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4,000,000 
wII.L BUY 1,000,000 TRIPLEÌT 310 VOM'S 

$ 4L" 0 THAT'S A BAR AI N N Du1YOuN LY 
HAND SIZE V -O -M WITH PROVISION FOR ATTACH- 

ING AC CLAMP -ON AMMETER. 

20,000 OHMS PER VOLT DC SENSITIVITY; 5,000 AC. 

ONE SELECTOR SWITCH MINIMIZES CHANCE OF 

INCORRECT SETTINGS AND BURNOUTS. 

310 -C PLUS FEATURES 

OHand size V -O -M with provision for 

attaching AC Clamp -on Ammeter. 

15,000 OHMS per volt AC sensitivity; 
(20,000 DC same as 310). 

Single fully enclosed Lever Range 
Switch, plus DC Polarity Reversing. 

MODELS 100 AND 100 -C 
Comprehensive test sets. Model 100 includes: 
Model 310 V -O -M, Model 10 Clamp -on 
Ammeter Adapter; Model 101 Line Separator; 

Model 379 Leather Case; 
Model 311 leads. ($83.20 
Value Separate Unit Purchase 
Price.) 

MODEL 100 - U.S.A. User 
Net $78.00 
MODEL 100 -C - Same as 
above, but with Model 310 -C, 
Net $88.00 

MODEL 310 
World's Largest Selling 
Volt-Ohm- Milliammeter 

(SHOWN ACTUAL SIZE) 

MODEL 310 -C 
Volt- Ohm -Milliammeter 

SELF -SHIELDED Bar -Ring instrument; permits checking in strong magnetic fields. FITTING INTERCHANGEABLE test prod tip 
into top of tester makes it the common probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA -TYPE 

JACKS - positive connection and long life. 

Model 310 - $44.00 Model 310 -C- $56.00 Model 369 Leather Case -$4.20 
All Prices are Suggested U.S.A. User Net, Subject to Change 

THE WORLD'S MOST COMPLETE LINE OF V -O -M's AVAILABLE FROM YOUR TRIPLETT DISTRIBUTOR'S STOCK 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 45817 

DON'T FORGET TO ASK 'EM "WHAT ELSE NEEDS FIXING ?" 
Circle 7 on reader's service card 

,t 
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What Does electronics Mean To You? 
This is the "electronics age." Advancements in 
electronics are coming, one on top of another, so 
rapidly that the average technician cannot stay 
abreast of the changes. But some technicians - 
those who thoroughly understand fundamental 
principles - are able to stay up with these changes, 
and they make top pay because of their special 
ability. 

Is your electronics knowledge obsolescent? If 
so, nothing can make you obsolete so quickly as to 
neglect the study of basic concepts and fundamental 
principles. 

Upgrade Your Knowledge and Earn Your 
Degree 

Grantham's strong -foundation educational pro- 
gram in electronics leads to non -obsolescent skills - to skills based more on reasoning than on mere- 
ly doing - and leads first to the Associate and 
then to the Bachelor of Science Degree. 

The Grantham Engineering Degree Program in 
electronics places heavy stress on fundamental con- 
cepts of logic and mathematics rather than on 
superficial manipulative skills. Since these funda- 
mental ideas are largely unfamiliar to many elec- 
tronics technicians, it is necessary to develop them 
in a systematic manner. 

Get Your FCC License Along The Way 
You have heard and read, over and over again, 
about how important an FCC license is to your suc- 
cess in electronics. It is certainly true that an FCC 
license is important - sometimes essential - 
but it's not enough! Without further education, 
you can't make it to the top. Get your FCC license 
without fail, but don't stop there. To prepare for 
the best jobs, continue your electronics education 
and get your degree. 

This kind of thinking makes good common 
sense to those who want to make more money in 
electronics. It also makes good common sense to 
prepare for your FCC license with the School that 
gives degree credit for your license training - and 
with the School that can then take you from the 
FCC license level to the DEGREE level. The first 
two semesters of the 7- semester Grantham degree 
curriculum prepare you for the first class FCC 
license and radar endorsement. 

Grantham School of Electronics 
1505 N. Western Ave. 

Hollywood, Calif. 90027 
818 18th Street, N.W. 

or Washington, D.C. 20006 

Accreditation, and G.I. Bill Approval 
Grantham School of Electronics was established in 
Hollywood, California in 1951, and the Eastern 
Division of the School was opened in Washington, 
D.C. in 1955. 

The School is approved in California by the Cali- 
fornia State Department of Education, is approved 
in the District of Columbia by the D.C. -Board of 
Education, is approved under the "Cold War G.I. 
Bill" to offer resident courses in Hollywood and 
Washington and correspondence courses from 
Hollywood, is accredited by the Accrediting Com- 
mission of the National Home Study Council, and 
is authorized under the laws of the State of Cali- 
fornia to grant academic degrees. 

The Grantham Engineering Program 
The entire Grantham Electronics Engineering Cur- 
riculum consists of seven semesters (or sections), as 
listed below. The first six semesters lead to the 
Associate in Science Degree, and Semester 7 (to- 
gether with transfer credits in "the humanities") 
lead to the Bachelor of Science Degree. 

Semester 1 - Basic Electronics Technology 
(80 lessons, by correspondence or in residence) 

Semester 2 - Communications Circuits and Systems 
(80 lessons, by correspondence or in residence) 

Semester 3 - Electronics Laboratory 
(16 weeks, in residence in Hollywood or Washington - or credit may be given for at least one year of practical experience) 

Semester 4 - Physics, Engineering Analysis, & Computers 
(80 lessons, by correspondence) 

Semester 5,- Analytic Geometry and Calculus 
(80 lessons, by correspondence) 

Semester 6 - Solidstate Physics, Circuit Design, and 
Technical Writing 

(80 lessons, by correspondence) 

Review & Exam - Review and Comprehensive Examination 
on Semesters 1 thru 6, for the Associate in 
Science Degree 

(two -week resident class, meeting in Hollywood) 

Semester 7 - Advanced Electronics Engineering 
(16 -week resident class, meeting in Hollywood) 

Transfer Credits - Certain credits in English, Social Studies, 
etc., in addition to Grantham Semesters 1 thru 
7, are required for the Bachelor of Science 
Degree in Electronics Engineering. 

Mail the coupon below for our free Bulletin. 
r 

Grantham School of Electronics RE -12 -68 

1505 N. Western Ave., Hollywood, Calif. 90027 
Please mail me your free Bulletin, which explains how the 
Grantham educational program can prepare me for my 
FCC License, my Associate in Science Degree, and my 
Bachelor of Science Degree in Electronics Engineering. I 
understand no salesman or counselor will call. 

Name Age 

Address 

Telephone: Telephone: City State Zip (213) 469 -7878 (202) 298 -7460 L 

Circle 8 on reader's service card 
DECEMBER 1968 
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LOOKING AHEAD 
By DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 

Mike with ears 
The gadget in the photo may look a bit eerie, 

but it's described by its developers as the next step 

after stereo. Called Environ -Ears, it's basically a two- 
microphone assembly with 
an "integrated acoustical 
labyrinth that duplicates 
the localization and noise- 
reducing functions of the 
human ear." Developed by 
Listening, Inc., Arlington, 
Mass., and used in Navy - 
backed research, Environ- 
Ears resembles two human 
ears mounted at opposite 
ends of a rod. 

It is claimed to be 

ideally suited for recreating the actual sounds at the 
original recording session -for everything from business 
conferences to symphonies -since it simulates in play- 

back the actual physical positions of the sounds re- 

corded. Used with a conventional stereo recorder, its 
developers say it permits the listener to differentiate 
between sounds from below, in front of, or behind 
the microphone, and eliminates reverberation and ex- 

traneous environmental noises, much as human ears 

do. It's currently priced at a rather steep $950, but 
lower -priced versions could be forthcoming. 

FM on the rise 
There's no let up in sight for the groundswell 

in the popularity of FM radio. In the first half of 

this year, 44 percent of the table, portable and clock 

radios purchased in the US contained FM, as com- 

pared with only 35 percent one year earlier. It now 
seems entirely possible that the majority of radios sold 
in the coming year will contain FM tuners. 

Interestingly, the overwhelming majority of FM 
radios sold here -more than 86 percent in the first 

six months of 1968 -were imported, mostly from 

Japan. Even FM radios carrying the trademarks of 

American radio manufacturers have a better than 50 -50 
chance of coming from abroad. 

In the automotive market, FM is moving more 

slowly. For January through June 1968, a little less 

than 10 percent of all car radios sold as original 
equipment or after -market , "hàng -ons" could tune the 
FM band. This represents a small increase over FM's 
8.4 percent penetration of the car radio field in the 
first half of 1967. 

Cassettes -how hi the fi? 
Can a high -fidelity enthusiast find happiness with 

a tape that moves at 17/8 inches per second? Ap- 

parently some of the major component audio equipment 
manufacturers think he can and will, in the latest 
chapter of the amazing saga of the tiny, Dutch -born 
two -reel cassette. Although its original acceptance came 

in a battery- operated, voice -recorder format, such audio- 

phile manufacturers as Ampex, Fisher, Harman -Kar- 

don and H. H. Scott have now embraced the cassette 

recorder. 
Unquestionably, there's a trade off between 

fidelity and convenience in the use of the cassette, 

whose response' is around 20- 12,000 Hz. But many 

manufacturers feel this won't always be the case. The 

very success of the cassette is spurring an all out 

effort to extend its characteristics into the high fidelity 

range, while improving on its convenience as a music 

playback medium. Cassettes using high -density tape, 

such as DuPont's Crolyn, will soon be available. High - 

quality precision recorder mechanisms have already 

been developed to reduce flutter by maintaining very 

constant speed. One manufacturer, TEAC of Japan, 

soon will offer a two -speed cassette recorder, which 

will include a double -fast 33/4 ips for high- fidelity 

recording. 
For greater convenience in music playback, several 

manufacturers are developing automatic- reverse cassette 

recorders and players. And there's a race on for an 

endless -loop cassette that never has to be rewound. 

Philips of Holland and Sony and TDK of Japan are 

among the leading entries in this effort. 

Mail by phone 
The increasing availability of low -cost facsimile 

systems which can send graphic material over regular 

telephone lines without the need for special treated 
paper or other supplies is giving birth to a new public 
"mail -by- phone" industry. 

At least four "networks" of public facsimile 
stations are now 
in operation, un- 
der the names of 
Docu Trans, Insta- 
Fax, Transceiver 
Corporation and 
Tele- Trans. They 
have set up shop 
in major US cities 
to offer long -dis- 
tance document 
transmission facili- 

tic, to the general public. Charges generally are around 
s.50 to $3.00 per standard 81/2-by -1l -inch page - 
plus the regular long -distance telephone charge for the 

6 minutes required to send a page of copy. 
All of the networks currently use a facsimile sys- 

tem developed by the Magnavox Company (photo), 
which is available on lease from the Xerox Corporation 
under the name of Xerox Telecopier or from Magnavox 
under the Magnafax name. A single machine is used 
for both transmission and reception. For transmission, 
the material to be sent is affixed to a revolving drum 
and the telephone handset placed in a special cradle. 

A photocell scanner converts the light and dark 
material on the page into audible signals. At the 

receiving end, a standard carbon -paper set (a sheet of 

carbon attached to a piece of manifold paper) is placed 
on the drum, and a stylus recreates the original copy. R -E 
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Raffia-Electronics 
December 1968 Over 60 Years of Electronics Publishing 

CAREERS 

Computer Lingo -Today's New Machine 
Languages 32 ... Matthew Mandl 

The programmer is the middleman 

Jobs For Electronic Testers 52 L. L. Farkas 

What's the technician doing today 

Computer Schools 89 

BUILD ONE OF THESE 

stereo Headset Control Center 35 ... Wayne Lemons 

Ac,cd a stereo phono for a complete stereo system 

50- WaiffPc -0We AC Outlet 38 Jack Jaques 

It goes .anywhere your calms goes 

Stereo Tape /Slide Controller 47 .. Earl T. Hansen 

con't waste a channel for triggering 

Dancing Christmas Lights 50 R. W. Fox 

Decorate the outside of your house this year 

TELEVISION 

In The Shop ... With Jack 22 Jack Darr 

Signal tracing color TV 

It's Easy To Fix Solid -State TV 41 ... Matthew Mandl 

Ins and outs of transistor TV circuits 

Service Clinic 88 

GENERAL ELECTRONICS 

Looking Ahead 2 David Lachenbruch 

Current happenings with future overtones 

ABC's of Transistors 44 
See how they work 

For The Experimenter 

9 Digital- Readout IC Instruments 57 Ralph Center 

Digital instruments you'll want to build 

Equipment Report: 72 ... Fred Shunaman 

Heathkit Band Box Playmate 

Portable ac outlet delivers up to 50 watts. Just hook 
it up to a 12 -volt battery. Simplified exploded dia- 
grams make it easy to build. 

Dancing lights this Christmas? It's a cinch with this 
tricky SCR circuit to automatically vary the intensity 
of outdoor lighting. 

see page 50 

You can make 9 digital instruments. A large assort- 
ment of equipment and the necessary building tech- 
niques are shown. see page 57 

DEPARTMENTS 

Correspondence 14 New Products 77 Noteworthy Circuit 92 

New Books 98 New Tubes and Semiconductors 90 Readers Service 76 

New Literature .. 83 News Briefs 4 Technotes 70 

t ,. . -,-._ 
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NEWS BRIEFS 
NEW ARM WORKS WITH THOUGHT SIGNALS 

Artificial arm is willed into operation, 
producing natural arm -like movements. 

A new electronically controlled 
artificial arm that promises greatly 
increased dexterity for amputees has 
been developed. The system uses a 
solid- state, sensor -amplifier package 
and a unique feedback circuit that 
enables operators to sense how much 
weight they are supporting. 

Amputees, by willing a non- 
existent arm into action, contract 

Amplifier circuits and the drive motor. 

stump muscles that generate milli- 
volt -level signals. Sensors in the sys- 
tem detect and amplify these signals, 
and the operator can apply varying 
degrees of force by "thinking" the 
amount of effort needed. 

Developers believe that with a 
little experience amputees can use the 
new arm with no more conscious 
thought than is needed for a normal 
one. Similar systems under considera- 
tion may aid some 7000 Thalidomide 
children with above -elbow stumps. 

The 2 -lb arm is powered . by a 
battery that can be worn around the 
waist. Although it is not available for 
general use, the arm could be mass - 
produced for less than $1000 each. 
The mechanism was developed in a 
joint project by MIT, Harvard, Mass- 
achusetts General Hospital and Lib- 
erty Mutual Insurance. 

DIM LIGHT TV CAMERAS 

Two highly sensitive TV- camera 
tubes have been developed independ- 
ently by Bell Telephone Labs and 
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4 

SKIN 
VIBRATORS 

Diagram shows 

TACTILE 
DISPLAY 
CIRCUIT 

Westinghouse. The new devices have 
potential applications for see- in -the- 
dark surveillance TV and Picture - 
phones that permit people to see each 
other as they talk. The Westinghouse 
system is an offshoot of similar de- 
vices used in military and space ap- 
plications ( "Starlight Scope Sees in 
the Dark," August 1968). The cam- 
era tube uses the principle of second- 
ary electron conduction, which "am- 
plifies" light by accelerating electrons 
from a photocathode onto a sensitive 
target. The camera system shown here 
weighs only 12 lbs, draws 17 watts and 
can provide clear TV pictures under 
moonlight conditions. 

Bell revealed a cgmerrrubé they 
plan to use in their Picturephone. A 
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how signals are detected by sensors and amplified to operate motors. 
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The 
c?II-back 
killers... 
Gear.rine RCA replacement parts. 

Tey're famous for silencing 
cLsiome- complairts and wiping out 
costly call- backs. 

That's because they re specially 
des gned and fabricated .. _very 
electron c value, e.dery material, every 
mechanical dimension ... for 
paiiculEr applicat ons in specific 
RCA home- instrumeits. 

effect they're or ginal parts. They 
restore original pe-formance arc 
original customer satisfaction. 

Yo+. can spread that satis °action 
aroJnd by using many of them for 
universal application, too, They're 
g-eat for upgrading perforn,nce 
wterever you use them. 

Call your RCA distributor. H_'I set 
yon. up With a supply of the fastest 
mowing ones today. 

Parts and Accessories, Deptford, N.J. 
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There's no substitute 

for SUCCESS... 

JAMES WONG -- Research Engineer 
Heald Engineering College Graduate 

or IN -CLASS INSTRUCTION! 

In electronics, it's the training that 
makes the difference. Employers 
require well- trained men and the 
first thing checked is where you 
gained your knowledge. 

HEALD GRADUATES have many job 
offers with starting salaries often in ex- 
cess of $10,000 per year. AND advance- 
ment is rapid. 

GET STARTED NOW. Be a 

DRAFTSMAN - --12 months 
TECHNICIAN - --15 months 
ENGINEER (B.S. Deg.) - --30 months 
ARCHITECT (B.S. Deg.) -- -36 months 

YOU are eligible for HEALD ENGI- 
NEERING COLLEGE if you have a high 
school education or the equivalent. 

Increased income starts with success-- - 

success starts with your move to Heald. 
Send now for FREE brochures with 
more information on Heald in San Fran- 
cisco and your future in Engineering. 

FREE LIFETIME PLACEMENT SERVICE 

VETERAN APPROVED 044 
4/.LCP 

HEALD Engineering College 
1215 Van Ness Ave , San Francisco, California 94109 

WRITE TODAY FOR DETAILS 

Please send me information about: 

ARCHITECTURE 
ENGINEERING: Civil Electrical 

Electronic Mechanical 
TECHNOLOGY: Electronic Engineering 

Technician (FCC) 
Radio-Television Technician (FCC) 

DRAFTING: Mechanical Electrical 
Structural 

I am interested in Day Evening D courses 

Also send an application. 

NAME ACE 

ADDRESS 

CITY 

STATE 

TIP PHONE 

Circle 10 on reveler's service card 

penny -size, silicon -water target en- 
ables the tube to produce images 
without illuminating the subject with 
floodlights. Light energy is converted 
into electrical energy by some 500,- 
000 photodiodes on one side of the 
wafer. The new tube is the same size 

as standard vidicon tubes (1" in 

diameter, 7" long). but Bell predicts 
a lifetime of 20 years compared to 

the vidicon's few thousand hours. 

/ 
MIXING 'MEMORY' CRYSTALS 1/ 

Two different types of liquid 
crystal material are combined by an 
RCA scientist to form a quasi -emul- 
sion that can "memorize" its reflec- 
tive "on" condition after power is 

removed. The clear solution becomes 

reflectively opaque when subjected to 

an electric field. ( "Liquid Crystal 
Displays," News Briefs, August 

1968). A storage cell in the "on" 
state is in the foreground. The novel 

mixture, when placed between trans- 
parent flat "windows ", is expected to 

be useful for graphic displays that are 

changed only periodically. 

SPACE GUN READIED 

Earth will be "zapped" with a 

gun from outer space this year if all 

goes according to plan. The "attack," 
however, will be friendly and planned 

(continued on page 12) 
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Castle, the pioneer of television tuner overhauling, offers the following services to 
solve ALL your television tuner problems. 

OVERHAUL SERVICE - All makes and 

VHF or UHF tuner 

UHF -VHF combination 

TRANSISTOR tuner 

COLOR tuner 

(one piece chassis) 

models. 

$9.95 

$9.95 

$9.95 

$9.95 
(Guaranteed color alignment ... no additional charge) 

Overhaul includes parts, except tubes and transistors. 

Simply send us the defective tuner complete; include tubes, 
shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
And remember -for over a decade Castle has been the leader 
in this specialized field . .. your assurance of the best in 
TV tuner overhauling. 

CUSTOM REPLACEMENTS 
Exact replacements are available for tuners that our inspec- 
tion reveals are unfit for overhaul. As low as $12.95 ex- 
change. (Replacements are new or rebuilt.) 

DECEMBER 1968 

UNIVERSAL REPLACEMENTS 

Prefer to do it yourself? 

Castle universal replacement tuners are available with the 
following specifications. 

STOCK 
No. HEATERS 

SHAFT 
Min.* Max.* 

I.F. OUTPUT 
Snd. Pic. PRICE 

CR6P Parallel 6.3v 13/4" 
3" 41.25 45.75 8.95 

CRIS Series 600mA 13/4" 
3" 41.25 45.75 9.50 

CR9S Series 450mA 13/4" 
3" 

41.25 45.75 9.50 

CR6XL Parallel 6.3v 21/2" 12" 41.25 45.75 10.45 

CR7XL Series 600mA 21/2" 12" 41.25 45.75 11.00 

CR9XL Series 450mA 21/2" 12" 41.25 45.75 11.00 

*Selector shaft length measured from tuner front apron 
to extreme tip of shaft. 

These Castle replacement tuners are all equipped with memory fine tun- 
ing, UHF position with plug input for UHF tuner, rear shaft extension and 
switch for remote control motor drive ... they come complete with hard- 
ware and component kit to adapt for use in thousands of popular TV 
receivers. 

Order universal replacements out of Main Plant (Chicago) 
only. 

CASTLE TV TUNER SERVICE, INC. 
MAIN PLANT: 5715 N. Western Ave., Chicago, Illinois 60645 

EAST: 41 -96 Vernon Blvd., Long Island City, N.Y. 11101 
Circle 11 on reader's service card 
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Discover the ease and 
excitement of learning 
Electronics with 
programmed equipment 
N a ae RI, train 

sends you withWhen your 
you 

hands 
trin t 

as well 
hom 

as 
with 

your 
N 

headyou . You 

learn the WHY of Electronics, Communica- 

tions, TV -Radio the NRI pioneering "3- Dimensional" way. NRI training is the result of more than 

half a century of simplifying, organizing, dramatizing subject matter, and providing 
personal services unique for a home study school. You get the kind of technical 
training that gives you priceless confidence as you gain experience equal to many, 
many months of training on the job. 

NRI-The 53 Year Leader in Electronics Training 

APPROVED UNDER 
NEW GI BILL If you served 
since January 31, 1955, or are in ser- 
vice, check GI line in postage -free card. 

8 RADIO -ELECTRONICS 
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Earn $5 or more an hour 
spare or full time in 

TV-RADIO 
SERVICING 
Color Television has arrived. Sales 
are soaring, along with the continu- 
ing popularity of other home enter- 
tainment equipment like portable 
radios, tape recorders, hi -fi sets, 
phonographs and auto radios. TV- 

Radio servicing is one of your best 
routes to spare -time earnings, a 

good paying job or a business of your 
own. NRI not only trains you quickly 
and expertly, but also shows you 
how to get started in Servicing soon 
after you enroll, earning as you 

100 learn. NRI trains you in today's 
methods of installing and repairing 
all Electronic equipment for the 
home -including booming Color TV. 
You even build, experiment with and 
keep to enjoy your own solid -state 
radio and your choice of black -and- 
whité or Color TV receiver. Like 
thousands of others, you can be 
earning $5 or more an hour extra in 

spare time starting soon. 

There's money and 
success awaiting you in 

BROADCASTING - 
COMMUNICATIONS 
The experience you gain from in- 
tensely practical NRI training in 
Complete Communications equals 
as much as two years of training on 
the job. With NRI, you can train fora 
choice of careers ranging from mo- 
bile, marine and aviation radio to 
TV broadcasting and space commu- 
nications. You learn how to install, 
maintain and operate today's re- 
markable transmitting and receiving 
equipment by actually doing it. You 
build and experiment with test equip- 
ment, like a VTVM you keep. You 
build and operate amplifier circuits, 
transmission line and antenna sys- 
tems, even build and use a phone -cw 
transmitter suitable for transmission 
on the 80 -meter amateur band. 
Whichever of five NRI Communica- 
tions courses you choose, you pre- 
pare for your FCC License exams, 
and you must pass your FCC exams 
or NRI refunds your tuition in full. 

Move ahead in America's 
fast growing industry as 

ELECTRONICS 

TECHNICIAN 
Electronics touches everyone's lives. 
This vast field of opportunity is open 
to you with NRI training. Industrial/ 
Military Electronics training -like all 
NRI courses -prepares you quickly, 
thoroughly the practical "hands on" 
way. You build with, and learn to un- 
derstand the functions of, today's 
miracle solid -state components like 
printed circuits, diodes and transis- 
tors. You build and experiment with 
Electronic circuitry used in automa- 
tion, data processing, ultrasonics, 
telemetry. Whatever your interest in 
Electronics, NRI training can fill your 
needs. Prove to yourself what nearly 
a million NRI students could tell you 
... that you get more for your money 
from NRI. Check the postage -free 
card and mail it today for your FREE 
NRI Color Catalog. No salesman will 
call. NATIONAL RADIO INSTITUTE, 
Electronics Division, Washington, 
D.C. 20016. 

YOU GET MORE FOR YOUR MONEY FROM NRI_ Build, test, 
explore, discover. Everything you see here is included in one NRI course -including Color TV. Other 
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit, 
dollar for dollar -you get more 
for your money from NRI. 
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The TRUE electronic solution to a 

major problem of engine operation! 

DELTA'S FABULOUS 

MARK lEN® 

Only $44.95 ppd. 
In easy -to -build Deltakit0 

Only $29.95 ppd. 

CAPACITIVE DISCHARGE 

IGNITION SYSTEM 
You've read about The Mark Ten in 

Mechanix Illustrated, Popular Mechan- 
ics, Electronics and other publications! 

Now discover for yourself the dramatic im- 
provement in performance of your car, 
camper, jeep, truck, boat - any vehicle! 
Delta's remarkable electronic achievement 
saves on gas, promotes better acceleration, 
gives your car that zip you've always wanted. 
Find out why even Detroit has finally come 
around. In four years of proven reliability, 
Delta's Mark Ten has set new records of 
ignition benefits. No re- wiring! Works on 
literally any type of gasoline engine. 

Why settle for less when you can buy the 
original DELTA Mark Ten, never excelled and 
so unique that a U.S. Patent has been 
granted. 

READY FOR THESE BENEFITS? 

Dramatic Increase in Performance and in 

Fast Acceleration 

Promotes more Complete Combustion 

Points and Plugs last 3 to 10 Times 

Longer 

Up to 20% Mileage Increase (saves gas) 

LITERATURE SENT BY RETURN MAIL 

BETTER YET -ORDER TODAY! 

DELTA PRODUCTS :I C 

P.O. Box 1141 RE Grand Junction, Colo. 81501 

Enclosed is $ Ship ppd. Ship C.O.D. 

Please send: 
29 95 Mark Tens (Deltakitâ) @ ; 

(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY) 

Mark Tens (Assembled) @ $44.95 

6 Volt: Negative Ground only. 

12 Volt: Specify Positive Ground 
Negative Ground 

Car Year Make 

Name 

Address 

City /State Zip 
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NEWS BRIEFS 

(continued from page 6) 

by NASA scientists to determine if 
man can create artificial aurora light 
formations in the atmosphere. This 
electron accelerator system will be 
carried 120 -180 miles into space by 
an Aerobee rocket to fire a stream 
of charged particles toward the at- 
mosphere. The gun's reed -switching 
mechanism, which fits an 8" -deep gun 
platform assembly, is in the fore- 
ground. Device was built by Ion 
Physics Corp. 

'FLIPPED' CRYSTAL DELAY LINE 

A technique of "flipping" alter- 
nate layers of thin -film piezoelectric 
transducers makes possible acoustic 
delay lines with four times the power 
range and twice the frequency range 
of earlier transducer crystals. The de- 
vices convert electrical signals into 

CdS /PbS /CdS TRANSDUCER 

Sandwich 

Quartz Delay Line 

\ 
bS 

Qua 

P 

Delay 
Line 

C -Axis " I 
CdS 

CdS = Cadmium Sulfide, PbS - Lead Sulfide. 

sound waves for an interval, then con- 
vert the signal back into electricity. 
The transducer sandwiches consist of 
up to five layers of crystalline piezo- 
electric cadmium sulfide separated by 
extremely thin crystalline layers of 
lead sulphide. The PbS layers, West- 
inghouse scientist Dr. John de Klerk 
discovered, reverse the transduction 
direction of successive CdS layers. 
When an electric field is applied across 
the crystal, the reversed layers assure 
correct acoustical phasing. 

TELEVISION FROM SPACE 

India is planning a pilot project 
for 1971 in which TV broadcasts 
from a satellite will be received di- 
rectly by 10,000 community receivers 
and rebroadcast to three times as 
many sets by vhf stations. Plans call 
for eventually broadcasting directly 
to all of the country's villages and 
cities. NASA is cooperating with the 
Indian Government, and will provide 
communication channels for Indian 
use aboard a synchronous satellite to 
he orbited above the Indian Ocean in 
1971. R -E 
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new SAMS books 
Television Service Training Manual, 

2nd Edition 
by Edward F. Rice. Updated and expanded to 
include new servicing short cuts and tests, 
this book is the key to quick and profitable TV 
repair for both beginners and experienced 
technicians. Through the use of skillfully 
chosen circuit test points, and text keyed to 
the schematics, troubles are quickly isolated 
to specific components. Thorough treatment 
of all sections of the TV receiver, and wide 
use of schematics, charts, and drawings pro- 
vide you with rapid, sure -fire analysis and 
repair procedures. 240 pages. 
Order 20628, only $4.95 

101 Questions & Answers About 
Auto Tape Units 

by Leo G. Sands. The answers to your ques- 
tions about the increasingly popular automo- 
bile tape playing units are presented in easy - 
to- understand question and answer form. The 
information you want is contained ip six sec- 
tions dealing with tape cartridges and cas- 
settes, cartridge and cassette players, cir- 
cuitry, installation procedures, troubleshoot- 
ing, and maintenance. 72 pages. 
Order 20671, only $1.75 

101 Easy Test Instrument Projects 
by Robert M. Brown & Tom Kneitel. If you are 
interested in the fun and challenge of build- 
ing your own money- saving test equipment, 
this book is for you. Most of the projects in 
this book cost less than $5 to build and can 
be put together in a single evening. Projects 
range in complexity from a simple continuity 
tester to a sound level meter or a radiation 
finder; also includes power supplies, signal 
tracers and injectors, meters, generators, 
transistor testers, picture tube rejuvenators, 
metal locators, flashlight cell chargers, and 
many others. 128 pages. 
Order 20673, only , $3.25 

Electronics in Photography 
by Byron G. Wels. Whether you are a photog- 
raphy fan or an electronics man, you will 
enjoy this informal, clear explanation of how 
electronic photographic equipment works. 
Practical theory covers converting electricity 
into light (lights, lamps, and flash units) and 
the reverse (photocells); discusses timing and 
timing devices, controls, electronic cameras, 
and synchronization of sound and film. Also 
includes chapters on wiring the darkroom and 
making repairs. 128 pages. 
Order 20672, only $3.50 

FET Principles, Experiments, 
and Projects 

by Edward M. Noll. Covers the operating 
principles of FET's (field effect transistors) 
for the audio enthusiast, radio amateur, short- 
wave listener, CB'er, and experimenter. Theory 
coverage is basic, with emphasis on practical 
mathematics used in the featured experiments 
and projects. Inserting proper component 
values for favorable circuit operation is taught 
by use of pegboard or simple chassis mount- 
ing arrangements. Includes chapter on FET 
mathematics. 272 pages. 
Order 20594, only $4.95 

These and over 300 other SAMS books are 
available from your Electronic Parts Distributor 

Howard W. Sams & Co., Inc. 

Order from your Sams Distributor today or mail 
to Howard W. Sams & Co., Inc., Dept. RE -12 
4300 W. 62nd Street, Indianapolis, Ind. 46268 

Send me the following books: 
20628 20673 20594 
20671 20672 

$ enclosed 

Name 

Address 

City 

State Zip 

My Distributor is 
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Viewed 
from a 
dollar and sense 

standpoint 
You can't get a better buy for your im hi -fi system than a Shure cartridge, whether it's the 
renowned "Super Track" V -15 Typ a I at $67.50 or tie new M91 E Easy -Mount "Hi- Track" at $49.95, 
made in the tradition of all fine Shore czrtridges. If you're new to hi -fi, benefit from the published 
opinions of experts the world over. tnaShure V-15 Typo II Super Track makes a decidedly hear - 
able difference. If you want to spend less, the M91 E is right for you. You can always "trade -up" to 
a V -15 Type II at a later date. Shure Brothers, Inc., 222 Hartrey Avenue, Evanston, Illinois 60204. 

NEW! 1491E Hi -Track Elliptical Cartridge with opt mized design parameters for trackability secord only to the 
incomparable V -15 Type ll. BI- radial .0002" x .0007- diamond stylus. 20-20,000 Hz. Channel Separation: more than 
25 db @ 1 KHz. Tracking force range is to 11/2 grams. Tractability specifications @ 1 gram: 20 cm /sec e 400 Hz.; 
28 cm /sec @ 1 KHz.; 25 cm /sec @ 5 KHz.; 18 cm /: ec @ 10 KHz. ;49.95. 
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conversation 
piece. 

Just look at the Pace Base? Forget 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 vari- 
able output control mike. All for $330.00. 

See your electronic dealer or write us. 

,cp» PACE COMMUNICATIONS CORP, l a NOVA -TECH company 

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

Circle 16 on reader's service card 

QresPondence 

J.----. 

I WANT AN INDEX 

Just looked at the December 1967 
index and from what I saw, I would 
very much like you to continue with 
your annual indexes. 

In earlier indexes (1950's) the 
big problem was that you had to look 
under almost all the headings to find 
what you were after and even then 
you might only get part of what was 
covered in that year since the Corres- 
pondence, Noteworthy Circuits, and 
Try This One columns usually weren't 
listed. 

One idea which I would like to 
see you incorporate is to publish the 
yearly index and also an index cover- 
ing a period of five or ten years. 

KEITH MUDDLE 
Stratford, Ont., Canada 

We'll compromise. There will be 
an index in the December 1968 issue. 
But it will be shortened somewhat. 
It will list all articles and monthly 
columns. However, it will not break 
down each department in detail. The 
space we save will be used to present 
you with an extra article. 

NEW RESISTANCE BRIDGE 

Recently the United States Pat- 
ent Office granted me a patent on a 
new resistance measuring bridge. 

To measure the resistance of an 
ordinary carbon resistor, we normally 
use an ohmmeter. But an ohmmeter 
is unreliable when measuring the re- 
sistance of a Ih % wirewound resistor. 
To measure the resistance of such pre- 
cision wirewound resistors we use a 
Wheatstone bridge. 

But resistance can be measured 
to a remarkable degree of perfection. 
Many instruments have been made 
that depend on resistance change to 
measure temperature, chemical com- 
position, strain, etc. To measure the 
temperature from the planet Mars re- 
quires something more accurate than 
a Wheatstone bridge. The Bucher 
bridge, my invention will do it. 

The Bucher bridge will measure 
as accurately one mile from the un- 
known resistor as it will three inches 

14 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


her.. . 

2 FREE PAIRS 
of famous 

KAYSEIt® 
gloves! 

*tti,Y '. 

Wouldn't you like your 
wife to give you a 160 

VOM this Christmas? 
Right now at participating Simpson distributors 

. the 160 Christmas package. Your wife buys 
the 160 Handi -VOM' for you -and receives a 
bonus for herself. Two free pairs of famous 
Kayser gloves! 

Kayser, as your wife knows, is the quality 
fashion glove sold in fine stores. She'll receive a 
black and a white pair, in stretch nylon, free 
with the Simpson 160. 

And you will get the one hand -size VOM with 
full -size VOM accuracy and sensitivity. Its vir- 
tually friction -free Taut Band movement is 

protected by a varistor from even 200,000% 
overloads. The five resistance ranges, combined 
with low millivolt and microvolt ranges, are just 
what's needed for work on today's solid -state 
circuits. 

Your Simpson distributor has been alloted 
only a limited supply of special 160 Christmas 
packages -so hurry! 

SIMPSON ELECTRIC COMPANY 
5200 W. Kinzie Street, Chicago, Illinois 60644 Phone (312) 379 -11 21 

DECEMBER 1968 

Look for the special 
Simpson 160 Christmas 
Package at your local 
Electronic Parts Distributor 

160 Handi -VOM® complete 
with batteries, test leads, and 
operator's manual $53.00 
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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 fre- 
quency calculations and inductive or capaci- 
tive reactance problems. You can find 
reciprocals for resistance formulas in- 
stantly. You can even locate tricky decimal 
points in a jiffy. 

You can also work regular math prob- 
lems in a flash: multiplication, 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 Elec- 
tronics. FREE booklet gives full details. 
Mail coupon below today. 

r MAIL THIS COUPON FOR FREE BOOKLET 

CCleveland Institute of Electronics 
1 1776 E. 17th St.,Cleveland,Ohio 44114 

Please send me, without charge or obligation, your booklet 
describing the Electronics Slide Rule and 4- lesson instruc- 
tion course. Also FREE if I act at once -a handy, pocket - 
sized Electronics Data Guide. 

L 

Name 

Address 

City State Zip 
R E -159 

How to Solve Electronics Problems in Seconds 

W. new Elecl,oc, Olds Rine and mso-ocoon couse 

¡please pp.,/ 

Accredited Member National Home Study Council A Leader in Electronics Training...Since 1934 
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Schober 
Recital 
Organ 

You couldn't touch an organ like this in a store for less than 

$4,000 -and there never has been an electronic instrument with 

this vast variety of genuine pipe -organ voices that you can add 

to and change any time you like! All four families of formal pipe 

tones are present in variety to delight players of classic and 

religious music. Yet you can change the entire organ for popular 

and theatrical sounds, or plug in special voices for baroque, 

romantic, or modern repertoires. If you've dreamed of the sound 

of a large pipe organ in your own home, if you're looking for an 

organ for your church, you'll be more thrilled and happy with a 

Schober Recital Organ than you could possibly imagine - kit or 

no kit. 
You can learn to play it -and a full -size, full -facility instrument 

is easier to learn on than any cut -down "home" model. And you 

can build it, from Schober Kits, world famous for ease of assembly 

without the slightest knowledge of electronics or music, for de- 

sign and parts quality from the ground up, and -above all -for 
the highest praise from musicians everywhere. 

Send right now for the full -color Schober 
catalog, containing specifications of all five 
Schober Organ models, beginning at $599.50. 
No charge, no obligation. If you like music, 
you owe yourself a Schober Organ! 

* Includes 
finished walnut console. (Only $1361 
it you build your own console.) Amplifier, 
speaker system, optional accessories extra. 

i 
TheeWideitOrgan Corp., Dept. RE -61 

43 West 61st Street, New York, N.Y. 10023 

D Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 

Enclosed please find $1.00 for 12 -inch L,P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY 

L 
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Fig.l Fig. 2 

IOW 

4410) it 
Fig. 4 

from the same unknown resistor. 
Fig. 1 shows a conventional 

Wheatstone bridge. Figs. 2, 3 and 4 
are forms of the Bucher bridge. Fig. 
2 is the hexagon bridge. Fig. 3 is the 
octagon bridge. Fig. 4 is the decagon 
bridge. 

DR. J. F. BUCHER 
2980 River Road 

Eugene, Ore. 

Hate to say it, Doctor, but you're 
a tease. You've got to tell us more. 
How does the bridge work? What's 
your patent number? How do you 
make those long -distance measure- 
ments? Put it all together and you 
may end up with an article R -E 
readers would find fascinating. 

EAVESDROPPING DROPOUT 

Len Buckwalter's article, "Eaves- 
drop on Aircraft, Fire & Police" was 
interesting (August 1968). But like 
all other articles on the subject, he 
neglected the 450 -470 -MHz band. 

In Fig. 1 the band is listed and 
that's about it. Not a word is men- 
tioned about converters or receivers. 

A few converters are available 
for the uhf band. They are not easy to 
locate, but do exist. The Ameco model 
CUT is probably the best on the 
market. Olsen sells one called the 
Clark 450. And the Electra Corp. 
makes two units called the Little Tiger 
and the Eavesdropper Jr. 

KEN GREENBERG 
Chicago, Ill. 

Ok, Ken, you've filled that gap your- 
self. Thanks for the comments. But 
until 450 -470 -MHz gear is readily 
available at reasonable prices, many 
readers cannot get it. R -E 
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Another benchwarmer? 
Not this one. Our new B &K 
Diagnostic Oscilloscope is more 
than re- engineering of an old 
model to keep pace with TV 
technology. It is instead a basic 
departure from all other 
oscilloscopes. A departure that 
has simplified a complex 
instrument to make 
it easier for you to 
use. But there's 
something else. 

What this 
oscilloscope has is 
exclusive. An 
Intermittent Analyzer 
with electronic memory -and 
optional remote Audio /Visual 
Alarm. 

With it, the elusive intermittent 
conditions that make so many 
TV sets tough dogs can now be 
detected and identified in your 
absence. Preset one control. 

DECEMBER 1968 

When the faulty stage is detected, 
you'll know about it as soon as 
you come back from service calls. 
Then run the scope overnight 
to check another set for an 
intermittent condition. 

All this adds up to greater 
shop efficiency, more time for 
profit- making service calls and a 
lot more mileage out of a very 
fine diagnostic oscilloscope. 

An oscilloscope that shows 
vector patterns exactly as 
specified by color TV 
manufacturers. (All vectorscope 
inputs and controls are 
conveniently located on the front 
panel.) Also allows you to 
read peak -to -peak voltages in all 
ranges on a double -scale 
calibrated screen -just by turning 
a switch. (As the range is 
selected, the appropriate scale 
lights automatically.) 

Circle 19 on reader's service card 

Automatic synchronization 
locks in all patterns at any signal 
level or frequency. There are 
also fewer controls and these 
are positioned for 
easier operation. 

Give our Diagnostic 
Oscilloscope some thought. 
It's worth it not to be sidelined 
with a benchwarmer. See your 
B &K Distributor or drop us a note 
for detailed literature on 
Model 1450 and our full -line test 
equipment catalog, AP -24. 
DIAGNOSTIC OSCILLOSCOPE 
Model 1450, Net: $27995 

B &K Division of DYNASCAN CORPORATION 

1801 W. Belle Plaine Chicago, Illinois 60613 

Where electronic innovation is a way of life 
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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! 

18 

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 with RCA AUTOTEXT 
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 
learn 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 

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 

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. REQ -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 

i 
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11ow...8 doten toots 

for oiens 01 lobS 

No. 99PS-50 

Really compact, this new nutdriver/ 
screwdriver set features 12 interchange- 
able blades and an amber plastic (UL) 

handle. All are contained in a slim, 
trim, see -thru plastic case which easily 
fits hip pocket. Broad, flat base permits 
case to be used as a bench stand. 

Ideal for assembly and service work. 

7 NUTDRIVERS: 

3/16 ", 7/32 ", 1/4 ", 
9/32", 5/16 ", 11/32 ", 
3/8" hex openings. 

2 SLOTTED 

SCREWDRIVERS: 

3/16" and 9/32" tips. 

2 PHILLIPS 

SCREWDRIVERS: 

#1 and #2 sizes. 

EXTENSION BLADE: 

Adds 4" reach to 

driving blades. 

HANDLE: 
Shockproof, breakproof. Exclusive, positive 
locking device holds blades firmly for turn 
ing. permits easy removal. 

WRITE FOR 

CATALOG 162 

XCELITE, INC., 12 BANK ST., ORCHARD PARK, N. Y. 
Canada: Charles W. Pointon, Ltd., Toronto, Ont. 

Circle 21 on reader's service card 

In the Shop ... With Jack 
By JACK DARR 

SERVICE EDITOR 

SIGNAL TRACING COLOR TV 

THERE ARE A COUPLE OF COLOR TV 
circuits that we ought to get straight- 
ened out. It'll make things easier, 
when you run into color trouble - 
all colors or any one color that isn't 
what it ought to be. 

Check the picture tube first, of 
course, and try new tubes in the 
demodulators and bandpass ampli- 
fiers. After that, if you've still got the 
same trouble, try signal tracing. 

The signal to check comes from 
the bandpass amplifier and goes 
through the three demodulators to the 
picture -tube grids. Put a color -bar 
signal into the set and follow it with 
-you guessed it -a scope. Incident- 
ally, a wide -band scope is not abso- 
lutely essential for this, though it's 
nice. You can use a narrow -band 
scope, but a low- capacitance probe is 

necessary. What you follow is prac- 
tically an audio waveform. The 10 
color bars are basically a waveform 
with a fundamental of about 160 
kHz. (Each "bar" is a pulse at 157.5 
kHz.) 

Take the red signal, for instance. 
Look at it on the grid of the red 
(R -Y) amplifier (Fig. 1). This odd - 
looking pattern means that the red 
gun conducts whenever the peaks of 
the "bar" signal drop below the im- 
aginary center line of the waveform. 
Each pip is one bar. On that basis, the 
third bar from the left should be the 
brightest -pure red. If you kill the 

This column is for your service 
problems -TV, radio, audio or gen- 
eral and industrial electronics. We 
answer all questions individually by 
mail, free of charge, and the more in- 
teresting ones will be printed here. 

If you're really stuck, write us. 
We'll do our best to help you. Don't 
forget to enclose a stamped, self -ad- 
dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 200 Park Ave. 
South, New York 10003. 

blue and 
you'd see. 

You're on the grid, so the nega- 
tive signal peaks make the tube's 
plate current drop and the plate 
voltage rise. You get a positive volt- 
age peak on the plate. Since this is 
dc- coupled to the red CRT grid, it 
makes that gun conduct more, causing 
a brighter red bar. 

The plate waveform should look 
exactly like the grid waveform but 
inverted (Fig. 2). Gain? Easy to 
check. First read the p -p amplitude of 
the grid signal. Then read the plate 
waveform the same way. The normal 
p -p amplitudes are usually on the 
schematic, but even if they aren't, you 
can tell from the ratio between the 
two. 

In a Motorola 908 chassis, for in- 
stance, there's about 13 volts p -p on 

green guns, that's what 

Fig. 1- Color -bar signal on R -Y grid. 
Each pip is one color generator bar. 

22 

Fig. 2- Inverted plate waveform. Check 
gain by comparing with the grid signal. 

RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Scott's new LR-88 receiver takes the 

Building a kit used to be something you couldn't do with ladies and children present, 
but Scott's new LR -88 AM /FM stereo receiver kit has changed all that. First, 
there's the instruction manual. In clear and simple language, it leads you, step -by- 
step, through every stage of the assembly process. And each stage is illustrated ... 
full -size, full -color. Next, there's Scott's ingenious new Kit -Pak?. The parts for each 
assembly stage are in individual compartments, keyed to the instructions. All 
wires are color -coded, and pre -cut and pre- stripped to the proper sizes. Difficult 
or critical sections are pre- wired, pre -aligned, pre -tested, and factory- mounted 
on printed circuit boards. Is soldering your bugaboo? Scott has provided 
push -on solderless connectors for the hard -to- get -at spots. 
About thirty painless hours after you've started, you've completed one great 
receiver. The LR -88 is the 100 -Watt kit brother to Scott's finest factory-wired 
beauties. It includes the famous Scott silverplated Field Effect Transistor front end, 
Integrated Circuit IF strip, all- silicon output circuitry ... in fact, 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 you'll be amazed at how great 
a receiver sounds after you've built it yourself. Treat yourself to a weekend of fun 
and years of enjoyment ... see the Scott LR -88 at your dealer's today. 
LR -88 Control Features: Dual Bass and Treble; Loudness; 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 @ 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. 

Circle 100 on reader's service card 
DECEMBER 1968 

You'll swear by it 

COSCOTT 
Write for complete information on 
the new Scott components and kits. 
H.H. Scott, Inc., Dept. 570-10, 
Maynard, Mass. 01754 
Export: Scott International, 
P.O. Box 277, Maynard, Mass. 01754 

Walnut case optional extra p 1968, H.H. Scott, loc. 
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color 

The RCA WT -509A Picture Tube Tester is a precision 
instrument in the famous RCA tradition. It tests both 
color and black and white picture tubes for emission 
quality, interelectrode leakage, and shorted ele- 
ments. It's all solid -state AND IT'S ONLY $118.00.* 

The RCA WR -64B Color- Bar /Dot /Crosshatch Gen- 
erator has for years been the finest instrument of its 
type. Exceptionally stable, portable, it's a precision 
instrument designed for use in the laboratory and 
factory as well as for servicing on- the -bench and in- 
the -home. AND IT'S ONLY $129.00.* 

24 

The RCA WR -502A "CHRO -BAR" color -bar genera- 
tor has even more features than the famous WR -64B. 
It's all solid- state, battery operated. It provides color 
bars, dots, crosshatch, vertical lines, horizontal 
lines, blank raster. It has rock -solid stability. All new 
circuit design.THE "CHRO -BAR" IS ONLY $168.00.* 

*Optional Distributor resale price. 
For a complete catalog of descriptions and specifications for all 
RCA test equipment see your RCA Test Equipment distributor or write 
RCA Electronic Components, Commercial Engineering, Department 
No. L-39WA, Harrison, N.J. 07029. 

LOOK TO RCA FOR INSTRUMENTS TO TEST /MEASURE /VIEW /MONITOR /GENERATE 
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V 

generate 

The RCA WR -50B 
RF Signal Genera- 

tor with sweep features 
is versatile, portable, 

and exceptionally 
well suited for align- 

ment and signal tracing of AM, FM, 
hi -fi and citizen's band receivers 
and trouble- shooting in nearly all 
sections of TV receivers. IT'S ONLY 
$65.00.* Also available in an easy 
to assemble kit, WR- 50B(K). 

The RCA WA -504A Transistorized 
Sine /Square Wave Audio Signal 
Generator covers a frequency 
range from 20 Hz to 200,000 Hz with 
exceptional frequency stability. For 
use in audio, hi -fi and general elec- 
tronics applications, as well as in 
electronics training, demonstra- 
tions and lab work. ONLY $95.00* 

The RCA WR -69A Television /FM 
Sweep Generator is designed for 
lab, service, and production appli- 
cations for sweep- frequency align- 
ment of color and black and white 
TV receivers and broadcast FM 
receivers. It's also used to align 
VHF tuners, picture- and -sound IF 
amplifiers, video amplifiers and 
chrominance circuitry in color TV 
receivers. AND IT'S ONLY $295.00.* 

The RCA WP -700A and WP -702A 
Power Supplies are extremely re- 
liable, solid- state, constant voltage 
DC power supplies that provide 0 
to 20 volts dc at current levels up to 
200mA. WP -702A is actually identi- 
cal to WP -700A, except it is a dual 
unit with two complete power sup- 
ply sections. WP -700A IS ONLY 
$40.00° in quantities over five, and 
WP -702A IS ONLY $73.00 in quan- 
tities over five. Prices on less than 
five units are $48.00* and $87.00* 
respectively. 

The RCA WR -70A RF /IF /VF Marker 
Adder is designed for use with con- 
ventional markers and sweep gen- 
erators such as the RCA WR -39, 
WR -89 and WR -99 series calibra- 
tors and the WR -59 and WR -69 se- 
ries sweep generators to produce 
clean, narrow markers on the 
sweep- response curve on an oscil- 
loscope. AND IT'S ONLY $96.00.* 

The RCA WR -99A Crystal -Cali- 
brated Marker Generator combines 
in one compact, accurate, and 
stable instrument the functions of 
a multiple -marker generator, crys- 
tal calibrator and a heterodyne fre- 
quency meter. Ideal for servicing 
and aligning color and black and 
white TV receivers, communica- 
tions and other equipment in the 
frequency range of 19 to 260 MHz 
ONLY $256.50.* 

Optional Distributor resale price. 

For a complete catalog of descriptions and specifications for all RCA test equipment 
see your RCA Test Equipment distributor or write RCA Electronic Components, Com- 
mercial Engineering, Department No. L -39WB, Harrison, N. J. 07029. 

LOOK TO RCA FOR INSTRUMENTS TO TEST /MEASURE /VIEW /MONITOR /GENERATE 
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NEW DELTA DESIGN! 
MODEL 3000 FET VOM 

A unique 

and efficient 
instrument 

bridging the gap 

between a 

multimeter and a 

digital voltmeter! 

Delta, pioneer of the famous Mark Ten® CD System, 

now offers a compact, versatile, and extremely 

sensitive VOM which combines FETs and ICs for 

extreme accuracy. Compact (61" W x 8" H x 31/2" 

D), portable, wt. 7495 lbs. In full production 

at only 

Would you believe: 
1. Mirror scale 200 A D'Arsonval meter 

2. Integrated circuit (IC) operational amplifier for extreme accuracy 

3. FET input stage with current regulator 

4. Two stage transistor current regulator and Zener diode on OHMS for 

absolute stability and accuracy 

5. Voltage clippers for protection of input stage 

6. Fully temperature compensated for low low zero drift 

7. Ten turns ZERO and OHMS adjust potentiometers 

8. Epoxy glass circuit boards and metal case 

9. Enclosed switches 

10. Uses readily available type AA cells 

11. Uses standard test leads for maximum flexibility and 

measurement 

12. 10 Megohms input impedance 

Available in Kit form: 

Feedback network with 

pre -selected compo- 

nents to eliminate all 

final calibration. Ready 

to use when assem- 

bled! 

Kit: ( 
Only S59pp 

ease of 

DELTA PRODUCTS, INC 
" "" P. O. Box 1147, Grand Junction, Colorado 81501 

I enclose S . Please send postpaid: 

Model 3000 FET VOMs -w $74.95 assembled 

Model 3000 FET VOMs $59.95 kit form 

Name_ 

Address 

City, State- Zip 

DP 8 -7 

RE 

Circle 24 on reader's service card 

the grid and '130 volts p -p on the 

plate, for a gain of 10. In a RCA 
CTC19, 10 volts grid, 100 volts plate, 
p -p, and so on. 

The blue will show about the 
same gain as the red. The green, 
however, will show the lowest p -p 

voltages of them all - usually about 
half the voltage of the other two. 
The relationship between grid and 

plate waveforms are the same. 
What does this tell you? Well, 

if you think one color is weak, check 
the p -p amplitude of the bar signals 

in and out of the amplifier stage for 
that color. In circuits which do not 
use the separate red -, green -, blue - 

amplifier tubes, check the demodula- 
tor stages. 

Phasing of color and burst sig- 

nals is supposed to be very difficult. 
Why? If the "high bar" isn't in the 
right place for any given plate, then 
the phasing is off. If the No. 3 bar 
on the red plate is not "on top" or 
the No. 7 bar is high, this shows you 
the trouble. 

You can correct it by retuning 
the reactance coil or making whatever 
adjustment is recommended in the 
service data for the particular circuit, 
while watching the waveform on the 
plate. The PHASING control makes the 
high bar "walk" along the waveform. 
So does the TINT control. 

Here's a handy tint control test. 
Set the control in the center of its 
rotation, and check any of the plates 
for proper positioning of the high bar. 
If it's off, retune the phasing just a 
wee bit until it's right. Then check 
to see that the tint control will walk 
the high bar back and forth along 
the waveform. Normal movement 
ought to be at least one bar on either 
side of the correct position. 

The COLOR control will vary the 
amplitude of the bars. Make sure that 
it is set at the specified position before 
making any p -p voltage readings in 

this circuit. You can also tell whether 
the color control is working as it 

should -just move it and watch bar 
height. 

There you have it. If you use 
the right equipment in the right way, 
and interpret your results correctly, 
it's just as easy to follow the signal 
through these stages as it is in an 
audio amplifier. More on other cir- 
cuits in this section next month. R -E 

COMING NEXT MONTH 
In January, Service Editor Jack Darr looks at 

some peculiar problems caused by faulty 
bandpass amplifier and burst circuits. What 

happens to scope patterns and color bars with 

weak burst or sync? How do you check inter- 

action between the horizontal hold control and 

color sync? 
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COLOR SPECTRUM,. . ANTENNAS 

are "signal customized" 
for better color reception... 

"the ANTENNA that captures the RAINBOW" 
FINCO has developed the Color Spectrum Series of antennas - 'Signal 
Customized" - to exactly fit the requirements of any given area. 

Thera is a model scientfically designed and engineered for your area. 

Check this chart for the FINCO "Signal Customized" Antenna best suited for your area. 

STRENGTH OF 

UHF SIGNAL 
AT RECEIVING 

ANTENNA 
LOCATION 

W 

NO UHF 

Strength of VHF Signal at Receiving Antenna Location 

NO VHF 

W 

VHF SIGNAL 
STRONG 

'V 

VHF SIGNAL 
MODERATE 

W 

VHF SIGNAL 
WEAK 

W 

VHF SIGNAL 
VERY WEAK 

W 

$11.50 
CS-V5 CS-V7 

$18.50 $25.95 
CS-V10 

$37.96 
CS-V15 CS-V16 

$50.95 $59.50 

UHF SIGNAL 
STRONG 

A > CS-U1 

$10.50 

UHF SIGNAL 
WEAK 

UHF SIGNAL 
VERY WEAK 

CS-Al 
$19.95 

CS-81 
$31.50 

CS-C1 

$45.95 

CS-C1 

$45.95 

CS-A2 

$23.95 

CS-U3 

$22.95 
CS-A3 

$32.50 

CS-B2 

$41.95 

CS-33 

$52.50 

CS-C2 

$54.50 

CS-C3 

$62.95 

CS-D3 

$73.50 

\www". 
CS -113 

$73.50 

All Prices Sub;ect to Change 

NOTE: In addition o the regular 300 ohm models (above), each model is available in a 75 ohm coaxial cable downlead 

where this type of installation is preferable. These models, designated "XCS ", each come complete with a compact 

behind -the -set 75 ohm to 300 ohm balun- splitter to match the antenna system to the proper set terminals. 

THE FINNEY COMPANY 
34 West Interstate Street Dept. RE Bedford, Ohio 44146 
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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 about you? 
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 

28 

full -time job and family obligations. But CREI Home 
Study Programs make it possible for you to get the 
additional education you need without attending 
classes. You study at home, at your own pace, on 

your own schedule. You study with the assurance that 
what you learn can be applied to the job immediately. 

CREI Programs cover all important areas of elec- 

tronics including communications, radar and sonar, 
even missile and spacecraft guidance. You're sure to 
find a program that fits your career objectives. 

RADIO -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 ycur copy. If card is detached, use coupon at right 
or write: CREI, Dept.1412G, 3224 16th St., ,N.W.,, Wash- 
ington, D.C. 20010. 

founded 1927 

Accredited Member of The National Nome Study Council 

DECEMBER 1968 

CREI, Home Study Division 
McGraw -Hill Book Company 
Dept 1412G, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

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

NAMF AG 

ADDRESS 

CITY STATE ZIP CODE 

EMPLOYED BY 

TYPE OF PRESENT WORK G.I. BILL 

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

Industrial Electronics for Automation 
Computer Systems Technology 

L 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
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Computer Lingo Today's 

By MATTHEW MANDL 
CONTRIBUTING EDITOR 

DIGITAL COMPUTERS ARE BEING USED IN EVER- INCREAS- 

ing numbers in business data processing, in industrial con- 
trol and in scientific laboratories. They are vital to the 
military as well as for the guidance systems of space 
explorations. With this sharp upward trend in computer 
use, the demand for computer programers is at an all - 
time high. Estimates state that over 500,000 people are 
already engaged in some form of computer programing 
or operation, and another 250,000 will be needed within 
the next few years. And this is only in the United States. 

A programer tells the computer of the particular 
problem or data to be processed, indicates the methods to 
be used and debugs faulty programs. He communicates 
with the computer by using the "language" the computer 
understands or a mathematically oriented or business -type 
"language," which is translated into the computer's basic 
language. 

The binary code 
Digital computer circuits operate in only two states: 

the diodes or transistors are either on or off. This assures 
accuracy and reliability because changes in transistor char- 
acteristics or other solid -state devices do not affect the 
two states unless the component shorts or opens. The two 
states represent digits 1 and 0 -hence digital computer. 

The use of only 0 and 1 requires a binary -type math 
with a base 2 instead of base 10, as in our ordinary number- 
ing system. This binary code is the basic language of all 
digital computers. The following table shows binary num- 
bers ranging in value up to 19: 

Communicating with the computer via a Video Data Terminal, 
a Dodge claims supervisor in Philadelphia updates 50,000 - 
mile warranty information in Cllrrt..der's Detroit computer. 

RCA 

Base 10 

Value 

Binary 
Representation 

Base 10 

Value 

Binary 
Representation 

0 00000 10 01010 
1 00001 11 01011 

2 00010 12 01100 
3 00011 13 01101 

4 00100 14 01110 

5 00101 15 01111 

6 00110 16 10000 

7 00111 17 10001 

8 01000 18 10010 

9 01001 19 10011 

Note the pattern of the binary sequence. In the right - 
hand column (first place) the 0's and l's alternate; in the 
second column from the right the 0's and l's are paired, 
while in the third column from the right the sequence 
down the column is four 0's, four l's, etc. Subsequent col- 
umns follow the same pattern related to the squence 1, 

2, 4, 8, 16, 32, 64, etc. Thus the fifth column from the 
right would have 16 0's, followed by 16 l's, etc. Knowing 
this principle enables you to expand the table easily. 

The computer uses this binary code to identify stor- 
age locations, to identify instructions from the programer 
regarding how to process data and to make computations 
directly. Programs consist of a sequence of instructions, 
each accompanied by a storage address or explanatory 
number. Thus, the binary numbers 000100 and 000101 
might mean, "add to the accumulator the number in stor- 
age location 5." The first binary number, 000100, is the 
"add" instruction and the second number the address of 
the number to be added. Another set, such as 101010 and 
001000 may indicate a shift command. Thus, the binary 
101010 instructs the computer to shift a number right, 
while the binary 001000 indicates an 8 -place number shift. 

Octal code 
Since the early days of digital computers, design 

engineers have strived to simplify the programing proc- 
esses. Binary code becomes cumbersome when large 
numbers are involved, such as 101101 = 45, and 
1000110 = 70. Thus, if 70 meant "subtract" we would 
have to convert it to its binary form. While there are 
various methods (including conversion tables) to find 
binary equivalents, much time is wasted. A simpler method 
is to group the binary digits into sets of three to form what 
is known as the octal code, as shown in the following 
examples: 

101 

101 

001 
001 

101 

110 
011 

= octal 55 (true value = 
= octal 16 (true value = 
= octal 513 (true value = 

45) 
14) 
331) 

Thus, all instructions and storage addresses can be 
in octal coding to expedite entries. Often the pushbuttons 
on the computer console are in groups of three to facili- 
tate punching in numbers. If the computer binary address 
value of 331 is needed, you would be given octal 513 
instead. By entering a binary 5, followed by a 1, and a 
3, we have 101 001 011. The computer senses this as 
101001011, which has the true value of 331. 
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New Machine Languages 
MATHEMATICAL 
OR BUSINESS - 
ORIENTED 
PROGRAMMING 
LANGUAGE 

CALCULATED 
OR DATA - 
PROCESSED 
OUTPUT 

PUNCHED CARDS= 
SOURCE DECK 

TRANSLATOR 
(ASSEMBLER 
OR 

COMPILER) 

DIGITAL 
COMPUTER 

PUNCHED CARDS= 
OBJECT DECK 

1 -Step sequence for translating mnemonic and SPS 
programs into binary language. Initial program is punched on 
cards or tape, which are read by compiler. The Computer 
then reads the object deck generated by the compiler. 

Binary and octal codes permit us to enter programs 
at the computer console and examine numerical binary 
displays for checking the status of a program or process. 
It would be much more convenient, however, if we could 
do without the binary or octal numbers for the program- 
ing instructions. 

Mnemonic or SPS language 
We could save programing time if we could use the 

actual words add, multiply and divide, or abbreviations of 
them in our instructions to the computer. To do this we 
must use some sort of translating system to tell the com- 
puter that add means binary 100, and shift means binary 
101010, etc. This is done by using capitalized abbrevia- 
tions such as MPY for multiply, DIV for divide, etc. We 
could also use just A for add, S for subtract, M for mul- 
tiply or D for divide. Such coding is also known as 
mnemonic (aid -to- memory) or SPS (symbolic program 
system). Thus, a simple program for adding of 5 -1- 3 
would be: 

LDA 50 
ADD 51 

STP 00 

(Put the 5 into accumulator) 
(Add 3 to accumulator contents) 
(Stop computation) 

In this example, the 5 would have had to be placed 
into storage location 50 and the 3 into 51. Also, the en- 
tire program would have been stored within the computer's 
memory earlier. Once the data and program are loaded, 
the program initiating button is depressed and the pro- 
gram run. Thus, the addresses in which the program itself 
is stored must also be indicated, as shown in the following 
example, where a print-out instruction is also included: 

Program 
Address Instruction 

Data 

Address Data 

00 LDA 50 5 (Load 5) 
01 ADD 51 3 (Add 3) 
02 PRT (Print answer) 
03 STP (Stop computation) 

The translating of mnemonic and SPS programs into 
machine (binary) language is done by assembler pro- 
grams, which also select storage locations automatically. 
The program is punched on cards or paper tape and fed 
into the assembler. Another deck of cards is automati- 
cally punched containing the binary -language equivalent, 

DECEMBER 1968 

and these cards are read by the computer. The initial 
stack of cards which contains the mnemonic program is 
called the source deck, and the resultant cards from the 
assembler program are called the object deck. These terms 
are also used for other language procedures, as shown 
in Fig. 1. 

FORTRAN language 
The word FORTRAN is an acronym formed by using 

the letters from the phrase: FoRmula TRANslator. It is a 
mathematically oriented computer language that permits 
us to make math statements almost in the same form as 
the original equation. A special translator (called a com- 
piler) selects appropriate storage locations and converts 
the FORTRAN into machine language to be processed by 
the computer. 

Though programing math with FORTRAN is easier 
than with the mnemonic coding method (particularly for 
complex math equations), a number of rules must be ob- 
served. Among them are that all capital letters must be 
used, and that multiplication is expressed by an asterisk 
( *). Divide is shown by using the slash (/) and expo- 
nents are identified by a double asterisk (* * ). Thus, if we 
wanted to indicate the equation (a - b)c2 it would ap- 
pear as: 

(A -B) *C * *2 
Similarly, the FORTRAN expression for the equation 

(a + b) would be written as: 
Y 

Y= (A+B) /C 
Such statements are not, however, the 

gram -but only the mathematical portion. 
must be told what values (a, b, etc.) to 
manner, and what is to be printed out. 
program would have the following: 

READ 1, A, B, C 

Y = (A- I -B) /C 
PRINT 2, Y 

STOP 

1 FORMAT (3F10.4) 
2 FORMAT (F12.4) 

END 

complete pro - 
The computer 
read, in what 
The complete 

The READ statement tells the computer to read three 
variables (from cards or tape) designed as A, B and C, 
in the manner designed by a later FORMAT statement 
identified by the 1 preceding it. Thus, if we check with 
the FORMAT statement identified by the "1" we find that 
three variables are involved (the "3" in 3F10.4) and that 
the field width (F) is 10 characters, with four characters 
pointed off. The PRINT statement indicates the answer 
(Y) is to be printed out as identified by FORMAT 2. The 
latter states that 12 total characters are to be allocated, 
with four decimal places. 

A compiler is used to translate, and the program (on 
the source deck) is translated into machine language on 
the object deck. As with the assembler, the object deck is 
fed into a card or tape reader and then into the computer 
for processing. In the FORTRAN program, STOP tells the 
computer when to stop computation, and END tells the 
compiler the program is finished. 

Other statements are used in FORTRAN to permit the 
computer to undertake "decision" type operations, modify 
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the program as required and perform other manipulations. 
Program errors are sensed by the compiler and clues 
printed out so that the programer can locate the errors or 
note the use of incorrect statements. 

COBOL language 
As with FORTRAN, the word COBOL is an acronym 

made up of the initial letters of the phrase: Common 
Business Oriented Language. Like FORTRAN, COBOL can be 
used with any computer if the proper compiler is used for 
translating it into machine language. 

COBOL uses the English language directly and is 
made up of selected words to express the series of opera- 
tions which the computer is to execute in business data 
processing. Hence, COBOL uses letters, numbers and punc- 
tuation marks to form descriptive or instructional sen- 
tences. However, COBOL must be written by following cer- 
tain rules, just as our English language uses rules of 
grammer. Curiously, when a written COBOL program is 

examined by a nonprogramer he can understand most of 
the commands and data descriptions, but could not write 
such a program without knowing the rules. 

Verbs are used for instructional commands, and 
nouns for denoting the nature of the data to be processed. 
Capital letters are used, such as READ, WRITE, OPEN, 
CLOSE, DISPLAY, etc. for verbs. Nouns would include FILE, 
PAYROLL, INVENTORY, etc. The verbs ADD, SUBTRACT, 

MULTIPLY and DIVIDE can also be used, or as in FORTRAN, 

IBM 

Programs are constantly being developed to solve new problems. 

signs such as " + ", "- ", " * ", and "I" are valid. 
COBOL programing consists of an identification di- 

vision which describes the nature of the program -a con- 
figuration section, describing computer equipment to be 
used; a data division which identifies data sources, and a 

procedure division which spells out to the computer 
what processes are to be performed. A typical program 
section for the latter would appear as: 

PROCEDURE DIVISION. 

START. OPEN OUTPUT PAYROLL -FILE. 
READ -IN. READ PAYROLL -FILE RECORD. 

COMPUTE WITHHOLDING -TAX. 

Hyphens and periods must be used according to 
COBOL rules and can't be changed arbitrarily. 

Program language 
The newer PL /I language was introduced early in 

1966 by IBM and is intended to be a universal -type com- 
puter language. It retains some of the basic features of 
both FORTRAN and COBOL and can handle either mathe- 
matical or data -processing programs. A compiler, suitable 
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for PL /I must, of course, be used for translating this lan- 
guage into machine language. 

In PL /I statements are written on a single line as in 
FORTRAN, and parenthesis are used (not brackets). Thus, 
Y = a +b /a -b becomes: 

Y = (A + B) /(A - B); 

Note that a semicolon is used to indicate statement 
end instead of the period. As with COBOL, verbs and 
nouns are used to indicate instructions or descriptions. 
For example: 

DECLARE (COST, PRICE, DISCOUNT); 

COST = PRICE - DISCOUNT; 

These two statements tell the computer that we are 
"declaring" that the program concerns cost, price and dis- 
count rates. Then we tell the computer that it determines 
cost by subtracting the discount from the price. Actually 
you could declare any name you wish and the computer 
will reserve a storage area for it and act accordingly when 
the same word is used again later in the program. 
Thus, you could even declare PHILODENDRON Or OSHKOSH 

and the computer will accept them on your say -so and 
process them as you wish! 

Also, in PL /I the programer may insert any comments 
he wishes into a program and can specify that such com- 
ments are not to be acted on by the computer, but are 
just for the programers information. He does this by using 
the symbols "/*" before the comment and ending it with 
" * / ". Thus, anything stated within these " / *" and " */" signs 
are ignored by the computer. 

Other languages 
The most widely used computer programing lan- 

guages today are FORTRAN and Comm_ PL /I is making 
some inroads, but is still too new to be universally ac- 
cepted or used. In certain specialized areas, however, 
other programing languages are used. ALGOL (algebraic - 
oriented language) has been popular in Europe and also 
used to some extent in America. FORTRAN Iv, however, 
incorporates some aspects of ALGOL and is, of course, also 
a mathematically oriented computer language. Others are 
MAD (Michigan Algorithm Decoder) and JOVIAL (Jule's 
Own Version of International Algebraic Language). All 
have specific rules and the written program must follow 
them to be valid. 

A mathematical programer does not have to solve 
an equation (the computer does this) but he should know 
how to set it up in the algorithm (format) most suitable 
to computer processing. Similarly, a data -processing pro- 
gramer doesn't have to know accounting, but a funda- 
mental knowledge of business operations and basic book- 
keeping is certainly helpful. 

Where can you learn programing? At trade schools 
(advertised in this magazine) ; at technical schools, com- 
munity colleges, business colleges, and many other insti- 
tutions of learning. Leading computer companies also 
offer courses and often give aptitude tests in logic to de- 
termine your ability and leanings toward this interesting 
and lucrative profession. 

Numerous textbooks are available from various pub- 
lishers on all aspects of programing. Many such books are 
of the "programed" type, which are intended for self - 
instruction. (Actual exposure to the operating principles 
of a computer is, of course, extremely helpful.) If you 
like checkers or chess as well as other games of logic, 
you might be a natural! R -E 

See page 89 for a list of schools offering courses in computer 
technology and programing. 
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A 

Stereo Headset Control Center 
Easy -to -build battery- powered transistor circuit costs about $10. 

Just feed in a 0.1 -volt stereo signal 

By WAYNE LEMONS 

EVER TRY TO FIND A SIMPLE, INEXPENSIVE, HIGH - 
fidelity, stereo headphone amplifier circuit? It isn't 
easy. Stabilizing diodes, specially matched transistors, 
unusual parts and exotic feedback circuits may be 
nice to have, but they aren't always needed. 

It was with economy (around $10) and sim- 
plicity in mind that this circuit was evolved. It uses 

DECEMBER 1968 

no unnecessary parts (unless you think tone and vol- 
ume controls are unnecessary). The transistors are 
inexpensive (about 40¢ each), and there are no 
transformers. 

It works with either low- or high- impedance 
phones about equally well. The frequency response is 
slightly better with low- impedance phones, but your 
ears will have to be pure gold to tell the difference. 

Current drain is low, and lower still if the vol- 
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Front panel uJ Ilu l( rid ',lima uuy,(ifier was made from '.í" -thick colored plastic. 
Lettering was placed on white cardboard, which is beneath the plastic. Flat sides of 
transistors face each other for one channel, away for the other as shown in Fig. 2. 

C3 
.004 

CI 
.01 

L INPUTi îf 
Ria 

2 MEG 
VOLUME 

R4 

IMEG TONE 

2N3703(4) 

R2 
220K 

GANGED 

RI b 

C2 

.01 

R INPUT IS-A- 

R3 
220K 

Ai 
C5 

IOOµ F 
+ / 

R6\ 
I00S1 
MN1r- 

2 MEG 
VOLUME 

A\ 

t 
03 

IMEG TONE 

R5 t 

Jf 

C4 
.004 

02 

Q4 

E C B 

TRANSISTOR BASE 
DIAGRAM 

FROM LEAD SIDE 
o-V jj STEREO 

OUTPUT 
JACK 

4.5 TO 12 VOLTS 
o+ 

Fig. 1- Emitters of input transistors Q1 and Q3 are direct -coupled to the output 
transistors. Collector voltage is fed through the earphones. The setting of the tone 
controls determines both the amount and frequency of inverse corrective feedback. 
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ume control is not turned 
up full. Even at full volume 
a set of penlight cells will 
last 200 hours or more. 

There's no onoff switch 
because unplugging the 
phones automatically dis- 
connects the battery. 
Ganged volume controls are 
used, but they could have 
been separate. Individual 
tone controls are used, but 
they could have been 
ganged. 

A 0.1 -volt input pro- 
duces ample headphone vol- 
ume. Input may be up to 
about 0.5 volt at full vol- 
ume before noticeable dis- 
tortion occurs. For higher 
input voltages, turn down 
the volume control to re- 
move any overload distor- 
tion in the circuit. 

The 220,000 -ohm base 
resistors prevent the bias 
from going to zero when the 
volume is turned all the way 
down. Depending on its po- 
sition, the volume control 
varies the bias. This per- 
mits the circuit to draw less 
current at low volume and 
still operate with very good 
fidelity. 

A single resistor (R6) 
bypassed by a 100 -p,f ca- 
pacitor (C5) provides pro- 
tective bias for all four 
transistors. 

PARTS LIST 
Cl, C2- 0.01 -µF, 400V ca- 

pacitor 

C3, C4-0.004-µF, 50V ca- 
pacitor 

C5-100-pF electrolytic ca- 
pacitor, 3V or more 

Ria, Rlb- ganged 2 -meg- 
ohm linear potentiom- 
eter 

R2, R3- 220,000 -ohm, %- 
watt resistor 

R4, R5- 1- megohm linear 
potentiometer 

Q1, Q2, Q3, Q4- 2N3703 
silicon transistor or 
equivalent 

MISC -2'/2" x 5" x 11 /2" 
Bakelite utility box and 
cover, jacks, knobs, 
perforated board 
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TRANSISTORS ON 
TOP OF BOARD 

SOLDER LEADS 
TOGETHER 

PERFORATED BOARD 
BOTTOM VIEW 

O 0 O O 0 0 
o O o o o o ,C E :13jo N.e.L 

4 \gv o Z B.CiE E C tB 
O 0 0 O o Ó 0 

O 0 0 O 0 0 

SOLDER LEADS 
TOGETHER 

TRANSISTORS ON 
TOP OF BOARD 

Fig. 2- Transistors are mounted directly on perforated board 
and the leads soldered together. Parts layout is not critical. The 
board used is 13 /s" x 2 ". A PC board can be made even smaller. 

Fig. 3 -Panel layout of amplifier. An ac /dc power supply can be installed. 

Amplifier gain is ample for all cartridges ex- 
cept low- output phono types. It is an ideal amplifier 
for turntables with ceramic cartridges or for use 
with a stereo FM tuner. 

Incidentally, you can use npn silicon transistors 
by simply reversing the battery connections. Ger- 
manium transistors will not work without modifying 
the circuit. Many germanium transistors will work 
if you will add a 1000 -ohm resistor from point A in 
the schematic to ground. 

How it works 
The two amplifiers are identical, so consider 

only the operation of the left channel in Fig. 1. Sig- 
nal is coupled into the base circuit through Cl, the 
0.01 -µf isolation capacitor. A 2- megohm volume 
control adjusts the input level to the 220,000 -ohm 
base resistor. Transistors connected this way have a 
fairly high input impedance, so large input resistances 
can be used. 

Transistor Q l's emitter is direct -coupled to the 
base of transistor Q2. Collectors of both transistors 
are tied together. Bias for the circuit is supplied 
through the 1- megohm tone control. The 220,000 - 
ohm base resistor and the lower part of the volume 
control act as a bleeder on the bias voltage. 

When the volume control is turned all the way 
down, R2 is grounded and bias is reduced. As the 
volume control is turned up, bias on Q1 increases, 
causing it and transistor Q2 to draw more current. 

Collector voltage is fed through the earphones 
from the battery. The connection of the bias resistor 
to the collector also results in some inverse feedback. 
The amount of feedback and its frequency is de- 

Fig. 4 -A power supply can 
be used with the amplifier. AC 

Batteries last about 200 hrs. INPUT 

DECEMBER 1968 

I-1/2" 

T 
1/2" 

O O 3/8" 
OUTPUT 

5/8" JACK 
, 

5/8" 

Ir 3/8" 

TONE TONE 

O`er /'O 
SCREW HOLES FOR 

MOUNTING PERFORATED 
BOARD 

3/8" 

VOLUME 

r7/8"--{ 15/64"H 7/8"- 

O INPUT O 

2 1/2" 

4 

I/2" 

5" 

pendent on the tone control setting. 
With the tone control adjusted so that C3 is at 

the collector end, there is maximum feedback of 
high frequencies. This in turn, because of the inverse 
feedback, reduces the amplifier gain at high fre- 
quencies and appears to improve bass response. 

When the tone control is adjusted with C3 at 
the base end, feedback is essentially the same for all 
frequencies. The inverse feedback tends to provide a 
"leveling" action on higher- frequency signals, which 
are enhanced by earphone inductance so that re- 
sponse is essentially flat when C3 is at the base end 
of the control. 

Construction hints 
A perforated board can be used to mount the 

transistors (see Fig. 2). Other parts are also mounted 
on the board except those that can be mounted else- 
where more conveniently. Figure 3 shows dimen- 
sions of the front panel. Layout is not critical and a 
different arrangement can be chosen if desired. For 
example, by using a printed circuit and miniature 
controls, this amplifier could be built into a very 
small area. 

If you want to go "electric," use any filtered 
6-10 -volt dc power supply with an output current 
of 12 mA or more. Figure 4 shows a simple supply 
you can build yourself, but any of the small power 
supplies designed for transistor radios will work. By 
rearranging parts you could install the power supply 
in the amplifier box. 

Any way you do it, you'll be pleased with the 
performance and stability of this unpresumptuous 
little amplifier. R -E 

FILAMENT SMALL SILICON 

TRANS 
DIODE 

6.3V AC 

500 MA 

1 

220n,1/2w 

100 HF 

TIOVOR 
MORE 

100µF 9 
10V OR MORE VOLTS 

o+ 
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BUILD FOR 
YOUR CAR 

50 -Watt 
Portable 
AC Outlet 

By Jack Jaques Technical Manager 

HEP Motorola Inc., Phoenix, Arizona 

HERE'S AN INEXPENSIVE, EFFI- 
cient, convenient, compact source 
of 115 -Vac, 60 -Hz power from 
your car, camper or motorboat 12- 
Vdc battery. It offers an opportu- 
nity to eliminate the inconvenience 
of battery, propane and gasoline 
lights in boat, camp or camper. 
The 50 -watt rating is ample to op- 
erate the HEP Guitar Amplifier 
(see RADIO ELECTRONICS, Novem- 
ber 1968, p. 37) and other utili- 
ties such as a small TV set, porta- 
ble hi -fi, soldering iron, electric 
shaver, lights, radio, etc. For ex- 
ample a 25 -watt light, a 14 -watt 
fan and a 3 -watt radio can be used 
simultaneously without exceeding 
the 50 -watt rating. Thus, by using 
this inverter and the battery in your 
vehicle, "boondock" or beach -party 
singouts are a lot more fun. 

A pair of power transistors op- 
erated as a magnetically coupled 
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multivibrator are the heart of this 
device (Fig. 1). Transformer T1 
provides the coupling. It is a stan- 
dard 24 -volt, 2 -amp, center -tapped 
filament transformer. However, it is 

modified by adding another center - 
tapped secondary winding on the 
periphery of the existing wire bun- 
dle. The new winding consists of 12 
turns of No. 22 plastic- covered 
hookup wire. The space between 
the frame and the existing wire bun- 
dle of the transformer permits in- 
stalling the new winding (Fig. 2). 

The added winding forms the 
base circuit of transistors Q1 and 
Q2. The 12 -Vdc input from the 
auto or boat electrical system is ap- 
plied via TS1 to the secondary 
center taps of the transformer. The 
original secondary winding forms 
the collector circuit of Q1 and 02. 
Its center tap provides the negative 
or return circuit to TS1, and the 

dc supply. Resistor R1 establishes 
the turn -on bias voltage for Ql and 
Q2. The value of R1 (180 ohms) 
assures that the transistors will be- 
gin oscillating (alternately turning 
on and off) under all conditions. 
R2 and C1 -C2 set the frequency 
of oscillation, approximately 60 
Hz. Diode D1 prevents unwanted 
voltage spikes from appearing at the 
bases of Q1 and Q2. 

When voltage is applied to 
T1's new 12 -turn secondary, Q1 
and Q2 turn on and off (oscillate) 
in an alternate sequence. As each 
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RED / YEL 

C+ 
o o 

o i 

PARTS LIST 

Cl, C2 -1000 µF, 15 V, elec- 

trolytic 
Dl -1 amp, 1000 piV, silicon 

diode, HEP -160 (Motor- 

ola) 

Jl- Chassis mounting ac re- 

ceptacle 

Ql, Q2- HEP -230 (Motorola) 

R1 -180 ohms, 1/2 -W, 5% 

R2 -3300 ohms, 1 /2 -W, 5% 

Tl- Filament transformer; 
pri 115 vac; sec 25.2 V 

ct, 2 A (Triad F -41X) 

TS1- Terminal strip, barrier 

type, 2- terminal 

Chassis -5" x 7" x 2" 

Cigarette lighter cable (op- 

tional) 

Power transistor mounting 

kit (2) HEP -450 (Motor- 

ola) 

Terminal strip, 10 lugs 

Misc. wire, hardware 

DI 

HEPI60 

R2 

3.3 Il 
I/2W 

HEP230 

02 

HEP230 
C2 

1000µF 
15V 

NEW / WINDING 

r/ BLU TI 

oI O 

GRN a BLU 

6T° 
GRN 

RI 
18 On 
1/2 W 

RED 

RED 

ORIGINAL 
SECONDARY 

BLK 

JI 
115 VAC 
OUTPUT 

CI 
1000µF 

I5V Fig. l- Inverter circuit is conventional and 

+I( 

+g - TSI 

12 -14 V 
DC FROM AUTO 

straightforward. It converts 12 volts dc 
into 115 volts ac. You can draw up to 50 
watts of ac power from the compact unit. 

1. Stretch two 6' 
lengths of No. 22 
insulated wire side 
by side (use two 
colors, say blue and 
green). Place the 
blue wire above 
green wire. 

2. Refer to Fig. 2. Po- 
sition T1 so the side 
with two black leads 
faces you. This side 
will be considered 
the front in these 
instructions. 

3. Leave 4" of leads 
and pull the re- 
mainder of both 
wires toward the 
back through the 
left slot between 
the frame and wire 
bundle. Start near 
the bottom. 

4. Bring the wire 
around the back of 
wire bundle and 
through the slot be- 

MODIFYING T1 

Fig. 2 -How to add a winding to the inverter transformer. 

SLOT BETWEEN 
EXISTING WINDINGS 
AND FRAME 

1414r '/ BLU 1111 
GRN 

TO JI 

START WINDING 
PARALLEL WIRES HERE.- - 
LEAVE e LEADS 

BLUE 

EXISTING 
BLACK LEADS 
OF TRANSFORMER 

TO BASE 
OF OI 

TO BASE 
OF 02 

TO JUNCTION OF RI-R2 
ON TERMINAL STRIP 

tween it and the 
frame on right side 
toward you. 

5. Continue to wind 
wires in this man- 
ner until 12 turns 
are wound on the 
back side (6 blue, 
6 green). Keep the 
blue wire on top in 
each pair of turns. 
Keep turns parallel, 
uncrossed and snug 
to the wire bundle. 

6. Pull turns 11 and 
12 through the slot 
at the top of the 
wire bundle on 
right side. Ample 
length should re- 
main for leads. 

7. Label leads per Fig. 
2, using small 
pieces of masking 
tape. 

8. Apply liberal 
amount of coil dope 
or cement to hold 
winding in place. 
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transistor conducts, current flows 
alternately between the extremes 
and the center tap of the original Ti 
secondary, first in one half, then in 
the other. This conduction causes a 
magnetic field to build up in the 
alternate halves of the winding, 
which collapses when the current 
flow ceases due to transistor turnoff. 
This alternating buildup and col- 
lapse of the magnetic field in the 
secondary causes an alternating 

Fig. 3- Pictorial diagram shows what's going on under the chassis. Note de- 
tails of parts placement and connecting lead layout. Follow this arrangement 
as closely as possible and you should hare no difficulty in building this unit. 
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voltage to be induced across T1 's 

original primary. The ratio of the 
number of turns in the two windings 
is chosen so that the transferred 
output is stepped up to 115 volts. 
The 115 volts, which is still at the 
same frequency as the oscillating in- 

put circuit (60 Hz), is delivered to 
output connector J 1, where it is 

available for operation of the ampli- 
fier, lights or other low- wattage ap- 
pliances as desired. 

Using the inverter 
Operating the inverter is ex- 

tremely simple. There are no con- 
trols. Just connect TS -1 to a source 
of 12 -volt dc. Then plug the 115 - 
Vac appliance into J1. 

CAUTION 

Correct polarity of the 12- 

Vdc input must be main- 
tained. The inverter cannot 
be used in a car with the 
positive post of the battery 
connected to the body 
(ground). Check foreign 
cars in particular if the 
cigarette lighter adapter is 

used. 

A cable with a plug that mates 
with the cigarette lighter receptacle 
is available and is recommended as 

one convenient way to connect the 
unit to the dc source. Be sure the 
auto battery is in good condition. 
Do not overload the inverter with 
appliances requiring more than 50 
watts of power. Do not use exces- 
sively long power cords since this 
added resistance will reduce the 
power available for operating ap- 
pliances. R -E 

CAUTION 

Do not attach the inverter 
directly to the auto body. 
For rigid mounting to the 
auto, use insulating sleeves 
and isolate the inverter 
chassis with a mat of foam 
rubber :`Sá' thick. 
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It's EasvTo Fix Solid -State TV 
The circuits may be different but they do tend to be simpler 

By MATTHEW MANDL 
CONTRIBUTING EDITOR 

TRANSISTOR TVs ARE NOT FAILURE - 

proof. They operate at lower voltages 
than tube types, but component rat- 
ings are correspondingly lower, and 
failures do occur. We still run into 
sweep faults, mistuned circuitry and 
an occasional transistor failure. 

Often, when low -gain transistors 
are used, extra stages are needed to 
get maximum performance. As a re- 
sult, additional trouble possibilities 
exist. So we still have average run -of- 
the -mill faults, some troublesome 
intermittents and even the occasional 
multiple- trouble conditions of tube 
TV. Basic circuit knowledge always 
expedites servicing, as the following 
case histories emphatically indicate. 

An even half -dozen 

A good example of visual mul- 
tiple troubles is shown in Fig. 1. Here, 
five faults are easily recognized. At 
the upper right we have corner 
shadow, at the center screen we have 
ghosts, at the left we have dark verti- 
cal bars, throughout the screen we 
have adjacent- channel interference 
(changing diagonal line segments) 
and poor focus. When the brightness 
control was turned up, the picture 
bloomed, making a total of a half- 
dozen faults at once. 

Even though six faults are in 
evidence, circuit knowledge would 
indicate only two defective areas are 

si contributing to the symptoms. The 
ghosts and dark vertical bars could be 
antenna troubles, as could the adja- 
cent- channel interference lines. The 
blooming, focus and corner shadows 
could be caused by troubles in the 
high- voltage system. 

A high -voltage check showed 
only 15 kV at the second anode of 
the pix tube, instead of the 20 kV 
specified for this Zenith 1 Y21 B55 re- 
ceiver. Using a scope and working 
back toward the horizontal oscillator 
we tried to localize the bad stage. 

The horizontal sweep system for 
this set is shown in Fig. 2. Note how 
much simpler these transistor circuits 
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Fig. 1 -Five faults show up in this TV picture. They include corner shadow, ghosts, 
dark vertical bars, adjacent- channel interference and poor focus. A sixth problem, 
blooming, became apparent when the brightness was turned up. A simple repair? 

FRDM 
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OSC 2.IV 

P-P 
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DRIVER 

2.2K 

.001 
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+ 70V 
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.001 

M 500V 
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DAMPING 
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FERRITE 
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ó S 

Fig. 2- Horizontal sweep system used in the Zenith IY21B55 chassis. A new transistor 
restored normal high voltage and focus voltage, eliminating the blooming and corner 
shadow. Interference lines, bars and ghosts remained; their cause not yet known. 
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f f. 
Fig. 3 -A distorted horizontal- driver 
scope trace pinpointed the bad stage. 

Fig. 4 -Age and focus troubles in an Ad- 
miral 2H5 resulted in distorted picture. 

are than tube types. Because of the 
output transistor's low output imped- 
ance no transformer is needed be- 
tween it and the deflection coils. Both 
the damping and focus rectifier diodes 
connect directly to the output tran- 
sistor's collector. 

To develop enough drive, how- 
ever, a horizontal driver stage follows 
the horizontal oscillator. Note the 
ferrite sleeve around both the base 
and emitter leads of the output tran- 
sistor. It is an inductive -type shield 
for stabilizing sweep function. 

The scope pattern at the collec- 
tor of the output transistor was some 
100 V below normal. While this might 
indicate a defective transistor, before 
changing it, the scope was attached to 
the collector of the driver transistor. 
Here, the waveform was not only low 
in amplitude but differed from the 
normal waveshape. Distortion ap- 
peared at the flat -top section (see 
Fig. 3). A check at the horizontal 
driver input base, however, showed 
normal drive signals (2.1 V peak -to- 

peak). Thus, the trouble was localized 
to the driver stage. 

Resistors and capacitors were 
checked and found good, but an in- 
circuit check of the transistor showed 
poor emitter collector conduction 
and reduced gain. A new transistor 
returned normal high voltage and fo- 
cus voltage and eliminated the bloom- 
ing and corner shadow. The interfer- 
ence lines, left vertical bars and 
ghosts were still there. 

A check of the antenna system 
revealed that the antenna did not turn 
when the antenna- rotator control -box 
bar was depressed. The trouble was 
a defective 80 -µF ac type capacitor 
in the control box. (Always check 
this item first before deciding that the 
rotator motor is defective.) 

Now, with the antenna free to 
rotate, the ghosts and vertical left 
bars disappeared. Remaining, how- 
ever, were the wiggling adjacent -chan- 
nel interference lines, though only on 
channel 10. A slight readjustment of 
the lower adjacent -channel trap 
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(47.25 MHz) eliminated this interfer- 
ence. 

An Admiral 2H5 receiver had 
the symptoms shown in Fig. 4. While 
the general appearance is similar to 
Fig. 1, the trouble indications are not 
all the same. Again, some interfer- 
ence lines are present as is some de- 
focusing. The overly dark areas 
indicate video signal overload, pos- 
sibly agc troubles. If so, this could 
also contribute to the poor focus. 

Adjusting the agc control had no 
effect. Voltage readings were taken 
at the agc gate circuit shown in Fig. 5 
next. Base and collector voltages were 
ok, but the emitter voltage was several 
volts above normal. A component 
check in the emitter circuit showed, 
not only an open 0.47 -µF bypass capac- 
itor, but a increased -value resistor. 
Instead of 220 ohms, it read several 
thousand ohms. Such a large change 
in resistance in a low- voltage, low - 
current circuit is not common. It is 
more likely for a resistor worked near 
its wattage rating continuously to de- 
velop such a change. 

New components in the agc cir- 
cuit cleared up most of the trouble. 
In this receiver there are three ter- 
minal settings for focus -A, B and C. 
Changing from B to C improved fo- 
cus. With normal age function and no 
video overload, the faint interfering 
lines also disappeared. 

In the early production runs for 
this receiver, some parasitic oscilla- 
tions would occur on occasion when 
component values in the third video 
i.f. amplifier were off far enough to 
affect critical circuit operation. Later 
production receivers incorporated a 
100 -pF capacitor across the 1000 -ohm 
base resistor shown in Fig. 6. When 
servicing such sets, this capacitor 
should be added, even though no 
symptoms of picture instability or cut- 
off appear. 

Intermittent sound and sync 
In a Magnavox T921 9" port- 

able, both sound and sync were inter- 
mittent. The sound would fade for a 
few seconds, then return for several 
minutes. Both vertical and horizontal 
sync would be lost for several minutes, 
then return to normal for a half -hour 
or more. 

In this receiver a sync amplifier 
and phase splitter npn transistor fol- 
lows the sync separator, as shown in 
Fig. 7. The sync amplifier feeds the 
horizontal phase detector diodes (con- 
nected across emitter and collector). 
The vertical oscillator is fed from the 
collector. All voltages and compo- 
nents checked ok in both the sync 
separator and the amplifier, as did the 
transistors with an in- circuit tester. 
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Fig. 7 -Sync amplifier used in Magna- 
vox T921 chassis. Defects in this circuit 
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A scope was attached to the col- 
lector of the sync amplifier to observe 
the waveform (see Fig. 7). We 
wanted to note any change when the 
intermittent occurred. Any intermit- 
tent in the sync separator would also 
be noted here, and since both hori- 
zontal and vertical sync were affected, 
the trouble had to be ahead of the 
sweep oscillators. 

After a while the intermittent 
recurred and the scope pattern 
changed to that shown in Fig. 8. A 
transient signal appeared along the 
positive base line of the sync pulses. 
This oscillatory condition in the sync 
amplifier was most likely caused by a 
change in characteristics of the tran- 
sistor rather than of circuit re- 
sistors and capacitors. Thus, even 
though a checker indicated no faults 
in the transistor (intermittents 
rarely show up under normal testing) 
the transistor was replaced and the 
sync problem was eliminated. 

As suspected, the intermittent 
sound was unrelated to the intermit- 
tent sync, and it was still fading in and 
out. 

The intermittent sound happened 
every few minutes, so a quick check 
was made by placing earphones across 

Fig. 8 -Scope pattern revealed a tran- 
sient along the base line of the sync pulses. 
A defective transistor was the problem. 

the volume control. Here, however, 
the sound stayed normal. Next, we 
checked voltages in the audio ampli- 
fier circuit (Fig. 9) , but all appeared 
normal. For a sustained check, a 
vtvm was placed between the collec- 
tor and ground to read -11.2 V, 
but little difference was noted during 
the intermittent. 

Next. the vtvm was placed be- 
tween base and ground. Now, when 
the intermittent occurred, we lost the 
-1 V at the base. This is a pnp 
transistor and forward bias requires 
that the base be negative with respect 
to the emitter. Normally the -1 V 
at the base and the -0.8 V at the 
emitter provide a negative voltage at 

.0082 
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4.7K 
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39012 

1.0047 
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Fig. 9- Intermittent sound was the problem, but the circuit appeared normal. Careful 
monitoring with a vtvm revealed that the 47K voltage- dropping resistor was bad. 
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the base ( -0.2 V). When base volt 
age drops to zero the forward bias 
is lost. In some transistors cutoff 
occurs for zero forward bias (or re- 
verse bias where the emitter is nega- 
tive with respect to the base). 

Since collector voltage ( -11.2 
V) was not affected, it appeared ob- 
vious that the 47,000 -ohm dropping 
resistor was causing the trouble. While 
we expect intermittents to occur in 
transistors, capacitors and diodes, it is 

unusual for resistors to act intermit- 
tently, particularly in low- voltage cir- 
cuitry. A new resistor, however, cured 
this trouble. R -E 
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ABC's of Transistors 
Here's how they work 

TRANSISIURS HAVE PUZZLED 1I.CI IN I(IANS FOR NEARLY A 

decade and there appears to be no sign of easing the strain. Each 

year more transistorized equipment is introduced in both televi- 

sion and hi -fi equipment. To keep up to date we must learn effi- 

cient transistor servicing procedures. 
Many articles have been devoted to transistor troubleshoot- 

ing and all of them have leaned heavily on theory. But many 

successful technicians working on vacuum -tube circuits do not 

have a solid foundation in vacuum -tube theory, so perhaps the 

solid -state troubleshooter does not necessarily need theory. Let's 

look at transistors from a troubleshooter's standpoint and mini- 

mize the theory. 
For those of you with experience with tubes here is a 

comparison of transistors and tubes: A transistor is somewhat 

like a tube: Corresponding elements are: 
ponding elements are: 

Tube- Transistor 
Cathode -Emitter 
Grid -Base 
Plate - Collector 

There are two important differences: 
1. The tube is a voltage amplifier. 
2. The transistor is a current amplifier. 

The grid of a tube usually has an opposite potential to the 

cathode and plate of a tube, but the transistor base potential 
is between the emitter and collector potentials. 

Just two diodes 
Transistors are further complicated as there are two types 

which operate with opposite bias and supply voltage polarities. 

P' 

P É 

P 

N 

FIG. I 

FIG.2 

FIG.3 

N 

P 

N 

IC 

P 

P 

Yet it is easy to determine proper polarities for bias and supply 
voltages and what voltages we can expect in standard circuit 
configurations for each type. 

The two basic types are, of course, pnp and npn. Physical 

and electrical characteristics of pnp and npn transistors are 

shown in Fig. I. Both transistors are shown electrically as two 

diodes wired back to back. In the pnp type the cathodes are 

tied together; in the npn type the anodes are connected. The 

junction represents the base connection with the emitter or 

collector at either end. 
Two common symbols for both pnp and npn transistors 

are in Fig. 2. Note that the arrows in both the diodes and the 

transistor symbol point in the same direction. Remember this 
and you cannot go wrong. 

Normal circuit parameters 
In conventional circuits a small forward bias, normally 

0.2 to 0.7 volt, is applied to the emitter junction. An easy 

way to remember which polarity is required to forward -bias 

a junction is to note that, when a negative voltage is applied 
to an n- element and a positive voltage to a p- element of a pn 

junction. it is forward- biased. This is shown in Fig. 3. 

The letters tell you the crystal type in each element. That is, 

pnp stands for p -type (crystal) emitter, n -type base and 

p-type collector. Npn stands for n -type emitter, p -type base 

and n -type collector. 
In other words, for a forward -biased emitter junction, a 

pnp transistor requires a negative voltage on the base with 
respect to the emitter. To forward -bias an npn transistor emitter 
junction a positive voltage on the base, with respect to the 

emitter, is required. 
The collector circuit, on the other hand, requires a back - 

bias or reverse bias. So in a pnp transistor, a negative voltage 
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is required on the collector with respect to the hase and the 
opposite for an npn transistor. Circuits with these typical con- 
figurations are shown in Fig. 4. Note that the bias batteries 
are connected so they aid one another. 

The need for biasing 
Biasing is used in transistor circuits for the same reason 

that it is used in tube circuits -to set up a static operating 
point. Without proper bias, what was intended to be a class -A 
amplifier might oper, to class -B. 

The simplest bias is accomplished with a single- resistor 
network. A common- emitter amplifier with a single bias re- 
sistor is shown in Fig. 5. Since the emitter -junction resistance 
is quite low, the base bias current can be calculated by dividing 
the bias voltage by base bias resistor. The base resistance is 
ignored because it is very small compared to the base bias 
resistor. 

In Fig. 6 -a. the negative terminal of the power supply is 
grounded. In Fig. 6 -b, the positive terminal of the power 
supply is grounded. Each circuit's operation is identical. The 
resistors form a voltage divider network and selection of various 
values can result in any voltage between the supply and zero 
volts to appear at the base of the transistor. If there is a 
0.7 -volt difference between base and emitter, the transistor 
is turned on and emitter /collector current flows. If this voltage 
difference is reduced, less collector /emitter current flows. Con- 
versely if this voltage difference is increased, collector /emitter 
current increases. 

In Fig. 6 -a, if a 10 -volt supply is used, R2 will be approxi- 
mately 9 times as large as R1 and +0.7 -volt appears at the 
base. In Fig. 6 -b. the values of R I and R2 stay the same, but 
their relative positions are reversed to effect a +9.3 -volt po- 
tential on the base. Either way, the base is +0.7 -volt with 
respect to the emitter. The voltages shown are typical for 
a silicon transistor. Note that the base voltage is closest to 
the emitter voltage and between collector emitter voltage. 

An important consideration is the polarity and magnitude 
of voltage that must be applied to the base /emitter junction to 
turn the transistor "on" and cause electron flow between emitter 
and collector. While a tube requires bias 
voltage to reduce electron flow, the 
transistor requires bias current to cause 
electrons to flow. A tube with zero bias 
between grid and cathode generally has 
heavy current flow while a transistor 
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+ 
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o 

with zero bias between base and emitter is shut off and no current 
flows between collector and emitter. 

To forward -bias or "turn on" a transistor, a small voltage 
is applied between the base and emitter elements. When meas- 
ured from the emitter, the polarity of this bias voltage is the 
same as the collector voltage but its value is much lower. 

Remember, as the voltage on the base element changes 
in the direction of the collector potential, the emitter /collector 
current increases. If the voltage on the base element moves in 
the direction of the emitter 
current decreases. This is true 
sistor is silicon or germanium 

In Fig. 7, resistor 
stabilizes collector 
current and is re- 
ferred to as a sta- 
bilizing resistor. As 
collector current 
flows through emit- 
ter resistor R3, a 
voltage is develop- 
ed which opposes 
the forward -bias 
voltage. The effect 
of R3 is to oppose 
any change in cur- 
rent flow since the 
voltage across it is 
in series with the 
forward -bias volt- 
age. For example, 
if collector current 
increases, the volt- 
age drop across R3 
increases and re- 
duces the effective 
forward bias which, 
in turn, reduces 
collector current. 
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t;onveresly, if collector current dcc1caoca, less voltage is developed 

across R3 and the effective forward bias increases. This, in turn, 

increases collector current. Adding an emitter resistor stabilizes 

a transistor with respect to collector- current variations which 

occur for a variety of reasons. The most common cause is an 

increase in collector current as a result of temperature increase. 

When troubleshooting, the voltage drop across the emitter 

resistor is an important test point for checking circuit opera- 

tion. A higher than normal emitter voltage generally indicates 

excessive collector current. This can be caused by a shorted 
transistor or a bias defect. A lower than normal emitter resistor 
voltage would indicate an open transistor or bias defect. 

Class -A amplifier 
A transistor stage set up for class -A or linear operation is 

shown in Fig. 8. In this stage, bias resistor R3 is shown as an 

adjustable unit, so some desired collector current will flow. 

This control can be used to show how the transistor amplifies 

the input signal. 
The base voltage -collector current curve in Fig. 8 shows the 

collector current for several bias voltages. The horizontal line 

shows bias voltages developed across bias resistor R3. The vertical 
line shows values of collector current for each value of bias 

and we will neglect the effect of emitter resistor R4. 

Note the mark on the bottom line indicating 2.4 V. This 
actually means 0.1 V between the base and emitter since the 
emitter is at +2.3 V. This mark corresponds with a line on 

the vertical column marked "minimum" as indicated by the dotted 
lines. This means that, with 0.1 V forward bias, only a small 
amount of collector current will flow. 

If R3 is adjusted to make the base voltage become 3 V (0.7 V 

between base and emitter), the collector current increases. Re- 

ferring again to the curve. we see that the collector current has 
increased to the mark on the vertical column marked "normal ". 

If R3 is adjusted to make the base voltage become +3.6 V (1.3 
between base and emitter), there will be an increase in collector 
current. The collector current has increased to the "maximum" 
level. 

From this we can see that by varying the base voltage, we 

can produce any desired value of collector current. In practice, 
the emitter voltage would not remain constant with different 
values of collector current. This action is similar to cathode - 
voltage variation in a tube. 

An ac signal fed to the base element can also cause collector - 
current changes. Referring again to Fig. 8, we adjust R3 to 

make the base voltage become +3 V. This causes a collector cur- 

rent that corresponds to "normal" on the curve. The collector cur- 

rent through R2 causes a voltage drop so about half the supply 
voltage appears at the collector. These are the necessary condi- 
tions for a linear stage (amplification without distortion). 

An ac generator supplies a signal between the base of the 

transistor and chassis ground in Fig. 9. This signal at any instant 
will add or subtract from the dc bias supplied by bias resistors RI 
and R2. Capacitor C2 provides an ac bypass across R3 at 

the signal frequency. 
In Fig. 9 -a the generator is passing through its maximum 

positive excursion and is producing a peak +0.05 V. This voltage 

will add to the +1.69 Vdc bias voltage and cause a total in- 

FIG 10 

stantaneous voltage between base and ground of +1.74 V. From 
the curve in Fig. 8, we see that this corresponds to maximum 
current through the transistor. This is indicated by the current 
meter connected in series with the collector of the transistor. 

The increased current through R4 causes a larger voltage drop, 
so that for an instant the collector voltage drops to approxi- 
mately 2.5. 

The result of the negative half -cycle of the generator is shown 
in Fig. 9 -b. This negative 0.05 -V excursion subtracts from 
the 1.69 -V bias, so that for an instant the voltage between 
base and ground is 1.64 V. The curve in Fig. 8 shows that this 
corresponds to minimum collector current. The reduced current 
causes a smaller voltage drop across R4 and allows the collector 
voltage to rise to approximately +15.5. 

From this we can see that an input signal of 0.1 V peak-to- 
peak can cause a collector or output signal of 13 V peak -to- 

peak. Also, phase inversion occurs. The dc and ac voltage ex- 

cursions shown demonstrate amplification of the transistor. Capaci- 
tor C2 is large enough to bypass R3. so that no ac signal is lost 
across this resistor. The voltage at the emitter will reflect any 
average current change through the transistor. Emitter voltage 
is a good indicator of transistor conduction. If this voltage is 

too high, the transistor current is too high. If it is low, the 
current is too low. 

Diode stabilization 
Some amplifiers require a different type of bias stabilization 

since their primary purpose is to increase power. The circuits 
discussed are designed to maintain constant current. This would 
defeat the purpose of the push -pull amplifier, so another method 
is used. 

The most common stabilization method used for these ampli- 
fiers is to use bias elements which are temperature- sensitive. One 
method, shown in Fig. 10, is to use a diode made from the 
same material as the transistor. 

The diode is fed with a constant current through R1. The 
voltage drop across the diode biases the transistor and is in- 
versely proportional to its temperature. In other words, as the 
temperature of the transistor and diode increases, the resistance 
of the diode decreases and the voltage drop across the diode 
decreases lowering the bias voltage the necessary amount. 

Push -pull stabilization 
Thermistors are frequently used to stabilize push -pull output 

stages. Thermistors have a negative temperature coefficient of re- 
sistance. A circuit using a thermistor for bias stabilization is 

shown in Fig. 11. The current through the thermistor is held 
relatively constant by the high series resistance. The voltage drop 
across the thermistor supplies the actual transistor bias. Since 
the compensation in this circuit is often greater than desired, 
a parallel resistor is sometimes added to the circuit to decrease 
its sensitivity. 

Note that the purpose of the temperature sensing element is, 
not to compensate for ambient temperature, but to compensate 
for the junction temperature of the transistor. Consequently, 
whether the sensing element is a diode or a thermistor it should 
be located intimately with the transistor or transistors that it 
controls. R -E 

INPUT II 

FIG II 

www.americanradiohistory.com

www.americanradiohistory.com


Build-Stereolape/Slide Controller 
Solid -state control module lets you program stereo 

slide shows. Inaudible signals change slides automatically 

By EARL T. HANSEN 

WHY NOT RELAX WHILE YOU'RE 
showing slides? Let your tape machine 
provide stereo background music, nar- 
rate the show and change the slides. 

You can do this by linking your 
tape playback equipment and auto- 
matic slide projector together with 
this controller. 

An inaudible signal on the tape 
actuates the controller, but does not 
interfere with recorded audio. Using 
readily available components- includ- 
ing 5 inexpensive transistors -the con- 
troller can be built for about $20. It 
has a high input impedance and rela- 
tively low output impedance. 

A low -level 15 -kHz signal is add- 
ed to one channel during initial record- 
ing of the tape program. During play- 
back, a notch filter in the controller 
attenuates this control signal. 

Circuit operation 
First let's look at the PLAYBACK 

CONTROL mode selected by switch S1 
(Fig. I ). Program and control signals 
from the tape preamplifier enter the 
control module at J1. 

Low frequencies are passed 
through R1 to Q1, which has a voltage 
gain of about 1. High frequencies, in- 
cluding the control signal, pass through 
R2 and C2 for a higher gain in Q1. 

The 15 -kHz control signal is rout- 
ed through C3 and C4 to T1. The 
control signal does not appear at the 
output (J2) because it is rejected by 
the parallel -tuned trap, C5 and L1, 
and low -pass filter R7C6. The low - 
pass filter also compensates for pre - 
emphasis added by R2 and C2. 

As a result, this part of the cir- 
cuit passes the program through un- 
changed, while amplifying and rerout- 
ing the control signal. The control sig- 
nal is fed through double -tuned trans- 
former Ti, which rejects all other fre- 
quencies. The TI secondary feeds 
emitter follower Q2, which drives sen- 
sitivity control R13. 

Transistor Q3 amplifies the con- 
trol signal and drives a peak -to -peak 
rectifier (C12D1D2C13 ) . When 
voltage on C13 is great enough to 
cause base current in the Q4Q5 Dar- 
lington pair, they conduct and ener- 
gize relay RY1. Resistor R17 dis- 
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charges C13 when the control signal 
has stopped. Since C13 is a relatively 
large capacitor and requires some time 
to charge, it provides excellent noise 
immunity and prevents unwanted re- 
lay operation from speech consonants 
or music harmonics. The delay is from 
0.1 to 0.5 sec, depending on the set- 
ting of sensitivity control R13. 

In the RECORD COMMAND mode, 
Q1 has a flat frequency response 
from input to output. The high - 
frequency pre- emphasis network (R2 
and C2) is opened and the rejection 
filter (L1 C5 R7C6) bypassed. The 
function of Q2 is changed to a Hart- 
ley oscillator, which is inoperative un- 
til the emitter current path is com- 
pleted by pressing S2. 

When S2 is pressed the oscilla- 
tion frequency is determined by the 
resonance of TI, normally 15 kHz to 
17 kHz. Part of this signal is fed from 
the secondary tap, through SI -c, R6 
and RS to the base of Q 1, where it is 
added to the program material. The 
signal from Q2 is also fed through the 
sensitivity adjustment, R13, and the 
relay amplifier to actuate the relay. 

Construction 
An aluminum box is used for 

construction. Mount the large com- 
ponents on the sides and front. Secure 
T1 with self- tapping screws in the side 
of the can. Remove the coil assembly 
before drilling the pilot holes. 

A perforated circuit board and 
push- through terminals were used for 
mounting most small components. 
The relay specified needs an insulated 
mounting and should be put on the 
perforated board. 

Test and adjustment 
Adjustment is much easier with 

an audio oscillator and ac vtvm. A 
scope and dc vtvm are essential. 

Apply power and check the dc 
voltages shown on the schematic. 
Measure them with no signal in and 
Si to playback. A 20% variation is ac- 
ceptable. Collector voltages on Q I and 
Q3 can fall between 5 and 12 volts 
with no loss of performance. 

Next, apply a 1 -kHk audio signal 
to the input and check the gain at the 
output. There should be approximately 
a gain of 1, which is controlled by the 

ratio of resistor Rl to R3. 
Now select a control- signal fre- 

quency. This is nominally 15 kHz, but 
may be higher if your tape machine 
has excellent high- frequency response 
and you want the highest possible 
point for the playback rejection filter. 
It should be lower if the tape machine 
has poor high- frequency response. 

Set the audio oscillator to the 
control frequency and feed approxi- 
mately 1 volt to the input, J1. With 
the switch set to playback, connect a 
scope or ac vtvm to the output and 
adjust LI for minimum output. The 
output should be 10% or less of the 
input amplitude (20 dB down). 

Reduce the input to 50 mV (140 

40 INPUT OUTPUT 
RELAY CONTACT% 

1 VOL T 

RECORD 
COMMAND 

tR=.5N12 ED 
E CON rROL 
ODUiE 

PLAY RACK 
ROL. 

ACTUATE 

: 

loimmumommusammaammay 
Controller has 1 -volt input and output. 
Unit will work with monophonic recorder. 

mV p p), and connect the scope or 
ac vtvm to the emitter of Q2. Adjust 
both T1 slugs for maximum indica- 
tion. This signal should be at least 
50% greater than the input signal 
amplitude. Adjust sensitivity control 
RI3 so the relay just closes. 

Remove the audio oscillator and 
connect the scope or ac vtvm to the 
output. Press the ACTUATE button and 
adjust R6 for an output signal of 100 
mV rms (240 mV p -p). This puts the 
control signal 20 dB below a program 
signal of 1 volt, as recorded, and the 
rejection filter gives an additional 20 
dB attenuation during playback. 

If an audio oscillator is not avail- 
able, set the adjustment of R6, L1 and 
T1 about mid- range. Set Si to the 
RECORD mode, and connect the output 
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V RMS 
JI 

INFUTlY1- 

CI 
.1 

RI 

R3 
330K 

+I5V 

C5 
.0047 

IV RMS PROGRAM SIGNAL 
30 MV RMS CONTROL SIGIIAL 
(RECORD MODE ONLY) 

J2 
OUTPUT 

R5 
220K 

RjSI- o 

CONTROL 
SIGNAL 
ADJ 

R6 
D TI C 22K 

1 tl-- 
CS 1C10 

C7 : 1 I _ .015 

015 F ' I + 

+17V 

--0 N.C. 

t---O N. O. 

RYI 
135011 

R6 
I MEG 

R14 
390K 

RI6 
4.7K 

04 
2N2924 

02 
2N2924 

+15V 

A 

C12 
270 p F 

03 
2N2924 

DI 

R15 
IOOf. 

D2 
R17 ' C13 
I00K T F 

t 
Sµ 

._L 

(2)1N914 C9 1 R9 
Sµ 4.7K 

RIO 
27K 

+15V 

R PB 

SENSITIVITY RI 3 
OK 

ADJ 
FI 

1 /4A 
05 

(4)1N3639 

-)- 17V 
RI9 +15V 

470f1 - C14 T 500/25V 

i 

C15 
100/25V 

E C B 

2N2924 

05 
2N1304 

Fig. 1- Control signals are filtered from the output (J2) by parallel -tuned trap C5-L1, but amplified and routed to T1, tuned to 

the selected control frequency. Voltage on C13 triggers Darlington pair Q4-Q5, which energizes relay RY1 and advances slide 

changer or, with an extra unit, automatically shuts off the system. Q2 generates the command signal when SI is in RECORD mode 

PARTS LIST 
All capacitors 100 -V paper unless noted 
Cl, C3, C10- O.1 -0 
C2, C12- 270 -pF, mica or ceramic 
C6- 0.01 -µF 
C7, C8- 0.015 -0 
C9, C13- -8 -µF, 6 -V electrolytic 
C14- 500 -ßF, 25 -V electrolytic 
C15-100-AF, 25 -V electrolytic 
All resistors 1/2 -watt 10% unless noted 
R1, R5- 220,000 ohms 
R2- 47,000 ohms 
R3- 330,000 ohms 
R4, R7, RSI, RU, RI6 -4700 ohms 

to your tape recorder. 
Press the ACTUATE button and 

record several minutes of the control 
signal at a relatively low level. (Most 
tape machines will not record a 15- 
kHz signal at the normal record level 
and, therefore, frequency response 
runs are usually made at from 15 to 
25 dB below the normal record level.) 

When this recorded control sig- 
nal is played back, it will be a control - 
signal source to make the above 
adjustments. You may skip the gain 
check using the 1 -kHz signal, if the 
other tests look good. 
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R6- 1- megohm linear potentiometer (Mallory 
MTC or equal) 

R8, R12- 22,000 ohms 
R10- 27,000 ohms 
R13- 10,000 ohm linear potentiometer (Mal- 

lory MTC or equal) 
R14- 390,000 ohms 
R15 -100 ohms 
R17- 100,000 ohms 
R18 -220 ohms 
R19 -470 ohms 
Q1, Q2, Q3, Q4- 2N2924 transistor 
Q5- 2N1304 transistor 
Dl, D2 -1N914 silicon diode 
D3, D4, D5, D6- 1N3639 silicon rectifier 

Using your controller 
The controller is designed for use 

with a tape playback deck that has 
a 1 -volt output and an external am- 
plifier. For playback control use, the 
controller is connected between one 
tape output channel and the amplifier. 

It may be left connected at all 
times even though its control function 
is not being used. Set the switch to the 
RECORD COMMAND mode, and fre- 
quency response will be fiat beyond 
100 kHz. 

If you do not have a separate 

Tl- double -tuned 15 -kHz transformer (Miller 
6194 or equal) 

T2- 12.6 -V, 0.1 -amp or more, filament trans 
former. 

L1- 16 -42 -mH adjustable inductor (Miller 
6210 or equal) 

RY1 -spdt, 12 -15 -V, 1350 -2000 -ohm relay 
(Potter Brumfield PB R 55D or equal) 

S1-4 -pole, 2- position rotary switch (Centra 
lab 1011 or equal) 

S2 -spst normally open push -button switch 
Misc. -4" x 5" x 6" aluminum box. Vector type 

G board and T -28 terminals. RCA -type 
audio panel jack, hardware, ac power 
cord, binding posts, wire. 

tape deck and amplifier, the control- 
ler may be connected to your all -in- 
one tape machine. Connect the con- 
troller in the path of the signal feeding 
the volume control, as shown in Fig. 
2. If the same volume control is used 
for recording and playback, the con- 
troller will operate in both modes 
without changing connections. 

In preparing a slide sound pro- 
gram I've found it easiest ta record 
the music and commentary on a 
master tape, disregarding the control- 
ler. Then I borrow a second tape 
machine and play the master tape 
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through the controller to make a tape 
copy, adding the slide- change com- 
mand signal as I go. 

In the RECORD COMMAND mode, 
the relay is operated by the ACTUATE 

button as the control signal is added 
to the program. If the projector is 
connected and loaded with slides it 
affords a good chance to rehearse the 
program and keep track of the slide 
sequence as commands are recorded. 

In the PLAYBACK CONTROL 

mode, it may be necessary to readjust 
the sensitivity control for your partic- 
ular equipment. If it is set too high 
it will operate from "print through" 
from the adjacent tape. If set too low, 
operation will be erratic. 

When recording the command 
signal, the recording level indicator 
should indicate a level about midway 
or less from the normal record level, 
even though the signal is about 20 dB 
down. The relatively high indication 
is caused by the high- frequency pre - 
emphasis in all tape recording equip- 
ment. 

Automatic shutoff 
When not being used as a slide 

controller, I have found the unit very 
useful as an automatic shutoff for all 
equipment at the end of a tape. This 
requires an extra box containing a 
holding relay, outlet and on button 
(Fig. 3) . 

Record the command signal at 
the end of each tape. The normally 
closed contacts are used for this func- 
tion. When the signal occurs at the 
end of the tape. the relay opens and 
the ac hold relay turns the system off. 

To disable the controller, operate 
it in the RECORD COMMAND mode. 
It will not affect your tapes or record 
anything unless your recorder is in 
the record mode. With a stereo sys- 
tem, either channel may be used for 
the command signal, but you should 
be consistent to avoid confusion. The 
controller can monitor only one chan- 
nel at a time. 

The controller inverts signal po- 
larity 180 °. If you feel phasing is 
critical, reverse the speaker leads on 
the controller channel. 

Although designed for 1 -volt in- 
put and output, the controller will ac- 
cept signals up to 4 volts rms without 
distortion or clipping. Signals as low 
as 50 mV rms may be used without 
noticeable internal noise from the 
controller, which is down 68 dB from 
the 1-volt level. 

When connecting the controller 
to your projector, locate the two leads 
to the regular remote pushbutton and 
extend these to connect to the nor- 
mally open contacts on the controller. 

You'll never cease to amaze peo- 
ple with this "magic" gray box. R -E 

Q3 

02 
RI4 
RI5 

RI6 
CII 
Cl2 
RIB 
Q4 
RYI 
RI7 

D2 DI 
R8 

, C15 
R13 

QI 

R2 
R4 
RI R3 
C2 

CI 

RIO 

R19 

R5 
R6 

CI3 

05 

J2 

c6 
JI 

C4 

T2 

Transistor circuitry is mounted on rerforated board with point -to -point wiring. 

FROM 
PRE AMPS 

a z 
o 

I 
ORIGINAL 
CIRCUIT BROKEN 

SHIELDED CABLES 
TO CONTROLLER 

CHAN A 

TO NEXT STAGE 

1 "- RECORDER - PLAYBACK 
VOLUME CONTROL 

CHAN B 

Fig. 2- Controller can be connected to tape recorderR (self- contained) by wiring 
the controller into the signal path from the preamplifiers feeding volume control. 

Fig. 3 -An additional 
box with holding relay 
can be used to turn off 
your hi -fi system. When 
a control pulse occurs at 
end of tape, relay opens 
and remares power. 

NORMALLY OPEN 
PUSH BUTTON TO 
TURN EQUIP ON 

TO M.0 CONTACTS 
ON CONTROLLER 

AC POWER 
TO TAPE 
AND OTHER 
AUDIO 
EQUIP 
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Brighten your home this season with rainbow lighting 

Dancing Christmas Lights 
Ey R. W. FOX 

REMEMBER THE COLOR WHEEL YOU 
bought last year, and the blinking 
lights from the year before? They're 
obsolete. Here's the color blender, the 
latest in special lighting for this 
Christmas season. No more sudden 
flashes; no more monotonous repetition 
of red, yellow, green, for hours. This 
year you can get every color of the 
rainbow with a cycle time of -well, it 
still hasn't been measured. All of this 
in a tiny box, waiting to please both 
family and friends. 

The Color Blender consists of 
three identical circuits, one for blue, 
one for red, and one for green. Com- 
binations of these colors will produce 
every color in the rainbow. Figure 1 

shows graphically what is happening 
and, by the way, the first time you turn 
it on could very well be a happening! 
Due to the variation in component 
tolerances, these circuits will not be 
identical in performance. One may 
come on faster than the rest; one may 
stay off longer. This will give a true ran- 
domness to the colors, which is not 
possible with a color wheel or two, 
three or even fifty color wheels, 
since they operate similarly. 

Figure 1 shows the output of the 
three channels as a function of time. 
At the start the green light is on 
while the others are off; the red then 
comes on and the color changes to 
yellow; then the red and green go off 
and the blue comes on. As this is 
happening the color of the display 
passes through a violet portion and 
then to pure blue. In this picture the 
next scene is all the lamps out or 
dark. Then the red comes on, followed 
by the green to give yellow, then the 
blue to give white light since all the 
channels are at full intensity. At the 
end the red lamps go out to leave a 
blue -green scene. 

With Christmas just around the 
corner, the Color Blender would be 
the perfect addition to your home 
decorations, inside and out. 

Inside, the Color Blender will 
handle up to 25 miniature lights (6 
watt) per outlet on your Christmas 
tree. If you intermingle three strings, 
one each of red, blue and green, with 

*Application Engineering 
Semiconductor Products Department 
General Electric Company 
Auburn, New York 

50 

balls and tinsel to reflect the light, 
your tree will seem to come to life. 
Or, as another way, you could use up 
to 150 watts per outlet of flood lamps 
with color filters shining on a metallic 
tree. 

Outside, you could use strings of 
lights on a tree (be careful not to 
exceed the load limit on your circuit), 
or flood lights on the house or on a 
door covered with wrinkled foil. The 
wrinkling keeps the colors separated 
but allows them to blend in some 
areas to give a multiple color effect. 

After Christmas, there is no need 
to put the Color Blender away. Just 
build a foil reflector with a large 
picture frame and shine floodlights 
on it for a great addition to your game 
room. 

How it works 
The G -E type D13T1 Program- 

mable Unijunction Transistor, allows 
us to build this unique circuit. The 
D13T1 can be thought of as a com- 
plementary SCR. When the gate 
voltage drops below the anode voltage, 
current flows from anode to cathode. 
This circuit uses this feature to phase - 
fire the C106B1 SCR (see Fig. 2). 
When the Color Blender is initially 
turned on, both Cl and C3 have no 
charge. Capacitor C4 quickly charges 
to a voltage greater than the D13T1 
gate voltage and triggers the D13T1, 
which in turn triggers the SCR, caus- 
ing the light to come on brightly. On 
each succeeding cycle of operation 

capacitors Cl and C3 have a higher 
initial charge so that C4 cannot 
charge to a voltage which would 
trigger the D13T1 until much later 
in the cycle. Since C3 charges at a 
faster rate through R7 R8 than Cl 
and through R5, R6, R4, the lamp 
dims slowly. When the lamp goes 
dark, Cl discharges faster than C3 
and the triggering angle of Q1 is ad- 
vanced and the light brightens again. 

The purpose of RI in the circuit 
is solely for the protection of the 
C1O6B1 SCR. This resistor keeps the 
peak current through the SCR within 
its ratings. Although it wastes a con - 
siderable amount of power, about 4 
watts at full load, it is better than 
replacing the SCR whenever a lamp 
burns out. 

In addition to adding to the 
beauty of your Christmas display, the 
Color Blender also increases lamp life 
at least 25 times. This increase in life 
is due to operating the lamp on half 
wave. An added consequence of half 
wave operation is lower bulb temper- 
ature, decreasing the chance of fire, 
hence giving greater safety. 

With the board mounting, all 
three circuits can be built at the same 
time, reducing the chance for mis- 
takes. Since one side of the line is 

common to many components, a 
single bus running the entire length 
of the board may well be a good way 
to start. To make the circuit compact, 
RI should be left off the board and 
wired directly to the outlet. This also 
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 SCRI 

CI06BI 

keeps R1 far enough away from the 
SCR. Watch the connections of the 
SCR and Programmable Unijunction 
Transistor. Reversing the lead order 
could very well destroy these units. 
The polarities should also be observed 
on the electrolytic capacitors and the 
three diodes. 

For safety's sake do not ground 
INTENSITY 

the box to the line, for a reversal of 
the plug could be dangerous. If you 
have a three wire system, though, by GREEN 

all means use that third wire as a 
ground for the case. 

Figure 3 shows the board as it 
was constructed with all three circuits 
so that it would fit in a 5 x 2 x 3 inch BLUE 

box (Bud -CU- 2106 -A or equal). You 
will note in Fig. 3 that the leads and 
tab of the C106B1 are bent. CAU- RESULTANT 

TION: The tab should be held by 
COLOR 

long -nosed pliers between the body 
and the bend while you are forming 
the device. 

To prepare your box, punch 
three 11/4 inch diameter holes in the 
top, one small hole in one end for SWITCH 

the line cord, one for the switch and o-o 
the box is ready. Insert into the II7V 60Hz 

box the three outlets and fasten them o 

RED 

GREEN VIOLET DARK YELLOW 

YELLOW BLUE RED WHITE 

BLUE 
GREEN 

Fig. I- Output amplitude of three light channels as a function of time. Variation in 
component values cause each channel to randomly vary lamp pattern and intensity. 

RI 
OUTLET FOR LOAD 

in place with spring clips. The RI 
resistors can be attached on one 
terminal and their free ends connected 
to the switch. Use heavy bus wire 
from the other outlet terminals to the 
board, and no other supports should be 
needed to hold the board in place. 

Once the circuit board is mounted 
in the box and the final connections 
are made, but before you put the 
Color Blender to use, you may have 
to adjust the R8 resistors. If an as- -4=D-_ 
sociated light comes on but damps out 
to a level between full on and off, 
R8 should be decreased. If the lamp 

BOTTOM VIEWS 
snaps on, R8 should be increased. R -E 

K A G 

5.05W 

CI06BI 

DI3TI 

IN5059 

References For Further Reading 
1. SCR Manual, 4th Edition, General Electric 
Company 
2. Hobby Manual, 2nd Edition, General Elec- 
tric Company 

PARTS LIST 
Capacitors -50 volts unless noted 
C1 -33µF, electrolytic 
C2 -1µF, 25 V, electrolytic 
C3 -10µF, electrolytic 
C4 -0.05 F, paper 
D1, D2, D3- 1N5059 

Resistors -1 /2 -watt, 10 %, carbon unless 
noted 

R1 -5 ohms, 5 watts 
R2 -1000 ohms 
R3- 82,000 ohms 
R4- 22,000 ohms 
R5- 220,000 ohms 
R6, R7, R9- 100,000 ohms 
R8- 50,000 ohms, potentiometer 
Q1 -D13T1 
SCRI- C106B1 
Miscellaneous hardware -box, line cord, 

outlets (Amphenol 61 -F1 or equiv.) 
circuit board, switch (Except for the 
box and line cord, three sets of 
parts will be needed to build a 
three -lamp controller) 
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R2 
IK 

DI 

1N5059 
R5 
220K 

R4 
22K D2 

;R6 
. I00K 

IN5059 
C 

IµF 
/10V 

+ 

CI C4 
33µF .047 
50V 

R9 
100K 

01 

K DI3TI 

R3 
82K 

R7 
100K 

RB 
50K 

03 

TC3 
IOµF 
50 V 

Fig. 2- Unijunction transistor QI is used in conjunction with. the D13T1 SCR to turn 
the lamps on and off. The charging relationship between Cl, C3 and C4 set the pattern. 

CI R5 R4 R6 R7 DI R8 

C2 SCR R2 C4 R3 R9 C3 'D2 
(UNDER BRACKET) (UNDER BOARD) 

Fig. 3- Component layout for all three identical control channels. Parts are identi- 
fied on one channel only. Resistor R8 is adjusted to establish proper "on" sequence. 
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Jobs For Electronic Testers 
Find out what know -how you need to start a fascinating career 

By L. L. FARKAS 

WHAT SHOULD AN ELECTRONIC TESTER 
know to get a job in industry? The first 
prerequisite of course, is knowledge of 
basic electronic theory. This can be 
obtained through reputable electronic 
schools. 

He should be familiar with the 
theory of transmission, reception, de- 
tection and amplification of radio sig- 
nals, and with circuits used to handle 
audio and video frequencies. He should 
also know something about the differ- 
ent types of power supplies and various 
antennas. 

Moreover, an electronic tester 
should be capable of calculating volt- 
ages and currents. In testing, he may 
have to find the value of a certain volt- 
age- dropping resistor or determine the 
*Quality Division, 
Martin Marietta Corp. 
Orlando, Fla. 
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Testmen must often record data from a 
completed unit using special equipment. 
Testing Saturn Control Signal Processor. 

amount of current flowing through a 
circuit. This is particularly true when 
working with current -sensitive devices 
whose current must be limited to pro- 
tect them from burnout. 

The tester should be able to cal- 
culate the frequency response and im- 
pedance of a circuit, since he may need 
to match input and output impedances 
to obtain maximum energy transfer. 

With the advent of solid -state 
technology, the tester must know 
something about diode and transistor 
characteristics, as well as the types of 
circuits in which they are used. In fact, 
by outside reading, he should bring his 
knowledge up to the state -of- the -art on 
all semiconductor devices. This is es- 
pecially useful in a research and devel- 
opment job where, as a technician, he 
will have to hook up and check such 
devices. 

As important as theory and state- 
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Join the rotor revolution... 

with the fast -selling new Jerrold 

DYNA o ROTOR.. 
Orders are rolling in for the new Jerrold 
DYNA -ROTOR -fast. We're not sur- 
prised, for here ... at last ... is a profit - 
making rotor you can rave about: 

Combines all solid -state circuitry with 
unique dynamic spline drive 

Fully automatic rotor moves quickly -and 
precisely -to the point where it is aimed by 
the control unit -never loses synchroniza- 
tion, never drifts 

High torque drives through ice, snow, and 
high winds 

Rotates 360° in less than 40 seconds - 
fastest rotor available 

Kitten -quiet solid -state control unit. No 
clacking. No whirring. No relays, switches, 
solenoids, or escapements 

DECEMBER 1968 

TM 

No lubrication required- operates reliably 
at -20 °F 

Lightweight, easy -to- install rotor weighs 
only 5 pounds 

Consumes less than 1 /10th the power of 
other rotors 

Decorator -designed control unit 

Streamlined aluminum rotor case-in- 
line design 

What more could you ask? Ask for the 
special deals now available for Jerrold 
DYNA- ROTOR. See your Jerrold Dis- 
tributor today or write Jerrold Elec- 
tronics Corporation, Distributor Sales 
Division, P.O. Box A, Philadelphia, 
Pa. 19105. 

Focusing on one thing ... better reception 

a GENERAL INSTRUMENT company 

Circle 26 on reader's service card 
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of- the -art familiarity is the ability to 
use test equipment. While technical 
school students get some practice in 
using test equipment, this function is 
not always stressed. Furthermore, the 
number and types of equipment may 
be limited. 

Remember that a tester's or a 
technician's tools are the meters, 
bridges, generators and oscilloscopes 
with which he feeds signals into equip- 
ment and checks the output of the 
equipment. 

Where will he use this test equip- 
ment? At a component plant, the tester 
must check the electrical characteris- 

Ultra -com p act 
Solid State 

color bar pattern generator 

Pattern appears instantly 
when turned on, and is as 
stable as a station signal. 
Compact and sturdy con- 
struction for field use - 
supplied with carrying 
case. Only 21/4" x 57/8" x 
73/4 ", weighing about 3 
pounds. 

Crystal controlled oscil- 
lator. 
Flipflop and logic cir- 
cuitry assure highest 
operating stability 
One receiver input to TV 
antenna 
Two selectable TV chan- 
nels 
Chroma level control - 
0 to 200% 
Horizontal line flicker- 
ing prevented by pro- 
gressive scanning 
Horizontal and vertical 
signal return trace 
blanking 
Gun killers for conver- 
gence adjustments 
Regulated DC power 
supply 

ONLY $99 
IO... ..' .. -. I. --. . .. --. - ..... --I " 1 O --.. . Y .. ,, .. tab nil -L. ea: III \iI-+LeN--7.1"1-.1'ILeN-- U. III .q-- Ill i..\ P..IU.Q-INI-9I..IIPMON 

I 

24 - 20 Jackson Ave. 
Long Island City, N. Y. 

Circle 27 on reader's service card 

Completed missile modules under test. Troubleshooting a subcarrier oscillator. 

Checking transistors on automatic tester. Recording data on field effect transistors. 

tics of resistors, capacitors, diodes, 
transistors, coils and transformers. He 
may have to check complete subas- 
semblies such as i.f. or rf strips, power 
supplies, amplifiers, or chassis of ra- 
dio or television receivers. 

If he is working for a firm that 
buys such equipment, he may have to 
test components or equipment to make 
sure they meet purchase specifications. 

On the production line, the tester 
will again test components, subassem- 
blies, chassis, subsystems or complete 
systems. Here, not only the basic types 
of test equipment are used, but often 
the more complex digital voltmeters, 
frequency meters, counters, dual -beam 
oscilloscopes and electronic tools built 
specially to test hardware parameters. 

Other areas where the tester uses 
equipment include standards and cali- 
bration laboratories, anechoic cham- 
bers, environmental test areas and va- 
rious engineering laboratories where 
electronic equipment is developed. 

To use test equipment correctly, 
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the tester must know its characteris- 
tics. What are the limits to which it 
can test hardware, parameters such 
as voltage, current, frequency? What 
is its impedance? How accurately will 
it measure a certain value? What are 
its usable scale factors? 

One quality the tester must ac- 
quire is the ability to follow test pro- 
cedures. On a production line, test 
procedures are used to insure each 
component or chassis is tested in the 
same way. Deviating from procedure 
might facilitate a test or make it short- 
er, but there is always the danger an 
important part of a test may be omit- 
ted or equipment may be tested to the 
wrong parameter. Once test proce- 
dures have been established, the tester 
must learn to follow them implicitly. 
Then, should test procedures be 
wrong, it is the tester's duty to point 
them out to his supervisor so they can 
be remedied. 

Testers must also be able to read 
and record production test data. This 
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There's nothing wrong with the set. 

You fixed the picture a week ago, now you're back repairing 
your repair job. And paying for it. 

Replacement parts are supposed to last longer than that. 
Like electrolytic capacitors. If they're wound in computer - 

grade, 99.99% pure aluminum foil, they'll hold up for a long 
time at continuous temperatures of 85 C. 

Like Arcolytic capacitors do. 
Even though they cost the same as any other home enter- 

tainment capacitor. And come in more than 2000 exact re- ' Loral Distributor Products placement values to maintain the set's stability. A DIVISION OF LORAL CORPORATION Any Arcolytic distributor can fill you in on the whole line of and Hill Industrial Park, Great Neck, New York 11022 
Circle 28 on reader's service card 

Arcolytic types - twist mounts, printed circuit twist mounts, 
tubular electrolytics (including very high capacitance values) 
and miniature tubulars in the smallest physical sizes. He cast 
also sell you Elmenco capacitors. 

Then you won't have to do repair jobs twice. If the lady is 
the set seems to be missing something, a week after you've 
done a repair job, it's her problem. Not yours. 
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One of a series of brief discussions 
by Electro -Voice engineers 

CARL GOY 

Senior Electronics 
Engineer 

While most people think of a computer as a 
vast mathematical machine, its advantages go 
beyond its ability to handle numbers. The 
design needs of the computer itself have cre- 
ated new techniques in component packaging 
that can be translated into design features in 
other products with considerable benefit to the 
end user. 
Etched and printed circuit design has received 
perhaps its greatest stimulus from the needs of 
the computer to provide high reliability from 
an astonomical number of components, in as 
small a volume as possible. 

One of the techniques developed to fulfill this 
need was the creation of circuit modules, corn - 
posed of separate etched circuit boards with 
a complete sub -circuit on each board. Large 
numbers of modules could be combined to 
form a complete device of virtually any power. 
Initially the modules were connected by wires, 
but this created bulky wiring harnesses that 
required lengthy testing, and often were the 
source of poor or mis -wired connections. 

In order to eliminate interconnections as a 
source of trouble, wiring was transferred onto 
a master etched circuit board, and each 
module plugged directly into the "wiring" 
board. Development of highly reliable phos- 
phor bronze connectors simplified construction 
and assembly while reducing faults due to 
interconnection, to a minimum. Several new 
Electro -Voice stereo receivers (Models E -V 
1181, E -V 1182, E -V 1281, and E -V 1282) are 
among the first to use this computer- derived 
assembly technique. 
Male connectors are staked into the main wir- 
ing board wherever needed, then flow- soldered. 
Receptacles are located on each of the circuit 
modules, and flow -soldered along with the 
individual components on the module. Each 
module is then simply plugged into the wiring 
board, and locked in place with suitable me- 
chanical fasteners. 
Since wiring is identical for each receiver, the 
exact capacitive, inductive and resistive param- 
eters of every production receiver can be pre- 
dicted in advance. This permits optimizing 
circuits (especially RF and IF circuits) without 
the broad tolerances needed when normal lead 
dress variations must be taken into account in 
a hand wired receiver. 
In addition, testing is greatly simplified. Indi- 
vidual modules can be tested before insertion 
in the receiver, then the entire unit tested as a 
whole. Trouble shooting is also simplified by 
the use of discrete circuit modules. Since vir- 
tually all circuit connections are flow -soldered, 
cold solder joints and mis- wiring are almost 
unknown in production. 
Adoption of the plug -in module concept has 
meant that designs can more closely duplicate 
laboratory models, and performance is un- 
diminished by the rigors of shipment and mis- 
handling. A higher level of performance can be 
assured with no increase in cost. 

For reprints of other discussions in this serles, 
or technical data on any E -V product, write: 

ELECTRO- VOICE, INC., Dept. 1283E 
613 Cecil St., Buchanan, Michigan 49107 

Smke.ttti- 
A SUBSIDIARY OF CULTON INDUSTRIES, INC. 

Test station for electronic modules. Automatically testing a module "card." 

may sound simple, and it is, provided 
the tester pays particular attention 
to the way he determines the data. Are 
the meters on the correct scale, the 
switches on the right setting? Are the 
data read directly? Are the multipliers 
taken into consideration? Is the right 
extrapolation made when the results 
are between calibration points? These 
are some of the factors that must be 
kept in mind when reading data. 

In recording the data, the tester 
must also insure he does not list results 
erroneously. Here a little extra time 
checking that data are placed in the 
right columns, that records are legible. 
and that decimal points are not mis- 
placed will prove invaluable when the 
time comes to refer to test results. 

It also helps to write down any 
unusual test conditions, particularly 
when these affect test readings. The 
more information a test evaluator has 
about a specific test, the better he will 
be able to analyze problems and cor- 
rectly interpret test results. 

A tester must also have expe- 
rience in troubleshooting hardware. 
Normally, troubleshooting is a fairly 
simple function. Faced by malfunc- 
tion in equipment, the tester first plans 
the method he will use to isolate the 
defect. Then he selects the test equip- 
ment required to execute his plans. 

However, to troubleshoot prop- 
erly, the tester must have a good idea 
how the defective hardware should 
operate. He should know what volt- 
ages, currents or types of signal the 
hardware should produce. He then se- 
lects test equipment that will correctly 
show these characteristics. 

Finally, he must determine where 
to connect this test equipment so it 
will record the desired data without 
affecting normal hardware operation. 

Of course, troubleshooting corn- 
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plex equipment cannot be done with- 
out training in its theory and opera- 
tion. But the basic methods used for 
troubleshooting such items as receiv- 
ers, transmitters, power supplies and 
displays should be part of every test- 
er's education. As long as he knows 
basic troubleshooting methods, he will 
be able to adapt these to solving prob- 
lems in more complex hardware. 

Know your schematics 
One basic requirement for trou- 

bleshooting is the ability to read sche- 
matics and line drawings. Only by be- 
ing familiar with circuit symbols, 
drawing methods and print references 
can the tester hope to trace the opera- 
tion of the circuits he's investigating. 

Once he isolates the defects, he 
must record his findings. (There is 
nothing more frustrating to the cor- 
rective- action engineer than to find the 
record of a component replacement 
without an indication of the problem 
encountered, or with a description of 
the defect so garbled that he can't de- 
cipher it.) 

So it is extremely important that 
the tester who troubleshoots does a 
good job of documenting his findings. 
Only by providing such definite and 
clearly understandable data can the 
tester help provide the required cor- 
rective action. 

Thus, testers must not only know 
the basic theory of the equipment they 
are testing, but they should also be 
thoroughly familiar with the charac- 
teristics of their test equipment. They 
should be capable of following test 
procedures implicitly, know how to 
isolate defects and have the ability to 
record data accurately. With the ca- 
pabilities, a tester should have no diffi- 
culties in obtaining and maintaining 
a job in industry. R -E 
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FOR THE EXPERIMENTER 

9 Digital Readout IC Instruments 
Start with digital readout modules, add 
a power supply, then try these devices. 

By RALPH GENTER 
WOULD YOU LIKE TO BUILD A FREQUENCY COUNTER, A 

digital voltmeter, an electronic piano tuner, and half a 
dozen other typical digital instruments? You can, and 
rather easily. First though you'll need some digital read- 
out modules -complete instructions on how to build them 
at $10 each appeared in November's RADIO -ELECTRONIC 

Powering the modules 
The first order of business is a power supply. For a 

4 -digit readout, we'll need a regulated 40 mA at 18 V; 
around 0.5A at 3.6 V; and possibly a split, low current 
dual 6 -V supply. The circuit is in Fig 1. 

TI 
POWER 
TRANS 

ó 12V 

0.5A BLK 

117V AC FI SI 
BLK 

0 
6 

Fig. 1 -Power sup. 
ply for 4 ;nod- 
ules. Zener- transis- 
tor regulator 
insures highly sta- 
ble B++ reference 
voltage. Large fil- 
ter capacitors (C2, 
C3) keep ripple 
voltage very low in 
the 3.6 -V supply. 

(o° 12V 

DI 

H 
I N 4001 

It is vital that the meters in the individual modules do 
not interact or change their readings with time. The Zener/ 
transistor regulator insures a stable reference voltage. Low 
ripple is the main problem on the 3.6 -V supply. We 
maintain it through brute -force filtering with two large 
electrolytics. To get by on a stock transformer, we have 
to drop the input dc voltage on the 3.6 -V supply with the 
forward drops of several silicon diodes. This is better than 
using resistors as the voltage drop is nearly constant and 
independent of loading. 

The final portion of the supply provides the low cur- 
rent +6- and -6 -V supplies that will be needed if a com- 
parator is part of the particular instrument you want to 
build. 

Driving the modules 
Now we can connect 

RI 

* CI 
T500µF 

25V 

1N4001 IN4001(3) 

D2 

D3 + 

= 

D4 D5 D6 
C2 + 
2500µ F 
12V 

1 

IN400 

C3 
8000µF 
6V 

our four modules in cascade, 
B ++ 
18V 

°(d 40MA 
REG. 

QI 

2NI6I3 

D7 
18V 

I N 4746 

i IN4001 ID8 

L_ 

DELETE IF 
COMPARATOR 

R2 NOT USED 
47012 

+ C4 
T500µF 
25V 

B+ 
3 6V 

LO 500MA 

,.,60 Hz 
REF X-------- 

D10 I I N4001 1 ° 
IS = 

6 

OD9 
6V - C5 

`.s 500µF 
T25V 

R3 
47012 
M1/1r 

DII 

IB6V 
1N4375 

+6 - COMPARATOR OUTPUT -6 
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powering them off the supply. Each module directly drives 
the next digit over, simply by connecting the CARRY output 
of the first to the COUNT input of the next, and so on. As 
we pointed out last month, the input signal must be nor- 
mally positive by about 2 V or so and must very abruptly 
drop to zero, once and only once, per desired count. Any 
other form of COUNT input will simply be ignored or will 
cause very erratic operation. 

IN 3.6V 

MC789P 
HEX INVERTER 

(TOP VIEW) 

IN 

ADD IN914 DIODE 
IF INPUT IS CAPACITIVELY 
COUPLED 

Fig. 2- Internally cascaded hex inverter 

µL914 
TWO INPUT GATE 

(TOP VIEW) 

ADD IN914 
DIODE IF 
INPUT IS 
CAPACITIVELY 
COUPLED 

+3.6V 

OUT 

converts subaudio. 

Fig. 3- Schmitt trigger will 

IOOK 

IOK I MEG 

IV 10V 100V 

also shape 

+6V 

input signal pulses. 

µA710 
COMPARATOR 

(TOP VIEW) 

OUT 

IV 

IN 

9.I0í1 

SENSITIVITY 
CONTROL loon 

-6v 
+6V 

IK 

loon, TRIGGER 
LEVEL 

10µF 
IK 

-6V 
Fig. 4 -Best, but costly, an IC comparator works on millivolts. 

We can directly drive the COUNT input with a good 
fast -fall square wave or with pulses that have a good fall 
time. We can also use sine -waves, if their frequency is 
above 100 kHz. Any other form of input signal MUST be 
conditioned by one of the circuits described below. 

We speak of the process of getting the signals we 
have into the desired form as conditioning. There are sev- 
eral ways we can condition our inputs. The easiest is to 
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simply amplify and limit our input enough to obtain the 
necessary fall time. A hex inverter can have all six of its 
internal gates cascaded together, giving a one -piece, $1.08 
limiter that will even handle sub -audio sine -waves (see 
Fig. 2). 

An alternative is a Schmitt trigger (Fig. 3). This one 
takes two 2 -input gates, three resistors, and a diode, and 
provides a snap action anytime the dc level on its inpu' 
goes above 1.5 V or drops below 1.2 V. If either of these 
two circuits is driven by a capacitance -coupled input, 
you'll have to add a diode dc restorer to the input and 
have to be sure your capacitor has a low reactance at the 
lowest frequency you'll be concerned with. 

If we switch to an integrated- circuit comparator (Fig. 
4), we can get much better performance. but no without 
adding $6.75 worth of IC, and another $5 worth of parts 
to the circuit. Either of the simpler circuits takes about 4 
V peak -to -peak drive. The comparator will onerate on a 
few millivolts. Further, we can pick the highest peak on a 
lumpy input signal, or establish a threshold level that ig- 
nores noise and concentrates on the input signal we are 
trying to measure. Another big benefit of the comparator 
is that it works well with a wide range of input signals 
and voltage levels. You will not need an input sensitivity 
potentiometer. A simple 0.1. 1, 10, 100 V switched divider 
will do as well and handle any size signal. 

Mechanical contacts 
Ordinary pushbuttons have considerable contact 

bounce and noise. So much. in fact, that if you connected 
one to the input of a counting module chain, you'd most 
likely get several hundred counts each time you hit the 
button. Mechanical contacts of any sort must be made 
bounceless before they can be used with an electronic 
counter! Two simple anti- bounce techniques are illustrated 
in Fig. 5. If you can use a spdt pushbutton, you can con- 
nect two gates into a set -reset flip -flop combination that 
latches in one state the ins'ant the button is pressed and 
snaps back the moment it is released (Fig. 5 -a). One 800 
integrated circuit is needed. 

If you are stuck with a single make contact, you'll 
have to use a monostable circuit (Fig. 5 -b). This takes an 
additional resistor and capacitor. It produces a constant - 
width output pulse after the first contact is initially made. 
Normally a 10 -msec pulse width is desirable, but certain 
applications [slot car track trips, for instance] might re- 
quire a 1- second pulse width. Just use the larger capacitor 
and resistor values to get the longer time. 

Gating 
So far, we have no way to turn the decimal counting 

modules on and off. This is fine if we are counting 
events. But for most counter applications, we want to 
know how many events happened during some known 
exact period of time [electronic frequency counters, digi- 
tal voltmeters, etc...], or else how many pulses of known 
frequency occur during the presence of an input event 
[ballistic velocity meters, piano tuners, etc. . .1. Either 
method takes an electronic switch called a gate, to "start" 
and "stop" the counter in a predetermined sequence. 

An ON -OFF gate is shown in Fig. 6. Here signal A 
is passed only when signal B is grounded. This takes a dual 
2 -input gate, or else one 2 -input gate and an inverter. All 
signals must be conditioned properly before they reach 
this point in the circuit. Another gate form is the START - 

STOP gate (see Fig. 7). Here input signal B starts the gate 
and allows signal A to pass. Signal C stops the gate. Thus 
signal A gets through only in the time between signal B 
and signal C. Usually the ON -OFF gates are used in elec- 
tronic counters, while the START -STOP are used in instru- 
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+3.6V µL914 
(TOP VIEW) 

OUT 

2- CIRCUIT OR 
SPDT CONTACT 

a 

+3.6V 

2.2K 122KI 

is L914 
(TOP VIEW) 

N.O. 

SPS- CONTACT 

+ 
10µF 

b 

+1.5V DC 
GOES TO 
GROUND 
ON MAKE 

OUT +1.5V DC 
GOES TO 
GROUND 
ON MAKE 

1100µF! 

(BOXED VALUES FOR 
ONE SECOND DELAY) 

Fig. 5 -a -A spdt switch can be made " bounceless" with a 141,914. 

b- External circuit connections to IC for single make contact. 

Fig. 8- Scaling circuits divide input signals for easy count- 
ing. Divide by 2 circut is a binary divider; two JK 
flops with feedback form the divide by 3 circuit. The divide by 
10 i:r a "Modulo ten minimum hardware circuit" without gates. 

+3 6V ÜÜZ 
OUT 

J-LNLI n_ MC723P 
TOP VIEW 

(OR l'2 MC790P 
OR µL923. etc...) 

DIVIDE BY TWO 

IN 

o 
.1UUUllUIlUL 

IN 

+3 6V 

IN A 
(SIGNAL) 
IN B 
(GATE) 

J-UL1-L 

+3.6V L914 
(TOP VIEW) 

OUT 

Fig. 6- Module on-off gate. If B is grounded, input A is 
passed. If input B is positive, output stays positive. 

Ül_f1.J-I. fL 
IN A 

(SIGNAL) 

o 
J L 

IN B 
(START) 

_FL 
o 
IN C 

(STOP) 
Fig. 7- Start -stop gate. Input A is passed only between 
pulses B and C. Input B must he off before C arrives. 
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6.3V 60Hz 
FROM 
POWER 
SUPPLY 
(FIG.I) 

IK 

50052 

C 100pF 

SCHMIDT 
TRIGGER 
(FIG.2) 

PERIOD 
SELECTOR 

+6 
(FIG. 8) 

+10 
(FIG. 8) 

=I0 
(FIG. 8) - 

¡-2µF 

I0Hz dl Hz 

I 

Hz 
o 

OUT 

a 

Fig. 9 -a- Obtaining 10 -Hz square wave from 
power supply. b- Crystal frequency reference. 

+3.6V 

-- L1-1_fl__TLl- 

SERIES XTAL 
100 TO 500 kHz 

OUT 

ments that take two inputs, such as a drag -strip trap 
speedometer. 

Scaling 
We will also need a way to divide down signals, per- 

haps for a 10 -MHz input signal that needs reduction to 
100 kHz so it is easily counted, or a 60 -Hz power -line sig- 
nal that is divided by 6 to get 0.1- second pulses, or by 60 
to get 1- second pulses. These are called scaling circuits and 
are easily built from the same JK flip -flops we used in the 
decimal counting modules. The most common factors we 
would like to scale by are 2, 3, 6, and 10. The required 
connections are shown in Fig. 8. The divide by 2 is simply 
a binary divider, while the divide by 3 uses two JK flip - 
flops and feedback to produce the division by three. A 
divide by 6 is nothing but a divide by three followed by a 
divide by two. The divide by 10 is called a "Modulo ten 
minimum hardware" circuit, and requires no gates to pro- 
duce a division by ten. 

Time and frequency bases 
All but the straight counter applications of the deci- 

mal counting modules require either a source of a stable 
reference frequency or some gates of precisely known 
time widths. The accuracy of the instrument depends en- 
tirely upon the accuracy and stability of these references. 
A 4- decade instrument is inherently capable of 0.1 to 
0.01 % accuracy -if the references used exceed these fig- 

ures. 
The 60 -Hz power line is a handy source of accurate 

time gates. In most parts of the country, the line is held to 
within 0.05% of 60 Hz, and the short -term stability is 

even better. This time base is goad enough for most three - 
and four -place digital instruments, and far cheaper than 
starting with a high- frequency crystal and dividing down. 
Fig. 9 -a shows how we borrow a 6.3 -V ac reference off 
the power supply, filter it to remove noise, Schmitt trigger 
it, and divide it by six. This gives us a 10 -Hz square wave. 

60 

TIME INTERVAL 
PASSED BY 

SYNCHRONIZER (-- 
o 
IN A 

SL 
o 
COMMAND 

Fig. 10 - Synchronizer 
passes one complete and 
precise time gate upon 
random command, such 
as from a push button. 

MC723P 
+3.6V 

.0101µF 
µL914 

+3.6V 

Two scalings by ten will then give us 1 Hz and 0.1 Hz, 
with their equivalent periods of 0.1, 1 and 10 seconds. 

For a frequency reference (You'll rarely need both 
references in a single instrument], we can turn to a 
crystal, possibly 100 kHz, 500 kHz, or some other fre- 
quency that is the magic number that makes the readout 
and the answer fit the measuring problem. This oscillator 
(Fig. 9 -b) produces a square wave that will directly drive 
any of our circuits without conditioning. Capacitor C is 
adjusted to insure the crystal is oscillating on the proper 
mode and not on an unwanted overtone. 

o 
OUT 

Synchronizing 
This is a tricky little problem. How do we produce 

one precise time gate, say one second long, on the com- 
mand of some totally random event, such as a pressed 
button? We cannot just use a gate, for we may only get a 
quarter second's worth of gating if we hit the button at 
the wrong time. And, if we stay on the button too long, 
we might get several 1- second gates in a row, piling up 
the numbers in the decimal counting modules. The re- 
quired circuit is called a synchronizer, and lets one com- 
plete cycle of the input pass upon a random command. 
The output is a grounded signal that lasts the time between 
negative transitions of the input signal, and one only is 
produced upon command. The circuit is shown in Fig. 10. 

It takes two gates connected as a set -reset flip -flop that 
drives a synchronizing JK flip -flop. 

Voltage to frequency 
You'll need a voltage -to- frequency converter anytime 

you wish to digitally measure an input voltage, such as in 
a digital voltmeter, ohmmeter, or thermometer. In a 
digital voltmeter, for example, you scale your input volt- 
age, convert it to a frequency, and then measure the fre- 
quency in an events -per- unit -time setup. 

You'll find the 0.1% accuracy you need too tight for 
a conventional voltage -controlled oscillator or multivi- 
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o 
FRED 

CURRENT SOURCE 1 OUT 
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Fig. 11 -This charge- integrator circuit offers 0.1% accuracy. 

+o-oI- CONDITIONING 

COUNT (FIG. 2) 

CONTACT 

COUNTING MODULES 

Fig. 12 -Setup for 0 -99 
counter. Module arrangement 
can count up to 10 MHz. 
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MN 

TTT RESET Z 
o o-- 

NOTE: LEFT TO RIGHT 
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brator setup. Instead a charge integrator circuit, like the 
one in Fig. 11 is needed. Operational amplifier A charges 
capacitor C with the input current. Everytime capacitor C 
swings positive, the output -level detector reaches around 
and removes a constant slug of charge from the capacitor. 
This is done with a constant current applied for a constant 
reference time. As charge equals current X time, a con- 
stant amount of charge is removed each time the input 
manages to recharge the capacitor. The greater the input 
voltage, the faster the capacitor charges, and the more 
often constant charge has to be removed from the capaci- 
tor. The output is a series of pulses of accurate width 
whose frequency varies very accurately with changes in 
the input voltage. 

Let's build some instruments 
We now have all the pieces and parts we need for 

most any digital instrument. Now, how do we put them 
together? Anything we build will take three or four deci- 
mal counting modules, a power supply, and a box. You 
might like to try a package similar to the one shown in 
the photo -it's a deep drawn aluminum case about 3 x 4 
x 9 in., and with some careful layout, can house almost 
any digital instrument you like. If you are careful, you can 
get by on 1Ao the size, 'ho the cost, and i /io the weight of all 
but the newest equivalent commercial gear! 

Let's start with a straight 0 -9999 counter built up 
like Fig. 12. With square -wave electronic input or mechan- 
ical contacts with set -reset conditioning, you can count as 
fast as 10 MHz. The monostable conditioning circuits are 
limited to a top speed of 20 counts or so per second. The 
reset pushbutton need not be conditioned. Resetting a 
counter 193 times is just as good as resetting it once. 

Group your counting modules by twos, and you have 
a lap counter for a slot car race that not only keeps track 
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Fig. 13 -By grouping the counting modules in twos, a 
slot -car lap counter can judge and announce races. 
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Fig. 14- Electronic stopwatch 
adds a gate to the counter. 
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ELECTRONIC 
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Fig. 15- Photographic shutter tester combines a 
photocell with a counter electronic stopwatch. 

of the laps, but provides an output signal on the 100th lap. 
Details are in Fig. 13. You can arrange a mechanical, 
photoelectric, or weight sensitive track pickoff and run it 
through 1 second contact conditioning, just to be sure the 
car's bouncing does not register a false lap. 

The heart of many of the instruments is an electronic 
stopwatch, or events -per- unit -time instrument. The sim- 
plest type is shown in Fig. 14. All we do is add a gate to 
the basic counter, and open and close the gate with the 
event we wish to measure. We obtain an input from a 
reference frequency source. Your choice of frequency 
determines the range and resolution. A 1 -MHz clock gives 
you 1 -µsec resolution and a 10 -msec range, while a 10 -Hz 
clock gives you 0.1- second resolution and a 100- second 
range. Make sure your event measuring has an accuracy 
commensurate with your resolution. Your gating wave- 
form must come up in less than one clock cycle and stay 
there without noise or breaks for the entire time. Then it 
must fall in less than a clock cycle. Any other response 
limitations must be taken into account. You're not about 
to measure a 10 -µsec pulse with a cadmium sulfide photo- 
cell with a 10 -msec plus rise time. Nor is anything you do 
requiring human response on a pushbutton going to be 
much more accurate than 0.1 second. 

Photographic shutter tester 
This is a snap. We just put a good photocell in front 

of our counter connected as an electronic stopwatch and 
shine light on it only when the shutter is open. Of course 
you'll need a good quality silicon photocell with a 50 -µsec 
rise time or so. A 5 -kHz clock is a good choice, as it will 
cover %ono second down to 1 second. The 1 /inoo second 
accuracy will only be 20 %. If this is not good enough, a 
faster clock may be switch selected. Details are in Fig. 15. 

A start -stop gate is needed for either the ballistic 
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This important job Cand its big salary) 
is reserved for a qualified 

electronics technician. It can be you! 
It's a fact. There are many thousands of jobs like this 
available right now for skilled electronics technicians. 
What's more, these men are going to be in even greater 
demand in the years ahead. But how about you? Where 
do you fit into the picture? Your opportunity will never 
be greater ... sa act now to take advantage of it. The first 
step? Learn electronics fundamentals ...develop a prac- 
tical understanding of transistors, troubleshooting tech- 
niques, pulse circuitry, micro -electronics, computers and 
many other exciting new developments in this booming 
field. Prepare yourself now for a job with a bright future 
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...unlimited opportunity...lasting security...prestige... 
and a steadily -increasing salary. 

Thousands of ambitious men are using Cleveland Insti- 
tute of Electronics Training Programs as a stepping stone 
to the good jobs in Electronics. Why not join them? You 
will learn at home, in your spare time, and tuition is re- 
markably low. Read the important information on the 
facing page. Then fill out the postage -free reply card and 
drop it in the mail today. Without obligation we'll send 
you all the details. But act now...and get your high -pay, 
ing job just that much sooner. 

RADIO -ELECTRONICS 
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How You Can Succeed In Electronics 
... SeIt t Your Future From Six Career Programs 

The "right" coin 
for your career 
Cleveland Institute o 
to -date Electronics H, 
Pick the one that is "1 

tion on the bound -in i 
days you will have co 

not one, but six different and up- 
Study Programs. Look them over. 
." for you. Then mark your selec- 

card and send it to us. In a few 
to details ...without obligation. 

1. Electronics Technologys 
A comprehensive program covering 
Automation, Communications, Com- 
puters, Industrial Controls, Tele- 
vision, Transistors, and preparation 
for a 1st Class FCC License. 

4 Ca 
2. Broadcast (Radio & TV) Engineering 

Here's an excellent studio engineer- 
ing program which will get you a 1st 
Class FCC License. Now includes 
Video Systems, Monitors, FM 
Stereo Multiplex, Color Transmitter 
Operation, and CATV. 

3. First Class FCC License 

If you want a 1st Class FCC ticket 
quickly, this streamlined program 
will do the trick and enable you to 
maintain and service all types of 
transmitting equipment. 

4. Electronic Communications 

Mobile Radio, Microwave, and 2nd 
Class FCC preparation are just a 
few of the topics covered in this 
"compact" program... Carrier Tele- 
phony too, if you so desire. 

5. Industrial Electronics & Automation 

This exciting program includes 
many important subjects such as 
Computers, Electronic Heating and 
Welding, Industrial Controls, Servo- 
mechanisms, and Solid State 
Devices. 

6. Electronics Engineering 

A college -level course for men 
already working in Electronics... 
covers Steady State and Transient 
Network Theory, Solid State Phys- 
ics and Circuitry, Pulse Techniques, 
Computer Logic, and Mathematics 
through Calculus. 

; 

- i 

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

DECEMBER 1968 

An FCC License...or your money back! 
In addition to providing you with comprehensive train- 
ing in the area indicated, programs 1, 2, 3, and 4 will 
prepare you for a Commercial FCC License. In fact, 
we're so certain of their effectiveness, we make this 
exclusive offer: 

The training programs described will prepare you for 
the FCC License specified. Should you fail to pass the 
FCC examination after completing the course, we will 
refund all tuition payments. You get an FCC License... 
or your money back! 

CIE's AUTO- PROGRAMMED'iessons help 
you learn faster and easier 
Cleveland Institute uses the new programmed Iearning 
approach. Our AUTO -PROGRAMMED® lessons pre- 
sent facts and concepts in small, easy -to- understand 
bits ... reinforce them with clear explanations and ex- 
amples. Students learn more thoroughly and faster 
through this modern, simplified method. You, too, will 
absorb ... retain ... advance at your own pace. 

Lifetime job placement service for every 
CIE graduate...at no extra cost 
Once enrolled with CIE, you will get a bi- monthly list- 
ing of the many high -paying, interesting jobs available 
with top companies throughout the country. Many 
Cleveland Institute students and graduates hold such 
jobs with leading companies like these: American Air- 
lines, American Telephone & Telegraph, General Elec- 
tric, General Telephone and Electronics, IBM, Mo- 
torola, North American Aviation, New York Central 
Railroad, Raytheon, RCA, and Westinghouse. 

CIE lessons are always up -to -date 
Only CIE offers new, up -to -the- minute lessons in all of . 
these subjects: Logical Troubleshooting, Laser Theory 
and Application, Microminiaturization, Single Side - 
band Techniques, Pulse Theory and Application, Boo- 
lean Algebra. 

` t Full accreditation...your assurance 
of competence and integrity 

Cleveland Institute of Electronics is accredited by the 
Accrediting Commission of the National Home Study 
Council, You can be assured of competent Electronics 
training by a staff of skilled Electronics instructors. 

CIE Cleveland Institute of Electronics 
1776 East 17th Street. Cleveland. Ohio 44114 

If card has been removed, mail this coupon for2 FREE BOOKS 

Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me without cost or obligation: 
1. Your 40-page book "How To Succeed In Electronics" describing 
job opportunities in Electronics today, and how your courses can pre- 
pare me for them. 
2. Your book on "How To Get A Commercial FCC License." 
1 am especially interested in: 

Electronics Broadcast First Class 
Technology Engineering FCC License 
Electronic Industrial Electronics Electronics 
Communications & Automation Engineering 

Name 

Address 

(PLEASE PRINT) 
Age 

City State Zip 
Check here for G.I. Bill information RE-SS 

L J 
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Designed and manufactured in U.S.A. 

NOBODY ELSE BUT EMC DESIGNS IN SO MUCH VALUE! 
Professional quality and versatility Lifetime 

protection against electrical abuse No meter burn- 
out, needle damage, or fuse replacement 
VOLOMETER 
Model 109A Factory Wired & Tested $28.95 
Model 109AK Easy-toAssemble Kit $21.15 
20,000 4/v DC sens. 10,000 ^/v AC sens. 41/2 ", 
40µa meter. High impact bakelite case. 5 DC 
voltage ranges: 0. 6.60.300- 600.3000v. 5 AC volt- 
age ranges: 0 -12- 120. 600.1200- 3000v. 3 DC cur- 
rent ranges 0.6.60- 600ma. 3 AC current ranges: 
O.30.300ma; O.3A. 3 resistance ranges: 0-20K, 
- 200K, -20 megs. 5 db ranges: -4 to -67db. 
With carrying strap. 51/4" W x 63/4" H x 2v /a" D. 

VOLOMETER 
Model 103A Factory Wired & Tested $20.75 
Model 103AK Easy -to- Assemble Kit $16.80 
41/2", 2% accurate. 800: :a D'Arsonval 
type meter. One zero adjustment for 
both resistance ranges. High impact 
bakelite case. 5 AC voltage ranges: 
0. 12.120. 600.1200- 3000v. 5 CC voltage 
ranges: 0 -6 -60- 300. 600- 3000v. 5 db 
ranges: -4 to - 64db. 5 AC current 
ranges: 0.30- 150- 600ma. 4 DC current 
ranges: 0.6.30.120ma; 0-1.2A. 2 resist- 
ance ranges: 0-1K, 0-1 meg. 51/4" W x 
63/4" H x 2v /e" D. 

POCKET SIZE VOLOMETER 
Model 102A 
Factory Wired & Tested 516.95 
Model 102AK Easy -to- Assemble Kit $14.40 
31/2", 2% accurate 800µa D'Arsonval 
type meter. One zero adj. for both res. 
ranges. High impact bakelite case. 5 AC 
voltage ranges: 0. 12.120. 600- 1200.3000v. 
5 DC voltage ranges: 0.6.60- 300.600 - 
3000v. 3 AC current ranges: O.30.150- 
600ma. 4 DC current ranges: 0-6.30 - 
130ma; 0-1.2A. Resistance : 0-1K, 0 -1 
meg. 33/4" W x 61/4" H x 2° D. 

EMC, 625 Broadway, New York 12, N.Y. 

Send me FREE catalog of the 
value -packed EMC tine, and 
local distributor. 

complete 
name of 

RE -12 

NAME 

ADDRESS 

CITY 7ONE_STATE_ 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 

Export: Pan -Mar Corp., 1270 B'way, N.Y. 1 

velocity meter of Fig. 16 or the drag -strip trap speedome- 
ter of Fig. 17. In the bullet meter, either photoelectric pick - 
offs or the usual screens may be used. By knowing the 
distance between the trips and the frequency of your refer- 
ence clock, you can precisely calculate the time it takes for 

1 he bullet to travel through the screens, and then calculate 
I he velocity. For instance, suppose we have a 4 -ft screen 
separation, a 100 -kHz clock, and a bullet causes a 200 
reading on a three -place counter. Each clock pulse is 
spaced 10 µsec from its nearest neighbor, so it apparently 
took 2000 µsec or 2 msec for the bullet to travel four feet. 
Four feet in 2 msec is equivalent to 2000 feet per second. 

The calculation is the same at the drag strip, only 
now we are dealing with a greater spacing and most 
likely, lower velocities. 

Electronic piano tuner 
The note is picked up with a contact microphone, and is 
this time to measure the time between zero crossings of 
the fundamental component of a piano note (Fig. 18). 
The note is picked up with a contact microphone, and 
is well filtered to pick out the fundamental frequency. It is 
then amplified and limited with a high -quality limiter. 
After the limiting, a binary divider chain octave selector 
reduces all the notes to square waves having a funda- 
mental frequency between 28 and 56 Hz. A note detector 
[a monostable of some sort] resets the counting modules 
[four are needed for sufficient accuracy] and waits till 
the middle of the note. In the middle of the note, a syn- 
chronizer is told to produce a gate exactly two positive 
zero crossings wide. This routes a 250 -kHz clock to the 
decimal counting modules, producing a number which is 

converted into frequency by consulting a conversion chart 
or table. 

There are two important advantages to this method 
compared to conventional instruments. First, no skill at 
heat detection is required, and second, with a carefully 
calibrated chart, it is possible to "stretch" the piano tuning 
in exactly the manner a professional tuner does. 

Frequency counters 
it, you can measure any frequency from 10 MHz on 

This is perhaps the most useful digital instrument. With 

Clever Kleps 30 
Push the plunger. A spring -steel forked 
tongue spreads out. Like this re 
Hang it onto a wire or terminal, let go 
the plunger, and Kleps 30 holds tight. Bend it, pull it, let 
it carry dc, sine waves, pulses to 5,000 volts peak. Not a 
chance of a short. The other end takes a banana plug or a 
bare wire test lead. Slip on a bit of shield braid to make a 
shielded probe. What more could you want in a test probe? 

I N D U I S T P I E S 

A vailahle through your local 
distributor, or write to.. 

RYE INDUSTRIES INC. 
128 Spencer Place, Mamaroneck, N.Y.10543 
Circle 31 on reader's service card 

$147 

SCREENS OR 
PHOTO PICKOFF 

Fig. 16- Ballistic velocity meter needs a start -stop gate. 

PULSE 
SHAPING 

START 

STOP 

ELECTRONIC 
STOPWATCH 
(FIG.14) 
W /START -STOP 
GATE 

MECHANICAL OR 

PHOTOELECTRIC TRIPS 
n n 
T T 

START ELECTRONIC 

PULSE 
STOPWATCH 

SHAPING 
(FIG.14) 

STOP W /START -STOP 
GATE 

Fig. 17- Similarly, drag -strip speedometer measures time. 
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Customer Relations 
Specialist. 

That's you. When you turn on 
your B & K tester / rejuvenator. 
A real customer pleaser 
(even the tough ones). At 
the same time, it ups your 
income and quickly pays for 
itself. This has been proved time 
and again: 

First, by showing your 
customer, right in the home, the 
true condition of his picture tube. 
And how long it will last. (New 
picture tube sales are easier to 
justify when your customer is 

right there to see for himself.) 

Second, by rejuvenat- 
ing the picture tube, 
while your customer 
watches, relieved 
that he's been 
temporarily spared 
a major expense. 
You can do this as 
a part of your service 
or for an additional 
fee which you 
can offer to apply 
toward later 
purchase of a picture tube. 

Third, by being able to test and 
repair all black & white and all 
colar tubes, imports as well as 
American, in a few minutes. 
Without removing the picture tube 
from the TV set. 

For shop use, of course, it's a 
must -for your customer's sake, 
or to validate your claim on an 
in- warranty picture tube. 

Special B & K time -controlled 
rejuvenation- process 
safeguards the picture tube. 

Adjustable heater 
voltage is metered 
and continuously 
variable from 0 to 

13 volts. G -1 and 
G -2 voltages are 
completely and 

continuously variable. 
All this enables you to 
pinpoint the desired 

voltage and make the 
most accurate possible 

tests, even on future CRT types. 
Circle 35 on reader's service card 

e 
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(How's that for non - 
obsolescence in an era of planned 
obsolescence ?) 

Color picture tubes are 
checked by testing each color 
gun separately just as the 
manufacturer would do it. (In 
fact, this CRT tester has become 
the commonly used diagnostic 
tool of the industry.) 

The B & K 465 is the 
professional serviceman's tester. 

If you would like to enlist the 
aid of this "customer relations 
specialist," see your B & K 

Distributor or drop us a note and 
ask for Catalog AP -24. 

CRT Tester /Rejuvenator 
Model 465 Net: $89.95 

Lei 
B & K Division of DYNASCAN CORPORATION 
1801 W. Belle Plaine Chicago, Illinois 60613 

Where electronic innovation is a way of life. 
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DON'T MISS... POLICE 

and FIRE ACTION 
PERFECT FOR 

INDUSTRIAL, COMMERCIAL 
and GOVERNMENT USE 

DUAL CONVERSION 
SMALL SIZELOW POWER DRAIN 

HIGH STABILITY CRYSTAL CONTROLLED 
Specifically designed for simplicity of operation 

. efficiently engineered to give you years of 
service. Fits the smallest auto yet powerful 
enough to deliver a clear signal. Operates on 6 
crystal controlled frequencies. Dual limiter & 
Foster Seeley discriminator. Quadruple tuned 
RF stage for greater image rejection. Noise Free 
squelch. PLUG IN crystals for instant frequency 
change. Compatible with major continuous tone 
systems. Operates on 117VAC and 12VDC.'Size: 
6 %a" x 2%" x 81/2 ". Wt. 3 lbs. 8 oz. 

FR -104 Complete with AC and 
(30 -50 MHz) 00 DC power cables, 

mounting bracket, 
FR -105 14 less crystals. 
(150.175 MHz) Crystals $5.00 ea. 

SONAR RADIO CORPORATION 
73 Wortman Ave., Bklyn, N. Y. 11207 Dept. 802 
Please send me information on Model 

FR -104 /105 FM Monitor Receivers. 

Name 

Address 

City Zone State 

LISTEN TO: 

POLICE, FIRE and 
WEATHER REPORTS! 

FR -103 
150.175 MHz 

FR -106 
30 -50 MHz 

With Battery, 
Earphone, & 
less Crystals 

Crystals 
$5.00 ea. 

Perfect for Industrial, 
Commercial, Utility 

and Government Use 

SONAR SENTRY 
VHF MONITOR 

RECEIVERS 

Designed and engi- 
neered for simplicity 
of operation, compact 
enough tQQ fit a shirt 
pocket yret powerful 
enough to deliver a 

clear clean signal -it's 
dependable Operates 
on two crystal con 
trolled VHF channels 
plus broadcast band 
Completely solid state 
for long life use Vis- 
ible battery indicator to 
show battery condition 
at all times Built in 
antenna 57." H x 
21/2" W x 13%" D. Wt. 
11 oz. 

SONAR RADIO CORPORATION 
73 Wortman Ave., Bklyn, N.Y. 11207 Dept 802 
Please send me information on Model 

VHF Monitor Receivers. 

Name 

Address 

City .Zone State.. 

Circle 36 on reader's service card 

EQUIPMENT REPORT 
Heathkit Band Box and Playmate 

For manufacturer's literature, circle No. 37 on Reader Service Card. 

By FRED SHUNAMAN 
WHEN THE OPPORTUNITY CAME TO 

add the Band Box and Playmate to the 
"Thomas by Heathkit" organ my 
daughter Ellen and I had put together 
two years ago, I was interested. The 
additions would, in effect, make it a 
theater organ, and I had played around 
a little with an ancient theater -type or- 
gan of the pre -electronic days. It must 
have been about 30 feet long, and it 
played the actual instruments (en- 
closed in glass- fronted compartments), 
pounding on the bass drum and strik- 
ing cymbals together on command of 
a perforated paper music roll. 

Ellen was enthusiastic- again. "A 
Viennese waltz with bongo drums!" 
The very incongruity appealed to her. 
"I'd like to play that!" But I noted 
carefully that her enthusiasm didn't in- 
clude a promise to "do all the work," 
as it had when we built the organ. 

What were the Band Box and 
Playmate I was ordering? Briefly, the 
Band Box is a way of adding -elec- 
tronically -ten percussion instruments 
to the Heatkit organ. These can be 
played together with the regular note 
from either the great keyboard or the 
pedals. 

Two of the ten percussion voices 
-the drum roll and castanets -sound 
continuously as long as the key is held 
down; the others sound once each time 
the key is pressed. Any combination of 
the ten (crash cymbal, brush cymbal, 
bass drum, snare drum, drum roll, two 
bongos, block, clave and castanets) 
may be played at the same time, on ei- 
ther pedals or keyboard or -in one 
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position of the switch -on both at the 
same time. Thus you can have the 
crash cymbal and bass drum sound 
when you press the pedal, while actu- 
ating one or more of the others with 
the keys. (Drum roll and snare drum 
do not sound at the same time. 

The Band Box has its own key - 
board-a set of fingertip tabs that can 
be played independently of the organ. 
So you can use it to accompany other 
instruments or as part of a dance en- 
semble where the rock might be con- 
sidered too hard for organ music. 

A little drawer that slides under 
the knee rail of the GD -983 organ 
houses the Band Box, or it can be in- 
stalled integrally in the newer TO -67. 
The electronic part consists of three 
circuit boards mounted in a flat frame 
that also mounts under the great man- 
ual shelf on the GD -983 or installed 
inside the newer -model organ. 

Playmate 
And what is the Playmate? Auto- 

mation applied to the Band Box! With 
the Playmate installed and connected 
to the Band Box and organ, a supply of 
rhythms ranging from the Viennese 
waltz to the watusi can be created. 
Tempo can be varied with a thumb 
wheel on the Playmate. Pushing down 
the key marked ORGAN RHYTHM and 
not using any of the Band Box voices, 
you can have a simple percussive or- 
gan note repeated in the desired 
rhythm. 

Adding any Band Box voice lets 
you add any of the instruments to the 
keyboard note. For automatic accom- 
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Coming in January, 1969: 

PHOTOFACT SET NO.1002 

When the first PHOTOFACT Folder Set 
appeared in May, 1946, we made this pledge 
to the radio servicemen of America: 

"PHOTOFACT will provide complete, 
accurate, uniform service data, and 
present that data on a current and 
continuing basis, to keep up with the 
production of the industry." 

We have kept that pledge. We covered all 
of the post -war AC -DC, AM -FM, Auto Radio, 
and Phonograph models. With the appearance 
of the first black- and -white TV, we were there 
with exclusive PHOTOFACT TV coverage. 
We kept pace as the industry introduced new 
types of products and poured them out in 
thousands of models: Automatic Record 
Changers, High -Fidelity Instruments and Com- 
ponents, Tape Recorders, Stereo Instruments, 
Transistor Radios, Color TV, Citizens Band 
Radios -right down to the introduction in 
1968 of PHOTOFACT coverage of Home Car- 
tridge Tape Players. 

Today, the electronic serviceman has at 
his command complete PHOTOFACT service 
data coverage of more than 78,000 different 
models. 

Moreover, the electronic serviceman 
can buy PHOTOFACT in the form 
which best meets his needs. Those 
who service all types and makes of 
instruments own the complete 
PHOTOFACT Library and stay cur- 
rent with a subscription to P. O. M. 
(Photofact -of- the -Month Club). Those 
who have a need for specialized serv- 
ice data, have the choice of subscrip- 
tions to the five Specialized PHOTO - 
FACT Series: Auto Radio, Tape Re- 

corder, Transistor Radio, CB Radio, 
and Home Cartridge Tape Players. 

We made a second pledge in 1946: 
-PHOTOFACT will be the world's finest and 
most complete electronic service data, pro- 
viding new and exclusive features in a uni- 
form format, to make the serviceman's work 
quicker, easier, and more profitable." 

We have kept that pledge. PHOTOFACT 
introduced full photo coverage of all chassis 
views, keyed to the famous Standard Notation 
Schematic, with its wealth of vital informa- 
tion ; disassembly instructions (including auto 
radio removal) ; tube location charts ; trouble- 
shooting charts; a superior alignment sys- 
tem ; terminal identification ; dial cord string- 
ing ; field servicing notes; alternate tuner data; 
complete replacement parts lists; exploded 
views for record changers and tape recorders; 
actual waveform photographs on the TV sche- 
matics, and a host of other invaluable features. 
With the appearance of printed circuitry, 
PHOTOFACT introduced CircuiTrace' for 
fast tracing of printed boards. Forthcoming 
PHOTOFACT Folders will feature techniques 
for rapid servicing of such new developments 
as the -Quasar" circuit TV models. 

In January, 1969, PHOTOFACT Set No. 
1002 will appear. It is eloquent testimony to 
the continuous loyalty of thousands of elec- 
tronic servicemen, and solid proof of the abil- 
ity of PHOTOFACT to boost their earnings day - 
in and day -out through faster, better repairs. 

One final word: In 1946, a PHOTOFACT 
Set sold for $1.50. Today, twenty -two 
years later, on a P. O. M. Subscription, 
PHOTOFACT costs only 50c more per 
Set. Think about it, and you'll agree 
that's holding the line. 

PHOTO FACT is sold by more than 1800 Electronic Parts Distributors from coast -to -coast 

Howard W. Sams & Co., Inc. 
INDIANAPOLIS, INDIANA 46268 

The Service- Minded Organization with the Service Technician in Mind 
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V l i Dialalarm, the automatic 
telephone alarm, can be pro- ` O AM 

to dial pre -selected num -. ( D bers and deliver a pre- recorded emer- It A * pv gency message.Any sensor can trigger 
Dn_- Dialalarm. A rate -of -rise indicator can be V O ;V used to call the fire department; a motion 

detector (microwave, ultrasonic, etc.) can 4 s trigger a message to the police department. 
V A single alarm can bile activated by two dif- 

terentsensoarsbecauseteunithastwochannels. 

1*6 
` d% And each channel is capable of delivering 6 dif- 

8 
terent messages to 6 different numbers. There is a 

total of 10 minutes of message time on each channel. 
Other advantages: no leased lines are required, for econ- 

omy; the owner can program it and change messages on the spot. 
There's no need to bring the unit to the dealer -a drawback of other 

dialing alarms. 
Your electronic know -how opens the door to an excellent income in the 

growing security field. You can discuss the product with confidence; suggest 
ways of installing it for most effective protection; tie it into existing security 
systems. Easy to install, it has the approval of police and fire departments 
and local telephone companies. For details on how to put your skill in elec- 
tronics to work in a lucrative field, write: Record -O -Fone Division of Electro- 
space Corp., 408 Concord Ave., Bronx, N.Y. 10454. 

Patents Pending 

gym~ Oislalara 
,Jy IC1&tJ11Jh1f 

Circle 39 on reader's service card 

paniment, release the ORGAN RHYTHM 
button, push down BAND BOX RHYTHM, 

and away you go . . . the rhythm 
continues ad infinitum, until you stop 
it. Any or all of the voices can be used. 

If you leave BAND BOX RHYTHM 

on and push down the TOUCH CON- 

TROL button, the Band Box rhythm is 

heard only as long as the organ key (or 
pedal) is held down, the organ giving 
forth with its own steady note mean- 
while. There is a DOWN BEAT ACCENT 

button, and a down beat indicator 
lamp that flashes at the beginning of 
each measure. 

The number of combinations is 
almost infinite and most fascinating. 
You can even play the great keyboard 
without any of the voicing stops down; 
thus producing no music, but control- 
ling the Band Box rhythm with the or- 
gan keys. Other interesting effects can 
be produced by pressing down two 
rhythm buttons at the same time, like 
adding rock beat to waltz tempo. 

Actual construction is easier than 
it looks. One of the three Band Box 
boards is already assembled. Work 
progresses rapidly on the others. Ev- 
ery time I get a new kit, there are im- 
provements, either in the actual kit, 
in the instructions or in both. (So, if 
each job seems easier, it is not prac- 
tice alone that is responsible.) R -E 

The best TV deserves 
the best antenna! 
Install a Zenith Quality- Engineered Antenna! 

Model 973 -94 
designed for far fringe areas 

Exciting Surprises 
for You - 

and Your Family! 
Fun for all! 

Get the details 
at your Zenith 
Distributor's 

Parts Department. 

These features help a Zenith 
outdoor antenna provide the su- 
perior reception that makes for 
satisfied customers: 

Capacitor coupled cap - 
electronic VHF dipoles. 

Tapered UHF grid driver. 

Staggered square UHF 
directors. 

Low- impedance, triple 
boom construction. 

You can choose from 12 all -new 
Zenith VHF /UHF /FM or VHF /FM 
antennas. All are gold color 
alodized aluminum for better 
conductivity, greater corrosion 
resistance and longer service. 
Ask your Zenith distributor for a 
free technical manual. He has 
charted the reception character- 
istics of your area, so he can 
recommend the best antenna for 
each installation. 

«' ; ;; BEST YEAR YET TO SELL THE BEST 

um 

e 
The quality goes in 

before the name goes on 
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New SK De ces 
Sim Servi ng of TV 
Deflectu' Cir uits 

More than a dozen solid -state TV sets -RCA and others -can use 
these two new RCA SK- Series transistors -specifically designed for 
replacement use in deflection circuits. 

The RCA SK3034 is for replacement use in horizontal driver and in 
vertical -deflection- output circuits; the SK3035 is for replacement 
use in horizontal -deflection- output circuits. 

Both units are germanium p -n -p devices in hermetically -sealed 
TO -3 packages, and are for use in domestic and imported TV sets 
with anode voltages to 18 KV and with picture tubes having deflec- 
tion angles up to 114 °. 

Add both to your stock of RCA "Top -Of- The - Line" SK- Series re 
placement transistors. See your RCA Distributor today about your 
supply of RCA SK- Series replacements ... 33 individual units that 
can replace approximately 11,800 solid -state devices. 

RCA Electronic Components, Harrison, N.J. 07029. 
Circle 41 on reader's service card 
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Now available...a comprehensive and accurate 
source of solid -state replacement information! 
It's RCA's Solid -State "Top -of- the -Line" Re- 
placement Guide, SPG -202F. Cross -referencing 
RCA SK- Series Transistors, Silicon Rectifiers, 
and Integrated Circuits, the Guide provides re- 
placements for nearly 12,000 solid -state devices 
-including U.S. industry standard ElA types, for- 
eign types, and types identified only by device - 
manufacturers' or equipment manufacturers' 
parts numbers. SPG -202F is available through 
your RCA Distributor. Ask him about it. Today. 

*Ask your participating RCA Distributor for details. 
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RADIO- ELECTRONICS READER SERVICE 

Here's how you can get manufacturers' 
literature fast: 

1. Tear out the post card on the facing 
page. Clearly print or type your name 
and address. Include zip code! 

2. Circle the number on the card that cor- 
responds to the number appearing at 
the bottom of the New Products, New 
Literature or Equipment Report in 

which you are interested. 
For literature on products advertised 
in this issue, circle the number on the 
card that corresponds to the number 
appearing at the bottom of the adver- 
tisement in which you are interested. 
Use the convenient index below to lo- 

cate quickly a particular advertisement. 

3. Mail the card to us (no postage re- 

quired in U.S.A.) 

ALLIED RADIO CORPORATION (p. 92) Circle 128 

ARCTURUS ELECTRONICS CORPORATION 
(p. 94) Circle 134 

B & K (Division of Dynascan Corporation) 
(p. 17) Circle 19 

B & K (Division of Dynascan Corporation) 
(p. 71) Circle 35 

BROOKS RADIO AND TV CORPORATION 
(p. 91) Circle 127 

BURSTEIN -APPLEBEE COMPANY (p. 70) Circle 34 

CARINGELLA ELECTRONICS, INC. (p. 92) Circle 130 

CASTLE TV TUNER SERVICE, INC. (p. 7) Circle 11 

CLEVELAND INSTITUTE OF ELECTRONICS 
(p. 62 -65) Circle 30 
(Slide Rule) (p. 16) Circle 17 

COLETRONICS (p. 92) Circle 131 

CORNELL ELECTRONICS (p. 96) Circle 139 

DELTA PRODUCTS, INC. (p. 12) Circle 13 

DELTA PRODUCTS, INC. (p. 26) Circle 24 

EDMUND SCIENTIFIC COMPANY (p. 95) Circle 136 

FAIR RADIO SALES (p. 93) Circle 133 

FINNEY COMPANY (p. 27) Circle 25 

GAVIN INSTRUMENTS, INC. (Subsidiary of 
Advance Ross Corporation) (p. 93) Circle 132 

GRANTHAM SCHOOL OF ELECTRONICS (p. 1) Circle 8 

HEALD COLLEGES (p. 6) 

HEATH COMPANY (p. 84 -87) 

Circle 10 

Circle 111 

INTERNATIONAL CRYSTAL MFG. COMPANY 
(p. 98) Circle 149 

INTERNATIONAL RESISTANCE CORPORATION 
(p. 88) Circle 112 
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E. F. JOHNSON COMPANY (p. 81) 

JERROLD ELECTRONICS CORPORATION 
(Distributor Sales Division) (p. 53) 

JUDSON RESEARCH AND MANUFACTURING 
COMPANY, INC. (p. 91) 

Circle 107 

Circle 26 

Circle 126 

KARLSON RESEARCH AND MANUFACTURING 
(p. 89) Circle 121 

KENZAC COMPANY (p. 94) Circle 135 

LAFAYETTE RADIO ELECTRONICS (p. 80) 

LEADER TEST INSTRUMENTS (p. 54) 

LECTROTECH, INC. (p. 67) 

LORAL DISTRIBUTOR PRODUCTS 
(Division of Loral Corp.) (p. 55) 

MERCURY ELECTRONICS CORPORATION 
(P. 79) 

MICROFLAME, INC. (p. 70) 

MULTICORE SALES CORPORATION (p. 90) 

MUSIC ASSOCIATED (p. 91) 

MYRIAD PRODUCTS CORPORATION (p. 90) 

OLSON ELECTRONICS, INC. (p. 89) 

PACE COMMUNICATIONS (p. 14) 

PERMA -POWER COMPANY (p. 82) 

Circle 108 

Circle 27 

Circle . 32 

Circle 28 

Circle 106 

Circle 33 

Circle 124 

Circle 125 

Circle 123 

Circle 122 

Circle 16 

Circle 109 

PIONEER ELECTRONICS U. S. A. CORPORATION 
(Cover III) Circle 150 

POLY PAKS (p. 97) Circle 140 

RCA ELECTRONIC COMPONENTS 
Semiconductors (p. 75) 
Test Equipment (p. 24 -25) 

RECORD- O -FONE (Division of Electro 
Space Corporation) (p. 74) 

RYE INDUSTRIES, INC. (p. 66) 

SAMS & COMPANY, INC. HOWARD W. 
(p. 12) 

SCHOBER ORGAN CORPORATION, INC. 
(p. 16) 

SCI ELECTRONIC IGNITION (p. 92) 

SCOTT, INC., H. H. (p. 23) 

SENCORE (p. 83) 

SHURE BROTHERS, INC. (p. 13) 

SOLID STATE SALES (p. 95) 

SONAR RADIO CORPORATION (p. 72) 

Circle 41 
Circle 23 

Circle 39 

Circle 31 

Circle 14 

Circle 18 

Circle 129 

Circle 100 

Circle 110 

Circle 15 

Circle 137 

Circle 36 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY 
(Cover II) Circle 7 

WARREN ELECTRONIC COMPONENTS 
(p. 96) 

XCELITE, INC. (p. 22) 

ZENITH (p. 74) 

Circle 138 

Circle 21 
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NEW PRODUCTS 
More information on new products is available free from the manufacturers of 

items identified by a Reader's Service number. Turn to the Reader Service 

Card facing page 76 and circle the numbers of the new products on which 

you would like further information. Detach and mail the postage -paid card. 

COLOR ORGAN SYSTEMS control 
groups of colored lamps which respond 
to a certain frequency band and blink in 
variety of brightness to the intensity of 
the music. Smallest, Model I900, weighs 
24 oz. Costs $39.95. Model 71,102, 200 
W, features an indicator light and bright- 
ness control for each channel as well 

as a master control. Costs $99.95. Model 
71,104, 1000 W, has base, treble and 
mixer controls and features both line in- 
put and a built -in mike for $149. Above 
units are all 3- channel. Model 71,103, 
2000 W, 4- channel, includes gain con- 
trols and weighs 10 lb 11 oz. Costs $195. 
Single -channel Do- It- Yourself Kit, Model 
60,759, costs $9.95.- Edmund Scientific 
Co. 

Circle 46 on reader's service card 

STEREO HI -FI SYSTEM, solid -state 
RK -570, combines a 12 -watt FM receiver, 
4 -speed record player and a cassette tape 
recorder for recording and playing 4- 
track stereo or 2 -track mono. Two de- 
tached, acoustically matched 2 -way 
speaker systems, each containing a 5" 
woofer and 3" tweeter. FM section fea- 

tures an FET front end at 2.5 AV (IHF ). 
sensitivity. Amplifier is rated at 12 watts 
output into 8 ohms with a response of 
20- 30,000 Hz ±2 dB. $249.95. Plastic 
cover and mike available at $7.95 and 
$5.95, respectively.- Lafayette Radio 
Electronics. 

Circle 47 on reader's service card 
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AUDIO CONNECTOR ADAPTERS, 
four models. Nos. 383P1 and 384P1 ac- 
cept a standard 2- conductor phone plug 
and adapt it to a 3- contact audio con- 
nector. The former adapts phone plug 

to a 3 -pin receptacle, and the latter to a 
3- contact connector. The - other two 
adapters connect a standard 2- conduc- 
tor jack to a 3- contact audio connector. 
No. 386P1 adapts the jack to a 3 -pin re- 

DISGRACEFUL 
44 Isn't it? The way Mercury shamelessly offers top 

quality test equipment at such low prices. Compare 
the features with costlier models and see how Mercury 
gives you top value for your dollar. It's Wonderful." 

Model 2000 -MUTUAL CONDUCTANCE TUBE 

TRANSISTOR TESTER 

Tests all tube types, old and new, plus 
transistors. Tests Magnovals, Nuvistors, 
10 -pin Decals, Compactrons, Novars, 10- 
pin types, foreign and hi -fi tubes, thyra- 
trons and industrial types. Tests for true 
dynamic mutual conductance (GM). Spots 
shorts, leakage and gas. Tests Color and 
B/W picture tubes with use of MH -3A 
Multi -Head Adapter (optional). Lever 

Si 
switch test principal overcomes obsoles- 
cence. Automatic line voltage regulation. 

Model 1101 - 
DELUXE TUBE TESTER 

For new Magnovals, Decals, 
Nuvistors, All Popular Pic- 

; ture Tubes and most other 
receiving tube types. Checks 
tubes for dynamic cathode 
emission, shorts, grid leak- 
age and gas. Picture, Tube 
Adapter. Exclusive 2 -point 

wisfaffesimatiffar test principle safeguards 
against obsolescence. 

Kit-$3995/Wired-$6995 Kit -S2495 Wired -43995 

Model 1100B- 
TUBE TESTER 

Tests more tube types 
than any other tester 
in its price range. 
Tests for dynamic 
cathode emission, 
shorts, grid leakage 
and gas. Exclusive 
meter bridge circuit 
found only in more 
expensive testers. Pro- 
fessional quality at 
an economical price. 

ALL MERCURY TEST EQUIPMENT GUARANTEED FOR ONE FULL YEAR! 
UPDATED TUBE TEST DATA AVAILABLE ON ALL UNITS. 

7yweizelligy 
MERCURY ELECTRONICS CORPORATION 

WILLIAM COVEN CARP 

(516) 742 -5400 

8900 PARK AVE. MONIREAL 11 
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ceptacle, while No. 387P1 adapts to a 
3- contact receptacle. All units include a 
separate ground terminal and ground 
contactors. All completely shielded. - 
Switchcraft Inc. 

Circle 48 on reader's service card 

REGULATED POWER SUPPLY, Mod- 
el IP -18, can be programed for ac or dc. 
Voltage is regulated to a 40 -mV varia- 
tion; output change: less than .05%; in- 
put change: from 105 -125 Vac. The unit 
is current -limiting and continuously vari- 
able from 10 to 500 mA. Noise distortion: 
under 0.1 mV; transient response time: 
25 µsec. Output impedance is 0.5 ohm or 
less up to 100 kHz. The all -silicon tran- 

RISETNKIT ReGUATEO POWER A\IPPyy Vo4TAG. 
wcNT `'..... 

%,..#..., 

Ripisax 

sistor power supply and circuit board 
construction. $19.95. -Heath Co. 

Circle 49 on reader's service card 

BRAND NEW EDITION 
1969 Catalog 690 

Featuring Everything in Electronics for 
Serving The Public HOME INDUSTRY LABORATORY 
Since 1920 from the "World's Hi -Fi & Electronics Center" 

i 
RADIO 

TTE 

MIRACLE 
Of r,,E 

PACE AGE 

Over 500 Pages 
Electronic Parts...Tubes... 

Tools 
Citizens Band Equipment 
PA Equipment 
Test Instruments 
Closed Circuit TV 
Stereo Hi -Fi Systems & 

Components 
Tape Recorders 
Amateur Radio Equipment 
Radio & TV Sets & 
Accessories 

Cameras & Supplies 
Books 

LAFAYETTE RADIO ELECTRONICS 
Dept. 17128 

SYOSSET, L.1., N.Y. 11791 

Send For FREE 

1969 Catalog 

TODAY! 

Send FREE 1969 Catalog 690 Dept. 17128 

Name 

Address 

City State Zip 

Circle 108 on reader's service card 

SCREWDRIVER SET, No. PS-89, con- 
tains 8 midget hex -type socket screwdriv- 
ers in sizes from 0.028" to a ". Included 
is a "piggyback" torque amplifier handle 
to provide larger gripping surface, ex- 
tended reach and increased driving pow- 

aid 

er. Useful with drivers for precision work. 
Housed in a sturdy, compact, see -through 
plastic case which can be carried in a 
hip pocket or used as a bench stand.- 
Xcelite Inc. 

Circle 50 on reader's service card 

REALISTIC WALK - 
IE- TALKIE LINE, 
six models: TRC -IB, 
100 mW; TRC -35 (il- 
lus. ), 1 W; TRC -45, 2 
W. All are single - 
channel. TRC -25A, 
100 mW, dual -chan- 
nel with separate 
speaker and mike. 
TRC -99A, 3 W, 3 
channels; TRC -100, 5 
W, 6 channels. Prices 
range frein $13.95 to 
$99.95. All models 
come with batteries, 
telescopic antenna 
and crystals for CB 
channel 11. 1 -5 -W 
units include a carry- 
ing case. -Radio 
Shack. 

Circle 51 on reader's service card 

120 -WATT INTEGRATED AMPLIFI- 
ER, Model SA660, offers 60 watts of 
rms power per channel with less than 
0.2% distortion at frequencies from 20 

80 RADIO -ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


4 

4 

to 20,000 Hz, both channels operating. 
IM distortion is less than 0.2% at 120 
watts or any lower power level. Noise is 
85 dB below rated output from high - 
level inputs, 72 dB from low -level inputs. 
Special features include concentric bass 
and treble controls for optimum response 
from . both channels and built -in stereo 
balancing system. $435. -James B. Lan- 
sing Sound Inc. 

Circle 52 on reader's service card 

BIG -7 WIR- 
ING TOOL, 
made of steel, 
measures 8" 
and weighs 7 
oz. Stripping 
holes are pre- 
cision- ground 
to strip size 
No. 18 solid 
or stranded 
through No. 6 
solid and No. 
8 stranded 
wire. Blades 
cut aluminum 
and copper 
conductors, 
including OF 

and Romex cable. Bolt buster cuts 4 -40, 
6 -32, 8 -32, 10 -32 and 10 -24 unhardened 
machine screws. Insulated or plain termi- 
nals and connectors from Nos. 22-10 can 
be crimped. Handles have large Hand - 
eze grips and the two halves are held by 
a Sta -Fast adjustable bolt. Under $5.- 
Holub Industries Inc. 

Circle 53 on reader's service card 

ANTENNAS, two models: Model GA -3 
(Gamma 232), is a 3- element Yogi, comes 
with all its parts preassembled and color- 

MODEL 

MCQ-21 

coded and has a forward gain of 7.5 dB 
(over reference dipole) ; maximum 
length: 141" and boom length 108 ". 

DECEMBER 1968 81 

Model MCQ -27 (CB Cubical Quad) has 
a forward gain of 9 dB and boom length 
of 14'. Both units are unidirectional with 
a front -to -back ratio of 25 dB; SWR of 
1/5/1 or better; feed -point impedance: 
of 52 ohms. Three elements.- Mosley 
Electronics Inc. 

Circle 54 on reader's service card 

PROGRAM CENTER SYSTEM, solid - 
state, amplifies signals from a single roof- 
top antenna and distributes them 
throughout the home. Handles up to 4 
TV sets; can be expanded for 8 or more. 
Five models: PC4312 -CD covers vhf 
(channels 2 -13) and FM only, using 
hcin -lead. Similar PC4712 -CD uses co- 

COLOR TV 

axial cable. PC4382 -CD covers vhf, FM 
and uhf, using twin -lead. Coax version 
of this model is PC4782. PC4500 -CD is 

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 J dealer today complete details! 

E F JO H N S 0 N O M P Á N 
2374 Tenth Ave. S.W., Waseca, Minnesota 56093 

Providing nearly a half- century of communications leadership 

Afe- 
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a combined twin -lead and coaxial unit. 
Prices range from $30 to $65. -JFD 
Electronics Co. 

Circle 55 on reader's service card 

KEYBOARD SWITCH, Model SB -033, 
suitable for test equipment, communica- 
tion gear and many other applications has 
the following features: Rating -100 mA 
@ 48 V, Operating force -5 oz. Mechani- 
cal life- 1,000,000 cycles; electrical life, 
10,000,000 cycles. Full stroke travel 
7/32 ", travel contact 5/32" and 3/16" 
high black symbols. All switch positions 
contain a "positive lockout" between sec- 
tions and rows. An extra "decimal" button 

provided. $28.50. -Alco Electronic Prod- 
ucts Inc. 

Circle 56 on reader's service card 

easy answers to common color complaints 

Perma -Power 
puts back Color TV Quality! 

Puts back 
brightness 
Color -Brite 
Picture Tube 
Briteners 
Color -Brite brings out lost 
sharpness and details of 
fading color picture tubes. 
Provides increased 
filament voltage to boost 
electron emission, returns 
full contrast and color 
quality. 
MODEL C -501 
for round tubes 
Dealer Net $5.85 

MODEL C -511 
for rectangular tubes 
Dealer Net $5.85 

Puts back 
black-and -white 

Color -Brite 
Isolation 
Briteners 
No Boost. Corrects for 
cathode -to- filament short 
causing loss of black and 
white video drive. Isolates 
the short, restores the 
black and white 
information that gives the 
color picture its quality. 
MODEL C -502 
for round tubes 
Dealer Net $7.25 

MODEL C -512 
for rectangular tubes 
Dealer Net $7.25 

Put Back Profit -Use 
Perma -Power Briteners 

free technical literature on request 
\ 
) 

Puts back 
full voltage 
Automatic 
Voltage 
Regulator 
Automatically boosts 
voltage 10 volts when 
line voltage drops below 
110 volts. Eliminates 
shrinking, loss of 
brightness, loss of 
convergence. Combats 
poor line voltage 
regulation, overloaded 
circuits. 
MODEL D -210 
for appliances 
rated up to 400 watts 
Dealer Net 814.95 

Vma. OWVV COMPANY 
Division of Chamberlain Manufacturing Corp. 

5740 North Tripp Ave. Chicago, Ill. 60646 
Phone: (312) 539 -7171 

Circle 109 on reader's service card 

CB TRANSCEIVER, Model 
CWT -10, 100 mW, 11 transis- 
tors, 3 channels. Unit puts out 
and pulls in clear signals. No 
license required. Crystals sup- 
plied for channel 9. Other fea- 
tures include beep -tone call - 
in, strong -signal limiter, sepa- 
rate mike and speaker, 
squelch control, battery-life 
meter, earphone jack and ex- 
ternal power jack. Measures 
l0!.í' x 1 %" x 2i" and 
weighs lh lb. $29.95 with 
earphone, hand strap and 
shoulder strap.- Courier 
Communications Inc. 

Circle 57 on reader's service card 

CONVERTIBLE CABINET provides a 
rugged enclosure for delicate instru- 
ments and systems and can be placed on 
a table or bench or on top of a cabinet. 
All -welded 14 -gauge steel frame has ad- 

justable front and rear mounting rails 
tapped 10 -32 with W.E. spacing. In 3 
sizes with several optional construction 
features. -Bud Radio Inc. 

Circle 58 on reader's service card 

AM -FM FM -MPX RECEIVER, Model 
RA -999, 150 W, has a tuning range of 
88 -108 MHz FM /535 -1605 kHz AM. 
Sensitivity: 1.5 µV for 30 dB quieting. 
Stereo separation: more than 30 dB. Fre- 
quency response: 30- 20,000 Hz ±3 dB. 

Tone compensation: bass, 50 Hz ±12 dB; 
treble, 10 kHz ±10 dB. Hum and noise: 
-55 dB. Output impedance: 4, 8 and 16 
ohms. Transistors: 25 plus 14 diodes. 
Size: 18 7/16" x 143." x 5%." 110 -120 volts 
ac, 50/60 Hz. $250 with a walnut -finish 
wood cabinet. -Olson Electronics Inc. R -E 

Circle 59 on reader's service card 
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NEW 
LITERATURE 
All booklets, catalogs, charts, data 
sheets and other literature listed here 
with a Reader's Service number are 
free for the asking. Turn to the 
Reader's Service Card facing page 76 
and circle the numbers of the items 
you want. Then detach and mail the 
card. No postage required! 

LIGHTING GUIDE, LG-468, consists of four 
main sections, designed to aid in the selection 
of lamps and lamp holders best suited to 
particular applications or products. Sections 
are titled Lamp Selection Guide, Lampholder 
Selection Guide, Bracket Guide and a Con- 
densed Catalog. Detailed drawing and specs 
provided. -Leecraft Mfg. Co. 

Circle 60 on reader's service card 

175 SEMICONDUCTORS, books and acces- 
sories in the Motorola HEP line of devices 
for hobbyists, experimenters and professional 
service techs are listed in Catalog MHA27 -4. 
Of special interest to technicians is the "Equal - 
or- Better" replacement series.- Motorola Semi- 
conductor Products Inc. 

Circle 61 on reader's service card 

BOOK CATALOG, 16 pages, describes over 
100 current and forthcoming books covering 
broadcasting, basic technology, CATV, electric 
motors, electronic engineering, television, radio 
and electronics servicing, audio and hi fi, hob- 
bies and experiments, test instruments and 
transistors. -Tab Books 

Circle 62 on reader's service card 
CROSS -REFERENCE GUIDE, HMA07 -4, 64 
pages, lists almost 18,000 semiconductors with 
their equivalents from the HEP line as well 
as tips on using replacement devices and out- 
line drawings and dimensions. For hobbyists. 
experimenters and professional service techni- 
cians.- Motorola Semiconductor Products Inc. 

Circle 63 on reader's service card 
LOUDSPEAKER SYSTEMS. Three models in 
the Row 10 Series, LS -l0, LS -20 and LS -30, 
designed to reproduce music in livingrooms, not 
test tones in anechoic chambers, are described 
with frequency charts, pictures and specs in 
Catalog No. 549. -Bogen Communications Div. 

Circle 64 on reader's service card 
AUDIO CATALOG NO. 680, 20 pages, illus- 
trated with diagrams and charts, contains tech- 
nical data on magnetic heads for drum, disc 
or tape uses. Application form provided for 
information on any desired magnetic head not 
listed.-Michigan Magnetics, Div. of VSI Corp. 

Circle 65 on reader's service card 

Write direct to the manufacturers for in- 
formation on items listed below: 

ELECTRONIC COMPONENTS AND EQUIP- 
MENT of over 500 major product lines are 
detailed in this 720 -page 1969 catalog. Prices 
for all items and availabilities in industrial 
quantities are indicated.- Newark Electronics 
Corp., 500 No. Pulaski Road, Chicago, ill. 
60624 

VIDEO RECORDING for professional broad- 
casters and amateurs with techniques of TV 
tape production is outlined, with photographs 
and diagrams, in the 44 -page Producers Man- 
ual. A glossary of terms used in video recording 
practice is included.- Magnetic Products Div. of 
3M Co., Marketing Services Dept., 3M Center, 
St. Paul, Minn. 55101. R -E 
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FIELD EFFECT METER 

ACV /CHM, 
MATT. CNK. 

NEW FIELD EFFECT MULTIMETER 
Here is the revolutionary new approach to circuit testing, the solid 
state Sencore FIELD EFFECT METER. This FE14 combines the 
advantages of a VTVM and the portability and versatility of a VOM 
into a single low -cost instrument. This is all made possible by the 
use of the new space age field effect transistor that is instant in 
action but operates like a vacuum tube in loading characteristics. 
Compare the features of the FIELD EFFECT METER to your VTVM 
or VOM. 

Minimum circuit loading - 15 megohm input impedance on DC is better than a 

VTVM and up to 750 times better than a 20,000 ohm per volt VOM - 10 megohm 
input impedance on AC is 20 times better than a standard VTVM. The FIELD 
EF =ECT METER is constant on all ranges, not like a VOM that changes loading 
with each range. 

Seven AC peak -to -peak ranges with frequency response to 10MHz. Sever zero 
center scales down to 0.5 volt. Five ohmeter ranges to 1000 megohms. DC current 
measurements to 1 ampere. Full meter and circuit protection. Mirrored scale. 
Low current drain on batteries - less than 2 milliamps. Built -in battery check. 
Unbreakable all -steel vinyl clad case. Optional Hi- Voltage probe adds 3KV, 
10N:V and 30KV ranges with minimum circuit loading for greatest accuracy in the 
industry... $9.95. 

Only Sencore offers the FIELD EFFECT METER. 
Ask for it by name at your distributor. 

only $69.95 (less batteries) 

S CD 1=1 
NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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Moke flic Ckrtsttnos 

s 

Kit 1M -18 

$2850 
Wired IMW -18 

$4795 

kit 1M -28 

$3650 
Wired 1MW-28 

$5695 

Kit 1M -38 

$3950 
Wired IMW -38 

$5495 

kit 1M -17 

$2195 

kit IT -18 

$2495 

kit IP -18 

$1995 

84 

kit 1G -57 

$13500 
wired 1GW-57 

$19900 

kit 10 -18 

$8495 
wired 10W -18 

$13995 

NEW HEATHKIT IM -18 VTVM 
The new IM -18 is a direct decendent of the world's most popular VTVM - the 

Heathkit IM -11, and continues the features that made the IM -11 famous ... 7 AC 

and 7 DC voltage ranges that measure from 0 -1500 volts full scale . .. 7 ohms ranges 

for resistance measurements from 0.1 ohm to 1000 megohms ... single probe con- 

venience that ends tangled leads & enables you to change from AC to DC /Ohms 
measurements with a flip of the switch on the probe ... the light circuit loading of 
11 megohm input impedance ... ±1 dB 25 Hz to 1 MHz response ... precision 1 

resistors ... DC polarity reversing position on the function switch ... measurement 

capability for RMS and Peak -To -Peak AC voltages and dB ... precision 41/2", 200 

uA meter for extra sensitivity. In addition, the new IM -18 includes wiring options 
for 120V. or 240 VAC operation and a three -wire line cord for added safety. 5 lbs. 

NEW HEATHKIT IM -28 "Service Bench" VTVM 
The new Heathkit IM -28 bears the proud tradition of the IM -13, and it has the same 

performance specifications as the new IM -18 above - an unbeatable combination! 
But it also has a number of features that put it in a class by itself, like a large 6 "meter 
with easy -to -read markings ... extra 1.5 and 5 volt AC ranges for additional accuracy 

. a secure gimbal mounting that allows you to put the IM -28 above, below or in 
front of your most convenient mounting surface ... "Set and Forget" calibration - 
all calibration controls are screwdriver adjustable from the front panel to eliminate 
disassembly . .. smooth ten -turn vernier control of Zero and Ohms Adjust for greater 

accuracy and easier setting . .. dual primary transformer for 120/240 VAC operation 
safe 3 -wire line cord as well. The new look of Heathkit instrument styling is 

evident too - handsome beige & brown color scheme, and new knobs that are easy 

to turn and fast to read. 7 lbs. 

NEW HEATHKIT IM -38 Laboratory AC VTVM 
For all around general service work, audio design and trouble- shooting or laboratory 
analysis, you couldn't find a better value than the new Heathkit IM -38 AC VTVM. 
Here's why - 10 voltage ranges measure from 0.01 to 300 volts RMS full scale ... 
an extended frequency response of 10 Hz to 500 kHz at ±1 dB ... 10 megohm input 
on all ranges for higher accuracy and minimal circuit loading ... wide dB range: 

-12 to +2 on the meter and ten switch- selected ranges from -40 to +50 in 10 dB 

steps ... VU -type ballistic meter damping ... amplifier filament voltage transformer 
winding that's balanced to ground for low AC noise ... 120/240 AC wiring options 
and new Heathkit styling in sharp beige & brown with an easy -to- grasp, easy -to -read 

knob. Heathkit engineering has made assembly easy and performance tops. 5 lbs. 

HEATHKIT IM -17 Solid -State Volt -Ohm Meter 
Another very popular volt -ohmmeter from Heathkit engineering and it's easy to see 

why - all solid -state circuitry ... high impedance FET input, 11 megohms on DC, 
1 megohm on AC ... 4 AC voltage ranges . .. 4 DC voltage ranges ... 4 ohm ranges 

. 41/2" 200 uA meter ... 3 built -in test leads ... DC polarity reversing switch . 

zero -adjust & ohms -adjust controls ... continuous 12- position function switch. And 
that's not all - the IM -17 is battery powered for complete portability and comes in a 

rugged polypropylene case with built -in handle. Simple circuit board assembly. 4 lbs. 

HEATHKIT IT -18 In- Circuit Transistor Tester 
In- Circuit transistor testers don't have to be expensive, and the IT -18 is proof of that 

tests DC Beta 2 -1000, in or out -of- circuit ... leakage Icbo and Icco current 0 -5000 

uA out -of- circuit ... identifies NPN or PNP devices ... tests diodes in or out -of- circuit 
for opens & shorts ... identifies unknown diode leads ... matches PNP & NPN 
transistors. The IT -18 is completely portable - runs on just one "D" cell. Easy to 

use too ... rugged polypropylene case, attached 3' test leads, big 41/2" 200 uA meter, 

all front panel controls, 10 -turn calibrate control. 4 Ibs, 

HEATHKIT IP -18 1 -15 VDC Power Supply 
If you work with transistors, this is the power supply for you. All solid -state circuitry 
provides 1 -15 VDC at up to 500 mA continuous. Features adjustable current limiting, 
voltage regulation, floating output for either + or - ground, AC or DC programming, 
circuit board construction, and small, compact size. 110 or 220 VAC. 5 lbs. 

HEATHKIT IG -57 Solid -State Post Marker /Sweep Generator 
The new 1G -57 plus a 'scope is all you need . . . no external sweep generator re- 

quired. Switch selection of any of 15 crystal -controlled marker frequencies (you can 

view up to six different frequencies on one 'scope trace). Select the sweep range and 

you are ready to instantly see the results of any changes you make. Four markers 
for setting color bandpass, one for TV sound, eight at IF frequencies between 39.75 

& 47.25 MHz plus picture and sound carrier markers for channels 4 & 10. Three 

sweep oscillators produce the 5 most -used ranges ... color bandpass, FM IF, color 
& B &W IF and VHF channels 4 & 10. Save hundreds of dollars and put full align- 
ment facilities in your shop too order your IG -57 now. 14 lbs. Kit IG -14, same 

as IG -57 w/o the sweep, 11 lbs. $99.95. 

HEATHKIT 10 -18 Wide -Band 5" 'Scope 
The New Heathkit 10 -18 is destined to be the world's most popular 'scope, just as 

its predecessor, the I0 -12 was. Features 5 MHz bandwidth, the famous Heath patented 

sweep circuit - 10 Hz to 500 kHz in 5 ranges, two extra sweep positions which can 

be preset to often -used rates, frequency compensated vertical attenuation, built -in 
P -P calibration reference, Z -axis input, retrace blanking, wiring options for 120 or 
240 VAC operation and new Heathkit styling in beige and brown. 24 lbs. 
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Wish Your Family Merry Christmas This Year 

With A New Heathkit Color TV ... A Better 
Buy Than Ever With New Lower Prices 

NEW Deluxe Color TV With Automatic kit G R-681 
(less 

Fine- Tuning -Model GR -681 $49995 cabinet) 

The new Heathkit GR -681 is the most advanced color TV on the market. A strong 
claim, but easy to prove. Compare the "681" against every other TV - there 
isn't one available for any price that has all these features. Automatic Fine Tuning 
on all 83 channels ... just push a button and the factory assembled solid -state 
circuit takes over to automatically tune the best color picture in the industry. 
Push another front -panel button and the VHF channel selector rotates until you 
reach the desired station, automatically. Built -in cable -type remote control that 
allows you to turn the "681" on and off and change VHF channels without 
moving from your chair. Or add the optional GRA -68I -6 Wireless Remote 
Control described below. A bridge -type low voltage power supply for superior 
regulation; high & low AC taps are provided to insure that the picture trans - 
mitted exactly fits the "681" screen. Automatic degaussing, 2 -speed transistor 
UHF tuner, hi -fi sound output, two VHF antenna inputs ... plus the built -in 
self -servicing aids that are standard on all Heathkit color TV's but can't be 
bought on any other set for any price ... plus all the features of the famous "295" 
below. Compare the "681" against the others ... and be convinced. 
G RA-295-4, Mediterranean cabinet shown $119.50 
Other cabinets from $62.95 

now only 

Deluxe "295" Color TV... Model GR -295 $44995 
(less cabinet) 

Big, Bold, Beautiful ... and packed with features. Top quality American brand 
color tube with 295 sq. in. viewing area ... new improved phosphors and low 
voltage supply with boosted B for brighter, livelier color ... automatic de- 
gaussing ... exclusive Heath Magna -Shield ... Automatic Color Control & 
Automatic Gain Control for color purity, and flutter -free pictures under all 
conditions ... preassembled IF strip with 3 stages instead of the usual two .. 
deluxe VHF tuner with "memory" fine tuning ... three -way installation - wall, 
custom or any of the beautiful Heath factory assembled cabinets. Add to that 
the unique Heathkit self -servicing features_ like the built -in dot generator and 
full color photos in the comprehensive manual that let you set -up, converge and 
maintain the best color picture at all times, and can save you up to $200 over the 
life of your set in service calls. For the best color picture around, order your 
"295" now. 
GRA- 295 -1, Walnut cabinet shown $62.95 
Other cabinets from $99.95 

Deluxe "227" Color TV... Model GR -227 

now only 

$39995 
(less cabinet) 

Has same high performance features and built -in servicing facilities as the 
GR -295, except for 227 sq. inch viewing area. The vertical swing -out chassis 
makes for fast, easy servicing and installation. The dynamic convergence control 
board can be placed so that it is easily accessible anytime you wish to "touch -up" 
the picture. 
GRA- 227 -1, Walnut cabinet shown $59.95 
Mediterranean style also available at $99.50 

Deluxe "180" Color TV... Model GR -180 

now only 

$34995 
(less cabinet) 

Same high performance features and exclusive self -servicing facilities as the 
GR -295 except for 180 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 
cabinet and mobile cart. 
GRS- 180 -5, table model cabinet and cart .. $39.95 
Other cabinets from $24.95 

Now, Wireless Remote Control For Heathkit Color TV's 
Control your Heathkit Color TV from your easy chair, turn it on and off, 
change VHF channels, volume, color and tint, all by sonic remote control. No 
:ables cluttering the room ... the handheld transmitter is all electronic, powered 
5y a small 9 v. battery, housed in a small, smartly styled beige plastic case. The 
-eceiver contains an integrated circuit and a meter for adjustment ease. Installa- 
Lion is easy even in older Heathkit color TV's thanks to circuit board wiring 
harness construction. For greater TV enjoyment, order yours now. 
kit GRA- 681 -6, 7 lbs., for Heathkit GR -681 Color TV's $59.95 
kit GRA- 295 -6, 9 lbs., for Heathkit GR -295 & GR -25 TV's . $69.95 
kit GRA- 227 -6, 9 lbs., for Heathkit GR -227 & GR -180 TV's $69.95 

Now There Are 4 Heathkit Color TV's ... 
All With 2 -Year Picture Tube Warranty 

DECEMBER 1 9 6 8 Circle 111 on reader's service card 

kít GR-295 

New Wireless 
TV Remote Control 

For GR -295, GR -227 
& GR -180 

$6995 
New Wireless 

TV Remote Control 
For GR -681 

$5995 
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NEW kit AD -27 

$16995 

NEW kit AD -17 

$1 ®995 

$3295 

kit AR -15 

1399s* 
Wired ARW -15 

$52500 

86 

NEW HEATHKIT AD -27 FM Stereo Component- Compact 
This new Heathkit AD -27 stereo compact has features not found in other units 
costing trice as much for one very simple reason. It wasn't engineered to meet 
the usual level of compact performance. Instead, Heath took one of its standard 
stereo /hi -fi receivers, the AR -14, and re- arranged it physically to fit a compact 
configuration. The result is performance that is truly high fidelity without com- 
promise. It features 31 transistor, IO diode circuitry with 15 watts per channel 
dynamic music power (enough to let you choose most any speaker system you 
prefer), full -range tone controls, less than I distortion, and 12 to 60,000 Hz 
response. The pre -assembled FM stereo tuner section with 4 -stage IF offers 
5 uV sensitivity, excellent selectivity, AFC, and the smoothest inertia tuning. 
The BSR McDonald "500" turntable offers features usually found only in more 
expensive units ... like low mass tubular aluminum tone arm, anti -skate control, 
cueing and pause control, plus a Shure magnetic cartridge with diamond stylus, 
It's all housed in a smart oiled walnut cabinet with sliding tambour door that 
disappears inside the cabinet. For value and performance choose the AD -27, 
the new leader in stereo compacts. Shpg. wt. 41 lbs. 

NEW HEATHKIT AD -17 Budget- Priced Component- Compact 
Heath engineers took the stereo amplifier from the AD -27 above, matched it 
with the top rated BSR McDonald 400 Automatic Turntable and put both of 
these able performers in an attractive walnut cabinet. The result is the high 
performance, low cost AD -17. The all solid -state circuit delivers 15 watts music 
power per channel - more than enough to drive any reasonably efficient system. 
Wide response of 12 Hz to 60 kHz ±I dB and harmonic & IM distortion both 
less than 1% at full output are your guarantee of clean, full range sound. Stereo 
headphone jack, filtered tape outputs and Tuner & Auxiliary inputs too. The 
BSR McDonald 400 Automatic Turntable features a cueing and pause control, 
adjustable stylus pressure, variable anti -skate control and manual or automatic 
operation on all four speeds. Conies complete with a famous Shure magnetic 
cartridge. The Heathkit manual makes it easy to build ... the sound makes it a 
pleasure to own. Order yours now. 27 lbs. 

NEW HEATHKIT AS -18 Miniature Acoustic Suspension System 
The new AS -18 features famous high quality Electro- Voic0 speakers - 6" 
woofer and a 21/2" tweeter. The wide frequency response of 60 Hz to 20 kHz and 
the clear, natural sound of these miniature systems will really amaze you. They're 
the ideal performance mates to the Component Compacts above and are espe- 
cially suited for apartments, mobile homes, offices, ctc. - anywhere that you 
need superior stereo sound from a small space. Handles up to 25 watts program 
material and has a high frequency balance control so you can adjust the sound 
to your liking. Order 2 for superb stereo now. 16 lbs. 

HEATHKIT AR -15 Deluxe Stereo Receiver 
The World's Most Sophisticated, Most Praised Stereo Receiver. And here are 
just a few of the reasons why leading audio critics and testing organizations, as 
well as thousands of owners rate the AR -15 as THE stereo receiver. The all 
solid -state circuit with 69 transistors, 43 diodes and two integrated circuits has 
many new design concepts to deliver superior performance. The amplifier section 
has 150 watts of music power ... 75 watts per channel. Harmonic and IM dis- 
tortion are both less than 0.5 %. The special design FET FM tuner boasts sen- 
sitivity of 1.8 uV, selectivity of 70 dB and harmonic & IM .distortion both less 
than 0.5°x. The Crystal Filters provide an ideally shaped bandpass and are a 
Heath first in the high fidelity industry. You'll hear stations you didn't even 
know existed in your area, and the Noise -Operated Squelch, Adjustable Phase 
Control, Stereo -Only Switch, Stereo Threshold Control and FM Stereo Noise 
Filter Switch will let you hear them in the clearest, most natural way. Other 
features include two front panel stereo headphone jacks, positive circuit-pro- 
tection, loudness switch, speaker switch, front panel input level controls, recessed 
outputs, two external FM antenna connectors and one for AM, Tone Flat_ 
control, electronically filtered power supply and "Black Magic" panel lighting. 
Seven circuit boards and three wiring harnesses simplify assembly and you can 
mount your completed AR -15 in a wall, your own cabinet or the Heath assem- 
bled walnut cabinet. For the ultimate in a stereo receiver, order your AR -15 
now. 34 lbs. *Optional walnut cabinet AE -16, $24.95. 

HEATHKIT AJ -15 Deluxe Stereo Tuner 
For the man who already owns a fine stereo amplifier, Heath now offers the 
superb FM stereo tuner section of the AR -15 receiver as a separate unit. The new 
A7 -15 FM Stereo Tuner has the exclusive FET FM tuner for remarkable sen- 
sitivity, exclusive Crystal Filters in the IF strip for perfect response curve and no 
alignment; Integrated Circuits in the IF for high gain, best limiting; Noise - 
Operated Squelch; Stereo -Threshold Switch; Stereo -Only Switch; Adjustable 
Multiplex Phase, two Tuning Meters; two Stereo Phone jacks; "Black Magic" 
panel lighting. 18 lbs. *Walnut cabinet AE -18, $19.95. 

HEATHKIT AA -15 Deluxe Stereo Amplifier 
For the man who already owns a fine stereo tuner, Heath now offers the famous 
amplifier section of the AR -15 receiver separately. The new AA -15 Stereo 
Amplifier has the same superb features: 150 watts Music Power; Ultra -Low 
Harmonic & IM Distortion (less than 0.5% at full output); Ultra -Wide Fre- 
quency Response ( ±1 dB, 8 to 40,000 Hz at 1 watt); Front Panel Input Level 
Controls; Transformerless Amplifier; Capacitor Coupled Outputs; All -Silicon 
Transistor Circuit; Positive Circuit Protection. 26 lbs. *Walnut cabinet AE -18, 
$19.95. 
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Gilt for Everyone On Your List 
Heathkit MI -18 Solid -State Tachometer 
The Professional Tach. That's the new Heathkit MI -18. In Design: breaker point, 
"tach" lead or unique inductive pickup connection; use it with any spark -type 
engine and any ignition system, 2 cycle 1 -6 cyl. engines or 4 cycle, 2 -8 cyl. 
engines ... all electronics are in the tach itself. In Performance: 0 -6000 & 0 -9000 
RPM ranges ... 250° edge -lighted dial ... temperature -compensated, ±4% 
accuracy from 0° -120° ... adjustable red line pointer ... 10.5 to 17.5 VDC 
operation. In Styling: stainless steel hardware, splash -proof black & chrome 
case and scratch -proof glass face for use in rugged conditions. The MI -18 -1 
mounts in your dash - requires only a 31/4" hole & 21/4" depth. The MI -18 -2 
comes with mounting case & hardware. Put a Professional Tach in your car, boat, 
dune -buggy, or bike now - the Heathkit MI -18! Shpg. wt. 3 lbs. 

Heathkit GR -17 Solid -State AM -FM Portable Radio 
Here's performance the others can't match. The new Heathkit GR -17 portable 
has a 12 transistor, 7 diode circuit with the same front end as used in Heathkit 
hi -fi tuners. AM or FM at the flick of a switch and what reception! Big '/2" 
ferrite rod antenna, three tuned transformers and amplified AGC pull in more 
AM stations. The FM section features a collapsible 34" whip antenna, three IF 
stages and 5 uV sensitivity for reception over greater distances than you would 
expect from a portable. The 4" x 6" speaker and an audio output of 350 mW pro- 
sides clean sound and the GR -17 will keep you entertained for up to 300 hours 
on a single set of batteries. For the greatest sound everywhere, get your GR -17 
today. 5 lbs. 

NEW HEATHKIT HW -100 SSB -CW 5 -Band Receiver 
The new Heathkit HW -100 has all the features and performance of the corn - 
petition at a money saving kit price. And here's what it delivers: the receiver 
portion has sensitivity of less than 0.5 uV for a 10 dB S +N /N ratio for SSB. 
Crystal filter selectivity is 2.1 kHz at 6 dB down; 7 kHz at 60 dB down. Image & 
1F rejection are better than 50 dB. The transmitter has a 180 watt input on either 
USB or -LSB and 170 watts on CW. It operates PTT or VOX on SSB and break - 
in CW work is provided by operating VOX from a keyed tone, using grid -block 
keying. Outstanding frequency stability - less than 100 Hz per hour drift after 
30 minute warmup . . less than 100 Hz variation under a 10% line voltage 
variation. The HW -100 is a really loaded rig - solid -state (FET) VFO . 80 -10 
meter coverage ... patented Harmonic DriverM dial mechanism ... built -in 
100 kHz calibrator ... TALC and much more. Put this hot rig in your shack - 
order your HW -100 today. 22 lbs. 

HEATHKIT GR -104A Solid -State Portable B &W TV 
The perfect portable ... that's the GR -104. Small and light enough to carry 
from room to room ... rugged enough to take it . . and the picture is the 
sharpest, most realistic you've ever seen, thanks to Heathkit total engineering. 
74 sq. in. viewing area ... all solid -state circuit for extra reliability and perform- 
ance ... covers all VHF and UHF channels, 2 -83 ... 2 -speed UHF tuning . . . 

"memory" VHF fine tuning ... 3 -stage IF for maximum gain with controlled 
bandwidth . . . gated AGC for steady, jitter -free pictures . transformer 
regulated power supply ... circuit breaker protection ... one -piece swing out 
chassis for easy assembly and servicing ... runs on house current or battery 
power with the optional GRA -104 -1 rechargeable battery pack. 27 lbs. 

G RA-104-1, 9 lbs. $39.95 

HEATHKIT GD -325C Low Cost Solid -State Organ 
This money -saving kit form of the popular Thomas "Artiste" Organ can have 
you playing songs after just 50 hours of interesting, enjoyable assembly, thanks 
to the clear, easy -to- follow Heathkit manual and exclusive Thomas Color -Glo 
teaching method. Features 10 true organ voices ... variable repeat percussion 

. 13 note heel and toe bass pedals ... 2 overhanging 37 note keyboards, range 
C2 thru C5 each ... 75 watt peak music power amplifier ... 12" full response 
speaker ... Vibrato ... manual balance control ... and the solid -state plug -in 
tone generators - the heart of the organ, are guaranteed for 5 years. Assembled 
walnut -finish cabinet included. Discover the fun and enjoyment of live music 
in your home . .. order your Heathkit /Thomas organ today. 172 lbs. 

DECEMBER 1968 

NEW 
FREE 1969 CATALOG! 
Now with more kits, more color. 
Fully describes these along with 
over 300 kits for stereo /hi -fi, 
color TV, electronic organs, elec- 
tric guitar & amplifier, amateur 
radio, marine, educational, CB, 
home & hobby. Mail coupon or 
write Heath Company, Benton 
Harbor, Michigan 49022. L 

NEW kit MI -18 -1 

$29g5 Panel 
Mount 

NEW kit MI -18 -2 

12" With 
Case 

1".""6"."° 

NEW kit HW -100 

$2400 

kit GR-1 04A 

$11995 

kit GD -325C 

$43995 

HEATH COMPANY, Dept. 20 -12 
Benton Harbor, Michigan 49022 
In Canada, Daystrom Ltd. 

Enclosed is $ plus shipping. 
Please send model (s) 
Please send FREE Heathkit Catalog. 
Please send Credit Application. 

Name 

Address 

City State Zip 
Prices & specifications subject to change without notice. CL -345 J 
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Fill 80 resistor values 

with only 20 

MAGIC NUMBERS 

OF ELECTRONICS 

A practical reference guide and resis- 
tor stock all in one. It's a new IRC 
approach to using carbon composi- 
tion resistors. 
MAGIC NUMBERS BOOK -ex- 
plains resistance values and how 20 
values fill 80 needs. Five chapters full 
of helpful service information. 
CHART AND RESIST -O- GRAPHS 
-reduce service time. 80/20 chart, 
dual range parallel and series indica- 
tors, and dual range power indicator 
for parallel or series. All in Magic 
Numbers book. 
RESISTOR STOCK -of 20 Snap 
Paks. Snap Pak is the new IRC resis- 
tor package that eliminates loose parts 
and clutter. 1 -watt or 1 -watt stocks. 

20 MAGIC VALUES ALSO IN 

FILE -O -PAK CABINET 

Keeps Snap Pak 
stock neat. File by 

wattage, resistance, 
and tolerance. 

Workbench 
size. 

MAGIC NUMBERS BOOKS NOW AT 
YOUR IRC DISTRIBUTOR 

DIVISION OF TRW INC. 
401 N. Broad St., Phila., Pa. 19108 

Circle 112 on reader's service card 

Service Clinic 
By JACK DARR 

SERVICE EDITOR 

Chronic sound drift; triple image 

This Admiral 16R12 needs a sound 
realignment every couple of months. 
I've checked components, but no luck. 
Also, in a Magnavox CT -214, I get a 
triple image; I've checked capacitors 
around the horizontal circuits, including 
the yoke capacitor. I guess the next step 
would be a new yoke. What would you 
suggest.-J. H., Baltimore, Md. 

I believe your trouble in the Ad- 
miral could be cured by replacing the 
discriminator transformer. This is the 
cause of most complaints of this kind, 
that is, slow drifting off alignment. It is 

probably due to aging of the base as- 
sembly with its tiny capacitors. 

In the Magnavox, the triple image 
is basically due to the horizontal oscil- 
lator running away off frequency. A 
triple image means that the oscillator is 

running at one -third normal speed, or 
somewhere around 5,250 cycles. This 
could be the fault of a leaky capacitor, 
a resistor somewhere in the frequency - 
determining circuits that has drifted off 
value, or to a defective horizontal oscil- 
lator coil or transformer. Grid resistors 
are always prime suspects for this kind 
of trouble. This series uses a synchro- 

This column is for your service 
problems -TV, radio, audio or gen- 
eral and industrial electronics. We 
answer all questions individually by 
mail, free of charge, and the more in- 
teresting ones will be printed here. 

If you're really stuck, write us. 
We'll do our best to help you. Don't 
forget to enclose a stamped, self -ad- 
dressed envelope. Write: Service Edi- 
tor, Radio -Electronics, 200 Park Ave. 
South, New York 10003. 

iz 
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guide oscillator circuit. Follow the 
standard procedure for realigning it. 
Short out the "waveform" coil, set the 
hold control in the center of its range, 
and tune the frequency slug for a single 
floating picture. If you cannot get a sin- 
gle picture with this procedure (and all 
coils, capacitors and resistors are good), 
then the transformer is bad and you'll 
have to replace it. 

Sound, No Picture 

I'm afraid I'm .stuck. I have raster 
and sound but no picture on a G -E 
M6 chassis. Tubes and other parts 
check okay. If I clamp the agc, 1 lose 
the sound. What's going on here? 
-E. D., N. Y., N. Y. 

Most likely possibility is a bad 
video detector diode. Note the detector 
is not in series but shunted from the 
signal path to ground (see diagram). 
Works just the same, of course, but can 
have different symptoms. 

You can check this with an ohm- 
meter. Take a resistance reading from 
the last rf choke outside the detector 
can (point 1) to ground. Reverse the 
leads and you should have a "diode 
reading" -high resistance one way, 
comparatively low the other. If you get 
a high reading both ways the diode is 
open; low resistance both ways, it's 
shorted. 

Possible reason for getting sound 
through bad detector stage: with a 
shunt detector. the signal could go on 
through to the video amplifier. There, 
it could be "grid- rectifying," thus de- 
veloping a sound -i.f. signal. Incident- 
ally, if this chassis has the small glass 
diode, you'll get better results by using 
a 1N34 or any of the older, bigger 
video- detector diodes. R -E 

15011 
- .001 

22011 

_ +12 0 V 

IµH 2pF 7µ H 

VIDEO 
DET 

0 
IOµH 1 7.8µH 1204911 

/' 1 1 

511 4.811 1.512 

22µH 

4.7 

.047 

TO J 
6.8K VIDEO 

AMPL 
GRID 

39Oµ H 

10.511 

56K 

VIDEO DET ASSEMBLY 3.3 K 

AGC 
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Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS' Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name 
Speakers, Changers, Tubes, Tools, Stereo 
Amps, Tuners, CB, Hi -Fi's, and thousands 
of other Electronic Values. Credit plan 
available. 
NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his nome and address for a FREE sub- 
scription also. 

U.S. GOV'T ELECTRONIC SURPLUS 

Nationally Known -World Famous SURPLUS CENTER offers 
finest, most expensive, Government Surplus electronic units and 
components at a fraction of their original acquisition cast. 

ORDER DIRECT FROM AD or WRITE FOR CATALOGS 

(IBM) SILICON DIODE RECTIFIERS 
"Great Nuys'' In top quality. surplus, .silicon diode retti lien units. 

(BIM Computer Knits) 

(B) 

(A) F/ 
:: (F) 

ICI I ¡:Je 
k /s" 

( NRE C-4 ) -- Two I2-wmp., 30.1. silicon diodes on e finest aluminum sinks. (1 lb. ) (A) $2.69 
( 422.925 1- - ruin l'o-amp 150 -1'. silicon diodes nn 

( 
e 1.31 
$finest 

aluminum sinks. (11b. 1 B) 

( 411 -909 ) - - eight 12.unp.. 100.1'. silicon diodes e 
heavy copper heal sinks. (1 Ib.) C) $3.97 

( 411 -960 ) - Six Immp., 100.1. silicon diodes m 
Hulku strip. teen tersattle, (1 Ib. ). (B) $171 

( 422 -926 ) - - Two trump.. 50-V. silicon diodes on 
him, copper heal .ink. (1 Ih. ( (E) ;2.69 

( 422 -914 ) - one 25 -,bap., so -V. silicon diode, on 
(F) $1.81 bt} ea copper heat .ink. (I lb. 1 

COMPUTER TRANSISTORS ON HEAT 
IBM Computer Quality Units 

( 422 -920) t nit consisis of one 110 
watt power transistor on hmov, ribbed, ] 
aluminum A nk, t .i M experimental 
Uses. ta 

i 

. (n.) J' 

;1.99 Cost I:n,af over 510.00 

SINKS 

t 

( 422 -916) r r 1 o 8' 
all power transistors, t pot.' ) 1 -- 

diode. capacitors, 
a as ha 

head. 
n ribbed aluminum heat sinks. Ideal t 

Motor speed control. ( 4 Iba. 1 

co: i Gov't aver at5.09 54.91 ' -°e"" 

COMPUTER GRADE 
Latest design. high fir units, 

pensive t 
rod 

2 -l'Ib" etas, 
Orig. Lill nu r 52,35 

(hC- 14 -I) -- 15,500 -Mr .^- 

(4C14ß) -- 1500 -MF a. 

(45.10 -31 - 5000 -áF k 

(#5-14-7)- - 12,5001áF l' 

(4C- 14 -12) - 150-áF 4 

FILTER CAPACITORS 
t uminale need for ex- 

x i-1 2 ". (1.1 Z lbs. ) 

10 -Volts .99 
150 -Volts .98 
55 -Volts .97 jl 
10 -Volts $1.19 
25 -Volts .98 

RUNNING TIME 
(#00-1041-- r. se to record 

erating hours of electric lights 
devices eh as refrigerator, 
Records total hours, tenths and 
In 9,999.99 hours. For 115 -volt, 
Size 4' Y x 3 x 2.3... Shipping 

METER 

number or op- 
and electrical Y 

furnaces, 
hundredths a q{ 

se-,rle . - 
weight 2 lbs. $5.69 rusiO 529.00 

12 and 24 -VOLT TRANSFORMER., 
(#15420 ) -- General Electric 113 -volt, 

rye -cycle 1, 12 and 24 -rot, 150-watts. 
rapacity 92 -amps. p. 24- 131ÚS. 89 -amps. at 
12- volts. Useful bar battery charger., running 
DC motors, etc. 3. x 5 x V. l I8 tbs.I 
Cost Goy, oleo 505.o0 ;16.72 

EXPANDED SCALE 0 - 15 DCVM 
( 421 -900 I - - Brand n expensive voltmeter 

cads 9.3 to la -,oils Dr and 5 to 8- volts. Veen useful 
for a 

5 
tnmotive and aircraft la tort charge indicator, 

eft. Ds .yal m nt, black phenolic rase. 

List 532.7A 57.97 

SILICON DIODES 

55.90 
( IREC-3)--tiew,Der- 

led, oe. -souse =r45 -1. 
275 -amp.. 50 -volt. 4194044. 
Fine for hi- current rectifier. 
(1 16.1 Lint they 515.00 

DIGITAL 
READ -OUT A V 

UNIT 
,.I .,tl $150.1 

53.97 
(eEE -17) - .S,,,s 

5-digit Ie, Ironic , . 3 -digit ' ad- 
rlr h'' ill r train, repay s, 

le. 5 1 b , . IIn 11,0.1 

TYPICAL BUYS FROM OUR 1969 CATALOGS 
Our n a 1989 Catalogs (101. '1 and 42, contain hundreds of 

tremeldous buys 
in 

power electronic equipment. plants. welding 
generators, batte n' winches. hoist , electric golf carts. hydraulic 
gear, 5elkte - talkies, tape recorders, binoculars, tng in- 
struments, all types 12 -von power motors, blowers, relays, el,. 

S100.00 Automatic Telephone Step Switches 59.95 
3275.00 Geared Batrery Motors For Electric Cars $26.95 

S 30.00 Standard Dial Handset Telephones $7.50 
S 4.50 Power Transformer I I5V to 25V 51.21 
S 31.50 150 -Wan Transformers I15V, to 24V $19.81 
S650.00 Power Plant 5000-Wafts, I15 -Volts $135.00 
S 30,00 115 -Volt AC Watt-hour Meters $5.95 
S 42.50 I I5 -Volt, 35 -Amp. Clock Timer Switch $8.91 
I5 -Vol. Discontinued Correspondence Course 

In Electrical Engineering $8.79 

SEND 25K COIN OR STAMPS FOR CATALOGS 

All Items FOB Money Back Guarantee 

a,f SURPLUS CENTER 
DEPT. RE 128 LINCOLN, NEBR. 60501 

COMPUTER SCHOOLS 

Here is a partial listing of specialized 
schools that offer courses in computer 
technology and programming. 

American School 
Drexel Ave. at 58th St. 
Chicago, Ill. 60637 
Automation Training, Inc. 
5701 Waterman Ave. 
St. Louis, Mo. 63112 
Britannica Institute for 
Executive Development 
425 North Michigan Ave. 
Chicago, III. 60611 
Business Electronics 
209 W. Jackson Blvd. 
Chicago, III. 60606 
Canadian Institute of 
Science & Technology 
263 Adelaide St. W. 
Toronto, Ont., Canada 
Capitol Radio 
Engineering Institute 
3224 16 St., N.W. 
Washington, D.C. 20010 
Central Technical Institute 
1644 Wyandotte St. 
Kansas City, Mo. 64108 
Cleveland Institute 
of Electronics 
1776 E. 17th St. 
Cleveland, Ohio 44114 
Commercial Trades Institute 
1400 W. Greenleaf Ave. 
Chicago, Ill. 60626 
Cook's Institute of Electronics 
Engineering 
P.O. Box 10634 
Jackson, Miss. 39209 
DeVry Institute of Technology 
4141 Belmont Ave. 
Chicago, Ill. 60641 
Elkins Institute 
2603 Inwood Rd. 
Dallas, Texas 75235 
Grantham School of Electronics 
1505 N. Western Ave. 
Hollywood, Calif. 90027 
Hill's Business University 
920 N. Robinson Ave. 
Oklahoma City, Okla. 73102 
International Correspondence Schools 
Scranton, Pa. 18515 
LaSalle Extension University 
417 S. Dearborn St. 
Chicago, Ill. 60605 
Massey Technical Institute, Inc. 
148 East 7th St. 
Jacksonville, Fla. 32206 
Midwest Automation Training- Kansas 
City, Inc. 
2022 Main St. 
Kansas City, Mo. 64108 
National Radio Institute 
3939 Wisconsin Ave., N.W. 
Washington, D.C. 20016 
National Technical Schools 
4000 S. Figueroa St. 
Los Angeles, Calif. 90037 
Northrop Institute of Technology 
1199 W. Arbor Vitae 
Inglewood, Calif. 
Philco Technical Institute 
219 N. Broad St. 
Philadelphia, Pa. 19107 
RCA Institutes, Inc. 
320 West 31st St. 
New York, N.Y. 10001 
Sams Technical Institute, Inc. 
1720 E. 38th St. 
Indianapolis, Ind.. 46218 
Technical Training International, Inc. 
10447 So. Torrence Ave. 
Chicago, Ill. 60617 
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FOR INFORMATION 

"too hot to handle" 
Learn about the new 
scientific and patented 
miracles in sound by 

WIDE SCREEN STEREO 

DEEPEST TRUE PITCH BASS 

DYNAMICS WITHOUT DISTORTION 

UNIFORM WIDE AREA COVERAGE 

MICROWATT SENSITIVITY 

AND MORE 

FREE LITERATURE 

WRITE OR PHONE 

KARLSON RESEARCH & MFG. 
Box 117, W. Hempstead L.I., N.Y. 

Tel. 516-489-3641 

Circle 121 on reader's service card 

OLSON ELECTRONICS 

289 S. Forge Street Akron, Ohio 44308 

Circle 122 on reader's service card 7 
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HALF PRICE! 
Yes! Half the price you 
would normally pay for: 

Guitar Amplifiers Speaker Cabi- 
nets P. A. Amplifiers Sound Col- 
umns Strobe Lights Color Organs 

How? With MYRIAG3[ii7 ! 

MYRIA offers you great equipment 
in kit and semi -kit form, each including 
easy to follow step -by -step instruc- 
tions to insure proper and accurate 
a ssembly. 

WRITE FOR FREE CATALOG TO: 

MYRIAKIT CORP. 

1043 N. Main St., Akron, O. 44310 

Name 

Address 

City State Zip_ 

Circle 123 on reader's service card 

WORLD'S 
FINEST 

EOSIN 

MULTILORE 

ONLY 69C 
BUY IT AT RADIO -TV PARTS STORES 

Ml1LTICORF SALES CORP. WESTBURY, N.Y. 11590 

Circle 124 on reader's service card 

NEW TUBES AND 
SEE -IN- THE -DARK TV CAMERA TUBE 

A new SEC (Secondary Elec- 
tron Conduction) camera tube, the 
WL- 30691, is being produced for 
commercial and industrial closed -cir- 
cuit TV applications. It is an out- 
growth of the SEC tube originally de- 
veloped for military use and noted for 
its ability to "see" where there is es- 
sentially no light. It can be used in 
vidicon camera systems with some 
modifications in the preamplifier. 

This Westinghouse tube is charac- 

terized by high static and dynamic 
sensitivity, low lag and no halation or 
blooming. It features an all- magnetic 
gun, a fiber -optics faceplate, low - 
power operation and simple operation. 

Bulletin TD -86 -817, available 
from Westinghouse Electronic Tube 
Div., PO Box 284, Elmira, N.Y. 
14902, includes full specifications and 
a suggested preamplifier design and 
schematic diagram. 

"VALUES" THAT DEFY ALL COMPETITION 
FREE $1 BUY WITH EVERY 10 YOU ORDER 

Li 1100 -ASST 1/4 WATT 
stand. choice h,,,: - 

100 -ASST 1/2 WATT 
stand. choice ohm:,;:,..., 

RESISTORS $1 

RESISTORS $1 

70 - ASST 1 WATT RESISTORS 
stand. choice ohmages, some in 5,7o 

35 - ASST 2 WATT RESISTORS 
stand. choice ohmages, some in 5 ,o 

50 - PRECISION RESISTORS 
asst. list -price $50 less 98% .... 

$1 

$1 

$1 

20 - ASSORTED WIREWOUND $1 
RESISTORS, 5, 10, 20 watt 

100 -MIXED DEAL "JACKPOT" 
Cundel,sers. Resistors, Surprises .. 

4 - TOGGLE SWITCHES 

$1 

SPST, SPD1', DPST, Dl'D'r 
$1 

10- ASSORTED SLIDE SWITCHES $1 
SPST, SPD'l', DPDT, etc. 

$15.00 TELEVISION PARTS 
"JACKPOT" best buy ever 

7 - TV ELECTROLYTIC CON- 
DENSERS desirable types 

15 - ASST. ROTARY SWITCHES 
all popular types $20 value 

3 - TOP BRAND 35W4 TUBES 

$1 

$1 

$i 

$1 

NYLON PRINTED CIRCUIT TOOL 
For lead Bending & Dressing. will $1 
not scratch Boards 

50 - ASST. DISC CERAMIC $1 
CONDENSERS Popular oumbers 

100 - ASST. MICA CONDEN- $1 
SERS some in Pr7o 

2 - POWER TRANSISTORS Re $1 
place 2N155, 25170, 2N301, etc. A. 

HYTRON POWER TRANSISTOR $1 
H.V. replaces DS5O1, 2N173, etc. 

70 -BRASS FAHNESTOCK CLIPS $1 
popular type & size 

10 - SPEAKER PLUG SETS 
deluxe type, 2 conductor 

10 SETS - DELUXE PLUGS 
JACKS asst. for Inaay Purposes 

10 - SETS PHONO PLUGS 
PIN JACKS RCA type 

10 - SURE -GRIP ALLIGATOR 
CLIPS 2" plated 

50 - ASSORTED PRINTED CIR- 
CUIT SOCKETS best types 

100 - STRIPS ASSORTED SPA- 
GHETTI handy size, 

UNIVERSAL 
4" PM SPEAKER 7Sr 

Alnico 5 magnet, quality tone .. 

Only applies 
to "$1" Buys FREE GIFT WITH 

TRANSISTOR RADIO asaf type $1.50 
good, had. broken, as -ls, potluck 

TAPE RECORDER - assorted types $A 
good, had, broken, as -is, potluck .. 
100 - ASST. TUBULAR CON- $1 
DENSERS ool to .47 to 600v ... 
TV TUNERS asst- all new standard $1 
makes, less Tubes 

TV TUNERS asst. all new standard $3 
makes, including Tubes 

32' - TEST PROD WIRE $1 
deluxe quality, red or black 

HEARING AID AMPLIFIER $1 
incl. 3 Tubes. Mike, etc. (as is) 

50 - #3AG FUSES 1/2 AMP $1 
popular type with pigtails 

10 - STANDARD TRANSISTORS $1 
NPN & PNI' 2N404, 2N414, etc. .. 

10- ASSORTED DIODE CRYSTALS $1 
1N34, 1N48, INGO, 1N64, etc. . 

$4 ELECTRIC FOOT SWITCH $1 
- _ deluxe type for any equipment ... 

Li 6 - TRANSISTOR RADIO EAR- $1 
PIECES ,tired complete with plug 

1 -SQ. YARD GRILLE CLOTH $2 
A. popular brown & gold design 

$20 -SHORE M -7D DIAMOND $3 
NEEDLE exact replacement 

IMMEDIATE DELIVERY ... Scientific ight packing for safe delivery at minimum cost. 

HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter 
F in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. 
Tearsheets will be returned as packing slips in your order, plus lists of new offers. 

Please specify refund on chipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

Name 

EVERY ORDER 
METER SENTRY -SOLID STATE 
Protects meter sO,vetnents up to 
25 amps surge 

8 "- ECONOMY "OXFORD 
SPEAKER Top quality 
2.15 Mag. - 

12" OXFORD SPEAKER. 
Quality . . Large Magnet 

51.69 

Top $4 

MOTOROLA PWR TRANSFORM $1 
110v, CT 150 /150v, 6.3v 

10 - TRANSFORMERS assorted 51 
Audio Outputs, Chokes, I, F, 's, etc. 

10 - ASST. RADIO & TV TUBES S1 
Every Tube a good number 

50 - ASSORTED TRANSISTORS $1 
big factory scoop sold as is .... 
20- ELECTROLYTIC CONDENSRS 

A. Fite asst. -too numerous to mention 

20 - ASST. VOLUME CONTROLS S1 
All desirable good types 

100 - RADIO & TV SOCKETS S1 
Asst. - too numerous to mention . 

100 - RADIO & TV KNOBS S1 
Asst. - too numerous to mention 

25 - 3900-OHM-7w RESISTOR S1 
10% Corning glass 

20 - .47-600V CONDENSERS $1 White Ceramic C.D. -American , ... 

Address 

Cost of 
goods 
Shipping 
estimated 
TOTAL 

BROOKS RADIO & TV CORP., 487 Columbus .Ave., New York, N. Y. 10024 

v \ 
212 -874 5600 

TELEPHONE 
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SEMICONDUCTORS 
EPDXY TO -5 TRANSISTORS 
A new epoxy TO -5 package with 

power dissipation equivalent to a 
metal can has been adapted for 13 npn 
and 10 pnp Fairchild transistors. The 
package features a molybdenum disc 
that seats the silicon die and removes 
internal heat from over a wider area. 
It permits power dissipation of 4 watts 
at case temperatures to 25 °C and 500 
mW at 25 °C ambient temperature. 

The devices are mechanically in- 
terchangeable with their metal -can 
counterparts. Their construction pro- 
vides for a dielectrically isolated col- 
lector that greatly decreases the 
capacitance inherent in metal -can 
designs and permits external heat sink- 
ing directly to the chassis. Thus, it is 
possible to use larger and more effi- 
cient heat sinks without increasing ca- 
pacitance. 

Epoxy transistors in the series in- 
clude the SE8040 and SE8050 com- 
plementary of power amplifiers. Oth- 
ers are equivalents of the metal -can 
2N2218, 2N2219, 2N3108, 2N3722, 
2N905, 2N905 -A, 2N3467, 2N3468, 
2N4030, -31, -32, 2N5042 and SE- 
7010. 

Write: Fairchild Distribution 
Center, 313 Fairchild Drive, Moun- 
tain View, Calif. 94040. R -E 

` `cc`` 
ENJOY THE "MUSIC ONLY" FM PROGRAMS 

MUSIC ASSOCIATED'S DETECTOR 
NO COMMERCIALS -NO INTERRUPTIONS 

It's easy! Just plug Music Associated's Sub 
Carrier Detector into multiplex lack of your 
FM tuner or easily wire into discriminator. Tune 
through your FM dial and hear programs of 
continuous commercial -free music you are now 
missing. The Detector, self - powered and with 
electronic mute for quieting between selections, 
permits reception of popular background music 
programs no longer sent by wire but transmitted 
as hidden programs on the FM broadcast band 
from coast to coast. Use with any FM tuner. Size 
51/2" x 9 ", Shipping weight approx. 7 lbs- 

KIT $4950 
(with pre -tuned coils. no alignment necessary) 

WIRED $7500 (Covers extra 
$4.95 ea.) 

Current list of FM Broadcast stations 
with SCA authorization $1.00 

MUSIC ASSOCIATED 
65 Glenwood Road, Upper Montclair, N. J. 

Phone: (201) -744 -3387 07043 

: frs fr' fr - f` 
C I25 oil rcuticr'.1 c'taril 

WE - oN' CLA M 

OUR ELECTRONIC 

IGNITION SYSTEM 

IS BEST 

Cfl$ÏØMER$ 
WR TE TODAY FOR FREE LITERATURE 

.arty MOAT 
RESEARCH AND MFG. CO. 

CNSHOHDCKEN PA., U.S.A. 

Circle 126 on reader's service clad 
CANADIANS: Ordering is easy - we do the paperwork - try a small order 

Integrated 
At Prices You 

Motorola HepKit Includes 

One J -K Flip Flop 

One Dual Buffer 

One 4 -Input Gate 

Two Dual 2 -Input Gates 

Circuits 
Can Afford 

ALL FIVE JUST 

$3.95 
ALSO Tips On Using I.C.s. 
Including an Integrated 
Circuit Cross Reference 
Guide 8 8 I.C. Project Cir- 
cuits 

BONANZA "JACKPOT" not gold, 
not oil. but a wealth of Electronic $5 Items -Money- Back -guarantee ... ÿ 
300 - ASSORTED HEX NUTS $1 2/56, 4/40, 5/40, 6/32, 8/32 .. 

250 - ASST. SOLDERING LUGS $1 
best types and size 

250 - ASST. WOOD SCREWS 
finest popular selection 

SCREWS #6. 
#$SELF TAPPING $1 

150 - ASST. 6/32 CREWS 
and 150 6/32 HEX NUTS 

150 - ASST. 8/32 SCREWS 
and 150 -8/32 HEX NUTS 

150 - ASST. 2/56 SCREWS 
and 150 -2/56 HEX NUTS 

150 - ASST. 4/40 SCREWS 
and 150 -4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS 
and 150 -5/40 HEX NUTS .... 
500 - ASSORTED RIVETS 
tuost useful selected sizes 

500 - ASSORTED WASHERS 
$1111 most useful selected sizes 

in 100 - ASST. RUBBER BUMPERS $1 
for cabinet bottoms 6.. other u.o. . 

100- 
M TSASSORTED 

RUBBER GROM- $1 I 

IBM COMPUTOR 
SECTIONS 

8 assorted Unite we 
sell for $1 are 
loaded with over 
150 valuable parts. 

Incl. - Translators 
Condensers, Resist- 
ors, Heat Sinks, Di- 
odes, Etc. 

8 for $1 
100 for $10 

ALL AMERICAN TUBE KIT 
1211Aä, 12800. 12AVö, 5005, S2 - 35W4 -total list $9.70 

2 -G.E. PIECES OF EQUIPMENT 
stacked with over 200 useful pots 

15 - G.E. #NE -2 TUBES 
Neon Glow Lamp for 101 uses ... 
50 - ASSORTED MYLAR CON- 
DENSERS popular selected types . 

3 - TOP BRAND SILICON REC- 
TIFIERS I an,p. 1000 1.1V 

20 - ASST. PILOT LIGHTS #44, .16, 47, 51, etc. 

50 -ASSORTED #3AG FUSES 
popular ampere ratings 

4 - 50' HANKS HOOK -UP WIRE 
assorted colors 

100' - SPOOL SPEAKER WIRE 
2 coud, mini zip, clear. 11, 

5 - I.F. COIL TRANSFORMERS 
456 -kc for Transistor Radios .... 
5 - AUDIO OUTPUT TRANS- 
FORM Sub -min for Trans Radlos 

5 - PNP TRANSISTORS 
general purpose, TO -5 ease 

5 - NPN TRANSISTORS 
general pure0.0. 'l'03 case 

S11 

-SHANNON MYLAR RECORDING TAPE- 
21/2" - 225' ..S .15 7" - 2400' 51.59 

225' .. .17 7" - 3600' 2.78 

3" - 300' .. .24 CASSETTE 60 minute. 1.00 

31/4" - 600' .. .49 CASSETTE 90 minute. 1.86 

5" - 600' .. .52 CASSETTE 12" nunute. 2.49 

- 900' .. .67 
21/2" TAPE REEL 

5" -1200'.. .86 3" TAPE REEL 

.04 

.05 
5" -1800'.. 1.29 31/4" TAPE REEL .06 
7" -1200'.. .69 5" TAPE REEL .12 
7" - 1800' .. .99 7" TAPE REEL .14 

RECORDING TAPE SPLICER $1.49 
handy, accurate, compact 

40 - ASSORTED TV KNOBS $1 
all standard types, $20 value .... 
25 - VERT. LINEARITY KNOBS $1 
Long shank . . . best asst. 

50 - ASST. TERMINAL STRIPS $1 
all types, 1 -lug to 6 -lug 

25 - INSTRUMENT POINTER $1 
KNOBS selected Popular types 

1 - LB SPOOL ROSIN -CORE $ 
SOLDER 40/60 top quality 1 
50 - TUBULAR CONDENSERS $1 
asst. .001 t" .47 -400v to 10000 

3- ELECTROLYTIC CONDENSERS $1 
most popular number 50/30 -1500 
UNIVERSAL MICROPHONE 
regular /remote /single & 2 dual plug $ 

CRYSTAL LAPEL MICROPHONE 59r 
high impedance 200 -6000 cps . 

FLYBACK TRANSFORMER 

We scooped the Market 
Latest type - standard 
for all 110° TV's 
RCA's design of large 
Coil produces 18KV- 
assuring adequate width 
Iocl Schematic Diagram 
application for any TV 

List price $13.90 

$3 Your price . 

10a off In lots of 3 

110° TV DEFLECTION YOKE $3 
for all types TV's incl schematic .. 

"COMBINATION SPECIAL" 
RCA 110' FLYBACK SC 
plus 110° DEFLECTION YOKE 

25 - KNURLED RADIO KNOBS $1 
Hard Hd to get . best . seleetion - 

I 

-CHAPT ZU DI MITZIA "JACK $1 
POT" Double your money back if 

$1 

$l 

10" PHILCO SPEAKER $2.69 
Top Quality . . . Large Magnet 

not completely satisfied 

STEREO HEADPHONES 
Hi -Fi Quality . . . t'on,plete 55.95 
with Stereo plug; / 

90° FLYBACK TRANSFORMER 
Se) for all type TV's incl schematic .. 

90' TV DEFLECTION YOKE S2 
for all type TV's incl schematic .. 

70' FLYBACK TRANSFORMER $2 
for all type TV's incl schematic .. 

70° TV DEFLECTION YOKE $2 
for all type TV's incl schematic .. 

50 - TUBE CARTONS (colored) $1 20 ASSORTED TV CCO1[LS. $1 
assorted sizes for l'oi,Ular Tubes .. t ut ' t 

4 
os- t 

TV 
useful 

ALIGNENT TOOLS $1 100' - TV TWIN LEAD -IN WIRE $2 m assortment 300 ohm, deluxe heavy duty, clear 

Circle 127 on reader's service card g i 
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R 
ALLIED 
ELECTRONICS 
FOR eVERYONé í8e8 

TOP SAVINGS ON 
THE BEST IN 
ELECTRONICS 

FOR EVERYONE 

Shop by mail and save at 

Allied, world's largest 
electronics headquarters. 
Hundreds of 
money-saving values. 
NO MONEY DOWN. 
Up to 2 years to pay I 

MAIL COUPON 
BELOW 

E. 
NEW 1969 
ALL /ED 
CATALOG 

536 
PAGES 

ON 
Electronic 

SAVE 
& Hobby 

: 
Kits Stereo Hi -Fi 

Tape Recorders, Tape 
CB 2-Way Radios 
Walkie- Talkies 
FM -AM 8 AM Radios 
Shortwave Receivers 
Portable TV 
Phonographs 
Amateur Gear 
Intercoms 8 PA 
Automotive Electronics 
Test Instruments 
TV Antennas It Tubes 
Power Tools, Hardware 
Tubes, Transistors 
Parts, Batteries, Books 

ALLIED RADIO, Dept. 047 Please 
P.O. Box 4398, Chicago, III. 60680 I Print 

NAME 
First 

ADDRESS 

Middle Last 

CITY 

STATE ZIP 

Circle 128 on reader's service card 

MORE POWER! 

MORE GAS MILEAGE! 
INSTANT START! 

5* 

-all through 
SCI electronic 
ignition 

SCI MODEL CD -101 provides 32,000 
volts evenly from ignition turn -on to 
full power. Gas combustion is at peak 
efficiency always due to uniformity of 
spark. Voltage is constant no matter 
how cold your battery. Plugs and 

points usually last 3 times longer. 
You'll feel the difference both in the 
performance of your car and the sav- 
ings in your pocket. The SCI electronic 
ignition is complete, contains eight 
high reliability semi -conductors and is 

hand -wired on a rugged fibreglass cir- 
cuit board. Simple installation. Guaran- 
teed for ninety days. 
(For negative ground vehicles only.) 

SCI 
P.O. BOX 27 (RE) 

BOSTON, MASS. 02131 

Enclosed is $28.95* (plus 75C ship- 
ping and mailing cost) for one SCI 

MODEL CD -101 electronic ignition. 

NAME 

ADDRESS 

CITY STATE .... ZIP 

NOTE- 
WORTHY 
CIRCUIT 

UNUSUAL TUNABLE NOTCH FILTER 

One of the unique characteristics 
of the FET is that it can be used as a 
voltage -controlled variable resistor. The 
diagram shows how FET's were used as 
variable series -leg resistors in a bridged - 
T notch filter in an audio spectrum 
analyzer described in Electronic Engi- 
neering (London, England). 

The resonant frequency of the 
filter equals Vn /27rRC where R equals 
the sum of the fixed resistor and drain - 
source resistance of the FET in each 
series leg, C is the value of the 
grounded capacitor and n is the ratio of 
the two capacitors. The value of n is 
determined by the desired attenuation, 
the characteristics of the associated am- 

AF INPUT 

5.1 

C/n 

360pF 

K D S D S 

AF OUTPUT 

5.I K 

2N4093(2) 

300pF 

-8V 00648 -r, 
ír= Vn /27rRC 

MODULATION INPUT 

plifier and other factors. The author, 
M. Bronzite, selected a value of 18 
which yields a peak attenuation of 20 
dB. 

The FET's are driven to saturation 
and to full off by a modulating voltage 
in the range of 100 -500 kHz. They 
have an impedance of around 100 ohms 
when on. The value of the fixed series 
resistors should be around fifty times 
the on impedance of the FET's to mini- 
mize the effects of variations in transis- 
tor characteristics. In the spectrum 
analyzer, the effective resistance of each 
series leg varied over a range of 1 to 
20 with modulation. R -E 

In January . . . 

A computer expert takes the mystery out 
of logic circuits with a detailed expla- 
nation of JK flip -flops and other bi- 

stable digital circuits. 
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FOR ANY 

TAPE RECORDER 

Automatic 
Recording -Level Control 
Low -noise distortionless 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 intru- 
sion 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 Equipment 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 130 on reader's .service card 

TUBE 
TESTER 
OWNERS 

WE HAVE THE 

LATEST TUBE 

DATA AND 

ADAPTERS 
FOR --P- 

Don't let your 
tube tester 
become 
obsolete 

E1CO 
hEAT H 

KH h 
T 
pN 

RI C pvRY ÿ IS /ON 
AN/A 

CLIP AND MAIL COUPON TODAY 

COLETRONICS SERVICE INC. 
1744 Rockaway Ave., 
Hewlett, N.Y. 11557 

Please send me information on 
Model No and Make__ . 

Name 
Address 
City State Zone 

Circle 129 on reader's service card Circle 131 on reader's service card 
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NEW 
BOOKS 

ARITHMETIC REVIEW FOR ELECTRONICS, by 

Nelson M. Cooke and Herbert F. R. Adams. 

McGraw -Hill Book Co., 330 W. 42 St., New 

York, N.Y. 10036. 61/4" x 91/4", 176 pp. Paper- 

back, $3.50 

A review for those planning a sys- 
tematic study of electronics. Provides 
tips on studying, problem -solving and 
taking exams. After a review of addition, 
subtraction and division, other chapters 
cover fractions, decimals, percentage, 
squares and square roots. Chapters have 
problems and solutions as well as review 
questions. 

THE RADIO AMATEUR'S HANDBOOK, prepared 

by the ARRL Staff, edited by Doug DeMaw, 

W10ER. American Radio Relay League, Newing- 
ton, Conn. 06111. 61/2" x 91/2", 704 pp. includ- 

ing 46 pp. amateur equipment catalog. Cloth, 
$6.50 in US, its possessions and Canada; $7.00 

elsewhere. 

Once again the ham's bible on com- 
munications, electronic theory, design 
and construction has been updated with 
a vast amount of new material on solid - 
state techniques, applications and equip- 
ment. Long used as a standard textbook 
for hams of all levels and a handy refer- 
ence work for students and men in the 
communications industry, this edition is 
printed on no -gloss paper. 

Many of the construction projects 
that have been standards in earlier issues 
have been replaced by new ones that 
reflect recent advances in electronic tech- 
nology. Transistor and tube data charts 
and reference tables have been revised. - 
W2PWG 

SEMICONDUCTOR AND TUBE ELECTRONICS, 

AN INTRODUCTION, by James G. Brazee. Holt, 

Rinehart & Winston, Inc., 383 Madison Ave., 

New York, N.Y. 10017. 61/4" x 91/4", 651 pp. 

Cloth, $10.95 

An introductory analysis of elec- 
tronic devices and their applications in 
basic circuits. The book presents a graph- 
ical and numerical introduction to the 
analysis and utility of electronic devices. 
The first half of the book presents all 
devices in a theoretical sense while the 
latter half shows them in actual practical 
applications. 

WESTINGHOUSE SILICON POWER TRANSIS- 

TOR HANDBOOK. Westinghouse Electric Corp., 

Semiconductor Division, Youngwood, Pa. Spiral - 
bound, $2.00 

Slanted toward the design engineer, 
but loaded with valuable power construc- 
tion tips for the experimenter. Chapters 
cover theory, maximum ratings, cooling, 
power switching, inverters, linear appli- 
ances, high- frequency measurement and 
transistors, power transistor procurement 
and reliability. Data sheets included on 
many Westinghouse transistors. R -E 

DECEMBER 1968 93 

The First Really New 
INDOOR ANTENNAS! 
Now, at last, your customers have a reason to get rid 
of their tired old droopy rabbit ears. The Gavin series 
of monitor antennas not only look better, they work 
better too. 
Check these quality features: 

TOWER DESIGN GETS UP WHERE THE SIGNAL IS FOR EXTRA 
POWER. 

GUARANTEED TO GIVE YOUR CUSTOMERS BETTER RECEPTION 
OR MONEY REFUNDED. 
ROTATING SCANNER - You can aim for best pictures without 
turning base. No danger of scratching furniture. 
HIGH IMPACT PLASTIC CASE WITH DEEP FELT PAD. 
UHF /VHF FUNCTION SWITCH AND PHASING SWITCH. 

For more details, contact your GAVIN representative today, or call: 

ravin GAVIN INSTRUMENTS, INC. 
Subsidiary of ADVANCE ROSS CORP. 
Somerville, New Jersey 08876, U.S.A. 

Telephone:(201) 356 -3500 

Circle 132 on reader's service card 

SCHOOL 

DIRECTORY 

distinguished graduates 
hold important engineering and business administration 
posts throughout U.S. Professionally- oriented college with 
outstanding placement record. Four -quarter year permits 
degree in three years. Fine faculty. Modern labs. Small 

classes. 300 -acre campus. Accredited. Approved 
for vets. Modest costa. Enter Jan., March, 
June, Sept. For Catalog, write Adm. Director. 

TRI -STATE COLLEGE 
24120 College Avenue, Angola, Indiana 40703 

GET INTO 

ELECTRONICS 
V.T.I. training leads to success ae 
technicians, held engineers, specialists 
in communication., guided missile., 
computers. radar and automation. Basic 
Is advanced courses in theory & labor.. 
tory. Electronic Engineering Technol. 
gy & Electronic Technology curricula 

both available. Associate degree in 29 
mos. B.S. also obtainable. G.I. ap. 
proved. Graduates in all branches of 
electronics with major companies. Start 
Feb., Sept. Duerno, campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C, Valparaiso, Indiana 48389 

A New Way To Study At iioule 
ENGINEERING MATHEMATICS 

Get all the math you need for electronic engineering 
from LH.S.I. Two great new courses for the man who 
wants to get ahead. Created by college professors. 
Study at home as fast as you want. No classes to hold 
you back. No contract to sign. Every lesson comes with 
A MONEY BACK GUARANTEE. Get the information 
today -Free! 

THE INDIANA HOME STUDY INSTITUTE 
Dept. R P.O. Box 1189 Panama City, Ha. 32401 

COMING IN JANUARY 
What's behind hi -fi amplifier specs? A central problem with published specs for any piece of 
audio gear is: How well do they describe the listening quality of the component? If you're in 

the market for a hi -fi amplifier -or wondering about the performance of your present amplifier - 
don't miss this informative article next month. 

FREE Catalog FINESTVGOVT 
SURPLUS ELECTRONIC BARGAINS 

r 

Now BIGGER and BETTER Than Ever! 

NAME 

ADDRESS 

CITY: 

MAIL THIS COUPON NOW!- 

STATE: ZIP NO.- 

FAIR RADIO SALES Box 1105 Lima, Ohio 45802 
Circle 133 on reader's service carel 
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MARKET 
CENTER 
GENERAL 

MAGNETS. All types. Specials -20 disc magnets, 
or 2 stick magnets, or 10 small bar magnets, 
or 8 assorted magnets. $1.00. MARYLAND 
MAGNET COMPANY, 5412 -G Gist, Baltimore, 
Maryland 21215. 

BACK DATE MAGAZINES! Send needs -MID- 
TOWN, Box 934 -RE, Maywood, N.J. 07607. 

TREASURE HUNTERS! PROSPECTORS! Relco's 
new instruments detect buried gold, silver, 
coins. Kits, assembled models. Transistorized. 
Weighs 3 pounds. $19.95 up. Free catalog. REL- 
CO -A25, Box 10839, Houston, Texas 77018 

ELECTRONICS 

CATHODIC PROTECTION INSTRUCTIONS $1.00. 
F. F. KNAPP, P. 0. Box 854, Scottsdale, Arizona 
85252. 

7 pin miniature TUBE TEST SOCKET ADAPTER 
$1.65 value only $1.00. 33 VF -35V tantalum 
electrolytic capacitor $4.50 value 5 for $2.00. 
120 volt NPN transistor 2N2201 $6.90 value only 
$1.00. 14" x 12" fiberglass epoxy printed circuit 
board, an $8.00 value only $3.95. Catalog 20¢. 
FRANK'S SCIENTIFIC CO., P. 0. Box 156, Mar - 
telle, Iowa 52305. 

CONVERT any television to sensitive Big- Screen 
Oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans $2.00. RELCO -A25, Box 10563, Houston, 
Texas 77018 

JAPANESE ELECTRONICS NEW PRODUCTS 
MONTHLY! Only $1. Satisfaction /Refund. DEE 
10639 -RE Riverside, North Hollywood, Calif. 
91602 

FREE CATALOG of unusual electronic, scien- 
tific gadgets, parts, plans, kits. FRANKS SCI- 
ENTIFIC CO., P. O. Box 156, Martelle, Iowa 
52305. 

SIGNATURE STAMP -$2.80. Regular 3 or 4 
line -$1.50 (Special designs, send sketch). 
Frost, 17639 -67CT, TINLEY PARK, ILL. 60477. 

"ARCTURUS" SALE- 
Tube cartons 6AU6 etc. size, $2.15 per 100. 

6SN7 etc. size. $2.55 per 100. 5U4GB size, $2.95 
per 100. 5Ú4G size, .030 each. 

7" 90° TV bench test picture tube with adapter. 
No ion trap needed. Cat #78P7, $7.99. 

Silicon rectifier, octal -based replacement for 5U4. 
5V3, 5AS4, 5AW4, 574, 5V4, 5Z4. With diagram. 
Cat. #Rect I. 996 each. 

5 transistor circuit boards containing up to 6 

transistors, plus diodes, resistors, capacitors, etc. 
Cat. #TBIO, 99f. 

Kit of 30 tested germanium diodes. Cat. #100. 
990. 

RCA -110° flyback transformer, latest type, in- 
cludes schematic diagram applicable to any TV. 
Cat. #BR -1, $2.99. 

Color yokes. 70° for all round color CRT's. Cat. 
#XRC70, $12.95. 90° for all rectangular 19 to 25" 
color CRT's, Cat. #XRC90, $12.95. 

Transistorized U.H.F. tuners used in 1965 to 1967 

TV sets made by Admiral. RCA. Motorola, etc. Re- 
movable gearing may vary from one make to an. 
other. Need only 12 volts d.c. to function. No 
filament voltage needed. Easy replacement units. 
Cat. #U.H.F.567, $4.95. 

U.H.F. Tuner -original units as used in TV sets 
such as RCA, Admiral. etc. covering channels 14 

through 82. as part #940173 -2. Complete with 
tube. Drive gearing is removable. Can be used in 
most sets. Cat. #U.H.F. 3- $4.95. 

F.M. tuner-Hi/ Fi amplifier tuning unit. Tunes 
from 88 to 108 me. Contains two 10.7 Mc. I.F. 
transformers, one 10.7 sound discriminator, R.F. 
oscillator and mixer stages and I2DT8 tube. I.F.'s 
are standard "K" type. Circuit diagram for build. 
ing F.M. radio Is included. Also plan for building 
F.M. tuner. Sam's photofact #620 shows 2 applica- 
tions, 1 for radio. 1 for H. Fidelity tuner and 
amplifier. Cat. #FM -20, $4.95. 

Send for our free catalog listing thousands of similar 
best buys in tubes, parts. kits, transistors. rectifiers. 
etc. Orders under $5.00 -$1.00 handling charge. 

Include 4% of dollar value of order for postage. 

Canadian postage $1.00 extra. 

ARCTURUS ELECTRONICS CORP. 
502 -22nd St., Union City, N.J. 07087 Dept. MRE 

Phone: 201 -UN 4.5568 
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LIKE MUSIC 
WITHOUT COMMERCIALS? 
The SCA -2B Sub -Carrier Adapter makes it possible 
for you to enjoy the background music transmitted 
on a 67KHz sub -carrier on many FM stations. 
( These programs cannot be heard on a FM set 
without an adapter) In the US there are approxi- 
mately 400 FM stations authorized by the FCC to 
transmit the 67KHz programs. If you are within 50 
miles of a city of 100,000 or more, it is probable 
that you are within the satisfactory reception range 
of one or more of these stations. If in doubt write 
for a list of such stations in your area. 

Patent Pending 

Sub -Carrier Adapter, Model SCA -2B with two 36" 
shielded cables. Price $39.95. 
117 Volt AC Operated Power Supply, PS -9, Price 
$4.95. 

SCA -2B FEATURES 
SIZE: 4" x 27/i." x 1% ". Simple plug -in connec- 
tions to your FM tuner /amplifier. (If your FM 
tuner does not have a multiplex output jack, we 
supply hook -up information). No installation 
adjustments All silicon transistors Operates 
from our PS -9 Power Supply or 6 to 12 volts D.C. 

One Year Factory Guarantee 
For Custom Installations: Completely Wired SCA -2 
PC card (size: 21/" x 3" x 3A ") with installation 
instructions for $34.95. Also available SCA -2 
installed in AC operated Panasonic 7- Transistor 
AM -FM Radio Model R -E6137 $59.95. 

Write for Dealer Quantity Discounts. 
Commercial use of these units is not advised, unless 
the consent of the originating station is obtained. 

Send order to KENZAC Co, 
P.O. Box 66251. Houston, Texas 77006 

Circle /34 on reader's service card Circle 135 on reader's service card 
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responsibility for any errors which may 
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Sams & Company, Inc. Howard W. 12, 73 
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SCI Electronic Ignition 92 
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Solid State Sales 95 
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Surplus Center 89 
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New Sensitive TREASURE METAL DETECTORS. 
New low prices. Professional models from 
$29.95 to $129.50. Write for free catalog today. 
JETCO ELECTRONICS, Box 132 -RE, Huntsville, 
Texas. 77340 

NO MORE BATTERY TROUBLE for the life of 
your car with VX -6. Write for free brochure. 
FULLER DISTRIBUTOR 728 Hummel Lemoyne, 
Penna. 17043. 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, All Brands- Biggest Discounts. Techni- 
cians, Hobbyists, Experimenters- Request FREE 
Giant Catalog and SAVE! ZALYTRON, 469 Jeri- 
cho Turnpike, Mineola, N.Y. 11501. 

RADIO & TV TUBES 33¢ each. One year guaran- 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL 4217 -E University, San 
Diego, California 92105 

OSCILLOSCOPE improvement kits. High speed 
riggersweep eliminates sync problems. Dual 

trace FET switch displays two wave -forms to- 
gether. SOLID -STATE SERVICES, P.O. Box 901, 
Cupertino, California 95014 

Discharge IGNITION, PHOTOFLASH. Free cata- 
log parts, kits. TRANSPARK, Carlisle, Mass. 
01741 

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 -RE, San Francisco, Calif. 94131. 

"COIL WINDING" HANDBOOK -50¢. Experi- 
menter's catalog includes 250 exclusive items - 
250, refundable. LABORATORIES, 12041 -B 
Sheridan, Garden Grove, Calif. 92640. 

TELEPHONE -RECORDER ACTUATOR (TWI -007) 
$22.85. Automatically turns tape recorder on 
when line in use. Telephone "bug" (TWI -004) 
$21.95. Surveillance recorders (TWI -1000, TWI - 

1010). TWILIGHT ELECTRONICS, Box 11595 -M, 
St. Louis, Missouri 63105. 

INVENTIONS 
& PATENTS 

MANUFACTURERS NEED NEW ITEMS! B. F. 
Goodrich, Black & Decker, South Bend Tackle 
and other million dollar corporations have au- 
thorized us to locate new products. For details 
regarding development, sale, licensing of your 
patented /unpatented invention, write: THE 
RAYMOND LEE ORGANIZATION, 230 -U Park Ave- 
nue, New York City 10017 

INVENTIONS WANTED. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

AUDIO - HI -FI 

Tapemates makes available to you ALL 4 -TRACK 
STEREO TAPES. All labels- postpaid to your 
door -at tremendous savings. For free brochure 
write: TAPEMATES CLUB, 5280 RE West Pico 
Blvd., Los Angeles, Calif. 90019. 

TAPE RECORDER SALE. Brand new nationally 
advertised brands, $10.00 above cost. Amazing 
discounts on stereo components. ARKAY ELEC- 
TRONICS, 1028 -E Commonwealth Avenue, Bos- 
ton, Mass. 02215, 

WRITE for highest discounts on components, 
recorders, tapes, from franchised distributors. 
Send for FREE monthly specials. CARSTON, 
1686 -R Second Ave. N.Y.C. 10028 

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. 
9155 -4, Dept. RE. 4625 W. 53rd St., Chicago, 
Ill. 60632 

HI -Fl COMPONENTS, Tape Recorders, at guaran- 
teed "WE will not be undersold" prices. 15 -day 
moneyback guarantee. Two -year warranty. NO 
Catalog. Quotations Free. HI- FIDELITY CENTER, 
239R East 149th St., N.Y., N.Y. 10451 

'=ER SHOPPING MART BXCELLINT 
ter 

XMAS 
A selection of products available by mail for readers of Radio Electronics. GIFTS! 

All merchandise sold on a money -back guarantee. Order direct by Stock Order No, Send check or M. O. 

wS YOUR MUSIC IN DAZZLING ACTION with ilt 

y f 
Attaches in seconds to your 

clips. 
tape recorder, hi -fl r stereo with two alligator clips, Can be used on mad screens, large walls, stages and whole auditoriums. s. BKit. your n Music t!.v Eaa with low cost Du -II -light lP 

source. Loads of fun! Fast! Easy! Á1l you need is a light source. If you don't have one. the versatile Edmund 35mm 500 Watt 
ouecp to 

terrific 
r accept ccepmotorized of other uses accessories. Also available 

8" and 12" Sets 2 which includeae 
cared 

8"í' Tube 
12" Motion- diner. Col, Wheel and t of apertures for use with your own 35mm projector. Large 12" set provides fabulous effects for commercial applications. 

Mus sox Dramatic Breakthrough 

In Audio -Visual Enjoyment 

home, club. ch school , or 
thrilling 
usiness -in yfact- anywher"see-ill" ou 

right in 
W addtl sensa- tional "mod" effects. Colored light beams dance and prance, whirl and swirl in perfect time with the sic -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. 

3" ASTRONOMICAL TELESCOPE 
See stars. moon, phases of Venus, 
planets clove up. 00 to 180 Power - famous Mt. Palomar reflecting type. 

Al.un,i 
zed & oe,coaled 3" 

p / 
- 

primarymirn,r, ven- tilated cell. Equltped with SOX 
eyepiece and mounted 3 finder 
scope, hardwood tripod. FREE: "STAR CHART "; 272 -page "HANDBOOK OF HEAVENS "; "HOW TO USE YOUR TELE- 
SCOPE" 
Stock Pio. 85,050E8 $29.95 Ppd. 

RFFI.F I,'l'OR TELESCOPE 
Stock No. 85,105EH $84.50 FOB 
C." REFI. It it tit TELESCOPE 
Stock No. 85,086EH $199.50 FOB 

Order by stock number listed below. Money -back guaran- tee. Complete information in new catalog. If you want ad- ditional details 
" 

, se 1 
25C in coin for fully illustrated, 10 -page Booklet No. 9096.EH "Introduction to Music - Vision." 8" DO- IT- YOURSELF KIT, Stock No. 71.009EH, S22.50 Ppd. EDMUND 500 Watt 35mm PROJECTOR, Stuck Nu. 71,057EH, $24.50 Ppd. 8" SET 1Motiondizer, color wheel, apertures) Stock Nu, 71,030E11, 545.00 Ppd. 12" SET (Same as above wilarger Mnti nndizerI, Stock No. 7 I .032EII, $57.50 Ppd. W l.1U'l' \r:AF.ERED CABINET MODUL: Stock No. 85.181E11. $99.50 F.O.B. 

NICKEL -CADMIUM BATTERY 

BARGAIN! 
Terrific value-slightly u d govt 
nrplus. Lightweight 5 cells ti volt, 

4 Amp -hour battery with almost un- 
limited life. Extremely high cur- 
rent output. Recharges in 1 hour 
with Edmund kit. Won't deteriorate 
when left discharged. Minimus, 
maintenance - few drops of water 
per year. Rugged, shock-and-vibra- 
tion resistant nylon case. Delivered 
partially charged. filled with elec- trolyte. 3, s" x _" x O" 2 1h. 
Stock No. 70,942EH 
(battery) $15.00 Ppd. 
Stock No. 70.807E11 
(charger kit) $ 8.00 Ppd. 

a Pa tent pending. 

GET FREE CATALOG 
148 PAGES - 
1000's OF 
BARGAINS 

n pletely new 09 edition. New 
, categories, ! 

"os. Doa. 

yidof 
electrical 

eleetrnmag- 
C part y,, , eee5- ilit 

Enormou.s 
, Ierlion of .As- 

tronomical Tele- 
scopes. lí,, noseopes, -mets, Dirs. Magnifiers, Magnets, 
Lenses, Prisms. Many war 

Items for hobbyists, 
sur- plus. 

t,er . ex- perimenters, workshops. fac- tory. Mail coupon for catalog "EH ". 
NAME 

ADDRESS 

CITY 

STATE ZIP 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

EDMUND SCIENTIFIC CO 
300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 08007 
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YOUR SERVICE AND 
QUALITY LEADER 

We promise to supply you with 
the highest quality products at the 
most attractive prices with the 
fastest service in the industry. 

AVALANCHE MODE TRANSIS- 
TORS, used for TRIGGERING 

SCR's & TRIACS with diagrams. 
3/$1.00 

ZENERS 
1 Watt 6.8 -68V $ -40 
10 Watt 6 -200V $.75 

MOUNTING HDWE KITS 
These kits are used to mount our 
SCR's, zeners, & rectifiers etc. 

6 x 32 stud 6 sets /$1.00 
5/4 x 28 stud 4 sets /$1.00 

1 AMP CONTROLLED AVA- 
LANCHE RECTIFIERS 

PRV I_AMP_ 
100 

I .07 
200 

1 .09 
400 

I .12 
600 I .18 
800 I .22 

1000 I .35 

(top hat & 
epoxy re- 

placements) 

N- CHANNEL PLASTIC TO-18 
FET'S. Low noise, low leakage, 
gate current, gain to 9000g 
mhos. $1.00 

IN2326 voltage & temperature 
compensating diodes 4/51.00 

O T A 
L A L 
I T E 
D E S 

TRIACS 
TO -66 

5 AMPS 

PRV 

100 .90 
200 1.40 
300 1.75 

400 2.25 
500 2.60 

CADMIUM SELENIDE PHOTO 
CONDUCTIVE CELLS. Dark re- 

sistance of 500 megohms, Sensi- 
tivity of 1 -4.99 µa /ft candle with 
data sheet $1.00 

500 HFe PLASTIC TRANSIS- 
TORS (NPN) T0 -18, S1 unit sim 

to 2N3565. 4/51.00 
HIGH- VOLTAGE NPN 150V 
VBCBO at 2.5A, hi gain in 

TO -66 pack S .75 
2N1163 a TO.3 PNP GER- 
MANIUM TRANSISTOR rated at 

35v and a gain of 50 at 25 amps. 
$1.75 

Silicon Power Rectifiers 
PRV 

I 
3A 

1 
12A 

I 
40A 

100 
I .09 I .30 

1 
.75 

200 
1 .16 I .50 

I 
1.25 

400 .20 I .70 
I 

1.50 
600 .30 

I 
1.00 I 1-80_ 

800 .40 I 1.25 I 

1000 I .55 1 1.50 I 

POST OFFICE BOX 74D 
SOMERVILLE, MASS. 02143 
TELEPHONE (617)547 -4005 
Send For Our Latest t'atalog Featuring 
Transistors and Rectifiera 
328 Elm Street, Cambridge, Mass. 

LINEAR CIRCUITS 
FM IF AMPLIFIERS 5 .90 
702C WIDE BAND DC AMPL $3.50 
709C OPERATIONAL AMP. $4.50 
710C HI SPEED DIFF. 

COMPARATOR . $5.00 
711C DUAL COMPARATOR . $5.00 

DIGITAL RTL CIRCUITS 
2-914 QUAD 2 INPUT GATE $1.25 
900 BUFFER $1.25 
925 DUAL 2 INPUT GATE 

EXPANDER $1.25 
923 JK FLIP FLOP $1.25 
2 -923 DUAL JK FLIP FLOPS $1.50 

NEON LIGHT of NIXIE TUBE 
DRIVERS. An NPN, TO -18, Si 

Transistor with a V('" of 120 
3/$1.00 

UNIJUNCTIONS 
Similar to 2N2419 Rbb of 5.7, stand 
off ratio of .6 and Ip of 12, with 
data sheet $1.50 

Silicon Control Rectifiers 
TO -66 pack Studs 

PRVI 3A 17A 20A 
50 I .35 I .45 .70 

100 
1 .50 1 .65 

200 
1 .70 1 .95 

300 I .90 11.25 
400 11.20 11.60 
500 I 1.50 

1 
2.00 

600 11.80 12.40 
700 1 2.20 1 2.80 

1.00 
1.30 
1.70 
2.10 
2.50 
3.00 
5.00 

70A 

4_00_ 

8.00 

12.00 

16.00 

Terms: FOB Cambridge, Mass. 
Send check or Money Order. 
Rate companies 30 days net. 
Include Postage, Average Wt. 
per package 1/2 lb. 
No COD's. Minimum Order 
$3.00 
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SILICON RECTIFIER SALE 
IMMEDIATE DELIVERY 

FULLY GTD NEWEST TYPE 
AMERICAN MADE FULLY TESTED 

1 AMP TOP HAT AND EPDXIES 
PIV SALE PIV SALE PIV SALE 

100 0 
.05 

1000 0 
.18 1800 0 1.20 

200 .08 1200 .40 3000 1.40 
400 0 .10 1400 
600 .14 1600 0 .67 .67 

1.85 

"SILICON POWER DIODE STUD MOUNT" 
PIV 3A 6A 12A 50A 1OOA 160A 

50 .06 .16 .20 .50 .85 2.25 
100 .07 .21 .25 .73 1.05 2.65 
200 .09 .29 .38 1.23 1.60 3.50 
400 .15 .39 .49 1.45 2.50 4.25 
600 .19 .53 .73 1.75 3.75 6.50 
800 .29 .74 .95 2.20 - - 

1000 .38 .85 1.10 2.60 - - 
SPECIALS! SPECIALS! SPECIALS! 

Stud Rect. 25 AMP -500 PIV - 
$1.05 Ea. or 10 for $9.00 Special 

Fil. Trans. 117V at 6.3V C.T. 10 AMP Special $1.25 
Sangamo Type DCM 10000 MFD 25 VDC $.85 Ea. 

Heat Sink 2 LBS 500 AMP 
Value $7.00 your cost $1.40 
Westinghouse 160 AMP 500 PIV SILICON HI -POWER 
STUD RECTIFIER IN166t6. 
Limited quantity. $5.10 ea. 10 for $45.00 
100 Different Precision Resistors 
1h -1 -2 Watt % % -1% TOL $1.25 

Asst transistor Kit. P.N.P. -N.P.N. 
All popular types. Unchecked 

100 for $2.95 500 for $9.95 

Computer Grade Condenser 15,500 MFD 
12 VDC American Mfg. .75 ea. 
NEW DIODE KIT ALL POPULAR TYPES 
IN34, IN34A, IN48, IN60, IN64 etc. 100 for $ 4.00 
BEST QUALITY 500 for $15.00 
Money Back guarantee. $2.00 min. order. Include 
additional $ for postage. Send check or money 
order. C.O.D. orders 25% down. 

Warren Electronic Components 
230 Mercer St., N. Y., N. Y. 10012 212 OR 3-2620 

Circle 138 orr reader's service card 

MARKET 
CENTER 

RENT 4 -track open reel tapes -all major labels 
-3,000 different -free brochure. STEREO - 
PARTI, 55 St. James Drive, Santa Rosa, Ca. 
95401 

WANTED 

MONEY -SPARETIME OPPORTUNITY PANEL- 
ISTS AT HOME WANTED BY NEW YORK RE- 
SEARCHER. Leading research firm seeking peo- 
ple to furnish honest opinions by mail from 
home. Pays cash for all opinions rendered. 
Clients' products supplied at no cost. For in- 
formation write: RESEARCH 669, Mineola, N. Y. 
11501, Dept. LN -24N 

QUICK CASH . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N. Y. 10012, 
212 WALKER 5-7000 

Color TV TECHNICIAN. Expanding southern 
California service company needs outside tech- 
nicians and bench technicians. Good salary, 
incentive plain, paid vacations, etc. Send 
resume of experience and salary requirements. 
MICRO ELECTRONICS, 1903F W. Vista Way, 
Vista, Calif. 92083. 

SERVICEMEN EXPERIMENTERS! 

IF YOU WISH TO PURCHASE 

BRAND NEW TUBES 
RECEIVING -SPECIAL PURPOSE BC 
TUBES AT OUTSTANDING MONEY SAV- 
ING VALUES. 
WE HAVE THE MOST UP TO DATE TUBES 
LISTED PLUS THE HARD TO GET TYPES. 
DON'T CONFUSE OUR TUBES WHICH 
ARE NEW WITH THE PULLOUTS AND 
REJECTS. 

SEND FOR OUR CATALOG. 

UNITED RADIO COMPANY 
ESTAB. 1920 

56 FERRY ST., NEWARK, N.J. 07105 

ONE YEAR GUARANTEE! 
Prestige & Success as an ONE YEAR _ ELECTRONICS GUARANTEE! 

EXPERT! MIND* 
TUBES! 

Brand New Except Glass! `_ TYPE 
DUD TUBE 
DEP. 

PRICE 
HOME 

21AMp4 3.00 
21.95 21CBP4 1.00 14.95 

STUDY COURSES 210EPq 1.00 1q 95 23Fp4 3.00 
18 95 TV SERVICING 21FJP22 5.00 
28.95 

$3.50 
23EGP22 20.00 

79.95 25A P22 35.00 
119.95 

RADIO SERVICING 23AHP4 27.50 
95 24AEP4 5.00 

$3.00 1.00 2224:9955 

BOTH COURSES $6.00 dud osit 
lull tube price plus 

posit will 
with order. Dud de- be returned 

immediate- ly 
No 

upon postpaid return of dud. 
duds returned o 

o. 

' 
n picture tubes. All 

under full vacuumrefund must be 

6D6 OZ4 6AU4 6X4 

6DA4 1113 6AU5 6X8 

60E6 1H5 6AU6 786 

6006 113/113 6AV6 7C5 

6EA7 11.4 6AW8 7N7 

6E ms 1T4 6AX4 7Y4 

6F6 1U4 6BA6 1013E7 

6F07 1X2 6BC5 12AE6 

6GH8 3816 68G6 12AT7 

6H6 30G4 6816 12AU7 

615 5U4 681.7 12AX7 

616 508 6BN4 12BA6 

'6K6 5V4 6BN6 128E6 

6S4 5Y3 6BN8 128H7 

6S A7 6A6 6806 12C5 

65H7 6A8 61307 125N7 

6517 6A84 6816 12W6 

6SK7 6AC7 

6SL7 6AF4 

6SN7 6AG5 

6507 6A15 

6U7 6AL5 

6U8 6AN8 

6V6 6A05 
6V,1q 0116 

6W6 6AT8 

100 OR 

MORE TUBES 

30` ea. 

1 
1th 

Evecy 
* vol ST TUBE 

y °u1 Ch°S 
Saes 14/ 

Zhe5e 65654 ' 
5 B6 

6N4 
66 

6 
,6PV6 

6C4 251.6 

6C6 25Z6 

6CB6 35W4 

6CD6 84/6Z4 

6CG7 5687 

6CG8 6350 

6CM7 6463 

6025 7044 

2 STATION 
INTERCOM 

A.C. 110 VOLT 

TRANSISTORIZED 

INTERCOM! 

Imo nes are New Si Used and So 

biked loo Tested. Ind. Based. 

Banded S Code Dated 

CORNELL 

RED & BLACK TUBE CARTONS 
High Gloss, Clay Coated, Built in Diag. Partitions 

SIZE 
MIN. 
GT. 

LG.GT 
G. 

TUBE 
SIZE 

6AU6 
6SN7 

5U4GB 
5Ú4G 

10 100 
CARTONS CARTONS 

.29 2.59 

.39 3.49 

.59 5.29 

.89 7.99 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION! 

YOUR ORDER FREE IF NOT SHIPPED WITHIIN 24 HRS. 

DEPT. RE -12 4217 UNIVERSITY 

SAN DIEGO CALIFORNIA 92105 

Terms: Orders over 55.00: Add 3o per tube shipping. Prepay in full 
arad avmd C.O.D. charges. Send $3.00 deposit on C.O.D. orders. 
Orders under $5.00: Add 30 per tube plus 500 handling. Canadian 
and Foreign Orders: add approx. postage. No C.O.D. orders. Com- 
bine varied orders to bring order over $5.00. 
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EXPERI ENCED RADIO -TV TECHNICIANS 
WANTED. Salary $125 -$150. VOICE AND VI- 
SION, West Lebanon, N. H. 

EDUCATION/ 
INSTRUCTION 

ACCREDITED CANADIAN ELECTRONICS TRAIN- 
ING day, night, home study courses. Free book- 
let. RADIO COLLEGE OF CANADA, 461 King St. 
West, Toronto 2B, Ontario Canada. 

FCC First Class License in six weeks -nation's 
highest success rate -approved for Veterans 
Training. Write ELKINS INSTITUTE, 2603E In- 
wood Road, Dallas, Texas 75235 

COMPUTER PROGRAMMING -the big oppor- 
tunity career -new recognized correspondence 
course. No maths needed. Free brochure. 
CANADIAN INSTITUTE OF SCIENCE AND 
TECHNOLOGY, V63 Adelaide St. W., Toronto. 

RADIO ANNOUNCING, learn by tape $1.00. 
JACK, 207 King Drive, Jackson, Mississippi, 
39208. 

CHEMTRONICS 

COLOR -LURE 
SPECIALLY FORMULATED 
TUNER CLEANER FOR 
COLOR TV TUNERS 

Accept no substitutes 

GOVERNMENT 
SURPLUS 

JEEPS Typically From $53.90. . Trucks From 
$78.40. . Boats, Typewriters, Airplanes, 
Multimeters, Oscilloscopes, Transceivers, Elec- 
tronics Equipment, Used. 100,000 Bid Bargains 
Direct From Government Nationwide. Complete 
Sales Directory and Surplus Catalog $1.00 (De- 
ductible First $10.00 Order). SURPLUS SERVICE, 
Box 820 -REL, Holland, Michigan 49423 

give... 
so more will live 
HEART FUND C 

WRITE NOW FOR FREE 1969 CATALOG 
McGEE RADIO COMPANY 

1001 BARGAINS IN SPEAKERS -PARTS 
TUBES -HIGH FIDELITY COMPONENTS 

RECORD CHANGERS -TAPE RECORDERS -KITS 
EVERYTHING IN ELECTRONICS. 

1901 McGee St., Kansas City RE, Missouri 64108 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or ser- 
vices). 70¢ per word ... minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per 
word ... no minimum. 
Payment must accompany all ads except those placed by accredited advertising agencies. 
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable 
ads not accepted. Copy for February issue must reach us before December 13. 
WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York) 
counts as one word each. Zone or Zip Code numbers not counted. (We reserve the right to omit 
Zip Code if space does not permit.) Count each abbreviation, initial, single figure or group 
of figures or letters as a word. Symbols or groups such as 8 -10, COD, AC, etc., count as 
one word. Hyphenated words count as two words. Minor over- wordage will be edited to match 
advance payment. 

CLASSIFIED ADVERTISING ORDER FORM 

6 

11 

16 

21 

26 

31 

2 

7 

12 

17 

22 

27 

32 

f @ .30 Non -Commercial Rates' 
No. of Words 1 @ .70 Commercial Rate 

Total Enclosed 
Payment must Sc. 

Inser tIme(s) company order un- 
less placed 
through scored- 

Starting with Issue ited advertising MAIL TO: RADIO- ELECTRONICS, CLASSIFIED AD DEPT., 
agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 

3 4 5 

8 9 10 

13 14 15 

18 19 20 

23 24 25 

28 29 30 

33 34 35 

RAMP 

ADDRESS 

CITY STATE ZIP 

SIGNATURF 

DECEMBER 1968 

ZIP CODE 
...THE LAST 

WORD 

IN MAIL 
ADDRESSES/ 
reu PO$TMA$TIHtt 

HEAVY DUTY WELDER 
Does work of $85.00 welder 

yet costs only 1895 
POST PAID i 

Fits ordinary 110V outlet 
3 welding heats 

Weld, braze, solder or cut most anything made of metal. No experi- 
ence needed. Follow simple instructions. Uses standard Vs" rods 

to weld iron, steel, brass, bronze, aluminum, other metals. 3 welding 
heats ... not just one as with other low priced models. New HEAVY 

DUTY circuit gives higher heat . 4 times the heat needed to 
melt toughest iron. More welding power than ever before. Comes 

complete with welder's mask, $2.00 pack of rods, flux, carbons, 

automatic arc striker, etc. NOTHING ELSE TO BUY. Approved for 
homes, garages, shops, factories. 10 day MONEY BACK trial. Guaran- 

teed against burnouts. Send $2.00 and pay $16.95 plus small C.O.D. 

when deliverel. or send $18.95 cash, ck., M.O. for postpaid shipment. 

WEL -DEX MFG. CO.,oept. W -J8, Box 10776, Houston, Texas 17011 

eae, )0 A 1 7REE 
NE -2 

NEON BULBS 

020 $1 
for 

* Handles 2 Amps 

2 AMP 
800 P I V for 

TOP HAT $ 
RECTIFIERS 

S25 SURPRISE PAK: transistors. reet, diodes, etc. .. $1 
6 ONE AMP BOO PIV RECTIFIERS, silicon top hat $1 
2- CLAIREX PHOTO ELECTRIC CELL , - Hobby must $1 
50 GERMANIUM GLASS DIODES, 11'{34, 1N48 no test $1 
40 TOP HAT SILICON RECTIFIERS, no testasst values $1 
25 EPDXY RECTIFIERS, silicon asst, no test $1 
40 PRECISION RESISTORS, ti4-2W. 1,4 amt values SI 
30 TRANSISTORS, rf, if, audio, ose. no test 31 
60 TUBULAR CONDENSERS, to . mf to 1KV, asst $1 
50 DISC CONDENSERS, to.05mtnpo,tempcoef,asst S1 
60 TUBE SOCKETS, receptacles, plugs, audio, etc $1 
30 POWER RESISTORS, to 25 watts, to 24K ohms SI 
3 2N3568 NPN TRANSISTORS, 200mc, 200V, 200hfe, $1 
3 2N3563 TRANSISTORS, non, 600mc, 100hfe, epoxy $1 
10 VOLUME CONTROLS, to 1 mere, switch too! SI 
10 ELECTROLYTICS, to I00mf, tuhulars too, asst $1 
SO RADIO a TV KNOBS, asstd colors & styles $1 
10 TBANS'TOR ELECTROLYTICS to 100mf, asst values $1 
SO COILS AND CHOKES, if,rf. ant,osc, peaking. etc $1 
65 HALF WAITERS, to 1 meg, 5 / popular values too SI 
60 HI- QUALITY RESISTORS, ', 1, 2W asst values , $1 
10 RCA PHONO PLUGS i JACK SETS, tuners, etc......$1 
4 INTEGRATED CIRCUITS, gates, etc. no test 51 
2 -PC INFRA -RED DETECTOR A FILTER SETscienceproj $1 
2 FIELD EFFECT TRANSISTORS, an channel, hobby $1 
50 TERMINAL STRIPS, 1 to N lug types $1 
3 PHOTO ELECTRICCELLS, hi. imp., schematic 51 
3 TRANS'TOR AMPLIFIER, WIRED, 3x2x% "schematic $1 
10 PRINTED CIRCUIT BOARDS, copper clad, 100 uses $I 
10 'TRANSISTOR SOCKETS, for ono & npn types SI 
10 PANEL SWITCHES, toggle, slide, micro, rotary $1 
4 TRANSISTOR TRANSFORMERS, asst. worth $25 $1 
5 RAYTHEON CK -722 TRANSISTORS, pnp, most lop $1 
5 G.E. 2N107 TRANSISTORS, pnp. audio ckts $1 
6 "IBM" COMPUTER BOARDS, many trans, diodes, $1 
40 "MICRO" CONDENSERS, for transistorcircuitry $1 

' 3 '4W. EPDXY TRANSISTORS, non, silicon, 11 -5000, S1 

,> > ,o i An., >,uu RrU,rlea>, up to not; raY .... )1 

Terms: add postage. Rated: net 30, cod's 25% 
Phone Orders: Wakefield, Mass. (617) 245 -3829 
Retail: 2t1 Albion, St., AVakcfield, Maas. 

GIANT 1969 CATALOG ON: Parts, Rectifiers, 
TransistorsSÇRs, I.C.'s, Equipment, Etc. 1 IX` - 

POLY PAKS P.O. BOX 942 R 
Lynnfield, Mass. 01940 
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The Model 6000 Modular Frequency Meter will measure frequencies 10 KHz to 600 MHz with .000125% 
accuracy. Special plug -in modules allow the instrument to be used as an audio frequency meter from 
500 Hz to 20 KHz full scale and in addition to be used as a dc voltmeter (10,000 ohms /volt). 
The wide variety of plug -in oscillator accessories and range modules makes the Model 6000 adaptable to 
a number of jobs in the field and in the laboratory. Portable, battery operated with rechargeable batteries. 

Model 6000 with 601A charger, less plug -in modules $195.00 

INTERNATIONAL MODEL 6000 FREQUENCY METER 
measures frequencies 10 khz to 600 mhz with accuracy as close as .000125% 

CHARGER 
Range Modules (Mixers9 

$25.00 to $45.00 each 

Oscillator Modules 
(Crystal Controlled For 
Frequency Measurement) 

$30.00 to $90.00 each 

Special Modules 
Audio Frequency $45.00 
DC Voltmeter 25.00 

where 
accuracy 
counts! 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY, OKLA. 73102 

98 

a. Range Modules 

b. Oscillator Modules 

... For complete information write 
International today. 
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In hundreds of Pioneer franchised high fidelity dealers across 
the country, the SX -1500T is drawirg enthusiastic attention 

because it is a no- compromise receiver. Its highly sensitive 
front end pulls in the most difficult stations ... and is 

consequently pulling in the crowds. The SX -1500T was made 
for the thousands who wanted the finest receiver 

1 
possible ... at a reasonable price' 

The specifications and quality of the SX -1500T are 
substantiated by its performance and, more 
importantly, its sound. It boasts an output of 

170 watts of music power, an extraordinary capture 
ratio of 1 dB, a signal -to -noise ratio of 65 dB, and 

harmonic distortion actually below 0.1% at half rated power (0.5% at 
full rated power). FM sensitivity is outstanding at 1.7 uv. 

Frequency response is 20 to 70,000 Hz ± 1 dB. 
If you want a better receiver, don't be misled - pick the one with 
the honest price. You owe it to yourself to compare the SX -1500T 

with any other receiver on the market regardless of price. 
See and hear the SX -1500T now. Or write for literature and name of nearest dealer. 

PIONEER ELECTRONICS U.S.A. CORP.. 140 Smith Street, Farmingdale, L. I., New York 11735 

PIONEER'S NEW SX -1500T AM -FM STEREO RECEIVER 
170 WATTS, FET FRONT END, AND 4 IC's 

(Ths í(1500T Price, only: s36C.) Shown w th PIONEER CS -83 Spealer systems at $175. each. 

PIONEER ...More Value All-Ways! 
Circle 150 on reader's service card 

www.americanradiohistory.com

www.americanradiohistory.com


RCA HI -LITE respects and protects 
...a well -earned service reputation 
A good service reputation takes time to come by. It's put together call by 

call, customer by customer, day after day. So why shouldn't you expect 
the color picture tubes you rely on every day in your business to have 

earned a good reputation for themselves, too. 

That's what you get when you specify RCA HI -LITE. It's the replacement 
picture tube with OEM specs ...the same quality ... the same tube that 

goes into original equipmeat sets. With all -new glass, gun, the works! And 

such technical advancements as PERMA- CHROME and Unity Current 
Ratios. Plus the broadest lire of types in the industry. 

Insist on HI -LITE, the picture tube that respects and protects your service 
reputation. 

RCA Electronic Components, Harrison, N.J. 

r 

t* 
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