phases of CB operations. 

Ron Voigt, veteran TV newscaster in the 
Denver, Colorado area, helped us kick off 
Monitour 68 early in the year by directing 
us to the best monitoring areas and putting 
us in contact with Active CB'ers. In Kansas 
City, Mo., George Martin, Chris Whitehead, 
and Mike Barelli, filled us in on area func- 
tions and directed us to active users of the 
CB system. None of the four are licensed 
CB'ers. And from Boston, Mass., Pat Hitch - 
ins, a TV production course graduate kept 
us posted on activities in her area until 
we managed to monitor in person. 

Many reports were also received from 
short-wave listeners, police officers, and oth- 
ers interested in the public service aspects 
of CB, but not involved in actually using 
CB themselves. This volunteer information 
lends substantial proof to POPULAR 
ELECTRONICS' contention that Citizens Ra- 
dio is not a dead horse. Public officials and 
agencies are becoming increasingly de- 
pendent on CB'ers in emergency situations, 
and the average citizen, though not a user 
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changed our opinions some- 

results in Philadelphia, New 
rd, and Boston show that 

areas has its own trouble - 
n varying degrees. New York 
st Coast in troublesome CB 

violators using code names 
e found in California. 
as a code name we heard often 

in West Co st monitoring, whereas New 
York violators, who attempted to dominate 
the area with CQ calls, referred more often 
to `Brooklyn Baccala" and the "Verazzano 
Vampire." V °rbal shenanigans of this type 
throughout the U.S. are conducted, not so 
much by teenagers, as suspected by many, 
but by adul operators, some of them li- 
censed, othe s merely "bootlegging" (pur- 
chasing CB equipment and not bothering 
to file for a license). These individuals are 
setting them elves up for stiff fines from the 
FCC, and po sible jail sentences. 

Philadelp a also has its problems, but 
according to Monitour statistics and mail 
reports, it h s come a long way in solving 
them in the past. But then, as reported in 
this column frequently over the last six 
years, Pen ylvania has probably more 
active clubs than any of the other states. 

( ontinued on page 90) 
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UNIQUE 
POWER, 

Impedance 
dIiIETER 

READ MAXIMUM OUTPUT 

OF AMPLIFIERS, SIGNAL 

GENERATORS AND LOW -POWER 

TRANSMITTERS 

MEASURING VOLTAGE, current or 
resistance is relatively easy; all you 

need is a VOM or VTVM. However, when 
it comes to measuring power, most ex- 
perimenters run into trouble. One difficul- 
ty is that two independent variables must 
be measured at the same time: either 
voltage and current, voltage and resis- 
tance, or current and resistance. This 
may not be too difficult, but if you want 
to measure maximum output power of an 
amplifier, signal generator, or low -power 
transmitter, the problem is complicated 
by the fact that, when making the mea- 
surement, the load impedance must 
match the output impedance of the de- 
vice being tested. 

The "Power and Impedance Meter" de- 
scribed here is a low -cost, signal- powered 
instrument that measures power output 
from a few milliwatts to 3 watts and 
simultaneously (and automatically) 
matches the output impedance from 4.7 
to 10,000 ohms. What is more, the meter 
has a frequency range from d.c. to about 
150 MHz! It has no power supply or 
semiconductor circuitry; and does not 
require alignment or maintenance. 
December, 1968 

BY ROY HARTKOPF 

The power meter is very easy to use : 

simply connect it to the output to be 
measured and rotate a single switch un- 
til a meter calibrated in watts indicates 
a maximum value. This is the maximum 
power output and the switch position in- 
dicates the approximate output imped- 
ance of the circuit being tested. The test 
set can be modified easily to indicate 
output impedance almost exactly. 

Construction. The Power and Impedance 
Meter is constructed in an enclosed metal 
case to prevent excessive radiation when 
the test set is used with a low -power 
transmitter. A sloping front panel is con- 
venient but any other shape is satisfac- 
tory. 

The load resistors associated with 
switch &1A. (R1 through R11 in Fig. 1) 
should be 2 -watt, non -inductive units 
whose tolerances are chosen for the 
amount of reading accuracy desired, keep- 
ing in mind that the ultimate accuracy 
depends on the meter movement itself. 
The ohmic values of the resistors shown 
in the Parts List were selected to cover 
most loading cases. 
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Fig. 1. The resistors as- 
sociated with SIA provide 
impedance matching to 
circuit under test. The 
resistors used with SIB 
make up a voltmeter 
using MI as the readout. 

R5 R 

R8 

RII 

CASE 

PARTS LIST 

{RI7 
RIG 

FIS R19 

RIS 

RI4 SIB R20 
0-,vWAM-0 0-WrvV.-411 

RItJJJJJv 

R12 -MI 

CI 
I000p 

Cl- 1000-ph, dlhron,;h capacitor 
C2---0.1-µF capacitor 
D1---Gerurauinn1 nvtiG'er diode i see text) 
.11- Phono ;ark or other coaxial fitting 
3 1 1 ----U-1-nz,i met, r 
R1- 4.7-olzm 
R2- 10-ohm 
R3--- 22-ohm 
114- -47-ohm 
R5 100-ohm Thew resistors 
Ix'' 229-oh al _'--watt 
IZ 47 0-nlrm non-indnetive 
RS P)x0-a1n,z 
RO -2200-ohm 
R 4790 ohm 
R11-- )1.000-nlna 

DI 
(SEE TEXT) 

2 
for 

CASE 

R12--- 3000 -olzne 
R 13- -56110 -o h ne 
R 1d - --S 200 -olene 
R15 -- 12,1)00 -olim 
R 16 - --1 S,I)00 -ohnz 
RI -- 27.000 -ole,n 
R 1 S-- -- 3g,110í) -ol, uz 

R 19-- 56.000 -o/n, 
R20---S2,000-o) m 
R21-120,000-1. hot 
R22- -I 50.000 -c¡HO 
¡/23 -, see text 
S1--3-pole, 11 ,5osit-on rotary switch (sec text) 
.S2- S.p.s.t. ssoiuh 
111x[. - tin- platal shield material, metal enclosure, 

large knob with pointer, hookup wire, solder, 
hardware. etc. 

R22 

MI 
0-ImA 

R23 
(SEE 

TEXT) 

A.C. O.Ci 

/77/CASE 

These resistors 
1/2-watt 

S2 

The switch can be assembled outside 
the case. Although only two 11- position 
decks are required, the author used a 
three -deck switch with the third one 
serving as support for one end of the 
meter resistors (R12 through R22). Dis- 
assemble the switch and make up a 
U- shaped, tin -plated metal shield that 
covers the front deck of the switch (see 
photo). The front end of the shield is 
clamped (and grounded to the chassis) 
with the switch mounting hardware. 
Drill holes in the rear of the shield for 
the rear leads of the load resistors (which 
are soldered to the shield). The front 
leads of the load resistors are soldered 
to the appropriate terminals on the front 
deck of Si. Resistors R12 through R22 
are mounted between the center and rear 
decks of the switch. Remove the rotor 
segment of the rear deck to prevent acci- 
dental shorting of resistors. 

Drill a hole in the corner of the shield 
that will be closest to input jack J1. 
This hole should be capable of accepting 
feedthrough capacitor Cl, which is sol- 

dered to the shield. One end of Cl is 
used as a support for diode Dl. Capaci- 
tor C2 is then soldered in position, and 
the completed switch assembly is mount- 
ed in the chassis. Mount switch S2 and 
input receptacle Ji on the panel. 

Almost any diode will suffice for D1, 
but there are two factors which must be 
considered. With three watts (d.c.) across 
a 10,000 -ohm load, there are 173 volts 
across the diode. With the same power 
and impedance, the a.c. voltage is about 
250 volts peak. All germanium signal di- 
odes will fail at this voltage level. At the 
other extreme, 30 mW across a 5 -ohm 
load produces less than half a volt across 
the diode, which is below the threshold 
of conduction for a high -voltage silicon 
diode. In practice, these two extremes 
are seldom encountered, and the author 
has found that a germanium rectifier 
having a 120 -volt PIV rating will suffice 
for almost all conditions. 

To calibrate the meter scale for in- 
dicating power in watts, gently remove 
the meter -face protective covering, and 
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recalibrate the scale in accordance with 
Table I. When this is done, mount the 
meter in the case. 

Because the r.m.s. value of an a.c. sig- 
nal (assuming it is a sine wave) is only 
0.707 of the peak value, it is necessary 
to have a shunt resistor in parallel with 
the meter during a.c. measurements. 
Since meters vary considerably in their 

TABLE I -METER CALIBRATION 

WATTS mA 

3 1.0 
2.5 0.91 
2 0.82 
1.5 (CAL) 0.707 
1 0.57 
0.75 0.5 
0.5 0.41 
0.25 0.29 
0.1 0.185 
0.05 0.13 
0.01 0.057 

internal resistance, the choice of this 
shunt resistor R23 must be made to suit 
the meter you are using. To do this, con- 
nect a high -voltage supply and a poten- 
tiometer with a resistance of several thou- 
sand ohms in series with the meter. Ad- 
just the potentiometer until the meter in- 
dicates exactly full scale (3 watts). 
Then connect various values of resistors 
across the meter terminals until the me- 
ter reads 1.5 watts (the CAL position 
on the scale) . 

Since the meter now indicates peak, 
rather than r.m.s., power, it cannot be 
expected to give exact results for inputs 
that are not sine waves. However, this 
method is used in most VTVM's and has 
proved to be quite satisfactory in prac- 
tice, particularly at very high frequen- 
cies. Once R23 has been selected, wire 
the test set in accordance with Fig. 1. 

Operation. Connect input receptacle J1 
to the amplifier, signal generator, or low - 
power transmitter to be tested. Set S2 
to the AC position, and turn on the sys- 
tem. Rotate S1 until the meter indicates 
the highest power output and read the 
switch position. For example, if the test 
set indicates maximum power of 1.5 watts 
at 470 ohms, you know that the device 
under test has an output impedance of 
470 ohms (or close to it) and an output 
December, 1968 

Mount the resistors, shield, Cl, and D1 before 
installing the switch in the chassis. Grounding, 
through switch mounting hardware, must be tight! 

of 1.5 watts. If, on the other hand, you 
find that the meter indicates 0.5 watts in 
both the 220- and 470 -ohm positions, the 
correct impedance is about 350 ohms and 
the power output is a little over one watt. 

(A) (B) 

Fig. 2. Power measuring methods. (A) shows basic 
approach to measuring power, while (B) illustrates 
the method used in the Power and Impedance Meter. 

Calibration Method. The Power and Im- 
pedance Meter uses the E2/R approach 
to measuring power. The basic circuit is 
shown in Fig. 2(a). The power dissipat- 
ed by FL is E2 /R. Thus if RL is 100 
ohms and the voltmeter indicates 5 volts, 
the power is 52/100 or ?'E watt. Because 
power is proportional to the square of 
the meter deflection, the scale is non- 
linear. As an example, if the desired full - 
scale indication is 2 watts, then the 
1 -watt indication mark is 1/V2 or 0.707 
of full scale. 

Assume that the meter in Fig. 2(a) 
indicated 10 volts full scale. With a 100 - 
ohm resistor, the power is 1 watt. If the 
resistor is changed to 500 ohms, the 

(Continued on page 110) 
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SOLID STATE 
By LOU GARNER, Semiconductor Editor 

LOW COST, versatility and availability 
have combined to make semiconductor 

devices more attractive than ever to con- 
sumer product designers and manufacturers. 
As a result, our holiday season this year 
may be the best yet for electronic gifts. 

The Sears Christmas "Wish Book," for ex- 
ample, features several pages of electronic 
toys, ranging from a 3- transistor CB walkie- 
talkie at only $3.99 to a 10- transistor gen- 
eral- purpose base station which combines 
an AM and all- channel CB receiver with 
a channel -14 transmitter in a single unit at 
$26.99. Other low -cost CB transceivers are 
listed, as well as construction kits for AM 
and FM receivers, a telephone amplifier, and 
four different multi -project educational kits. 

A number of inexpensive child- oriented 
solid -state record and tape cartridge players 
are offered at prices ranging from less than 
$10 to just under $40, and there is even a 
transistorized sound movie projector for only 
$17.88, including five continuous -loop film 
cartridges. 

There are electronic gifts for teens and 
adults as well . a variety of solid -state 
tape recorders, AM, FM, and multi -band 
receivers, TV sets, phonographs, guitar am- 
plifiers, and professional -quality CB trans- 
ceivers. A buyer can choose a transistorized 
tachometer or an automatic multi -track 
stereo tape player for his car, an electronic 
organ, a transistorized watch, or a portable 
fish finder for his boat. 

You'll find additional semiconductor-op - 
erated gifts in your local stores and in the 
catalogs of the larger mail -order electronic 
supply houses, such as Allied Radio, Lafay- 
ette, Newark or Radio Shack. You can select 
light dimmers, burglar and fire alarms, or in- 
tercoms for the home, solid -state controlled 
power tools for the craftsman, automatic 
telephone answering or dictation equipment 
for the professional man, d.c. /a.c. power 
converters for the camper, or a radio com- 
pass /direction finder for the yachtsman. If 
your budget is small, you can buy a code - 
practice oscillator module for under a dollar 
or, if your bank account is as big as your 
heart, you can invest over twelve hundred 
dollars in a portable video recording outfit 
for the man (or woman) who "has every- 
thing." 
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Fig. 1. The SCR supplies power to windshield wiper 
motor in this slow -kick control for so -so weather. 
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turn to their normal off position, the SCR 
reverts to its non - conducting state, and pow- 
er is reapplied to the UJT circuit, restarting 
the timing cycle. As long as SI is closed, the 
action continues at a frequency determined 
by CI's charging rate, and hence by R2's ad- 
justment. Readily available low -cost corn - 
ponents are used in the control device. Ex- 
cept for linear potentiometer R2, all resistors 
are half watt. 

Comparatively simple, the circuit can be 
assembled in a single evening. Neither layout 
nor lead dress are critical and the individual 
builder can use his choice of construction 
methods- etched circuitry, point -to -point 
wiring, or perf board. There is no need to heat 
sink the SCR since it has a low duty cycle. 
The completed circuit, after check -out, may 
be housed in a small metal or plastic box. 

Final installation is a cinch. Mount the 
assembled unit where convenient, either 
above or below the dash, and connect its 
two leads directly across the existing wiper 
switch terminals, taking care to observe 
proper d.c. polarity. According to reader Al- 
bers, his circuit works effectively on all 
types of electric windshield wipers, includ- 
ing even the self- reversing "Mopar" types. 

Manufacturer's Circuit. Suitable for use 
in a Science Fair project or as part of a 
complex control system, the over - voltage 
monitor circuit illustrated in Fig. 2 was ab- 
stracted from a recent issue of Semiconduc- 
tor Newsbriefs (published by Motorola Semi- 
conductor Products, Inc., P. O. Box 955, 
Phoenix, Arizona 85001). It can be assembled 
in a few hours at a total cost of well under 
five dollars. 

The circuit is essentially a d.c. regenera- 
tive amplifier with complementary -coupled 
transistors. Normally, the circuit remains in 
a passive (non- conducting) state. However, 
if the supply voltage increases beyond the 
zener diode's (DI) rating, base bias is ap- 
plied through current limiting resistor RI to 
QI's base, permitting this transistor to con- 
duct. The collector current of Ql, flowing 
through load diode D2, develops sufficient 
forward voltage drop to furnish base bias 
current to Q2 through limiting resistor R2. 
As Q2 conducts, it serves as an additional 
base -bias source to QI through R3. Through 
regenerative action, then, both Ql and Q2 
are driven to saturation quite rapidly, fur- 
nishing power to indicator lamp Il. Once 
triggered by an over -voltage condition, the 
lamp remains on, since the circuit is in a 
conducting state until its d.c. power source 
is interrupted momentarily by opening re- 
set switch Sl. 

Higher (or lower) voltages may be moni- 
tored by using an appropriate zener diode 
and lamp (the specified zener has a 33 -volt 
December, 1968 

z 
GE18?9 

28V 

R3 
300n 

Fig. 2. If the supply increases beyond the zener 
diode rating, transistors saturate to light II. 

rating), adjusting component values where 
needed to limit transistor currents within 
safe values, and observing maximum volt- 
age ratings. An audible signal may be ob- 
tained by using a suitable Mallory Sonalert 
device in parallel with II. 

Device Developments. A new solid -state 
ultraviolet sensor is now being offered by 
Clairex Electronics, Inc. (1239 Broadway, 
New York, N. Y. 10001). Identified as type 
7UV10, the new unit, housed in a TO -5 case, 
exhibits negligible response to visible light, 
but has a cell resistance sensitivity as great 
as 100:1 when illuminated by a UV source. 
Modestly priced, the 7UV10 is suitable for 
use in laboratory instruments, "black light" 
burglar or intruder alarms, and specialized 
industrial control systems. 

Generally considered an undesirable 
characteristic in semiconductor devices, ther- 
mal runaway is used advantageously in a 
new explosive detonator developed by in- 
ventor F. A. Goss at the Sandia Laboratories 
(Albuquerque, New Mexico). The new de- 
vice features an SCR chip with an explo- 
sive primer in direct contact with its junc- 
tion area. In operation, the device cannot 
be fired unless a control signal is applied 
to its gate electrode at the same time that 
power is applied to the anode and cathode 
terminals. When triggered, thermal runaway 
takes place, fusing the junction and gen- 
rating sufficient heat to ignite the primer. 
With two signals required for operation, 
the new semiconductor detonator is much 
safer than conventional units which, quite 
often, can be fired accidentally by a stray 
electrical signal. 

Texas Instruments, Inc. has developed 
a new type of high -Q inductor small enough 
to fit direclly on the substrate of thick - 
film hybrid integrated circuits. Essentially 

(Continued on page 90) 
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SNORT -WAVE LISTENING 
By HANK BENNETT, W2PNA/`'J?E2FT 

Eqitc: 

OPEN LETTER TO RADIO CAIRO 

United Arab Republic Radio and Television 
P.O. Box 1186 
Cairo, Egypt, United Arab Republic 
Gentlemen: 

By way of introduction my name is Hank 
Bennett. I am the Short -Wave Broadcast- 
ing Editor for POPULAR ELECTRONICS Maga- 
zine. 

In recent weeks my desk has been deluged 
with complaints from our short -wave moni- 
tors. These complaints are lodged against 
Radio Cairo. Specifically, they deal with 
your apparent refusal to verify correct recep- 
tion reports. 

Without exception, our monitors claim 
that in return for comprehensive reception 
reports of Radio Cairo, they are receiving 
various booklets and pamphlets dealing with 
anti -Israeli propaganda, the Arab -Israel war, 

Classical Musicals. Are you a classical 
music enthusiast? Why not combine your 
music appreciation with short -wave DX'ing? 
The following university stations in Mexico 
feature many programs of excellent classical 
music: XEXQ -OC, San Luis Potosi, 6045 
kHz; XEUDS, Hermosillo, 6115 kHz; 
XERUU, Chihuahua, 6140 kHz; and XEYU, 
Mexico City, 9600 kHz. We should also in- 
clude in this listing of good music stations 
the government- operated XEJG, Guadala- 
jara, 4820 kHz. 

Radio Free London. This new pirate sta- 
tion operating on 204 meters (approximate- 
ly 1466 kHz) went on the air recently to 
mark the anniversary of the Marine Offenses 
Bill. The antenna was attached to the fire 
exit of the BBC TV studio in West London! 
A BBC TV staff member noticed the antenna 
and called police. When the police invaded 
the studio of Radio Free London they found 
seven young men and a girl in addition to 
a very simple transmitter. The equipment 
was using milk bottle tops for insulators. 

The following Saturday the Free Radio 
Association Rally met at Trafalgar Square 

December, 1968 

and the United Arab Republic charter. This 
is not what our monitors have requested. 
They have asked you specifically for verifi- 
cation of their correct reception reports as 
they sent them to you. 

If Radio Cairo is to continue to send this 
unwanted propaganda in place of verifica- 
tion, we believe it is in the best interest of 
our monitors that no further reception re- 
ports be sent to your organization. May I 
suggest you modify your apparent non - 
verification policies. This letter will be pub- 
lished and read by more than one -quarter 
million readers. 

Very truly yours, 
(Signed) Hank Bennett, WPE2FT 

Short-Wave Editor 
(A copy of this letter has been sent to the 
station.) 

and marched, in the rain, to No. 10 Down- 
ing Street, chanting "Bring Back Caroline" 
outside the Prime Minister's home. During 

Albert Madder, West Hi I, Ontario, is registered with 
us and has certificate VE3PE2LZ. His #19 Mark 
2 transceiver was built in Montreal for Army use. 
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N. J. 08034, in time to reach Your Short -Wave Edi 
tor by the fifth of zach month; be sure to include 
your WPE identification and the make and model 
number of your receiver. 

Afghanistan -R. Afghanistan, Kabul, has English 
scheduled to Europe at 1800 -1830 on 15,265 and 11,775 
kHz and to neighboring countries at 1400 -1430 on 
4775 kHz. German to Europe is aired at 1730 -1800 
on 15,265 and 11,776 kHz; Russian at 1700 -1730 on 
7200 kHz and Urdu at 1300 -1400 on 4775 kHz, both to 
nearby areas. All o :her xmsns are in Pushtu /Dari. 

Albania- Tirana was logged in Illinois on the 
medium wave channel of 1394 kHz at 0035 but with 
heavy QRM and seN ere fading. 

Algsrla- Idha'at It Djamltouriati Al Djazariyati 
Al Demaukrati, Algiers, 11,810 kHz, is noted from 
1950 -2145 with announcements and military march 
fanfares in Arabic except for news in French at 
2000. This is beamed to Morocco and the Middle 
East. 

DX STATES AWARDS PRESENTED 

To be eligible for one of the DX States Awards designed for WPE 
Monitor Certificate holders, you must have verified stations (any fre- 
quency or service) in 20, 30, 40, or 50 different states in the U. S. The fol- 
lowing DX'èrs have qualified for and received awards in categories given. 

TWENTY STATES VERIFIED 
Walter O'Brien (WPE2OXZ), Clark, N. J. 
Karl Schulte (WPE3HOO), Middle River, Md. 
Jeffrey Stewart (WPE3HLV), Williamsport, Pa. 
Richard Eddie (WPEOFFT), Webster Groves, Mo. 
Thomas Cybula (WPE2PZJ), Maspeth, N. Y. 
Art Studebaker (WPE9JDG), Seward, Ill. 
John Karien (WPE3GOC), Franklin, Pa. 
Chris Lobdell (WPE1GCI), Reading, Mass. 
Gary Cooper (WPE7CQV), Nampa, Idaho 
Craig Reinmuth (WPEOFDT), Lincoln, Nebr. 
Les Schroeppel (WPE9IZL), Elmwood Park, Ill. 
Robert Timm (WPE9JEB), Two Rivers, Wis. 
Mark Levin (WPE2PNM), Brooklyn, N. Y. 
Jeff Dunham (WPE7CRM), Seattle, Wash. 
Marc Riddell (WPE3HGG), Williamsport, Pa. 
Robert Spoerl (WPE4JSX), Louisville, Ky. 
Allan Keizer (WPE2QCS), Brooklyn, N. Y. 
Rev. John Pejza (WPE6HCP), Ojai, Calif. 
Robert Scott (WPE8IFM), Auburn, Mich. 
Steve Buffaloe (WPE4JID), Wartburg, Tenn. 
Harold Wagner (WPE9HRS), Butler, Wis. 
Larry Beat (WPE8JJX), Toledo, Ohio 
Fred Raley (WPE5ENJ), Pine Bluff, Ark. 
Victor Tan Yew Seng (9V1PE1B), Raffles Park, 

Singapore 
Ken Ascher (WPE8JYA), Detroit, Mich. 
Henry Gac (WPE8JST), Detroit, Mich. 
Lee Cook (WPE5EXJ), Biloxi, Miss. 
Richard Stevens (WPE2OVS), Rochester, N. Y. 
David Jaffe (WPE2PZE), W. Orange, N. J. 

THIRTY STATES VERIFIED 
Don Kenney (WPE6AET), Westminster, Calif. 
Bruce Collier (WPEOELA), Council Bluffs, Iowa 
Kenneth Cohen (WPE2LZJ), Woodbridge, N. J. 
Gerald Sullivan (WPE1GQY), Concord, Mass. 
Mark Barfoot (VE3PE1ZT), Rexdale, Ont. 
Donald Dmytryshyn (WPEIFSV), Pittsfield, Mass. 
Clarence Hagerman (WPE2NRU), Delaware, N. J. 
Allen Jones (VE3PE2AM), Islington, Ont. 
Kendall Porter (WPEOEVD), Overland Park, Kan- 

sas 
Thomas Gracie, Jr. (WPE2FXL), Collingswood, 

N. J. 
Richard Ardini (WPE1GVT), Medford, Mass. 
Paul Mayo (WPE2NJG), Brooklyn, N. Y. 
Bill Migley (WPE8JEL), Lancaster, Ohio 
Timothy Armstrong (WPE6GGJ), Suisun, Calif. 
William Sprague (WPE8IRV), Saginaw, Mich. 
Art Morris (WPE2OPJ), Fair Lawn, N. J. 

Al Earnhardt (WPE4UN), Charlotte, N. C. 
Robert Griffin (WPE2PLQ), Nanuet, N. Y. 
Bruce Gemmill (VE7PE1AD), Vancouver, B. C. 
Robert Buckner (WP 2NMO), Rush, N. Y. 
Fred Bourjaily (WPESJIE), Seven Hills, Ohio 
Ron Ponke (WPE8HZJ), Centerline, Mich. 
Lee La Vigueur (WPE6GRN), Yucaipa, Calif. 
Edward Shaw (WPE4JHP), Roanoke, Va. 
Don Davis (WPE6FXQ), Monterey Park, Calif. 
Alex Garcia (WPE2L A), New York, N. Y. 
Tony Bratton (WPE8F MX), Anderson, Calif. 
David Greene (WPE4 UM), Pensacola, Fia. 
Roy Carroll (WPE2QAA), Neptune, N. J. 
Morris Klein (WPE3HKN), Pittsburgh, Pa. 
David Miller (WPE917D), Terre Haute, Ind. 
John Zaharek (WPE1GUM), Torrington, Conn. 
Mitchell Hyman (WPE2OPK), Brooklyn, N. Y. 
Mike Diekhoff (WPEOETY), Lincoln, Nebr. 
Jack Bacon (WPEOFDJ), Bloomington, Minn. 
Kevin Slater (WPE7CNF), Salem, Oregon 
Romona Hagerman WPE2OBV), Delaware, N. J. 

FORTY STATES VERIFIED 
Roger Thering (WPE6FUB), Barstow, Calif. 
Charles Harris (WPE2OGK), Rochester, N. Y. 
Richard Pistek (WPE)HOA), Chicago, Ill. 
Jerry Starr (WPE8JAF), Youngstown, Ohio 
Walter Miscichowski (WPE2BEH), Buffalo, N. Y. 
Philip Smith (WPE8IIA), Kettering, Ohio 
Jeff Steinwedel (WPE8IJV), Cuyahoga Falls, 

Ohio 
William Sprague (W °E8IRV), Saginaw, Mich. 
Samuel Gold (WPE6DXA), San Francisco, Calif 
Robert Platt (WPE9H ZL), Elk Grove Village, Ill. 
L. Eugene Purdum, Jr. (WPE3GRB), Westmin- 

ster, Md. 
Glen Jenkins (WPE4 VJ), Camp Lejeune, N. C. 
Kendall Porter (WPEOEVD), Overland Park, Kan. 

FIFTY STATES VERIFIED 
Ronald Hartwig (WFE5ELA), Midland, Texas 
Bill Sprague (WPE8 RV), Saginaw, Mich. 
James McFadden (WPE2OKV), Pleasantville, 

N. J. 
Dave Eaton (WPEODVS), Aurora, Colo. 
John Allen (WPEODXW), Pueblo, Colo. 
Kerry Plantenga (WPE9ITC), Lafayette, Ind. 
Gary Ligon (WPE4JAX), Cliffside, N. C. 
Mark Connelly (WPE1HGI), Arlington, Mass. 
David Conder (WPE9IHV), Centralia, III. 
Thomas Creery (WPE2PHZ), Conklin, N. Y. 

the rally, Radio Free London came back on 
the air and was raided again. The station's 
operators claimed that they fooled the Gov- 
ernment Post Office engineers by letting them 
take away a transmitter which was, in 
fact, a useless collection of sockets and 
tubes. The real transmitter was hidden in 
the same room. 

CURRENT STATION REPORTS 

The following is a resume of current reports. At 
time of compilation all reports were as accurate as 
possible, but stations do change frequency and /or 
schedule with little or no advance notice. All times 
shown are Greenwich Mean Time (GMT) and the 
24 -hour system is used. Reports should be sent to 
Shurt -Wave Listening, P. O. Box 333, Cherry Hill, 
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M ANY LOW -COST oscilloscopes are 
equipped with calibrated vertical - 

gain controls for measuring voltages, 
but lack calibrated sweep for measuring 
frequency. If this is a description of 
your scope, you can probably double 
the instrument's usefulness by the addi- 
tion of a calibrated sweep dialplate. 

While calibrated sweep may not be 
needed in some applications, it becomes 
a necessity when you have to determine 
the frequency of a signal or the time 
duration of an unknown cyclic waveform. 
Adding the calibrated sweep feature to 
your scope is relatively simple and re- 
quires the use of only an accurately cali- 
brated 20- Hz -to -3 -MHz sine -wave gener- 
ator. 

The following procedure is worded 
for the Knight -Kit Model KG -635 oscil- 

December, 1968 

Add 
Calibrated 

Sweep 
To Your 

Oscilloscope 

iircrease 

the versatility 

of 

your scope 

BY ROBERT J. BONEBRAKE, W9GCQ 

loscope, but the appropriate control des- 
ignations for your scope can be easily 
substituted. The thing to bear in mind is 
that the procedure will work for virtually 
any scope. 

First, scribe five concentric circles 
(about 1,4" apart and the outermost 
measuring about 2Y in diameter) on a 
piece of paper. Temporarily tape this 
piece of paper under the sweep vernier 
control knob. Connect the output of the 
signal generator to the vertical input of 
the scope, and adjust the vertical gain 
and volts /in controls for a 1" peak -to- 
peak trace on the CRT. Now, adjust the 
horizontal gain for a 4" -wide sweep trace 
(full width of the graticule) . 

Turn the sweep frequency control to 
its full counter -clockwise position. (This 

(Continued on page 114) 
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- - --- -- - - - - - - - - - -- - - - 
AMATEUR RADIO 
By HERB S. BRIER, W4E &O 
Amcíeur RcIdio Editor 

PROTECTING OUR FREQUENCIES 

BY INTERNATIONAL law, the amateur 
bands that are allocated between 3.5 

and 29.7 MHz in North America are ex- 
clusively amateur. In other parts of the 
world, all of the 3.5- to 4 -MHz band is 
shared by many services, and the top 200 kHz 
of the 7 -MHz band is assigned to short- 
wave broadcasters. Of course, we can do 
nothing about the foreign stations operat- 
ing legally in our bands. But amateur ra- 

dio is fighting a constant worldwide battle 
trying to take over more and more ama- 
teur frequencies. 

Refusing to vacate a frequency when a 
commercial intruder moves in is sometimes 
effective with a low -power intruder, but 
does nothing against the super -power prop- 
aganda broadcasting stations; they don't 
seem to care whether anybody listens to 
them or not. The battle against the in- 

AMATEUR STATION OF THE MONTH 

Bruce John Rogers, WNODUP, 3043 32 Ave. South, Minneapolis, Minn. 55406, spurred by his interest in 
radio, is now studying Electri :al Engineering at the University of Minnesota. Operating on 40 meters with a 

National NC -303 receiver, a Heathkit DX -40 transmitter, and a doublet antenna, he has logged 32 states. 
A 1-year subscription to POPULAR ELECTRONICS goes to WNODUP for winning this month's Amateur Station 
Photo Contest. You can enter the contest by sending a clear photograph of yourself at the controls of your 
station with some details about your amateur career to: Amateur Station Photo Contest, c/o Herb S. Brier, 
W9EGQ, Amateur Radio Editor, POPULAR ELECTRONICS, Box 678, Gary, Ind. 46401. A good Polaroid shot will do. 

76 POPULAR ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


truders is being fought by the volunteer 
"Intruder Watches" sponsored by the Amer- 
ican Radio Relay League, Inc. (ARRL), 
the Radio Society of Great Britain (RSGB), 
plus other national amateur societies. The 
ARRL Intruder Watch has been in opera- 
tion for over four years, and the RSGB 
group for even longer. 

When an Intruder Watch volunteer hears 
a suspicious signal in an amateur band, he 
notes its frequency, call letters, and other 
pertinent data. If the signal is from an il- 
legal intruder, the information is tele- 
phoned to the nearest FCC monitoring sta- 
tion (ARRL pays for the phone call). The 
FCC monitoring network then swings into 
action to verify the report. If correct, the 
U.S. State Department requests the govern- 
ment of the illegal station to remove it from 
the amateur bands. 

The Intruder Watch has succeeded in get- 
ting many interlopers removed from our 
bands -often after repeated reports. And 
even when the protests are apparently ig- 
nored, the Intruder Watch is still serving 
amateur radio. At the next international 
telecommunications conference, its work will 
refute any claims that no one was injured 
by the illegal operations. 

Although some Intruder Watch volun- 
teers have very sophisticated equipment, 
any amateur or shortwave listener with a 
good, well - calibrated amateur receiver and 
enough knowledge of international amateur 
frequency allocations to be able to differen- 
tiate between legal and illegal occupants of 
the bands is capable of becoming a useful 
member of the Intruder Watch team. If you 
are interested and are willing to give a few 
hours a week to the program, write to "In- 
truder Watch," ARRL, 225 Main. St., New- 
ington, Conn. 06111. 

Oklahoma City Amateur Classes. An in- 
teresting feature of the amateur code and 

theory classes conducted several times a 
year by the Aeronautical Center Amateur 
Radio Club (Postal Station 18, Oklahoma 
City, Okla. 73169) and the Oklahoma City 
VHF Amateur Radio Club (821 N.E. 65th 
St., Oklahoma City 73105) is the fee struc- 
ture. Each student who completes the coarse 
has his $4 returned in the form of a check 
made out to the Federal Communications 
Commission to pay his amateur examination 
fee. Students who drop out of the classes 

Proudly displaying the plaque awarded him by the 
Medical Amateur Radio Council is Dr. Alson E. Bra- 
ley, WOGET. A dedicated radio amateur, Dr. Braley 
is head of the Department of Ophthalmology at the 
University of Iowa. The plaque is in recognition of 
his founding the Amateur Radio Eye Bank Network. 

SO SOLID STATE 5 -BAND RECEIVER 
SEND FOR FREE LITERATURE MODEL R -5 

Continuous Coverage .54 to 54 me 
Variable beat frequency oscillator 
Includes 6 -meter ham band 
And the 30 to 50 me police bands 
Fully transistorized - Bandspread 
Noise limiter - Optional battery pack 

WIRED AND TESTED $89.95 

AM ECO DIVISION OF AEROTRON BOX 6527, RALEIGH, N. C. 27608 

CIRCLE NO. 1 ON READER SERVICE PAGE 
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599.90 
buys you 
Panther. 
3Ibs.of 

great 
radio. 

PANTHER 

PEARCE-SIMPSON 

Panther, new from Pearce -Simpson. 
Small pricetag: $99.90. 
Small radio: just 3 compact lbs., in a 

high -impact Cycolac ® cabinet. 
But big value: 5- channel solid state CB radio 

with a Class B push -pull audio amplifier, 
super- sensitive receiver, full powered transmitter 
(4 watts output), a noise limiting circuit that 
virtually eliminates ignition and alternator noise, 
very low current drain (0.3 amps received). 
All backed up by Pearce -Simpson. 

You can get Panther with a palm microphone 
at no extra cost; with a telephone handset 
it's a little more. 

Panther. From Pearce -Simpson. 
Sleek. FCC type accepted 

Pearce -Simpson, Inc./ P.O. Box 800 
Biscayne Annex, Miami, Fla. 33152 PE -1268 
Gentlemen: Please send me complete information 
about Panther and your other new CB radios. plus 
a list of dealers nearest me. 

Name 

Address 

City State Zip 

Pearce- Simpson 
Div. of the GLIImma Corp. 

CIRCLE NO. 46 ON READER SERVICE PAGE 
78 

or who do not take the test forfeit their $4. 
(It's not clear whether students who take 
the Novice test -for which there is no fee - 
get their money back or if it is held in es- 
crow a reasonable time until they are ready 
for a higher grade test.) 

The Oklahoma City amateur classes are 
designed to prepare students for all classes 
of amateur licenses from Novice to Extra 
class. For details on the next series of les- 
sons, contact either club. 

Amateur Radio at GOP. Did you work 
K4GOP in Miami during the Republican 
convention? The Dade County, Florida 
amateurs with the help of Charles Colvin, 
W4LVV, Southeastern ARRL Director 
(who arranged for financial assistance from 
ARRL) and Andy, W4IYT, editor of "Flor- 
ida Skip," set up a special amateur station 
at the convention for the convenience of the 
delegates. The Federal Communications 
Commission cooperated with them by au- 
thorizing the use of the special call letters, 
K4GOP. Eight -hundred -forty-seven mes- 
sages, including some to Vietnam, from 
convention delegates and guests were han- 
dled through K4GOP during the conven- 
tion. Equipment used included a Swan 
500 -C transceiver and a Heathkit HW -12A 
transceiver. Thanks to "Florida Skip" for 
this information. 

Bill Molnar, WA3JGQ, Mason Town, Pa., worked 24 
states in 41/2 months as a Novice with his Knight - 

Kit T -60 transmitter and Heathkit HR -10B receiver. 

FCC News. The Federal Communications 
Commission's proposed modifications of 
Novice regulations should go into effect 
shortly. Novice licenses will be issued for 
two years for code operation only. But un- 
der the new setup, any citizen who has not 
held a valid U.S. amateur license in the 

(continued on page 82) 
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Model M-2111; 

Break - through ! 
9 

The dual -gain, double dipole' antenna speciáfsts brand 
w: -.,r .t 

COL L 1111ER 
omni- directional CB antenna with 5 dB gain! 

True 5 dB omni- directional gain! 25% more true gain 
than any other omni -directional CB antenna made! 
AND Super Collinear is the only omni -directional antenna 
which you can adjust to radiate a directional signal with 
8 dB rejection of unwanted signal off the back side. 

Super Collinear achieves its superior perform- 
ance with twl '/z -wave length dipole radiators, 
one above the other with a 1/a -wave length separa- 
tion. The dot.ble radiation patterns are additive 
and the composite pattern is lowered toward the 
ground. The result is a "dual- gain" effect -in 
excess of 5 do! 

The upper 1/2-wave dipole is 17 feet long and 
mounts in a conventional manner. A 22 foot cable 
forms the second dipole and 1/e -wave separator. 
The 5 db omni -directional gain is achieved by 
mounting the cable dipole at an angle of less than 
30' from vertical beneath the antenna base. To 
reduce directional interference, a forward pattern 
of 5 db gain with an 8 db front -to -back ratio can 
be achieved by increasing this angle to between 
45 and 75`. 

The Super collinear s phasing transformer pro- 
vides resonance over all 23 channels. VSWR is 
1.5 to 1 or less. A new super "Stati -lite" ball de- 
creases receiver noise better than ever. The 
Super Collinear has a direct ground for lightning 
protection. 

ciuggeated Reea2e $34 9s 

Cable dipole strung down- To achieve directional rejec- 
ward at angle less than 30° tion cable dipole may be 
produces 5 db omni -direc- strung at angle up to 75° from 
tional pattern. vertical. antenna 

specialists co. 
Div. of A len Electric & Equipment Co. 
12435 Euclid Ave., Cleveland, Ohio 44106 
Export O =fica: 2200 Shames Dr., Westbury, N.Y. 11590 

CIRCLE 
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the most popular books 
from ALLIED'S west collection of 
Electronic Information... 

ORDER DIRECT FROM THIS AD! 

cs 
aurfo 

ELECTRONICS DATA 

IHANDBOOK 

Mow to build 
electronic kits 

A 

tape recorder 

Encyclopedia of Electronics 
Components: $100 

esrcrL.n1-nl T 

F.LFIIguSp'. 
ruHfl AEST6 

80 

Up -to -date book lists 
over 350 of the most used 
electronic components in 
use today. Each compo -, 
neat is listed in alphabet- 
ical order with a concise 
and easily understood 
description. 128 pages. 
53'x83a ". 

Complete 14- Volume Set, 

Allied's Electronic Library 
Only $6.25, Postpaid 

SAVE $3.00 
$9.25 If Purchased Separately 

Fourteen expertly written, 
illustrated authoritative books - 
an extremely useful library 
developed especially for you by 
Allied's Electronic Experts. An 
incomparable value. 
ELECTRONIC BOOKS FOR HOBBY, 
SCHOOL, OR HOME STUDY I Easy to 
read ... use ... understand. 

Dictionary of Electronic 
Terms: $100 

Defines over 4800 elec- 
tronic terms in general 
usage. Knowing the lan- 
guage of electronics 
makes it easy to describe, 
explain, and discuss ideas 
and equipment.112 pages. 
6 x 9 ". 

Electronics Data Handbook: 

4ErffO 
ELECTRONICS DATA 

HANDBOOK ^Ñ: 

$100 

Revised and enlarged 5th 
edition. Contains formu- 
las, symbols, standards, 
tables, and charts. In- 
cludes: math, constants, 
symbols and algebraic 
formulas.112 pages. 6 x 9 ". 

GETTING STARTED IN ELECTRONICS: Ex- 
cellent introduction to basic radio theory in sim- 
ple language. Includes projects such as building 
a crystal set, walkie- talkie, transistor radio set. 
112 pages. 51/2 u 8 %2 ". .50 
UNDERSTANDING AND USING YOUR OS- 
CILLOSCOPE: Tests, measurements, basic 
principles. 128 pages. 51/2 x 81/2". .75 
USING YOUR TAPE RECORDER: Helpful 
hints on every phase of recording. 96 pages. 

51/2 x8 % ". .50 

ALL ABOUT HIGH -FIDELITY AND STEREO: 
Helps you to select stereo components. 96 pages. 
5%2x8% ". .50 
INTEGRATED CIRCUITS FUNDAMENTALS 
AND PROJECTS: An introduction to integrated 
circuits in easy -to- follow, non -technical language. 
112 pages. 51/2 x 81/2". .75 

UNDERSTANDING SCHEMATIC DIAGRAMS: 
Easy to understand. Detailed explanations. Up- 
to -date. 112 pages. 51/2 x 81/2". .75 
UNDERSTANDING TRANSISTORS AND 
TRANSISTOR PROJECTS: Transistor applica- 
tions, characteristics and construction projects. 
112 pages. 51/2 x 81/2". .75 
UNDERSTANDING AND USING CITIZENS 
BAND RADIO: Obtaining your license, choosing 
equipment, on the air operating procedures. 112 

pages. 51/2 x 81/2". .50 
HOW TO BUILD ELECTRONIC KITS: How 
to identify parts and components: installing and 
connecting. 96 pages. 51/2 o 81/2". .50 
BEST WAYS TO USE YOUR VOM -VTVM: 
Explains methods for testing components. 96 

pages. 51/2 x 81/2". .50 
BUILT -IN STEREO HI -FI MUSIC SYSTEMS 
Helps you make a custom hi fi system installation 
and get the most from your components. 16 pages. 
81/2 x 11 ". .25 

ALLIED BOOK ORDER FORM 
14- Volume Allied Electronic Library 

(complete set) 23 PA 7409 EP.. $6.25 

Encyclopedia of Electronic Com- 
ponents 23 PA 1930 EP $1.00 

Understanding Schematic Diagrams 
23 PA 7931 EP .15 

Understanding and Using Your Os- 
cilloscope 23 PA 1932 EP .15 

Electronics Data Handbook 
23 PA 1398 EP $1.00 

Understanding Transistors and 
Transistor Projects 
23 PA 1602 EP .75 

Getting Started In Electronics 
23 PA 1705 EP .50 

Using Your Tape Recorder 
23 PA 7730 EP .50 

Dictionary of Electronic Terms 
23 PA 7756 EP $1.00 

Understanding and Using Citizens 
Band Radio 23 PA 7701 EP .50 

How To Build Electronic Kits 
23 PA 7066 EP .50 

Best Ways To Use Your VOM 
VTVM 23 PA 7067 EP .50 

All About High -Fidelity and Stereo 
23 PA 7699 EP .50 

Built In Stereo Hi-Fi Music System 
23 PA 7603 EP .25 

Integrated Circuits Fundamentals 
and Projects 23 PA 7625 EP .75 

Fill out coupon below, enclose check or money order 
for exact amount, mail to ALLIED RADIO, P.O. Box 
4469, Chicago, Illinois 60680. All Books Postpaid. 

(please print) 

NAME First Middle Last 

ADDRESS 

CITY 

STATE 
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7" reel 
3 for 

$795 

Knight -Kit Ignition System 
Saves Gas, Plug Life! 
Capacitive discharge. Easy to as- 
semble and install yourself! 
For any 12v system. Wt. 21/2 lbs. 
22 PH 9575X ...28.95 

SAVE $1.62 on Allied's 
Deluxe "265" Recording Tape 
1 -mil "Mylar ": 1875 ft. per reel. 
Has sensing foils, tape head 
cleaner. Shpg. wt. 4 lbs. 
15 PH 015... 3/7.95 

Shuts off hi -fi system 
when last record has played 
Quick, easy installation. For any 
make record changer. 12 oz. 
24 PH 9234 4 95 

YOUSAVE 
A 

S NI 

SEE HOW 
OUTSTANDING 

VA 

THESE 
OUTSTA 

NE 

ORDER 
2 for 

$2095 

Set of Three 
Stereo Demo Records 
Tests and demonstrates your 
stereo system performance. 
12 -in., 331/2 rpm. 2 lbs 
24 PH 9010E 3/3.29 

brabrair.1 

HIS PAGE 

Buy 2nd Utah "Celesta" 3 -Way 
Speaker for $1.00 More! 
Two 8" three -way speakers for 
$1 more than the price of one! 
Full 35- 20,000 Hz response. 15 
watts capacity. Wt. (2), 22 lbs. 
20 PH 8224.1/19.95.2/20.95 

SAVE $19 98 
Al ied 'Mark 26' Antenna 
Plus Alliance T-45 Rotator 
For Color, B &W VHF, UHF and 
stereo FM. 26- element gold - 
corodized antenna plus weather- 
proof rotator, control box. 21 lbs. 
11 PH 0081 L2ZW 39.95 

$549 

Parts Cabinet with 
30 'See -Thru' Drawers 
Steel frame. 93/4 x 17 x 
161/4 ". Wt. 9 lbs. 
24 PH 9028X 5 49 

10 for 98¢ 
25 -ft. coils Hookup wire 
Stranded copper, asstd. 
gauges, insulations, 
colors. Wt. 13/4 lbs. 
24 PH 9935.. 

Pkg. of 10/980 

SAVE $3.00 on Allied's 
14 -Vol. Electronics Library 

Reg. $9.25 if 
purchased separately 

$625 
for complete / library 

For hobby, school or home 
study: expertly written and 
illustrated; easy to read and 
use. Incomparable value. 
Postpaid in U.S.A. 

23 PH 7409 EP 6 25 

984 

Crystal Lapel Mike 
Clips to pocket. 60 -5000 
Hz. From Japan. 6 oz. 

`,24 PH 9881 980 

$1" 
ALLIED 

Stock No. Quan. 

Dept. 065. P. 0. Box 4469, 
Chicago, III. 60680 

Item Price Ea. Tot. Price 

Diamond Needle 
Type CRA -55XD, for 
Astatic, BSR, Vaco and 
other. 2 oz. 
16 PH 1669 1 69 

NOTE: Minimum order $5.00, Shpg. Charges 
please. Illinois residents 
add 5% sales tax. Total Enclosed 

Carbon Resistors 
150; 1/z -watt. 10.8200 
Ohms, 10K -820K, 1 -15 
megs. Shpg. wt. 10 oz. 
24 PH 9377 Pk.150/3.95 

Disc Capacitors 
Pkg. of 48, 2pf to 1000 
pf, 50 -5000 V.D.C. 8 oz. 
24 PH 9958 980 

NAME First 

ADDRESS 

CITY 

Middle Last 

STATE ZIP 
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UNUSUAL BARGAINS 
EXCELLENT 
XMAS 

GIFTS, ... MANY U. S. GOV'T SURPLUS 
a5t5 YOUR MUSIC IN DAllLING ACTION with 

Mac 61o11T 
Dramatic Breakthrough 

In Audio-Visual 
Enjoyment 

Now you can have a 
thrilling psychedelic 
"see -in' right in 

*Patent Pending 
, 

yt \ - 

your 
choolw rhbusiñ ss club, 

In fact- anywhere 
you want to add sensational tional "mod" effects. Colored light beams 
dance and prance, whirl and swirl is perfect tine with the music -each 
Individual note creating its own unique twisting, radiating shape. 
Adds a spectacularly wild, new dimension to the world of music and 
entertainment. Combines electronics, science and art with dramatic 
results. Attaches In seconds to your radio, tape recorder. hi -fi or 
stereo with two alligator clips. Can be used on small screens, large 
walls, stages and whole auditoriums. Build your own MusicVision 
with low -cost Do- It- Yourself Kit. Loads of fun! Fast! Easy! All you 
need is a light source. If you don't have one, the versatile Edmund 
35mm 500 Watt Projector Is a terrific bargain. All kinds of other 
uses too -set up to accept motorized accessories. Also available in 
15 "x15 ̂ x27" Walnut Cabinet Model. Tube Unit, or 8" and 12" Sets 
which i nclude encased 8" or 12" Motiondizer. Color Wheel and set 
of apertures for use with your own 35mm projector. Large 12" set 
provides fabulous effects tor commercial applications. Order by 
stock number listed below. Money -back guarantee. Complete 

in new catalog. Send 250 in coin for fully illustrated, 
in- 

formation . 

Page Booklet No. 9O98AV Introduction to MusicVisiona." 
8" DO- IT- YOURSELF KIT, Stock No. 71,O09AV.... $22.50 Postpaid 
EDMUND 500 WATT 35mm PROJECTOR, Stock No. 71.057AV 

$24.50 Postpaid 
WALNUT VENEERED CABINET MODEL: Stock No. 85,181 

$99.50 F.O.B. 
8' SET (Motiondizer, color wheel, apertures) Stock No. 71.O30AV 

Postpaid 
12" SET (same as above w /larger Motiondizer) Stock 

$45.00 
71,032AV 

$57.50 Postpaid 

TOP QUALITY LOW -COST STROBE 
Genuine electronic strobe 
creates psychedelic or old 
time movie effects. Terrific for 
parties, experiments . . . for 
combos, night clubs, ances, 
exhibitions. Best party Ice- 
breaker ever-"freezes" the 
action and "unfreezes" 
guests. Practical too -check 
action of moderate -speed ma- 
chinery. Xenon lamp gives one 
million flashes. 61/2" diem. re- 
flector. Uses reg. 110 -120 
volt A.C. current. Handsome 

solid walnut cabinet, 91/2" x O3é" x 4 ". Send for Bulletin #75- 
describes other startlingly new unique lighting effects. 
Stock No. 70,989AV $79.95 Ppd. 

NEW LOW -COST ULTRASONIC CLEANER 
Top. quality Vard pint unit for 
only $39.95. Cleans dirt, 
grime completely, quickly-, 
safely. Small delicate parts, 

r cision electronic items, lab 
ins truments. jewelry, coins. 
even dentures sparkle like 
nett. American- made -oper- 
tes on regular house current. 

Solid state generator w /auto- 
matie turn -off. Power regulat- 
ing knob. No shocks. No radio 
interference- 8" x 4^ x 4^ 
stainless. 
Stock No. 71 003AV ..... 
LARGE INDUSTRIAL It /2 GAL. SIZE 
No. 85,128A V (Wt. 37 lbs. ) 

539.95 Ppd. 

8249.95 FOB 

TO USE TELESCOPE" book. 
Stock No. 85,050AV 
Stock No. 85.105AV 
Stock NO. 85.O66AV 

3" Astronomical Telescope 
See the stars. moon, phases of 
Venus, planets .lose up. 60 to 
180 power. Aluminized and 
over -coated 3" diameter f /1O 
primary mirror ventilated cell. 
Equatorial mount with locks 
on both axes. Equipped with 
OOX eyepiece and mounted 
Barlow lens. 3X finder tele- 
scope, hardwood tripod. In. 
eluded: STAR CHART ": 272 - 
page .'HANDBOOK": HOW 

q 
5 29.95 Ppd. 

41/6" REFLECTOR $199.55 FOB 

Order by Stock No. -Check or M.O.- Money -Beek Guarantee 
EDMUND SCIENTIFIC CO., 300 EDSCORP BUILDING 

BARRINGTON, NEW JERSEY 08007 

GIANT FREE CATALOG "AV" 
Completely new 1809 edition. New ¡teals, categories. 
illustrations, 148 easy -to -read pages packed with 
4000 unusual items. Dozens of electrical and electro- 
magnetic parts, accessories. Enormous selection of 
Astronomical Telescopes, Microscopes. Binocttlars, 
Magnifiers, Magnets, Lenses. Prisms. Many war 
surplus items: for hobbyists, experimenters. work- 
shops. factory. Write for catalog "AC ". Include Zip. 

NUMBER SEND CMECV OR MONEY ORDER MONETBACrt GUARANTEE 

EDMUND SCIENTIFIC CO. 300! G°SCORW 1BERSEYDa0107 
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previous year is eligible to apply for a 
Novice license, a liberalization of the old 
rule that prevented anyone who had ever 
held a U.S. amateur license from obtaining 
a Novice license. On the other hand, under 
the new rules, a licensee cannot hold both a 
Novice and a Technician license simulta- 
neously. The latter seems to negate the 
Commission's ruling that a Technician who 
had never held a Novice license was eligible 
to apply for one. 

1968 -69 160 -Meter DX Tests. At 0500 to 
0730, GMT, December 1, 15, 29, January 12, 
February 2 and 16 are the times of this 
season's transatlantic tests. Sixteen and a 
half hours before these early Sunday morn- 
ing (EST) tests, the transpacific version of 
the tests is scheduled between 1330 and 
1600 GMT. 

Donald Demik, WA9BYF, (left) being congratulated 
by Philip Haller, W9HPG, ARRL Central Division Di- 
rector, upon being selected Illinois Amateur of the 
Year for 1968 at the 34th Annual Hamfesters Outing. 
As CD Communications Officer for Evergreen Park 
and Oaklawn, Ill., Don spends much time teach- 
ing others to handle emergency communications. 

Amateur Electrocuted. The Oklahoma 
City VHF Amateur Radio Club News re- 
ports that James Roush, WA5MEI, Cres- 
cent, Okla., was accidently electrocuted 
while putting the finishing touches on his 
new amateur "shack." According to Jim, 
WA5TXO, his dad was putting his tools 
away when he came in contact with a 117 - 
volt extension cord and was killed. WA5MEI 
was Civil Defense Director and Radio Of- 
ficer for Crescent, Oklahoma, at the time 
of his death. 

POPULAR ELECTRONICS 
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NEWS AND VIEWS 
Ron Brown, WN2EKW, 260 Ellen Dr.. Buffalo. N.Y. 

14225. transmits with aid of a homebrew 75 watter 
and receives on a Heathkit HR -10B. His antenna 
is a dipole and he has worked 39 states -36 con- 
firmed. Hawaii rates as his best DX. Ron reports 
that a Worked All States (WAS) net meets each 
Monday at 1000 GMT (5:00 a.m., EST) on 7170 kHz. 
Twenty states are represented so far. Get more 
information from WN2EKW . . . Darrell "Buck" 
Buxton, WN8AEZ, 132 Elk St., Gassaway. W. Va. 
26624 also has confirmations from 36 of the states 

Walter H. Treftz, KL7GGU, Anchorage, Alaska, has a 

well- outfitted station with, on the table, left to right, 
a Heathkit Apache /SB -10 transmitter and Collins 
51 -J3, Hammarlund SP- 600 -JX, and Hallicrafters 
S -36 receivers. Antennas -a 10/15/20 -meter beam 
and 80- and 40 -meter dipoles. He didn't identify 
the unit at lower left- possibly an antenna tuner? 

he has worked, mostly on 15 meters. He has five 
countries worked. A Heathkit DX4100B transmitter 
cranked down to 75 watts driving a Hy -Gain 18 -V 
vertical antenna, and a Hallicrafters SX -99 re- 
ceiver completes the WNBAEZ equipment cata- 
logue . The Medical Amateur Radio Council, 
Ltd., (MARCO) Newsletter reports that C. L. Sam- 
uelson, M.D., K8WYP, 1968 -69 president of MARCO 
was awarded the 1968 American Petroleum Cer- 
tificate of Appreciation for Distinguished Service. 
The citation covers his work in the fields of 
Medicine, Toxicology, Health, and atmospheric 
pollution. Doctor Samuelson is the Medical Direc- 
tor of the Marathon Oil Company, Findlay, Ohio 

. Scott Gray, WN6EBL, Inglewood, California, tees 
off against amateurs who downgrade Technician 
class licensees, because the instructor of his club's 
amateur radio course told him not to become a "6- 
meter lid." Cool it, Scott! Cool it! Neither the class 
of license or the band operated has anything to do 
with being a "lid." The recent indictment of three 
75 -meter operators for allegedly using profane and 
obscene language on the air proves that. Why be 
a "lid" on any band? 

Kenneth Smyth, WA2WXR /KG6, WN2WXR /WG6, 138 
1st Street, N.A.S., FPO, San Francisco. Calif. 
96637, has been a forlorn voice on the 21 -MHz Nov- 
ice band. No one has answered his calls from 
Guam with a 75 -watt transmitter feeding an in- 
verted V antenna, although he does ragchew with 
K7HIX /KG6 on 50 MHz. Things will be different - 
he hopes -when Ken gets his Vee beam and new 
equipment in operation. Ken points out that the 
answer to our recent speculation as to when the 
first WC6 call will be issued in California is prob- 
ably never, because WC6 is the Novice prefix for 
the Caroline Islands. The WD6 prefix is open, 
however ... Thomas C. Clancy, WA3GUI, 11318 Cherry 

December, 1968 

...a gift for 
all seasons 

Dual Heat Soldering Gun Kit 
Here's all the homecrafter needs for hobby and 
electrical soldering. Fast heating gun has two - 
position trigger for 100 -watt or 140 -watt heat, 
plus spotlight. Kit includes 2 extra tips, wrench, 
soldering aid, flux brush and solder... $995 
all in plastic utility case. Model 8200PK. list 

Heavy -Duty Gun Kit features 240/325 watt 
soldering gun with accessories in $1395 
rugged plastic case. Model D- 550PK. list 

'e!lBCO 0- 
BERING IRON :AT 

e,, %ra 

- Ïntt` .ee 

MARKSMAN 
Soldering Iron Kit 

Featherweight 25 -watt 
pencil iron outperforms 
all others of its size 
and price. Has long -reach 
stainless steel barrel and 
impact resistant handle. 
Holiday wrapped with three 
replaceable tips, soldering 
aid and solder. $444 
Model SP -23K. list 

Available In Canada 
WELLER ELECTRIC CORP. 

Easton, Pa. 
World Leader in Soldering Tools 
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ant 

vr^ . vr" 
Fill in coupon for a FREE One Year Subscrip -' 
tien to OLSON ELECTRONICS' Fantastic Value 
Packed Catalog- Unheard of LOW, LOW PRICES 
on Brand Name Speakers, Changers, Tubes, 
Tools, Stereo Amps, Tuners, CB, and other Val- 
ues. Credi plan available. 
NAME 
ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
his name and address for a FREE subscription 

send 
also. 

OLSON ELECTRONICS 
286 S. Forge Street Akron, Ohio 44308 

PID r e Sin 9a nu nvovrec DAGC 

Free Sound 
Catalog 
The largest 
selection of 
speaker system 
components. 
Anywhere. 

Send for your 
free copy...today! énsen 

Jensen Manufacturing Division, The Muter Company 

5655 West 73rd Street Chicago, Illinois 60638 

NAME 

ADDRESS 

CITY STATE ZIP 
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Hill Road, Apt 
his amateur ca 
mitter and a St 
15 states with 
the same ante 
Heathkit DX- 
HR-10 helped 
All states and 
certificate, and 
claims to fame 
Meadow Circle 
small in the 
seven watts to 
and Mexico in 
30' high, and 
also involved i 
will have his 
and on the air 

Doug Pongranc 
Burrell. Pa. 15 
Technician to 
on the VHF's 
DX -20 transmi 
ceiver have log 
antennas -a 12 
-do the rad 
Versailles, Ind 
worked 44 sta 
months with 
receiver, a Hy 
an assortment 
is a 15 -wpm co 
sion on the Ta 
Seattle killed 
reported into t 
ice net on 7255 

303, Beltsville. Md. 20705. started 
eer with a Knight -Kit T -60 trans- 
r Roamer receiver, and he worked 
trap dipole antenna. He still has 

na, but the transmitter is now a 
IB, and the receiver a Heathkit 
ong with an AMECO preamplifier. 
countries worked, a 25 -wpm code 

n Advanced license are his present 
. Alan Brown, WNSVQT, 2849 Bay 

Dallas, Texas 75234, started out 
ransmitter department. Running 
homebuilt rig, he worked 12 states 
ree weeks. An inverted -V antenna. 
Knight -Kit R -100A receiver were 
this 40 -meter work. Probably Alan 
ew 50 -watt transmitter completed 
by the time you read this. 

WA3JBN, 316 Donnell Road, Lower 
8, travelled the road of Novice, to 
eneral license but has never been 
On 7 and 21 MHz, his Heathkit 
ter and Hammarlund HQ -110 re- 
ed 32 states and six countries. Two 
high dipole and homebrew vertical 
ating . Eric Fridman, WA9ZBB, 
, gets right to the point. He has 
es and 14 countries in about four 

Drake T -4XB transmitter, R -4A 
Gain 18AVQ vertical antenna, and 
of dipoles. Among his QSL cards 
e certificate ... In July, an explo- 
ker Mobiloil 400 miles northeast of 

man. W6SGW /MM on the tanker 
e West Coast Amateur Radio Serv- 
kHz requesting a phone patch into 

Doug Pongrancs, WA3JBN, Lower Burrell, Pa., oper- 
ates his station on 15 and 40 meters with a 12'. 
foot dipole bzcked up by a home -built vertical. 

San Pedro; so that the captain could talk to the 
home office. Through the help of K6KZI. W6FXZ, 
and W7MKW, as well as a multitude of WCARS 
member who stood by ready to help, the "patch" 
was completed and the Mobiloil headed for port... 
William P. Molnar, WA3JGQ, 214 Cumberland Ave., 
Masontown, Pa. 15461, went from. Novice to Gen- 
eral in less than five months. He feeds 60 watts 
to a Knight -K t T -60 transmitter to nourish either 
a 40- or 15 -meter dipole; but, as all his 24 states 
were worked on 40 meters. he apparently doesn't 
spend much time on "15." Bill receives on a Heath - 
kit HR -10B. 

You will probably never see your "News and 
Views" or pict'ire in your column, unless you write 
that letter you have been planning. Sharp, black 
and white pho os are best. We are also most inter- 
ested in continuing to receive your club bulletin 
or being put on your mailing list. Send all material 
to: Herb S. Brier, W9EGQ, Amateur Radio Editor, 
POPULAR ELECTIONICS. P. O. Box 678, Gary, Indiana. 
46401. Merry Christmas! 

84 

73. Herb, W9EGQ. 

POPULAR ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Space -age sophistication 
in hand -held 2 -way CB Radio! 

It's here! A complete, all -new series of heavy duty hand -held CB transceivers. With all the 
performance, and many of the features you'll find in COURIER s finest base and mobile rigs. 
New freedom, new flexibility. The cleanest, longest -range signals that ever travelled between 
hand -held units. 

Five value -packed mode s. 5 watts, 6 channels...to 100 milliwatts, 3 channels. All with Integrated 
Circuits -for unmatced service, unusual reliability... on the road, on the farm, on the water... 
at sports and news events. .around town; campus, ski area, film location, resort...around the home. 

And this miniaturized "space -age" circuitry enhances electron ?c characteristics, makes room 
for new features, extra functions! 

All units are fully weatherproof... ruggedly engineerec /...yet slim, sleek, compact. 
Check all the features, all the facts On this 'break- ,/ through' COURIER CWT Series. 
Mail the coupon today! 

CWT -50: 5 Watts. 6 Channels. 
3 Integrated Circuits. 
Only $99.95 

CWT -40: 3 Watts. 6 Channels. 
3 Integrated Circuits. 
Only $79.95 

CWT -30: 1 Watt. 3 Channels. 
Integrated Circuit. 
Only $49.95 

CWT -20: Half -watt. 3 Channels. 
Integrated Circuit. 
Only $39.95 

CWT -10: 100 Milliwatts. 3 Channels. 
Integrated Circuit. 
Only $29.95 

PLUS: a full line of optional 
accessories - for added 
convenience, versatility and 
communication pleasure. 

COURIER 
COMMUNICATIONS, INC. 

439 Frel ng,uysen Ave., Newark, N.J. 07114 
a NJ' ast s.e.- Company 

Dept. H -812 

Yes. I want further information on Courier Hand -held 
Transceivers with integrated circuits. 

Name 

Address 

Clay State Zip 
CIRCLE NO. 47 ON READER SERVICE PAGE 
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Two more examples of how 
RCA Institutes provides 
up- to- the -minute Home Training 
in all phases of electronics: 

NEW CATV 
LESSONS 
The demand is heavy for technicians 
in the booming field of CATV 
(Community Antenna Television 
Systems). 

CATV was initially used to make it 
possible for large numbers of 
television receiver users to get good 
reception in remote areas through 
the use of a common antenna. It now 
brings to more people more programs 
than are available from local stations. 
It also improves reception where 
multipath signal transmission exists. 

RCA Institutes includes two 
comprehensive lessons, covering the 
practical phases of CATV systems 
and servicing in Television Servicing 
and Communications courses and 
programs at no additional total 
tuition cost. Get in on the ground 
floor of this rewarding and expanding 
field. Send for full information today! 

NEW 
COLOR TV KIT 
To make courses even more practical and 
to better prepare you for a more rewarding 
future, RCA Institutes now includes an 
exciting Color TV Kit in both the 
beginner's program and the advanced 
course in color TV servicing. The cost 
of the kit is included in the tuition - 
nothing extra to pay. You also get five 
construction /experiment manuals plus 
a comprehensive service manual. 

You'll receive all the materials and 
components to perform over 50 
information -packed experiments. When 
you finish you'll have constructed an 
18" (measured diagonally) high quality, 
color TV set, complete with rich 
cabinet in wood grain design. 

Get all the details on RCA Institutes' 
valuable new Color TV Kit! 

SEND THE ATTACHED CARD TODAY! 

Prepare yourself 
for a career 

in the expanding 
field of CATV. 

This is the high quality 
color TV set you'll 

construct, complete 
with rich cabinet 

in wood grain design. 
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Learn electronics at home faster, easier, 
almost automatically 
Are you just a beginner with an interest 
in the exciting field of electronics? 
Or, are you already earning a living in 
electronics and want to brush -up or 
expand your knowledge in a more 
rewarding field of electronics? In either 
case, AUTOTEXT, RCA Institutes' own 
method of Home Training will help you 
team electronics more quickly and with 
less effort, even if you've had trouble 
with conventional learning methods 
in the past. 

THOUSANDS OF WELL PAID JOBS 
ARE OPEN NOW TO MEN SKILLED 
IN ELECTRONICS! 

Thousands of well paid jobs in 
electronics go unfilled every year 
because not enough men have taken 
the opportunity to train themselves for 
these openings. RCA Institutes has done 
something positive to help men with 
an aptitude and interest in electronics 
to qualify for these jobs. 

HOME STUDY CAN TRAIN YOU FOR 
REWARDING CAREER OPPORTUNITIES 

To help fill the "manpower gap" in the 
electronics field, RCA Institutes has 
developed a broad scope of Home 
Training courses, all designed to lead 
to a well paying career in electronics 
in the least possible time. You also have 
the opportunity to enroll in an RCA 
"Career Program" exclusively created 
to train you quickly for the job you 
want ! Each "Career Program" starts with 
the amazing AUTOTEXT Programmed 
Instruction Method. And, all along the 
way, your program is supervised by 
RCA Institutes experts who become 
personally involved in your training 
and help you over any "rough spots" 
that may develop. 

VARIETY OF KITS ARE YOURS TO KEEP 

To give practical application to your 
studies, a variety of valuable RCA 
Institutes engineered kits are included 
in your program. Each kit is complete 
in itself, and yours to keep at no extra 
cost. You get the new Programmed 
Electronics Breadboard for limitless 
experiments, including building a 

working signal generator, multimeter, 
and a fully transistorized 
superheterodyne AM receiver. 

December, 1968 

with RCA AUTOTEXT 
ONLY FROM RCA INSTITUTES - 
TRANSISTORIZED TV KIT - 
VALUABLE OSCILLOSCOPE 

All students receive a valuable 
oscilloscope. Those enrolled in the 
Television program receive the all -new 
transistorized TV Kit. Both at no extra 
cost and only from RCA Institutes. 

CHOOSE THE "CAREER PROGRAM" 
THAT APPEALS MOST TO YOU 

Start today on the electronics career of 
your choice. Pick the one that suits you 
best and mark 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 

ADVANCED TRAINING 

For those already working in electronics, 
RCA Institutes offers advanced 
courses. You can start on a higher level 
without wasting time on work you 
already know. 

2 CONVENIENT PAYMENT PLANS 

RCA Institutes offers a unique tuition 
plan that lets you progress at your own 
pace. You only pay for lessons as you 
order them. You don't sign a contract 
obligating you to continue the course. 

r 

l.. 

There's no large down- payment to lose 
if you decide not to continue. 

However, if you desire, RCA Institutes 
also offers a convenient monthly 
payment plan. 

CLASSROOM TRAINING ALSO 
AVAILABLE 

If you prefer, you can attend classes at 
RCA Institutes Resident School, one 
of the largest of its kind in New York 
City. Coeducational classroom and 
laboratory training, day and evening 
sessions, start four times a year. Simply 
check "Classroom Training" on the 
attached card for full information. 

JOB PLACEMENT SERVICE, TOO! 

Companies like IBM, Bell Telephone 
Labs, GE, RCA, Xerox, Honeywell, 
Grumman, Westinghouse, and major 
Radio and TV Networks have regularly 
employed graduates through RCA 
Institutes' own placement service. 

SEND ATTACHED POSTAGE PAID 
CARD TODAY. FREE DESCRIPTIVE 
BOOK YOURS WITHOUT OBLIGATION. 
NO SALESMAN WILL CALL. 

All RCA Institutes courses and 
programs are approved for veter- 
ans under the new G.I. Bill. 

Accredited Member 
National Home Study Council 

IF REPLY CARD IS DETACHED -SEND THIS COUPON TODAY 
RCA INSTITUTES, Inc., Dept. PEQ -D8 
320 West 31st Street, N.Y., N.Y. 10001 

Please rush me FREE illustrated catalog. I understand that I am under no obligation, 
and that no salesman will call. 

Name Age 
(please print) 

Address 

City 

State Zip Roil 

i 

J 
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SC 

(Contin 

SLID STATE 
ved from page 71) 

ON THE CITIZENS BAND 

(Continued from page 66) 

Pennsylvania's "CB Clean Up" has been 
credited to the policing job done by clubs. 

Hartford's Monitour session was too brief 
to give a fair analysis, but we found no 
outlandish violations in two evenings of 
monitoring. Boston, on the other hand, 
nosed out Denver with the cleanest opera- 
tions we have found in the last year. Of 
the approximately 250 calls monitored in a 
four -day period, we did not encounter a 
code name or a linear power boost. There 
was no vulgarity, profanity or jamming to 
gain access to a channel. 

One emergency call brought a mechanic 
to the rescue at about 1:00 a.m. one morn- 
ing in Boston. A woman driving home from 
work experienced fuel -pump problems in 
her car. A mobile CB'er spotted the car, 
relayed the information to a courteous base 
station female, and stayed with the strand- 
ed woman until help arrived. 

From a year of monitoring, your CB edi- 
tor has finalized the results for 1968. Judg- 
ing only those areas visited in person, the 
locations with the cleanest CB operation 
were (in descending order): Boston, Den- 
ver, Philadelphia, Aspen, Fontana. 

In the final analysis, comments received 
through the mail indicate that Monitour 
68 has aroused enough interest to warrant 
continuing the project in 1969. Readers have 
been more detailed and factual in their re- 
porting since the publishing of Monitour 
reports, and dozens of readers have in- 
vited POPULAR ELECTRONICS to Visit their 
areas to compile in- person statistics through 
Monitour procedures. 

If your CB organization would be in- 
terested in having us make a "live" Moni- 
tour appearance in your area, have a club 
officer send us a request telling us why you 
would like to have your active CB chan- 
nels monitored. Send the request to Matt P. 
Spinello, CB Editor, POPULAR ELECTRONICS, 
One Park Ave., New York, N. Y. 10016. 

In the meantime, the Federal Communi- 
cations Commission has some serious 
thoughts on what CB clubs in all areas 
can do about local problems. As in the past, 
the FCC looks upon CB clubs and organi- 
zations as the best way of policing the 
CB channels in their own areas. The Com- 
mission would like to see organized groups 
continue to constructively reprimand and 
educate area violators, either on an individ- 
ual basis as problems occur, or by planned 
programs conducted by veteran users. 

I'll CB'ing you. -Matt, KHC2060 
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cies, as in video i.f. amplifiers, future units 
may be suitable for the entire upper audio 
through VHF spectrum. 

Motorola has introduced a new line of 
low -cost plastic encapsulated transistors de- 
signed for medium -power applications. In 
a new case, called the Uniwatt, (Fig. 3) the 
units have excellent thermal characteristics, 
whether used al ne or attached to heat sinks 
by means of th copper tabs. Although only 

Fig. 3 "Uniwatt'' plastic encapsulated transistors 
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f a TO -5, the new units can 
watt to 8 watts, depending 

evice heat sinking. These are 
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inued on page 96) 
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view 
The RCA WO -33A Super -Portable 3 -Inch Oscillo- 
scope helps solve virtually any electronics servicing 
problem, inside or outside the shop. Its combination 
of exceptionally low cost and high performance have 
already made it popular as a monitoring and trouble 
shooting 'scope in black and white and color TV 
broadcasting studios, and in professional service. 
And why not? Here's a 3 -inch 'scope that meets your 
requirements for gain, bandwidth, transient response, 
accuracy, versatility, and portability. AND IT'S ONLY 
$139.00.* Also available in an easy to assemble kit, 
WO -33A (K). 

The RCA WO -91C 5 -inch Dual Band Oscilloscope is 
a reliable, heavy -duty, precision 'scope in use in thou- 
sands of installations from classrooms to TV distribu- 
tion systems...from service benches to broadcast 
stations. You probably can't find a better value. Ap- 
plications include waveform analysis, peak -to -peak 
voltage measurement, square -wave testing, and ob- 
servation of circuit characteristics. A front -panel 
switch gives you an easy choice of wide -band or nar- 
row -band (high sensitivity) operation. It's easily port- 
able, AND IT'S ONLY $269.00.* The WO- 91C -V1 is 
available for 240V operation, no increase in price. 

*Optional Distributor resale price. Prices may be 
slightly higher in Alaska, Hawaii. and the West. 

Write for a catalog with complete descriptions and specifications for all RCA 
test equipment: RCA Electronic Components, Commercial Engineering, Depart- 
ment No. 1.133W, Harrison, N. J. 07029 
LOOK TO RCA FOR INSTRUMENTS TO TEST/MEAS. '.- - ' _ 

_ 

_ >IERATE 
CIRCLE NO. 45 ON READER SERVICE PAGE 
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NEW kit GT -18 

$18995 
(less ski) 

NEW kit GR -58 

$4795 

NEW kit TA-313 

$225 °° 

kit SB -310 

$24900 
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The HEATHKIT "Boo 
Introducing the new Hea 
other people can't .. . 

mountain regions ... is 
and long forgotten paths 
usual means. With the G 
dirt roads, or even trails. 
to walk, you can ride wi 
the wrong impression. Th 
than a mini -bike, smaller 
motorcycle -type trail bik 
sheer guts of a mountai 
;á" tubular steel frame is 
4 cycle engine, and it gi 
Performance? You can't 
big by trail bike standard 
short of huge - 18 x 8. 
surface performance .. . 

and 5 horse engine will p 
and rough underbrush ... up steep hills & rocky paths that would put other 

ie- Bike" ... The All- Season Trail Bike 
hkit GT -18 Trail Bike ... it lets you go places 
mote backwoods and forest areas ... rugged 
ated lakes & streams ... rough country roads 

even in the snow . .. places inaccessible by 
-18 you no longer have to depend on paved or 
he GT -18 is only 241/2" wide - if there's room 
this one. But don't let the small size give you 

GT -I8 is full of surprises. It's larger and huskier 
lighter and substantially more powerful than a ... and it has the agility, stability, traction and 
goat. Here's why: Pre- mounted on the welded 
e easy- starting Briggs & Stratton 5 horsepower, 

es the 116 pound GT -18 extraordinary power. 
ouch it for any price. The tubeless front tire is 
(5.30 x 4.50 "), but the tubeless rear tire is nothing 
0 "!! And that's what's behind the amazing all - 
hat 81/2" tread coupled with the two speed shift 
er you thru mud, sand, snow, gravel, tall weeds 

bikes totally out of it. A 
optional ski accessory 
mounting eliminates any 
And stopping is easy an 
type rear brake. Loaded 
spring shock front suspen. ion ... big, comfortable seat ... safety spring - 
loaded throttle ... 400 p. and load capacity and much more. The Heathkit 
All Season Trail Bike is s. much fun you'll be looking for reasons to ride 
it. It's the only way to g when the going gets rough. Order yours today. 
125 lbs. 

d when the going gets snowy, just snap on the 
A -18 -I at $16.95). Heath's unique "grip- lock" 

eed for tools too! 
safe with the big hand -operated Bendix drum 

ith other features too . .. welded steel skid pan, 

HEATHKIT GR -58 S 

The easy way to get up in 
on AM or the bright so 
The "Auto" position on 
use the "Alarm" setting 
enjoy fresh coffee when 
controlled accessory AC 
"snooze" alarm feature I 

sound of the radio, then 
to silence the alarm for t 
sounds automatically ev 
it off, cycling continuou 
position. Fast, easy circui 
cabinet and top reliability 

HEATHKIT TA -38 So 
The new Heathkit TA -38 
for quite a few reasons. 
Then there's the tremen 
EIA music power, 240 w 
harmonic & IM distortio 
ler s, but not the new T 
12" heavy duty special de 
assemblies mounted in a 
wood cabinet - those s 
and still not blow. Sou 
range of bass frequenci 
combo organs and other i 

to the wildest bass amp 
guys with the high -priced 

id -State AM /FM Clock Radio 
he morning. Choose the morning news & weather 
nd of FM music. AFC makes FM tuning easy. 
he Telechron,' clock turns only the radio on, or 

r both the radio and the alarm. You can even 
ou awake in the morning, thanks to the clock - 

ket on the back of the new GR -58. The handy 
s you wake up gradually for ten minutes to the 
e alarm goes on ... push the "snooze" button 

n minutes more of music or news - the alarm 
y ten minutes and the "snooze" button turns 
y until the selector switch is moved to another 
board construction, smart blue hi- impact plastic 

make this GR -58 the clock radio for you. 8 lbs. 

id -State Bass Amplifier 
s the hottest performing bass amp on the market, 

st, there's all solid -state circuitry for reliability. 
us power - the TA -38 puts out 120 watts of 

is peak, or 100 watts continuous. Extremely low 
too. Many amps suffer from "blow -out" prob- 

38 - YOU CAN'T BLOW IT ... it boasts two 
ign speakers with giant 3 pound 6 ounce magnet 
completely sealed, heavily damped 1/4" pressed 
kers will take every watt the amp will put out, 
? The TA -38 is tailored to reproduce the full 
delivered by bass guitars and its sound with 

struments is remarkable. Easy 15 hour assembly 
n the market. Order one now and surprise the 

gear. 130 lbs. 

HEATHKIT SB -310 Professional SW Receiver 
The finest shortwave rece 
bands (49, 41, 31. 25. 19 
and 11 meter CB. And the 
band to 15 meters for adt 
features that have made 1 

pre -built & pre -aligned I 

"front end" for same -rate 
dial calibrations ... sepa 
filter included for clear A! 
and lower sideband coven 
jack ... calibrated "S" t 
much more. For the fine, 
24 lbs. SBA- 310 -3, 15 Me 

ver you can buy. Covers six shortwave broadcast 
& 16 meters). 80, 40 & 20 meter amateur bands 
new optional SBA -310 -3 kit converts the 11 meter 
itional amateur coverage. Has many of the same 
leathkit amateur gear the world's best selling ... 
inear Master Oscillator ... crystal -controlled 
tuning on all bands ... linear tuning with 1 kHz 
ate RF and AF gain controls ... 5 kHz crystal 
4, CW & SSB reception ... switch -selected upper 
ge ... built -in 100 kHz calibrator ... headphone 
teter ... famous Heathkit SB -Series styling and 
t shortwave listening, order your SB -310 today. 
er Conversion Kit, 1 lb., $9.95. 
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IcLea For ve1'j Th4t 
HEATHKIT AD -21 FM Stereo Compact 
The new Heathkit "27" Component Compact was designed to change 
your mind about stereo compact performance. How? By sounding as if it 
were made of top quality stereo components ... which in fact it is. Heath 
engineers took their highly rated AR -14 solid -state Stereo Receiver, modi- 
fied it physically to fit the cabinet, and matched it with the precision BSR 
McDonald 500A Automatic Turntable. Performance? Here's the AD -27 in 
detail. The amplifier delivers 30 watts music power ... 15 honest watts per 
channel - enough to drive any reasonably efficient speaker system. Re- 
sponse is virtually flat from 12 Hz to 60 kHz, and Harmonic & IM distor- 
tion are both less than I% at full output. Tandem Volume, Balance, Bass 
& Treble controls give you full range command of all the sound. Select the 
FM stereo mode with a flick of the rocker -type switch and tune smoothly 
across the dial, thanks to inertia flywheel tuning. You'll hear stations you 
didn't know existed in your area, and the clarity and separation of the 
sound will amaze you. The adjustable phasing control insures best stereo 
separation at all times. And the automatic stereo indicator light tells you 
if the program is in stereo. AFC puts an end to drift too. The BSR Auto- 
matic Turntable has features normally found only in very expensive units, 
like cueing and pause control, variable anti- skating device, stylus pressure 
adjustment and automatic system power too. Comes complete with a 
famous Shure diamond stylus magnetic cartridge. The handsome walnut 
cabinet with sliding tambour door will look sharp in any surroundings, 
and the AD -27 performs as well as it looks. For the finest stereo compact 
you can buy, order your "27" Component Compact now. 41 lbs. 

HEATHKIT AD -11 Stereo Compact 
Using the component approach of the AD -27, Heath engineers took the 
solid -state stereo amplifier section of the AD -27, matched it with the high 
quality BSR -400 Automatic Turntable and put both of these fine com- 
ponents in a handsomely styled walnut finish cabinet. The result is the "17" - featuring 30 watts music power, 12 Hz to 60 kHz response, auxiliary & 
tuner inputs, less than 1% Harmonic & IM distortion, adjustable stylus 
pressure & anti -skate control and much more. Order your "17" now. 27 lbs. 

HEATHKIT Miniature Speaker System 
miniature in size, but not in performance. this new Heathkit acoustic 
suspension system features two Electro -Voice speakers . . a 6" woofer 
and a 21/2" tweeter for 60 Hz to 20 kHz response. Handles 25 watts of pro- 
gram material. Adjustable high frequency balance control lets you adjust 
the sound to what you like. The 81/4" H x 151/4" W x 61/2" D walnut cabinet 
is protected by clear vinyl for lasting good looks. Pick a pair of these per- 
formers for stereo compacts. 16 lbs. 

HEATHKIT Solid -State Tachometer 
The new Heathkit MI -18 has advanced performance features like unique 
inductive pickup for connection to any spark -type engine and any ignition 
system, 0 -6000 & 0-9000 RI'M ranges, temperature compensated +4 
accuracy, stainless steel hardware, splashproof black & chrome case. Pick 
the MI -18 -1 for panel mounting, or the MI -18 -2 with case and hardware. 
Send for yours now. 4 lbs. 

HEATHKIT GR -11 Solid -State AM -FM Portable 
Everything you want in AM/FM portable. The all solid -state circuit de- 
livers clear, stable AM from distances the mini- portables can't match, and 
the FM section, with it's 34" whip antenna, three IF stages and 5 uV sensi- 
tivity performs like a high priced table model receiver. AFC for drift -free 
listening and easy tuning too. All critical circuits preassembled and pre - 
aligned, and the circuit board wiring harness assembly makes construction 
even easier. For the greatest sound around, get your GR -17 today. 5 lbs. 

HEATHKIT Low Cost Solid -State Organ 
Put the sound of live music in your home now with this low cost, all solid - 
state Heathkit /Thomas Organ. It features all genuine Thomas factory - 
fabricated parts and 5 -year warranty on the plug -in tone generators. Ten 
true organ voices ... variable repeat percussion ... 13 note heel and toe 
bass pedals for CI to C2 range ... two overhanging 37 -note keyboards, 
range C2 thru CS each ... Color -Glo keylights ... 75 watt peak music 
power amplifier ... 12" speaker ... vibrato ... manual balance control. 
Thousands of people have already experienced the thrill and unique personal 
satisfaction of building this sophisticated, beautiful sounding musical in- 
strument, and you can too. It takes no special skills or knowledge - the 
famous Heathkit manual with it's easy to follow instructions and giant 
fold -out pictorials make the 50 hour assembly enjoyably simple. Comes 
with finished walnut cabinet and 40- lesson self -teacher course. Put the 
sound of music in your home this Christmas with the GD -325C from 
Heathkit. 172 lbs. 

December, 1968 

NEW 
kit AD -27 

516995 

NEW 
kit AD -17 

$10995 

NEW kit AS -18 

$3295 

NEW kit MI-18 
$2[1195 

(panel mount) 

3295 
(cese mount) 

kit GD -325C 

$43995 
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44eathla GiFts 
Now There Are 4 Heathkit Color TV's ... 
All With 2 -Year Picture Tube Warranty 

New Wireless 
TV Remote Control 

For GR -295. GR -227 
& GR -180 

$6995 
New Wireless 

TV Remote Control 
For GR -681 

$59x5 

94 

Wish Your Family Merry Christmas This Year 

With A New Heathkit Color TV ... A Better 
Buy Than Ever With New Lower Prices 

kit GR -681 

New GR -681 Delu e Color TV $49995 
With Automatic Fi e Tuning (less cabinet) 
The new Heathkit GR -6:1 is the most advanced color TV on the market. 
A strong claim, but easy o prove. Compare the "681" against every other 
TV - there isn't one a liable for any price that has all these features. 
Automatic Fine Tuning . all 83 channels ... just push a button and the 
factory assembled solid- ate circuit takes over to automatically tune the 
best color picture in the i dustry. Push another front -panel button and the 
VHF channel selector rtates until you reach the desired station, auto- 
matically. Built -in cable- ype remote control that allows you to turn the 
"681" on and off and c ange VHF channels without moving from your 
chair. Or add the option I GRA -68I -6 Wireless Remote Control described 
below. A bridge -type lo voltage power supply for superior regulation; 
high & low AC taps ar provided to insure that the picture transmitted 
exactly fits the "681" ser n. Automatic degaussing, 2 -speed transistor UHF 
tuner, hi -fi sound outpu two VHF antenna inputs ... plus the built -in 
self -servicing aids that a - standard on all Heathkit color TV's but can't 
be bought on any other et for any price ... plus all the features of the 
famous "295" below. Compare the "681" against the others. 
GRA -295 -4, Mediterra an cabinet shown $119.50 
Other cabinets from $62 =5 now only 

Deluxe "295" Colo TV... Model G R -295 14995 
(less cabinet) 

Big, Bold, Beautiful ... and packed with features. Top quality American 
brand color tube with 29 sq. in. viewing area ... new improved phosphors 
and low voltage supply ith boosted B+ for brighter, livelier color . 

automatic degaussing ... exclusive Heath Magna -Shield ... Automatic 
Color Control & Autom tic Gain Control for color purity, and flutter -free 
pictures under all conditi ns ... preassembled IF strip with 3 stages instead 
of the-usual two ... de use VHF tuner with "memory" fine tuning . . . 

three -way installation - all, custom or any of the beautiful Heath factory 
assembled cabinets. Add o that the unique Heathkit self -servicing features 
like the built -in dot geni ator and full color photos in the comprehensive 
manual that let you set- p, converge and maintain the best color picture 
at all times, and can sav- you up to $200 over life of set in service calls. 
GRA- 295 -1, Walnut ca inet shown $62.95 
Other cabinets from $99 5 now only 

Deluxe "221" Colo TV... Model GR -227 $39995 
(less cabinet) 

Has same high perfor <nce features and built -in servicing facilities as 
the GR -295, except for 27 sq. inch viewing area. The vertical swing -out 
chassis makes for fast, :: y servicing and installation. The dynamic con- 
sergence control board n be placed so that it is easily accessible anytime 
you wish to "touch -up" he picture. 
GRA- 227 -1, Wa nut ca inet shown $59.95 
Mediterranean style als available at $99.50 now only 

Deluxe "180" Colo TV... Model GR -180 $34995 
(less cabinet) 

Same high perforinanc: features and exclusive self -servicing facilities as 
the GR -295 except for 80 sq. inch viewing area. Feature for feature the 
Heathkit "180" is your best buy in deluxe color TV viewing ... tubes 
alone list for over $245. For extra savings, extra beauty and convenience, 
add the table model cab et and mobile cart. 
GRS- 180 -5, table mod I cabinet and cart $39.95 
Other cabinets from S2 95 

Now, Wireless Re ote Control For Heathkit Color TV's 
Control your Heathkit olor TV from your easy chair, turn it on and 
off, change VHF chan -Is, volume, color and tint, all by sonic remote 
control. No cables Glut -ring the room ... the handheld transmitter is 
all electronic, powered y a small 9 v. battery, housed in a small, smartly 
styled beige plastic case The receiver contains an integrated circuit and a 
meter for adjustment e e. Installation is easy even in older Heathkit color 
TV's thanks to circuit ard- wiring harness construction. For greater TV 
enjoyment, order yours ow. 
kit GRA- 681 -6, 7 lbs., for Heathkit GR -681 Color TV's $59.96 
kit G RA-295-6, 9 lbs., 'r Heathkit GR -295 and GR -25 Color TV's $69.59 
kit G RA- 227 -6, 9Ibs., - r Heathkit GR -227 and GR -180 ColorTV's $69.95 
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Keep On. Gluing 
HEATHKIT AR -15 Deluxe Solid -State Receiver 
The Hcathkit AR -15 has been highly praised by every leading audio and 
electronics magazine, every major testing organization and thousands of 
owners as THE stereo receiver. Here's why. The powerful solid -state circuit 
delivers 150 watts of music power, 75 watts per channel, at ±1 dB, 8 Hz 
to 40 kHz response. Harmonic & IM distortion are both less than 0.5°ís 
at full rated output. The world's most sensitive FM tuner includes these 
advanced design features ... Cascode 2 -stage FET RF amplifier and an 
FET mixer for high overload capability, excellent cross modulation and 
image rejection ... Sensitivity of 1.8 uV or better ... Harmonic & I %1 

distortion both less than 0.57,; ... Crystal Filters in the IF section give a 

selectivity of 70 dB under the most adverse conditions. Adjustable Phase 
Control for maximum separation ... elaborate noise operated squelch 
stereo only switch ... stereo indicator light ... too front panel 
headphone jacks ... front panel input level controls. and much more. I 

circuit board construction. For the finest stereo receiver you can buy any- 
where, order your AR -I5 now. 34 lbs. Optional walnut cabinet, AE -I6. 
10 lbs... $24.95 

HEATHKIT Deluxe Stereo FM Tuner 
The remarkable solid -state I.vl stereo tuner section from the famous 
Heathkit AR -15. If you already' outs a line stereo amplifier, the AJ -15 is 
the stereo FM tuner for you. It has the exclusive design Heathkit FET FM 
tuner with two FET RF amplitiers and an FET mixer for l'.8 uV sensitivity 
and excellent cross modulation. The tuner section is completely factory 
assembled and aligned for casier construction too. Other features include 
the exclusive Heathkit Crystal filters in the IF section for perfect bandpass 
shape, noise- operated squelch, stereo threshold control, "Black Magic" 
panel lights and more. Put the world's best FM stereo tuner in your system 
now ... the AJ -15. 18 lbs. Optional walnut cabinet .íG18, 8 lbs...S19.95 

HEATHKIT AA -15 Deluxe Stereo Amplifier 
The powerful solid -state amplifier section from the famous Heathkit AR -15. 
If you already have a fine stereo tuner, the AA -15 is the perfect mate for it. 
It features 150 watts of music power - 75 watts per channel ... virtually 
flat response from 8 Hz to 40 kHz ... less than 0.5",; Harmonic & 1M dis- 
tortion at full output ... individual input level controls ... two front panel 
stereo headphone jacks ... a tone -flat switch that bypasses the wide -range 
tone controls ... loudness switch ... positive circuit protection that makes 
the power amplifier circuits virtually short -circuit proof and "Black Magic" 
panel lighting. l'ut the world's best stereo amplifier in your system nus ... 
the AA -I5. 28 lbs. Optional mains, cabinet, AE -18, 8 lbs...S19.95 

HEATHKIT AS -10 Acoustic Suspension System 
The Heathkit AS -In s' stem features the extended bass response, smooth 
high frequency response and low distortion that has made acoustic sus- 
pension systems a favorite of audio enthusiasts the world over. The 10" 
woofer with ceramic magnet delivers rich, full bodied bass down to 30 Hz, 
and the too 31/2' cone tweeters in dispersed array produce clear, lifelike 
highs to 15.000 Hz. Handles front 10 to 40 watts of program material. The 
high frequency level control lets you adjust the high frequency response. 
The AS-I0 can be installed either vertically or horizontally and comes in 
both handsome walnut finish or unfinished wood. You'll need two for 
superb stereo. 43 lbs. 

HEATHKIT AS -16 2 -Way System 
The AS -16 is an outstanding performer with any equipment and in any 
surroundings. It features an 8' Electro-Voice, woofer for complete bass 
response to 45 Hz and too 31/2 tweeters that give clear, open highs up to 
20,000 Hz. The high frequency level control on the back of the handsome 
walnut veneer cabinet lets you adjust the high frequency to suit your taste. 
Handles from 10 to 25 watts of program material. Speakers are already 
cabinet -mounted ... just wire the crossover network and enjoy the sound. 
Buy two for stereo. 22 lbs. 

December, 1968 

NEW 
FREE 1969 CATALOG! 
Now with more kits. more color. 
Folly describes these along with 
over 300 hits for stereo ,111.11, 

color TV. electronic organs. elec- 
tric guitar 8 amplifier. amateur 
radio, manne. edacational, CB, 
home d hobby. Mad coupon or 
write Heath Company. Benton 
Harbor. Michigan 490.2. 

L 

kit AR -15 

$33995 
Wire( AFiW-15 

5525°° 

kit AJ -15 $18995 
(lea cabinet) 

kit AS 10U 

$5995 

kit AS -10W 

$6495 

kit AA -15 16995 
(less cabinet) 

ki. AS-16 

S4995 

MEATH COMPANY. Dept 11 -12 
Benton Harbor. Michigan 49022 
In Canada, Nystrom Ltd. 

Enclosed is I_ . plus shipping 
Please send model (s) 
Please send FREE Htathhit Catalog. 
Please send Credit Application. 

Name 

Address 

City State Zip 
Prices 6 specdreahons subtract to change wthout notice. 
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SOLID STATE 
(Continued from page 90) 

lation, ambient temperature compensation, 
and adjustable gain. It will accept d.c. con- 
trol signals from a potentiometer, a thermis- 
tor network, or other types of sensors and 
transducers. 

Transitips. Transistor circuit troubleshoot- 
ing with a voltmeter can be frustrating un- 
less you know not only what voltages to ex- 
pect but how to interpret the measurements. 
Generally, all tests should be made with a 
sensitive voltmeter having a full -scale low - 
voltage range of 0 -1 volts, or better. 

As far as a single stage is concerned, the 
most significant measurements are the emit - 
ter -to -base and emitter -to- collector voltages. 
Although the actual circuit voltages will 
vary some measurements are predictable. If 
measurements are far from the expected val- 
ues, one can often make a good guess as to 
the general type of defect to expect, whether 
in the device itself or in the circuit. 

The base -emitter voltage of a conducting 
transistor depends primarily on its junction 
characteristics ... not on the supply volt- 
age or bias current. In the case of a ger- 
manium transistor, this value is about 0.2 
volts, while that of a silicon transistor is 
about 0.6 volts. If the measured values are 
far less than these figures, it indicates either 
that the device is shorted or that there is 
an open or short in the bias supply circuit 
(an opened bias resistor or shorted bypass 
capacitor, for example). On the other hand, 
if excess voltage is measured, it indicates 
that the device may be open internally. 

If the transistor is operated in a saturated 
condition, its collector- emitter voltage should 
be about 0.2 volts, with the balance of the 
supply voltage dropped across the load de- 
vice. A lower value indicates a shorted de- 

vice or an ope 
value indicate 
or that it is op 

As a genera 
as a class -A s 
than half the 
tween its coil 
This is not a 
the class of op 
ly by circuit 

in the load, while a higher 
either that the unit is open 
rating class A or class B. 

rule, a transistor operated 
age will have somewhat less 
upply voltage appearing he- 
ctor and emitter electrodes. 
inflexible rule, however, for 

ration is determined primari- 
rrents rather than voltages. 

Similarly, near y full supply voltage should 
appear betwee the collector and emitter 
electrodes und zero- signal conditions if the 
transistor is o erated at cut -off (class B). 

In either cas , if the emitter -collector volt- 
age exactly eq als the supply voltage, there 
is an open ei er in the device itself or in 
its base bias s ply, for such a measurement 
indicates zero collector current. By the same 
token, a zero e itter- collector voltage mea- 
surement indi tes either an internal short 
or an open in ne of the supply paths (an 
open collector ad, for example). 

With care, en, and a knowledge of cir- 
cuit behavior, you can track down many 
device and ci cuit defects with voltmeter 
measurements a lone. -Lou. 

SHOR 
(Cont 

-WAVE LISTENING 
need from page 74) 

Angola -Etnico 
schedule: weekd 
1655 on 9535 kH. 
and 1855 -0000 o. 
kHz. On Saturda 
Sundays 0630 -165 
on 7235 kHz, 185" 
3375 kHz. Late li 
quencies in use: 
The latter chann 
then news, in P 
every half hour. 

Bolivia -A lette 
Director of CP75 

Oficial, Luanda, has this new 
ys 0745 -1655 on 11,925 kHz, 0500- 
0500 -0000 on 7235 kHz, 0500 -0745 

4820 kHz and 1655 -0000 on 3375 
s 7235 and 3375 kHz close at 0200. 
on 11,925 and 9535 kHz, 0620 -0000 

0000 on 4820 kHz and 1655 -0000 on 
tening also indicates two new fre- 
175 and 9660 kHz from 0500 s /on. 
1, at; least, has pop music to 0600, 
rtuguese. There are two chimes 

from Hazen C. Parent, General 
La Cruz Del Sur, La Paz, reads 

..., ua ..,,.r m....,, a. 

browning 
LABORATORIES, INC. 

Dept. 1269 Ue on Avenue. Laconia. New Hampshire 03246 
Teleph'ee. _ '.)=; 

Keep in touch with the Browning Eagles this Fall: 

STOP - LOOK - LISTEN Th airways are filling with EAGLES . . 

These Browning Eagles f together with peak performance and 
quality that only 30 yrs. of r- search in the field can provide. Each 
unit offers a 23 channel -election. The Golden Eagle provides 
1) auto -gain control or D stance, Normal or Local positions; 
2) Filter for more than 80D adjacent channel rejection; 3) Ultra - 
fine tuning; 4) Easy -to -red meters and selectors; 5) highly 
accurate plug -in crystals; a d many other outstanding features. 

/J n 

CIRCLE NO. 8 ON READER 
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in part "We have been encountering many dU ul- 
ties in trying to find a new frequency. Our main 
purpose is to reach Bolivia and surrounding coun- 
tries .... We had tried 5025 kHz and this seemed 
ideal. However, some local stations claimed inter- 
ference ... , we tried 5055 kHz .... it is very poor 
for Bolivia .... as a result we have felt obliged to 
return to 4985 kHz until we can get some clarifica- 
tion or better assignation from the government'. 

Brazil -ZYA1, R. Roraima, Boa Vista. 4835 kHz, 
has Brazilian pop tunes at 0150 and an ID at 0204. 
This is an all- Portuguese xmsn. ZYM22, R. Cultura 
Sergipe, Aracaju, 3295 kHz, s /on at 0930 with a 
prayer, in Portuguese. A new station is R. Educa- 
dora Sao Jose, Macapa, operating on 2400 kHz with 
1 kW power at 0945 -0300. 

Cameroon -R. Buea, Buea, listed for 5984 kHz, 
has been found on 3970 kHz at 2020 with African 
pop tunes and anmts in French. 

Using a Grundig TR1000 receiver, Harvey Straus, 
WPE2QJB, Great Neck, N. Y., has logged 60 countries 
of which 35 are verified. On the medium waves, he 
has 18 states verified out of a total 28 heard. 

Canary Islands -R. Nacional de Espana, Santa Cruz 
de Tenerife, 11,800 kHz, is good in Spanish to L.A., 
relaying Madrid, from 2200 -2315; news bulletins 
are given on the hour followed by variety music. 

Ceylon -R. Ceylon, Colombo, observed opening at 
0130 on a new frequency of 15,120 kHz with gongs, 
sonic pop music some native music, poor level and 
no English. 

China -Two unlisted channels for R. Peking are 
15,325 and 12,080 kHz, together with listed 11,860 
kHz, noted at 2300 -2345 in Spanish to South Ameri- 
ca; news, commentary, native Chinese and march 
music. 

Colombia -R. Nacional de Colombia, Bogota, was 
heard on its generally inactive frequency of 17,865 
kHz (may vary to 17,870 kHz) from 0225 -0335 s /off 
with classical music and infrequent IDs. 

Congo -Brazzaville's relay has been heard on the 
rather unusual frequency of 5970 kHz which has a 
power rating of 4 kW. Dual to stronger signals on 
11,725 and 15,445 kHz, the broadcast opens at 0500 
with French news. 

Cyprus -Tests from Nicosia have been extended 
and now read: 1900 -2100 Monday on 15,245 kHz, 
Tuesday on 17,760 kHz, Wednesday 15.260 kHz, 
Thursday 17,875 kHz and at 1300 -1505 Friday on 
15,270 kHz, Saturday on 17,760 kHz and Sunday 
on 17,785 kHz. Your Editor thus corrects his own 
listing of last month; red -faced, we admit having 
mis -read our own calibration chart! 

Ecuador-HCOS4, La Voz del Rio Carrical, Calceta, 
was logged on 3570 kHz at 0215 with listeners re- 

December, 1968 

NEW 

"tray biens" 
most versatile of all outorlr2r sets 

Handy "Tray Bien" sets lie flat or sit up on a bench, hang 
securely on a wall, pack neatly in a tool caddy. 

Lightweight, durable, molded plastic trays feature fold- 
away stands, wall mounting holes, and a snap lock arrange- 
ment that holds tools firmly, yet permits easy removal. 

Professional quality Xcelite nutdrivers have color coded, 
shockproof, breakproof, plastic (UL) handles; precision fit, 
case -hardened sockets. 

Hangs up 

Stands up 

Holds tools 
securely 

No. 127TB "Tray Bien'' set - 7 solid shaft nutdrivers (36' thru 
%" hex openings) 

No. 137TB "Tray Bien'' set - 5 solid shaft nutdrivers (K(' thru 
%" hex openings) and 2 hollow shaft nutdrivers (! a" and nd' hex 
openings) 

No. 147TB "Tray Bien" set - 7 hollow shaft nutdrivers CA" thru 
%" hex openings) 

r-- 
XCELITE INC. 20 BANK ST., ORCHARD PARK, N. Y. 14127 
Send Bulletin N666 on "Tray Bien" Nutdriver Sets. 

name 

address 

city state & zone 

I- 
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RADIO -TV 
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CATALOG 
228 GIANT 

PILLE -PACKED 
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NRITE FOR YOUR FREE COPY TODAY 
=MI MUM 

BURSTEIN- APPLEBEE CO., DEPT. PEX 
3199 MERCIER ST., K. C., MO. 64111 
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NAME 

ABOUT YOUR 
SUBSCRIPTION 

Your subscription to POPULAR ELECTRONICS is 
maintained on one of the world's most modern, 
efficient computer systems, and if you're like 99% 
of our subscribers, you'll never have any reason 
to complain about your subscription service. 

We have found that when complaints do arise, 
the majority of them occur because people have 
written their names or addresses differently at 
different times. For example, if your subscription 
were listed under "William Jones, Cedar Lane, 
Middletown, Arizona," and you were to renew it 
as "Bill Jones, Cedar Lane, Middletown, Arizona," 
our computer would think that two separate sub- 
scriptions were involved, and it would start send- 
ing you two copies of POPULAR ELECTRONICS each 
month. Other examples of combinations of names 
that would confuse the computer would include: 
John Henry Smith and Henry Smith; and Mrs. 
Joseph Jones and Mary Jones. Minor differences in 
addresses can also lead to difficulties. For exam- 
ple, to the computer, 100 Second St. is not the 
same as 100 2nd St. 

So, please, when you write us about your sub- 
scription, be sure to enclose the mailing label 
from the cover of the magazine -or else copy your 
name and address exactly as they appear on the 
mailing label. This will greatly reduce any chance 
of error, and we will be able to service your 
request much more quickly. 

quest must and very few ID's. There is heavy 
RTTY QR 1 at times. 

Egypt -R. Cairo is good on 9475 kHz at 0215 with 
news. An A : bic speaker on 7215 kHz from 0300 s /on 
(with a clo.' striking six) is believed to be Cairo. 

England- he latest World Service schedule from 
the BBC, Landon, reads: to U. S., Canada and Mex- 
ico at 2115- 245 on 17,790 kHz, 2115 -0030 on 15,140 
kHz, 2115 -0 -45 on 11,780 kHz, 2300 -0330 on 9580 kHz 
and 2245 -03 1 on 6110 kHz. To West Indies, Central 
and South erica (north of the Amazon and in- 
cluding Per ) at 1030 -1315 on 21,740 and 17,790 kHz, 
2000 -2315 o 21,590 and 17.740 kHz, 2000 -2300 on 
15,200 kHz, 2245 -0215 on 15.070 kHz. 2300 -0330 on 
11.750 and 9:80 kHz, and, from the Ascension Island 
relay, at 2211 -0330 on 11,865 kHz and 2200 -0415 on 
15,260 kHz. 

Ethiopia new frequency for R. Voice of the 
Gospel, Add is Ababa, is 15.180 kHz, excellent at 
0445 with ulti- lingual anmts, including English, 
then into usic. The station has also scheduled 
tests in Ma darin to China on 17.830 kHz. (Sunday 
through W'dnesday) and 17.735 kHz (Thursday 
through Sa urday). 

Formosa -:ED7. Taipei. 7130 kHz, carries Indo- 
nesian fron 1100 -1130, Vietnamese to 1200, Thai to 
1230. Chao.. ow to 1300, Amoy to 1330, Hakka to 
1400 and Ca tonese to 1500. 

Del Hirst, WPE5CFU, Snyder, Texas, has a Hammar- 
lund HQ -100 receiver. Atop it is a homemade W6SAI 
preselector and at left is an Airline monaural, dual - 
track tape recorder. Del has 99 states verified. 

Germany 
scheduled 
and 0230 
at 0330 on 
15.170 kHz 
and 15.315 
English. 

Greece - 
(i.e., non - 
9710 kHz i 

East) -R. Berlin International is now 
o East Coast N. A. at 0100 on 9730 kHz 

9500 kHz and to West Coast N. A. 
9560, 9650 and 9710 kHz. Additionally, 
is noted along with 9730. 15,190, 15.225 

i Hz at 0300 and 21,475 kHz at 1645 in 

he only foreign language programs 
reek) from R. Athens are on 9605 and 
English at 1115 and French at 1118 -1121 

and on 729. and 9605 kHz in English at 1410 and 
French at 413 -1416, then eight minutes duration of 
each of th following: Turkish at 1420, Serbian at 
1430, Alba "an at 1440, Rumanian at 1450, and Bul- 
garian at .00. The Greek Prime Minister has just 
ordered th establishment of a short -wave center 
at Thessal niki, with two 100 kW xmtrs. 

Indonsi An outlet on 5047 kHz is noted daily 
from 1145 ith the Perkutut bird IS and English 
news to 11 ; a short period of light music follows. 
The ID is usually for R. Indonesia, Djakarta but 
at 1159 there is a hard copy ID for Djogjakarta. 
From 1200 he station has Programa Nasional news 
in Indones an. 

Iraq -Baghdad was logged from 2130 -2211 s /off 
with news ßt 2200; otherwise live music and chant- 
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ing in an all -Arabic xmsn. Another xmsn noted 
from 0227 with the nightingale IS, anthem, and s /on 
at 0230; both xmsns are on 11,785 kHz, 

Israel -The "D Program" of the Home Service of 
Kol Israel is now in English at 0500, 1130 and 1830 
and in French at 0515, 1200 and 1845 kHz on 7189 
kHz. 

Kuwait -The new xmtr of R. Kuwait has been 
found testing at 1745 -1815 on 11,900 kHz. Music and 
anmts in English. Reports to Box 397, Kuwait. 

Lebanon -The latest schedule received from Beirut 
reads: to Africa on 15,370 kHz at 1830 -2030 (English 
1830 -1900) ; to South America on 17,750 kHz at 2300- 
0100 and to N.A., the Antilles and Europe on 15,440 
kHz at 0130 -0400 (Arabic 0200 -0230 and 0300 -0330; 
French 0130 -0200; English 0230 -0300 and Spanish 
0330 -0400). Omnidirectional broadcasts are at 0430- 
0730 and 1625 -1820 on 5980 kHz and 0925 -1600 on 
9545 kHz. 

SHORT -WAVE ABBREVIATIONS 
anent- Announcement 
BBC- British Broadcasting 

Corp. 
B /C- Broadcasting 
GMT- Greenwich Mean 

Time ID- Identification IS- Interval Signal 
kHz -Kilohertz 
kW- Kilowatts 

L.A. -Latin America. 
N.A. -North America 
QRM- Station inter- 

ference 
R -Radio 
RTTV -Radio teletype 
s /off -Sign -off 
s /on- Sign -on 
xmsn -Transmission 
xmtr- Transmitter 

Malaysia -R. Malaysia's, schedule includes the 
following frequencies as being in service: From 
Penang on 4790, 4985, 7200, 7300 and 9515 kHz, Kuala 
Lumpur on 4845, 6025, 6135, 7110, 9000 and 9750 kHz, 
Kuching, Sarawak, on 4835, 4950, 5037.5, 7145, 7160, 
7270, 9535 and 9565 kHz, and Jesselton, Sabah, on 
4970 kHz. The Voice of Malaysia is on 6175, 11,900 
and 15,280 kHz. 

Papua and New Guinea -Two new stations are in 
operation: R. Bougainville, VL9BA, Kieta, Bou- 
gainville, 3332.5 kHz, 2 kW, in pidgin English at 
0700 -1105, and R. Samarai or R. Milne Bay, P. O. 
Box 6, Samarai, New Guinea, VL8AS, 3125 kHz, 250 
watts, in pidgin English at 0730 -1130. 

According to a recent schedule, R. Australia's 
outlet in Papua has a new xmtr on 5985 kHz at 
2230 -0530. The 4890 kHz outlet, VLT4, Port Mores- 
by, scheduled 0730 -1400, is being very well heard 
in the midwest around 1000 -1030 in English and 
pidgin English. 

Peru -A new station is R. Santa Rosa, Lima, on 
6045 kHz, and heard 0300 -0320 with a normal Span- 
ish format. OBX4Q, R. El Sol, Lima, 5970 kHz, is 
very strong on the West Coast around 0430 to a 
very abrupt s /off at 0455 with Spanish language 
and U. S. pop music. 

Seychelles -Far East B/C Corp., Manila, is con- 
structing a 50 kW relay station for programs to 
India, Pakistan and Ceylon. Target date is early 
in 1969. When other antennas are completed in 
about one year, a new service will also begin to 
South Africa. 

Singapore -British Forces B/C Service is now on 
the air in English on Monday through Friday 2230- 
0030, 0500 -0630 and 0900 -1230, Saturdays 2230 -0030 
and 0500 -1230 and Sundays 0030 -1230. Gurkha is 
aired daily at 1230 -1430, all on 5010 kHz. Tests are 
being conducted on 6040 kHz which may become 
the frequency for the Gurkha broadcasts in the 
future. 

South Africa -R. RSA, Johannesburg, has been 
tuned in English to Europe at 1900 -1950 on 5990 
kHz in dual to 17,790 kHz. English is also found on 
11,775 kHz at 2335; a new frequency. 

Switzerland- Berne, 15,180 and 17,845 kHz, has 
Arabic at 1715. French at 1745 and English at 1815, 
all to Africa. English to the United Kingdom at 
1930 -2030 is generally good on the West Coast on 
11,865 kHz. 

Tunisia -In the September column a station was 
listed as being in Saudi Arabia on 11.900 kHz. Fur- 
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THE LAST 
WORD 
IN CB QUAD DESIGN - 

-and with it you can have the 
last word in CB communications. 

Model MCQ -27 
Right now the cubical quad is the hottest 
thing in antenna design. But having "the last 
word" in antennas doesn't guarantee you'll 
get the last word in copy. Mosley engineers 
have put their combined 145 years of know - 
how in the field of radio antenna design into 
the development of the Quality Quad MCQ -27. 
This antenna incorporates the very latest ad- 
vances - - to assure you of the last word in 
all -around performance. 

Get the most from your power output with the 
Mosley 3- element cubical quad. Cut side and 
back interference, achieve maximum distance 
and, when the channels get too noisy in the 
vertical plane of polarization, you can switch 
to the horizontal with a special optional ac- 
cessory. Rest assured the MCQ -27's super- 
strength construction will stand up to the 
rigors of climate and long use. 

Make sure you have the last word. Get the 
MOSLEY Cubical Quad. See your authorized 
Mosley dealer or write factory direct for de- 
tailed brochure. 

¿PA, 4610 N. Lindbergh Blvd., 
O-Ekg GY?muce.dh4 Bridgeton Missouri 63042 

r 
Please send me FREE detailed information on 

the Mosley CB CUBICAL QUAD Dept. 176 

Name 

Address 

City /State Zip 

¿¿/ n 4610 N. Lindbergh Blvd., 
OAZIEW //oonut Bridgeton Missouri 63042 J 
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NEW! zi SOLID a KITS 

Automatic 
Recording -Level 

Control 

FOR ANY TAPE RECORDER 

Low -noise distortioniess compressor - preamp 
easily installs in mike line. Easy -to -build kit with 
complete instructions. 

MODEL ACP -1 KIT $18.50 

Voice /Sound Actuated Controller 
Voice operate any tape recorder, ham and CB 
transmitter. Ideal for intrusion alarms. Built -in 
relay switches up to 1 amp. Easy -to -build kit with 
complete instructions. 
MODEL VOX -1 KIT $18.50 

Other Kits 
Audio Amplifiers Power Supplies Test Equip- 
ment Treasure Locators and many others 

FREE Data sheets with circuit description, diagram, 
and specifications for all kits. 

CARINGELLA ELECTRONICS, Inc. 
P.O. Box 327 Upland, California 91786 

Phone 714- 985 -1540 

CIRCLE NO. il ON READER SERVICE PAGE 

SYDMUR 
The Last Word In Ignition Systems 

SAVE 
MONEY 
on GAS! COILS! 
SPARK PLUGS! 

TUNE -UPS! 

The most advanced solid state C.D. ignition systems 
available. Take advantage of the latest technology... 
Gel the most out of your car's engine. 

Increased Mileage 
Greatly Extended Spark Plug Life 
Longer Battery Life 
Fewer Tune -ups 

Rugged construction and conservatively rated com- 
ponents. 
Every Sydmur unit is pre -tested and guaranteed. The 
easy to install Sydmur -is fully adaptable: 6 or 12 
volt systems, positive or negative ground. 
Available in either kit or assembled form. 
Fly -away assembled $60.00 prepaid' 
Fly-away kit 44.50 prepaid' 
And the smaller "COMPAC" unit (6 or 12V. negative 
ground only) designed for automobiles, motorcycles. 
go karts, outboard motors, etc. 
Compac assembled $34.75 plus 750 handling 
Compac kit 24.95 plus 750 handling* 
(^'New York State residents add sales tax.) 

Recommended by many of the world's leading automo- 
tive manufacturers. Send check or money order today. 

For free literature, write: 

SYDMUR ELECTRONIC SPECIALTIES 
1268 East 12th Street Brooklyn, N.Y. 11230 

CIRCLE NO. 40 ON READER SERVICE PAGE 

ther checks no w reveal that it is most likely Tunis, 
based on the Arabic ID of Huna Al- Idlca -A Att- 
Tounoussia. NSted at 0410 -0430 with IS, then s /on, 
and again just prior to s /off at 2330 (varies), a dual 
channel seems to be in operation 5985 kHz. We're 
still working cn this one! 

Venezuela -YVLC, R. Valencia, Valencia, 3355 
kHz, was logged with a football game from 0100 
with frequent IDs. This remains unverified after 
five attempts. 

SHORT -WAVE CONTRIBUTORS 
Bill Smith (TVPEIFZ), Uxbridge, Mass. 
Chris Lobdell (WPEIGCI), Reading, Mass. 
Peter Malvasi (WPE2NII1/), Paramus, N. J. 
Peter Macinte (WPE20RB), Kearny, N. J. 
Gary Kromer (WPE2PIH), Auburn, N. Y. 
Robert Gormley (WPE2PPV), Yonkers, N. Y. 
Thomas Henri (IVPE2PSZ), Staten Island, N. V. 
Michael Feinstein (WPE2QAV), Bridgeton, N. 1. 
Rowland Archer (IVPE2QFG), Ossining, N. ' 
Carl Resell (WPE2QHH), Kearny. N. J. 
Harold On (WPE2QH.V), Glover, illc, N. 1. 
Richard Wells, Jr. (TVPE2QHI.), Wayne, N. I. 
Jack Lyons (YPE2QHZ), Plainview, N. Y. 
Michael Gouthro, Jr. (1VPE2QJC), Buffet ., N. V. 
Tom Shultz ( -VPE2QJJ), Cherry Hill, N. J. 
Paul Kilroy (WPE3FOB), Washington, D. C. 
Clark Turner (WPE3HKC), Wyoming, l'a. 
Grady Ferguson (WPE4BC), Charlotte, N. C. 
Baise Keel (WPE4JGL), College Park, Ga. 
Edward Henley (WPE4JHC), Mobile, Ala. 
Richard Allei (WPE5BZ0), Braintree, England 
Del Hirst (W E5CFU), Snyder, Texas 
David King (WPESETVJ), Monroe, La. 
Trevor Clegg 'WPE6FAF), Fresno, Calif. 
Steve Higgins (WPE6HAS), Covina, Calif. 
Jeff Utter (l-VPE6HDl), Carlsbad, Calif. 
James Preston (WPESJQV), Reedsville, W. \'a. 
Gerry Dexter (WPE9HDB), Lake Geneva, Wis. 
Richard Pistek (WPE9HOA), Chicago, Ill. 
Gary Bullinger (WPEOICZ), Aurora, Ill. 
Jack Widner I WPE9JDT), Indianapolis, Ind. 
Fred Lynch (1VPE9JHD). Girard, Ill. 
Joe Brown (WPE9IT0), Chicago Heights, Ill. 
A. R. Niblaci (IVPE9K:11), Vincennes, Ind. 
John Beaver (WPEQAE) Pueblo, Colo. 
Bud Whitlock (IVPEQCQS), Augusta, Kansas 
Jim Randles TVPEQCWK), Cunningham. Kansas 
Jack Perolo (PV2PEIC), Sao Paulo, Brazil 
Cpl. G. A. Herron (VE3PE2LC), Chibougamau, Que. 
Kenneth Forc (VE7PEIDR), W. Vancouver, B. C. 
Craig Andersen, Pasadena, Calif. 
William Bailey, Loudonville, N. Y. 
Rev. David Clark, Sand Point, Alaska 
John Code III, Saratoga Springs, N. Y. 
Erik Corey, Sepulveda, Calif. 
Doug Goodm: n, Lombard. Ill. 
D. W. Griffith, Weott, Calif. 
Doug Hedges Pittsburgh, Pa. 
John Patterson, Oswego, Ill. 
Terry Petrarca, Derry, Pa. 
Jeff Pollakoff San Dimas. Calif. 
Jose Rabat, iege, Belgium 
Dean Roche, Texas 
Vincent Spataro, Fairview, N. J. 
Kim Stenson, Wilmington, \'a. 
Tim Sullivan, Minneapolis, Minn. 
ETLF, Addis Ababa. Ethiopia 
Sweden Celli, g DX'ers Bulletin, Stockholm, Sweden 

Clandestine -R. Concorde is aboard a Hondurian 
ship that is anchored off Knokke, Belgium. Xmsns 
are said to have begun on 39 and 1754 meters (exact 
frequencies unknown; 39 meters is in the area of 
7500 -7700 kHz and 1754 meters is long wave, around 
170 kHz -Editor) at 0500 -0200 in French and Eng- 
lish with perhaps a little Dutch. The power is said 
to be 50 kW. Has anyone been able to hear it and 
pinpoint the frequency? 

Gia Plau -ony Radio ( "Viet Cong ") was heard in 
the midwest cn 10,015 kHz at 1228 -1301 with anmts 
in Vietnamesa and periods of Viet folk music. 
News is given at 1231. Location may be Tay Ninh. 

73, Hank, WPE2FT /W2PNA 
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OPERATION 

ASSIST 
Through this 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 and model number of the 
unit. If you don't know both; the maker's 
name and the model number, give 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. Do not send 
an individual postcard for each request; 
list all requests on one postcard. 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. 

If you go for 
nothing but the best .. . 

HERE ARE 2 CB 
TRANSCEIVERS 
THAT REALLY TALK 
YOUR LANGUAGE 
Now is the time to move up to Kaar . to enjoy real 
quality at a reasonable price. Judged first in value, beauty 
and utility by experts the country over, Kaar's years -ahead 
CB transceivers have everything you want RIGHT NOW! 

FIRST IN QUALITY --No other transceivers offer you all 
these space -age features: Tantalum capacitors Sealed 
plug -in relay Filtered power leads Paging External 
speaker jack Glass epoxy circuit board provision 
for plug -in selective call Amplified Zener diode voltage 
regulator. Illuminated signal level meter with dynamic 
modulation indication. (Skyhawk) 

Hallicrafters Model S -27 AM /FM receiver, before 1912. 
Schematic, parts list, and manual needed. (William IL. 
Waddell, Rising Sun, Md.) 

Zenith Model 26 -298. Schematic and tube placement 
chart needed. (Karl Geier, 145 E. Grandview Ave., 
Sierra Madre, Calif. 91024) 

National Model SW -54. Operating manual, schematic. 
and alignment data needed. (Randy Foth, 314 Crescent 
Dr., Neenah, Wise. 54956) 

Precision Radiation Instruments Model 107B Profes- 
sional Geiger Counter A.E.C. #SGM -49B. Schematic 
and batteries needed. (Tim McCormick, 2104 E. Lemon 
St., Tempe, Ariz. 85281) 

Philco Model 3S -89. Schematic needed. (Michael Con- 
ley, 2331 Chatham Rd., Springfield, Ill. 62704) 

Wire Recording Corp. Model WP wire recorder wanted. 
Operating manual, service information, wire, spools, 
parts, wire storage cans needed. (LaMar C. Mertz, Jr., 
2141 Grove Rd., Bethlehem, Penna. 18018) 

Stromberg- Carlson Model 1025 -H radio. Schematic and 
transformer needed. (Mildred V. Smith, 750 O'Farrell 
St., #111, San Francisco, Calif. 94109) 

Heathkit Model VF -1 VFO. Schematic and instruction 
manual needed. (Jaime E. Vega, Cambronal 8, Santo 
Domingo, Republica Dominicana) 

Clough- Brengle Model 185 Unimeter, line #115 -60. 
Schematic, specs, and probe information needed. 
(Stephen L. Amrhein, P.O. Box 493, Van Wert, Ohio 
45891) 

Electrical Research Model S -11 receiver, ser. no. 59221. 
Schematic or details of tube characteristics needed. 
(David Parkinson, Saroni Tumor Institute, Mt. Zion 
Hospital & Medical Center, 1600 Divisadero St., San 
Francisco, Calif. 94115) 

Telefunken 882 WK superheterodyne radio. Tubes 
needed. (Clarence Wirtz, 1332 W. Commercial St., Ap- 
pleton, Wisc. 54911) 

(Continued on page 103) 

FIRST IN BEAUTY - Only Kaar lets you 
choose from 7 color options to match 
your home, office, or vehicle interior. 
Sleek chrome and epoxy woo:lgrain 
(standard on Skyhawk), smart black 
(standard on Skylark), plus 5 other color 
choices. (optional, $1.95). 

FIRST IN UTILITY - Both Skyhawk and 
Skylark models will do round -the -clock 
workhorse jobs on commercial pick -up 
trucks, farm tractors, or bouncing jeeps, 
yet enhance any car for a lifetime. 

Kaar SKYHAWK MARK II 
Move up to Skyhawk . the all solid -state hand -span 
compact CB unit with 23 channels. (Not a synthesized 

circuit . . utilizes one military- 
type crystal for each channel.) 
Complete with power cable, mount- 
ing bracket and 23 crystals. Yours 
for just 5229.95 

BOTH UNITS 

FCC TYPE ACCEPTED 

Send 252 in coin for handy Kaar CB Visor Communi -card 
For further information, see your Kaar Man, or write to: 
KAAR ELECTRONICS CORPORATION 
Dept. P.E., 1203 St. George Ave, W., Linden, N.J. 07036 

December, 1968 

Save on Skylark ... the all solid-state hand -span corn- 
pact CB unit with 11 channels. Has the famed Skyhawk 
power - packed transmitter and ultra -efficient receiver. 
Complete with power cable, mounting bracket, crystals 
for channel 9. Yours for just 8159.95 

Skylark with crystals for interstatlon channels 9 to 14 and 23 ....5179.95 

CIRCLE NO. 25 ON READER SERVICE PAGE 
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Which of these 

4 fascinating 

Radio -TV 

careers 

interests 
you? 

E disc jockey 

newscaster 
sportscaster 

announcer ' l 

Our Free Voice Analysis Tells You 

Whether You Have The Talent To 

Become A Broadcast Personality! 
IMMEDIATE DEMAND Radio -TV stations 
everywhere need both men and women to 
take over important good -paying jobs 
right now. NATIONWIDE PLACEMENT AS- 
SISTANCE at No Extra Cost. 
TRAIN AT HOME OR IN ONE OF OUR 
STUDIO SCHOOLS You can study broad- 
cast techniques at home, in your spare 
time, or in one of our many studio schools 
throughout the country under the super- 
vision of our Directing Faculty of 10 Fa- 
mous Broadcasters. Accredited Member 
National Home Study Council and National 
Association of Trade and Technical Schools. 

Approved for Veterans' Educational 
Assistance Benefits ( "G.I. Bill ")! 

Check coupon for special information 

Send to CAREER ACADEMY's division 
of famous broadcasters for free book- 
let, record and voice analysis details! 

CAREER ACADEMY 
825 North Jefferson Street Studio 317 

Milwaukee, Wisconsin 53202 

I want to know if I have broadcasting aptitude 
worth developing. Please rush more information. 

name age 

address phone 

city /state /zip 
Na]:12-,8 

I am interested in: L. Home Study 

School Study E. G. I. Bill 

CIRCLE NO. 48 ON READER SERVICE PAGE 
102 POPULAR ELECTRONICS 

New sound column 

Write for free catalog 
showing Argos syprftems 

for every purpose 

High Fidelity 

SpcaNcr System 
Looks beautiful, sounds excitingly 
different! Sound column design 
uses scientific focusing principle 
to add extra projection to high 
tones, re- create music with start- 
ling fidelity. Ideal for stereo. 
331/4 "h. x 101/2"w. x 4 "d. 4 Jensen 
speakers - 2 specially- designed 
high compliance woofers, 2 direct 
radiator tweeters. 50 to 17,000 
cps. Cabinet of genuine walnut with 
oiled finish ... designed to hang 
on the wall like a picture. 

The Astra 

Argos 
PRODUCTS COMPANY 

600 S. Sycamore St., Genoa, Ill. 60135 
CIRCLE NO. 5 ON READER SERVICE PAGE 

DEMCO - the ultimate in CB radios! 

cile.. .ux2 Base station with 23 chan- 
nels, instant "ON," ground plane to beam 
switch, C.A.P. oscillator, voice tone control, dual 
conversion, delta tuning, auto / manual A. N. L., 
mode I ghts, Power Modulator /Speaker - many 
other features and options. 

23 

23 channels, dual conver- 
sion, electronic switch- 
ing, mode lights, P.A. 
switch on front, speaker 
jack, DC or AC - many 
other features. Also 6- 
channel model available. 

DEMCO ELECTRONICS BRISTOL, IND. 46507 
Please send information about CB Radios 

Name 

Address 

City 

State Zip 

CIRCLE NO. 16 ON READER SERVICE PAGE 

www.americanradiohistory.com

www.americanradiohistory.com


ASSIST 
(Continued from page 101) 

Bell RT -360 tape recorder. Motor operating switches or 
source and service information needed. (Allan B. Bell, 
5712 Princeton Ave., N.E., Seattle, Wn. 98105) 
RCA Model 27863 -17 (8M19C, R5386R), circa 1936. Sche- 
matic and /or instruction book needed. ( John N. Ram- 
sey, 22 Waterside Ln., West Hartford, Conn. 06107) 
Fisher radio navigator; tunes 280 to 320 kHz. Schematic 
and /or instruction manual needed. (Robert F. Malone, 
21 Joysan Terr., RFD s1, Freehold, N.J. 07728) 
Lear Inc. "Dynatrobe" wire recorder AM /FM tuner, 
turn table, and amplifier. Schematics, manuals, and 
source for parts ESP 7F7 and 14F7 tubes. (Jim Courter, 
24051 Long Valley Rd., Hidden Hills, Calif. 91302) 
Heathkit Model 0M -3 oscilloscope. Schematic needed. 
(Norman Tyson, RD 1, Box 240, Laurel, Md. 20810) 
Pilot WASP regen short -wave receiver. Uses RCA UX- 
201A tubes. Tube list, schematic, and operating instruc- 
tions needed. (Harry W. Prendergast, 9 Almar Ln., 
Katonah, N.Y. 10536) 
Webster -Chicago Model 180 -1 wire recorder. Schematic 
needed. (Larry Klug, 9211 Army Dr., Baroda, Mich. 
49101) 
Eico Model 320 signal generator. Schematic and instruc- 
tion manual needed. (John Oesterling, RR a6, Rush- 
ville, Ind. 46173) 
Grundig- Majestic Model 2069 receiver. Schematic and 
parts source needed. Westinghouse Model H- 563P4A 
portable 4 -tube receiver. Schematic and parts source 
needed. (Kirby McElhearn, 67 -46 Chelsea St., Jamaica 
Estates, N.Y. 11432). 
Nova Tech Model 4B Air O Ear receiver. Alignment in- 
structions needed (also parts replacement list). Walter 

Niemiec, 227 Fairway Dr., New Hartford, N.Y. 
13413) 
RCA ARS8 LF receiver. Schematic and alignment data 
needed. (Norman Yeager, 7529 Bailey Rd., Montreal 29, 
Que., Canada) (Can supply manual for Hallicrafters 
S -40.) 
Hallicrafters Model HT -17 transmitter. Schematic and 
operating manual needed. (Richard Strobele, Box 203, 
Oakfield, N.Y. 14125) 
Hallicrafters Model S -38 short -wave receiver. Schema- 
tic, instruction, and operating manuals needed. (J. A. 
Mazza, 96 Smithfield Ave., Meriden, Conn. 06950) 
Stephens Mfg. Corp. Model 500 D trusonic audio ampli- 
fier. Schematic and instruction manual needed. (M. 
Otalora, Los Mochis Sugar Factory, Los Mochis, Sin., 
Mexico) 
Arkay Model 012 vacuum tube voltmeter. Schematic 
needed. (Frank Orzechowski, 313 Mayock St., Wilkes - 
Barre, Pa. 18705) 
Farnsworth Model AT -50 3 -band radio. Schematic need- 
ed. (F. R. Giannattf, 3138 W. Glenrosa, Phoenix, Ariz. 
85017) 
Deforest Crosley Model DC -5 radio. Tube complement 
and placement and /or tube source (preferably Canad- 
ian. (Vic Henderson, 17 Bradfield Ave., Tornot 18, 
Ont.. Canada) 

E. H. Scott Model SLR -F receiver. Schematic, operating 
manual, parts source, and any information needed. 
(Dennis Bell, 1172 Citrus Ave., Concord, Calif. 94520) 
Majestic Model 460 receiver. IF transformer part =10253 
needed. (Gerald Hodges, 422 Lincolnia Rd., =103, 
Alexandria, Va. 22304) 
Superior Instruments Model TD -55 tube tester. Sche- 
matic and test chart needed. (Ben E. Klein, 614. S. 
Ohio, Sedalia, Mo. 65301) 
TEC Model 515 transistor stereo amplifier. Audio output 
transformer P -43 A.T.C. 133 needed. (Joseph Gagliardo, 
128 Clinton Ave., Brooklyn, N.Y. 11205) 
B &K Model 160 dynamic transistor tester. Operating 
manual needed. (Thomas R. Haskett, 416 Lafayette St., 
New York, N.Y. 10003) 
Truetone Model DC3880 personal portable. Schematic 
and source for parts needed. (A. T. Chapulis, P.O. Box 
9515, Baltimore, Md. 21237) 
Western Television Corp. mechanical -scanning TV re- 
ceiver, circa early 1930's. Schematics, kino lamp, source 
for parts, technical and historical data needed. (Ed 
Bukstein, 3800 Minnehaha Ave., Minneapolis, Minn. 
55406) 
DeWald Model R1050 CB transceiver. Schematic and 
operating manual needed. (Alan Stanoszek, 110 Circle 
Dr., McKeesport, Pa. 15131) 
Crosley Model 148 BCB receiver. Schematic, parts list, 
source for parts, and any information needed. (N. 
Young, 133 W. Walnut Park Dr., Philadelphia, Pa. 
19120) 
Atwater -Kent Model 33 radio receiver. Schematic and 
source for parts needed. (Mike Clouse, P.O. Box 243, 
Rainier, Ore. 97048) 
Hallicrafters Model S -85 receiver. Operating manual, 
alignment instructions, and schematic needed. (Gary 
Whitmore, 1037 Bonnie St., Memphis, Tenn. 38122) 
DeVry Model S4F power supply. Schematic needed. 
(David Ostrander, 901 Talbot St., St. Thomas, Ont., 
Canada) 
Grunow all -wave, short -wave, and AM receiver, 1935. 
Operation manual and any information on how to read 
dial needed. (Jim Moon, 108 Tenby Rd., Havertown, 
Pa. 19083) 
Heathkit Model OS oscilloscope. Construction manual 
needed. (Reid Larson, 215 S. Grant, Westmont, Ill. 
60559) 
Hallicrafters Model S -38C receiver. Cabinet needed 
(Part # 66 C 722). John Crosby, SUPO Box 9821, Tuc- 
son, Ariz. 85720) 

OUT OF TUNE 
BUILD THE SPORTS TIMER (October, 
1968, Parts List, page 32) transistor Q4 
should be an MPS2923 or 2N5129. Sche- 
matic diagram at top of page is correct. 

Ranked l in lightweight tracking abilityl 
Able to track the toughest 
test -record bands at 0.8 gram2... 
With a frequency response flat 
within +2.5, -2 db from 20 to 20k Hz1, 2... 
And 30 db of stereo separations. 2... 
Plus a flawless square wave'', 22. . . 

EMPIRE's 999 V E 
The Long -Playing Cartridge $74.95 
I. HiFi /Stereo Review, July 1968. 2. High Fidelity, June 1968. Empire Scientific Corp., I© 

1055 Stewart Avenue, Garden City, N.Y. 11530 

EMPIRE 

CIRCLE NO. 18 ON READER SERVICE PAGE 
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Only NTS penetrates below the surface. Digs 
deeper. Example? Take the above close -up of the 
first transistorized digital computer trainer ever 
offered by a home study school. 

It's called The Compu -Trainer) -an NTS exclu- 
sive. Fascinating to assemble, it introduces you to 
the exciting world of computer electronics. Its de- 
sign includes advanced solid -state NOR circuitry, 

104 

flip -flops, astable multivibrators and reset circuits. 
Plus two zoner and transistorized voltage -regulated 
power sur plies. The NTS Compu- Trainera is capa- 
ble of performing 50,000 operations per second. 

Sound fantastic? it isl And at that, it's only one of 
many ultra- advanced kits that National Technical 
Schools offers to give you incomparable, in -depth 
career training. 

PROVE IT YOURSELF. SEND FOR OUR NEW CATALOG. SEE THE LATEST, 

MOST ADVANCED KITS AND COURSES EVER OFFERED NY A HOME STUDY SCHOOL. 

POPULAR ELECTRONICS 
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NTS...THE FIRST HOME STUDY SCHOOL 

TO OFFER LIVE EXPERIMENTS 

WITH INTEGRATED CIRCUIT KITS 

You build a computer sub -system using the new, 
revolutionary integrated circuits. Each one, smaller 
than a dime, contains the equivalent of 15 resistors 
and 27 transistors. 

And your kits come to you at no extra cost. These 
kits are the foundation of the exclusive Project - 
Method home study system... developed in our 
giant resident school and proven effective for thou- 
sands of men like yourself. 

With Project- Method, all your kits are carefully 
integrated with lesson material. Our servicing and 
communication kits are real equipment -not school - 
designed versions for training only. As you work on 
each of the projects, you soon realize that even the 
most complicated circuits and components are easy 
to understand. You learn how they work. You learn 
why they work. 

NTS Project- Method is a practical- experience 
approach to learning.The approach that works best! 
An all- theory training program can be hard to under- 
stand - difficult to remember. More than ever before 
you need the practical experience that comes from 
working with real circuits and components to make 
your training stick. 

NTS SENDS YOU KITS TO BUILD THESE 

IMPORTANT ELECTRONICS UNITS! 

25" COLOR TV 
21" BLACK & WHITE TV 

SOLID -STATE RADIO 
AM -SW TWIN- SPEAKER RADIO 

TUBE- TESTER 
TRANSCEIVER 

COMPU- TRAINER 
VTVM 

SIGNAL GENERATOR 
5" OSCILLOSCOPE 

See them all illustrated in 
the new NTS Color Catalog. 

CLASSROOM TRAINING AT LOS ANGELES: You can take classroom 
training at Los Angeles in sunny California. NTS occupies a city 
block with over a million dollars in facilities devoted exclusively to 
technical training. Check box in coupon. 

NATIONALS SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 So. Figueroa Street, Los Angeles, Calif. 90037 

APPROVED FOR VETERANS 

Accredited Member: National Home Study Council 
Accredited Member: National Association of 
Trade and Technical Schools 

rElIn 

25" COLOR IVY 
Included in Color TV Servicing 
Courses. With it you advance 

yourself into this profitable 
field of servicing work. Color is 

the future of television, you 
can be in on it with NTS training. 

COMMUNICATIONS 

This transceiver is included 
in Communications courses. 
You build it. With it, you 
easily prepare for the F.C.C. 
license exam. You become 
a fully- trained man in com- 
munications, where career 
opportunities are unlimited, 

GET THE FACTS! SEE ALL NEW 

COURSES AND KITS OFFERED IN 

THE NEW NTS COLOR CATALOG. 

SEND THE 

CARO 
OR COUPON 
TOOM! 

There's no 
obligation. 
You enroll 
by mail 
only. No 

salesman 
will call. 

YOUR OPPORTUNITY IS NOW 

New ideas, new inventions, are 
opening whole new fields of 
opportunity. The electronic 
industry is still the fastest grow- 
ing field in the U.S. There's a 

bigger, better place in it for the 
man who trains today. So, what- 
ever your goals are - advanced 
color TV servicing, broadcasting, 
F. C.C. license, computers, or 
industrial controls, NTS has a 

a highly professional course to 
meet your needs. uu EN= 

DEPT. 205 -128 In 
NATIONAL TECHNICAL SCHOOLS 
4000 S. Figueroa St., Los Angeles, Calif. 90037 
Please rush Free Color Catalog and Sample Lesson, plus 
information on field checked below. No obligation. 

o Check if interested in Veteran Training under new G.I. Bill. U 
o Check it interested ONLY in Classroom Training at Los Angeles. II NIuMIIu u i 

u 

NAME 

MASTER COURSE IN 

COLOR TV SERVICING 

COLOR TV SERVICING 

MASTER COURSE IN 

TV & RADIO SERVICING 

MASTER COURSE 

IN ELECTRONIC 

COMMUNICATIONS 

PRACTICAL TV & 

RADIO SERVICING 

FCC LICENSE COURSE 

INDUSTRIAL & COM- 

PUTER ELECTRONICS 

STEREO, HI Fl & 

SOUND SYSTEMS 

O BASIC ELECTRONICS 

AGE 

El ADDRESS 

CITY STATE ZIP 
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(Cc 
VOLT- OHMMETER 
atinued from page 40) 

SAVE BIG MONEY 
ON ELECTRONICS 
Buy from RADIO SHACK, America's 
biggest nationwide electronics store 
chain. Send now for your free copy 
of our new 1969 bargain -packed; 
electronics catalog . . plus a ( 

year of special bargain bulletins.; 
Write to - 
RADIO SHACK® 
2727 West 7th St., Dept. YT 
Fort Worth, Texas 76107 

FREE CATALOG AND BARGAIN BULLETINS 

Name 

Address 

City State Zip .... 
Radio Shack - subsidiary of Tandy Corporation 

Over 300 stores coast to coast 

CIRCLE NO. 32 ON READER SERVICE PAGE 

ELECTRONIC EXPERIMENTER'S 
HANDBOOK 

ELECTRONIC 
EXPERIMENTER'S The most fascinating and chal. 

lenging construction projects for 
the electronics hobbyist. Over 
148 pages. 
1968 Winter Edition #50 
1967 Spring Edition #49 
1966 Fall Edition #39 
1966 Spring Edition #36 
1965 Fall Edition #9 
Titles listed above $1.25 each 

Order by number from 
Ziff -Davis Service Div., 595 Broadway New York, 
N.Y. 10012. Enclosed add'I 15¢ per copy for ship- 
ping and handling (50¢ for orders outside U.S.A.) 

PAYMENT MUST BE ENCLOSED WITH ORDER 
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changes, adjust R2 on the V/F module to 
get an identical 001 reading with the 
input test leads either open or shorted. 
Center the adjustment on the 001 read- 
ing and then adjust it slightly lower, fa- 
voring the 000 reading. 

DIGITAL VOLTMETER SPECIFICATIONS 

Ranges: D.c. volts: 0.2, 0-20, 0 -200. Ohms: 
0.200, 0.2000, 0-20,000, 0. 200,000. Range 
extendable to anything that can be repre- 
sented by a variable 0.2 -volt d.c. signal. 

Input Impedance (Voltmeter): 0-2, 1 meg- 
ohm: 0 -20, I megohm; 0.200, 10 megohms. 

Maximum Ohmmeter Current: 0- 200,000 
ohms, 10 AA; 0- 20,000 ohms, 100 µA; 0 -2000, 
1 mA; 0-200, 10 mA. 

Resolution: One part in 200, any range. ±5 
millivolts on 0 -2 -volt range, ±0.5 ohms on 
0. 200 -ohm range. 

Accuracy: Better than -±1% of full scale, i-1 
count over most portions of most ranges. In- 
ternal calibration with 1.35 -volt secondary 
mercury standard. 

Stability: Less than 1 count drift per 20 min- 
utes after 15- minute warmup. 

Noise Rejection: Instrument is a fully inte- 
grating, multiple slope type and is essentially 
"blind" to any 60 -Hz line -borne hum or noise 
and has a high degree of rejection to all other 
high -frequency noise. 

Update Time: 15 measurements per second; 
instrument integrates input for 16.7 milli- 
seconds and displays for 50 milliseconds. 

Miscellaneous: Automatic overrange indi- 
cator, floating decimal points for "actual 
value" indication; zener input protection; polar- 
ity reversal switch; internally self- calibrating; 
useful accuracy to 200% of full scale. 

To calibrate the ohmmeter portion, 
ZERO and CALibrate the DVM as de- 
scribed above. Then place the test leads 
across a precision 1Ç resistor between 
1300 and 1500 ohms (do not use higher 
or lower values) and switch to the 0 -2K 
resistance range. If the DVM does not 
read exactly the resistance being mea- 
sured, adjust R13 on the V/F module 
till it does. The instrument is now fully 
calibrated on all scales. 

Readjust the ZERO and CALibrate 1.35 
front -panel controls any time you like. 
This gives you an instant check on how 
the DVM is doing. The internal trimmers 
will rarely if ever need readjustment. -®- 

POPULAR ELECTRONICS 
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LIBRARY (Continued from page 14) 

provided where necessary. The book is ar- 
ranged alphabetically in 100 chapters, cover- 
ing circuits for everything from alarms to 
welding equipment. Both tube -type and semi- 
conductor designs are provided, along with 
component values and types. If you need a 
circuit schematic in any branch of electron- 
ics, you can probably find it in this book. 
Published by McGraw -Hill Book Co., 330 West 
42 St., New York, N. Y. 10036. Hard cover. 
864 pages. $18.50. 

GADGET BOX 
(Continued from page 65) 

for the interconnections. You can anchor 
the 9 -volt battery to the perf board with 
a length of wire as shown in the photo 
on page 65. 

All of the components will mount in- 
side a common cigar box, but if you want 
a more durable housing, you can use a 
Bakelite box of an appropriate size. Also, 
you can substitute a 3.2 -ohm speaker, 
but performance will not be as good as 
with the recommended 8 -ohm speaker. 

As far as controls are concerned, you 
can select almost any type that suits your 
fancy. The d.p.s.t. push- button switch 
designated for S2 in the Parts List re- 
quires some preparation before installa- 
tion. First decide which set of contacts 
you will use as the power switch for the 
siren assembly. Then, bend these con- 
tacts so that they are the first to close 
and the last to open when S2 is depressed. 

For the ticker circuit, two controls 
were used -the on /off switch, SI, is a 
switched potentiometer, but the potenti- 
ometer section is not used; and a sepa- 
rate pot was used for R3. If you wish, 
you can use just one switched pot to con- 
trol the tick rate and power. Almost any 
general -purpose unijunction transistor 
can be used for Ql. 

If you're going to paint the cigar box 
or decorate it with adhesive -backed vinyl, 
do so after drilling but before mounting 
any of the parts. Then, when you're fin- 
ished with construction, show your child 
once or twice how the controls work and 
the functions of the Gadget Box. Then, 
leave him to his own devices. 

December, 1968 

Scott's new LR 88 
receiver takes the 

!** 
out of kit building 

Ladies and children needn't leave the room 
when you build Scott's new LR -88 AM/ FM 
stereo receiver kit. Full -color, full -size 
assembly drawings guide you through 
every stage ... wires are color- coded, pre- 
cut, pre- stripped ... and critical sections 
are completely wired and tested at 
the factory. 

In about 30 goof -proof hours, you'll have 
completed one great receiver. The LR -88 
includes FET front end, Integrated Circuit 
IF strip, and all the goodies that would 
cost you over a hundred dollars more if 
Scott did all the assembling. 

Performance? Just check the specs below 
. and write to Scott for your copy of 

the detailed LR -88 story. 
LR -88 Control Features: Dual Bass and Treble; Loud- 
ness; Balance; Volume compensation; Tape monitor; 
Mono /stereo control; Noise filter; Interstation muting; 
Dual speaker switches; Stereo microphone inputs; 
Front panel headphone output; Input selector; Signal' 
strength meter; Zero -center meter; Stereo threshold 
control; Remote speaker mono /stereo control; Tuning 
control; Stereo indicator light. LR-88 Specifications: 
Music -Power rating (IHF), 100 Watts (u: 4 Ohms: 
Usable sensitivity, 2.0 AV; Harmonic distortion, 0.6%; 
Frequency response, 15- 25,000 Hz ± 1.5 dB; Cross 
modulation rejection, 80 dB; Selectivity. 45 dB: 
Capture ratio. 2.5 dB; Signal /noise ratio. 65 dB: 
Price, $334.95 (Recommended Audiophile Net) 

You'll swear by it 
rrrrwlrrrrlrllwtttttt® 

....w 
.... ..... 

_ _._.. 
:. 

____ ®t « ` 

CUSCOTT 
H. H. Scott, Inc.. Dept. 520.12, Maynard, Mass. 01754 
Walnut case optional 

Q 1968, H. H. Scott, Inc. 
CIRCLE NO. 36 ON READER SERVICE PAGE 
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BREAKTHROUGH 

IN ELECTRONICS CALCULATING 
Still plodding through math and electronics problems the 
slow pencil- and -paper way? Smash the paperwork barrier with 
this new Electronics Slide Rule. 

Even if you've never used a slide rule before, you can whiz 
through resonant frequency calculations and inductive or ca- 
pacitive reactance problems. You can find reciprocals for 
resistance formulas instantly. You can even locate tricky 
decimal points in a jiffy. 

You can also work regular math problems in a flash: multi - 
plication...division...square roots ...logarithms...trigonometry. 

Anyone can use this sturdy 12 -inch, all -metal slide rule. 
We show you how with our complete 4- lesson instruction 
course. Slide rule, course, and handsome leather carrying 
case deliberately priced low as our way of making friends 
with men in Electronics. FREE booklet gives full details. Mail 
coupon below today. 

MAIL THIS COUPON FOR FREE BOOKLET 
rrr CIE Cleveland Institute of Electronics 

1776 East 17th Street, Cleveland, Chao 44114 
Please send me your FREE booklet describing the Elec- 
tronics Slide Rule and 4- lesson instruction course. Also 
FREE if 1 act at once -a handy pocket -sized Electronics 
Data Guide. 
Name 
Address _. 

City 
State Zip 

L 

(PLEASE >w,.> 

PE-151 J 
CIRCLE NO. 14 ON READER SERVICE PAGE 

Live Better Electronically With 

1969 Catalog 690 FREE' l's Now OFF PRESS 
r:. BETTER THAN EVER 

Over 500 Pages 
Stereo Hi -Fi Citizens 
Band Ham Gear Tape 
Recorders Test Equip- 
ment TV and Radio Tubes 
and Parts Cameras 
Auto Accessories Musical 
Instruments Tools Books 

Featuring Everything in Electronics for 
HOME INDUSTRY LABORATORY 

from the "World's Hi -Fi & Electronics Center" 
LAFAYETTE Radio ELECTRONICS 
Dept. 35128 P.O. Box 10 
Syosset, L.I., N.Y. 11791 

Send me the FREE 1969 catalog 690 

Name 

Address 

City 

State _.... 
I- 

35128 

Zip 

CIRCLE NO. 26 ON READER SERVICE PAGE 

POWER METER 
(Continued from page 69) 

power at 10 volts is 10 2/500 or 1:, watt. 
As a result, if the voltmeter were cali- 
brated in watts, it would give the prop- 
er indication only with one particular 
value of load resistor. 

The solution to the problem is to for- 
get about voltage measurements and con- 
centrate on the amount of current re- 
quired to produce a full -scale meter de- 
flection. With a 1 -mA meter movement, 
all we have to do is arrange for 1 mA to 
flow through the meter whenever we want 
the meter to indicate full scale (1 watt, 
3 watts, etc.). A simplified circuit for 
doing this is shown in Fig. 2 (b) . 

For a full -scale meter deflection of 3 
watts and with a load resistor of 100 
ohms, the voltage across R, would be 
W x R or 17.32 volts. To make a 1 -mA 
meter indicate full scale, the total resis- 
tance in the meter circuit (Rm plus meter 
movement resistance) will have to be 17,- 
320 ohms. Similarly, if the load resistor 
is 500 ohms, the voltage across it is 
38.73 volts and the meter -circuit resis- 
tance must be 38,730 ohms. 

TABLE II -METER RESISTOR VALUES 

Rr, 
(ohms) 

E 
(volts) 

Ru 
(calculated) 

(kohms) 

Ru 
(used) 

(kohms) 

4.7 3.742 3.7 3.9 
10 5.48 5.5 5.6 
22 8.12 8.1 8.2 
37 11.87 11.8 12 

100 17.32 17.3 18 
220 26.67 25.7 27 
470 37.42 37.4 39 

1000 54.8 54.8 56 
2200 81.2 81.2 82 
4700 118.7 118.7 120 

10 k 173.2 173.2 180 

The values used to determine R,r for 
the Power and Impedance Meter are giv- 
en in Table II. Note that in every case, 
the calculated value of R,t is close enough 
to a standard resistance value that it is 
not necessary to use special resistors. 
The use of 3 watts as the full -scale de- 
flection makes possible this happy cir- 
cumstance. Since the meter, in this case, 
had an internal resistance of only 100 
ohms, its resistance was ignored. -3A- 

110 POPULAR ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


ELECTRONIC KITS 
(Continued from page 46) 

two -transistor phono amplifier, and a 
tone generator. Four projects were cho- 
sen for evaluation because of the rather 
high cost of this kit in addition to the 
fact that assembly time for even the 
most elaborate project required less than 
10 minutes. 

This is a most impressive kit and 
working it is a breeze. The user simply 
selects the proper blocks containing the 
components required for a given project 
and places them on the plated steel proj- 
ect assembly board. The individual blocks 
are held in place by magnets that are 
molded in the bottoms of the blocks. 

Aside from the ease with which proj- 
ects go together, this kit deserves a gold 
star for another very unique feature: 
Wiring and component symbols and val- 
ues are embossed on top of the blocks 
so that, when the project is finished, its 
schematic diagram is in clear view, com- 
plete with component values. You simply 
copy the circuit as it appears on the 
blocks. 

In summary, all of the educational elec- 
tronic kits discussed are designed for the 
beginner. Every kit has intermediate 
(and some a few advanced) projects to 
take the beginner beyond the initial 
learning stage. Scope of the kits is not 
limited to a single area; basic control, 
audio, and radio circuit projects are all 
represented. 

Going a step further, the individual 
kits are by no means rigidly structured 
to just the projects described in the in- 
struction manuals. For example, you 
might put together a crystal- detector 
radio receiver in one project; an audio 
amplifier stage would be added in the 
next project; and so on, always building 
on the original project (or changing it) . 

Obviously, such repetitions instill a cer- 
tain amount of inquisitiveness in the 
youngster working with the kit. Soon, 
he will be substituting or adding parts 
either through logically conceived ideas 
based on what he has learned, or through 
simple curiosity. In either case, he will 
be learning by doing. -- 
December, 1968 

NOW OFFERED FOR THE FIRST 
TIME TO THE PUBLIC 

GRAYMARK 
ELECTRONICS PROJECTS 
Hobbyist / Experimenter / Student 
For years, teachers have used Graymark classroom projects 
to provide (1) the basics of electronics theory and (2) valuable 
and workable end products. Now, for the first time, Graymark 
offers certain of these projects to the public. You can now 
embark on an exciting, step -by -step journey toward the build- 
ing of your own highly professional, eight -transistor or five - 
tube radio ... besides learning a great deal about electronics. 
Each project comes complete with all parts and easy -to- follow 
instructional manual. All parts fully warranteed. 

"COMACHO" EIGHT- TRANSISTOR RADIO. Project provides basics 
of superheterodyne transistor theory operation. Builds into an 
attractive printed circuit -board radio, mounted in plastic case. 
Compares favorably with more expensive units. Earphone 
included. $19.95 each. 

"SCALLON" FIVE -TUBE RADIO. Easy -to- understand project ap- 
proach to superheterodyne circuitry. Assembles into a distinc- 
tive table -type radio. Tubes, contemporary walnut cabinet 
included. $21.95 each. 

t Send ordy o: 

RAYMARK Enterpriseser 

todat 
, Incorporated 

Dept. 101, P.O. Box 54343, Ter. Annex, Los Angeles, Calif. 90054 

Send Projects Checked 
COMACHO ($19.95 ea.) SCALLON ($21.95 ea.) 

Send Postpaid. Enclosed find check /money order for 
full amount. (Calif. Res. add 5% to total purchase) 

Send C.O.D. I will pay full amount, plus postage. 

Name 

Address 

City & State _Zip 
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INDEX 
TO VOLUME 29 

JULY -DEC. 1968 

AMATEUR RADIO 

Amateur Radio (Brier) 
Places and People in Ham Radio 77 July 
Changes in FCC Regulations 83 Aug. 
Sun Spots Improve 28 -MHz Condi- 

tions 92 Sept. 
Horizontal "Vertical" Antennas 82 Oct. 
New Frequency Allocations 83 Nov. 
Protecting Our Frequencies 76 Dec. 

Amateur Radio Equipment, 1968 Review 
(Brier) 67 Aug. 

CW Monitor, Battery less (Vogwill) 40 July 
Meters: Let's Face Them (Speer) 79 Aug. 
Noise Blanker (McGee) 49 Oct. 

AUTOMOTIVE ELECTRONICS 

G -Whiz, Build the (Whalen) 29 Sept. 
Omni -Alarm, Automobile (Simonton) 51 Aug. 
Who Left the Car Lights On? (Ives) 34 Aug. 

CITIZENS BAND RADIO 

CB Antennas, Touch Base with (Belt) 58 Aug. 
CB Equipment, Annual Catalog of 5 -Watt 

(Staff) 41 Aug. 
Noise Blanker (McGee) 49 Oct. 
On the Citizens Band (Spinello) 

Jamboree Calendar 79 July 
Colorado Revisited 86 Aug. 
Jamborees Are Better Than Ever 96 Sept. 
A CB Group Devoted to Service 81 Oct. 
1968 Monitour Results 66 Dec. 

CONSTRUCTION 

Accuratime, Build the (Whalen) 41 July 
Amplifier, Basic Mono (Horsfield) 67 Sept. 
Amplifier, Unique Dual -FET ( Blachford) 78 Aug. 
Antenna, Four -Band SWL (Turner) 50 Nov. 
Calibrator, Accurate Low -Voltage (Tooker) 66 Sept. 
Digital Volt- Ohmmeter, Build the POPULAR 

ELECTRONICS (Lancaster) 27 Dec. 
Electronic Lock, Freq -Out (Simonton) 43 Oct. 
FET Interval Timer (Blachford) 61 Sept. 
FET -QM, Build a (Tellefsen) 51 Dec. 
FET Rejuvenates VOM (Prensky) 72 Nov. 
Fluorescent Lamp, Battery- Powered 

(Richards) 55 Dec. 
Gadget Box -Mark 99 (Tashetta) 64 Dec. 
G -Whiz, Build the (Whalen) 29 Sept. 
Lighting Control, Build the Dynadim Home 

(Bik) 71 Sept. 
Li'I Winker, Build (Greenlee) 47 Dec. 
Magnetic Stirrer, Variable -Speed 

(Dennison) 43 Nov. 
Metronome, Electronic, with Accented 

Beat 59 Nov. 

1 t2 

MOSFET Barrier, Checking the (Tooker). 58 Nov. 
Nixie Readout, All- Purpose (Solomon, 

Burawa) 67 Nov. 
Noise Blanker (McGee) 49 Oct. 
Omni -Alarm, Automobile (Simonton) 51 Aug. 
pH Meter, Solid -State (Dennison) 33 Nov. 
Photoplethysmograph, Your Own Little 

(Devine) 4 27 July 
Pitch Referenc4, Build a Musical 

(Lancaster) 41 Sept. 
PLM, 117 -Volt (Forman, Nawracaj) 55 Aug. 
Power and Impedance Meter, Unique 

( Hartkopf) 67 Dec. 
Power Supply, IC Experimenter's 3.6 -Volt 

(Tooker) . . 27 Aug. 
Prowler Howler (Rawlings) 47 Nov. 
Speaker System, Sealed Reflex (Weems) 59 Oct. 
Sports Timer 31 Oct. 
Stereo -At 99¢ Per Ear (Weems) 34 July 
Super -Sensitive Super -Simple Super -Regen 

(Lisle) 52 July 
Table Lamp, Mannerly (Small) 79 Nov. 
Transistor Test Adapter for Your VTVM 

(Mangieri) 55 July 
Transistor Tester, Simple (Kelland) 80 Sept. 
While You Were Out (St. Laurent) 31 Aug. 
Who Left the Car Lights On? (Ives) 34 Aug. 

DEPARTMENTS 

Electronics Library 
87 July, 14 Sept., 14 Oct., 14 Nov., 
14 Dec. 

Information Central (Schauers) 
66 July, 76 Aug. 78 Oct. 

Letters From Our Readers 
8 July, 10 Aug., 8 Sept., 8 Oct., 
8 Nov., 8 Dec. 

New Literature 
16 Aug., 124 Sept., 16 Nov., 16 Dec. 

New Products 
22 July, 22 Aug., 22 Sept., 22 Oct., 
22 Nov., 22 Dec. 

Operation Assist 
83 July, 124 Aug., 97 Sept., 12 Oct., 
102 Nov., 101 Dec. 

Out of Tune 
M /M /M Instrument Amplifier (Part 

1, April, 1968, p. 43) 86 July 
SonCon Continuity Tester (June, 

1968, p. 61) 14 Aug. 
Sports Timer (Oct., 1968, p. 31) 103 Dec. 
Tune up Your Bass Reflex (July, 

1968, p. 47) 99 Oct. 
Tips and Techniques 

85 July, 96 Aug., 85 Sept., 26 Oct. 92 Nov. 

FEATURE ARTICLES 

Amateur Radio Equipment, 1968 Review 
(Brier) 67 Aug. 

Bass Reflex, Tune up Your (Weems) 47 July 
Out of Tune 99 Oct. 

CB Antennas, Touch Base with (Belt) 58 Aug. 
CB Equipment, Annual Catalog of 5 -Watt 

(Staff) 41 Aug. 
Color TV That Isn't (Griffin) 73 Oct. 
Dream Receivets for the SWL (Ferrell) 53 Oct. 
Fluorescent Lamp, Battery -Powered 

(Richards) 55 Dec. 
Gadget Box -Mark 99 (Tashetta) 64 Dec. 
Kits for Beginners, Christmas Prevue of 

(McEntee) 41 Dec. 
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Meters: Let's Face Them (Speer) 79 Aug. 
Neon Lamp, The Ubiquitous Part 1, 

(Kyle) 55 Sept. 
Part II 55 Nov. 

PC Boards, Making, from the Printed Page 
(Rosica) 69 Oct. 

Popular Elecomics 
40 Aug., 42 Oct., 32 Nov., 50 Dec. 

Quizzes 
Circuit Designers' ( Balin) 35 July 
How's Your TVQ? (Bell) 54 Aug. 
Are You a Real Technician? (Bell) 48 Sept. 
Transient Voltage ( Balin) 68 Oct. 
Crackerjack or Clown? (Bell) 46 Nov. 
What's a Wobbulator? (Bell) 54 Dec. 

Resistance Soldering (Whitmer) 81 Sept. 
Soviet Electronics: A 1968 Reappraisal 

(Hannah) 49 Sept. 
Technician Jobs in CATV, 10,000 (Lacy) 27 Nov. 
Test Points, Simplify with (Ashe) 62 July 
TV Servicing, Systems Approach to (Belt) 59 July 
Wire Sizes -Not Beauty Measurements 

36 -24.34 75 Sept. 
Zener Diode, Getting to Know the (Craw- 

ford) 51 Nov. 
Zounds! (Harbaugh) 54 Sept. 

HI -FI /STEREO AND AUDIO 

Accuratime, Build the (Whalen) 41 July 
Amplifier, Basic Mono (Horsfield) 67 Sept. 
Amplifier, Unique Dual -FET ( Blachford) 78 Aug. 
Bass Reflex, Tune up Your (Weems) 47 July 

Out of Tune 99 Oct. 
Pitch Reference, Build a Musical (Lan- 

caster) 41 Sept. 
Speaker System, Sealed Reflex (Weems) 59 Oct. 
Stereo -At 99¢ Per Ear (Weems) 34 July 

PHOTOGRAPHY 

Li'I Winker, Build (Greenlee) 47 Dec. 
Magnetic Stirrer, Variable -Speed (Denni- 

son) 43 Nov. 
Metronome, Electronic, with Accented 

Beat 59 Nov. 

PRODUCT GALLERY 

Knight -Kit KG -372 Ignition System 74 Aug. 
Petersen RM2 -4 Monitor Receiver 74 Aug. 
Heathkit "Jaguar" Combo Organ Kit 76 Oct. 
Squires -Sanders "Skipper" CB Transceiver 74 Nov. 
Regency Model MR -10D Monitoradio 74 Nov. 

SCIENCE FAIR 

Magnetic Stirrer, Variable -Speed (Denni- 
son) 43 Nov. 

Nixie Readout, All- Purpose (Solomon, 
Burawa) 67 Nov. 

Sports Timer 31 Oct. 
Stereo -At 99¢ Per Ear (Weems) 34 July 
Table Lamp, Mannerly (Small) 79 Nov. 

SHORT -WAVE LISTENING 

Accuratime, Build the (Whalen) 41 July 
Antenna, Four -Band SWL (Turner) 50 Nov. 
CW Monitor, Battery less (Vogwill) 40 July 
Dream Receivers For the SWL (Ferrell) 53 Oct. 
English- Language Broadcasts to North 

America (Legge) 

74 July, 94 Aug., 94 Sept., 84 Oct., 
80 Nov., 72 Dec. 

FET -QM, Build a (Tellefsen) 51 Dec. 
Noise Blanker (McGee) 49 Oct. 
Short-Wave Listening (Bennett) 

Verifying Those Latin Americans 75 July 
Random Notes from Here and There 92 Aug. 
Gambia Is the One to Get 95 Sept. 
News About DX Awards Programs 79 Oct. 
Tristan Da Cunha Is on the Air 81 Nov. 
Open Letter to Radio Cairo 73 Dec. 

Super -Sensitive Super -Simple Super -Regen 
(Lisle) 52 July 

SOLID STATE 

Accuratime, Build the (Whalen) 41 July 
Amplifier, Unique Dual -FET (Blachford) 78 Aug. 
Calibrator, Accurate Low -Voltage (Tooker) 66 Sept. 
Digital Volt- Ohmmeter, Build the POPULAR 

ELECTRONICS (Lancaster) 27 Dec. 
Electronic Lock, Freq -Out (Simonton) 43 Oct. 
FET Interval Timer (Blachford) 61 Sept. 
FET -QM, Build a (Tellefsen) 51 Dec. 
FET Rejuvenates VOM (Prensky) 72 Nov. 
Lighting Control, Build the Dynadim Home 

(Bik) 71 Sept. 
Metronome, Electronic, with Accented 

Beat 59 Nov. 
MOSFET Barrier, Checking the (Tooker) 58 Nov. 
Nixie Readout, All- Purpose (Solomon, 

Burawa) 67 Nov. 
Noise Blanker (McGee) 49 Oct. 
Omni -Alarm, Automobile (Simonton) 51 Aug. 
pH Meter, Solid -State (Dennison), 33 Nov. 
Photoplethysmograph, Your Own Little 

(Devine) 27 July 
Pitch Reference, Build a Musical 

(Lancaster) 41 Sept. 
Power Supply, IC Experimenter's 3.6 -Volt 

(Tooker) 27 Aug. 
Prowler Howler (Rawlings) 47 Nov. 
Solid -Stale (Garner) 

80 July, 84 Aug., 86 Sept., 85 Oct., 
76 Nov., 70 Dec. 

Sports Timer 31 Oct. 
While You Were Out (St. Laurent) 31 Aug. 
Who Left the Car Lights On? (Ives) 34 Aug. 

TELEVISION 

Color TV That Isn't (Griffin) 73 Oct. 
Technician Jobs in CAN, 10,000 (Lacy) 27 Nov. 
TV Servicing, Systems Approach to (Belt) 59 July 

TEST EQUIPMENT 

Calibrated Sweep to Your Oscilloscope, 
Add (Bonebrake) 75 Dec. 

Calibrator, Accurate Low -Voltage (Tooker) 66 Sept. 
Digital Volt- Ohmmeter, Build the POPULAR 

ELECTRONICS (Lancaster) 27 Dec. 
FET Rejuvenates VOM (Prensky) 72 Nov. 
MOSFET Barrier, Checking the (Tooker) 58 Nov. 
Nixie Readout, All- Purpose (Solomon, 

Burawa) 67 Nov. 
pH Meter, Solid -State (Dennison) 33 Nov. 
PLM, 117 -Volt (Forman, Nawracaj) 55 Aug. 
Power and Impedance Meter, Unique 

(Hartkopf) 67 Dec. 
Transistor Test Adapter for Your VTVM 

(Mangled) 55 July 
Transistor Tester, Simple (Kelland) 80 Sept. 
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CALIBRATED SWEEP 

(Continued from page 75) 

Sweep template should look similar to this. Here, 
sweep vernier and range switch are close together. 

is range "A" on the KG -635.) Set the 
sweep vernier full counterclockwise and 

adjust the signal generator's frequency 
control for a display of one cycle per inch 
on the CRT. Make a mark (on the inner- 
most circle) and enter the frequency 
indicated by the generator's dial. Set 
the generator's frequency to the next 
higher calibration point, and adjust the 
sweep vernier control clockwise for a 
one -cycle /inch display. Mark the posi- 
tion and enter the frequency as before. 
Proceed in this manner to the fully clock- 
wise positioh of the vernier control, 
marking the positions and entering the 
frequency as you go. 

Now set the sweep frequency control 
to each of its successive positions, and 
repeat the above steps for the vernier 
control for each of the positions. Use 
successive concentric circles to mark the 
positions and enter the frequencies for 
each position of the sweep frequency 
control. When the calibrated sweep dial - 
plate is completed, it should look similar 
to the one shown in the drawing. 

Be sure that, when you skip from posi- 
tion to position and range to range, you 
touch up the horizontal gain control as 
needed to maintain a constant 4" trace 
width. The same applies when you use 
the scope to measure frequency. 

When the calibrated dial is completed, 
clean it up, or transfer the markings and 
frequency designations to a more durable 
medium (such as sheet Mylar, acetate, 
or a thin sheet of plastic) , and use a 
permanent marker to enter the positions 
and frequencies. Finally, glue the 
cleaned up dial to the front of the oscil- 
loscope, being extremely careful to orient 
it properly., The photo shows the dial 
mounted and ready for use. -{0-- 

KEEP IN TOUCH 
WITH THE ACTION! 

BONARGON 
VHF-FM 2 WAY 
TRANSCEIVER 

(132 -174 MHz) 

FCC TYPE 

ACCEPTED 
for parts 89,91,93 and 
part 21 telephone use 
Also DOT ACCEPTED 
for Canadian use 

$375 

INSTANT 2 Way Communications To All Points! 
YOU ALWAYS GET THROUGH . OPERATES ANYWHERE! 
INDOORS, OUTDOORS, IN STEEL BUIL DINGS 
More performance and features than much higher priced units 
engineered with space age techniques and military type components 
for high reliability, superior performance and long life Provides 
instant voice contact with base stations, mobile units and other 
portable transceivers compatible with all VHF narrowband sys- 
tems exclusive "Push -to- Talk" mike` Full frequency range for 
all public safety, industrial and land transportation services 
single or split channel operation 1.6 watts output. 

with 
1 

pair 
of crystals and 
penlite batteries 
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SONAR RADIO CO P., 73 Wortman Ave., Brooklyn, N.Y. 11207 
Please send information on Model 2301 -the SONARCOM. 

Dept. 801 
Firm Name Title 
Address Phone 
City State Zip 
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READER 
SERVICE PAGE 

free information service. 
Here's an easy and convenient way for you to get additional information about 
products advertised or mentioned editorially (if it has a "Reader Service 
Number ") in this issue. Just follow the directions below... and the material 
will be sent to you promptly and free of charge. 

1 Print or type your name and address on the 
lines indicated. Circle the number(s) on 

the coupon below that corresponds to the key 
number(s) at the bottom of the advertisement or 
editorial mention(s) that interest you. (Key num- 
bers for advertised products also appear in the 
Advertisers' Index.) 

2 Cut out the coupon and mail it to the 
address indicated below. 

3 This address is for our product "Free 
Information Service" only. Editorial in- 

quiries should, be directed to POPULAR ELEC- 
TRONICS, One Park Avenue, New York 10016; 
circulation inquiries to Portland Place, Boulder, 
Colorado 80302. 

POPULAR 
ELECTRONICS 

VOID AFTER JANUARY 31, 1969 

P.O. BOX 8391 
PHILADELPHIA, PA. 19101 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
21 22 23 24 25 26 27 28 29 30 31 32 33 34 
41 42 43 44 45 46 47 48 49 50 51 52 53 54 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 

15 16 
35 36 
55 56 
75 76 

95 96 97 98 99 100 

17 18 19 20 
37 38 39 40 
57 58 59 60 
77 78 79 80 

NAME (Print clearly) 

ADDRESS 

CITY STATE ZIP CODE 

12" b 
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ELECTRONICS MAR ET PLACE 
COMMERCIAL RATE: For firms or individuals offering commercial 
products or services. $1.15 per word (including name and address). 
Minimum order $11.50. Payment must accompany copy except when 
ads are placed by accredited advertising agencies. Frequency dis- 
count: 5% for 6 months; 10% for 12 months paid in advance. 
READER RATE: For individuals with a personal item to buy or sell. 
70c per word (including name and address). No Minimum! Payment 
must accompany copy. 

GENERAL INFORM 
extra charge. Addi 
per word. All copy 
of the 2nd precedi 
ary 1st). Send ord 
TRONICS, One Pa 

TION: First word in all ads set in bold caps at no 
oval words may be set in bold caps at 10c extra 
ubject to publisher's approval. Closing Date: 1st 
g month (for example, March issue closes Janu- 

r and remittance to: Hal Cymes, POPULAR ELEC- 
Avenue, New York, New York 10016. 

FOR SALE 

FREE! Giant bargain catalog on transistors, diodes, rectifiers, SCR's, 
zeners, parts. Poly Paks, P.O. Box 942, Lynnfield, Mass. 01940. 
GOVERNMENT Surplus Receivers, Transmitters, Snooperscopes, Ra- 
dios, Parts, Picture Catalog 250. Meshna, Nahant, Mass. 01908. 
BUG DETECTOR: WILL DETECT AND LOCATE SURREPTITIOUS 
TRANSMITTING DEVICES IN CONFERENCE ROOMS, HOME AND OF- 
FICES, ETC. WRITE FOR DETAILS. WJS ELECTRONICS, 737 NORTH 
SEWARD, HOLLYWOOD, CALIF. 90038. 

ROCKETS: Ideal for miniature transmitter tests, New illustrated 
catalog, 250. Single and multistage kits, cones, engines, launchers, 
trackers, rocket aerial cameras, technical information. Fast service. 
Estes Industries, Dept. 18, Penrose, Colorado 81240. 
LOWEST Prices Electronic Parts. Confidential Catalog Free. KNAPP, 
3174 8th Ave. S.W., Largo, Fla. 33540. 

CRYSTALS ... largest selection in United States at lowest prices. 
48 hr. delivery. Thousands of frequencies in stock. Types include 
HC6 /U, HC18 /U, FT -241, FT -243, FT -171, etc. Send 100 for catalog 
with oscillator circuits. Refunded on first order. Jan Crystals, 2400F 
Crystal Dr., Fort Myers, Fla. 33901. 
TREASURE Hunters! Prospectors! Relco's new instruments detect 
buried gold, silver, coins. Kits, assembled models. Transistorized. 
Weighs 3 pounds. $19.95 up. Free catalog. Relco -A33, Box 10836, 
Houston, Texas 77018. 

EUROPEAN and Japanese bargain catalogs. $1 each. Dee, 10639E 
Riverside, North Hollywood, Calif. 91602. 

TRANSISTORIZED CONVERTER KITS: Two models, converts car 
radio. Receive 30 -50mc or 100 -200mc (one me tuning) $5.00 with 
simple instructions. Crystal $2.50. Meshna, No. Reading, Mass. 
01864. 

MECHANICAL, ELECTRONIC devices catalog 100. Greatest Values - 
Lowest Prices. Fertik's, 5249 "D ", Philadelphia, Pa. 19120. 

MUSIC LOVERS, CONTINUOUS, UNINTERRUPTED BACKGROUND 
MUSIC FROM YOUR FM RADIO, USING NEW INEXPENSIVE ADAPT- 
OR. FREE LITERATURE. ELECTRONICS, 11500 -Z NW 7th AVE., 
MIAMI, FLORIDA 33168. 

NEW Sensitive Treasure Metal Detectors. New low prices. Profes- 
sional models from $29.95 to $129.50. Write for free catalog 
today. Jetco Electronics, Box 132 -E, Huntsville, Texas 77340. 

JAPANESE or EUROPEAN DIRECTORY 200 firms $1.00. SURVEIL- 
LANCE SECURITY EQUIPMENT, Catalog 250. SUBMINNIMIKE 
14 x 34 x 3 /uú $4.00. SIERRATRONICS, Box 7497, Las Vegas, 
Nev. 89101. 

WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine. 
Speakerphone, Carphone, Phonevision, Legal Connector, Auto Dialer, 
Central Dial System. TELEVISION: $35.00 Color Converter, Tape Re- 
corder, 3DTV, $25.00 Camera. DETECTIVE: Infinity Transmitter, Tail 
Transmitter, Police Radar Detector. HOBBYIST: Electron Microscope, 
96 Hour Tape Music System, Ultrasonic Dishwasher, Radar -Oven, 
Electronic Tranquilizer. Plans $4.95 each. COURSES: Telephone 
Engineering $39.50, Detective Electronics $22.50, Anti- Detective 
Electronics $27.50. SUPER HOBBY CATALOG 250. Don Britton 
Enterprises, 7906 Santa Monica Blvd., Hollywood, Calif. 90046. 

CIRCUIT Boards, Parts for "Poptronia" projects. Free catalog. 
S.W. Technical, Box 16297, San Antonio, Texas 78216. 

SURVEILLANCE COUNTERMEASURES BROCHURE $1.00. ENGINEER. 
ING LABORATORIES, BOX 1036, ANDERSON, INDIANA 46015. 

WEBBER LAB's. Police & Fire Converters. Catalog 100. 72 Cottage 
Street, Lynn, Mass. 01905. 
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RADIO -T.V. Tube 330 each. Send for free catalog. Cornell, 4213 
University, San Di go, Calif. 92105. 
SECURITY AND 
SECURITY ELECT 
N.Y. 10017. 

RIVACY PROTECTION DEVICES. FREE DATA: 
NICS PE, 15 EAST 43RD STREET, NEW YORK, 

WHOLESALE CO ONENTS: Manufacturers and distributors only. 
Request free catal g on business letterhead. WESCOM, Box 2536, 
El Cajon, Californ a 92021. 
CONVERT any tele 
minor changes re . 

trated plans, $2.0 

ision to sensitive, big- screen oscilloscope. Only 
fired. No electronic experience necessary. Illus- 

. Relco -A33, Box 10563, Houston, Texas 77018. 
TELEVISION CAM RA KITS! Wide selection tube and transistor 
models. Starter ki s, $18.95 up. Complete kits $149.50 up. Plans 
available separate! ; tube camera $3.00, transistor camera $5.00, 
TV station $1.00, ATV literature anthology $2.50. Catalog FREE. 
ATV RESEARCH, 3th & Broadway, Dakota City, Nebraska 68731. 
WPE- HAM -CB Q L's samples 250. Dick, WBV)(K, Gladin, Mich. 
48624. 

RECTIFIERS, tran stors, other components. Catalog free. Electronic 
Components Co., :ox 2902C, Baton Rouge, La. 70821. 

JAPAN DIRECTOR 
chandise and Asi 
Kaisha Ltd., Box 

. Electronics products and parts. General mer - 
trade information. Just $1.00 today. Ippano 

266, Spokane, Washington 99207. 

LAW ENFORCEME 
FREE LITERATUR 
BE ON YOUR 0 
7TH AVE., MIAMI, 

AGENTS AND LEGAL INVESTIGATORS ONLY. 
, LATEST ELECTRONIC AIDS. REQUEST MUST 
ICIAL LETTERHEAD. R. CLIFTON, 11500 -L NW 
FLORIDA 33168. 

LINEAR AMPLIFIE S: "Hornet" 50 watts output -$98.50; "Raider" 
-100 watts -$13'.50; "Maverick- 250" -250 watts -$244.95. AM 
and SSB. "Scorp on " -50 watt 12 V. Mobile amplifier -$99.95; 
"Bandit II " -12 . Mobile Amplifier -$169.95. Frequency range 
20 -35 megacycles (illegal for class D 11 meters.) Dealer inquiries 
invited. D & A anufacturing Co., 1217 Avenue C, Scottsbluff, 
Nebraska 69361. 

BARGAIN FLYER ND SIX NEW RESISTORS -250 (stamp or coin). 
BIGELOW ELECTR NICS, BLUFFTON, OHIO 45817 

WRITE now for f e 1969 catalog, McGee Radio Company. 1001 
bargains. Speaker -Parts -Tubes -High Fidelity Components -Rec- 
ord Changers -Tap Recorders -Kits. Everything in Electronics. 1901 
McGee Street, Kan as City (GE), Missouri 64108. 

ELECTRONIC igni.on, various types. Free literature. Anderson En- 
gineering, Epsom, N.H. 03239. 

EXCITING values 
accessories. Detail 
Ithaca, N.Y. 148 

Portable Monitor Receivers, Ameco Converters. 
, Free Antenna Offer: Griffin's, 322 West State, 

ETCH your own Pri ted Circuit Boards. Save time, money. COMPLETE 
INSTRUCTIONS $..00. Logue, Box 82, Bayville, N.Y. 11709. 

POLICE -FIRE RA 0 DIRECTORIES! Frequencies! Callsigns! Cata- 
log for stamp. Co munications, Box 56 -PE, Commack, N.Y. 11725. 

1/z "BRUTE 70" Mono -$40.00. David Hadaway, 11151/z Me- 
chanic, Galveston, exas 77550. 

GENERAL MC -5 i 

23 channel tran 
mounting rail br . 

booklet -price as 
neider, 158 Moun 

Transceiver complete with- mike /coiled cord. 
mit crystals, AC & DC power cords -mobile 
kets -built in GOONEY bird signal- instruction 
d- $125.00- Contact me at: Mr. Stanley Sch- 
indale Road, Yonkers, N.Y. 10710. 

FREE Schematic 
available elsewhe 
Dana Point, Califo 

ith order. 2 transistors. Exclusive part . Not 
. $5.00. R. Mason, 33392 Bremerton Street, 

nia 92629. 
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STOP theft, vandalism. Send $5.95 for high voltage property pro- 
tector. Effective. Non -Lethal. Satisfaction guaranteed. Catalog 204. 
Franks Scientific Co., P.O. Box 156, Martelle, Iowa 52305. 

MAGNETISM as I see it -by Jesse Costa -a 100 page pictorial manu- 
script describing my latest theories and experiments in basic mag- 
netism. ($3.00) Box 26, Waquoit, Massachusetts 02536. 

GERMAN and Japanese tubes and parts. Matthews Foreign Equip- 
ment Service Center, Box 151, Lawton, Oklahoma 73501. 

AMAZING Psychedelic Sound Translator. Great for the Yule Season. 
Operates Christmas lights or any type lights to music. Simply hook 
to any radio, stereo, hi -fi, or P. A. for exciting light rhythm. 300 
watt only $14.95 postpaid. Willy's Electronic Supply, 1636 D Ave., 
National City, California 92050. 
SHOCKING PAPERWEIGHT. Transistorized. Fun for desk, etc. La- 
beled "World's Heaviest Paperweight ". When lifted gives harmless, 
potent continuous shock. Matchbox size. $9.95 SHOCKER MOD- 
ULES. 9 volts input, 150 output. $4.95. Free list, lowest prices, 
tape recorders, Hi -Gain police receivers, Hi -Fi's, etc. Arch Electron- 
ics, 11040 Larimore Rd., St. Louis, Mo. 63138. 

POLICE, FIRE, COAST GUARD. Pocket size, professional 10 tran- 
sistor high or low band receivers. $25.95 prepaid. Includes wrist 
strap, batteries, earphone accessories. Specify band. Custom Corry 
ponents, Box 352 Alden, Elmont, N.Y. 11003. 

BARGAINS in Surplus Electronic Parts, Semiconductors, Tubes, Etc., 
DISCOUNT PRICES, FREE CATALOG. REDCO SALES CO., Box 294, 
Needham, Mass. 02194. 

ALARMS! Controls and components. Complete stock. Installers wel- 
come! Free catalog writing letterhead, business card. Otherwise 
$1.00 refundable first purchase. SILMAR ELECTRONICS, 3476-78 
N.W. 7th Street, Miami, Florida 33125. 

ELECTRONIC time delay AUTOMOBILE BURGLAR ALARM. Low in- 
troductory offer $11.99. AUTO MINDER, 4480 Broadview Road, 
Cleveland, Ohio 44109. 

HELIPOTS -10 turn, 1000 ohm, used. $2.00 each, postpaid. Hager - 
ling, Box 620, #2, 11900 Carlton Rd., Cleveland, Ohio 44106. 

MICROPHONE dynamic directional MD411 -HLM. Best music record- 
ing under adverse conditions. Three impedances allow connection 
to any amplifier. Made in Germany. Easy assembly. Kit $22, as- 
sembled $28. Sennheiser Electronic, 500 Fifth Avenue, New York, 
N.Y. 10036. 

S.S.S. Send 204 for our catalog featuring rectifiers, transistors, 
SCR's, IC's and other useful solid state devices. Solid State Sales, 
Box 74F, Somerville, Mass. 02143. 

PLANS AND KITS 

BEGINNERS Allwave $5.00, Two Band $5.00, F -M Tuner Chassis 
$10.00, Headset $2.50, Two Band Wired $10.00. Ekeradio, Box 
131, Temple City, Calif. 91780. 

BUILD -IT- YOURSELF. Save big dollars. Transistor stereo amplifiers. 
Color organs. Speakers. Write Workshop, Box 393, Bethpage, New 
York 11714. 

IN- CIRCUIT TRANSISTOR CHECKER. You can build. Plans $1.50. 
Lab Electronics, P.O. Box 6213, San Diego, Calif. 92106. 

SOLAR FLYING SAUCERS (New -Sun Powered -No Motors). How to 
build easily for less than $5 using Styrofoam and Plastic Bags. 
Many sizes -designs. Complete Descriptions -Plans- Drawings. $1. 
Guaranteed. Spacetronics, Box 31043 -PE, San Francisco, Calif. 
94131. 

$2- BURGLAR ALARMS, unattended automatic telephone and voice 
recordings in home and car. Plans $2. Edde Associates, Box 505, 
Glen Ellyn, Illinois 60137. 

PSYCHEDELIC strobe light kit $64.95 PPD. TACHOMETER kit 
$15.95 PPD. FANTASTIC, FIBER OPTICS kit $12.95 PPD. Chris - 
cyberbionics, Box 15763, West Palm Beach, Florida 33406. 

INTEGRATED CIRCUIT KITS: COMPUTER, AUDIO, Others. New 
catalog free. KAYE ENGINEERING, Box 3932 -A, Long Beach, Cali- 
lornia 90803. 

ENJOY FM MUSIC ONLY, No commercials, no interruptions. Com- 
plete plans and instructions for transistor sub -carrier detector, 
which plugs in the multiplex jack of your FM tuner. All parts used 
are off the shelf items. Use with any FM tuner. $2.50. Write: Rob- 
erts, 3490 Moretti Dr., Concord, Calif. 94520. 

CONVERT VTVM to FETYM, plans $2.00. 1215 Stanford, Palo Alto, 
Calif. 94306. 

December, 1968 

"COIL WINDING" Handbook -504. Experimenter's catalog includes 
250 exclusive items -254, refundable. Laboratories, 12041 -L Sheri- 
dan, Garden Grove, Calif. 92640. 

SUB -CARRIER MUSIC ADAPTER for uninterrupted commercial -free 
music. 6- transistor circuit uses standard components. Inexpen- 
sive and easy to build. Connects easily to any FM tuner. Complete 
plans and 3x4'/2" etched circuit board $4.50. Wallace Enterprises, 
Inc., 83-15 98th Street, Woodhaven, N.Y. 11421. 

SHORTWAVE LISTENING 

POLICE -FIRE -AIRCRAFT- MARINE- AMATEUR CALLS on your 
broadcast radio with TUNAVERTER! Tunable and crystal in one! 
Guaranteed! Free catalog. Salch Co., Woodsboro -PEC, Texas 78393. 

HIGH FIDELITY 

FREE! Send for money saving stereo catalog #P12E and lowest quo- 
tations on your individual component, tape recorder, or system re- 
quirements. Electronic Values, Inc., 200 W. 20th St., New York, 
N.Y. 10011. 

HI -FI Components, Tape Recorders, at guaranteed "We Will Not Be 
Undersold" prices. 15 -day money -back guarantee. Two -year war- 
ranty. No Catalog. Quotations Free. Hi- Fidelity Center, 239 (P) East 
149th Street, New York 10451. 

LOW, Low quotes: all components and recorders. HiFi, Roslyn, 
Penna. 19001. 

TAPE RECORDERS, Hi -Fi, components, Sleep Learning Equipment, 
tapes. Unusual Values Free Catalog. Dressner, 1523R, Jericho Turn- 
pike, New Hyde Park, N.Y. 11040. 

MUSIC 

POEMS wanted for new songs. Nashville Music Institute, Box 532 -E, 
Nashville, Tennessee 37202. 

TUBES 

TUBES "Oldies ", latest. Lists free. Steinmetz, 7519 Maplewood, 
Hammond, Indiana 46324. 

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands - 
Biggest Discounts. Technicians, Hobbyists, Experimenters -Request 
FREE Giant Catalog and SAVE! ZALYTRON, 469 Jericho Turnpike, 
Mineola, N.Y. 11501. 

TUBE Headquarters of World! Send 104 for Catalog (tubes, elec- 
tronic equipment) Barry, 512 Broadway, N.Y.C. 10012. 

RADIO & T.Y. Tubes -334 each. Send for free list. Cornell, 4213 
University, San Diego, Calif. 92105. 

DON'T BUY TUBES -- Radios TV- Xmitting, special- purpose types 
until you get our price list! Lowest prices in U.S.A. 5,000 types- - 
Guaranteed Brand N'ew. Send postcard for TV- Special Purpose Price 
List. UNITED RADIO COMPANY, P.O. BOX 1000, NEWARK, N.J. 
07101. 

THOUSANDS and thousands of types of electronic parts, tubes, 
transistors, instruments, etc. Send for Free Catalog. Arcturus Elec- 
tronics Corp., MPE, 502 -22nd St., Union City, N.J. 07087. 

TAPE AND RECORDERS 

BEFORE Renting Stereo Tapes try us. Postpaid both ways -no deposit 
-immediate delivery. Quality- Dependability- Service -Satisfaction 
-prevail here. If you've been dissatisfied in the past, your initial 
order will prove this is no idle boast. Free Catalog. Gold Coast Tape 
Library, Box 2262, Palm Village Station, Hialeah, Fla. 33012. 

HI -FI Components. Tape Recorders, at guaranteed "We Will Not Be 

Undersold" prices. 15 -day money -back guarantee. Two -year warranty. 
No Catalog. Quotations Free. HiFidelity Center, 239 (PT) East 149th 
Street, New York 10451. 

WHOLESALE-4-8 track STEREOTAPES -Car, Home PLAYERS -CB, 
Recorders. MUSICO, Box 11045, Montgomery, Alabama 36105. 

RENT 4 -Track open reel tapes -all major labels -3,000 different - 
free brochure. Stereo -Parti, 55 St. James Drive, Santa Rosa, Ca. 
95401. 
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STEREO TAPES, Save 30% and up; no membership or fees required; 
postpaid anywhere U.S.A. Free 70 -page catalog. We discount bat- 
teries, recorders, tape /accessories. Beware of slogans, "not under- 
sold", as the discount information you supply our competitor is in- 
variably reported to the factory. SAXITONE, 1776 Columbia Road, 

N.W., Washington, D.C. 20009. 

TAPE RECORDER SALE. Brand new nationally advertised brands, 
$10.00 above cost. Amazing discounts on stereo components. Arkay 
Electronics, 1028 -C Commonwealth Avenue, Boston, Mass. 02215. 

STEREO TAPE CLUB: AVERAGE COST $3.78 -$4.20. Cartridges, 
Cassettes, Reels, No minimum monthly purchases. Free brochure - 
catalog. Star Recordings, Box 1055, El Paso, Texas 79946. 

EXCLUSIVE! NORELCO CONFERENCE 'CARRY -CORDER'. Four hour 
recording on C -120 cassette. Unique accessories. Free data: Se- 
curity Electronics-PER, 15 East 43 Street, New York, N.Y. 10017. 

TAPEMATES makes available to you ALL 4 -TRACK STEREO TAPES - 
ALL LABELS- postpaid to your door -at tremendous sayings. For free 
brochure write: TAPEMATES, 5727 W. Jefferson Blvd., Los Angeles, 
California 90016. 
OLD radio programs on tape. Gangbusters, Jack Armstrong, Whistler, 
Hundreds more. Sample: 2 -hr. $6.00, 4 -hr. $9.00. Catalog $1.25 
or free with tape order. NOSTALGIA, Dept. P, 9875 SW 212 St., 
Miami, Fla. 33157. 

REPAIRS AND SERVICES 

TV Tuners rebuilt and aligned per manufacturers specification. 
Only $9.50. Any make UHF or VHF. Ninety day written guarantee. 
Ship complete with tubes or write for free mailing kit and dealer bro- 
chure. JW Electronics, Box 51C, Bloomington, Indiana 47401. 

SPEAKER REPAIR. Hi -Fi, guitar, organ speakers reconed good as 
new at fraction of new speaker price. For details and reconing center 
in your area write: Waldom Electronics, Inc., Dept PE, 4625 W. 53rd 
St., Chicago, III. 60632. 

CHASSIS: All types and sizes. Will build to your specifications. 
Phone 307-532-5752. A & T Manufacturing, Inc., 1902 West C., 
Torrington, Wyoming 82240. 

PERSONALS 

LAW ENFORCEMENT AGENTS AND LEGAL INVESTIGATORS ONLY. 
FREE LITERATURE, LATEST ELECTRONIC AIDS. REQUEST MUST BE 
ON YOUR OFFICIAL LETTERHEAD. R. CLIFTON, 11500 -K NW 7TH 
AVE., MIAMI, FLORIDA 33168. 

MAKE FRIENDS W RLDWIDE through international correspondence. 
Illustrated brochur free. Hermes, Berlin 11, Germany. 

LEMURIAN VIEWP INT- Meaningful discussions of Cosmic Truth: 
the purpose of hu an life, reincarnation, man's place in a Higher 
Plan, and subject from the Lemurian Philosophy. Send for FREE 
copy. Lemurian F lowship, Dept. 818, Box 397, Ramona, Calif. 
92065. 

INVENTIONS WANTED 

MANY million dollrr corporations have authorized us to locate new 
products. FREE "Directory of 500 Corporations Seeking New Prod- 
ucts." For information regarding development, sale, licensing of 
your patented /unpatented invention. Write: Raymond Lee Organiza- 
tion, 230 -GR Park Avenue, New York City 10017. 

INVENTIONS wanted. Patented; unpatented. Global Marketing Ser- 
vice, 2420 -P 77th Oakland, Calif. 94605. 
PATENT Searches iicluding Maximum speed, full airmail report and 
closest patent copi rs, $6.00. Quality searches expertly administered. 
Complete secrecy guaranteed. Free Invention Protection forms and 
"Patent Information." Write Dept. 9, Washington Patent Office 
Search Bureau, 711 14th Street, N.W., Washington, D.C. 20005. 

QUALITY Patent S arches! Preferred by Professional Inventors, Law- 
yers, Manufacturer;. "Confidential Report" Including related United 
States patent cor ies "Airmailed Certified." FREE information! 
United States Inventors Service Company, 501 -H Thirteenth Street, 
N.W., Washington, D.C. 20005. 

INVENTORS. We will develop, help sell your idea or invention, pat- 
ented or unpatented. Our national manufacturer clients are urgently 
seeking new items for outright cash sale or royalties. Financial as- 
sistance available. 10 years proven performances. For free informa- 
tion, write Dep'. 41, Wall Street Invention Brokerage, 79 Wall 
Street, New York N.Y. 10005. 

PATENT SEARCHES. FREE "INVENTION RECORD" /Information. 
Hayward Company, 1029HR Vermont, District of Columbia 20005. 

INVENTORS! OUR FREE EXPERT ANALYSIS of your invention can save 
valuable time, help you realize full sale value. Strictly confidential. 
FREE INVENTION 1ERTIFICATE. Write today: Pioneer Invention Ser- 
vice, Dept. 35, 150 Broadway, New York, N.Y. 10038. 

INVENTORS! Sell your invention for cash or royalties! Our client 
manufacturers eagerly seek new items. Patented. Unpatented. Finan- 
cial assistance if needed. 25 years proven performances. For free in- 
formation, write D;pt. 20, Gilbert Adams, Invention Broker, 80 Wall 
St., New York, N Y. 10005. 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this section for complete data concerning terms, frequency discounts, 
closing dates, etc. 

1 2 3 

6 7 8 

11 12 13 

16 17 18 

21 22 23 

26 27 28 

31 32 33 

Inse 

NAME 

ADDRESS 

CITY 

Words {( 

(@ 700 (Reader Rate)) 

@ $1.15 (Commercial Rate) 
)} 

time(s) Total Enclosed 

4 5 

9 10 

14 15 

19 20 

24 25 

29 30 

34 35 

STATE ZIP 

Signature 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (N w York) counts as one word each. Zip Code 
numbers not counted. (Publisher reserves right to omit Zip Code if space does not p mit.) Count each abbreviation, initial, single 
figure or group of figures or letters as a word. Symbols such as 35mm, COD, PO, A , etc., count as one word. Hyphenated words 
count as two words. PE -1268 
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INSTRUCTION 

LEARN While Asleep, hypnotize with your recorder, phonograph. As- 
tonishing details, sensational catalog free! Sleep- learning Associa- 
tion, Box 24 -ZD, Olympia, Wash. 98501. 

LEARN ELECTRONIC ORGAN SERVICING at home all makes including 
transistor. Experimental kit -trouble- shooting. Accredited NHSC, Free 
Booklet. NILES BRYANT SCHOOL, 3631 Stockton, Dept. A, Sacra- 
mento, Calif. 95820. 

ASSOCIATE Degree in Electronics Engineering earned through com- 
bination correspondence -classroom educational program. Free bro- 
chure. Grantham Technical Institute, 1505 N. Western Ave., Holly- 
wood, Calif. 90027. 

HIGHLY EFFECTIVE home study course in Electronics Engineering 
Mathematics with circuit application. Earn your Associate in Science 
Degree. Free Literature. Cook's Institute of Electronics Engineering, 
P.O. Box 36185, Houston, Texas 77036. (Established 1945.) 

FCC First Class License in six weeks -nation's highest success rate - 
approved for Veterans Training. Write Elkins Institute, 2603B Inwood 
Road, Dallas, Texas 75235. 

SHYNESS, Blushing, fear of the opposite sex or boss, tension 
during exams, stagefright, other emotional inhibitions conquered 
quickly, easily. Hundreds of astonishing success reports. Free 
booklet. Jacobs, Dept. 0, 5 E. 4th St., Wilmington, Del. 19801. 

R.E.I.'s famous (5) week course for the First Class Radio Telephone 
License is the shortest, most effective course in the nation. Over 
98% of R.E.I. graduates pass F.C.C. exams for 1st class license. 
Total tuition $350.00. Job placement free. Write for brochure. Ra- 
dio Engineering Incorporated Schools, 1336 Main Street, Sarasota, 
Florida 3357 -or 3123 Gillham Road, Kansas City, Missouri 64109 
-or 809 Caroline Street, Fredericksburg, Virginia- 22401 -or 625 
E. Colorado Street, Glendale, California 91205. 

GOVERNMENT SURPLUS 

GOVERNMENT Surplus How and Where to Buy in Your Area. Send 
$1.00 to: Surplus Information PE, Headquarters Building, Washing- 
ton, D.C. 20036. 

JEEPS Typically From $53.90 ... Trucks From $78.40 ... Boats, 
Typewriters, Airplanes, Multimeters, Oscilloscopes, Transceivers, 
Electronics Equipment, Used. 100,000 Bid Bargains Direct From 
Government Nationwide. Complete Sales Directory and Surplus Cata- 
log $1.00 (Deductible First $10.00 Order). Surplus Service, Box 
820 -J, Holland, Michigan 49423. 

BOOKS 

FREE catalog 950 aviation /electronic /space books. Aero Publishers, 
329PE Aviation Road, Fallbrook, California 92028. 

UNUSUAL Books! Catalog free! International, Box 7798 (PE), 
Atlanta, Georgia 30309. 

FREE Book Prophet Elijah Coming Before Christ. Wonderful Bible 
Evidence. PE Megiddo Mission, Rochester, New York 14619. 

AMAZING self help books. Write Lynn, Box 1573, Waco, Texas 
76703. 

ELECTRONIC IGNITION SYSTEMS -How, Why, and When to use. 
Authoritative booklet explains theory, function, and selection of 
auto ignition systems in easily understood terms. Send $1.95 to: 
S. S. Enterprises, Box 517 -C, Sierra Madre, Calif. 91024. 

AUTHORS' SERVICES 

AUTHORS! Learn how to have your book published, promoted, dis- 
tributed. FREE booklet "ZD," Vantage, 120 West 31 St., New York 
10001. 

EDUCATIONAL OPPORTUNITIES 

LEARN WHILE ASLEEP. Miraculously build Mind Power, achieve 
Self- Confidence, improve Health, gain Success. Method 92% effec- 
tive. Details free. ASR Foundation, Box 7021EG Henry Clay Sta., 
Lexington, Kentucky 40502. 

December, 1968 

WANTED 

CASH Paid! Unused tubes, electronic equipment. Barry, 512 Broad- 
way, NYC 10012. 

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circular. 
Mercury Terminal, Norwood, Mass. 02062. 

CASH for terminals -red, blue, yellow. HALCAP, Box 19183, Hous- 
ton, Texas 77024. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL Film -Adults Only -"Childbirth " -1 reel 8mm $7.50 - 
16mm $14.95. International -E, Greenvale, L.I., New York 11548. 

SCIENCE Bargains -Request Free Giant Catalog "CJ" -148 pages - 
Astronomical Telescopes, Microphones, Lenses, Binoculars. Kits, 
Parts. War surplus bargains. Edmund Scientific Co., Barrington, 
New Jersey 08007. 

PLASTICS 

CASTOLITE Liquid Plastic pours like water and hardens like glass 
without heat. Clear, Colors. Embed real flowers, butterflies, photos, 
coins. Also new molding formulas for perfect reproductions, Illus- 
trated booklet shows HOW. Send 250 -Dept. 68 -108P. CASTOLITE, 
Woodstock, Ill. 60098. 

POPULAR ELECTRONICS 
SUBSCRIBER SERVICE 

Please include an address label when writing about 
your subscription to help us serve you promptly. 
Write to: Portland Place, Boulder, Colo. 80302 

CHANGE OF ADDRESS: .6 -AFFIX LABEL, 
Please let us know 1 r - - -I 
you are moving at Ì 
least four to six o 

weeks in advance. Af- m 
á 

fix magazine address 
label in space to the 
right and print new 
address below. If you 
have a question about 
your subscription, at- 
tach address label to 
your letter. 
TO SUBSCRIBE: 
Check boxes below. 

New Renewal 
5 years $20 
3 years $13 
1 year $5 ;32. 

SPECIFY: 
Payment enclosed 
-You get 1 extra 
issue per year as 
a BONUS! 
Bill me later. 

414, 

LB IMMi MIMS 10 
IAdd'I postage: $1 per year outside 
U.S., Its possessions & Canada. 

name please print 

oddress 

city 

state zip -code 
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HYPNOTISM 

FREE Hypnotism, Self- Hypnosis, Sleep Learning Catalog! Drawer 
F1400, Ruidoso, New Mexico 88345. 

"MALE- FEMALE HYPNOTISM" EXPOSED, EXPLAINED! "SECRET 
METHOD" -THEY NEVER KNOW! $2, RUSHED. GUARANTEED! ISA- 
BELLA HALL, SILVER SPRINGS, FLORIDA 32688. 

HYPNOTIZE ANY SUBJECT, EVEN AGAINST WILL! Secret techniques 
of professional hypnotists revealed. $1.00. SUCCESS OR MONEY 
BACK. R. J. Graham, 171 East Bank, Fond du Lac, Wisconsin 54935. 

HYPNOTIZE MALES, FEMALES!- Unnoticed! Quickly! Nerves! Ex- 

citing! $3.00. Research Enterprises, 29 -SN21 Samoset, Woburn, 
Mass. 01801. 

FEMALE, MALE HYPNOTISM!! Easily! Instantly! Secret Nerve Cen- 
ters! $3.00. Brugenheimer, Box 158 -E30, Lexington, Mass. 02173. 

HYPNOTIZE SUCCESSFULLY! "Instantaneous" -"One Word" - 
"Against Will" methods exposed! Complete Illustrated Course in- 
cluding -Self- Hypnosis -10 inch Hypnodisk -"Secret Nerve Pressure 
Technique" (They never know!). $2.00 RESULTS ABSOLUTELY 
GUARANTEED! Fowler, Box 4396, Woodbury, New Jersey 08096. 

RECORDS 

SPECIAL INTEREST RECORDS AVAILABLE, PRODUCED BY THE EDI- 
TORS OF THE WORLD'S LEADING SPECIAL INTEREST MAGAZINES. 
SEND FOR FREE CATALOG. RECORD CATALOG -PE ZIFF -DAVIS PUB- 
LISHING COMPANY, ONE PARK AVENUE, NEW YORK, N.Y. 10016. 

OLDIES 45RPM. Original Hits. Over 1500 available. Catalog 250 
C & S Record Sales, Box 197, Wampsville. N.Y. 13163. 

PRINTING 

THERMOGRAPHED business cards, $3.49- 1,000, free samples. 
Gables -405A Clifton, Glenshaw, Pa. 15116. 

FREE LITERATURE: Address labels, business cards, printing, Rubber 
Stamps. JORDAN'S, 552 West O'Connor. Lima, Ohio 45801. 

MIMEO OWNERS: turn your mimeo into a printing press with elec- 
tronic stencils. Free instructions, samples, introductory offer. Sea - 

view-I, 212 -26 48th Ave., Bayside, N.Y. 11364. 

PRINTING ? ?? Speed -Quality- Economy. Samples. JLP, Box 817, 
Fort Lauderdale, Florida 33301. 

REMAILING SERVICE 

ENTERSULL. Your secret address. Prompt. Confidential, Box 206E, 
Forsyth, Georgia 31029. 

VAIL postmark 255. Stiver, Vail, Arizona 85641. 

BUSINESS OPPORTUNITIES 

INVESTIGATE ACCIDENTS: Earn to $1000 monthly. Men urgently 
needed. Car furnished. Business expenses paid. No selling. No Col- 
lege education necessary. Pick own job location. Investigate full 
time or earn to $8 hour spare time. Write for FREE information. No 

obligation. Universal Schools, CZ -12, 6801 Hillcrest, Dallas, Texas 
75205. 

RAISE Rabbits for us on $500 month plan. Free details White's 
Rabbitry, Mt. Vernon, Ohio 43050. 

FREE CATALOGS. Repair air conditioning, refrigeration. Tools, sup- 
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201. 

PIANO TUNING learned quickly at home. Tremendous field! Musical 
knowledge unnecessary. GI Approved. Free Information. Empire 
School, Miami, Florida 33145. 

FREE Book "990 Successful little -known Businesses." Work home. 
Plymouth 245P, Brooklyn, N.Y. 11218. 

ELECTROPLATING Equipment and supplies. All types for home work- 
shops and industrial. Send $1.00 (refundable) for equipment guide 
formulas, operating data. catalog. HBS Equipment Division 90, 3543 
East 16th, Los Angeles, California 90023. 
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I MADE $40,0000.10 
Start with $10.00 -Free 
gan 48197. 

Year by Mai!order! Helped others make money! 
Proof. Torrey, Box 318 -N, Ypsilanti, Michi- 

$200.00 DAILY In 
order experts do. 
Michigan 49423. 

Your Mailbox! Your opportunity to do what mail - 
Free details. Associates, Box 136.1, Holland, 

SELL LIFETIME, beta!, 
and Sales Kit Free. 

Social Security Plates. Big profits! Sample 
Russell, Box 286 -PE, Pulaski, Tennessee 38748. 

SELL HERTEL BIBLES 
Demonstrator and 
International Book, 

-Part Time. Finest reference Bible available. 
;upplies furnished. Excellent commissions, Write 

Dept. PE, Box 118, Wichita, Kansas 67201. 

MAILORDER. . . 

Methods, 1409 -F.D. 
Positively No Investment in products! Details: 

Lafayette Hill, Pennsylvania 19444. 

LARGE profit sell 
Free information. 

burglar alarms. No previous experience necessary. 
AEROLARM, Box 806, Butler, New Jersey 07045. 

MAILORDER IMPCRTS. 
World Trader's Digest. 
and Air Co., Box 

Report reveals foreign drop -ship sources. 
Ideal mailorder items. $1.00. Harry's Sea 

5128 Dept. PE11, Knoxville, Tenn. 37918. 

HOW and where to 
tails. Counselor -45, 

get capital. $500 to $2,000,000.00. Free de- 
Harlingen, Texas 78550. 

STAMPS 

HELP! Fill collecti)n, 
50t -approvals -. 

100 diff. U. S. commemoratives, plus more: 
Tomiko's, P.O. Box 45251, L.A., Calif. 90045. 

EMPLOYMENT OPPORTUNITIES 

YOUNG HOBBYIST 
evenings /weekends 
10036 giving age, 

wanted for assistance in project building 
Write Thein, 520 Fifth Avenue, New York 

experience, available hours. 

REAL ESTATE 

FREE ... New Spring 
dreds of farms, ra 
to coast! Please specify 
code, please. UNIT 
sas City, Mo. 64112. 

1969 CATALOG! Describes and pictures hun- 
Ides, town and country homes, businesses coast 

type property and location preferred. Zip 
ED FARM AGENCY, 612 -EP West 47th St., Kan- 

MUSICAL INSTRUMENTS 

SWISS Musical Movements. 
West 42nd, New `lc 

Electrical -Mechanical. Spielman, 131 
rk 10036. 

MISCELLANEOUS 

WINEMAKERS: Frte 
plex, Box 7208, M 

illustrated catalog of yeasts, equipment. Sem- 
nneapolis, Minn. 55412. 

BILLS PAID WITHOUT 
$18,000.00. Bad I 

FREE application - 
nix, Arizona 8501 
507 Carondelet St 

BORROWING- Nobody refused up to 
redit no problem -Not a Loan Company. Write for 
INTERNATIONAL ACCEPTANCE, Dept. 50A, Phoe- 
-711 14th St.. N.W., Washington, D.C. 20005- 
, New Orleans, La. 70130. 

FREE Catalog low 
devices direct fron 
156 Fifth Avenue, 

priced, high performance subminiature listen -in 
manufacturer. Dealers welcome. Audiotronix -A, 

Vew York, N. Y. 10010. 

WINEMAKERS: complete 
Rochester, New York 

catalog -$1.00. (Refundable). Box 3812 -E, 
14618. 

ADULT books, magazines 
Box 1068 -E2, Sat 

... Free illustrated catalogue. Clifton's, 
gus, Calif. 91350. 

BEERS, PEACH 
(complete brew Si 

Enterprises, 29 -D 

BRANDY, WINES- Strongest Formulas, $3.00. 
pplies, hydrometers, catalog included)- Research 
Samoset, Woburn, Mass. 01801. 

STAMMER - Stutter 
9309 -E8, Chicago 

- No more. (Dr. Young.) Write Gaucho, Box 
60690. 

EMPLOYMENT Re: 

$2.00 for expert, 
80-34 Kent St., 

urnes. Get a better job & earn more! Send only 
complete Resume Writing Instructions. J. Ross, 
amaica, N.Y. 11432, Dept. PE. 

STOP BURGLARS 
Electronic Sentry 
of home, retail stores, 
alarm or not -thieves 
Ross, 80 -34 Kent 

THE EASY WAY!! Affix authentic "Protected by 
Alarm" Deals to auto windows, door & windows 

vending machines, etc. Whether you have an 
stay away! Only $1.00 each set of two. J. 

St., Jamaica, N.Y. 11432, Dept. PE. 

POPULAR ELECTRONICS 
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WOBBULATOR 

QUIZ ANSWERS 

(Quiz appears on page 54) 

1 TRUE Although ambient light level plays an 
important part in seeing any TV picture, sun- 
light temporarily desensitizes many phosphor 
luminescent materials. 

2 TRUE A piezoelectric bar about six inches 
long can be excited by the flyback pulse and 
has about 6 kV output. By adding voltage 
doublers, it can be employed in receivers 
with small- and medium -size screens. 

3 TRUE Disconnect the yoke from the receiv- 
er and apply 50 to 75 volts from a variable 
transformer. Use for about 10 seconds and 
the heat generated will free the yoke. 

4 FALSE Pincussion correction circuits cor- 
rect a tendency for the picture to be com- 
pressed in the middle as compared to the 
sides. 

5 FALSE All else being equal, the phase of 
the 3.58 -MHz signal would still be shifted in 
frequency by the distance over which it 
travels. 

6 TRUE Film frames are alternately exposed 
two and three times, or five times for each 
two frames. This "exposes" the camera 60 times for every 24 frames. 

7 TRUE Mesa is one of the few semiconduc- tor type names which is not an acronym. 

8 FALSE "Plastic transistor" refers to the en- capsulating material. They are growing in 
favor because they are less expensive to 
manufacture. They may be either silicon or 
germanium. 

9 TRUE Around a.c. power lines, the body acts 
as a capacitive divider, thus displaying the familiar 60 -Hz signal. (Raise one foot from 
the floor, reducing capacitance, and the sig- 
nal will be reduced. 

10 FALSE MOS is an acronym that stands for 
Metal Oxide Semiconductor. 

11 FALSE The triac is equivalent to only two 
SCR's. 

12 FALSE E, if' and Eß,,,9 are the same. E.,v is 
only .9 of E,-ff or Er,,, ,.. 

13 FALSE Ceramic cartridges have been mar- 
keted which rival many excellent magnetic 
types. 

14 FALSE An anechoic chamber absorbs sound 
and eliminates reverberation. 

15 TRUE A small speaker must have greater 
"travel" and Doppler distortion is therefore 
greater. 

16 TRUE A wobbulator may be referred to as 
the entire sweep generator or the device 
which drives a frequency- sensitive element 
in a tank circuit, thus sweeping a band of 
frequencies. 

December, 1968 

POPULAR ELECTRONICS 

DECEMBER 1968 
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BUILD 20 RADIO 
CIRCUITS AT HOME 

with the New Improved $1)c95 
PROGRESSIVE RADIO "EDU- KIT "® 

only 

A Practical Home Radio Course 
Now Includes * No Knowledge of Radio Necessar * 12 RECEIVERS * No Additional Parts or Tools Nee * 3 TRANSMITTERS * SQ. WAVE GENERATOR * EXCELLENT BACKGROUND FOR TV * SIGNAL TRACER * AMPLIFIER * SIGNAL INJECTOR * CODE OSCILLATOR 

* SCHOOL INQUIRIES INVITED 

* Sold in 79 Countries 

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

The ,'Edu -Kit offers you an outstanding PRACTICAL HOME RADIO COURSE at a 
ock- bottom price. Our Kit is designed to train Radio & Electronics Technicians, making 

use of the most modern methods of home training. You will learn radio theory, Construe. 
Ion practice and servicing. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios, using regular schematics; how to wire and solder 
n a professional manner; now to service radios. You will work the standard type of 

as well as the punched will metal 
learn thesbasic principles of radioVeYou will of 

construct 
Circuit chassis. 

work with 
RF and AF amplifiers and oscillators, detectors, rectifiers, test equipment. You will learn 
and practice code, using the Progressive Code Oscillator. You will learn and practice 
trouble- shooting, using the Progressive Signal Tracer, Progressive Signal Injector, Pro- 
gressive Dynamic Radio & Electronics Tester, Square Wave Generator and the accompany 
ing instructional material. 

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

Absolutely no previous knowledge of radio or science is required. The "Etlu -Kit' is 
the product of many years of teaching and engineering experience. The 'Edu -Kit" wil 
provide you with a basic education In Electronics and Radio, worth many times the low 
price you pay. The Signal Tracer alone Is worth more than the price of the kit. 

THE KIT FOR EVERYONE 
You do not need the slightest backgrouno 

in radio or science. Whether you are inter- 
ested in Radio & Electronics because you 
want an interesting hobby, a well paying 
business or a job with a future. you will find 
the iEduKit" a worth -while investment. 

Many thousands of Individuals of all 

ages and backgrounds have successfully 
used the 'Edu -Kit in more than 79 coun- 
tries of the world. The "Edu -Kit has beer 
carefully designed, step by step, so tha 
you 
llows 

cannot 
tokteach' you yourself ,y your owr 

rate. No instructor is necessary. 

PROGRESSIVE TEACHING METHOD 
The Progress ve Radio "Etlu -Kit' is the foremost educational radio kit in to world 

and is universally accepted as the standard in the field of electronics training. The "Edu 
Kit" uses the modern educational principle of "Learn by Doing." Therefore you construct 
learn schematics, study theory, practice trouble shooting -all in a closely integrated pro 
gram designed to provide an easily- earned, thorough and interesting background in radio 

You begin by examining the various radio parts of the Edu -Kit." You then learn the 
function, theory and wiring of these parts. Then you build a simple radio. With this firs 
set you will enjoy listening to regularbroadcast stations, learn theory, practice testint 
and trouble -shooting. Then you build a more advanced radio. learn more advanced theory 
and techniques. Gradually, In a progressive manner, and at your own rate, you wil 
find yourself constructing more advanced multi -tube radio circuits, and doing work like J. 
professional Radio Technician. 

Included In the Edu -Kit course are Receiver, Transmitter, Code Oscillator, Signa 
Tracer Square Wave Generator and Signal Injector Circuits. These are not unprofessiona 
'breadboard'. experiments, but genuine radio circuits, Constructed by means of professiona 
wiring and soldering on metal chassis, plus the new method of radio construction knowr 
as "Printed Circuitry." These circuits operate on your regular AC or DC house current 

THE "EDU -KIT" IS COMPLETE 
You wil receive all parts and instructions necessary to build twenty different radio an 

electronics circuits, each guaranteed to operate. Our Kits contain tubes. tube sockets. vari 
able. electrolytic, mica, ceramic and paper dielectric condensers, resistors. tie strips 
hardware, tubing. punched metal chassis. Instruction Manuals. hook-up wire, solder 
selenium rectifiers, Coils. volume controls and switches. etc. 

In addition, you receive Printed Circuit materials, including Printed Circuit chassis 
special tube sockets. hardware and instructions. You also receive a useful set of tools. 
professional electric soldering iron, and a self -powered Dynamic Radio and Electronic 
Tester. The 'Edu -Kit' also includes Code Instructions and the Progressive Code Oscillator 
in addition to F.C.C. Radio Amateur License training. You will also receive lessons fo 
servicing with the Progressive Signal Tracer and the Progressive Signal Injector. a Hig 
Fidelity Guide and a Quiz Book. You receive Membership in Radio -TV Club. Free Consult 
tion Service, Certificate of Merit and Discount Privileges. You receive all parts, tools 
instructions. etc. Everything Is yours to keep. 

Progressive "Edu -Kits" Inc., 1186 Broadway. Dept. 682D, Hewlett, N. Y. 11557 - - -- -UNCONDITIONAL MONEY -BACK GUARANTEE - - --1 
Please rush my Progressive Radio "Edu -Kit" to me, as indicated below: 

Check one box to indicate choice of model 
Regular model $26.95. 
Deluxe model $31.95 (same as regular model, except with superior parts and 
tools plus Radio & TV Parts Jackpot worth $15.) 

Check one box to indicate manner of payment 
I enclose full payment. Ship "Edu -Kit" post paid. 
Ship "Edu -Kit" C.O.D. I will pay postage. 
Send me FREE additional information describing "Edu- Kit." 

Name 
Address 

L- 

PROGRESSIVE "EDU -KITS" INC. 
1186 Broadway, Dept. 682D, Hewlett, N. Y. 11557 
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Training Electronics Technicians Since 1946 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 
PLIERS -CUTTERS 
VALUABLE DISCOUNT CARD 
CERTIFICATE OF MERIT 
TESTER INSTRUCTIONS MANUAL 
HIGH FIDELITY GUIDE QUIZZES 
TELEVISION BOOK RADIO 
TROUBLE -SHOOTING BOOK 
MEMBERSHIP IN RADIO -TV CLUB: 
CONSULTATION SERVICE FCC 
AMATEUR LICENSE TRAINING 
PRINTED CIRCUITRY 

I SERVICING LESSONS 
You will learn trouble -shooting and 

servicing in a progressive manner. You 
will practice repairs on the sets that 
you construct. You will learn symptoms 
and causes of trouble in home, portable 
and car radios. You will learn how to 
use the professional Signal Tracer. the 
unique Signal Injector and the dynamic 
Radio & Electronics Tester. While you 
are learning in this practical way, you 
Will be able to do many a repair yob for 
your friends and neighbors, and charge 
fees which will far exceed the price of 
the 'Edu -Kit. Our Consultation Service will help you with any technical prob- 
lems you may have. 

FROM OUR MAIL BAG 
J. Stataltis, of 25 Poplar Pl., Water- 

bury, Conn., writes: I have repaired 
several sets for my friends, and made 
money. The "Edu -Kit paid for itself. I 
was ready to spend $240 for a Course. 
but I found your ad and sent for your Kit." 

Ben Valerio, P. 0. Box - 21, Magna. 
Utah: "The Etlu -Kits are wonderful. Here 
I am sending you the questions and also 
the answers for them. I have been in 
Radio for the last seven years. but like 
to work with Radio Kits, and like to 
build Radio Testing Equipment. I en- 
loYed every minute I worked with the 
different kits: the Signal Tracer works 
fine. Also like to let You know that I 

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

Robert L. Shuff, 1534 Monroe Ave.. 
Huntington, W. Va.: Thought I would 
drop you a few lines to say that I re- 
ceived my EduKlt. and was really amazed 
that such a bargain can be had at such 
a low price. I have already started re- 
pairing radios and phonographs. My 
friends were really surprised to see me 
get into the swing of it so quickly. The 
Trouble -shooting Tester that comes with 
the Kit is really swell- and finds the 
trouble. if there Is any to be found." 

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

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

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

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

CIRCLE NO. 30 ON READER SERVICE PAGE 
Printed in U.S.A. POPULAR ELECTRONICS 
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40 ma 23 channel 
base station offering 
the best of Johnson's 

experience! 

$19950 $21495 
(without mike) (with mike) 

Brought to you by the same engineering team that designed the 
famous Messengers "I" and "Two ", the Messenger 223 has the 
same rugged circuitry and even greater "Talk Power" capability. 
With at least 15 db more audio gain than the "I" and "Two ", 
the "223" punches out a clear, penetrating signal. As with all 
Johnson radios, your signal will stand out compared to all others. 

Ten tubes, eight diodes and six transistors form a rugged base 
station transceiver that can't be beat for reliable day -in, day -out 
performance. A built -in illuminated "S" meter /power meter mea- 
sures input strength of RF signals and relative power output of 
the transmitter. Ready to go on all 23 channels, the Messenger 223 
is FCC Type Accepted and DOT Approved. 

See your Johnson dealer today for complete details! 

E. F. JOHNSON COMPANY 
2474 Tenth Ave. S.W., Waseca, Minnesota 56093 

Providing nearly a half- century of communications leadership 

CIRCLE NO. 23 ON READER SERVICE PAGE 
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Model 627 Cardioid Dynamic 
Microphone $63.00 List 

Model 631 Omnidirectional Dynamic 
Microphone $63.00 List 

The New Generation of Microphones... 
for the Now Generation of Performers! 

Here are two bright new ways to better sound 
at modest cost, both unique products of 

'Electro -Voice engineering. Designed to meet the 
special needs of modern musical groups, and inspired 
by the E -V microphones so widely used on TV, radio, 
and in the movies. 

Rugged Construction 
Both the 627 and 631 are dynamic microphones, for 
ruggedness, dependability, and smooth, peak -free 
response. And both are housed in tough, die -cast 
bodies finished in your choice of satin chrome or 
matte satin nickel finish. 

Advanced Internal Construction 
Inside, thy; design takes tuli advantage of the E -V 
"nesting" principle to offer outstanding protection 
against shock to the element. And a viscous vinyl 
cushion cuts down on mechanical noise while it guards 
the delicate moving assembly. 

Diaphragms are of exclusive E -V Acoustalloy ®, 

and are protected by a 4 -stage acoustic filter inside 
the microphone that stops "pops" and blasting while 
it traps dirt and foreign particles. 

Choice of Directional Patterns 
But while these two microphones have many essential 
features in common, they differ significantly in opera- 
tion. The Model 631 is omnidirectional, with natural, 

wide -range pickup from any angle. Specially designed 
so that performers can work as close as they wish 
without noise or distortion. 

The Mod 
pickup patt 
centuates b 
for control) 
for reducing 

I 627, on the other hand, offers a cardioid 
rn, using the Single -D principle that ac- 
ss as performers move closer. It's ideal 
ng feed -back in many installations, and 
unwanted noise to a minimum. 

New Unisealr "Switch 
Both models offer an on -off switch, but the switch 
on the Model 631 deserves special attention.The unique 
E -V Unisea switch is a magnetically operated reed 
relay buried inside the sealed case. Snap off the mag- 
netic actuator, and the 631 is set permanently "on ". 
Snap it back on and the actuator returns the 631 to 
normal "o off" operation. Unusually reliable and 
exclusively lectro- Voice. 

Look do ely at these two new microphones from 
Electro -Voi e. Better yet, listen to them under the 
toughest co ditions you can find. You'll agree they're 
unlike any o her microphones in their price class, with 
distinct ad antages in many sound applications. 
Available n w at your nearby Electro -Voice micro- 
phone head uarters. 
Less normal tra e discounts. Available singly or as matched pairs, and with 
standard or delu carrying cases and phone plugs at extra cost. 

ELECTROVOI E, INC., Dept. 1282P 
630 Cecil Street, ucharian, Michigan 49107 

high fidelity speakers and systems tuners, amplifiers, receivers public address loudspeakers 
1 + microphor es phonograph needles and cartridges organs space and defense electnnics 

CIRCLE NO. 13 ON READER SERVICE PAGE - 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 
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,..a 23 channel 

base station offering 

the best of Johnson's 
experience! 

$19950 s21495 
(without mike) (with mike) 

Brought to you by the same engineering team that designed the 
famous Messengers "I" and "Two ", the Messenger 223 has the 
same rugged circuitry and even greater "Talk Power" capability. 
With at least 15 db more audio gain than the "I" and "Two ", 
the "223" punches out a clear, penetrating signal. As with all 
Johnson radios, your signal will stand out compared to all others. 

Ten tubes, eight diodes and six transistors form a rugged base 
station transceiver that can't be beat for reliable day -in, day -out 
performance. A built -in illuminated "S" meter /power meter mea- 
sures input strength of RF signals and relative power output of 
the transmitter. Ready to go on all 23 channels, the Messenger 223 
is FCC Type Accepted and DOT Approved. 

See your Johnson dealer today for complete details! 

E. F. JOHNSON COMPANY 
2474 Tenth Ave. S.W., Waseca, Minnesota 56093 

Providing nearly a half- century of communications leadership 

CIRCLE NO. 23 ON READER SERVICE PAGE 
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Model 627 Cardioid Dyna- c 

Microphone $63.03 List 
Model 631 Omnidirectional Dynamic 

Microphone S63.00 List 

The New Generation of Microphones... 
for the Now Generation of Performers! 

Here are two bright new ways to better sound 
at modest cost, both unique products of 

'Electro -Voice engineering. Designed to meet the 
special needs of modern musical groups, and inspired 
by the E -V microphones so widely used on TV, radio, 
and in the movies. 

Rugged Construction 
Both the 627 and 631 are dynamic microphones, for 
ruggedness, dependability, and smooth, peak -free 
response. And both are housed in tough, die -cast 
bodies finished in your choice of satin chrome or 
matte satin nickel finish. 

Advanced Internal Construction 
Inside, th,. design takes tuli advantage of the E -V 
"nesting" principle to offer outstanding protection 
against shock to the element. And a viscous vinyl 
cushion cuts down on mechanical noise while it guards 
the delicate moving assembly. 

Diaphragms are of exclusive E -V Acoustalloy ®, 

and are protected by a 4-stage acoustic filter inside 
the microphone that stops "pops" and blasting while 
it traps dirt and foreign particles. 

Choice of Directional Patterns 
But while these two microphones have many essential 
features in common, they differ significantly in opera- 
tion. The Model 631 is omnidirectional, with natural, 

wide -range 
so that per 
without not 

The Mod 
pickup patt 
centuates b 
for controll 
for reducing 

Both model 
on the Mod= 
E -V Unisea 
relay buried 
netic actuat 
Snap it bac 
normal "on 
exclusively 

Look clo 
Electro -Voi . 
toughest co 
unlike any o 
distinct ad 
Available n 
phone head 
*Less normal tra . 

standard jr delu 

ickup from any angle. Specially designed 
II rmers can work as close as they wish 

or distortion. 
1 627, on the other hand, offers a cardioid 
rn, using the Single -D principle that ac- 
ss as performers move closer. It's ideal 

g feed -back in many installations, and 
unwanted noise to a minimum. 

New Uniseal' " Switch 
offer an on -off switch, but the switch 

631 deserves special attention.The unique 
switch is a magnetically operated reed 

inside the sealed case. Snap off the mag- 
r, and the 631 is set permanently "on ". 
on and the actuator returns the 631 to 

off" operation. Unusually reliable and 
lectro -Voice. 
ly at these two new microphones from 

Better yet, listen to them under the 
ditions you can find. You'll agree they're 
her microphones in their price class, with 
antages in many sound applications. 
w at your nearby Electro -Voice micro - 
uarters. 
e discounts. Available singly or as matched pairs. and with 

carrying cases and phone plugs at extra cost. 

ELECTROVOI4E, INC., Dept. 1282P 
630 Cecil Street. uchanan, Michigan 49107 

high fidelity speakers and systems tuners, amplifiers, receivers public address loudspe kers gtec, 
microphobes phonograph needles and cartridges organs space and defense electronics 

CIRCLE NO. 13 ON READER SERVICE PAGE 
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A SUBSIDIARY OF GULTON INDUSTRIES. INC. 
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41:# ...a 23 channel 

base station offering 

the best of Johnson's 
experience! 

1 
$1995° $21495 

(without mike) (with mike) 

Brought to you by the same engineering team that designed the 
famous Messengers "I" and "Two ", the Messenger 223 has the 
same rugged circuitry and even greater "Talk Power" capability. 
With at least 15 db more audio gain than the "I" and "Two ". 
the "223" punches out a clear, penetrating signal. As with all 
Johnson radios, your signal will stand out compared to all others. 

Ten tubes, eight diodes and six transistors form a rugged base 
station transceiver that can't be beat for reliable day -in, day -out 
performance. A built -in illuminated "S" meter /power meter mea- 
sures input strength of RF signals and relative power output of 
the transmitter. Ready to go on all 23 channels, the Messenger 223 
is FCC Type Accepted and DOT Approved. 

See your Johnson dealer today for complete details! 

E. F. JOHNSON COMPANY 
2474 Tenth Ave. S.W., Waseca, Minnesota 56093 

Providing nearly a half- century of communications leadership 

CIRCLE NO. 23 ON READER SERVICE PAGE 
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Model 627 Cardioid Dynamic 
Microphone $63.00 List 

Model 631 Omnidirectional Dynamic 
Microphone $63.00 List 

The New Generation of Microphones... 
for the Now Generation of Performers! 

Here are two bright new ways to better sound 
at modest cost, both unique products of 

'Electro -Voice engineering. Designed to meet the 
special needs of modern musical groups, and inspired 
by the E -V microphones so widely used on TV, radio, 
and in the movies. 

Rugged Construction 
Both the 627 and 631 are dynamic microphones, for 
ruggedness, dependability, and smooth, peak -free 
response. And both are housed in tough, die -cast 
bodies finished in your choice of satin chrome or 
matte satin nickel finish. 

Advanced Internal Construction 
Inside, the design takes full advantage of the E -V 
"nesting" principle to offer outstanding protection 
against shock to the element. And a viscous vinyl 
cushion cuts down on mechanical noise while it guards 
the delicate moving assembly. 

Diaphragms are of exclusive E -V Acoustalloy ®, 

and are protected by a 4-stage acoustic filter inside 
the microphone that stops "pops" and blasting while 
it traps dirt and foreign particles. 

Choice of Directional Patterns 
But while these two microphones have many essential 
features in common, they differ significantly in opera- 
tion. The Model 631 is omnidirectional, with natural, 

f. 

wide -range pickup from any angle. Specially designed 
so that performers can work as close as they wish 
without noise or distortion. 

The Model 627, on the other hand, offers a cardioid 
pickup pattern, using the Single -D principle that ac- 
centuates bass as performers move closer. It's ideal 
for controlling feed -back in many installations, and 
for reducing unwanted noise to a minimum. 

New Uniseal Switch 
Both models offer an on -off switch, but the switch 
on the Model 631 deserves special attention.The unique 
E -V Uniseal switch is a magnetically operated reed 
relay buried inside the sealed case. Snap off the mag- 
netic actuator, and the 631 is set permanently "on ". 
Snap it back on and the actuator returns the 631 to 
normal "on -off" operation. Unusually reliable and 
exclusively Electro- Voice. 

Look closely at these two new microphones from 
Electro- Voice. Better yet, listen to them under the 
toughest conditions you can find. You'll agree they're 
unlike any other microphones in their price class, with 
distinct advantages in many sound applications. 
Available now at your nearby Electro -Voice micro- 
phone headquarters. 
°Less normal trade discounts. Available singly or as matched pairs, and with 
standard or deluxe carrying cases and phone plugs at extra cost. 

ELECTRO- VOICE, INF., Dept. 1282P 
630 Cecil Street, Buchanan, Michigan 49107 
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