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LEADER 

do 
scopes 

your 
think! 

MODEL LBO -301 

MODEL LBO -54B 

MODEL LBO -501 

Seeing is believing. 

Ask any technician, any engineer, any "pro" . 

Leader Scopes are so far ahead of others, 
they practically do your test thinking for 
you! Tough, reliable and always accurate, 
they never let you down in the field or at 
the bench. Designed with precision, built 
care, they provide the most dependable 
performance possible! Here are a few 
Leader Scopes for you to think about: 

with 

MODEL LBO-301. 
THE ONLY 3" PORTABLE TRIGGERED SCOPE 
with lab grade performance characteristics 
including vertical and horizontal calibration 
DC to 7MHz bandwidth and exceptional vert. 
sensitivity. Sweep time is 1 s to 50ms /div. 
in 15 ranges. Magnification is 5X (max. speed 
0.2í's /div.). Perfect for servicing all electronic 
equipment, it's a bargain at the price. 
$334.50 

MODEL LBO -54B. A 5" WIDEBAND OSCILLOSCOPE/ 
VECTORSCOPE with calibrated vertical input. 
Features 10MVp -p cm sensitivity, DC to 10MHz 
bandwidth and high linearity sweep range with 
automatic synch. DC coupling and push /pull 
amplifier are included for distortion -free displays. 
Excellent for solid state circuitry. 
$249.50 

MODEL LBO -501. A 5" SOLID STATE TRIGGERED 
SCOPE that gives professional results without 
compromise. Features triggered sweep; 
calibrated vertical input and time base; 
20MVp -p /cm vertical sensitivity and DC to 
10MHz bandwidth. Also features sine and square 
wave calibration voltages, lighted graticule 
and a handy tilt stand. 
$339.50 

Send for catalog. See your distributor. Laii 
INSTRUMENTS CORP. 

37 - 27 Twenty- Seventh Street, 
Long Island City, N.Y. 11101 (212) 729 -7410 

Circle I on reader service card 
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rle/a/4en introductory offer to new members of the 
ELECTRONICS AND CONTROL NGINEERS' BOOK CLUB 

124 418 
ELECTRICAL 
ENGINEERING 
FOR 

PROFESSIONAL 
ENGINEERS' 
EXAMINATIONS 
by 
J. D. Constance 
Pub. price, $12.50 
Club price, $10.65 

070/636 

PROGRAMMER'S 
GUIDE TO THE 

IBM 
SYSTEM /360 
by J. H. Bradley 
Pub. price, $13.50 

Club price, $11.50 

286 515 

INTEGRATED 
CIRCUITS: 
A Basic Course 
for Engineers 
and Technicians 
by R. G. Hibberd 
Pub. price, $9.95. 
Club price. $8.45 

404/437 
SOURCEBOOK 
OF ELECTRONIC 
CIRCUITS 

by J. Markus 
Pub. price, $19.75 
Club price, $14.75 

635/099 

ELECTRONIC 
AND RADIO 

ENGINEERING, 
4/e 
by 
F. W. Terman 
Pub. price, $19.50 
Club price, $16.55 

313/059 

HANDBOOK OF 

SEMI- 
CONDUCTOR 
ELECTRONICS, 
3/e 
by P. Hunter 
Pub. price, $27.50 
Club price, $21.50 

IltiE 
books 

professional 
of these great p 

00 

VALES FROM $9.95 to $34.75 

Special $1.00 bonus book 
comes to you with your 

first club selection 

259/607 

COMMUNICA- 
TION SYSTEM 
ENGINEERING 
HANDBOOK 

by 
D. H. Hamsher 
Pub. price, $29.50 
Club price, $22.50 

092/32X 

DIGITAL 

COMPUTER 
PRINCIPLES, 2/e 
by Staff, 
Technical 
Training, 
Burroughs 
Corp. 
Pub. price, $9.95 
Club price, $8.45 

494/754 
ENGINEERING 
MANUAL, 2/e 
by R. H. Perry 

Pub. price, $12.50 

Club price, $9.95 

637/377 

TRANSISTOR 
CIRCUIT DESIGN 

by the 
Engineering 
Staff of Texas 
Instruments, 
Inc. 
Pub. price, $17.50 
Club price, $13.95 

124/035 

HANDBOOK OF 

PHYSICS, 2/e 
by Condon and 
Odishaw 
Pub. price, $34.75 
Club price, $14.95 

570 '426 
THE NEW 

ELECTRONICS 

by B. Shore 
Pub. price, $10.00 

Club price, $8.50 

423/814 

PULSE, DIGITAL 
AND SWITCHING 
WAVEFORMS 

by Millman 
and Taub 
Pub. price, $18.00 

Club price, $15.30 

209/731 

STANDARD 
HANDBOOK FOR 

ELECTRICAL 
ENGINEERS, 
10 /e 
by Fink and 
Carroll 
Pub. price, $32.50 
Club price, $24.95 

Save time and money by joining the 

Electronics and Control Engineers' Book Club 

HERE is a professional club designed specifically to meet your 
day -to -day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 
How the Club operates: Basic to the Club's service is its publi- 

cation, the Electronics and Control Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it announces and describes in detail the 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec- 
tions-or if you want no book at all for that month -you notify 
the Club by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two -year period. Considering the many books pub- 
lished annually in your field, there will surely be at least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 

I- 

MAIL THIS COUPON TODAY 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 
582 Princeton Road, Hightstown, N.J. 08520 

Please enroll me as a member of the Electronics and Control Engi- 
neers' Book Club and send me the two books indicated below. I am 
to receive the bonus for just $1.00, and my first selection at the 
special Club price shown. These books are to be shipped on ap- 
proval, and I may return them both without cost or further obliga- 
tion. If I decide to keep the books, I agree to purchase as few 
as four books during the next two years at special Club prices (at 
least 15% below list) . 

Write Code No. of 
bonus book 

here 

Name 

Address 

City_ 

State 

Circle 2 on reader service card 

Write Code No. of 
first selection 

here 

7ip 
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Mr. Technician, You Can Move Ahead by Taking These 

Grantham School of Engineering RE -11 -71 

1505 N. Western Ave., Hollywood, Calif. 90027 
Gentlemen: 
Please mail me your free Bulletin which explains how 
the Grantham home -study educational program can pre- 
pare me for my Associate in Science Degree in Elec- 
tronics Engineering. 

Name 

Address 

City State Zip 

Age 

I have been in electronics for years. 

'p, 
ßß111lTHRIII 

ßcfjool of Engineering 
This is to Certify that 

CS O E21Z'VOe 

has satisfactorily completed the Grantham educational program in 

Ilectronits Inginerring 

and in recognition thereof is awarded this 

Diploma 
G'mm sóir..lYeL_le7 et °.FÌdeam y 

05 

Orantijam Scfjoot of e(ngíneeríng 
bas mitten-en on 

Joljn Doe 
flit òrqrrr of 

figgocíate in Science in electronicg Qngíneering 

mob all IM pits anb prmlltpes Ibrrrunla prrlainmp. in mlIness Marra( Ihrs mplams 

pulp apnrb has barn neural bo Ihr *Mod ablmnulralion upon relammrnbaliun al the 

gamily al iba sthaal on ulula bap a( .ems " 55 68 

P-641.41,1 
V aran 

t RANTHAM ENGINEERING 
the college that comes to you 

1505 N. Western Av, Hollywood, CA 90027 

Three Big Steps 
to Success... 
in 

ELECTRONICS 
ENGINEERING 

There they are - three big steps that lead electronics tech- 
nicians to greater success - three deliberate steps to greater 
recognition and more income. Your future is shaped by the 
moves you make - by the steps you take. Begin now with 
Step #1. 

STEP #1 is a simple request for complete information on 
the Grantham Electronics Degree Program, offered to elec- 
tronics technicians mostly by correspondence. You take the 
first step by mailing the coupon or postcard to the School. 
Then, we mail our catalog to you. 

STEP #2 is completing our college -level correspondence 
program and earning the valuable Diploma in Electronics 
Engineering. This diploma is awarded when you complete 
the four 100- lesson courses that make up the full corre- 
spondence program. However, each course as you com- 
plete it can greatly increase your knowledge and earning 
power in electronics. 

STEP #3 is attending the 2 -week ASEE- Degree Seminar 
held at the School and earning your Degree of Associate in 
Science in Electronics Engineering. During this seminar you 
meet your correspondence instructors in person, participate 
in a general review, take a final examination, and at the 
close of the seminar are awarded the ASEE Degree. 

Accreditation, and G.I. Bill Approval 
Grantham School of Engineering is accredited by the Ac- 
crediting Commission of the National Home Study Council, 
is approved under the G.I. Bill, and is authorized under the 
laws of the State of California to grant academic degrees. 

The Home -Study Method 
Grantham School of Engineering is a specialized, college - 
level, educational institution- established in 1951 -which 
teaches engineering by the so- called "new approach." This 
is the method (often referred to by names such as "inde- 
pendent study ") that has recently created great interest 
among college educators. Actually, this "new approach" is 

not new at all. Grantham and many other good schools have 
been using it for years, under such names as "home study" 
and "correspondence instruction." 

As a technician, you already know the "hardware" side of 
electronics, and you can upgrade from technician to engi- 
neer while you continue your employment as a technician. 
Get complete details. Mail the coupon for our free bulletin. 

Grantham is an Accredited Member of the National Home Study Council. 
Circle 3 on reader service card 
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Radio -Electronics. 
F O R M E N W I T H I D E A S I N ELECTRONICS 

November 1971 

Hugo Gernsback (1884 -1967) 
founder 

M. Harvey Gernsback, editor in chief 
and publisher 

Larry Steckler, editor 
Robert F. Scott. W2PWG technical editor 
Jack Darr. service editor 
I Queen. editorial associate 

ALARM 
SYSTEMS 

23 

35 

Pick The Right System For You 
A survey of basic types of alarm systems. by Jim 
Squires 

Build A S5 Vehicle Alarm System 
Protect motorcycles, boats and bicycles against 

Matthew Mandl. contributing editor theft. by Howard Phillips 
David Lachenbruch, contributing editor 
James A. Guplon, Jr., photographic electron rs 
Marine C. Lipp, editorial assistant 58 Multipurpose Alarm System 
Vincent P. Cicenla, production manager Detects and protects against both intruders and fire. 
Barbara Roselelt, production assistant 

by C. R. Lewart 

ECc AUDIO 32 How To Get The Most From Your Components 
HI -FI Basic steps with record players. by Peter Sutheim 

RL OUTPUT STEREO 
RB SIGNAL 55 Solid -State Design 

,,,, CLASS 

Class -A power amplifiers. by Mannie Horowitz 

INPÚ1 
SIGNAL CIN 

-A amplifiers are 
discussed in detail in 
this first -rate design 

BUILD 
THIS 

43 R E'5 Scope Camera 
Polaroid camera scope accessory. by Jack Darr 

1 article.... see page 55 ONE 

DROP OF LIQUID TELEVISION 38 TV Sweep Alignment Made Easy 
M METAL Use a post- marker generator. by Robert L. Goodman 

® Nreo- 69 Service Clinic 
Test equipment tricks. by Jack Darr 

SWITCH OFF SWITCH ON 
ELECTRODES FORM ELECTRODES ARE 
AN OPEN CIRCUIT SHORT CIRCUITED 70 Reader Questions 
SIMPLE MERCURY SWITCH is the heart of $5 The service editor solves reader service problems. 
vehicle alarm system. ...see page 35 conducted by Jack Darr 

GENERAL 4 Looking Ahead 
ELECTRONICS Current happenings. by David Lachenbruch 

14 Editorial 
R -E has a new look, but it's still the same magazine 

17 Appliance Clinic 

" 
More about fail -safe operation. by Jack Darr 

O= 51 All About Inductors ` Everything you should know. by Farl J. Waters 

_ 60 Linear IC Arrays 
: Transistor arrays on a chip. by Walter G. Jung 

RADIO 22 Equipment Reports 
Simpson Model A, HyGain & Mosley antennas 

GET BETTER SOUND from your component 
system. Try these record player hints and see 
what happens .. see page 32 37 New Squelch For CB Receiver by G Neal 

Radio-Electronics is indexed in Ap- _- 
plied Science & Technology Index 
and Readers Guide to Periodical - ABC 

62 Technical Topics 
Literature. Lit. Direct- conversion techniques. by Robert F. Scott 

Radio -A 
Advertising 

and 
Executive 

1971. Vol 42. No 
Park 

Edi- 
torial. Advertising. and Executive ofhces 200 Park Ave DEPARTMENTS 93 Coming Next Month 71 New Products 
S . New York. N Y 10003 Subscription Service: Boul- 
der. Colo 80302 Second class postage paid at New 
York Gay and additional mailing office Printed in U.S A 16 Letters 86 Noteworthy Circuits 

One -year Subscription rate. U S. and possessions. Can- 
ada $7 Pan -American countries $8 Other countries. 6 New & Timely 59 Service Notes 
$8 50 Single copies 60C 

1971 by Gernsback Publications. Inc All rights re- 
served 

POSTMASTER: Notices of undelivered copies (Form 

75 New Literature 84 Technotes 

3579) to Boulder. Colo 80302 
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looking ahead 

Screen -size roundup 

The new 25 -inch super - 
rectangular color tube in- 
troduced last year seems to be 
on its way to replacing the 23- 
inch. In the first half of 1971, 
according to official industry 
figures, 44.5% of all console 
television receivers were of 
this new size, as compared 
with 48.5% using the 23 -inch 
tube and 7% in smaller screen 
sizes. Of all U.S. -brand tele- 
vision sets- console, portable, 
table model and phonograph 
combination -the big screen 
(23- and 25 -inch) was the most 
popular category, taking 47.6% 
of all sales. Next in importance 
was the 18- and 19 -inch group, 
representing 29.6 %, followed 
by small screens (below 17 
inches) with 15 %, and the 20- 
and 21 -inch sizes last with only 
7.8% of the market. As com- 
pared with a year earlier, the 
18- to 19 -inch group was by far 
the fastest -growing screen - 
size category. 

FCC and Cable TV 

There are some hopeful 
signs that the FCC's long 
freeze on major new CATV 
systems could end some time 
next year. There's no certainty, 
of course -the Commission's 
proposed rules could be held 
up by Congress, the courts, or 
even the White House. But the 
FCC has outlined its plans for 
the regulation of CATV to Con- 
gress, and they envision the 
eventual expansion of cable 
into a vehicle for multi -channel 
two -way communication into 
and out of the home. The Com- 
mission noted that 40 -, 50- and 
60- channel systems are cur- 
rently being installed, and has 
decided that its rules will spec- 
ify from the outset that all new 
systems in the nation's top 100 
markets must initially be 
equipped to carry a minimum 
of 20 channels. 

The FCC also said it will 

adopt a rule that for each 
broadcast signal carried, 
"cable systems must provide 
equivalent bandwidth for non - 
broadcast uses." These ad- 
ditional channels are to in- 
clude one which is freely ac- 
cessible for public expression 
at all times, one for educa- 
tional use and one for the use 
of state and local government. 
The Commission states that its 
"basic goal is to encourage 
experimentation that will lead 
to constantly expanding chan- 
nel capacity," It will also re- 
quire that all new systems have 
"the capacity for two -way 
communication." The first two - 
way uses it foresees include 
"surveys, marketing services, 
burglar -alarm devices and 
educational feedback," and it 

warns that "viewers should 
also have a capability enabling 
them to choose whether or not 
the feedback is activated." 

Home TV chronometer 

The home television set 
may soon do double duty as a 
highly accurate clock and fre- 
quency standard. The National 
Bureau of Standards has con- 
ducted successful tests over a 

Denver television station, us- 
ing one line of the vertical in- 
terval between TV frames to 
transmit reference frequencies 
for the calibration of equip- 
ment as well as time pulses. A 
decoding circuit in the home 
television set could provide 
digital readout of the correct 
time on the screen when a but- 
ton is pushed, or the time 
pulse- accurate to within one 
microsecond -could automat- 
ically keep every clock in the 
house accurately set. Cur- 
rently, the decoding circuit for 
the receiver costs about $400, 
but an NBS engineer estimates 
that an IC version could be 
built in mass production at 
about $10. A nationwide test of 
the system may be conducted 
soon on one of the television 
networks. FCC approval would 

be required before the system 
could be put in regular use. 

The age of the Nixie 

Electronic readout systems 
are beginning to come into 
their own in consumer prod- 
ucts, and the first steps in 
higher -priced products could 
lead in a year or two to a stam- 
pede to softly glowing numer- 
als and letters all over the 
home. Consumer electronic 
devices using the Burroughs 
Corporation's Nixie tubes and 
other electronic indicators 
have already been in- 
troduced -there are several 
stereo receivers with digital 
glow -tube readouts. General 
Electric last year introduced a 
digital electronic clock and a 
clock radio with no moving 
parts. Television manufac- 
turers are experimenting with 
varactor -tuned all- channel re- 
ceivers which show the chan- 
nel numbers on two -tube elec- 
tronic displays. 

The electronic calculator, 
constantly moving into lower 
price brackets, is setting the 
pace and introducing the con- 
sumer to the new type of dis- 
play- which, we predict, will 
be billed as the "computer 
look." The first major field for 
this computer look probably 
will be the clock radio, which 
has already undergone a pro- 
gressive metamorphosis from 
the traditional round easy -to- 
read clock face to the harder - 
to -read square clock face to 
the impossible -to -read oblong 
clock face to the too -small 
drum -type digital readout to 
the inadequately illuminated 
and sometimes noisy leaf -type 
digital readout to the rear -il- 
luminated belt -type digital 
readout. What's next? Well, it 
just has to be some type of 
electronic readout. 

Electronic indicators for 
clocks and clock radios can be 
more than just a new showy 
way of reading the time. The 
Triumph Division of General 

Time Corporation, for ex- 
ample, has introduced a digital 
clock radio using a Sperry 
cold- cathode neon display 
tube, with all clock circuitry on 
a 24- function IC chip. Pushbut- 
tons control alarm -setting, AM- 
FM radio switching -in fact, it 
looks like an electronic calcu- 
lator. This isn't as far -fetched 
as it sounds -General Time is 
exploring the possibility of ad- 
ding more digits to the read- 
out, and more pushbuttons, 
and expanding the concept 
into a combination clock radio 
and home electronic calcu- 
lator. 

Look Ma, no tube 

Elimination of the picture 
tube has long been a some- 
what vain dream in television. 
The newest plan to scuttle the 
CRT comes from Edgar E. 
Price, who carries the creden- 
tials of optical design manager 
of Zerox Corporation. 

Price recently received a 
patent for a television display 
system which is claimed to be 
brighter and to have greater 
color purity and potentially 
provide a bigger picture than 
the conventional cathode -ray 
tube technique. 

Price's application of opti- 
cal engineering to the tele- 
vision picture involves the 
scanning of a whole line at a 
time, rather than painting a 
picture from sequential spots. 
His principle envisions a pro- 
jection system utilizing a 
bundle of fiber -optic tubes, us- 
ing a time -delay system to 
store an entire line. A revolving 
prism, at 450 rpm, is the 
scanning device. The fiber -op- 
tic bundle, using an external 
light source and red, green 
and blue filters, projects a line 
at a time on a rear or front 
screen. There are 600 points 
of light, each utilizing a single 
fiber -optic strand. R -E 

DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 
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Now -Just 3 RCA Hi-Lite "V" Type Color 
Picture Tubes Replace185 Types 

Replaces 92 types 
18VABP22 19HCP22/ 490ASB22 
18VACP22 19HKP22 490BAB22 
18VADP22 19HFP22 490BCB22 
18VAHP22 19HJP22 490BDB22 
18VAJP22 19HKP22 490BGB22 
18VAQP22 19110P22 490BHB22 
18VARP22 19HRP22 490BRB22 
18VASP22 19HXP22 490CB22 
18VATP22 19JBP22 490CHB22 
18VBAP22 19JDP22 490CUB22 
18VBCP22 19JHP22 490DB22 
19E XP22 19JKP22 490EB22 
19EXP22/ 19JNP22 490EB22A 

19GVP22 19JQP22 490FB22 
19EYP22 19JYP22 490GB22 
19FYP22/ 19JZP22 490HB22 

19GWP22 19KEP22 490JB22 
19F MP22 19KFP22 490JB22A 
19FXP22 490AB22 490KB22 
19GLP22 490ACB22 490KB22A 
19GSP22 490A DB22 490LB22 
19GVP22 490AEB22 490M B22 
19GVP22/ 490AFB22 490NB22 
19EXP22 490AGB22 490RB22 

19GWP22 490AHB22 490SB22 
19GWP22/ 490AHB22A 490TB22 
19EYP22 490AJB22 490UB22 

19GXP22 490AJB22A 490VB22 
19GYP22 490AKB22 490WB22 
19GZP22 490ALB22 490XB22 
19HBP22 490AMB22 490YB22 
19HCP22 490ANB22 490ZB22 

490AR B22 

Replaces 22 types 
19V ABP22 21FJP22A/ 
19VACP22 21GVP22 
21AXP22 21FKP22 
21AXP22A 21GUP22 
21AXP22A/ 21GUP22/ 

21AXP22 21FBP22A 
21CYP22 21GVP22 
21CYP22A 21GVP22/ 
21FBP22 21FJP22A 
21FBP22A 21GXP22 
21FBP22A/ 21GYP22 
21GUP22 21GZP22 

21FJP22 21HAP22 
21FJP22A 

Replaces 71 types 
23VACP22 25AEP22 25BRP22 
23VA DP22 25AFP22 258SP22 
23VAHP22 26AGP22 25BVP22 
23VALP22 25AJP22 25BWP22 
23VAMP22 25ANP22 256XP22 
23V A NP22 25AP22 25BZP22 
23VA QP22 25AP22A 25CBP22 
23VARP22 25AP22A/ 25CP22 
23VASP22 25XP22 25CP22A 
23VATP22 25A QP22 25FP22 
23VAUP22 25ASP22 25FP22A 
23VAWP22 25AWP22 25GP22 
23VAXP22 25AXP22 25GP22A 
23VAYP22 25AZP22 25RP22 
23VAZP22 25BAP22 25SP22 
23VBAP22 25BCP22 25VP22 
23VBCP22 25BDP22 25WP22 
23VBDP22 25BFP22 25XP22 
23VBEP22 25BGP22 25XP22/ 
23VBGP22 25BHP22 25AP22A 
23VBHP22 25BJP22 25YP22 
23VBJP22 25BMP22 25YP22/ 
23VBRP22 25BP22 25BP22A 
25ABP22 25BP22A 25ZP22 
25ADP22 25BP22A/ 

25YP22 

Here's the way to save yourself time, give your customers faster 
service and improve your profit. Stock these three RCA Hi -Lite 
color picture tubes and have immediate replacements for the 
fastest moving industry types - 185 of them. 

RCA Hi -Lite types are all new, made to OEM specifica- 
tions and contain the newest RCA manufacturing technology, 
including Perma- Chrome and the latest X -ray attenuating glass. 

It adds up to a big plus for you. Order these three RCA 
Hi -Lite tubes, and other types you may need, from your RCA 
Distributor. He also has the complete RCA Interchangeability 
Guide, available free of charge. 
RCA I Electronic Components I Harrison, N.J. 07029 

RimElectronic 
Components 
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new se timely 

Implantable hearing aids 
Electronic implants may someday re- 

place conventional hearing aids, a Stan- 
ford University ear, nose and throat spe- 
cialist predicts. The know -how for 
developing electronic hearing implants is 
now available, Dr. Richard Goode said, 
but more animal research is required to 
evaluate their performance before the de- 
vices can be routinely implanted in hu- 
mans. 

At a recent conference at Stanford an 
association of experts dealt with the prob- 
lems and approaches of such implants. 
Dr. Goode states that researchers are now 
finding out more and more what takes 
place when sounds are received in the ear 
and transformed into the neurological im- 
pulses that travel to the brain, which then 
translates these impulses into "recogniz- 
able" interpretations -speech, singing, 
music, and so forth. 

One device that will electronically 
"trick" the brain into thinking it has re- 
ceived 'normal' sound waves is being ex- 
plored by Dr. Goode and Dr. Theodore 
Glattke. It uses a basic concept of elec- 
trical engineering whereby elec- 
tromagnetic waves are converted into 
sound waves. In this case, however, a 
magnet is implanted on the ear drum or 
ear bones. A tiny amplifier with a micro- 
phone is worn behind the ear, but the ear- 
phone is replaced by a small output coil. 
Amplified electromagnetic waves then 
radiate from this encased coil to the im- 
planted magnet. As a result, the magnet 
moves, driving the bones and ear drum, 
thus producing the sensation of sound. 

Total implantation, including the am- 
plifier, is not possible now, because of the 
short life of batteries; however, nuclear 
power may ultimately provide the answer. 
Dr. Goode cautioned that routine applica- 
tion of any electronic hearing implants in 

humans is at least several years away. 

Sun watchers 
Engineers at Hughes Aircraft are 

shown checking out a scale model of a 

new group of Orbiting Solar Observatory 
Satellites (DSO's) being built for NASA. 
The new OSO's will accurately point in- 
struments at the sun, 93 million miles 
away, to help scientists understand how 
and why the sun, 10,000 F. at its surface, 
heats up its corona to 4 million degrees. 

The primary objective of the OSO's is 

to investigate X -ray and ultraviolet radi- 
ation in the "chromosphere- corona inter- 
face", a turbulent gaseous band around 

the sun. The rise in temperature from the 
sun's surface is a phenomenon solar 
physicists know little about, states Dr. 
Steve Maran, project scientist. 

Each spacecraft will consist of a spin- 
ning section, called the wheel, and a 
stationary platform known as the sail. The 
sail, containing solar panels to provide 
power, will carry two instruments able to 
scan the sun or point at any position on it. 

One, from the University of Paris, will 
make fine structure studies of the chro- 

11 

mosphere. The other, from the University 
of Colorado, will make high -resolution ul- 
traviolet spectrometer measurements. 
Both will scan the sun for other "targets of 
opportunity" such as flares or sunspots 
when the sun's surface activity is relatively 
calm. Six experiments, carried in the 
wheel section, will survey various X -ray 
sources. 

The experiments will be commanded 
automatically by a memory system pro- 
gramming itself. Ground controllers used 
to have to wait about 11/2 hours for com- 
pletion of each orbit before they could 
send new commands to the satellite. 

Magnetic tape copy system 
DuPont has developed new thermal 

technology for duplicating video tape that 
is ten times faster, less expensive, and of 
better quality than present electronic re- 
recording methods. The new process uses 
DuPont Crolyn chromium dioxide video 
tape to produce high -performance tapes 
with identical properties for both master 
and copies. 

The chromium dioxide tape is ferro- 
magnetic with Curie temperature of 
130 °C, above which coercivity and resid- 

ual magnetism becomes zero. The mag- 
netic recordings are completely stable at 
room temperatures but can be erased 

COPY 
IH 

MASTER TAPE 
IN 

HEAT 
SOURCE 

y 
AIR 

SHOE -- 

COPY 
TAPE 
OUT 

MOUNTING 
PLATE 

MASTER 
TAPE 
OUT 

thermally by moderate heating without 
damaging organic binders or substrates. 
On cooling below 130 °C in a small mag- 
netic field, a coating of CrO., becomes 
thermoremanently magnetized to satura- 
tion. In lower fields, the intensity of mag- 
netization is proportional to the applied 
field. These features of Cr02 make Crolyn 
video tape an ideal medium to which mag- 

(continued on page 12) 
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8 top 
guides 

to expert 
servicing - 
from Sams 

Hi -Fi Stereo Servicing Guide 

by ROBERT G. MIDDLETON. A Com- 
plete guide to effective servicing of 
a -m tuners, fm tuners, stereo- multi- 
plex units, and audio amplifiers (all 
components, except record players 
and tape recorders). Includes hi -fi 
speaker system installations, trouble 
localization, and overall system 
evaluation. Also gives testing meth- 
ods for verifying performance. 
Order 20785, only $3.95 

Radio Receiver Servicing Guide 
by ROBERT G. MIDDLETON. Presents 
the professional technician's ap- 
proach. Covers troubleshooting and 
repair of a -m radio receivers, both 
solid -state and tube type. Methods 
for quick localization of troubles in 
any circuit are explained in detail, 
along with the proper use of test 
equipment. Includes a fascinating 
final chapter on the restoration of an- 
tique radio receivers. 
Order 20790, only $3.95 

Record Changer Servicing Guide 
by ROBERT G. MIDDLETON. Presents 
the general principles of record 
changer design, followed by a de- 
tailed analysis of the working parts 
of changer mechanisms. Explains 
adjustment and lubrication proce- 
dures, diagnostic techniques for oper- 
ating troubles, and the corrective 
measures required to remedy them. 
This is a thoroughly practical guide. 
Order 20730, only $3.95 

Tape Recorder Servicing Guide 
by ROBERT G. MIDDLETON. Tells how 
to repair tape recorders profitably. 
Thoroughly explains the principles 
and characteristics of magnetic re- 
corder circuitry, describing the 
various components and systems. 
Provides full instructions on preven- 
tative maintenance, adjustments, 
and proper solutions to tape trans- 
port, recording, and reproduction 
troubles. 
Order 20748, only $3.95 

TRANSISTOR 
COLOR-TV 
SERVICING .. E 

Color TV Servicing Guide 

by ROBERT G. MIDDLETON. Shows 
how to apply fast troubleshooting 
techniques to color -TV repair using 
the famous Middleton system based 
on analysis of trouble symptoms 
illustrated by actual full -color pic- 
ture tube photos. Clearly -written 
text explains possible trouble causes 
and diagnostic procedures. Final 
chapter explains in detail how to use 
color -bar generator. 
Order 20358, only $4.25 

Transistor Color -TV Servicing Guide 

by ROBERT G. MIDDLETON. Clearly 
explains the basics of the various 
circuits used in transistor color -TV 
receivers, including the most recent 
developments. Shows how to apply 
proper troubleshooting procedures 
based on analysis of trouble symp- 
toms. Includes a wealth of circuit 
diagrams, charts, and picture tube 
and waveform photographs. 
Order 20693, only $4.50 

Transistor -TV Servicing Guide 

by ROBERT G. MIDDLETON. Second 
edition. Updated to provide full in- 
formation on latest circuitry and 
many additional new test proce- 
dures. Clearly explains general 
transistor circuitry and servicing 
techniques and then proceeds 
through the receiver, section by sec- 
tion, describing various picture and 
or sound trouble symptoms and their 
remedies. 
Order 20696, only $3.95 

TV Servicing Guide 

by LESLIE D. DEANE and CALVIN C. 
YOUNG, JR. This is the famous guide 
used by more than 100,000 service 
technicians. Shows you how to apply 
quick troubleshooting procedures 
based on analysis of trouble symp- 
toms illustrated by picture tube 
photos. Fully explains possible causes 
for each trouble symptom and then 
details proper diagnostic and repair 
procedures. 
Order 20361, only $3.25 

HOWARD W. SAMS & CO., INC. 

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

Send books checked at right. $ enclosed. 
(Please add sales tax where applicable.) 

Send FREE 1972 Sams Book Catalog 

Name 

Address 

Cuy State - - 
- 
Zip 

20785 E 20358 

20730 r 20693 

20790 E 20696 

20748 E 20361 

HOWARD W. SAMS & CD.,INC. 
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firsts 
make learning 
Electronics at home 
fast and fascinating- 
give you priceless 
confidence. 

Some NRI firsts in training equipment 

n6 Sly to give you Color Television training 
equipment engineered specifically for education - 
built to fit NRI instructional material, not a do -it- 
yourself hobby kit. The end product is a superb 
Color TV receiver that will give you and your family 
years of pleasure. You "open up and explore" the 
functions of each color circuit as you build. 

8 RADIO -ELECTRONICS NOVEMBER 1971 

Iii't to give you a unique, exciting digital 
computer with memory built especially for home train- 
ing. You learn organization, trouble shooting, opera- 
tion, programming as you build and use it. Performs 
the same functions as commercial computers. Lessons 
stress computer repair. You conduct a hundred ex- 
periments, build hundreds of circuits. A solid -state 
VTVM is included among ten training kits. 
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NRI's "discovery" method is the result of over 
half a century of leadership simplifying 
and dramatizing training at home 
The FIRSTS described below are typical of NRI's half century of leadership in Electronics home 
training. When you enroll as an NRI student, you can be sure of gaining the in- demand technical 
knowledge and the priceless confidence of "hands -on" experience sought by employers in 
Communications, Television -Radio Servicing and Industrial and Military Electronics. Everything about 
NRI training is designed for your education ... from the much -copied, educator -acclaimed 
Achievement Kit sent the day you enroll, to "bite- size" well -illustrated, easy to read texts programmed 
with designed- for -learning training equipment. 

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK 
There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in 
spare time, have a business of your own or qualify quickly for career positions in business, industry, 
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you 
for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a 
more liberal money -back agreement. The full story about NRI leadership in Electronics training is in 
the new NRI Catalog. Mail postage -free card today. No salesman is going to call. 
NATIONAL RADIO INSTITUTE, Washington, D.C. 20016 

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

designed from chassis up for your education 

f nest to give you true -to -life experiences as a 
communications technician. Every fascinating step 
you take in NRI Communications training, including 
circuit analysis of your own 25 -watt, phone /cw 
transmitter, is engineered to help you prove theory 
and later apply it on the job. Studio equipment 
operation and troubleshooting become a matter of 
easily remembered logic. 

lint to give you completely specialized 
training kits engineered for business, industrial and 
military Electronics. Shown above is your own train- 
ing center in solid state motor control and analog 
computer servo -mechanisms. Telemetering circuits, 
solid -state multi- vibrators, and problem -solving 
digital computer circuits are also included in your 
course. 
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i ew s- ' 111 e' (continued from page 6) 

netic images can be transferred by a 
simple heating process. 

Thermoremanent research also led to 
a developmental tape -to -tape copy ma- 
chine in which the master and copy tapes 
are drawn together by an air clamp. The 
apparently simple but ultra -precise ma- 
chine may hold the key to mass produc- 
tion of video cassettes. 

Although DuPont has no plans for 
manufacturing thermal tape copiers, it in- 
tends to continue equipment development 
in order to assist in the design of com- 
mercial models by licensees. 

Microwave oven leakage 
The Public Health Service estimates 

that one out of every 10 microwave ovens 
in home use in the United States last year 
probably leaked radiation in excess of the 
industry's own voluntary limits. The esti- 
mate was based on tests of almost 5,000 
ovens in 25 states. 

Leakages in the ovens were due in 
some cases to faulty design, especially in 
models built prior to 1968, the agency 
said. In other instances, shipping damage 
and consumer carelessness were to 
blame, according to the report. 

Vehicle location system 
An electronic system developed by 

GTE Sylvania allows a driver to report the 
location and status of his vehicle in less 
than one second. Using the digimap sys- 
tem the driver needs only touch a pres- 
sure- sensitive map in his car and a color- 

coded indicator appears immediately at 
that spot on the headquarters map. 

"With digimap, a dispatcher, who 
must know the status and location of his 

vehicles, need not cope with radio con- 
gestion. At present police cars, ambu- 
lances, taxicabs . . . report their where- 
abouts by voice when a radio channel is 

available," explained Robert M. Beebe of 
GTE Sylvania. "This can delay important 
messages." 

The system also enables transmitting 
preselected messages such as "send am- 
bulance" simply by pressing a button. 
They can transmit numerical and descrip- 
tive text by typing on the keyboard. 

Aircraft electronics 
Two new electronic devices were ex- 

hibited by GTE Sylvania at the 1971 Air 
Show in Reading, Pa. 

The first is an anti -intrusion system to 
protect parked aircraft from vandals and 
thieves and alert airport personnel by a 

horn, beacon, light, or remote alarm. An 
attempt to disarm the system would also 
activate the alarm. This portable set -up 
has a remote alarm monitor which oper- 
ates with one or several sensor -trans- 

Radio-Electronics is published by Gerns- 
back Publications, Inc. 200 Park Ave. S. 
New York, N.Y. 10003 (212) 777 -6400 
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name and address ex- 
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your label. 
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mitters. One lead is clipped to the metallic 
surface of each aircraft to be protected 
and the other lead is grounded. When the 
unit's antenna is extended the equipment 
is activated and will function unattended. 

The second device is Sky -phone, two- 
way telephone equipment which operates 
in the ultra -high frequency range and al- 
lows passengers to place and receive 
calls to and from airport facilities or out- 
side numbers while flying at altitudes up to 
45,000 feet. 

Hugo Gernsback 
scholarship winner 

RCA Institutes has awarded its Hugo 
Gernsback Scholarship for 1971 to An- 
drew A. Hoffman, Jr., of Metairie, Louisi- 
ana. This award of $125.00 is given an- 
nually by Radio -Electronics to students at 
each of eight home study schools of elec- 
tronics. 

Mr. Hoffman is an electronics trainee 
at Avondale Shipyards in Louisiana. His 
hobbies are music and theatre, and his 
goal is to manage and own a television re- 
pair service after he has completed his 
studies. R -E 

STOP BURGLARS 
Three articles in this issue are 

valuable aids to protect your prop- 
erty. First is a story on how to select 
an alarm system; it starts on page 23. 
Then there's a story on how to build 
a $5 Anti Theft Alarm starting on 
page 35. Finally, there's a dual pur- 
pose, fire and intruder, alarm you 
can build. That article starts on page 
58. Read them, build them and stop 
burglars. 

Be Safe with DeltAlert 
The Proven Crimestopper 

Everyone knows crime is increasing steadily. In fact, statistics show that on out of 
every six homes will be victimized this year. What can you do about it? The Del -AI art 
Ultrasonic Burglar Detection & Alarm System was developed to help protect yDu 
and your family. DeltAlert effectively monitors and blankets up to 300 sq. ft. of 
space, utilizing the sonar principle to pick up even the slightest motion. Whan 
DeltAlert is activated, horn and lights automatically begin operating. The loud ear - 
shattering blasts of the high intensity horn, coupled with light drives away even tie 
boldest intruder. At home 
or work, protection 
begins with the 
DeltAlert Alarm and 
Detection System. 
It's maintenance 
free, and to 
install you 
simply plug 
It in. Order 
yours today, 
and start 
enjoying the 
feeling that 
comes with 
DeltAlert 
protection. 

$69.95 

Here Are 8 Reasons to Put 
The Marts Ten B On Your Car 
The Mark Ten B CD System with exclusive VARI SPARK Circuitry will give you 
these substantial dollar saving advantages: 1) Eliminate 3 out of 4 tune -ups; 
2) Improve combustion, reduce contaminants; 3) Install in ten minutes; 4) Inst.nt 

start n all weather; 5) Dramatic increase in performance; 
6) Handy switch with redundant contacts for instsnt 

return to standard ignition; 7) Two -piece hous- 
ing with neoprene seals provides total 

dust and moistL re 
protection; Bi Use 

on ANY 12 -volt, 
negative- grou-id 

engine. Put the 
Mark Ten B Dn 
your car today. 

It will pay or 
itself in dollars saved. 

Superior Products 
At Sensible Prices 

Mark Ten B 
(12v neg only) Only $59.95 pPd 

Standard Mark Ten $44.95 pPd 

MN MI MI MI OM MI MI IN -' 
Please send me literature immediately. Enclosed is $ ____ Ship C.OD. 

IPlease send DeltAlert(s) $69.95 ppd. I 
_ DeltaHorn(S) @ $24.95 ppd. 

@ 

_Mark Ten B @ $59.95 ppd. 

I_Standard Mark Ten (Assembled) @ $44.95 ppd. 

_6 Volt: Neg. Ground Only __ Positive Ground 

I ___12 Volt: Specify .. _ Negative Ground 

_Standard Mark Ten (Deltakit) @ $29.95 ppd. 
(12 Volt Positive Or Negative Ground Only) 

I Car Year Make 

m Name I 
Address DELTA 

11 
City /State lip PRODUCTS, INC. 4 

P.O. Box 1147, Grand Junction, Colorado 81501, (303) 242 -9000 

ppd. 
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Premium - Quality 

LIGHT EMITTING DIODES 

priced for the 
hobbyist /experimenter 

Here's your chance to get 
the `Cadillac' of the LEDs 
... visible light sources, indicator lamps, alpha- 
numeric readouts, photo- sensors, opto- isolators. 

Sprague L.E.D. devices open up a new world of 
electronic experimentation. Projects such as 

intruder alarms, smoke detectors, light com- 
municators, counters, controls, clocks, optical 
tachometers, computer readouts, Xmas light dis- 
plays, etc. are naturals for these fantastically 
long -life, solid -state devices. Fully compatible 
with ICs, this new Sprague series includes re- 

placements for conventional miniature lamps, 
as well as devices completely interchangeable 
with other leading makes of LEDs. 

For complete data, write to Sprague Products Co., 
81 Marshall St., North Adams, Mass. 01247. 

If you'd like to see these tiny LEDs in a working 
display, drop a note to our Mr. Guy Ezelle for 
the location of your nearest Sprague distributor. 
`another exciting product from Monsanto 

SPRAGUE® 
THE MARK OF RELIABILITY 

Circle 6 on reader service card 

editorial 
This copy of Radio -Electronics is different. It 
may not look very different; the articles in 
this issue cover the same subjects we've 
been covering for more than 60 years. But 
the way this issue was published is different. 

The very words you are now reading were 
typeset by a computer instead of the tradi- 
tional linotype machine, as were all of the ar- 
ticles this month. For with this November 
1971 issue Radio -Electronics has taken a 

giant first step into tomorrow. To you, as a 
reader, go the benefits of clearer and easier - 
to -read type, cleaner and more detailed dia- 
grams, and a more -accurately edited maga- 
zine. 

At the same time we switched to computer 
typesetting we made other facelifting 
changes in the appearance of the magazine. 
We've restyled our presentation for our news 
features, New & Timely and Looking Ahead. 
There are newer more readable type faces 
used for New Products and New Literature. 
Caption type has also been changed to make 
them more easily read. 

We are especially proud of our Production 
Manager, Vincent P. Cicenia. He designed 
and executed the many layout and type 
changes that have been made. 

One most important item has not and will not 
be changed. The content. Radio -Electronics 
will continue to bring you the same kind of 
state -of- the -art coverage of the electronics 
field it always has. As we mentioned earlier, 
the change is a facelifting to make the maga- 
zine more useful to you; we haven't changed 
the guts of the magazine, and we won't! 

All of our staff put considerable time and ef- 
fort into the change and I'm sure they want 
to know what you think of it -good or bad. 
With your comments as a guide we can con- 
tinue to keep Radio -Electronics a modern 
magazine that provides the kind of reading 
you want. 

EDITOf 
Circle 7 on reader service card- 
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When we're in your hands, 
we're in good company. 

We rely on you. For what you know. For your expert work on 
Panasonic products. And for the "service" you do for us. 
Providing the right kind of service for Panasonic products. 
Efficient. Professional. Yet personal. You take pride in your work. 
So do we. 

That's why you're important to us. You're our local service 
facility. But you're not on your own. Because we've put together 
a service team to help you. To make you more important. A 

team of Panasonic people. Ready to work with you. And for you. 
Starting with technical specialists who check, and check, and 
check again. Every product we make. Before a product is made 
and after. And the field service specialists who work right 
along with you. Solving your particular problems. Even 

training personnel. 
And five strategically located Regional Parts Depots. And a 

big Central Parts depot. Not only there for stocking parts. 
But to answer questions about parts. And to back you up with all 
the assistance they can give. We provide specially trained 
instructors to work along with you. To show you the Panasonic 
way of servicing. The kind that makes Panasonic customers 
happy they bought Panasonic. 

And of course, we do it all with only Panasonic parts. Designed, 
engineered and manufactured by us. To insure a consistent, 
high level of quality. Panasonic parts for Panasonic products. It 
makes sense. As much sense as our being there. Whenever, 
wherever. With all the special hands you may ever need. 

Panasonic. 
just slightly ahead of our time 

Panasonic Service Division 
10 -16 44th Drive 

Long Island City, N.Y. 11101 
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Telex headphones and headsets give you that comfortable feeling 
of assurance when you monitor broadcasts or communications. 
Signals come through loud and clear - intelligibly and reliably. 

Telex professional monaural or stereo headphones incorporate 
audiometric -type transducers that are impervious to temperature 
or humidity changes and provide you with absolute performance 
consistency day in, day out. These sensitive dynamic transducers 
produce high output levels with minimum consumption of trans- 
mission power. Available in single or dual muff configuration and 
with noise cancelling dynamic or carbon boom microphones. 

And you'll never miss a cue or program buss with a Telex 
Anouncers Earset ®. Inconspicuous for `on camera' work, it has 
practically become standard in the industry. 

Or you can select a Teleset® , Twinset® or Earset® for light- 
weight, comfortable and inexpensive private monitoring. And for 
special applications in business or home, industry or institution, 
Telex makes a listening device to fit your requirements. Available 
at better sound dealers or write for free information. You'll hear 
more from Telex. PRODUCTS OF .,OUNO RESEARCH 

COMMUNICATIONS DIVISION 

9600 ALDRICH AVENUE SOUTH 
MINNEAPOLIS, MINNESOTA 55420 

CANADA: DOUBLE DIAMOND ELECTRONICS, LTD., Ontario 
EXPORT: ROYAL SOUND COMPANY, INC., 409 North Main Street, Freeport, N.V. 11520 U.S.A. 

Circle 8 on reader service card 
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IetIers 

AUDIOPHILES REPLY 

I would like to reply to Robert 
M. Sickels' letter in your July 1971 
issue. He feels that fully one -half of 
Radio- Electronics readers are not 
audiophiles at all, and that you devote 
too much space to audio problems 
and equipment. 

Let me refute this by corn - 
plaining that you do not devote 
enough space to audio matters! In 
fact, they seem likely to be forgotten 
among the many articles on CB 
equipment, color TV, and other top- 
ics. 

Please accept this plea to keep 
with it in audio amplifiers, pre- 
amplifiers, speaker systems, and other 
equipment and concerns of the audio- 
phile. 
CARL HARTMAN 
Newport Beach, Calif. 

ANTIQUE RADIO BUFFS 
Many of our readers write to ask 

about clubs or associations for antique 
radio fans. Some ask about a source to 
purchase antique radios. 

We know of only one association, 
the Antique Wireless Association, Mr, 
Bruce Kelley, Secretary, Holcomb, N.Y. 
14469. 

Can you help your fellow readers? 
Let us know if you belong to an antique 
radio club, or if you stock antique ra- 
dios. Give us all the details -name, ad- 
dress, officers, or a general description 
of your stock. 

We will let Radio -Electronics' 
readers in on the facts. R -E 

ÌWrI;, NI, 

\\ 
"Now don't get the idea this two hundred 
and thirty is your bill. It's just the num- 
ber of the semiconductor I need for your 
set." 
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appliance clinic 

More on fail -safe- 
Millivolt systems 

LAST MONTH WE TALKED ABOUT FAIL - 
safe systems in general and showed big 
units. Now we come to another version. 
Much smaller, but basically the same 
thing. All functions of the devices are 
exactly the same. There are not as many 
of them, and they're smaller, but they 
still perform the same tasks -control the 
system automatically and provide fail - 
safe protection for the user. They are 
found on gas furnaces, gas driers, space 
heaters, and that kind of thing. 

The major difference lies in the fact 
that many of these are self - powered. 
There is no external 24 -volt ac supply to 

PILOT 
BURNER 

PILOT FLAME 

bit!) Fail -safe operation! 
If you can see the pilot burner, 

you'll see that the thermocouple is posi- 
tioned so it is right in the middle of the 
pilot flame. Some of the instructions re- 
fer to this as being in a ring of flame. 
This is necessary for maximum heating 
of the thermocouple. 

The dc voltage generated is almost 
directly proportional to the heat. The 
pilot burner must be correctly adjusted 
for a non -blowing blue flame. That is, 
the pilot gas pressure should be ad- 
justed so the flame does not blow away 
from the orifice. This lowers the tem- 
perature. If the pilot flame shows a dis- 
tinct yellow tinge, it has too much air 
and not enough gas, and once again the 
temperature goes down. Instructions for 
adjusting this flame are in the service 
manuals. There will be an adjustment 

MAIN BURNER 

THERMOCOUPLE 
ROOM 

THERMOSTAT 
HIGH TEMP 

LIMIT SWITCH 

bGAS FROM MAIN 

SOLENOID 
COIL 

SPRING 

-Fj-- DIAPHRAGM 'I 

SOLENOID GAS VALVE 

operate the main gas valve. You will 
find "combination" systems, using 
thermocouple safeties plus the 24 Vac 
valves in some units. However, the one 
we want to talk about here is the self - 
powered type. All of the electrical 
power needed to open the main gas - 
valve is generated by a small thermo- 
couple. The drawing shows the basic 
circuit. 

The thermocouple itself is 
mounted on the side of the main 
burner, usually as a part of the pilot 
burner assembly. It must be here so it 
can sense the presence of the pilot 
flame. No flame, no voltage, and no 
workee! (Which is the idea of the whole 

for the pilot flame, on the side of the 
control unit itself. 

To go back a little, the original ap- 
plication of this system used a manu- 
ally -set relay between the thermocouple 
and the gas -valve power supply. With 
the pilot burner lit, the relay is closed by 
pushing a button. If the thermocouple is 
working properly, it will hold the relay 
closed, although it will not close it. If 
the pilot burner should go out, the relay 
drops out, opening the circuit to the 
main gas valve. This is a manual - 
on /automatic -off system. It is widely 
used. 

m 

we've 

none 

agneticl 
NEW NUTDR /VERS 

STOP FUMBLING, SAVE TIME 

Exclusive with Xcelite, 1/4" and 5/16" hex 
socket magnetic nutdrivers offer the ultimate in 
convenience for starting, driving, or retrieving 
screws, bolts, or nuts. 

All types Midget Pocket Clip, Regular, Extra 
Long, Super Long fixed handle ... also inter- 
changeable shanks for Series "99" handles. 

Permanent Alnico magnet. Sockets remain 
demagnetized. Won't attract extraneous matter 
or deflect against metal surfaces. 

New comfort -contour, color -coded handle 
makes one -hand driving easy, identifies tools as 
magnetic. 

Sockets specially treated and hardened for 
use with hex head, self- tapping screws. Finished 
in black oxide for dimensional control and 
added identification. 

REQUEST DESCRIPTIVE LITERATURE 

nationwide availability through 
local distributors 

Made in 
U.S.A. 

XCELITE, INC., 110 Bank St., Orchard Park, N. Y. 14127 
In Canada contact Charles W. Pointon, Ltd. 

(continued on page 76) 
Circle 9 on reader service card 

NOVEMBER 1971 RADIO -ELECTRONICS 17 

www.americanradiohistory.com

www.americanradiohistory.com


10 Reasons why 
RCA Home Training is 

your best 
investment 
for a rewarding 
career 
in electronics: 

Performing transistor experiments 
on programmed breadboard - using 
oscilloscope. 
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1 
LEADER IN ELECTRONICS 
TRAINING 

When you think of electronics, you im- 
mediately think of RCA ...a name that 
stands for dependability, integrity, and 
pioneering scientific advances. For over 
half a century, RCA Institutes, Inc., a 
subsidiary of RCA, has been a leader in 
technical training. 

2 RCA AUTOTEXT TEACHES 
ELECTRONICS FASTER, EASIER, 
ALMOST AUTOMATICALLY 

Beginner or refresher, AUTOTEXT, 
RCA Institutes' own method of pro- 
grammed 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. 

3 WELL PAID JOBS ARE OPEN TO 
MEN SKILLED IN ELECTRONICS 

RCA Institutes is doing something posi- 
tive to help men with an interest in elec- 
tronics to qualify for rewarding jobs in 
this fascinating field. There are chal- 
lenging new fields that need electronics 
technicians... new careers such as com- 
puters, automation, television, space 
electronics where the work is interest- 
ing and earnings are greater. 

4 WIDE CHOICE OF CAREER 
PROGRAMS 

Start today on the electronics career of 
your choice. On the attached card is a 
list of "Career Programs ", each of which 
starts with the amazing AUTOTEXT 
method of programmed instruction. 
Look the list over, pick the one best 
suited to you and check it off on the card. 

Construction of Multimeter. 

5 SPECIALIZED ADVANCED 
TRAINING 

For those already working in electronics 
or with previous training, RCA Insti- 
tutes offers advanced courses. You can 
start on a higher level without wasting 
time on work you already know. 

6 PERSONAL SUPERVISION 
THROUGHOUT 

All during your program of home study, 
your training is supervised by RCA In- 
stitutes experts who become personally 
involved in your efforts and help you 
over any "rough spots" that may develop. 

7 HANDS -ON TRAINING 

To give practical application to 
your studies, a variety of valuable RCA 
Institutes engineered kits are included 
in your program. You get over 250 proj- 
ects and experiments and as many as 22 
kits in some programs. Each kit is com- 
plete in itself. You never have to take 
apart one piece to build another. They're 
yours to keep and use on the job. 

8 FCC LICENSE TRAINING - 
MONEY BACK AGREEMENT 

Take RCA's Communications Career 
program -or enter with advanced stand- 
ing and prepare immediately for your 
1st, 2nd, or 3rd class FCC Radio Tele- 
phone License examinations. RCA In- 
stitutes money -back agreement assures 
you of your money back if you fail to 
pass the FCC examination taken within 
6 months after completing the course. 

9 CONVENIENT PAYMENT PLANS 

You get a selection of low -cost tui- 
tion plans. And, we are an eligible insti- 

tution under the Federally Insured Stu- 
dent Loan Program. 

10 RCA INSTITUTES IS FULLY 
ACCREDITED 

RCA Institutes is an accredited member 
of the National Home Study Council. 
Licensed by N.Y. State -courses of study 
and instructional facilities are approved 
by the State Education Department. 

VETERANS: TRAIN 

UNDER NEW GI BILL 

SEND ATTACHED POSTAGE PAID CARD 
TODAY! FREE DESCRIPTIVE BOOK 
YOURS WITHOUT OBLIGATION! 

If reply card is detached, send this coupon 
today. r 

L 

RCA INSTITUTES, INC. 
DEPT. 758 -111 -0 
320 W. 31 ST. 
NEW YORK, N.Y. 10001 

Please send me FREE illustrated career 
catalog. I understand that I am under no 
obligation. 

Name 

Address 

City 

State zlo 

Age 

Veterans: Check here D 
J 

ncn 
Temperature experiment with transistors. 

Construction of Oscilloscope. 
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equipment report 

Simpson Model A 2 -meter FM transceiver 

Hy -Gain MMG -150 mobile whip 

Mosely Diplomat -2 2 -meter ground -plane 

Simpson Model A FM transceiver 
Circle 22 on reader service card 

BEING AWARE THAT I'M A FAIRLY 
active ham -I've just replaced the HT- 
32/75A-4 combination with the new 
Heathkit SB- 102 /SB- 200 -and the Edi- 
tor asked if I'd do an equipment report 

Hy -Gain MMG -150 
mobile whip 

Circle 23 on reader service card 
on the Simpson Electronics Model A 4- 
channel FM transceiver for 2 -meter 
amateur mobile operation. I jumped at 
the chance, completely unaware that 2- 
metet operation and techniques have 

The does -it -all turntable 
at a do- it- yourself price. 

It's the BSR McDonald 310 /X, 
and it's the best buy in automatic 
turntables. Anywhere. 

This is no "little brother" turn- 
table, either. It's got a full -size 
platter, cue and pause control, 
low mass tone arm system and a 

visible stylus pressure indicator. 
And because it's a famous BSR 

Total Turntable, it comes com- 
plete with a tinted dust cover, 
custom molded base and a Shure McDONALD 

M -75 magnetic cartridge -all fac- 
tory- installed and balanced and 
included in the low price. 

The BSR McDonald 3101X. It's 
perfect for people who want the 
best, no matter how little it costs. 

Send for free full color catalog 
on all our automatic turntables. 
BSR (USA) Ltd., B lauve lt, N.Y. 10913 

Circle 10 on reader service card 

Mosley 2 -meter _- 

ground -plane 

Circle 24 on reader service card 
changed drastically since I last used my 
"Benton Harbor Lunchbox" (Heathkit 
"Two'er ") around 10 years ago. Most of 
my ham activities have been confined to 
SSB operation on 80, 40, 20 and 15 me- 
ters with just enough CW to keep my 
hand in at the key. 

Boy! Two -meter FM is a whole 
new world! On the bands below 2 me- 
ters, you are free to operate anywhere in 
any band that your vfo takes you and 
the FCC permits. On the other hand, 2 

meters, by "Gentlemen's Agreement" 
and usage has been divided into 10 -kHz 
channels 30 kHz apart and transceivers 
use crystal control for transmitting and 
receiving. You can operate on any 
channel but not all are active and you'll 
have to select crystals for the channels 
used in your area. 

The Model A has two 4- channel se- 
lector switches on the front panel; one 
selector for the receiver and the other 
for the transmitter. When fitted with se- 
lected crystals for the transmitter and 
receiver, you have sixteen trans- 
mit /receive frequency combinations. 
The unit supplied by Simpson for tests 
came with four crystals. Two for trans- 
mitting and receiving on 146.94 MHz - 
perhaps the most popular simplex or di- 
rect channel nationwide -and two for 
transmitting on 146.34 and receiving on 
146.76 when working through repeaters. 
Yep, repeaters! 

When you are barreling along an 
Interstate highway, you'll find your op- 
erating range is extremely limited, espe- 
cially when working another mobile or 
the base station `just over the hill ". To 
overcome the limited coverage 
available from a low -power mobile rig 
with its near -ground -level antenna, 
some ham groups have installed repeat- 
ers on elevated sites. These trans- 
mit /receive devices generally use high - 
power transmitters and high -gain an- 
tennas to greatly increase the operating 
range of most installations. 

(continued on page 88) 
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There are all kinds of alarm systems. Some 
work better in one type of installation than another. 

Get the system that will deliver for you 

by JIM SQUIRES 

AN EMPTY RATION TIN HANGING ABOVE THE MUD FROM 
a roll of barbed wire in front of the trenches might have 
worked in 1916 as an intruder alarm, but today the image of 
security has changed. Though all of the basic parts of a good 
security system were there, electronics did for the tin can what 
Cleopatra did for courtship. 

Modern intrusion detection systems have become so so- 
phisticated that that problem has swung from one of in- 
sensitivity to changes in the outside world to oversensitivity in 
the guise of that dirge, the false alarm. Combinations of in- 
trusions systems then can provide virtually foolproof safety. 
Company management, like the homeowner, realizes that the 
up -to -date thief )s stealing the pants off the corporate image. 

Alarm systems may be classified according to the area 
they are designed to protect. Thus came the names of spot, 
perimeter and volume detection systems. As it was with the 
banging tin can, all alarm systems have certain things in com- 
mon. They include the sensor or transducer, in this case an 
empty tin can sounding against the wire, a communications 
media, noise of the racket traveling through the air for our 
primitive system and finally, a response action, a guy sweating 
in a trench with his finger on the trigger. New alarm systems 
are sophisticated to the point that they will respond with an 
alarm if a scrap of paper ripples off the desk onto the floor. 

Spot or point protection devices are only useful where 
the entry or intrusion point can be anticipated as from a win- 
dow, door or sky light. They include such defenses as foil 
tapes along the edges of the window glass guarding against 
both broken glass as well as actual opening of the window. 
Each window and protected opening is placed in one contin- 
uous closed circuit. Wiring can be included to indicate at 
which window entry was affected. Again, as also true with the 
spot detectors, a burglar may cut through a wall unnoticed by 
this type of system. 

Other spot detectors include special floor mats, stress ten- 

sors mounted under the floor joists so that pressure on the 
floor above sets off the appropriate alarm. Panic buttons and. 
special medical assistance call- buttons may be wised to this 
basic system or may he interconnected with a mare sophis- 
ticated central security system. 

Regardless of the complexities, intrusion detection can 
he subdivided into three basic components. They are the de- 
tector or transducer, the communications link and the moni- 
tor- responder components. In the original exampe, the tin 
can was the detector, the sound waves the communication, 
and the waiting soldier the responder. Any system, no matter 
how basic its transducers might be, when linked through com- 
munications to a massive responder system consisting of an 
entire police contingent forms quite an effective security wall. 
The most reliable form of security protection arises from the 
use of two or more types of systems backing up each other. 
For example, perimeter protection might be used to back up 
an ultrasonic volume system. 

Perimeter protection may also form a component of a 
larger closed- circuit protection network which might include 
tape switches mounted under the rugs, mat switches, driveway 
and window -sill switches, all wired so that any switch opened 
by an intruder would set off the alarm. A closed circuit of this 
type might also include window foil and special valuable ob- 
ject pads. These pads are designed to open or close a circuit 
when an item resting on the pad is removed by a thief. Per- 
imeter systems can also be buried in the ground alongside a 
protective fence or between buildings in likely paths of move- 
ment. 

Several firms offer perimeter protection of any fenced 
area through the use of motion sensors placed at 30 -foot in- 
tervals along the fence perimeter. An intruder, shaking the 
wire apron of the fence effectively causes the sensor in that 
section of the fence to open circuit. An additional wire to the 
sensor enables the security console operator to determine 

NOVEMBER 1971 RADIO- ELECTRONMCS 23 

www.americanradiohistory.com

www.americanradiohistory.com


which sensor has open circuited. The fence sensors can be ad- 
justed to "open" at any preselected vibration sensitivity, being 
careful not to adjust them so fine that a wind sets off the 
alarm. 

Photoelectric devices 
Early versions of the photoelectric optics for perimeter 

protection included beams of visible light, easy to detect and 
easy to avoid. Modern photoelectric systems have gone to in- 
visible infrared light beams of coded pulses of light that have 
built -in delays designed to allay false alarms caused by falling 
leaves, twigs or small birds. Effective range of these trans- 
mitter- receiver units starts at 200 feet and may go as high as 
500 feet for some units. Rigidly mounted mirrors are used to 
bend protective beams around corners and are available from 
photoelectric manufacturers. Available today is a miniature 
infrared "eye" photoelectric system with a range of 50 feet in 
which both the receiver and transmitter units fit into standard 
wall outlet boxes using decor matching faceplates. Battery 
powered, both the transmitter and receiver will operate con- 
tinuously for one year. 

Volume detectors 
third prominent method of detecting intrusion into 

home or business deals again basically with motion. All vol- 
ume detectors are motion detectors and will give the same 
alarm for Boss as well as Burglar. 

Under the broad title of volume detectors are the in- 
frared, the ultrasonics, the radars, and on a somewhat less re- 
liable scale, the passive light and sound detection systems. 
While they provide the best possible protection available, 
they are also most vulnerable to false alarms. Combinations 
of the acceptable features of each of these systems produces a 
reasonably reliable intrusion protection system. 

Infrared systems 
Development of the infrared diode has elevated "black 

light" techniques above the old infrared filters of a white light 
. source and made them extremely useful as perimeter and vol- 

ume intrusion detectors. 
One modern infrared transmitter produces a conical 

beam that spreads to twelve feet in diameter at 400 feet. Any 
portion of the beam, three inches in diameter, reflected back 
to the receiver for a périod exceeding 60 milliseconds will op- 
erate the alarm. The infrared produced by a gallium arsenide 
diode beam is pulsed at a rate of 2 kHZ and directed to a re- 
flector. Range of the unit, up to 400 feet, depends on the re- 
flector system used. 

One passive infrared intruder detector has no transmitter 
but continually monitors the normal ambient level of infrared 
energy in the room. An intruder either entering or leaving the 
area and moving at a rate of 1 foot /second or faster changes 
stable reference infrared conditions and initiates an alarm 
condition. This model protects an area approximately 20 by 
20 feet. As with most security devices, an alarm is also 
sounded if the instrument cover is removed or cables are cut. 

Assuming the intruder could avoid passive infrared scan 
or a cone of active infrared light, an ultrasonic motion detec- 
tor might be the next step. 

Doppler shift 
Microwave, radar, ultrasonic and certain types of in- 

frared alarm systems all work on the Doppler frequency shift 
principle of detection. It is based on the principle that any 
motion within a fixed frequency field will alter the reflected 
frequency pattern back to the receiver by some measurable 
amount. This will shift the frequency either higher as the ob- 
ject approaches the transmitter or lower as it moves away. 
This difference, measured by some sort of phase -shift detec- 
tor, is the magnitude of the output of which is interpreted by 
the alarm unit as some mode of intrusion ranging from air 
drafts to human intrusion. Filter circuits located ahead of the 
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phase detector admit only those frequency shifts necessary for 
detection. 

Ultrasonic detectors 
Operating in the range of 18 to 45 kHZ (high- frequency 

sound waves) the ultrasonic detector produces a protection 
pattern roughly shaped like a football, typically forty feet or 
less in length and fifteen feet across. Ultrasonics, due to the 
nature of the sound energy pattern, unlike microwave radars, 
is a contained system within the room housing the trans- 
mitter- receiver unit. The motion of a human in the ultrasonic 
field will cause a reflected energy shift of about 40 Hz. 

This shift from the radiated frequency pattern is detected 
by the phase detector and is enough to trigger the alarm cir- 

FALSE ALARMS can result when an Intruder alarm is triggered by some- 
thing other than an actual intruder. Some of the kinds of things that can 
cause false alarms are shown in the diagram below. The table shows 
which types of systems are susceptible to which kinds of false alarms. 

THUNDER 

LIGHTNING( 

AIR VENTS 
AND 

RAIN 

HEAVY 
SUPERSONIC EQUIPMENT 

AIRCRAFT 

VIBRATING 
GLASS 

BLOWING 
PAPERS 

POORLY 
FITTING 
DOORS 

BLOWING 
DRAPES 

VIBRATING A R 

METAL CONDITIONER 

SURFACES 

ROLLING 
CHAIRS 

CAUSES OF FALSE ALARMS 

GENERAL CAUSES OF FALSE ALARMS 
FOR VARIOUS DETECTOR SYSTEMS 

Detector 

System 

Moving 
Walls, 

Drapes, 
Office 

Equipment 

Electronic 
Weather 

Jamming 
Channe 

Defective 
Electrical 
Equipment 
Other Than 

Alarm System 

No 

Moving 

Animals 

Point or 
Spot No No Yes No 

Perimeter No No No Yes No 

Area No No No Yes No 

Light No No No No Yes 

Sound No No No Yes No 

Impedance 
Change Yes Yes Yes Yes Yes 

Ultrasonic Yes Yes Yes Yes Yes 

Radar Yes Yes Yes Yes No 
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cuit. Transducers for lower frequency ultrasonic units are ei- 
ther directional or omnidirectional high -frequency tweeters. 
Those ultrasonic units operate below 25 kHZ, the upper limits 
of animal (dogs) hearing, so we might expect that a dog could 
detect the operation of the system. As the frequency goes 
higher, piezoelectric crystal transducer units (see schematic), 
often a silver- coated chip, are used. 

A somewhat older technique uses the magnetostrictive 
transducer resulting in less sensitivity to motion within the 
protective ultrasonic pattern than with crystal transducers. 

Regardless of the system used, the possibility of false 
alarms, defined as any alarm generated by the system other 
than for the intended security purposes, must be examined. 
Since ultrasonic energy is contained within the protected 

SIMPLEST DETECTOR IS a pressure switch. These units are available in 
tapes, mats and other forms. The diagram shows several ways these ma- 
terials can be used. The table below ìists various types of detectors to 
protect against intruders along with a listing of the appropriate trans- 
ducer. 

CAPACITANCE ALARM SYSTEM (at right) is normally used only in in- 
dustrial applications. Other systems that car' be used for the home as 
well as office and industrial applications are presented in the table at the 
bottom right. The type of detector, how it works, and some comments on 
cost and problems are listed. 

01 

SECTIONS OF SWITCH 111 

RUNNER PLACED UNDER 
RUG AT ANY DESIRED 

LOCATIONS. 

WINDOWSILL 
TRAP 

SHORT SECTIONS OF 
SWITCH RUNNER UNDER 
CARPETING ON STAIRS. 

DETECTORS AND RELATED TRANSDUCERS 

Detector 

POINT 
Point Entry 

Vibration 
Pressure 
Fire 

Transducer 

Foot switch 
Reed switch 
Mercury switch 
Diaphragm 
Thermocouple or thermistor or 

low- melting -point metal 

PERIMETER 
Photo -electric 
Strip Switches 
Infrared 
Infrared 

Photo -sensitive diode 
Switches -normally open or closed 
Infrared filter 
Gallium- arsenide diode with 

reflectors 

VOLUME 
Ultrasonics 

Radars 

Microwave 

High- frequency tweeter speakers 
Magneto- restrictive device 
Piezoelectric crystals 
Quarter -wave -length antenna 
with corner reflector 
' -wave and 3/, -wave antenna rods 

room, the characteristics of the room play an important part 
in the false alarm picture. 

The room may be either 'hard' or 'soft,' these terms re- 
ferring to the structure of the room. Hard rooms, that is, 
rooms filled with glass. polished floors, large metal surfaces, 
result in more false alarms than do comparable soft rooms 
where there are rugs, draperies, cork walls and other softer 
construction materials and furniture. As the absorption char- 
acteristics of the room change. so can it be expected that there 
will he a change in the ultrasonic pattern in both range and 
coverage provided by a particular setting of the range control 
of the unit. Noise and room temperature will to some extent 
also influence reflected frequency shifts and in some cases in- 
troduce false alarms. Drafts of air passing through the main 

BCA-I 

SPECIAL 
APPLICATIONS 

ONLY 

MOMENTARY 
TAMPER 
SWITCH 
(COVER 
CLOSED) 

ALARM 
RELAY 

(ENERGIZED 
NO ALARM) 

TRANSFORMER 

STORAGE 
CABINET T. oT,. 

CII IC2 

FLOOR / A/ / / / I / / / / / /I // / //I / / // / / / / / / / / / / / / / //I /// // / / / /// / /I / // // / / / / / / I /I / / // // / / / /// / /I / /I // / /// / /A/ / / / / / / / /// I /l / / 
WATER PIPE 
GROUND 

`NOTE: SAFES, FILES AND CABINETS INSULATED FROM FLOOR. 
CAPACITANCE BETWEEN FLOOR AND THE SAFE, FILES AND 

CABINETS IS DESIGNATED AS Cl, C2, C3, AND C4 (DASHED 
LINES). CX IS ADDED CAPACITANCE OF INTRUDER TO 

CABINET. 

METAL 
FILE 

I 17V 
50-60 Hz 

TO ALARM SIGNALING 
DEVICES. LOCAL ALARM 
AND /OR CENTRAL 
STATION MONITORING 
SYSTEMS 

SAFE DOOR 
INTERLOCK 

METAL 
1 _r_ 

#T. 
C3! !C4 

ti 

ELECTRONIC DETECTORS 
FOR HOME, OFFICE AND INDUSTRIAL USE 

Detector Mode Comments 

Point or Spot Electrical Contacts 
Pressure Pads 
Aluminum Tape 

Perimeter Visible Beam Light 

Areas 

Volume 

Infrared Beam Light 

Low Cost 
Low Cost 
Medium Cost 

Coded, Mois- 
ture Af- 
fected 
Coded, Mois- 
ture Af- 
fected 

Mirror Deflected Beam Coded,Precise 
Alignment 

Light Sensor 
Sound Sensor 
Impedance Change 

Ultrasonic 
Radars 

Low Cost 
Low Cost 
Low Cost, 

Simple 
Small Volumes 
Expensive 
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part of the elliptical radiated pattern create false alarms. A 
window, for example, left slightly open causing an air draft to 
blow the curtains will trigger the ultrasonic alarm. Small 
animals, such as cats or mire, also set off the alarm though the 
owner isn't aware that there are animals on the premises. 

Ultrasonic transmitter -receiver units must be mounted 
away from vibration. Heavy street traffic, large in -plant ma- 
chinery or earth moving equipment in operation near the ul- 
trasonic chassis will cause false alarms. Doors or slamming 
files located near the wall on which the unit is mounted will 
also trigger false alarms. 

BELL, HORN, 
LIGHT, PANIC BUTTON 

INTRUDER 
SENSOR 

OR 
TRANSDUCER 

COMMUNI- 
CATION 
LINK 

MONITOR/ 
RESPONDER 
SECURITY 

SUPERVISION 

ACTION INITIATED 

BLOCK DIAGRAM OF BASIC ALARM SYSTEM shows what must be pres- 
ent to have an effective alarm system. Not all systems include all of these 
features. 

ULTRASONIC ALARM SYSTEM is made by Delta Products. Transducer 
unit is in foreground. Remote horns are shown above. 

CAPACITANCE ALARM SYSTEM IS SHOWN in block diagram at right. 

SCHEMATIC OF ULTRASONIC Delta Products model 10,000 alarm sys- 
tem. 

Radar and microwave detectors 
Starting somewhere in the region of 400 MHz or 75 cm 

and going to 500 MHz and beyond, radar security systems 
protect a volume represented by an area up to 3500 square 
feet on the floor. It has two modes to its alarm system. They 
are "motion detected" which is human movement in the field 
for 5 seconds or less and a "motion persisting" mode if the 
motion continues beyond this time. Reset time for this alarm 
is adjustable from 5 to 200 seconds. 

As we move up the frequency scale from infrared to mi- 
crowave intrusion devices and the energy wavelength shrinks, 

HEATHKIT HOME PROTECTION SYSTEM includes these two elements 
among its many options. At right above is smoke detector model GD -87. 

Above left is utility transmitter GD -97. 
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POWER 
SUPPLY 

OSCILLATOR 

AMPLIFIER 

CASE 
GROUND = 

TUNED 
CIRCUIT 

DISCRIMINATOR OPEN LOOP 
FAIL SAFE 

- FILTER 
BAND 
PASS 

METER 

PUSH PULL 
AMPLIFIER 

117V 
50-60 
Hz 

TO WATER 
PIPE GROUND 

PROTECTED 
METAL 
OBJECT 

iT. 

RELAY 
AND 

DRIVER o 

(RELAY 
ENERGIZED) -v 
TAMPER.-0 
SWITCH o 

I 

(COVER CLOSED) 

TO ALARM 
INDICATOR 

^.01 _ -`IK +12' 

.0033 °ii4.8µH 22K 

IOK 

2N3638 © 330PFf47K I- IT 

470KI 1 

470K 

.47 

IOK 

10 

R0 

< 
r 10 

._- 

4.7 
MEG 

IOOS 
11 

l 
S47K 

47K I 
At.,,, 

IK 

RELAY 
o 

1.5µH IOOK 
`Ip{ ?I' ,, 

} 

330 
PF 

470K 

330 

220K 
- 

'MEG 

.-w"--4. 
IOOK 

3.3K 

^ 
IK 

14 IN4454 

P+ '--.-® 

IOOK 

.01 

12K 

IMEG 
.0033 10K 

18K 

SMEG 

1011 

47K 

(- .I 
¿'OK 
S 

jIOOK 

MEG 

A ~- 
1 g . 

10MEG 

ÓG 
POT 

IOOK 
470 

'1^ 
1`MhG 22K 

IOOK 

*-- 
Sn 

IOKS 

-T.01 

i IN4454 

w 
22K 

ITI 

1 

PóT 
.I .47 

2N5457 

220K 

µ, 
IOOK P 

=IN34y 522K 

5K LOG-IE-+- 
POT 

12K 

.01- 

47K 

fMEG 

K. , A 
IOOK 

1 

IN34 .1 
.47 

IN445 

Ç100 
SÌ 

3.3K 3.3K# 

` 
S1 MEG 4.7 

MEG IN4454 

70 COMMO 

0033 T 

RF CHOKE C 

000, t Î 47OK .l o 
IN I MEG .OI .47 IE-.- 

.47 IN4454 IN4454 IN4454 

+12V 

IO 
TO CASE 

QSl.Q 
RF CHOKE L 

1.-.-.47 330 -y 
B IN762 

B IN762 

RF CHOKE 8 
01 

PF - Q99 N4454 

IN4454 1000 

yti 
4711 

± 
1000. µF^ 

DUT IMEG T.° 2 10011 

1 D 000. Q 4g 
RF CHOKE I 

NC/0-0190 0_>.1., 1 

_I _ 

COMMON 

rn..unni NOTE 

NO c)<<>8 o13 

26 RADIO -ELECTRONICS NOVEMBER 1971 

UNLESS OTHERWISE SPECIFIED 
TRANSISTORS ARE 2N3414. 

www.americanradiohistory.com

www.americanradiohistory.com


the types of surfaces that reliably will reflect the microwave 
energy become fewer and fewer. Shorter wavelengths pene- 
trate glass and certain walls and doors. This means that ex- 
terior things in motion will now be detected or seen by the 
microwave and radar protection devices. Jet aircraft flying at 
twenty thousand feet have triggered some systems. Moving 
walls, rustling leaves, all are prime suspects for false alarms. 
Installation procedure matures from a box that you unpack 
and switch on into a careful study of the premises and a thor- 
ough knowledge of the equipment prior to any activation of 
the security system. 

TO REMOTE CONTROL 
CENTER (INCLUDES 

TRANSMITTER DISABLE ) 

FROM 

BATTERY 

SIGNAL 
GENERATOR 

POWER 
CONDITIONER 

REGULATED 
POWER 

OUTPUT 
LEVEL 

CONTROL 

WINDOW 
HEATER 

CURRENT 
AMPLIFIER 

OUTPUT 
DIODE - 

TRANSMITTER 

RECEIVER 

DETECTOR 
DIODE 

!PREAMPLIFIER 
REGULATED 

POWER 

FROM POWER 
CONDITIONER 

WINDOW 
HEATER AMPLIFIER 

BATTERY 

THRESHOLD 
TO REMOTE HOLD DEMODULATOR 

CONTROL CENTER 

RELAY 

pFFd 

10K ON 

TEST I 

-i RELAY 
DRIVER -.- THRESHOLD 

DETECTOR 

Complete control systems 
Some companies offer complete surveillance and super- 

visory security systems. One typical system will function with 
any switch protected areas such as a freezer, doors or win- 
dows, water - pressure sensors and fire alarm and smoke de- 
vices. A single console security cabinet uses a number of 
modular alarms and one warning horn or other audible sig- 
naling device. The power supply is external to the main con- 
sole. The alarm module features horn turn -off but will not re- 
set a warning light until the cause for the alarm has been 

(continued on page 94) 

EICO FC -100 (above) 
is part of their new 
security system. 

INFRARED intrusion 
detection system 
(left) shown as a 

block diagram. 

PANIC ALARM (right) 
is part of Functional 
Devices wired -wire- 
less system. 

RECEIVER SCHEMATIC of multichannel unit made by Airspace Devices 
Inc. The receiver shown is a 6- channel unit. 

AUDIO 
ALARM 

3.3K 

Q5 

TEST 5 

00 + 
l BATS 25V 

T o 
I 52 

tt 2 WATT 
182 

12V BAT 

12V+ 

117V AC I AMP r, FUSE 

f1100 I 25V 

I 02 o3 ó4 05 O6 IS ó12V 

NOTES: 

I. ALL TRANSISTORS QI TO 06 ARE 2N3704, 07 IS 2N3703. 

2. ALL SCR'S ARE TI- 145 -A2. 
3. ALL DIODES ARE IN4816 OR 4817. 
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Train on this 
315 sq. in. 

picture 
color TV 

and get the 
skills that 

mean a 
high -paying 

career! 

Solid -State the newest develonment 

Count on NIS training Io always 

lecture the latest eleclronìc euuìumenl. 

Now included in two 
exciting NTS color TV courses, 
this set is the largest, most ad- 
vanced color television made. 
Guided by the NTS "Lab- Project 
Method" of combining profes- 
sional kits and easy -to- follow 
lessons, you build this color TV 
step by step - learning TV Serv- 
icing as you go! NTS has suc- 
cessfully trained thousands of 
men at home for rewarding 
careers as electronics techni- 
cians. Prepare for the great 
opportunity fields of TV -Radio 
Servicing, Computers, Communi- 
cations, and Automation. 

This solid -state color set 
contains: 45 transistors, 55 di- 
odes, 2 silicon controlled recti- 
fiers, and 4 advanced Integrated 
Circuits representing an addi- 

tional 46 transistors and 21 di- 
odes. The first solid -state color 
TV this large - yours to keep! It 
features Automatic Fine Tuning; 
"Instant On "; an Ultra- Rectangu- 
lar Screen (25 in. diagonal meas- 
urement) that lets you see the 
complete transmitted image for 
the first time - a full 315 square 
inches; exclusive built -in Self 
Servicing features which elimi- 
nate the need to buy costly test 
equipment; exclusive design 
Solid -State VHF Tuner with an 
MOS Field Effect Transistor; 3- 
stage Solid -State IF; Automatic 
Chroma Control; Adjustable 
Noise Limiting and Gate Auto- 
matic Gain Control; High Resolu- 
tion Circuitry; Matrix Picture 
Tube; and a specially formulated 
Etched Face Plate that eliminates 
unwanted glare, and heightens 
contrast. Colors are more vivid, 
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fresh tones more natural, and the 
picture is sharper than ever be- 
fore. By training on this unique 
color TV, you'll gain the most 
up -to -date skills possible in TV 
Servicing! 

Other valuable equipment you 
build and keep includes an AM 
SW Radio, Solid -State Radio, 
FET Volt- Ohmmeter, and Elec- 
tronic -Tube Tester. All included 
in your tuition. You learn trouble- 
shooting, hi -fi, multiplex sys- 
tems, stereo, and color TV 
servicing. Step right into a tech- 
nician's job at top pay or open a 
business of your own! For com- 
plete details on all NTS elec- 
tronics courses, mail the coupon 
today for the full -color NTS Cat- 
alog. No obligation. No salesman 
will call. 
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Build this set 
and learn 
solid -state 
circuitry- the 
electronics 
of today! 

in color iY 
NTS ELECTRONICS & 

COMPUTER TECHNOLOGY 

Build this exclusive NTS Compu- 
Trainer! Loaded with integrated cir- 
cuits, it shows you the how, what, 
and why of computers. Learn this 
exciting field faster, more thorough- 
ly. You also assemble and learn to 
operate an FET 
Volt- Ohmmeter 
and 5" 
wide band 
Oscillo- 
scope. 

NTS BLACK & WHITE 
TV AND RADIO SERVICING 

Learn all phases of television, radio, 
stereo, and hi -fi. You receive this 74 
sq. in. picture Solid -State B &W TV, 
Lo -Silho "Superhet" Radio, FET 
Volt- Ohmmeter, Solid -State Radio, 
Electronic Tube Checker, and Signal 
Generator. 
Start 
earning 
extra 
money 
even be- 
fore you 
complete 
the 
course! 

comes lo home training. 
NTS ELECTRONICS 
COMMUNICATIONS & F.C.C. 

Gain the security and prestige of 
owning an F.C.C. First Class Radio - 
Telephone License! Two compre- 
hensive NTS courses cover the big 
opportunity field of transmitting and 
receiving. You build 14 kits, includ- 
ing a 5 watt AM Transceiver, 6 
Transistor Pocket Radio, and FET 
Volt- Ohmmeter. 
Learn 2 -way 
radio, Citizens 
Band, micro- 
waves and 
radar. s 
NTS INDUSTRIAL & 
AUTOMATION ELECTRONICS 

Automation is the future of industry 
and you can play an important part! 
Learn industrial controls by training 
on the NTS Electro -Lab - a com- 
plete workshop. You also build and 
operate this 5" wide band Oscillo- 
scope. And you 
perform experiments 
that involve 
regulating motor 
speeds, temperature, 
pressure, liquid 
level, and much 
more. 

4 

4 

Classroom Training 
at Los Angeles. You can take classroom 
training at Los Angeles in sunny South- 
ern California. NTS occupies a city block 
with over a million dollars in technical 
facilities. Check box in coupon. 

APPROVED FOR VETERANS 
Accredited Member: National Associ- 
ation of Trade & Technical Schools; 
National Home Study Council. 

NATIONAL TECHV }AL SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 South Figueroa Street, Los Angeles, Calif. 90037 

Please rush Free 
Color Catalog and 
Sample Lesson, plus 
Information on course 
checked below. No 
obligation. No sales- 
man will call. 
National Technical Schools 
4000 S. Figueroa St. 
Los Angeles, Calif. 90037 

n Master Course in Color TV Servicing 
[J Collor TV Servicing (For Advanced 

Technicians) 
Li Master Course in B&W TV & Radio 

Servicing 
Li Master Course in Electronic 

Co nmunication 
[l Practical Radio Servicing 
E FCC License Course 

Master Course in Electronics 
Technology 

[] Industrial and Automation Electronics 
11 Computer Electronics 
[ Basic Electronics 
Li High School at Home 

NTS WIDE 

ELECTRONICS 

4THE g 

Dept. 206 -111 

Name Age 

Address 

City State Zip 
r! 0eck il inleresled in Veteran Training under new G.I. Bill. 
. Check il .nleresled only in Classroom Training al Los Angeles 

NOVEMBER 

sla 
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Gel flelier sounU ¡rom your record player 

ICE -CREAM STICK PICKUP ARM OR TONGUE DEPRESSOR 
HEAD 

NICKEL 

NOT MORE I 
THAN 1/4" I 

NICKELN 

r- 

SHARPLY FOLDED 
THIN CARD 

5 GRAMS 

2 GRAMS 

PENNY 

2 NICKELS 

A 

3 GRAMS 

r--PENNY 

by PETER SUTHEIM 

A TURNTABLE HAS POSSIBLY THE SIM- 
plest job in the whole record -playing 
system: to turn the record around. 
But it must do that at a constant and 
accurate speed (within 0.2% or bet- 
ter) of the nominal speed and with 
an absolute minimum of vibration, 
which would be heard in the speakers 
as rumble. These requirements mean 
that all running surfaces must be 
smooth and clean. Where the drive to 
the turntable platter depends on fric- 
tion-as between a rubber -tired idler 
and the inner rim of the platter, or on 
a belt between pulleys, the surface 
must also be free of oils, including 
skin oils. The flutter, wow and rumble 
performance of the turntable depend 
heavily on the condition of the rubber 
or cloth materials used in tires or 
belts. Worn, cracked, glazed or sticky 
belts and idlers should be replaced. Go 
very easy on lubrication here. Be care- 
ful not to get oil onto any rubber or 
rubberized cloth materials -especially 
not on drive surfaces. If some oil does 
get on, wipe it off immediately with a 
clean, dry rag and then clean off the 
residue with alcohol (isopropyl or shel- 
lac thinner is ok) or ethyl chloride, or 
some other greaseless solvent. A small 
drop of oil on the shafts of idler 
wheels or pulleys is not likely to be 
harmful, as long as the manufac- 
turer's instructions don't expressly say 
otherwise. Use sewing- machine or 
household oil for delicate parts, SAE 
10 or equivalent for motors or heavier 

4 GRAMS 

2 PENNIES 

l 
A 

i GRAM 

PENNIES 

NICKEL 

parts. In the absence of instructions, if 
the motor itself has oil tubes or holes, 
feed it a few drops into each opening. 
If it doesn't, don't worry about it; 
chances are it's designed not to require 
oiling. Where surfaces to be oiled are 
exposed, clean off old oil and accumu- 
lated dust and grit with a clean dry 
rag before reoiling. If the surfaces are 
badly gunked up, use a solvent to help 
clean them (alcohol, benzene, odorless 
paint thinner, ethyl chloride, etc.). 

To check the performance of a 
turntable, you need nothing more 
than a stroboscopic disc and a watch 
(a stop -watch is helpful but not nec- 
essary). A strobe disc or card is avail- 
able from many audio dealerships 
and mail -order houses; some turn- 
tables even have them built in. When 
the turntable is turning and the strobe 
disc is viewed by 60 -Hz fluorescent or 
neon light, the pattern of lines on the 
disc will appear to stand still, if the 
turntable speed is accurate and con- 
stant. If the lines appear to rotate in 
the same direction as the turntable, 
the turntable is running fast; if they 
appear to move in the opposite direc- 
tion, the turntable is slow. If the 
movement is irregular, or seems to 
pulsate, the speed is not constant, and 
you may hear wow or flutter if the 
variation is great enough. 

To measure speed error, establish 
a fixed reference point. For example, 
bend a piece of stiff wire into a 
pointer and tape it to some stationary 
part of the turntable. Put a record on 
the turntable, drop the strobe disc 
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Pickup arm, turntable, 
stylus and cartridge are 
vital to hi -fi. Here's how to 

check and adjust them 

STYLUS FORCE 
GAUGE improvised 
from a few coins and 
Popsicle stick. 

over it and then set the tone arm 
down on the outer edge of the record. 
Start the turntable, giving it a few sec- 
onds to come up to speed, and then 
begin counting the number of lines 
that appear to pass the reference point 
in one minute. Approximately 14 to 
15 lines per minute at 331/2 rpm rep- 
resents a speed error of 0.2%, which 
is acceptable for all but the most criti- 
cal needs. In fact, if yours is not the 
most musical ear, you may not be dis- 
turbed even by an error as great as 
0.5% (about 35 lines per minute). 

The test is not valid for many 
turntables unless you are actually 
playing a record with the stylus force 
set to its normal value. The friction 
between the stylus and the walls of the 
record groove can exert a surprising 
drag on the turntable's rotation. This 
drag is greatest at the outer grooves. 
(The slowing effect of the stylus fric- 
tion bears little correlation to the 
brute power of the motor. One of the 
best turntables in this respect is one 
driven by a little synchronous motor 
hardly more powerful than a clock 
motor, while some heavy "transcrip- 
tion" turntables with massive in- 
duction motors slow down noticeably 
when the stylus is set on the record.) 

If your turntable has a contin- 
ously variable speed adjustment, you 
can use this strobe check to normal 
the speed control, so that precise 
331/3-rpm speed is set exactly at the 
index mark of the speed control. 
Check the manufacturer's instructions 
about how to do that. 
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If your turntable has only fixed 
speeds, a speed error of a few tenths 
of a percent is probably due to wear 
or slippage, and can perhaps be cured 
by replacing drive parts. In turntables 
with 2 -pole or 4 -pole induction mo- 
tors (rather than synchronous mo- 
tors), speed error can be caused by 
excessively low or high line voltage. 

A thrusting or jerking motion of 
the strobe lines will probably be heard 
as wow and indicates unevenly worn 
drive surfaces or slippage of some 
sort. Careful cleaning, judicious oil- 
ing, or replacement, should clear up 
such troubles. You should bear in 
mind, though, that some turntables 
may have design defects, and certain 
speed errors or fluctuations may be in- 
herent. If you can't hear wow or flut- 
ter when listening to piano music, 
don't worry about what your strobe 
check turns up. 

The next thing to check is the 
pickup arm or, more properly, the 
pickup arm /cartridge system. It must 
move very freely in horizontal and 
vertical planes, and it must be prop- 
erly balanced and adjusted for the cor- 
rect stylus force. 

In any good modern pickup arm, 
the pivot friction should be so low 
that it can't be measured with any de- 
vices you're likely to have around the 
shop. But if the tonearm sticks or 
skips frequently on different records, 
you can be sure something is wrong. 

Set the stylus force to zero, if 
you can. The arm should float freely 
and remain where you move it. If it 
drifts constantly toward or away from 
the center of the turntable, or up or 
down, it is not properly balanced, or 
the turntable is not level, or the car- 
tridge wires are tugging at the arm. If 
it sticks, there is pivot friction or the 
wires are hung up on something or 
are too stiff. Assuming that the pickup 
arm was properly designed, high pi- 
vot- friction is probably a sign that it 
has been dropped or otherwise abused. 
A good arm is built with the precision 
of a watch. Unless you know what 
you are doing and have a delicate 
sense of touch, you may not be able 
to do much. Lubrication seldom helps 
in a good arm, though it may in 
cheaper ones. 

When you are satisfied that the 
arm moves freely, run through the 
balancing procedure, if there is provi- 
sion for such an operation in your 
unit. Adjust the counterweight till the 
arm balances horizontally. If you 
can't balance the arm within the range 
of adjustment, your cartridge is prob- 
ably unusually heavy. Simply fasten a 
nickel or a quarter to the counter- 
weight and try again. Now adjust the 
stylus force to the value recommended 
for the cartridge you are using. If you 

PIONEER PL -41D 
broadcast -type turn- 
table is belt driven. 

THORENS TD -125 tran- 
scription turntable has 
transistor -governed 
synchronous motor. 

THIS SONY TURN- 
TABLE is servo -con- 
trolled. 

don't have specific information, 2 to 3 

grams is a good place to begin. Manu- 
facturer's calibrations are usually 
within 10% or 1/a gram, close 
enough. 

If your arm has no calibrated 
stylus -force scale, use any accessory 
stylus -force gage, or improvise one 
(Fig. 1). A U.S. penny makes a good 

3 -gram weight, 
gram weight. 

While there are cartridges that 
will track most records at 1 gram of 
stylus force or less, it's well to remem- 
ber that too low a stylus force wears 
records at least as much as one that's 
higher than necessary, because of 
skipping and scuffing at high stylus 

and U.S. nickel a 5- 
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velocities. Too little force can also in- 
troduce audible distortion. 

An excellent way to establish the 
lowest practical stylus force for your 
arm and cartridge is to use a test 
record such as the one made by Stereo 
Review, or the Shure "Audio Obstacle 
Course." These records provide music 
or tone -modulated grooves at step- 
wise increasing levels; if distortion is 
audible on any but the highest -level 
(highest stylus -velocity) bands, you 
should increase the stylus force as 
much as necessary to eliminate the 
distortion. This approach is much bet- 
ter than blindly setting the stylus force 
at the lowest value given in the manu- 

NORELCO MODEL 202 
electronic turntable has 
3 speeds controlled by 
electronic circuitry. 

be smooth.) Since a badly worn stylus 
can ruin a record in one playing, re- 
place the stylus if you have any 
doubts. 

It is also helpful to clean the 
stylus. If you play records in dusty 
air, some fluff will accumulate on the 
stylus during every playing. Touching 
the fluff with a fingertip should dis- 
lodge it immediately. In heavily pol- 
luted air, such as in industrial areas or 
where a lot of smoking takes place, 
the area around the stylus tip will in a 
few weeks or months become encased 
in crud. Dissolved that off with a 
small, soft -bristled brush and some al- 
cohol. 

facturer's 
timistic. 

We've been assuming so far that 
you know your stylus is in good con- 
dition. If it has logged more than a 
few hundred hours' playing time, or if 
you suspect it for any reason, you 
should check it with a high -powered 
magnifier or a pocket microscope. 
Look for chipped -out places or flat 
spots. A good, new diamond stylus 
should be smoothly rounded and pol- 
ished. (An elliptical- cross -section 
stylus will not, of course, be evenly 
rounded, but all surfaces should still 

literature, which is often op- 

SONY SOLID -STATE 
TURNTABLE has dc 
motor with variable - 
voltage control from an 
ac generator. 

Finally, when you insert the new 
stylus, or reinsert the old one, see that 
it looks centered in its channel. Then 
place a small pocket mirror on the 
turntable and set the pickup arm 
down on it. The stylus point and its 
reflection should form a straight line. 
If they don't, the arm or cartridge 
may be incorrectly mounted, or the 
stylus cantilever may have become 
bent or twisted. This can cause dis- 
tortion and accelerate record wear. 

Most manufactured record 
changers and other turntable /arm 
combinations incorporate at least a 
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moderately effective shock mounting. 
When arm and turntable are pur- 
chased separately, however -especially 
when the turntable has no special pro- 
vision for mounting an arm -the in- 
stallation is often very susceptible to 
vibration and mechanical shock. For 
shock mounting to be at all effective, 
and to keep rumble to a minimum, the 
mounting board for the turntable and 
arm must be rigid, in one piece and as 
massive as possible. (Many profes- 
sional turntables use 1/4-inch steel 
plate or heavy castings.) The springs, 
shock mounts, foam rubber or what- 
ever else you use as the compliance 
part of your shock -mounting system 
should be chosen so the mounting 
board (with the turntable and every- 
thing else on it) can bounce once or 
twice when bumped down with a fin- 
ger. If the mounting board is rigid 
and heavy enough, you may not need 
springs or rubber. Try to install the 
turntable in something solid, some- 
place where the floor doesn't give 
when walked upon. And, for most 
turntables and arms, the installation 
must be level. A bubble level from any 
hardware store will help you get the 
mounting board perfectly horizontal. 

Keep dust and peanut butter and 
jelly sandwiches off your records and 
turntable. Really dirty records and 
turntables mats can be safely washed 
with cool water and a little mild soap. 
Don't scrub records -do the washing 
with just your hands. Take rings off 
your fingers first, though. 

if you're troubled by pops, clicks, 
buzz or hum in your system when you 
play records, try grounding the pickup 
arm or the entire turntable assembly 
to the amplifier chassis or to a water - 
pipe ground. Sometimes hum can be 
reduced by "lifting" the shield con- 
nection on the pickup cable for one 
channel or both, and using a separate 
wire from turntable chassis to ampli- 
fier chassis instead. And sometimes 
not. Hum is a funny thing, and you 
may have to experiment here. 

Radio -frequency interference, 
from a nearby ham, CB or broadcast 
transmitter, can often be reduced 
through simialr experimentation. Try 
cleaning and polishing all friction con- 
nections (phono plugs, slip -on car- 
tridge clips and such), or, as a last 
resort, altering the lengths of the con- 
necting cables. (A piece of wire a few 
feet long, grounded at one end, can 
make a dandy accidental CB receiving 
antenna) . 

A loud "pop" when the turntable 
motor shuts itself off can usually be 
reduced by connecting a capacitor 
(0.1 µF, 600 volts) across the auto- 
matic shutoff contacts (also across 
any offending manually- operated 
switches.) R -E 

www.americanradiohistory.com

www.americanradiohistory.com


STOP BURGLARS WITH ELECTRONICS 
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THIS THEFT ALARM IS DESIGNED for use on 
motorcycles, or boats with 6- or 12 -volt 
ignition systems having either positive or 
negative grounds. It is inexpensive; all 
new parts may be purchased for less than 
$5. It is easy to build since there are only 
three new parts, only one circuit change to 
the existing horn circuit is required, com- 
ponents do not have to be mounted on a 
chassis box, and no electrical test gear is 
needed. Finally, it is reliable in that only 
mechanically rugged parts are used, 
only low- voltage power is needed, 
semiconductor devices are not required, 
and there are no electrical adjustments 
to make. 

During the past few years, there 
have appeared in print numerous anti- 
theft /anti -intruder /theft alarm con- 
struction projects for automobiles, 
trucks, motorcycles, and boats. It is in- 
structive to review the operating prin- 
ciples of the alarm systems which have 
been proposed so that the simple, in- 
expensive alarm system described in 
this article can be appreciated. Essen- 
tially all burglar detection systems em- 
ploy one of the following methods of 
intruder detection: 

Build A $5 Vehicle Alarm System 
Protect motorcycles, boats and maybe even 

bicycles against theft with this simple, 

but effective alarm 

by HOWARD PHILLIPS 

light beam systems using photocell 
light detectors. 

sound detectors 
body capacitance proximity detectors 
magnetic -type proximity detectors 
motion detectors. 

Light detectors, sound detectors, 
and body capacitance detectors all re- 
quire several semiconductor devices in 
complex electronic circuits which con- 
sume power and require threshold ad- 
justments. Also, these systems can he 
triggered falsely and sometimes circum- 
vented. 

Magnetic -type proximity detectors 
tend to be less versatile than one may 
desire, since ingenious geometry- depen- 
dent triggering schemes must be devised 
to account for the fact that a burglar 
may not be carrying magnetic material. 

The one thing that is absolutely re- 
quired for any theft to occur is that 
something must be moved. For this rea- 
son. a motion detector may be consid- 
ered as a fundamental, almost fool- 
proof, sensing device. One of the most 
reliable motion detectors is the simple 
mercury switch, whose principle of op- 
eration is illustrated in Fig. I. A slight 

tip of the switch sends the drop of mer- 
cury from one end of the glass envelope 
to the other end. The switch is ON 
when the switch is tipped so the drop of 
liquid mercury metal short circuits the 
two electrodes. 

About the circuit 
Like most other vehicle alarm sys- 

tems, this circuit uses the motorcycle, or 
boat horn to sound the alarm. A typical 
horn circuit is illustrated in Fig. 2. Most 
horn circuits use a normally -open mo- 
mentary contact switch in the horn 
ground lead. The only significant 
change required, is that one of the horn 
terminals must be connected directly to 
the battery, even when the ignition 
switch is off. One reason for this change 
is to allow the horn to be sounded using 
the normal horn switch, so that curious 
"button pushers" will make their pres- 
ence known when tampering with mo- 
torcycles or boats. The complete 
changes to the electrical system are il- 
lustrated in Fig. 3. 

Fig. 4 shows the modified circuit 
after installation of the theft alarm. 
When the ignition switch is off, the 
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alarm circuit is automatically armed. 
The alarm requires no battery power 
until the mercury switch is triggered. 
With S3 off, the horn will sound any 
time there is motion sufficient to tip the 
mercury switch. The key switch, S2, per- 
mits the alarm circuit to be disarmed 
when desired, so that the vehicle may 
be left with a mechanic or parking at- 
tendant. The key may be removed from 
S2 in either the on or off position. 

The relay automatically disarms 
the alarm when the ignition switch is 
on. With S3 on, the only battery power 
used is that required for the relay coil 
(less than 1 /100th the power required 
for typical size land vehicle and boat 
headlamps). 

Component mounting 
All components are small, and the 

locations of RY I and S2 are not critical. 
These components may be mounted un- 
der the dashboard of boats, or in the 
headlamp of a motorcycle. 

The mercury switches are supplied 
with mounting clips. Securing the 
mounting clip requires only a single 
screw. The mercury switches may be 
positioned as desired for the maximum 
protection. More than one mercury 
switch may be used if desired. All mer- 
cury switches should be wired in paral- 
lel with SI. For boat installations, Si 
should be mounted on the under side of 
the boat engine cover, and the normal 
rocking motion of a boat must be taken 
into account. 

The mercury switch should be 
mounted in the headlamp of a mo- 
torcycle. If SI is mounted properly, the 
alarm will remain silent when the bike 
is leaning on its kickstand with the front 
wheel turned to the stop point, but the 
alarm will sound if the bike is righted or 
the front wheel is turned. 

Options 
Several modifications may be made 

to the circuit of Fig. 4, depending upon 
the protective features which are re- 
quired. The possibility of using more 
than one mercury switch has already 
been discussed (there is no limit to the 
number of mercury switches which may 
be wired in parallel with SI). 

Some users may insist on direct 
manual control of the arming function. 
Removing the relay and connecting one 
terminal of S 1 directly to ground will 
not permit the alarm to be disarmed 
automatically when the ignition switch 
is turned on. 

If desired, key switch S2, may be 
replaced with a less expensive toggle 
switch, which can be Tounted in an in- 
conspicuous location. 

This motion -detector theft alarm 
circuit can be installed on any small or 
lightweight vehicle having a battery ig- 
nition system. This alarm system is not 
suitable for automobiles and trucks. 

Some automobile and truck horns draw 
as much as 25 -30 amperes and the mer- 
cury switch would be damaged the first 
time the alarm is sounded. It can be 
used with 6- or 12 -volt ignition systems 
having either a positive or a negative 
ground. When the system is operating 
(engine off), no battery power is con- 

DROP OF LIQUID 
M RCURY 

METAL 

SWITCH OFF. SWITCH ON. 
ELECTRODES FORM ELECTRODES ARE 
AN OPEN CIRCUIT SHORT CIRCUITED. 
FIG. 1- MERCURY SWITCH ACTION. The 
switch is turned on by a slight tip of the switch 
that sends the drop of mercury to the end con- 
taining the electrodes. 

BATT 
6Vor12V 

IGNITION 
SWITCH .1. 

TO LIGHTS 
AND OTHER 
ELECTRICAL 
SYSTEMS 

HORN 

pH HORN 
BUTTON 

Fig. 2 -HORN CIRCUIT before modifications to 
install the alarm are made. 

VIGNITION 
SWITCH 

S- 3 

BREAK 
CONNECTION 

HERE 

TO OTHER 
ELECTRICAL 

SYSTEMS 

SI 

SWF. ON 

OFF° - RY1 

THEFT J f 
SWITCH_ 

UTTÓÑ 

FIG. 3 -HORN CIRCUIT WITH ALARM added. 

IGNITION 
SWITCH 

s3 

HORN 

TO OTHER 
ELECTRICAL 

SYSTEMS 

T 
RYt 

Si 
MERC 

ON 

OFF 

THEFT 
ALARM N 
SWITCH HORN 

BUTTON - 
FIG. 4 -THEFT -ALARM CIRCUIT, after modi- 
fications to existing horn circuit. 

PARTS LIST 
RY1 -For 12 -volt Ignition systems: RBM MS40 -904 min- 

iature spdt dc relay. Contact rating 2 amps, coil volt- 
age 12 volts. Stock No. 19A1703° For 6 -volt Ignition 
systems: RBM MS40 -901 miniature spdt dc relay. 
Contact rating 2 amps, coil voltage 6 volts. Stock 
No. 19A1701* 

S1 -2 -amp mercury switch. Stock No. 18A1425' 
S2 -A -H lock switch with key. Spst, 3 -amp contacts. 

Stock No. 19A7083° 

Bumstein- Applebee, 3199 Mercier St., Kansas City, Mo. 
64111 
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sumed until the alarm is triggered. Even 
when the engine is running, the power 
consumed is negligible. Only three new 
components are required. All new parts 
may be purchased for approximately 
$5. The alarm circuit may be automat- 
ically disarmed when the ignition switch 
is on, so that normal vehicle motion will 
not trigger the alarm. The circuit can be 
manually controlled by a key switch so 
that the alarm may be disarmed when 
the vehicle is left with a mechanic or 
parking attendant. R-E 
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new squelch for CB receiver 
Solid -state circuit replaces electromechanical relay 

by G. NEAL 

Manufacturers of CB equipment 
have made extensive use of semi- 
conductors in their circuits. One area 
in which they have not done so, how- 
ever, is the squelch relay in their selec- 
tive calling systems. 

Usually, a pair of tones (FI and 
F2) is transmitted simultaneously 
from the calling unit and when re- 
ceived is fed through sharp audio 
filters and rectifiers producing two dc 
voltages. These are used to bias two 
series -connected transistors into con- 
duction which in turn operate a dc 
amplifier with a relay in its collector 
circuit as shown in Fig. 1. 

Relay RY1 is turned on in this 
case by Q7 (assume Si in STANDBY 

position). The relay becomes self - 
holding as soon as it operates since 
current is now supplied to the base of 
Q7 to keep it conducting. 

In addition the RYI -1 contacts 
complete the speaker return and thus 
remove the squelch. 

The sole function of the RYI -2 
contacts is to turn on CALL light. 

The circuit has the quite consid- 
erable merit of simplicity but why not 
go all the way with semiconductors 
and eliminate RY1 and its eventual 
contact problems? 

The circuit in Fig. 2 was devel- 
oped for this purpose. The following 
changes must be made to the circuit in 
Fig. 1, in order to convert the solid - 
state squelch. Q7 may or may not be 
removed as desired but R12 must be 
removed and the connection broken to 
one side of the coil of RY1. An ex- 
planation of the circuit in Fig. 2 fol- 
lows. 

The gate of SCR1 is fed from the 
base of Q7. When the correct com- 
bination of tones is received the SCR 
is turned on. The CALL is then turned 
on through Ql and the speaker is con- 
nected to the secondary of the output 
transformer by means of Q2 and Q3. 

Push -button switch S2 is used to 
reapply the squelch and turn off LM1. 
The operation of Q3 is quite novel 
since it does not appear to have any 
collector voltage applied to it; there- 
fore it must be operated as two back - 
to -back diodes, one of which is biased 
into conduction by current supplied 
by Q2. However, no combination of 
available diodes used in place of Q3 
gave satisfactory results. Clipping and 
other distortion of the waveform 
across the voice coil were noted when 
these substitutions were attempted. In 
fact, no other type of transistor than 

FROM FI RS 
FILTER AND 
RECTIFIER 

FROM F2 Re 
FILTER AND 
RECTIFIER 

+12V 

R7 
-NW--+ ¡ C3 

R9 

C4 

Q5 

Q6 

AA 

RH 

RIO 

SI O STANDBY 

NORMAL 

CB SPKR 

R13 

LMI 
CALL 

TO CB AUDIO 
OUTPUT TRANS SEC 

FIG. 1- CONVENTIONAL RELAY -CONTROL squelch circuit used In many CB receivers. 

NORMALOE OUTPUT 

b TRANS +12V OF 
STANDBYQ RCVR SI-b 

R6 
IK r-- 

S3 1.4 

L-- 
DI 

IN56-A I 

o H 
FROM BASE I 
OF QT CI, 
( FIG. I ) IOµF 

6V 
o 

R2 
IK 

RI 
I 

SCRI 
CI06B 

S2 

FIG. 2- SOLID -STATE replacement for 
the circuit of Fig. 1. 

NO.330 
(I 4V, 80MA) 
LMI CALL 

c SEC 

QI 

2N3703 

R3 
2.2K 

A 

the 2N1306 gave useful results. Many 
other types, both silicon and germa- 
nium, were tried but without success. 

Up to 5 volts p -p may be applied 
to the speaker without noticeable dis- 
tortion with a loss of only 0.7 dB 
across Q3 and C2. Diode DI is used 
to raise the threshold required to turn 
on SCR1 and so reduce the chance of 
false triggering by short bursts of 
noise. 

If you want to operate the trans- 
ceiver without employing the selective - 
calling feature, Si may be switched to 
NORMAL. 

In place of installing a separate 
dpdt switch for Si, two poles of the 
STANDBY -NORMAL switch already 

-' SELECTIVE CALL 

\\ STANDBY o _ 
NORMAL 

SI-a 

03 C2 

SPKR 

160µF, 25V 

2N1306 

present on many selective -call units 
may be used if desired. An alternative 
scheme to by -pass the selective -calling 
system would be to install S3 and re- 
sistor R6 as shown (dotted lines on 
sketch). Pushing S3 briefly would re- 
move the squelch and turn on LM1. 
Operating S2 would return the system 
to the standby condition. 

All the parts to make the above 
improvements are available at modest 
cost from most radio supply houses. 
They may be mounted on a small cir- 
cuit board mounted inside the cabinet 
of some of the larger base -station sets 
or in a small metal box and tucked 
away under the instrument panel in a 
mobile installation. R -E 
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00 
I.F.Alignment 
Techniques 

DO YOU EVER REALLY HAVE TO RE -ALIGN A COLOR TV RE- 

ceiver? Yes, you can bet you will have to. When the new 
tubes (or transistors) are installed, or other components and 
coils are replaced in the tuner, i.f. stages, or color section, 
realignment may be called for. As an example see Fig. 1 -a, 
the correct overall video i.f. scope waveform response curve. 
Now, all of the i.f. tubes were replaced with new (known 
to be good) ones. Now look what happened to the re- 
sponse curve (Fig. 1 -b). Quite a change. 

FIG. 1 -a -THE I.F. re- 
sponse curve when 
the set first came into 
the shop. 

FIG. 1-b--THE I.F. re- 
sponse curve after all 
tubes in the 1.f. strip 
had been replaced 
with known good 
tubes. 

I have seen some new sets, just unpacked, that needed 
alignment. Also, component aging in older receivers is just 
cause for re- alignment. However, in my many years of TV 
electronics service the biggest alignment problem, or cause 
for re- alignment, comes from what I call "diddle stick 
drift." 
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With a post- marker sweep generator 

color i.f. alignment is a cinch. 

Here's how you can do it. 

by ROBERT L. GOODMAN 

Why the need for sweep alignment? If a color receiver 
is out of alignment you could have no color, poor picture 
quality (smeared black -and -white or color video) beat in- 
terference in the picture, poor or distorted sound and low 
audio or buzz in the sound reproduction. These are just a 
few of the many problems that can be caused by mis- 
aligned circuits. As tubes and other components age in the 
set they will cause the alignment to drift off. 

Incorrect rf or i.f. alignment can cause troubles in 
addition to poor picture quality. Misalignment can produce 
instable sync, inadequate blanking, excessive noise in the 
picture, regeneration, and interference. The major picture 
components and the blanking -sync pulses, represent rela- 
tively low frequencies, but the sharp edges on these pulses 
require excellent high- frequency response too. 

Please remember that incorrect alignment is not al- 
ways the main reason for poor rf i.f. signal response. 
Other causes include off -value damping resistors -across 
tuned circuits -open plate, screen, and grid- return by -pass 
capacitors. Also open coupling capacitors, off -value cou- 
pling components, and regeneration, affect the rf i.f. re- 
sponse. Improper or excessive bias on one or more of the 
rf i.f. stages may cause a poor response. This condition 
could be caused by a leaky coupling capacitor, or a defeat 
in the agc circuits. Excessive input signal strength may bias 
the stages too much and also affect the frequency response. 

Let's keep in mind that many troubles that can origi- 
nate in rf, oscillator, converter, i.f. amplifier, second detec- 
tor and color band /pass stages can be located quickly and 
easily with the use of good alignment equipment. It is a 
wise technician indeed, who checks the overall alignment 
response curve for every color TV chassis that crosses his 
service bench. 

Without good alignment equipment a technician 
might fumble and grumble around for many hours before 
locating the reasons for the poor quality picture reception. 

Post -injected marker vs sweep- marker 
In conventional alignment equipment an AM gener- 

ator signal is mixed with a sweep frequency and fed 
through the TV's i.f. amplifier. This causes a beat -fre- 
quency to be formed by the difference between the two 
frequencies. The nearer they are in frequency, the lower 
the frequency of the beat signal. A low -pass filter must be 
used between the receiver and the scope to eliminate all but 
the very low frequencies to get a narrow marker pip. Be- 
cause both sweep and marker signals are fed through the 
receiver to be observed by the scope, a strong marker may 
distort the sweep curve. And the amplitude of the marker 
depends on the amplitudes of both the sweep and marker 
signals -thus the marker varies according to its position on 
the curve. Hence much manipulation is needed to avoid 
erroneous results. 

The post- injected markers are created by a beat -fre- 
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quency process (some are also crystal controlled) and 
these signal samples are used. This post- marker is mixed 
with the sweep curve signal and both fed into the vertical 
amplifier of the oscilloscope. This is the "birdie" type of 
marker (see Fig. 2). If you wish an intensity -modulated 
marker, feed the post- marker signal in the cathode of the 
scope's CRT. I find this a very desirable method. 

The sweep signal only passes through the receiver. 
The marker is added later. This is why it's called post - 
injected markers. With the post- injection method it is pos- 
sible to produce markers without the aid of a TV receiver 
as shown in Fig. 3. If you don't want certain markers, just 

FIG. 2- BIRDIE TYPE 
of marker on the re- 
sponse curve. 

FIG. 3 -WITH POST 
injection you can 
generate markers 
without the TV set 
producing a response 
curve. 

switch them off or turn down the marker gain control. To 
generate the marker signals a sample of the swept- oscillator 
voltage is supplied to a set of crystals. The sample voltage 
has enough amplitude to allow the crystal to "ring" or 
oscillate, at its natural frequency. The resulting oscillator 
voltage is then detected, amplified, and shaped to provide 
the proper output marker "pip" display on the scope. 

Trap alignment and adjustments 
Before doing an overall alignment it is best to adjust 

the input and output traps first. These are indicated as LI 
and T5 on the schematic for a Zenith 25MC36 chassis as 
shown in (Fig. 4). Feed the sweep signal into the third i.f. 
stage and with the scope connected to test point Cl adjust 
the 41.25 -MHz trap. The scope trace in (Fig. 5 -a) illus- 

121< 

I.F. 
INPUT 

TRANS 
TO 1ST 

- I.F. AMPL 

I.F 
INPUT 470pF 47pF 

15pF 

AGC 

I.F. 
FROM OUTPUT 
3RD I.F. TRANS 
AMPL r - - 

trates incorrect trap setting. The bright 41.25 marker 
pip should be located in the notch. Caution -terminate 
the ground of the sweep generator cable very close to 
where you inject the i.f. signal or you may not obtain a 
proper curve. Fig. 5 -b shows a properly adjusted 41.25 - 
MHz trap scope trace. 

Next feed the sweep signal into the tuner converter 
plate coil and tune the 41.25 -MHz input trap for minimum 
amplitude. Also go back and touch -up the output 41.25 - 
MHz trap. 

The reason for this is because of the two 41.25 -MHz 
input and output trap coils. Should you try and adjust both 

FIG. 5.a- INCOR- 
RECT trap setting 
is obvious in this re- 
sponse curve. 

FIG. 5 -b- PROPERLY 
adjusted 41.25 trap as 
seen on scope. 

coils by feeding a sweep signal into the i.f. input, one trap 
will actually mask the action of the other trap and you will 
get nowhere fast. Fig. 6 is the correct waveform for both 
input and output 41.25 -MHz traps. This is an expanded 
trace, and intensity marker pips are being used. Note the 
bright spots for markers. 

Television trap alignment normally includes adjusting 
sound traps and adjacent -channel traps. Adjust the sound 
and adjacent- channel trap to the frequencies specified by 
the manufacturer. When adjusting the traps, the i.f. circuits 
should operate near maximum gain. Therefore, keep the 
sweep -generator output as low as possible and still produce 
an adequate scope response curve. Here's how it should be 
done. 

1. Set the 41.25 -MHz marker switch to the ON posi- 

TP 
CI 

27.2µ H 

VIDEO 
DET 39K 

560 60 6pF 

LI 

41.25 t = 36 
MHz; - pF 

39.75 
MHz 

22 pF 

56pF 

4.5MHz 

41.25 
47 25 

MHz 

16pF 

MHz 

59pF 

12K 

1.0 
µH 

T5 

53 
pF 

3.3K 18012 

250V 

TO CATHODE 
FOLLOWER 

AND 
1ST COLOR 
AMPLIFIER 

FIG. 6- CORRECT WAVEFORM for both input 
and output 41.25 -MHz traps. 

FIG. 4- PARTIAL CIRCUIT of Zenith 25MC36 
chassis shows i.f. strip input and output traps. 
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tion. Adjust the sound trap for minimum amplitude of the 
scope pattern. If necessary, reduce the i.f. bias to increase 
the i.f. gain. Note: As the i.f. gain is increased the trap 
adjustment becomes more critical. Again adjust the sound 
trap for minimum amplitude of the scope pattern. 

2. Repeat the preceding steps until the sound trap is 
properly aligned. Fig. 7 -a shows the correct scope display 
for a properly aligned sound trap. Now flip the 41.25 -MHz 
marker switch OFF. 

3. Turn on the 47.25 -MHz marker switch, then fol- 
low the same procedure to align the adjacent -channel 
sound trap. If the set has one, adjust the 39.75 -MHz adja- 
cent picture trap. Align it to the manufacturer's specs. Fig. 
7 -b is a typical response curve. The response curve in Fig. 
8 indicates that the 41.25 -MHz sound trap is out of adjust- 

41.25 MHz 
(24 dB OR GREATER 

47.25MHz 
(55-60 dB) 

39.75 MHz 

O 

41.25MHz 

(EXPANDED 
APPROX 30 dB) 

C 

47.25MHz 

FIG. 7 -a- CORRECT 
scope display tor 
properly aligned 
sound trap. 

FIG. 7 -b- TYPICAL 
response curve for 
39.75 -MHz adjacent - 
channel trap. 

FIG. 8 -41.25 -MHz 
sound trap is out of 
adjustment if it pro - 
duces this waveform. 

ment. Notice that the 41.25 -MHz marker pip does not fall 
into the notch. 

4. Recheck the overall i.f. alignment for proper 
marker placement and bandwidth. Note: If you align the 
i.f. circuits of a black -and -white TV set to the same band- 
width as the i.f. stages of a color receiver, the picture may 
be distorted due to the greater bandwidth and the lack of 
sufficient trapping of the 4.5 -MHz sound signals. 

Video i.f. and afc response curves 
The lower limit of the color i.f. bandpass is 41.75 - 

MHz. Most generators have a crystal marker for this fre- 
quency. A look at the response curve in Fig. 9 shows that 
the location for 42.17 -MHz (color carrier, 3.58 -MHz re- 
moved from the 45.75 -MHz picture carrier) is not so im- 
portant as the skirt or slope of the response curve on the 
color carrier side. 

On the Zenith color TV production line the 41.75- 

40 RADIO- ELECTRONICS NOVEMBER 1971 

MHz marker is used instead of the color carrier marker, 
because variations may exist at the skirt or slope, due to 
sound trap attenuation. It is important that the low limit of 
color bandpass 41.75 -MHz be on the order of 20% to 
assure proper color operation from the chroma circuitry. 

Accurate alignment of the 45.75 -MHz a.f.c. circuit 
can be done easily (note curve in Fig. 10). The bandpass 

FIG. 9 -THIS CURVE 
shows the location 
for 42.17 -MHz color 
carrier, 3.58 -MHz re- 
moved from 45.75 - 
MHz picture carrier. 

FIG. 10- 45.75 -MHz 
afc circuit should pro- 
duce this curve when 
properly adjusted. 

20% 

39.75 41.25 
MHz MHz 

45.0 MHz 
LIMIT 

LOW FRED 

45.0 H 

47.25 
MHz 

42.751 
MHz 

42.75 MHz LIMIT 

HIGH FRED 

can be precisely adjusted. The "intensity" marker at 
45.75 -MHz will be very sharp, as opposed to an AM birdie 
marker display. Bandpass alignment of the i.f. requires sev- 
eral frequency markers. For this reason seven multiple - 
marker displays are provided on modern generators. The 
three trap frequencies -plus markers to shape the i.f. band- 
pass, are all available with separate switches and may be 
displayed in any combination. 

Precautions during alignment 
1. Remove the horizontal oscillator and sweep output 

tube to prevent horizontal pulses or spikes from appearing 
to the scope pattern. 

2. Remove the vertical oscillator tube to prevent ver- 
tical pulses from appearing. Now connect a resistor load 
from B+ to ground as specified by the service informa- 
tion. This will provide the proper load for it to maintain 
the correct value of the B+ voltage. 

3. Use only the rf cables supplied with the generator. 
Be sure the rf cable is terminated in its proper impedance. 
Keep the leads from the terminated cable as short as pos- 
sible at point of connection to the receiver under test. 

4. Check for ground loops between instruments. This 
is easily determined by touching each piece of equipment 
while observing the scope trace. If the trace moves or 
changes shape, check all ground connections. It may be 
necessary to ground all cables at one common point. 

5. Do not dress the sweep generator output leads, nor 
the demodulation input cable leads, over the i.f. circuits, 
i.f. transformers, or tubes. This practice can cause detuning 
or oscillation in the section under test. 

6. Use a bias box and apply voltages as specified by 
the set maker data. More accurate trap adjustments can be 
achieved by reducing i.f. bias. But be careful not to over- 
load the i.f. circuits with too much rf signal from the gen- 
erator. 

7. Adjust the scope's vertical gain control near to its 
most sensitive position and keep the sweep generator out- 
put as low as possible. This will prevent overloading the i.f. 
amplifiers, which may produce an improper response curve 
and result in misalignment. 
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Before alignment begins, allow all alignment and re- 
ceiver equipment to reach normal operating temperature. 

Now that all of the traps are correctly set we can 
proceed to make the overall i.t. alignment adjustments. 

1. Refer to Fig. 11 and connect the oscilloscope and 
post- marker generator to the TV chassis. Make sure all 
leads are as short as possible. If bias voltage is called for, 
connect the bias leads to the proper point on the TV 
chassis. Connect a voltmeter across the bias box terminals 
and set the bias voltage as specified by the manufacturer. 
Either a positive or negative bias may be applied by rever- 
sing the leads from the bias box. 

2. Adjust the scope's vertical attenuator or gain con- 
trol to near maximum sensitivity. Set the sweep generator 
frequency and sweep (usually about 1 -MHz wider than the 
overall receiver i.f. bandwidth). Center the trace on the 
scope's CRT. 

3. Turn on the required marker switches and adjust 
the marker gain control for the proper amplitude. The 
markers should be just large enough to be seen clearly. The 
width of the marker increases slightly as its amplitude is 
increased. Note: If the i.f. circuits are way out of adjust- 
ment, you may have to inject the signal into the last i.f. 
stage, then work toward the input stage. The sweep gener- 
ator rf output will have to be increased when the signal is 

fed into the last i.f. stage because there will be very little 
gain in the last stage. The rf output must be decreased as 
the signal input is moved back toward the input of the i.f. 
strip. After the stage -by -stage adjustments have been made, 
an overall i.f. check is in order. Always follow the align- 
ment procedures as detailed in the service information. 

Shown in Fig. 12 is a normal i.f. response curve for a 
color set with proper size intensity markers. Note in Fig. 
13 an i.f. curve shown with excessive "birdie type" marker 
pip amplitude. 

Should you wish, horizontal markers can be produced 
( Fig. 14) when the marker information is added to the hori- 
zontal sweep of the scope in place of the conventional 
method of adding the markers to the vertical input of the 
oscilloscope. The markers only are shown in Fig. 3 with 
the generator gain set at zero. Some TV set manufacturers 
specify marker positions as so many "dB down," or as a 
percentage of full trace size. To accurately align an i.f. 
system or tuner when the service information specifies that 
the markers should be down "so many dB," you must be 
able to determine where these points are located on the 
pattern. Not all scopes will produce a linear vertical deflec- 
tion. However, with the calibrated triggered oscilloscope 
this procedure is quite easy. 

Always use the recommended agc bias voltage (as 
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FIG. 12- NORMAL I.F. response curve for color 
set with proper size intensity markers. 

FIG. 13 -I.F. CURVE HAS EXCESSIVE birdie - 
type marKer pips. 

FIG. 14- MARKERS CAN BE ADDED to hori- 
zontal sweep instead of conventicnal vertical 
connection. 

FIG. 11 -HOW TO CONNECT scope and post - 
marker generator to the TV chassis for align- 
ment adjustments. 
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specified in the service information) when making any i.f. 
alignment adjustments. This fixed bias is a selected mid- 
point voltage or the TV receivers average signal opeating 
range. Service tip: Observe the alignment curve on your 
scope while varying the agc bias voltage. This may well give 
you a clue to possible i.f. circuit troubles. Note that differ- 
ent bias settings will change the shape of the response 
curve. In Fig. 15 a distorted i.f. response curve was caused 
by a positive 5 volts being applied to the agc line. Note loss 
of gain and incorrect curve. While in Fig. 16 an incorrect 

FIG. 15- DISTORTED 
I.F. curve is caused 
by positive 5 volts ap- 
plied to agc line. 

FIG. 16- INCORRECT 
CURVE with too 
much i.f. gain caused 
this misshaped 
waveform. 

curve with too much i.f. gain caused this very mishaped 
waveform when a negative 3 volts was applied to the agc 
line. This is why it is very important to set the agc bias 
voltage according to the manufacturers specifications be- 
fore an overall i.f. sweep alignment is performed. 

On some of the newer model solid -state TV sets you 
have a built -in bias supply. One example is the Zenith color 
chassis with a transistor i.f. amplifier. Fig. 17 shows this 
set's agc delay circuit. Service tip: Just pull out the agc 
amplifier transistor Q202 and adjust the agc delay control for 
the proper bias voltage. Note that you have a variable volt- 
age divider from chassis ground to the 24 -volt supply. This 
will give you a good swing in bias voltage deflection range. 
Check the service manual and be sure to use the correct 
agc bias setting. 

Solid -state i.f. amplifiers 
The transistor i.f. is a very broad -tuned (wide band- 

width) system while the tube i.f. circuits are staggered 
tuned design. This calls for a difference in alignment proce- 

12 I -499 
AGC AMPL 

I. F AGC 

I.6K 56012 

IµF 2120K 680K 282052 
(N.P) 

2.2MEG 

TUNER 
AGC 

001.1. 

2.2 
MEG 

39K 

05 $ 

24V 

05-, 
50051 

270V AGC 
DELAY 

FROM 
AGC FIG. 17 -THIS AGC delay circuit has a built -in 

KEYER bias supply. 
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dures also. The solid -state i.f. amplifier must have a sophis- 
ticated and more efficient trapping circuit system. 

The transistor is a low- impedance device (which 
shunts i.f. transformer and trap coils) and this gives the 
solid -state i.f. stages an automatic wide band -pass capabi- 
lity. So that the object of a transistor i.f. amplifier is not 
to build up amplification in certain portions of the band 
pass, but to eliminate some of the broad bandpass. This 
then points out the great importance of the trapping de- 
signed into these stages and the proper need for alignment 
or adjustment settings. Each stage of a transistor i.f. is 
tuned for the complete band -pass. So you cannot stagger 
tune this i.f. system and obtain proper picture details. Cau- 
tion: It is possible to stagger tune the transistor i.f. stages 
but the picture and color information will be poor. R -E 

BUYER'S GUIDE 
FOR TAPE CASSETTES 
A wide range of cassettes are available, ranging in 

quality from poor to excellent. And, because cassettes are 
sealed, few people see the critical inner mechanisms that 
determine the performance quality of the cassette. This 
makes shopping for cassettes a bewildering experience for 
many cassette recorder owners. 

Here are some definite guideposts which can help you 
select serviceable cassettes, and some advice on questions 
to ask your tape salesman before you make your purchase. 

A) Is the tape guided around stationary posts as on the 
cassette at the left, or is it guided by rotating posts an- 
chored by lubricated metal pins, as on the cassette at the 
right? 

B) Is tape pressure against the heads accomplished by 
a sponge which becomes rigid and inflexible after a few 
uses (photo at left); or by a metal spring which assures 
constant tape -to -head contact for long periods of use 
(photo at right)? 

C) & D) Is the tape pressure pad in sections, causing 
uneven winding of tape on the hubs (left)? Or does the 
cassette have a one -piece pressure pad for a smooth tape 
pack (right)? 

E) Can you view the tape through unguarded slots in 

the cassette shell (left)? Or through a large plastic -pro- 
tected window which keeps out dust and other foreign 
particles (right)? 

F) Does the tape itself provide good recording and 
playback characteristics? 

By asking these questions, the wise consumer can se- 
lect the cassette that will give him his money's worth in 
quality performance and long life. R -E 
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FIG. 2- CAMERA IS MOUNTED on sheet -metal 
bracket on scope case. 

A COMMERCIAL OSCILLOSCOPE CAMERA 

is nice. It's also expensive, from 
$400.00 on up to $1200.00 or more. 
They use the instant -developing Pola- 
roid film. You can make your own 
Polaroid scope camera for a lot less. 
All you need is one of the new "Col - 
orpack II" Polaroid cameras, an aux- 
iliary lens, and two pieces of sheet 
metal. With this you can take excellent 
waveform pictures. Fig. 1 shows some 
samples. 

FIG. 1- SAMPLE SCOPE SHOTS made with 
Colorpak II camera. Slight horizontal jitter is 
due to the scope. not to the camera. 

No modifications are made on 
the camera itself. It has an electric eye 
controlled shutter -but for this use, 
the electric -eye does NOT work! Not 
enough light. So the cell holds the 
camera shutter open when the button 
is pushed, like the "bulb" position on 
a standard shutter. You time the shot 
by counting seconds. Sounds very in- 
accurate, but it works! With the ultra - 
fast 3000 speed Polaroid film, a 1 -sec- 
ond exposure is plenty. You'll be 
surprised how easy it is to get the 
right exposure, with a bit of practice. 

Fig. 2 shows the camera 
mounted on a Precision ES -500A 

Build a 
Scope Camera 

for $45 
A low -cost Polaroid camera, a close -up lens 

and adapter ring, some light sheet 

metal and an hour or so is all you will need. 

scope. You'll need a "closeup lens" to 
enable the camera to focus on the 
CRT screen at such a short distance. 
The lens in the Polaroid Print Copier 
is fine. You'll also need an adapter 
ring or filter -holder, to mount this lens 
on the camera. These are available in 
most camera shops. Fig. 3 shows the 
one I used, a "Tiffen Adapter Ring, 

FIG. 3- CAMERA with lens adapter ring 
mounted on front panel of bracket. 

FIG.4 -SHEET METAL 
LAYOUT for top and 
sides of mounting 
bracket. 

by JACK DARR 
SERVICE EDITOR 

Stock No. 38SQ -6" (If you happen to 
have one of the small plastic magnify- 
ing lenses given away at Magnavox 
Service meetings, you can use it, but 
you have to Scotch -tape it on which 
isn't too reliable!) 

The mounting bracket has been 
considerably simplified since my "pilot 
model" was made. With perfect 20-20 
hindsight, I realized that I could have 
made it out of only two pieces of 
sheet metal, as shown in Fig. 4. I used 
20 -gauge aluminum, because it's easy 
to work. Any kind of suitable sheet 
metal can he used. 

Make a full -sized layout as in 
Fig. 4. The 8.5" dimension of the top 
must be the same as the width of your 
scope -cabinet plus about 1/16 inch. 
My scope is 8.5" wide. The `A' flanges 
are bent at right angles for stiffening 
the sides, and the `B' flanges are bent 
in to provide a mounting for the front 

-8.5 " * -+ -- 6" --{ 
SIDE 

JJI 

BEND,/"I 
DOWN I 

I/8" 
HOLES 

-ó B 

BEND 
DOWN 

41 WIDTH 
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I/4" 
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TO P 

SIDE 

BEND 
DOWN 

7.5" 
AVERAGE, 

CUT TO 
HERE 

BEND 
DOWN 

CUT OUT 

OF S^'-r 

A 

I/8" 
HOLES 

--B 
BEND 

12" 
AVERAGE 

A - - 
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panel. Don't bend it yet. 
Check the top of your scope cab- 

inet. Mine had a handle bolted on. I 

took it off, and had two bolt -holes I 

could use! If yours doesn't, take the 
scope out of the case, and drill two 
holes about 2" apart, and about 4 
inches from the front. Put two 1" #8 
pan -head bolts in these, with lock - 
washers under the heads, from inside. 
On the top, put another lockwasher, 
and a nut. Tighten the nut firmly, then 
slip two flat washers and a wingnut on 
each. These go into the slots in the top 
half of the bracket. 

Measure the distance apart, then 
drill two 1/4 inch holes in the top sec- 
tion, using the same spacing. Now, 
with a pair of small tin -shears, cut 
from the back edge to each hole to 
make the slots. Lay this piece aside for 
a moment and make the front panel. 

Fig. 5 shows the layout for this 

6" 

8.5" 
AVERAGE 

inside view of the front panel with the 
camera mounted. (More hindsight. 
The bolted -on flanges at top and bot- 
tom were added after the pilot was 
built for extra stiffness.) 

Cut a rectangular hole in the 
front panel so the shoulders of the 
camera -case butt against the panel. 
This hole will actually he off- center. 
The "wide side" must be on the left 
looking at it from the back of the 
camera, to clear the electric -eye open- 
ing. 

Fit the camera into the hole, then 
make up two small angle -brackets of 
the scrap from the sheet metal. One of 
these fits on either side of the camera 
to hold it firmly against the panel. The 
right hand bracket will he 2" long, 
and from 5 /a" to 3/4" deep. The short 
flange can be about 3 ' 16 ", and the 
bolt -flange about an inch. Fig. 7 
shows the layout for these and Fig. 8 

c 

TOP 

I/8" NN f -2.7/8°- i 1/8, 
N 7 

N / 7 / 
N \, 
LENS N.N. 

C 

piece. Remember the 8.5" dimension 
must be the same as the width of your 
scope cabinet. as in Fig. 4. The 6 -inch 
height may have to be changed also, 
depending on how your scope is built. 
This would also have to be changed 
on the side pieces of the big bracket, 
of course. 

Before bending the top section. 
lay the edges of the front panel on the 
"B" flanges, and drill the boltholes, 
through both pieces at the same time. 
(This way they'll match!) Fig. 6 is an 

- ELECTRIC EYE 

FIG. 5 -FRONT PANEL 
LAYOUT. Cut opening 
so that camera lens is 
centered with respect 
to the CRT screen. 

+---- 2 

O o 

RIGHT 

H1 
o 

1" 1" 

4- 
3 3 

3/16" 

o 

LEFT 

FIG. 7 -CLAMP BRACKETS for holding camera 
to front panel of scope. 

FIG. 6- INSIDE VIEW of camera mounted on 
front panel, assembled to bracket. 

FIG. B -OTHER SIDE shows clamp bracket 
holding camera to front panel of scope. 
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shows how they're mounted to hold 
the camera. The left side bracket must 
be smaller, to clear the flashcube 
socket. 

These can be made with a "hand- 
brake" or bent in a vise. Drill the bolt - 
holes in the bracket and the panel, 
and mount the camera temporarily, to 
see if it's held firmly. If it's a bit loose 
add another bracket on the top at the 
left side, about th" wide. If you line 
these brackets with cloth- backed adhe- 
sive tape they'll hold better, and won't 
scratch the camera. If they're just a 
bit loose, add pads of rubber tape, 
etc.. under the short leg. 

Now, put the Copier lens into the 
adapter ring. The adapter screws 
apart. If you get the lens in backward, 
the adapter won't hold it tightly. Just 
take it out and turn it over. You can't 
tell which way is which, so try it. 

Push the adapter ring over the 
camera lens. Since there's a good bit 
of delicate plastic around here, don't 
use too much muscle. Push it on per- 
fectly straight until it's seated as 
shown in the closeups. Next, bolt the 
front panel to the side brackets and 
mount the camera. 

To mount the unit on the scope 
cabinet, slide the slots over the two 
bolts you put in the top of the case. 
Set these so that the center of the lens 
is about 3 -34" from the center of the 
CRT screen. (Hint: measure and cut 
a piece of stiff cardboard to this 
length and use this as a gauge. It's 
hard to get a ruler in this small 
space!) By the way, the scope should 
have been put back in the cabinet be- 
fore the camera is mounted! Now 
we're about ready to go. 

Focussing 
Open the back of the camera. 

Slip an empty film -pack, which has 
been fitted with a piece of ground - 
glass, into it. Fig. 9 shows how this is 

FIG. 9 -EMPTY FILM PACK, with ground -glass 
mounted where film was. Use it for focussing. 

done. The ground -glass must be at ex- 
actly the same place the film will be, 
of course. Set the "stop," which is a 
little gubbins on top of the camera 
looking like a slide- switch, to the "75" 
position. 
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The 75 position is for color film. 
However, the 3000 position is much 
smaller (Seems to be about f18 or 
f20. Polaroid won't give out informa- 
tion about lens speeds and stops, but 
this is close) I use the "75" position 
for focussing, for otherwise I wouldn't 
get enough light to see the image. If 
the image is sharply focused on the 
"75" position, "stopping down" to the 
3,000 position will make it even 
sharper. 

Hook the scope to something 
that will make a waveform -TV set, 
of signal generator, etc. Adjust the 
waveform for normal brightness and 
set the scope focus very carefully. Set 
the "Sync" control for the steadiest 
pattern. 

Turn out all of the lights, open 
the back of the camera, and hold the 
shutter button down. You'll see the 
waveform, inverted, on the ground 
glass. Slide the camera back and forth 
on the case until you get the sharpest 
image. Tighten the bolts. Now, see if 
you can sharpen it up a little more by 
turning the lens -ring on the camera. 
The electric -eye adjustment should be 
set all the way clockwise, to "Dark- 

est." This holds the shutter open. 
Take the focus glass out of the 

camera and load it. Read the instruc- 
tion book to make sure that all of the 
little tabs and flippers come out in the 
right place. Now, you're ready to 
make the first test shot. 

Be sure that the waveform on the 
scope is perfectly focussed and steady. 
Don't set the brightness too high. 
With the fantastic speed of the 3000 
speed film, too much light will make 
the picture blurry. Be sure that the 
slide is set to "3,000" and not "75." 
Hold the back of the camera with 
your left hand, to steady it and push 
the button with your right thumb. Re- 
member your "count" of seconds. Try 
to make the first one about one sec- 
ond. 

Pull the tabs, etc., and let the 
picture develop for about 15 seconds. 
Don't overdevelop. This often causes 
blurring. Check the picture. If it's a 
little weak, lines of the waveform not 
clear and white, increase the scope 
brightness a little and shoot again. By 
juggling camera exposure and CRT 
brightness it won't take long to get the 
hang of it. 

The waveforms shown were 
made with a "blue tube" in the scope 
(- CP 11 phosphor, made especially 
for photographic uses). However, this 
film is very sensitive in the green, and 
the same camera has been used on 
scopes with the standard -CPI 
(green) phosphor with good results. 

This camera is mounted per- 
manently on the scope. If you want to 
gussie it up a little, you can add a 
long piano -type hinge to one side of 
the bracket, so it can be swung to the 
side to expose the scope screen. The 
two bolts on the other side of the 
front panel can be taken out or wing - 
nuts used on them. 

Happy shooting! 

PARTS LIST 
1. Polaroid "Colorpack II" camera, Allied 

Radio 10 A 5903 S. $29.95 
2. "Print Copier," for Colorpack II, Allied 

Radio Stock No. 10 A 5126 S. $7.95 
3. Tiffen Adapter Ring, Stock No. 38SQ -6, or 

equivalent. $3.00 
4. Sheet metal. 20.gauge aluminum, about 

$1.50 at local sheet-metal shop, including 
making the bends. 

SIGNAL TO 
RECORD HEAD 

CIRCUITRY 

speaker monitor 
for your tape recorder 
When dubbing tapes on your recorder or recording 
from radio or phono. you should hear what's being 
recorded. Why not use recorder's built -in speaker? 

o 

i 
/ 

PLAY 

o 
RECORD 

2 IO12 

MONITOR 
JACK 

ADDED 
MONITOR 
SWITCH 

812 

BUILT -IN 
SPEAKER 

by FRED BLECHMAN 

Do you ever use your tape 
recorder to make recordings from an- 
other recorder, or from your phono- 
graph or radio? Would you like to 
sometimes use your tape recorder as a 
low -power PA system? If so, you'll be 
interested in a simple change that can 
he made to most modern inexpensive 
tape recorders that will provide you 
with a switch to use your built -in 
speaker as a recording monitor. 

A monitor lets you hear what is 
being recorded on the tape while it's 
being recorded. This is sometimes a 
necessity when recording from the 
speaker jack of a radio or another 
tape recorder, since doing so usually 
disables the source speaker. Monitor- 
ing allows you to control the volume 
and know when to turn off the 

MONITOR JACK WIRING it a typical tape 
recorder. Dotted lines show how monitor switch 
cuts in speaker for monitoring or PA. 
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How to prepare for 
today's competitive 

job market, tomorrow's 
new opportunities 

in electronics 

46 RADIO -ELECTRONICS e NOVEMBER 1971 

Cornpetitior for jobs and promotions 
is severe in the e'ectronics industry to- 
day. But experts say that exciting new 
electronic products will create thousands 
of new jobs in the next few years. 

One thing is certain: in good times 
or bad, the best opportunities cone to the 
man with an advarced, specialized 
knowledge of electronics. He has a bet- 
ter chance of sLrvival in a recession and 
will profit more in times of prosperity 
than the man with ordinary qualifications. 

But how can yoL get the aiditional 
education in e ec-ronics you -geed to 
protect your fu:ure -and the fJture of 
your family? Going back to school isn't 
easy for a man with a job and family 
obligations. 
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CREI Hcme Study Programs offer 
you a practical way to get more educa- 
tion without going back to school. You 
study at home, at your own pace, on 
your own schedule. And you study with 
the assurance that .what you learn can 
be applied an the job mmediately to 
make you worth more money to your 
employer. 

You're eligible for a CREI Program 
if you work in electronics and have a 
high school education. Our FREE book 
gives complete information. Mail post- 
paid card for your copy. If card is de- 
tached, use coupon cr write: 
CREI, Dept.E1411B, Wiscons r Ave. & 
Tilden St., Washington, D.C. 20016. 

College Credits for CREI Students 

Recently CREI affiliated with the New York Institute of Tech- 
nology for the express purpose of making it possible for CREI 

students to earn college credits for their studies. The New York 
Institute of Technology is fully accredited by the Middle States 
Association of Colleges and Universities and is chartered by the 
New York State Board of Regents. 

For the many CREI students who are not interested in college 
credits, but simply in improving their knowledge of advanced elec- 
tronics, this affiliation with NYIT will provide additional assurance 
of the high quality of CREI home study education. 

If you want to know more about earning college credits for 
CREI study, check the appropriate box when you mail the postpaid 
card for complete information on CREI Programs. 

Founded 1927 

Accredited Member of the 
National Home Study Council 

Free book tells all about CREI 
programs. For your copy, tear 
out and mail postpaid card or 

write: CREI, Dept.E1411B 
Wisconsin Ave. & Tilden St., 

Washington. D.C. 20016 

CREI, A Division of the McGraw -Hill 
Continuing Education Company 
Dept. E1411 B, Wisconsin Ave. & Tilden St., Washington, D.C. 20016 

Please mail me free book describing CREI Programs. I am employed 
in electronics and have a high school education. 

Name Age 

Address 

City State Zip Code 

Employed by 

Type of Present Work fl G.I. Bill 

I am interested in: College credits for CREI study. Space Electronics 
Electronic Engineering Technology Computers Industrial Electronics 
Nuclear Engineering Technology Electronics Systems Engineering 
Non -technical course in computer programming. CATV Engineering 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 
J 
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SWITCH MOUNTING AND LOCATION depends 
on the layout of the recorder. Photos show typi- 
cal mountings and panel treatments. 

recorder at the end of a selection. 
While this can be done with an ear- 
phone or an external speaker on many 
recorders, a built -in speaker monitor is 
more convenient, but usually found 
only in more expensive machines. 
Also, by using a microphone with a 
speaker monitor, you have a small PA 
system for small or medium -size meet- 
ings, parties and gatherings. 

There are two basic methods for 
monitoring a recording: (1) a sepa- 
rate pickup head and amplifier or (2) 
feeding the already- amplified record- 
ing signal to an earphone or speaker. 
Most modern recorders (and many 
older ones) already come equipped 
with a jack to plug in a monitoring 
earphone or speaker. Changing these 
machines to monitor through the 
built -in speaker involves only wiring 
in a 100 switch in the right place! 

If your recorder has a jack that 
can be used for monitoring (usually 
marked EARPHONE Or EXT SPKR Or 
MONITOR), you can easily add the 
switch to provide monitoring through 
the built -in speaker. To verify this, 
plug an earphone or speaker into this 
jack and listen for a monitoring signal 
while you're recording. If you have no 
such jack, there is still a good chance 
you can add this modification. 

The diagram shows how a moni- 
toring jack (J1) is typically wired in a 
tape recorder. In the PLAY position, 
the RECORD -PLAY switch feeds the 
recording to the built -in speaker. In 
the record mode, the signal is fed to a 
dummy -load resistor (10 ohms) and 
the recording level meter through a 
rectifier and dropping resistor. When 
an earphone or speaker is plugged into 
JI, the built -in speaker, the meter and 
the record -play switch are bypassed. 
By adding the new MONITOR switch 
(shown dotted in the schematic), you 
can put the built -in speaker back in 
the circuit at will. 

To add the MONITOR switch, dis- 
assemble the recorder to the extent 
necessary to permit access to the ear- 
phone jack and the speaker terminals. 
Mount a miniature spst slide or toggle 
switch in a location that can be oper- 
ated easily when the machine is put 
back together. The photos show typi- 
cal installations. 

The wiring is simple once you 
find points "A" and `B" shown in the 
diagrams. To find point A, visually 
identify the terminal that is dis- 
connected when a plug is inserted in 
J1. To determine point B, you can 
connect one end of a wire temporarily 
to point "A" and touch the other end 
of this wire to one of the speaker ter- 
minals while the recorder is playing. If 
there is no change in sound, you are 
on point B; if the sound is reduced, 
you are on the grounded side of the 
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speaker. If you have an ohmmeter, lo- 
cate point A by inserting a plug in J1 
and finding which terminal of J1 
shows approximately 8 ohms to 
ground. Point B is, of course, the 
speaker terminal that shows approxi- 
mately 8 ohms to ground. 

Once you've located points A and 
B just wire the switch between these 
points. If your machine doesn't have a 
monitoring jack, J1, find Point C by 
inspection of the wiring, and use this 
as if it were point A. 

To check out the modification, 
plug a microphone into the recorder 
with the volume control set at min- 
imum and the machine in the record 
mode. Speak into the microphone, 
slowly advancing the volume control. 
If the new monitoring switch is closed, 
you'll start hearing your own voice 
through the built -in speaker and, as 
the volume is increased or as the mi- 
crophone is brought nearer the 
speaker, you'll get audio feedback 
howl. Switch the monitoring switch 
off and the sound should stop. When 
using the modified recorder as a low - 
power PA system, you can avoid 
feedback by minimizing the speaker 
output getting back to the micro- 
phone; stand further away from the 
speaker and aim the speaker so sound 
doesn't bounce back to the micro- 
phone from a nearby wall. 

If your recorder has a recording 
level meter or light, it will have re- 
duced sensitivity when the monitor 
switch is on, since some signal is also 
being fed to the built -in speaker. 

Try this simple change on your 
recorder, and see how it simplifies 
making "dubs" of other tapes. It's in- 
expensive, it's easy, and it's useful. 

óe 

It stays that way until he apologizes for 
that crack about our hourly service 
charge! 
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aIIaboutru- inductors 
Inductors are a basic electronic circuit element. 

Here, in detail, is a complete picture of how 

they work and what they can and can't do 

by FARL JACOB WATERS 

"LODESTONES" OR MAGNETS WERE 
among the many things that mystified 
early man. In due time it was noted that 
there was a resemblance between the 
magnets attraction to other stones and 
the effect of static electricity. Then in 
1819 Oersted, the Danish physicist, dis- 
covered that an electrical current 
through a conductor produces a mag- 
netic field. Fig. 1 -a illustrates the devel- 
opment of a magnetic field by a current 
I and causing the compass needle to 
swing to a position perpendicular to the 
conductor (Fig. 1 -b and c). Taking the 
opposite approach Faraday, the English 
physicist, determined that cutting a 
magnetic field with a conductor causes 
an electrical current to flow. Movement 
of the conductor in Fig. 1 -d up and 
down through the magnetic field pro- 
duces a current as indicated by a deflec- 
tion of the galvanometer needle. By 
definition electromagnetism is that field 
of magnetic forces produced by an elec- 
trical current through a conductor. Elec- 
tromagnetic induction is the production 
of an emf (voltage) and the resulting 

STRAIGHT 
CONDUCTOR 

_IA1 ty 
(y1 A1 (yA1 V V V V 

a 

current by a moving conductor through 
a magnetic field or by moving a magnet 
near a conductor. Voltage induced by 
electromagnetic induction is the result 
of the conductor cutting the "lines" of 
magnetic force existing about the mag- 
net. 

With an alternating current the 
magnetic field is constantly increasing 
or decreasing as the lines of magnetic 
force alternately expand out into space 
and then contract. As this expanding 
and contracting of the magnetic lines of 
force occurs, those lines are `cut' by the 
wire conductor and a voltage is self -in- 
duced. Therefore, self-induction is the 
induction of a voltage into that con- 
ductor carrying the current causing the 
magnetic field. A conductor's ability to 
produce a self -induced voltage is its in- 
ductance. Concentration of the mag- 
netic field by coiling the conductor, as 
shown by Fig. 2, increases the in- 
ductance. Such a coil of conducting wire 
is, therefore, referred to as an inductor. 

Inductance is much like mechani- 
cal inertia which tends to hold a body at 
its present state of motion. That is; a 
body (or object) that is at rest will tend 
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FIG. 1- OERSTED'S EXPERIMENTS showed 
that a magnetic field (a) exists around a cur- 
rent- carrying conductor. The conductor was 
placed above a compass (b) aligned N -S. Clos- 
ing the switch (c) causes compass needle to 
swing at right angles to the conductor. Needle 

swings 90 degrees in opposite direction if cur- 
rent flow is reversed or the compass is placed 
above the conductor. FARADAY EX- 
PERIMENTS (d) demonstrated that current 
flows in a circuit when a conductor is moved 
through a magnetic field. 

to remain at rest while the body that is 
moving will tend to continue its move- 
ment. The force that tends to keep the 
body in motion or at rest is inertia 
When the current through an inductor 
begins to decrease the lines of magnetic 
force begin to contract or collapse about 
its conductors and produces a self -in- 
duced voltage. That self -induced volt- 
age has a polarity opposing the decrease 
in current. In other words, the self -in- 
duced voltage tends to keep the current 
flowing at its initial rate and direction. 
So an inductor opposes any change in 
the magnitude or direction of current. 
Direct current does not change magni- 
tude or direction and is not effected by 
an inductor. Opposition to alternating 
current presented by an inductor is, like 
the bounce of a ball, a reaction or reac- 
tance to the originating action. With an 
alternating current varying as the 
trignometric sine wave, the inductor's 
reactance X,, is directly proportional to 
the frequency f and the inductance L. 

Inductive reactance, X, = 6.28fL 
where f is the alternating current fre- 
quency in hertz. 

L is the inductance in henries. 
By opposing change in the rate of cur- 
rent flow the inductive reactance also 

SINGLE -TURN LOOP 

COIL OR INDUCTOR 

MAGNETIC 
FIELD 

FIG. 2- MAGNETIC FIELD around a current - 
carrying conductor is concentrated by coiling 
the wire into a single- or multiple -turn inductor. 
The inductance increases as the number of 
turns increases. 
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causes the maximum values of alternat- 
ing current to occur I/o cycle (90 elec- 
trical degrees) later than the voltage 
maximum values. That is; alternating 
current through an inductor lags the al- 
ternating voltage by VI cycle to provide 
a phase shift between the voltage and 
the current. And while the inductor lim- 
its the alternating current and develops 
a voltage drop like a resistor; the in- 
ductor does not expend energy. Energy 
used to develop the magnetic field 
about an inductor is returned to the 
electrical circuit as that magnetic field 
collapses to induce an added voltage. 

Inductor Uses 
To reduce or eliminate the alter- 

nating current passing into a portion of 
a circuit, inductors are often used. Re- 
ferred to as filtering, this reduction or 
elimination of alternating current is of- 
ten accomplished by a circuit similar to 
that in Fig. 3. Inductor L represents a 

A L 

FIG. 3- FILTER CHOKE, L, passes dc and op- 
poses flow of ac from rectifier -type power sup- 
ply. Capacitor C shunts ac component to 
ground so it doesn't reach R . 

rather large opposition to the passage of 
alternating current while the capacitor 
C passes alternating current readily. 
Thus, if both direct current and alter- 
nating current are present at point A the 
direct current would pass readily 
through inductor L and into the load R,, 
while the alternating current would be 
bypassed through capacitor C. Rectifier 
diodes in a power supply have direct - 
current and alternating- current com- 
ponents. Accordingly, the rectifying 
power supply uses an inductor and ca- 
pacitor in a filter as shown by Fig. 3. 
Similar circuits are found in audio -, 
video- and radio -frequency circuits -the 
output of a transmitter may contain a 
filter circuit to eliminate spurious fre- 
quencies. 

Inductors may also be used to re- 
duce the level of an alternating voltage. 
The cost as well as the phase shift pro- 
duced makes the use of an inductor for 
this purpose very impractical in most 
situations. However; unlike the resistor 
often used for this purpose, the inductor 
will not dissipate energy or take power 
from the circuit. 

Broadcast stations often use two or 
more antennas to establish a desired 
radiation pattern. This requires that 
each antenna be fed with a portion of 
the transmitter's power. One method of 
dividing that power, or voltage, without 

a portion of that power being absorbed 
is by using two or more inductors as 
shown by Fig. 4. Division of the input 
voltage E, is in direct proportion to the 
inductor values. That is; if inductor L l 
has a value of 100 mH and inductor L2 
is 50 mH, voltage El across inductor L 1 

will be twice voltage E2 across inductor 
L2. 

E1/E2 = L1/L2 
and El + E2 = E, 

FIG. 4- INDUCTIVE PHASING NETWORK ad- 
justs directivity pattern of BC antenna. 

In some early electronics texts, no- 
tations can be found with regard to an 
impedance coupled amplifier. Such am- 
plifier circuits used a large inductor in- 
stead of the usual coupling resistor in 
audio voltage amplification. With this 
inductive load there was considerably 
less voltage drop and the supply voltage 
did not need to be as great. But there 
were also a great number of dis- 
advantages to such a circuit. A later 
form of this impedance -coupled ampli- 
fier circuit uses the mutual inductance 
between two windings rather than a 
coupling capacitor, Fig. 5. This will be 

O AF 
TRANS 

Lp 
III 

R 

-Ebb 
FIG. 5 -AUDIO TRANSFORMER Is the most ef- 
ficient method of matching a transistor or tube 
to another or to load R,. 

recognized as being a transformer - 
coupled amplifier circuit. Basically the 
transformer consists of two inductors 
spaced close enough together that the 
magnetic field of one induces a voltage 
into the other. For audio frequencies 
the inductors of a transformer have 
cores of laminated iron (usually a com- 
mon core for both windings) while cores 
of air or of some combination of air and 
powdered -iron are used for trans- 
formers operating at radio frequencies. 
Regardless of whether it is a single in- 
ductor or the mutually coupled in- 
ductors of a transformer, the inductor of 
an impedance -coupled amplifier circuit 
develops an alternating voltage for the 
circuit's output. 

In series with a capacitor C in Fig. 
6 the inductor L develops very little 
self -induced voltage that opposes the 
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AC 
GENERATOR 

L 

C 

FIG. 6- SERIES RESONANT CIRCUIT has L 
and C in series across ac generator. 

current flow. In effect capacitor C dis -, 
charges in opposition to the self -in- 
duced voltage of inductor L with the net 
result that the reactance of the inductor 
X,, tends to cancel the reactance of the 
capacitor Xc. At one frequency the two 
reactances, X,, and V become equal 

I and their net reactance is zero. 
XL = Xc 

or 6.28fL - 1 

6.28íC 
With this situation the circuit is said to 
resonate and the frequency is its reso- 
nant frequency. 

Resonant frequency, f - 1 

6.28 LC 
where f is the resonant frequency in 
hertz 

L is the inductance in henries 
C is the capacitance in farads. 

Conversely, the action of capacitor C 
tends to reinforce that of inductor L in 
the parallel circuit of Fig. 7. Thus; the 
parallel- resonant circuit, Fig. 7, acts 
much like a filled 'tank' at its resonant 

AC 
GENERATOR 

.7C 

FIG. 7- PARALLEL RESONANCE exists when 
an inductor and capacitor are in parallel across 
an ac signal source. 

frequency. A filled 'tank' circuit will not 
accept additional resonating current 
and represents a very high impedance. 
This high impedance of the parallel 
resonant circuit is completely opposite 
the low impedance of the series reso- 
nant circuit. 

At the resonant frequency the al- 
ternating current through the series - 
resonant circuit is opposed only by the 
resistance R within the windings of in- 
ductor L as shown in Fig. 8. 

I = E' /R 
where I is the current 

E' is the applied voltage 
R is the inductor resistance. 

This current also passes through in- 
ductor L, and its inductive reactance XL, 
and develops the voltage EL. 
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E' 

ER 

Ec 

FIG. 8- INDUCTOR RESISTANCE is only limit- 
ing factor on current circulating through a 

series- resonant circuit. Voltages across C and 
L can each be many times the input signal volt- 
age E'. 

E, = IX,, 
Therefore, 1.0 volt applied to the circuit 
will produce a current of 1.0 ampere 
through a resistance R of 1.0 ohm. But 
that 1.0 ampere will also develop a volt- 
age E,, or IX,, of 100 volts across in- 
ductor L if XL has a value of 100 ohms. 
So the voltage developed across the in- 
ductive reactance, or the capacitive re- 
actance, E, within a series resonant cir- 
cuit can be many times the applied 
voltage E'. And if the parallel- resonant 
circuit is shown with voltage E' devel- 
oped across resistance R, it can be 
shown that the same condition exists. 

Q factor 
In any resonant circuit, the ratio 

between the voltage developed across 
the inductor, EL, and the applied volt- 
age E' is referred to as the circuit's Q 
factor. 

Q = EL/E' 
= IX,, /IR = XL/R 

Where resistance R was 1.0 ohm and XL 

was 100 ohms the circuit's Q would be 
100. But since the capacitor C of the 
resonant circuit has very little resist- 
ance, the circuit's Q is often referred to 
as being the inductor's Q. The Q factor 
also determines the selectivity of a reso- 
nant circuit and may also be referred to 
as a figure of merit. 

Determination of the Q uses the 
high- frequency resistance which differs 
considerably from the direct- current re- 
sistance. In addition to the lines of mag- 
netic force surrounding a wire con- 
ductor there are also lines within the 
conductor. The greatest concentration 
of these magnetic lines is at the con- 
ductor's center. And the self -inductance 
is also greater at the center of the con- 
ductor. Therefore; the conductor's cen- 
ter is very reactive to high- frequency 
current causing that current to flow 
within the outer portions. 

This is often referred to as skin ef- 
fect since it, in effect reduces the cross - 
sectional area and greatly increases the 
resistance of the wire conductor. High - 
frequency resistance is the result of the 
inductive reactance within the con- 

ductor but should not be confused with 
being a reactance. As the number of 
and the closeness of an inductor's wind- 
ings (turns) increase its high- frequency 
resistance also increases. For example; 
a multi -layered inductor using No. 14 
double -cotton- covered wire has a high - 
frequency resistance of about 0.2 ohm 
but spacing the turns closer together by 
using No. 18 enameled wire increases 
the high- frequency resistance consid- 
erably. 

A resonant circuit is commonly 
concerned with selectivity and band- 
width. It must pass (or oppose) the reso- 
nant frequency as well as any desirable 
sidebands while discriminating against 
any undesired frequencies. A resonant 
circuit used in the reception of standard 
AM broadcast signals must pass the car- 
rier frequency plus the 10 -kHz side - 
bands containing the sound. In Fig. 9, 

o- 

-5- 

CO -10- 
w 
m 

w ° -15- 

-20- 

-20 -10 O +10 +20 

FREQUENCY DEVIATION 
KHz 

FIG. 9- RESPONSE CURVES of high -, medium- 
and low -O L -C resonant circuits. 

curve (1) shows the response of a paral- 
lel- resonant circuit having a very high Q 
factor. This very high Q circuit will 
readily pass the carrier frequency but 
the sideband frequencies, at A and A', 
will be reduced too much. Curve (2), 
with a very low Q circuit, goes to the 
other extreme and would pass much of 
the sideband frequencies associated 
with an adjacent -channel station. Side - 
band frequencies would be reduced by 
the medium Q circuit represented by 
curve (3) but that reduction could prob- 
ably be tolerated. Thus, the Q of a reso- 
nant circuit determines its selectivity 
and its bandwidth. 

Inductor values 
Self- induced voltage is related to 

the inductance L and to the rate of 
change in the density of magnetic lines 
of force. Putting this into mathematical 
form - 

Self- induce voltage, E = -LOO /At 
where L is the inductance 

AO /At is the change in density of 
magnetic lines per unit of time. 

But the magnetic flux ¢ (density of mag- 
netic lines) is related directly with the 

current I and the term AO /At may be re- 
placed by AI /At. 

Self- induced voltage, E = -LAI /At 

and inductance, L = -E 
AI /At 

Then if the change in current AI /At is 
1.0 ampere per second and produces an 
induced voltage E of 1.0 volt; the in- 
ductance is LO henry (named for Joseph 
Henry, American, 1797 - 1878). Except 
for those inductors used in the filtering 
portions of larger rectifying power sup- 
plies, the henry is too large a unit. Most 
inductors are rated in millihenries 
(mH), 1 mH equaling 0.001 henry and 
in microhenries (µH), 1 µH equaling 
0.000001 henry. 

The antenna coil, which may also 
serve as the antenna, of the standard 
broadcast AM receiver commonly has a 
value 250 µH. In contrast, for an FM (88 
- 108 MHz) receiver the antenna coil 
has a value of about 20 µH. Many of the 
other inductors in AM or FM receivers 
are primaries and secondaries of i.f. 
transformers with values also in the mi- 
crohenry range. An inductor of several 
hundred millihenries is found in dis- 
criminator circuits of FM receivers to 
block the rf while returning the dc to 
the secondary center -tap. But this rf 
choke inductor is commonly included 
within the discriminator package. Some 
better engineered receivers, as well as 
Hi -Fi equipment, may have filter in- 
ductors of a henry or more in the output 
of the power -supply circuit. 

With the frequencies encountered 
in television receivers, the tuner in- 
ductors, and the i.f. inductors (trans- 
formers) etc. have values both larger 
and smaller than corresponding in- 
ductors within the FM receiver. The ul- 
tra -high frequency tuner (470 to 890 
MHz) has inductors that are a single 
turn or less. Television receivers also 
use fixed and variable inductors as 
peaking coils, synchronizing controls, 
deflection yokes, traps, etc. with a fairly 
wide range of values. Deflection yokes, 
for example, actually consist of two 
windings with inductance values from 
3.5 to 50 mH while horizontal linearity 
and width controls having minimum 
values as low as 0.5 mH and maximum 
values as high as 60 mH. 

While it is usually possible to find a 
replacement for any inductor, it is not 
common to find a long list of values as 
we do with resistors and capacitors. 
Equipment manufacturers usually build 
(or have built) inductors to fit each cir- 
cuit design. That is; one manufacturer 
may find it advantageous to use an an- 
tenna coil of 240 µH while another may 
use a 300 µH antenna coil. Fortunately 
replacement is not often necessary but 
the standard replacement antenna coil 
of 250 µH can usually be made to func- 
tion properly. While deflection yokes 
may be somewhat more critical in value 
any difference can usually be corrected 
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with various physical and control ad- 
justments. 

Inductor types 
In modern electronic equipment 

the variable or adjustable inductor is 
probably the most frequently used. 
Much of this popularity comes from the 
fact that one standard production 
model can be adjusted to a fairly wide 
range of values. Variable inductors of 
the past were cumbersome arrange- 
ments of switches, adjustable coupling, 
etc. Presently nearly all variable in- 
ductors are like that shown in Fig. 10 
with a powdered -iron core that is mov- 

NON- MAGNETIC MOUNTING STUD 
SCREW AND NUT 

POWDERED- IRON 
CORE 

NON- METALLIC 
COIL FORM 

WINDING 

TERMINAL LUGS 
FIG. 10- NEARLY ALL VARIABLE INDUCTORS 
have a powered -iron core that can be moved in 
and out of the cardboard coil form. 

able in and out of the cardboard form. 
As this powdered -iron core is moved 
further into the windings the lines of 
magnetic force become more concen- 
trated and increase the inductance. 
Threads formed on the powdered -iron 
core make the adjustment continuous 
and extremely accurate as well as per- 
manent. Other forms of variable in- 
ductors do not have this steady and con- 
tinuous movement and are often 
difficult to set on a desired value. Pow- 
dered- iron core inductors are used as 
antenna coils (often also serve as the an- 
tenna), oscillator coils, primary and sec- 
ondary windings of i.f. transformers. TV 
linearity controls, etc. 

Fixed inductors may have either air 
or iron for cores. Fig. 11 shows an in- 
ductor with a laminated iron core hav- 
ing an inductance of several henries. 
This laminated iron core extends 
through the center of the multiple -layer 
windings as well as around the sides. 
Naturally such inductors are very heavy 
and are, therefore, used only in more 
expensive equipment to filter the alter- 
nating component from the output of a 
rectifying power supply. Air -cored in- 
ductors may have cardboard or other 
non -magnetic forms to support the 
windings, as shown by Fig. 12. Or if the 
windings use heavy gauged wire it may 
not be necessary to have a form. With 
values ranging up to several hundred 
millihenries, the air -cored inductor 
finds usage as radio - frequency chokes, 
antenna coils, primaries and secondar- 

LAMINATED IRON -CORE 

TINY 
AIRGAP 

WINDING 

LEADS 

FIG. 11- IRON -CORE INDUCTOR. DC through 
winding magnetizes core and reduces the ef- 
fective inductance. Air gap reduces the initial 
inductance but minimizes inductance changes 
with current. 

NON -MAGNETIC 
FORM 

WINDING 

FIG. 12- AIR -CORE INDUCTORS are generally 
used as rl chokes and in vhf and uhf tuning net- 
works. 

ies of some i.f. transformers, etc. 
A late innovation with air -cored 

and powdered -iron cored inductors for 
use at radio frequencies and in pulse 
circuitry is encapsulation within a plas- 
tic form. Such encapsulation provides 
for maximum mechanical protection so 
that the winding cannot be disturbed by 
normal handling. The inductor is, there- 
fore, protected from changes in value 
and can be wired into a circuit. R -E 

The Case of a Custom 
Job Too Well Done 

by JOHN T. BAILEY 

Over the phone she said that her 
custom built -in radio works fine on FM 
but the AM never did work as well as 
she had expected. Would I take a look 
at it? When I got there I found she was 
right. The AM sounded as if there was 
very little signal input. The agc was let- 
ting a lot of noise through which con- 
firmed this. As I was pondering how to 
get into this beautiful built -in- the -wall 
unit she explained that she had hired a 
"craftsman" to install an FM antenna 
with the lead -in buried in the wall. She 
understood that the AM part didn't 
need an outside antenna -it had some- 
thing called a loop, she thought. The 
craftsman had built the set into the wall 
and then the entire room was paneled 
in wood. Oh yes -she had insisted on a 
safe installation. She didn't want a fire 
to start in the wall and burn the house 
down. And she made it clear that I 

could not rip out the wood paneling to 
install an AM antenna. 

After some study I managed to pull 
the chassis. It was an expensive job and 
should have worked well on both AM 

and FM. She was right again. The AM 
input was a big loop- stick. As I switched 
over to AM with the chassis pulled out 
of its wall cubicle it sprang to life with 
good reception! I slid it back into the 
wall -lousy reception. 

Inspection of the interior of the 
wall cubicle revealed a lining of sheet 
asbestos all around. Well, that would 
take care of the fire hazard nicely. Fur- 
ther detective work disclosed that there 
was a metal box enclosing the whole 
works. The asbestos was an inner liner 
in the metal box. Well, well. A very 
good fire protection job but also a very 
good shielding job which prevented AM 
reception. 

FM ANT 
¡ME TAL BOX - ASBESTOS LINED 

FM 
TRANS TO 

FM RF 
AMPL 

BREAK THIS 
GROUND AND 
ADD THIS - 
CONNECTION 
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What to do! She wouldn't let me 
rip out the fire protection or touch the 
wood paneling in order to run in an ex- 
ternal AM antenna. 

Fortunately, the service manual 
was found in the cubicle -very thought- 
ful of the craftsman. Looking at the FM 
and the AM inputs, it occurred to me 
that, with very little work, an AM input 
could be taken off the FM input trans- 
former primary without degrading the 
FM performance noticeably. 

As shown in the diagram, the FM 
input transformer primary was center 
tapped to chassis and each antenna in- 
put terminal was bypassed to chassis 
with a small capacitor. So I merely 
clipped the center -tap from the chassis 
connection and connected the center 
tap to the external antenna tap on the 
AM loop. With this alteration the FM 
lead -in became an external AM an- 
tenna and, on FM, there was no ap- 
parent change in reception. The FM 
primary still was center -tapped to 
chassis by virtue of the two input ca- 
pacitors. A small bypass capacitor 
which I tried across the loopstick tap to 
chassis in an effort to further ground the 
FM center tap wasn't worth the effort 
and was not left in. R -E 

www.americanradiohistory.com

www.americanradiohistory.com


Design for 
STEREO 

by MANNIE HOROWITZ 

how to design 
your own solid -state 
audio amplifier 

Power dissipation ratings are vital to all ampli- 

fier designs- especially to the low -efficiency 

class -A circuits discussed in this article. 

DATA SHEETS SPECIFYING FETS OR 
bipolar transistors present two groups of 
information. One group provides the 
designer with the electrical character- 
istics such as beta and leakage current 
for the bipolar device and trans - 
conductance and pinch -off voltage for 
the FET. These, as well as other charac- 
teristics, were used in previous articles 
detailing the designs of various circuits. 

The second group presents infor- 
mation concerning the limits of the 
transistor. Each transistor has limita- 
tions within which it can operate with- 
out breaking down. These ratings in- 
dicate, for example, the maximum base, 
emitter and collector currents that may 
be permitted to flow through the device. 
It discloses the maximum voltages that 
the designer may place across various 
junctions or combinations of junctions 
without causing the transistor to break 
down. The voltage allowed across any 
junction may vary with voltages applied 
at other junctions of the device, as well 
as with temperature. Limits are also set 
to the operating and storage tempera- 
tures in which the transistor may find it- 
self, as well as to the amount of power it 
may dissipate. 

The maximum ratings were ig- 
nored in previous amplifier discussions 
because these boundaries are seldom 
exceeded in small -signal preamplifier 
stages. It is essential to take these limits 
into consideration when choosing a 
transistor for any application. Econom- 
ical power amplifier design cannot be 
completed without taking full cogni- 
zance of the permissible confines of 
transistor operation. 

Many of the limits apply to both 
FET and bipolar devices. At this writ- 
ing, the JFET is used almost exclusively 
as a small- signal device although there 
is some work in process on power field - 
effect transistors. This discussion of 
power devices and amplifiers will be 
limited to arrangements using bipolar 
transistors only. Much of the discussion 
will likewise apply to power JFETs 
should they become commercially 
available. 

Real power is developed across a 
device when current flows through the 
device while a voltage exists across it. 
Heat is generated in the device due to 
the power. Should the transistor be the 
device in question, the amount of power 
it is permitted to dissipate depends 
upon the maximum temperature the 
junction may reach without inflicting 
damage upon or without destroying the 
transistor. It also depends upon the abil- 
ity of the finished package to convey 
generated heat from the junctions to the 
surrounding and cooler air. 

The power transistor comes in 
many different types of packages. The 
three most common ones are the TO -5. 
TO -66 and TO -3 shown in Fig. 1. The 

2N3054 

JEDEC TO-66 

FIG. 1 -POWER TRANSISTORS come in sev 
eral case sizes and types. The three most popu 
lar case types are shown. 

larger TO -3 devices can usually dis- 
sipate more power than the transistors 
in the small TO -5 package. Transistors 
in TO -3 cases, as well as those in the 
smaller sized TO -66 cases, can be con- 
veniently mounted on a large metal sur- 
face to facilitate the removal of heat 
from the junctions. 

The amount of power a transistor 
can dissipate is related to the ambient 
temperature or to the temperature of 
the case. A curve shown this relation- 
ship for the popular 2N3055 transistor 
mounted in a TO -3 case, is shown in 
Fig. 2. Up to 25 °C, the dissipation is 

125 

115 

100 

75 

25 

0 25 50 100 150 

CASE TEMPERATURE tC) 

200 

FIG. 2 -POWER DISSIPATION curves showing 
maximum dissipation for the 2N3055 transistor 
for various case temperatures. 

limited to 115 watts. The permissible 
dissipation drops when the case tem- 
perature exceeds 25 °C until zero watts 
may be dissipated at the upper thermal 
limit of the transistor at 200 °C. Should 
the design, for example, require that 55 
watts be dissipated by the transistor, the 
case temperature must not exceed 
Il5 °C. Power limiting information 
should be plotted on the collector char- 
acteristic curves display of the device. 

The characteristic curves are sup- 
plied by the manufacturer of the tran- 
sistor. Points on the power limiting 
curve can be calculated using the Ohm's 
law equation, Ie= PCEM /VcE, where is 
the collector current, PCE;M is the max- 
imum power that can be dissipated by 
the transistor at the stated case tempera- 
ture, and VCE is the collector -to- emitter 
voltage. 

For Vc5 = 0 volts, Iv= 55 
watts /0 volts =infinite amperes 

VCE = 5 volts, L. = 55 watts /5 
volts = 11 amperes 

VIE =10 volts, I(. =55 watts/ 10 
volts =5.5 amperes 

VCE =20 volts, L. = 55 watts /20 
volts =2.75 amperes 

V,E =40 volts, I, =55 watts /40 
volts =1.38 amperes 
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VCE =60 volts, IC =55 watts /60 
volts = 0.92 amperes 

Plot these points on the collector char- 
acteristic curves and connect them with 
a smooth line as in Fig. 3. The circuit 

Û 

10 20 30 40 50 60 70 80 

COLLECTOR -TO- EMITTER VOLTAGE (VCE) 

FIG. 3- COLLECTOR CHARACTERISTICS and 
curve showing power limits. Always operate be- 
low the PEE curve. 

must be designed so that the transistor 
will operate within the limits set by the 
curve. Operation above the PCEM curve 
may cause the device to overheat and be 
destroyed due to thermal factors. 

(It should be noted that although 
the PCEM curve is superimposed on the 
collector characteristics, it is indepen- 
dent of these curves. Wherever possible 
and in the interest of clarity, the actual 
collector curves will be omitted from 
the drawings.) 

The power amplifier 
A class A amplifier is biased so that 

the collector current flows through the 
entire cycle. The output is limited to 
only the leakage and saturation charac- 
teristics of the transistor. 

Class A power amplifiers can be 
differentiated from class A signal volt- 
age amplifiers by the magnitude of the 
output signal swing. This can be illus- 
trated using the circuit in Fig. 4 -a and 
its load line (Fig. 4 -b). 
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FIG. 4- CLASS -A AMPLIFIER (a) with load line 
and maximum power dissipation curves (b). 
Note that the P, , ,, curve touches load line only 
at its center. 

You may recall, the dc equation of 
the output collector circuit of the tran- 
sistor is 

ECC = ICRC + VCE 
where VCE is the voltage across the de- 
vice. As was the case with the small -sig- 
nal circuits, the equation defines the 
load line. One point on the load line is 
when VCE =O and IC= ECC /RC. A second 
point when I, =0 is VCE =ECC. Plot the 
two points and connect them with a 
straight line. All coincident collector -to- 
emitter voltage and collector current re- 
lations that may be assumed by the 
transistor, must lie on this line. 

Assume the transistor is idling at 
point Q on the load line. The bias cur- 
rent is IQ while the collector to emitter 
voltage is VCEQ. In the absence of a sig- 
nal, the transistor current and voltage 
are at IQ and VCEQ respectively. A small 
signal may cause the output current to 
swing from ICA to ICB or from A and B 
along the load line while with a large 
signal at the output, the collector cur- 
rent may swing the limits from 0 to IC or 
from C to D on the load line. In the for- 
mer case, the amplifier may be designed 
using the small -signal equivalent cir- 
cuits discussed in a previous article. 
Amplifier stages which must accommo- 
date the larger swing, should be de- 
signed using the power amplifier con- 
siderations detailed here. There is, 
however, no definite point of demarka- 
tion where the signal_ amplifier stops 
and the power amplifier begins. 

It is obvious from Fig. 4 -b that the 
collector current swing is limited to a 
minimum of 0 amperes and a maximum 
of ECC /RC amperes. Likewise, the col- 
lector voltage cannot drop below 0 volts 
or increase above ECC volts. Other fac- 
tors limiting the swing may be observed 
from the exaggerated collector charac- 
teristic curves in Fig. 5 and the load line 
on this drawing. 
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VCE6at) VCEO ECCVCE 
FIG. 5- COLLECTOR VOLTAGE and current - 
swing limits. V, .,. in audio use is about 3V, .,,,g,,. 
You may simply subtract a few volts to com- 
pensate for VHF,,,. 

At the left, all curves seem to emi- 
nate from a reasonably straight line 
which starts at the vertex. This line is 
not coincident with the IC axis. In this 
low collector -to- emitter voltage region, 
the transistor behaves as a resistor about 
equal to VCE(sat) /ICZ, known as the 
saturation resistance. VCE(sat), the satu- 
ration voltage, is specified at a specific 
collector current. In the drawing it is 

shown at the point of intersection of the 
characteristic curves and the load line. 
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The voltage will differ with the satura- 
tion voltage at other collector currents. 
It may likewise not agree with the tran- 
sistor data supplied by the manufac- 
turer for he may specify VCE(sat) at a 
different collector current than the ICx 

in the drawing. However, the saturation 
voltage shown is the significant satura- 
tion voltage in this particular applica- 
tion. There is no amplification of any 
signal that may swing to the left of the 
saturation resistance curve. 

At the right, the load line is limited 
by the I. =0 collector curve. The output 
current many not travel below this 
curve. Considering both limits, the ac- 
tual maximum collector current swing is 
ICZ -ICED and the voltage swing is VCEO- 
VCE(sat). In the initial design work, 
these limits may be ignored. They may, 
however, be very significant in the final 
design stages. 

In Fig. 4 -b, the load line just 
touches the PCEM curve at one point Q. 
(Although Q has been used previously 
as the quiescent operating point, here it 
is assumed to be a point of contact be- 
tween the PCEM curve and the load line. 
The actual idling condition may be cho- 
sen at Q or at any other point along the 
load line.) This is the center of the load 
line. Significantly, if the load line 
touches the PCEM curve at any one point, 
the point of contact is always at the cen- 
ter of the load line. 

Should a sinusoidal signal be ap- 
plied to the input of the transistor, after 
amplification it will travel along the 
load line at the output, as shown in Fig. 
6. Here it is assumed that Q is the qui- 

FIG. 6- SINEWAVE OUTPUT. The swing is at 
maximum, ignoring limitations in Fig. 5. 

escent bias point at the center of the 
load line. The transistor will dissipate 
the maximum power when it is idling at 
Q or during the instant in the cyclic 
variations when the current is IQ and the 
collector -to- emitter voltage is at VCEQ. 

Since IQ is equal to IC(max) /2 and VCEQ 

is ECC /2, the maximum power dis- 
sipated at any instant in the cycle is 

IC (max) Ecc 
Pc (max) = 

4 (1) 

IC (max)2 Re Ecc2 = = 
4120 
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where R,,, the load resistor in Fig. 4 -a, is 
equal to E,,,. /IÇ(max). 

If the load line just touches the 
maximum dissipation curve, Pc(max) is 
also equal to the maximum permissible 
dissipation of the transistor. The prod- 
uct of I,.(max) /2 and E,.,, /2 on the load 
line, is always the point in the cycle 
when the transistor dissipates the max- 
imum power, independent of whether it 
is the actual quiescent point or whether 
or not the load line touches the PE 
curve. 

As discussed in an earlier article, the 
rms voltage of a sine wave is E /- \/2 
where E is the peak voltage. It is also 
equal to E,,/2- Vfif we let E_ equal 
the peak -to -peak voltage. It follows that 
the rms current is I,/2- N5.. In Fig. 6, 
the peak -to -peak voltage across the load 
resistor is E,., so that the rms output 
voltage is Err /2 -VT. Similarly, the rms 
current across R. is I,.(max) /2 -\ff. 
The signal power, P. developed across 
the load is the product of the rms cur- 
rent and voltage or 

P 
R 

Ecc lc (max) _ Ecc2 
c 8 8R0 

Ic (max) Rc 
8 

(2) 

Comparing equation 1 with equation 2, 
it should be noted that the transistor can 
deliver only 1 the maximum power it 
can dissipate safely. 

Assuming a perfect sinusoidal out- 
put, the average power dissipated by the 
transistor is equal to the maximum in- 
stantaneous power as stated in Equation 
1, or E,.,.2 /4R,,. As the average or qui- 
escent voltage across the load resistor is 
E,.,. /2, the power dissipated across R. is 
E,2 /4R,,. Ignoring the power dissipated 
by the input circuit, the supply must 
furnish power equal to the sum of that 
dissipated by the transistor and that dis- 
sipated across the resistor load, or 
E2 /2R,.. 

The percent efficiency of the cir- 
cuit, defined as 100 multiplied by the ra- 
tio of the maximum ac power that can 
be delivered to the load to the power 
that must be provided by the supply, is 
25 %. To improve this, the wasted power 
across the load resistor must be min- 
imized or entirely eliminated. 

A circuit with an output trans- 
former can be used to minimize the dc 
resistance in the collector circuit dimin- 
ishing the magnitude of d -c power the 
supply must provide. In Fig. 7, an out- 
put transformer is shown between the 
transistor and the load. The load re- 
sistor, RL, is reflected into the primary 
circuit multiplied by the square of the 
turns ratio of the transformer. If N, is 
the number of turns in the primary 
winding and N, is the number of turns 
in the secondary, the reflected ac load 
into the primary is RL' = R,,(Np /N,)2. 

T 
SIGNAL 

ECC 

OUTPUT 
SIGNAL 

FIG. 7- OUTPUT TRANSFORMER reduces dc 
resistance in the collector circuit. 

2 

FIG. B -AC AND DC LOAD LINES for class -A 
amplifier with transformer output. Zero resis- 
tance is assumed for the power supply and out- 
put transformer. 

v 
FIG. 9 -PLOT OF LOAD LINES when collector 
circuit has dc resistance. 

Two load lines -dc and ac -must be 
drawn (see Fig. 8). Assume zero resist- 
ance in the windings. Using the collec- 
tor relationship E,, = I,.R + Vo5 stated 
above, one point on the d -c load line is 
at I = 0 and V,.E = E,.c while the second 
point is at VrE =O and I =°°. This is a 
vertical line from E,.,.. Choose a qui- 
escent point at Q where the dc load line 
crosses the Pe.M hyperbola. Draw an ac 
load line so that it passes through Q and 
is at a tangent to the P,.EM curve. The a -c 
load line must then pass through two 
other points as well, namely through 
2E,.,. on the horizontal axis and through 
2I Q on the collector current vertical 
axis. 

Assume a sine wave across the load 
causes the collector voltage to swing 
from 0 to 2E,.,. volts while the collector 
current swings from 2IQ to 0 amperes. 
The power developed across the load is 

P - 4 E00 Ice Ecc Ice (3) 
RL 8 2 

The maximum power that can be dis- 
sipated by the transistor is 

POEM = PC( max) = E,.,.IQ (4) 

There are three major advantages 
in using an output transformer. First, 
the circuit efficiency is almost doubled 
to 50% as the dc supply must provide 
power for the transistor only. Little 
power is dissipated by the low dc resist- 
ance in the primary winding. Next, the 
transformer can be used to make a low 
impedance load, R,,, such as a 
loudspeaker, appear as a higher imped- 
ance in the primary winding where it is 
most desirable. Finally, it isolates the 
speaker from the collector current of 
the transistor. It is undesirable to let dc 
flow through the speaker coil for it 
would limit the full travel of the cone. 

In most cases, the dc resistance in 
the collector circuit cannot be ignored. 
Should the resistance of the primary 
winding of the transistor be significant, 
the dc load line will no longer be per- 
fectly vertical. It will be at an angle with 
the horizontal axis as in Fig. 9. The do 
load line can be found using the meth- 
ods applied to Fig. 4. 

The ac load line can be determined 
using the following logic. The quiescent 
point on the dc load line is Q. This is 
also one point on the ac load line. Two 
points are necessary to define any line. 
If we let R,,' be the total resistance in 
the collector circuit (the reflected resist- 
ance through the transformer plus all 
resistance in the ac portion of the col- 
lector circuit), the second point, VÇEA, 
can be determined from the equation 

R L 
' VCEA - VCQ - 

Ice 
This concludes the discussion on 

class -A power amplifier fundamentals. 
But, before going on to class -AB and B 
amplifiers, we are going to design a 
practical class -A power amplifier. 
Watch for it in the next installment. R -E 

(5) 

HOT CHASSIS 

I'm working on a Setchell- Carlson 
C105 TV chassis. The thing is hot! Even 
with the switch turned off it bites. I re- 
versed the ac plug and it still bit me. 
-H.F., Brooklyn, N.Y. 

This TV has a power transformer 
and it shouldn't bite, no matter which 
way the line plug is inserted. You 
have some kind of short or leakage 
from the transformer primary circuit to 
chassis. This must be cleared. 

The schematic shows two line -by- 
pass capacitors, one from each side of 
the ac input to chassis. One of these 
could be shorted. Quick- check, just 
clip them loose and recheck for hot - 
chassis. If this doesn't clear it up, you 
could have a short from the primary 
winding of the transformer to the 
core. Disconnect both primary leads, 
and check from them to the chassis. 
This should be a completely open cir- 
cuit, of course. If it is shorted, replace 
the power transformer. 
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STOP BURGLARS WITH ELECTRONICS 

Use any kind of normally -open or 

normally- closed sensors with this 

combination burglar and fire alarm 

Build A Multi-sensor Alarm 

THE DEVICE DESCRIBED HERE IS A 

simple and inexpensive burglar and /or 
fire alarm circuit that has many features 
found only in high -priced systems. The 
circuit as designed uses simple normally 
open switches as sensors. However, 
more sophisticated types, heat or smoke 
sensors could also be used. 

The purpose of the circuit is to 
sound a horn at 1/2-second intervals to 
produce a highly annoying BEEP - 
BEEP sound whenever one of the par- 
allel wired sensor switches is activated. 
An auxiliary output can be used for 
continuous alarms such as bells, sircas, 
lights, etc. 

Cost of the components in addition 
to a 12 -volt automobile horn and a 12- 
volt rechargeable storage battery is ap- 
proximately $10. The battery I used was 
a non -spillable lead acid 12 -volt battery 
with 10 ampere -hour capacity. This bat- 
tery (B72 -12), made by YUASA Battery 
(America) Incorporated, 1.6530 South 
Figuroa Street, Gardena, Calif. 90247, 
weighs eight pounds, comes with a 120 - 
volt recharger, a carrying case, and costs 
$14.50. 

The circuit uses programmed uni- 
junction transistors (PUT) to provide a 
delay between the time the main switch 
is turned on and the circuit is armed 
and also between the time a sensing 
switch is closed and the alarm goes off. 
This feature allows the use of one of the 
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protected exits without sounding the 
alarm. 

Construction hints 
Wiring of the circuit is not critical. 

The photographs show the layout I 
used. Relays, jacks, and a silicon con- 
trolled rectifier (SCR3) are mounted 
directly in a 7 by 9 by 2 inch aluminum 
box. The remaining components are 
mounted on a 2 by 3 inch rectangular 
perf board. SCR1, SCR2, Ql and Q2 
are all plugged into a dual -in -line in- 
tegrated circuit socket. 

How it works 
The circuit consists of two sections: 

I. The horn actuator. It uses automotive 
components (Fig. 1). 2. The delay and 
control section (Fig. 2), using solid state 
devices. 

Let's look at the horn actuator sec- 
tion first. If points A and B are shorted, 
(through the delay and control section) 
the flasher relay will close and open the 
switch between G and H at approxi- 
mately 1/2-second intervals. The flasher 
relay will, in turn, actuate the horn relay 
at the same rate sounding the horn. 
Shorting points A and F also puts the 
battery voltage V on auxiliary jack J1 
which can be connected to a bell, siren, 
lights, etc. This section of the circuit can 
be tested independently of the delay 
and control section by shorting A and F. 
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The delay and control section of 
the circuit provides latching action 
when one of the alarm sensing switches 
is momentarily closed.* This section 
also provides a delay between the time 
the main switch is closed and the circuit 
is armed so that a protected door can be 
used within a minute after the main 
switch, SI, is closed. A shorter delay of 
about 15 seconds is also provided be- 
tween closing of one of the alarm sen- 
sing switches and sounding the alarm. 

When switch SI is closed, capacitor 
C 1 starts to charge with a time constant 
C I R 1. Upon reaching the firing voltage 

V X R3\ 
of 

R2 + R3 / + 0.6) volts, which 

takes approximately one minute, the 
programmed unijunction transistor Q1 
discharges Cl and turns silicon con- 
trolled rectifier SCRI on. The circuit is 
now armed, and a voltage of ap- 
proximately (V - I) volts appears 
across R4. All door, window, and other 
alarm sensing switches are wired in par- 
allel across points C and D.* A momen- 
tary closing of one of these switches will 
turn silicon controlled rectifier SCR2 on 
and latch it. The voltage across resistor 
R7 then charges capacitor C2 with its 

'The circuit can also be operated with all sensing switches 
normally closed. For this kind of operation. put a short be- 
tween C and D and wire all switches in series. Also remove 
resistor R6, it is no longer necessary. Change the value of R5 
to 10,000 ohms. 
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CONNECT TO GROUND OF DELAY 
AND CONTROL SECTION 

HORN RELAY \ } 
BOTTOM 
VIEW 

PARTS LIST (Fig. 1) 
Horn -12 -volt automobile unit 
Horn relay -Sorensen HR20 or equal 
Flasher relay -Sears 28KR55107 or equal 
L1 -Turn indicator lamp, 12 volts 
J1- Auxiliary jack 
BATT -12 volts (see text) 

12V 

BATT 

J1 
AUXILIARY 
JACK 

F A 
TO 

DELAY AND 
CONTROL 
SECTION 

1 

A 
o 

S1 

2N6027 
U13T1 

1MEG 013T1 
Q1 

40/rF 
C7 25V 

C103 
SCR2 

2N6027 
U13T1 
01311 

Q2 200K 
5% 

R1, R8 -1 megohms, 1/2 watt 
R2, R9- 200,800 ohms, 5 %, h watt 
R3, R10- 300,000 ohms, 5 %, 1/2 watt 
R3, R10- 300,000 phms, 5 %, 1/2 watt 
R4, R5 -5000 ohms, 5 %, % watt 
R6, R7 -500 ohms, 5 %, ' watt 
R11 -1000 ohms, 1/2 watt 

C122 
SCR3 

R10 R11 

300K 1K 

5% 

PARTS LIST (Fig. 2) 
C1 -40 pF, 25 V, electrolytic 
C2 -10 pF. 25 V, electrolytic 
C3 -0.1 FF, ceramic 
Di, 02- 2N6027 or 01371 or U13T1 
SCR1, SCR2 -C103° 
SCR3 -C122° 
S1 -spst 
Any letter suffix is ok 

time constant of C2R8. Upon reaching 
the firing voltage (which takes about 15 

seconds), programmed unijunction 
transistor Q2 discharges capacitor C2 

and turns silicon controlled rectifier 
SCR3 -on. SCR3 then provides an effec- 
tive short between points A and F. 

If you intend to use this alarms sys- 

tern drop the editors a note and, if pos- 
sible, inclose a photo of the unit you 
build. We're sure other readers would 
like to see your work. R -E 

Service Notes 
B & K 250 TUBE TESTERS 

If the tester indicates grid leakage even when there is 

no tube in the test socket, this may be due to the 10 -meg 
resistor (R16) in the grid section of the 6AT6 tube. The 
1/2-watt resistor has a tendency to open and cause this diffi- 
culty. A 1 -watt replacement cleared up the trouble. 

The diagram shows a partial circuit of the tester. Nor- 
mally, cutoff bias is applied to the 6AT6 through the 10- 
meg resistor. If the resistor opens, electrons reach the plate 
and the meter produces a false reading indicating grid leak- 
age. -Roger McDonald 

DIRECTION OF GRID LEAKAGE CURRENT 

B 130K 

6 

PWR 
TRANS 

tD 

TUBE 
UNDER 
TEST d 

5 

68K 

CI 
20µF 
/250V 

+I l 
T 

C2 
20µF/ 

250V 

3K 
BIAS CONTROL 

220K 

2 .01/ 
500V 

20AF/ 
250V "I 

BAS 
RESISTOR 

SCREEN 
140V 

TO 
CONNECTOR 
SOCKET ON 
PANEL 2 

NEGATIVE 
BIAS VOLTAGE 

SWITCH OPEN 

DURING GAS TEST 

R16 
IO MEG 1/2 W, 

REPLACE WITH IWATT 

NO HIGH VOLTAGE, NO RASTER 

Shortly after an Admiral portable 19UB8 chassis was 
turned on the plate of the horizontal output tube became 
red hot. Replacement of the 6DQ6, 6CG7, and damper 
tubes did not solve the no- high- voltage, no- raster problem. 

A voltage check upon the grip of the 6DQ6 indicated 
no drive voltage and should be a -36 volts. Then voltage 
checks were made upon the 6007, horizontal oscillator 
tube, and only a +25 volts was found on the plate ter- 
minal. The schematic indicated a +205 volts at this point. 
Pin seven, was +25 V and should be -11V. 

We checked the resistance of C69 and found a high 
leakage reading. Replacement of the 820 pF coupling ca- 
pacitor restored the high voltage and raster. David Mark 

v2 6CG7 

SYNC 

2 

+205V 

1v2 6 C G7 
HORIZ OSC 

DEAD SHORT 
C69 820pF 

7 
1 ' I-IIV 

+155V 
6 

1m33pF 
27K 

- 47K 
10K 

56 
0039 +86V 

I 2K 

260V 
82K 

.0047 

TO 
HORIZ 

OUTPIJI 
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transistor 
arrays and you 

There are many IC transistor 
arrays available today. Here's 

a look at how they tick and 
what you can do with them 

by WALTER G. JUNG 
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Inside Linear IC's 
FUNDAMENTAL TO ANY DISCUSSION OF 

what goes on inside integrated circuits 
is the idea of component matching. 
Efficient use of IC's takes advantage 
of this asset, while minimizing weak 
points. Circuit design on a chip level 
is an entirely different ball game from 
what has been familiar to us in using 
discrete transistor circuits. But by no 
means does this say that working with 
IC concepts can't be fun. True, the 
ground rules are different, but once 
these are understood, the sky is the 
lithit. 

This month we're going to go 
right down to the substrate of an IC 
and explore what makes it tick. And 
the ideas we'll talk about are ones you 
can use, not just as an aid to general 
understanding of monolithic in- 
tegrated circuits, but as a real -life us- 
able tool through the availability of 
IC transistor arrays. With the use of 
the unique and special nature of IC 
transistor characteristics you can build 
circuits which would be impossible to 
duplicate with garden- variety dis- 
cretes. 

The characteristics peculiar to IC 
processing have both its good and bad 
points. The good points are the 
closely matched parameters, the very 
close temperature tracking (due to in- 
timate physical proximity) and the rel- 
atively low cost of additional transis- 
tors. Monolithic transistors present a 
number of problem areas. But for the 
most part, the design challenges which 
these areas represent has been suc- 
cessfully met. Let's look at a few of 
these and see how they are being 
overcome. First we'll list the prob- 
lems, then look at the solutions to 
them. 

1. Lack of inductors and trans- 
formers. 

2. Lack of large values of capaci- 
tance. 

3. Wide component tolerances. 
4. Poor quality pnp's. 
5. Limited dissipation and voltage 

ratings. 
6. Parasitic effects. 

Solutions 
1. Neither inductors nor trans- 

formers can be integrated, but their 
performance can he simulated by IC's. 
The function of an inductor can be 
replaced by active filter techniques us- 
ing blocks of gain (available in- 

1971 

expensively in IC's due to the low cost 
of a high number of active parts). 
Transformer action can be simulated 
to a degree by push -pull com- 
plementary amplifiers using an all - 
transistor approach. 

2. Capacitors are available 
within a chip in values to about 200 
pF, but are generally undesirable be- 
cause they take up excessive space 
(and so reduce the number of circuits 
available per area). Direct -coupled 
stages can eliminate the necessity for 
capacitors to a large degree. The dif- 
ferential amplifier is a natural IC ele- 
ment, and can be utilized effectively 
to eliminate the requirement for ca- 
pacitors. 

3. The wide tolerance of resistor 
values common to IC processing can 
be worked around by taking advan- 
tage of the fact that the resistor ratios 
will be close even though the absolute 
values may vary -25 %. This is true 
because a pair of identical resistors a 
few thousandths of an inch apart on a 
chip will match one another very well, 
within ±3 %. So we can minimize 
this problem by using designs which 
depend upon resistor ratios and are 
uncritical as to their exact value. 

4. The poor quality pnp transis- 
tors associated with IC's are due to 
incompatible process requirements 
with the npn technology. There are 
ways to work around these difficulties 
however. The low -beta lateral pnp can 
be combined with a conventional npn 
transistor to make a so- called "com- 
posite pnp ". In addition, newer devel- 
opments in fabrication techniques are 
now promising high -quality pnp units 
which are npn -process compatible and 
offer but little compromise in per- 
formance. 

5. The voltage and power ca- 
pabilities of IC transistors are gener- 
ally limited although specialized appli- 
cations extend the range of power 
dissipation up to several watts. Npn 
voltage ratings are limited to about 50 
volts maximum with some IC's rated 
at considerably less. Generally, pnp's 
have much higher breakdown volt- 
ages, up to 80 volts. 

6. The parasitic effects of mo- 
nolithic transistors is due to the junc- 
tion isolation used, and must be con- 
sidered in using the devices. The 
effects are both active and passive; re- 
sistors exhibit distributed capacitance 

www.americanradiohistory.com

www.americanradiohistory.com


and parasitic pnp action as do the npn 
transistors. These parasitic pnp's (due 
to the P -N junction isolations) must 
be back -biased to prevent interference 
with normal circuit operation. Figure 
1 illustrates a cross -sectional view of 

SILICON DIOXIDE INSULATOR 

ALUMINUM METALLIZATION 

EMITTER 
CONTACT 

BASE COLLECTOR 
CONTACT CONTACT 

P SUBSTRATE 

FIG. 1- CROSS -SECTION view of a monolithic 
npn transistor. High- conductivity metallic paths 
are used between the various elements and 
case terminals. 

an npn monolithic transistor which is 

junction -isolated. The collector of this 
transistor, consisting of "N" material, 
forms a junction with the "P" sub- 
strate. This junction must be back 
biased for the npn to function nor- 
mally, this is why the substrate is al- 
ways the most negative point in an IC. 

Note also in addition to the de- 
sired npn device with the base, emitter 
and collector leads there is a pnp unit 
formed by the base, collector and 
substrate. This is the parasitic pnp, il- 

SUBSTRATE COLLECTOR 

I 

PARASITIC Lti 
PNP 

TRANSISTOR 
(4. 

A 

I 
MONOLITHIC 

NPN 
TRANSISTOR 

OF FIG.1 

BASE 

EMITTER 

FIG. 2- PARASITIC TRANSISTOR (pnp) devel- 
oped during formation of a npn monolithic de- 
vice. The collector -base junction of the npn 
must always be cut off to prevent the parasitic 
pnp from conducting. 

lustrated schematically in Fig. 2. The 
collector -base junction of the npn 
should not be allowed to conduct, 
otherwise this pnp may turn on and 
try to take over. This is prevented in 
normal circumstances by keeping a 
positive bias on the npn collector. 

Now all of this could sound 
downright discouraging, but it really 
shouldn't. Look at what has been 
done to date with IC's and you'll be 
convinced that there certainly are 
ways around these problems, and ef- 
fective solutions do exist. In addition 
the state of the IC art is far from a 
static thing. New improvements are 
being announced at a fantastic rate, 
and what is stated as gospel today 
could be obsolete tomorrow. But 
there is plenty of time to use what is 
available, so let's now look at some 
IC's we can use ourselves as design 
tools. 

IC arrays typical 
characteristics 

The CA3018 IC transistor array 
(discussed briefly in the June issue) is 
to the IC transistor -array family what 
the 709 is to the op -amp family -the 
forerunner; very versatile, very popu- 
lar and now a much copied idea. 
We're going to use the IC transistor 
array as a transitional point in going 
from discrete transistor circuit think- 
ing to IC thinking. This is possible be- 
cause IC transistor arrays allow you 
to eat your cake and have it too. If 
you are accustomed to "discrete 
thinking" you can painlessly use array 
transistors just as you would plastic 
ones -and get the bargain of 3 or 4 
more per package. But if you grav- 
itate towards monolithic thinking, you 
have many more possibilities open to 
you. Let's now look at some IC tran- 
sistor specs to familiarize ourselves 
with our working tools. 

IC arrays, although they are 
available in a wide variety of part 
numbers and from various vendors, 
boil down to different variations in in- 
terconnections on a standard chip. 
Looking at a schematic of one this is 
not obvious, but the specifications tell 
the story. In essence, you may con- 
sider all of the transistors within a 
given array as being identical in char- 
acteristics unless it is otherwise stated 
on the data sheet. Take the CA3018 
and its brother, the CA3046 for in- 
stance. The CA3018 is a 4- transistor 
array and the CA3046 is a 5- transistor 

2 

11 12 

1 5 

Q1 Q2 

SUBSTRATE 
o 

7 10 

4 

Q 

11 14 

04 

7 9 10 12 13 

SUBSTRATEf 
b 

FIG. 3- TRANSISTOR ARRAYS. The CA3018 
and CA3018A (a) have two isolated transistors 
and a Darlington -pair. Three Isolated transis- 
tors and one differentially connected pair (b) 
are In the CA3045, CA3046, CA3086, SG3821 
and SL3045AK IC's. 

device (see Fig. 3). These transistors 
exhibit (typically an 11,5 of 100 @ 1 

mA, breakdown voltages of 24 volts, 
input offset voltages of less than 1/2 

millivolt, and a beta match between 
pairs of within 10% (see Fig. 4). You'll 
also note that Fig. 4 shows the region 
of maximum 1.45, as it peaks around 4 
mA. The input offset voltage character- 
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FIG. 4- TRANSISTOR MATCHING is Illustrated 
in these curves showing the static forward cur- 
rent- transfer and beta ratios for 01 and 02 in 
the CA3045. 

istics are shown by Fig. 5, where it is 
seen to be minimum at 1 mA or below, 
rising steeply above this. These two sets 
of curves show that these array transis- 
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FIG. 5 -INPUT OFFSET VOLTAGE for 01 and 
02 Is typical transistor array. 

tors have optimum performance be- 
low 1 mA of emitter current where 
the best matching predominates and 
gain is high. R -E 
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No, that's not an education channel 
Murph, I have the picture tube out. 
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TECHNICAL 
TOPICS Introduction to direct -conversion radio receivers 

by ROBERT F. SCOTT 
SENIOR TECHNICAL EDITOR 

IN EARLIER COLUMNS WE DISCUSSED 
the superheterodyne circuit and have 
seen how selectivity increases as the in- 
termediate frequency is decreased. 
Thus, it might seem that the ultimate in 
selectivity can be obtained by reducing 
the i.f. to zero. We recall that in the su- 
perhet, the wanted incoming signal and 
the signal from the local oscillator are 
fed into a mixer (converter) and the dif- 
ference frequency is used as the i.f. The 
i.f. signal is then rectified to recover the 
audio information contained in the 
sidebands. 

If we set the oscillator frequency to 
exactly zero beat with the incoming car- 
rier, we have zero -frequency i.f. and the 
mixer output consists solely of the beats 
between the oscillator and the side - 
bands. 

Assume that we want to tune in 
WWV on 5 MHz while the signal is 
modulated by a 600 -Hz tone. The 5- 
MHz oscillator signal beats with the 
carrier and the 4.994- and 5.006 -MHz 
sidebands producing sum and differ- 
ence frequencies. We'll disregard the 
sum frequencies and consider only the 
difference frequencies. The difference 
between the carrier and the oscillator is 
zero while the difference frequency re- 
sulting from the oscillator beating with 
each sideband is 600 Hz. Since the 
mixer output that we want to recover is 
within the audio range, there is no need 
for an i.f. amplifier nor a detector. The 
mixer output can be fed directly to an 
audio amplifier. 

Now, let's see what kind of selec- 
tivity we can expect from our imaginary 
zero frequency i.f. receiver. Suppose 
that while we are listening to WWV on 
5 MHz, shortwave station YVMQ be- 
gins broadcasting on 4.990 MHz with 
10 -kHz sidebands. Our oscillator, tuned 
to 5 -MHz, will produce difference fre- 
quencies of 10 kHz, zero and 20 kHz 
when beating with YVMQ's carrier and 
upper and lower sidebands, respec- 
tively. The beats with the carrier and 
lower sideband are within the audible 
range and can interfere with our recep- 
tion from WWV. However, since we are 
interested in receiving the 600 -Hz tone 
from WWV, we can eliminate the inter- 
ference by feeding the audio through a 
600 -Hz low -pass filter. Thus, we can use 
an audio filter to provide a degree of se- 
lectivity impossible to achieve in a su- 
perhet without resorting to complex and 

expensive mechanical, crystal or ce- 
ramic filters. In this system, selectivity is 
determined solely by the bandwidth of 
the audio amplifier. 

Since good selectivity is a prime re- 
quisite of a receiver, you are probably 
wondering why this type of circuitry has 
not been used. Well, this type of circuit 
(zero i.f.) has been around for quite a 
few years in various forms. This recep- 
tion system is called direct conversion. 

The most well known direct con- 
version circuits are the synchrodyne and 
homodyne. The synchrodyne uses a lo- 
cal oscillator that is locked in frequency 
and phase with the incoming signal. In 
the homodyne system, the injected het- 
erodyning signal is derived directly from 
the incoming carrier, not from a sepa- 
rate oscillator. These and other forms of 
direct conversion were developed for 
AM reception and had serious inherent 
disadvantages that were difficult and ex- 
pensive to overcome until compara- 
tively recently when new components 
and techniques were developed. Among 
the inherent drawbacks are: 

Audio images: When using a con- 

r 

L 

ventional superhet, we may receive in- 
terference from a strong station whose 
frequency is twice the i.f. away (the im- 
age frequency) from the desired station. 
Image interference is much more severe 
with direct conversion because, with a 
zero -frequency i.f., the image frequency 
is in the of range and stations on adja- 
cent channels can produce beats that 
fall within the audio passband. 

Too, it is possible to receive the de- 
sired signal with the local oscillator 
tuned, not to zero beat with the in- 
coming carrier but to a frequency above 
the upper sideband or below the lower 
sideband so as to produce an audio 
beat. 

High distortion: Distortion -free 
AM reception is possible only when the 
incoming signal arrives at the mixer 
completely free from distortion and 
phase shift and when the oscillator fre- 
quency and phase are exactly the same 
as the incoming carrier. 

Spurious whistles. Very loud het- 
erodyne whistles are produced as a sig- 
nal is being tuned in. 

Critical signal level. A high -level 
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FIG. 2- PARTIAL SCHEMATIC of a direct -conversion receiver for 80 and 40 meters originally ap- 

peared in The Radio Constructor. 
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signal is required for reliable oscillator 
sync while signal level must be kept low 
to minimize overloading and cross - 
modulation. 

The detector does not produce a dc 
component proportional to signal 
strength until the oscillator or injected 
voltage is correctly synchronized. Thus, 
there is no simple form of agc or avc 
available for use in direct -conversion 
circuits. 
Rf amplifiers impractical. Although AM 
reception requires a strong signal for re- 
liable oscillator sync in a synchrodyne, 
tubes and transistors are generally non- 
linear over a major portion of their op- 
erating range and thus tend to cause dis- 
tortion. Additional distortion can be 
caused by phase shift inherent in inter - 
stage coupling networks. 

Direct conversion comes of age 
Initially, the various forms of direct 

conversion were developed for AM re- 
ception. If, for some reason, direct con- 
version should become a must today, 
techniques developed since its in- 
troduction could probably be used to 
overcome the aforementioned dis- 
advantages. 

For example, phasing techniques 
can probably be adapted to remove 
audio images just as they are used to 
suppress an unwanted sideband in SSB 
transmission. 

Simplified phase -lock oscillators 
made possible by integrated circuits can 
assure that the injection signal is exactly 
equal to the incoming signal in fre- 
quency and phase. Most of the product 
detectors and balanced modulators 
(mixers) can, in a direct -conversion sys- 
tem, process an incoming signal with 

SIG 
AMPLITUDE 

10K 

much less distortion than is inherent in 
a conventional i.f. amplifier /detector 
arrangement. 

Single -sideband and CW -two 
common modes of two -way commu- 
nication today -do not require exact 
frequency and phase synchronization 
for satisfactory reception so simple di- 
rect- conversion receivers are adequate 
for receiving CW and SSB. 

Squelch circuits operated by the 
carrier, noise or tones are widely used in 
FM receivers. Certainly these can be 
adapted to eliminate the annoying 
whistle that occurs when the local os- 
cillator is not zero beat with the in- 
coming carrier. 

In SSB the carrier is suppressed 
and so audio -derived agc circuits have 
been developed to control the gain of rf, 
i.f. or of circuits. Such circuits can be 
adapted to direct conversion. 

Various engineers have shown that 
superior performance can be obtained 
by feeding the rf signal directly into a 
ring modulator, product detector or 
similar linear circuit without pre - 
amplification. Thus, in direct -con- 
version receivers, the amplification and 
preselection often used in superhets is 
not needed and, in fact, may introduce 
intolerable distortion ahead of the 
mixer. 

An early practical synchrodyne 
Many early experimental synchro- 

dynes used a simple pentagrid converter 
tube such as a 6BE6 electron- coupled 
oscillator with the antenna signal fed 
directly to the signal grid. Generally, 
the oscillator circuits were designed for 
good stability but no effort was made 
for frequency and phase sync except for 
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FIG. 1- SIMPLE EXPERIMENTAL SYNCHRODYNE has local oscillator locked to the incoming car- 
rier. 

possible pulling of the oscillator by the 
tuned antenna circuit. (Perhaps these 
receivers should have been called direct 
conversion rather than synchrodynes.) 

The circuit in Fig. 1 is one of the 
first simple experimental synchrodynes 
in which the local oscillator was locked 
to the incoming carrier. The circuit was 
developed by G. A. French and de- 
scribed in The Radio Constructor and 
abstracted in the March 1956 issue of 
Radio- Electronics. 

The detector is a balanced bridge 
fed from a cathode follower with a pot 
in the grid circuit as a volume control. 
Preset tuning in the antenna and os- 
cillator circuits minimize tracking prob- 
lems and completely eliminates the het- 
erodyne whistle that occurs on each 
station with continuous tuning. A part 
of the incoming rf signal is tapped off 
and fed through the sync cathode fol- 
lower to the cathode of the oscillator to 
synchronize it with the incoming car- 
rier. 

Only two sets of tuning capacitors 
are shown; others can be added. L 1 is a 
standard broadcast antenna coil. You 
can use one with a separate primary in- 
stead of a tap. The oscillator coil is a 
broadcast -type rf coil with the primary 
used for L2 and the secondary' for L3. 
L4 is a winding with enough turns 
added to develop about 1 volt across the 
modulator. 

To adjust the receiver, tune the an- 
tenna coil to a strong local station -use 
a signal tracer, if necessary. Set the SIG- 

NAL- AMPLITUDE control to maximum 
and the sync control to minimum. Tem- 
porarily short out the 47 -ohm cathode 
resistor and adjust the oscillator tuning 
capacitor for a low beat note. Remove 
the shunt from across the 47 -ohm re- 
sistor and adjust the SYNC control until 
the oscillator locks -in and modulation is 
clear. Adjust the SIGNAL AMPLITUDE 
control and antenna trimmer for the 
best results. 

Fig. 2 is a partial schematic of a di- 
rect- conversion receiver for 80 and 40 
meters described by Rick Littlefield in 
Ham Radio. Q I is a simple product de- 
tector with the incoming signal applied 
to its source and the injection signal 
from oscillator Q2 applied to the gate. 
The audio signal, developed at the 
drain, is passed through a low -pass filter 
to Q3, a low -noise preamplifier. The 
amplified audio is transformer coupled 
to a small printed- circuit amplifier. 

The antenna coil (L2) for 80 and 40 
meters consists of 36 turns of No. 30 
enameled wire on a 0.68" toroid form. 
LI is 3 or 4 turns on L2. Oscillator coil 
L4 is 22 turns of No. 22 enameled 
tapped 5 turns from ground end on 0.68" 
toroid form. L3 is 5 turns on L4. The os- 
cillator is tuned by a modified two -gang 
6.3- 123- pF /5.7 -78 -pF variable capaci- 
tor. All rotor plates except six were re- 
moved from the large section and all 
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How to get into 

One of the hottest money -making 
fields in electronics today - 
servicing two -way radios! 

- 

1,K 
'domoxys 

535-]]32 

DULANEY COMMUNICATIONS SERVICE 
. 13 EAST 15' ST. 

EN AND E3ü5iNE5. i 

2 WAY RADIO 

HE'S FLYING HIGH. Before he got his CIE training and FCC License, Ed Dulaney's only professional skill was as a com- 
mercial pilot engaged in crop dusting. Today he has his own two -way radio company, with seven full -time employees "I am 
much better off financially, and really enjoy my work," he says. head here how you can break into this profitable field. 

More than 5 million two -way transmitters have skyrocketed 
the demand for service men and field, system, and R &D engi- 
neers. Topnotch licensed experts can earn $12,000 a year 
or more. You can be your own boss, build your own com- 
pany. And you don't need a college education to break in. 

HOW WOULD YOU LIKE to start col- 
lecting your share of the big 

money being made in electronics today? 
To start earning $5 to $7 an hour... 
$200 to $300 a week... $10,000 to 
$15,000 a year? 

Your best bet today, especially if you 

don't have a college education, is prob- 
ably in the field of two -way radio. 

Two -way radio is booming. Today 
there are more than five million two - 
way transmitters for police cars, fire de- 
partment vehicles, taxis, trucks, boats, 
planes, etc. and Citizen's Band uses- 
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and the number is still growing at the rate 
of 80,000 new transmitters per month. 

This wildfire boom presents a solid 
gold opportunity for trained two -way 
radio service experts. Many of them are 
earning $5,000 to $10,000 a year more 
than the average radio -TV repair man. 

Why You'll Earn Top Pay 

One reason is that the United States 
Government doesn't permit anyone to 
service two -way radio systems unless he 
is licensed by the Federal Communica- 
tions Commission. And there simply 
aren't enough licensed electronics ex- 
perts to go around. 
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Another reason two -way radio men 
earn so much more than radio -TV serv- 
ice men is that they are needed more 
often and more desperately. A home 
radio or television set may need repair 
only once every year or two, and there's 
no real emergency when it does. But a 

two -way radio user must keep those 
transmitters operating at all times, and 
must have their frequency modulation 
and plate power input checked at regu- 
lar intervals by licensed personnel to 
meet FCC requirements. 

This means that the available licensed 
experts can "write their own ticket" 
when it comes to earnings. Some work 
by the hour and usually charge at least 
$5.00 per hour, $7.50 on evenings and 
Sundays, plus travel expenses. A more 
common arrangement is to be paid a 
monthly retainer fee by each customer. 
Although rates vary widely, this fixed 
charge might he $20 a month for the 
base station and $7.50 for each mobile 
station. A survey showed that one man 
can easily maintain at least 100 stations, 
averaging 15 base stations and 85 mo- 
biles. This would add up to at least 
$12,000 a year. 

Be Your Own Boss 

There are other advantages too. You can 
become your own boss -work entirely 
by yourself or gradually build your own 
fully staffed service company. Instead 
of being chained to a workbench, 
machine, or desk all day, you'll move 
around, see lots of action, rub shoulders 
with important police and fire officials 
and business executives who depend on 
two -way radio for their daily operations. 
You may even be tapped for a big job 
working for one of the two -way radio 
manufacturers in field service, factory 
quality control, or laboratory research 
and development. 

How To Get Started 

How do you break into the ranks of the 
big -money earners in two -way radio? 
This is probably the best way: 

I . Without quitting your present job, 
learn enough about electronics fun- 
damentals to pass the Government 
FCC Exam and get your Commer- 
cial FCC License. 

2. Then get a job in a two -way radio 
service shop and "learn the ropes" of 
the business. 

3. As soon as you've earned a reputa- 
tion as an expert, there are several 
ways you can go. You can move out 
and start signing up and servicing 
your own customers. You might be- 
come a franchised service represen- 
tative of a big manufacturer and then 
start getting into two -way radio sales, 
where one sales contract might net 

you $5,000. Or you may even be in- 
vited to move up into a high -prestige 
salaried job with one of the major 
manufacturers either in the plant or 
out in the field. 

The first step- mastering the funda- 
mentals of Electronics in your spare time 
and getting your FCC License -can be 
easier than you think. 

Cleveland Institute of Electronics has 
been successfully teaching electronics 
by mail for over thirty years. Right at 
home, in your spare time, you learn 
electronics step by step. Our AUTO -PRO- 
GRAMME»® lessons and coaching by 
expert instructors make everything clear 
and easy, even for men who thought 
they were "poor learners." You'll learn 
not only the fundamentals that apply to 
all electronics design and servicing, but 
also the specific procedures for install- 
ing, troubleshooting, and maintaining 
two -way mobile equipment. 

Get Your FCC License ... 
or Your Money Back! 

By the time you've finished your CIE 
course, you'll be able to pass the FCC 
License Exam with ease. Better than 
nine out of ten CIE -trained men pass 
the FCC Exam the first time they try. 
even though two out of three non -CIE: 
men fail. This startling record of achieve- 

ment makes possible the famous CIE 
warranty: you'll pass the FCC Exam 
upon completion of your course or your 
tuition will he refunded in full. 

Ed Dulaney is an outstanding exam- 
ple of the success possible through CIE 
training. Before he studied with CIE, 
Dulaney was a crop duster. Today he 
owns the Dulaney Communications 
Service, with seven people working for 
him repairing and manufacturing two - 
way equipment. Says Dulaney: "I found 
the CIE training thorough and the les- 
sons easy to understand. No question 
about it -the CIE course was the best in- 
vestment I ever made." 

Find out more about how to get ahead 
in all fields of electronics, including two - 
way radio. Mail the bound -in postpaid 
reply card for two FREE books, "How 
To Get A Commercial FCC License" 
and "How To Succeed In Electronics." 
If card has been removed, just mail the 

coupon below. 

NEW REVISED G.I. BILL BENEFITS: 

All CIE courses are approved for full 
tuition reimbursement under new G.I. 
Bill. If you served on active duty since 
Jan. 31, 1955, OR are in service now, 
check box on reply card or coupon 
for G.I. Bill information. 

C I Ecleveland 
Institute of Electronics 

177E East '17th Street, Cleveland, Ohio 44114 

2 New 
CIE CAREER 

COURSES 

1. Electronics Technology 
with Laboratory ... Teaches 
you the fundamentals. With a 

161 -piece laboratory you ap- 
ply the principles you learn 
by analyzing and trouble- 
shooting electronics equip- 
ment. 

2. Electronics Engineering ... 
Covers steady -state and tran- 
sient network theory, solid 
state physics and circuitry, 
pulse techniques, computer 
logic and mathematics 
through calculus. A college - 
level course for men already 
working in Electronics. 

r 
Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 

Please send me without cost or obligation: 
Your new illustrated 44 -page book, "How To 

Succeed in Electronics." 
Your book on, "How To Get a Commercial FCC 

License." 

I am especially interested in: 

Electronics Technology 

Broadcast Engineering 

First Class FCC License 

Electronic Communicaticns 

El Industrial Electronics 

Electronics Engineering 

Electronics Technology with Laboratory 

Name 
(PLEASE PRINT) 

Address 

City 

State Zip Age - 
Veterans & Servicemen: check here 
for latest G.I. Bill information. 

Accredited Member National Home Study Council 
RE -96 

L J 
Circle 11 on reader service card 
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GLOSSARY OF TERMS AS USED 
OR APPLIED TO DIRECT 

CONVERSION 

AM Reception -The in- 
coming signal is mixed in a linear 
detector with a coherent local os- 
cillator signal that is maintained 
in proper phase relationship so 
the upper and lower sidebands 
reinforce each other. If the os- 
cillator is 90 away from the opti- 
mum phase, the sidebands can- 
cel and the detector output is 
zero. 

Audio Image -Similar to im- 
age interference in a superhet. 
The audio image frequency is 
twice the audio bandpass re- 
moved from the local oscillator 
frequency. 

CW Reception -Local os- 
cillator must be tuned to one side 
of the incoming carrier. It is usu- 
ally tuned to the side having the 
least interference. 

Coherent Detector -A phase - 
sensitive device whose output is 
proportional not only to the am- 
plitude of the signal being de- 
tected but also to its phase at the 
instant of detection. Its output is 
either negative -going or positive - 
going, depending on the in- 
stantaneous phase relationship 
between the incoming signal and 
the reference (local) oscillator. 

Coherent Oscillator -An os- 
cillator having the same fre- 
quency and a fixed phase rela- 
tionship with some other signal 
source. Its output is a signal with 
definite phase, voltage and cur- 
rent relationships between identi- 

cal wave elements. 
Homodyne Reception -No 

local oscillator is used. Instead, a 
portion of the incoming carrier is 
filtered out and then recombined 
with the composite broadcast sig- 
nal in proper phase to demodu- 
late the sidebands. 

Product Detector -A linear 
device in which the output sig- 
nal's amplitude is proportional to 
the amplitude of the input signal 
as long as the input signal's am- 
plitude is much lower than that of 
the bfo or injection oscillator. 

SSB Reception -Only one 
sideband is transmitted. In direct 
conversion, the sideband being 
transmitted (upper or lower) de- 
termines on which side of signal 
the local oscillator must be tuned. 
In SSB reception, the audio im- 
age will be on the wrong side of 
the re- inserted carrier to be read- 
able and will produce only an an- 
noying interference. 

Synchrodyne Reception -For 
AM reception, the local oscillator 
is locked in phase with the in- 
coming carrier. The af output of 
the demodulator has amplitude 
proportional to the cosine of the 
phase angle (¢) between the in- 
coming signal and the local os- 
cillator. Output is maximum when 
the phase angle is 90 , cos ¢ is 
zero and output is zero. 

Synchronous Detector -See 
Coherent Detector. 

Two -Phase Synchronous Re- 
ceiver -Uses two identical syn- 
chronous detectors, each fol- 
lowed by low -pass filters and af 
amplifiers. One synchronous de- 

tector is fed a signal from the lo- 
cal oscillator that is in phase with 
the incoming carrier. The other 
detector is fed a local oscillator 
signal that has passed through a 
90' phase -shift network. The out- 
put of the in -phase detector has 
maximum aplitude while the out- 
put of the 90 out -of -phase (quad- 
rature) detector is zero. This cor- 
responds to the separation of the 
in -phase (I) and quadrature (Q) 
sidebands of the 3.58 -MHz sub - 
carrier in color TV reception. 
Thus, in the two -phase synchro- 
nous receiver, the in -phase and 
quadrature detectors may also be 
called I and Q detectors. 

If the local oscillator's phase 
shifts a few degrees, the I detec- 
tor output drops in amplitude and 
the Q detector output rises in 
proportion to the phase error. 

The amplified outputs of the I 

and Q detectors can be fed 
through an audio phase discrim- 
inator to obtain a dc voltage that 
can be used as afc to pull the lo- 
cal oscillator back into sync. 

In the case of interference; 
the local oscillator is locked in on 
the desired carrier and the I out- 
put is maximum and the Q output 
is zero. The interference signal 
on an adjacent channel causes 
the I output to contain the corn - 
ponents of the desired and un- 
wanted signals. At the same time, 
the Q output will contain only the 
interference signal. Since the in- 
terference component is the 
same in both channels, it can be 
amplified and phase shifted so as 
to balance out. 

but one removed from the smaller sec- 
tion. This results in a maximum capaci- 
tance of around 70 pF in the large sec- 
tion and about 15 pF in the small one. 

A glossary of terms used in con- 
nection with direct -conversion circuitry 
and a bibliography of material on the 
subject are included. There will be more 
on direct conversion in the future. This 
includes an equipment report on the 
Ten -Tec RX -10 4 -band direct -con- 
version communications receiver. 

Direct conversion bibliography 
"The Synchrodyne" by D. G. Tucker and J. 
Garlick. Electronic Engineering, Nov. 1947, 
p366, Feb. 1948, p49. 
"High- Performance Direct -Conversion Re- 
ceivers" by Pat Hawker, Radio Commu- 
nication Nov. 1970, p760. 
"A Direct -Conversion REceiver for 14 MHz" 
by C. F. Dorey. Radio Communication, May 
1970, p296. 
Direct -Conversion Receivers" by Paul Dew - 
hurst. The Radio Constructor, March 1971, 
p479, April 1971, p556. 
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"Suppressed- Carrier Double Sideband Sys- 
tems" by G. W. Short. Wire less World, May 
1961, p243. 
"Synchronous Communications" by J. P. 
Costas. Proceedings of I.R.E., Nov. 1947, 
p366. 
"Synchronous Communications" by John P. 
Costas. Proceedings of the I.R.E., Dec. 1956, 
p1713. 
"How Important Is Detection" by R. C. V. 
Macario, Wireless World, April 1%8, p52. 
"A Heterodyne Receiver" by Dale Hileman, 
Electronics World, Jan. 1966, p80. 
"The D.C. 80 -10 Receiver" by Doug De- 
Maw, QST, May 1969, p 11. 

"Direct Conversion -A Neglected Technique"; 
by Wes Hayward and Dick Bingham. QST, 
Nov. 1968, p l 5. 

"The Synchrodyne" by Ian Pogson, Radio, 
Television & Hobbies, Sept. l%3, p28. 
"Synchronous Detectors ", by S. George. 
Television, Jan. 1971, p112. 
"Supersensitive Communications Systems" 
by Jim Kyle. Electronics World Feb. 1966, 
p41. 
"Balanced Detector in a T.R.F. Receiver" by 
James R. White. QST, May 1961, p29. 
"The Sideband Minituner" by Rick Lit- 
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tlefield, Ham Radio, Oct. 1970. 
"A Portable Transceiver for 3.5 MHz" by J. 
E. Hodgkins. Radio Communication. Nov. 
1970. p757. 
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"Now let me see how it looks on the other 
side again." 
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test 
instrument 

tricks 
Measure component values 

that are outside your 
instrument's range 

By JACK DARR 
SERVICE EDITOR 

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. 

R-Es Service Clinic 
You CAN DO A 1.01 OF THINGS WI111 

"standard" test equipment. Use your 
imagination. For example, here are 
some typical questions, culled from 
the Clinic mailbag: 

"How can I measure the value of 
a 4,000 -µF electrolytic, when my ca- 
pacitor- checker only goes to 2,000 -p.F. 

Disconnect t, and connect an- 
other one in series with it, watching po- 
larity. If the other one is also 4,000- 
µF the combination is now a 2,000- 
µF unit and you can read it. If the 
extra one is say 1,000 -µF the result- 
ant capacitance will be somewhere 
around 500 p.F. Capacitors in series, 
formula; roughly half of the smallest. 
With this, you can tell whether the big 
one is open or not, and that's what 
you want to know ( Fig. I ). 

7 KNOWN CAPACITOR 

Fig. 1 

By the way you can use the re- 
verse of this to check a very small ca- 
pacitor, if it comes out jammed right 
up to one end of the dial. Connect a 

known capacitor across the terminals 
of the cap- checker (take the test -leads 
off). Balance for the widest eye -open- 
ing or meter deflection, which ever 
yours does. Now connect the un- 
known across this one, and rebalance 
the bridge. You can usually read 3- to 
4 -pF capacitors by the increase in 
reading needed to restore balance. 

Cable breaks 
"I've got a long shielded audio 

cable and it's open! Is there an easy 
way to find out where the break is ?" 

Yep. Leave the capacitor- checker 
turned on! Connect it right across one 
end of the cable, from inner con- 
ductor to shield. Balance the bridge 
and note the capacitance reading. This 
is the capacitance between the inner 
conductor and the shield. Actual read- 
ing isn't important. 

Now go to the other end of the 
cable and repeat this test. Most cables 
break right at one end or the other, at 
the plugs. If you get a good -sized ca- 
pacitance reading at one end, and 
practically nothing at the other, the 
very low- reading end is where the 
break is ( Fig. 2) . 

If the two readings are almost the 
same, the break is somewhere near the 

BREAK 

X 

BREAK 4- 40% lo 6o%CT 
iX 

lC1 T 
C7+C2'CTOTAL 

center of the cable. For example; 
cable with I.0 -pF capacitance per 
foot, and 100 ft long. You read 60 pF 
at one end and 40 pF at the other. 
The break is 60 feet from the 60 -pF 
end. (Notice how I make those figures 
come out even ?) In actual cables it 
won't come out so even, of course, 
but the percentage will! 

Take the two readings and add 
them. This is the total capacitance of 
the cable. Now measure the length, 
and you'll get the capacitance per 
foot. Do the mathematics and you'll 
find out where the break is from ei- 
ther end, in terms of the percentage of 
total length. ( Incidentally, this is 
handy for checking out long rolls of 
shielded cable, coax, etc., on a reel, 
without unwinding the whole thing. In 
fact, you can even use this method be- 
tween a good wire and a broken 
one -inside an intercom cable, etc. 
Read the capacitance between the 
known -good wire and the broken 
ends. 

"They tell me that the circuit 
breaker pops at 1.25 -A ac. I haven't 
got an ac ammeter! How can I read 
it ?" 

Use a Genuine Simplified Ohm's 
Law Digital Computer. In other 
words, connect a good I.0 -ohm re- 
sistor in series with the circuit. Then 
connect an ac voltmeter across the re- 
sistor ( Fig. 3). Now, each I.0 -volt ac 

POWER 
SOURCE 
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Fig. 3 
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read on the meter indicates 1.0 A of 
ac current flowing through the re- 
sistor. Count it up on your fingers. 
That's where the "digital computer" 
comes in. 

This same gadget can be used to 
read milliamperes, in high voltage dc 
circuits. Just use a good 1,000 ohm 
resistor. For every milliampere of cur- 
rent flowing through the resistor, you 
read 1.0 volts Ac or dc; just be sure to 
use a high- impedance meter. 

The same trick will work in low - 
voltage dc circuits, but you can't use a 
1 -ohm resistor, especially down 
around 6 volts or so. One ampere of 
current will cause a 1.0 -volt drop across 
the resistor, and your set will have 
only 5.0 volts left! You can use this if 
you have a variable- output dc bench 
power supply. Just run the voltage up 

until you read the correct input volt- 
age at the set. This will compensate 
for the metering- resistor drop and ev- 
erything will be normal. 

"How can I read the rf output of 
a little CB transmitter on my scope? I 

get nothing, just a line." 
That's normal. The average ser- 

vice scope doesn't have much sensi- 
tivity at 27.0 MHz! So you're not go- 
ing to get a heck of a lot of signal 
through your vertical amplifier. Con- 
nect a diode across the direct -probe 
tip, and then modulate the CB trans- 
mitter with some kind of audio signal. 
For example, feed an audio oscillator 
to a little speaker; tie the push -to -talk 
button of the CB transmitter down, 
and place the mike close to the 
speaker cone. Then look for the tone - 
modulating frequency on the scope. 

If you have a crystal- demodula- 
tor probe with your scope, use it. If 
the pattern isn't high enough, fasten 
about 12 to 15 inches of wire to the 
probe tip and couple it loosely to the 
transmitter's whip antenna. If you 
must make tuning adjustments, etc. 
tune for maximum pattern height. In- 
cidentally, a No. 222 penlight bulb 
makes a good "dummy antenna" for 
very small CB transmitters. Won't 
glow very brightly, but will glow 
enough to be sure that the thing is 
putting out rf. Solder the bulb to 
regular antenna plug used on set. Re- 
move antenna. 

There are lots of other ways to 
use your "common" test equipment, 
to make special tests. Use your inge- 
nuity! You'll come up with lots of use- 
ful ideas. Have fun! 

Reader Questions 
RED FLICKER 

I've got an odd problem in an Admi- 
ral 25E6 chassis. Colors flicker at a fast 
rate; seems to be mostly in the red Other- 
wise OK; this is not loss of color -sync or 
barber -pole. Haven't been able to pin it 
down. -J.H., Los Angeles, Calif. 

There's one way of finding out. 
Eliminate the other two colors! Turn 
the Blue and Green screens off, and 
check it on a pure red picture or pat- 
tern. This type of trouble is often due to 
things like an intermittent solder joint, 
peaking choke, capacitor or resistor -in 
the R -Y color- difference amplifier 
stage, of course. 

Another good possibility; check the 
wiring of the pix tube socket for dirty 
contact, broken wires, etc. "Tap 
around" in the R -Y amplifier circuit 
with a pencil, looking for loose contacts. 

COLOR PROBLEMS, CH. 13 ONLY 
The color is OK on all channels but 

13, in this G -E G13 chassis. Sound and 
picture are of too; if I tune for one, I 
lose the other. No color, except when I 
balance the channel -selector between 12 
and 13. -H.J., Fresno, Calif. 

From the symptoms, I'd say 
"Tuner ". Everything else is common. If 
you'll sweep the rf response of Ch. 13 

on this tuner, you'll probably find some- 
thing that looks like a camel -saddle! 
Single -channel problems with these 
characteristics are almost always due to 
tuner troubles, since this is the only 
thing that is "changed" when you 
change channels. 

BAD ULTOR CONTACT 
I get horizontal streaks and flashes 

in this RCA CTC -17X. Video looks pecu- 
liar. The streaks are very thin, and inter- 
mittent. The higher the brightness, the 
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worse the streaking. I've checked all of 
the video tubes, voltages, etc., with no 
luck. This is a new one. Scope shows noth- 
ing unusual in the signal through the video 
stages. -K.N., Berkley, Mich. 

I know what you might have. It's 
rare, fortunately, but I've seen it happen 
three times (once in my own set)! The 
internal connection from the ultor but- 
ton on the picture tube may be bad. The 
internal dag coating may have broken 
loose from the metal button. 

If this happens, the high voltage 
arcs intermittently from button to coat- 
ing, and this produces the thin horizon- 
tal streaks. Naturally. the higher the 
beam current (more brightness) the 
worse the arcing. 

Check: clean the bell of the CRT 
very well, around the button. Fold the 
rubber cap back, hook up the lead, and 
turn out the room lights. Watch the ul- 
tor connector. If this has happened, 
you'll be able to see several tiny red arcs 
from the button to the coating, ob- 
viously inside the glass! Turn the bright- 
ness up and down while you're watch- 
ing (or have someone else do it. This 
would take an awfully long arm)! If the 
arcing is inside the tube and increases 
with an increase in brightness, that's it. 

Only cure for this is a new picture 
tube, I'm afraid. Before you replace it, 
be sure to check all of the connections 
in the HV circuit; HV rectifier, socket, 
wiring, resistors, etc. A burnt series re- 
sistor in the HV lead, or an arced -over 
HV rectifier socket, can imitate it very 
closely. 

NO CONTROL OF BRIGHTNESS 
I can set up this RCA CTC -38XL to 

make a good picture, but the brightness 
control won't extinguish the raster. (I 
checked the brightness limiter, too.) The 
screen controls won't extinguish the 
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beams, either. Everything looks normal; 
voltages pretty close. In Service position, 
all 1 can get is a bright white line, but I 
can juggle the screen controls on a picture 
and come out pretty good Something's 
still wrong, though. -T.S., Huntington, 
W. V. 

You'll find that your pix tube grids 
are too far positive. if the cathode volt- 
ages are close, and vary with the bright- 
ness controls, as you say, and the screen 
voltages are in the ballpark; there's only 
one thing left. The grid voltages, which 
are controlled by the color- difference 
amplifier stages, are so far positive that 
the cathode voltage cannot cut the 
beams off. 

Needless to say, this will be some- 
thing common to all three color- differ- 
ence amplifiers. Check plate resistors, 
etc. 

BLOBS OF COLOR, BUT NO COLOR 
This Magnavox T -924 chassis came 

in for service with a very small picture, 
which soon disappeared. Checking the 
power supply, I found the thermistor and 
varistor in the auto- degausser completely 
gone; just 4 wires with blobs of metal on 
the end. After replacing these, and one of 
the power supply diodes, I got a picture. 

However, I have no color. The screen 
is covered with big blobs of different col- 
ors, but they're stationary. Color and tint 
controls have no effect. What else is 
wrong here ? -N. C., Brooklyn, N.Y. 

This kid has been tapped by light- 
ning, and hard! When this happens, the 
resulting tremendous transient will 
magnetize the picture tube, due to the 
degaussing coils themselves. It has hap- 
pened before. 

Try this: degauss the tube very 
thoroughly with a big coil, and I think 

(continued on page 91) 
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new producks 

More information on new products is available from the manu- 

facturers of items identified by a Reader Service number. Use the 

Reader Service Card on page 103 and circle the numbers of the 

new products on which you would like further information. De- 

tach and mail the postage -paid card. 

SECURITY SYSTEMS, models AL -10, AL- 
20, FM -10, LR -10, RR -10, AR -10, PP -10, 
SP -10. Line of interchangeable circuit 
modules for solid -state electronic security 
systems such as perimeter, radar, ultra- 
sonic and stress detection types. The 
modules can be used individually or in 

.inuiünrNNaJ/! 

multiples to give warning of forced entry 
or fire. Each compact module is produced 
on a printed circuit board with all con- 
nections made with screw -type barrier 
strip for mounting in almost any enclo- 
sure.-Detectron Security Systems, Inc., 
Bay Street, Sag Harbor, N.Y. 11963. 

Circle 31 on reader service card 

MINIATURE FIRE ALARM, Mini- Sentry 
CF -2, for homes, offices, stores, schools, 
factories. No nails or holes in walls are re- 
quired for installation. Place unit on wall 
near ceiling and plug into 110 -117 Vac 
outlet. The alarm activates the buzzer 
when ceiling temperature reaches 135 "F. 

This 3 oz. unit comes complete with 10 
foot electrical cord and five adhesive cord 
holders. $8.95 for one; $8.45 each for two; 
$8.25 each for four; $8.00 each for six. - 
Diamond International Industries, Dept. F- 
6, 1045 Airport Blvd., South San Fran- 
cisco, Calif. 94080. 

Circle 32 on reader service card 

ALARM SYSTEM, Defender model DS -80. 
Designed for the professional security 
market, the 915 -megahertz microwave in- 
trusion alarm system incorporates an in- 
conspicuous antenna sensor and ambient 

light sensor to monitor relatively large 
areas. Protects remote locations by 
adding extra sensors. The command mod- 
ule performs electronic logic analysis to 
verify human intrusion before activating 

alarm; the light sensor does a similar job. 
Each sensor may be used independently 
or together to set off alarm.- Bourns Se- 
curity Systems, Inc., 681 Old Willets Path, 
Smithtown, N.Y. 11787. 

Circle 33 on reader service card 

OSCILLOSCOPE, model 5000A features 
25 -MHz bandwidth, stable triggering be- 
yond 50 MHz, vertical bandwidth from dc 
to 25 MHz ( -3 dB point). Built -in vertical 
delay line provides 50 nanoseconds of dis- 
play prior to the trigger point on input 
waveform. The 5000A has 3% calibrated 
vertical sensitivities from 10 millivolts to 50 

A 

HICNOR 

.e 
0 a O b 

_. 

volts per division in 1, 2, 5 sequence. Input 
impedance is 1 megohm, 30 pF. Sweep 
delay circuit allows display of any 10 -divi- 
sion segment of the 40- division sweep. For 
field service, research lab, quality control 
and production testing applications. 
$595.00.- Hickok Electrical Instrument 
Corp., 10514 Dupont Ave., Cleveland, 
Ohio 44108. 

Circle 34 on reader service card 

FREQUENCY SCALER, model 18 -102. 
Used in combination with frequency 
counter provides measurement capability 
to 175 MHz, and measures vhf region with- 
out vhf counter. Divides input frequencies 

from 2 MHz to 175 MHz, with the scaled 
output fed to any frequency counter with a 
1 megohm input. Input circuit of 18 -102 

triggers at extremely low signal levels. 
Front panel sensitivity control and built -in 
meter allow adjusting the input signal for 
maximum sensitivity. All solid- state. 
$99.95 for kit. -Heath Co., Benton Harbor, 
Mich. 49022. 

Circle 35 on reader service card 

ANTENNA ROTOR, model AR -20. Posi- 
tive -grip U -bolt clamp for mast mounting, 

c 

die -cast upper mast housing, positive 
braking system, fully automatic control. 
Set direction, unit will stop automatically 

and accurately. Illuminated dial face when 
system is operating. -Cornell Dubilier 
Electronics, 50 Paris St., Newark, N.J. 

Circle 36 on reader service card 

REPLACEMENT MULTIPLIERS. Exact re- 
placements for TV high -voltage tripiers 
and quadruplers. Line of four multipliers 
reduce radiation hazards and cost of fly- 
back transformers. These units eliminate 
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Measurably 
Better! 

MICRONTA" MULTITESTERS 

Sold Only by Radio Shack 

2995 
#22-152 

100,000 Ohms/ 
Volt! 27 Ranges! 
4" Mirror Scale, 
Fully Protected 
Against Burnout. 

1995 
#22 -049 

30,000 Ohms/ 
Volt! 26 Ranges! 

33/n" Scale, 
1% Resistors. 

1595 
#22-022 

20,000 Ohms /Volt! 
28 Ranges! Mirror 
Seale, 1% 
Resistors. 

Factory wired VOM's (with batteries 
& leads included!) at "kit" prices! 
Performance proven by servicemen, 
technicians, hobbyists. Try 'em at our 
over 1100 stores in 49 states, almost 
every town and city. We're in the 
phone book. Or we'll ship anywhere 
in the USA postpaid.* 

2725 W. 7th St. 

Fort Worth, Texas 76107 
'Add your state, local taxes. 

Circle 61 on reader service card 
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high -voltage rectifier tube and socket, 
focus rectifier or tube and socket, shunt - 
regulator tube, and high -voltage cage. 
The four assemblies meet the specifica- 
tions of all major set brands. TVM -026, 
$79.95; TVM -108, with separate pix tube 

anode connector and a 2500 pF, 10 kV ca- 
pacitor, $43.95; TVM -153, with pix tube 
anode cap and a 27 -in. lead, $39.95; TVM - 
778, with anode connector, $39.95.- Inter- 
national Rectifier Corp., 233 Kansas St., 
El Segundo, Calif. 90245. 

Circle 37 on reader service card 

FREQUENCY COUNTER, model 1250. 
Portable counter has full range coverage 
of 5 Hz to 32 MHz, solid -state LED read- 
outs, four ranges with automatic decimal 
positioning, and a 1 -MHz output at TTL 
levels to use as source for trouble- shoot- 
ing circuits on a "closed- loop" basis. The 
counter, designed for bench, field, and in- 
dustrial applications, has an input imped- 

TUBE 
TESTER 
OWNERS 

WE HAVE THE 
LATEST TUBE 

DATA AND 

ADAPTERS 
FOR 

let your 
tube tester 
become 
obsolete 

e 
fICO 

e 

HEg 
e kÑ -30N 

T 

pREC N,qR 

CLIP AND MAIL COUPON TODAY 

COLETRONICS SERVICE INC. 
1744 Rockaway Ave., TD -71 
Hewlett, N.Y. 11557 

Enclosed find $3.50 for latest data. 

Enclosed find $5.00 for 1 -yr. subscription 
(Latest Data Plus 2 Supplements.) 

Specify Model No. Make 

Name 
Address 
City State Zone 

ance of 1 megohm shunted by 30 pF and 
input sensitivity of 250 mV rms (max. 50 V 
rms or dc). $395.00.- Weston In- 
struments, Inc., 614 Frelinghuysen Ave., 
Newark, N.J. 07114. 

Circle 38 on reader service card 

EPDXY GLUE, Minit -Cure. Multipurpose 
epoxy with curing time of less than 60 sec- 
onds at 75 F (room temperature). Use to 
bond metals, woods, plastics, rubber and 

glass. For repairs, maintenance, lab work 
and production. Tensile strength of 2900 
psi, -Tescom Corp., Instrument Div., 2633 
S.E. 4th St., Minneapolis, Minn. 55414. 

Circle 39 on reader service card 

OSCILLOSCOPE, model 572. 7 in. scope 
intended for special applications where 
high legibility is a critical requirement. 
Contains matched, sensitive d -c amplifiers 
and balanced attenuators for each axis, 
permitting phase comparisons and mea- 
surements with very small error. 10 cm x 
12 cm viewing area on the display tube. 

iiisiiiiii 
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Sensitivity better than 20 mV cm with 
bandwidth of about 2 Hz to 600 kHz -3 dB, 
plus a sweep range of 1 Hz to 100 kHz. 
Weighs 30 lbs. $589.00. -Kikusui, c/o 
Marubeni -lida (American) Inc., 200 Park 
Ave., New York, N.Y. 10017. 

Circle 40 on reader service card 

SCANNING RECEIVER, SCAN 202 HL, is 
a multiple -channel monitoring crystal -con- 
trolled receiver. Designed for police and 
citizens to scan all three public safety ra- 
dio bands, the device can be programmed 
to tune the field in high band, low band or 
uhf frequencies, and monitors up to eight 
specific channels. Handles frequencies 
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from 25 to 512 MHz FM; covers two main 
public safety bands, 152 -164 MHz FM and 
30 -39 MHz FM. Built for 12 -volt dc mobile 

ii 

operation or 117 -volt ac use, the scan 
comes with power cord, telescoping an- 
tenna and built -in speaker. $179.95. - 
Pace Div., Pathcom, Inc., 24049 South 
Frampton Ave., Harbor City, Calif. 90710. 

Circle 41 on reader service card 

MULTITESTER, model 51 -100, for lab, 
plant, and service shop. Features 8.5 IIA 
meter -movement for 100,000 ohms -per- 
volt dc, 10,000 ohms -per -volt ac readings. 
Has low dc voltage range (0.3 volt) which 

is useful for semiconductor circuits. The 
51 -100 is pocket -size, has band- suspen- 
sion meter movement; overload protec- 
tion. Capacitance: 0 -0.01, 0.2µF. Deci- 
bels: -20 to +58 dB. $30.88. -Weltron 
Co., 514 E. Peabody St., Durham, N.C. 
27702. 

Circle 42 on reader service card 

4- CHANNEL HEADPHONES, Quadrafone 
model K2 + 2. This headset is engineered 
with four separate dynamic driver ele- 

ments to reproduce sound from 4- channel 
amplifiers. The K2 +2 is compatible with 

conventional stereo amplifiers, as well as 
4- channel and augmented 2- channel 
stereo, and operates from standard stereo 
phone jacks. Features fluid -filled earcup 
cushions for isolation of ambient noise 
and wearing comfort. Frequency response 
is 10 to 20,000 Hz; total harmonic dis- 
tortion is 95 dB SPL; impedance 4 to 10 
ohms. $85.00 with carrying case. -Koss 
Electronics, Inc., 4129 N. Port Washington 
Road, Milwaukee, Wis. 53212. 

Circle 43 on reader service card 

FM STEREO RECEIVER, BRC Ferguson 
model RA -288. This 90 -watt receiver fea- 
tures solid -state circuitry, FET FM front 
end, electronic tuning and electronically 
activated tuning indicators, black out front 
panel, push button switches for 

mono /stereo mode, phono (mag or ce -- 
ramic), tape, FM, FM afc. Oiled walnut 
cabinet included. 100 watts total IHF out- 
put; S/N better than 60 dB at phono input; 

30 to 20,000 Hz response. Capture ratio 
2.7 dB; MPX separation 30 dB. Impedance 
is 4 to 16 ohms. Operates on 110 -120 volts 
ac, 60 Hz. $220.00. -Olson Electronics, 
260 South Forge St., Akron, Ohio 44308. 

Circle 44 on reader service card 

STEREO RECEIVER, model KR -4140. This 
80 -watt (IHF), FET. IC, FM /AM receiver 

TV TUNER SERS7ICE 
VHF, UHF, FM or IF-Subchassis... 

... All Makes 

l 011 J 
4"ast 8 hr. Service! 

You owe it to yourself 
to try P.T.S. We are the fastest growing, oldest 
and now the largest tuner service company in the 
world. Here is what you get. 

1. Fastest Service -8 hr. -in and out the same 
day. Overnight transit to one of our six plants, 
for parts, tuners or IF- modules. 

2. All tuners cleaned inside and out, repaired, 
realigned and air tested. 

3. On IF- modules all stages checked, all traps set 
with high calibre test equipment. 

4. Fine Quality! Your customers are satisfied and 
you are not bothered with returning your units 
for rework! 

5. Lower Cost! Up to $5.50 less than other tuner 
companies! 

6. Friendly, helpful personalized service! 

1 YEAR GUARANTEE 

Air 

FIRST TO OFFER 365 -DAY GUARANTEE! 
COLOR -BLACK & WHITE -- TRANSISTOR TUNERS - 

ALL MAKES 
GUARANTEED COLOR ALIGNMENT - 

NO ADDITIONAL CHARGE 

LIKE TO DO IT YOURSELF? 

PTS makes all tuner parts available to you. 

Send one dollar (redeemable) for our TUNER RE- 
PLACEMENT GUIDE AND PARTS CATALOG 

60 pages of top information Blow -up of all 
tuners Largest exact tuner replacement guide 

Antenna Coil Replacement Guide Multi -fit 
Replacement Tuner Shaft Guide 

We offer you finer, faster... 

For fastest service. send faulty und with tubes. shields and all broken parts to 

PTS ELECTRONICS, INC. 

HOME OFFICE- 
SOUTHEAST- 
WEST COAST- 
EAST- 
SOUTHWEST- 
MOUNTAIN- 

VHF-UHF-FM 

OAST- 
EAST- 
SOUTHWEST- 
MOUNTAIN- 

VHF -UHF -FM $ 9.95 
UV -COMBO $16.95 
IF- MODULE $12.50 

Major Parts charged at Net Price 

( Z'.S I0. tll/.EU REPL: I CEMENTS .4 VAILABLE 
1.1R 42 y5 ('P (h'EN' OR RFB('II.T) 

P.O. Box 272 -Bloomington, Ind. 47401 
P.O. Box 6771 -Jacksonville, Fla. 32205 
P.O. Box 41354- Sacramento, Calif. 95841 
P.O. Box 3189 -Springfield, Mass. 01103 
P.O. Box 7332- Longview, Tex. 75601 
P.O. Box 4145- Denver, Colo. 80204 

Circle 62 on reader service card 

TeL 812/824 -9331 
TeL 904/389 -9952 
Te I. 916/482-6220 
Tel. 413/734-2737 
TeL 214/753-4334 
TeL 303/244 -2818 
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delivers an rms power output of 33 watts 
per channel at 4 ohms (24 watts per chan- 
nel at 8 ohms). Frequency response is 20 
to 40,000 Hz (± 1.5 dB); power bandwidth 
is 18 to 30,000 Hz, with distortion less than 
0.5% of rated output. The tuner section is 

55 dB; IHF selectivity, 1.8 1N; IHF sensi- 
tivity, with a capture ratio of 2.5 dB (IHF). 
$259.95. Optional oiled walnut cabinet, 
$19.95. -Kenwood Electronics, Inc., Dept. 
P., 15777 South Broadway, Gardena, 
Calif. 90248. 

Circle 45 on reader service card 

GLUE GUN KIT.This automatic gun offers 
rapid heating, top loading, automatic dis- 
pensing and flow control. A built -in light 
shows when the tool is ready for use and 

illuminates the work area. The hot -melt 
glue and caulk sets in 30 seconds and ad- 
heres to wood, plastic, rubber, leather, 
textiles, concrete, plaster and light metals. 
Kit comes complete with carrying case, 
supply of glue and caulk sticks, storage 
tray, bench stand and manual. $10.95. - 
Weller, div. Cooper Industries, 100 Wellco 
Road, Easton, Pa. 18042. 

Circle 46 on reader service card 

SWEEP MARKER GENERATOR, model 
SMG -39. This precision 'jitter -free' marker 
generator provides all needed bias and 
linear sweeping signals for negligible error 
in alignment of any TV receiver when used 
with standard oscilloscope. Features VFO 

variable marker, 4 bias supplies including 
-67 volts. All output signals: TV I.F., FM 
I.F., VSM, chroma, 4.5 MHz and VFO. Ca- 
bles, probes and leads come with gener- 
ator.- Lectrotech, Inc., 4529 N. Kedzie 
Ave., Chicago, III. 60625. 

Circle 47 on reader service card 

HI -FI SPEAKERS, model 3. One model in 
a line of six speaker systems ranging from 
$30.00 to $198.00, along with six unitary 

IC' REMOVED FROM BOARDS 
These units were removed from printed circuit boards. All are brand new 
(mostly TI) but have solder on leads. All are dual in line with 74 -- Series 
factory marking. 
SN7400, SN7401, SN7402, SN7440, SN7410 ea. .15 
SN7473 dual JK flip -flop ea. .25 
SN7474 dual -type 'D' flip -flop ea. .25 
SN7482 two -bit binary full -adder ea. .35 

EPDXY TRANSISTORS 
Popular numbers, all factory- marked with 
2N -type numbers Guaranteed minimum 
of 40 pieces of TO -5 and TO -18 mixed. 
Untested, but sampling indicates over 85% 
good. 

approximately 1-ounce- 40+ transistors 
for only 51.89 

DIGITAL SPECIAL 
Tan brand new ion carriers) dual-in-line 
JK Rip -flops -LÚ321 with data sheet and 
two pages of application notes describing 
hookups for- divide by three through ten, 
and twelve. Also self correcting ring coun- 
ter hookups, etc. 

10 LU321 W /data 55.00 

\ 1 I 

DIGITAL COUNTER MODULE 30MC 
unit includes board. SN7490, 
SN7475 quad latch, 5N7447 
7- segment driver end RCA 
"numitron" displey tube 
W /decimal. 1" o 4.5" module 
will mount on 1" centers. 

kit 512 -wired and tested S15. 

All IC' ere new and fully tested - 
leads are plated with gold or solder. 
Orders for 55 or more will be shipped 
prepaid. Add 35c handling and postage 
for smaller orders. California residents 
add sales tax. IC orders are shipped 
within two workdays of receipt of order - kits are shipped within ten days of 
receipt of order. Money back guarantee 
on all goods sold. 

TTL dual -in line 
7400, 7401, 7402, 7404, 7405. 7410, 
7420, 7430, 7440, 
7450, 7451, 7453 All -3 for 51.00 
7441 BCD decoder driver 1.50 
7442 BCD decoder 2.00 
7473 dual JK flip flop .65 
7474 dual type D FF .65 
7475 quad latch 1.50 
7476 dual JK FF .75 
7480 gated full adder 1.00 
7486 quad exclusive or gate 1.00 
7490 decade counter 1.50 

LINEAR IC's dual -in -heel 

709 uperu,,unal amplifier S .70 
710 voltage comparator .75 
711 dual comparator .75 
810 dual operational amplifier 1.25 
NE525 memory sense amplifier 1.50 
7524 dual sense amplifier 1.50 

LED Red Emitting Lamp 

7491 B La shift regeler 
7493 4 bit binary counter 
74192 up /down decade counter 
74193 uprdown binary counter 
8220 panty geNchecker 
8242 4 bd comparator 

(open collector 
8280 preset decade counter 

LINEAR SPECIAL 
Ten I10) Fairetuld dual in hoe 741CN 
operational amplifiers with a two -page 
sheet of application notes covering the 
basic circuits using op -amps 
S 75 each Op amp package 

10 -741's data sheet 
and application notes 

,inky S1 00 

.60 

$1.75 8520 25 MC divide by N 2 i 15 

1,75 N1283 Signenc 8 bit scratch pad 
2,00 8H21 75MC dual JK flip -flop 
2.00 7495 4 bit SHIFT REGISTER 
1.00 8H70 UHS triple 3 input NAND 

8H80 UHS Quad 2 input NAND 
.90 8590 8 bit shift register 

2.00 8270 4 bit shift register 

52.00 
1.75 
1.25, 
1.75 

.40 

.50 
2.00 
2.00 

BABYLON 
ELECTRONICS 

SEND FOR 
FREE FLYER 

CPNMICHAELPI 
19181 

P.O. Box 85 
CARMICHAEL, CA. 95608 

19161966 -2111 i 
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loudspeakers for custom build -ins and do- . 

it- yourself work. The systems feature foam 
speaker cone suspension; isolation cham- 
bers on all direct radiating tweeters and 
mid -ranges; four -layer woofer voice calls 
and a computer designed crossover net- 

work to provide smoothness and tonal 
blend. The model 3 has a frequency range 
of 36- 20,000 Hz, with 8 ohms impedance, 
800 Hz crossover, 150± dispersion. 
$75.00.- Jensen Sound Laboratories, 
5655 W. 73rd St., Chicago, Ill. 60638. 

Circle 48 on reader service card 

SWEEP GENERATOR, model ASG -200. 
The audio sweep generator provides a 
source of audio frequency functions: sine, 
square, triangle, positive sawtooth with 
variable slope control. Frequency is vari- 
able from 0.02 Hz to 20 KHz for all func- 

tions. Dial accuracy is within 2 %. Power 
117 Vac, 50/60 Hz. Output 0 to 20 volts, 
peak to peak. $84.85 for kit; $108.09 as- 
sembled. -Phase Corp., 315A Boston 
Ave., Medford, Mass. 02155. 

Circle 49 on reader service card 

METAL -ETCHING INSTRUMENT KIT, 
model 17 Marking System, marks metal 
tools and equipment. The tool elec- 
tronically etches marks, names or num- 
bers into flat or round metal surfaces of 
any thickness, and can be used on office 
equipment, tools, and parts. It is safe, si- 

tent and vibration -free. The unit operates 
on 117 Vac and will make a permanent 
mark within 10 seconds. Packaging in- 
cludes the marking tool, electrical cord, 
ground plate, electrolyte solution, adapter 
clip for deep etching, and instructions. 
Materials supplied will mark up to 2000 
items. $24.95.- Jensen Tools and Alloys, 
4117 North 44th St., Phoenix, Ariz. 85018. 

Circle 50 on reader service card 
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new literature 

All Booklets, catalogs, charts, data sheets and other literature 

listed here with_a Reader Service number are free for the asking. 

Turn to the Reader Service card on page 103 and circle the num- 
bers of the items you want. Then mail the postage -paid card. 

SMOKE & HEAT ALARMS, flyerA -103. This de- 
scriptive flyer explains the need for smoke de- 
tection in the home and describes Smoke Alert 
models HS -T and RR -1. Complete specifications 
and installation directions are given. -Func- 
tional Devices, Inc., P.O. Box 368, Russiaville, 
Ind 46979. 

Cercle 51 on reader service curd 

ALARM EQUIPMENT CATALOG, 1971 Space 
Age Security.This 64 page catalog describes 
over 350 intrusion and fire alarm products, many 
UL listed, of use to alarm installers, dealers, and 
skilled industrial electronic and electrical tech- 
nicians who need local alarm systems, parts, 
and accessories. The items range from "open 
loop" hardware to the latest ultrasonic, radar, 
and infrared intrusion detectors, and include fire 
systems and detectors, remote controls, bells, 
horns, sirens, lights, telephone dialers, lock spe- 
cialties, and books. Fully illustrated.- Mountain 
West Alarm Supply Co., 4215 N. 16th St., Phoe- 
nix, Ariz. 85016. 

Circle 52 on reader service curd 

SMALL PARTS CABINETS, Professional Line 
Catalog, shows complete line of small parts 
storage cabinets, all 22" high, 12" wide and 
available in 6, 8, 12, 16, 24 and 48- drawer mod- 
els. Catalog is in full color and demonstrates 
several examples of stacking and applications. 
The drawer specifications are shown in line 
sketches and explain how the drawer can be di- 
vided for visibility and inventory control. -Raaco 
Corp., 370 Ely Ave., South Norwalk, Conn. 
06854. 

Circle 53 on reader service card 

SEMICONDUCTOR CROSS- REFERENCE 
GUIDE, 1971. More than 31,000 semiconductor 
devices are cross- referenced in the catalog. In- 
cluded are 1N, 2N, 3N, JEDEC, manufacturers' 
regular and special "house" numbers and many 
international devices, with particular emphasis 
on Japanese types.- Motorola HEP, Semi- 
conductor Products Div., 5005 E. McDowell 
Road, Phoenix, Ariz. 85036. 

Circle 54 on reader service card 

SWITCH CATALOG, No. AS -71, 24 pages of 
miniature electronic switches and keyboard as- 
semblies. Features six lines of miniature tog- 
gles. Each product group described in detail. 
Electrical specifications, dimension drawings, 
and prices are shown. -Alcoswitch, Div. Alco 
Electronic Products, Inc., P.O. Box 1348, Law- 
rence, Mass. 01842. 

Circle 55 on reader service card 

TUNER REPLACEMENT GUIDE & PARTS 
CATALOG, No. 1. for service technicians. Lists 
uhf -vhf -FM tuner parts, channel strips for drum 
type tuners, spring clips, screws, detent balls, 
gears, wafers, fine -tuning gear assemblies, 
coils, plungers, antenna coil replacements with 
guide. Fully illustrated.- Precision Tuner Ser- 
vice, P.O. Box 272, Bloomington, Ind. 47401. 

ELECTRONIC PRODUCTS CATALOG, 1971 -72. 
Completely illustrated listing with prices of the 
entire line. Features antennas, anode con- 

nectors and wire, chemicals, capacitors, color 
TV components, resistors, transistors, diodes, 
switches, yokes, etc.- Oneida Electronic Mfg. 
Co 843 N. Cottage St., Meadville, Pa. 16335. 

Circle 56 on reader c'ruis'e card 

PRECISION TUNER SERVICE MOVES TO NEW 
PLANT. The management of Precision Tuner 
Service announces the new address for their 
West Coast factory and offices. They can now 
be reached at Precision Tuner Service, P.O. Box 
41354 Sacramento, Calif. 95841. 

YOU MAY BE MISSING 

THE MOST VALUABLE 

TOOL ON YOUR BENCH 

ncn 
MWMK 

RCA 

SERVICE 

DATA 
ncn 

aten 

I b' 
Plain Talk 

0 a 

awl 

A SUBSCRIPTION INCLUDES 

A COMPLETE "FILE" YEAR OF: 

COLOR TELEVISION DATA 

B & W TELEVISION DATA 

RADIO DATA 

PHONOGRAPH DATA 

TAPE RECORDER DATA 

SERVICE TIPS 

PARTS TIPS 

PERIODICAL ISSUES OF 
"PLAIN TALK" 

"GOLDENROD" BULLETINS 

SERVICE DATA INDEX 

i 

DON'T DELAY! SUBSCRIBE TODA Y! 
Please acknowledge my request for a Service Data Subscription: 

"File- 1971" Service Data including 2 binders $19.95 

- "File- 1971" Service Data subscription $14.95 

(Binders available separately -$2.95 each) Number desired 

NAME 

STREET ADDRESS_ 

CITY 

Amount enclosed: $ 

STATE ZIP CODE 

Your order will be processed promptly upon receipt of your check 
or money order in the amount indicated above. SEND TO: 
RCA SALES CORP., 600 N. Sherman Drive, Indianapolis, Ind. 46201 

ATTN: Technical Publications, 8 -106. 

Circle 64 on reader service rand 
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UNBEATABLE 
PRICES 

While the Supply Lasts 

BRAND NEW IC's 
FULLY TESTED 

45¢ SN 7400 Quad 2 input NAND 
45¢ SN 7401 Quad 2 input Open 

Collector NAND Gate 
45¢ SN 7404 Hex Inverter 
45¢ SN 7410 Triple 3 input NAND Gate 
45¢ SN 7411 Triple 3 input AND Gate 
45¢ SN 7420 Dual 4 input NAND Gate 
45¢ SN 7440 Dual 4 input NAND Buffer 
45¢ SN 7450 Dual 2 wide 2 input 

Expandable 
85¢ SN 7472 J -K Master Slave F.F. 
85¢ SN 7473 Dual J -K F.F. 
1.50 SN 7475 Quad Bi- Stable Latch 
2.50 SN 7441 BCD to Nixie 
1.50 SN 7496 5 Bit Shift Register 
2.00 SN 7483 4 Bit Binary Full Adder 
3.00 SN 74192 Bi- Directional Counter BCD 

Output 
3.00 SN 74193 Bi- Directional Counter 

4 Bit Binary 

POT PC Boards Crammed 
With Dual Ine 6.98 LUCK 

lane 
IC's and Diodes 

Decade Counter Kit with 11.95 
L.E.D. Readout 

Cash with order for these special 
prices -We pay the postage 

ELECTRONICS G & J P. O. Box 1202 

San Mateo, Calif. 94401 

Circle 65 on reader service card 

RADAR 

SPACE SWITCH 
A Microwave Motion Detection System, 
designed to provide total premise protec- 
tion by giving an alarm due to forced entry 
through roof, wall, door, or window. 

Model 7100 

Designed to be interconnected with existing 
installations, other systems, or additional 
Space Switches. Two stage digital filter sys- 

tem eliminates false alarms. Complete tam- 
per proof ON /OFF switching circuit. May 
be powered from 110 Vac or 12 Vdc. Small 
size, easy to camouflage. Solid state, single 
PC Board, constructed for easy mainte- 
nance, $119.00 Each 

artronix 
SURVEILLANCE 

716 Hanley Industrial Court, St. Louis, Mo. 63144 

Area Code 314 Phone 644 -2456 

Circle 66 on reader service card 

U 

new 
PHASE 
in electronics 

The Phase Comparative Analyzer ( PCA) Four 
Trace Pre -Amp is a highly flexible unit used 
in. conjunction with an ordinary oscilloscope. 
It provides the capability to compare up to four 
separate waveforms at a glance through the use 
of time sharing techniques. The PCA will be 
found useful in checking and testing logic 
circuits, digital systems, audio equipment, and 

television. You will find the Phase Comparative 
Analyzer an invaluable tool in the electronics 
test area. 

Send Today 
for complete information & specifications on 

electronic test equipment - assembled or kits 
functions - quality & low cost. 

other 

PC A-200 

Factory Assembled 
and Tested 

$164.65 

Kit $129.39 

models available 

our complete line of 
- that feature unique 

315A Boston Avenue, 

Medford, Massachusetts 02155 

Circle 67 on reader service card 

APPLIANCE CLINIC 
(continued from page 17) 

Millivolt systems 
Newer systems, especially on the 

small home -type heaters, operate on 
nothing but the minute voltage devel- 
oped by the thermocouple. For obvious 
reasons, these are called millivolt sys- 
tems, for that's what you'll read; milli- 
volts! Gas valves are built with specially 
designed coils, so that they will open on 
very small currents. One that we 
checked, an ITT B60, needed only 30 
mA dc from the thermocouple! 

The valves themselves are specially 
designed, with a very light diaphragm, 
usually of a special construction called a 
bleeder diaphragm. With it, the gas 
pressure itself actually helps to open 
and close the valve. The diaphragm is 
operated by the plunger (core) of the 
solenoid, and a light spring helps to 
push the diaphragm closed when the ex- 
citation is removed. Like all gas -valves, 
they are normally closed. If power is 
taken away, they close, to shut off the 
gas. (Fail- safe!) Since the home gas - 
lines work at a pressure of only a few 
ounces (4 -6 oz is typical) this kind of 
operation is practical. 

The drawing again shows the stock 
series circuit arrangement. The room 
thermostat closes when the temperature 
falls below the set level. The HIGH -TEM- 
PERATURE LIMIT SWITCH is normally 
closed. If the plenum temperature rises 
above a certain level, it opens, shutting 
the system down. (Plenum: the metal 
box above the main heater which circu- 
lates the heated air to the room.) 

Any of these units can be checked 
for proper electrical operation with a 
standard vom, 20,000 ohms -per -volt or 
better. If the controls won't start the 
burner and gas pressure is OK, check 
the pilot flame. Also, see that the 
thermocouple body is right in the 
middle of the flame. If so, and the main 
burner refuses to light, start checking 
the electrical circuitry. 

Take a millivoltage reading across 
the output terminals of the thermo- 
couple, on the top of the control unit. 
Set the vom on an 0 -1 volt range 
(0 -1000 millivolts) and look for a min- 
imum reading of about 70 -80 mV. Most 
home -type thermocouples will have an 
output from this level up to perhaps 
150 -175 mV. There are high power 
thermocouples which have outputs up 
to 800 mV or more, but most home -type 
stuff will probably be in the 150-mV 
range. 

If you get no output at this point, 
disconnect the leads from the control 
unit, and take a reading right across 
them. The meter can be left on the 1- 

volt range or switched to the 3- or 30- 
mA range. Here you should get an out- 
put of up to 30 mA if the thermocouple 
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is in good shape. 
No reading at all across the 

thermocouple leads probably indicates 
a defective thermocouple. Try a new 
one. (Be sure that the original did have 
enough heat; that it is right in the 
middle of the pilot flame!) Incidentally, 
although this is dc, these units are not 
polarized. Leads can be connected ei- 
ther way. If some devices do need po- 
larization, it will be indicated by color - 
coded leads, red for positive, etc. 

If you do get what looks like a nor- 
mal output from the thermocouple (Still 
hooked up) but the gas valve won't 
open, take a voltage reading across the 
leads to the room thermostat. With such 
minute currents and voltages, as you 
can readily see, we can't take any per- 
ceptible resistance in either switch -con- 
tacts or wiring! So if you read more 
than about 10 mV. across the (presum- 
ably) closed contacts of the thermostat, 
look out! Go to the thermostat itself, 
take the cover off, and read the contact 
resistance. If it is very low, short the two 
leads together, go back to the control 
unit, disconnect the leads, and see if you 
get more than 1 -2 ohms across the 
wires. If you do, there is probably a 
twisted splice somewhere in the wiring! 
Hunt it down, and solder it. 

Contacts on the thermostat itself 
can be cleaned with a piece of plain pa- 
per. As a rule, never use emery paper, 
etc. on contacts in a millivoltage system. 
If they're so bad 'that they have too 
much resistance, replace the thermostat. 
The same test can be used on the limit 
switch, which is exactly the same as the 
thermostat, but works at different tem- 
peratures. 

Quick checks 
One good quick -check for thermo- 

stat or limit switch, or wiring troubles is 
to jumper their contacts on the control 
unit. If this lets the main burner come 
on normally, you have located the cause 
of the trouble. Same old process of 
elimination used in all electrical and 
electronic troubleshooting. DO NOT 
leave jumpers in place across safety de- 
vices such as limit switches, etc! This is 
very dangerous. 

After the process of elimination, 
you will have the faulty part pinned 
down. Replace the defective parts and 
recheck. The thermostat, limit switch or 
thermocouple are fairly easy to replace, 
if directions (always packed with the 
new unit) are followed. If all of the 
other things are working, but the main 
burner refuses to come on, the valve it- 
self is defective. 

CAUTION! The valve can some- 
times be taken apart and cleaned, or re- 
placed. This job should be handled by a 
licensed gas -plumber. Do- it- yourselfing 
here could lead to danger, unless you 
are an experienced pipefitter, and take 
every precaution to check out the whole 

system for gas -leaks! Use soap -bubbles 
and a small brush. Even at these low 
pressures, any gas- leakage is potentially 
very dangerous! However, the electrical 
parts of the system can be checked by 
any competent technician, once he 
knows what the normal reactions are, 
and this is what we've tried to give you 
here. 

If you are in doubt about your mil - 
livoltage reading, whether it actually in- 
dicates low output or not, check with 
your friendly gas -appliance repair man, 
giving him the make and model -num- 
ber of the unit. He will be able to tell 
you just what the normal output of the 
thermocouple should be. R -E 

People In Trouble 
Need Your 

UNITED GIFT 

If you don't do it, 
It won't get done 

ROTARY 

Some single 
gang, some 
multiple gang. 

W122 

SWITCHES 

16 for $100 

SLIDE 
SWITCHES 

12 for $100 r 
All types, SPDT, DPDT, etc.W106 

TRANSISTOR 
REPAIR KIT 

$100 
Includes resistors, condensers, 
transistors, transformers and var- 
ious & sundry parts used to repair 
transistor radios, walkie- talkies, 
tape recorders. etc. 

W107 

RADIO & 
HI -FI KNOBS 

100 for$100 
All different types, shapes & 
colors. Some with set screws, 
others for knurled shafts. CW112 

PRECISION 
RESISTORS 

All 1%, 'h watts & 
1 watts. From low to 
high ohmages. 

W113 

BARGAIN 

BONANZA 

EDLIE 
HIGHEST QUALITY 

KITS 
ONLY NEW 
PRODUCTS 

EXCELLENT MIXTURE 

SURPLUS 

1/2 WATT CARBONS 

100 for $100 
All standard ohmages, some 5 %. 
Standard makes. W150 

CARBON RESISTORS 

200 for $100 
Most with cut leads gong enough 
for soldering), some pre formed. 
Most all 5% or 10 %. W136 

POWER RESISTORS 

35 for $1 00 

Consists of standard makes such 
as Clarostat, Sprague, etc. As- 
sorted ohmages & wattages. 

W109 

DISC CAPACITORS 

60 
for 

6100 

BARRIER 
TERMINAL 
BLOCKS 

20assorted for $1,00 
These are seconds from 2 -14 
terminals, Some screws missing. 
All functional, W126 

FUSE 

HOLDERS 
4 for $100 

Standard, for 3AG fuses. W129 

PENLITE CELLS 

15. for $ 0 
1 

0 

Fresh, always handy. 
W125 

MONEY BACK GUARANTEE 
Terms: Minimum order $3.00. 
Include postage. Either full pay- 
ment with order or 20% deposit, 
balance C.O.D. 
FREE CATALOG 

ALL 

FULL 

YEAR 

GUAR. 

3 

for 
$1.00 

TUBES 
NEW AND USED 

OZ4, 1L4, 1R5, 1S4, 1V2, 1x2, 
3AL5, 3AT2, 3AU6, 3DK6, 
3DT6, 3Q4, 3S4, 4CB6, 4DE6, 
4HS8, 5GM6, 5V6, 6AB4, 
6AC7, 6AC5, 6AS6, 6AX4, 
67íY3, 6BC5, 6BE6, 6BL8, 
6BU8, 6C16, 6CG7, 6CM7, 
6CQ4, 6CS6, 6CY5, 6C "7, 
6CZ5, 6DE4, 6DG6, 6DK6, 
60L5, 6DT5, 6DT6, 60W4, 
6DX8, 6EM5, 6ES5, 6EV7, 
6FH5, 6FJ7, 6107, 6FS5, 
6FV8, 6GH8, 60K5, 6J6, 6JW8, 
6K6, 6LN8, 6LT8, 6S4, 6SN7, 
6V4, 6W4, 8F07, 1OGK6, 
lOGN8, 12AV6, 12AV7, 12BÁ6, 
12BY7, 12EK6, 12R5, 12SC7, 
12SL7, 12SN7, 13DR7, 15CW5, 
17BE3, 17D4, 19AV8, 25BK5, 
25C5, 25EH5, 25L6, 2576, 
5654/6AK5WA, 5670, 5814A/ 
12AÚ7, 1218, 5725/6AS6W. 

WRITE FOR 
FREE VALUE PACKED 

CATALOG 

BONUS 
FREE CUT WIRE 

KIT for 55.00 purchase 

60 for $100 
Assorted capacitances from .0001 
to .1. Different voltages, mostly 
600 volts N.P.O. N750. W140 

0400.ir: 
MINIATURE TRANSISTOR 

ELECTROLYTES 

12 for $100 
Some axial leads, some vertical 
mount, mixed capacitances and 
mixed voltages. W121 

1 WATT CARBON 
RESISTORS 

70 for $100 
All standard ohmages, some 5%. 
Standard makes. W145 

MINIATURE ' 

POTS 1, .l 

12f0'$100 
c, 

Used in transistor and miniature 
applications. NW141 

tktik 
CRYSTALS 

15 for $100 
Some fòr receiving or transmit- 
ting; some CB, some Ham, some 
business band, in different type 
holders. W144 

RELAYS ? 
8 for $1 DO 

Assorted types, from 6 volts to 
110 volts. Some sell for as much 
as $10.00. W155 

EDLIE ELECTRONICS, INC. 2700 -A HEMPSTEAD TPKE., LEVITTOWN, N. Y. 11756 
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15 new liealh-gìTI ideas 

Meet the second generation AR -15 
...new Heathkit AR -1500! 

From the AR -15. hailed at the time of its introduction in 1967 as 
the most advanced receiver of its kind, comes the AR- 1500... 
with impressive improvements in every critical area! 180 Watts 
Dynamic Music Power, 90 watts per channel (8 ohm load); 120 
watts dynamic music power per channel under 4 ohm load, with 
less than 0.1% intermod distortion, less than .25% harmonic 
distortion. A 14 -lb. power transformer and massive output tran- 
sistor heat sink are mute testimony to the power at your com- 
mand. Direct coupled output and drive transistors are protected 
by limiting circuitry that electronically monitors voltage and 
current. FM selectivity greater than 90 dB. better phase linear- 
ity. separation, and less distortion are the result of two com- 
puter- designed 5 -pole LC Filters. An improved 4 -gang 6 -tuned 
circuit front end offers better stability. 1.8 uV sensitivity, 1.5 dB 
capture ratio. and 100 dB image and IF rejection. Four ICs are 
used. three in the IF and one in the Multiplex. Patented auto- 
matic FM squelch is both noise and deviation activated, fully 

New Heathkit Stereo 
Cassette Recorder 

11995* 

Frequency response of 3 dB, 30 -12 
kHz, brings your stereo system into 
the cassette age. Features built -in 
bias adjustment to accommodate the 
new chromium dioxide tape; counter; 
automatic motor shutoff; preassem- 
bled and aligned transport mecha- 
nism. The AD -110 offers fidelity re- 
cording and playback of stereo or 
mono when used with your stereo sys- 
tem. 
Kit AD -110, 10 lbs. 119.95' 

adjustable for sensitivity. Vastly Superior AM, an "also ran" 
with many receivers. has two dual -gate MOSFETS in the RF 
and Mixer stages, one J -FET in the oscillator, 12 -pole LC Filter 
in the IF, and broad -band detector. Result: better overload 
characteristics. better AGC action, and no IF alignment. Greatly 
simplified kit construction. Ten plug -in circuit boards, two wir- 
ing harnesses and extensive use of pre -cut wiring with installed 
clip connections make the AR -1500 a kit builder's dream. Built - 
in test circuitry uses signal meter to make resistance and volt- 
age checks before operation. Other advanced features include 
Black Magic panel lighting that hides dial markings when set is 
not in use; flywheel tuning; pushbutton function controls; out- 
puts for two separate speaker systems. bi- amplification, oscil- 
loscope monitoring of FM multipath; inputs for phono, tape, 
tape monitor and aux. sources - all with individual level con- 
trols. Versatile installation in optional new low- profile walnut 
cabinet. in a wall. or black -finish dust cover included. Join the 
"NOW" Generation in audio technology...order your Heathkit 
AR -1500 today! 
Kit AR -1500, less cabinet, 42 lbs. 349.95' 
ARA- 1500 -1, walnut cabinet, 6 lbs. 24.95' 

New Heathkit 
Stereo -4 Decoder 

2995* 

Compatible with your present stereo 
system and FM receiver, lets you hear 
all Stereo -4 material currently being 
broadcast by a number of stations 
across the country. Additionally. im- 
parts a 4- channel effect to your exist- 
ing stereo library. Requires second 
amplifier and 2 speaker systems for 
installation with conventional stereo 
system. 
Kit AD -2002, 5 lbs. 29.95' 
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New Heathkit Stereo 
Phonograph with AM Radio 

10995* 

Gets it together in a portable package 
with a purple plum snakey skin that's 
as far out as today's sounds. Solid - 
state 18 -watt amplifier, fold -down 
4 -speed automatic changer and 
swing -out high compliance speakers. 
Speakers can be separated up to 5'. 
A flip of the mode switch and you're 
into AM radio! 45 spindle adapter in- 
cluded. 
Kit GD -111, 50 lbs. 109.95' 
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fier a licalhhil Christmas 

Heath's finest color TV, now 
available in optional new 
hide -away wall mount 

Here's the inside story:... the 
Heathkit 25" solid -state color 
TV with exclusive MTX -5 ultra - 
rectangular tube to bring you 
the largest color picture in the 
industry! The etched, bonded 
tube face cuts glare, increases 
contrast for sharper picture, 

purer colors, more natural flesh tones. But the true story of 
color TV reliability starts in the solid -state modular circuitry 
...45 transistors, 55 diodes, 2 silicon -controlled rectifiers, 4 
ICs containing another 46 transistors, 21 diodes, and just two 
tubes (picture and high -voltage rectifier). Major circuit functions 
are contained on irdividual plug -in glass epoxy boards (see chas- 
sis inset above) to simplify assembly, service and adjustment. 
And, of course, only Heathkit color TV offers you the money- 
saving advantages of home -serviceability... with the built -in dot 
generator and tilt -out convergence panel to let you perform the 
periodic adjustments required of all color receivers. 

Other advanced design features incluue solid -state VHF tuner 
with MOSFET for greater sensitivity, lower noise and cross 

New Heathkit Solid -State 
Wireless Intercom 

Aftit4ar 299 5* 

Plug two of tnem into standard 105- 
130 VAC outlets for 2 -way communi- 
cations. Three channels let you carry 
on 3 conversations in a 6 -unit system, 
call one unit without disturbing the 
others in a 3 -unit network. Intercoms 
have channel selectors, spring load- 
ed "talk" button. slide- action volume 
control, and "dictate" for extended 
one -way communication. 
Kit GD -113, 5 lbs. each 29.95* 

modulation; solid -state UHF tuner with hot -carrier diode design 
for greater sensitivity; 3 -stage solid -state IF for higher gain and 
superior picture quality; Automatic Chroma Control for con- 
stant color quality under different signal conditions; adjustable 
video peaking; adjustable noise limiting and gated AGC; "In- 
stant-On"; VHF power tuning on 13 channels plus one prese- 
lected UHF channel; Automatic Fine Tuning; Tone -Control; and 
an output to your stereo /hi -fi system for the ultimate in sound 
reproduction. 

And to wrap it all up...custom install your Heathkit GR -371MX 
in the exciting new Heathkit TV Wall Mount. Push the button 
on the picture frame - or on your optional GRA -70 -6 Wireless 
Remote Control - and the carefully crafted tambour doors 
silently glide open to reveal your color TV with turned -on pic- 
ture and sound. Another touch of the button and the doors slide 
closed, turning off the set. The Custom Wall Enclosure is avail- 
able in either walnut or unfinished versions. Kit includes trim 
frame, sliding tambour doors, electric motor assembly - forms 
completely self- contained enclosure with tilt -out speaker baffle 
and convergence panel mount, slides easily into prepared open- 
ing. Also can be used to conceal wall safe, built -in bar, etc. 
Cabinet measures 23516" H x 38146" W x 22%" D. Frame meas- 
ures 26%" H x 39'/,6' W x 1%16" D. 

Kit GR- 371MX, TV only, 125 lbs. 579.95* 
Kit GRA- 402 -25, TV Custom Mount (finished), 50 lbs. 114.95* 
Kit GRA- 407 -25, TV Custom Mount (unfinished), 50 lbs 109.95* 

New Heathkit Solid -State 
Shortwave Receiver 

5995* 

Four over -lapping bands provide con- 
tinuous coverage from 550 kHz to 30 
MHz, giving you local AM plus inter- 
national, amateur, marine & weather 
and citizens band broadcasts. Fea- 
tures band -spread tuning for close 
station separation; BFO control for 
receiving code; signal meter; front - 
panel headphone jack; noise limiter; 
built -in AM antenna. 
Kit SW -717, 10 lbs. 59.95* 

New Heathkit Automatic 
Battery Charger... 

Charges 12 -volt batter- 
ies automatically. 10 
amp max. charge rate. 

Impossible to hook up wrong. No 
charge setting to make ... can be left 
hooked up indefinitely. Meter monitor 
charge. Kit GP -21, 13 lbs.... 29.95* 

New Heathkit Automotive 
Timing Light... 

Completely self -con- 
tained. Bright flash lets 
you work in sunshine. 

Adapter for connecting to distributor. 
Hi- impact plastic case. 
Kit CI -1020, 3 lbs. 19.95* 
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Ihcrc!s a Eicalhkil present 

AC 

New Heathkit Solid -State 
Digital Multimeter... 
Here's a breakthrough in instrumentation. The new Heathkit 
IM -102 gives you a true digital multimeter for about half what 
you'd pay for comparable wired DMM's! And with an accuracy 
that's better than many wired digital units on the market...de- 
cidedly superior to most analog type instruments. This great 
new meter measures AC and DC voltages and currents, and 
resistance with no need to change probes or switch for changes 
in DC polarity. Automatically displays a positive or negative DC 
voltage and current, indicating the correct amplitude and 
polarity. Five overlapping ranges measure voltage from 100 uV 
to 1000 V on DC (either polarity); five ranges cover 100 uV to 
500 V on AC; 10 ranges measure 100 nanoamperes to 2 am- 
peres on AC or DC, and six ranges show resistance from .1 ohm 
to 20 megohms. Input impedance is exceptionally high - ap- 
proximately 1000 megohms on 2V range (10 megohm on higher 
ranges), with overload protection built -in on all ranges. Deci- 
mal point is automatically placed with range selection and over - 
range is indicated by a front panel light. 

New Heathkit 
Vector Monitor... 

4995* 
Designed for use with the 
Heathkit IG -28 Pattern Gener- 
ator or similar units which dis- 
play either "rainbow" (offset 
carrier) or NTSC patterns, the 
10 -1128 vector display helps 
you perform fine tuning, static 
and dynamic convergence, 

purity, 3.58 oscillator, reactance coil, phase detector 
transformer, demodulator angle check, and chroma 
bandpass adjustments. Represents exactly the color sig- 
nals fed to CRT guns. 

Kit IG -1128, 10 lbs. 49.95* 
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22995* 

Ends parallax and interpolation errors! There's no mistaking 
a digital display - everyone reads it the same way. High qual- 
ity precision components, 31/2 digits and ease of calibration 
contribute to the IM -102's lab -grade accuracy. Analog to digi- 
tal conversion is accomplished by a patented, dependable Dual 
Slope Integrator that does not depend on a stable clock fre- 
quency for accuracy. A Heath -designed and assembled pre- 
cision DC calibrator is furnished with each IM -102. An internal 
circuit and transfer method provides accurate AC voltage cali- 
bration. The all solid -state design incorporates cold cathode 
readout tubes and a "memory" circuit to assure stable, non - 
blinking operation. Features include detachable 3 -wire line 
cord (no batteries needed), dual primary power transformer, 
isolated floating ground and completely enclosed, light- weight 
aluminum cabinet with die -cast zinc front panel and tinted 
viewing window. Kit includes standard banana jack connectors 
complete with test leads. Assembles in approximately 10 hours. 
The new Heathkit IM -102 Digital Multimeter will be the pride 
of your bench! 

Kit IM -102, 9 lbs., mailable 229.95* 

New Heathkit 
Electronic Switch... 3995* 

e. '414 !a 

;.... ..... 

Provides simultaneous 
visual display of 2 input 
signals on a single trace 
oscilloscope. Has DC 
coupling and DC -5 MHz 

3 dB frequency re- 
sponse. Conventional 
binding posts permit fast 

hook -up. Can be left connected to scope. Ideally suited 
for digital circuit work: amplifier input and output for 
gain and distribution checks; simultaneous monitoring 
of 2 stereo channels. 
Kit ID -101, 6 lbs. 39.95 
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fier every age, every hobby! 
New Heathkit "Minimizer" 
kitchen waste compactor... 
Today's most modern refuse handling method in easy -to as- 
semble kit form! Now you can own the most exciting kitchen 
appliance on the market for less than you'd pay for any other 
comparable compactor. The Heathkit Minimizer lets Mom throw 
out the unsightly waste baskets and garbage cans for the latest 
in clean. convenient, odor -free disposal. The Minimizer han- 
dles all normal household trash - food wastes, glass and 
plastic containers. tin cans, wrappings. boxes, floor sweep- 
ings, light bulbs. etc. The packing ram descends with 2.000 -lb. 
force to reduce refuse to almost ?/a of its original size, pack- 
aging the material in a strong disposable bag - one bag holds 
an entire week's trash for a family of four! When the bag's full. 
Mom simply folds over the top and removes a neat. dry pack- 
age for normal rubbish pickup. And the Minimizer deodorizes 
the contents each time the drawer is opened and closed. The 
sanitation man will love Minimizer, too! 

Simple, safe operation! To use. Mom merely inserts a Minimizer 
plastic -lined bag in the drawer ánd starts the compacting cycle. 
In less than a minute the ram forces down the trash. returns to 
its normal position, and the Minimizer shuts itself off. For maxi- 
mum safety, the Minimizer uses a key lock switch and an inter- 
lock which automatically turns unit off if drawer is not fully 
closed or is accidentally opened during cycling. Your Heathkit 
Minimizer can be built -in under the kitchen counter or left free- 
standing. Its bright white enamel finish with marble -tone vinyl - 
clad top complements any decor. And you can build it yourself 
in 6 to 10 hours. Has long -life 1/2 hp motor, plugs into 110 -120 
VAC conventional household outlet. Kit includes 5 plastic -lined 
bags, one 9 oz. aerosol can of deodorant. Minimizer measures 
343 /e "Hx15 "Wx251/2 "D. 

Kit GU -1800, 203 lbs. 199.95' 

GUA -1800 -1, 15 plastic -lined bags, 5 lbs. 4.99* 

New Heathkit Slotless 
2 1995* 1/32 -Scale Raceway L 

You race up to 4 GT cars 
-each with independent 
acceleration, deceleration 
and steering! Make all the 
maneuvers of real high- 
speed drivers. You can 
even turn around com- 

pletely and backtrack. Kit includes track sections for 8'x4' oval, 
power transformer, 2 cars and controllers. 
Kit GD -79, 13 lbs., mailable 129.95' 
Kit GDA -79 -1, extra car and controller, 3 lbs., mailable ..21.95 

New Heathkit Electronic 
Workshops 

Completely self -con- 
tained electronics labs 
teach youngsters the 
basics of electronics. 
Each contains basic electronic components in easy -to- 
work -with module form. Kids simply follow the instruc- 
tions, arrange the blocks on the board to form actual 
working circuits for code flashers. timers, alarms, etc. 

Kit JK -1033, 36 experiments, 11 lbs 29.95* 
Kit JK -1322, 25 experiments, 8 lbs. 24.95* 
Kit JK -1011, 12 experiments, 6 lbs. 19.95* 

19995* 

SEE THESE KITS AT YOUR LOCAL HEATHKIT ELECTRONIC CENTER...or send for FREE catalog! 
CALIF.: Anaheim, 330 E. Ball Road; El Cerrito, reo.,, Potrero Avenue; La Mesa, Center Drive; 

Los Angeles, 2309 S. Flower St.; Redwood City, 2001 Middlefield Rd.; Woodland Hills, 22504 Ven- 

tura Blvd.; COLO.: Denver, 5940 W. 38th Ave.; GA.: Atlanta, 5285 Roswell Road; ILL.: Chicago, 

3462 -66 W. Devon Ave.; Downers Grove, 224 Ogden Ave.; MD.: Rockville, 5542 Nicholson Lane; 

MASS.: Wellesley, 165 Worcester St.; MICH.: Detroit, 18645 W. Eight Mile Rd.; MINN.: Hopkins, 

101 Shady Oak Rd.; MO.: St. Louis, 9296 Gravois Ave.; N.J.: Fair Lawn, 35.07 Broadway (Rte. 41; 

N.Y.: Jericho, L.1.; 15 Jericho Turnpike; New York, 35 W. 45th Street; OHIO: Cleveland, 5444 Pearl 

Rd.; Woodlawn, 10133 Springfield Pike; PA.: Philadelphia, 6318 Roosevelt Blvd.; Pittsburgh, 3482 

William Penn Hwy.; TEXAS: Dallas, 2715 Ross Avenue; Houston, 3705 Westieimer; WASH.: Seattle, 
2221 Third Ave.; WIS: Milwaukee, 5215 Fond du Lac. 

Retail Heathkit Electronic Center prices slightly higher to cover shipping, local stock, consulta- 

tion and demonstration facilities. Local service also available whether you purchase locally or by 

factory mail order. 

HEATH COMPANY, Dept. 20.11 
Benton Harbor, Michigan 49022 

Enclosed is $ 

Please send model (s) 

Please send FREE Heathkit Catalog. 

Name -- 

MEATIKIT 

Schlumberger 

, plus shipping. 

Address 

City State - 
Mail order prices; FOB factory. 

Prices & specifications subject to change without notice. CL -421 

L. J 
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FREE! New '72 Edition 
Radio Shack Electronic 

Accessories & Parts Catalog 

1000's of 
Products 
100's of 
Exclusives 

THE buying guide 
for kit builders, 
CB'ers, installers, 
experimenters, 
hobbyists, elec- 
tricians- anyone 
in electronics in 
any way! 

Electronics from A to Z - Antennas, Batteries, Capacitors, Diodes. 

Educational Kits, Fiber Optics, Grille Cloth, Hi -Fi Speakers, IC's. 

Jacks, Knobs, L -Pads, Mikes, Needles. Oscillators, P- Boues, Quad - 

racs, Resistors, Semiconductors, Telephones, Ultrasonic Alarms, 

VHF Antennas, Wire, Xenon Strobe. Y Adapters, Zener Diodes plus 

our Science Fair kits and Knight-Kits - and much more! 

Get your FREE copy at our nearby 
store -or mail in coupon today! 

RA0/OSHACK Dept. RE-8 

2725 W. 7th St. Fort Worth, Texas 76107 
Send me your FREE 1972 Catalog #215 

Please PRINT Clearly 

Name Apt # 

Street or Rte. & Box 

City 

State Zip 

Circle 70 on reader service card 

6' CATALOG 
ON REQUEST 

-130 

12 
HOUR 

f/a Mph 

T YMETER' 
10 

l;2',, ,me At A GlAnce 

ei 

DIGITAL 
CLOCK MOVEMENTS 

DIGITS RESEMBLE INDIVIDUALLY 
Available In 50, 60 cy., all voltages, AC. W. 
approved motor, cord, One Year Guarantee. 

#100 -24H 

24 Hour 

CLOCK 

Made in U.S.A. 

Complete Line: Delay, Interval 
and Cycle Timers, Digital Computers 

PENNWOOD NUMECHRON CO. 
TYMETER ELECTRONICS 

7249 FRANKSTOWN AVE.. PITTSBURGH, PA. 1520$ 

Circle 71 on reader service card 

ELECTROLYTIC FILTER CAPACITOR 
GRAB BAG. 

Capacities to 2500 Mfd. Voltages to 600 VDC. 
Single & Multiple sections Leading Mfgs. Entire 
assortment for less than government cost of a single 
piece. 12 Piece Assortment 
Stock No. J2078 $3.50 

COMPUTER GRADE CAPACITORS 
J2062 40,000 mfd. 10 volts 32/4 "x42/4" 1.25 ea. 6/7.00 
12118 70,000 mfd. 10 volts 31/4 "x42/4" 1.75 ea. 6/9.00 
J2117 6,000 mfd. 55 volts 22/2 "s42 /4" 1.50 ea. 7/9.00 
12116 3,750 mfd. 75 volts 22/2 "x41/4" 1.75 ea. 6/9.00 
All above are brand new and include terminal hardware. 

LIGHT ACTIVATED SCRs (LASCR) 
STOCK PRV PRICE 

14115 30 .50 
.14116 60 .75 
J4117 100 1.50 
J4118 200 2.00 
J4119 300 3.00 

HONEYWELL COMPUTER BOARDS 

PROGRAMMABLE UNIJUNCTION 
TRANSISTOR (PUT) 

STOCK NO. J4212 Similar to 013T1. Comes 
with 2 part magazine article reprint, loaded with 
application data. 1.45 ea. 4/5.00 

DPDT 

MINIATURE RELAYS 

24VDC 

3/4"x313 "x3/4" 

ACTUAL SIZE 
Stock No, J9130 2/1.00 5/2.00 

PHOTO ELECTRIC ASSEMBLIES 

H7000 

H7001 

H7000 
Contains cadmium sulfide photo cell, potentiometer, 
relay, lamp & Fairchild 2N2657, 15 /x" x 
original used as exposure meter control. Complete 
with circuit diagram & application data ....$1.25 
H7001 
Contains cadmium sulfide photocell, 2 -500 JL vari- 
able resistors, & Fairchild 2N2240. Change in light 
changes bias on transistor. Useful for all types of 
light sensing & alarm devices 75 ea. 

3 ea. H7000 & H7001 5.00 

$1.00 FREE WITH $10.00 ORDER 
MINIMUM ORDER $3.00 

Lots of other items -send for free flier; all mer- 
chandise fully guaranteed. Please include postage; 
excess will he refunded. 

Honeywell Computer boards, 41/2" x 12". Tran- 
sistors, diodes, zeners, capacitors, precision 
resistors, heat sinks, trimmers etc. 2 Different 
boards $1.00. Stock No. J9082. BOX 1, LYNN, MASSACHUSETTS 01903 

Circle 72 on reader service card 
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DELTA ELECTRONICS CO. 

INSTABILITY IN HEATH V -7A 
VTVM 

Over a period of many months 
this meter gradually became very erra- 
tic. It would not stay on zero and the ca- 
libration would not stay set. Both 
drifted up and down quite randomly. I 

have two of these meters, and one day I 

just happened to notice that the defec- 
tive one always deflected the pointer the 
instant it was turned on, but the good 
one did not. This was the clue, and a 
check of the schematic showed only one 
path for meter current through the 
12AU7 bridge tube. Of course this 
means that the meter should not deflect 
at the instant it is turned on. Since that 
part of the circuit has only one chassis 
connection, I reasoned something must 
be leaking to chassis. The ZERO ADJUST 
potentiometer proved to be the culprit 
so it was replaced. Now I always watch 
the meter when I turn it on. -David P. 
Smith 

FUSE WIRE FOR ADMIRAL 
HEATER CIRCUITS 

In the past. we have not supplied 
the fuse wire used to protect heater cir- 
cuits in TV chassis on the supposition 
that such wire was easily available from 
local sources. We have found, however, 
that this wire is not always so "easily" 
available and that incorrect size wire is 
sometimes substituted, thus resulting in 
inadequate protection for the heater cir- 
cuit. 

We are now stocking this wire in 1- 

foot lengths with instructions regarding 
proper replacement to provide the orig- 
inal adequate protection. 

The following sizes have been used 
in Admiral chassis and are stocked at 
25¢ each. 

PART WIRE 
NUMBER GAUGE USED ON 
98A136 -1 20 B &WTV 
98A136 -2 22 Color TV 
98A136-3 24 B & W TV 
98A136-4 26 Color TV 
98A136 -5 30 B & W TV 

Admiral Service News Letter 

BELL RP 120 
As the 1M3 /DM70 level indicators 

in these preamps get weak, their oper- 
ation becomes intermittent. The best so- 
lution for this is to replace them, but 
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they are usually very hard to get. I have 
found that it is often possible to get 
them going again by increasing the 

1M3/0M70 

R44 
150K 

14v 

plate voltage. To do this, snip out R43 
(82,000 ohms) and replace it with a 
330,000- ohm' /2 -watt unit. In some cases 
you may not need this resistor at all. - 
Gary McClellan 
20G5 & 50A1 STEREO 

If you encounter audio distortion 
or decreasing volume in models 
STC'73I. STC74I, STC751 & STC761 
using, the 20G5 and 50A1 chassis, check 

technotes 

for a defective or improperly positioned 
output transistor biasing diode. 

If the condition persists with cor- 
rectly positioned diode, replace with a 
2093A41 -57. 

On the STC761, we recommend 
adding diode 93A86 -1 across R555 & 
R556 to further avoid possible over- 
heating of output transistors and power 
transformer. -Admiral Service R -E 

PB 1984 

The TOUGH GUY PB 1984 Environmental 
Camera by Nelson- Hershfield will take all 
the punishment you can dish out . . . and 
then some . Put the PB1984 to the acid test. 
The TOUGH GUY scoffs at radiation, acid 
fumes and all other industrial climates. A- 
gainst the elements, the TOUGH GUY per- 
forms better than the modern day postman 
functioning in rain, sleet or snow tempera- 
tures longing from -20 °C. to '60 °C. Nor 
will Mr. TOUGH GUY be slowed by the 
dark of night. His sharp piercing eyes have 
a sensitivity to 0.1 foot candles, 10,000 to 

I ALC and ohigh 1200 line hot izontalreso- 
lution at multiple scan rates complying with 
RS343 standards. Let the TOUGH GUY do 
the di, ty work . . . you're in complete con- 
trol from a remote central control unit. Hire 
the TOUGH GUY, the PB 1984 from Ne lson- 
Hershfield Electlor,ics. 

Ne6o4v-kind Se4orgste 
1848 WEST CAMPBELL AVE PHONE 

PHOENIX ARIZONA 85015 602 264 I346 
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VARIABLE /Nryt CAIN 
SWEEP TIME /CM 

CcPALO 

21.5.2 150 

50 4i< 

J 
EL- e/ 

TRIG LEVEL V INPUT 
STABILITY IMO -T,p 

INTENSITY FOCUS 

B &K 
Precision 

Model 1460 
Triggered 

Sweep Scope 
$389.95 

B &K Precision's new 1460 Triggered Sweep Scope... 
The one that's been worth waiting for. 

You won't believe how easy it is to sync TV -V and TV-H 
signals until you've actually tried it. 

Trouble shooting complex TV cir- 
cuits takes enough time without hav- 
ing to fiddle with dials and controls 
to adjust to the proper wave form. 

That's why the new B &K Triggered 
Sweep Scope features the TV -H and 
TV -V positions. These are the two new 
positions you've always needed for 
quick one -knob selection of horizon- 
tal or vertical TV signals. Exclusive 
sync separator circuit. No compli- 
cated and time -consuming adjust- 
ments ... just flick a single knob. 

Fully automatic triggered sweep 
lets you view the entire complex TV 
signal or any part of it. Including the 
VITS (vertical interval test signal). 

And the "back porch" of the horizon- 
tal sync pulse, with color burst in- 
formation. All locked in rock steady. 

All solid state with 6 FETS. Runs 
coolest. Vertical sensitivity (10mV/ 
cm) and writing speed of 0.1 micro - 
second/cm (using 5X multiplier). Fea- 
tures usually found in expensive lab 
scopes. Complete with direct /10 to 1 

probe. 19 sweep speeds and 11 volt- 
age calibrated ranges, DC to 10 MHz. 

Pinpoint your problems quickly and 
accurately with the new 1460 Trig- 
gered Sweep Scope. The only thing 
you'll have to adjust to is having more 
time on your hands. Ask your dis- 
tributor or write for our free catalog. 

There is a difference in test equipment -ours works! 

Product of DYNASCAN CORPORATION 
1801 W. Belle Plaine / Chicago, Illinois 60613 
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ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 
from the Indiana Home 

Study Institute 
We are proud to announce two great 

new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it! 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 
money -back guarantee. 

In plain language, if you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. RE -11, P.O. Box 1189, Panama City, Fia. 32401 

Circle 75 on reader service card 

noteworthy ckts 

HIGH -POWER PA LOAD 
In the March 1966 issue, Mr. Wil- 

liam Kernin described a high -power 
dummy load for PA systems. He used 
six 25 -ohm, 25 -watt resistors and a spdt 
switch and offered a choice of 8 ohms at 
75 watts and 16 ohms at 150 watts OR 8 

ohms at 75 watts and 4 ohms at 150 
watts. He suggested that you take your 
choice or build two units to cover the 

J1 25.n., 25W 

O 
(6) 

11n4n- 
I I T 

160 51 .-.J2 I In 

three load values. 
The diagram shows how, by substi- 

tuting a 3- position double -pole switch, 
you can have a single 3 -in -1 load for 4, 
8 and 16 ohms, instead of two separate 
units. The solid lines show the original 
wiring, the dashed lines indicate wiring 
changes. Power ratings are un- 
ch anged.-Edward Naylor. 

SWEEP SYNC FOR EICO 460 SCOPE 

One of the things that has always 
annoyed me while testing various de- 
vices on my hobby bench is loss of 
sync when the scope signal level drops 
below a certain level. The scope, an 
Eico 460, is otherwise quite satisfac- 
tory, but seemed woefully inadequate 
after using triggered -sweep HP and 
Tektronix scopes at work. Since most 
of my tests used the Heath 1G -82 sine - 
square generator as a signal source, I 

devised a simple but most effective 
hookup which other experimenters 
and technicians may find useful. 

The audio signal generator deliv- 

Buying Days Are Here Again 
FREE $1 BUY WITH EVERY 10 YOU ORDER tOnl$lapB;: FREE GIFT WITH EVERY ORDER 

SARKES TARZIAN TUNER 

41mc 

Latest Compact 
Model good for 
all 41 me TV's. 

BRAND NEW- 

Best TUNER "SARKES TAR - 
ZIAN" ever made -last word for 
stability, definition & smoothness 
of operation. An opportunity -to 
improve and bring your TV Re- 
ceiver up- to-date. $795 

COMPLETE with Tubes 

UHF TUNER - TRANSISTOR $3.95 
TYPE Used in all TV sets 

STANDARD TUNER - TRANSIS- 
TOR (GUIDED GRID) $1 
4 Channel closed circuit 
COLOR POWER TRANSFORMER - Good for most Sets 260150 $@.95 
List Price -$36.75 v 
5 ASSORTED GLOSAR VAR1- 
SISTOR Popular replacements for $1 
most COI Ol TV 

10- ASSORTED SLIDE SWITCHES Si 
SPST, SPDT. DPDT, etc. 

20 - DIPPED MYLAR CAPACI- 
TORS - 0 1 -so0V 
20 - DIPPED MYLAR CAPACI. 51 
TORS . 033 -600V 
20 - DIPPED MYLAR CAPACI $1 E-1 
TORS .0033-1000 V 

2 - COLORBURST QUARTZ - 
CRYSTAL REPLACEMENT For 
most Color TV Sets . 3579.545 $1.89 
Kc CI 

3' JUMPER CABLES Male RCA 51.19 
type Plug on Both Ends. 2 For 

1-1 

50 - ASST. TERMINAL STRIPS S1, all types. i -lug to 8 -lug 
2 -G.E. PIECES OF EQUIPMENT 51' 
stacked with over 200 useful part- 
$20 - SHURE M7D DIAMOND $3 

ac[ NEEDLE re laeemenr p 

SHUREM44SERIESDIAMOND SÁ.69 
NEEDLE exact Replacement . 

4 - 9 VOLT MOTORS Exoeuent $1 
for hobbyist 
200' - #24 SOLID PUSH BACK 
WIRE Yellow or Black excellent $1 
buy 

MATCHED PAIRS TRANSISTORS 
NPN & PNP ,2N.1252.2N290 -tI $1 
2N2222- 2N2907) Each set 
RONETTE STEREO CARTRIDGE $2 
latest dual sapphire nipover type . 

6 - TRANSISTOR RADIO EAR- 51 
PIECES wires complete with plug 
100' - FINEST NYLON DIAL 51 CORD beat size. .028 gauge 
10 - SETS PHONO PLUGS & 51 
PIN JACKS RCA type 
3- PRINTED CIRCUIT IF TRANS- Si 
FORMERS 4-lug. 456 KC 

25 - 3900-OHM-7w RESISTOR 51 
10% Corning glass 

20 - .47 -600V CONDENSERS 51 
White Ceramic C.D. -American .. 
13 Pc. SCREWDRIVER & 54.50 
NUTDRIVER SET reg $5.95 

. 

20 - DIPPED MYLAR CAPACI- $1 
TORS 647-400 V. 

20 - ASSORTED WIREWOUND 51 
RESISTORS, 5. 1o. 20 watt 

o 

o 
o 

70° COLOR TUBE BRIGHTNER $3.95 

90° COLOR TUBE BRIGHTNER $4.95 

HEAVY DUTY COLOR FOCUS S1 
RECTIFIER 14.000 Pt', nn 1 ma .. 
50 - OIL IMPREGNATED 
TUBULAR CAPACITORS Por- 
celain. Axial Leads -Most $3.95 
popular values 

COLOR -TV RECTIFIER - 
Used In most color sets -6500 $1.95 
kv 3 for 
15 - ASST. ROTARY SWITCHES $1 
all popular types $20 value 
15 - G.E. #NE -2 TUBES $1 
Neon Glow lamp for 101 us 

50 - .0033 DISC CERAMIC 5 
CAPACITORS C.R.L. 1 
3- ELECTROLYTIC CONDENSERS $1 most popular number 50/30 -150v 
7 - TV ELECTROLYTIC CON S1 
DENSERS desirable types . 

12- MINIATURE ELECTROLYTIC 
CONDENSERS For "transistor & Si 
miniature work 

10 - MINIATURE 456KC IF 
TRANSFORMERS Exceptional value $1 
-PC --,_ x ,4. 
25 - #130 WESTINGHOUSE 
PILOT BULBS 5000 Bouts 51 
Same as #47 
UHF OR VHF MATCHING 
TRANSFORMER Simple Fool -proof $1 
installation 
3- ELECTROLYTIC CONDENSERS $1 
C.D. 500 mfd -200 volts 
STEREO HEADPHONES 
Hi -Fi Quality . . Complete $5.95 with stored 

IMMEDIATE DELIVERY ... Scientific light 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. 
Minimum Order $3.00 

Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

plug g 

1 - VACO MONO CARTRIDGE $1 
Model TO -450 

1 - 6" x 9" HEAVY DUTY 10 
OZ. SPEAKER Ceramic Type $ 69 
8 Ohm 

TRANSISTOR RADIO asst type $1.50 
good. bad. broken, as -is. potluck 
TAPE RECORDER - assorted types $4 
goal, bad. broken, as -is. potluck .. 
300 - ASST. 1/2 W RESISTORS 
Top Brand, Short Leads, Excellent 
Selection 
100 -ASST 1/4 WATT RESISTORS 
stand, choice ohmages, some in 5% 
100 -ASST 1/2 WATT RESISTORS 
stand, choice ohmages, some in 5% 
70 - ASST 1 WATT RESISTORS 
stand, choice ohmages, some in 5% 
35 - ASST 2 WATT RESISTORS 
stand. choice ohmages, some in 5% 
50 - PRECISION RESISTORS 
asst. list -price $50 less 98% 

KNOB SPECIAL 
100 - ASSORTED RADIO 
KNOBS Alt standard types ... $1 
$20 value 

TYPES - TV KNOBS - POPULAR 
$1 Far moot Seto 

25 - VERTICAL LINEARITY 
KNOBS Long shank Front 51 
mount . . miniature assortment 
30 - VERTICAL LINEARITY 
KNOBS 
Standard sizes 

Side mount . . . Si 
25- KNURLED RADIO KNOBS 51 liard to get . . . Best selection 

40 - DELUXE RADIO KNOBS 
Choice assortment . . . Popular $1 
types 

ANY 6 KITS FOR $5 

Name 

Address 

Cost of 
goods 
Shipping 
estimated 
TOTAL 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 2-1E EPHONEO 
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ers sine and square -wave outputs si- 
multaneously. The addition of three 
extra components and a binding post 
to the output of the square -wave cir- 
cuit provides a constant -level sync sig- 
nal for the scope. This greatly im- 

FROM SQ 
0/P AMPL 

AMPLITUDE 

proves 
signals. 

The components added to the 
generator's square -wave output circuit 
are marked with astarisks in the par- 
tial schematic. The block diagram 

10K 1 /2W 

* 
NEW 
BINDING 
PO T 

-p1 ZJ-L 

p3O000 > 150V IOK I /2W ti 

the sync 

AF SIG 

shows the hookup. No sync ground 
line is shown; the need for one de- 
pends on the conditions surrounding 
the equipment under test. You may 
need one on your setup.- Goeffrev R. 
J. Sale R -E 

GEN 

3 

EQUIPMENT 
UNDER 
TEST 

SCOPE 

V Ho 
HORIZ INPUT 
SELECTOR SET 
TO EXT SYNC 

1= SYNC OUT 
2= SQUARE WAVE 
3= GROUND 

with low -level test 

LEAVE NEW SYNC LINE 
PERMANENTLY CONNECTED 

OUTPUT 

Coming Next Month 
Build a tic -tac -toe computer that 
can't be beat. Don Lancaster shows 
how to it's made with printed circuits 
and IC's. 

r ANOTHER SUPERB , 
VALUE 

from Olson 
Electronics 

'l-Y$ 
200 
# Illlli(}Il 

_ 11111111ii -......_._. DELUXE 

CLOSED CIRCUIT 

TV CAMERA 

Nothing keeps your family or business as 
safe as closed circuit TV. Now it's priced 
to fit every budget. Easily connects in 

minutes to any TV set so that you can 

see what's happening. Complete with noth- 
ing else to buy. 

Olson Electronics, Dept. LW 
260 S. Forge St., Akron, Ohio 44308 

I enclose $200, plus $1 for postage 
and handling. Send me the TV -132 
Closed Circuit TV Camera. 

Send me the next seven issues of 

the Olson Catalog, without cost or 
obligation. FREE 

Name 

Address 

City 

State Zip 

L 
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J 

CANADIANS: Ordering is easy - we do the paperwork - try 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME /OFFICE 

MESSAGE CENTER 
Leaves messages for other for replay . Built in 
speaker /microphone for talk -into convenience ... Re- 
cords up to 3 minutes of messages . Illuminated 
signal shows when a message is waiting. Control 
adjusts playback volume without affecting recording 
volume Capstan Drive ; S7.95 
BRAND NEW SOLD AS IS / 

L WESTINGHOUSE FM TUNER $2.99 
(12DTS Tube) 

WESTINGHOUSE FM TUNER 
476 -V- 0151101 . . Tran a s $ 99 

tar 3 
300 - ASSORTED HEX NUTS S1 
2/56. 4/40, 5/40. 8/32. 8/32 . 

250 - ASST. SOLDERING LUGS $1 
best types and sizes 

1_1 
250 - ASST. WOOD SCREWS S1 
finest popular selection 

250 - ASST. SELF TAPPING 
SCREWS #6, #8. etc. 

150 - ASST. 6/32 SCREWS 
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 
most useful &cleated size 

500 - ASSORTED WASHERS 
most useful selected sties 

100 - ASST. RUBBER BUMPERS 
for cabinet bottoms S other tt.e. . . 

100- ASSORTED RUBBER GROM- 
METS best slues 

$1 

RCA 

a small order 

IBM 
SOMPOUTOR 

8 assorted Units we 
sell, for $1 
totaled with over 
150 valuable parts. 

Incl. - Transistors 
Condensers, Resis- 
tors. Heat Sinks. 
Diodes, Etc. 

8 for $1 

loo for $10 

-SHANNON MYLAR RECORDING TAPE_ 
21/2" - 225' ..S .17 

3" - 225' .. .19 

300' .. .27 

600' .. ._e 31/4" - 
5" - 600' .. .62 

5" - 900' .. .80 

5" - 1200' .. .97 

5" - 1800' . . 1.49 

7" - 1200' .. .77 
7" -1800'.. 1.12 

7" - 2400' $1.79 
7" - 3600' 2.95 
CASSETTE 60 minutes 89 
CASSETTE 90 minutes 1,54 

CASSETTE 120 minutes 1.97 

21/2" TAPE REEL .... .05 
3" TAPE REEL .... .06 
31/4" TAPE REEL .... .07 
5" TAPE REEL .... .14 
7" TAPE REEL .... .15 

110° FLYBACK TRANSFORMER 

We scooped the Market 
Latest type - slumlord 
for all 110° TV's 
RCA's design of large 
Coil produces 181:V_- 
ssuring adequate width 

Inel Schematic Diagram 
Application for any TV 

List price $13.90 

53 
10% off In lots of 3 

Your price .. 

110° TV DEFLECTION YOKE for $3 
all types TV's lncl schematic .... 

"COMBINATION SPECIAL" 
RCA 110- FLYBACK 
plus 110` DEFLECTION YOKE 

55 

90' FLYBACK TRANSFORMER 
for all type TV's Inc. schematic . . 

g1 90° TV DEFLECTION YOKE 
for All type TV's inel schematic 

51 

$1 

70° FLYBACK TRANSFORMER 
for all type 1-Ws Mel schematic .. 
70° TV DEFLECTION YOKE 
for all type TV's incl schematic .. 
2 - TV CIRCUIT BREAKERS $1.19 

$2 

$2 

$2 

$2 

CI 

$1 Rated 4.2 TO 5.0 AMPS. etc. . 

51 

$1 

70° COLOR YOKE 512.95 
For all round color CRT's ¡ 
90° COLOR YOKE For an 
nectangular 19 to 25" Color $10.95, 
CRT's 

10 - STANDARD TRANSISTORS S1 MARKET SCOOP COLUMN NPs. & 
STANDARD 

2N414. ate. .. 
10- ASSORTED DIODE CRYSTALS $1 6" UNIVERSAL SPEAKER 1N34, IN48. 1N60, IN84, etc. ' Top quality Special buy $129 Ea. 
3 - TOP BRAND SILICON REC- 5 for $5 

20 - ASST. PILOT LIGHTS S1 in 12" UNIVERSAL SPEAKER. "cup $4 
Quality . arge 3i,gnet 4 #44. 46, 47, 51, etc. . L 

4 -S0' HANKS HOOKUP WIRE Si 10" PHILCO SPEAKER $2.69 
assorted colors 

TIFIERS 1 amp. lOnO 81V 

Top Quality . . Large Magnet 
100' -SPOOL SPEAKER WIRE $1.50 8" UNIVERSAL SPEAKER - $2.49 

10 - ASST. RADIO & TV TUBES $1' TWEETER $1.29 Every Tube a gn,eI number 
5 - I.F. COIL TRANSFORMERS Si 
456.kc for Transistor Radios UNIVERSAL 4" PM SPEAKER 51 
5 - AUDIO OUTPUT TRANS $ 

With 5nL6 output Transformer 

FORMERS Sub -min for Trans Radios 1 0 21/2" x 4" SPEAKER 

TV TWIN LEAD -IN 300 ohm LJ Special Buy to For $5- 

- cond. muti zip. clear. 101 uses Large Magnet- Special Buy .. 
5" UNIVERSAL 
i 0e. . Magnet 

500' - ST 100' -$1.50 50' - 31/2' - ROUND SPEAKER 
COAX CABLE 180890 grey ur $2 Special 
black 250' -$9 100' -$3.69 50'- 
4 - TV ALIGNMENT TOOLS 
most useful assortment #1 
4 - TV ALIGNMENT TOOLS 
For Color Tv #2 
6 - TV COLOR ALIGNMENT 
TOOLS nmst p.,pwnr type 

5 - PNP TRANSISTOR 
or eral purpose. TO -5 case 

5- NPN TRANSISTORS 
g.eneral purpose. TO.5 case 

Buy 

$1 
$1.49 

$2.79 

Si 
Sl 

5 section rods 
50 - ASSORTED TRANSISTORS S1 
big factory scoop_sold a. .. 
RCA COLOR FLYBACK l'art $12.95 -- 
#113382 (Stancor #110-601k 

Circle 77 on reader service card 

69, Ea. 

59' 
4" X 6" "QUAM" 16 OHM 
SPEAKER large magnet $1.79 

t1 Special IiUY í1 for $15.00) .. 
CRYSTAL LAPEL MICRO- 
PHONE High imped. 200. 590 ea. 
6000 cps .. 10 for $5 

MONO PHONO ARMS 
most popular type - Used in 
most 'l'ransistorized phono $1.29 
Players (10 for $11) 
CAR BURGL ALARM - 
12 VOLT Easy tu instsll ... $17,5o 
Step-by-step Inst. IB BUY 
1OSPEC1.J8-t ^_AL 12H7TU- 1E 2DT8- 12SG7 

1 

75e Ea. 
ß2'F \50 

ALL AMERICAN TUBE KIT 
I 1 \tß0- 1.31E0 1211,56-33w4. $2.49 

;cro 
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TELEMATIC 
TRANSVERTER 

Also available a complete 
line of solid state yoke 
adaptors and cables. 
Buy the Transverter, and 
make a solid state Color 
Test Jig. 

Plug -in for transistor TV 
Un -plug for tube TV 

NOW: 
Service Solid State 
Color Television with 
your own color test 
jig and Telematic's 
plug -in Transverter. 

1995 
Ask your distributor for information 

TELEMATIC DIV., UXL QORP. 
2245 PITKIN AVE., BKLYN., N.Y.11207 

Circle 78 on reader service card 

AR guarantees 
its published 
specifications 
At Acoustic Research we believe 
that the publication of complete 
performance data on our high fi- 
delity components is obligatory. 
Otherwise, our guarantee would 
have little meaning. 

Find out just what AR guarantees 
that its products will do. Mail the 

coupon below, and detailed tech- 
nical literature will be sent to you 
free of charge. 

AP 
Acoustic Research, Inc. 
24 Thorndike Street 
Cambridge, Mass. 02141 

Dept. RE11 

Please send measured performance data 
on AR products to 

Name 

Address 

Circle 79 on reader service card 

Unusual 
tools, hard- 

to-find items. 

Send for 
free catalog! 

u,rPu 
roór.s 

tools of all kinds 

Diversifi 
collection- 

instruments 

ÍÌÍ(j1 '# essential shop items 

NC 
National Camera 

"Dept. G 8 A 

Englewood, Colorado, 80110 

... convenient 
one -stop shopping 

from your desk. 

Circle 80 on reader service card 

EQUIPMENT REPORT 
(continued from page 22) 

The basic repeater consists of a re- 
ceiver whose audio output is fed into 
the modulator of a transmitter on an- 
other frequency. When a signal is 
picked on the input frequency, the re- 
ceiver's squelch circuit turns on the 
transmitter and keeps it on until the re- 
ceived carrier drops out. 

When AM is the operating mode, 
several stations may occupy the same or 
closely adjacent frequencies and yet 
have a fair chance to get their messages 
across. Sharp filters along with vernier 
tuning help separate the stations. Not so 
with FM. When two stations transmit 
simultaneously the stronger will "cap- 
ture" the listeners' receivers and com- 
pletely eliminate the weaker signal. 
Only one station can use a channel at a 
time. Thus" in the interest of gentle- 
manly operation and consideration for 
fellow hams, 2 -meter transmissions are 
kept short.p Hog a channel with long- 
winded nonsense and you can be sure 
that there is someone with enough ef- 
fective radiated power to clobber you. 

To discourage long -windedness, 
some repeaters have built -in timers that 
cut off the transmitter section if any one 
transmission runs longer than. say, 11/2 

to 3 minutes. Most repeaters are set up 
and controlled by groups or ham clubs. 
Some, called "open" or "open- access" 
repeaters, are turned on by the first car- 
rier received on the input frequency. 
Limited -access repeaters are used to re- 
strict operation to a particular club or 
group: or when several local repeaters 
have a common input frequency" say 
146.76 Mhz. 

These repeaters are generally 
turned on by a tone burst on a precise 
frequency in the range of 1650 to 2850 
Hz. After turn -on, carrier control is used 
until the repeater has been without car- 
rier input for a short period .(usually 15 

to 30 seconds). 

Now, the nitty -gritty 
For the tests. I selected a Hy -Gain 

MMG I50 5 /s- wavelength whip with 
magnetic base (order No. 710) for 
simple no -holes mounting on the car 
top. deck or trunk lid. A Mosley DI -2 
-5/8- wavelength ground plane antenna 
was selected for mounting on a 34 -foot 
tower for tests at the home station. 

The Simpson Model A is a neat 
little package that can be fitted neatly 
under the dashboard of almost any car 
(I sure wish that I'd measured it before 
some thief stole the car). The mounting 
bracket is designed so the rig can be ad- 
justed to a convenient operating angle 
or slipped in or out as desired by loos- 
ening two thumbnuts. I stuck a cigar - 

(continued on page 96) 
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MANUFACTURED BY 

WORKMAN %uric 
P 0 BOX 3828 SARASOTA. FLORIDA 33578 PRODUCTS. INC. 

your color will come back. The actual 
problem here is that the tube is so badly 
"out of purity" that none of the colors 
will register! 

SCOPE PROBLEMS 
In the horizontal sweep output am- 

plifiers on my scope, one of the plate load 
resistors gets very warm, and the other 
doesn't. Tube OK. Dc voltages on the 
plates don't balance and they should. 
Trace looks funny too. Sometimes it goes 
completely out, then won't focus, then 
brightens up. Which part is causing 
this ? -M. C., Baton Rouge, La. 

Would you make that "parts "? You 
have "double trouble! ". The over- 
heating plate resistor in that push -pull 
horizontal output stage is probably 
caused by a leaky coupling capacitor to 
the grid of that stage. Check the dc grid 
voltage with a vtvm. Too much positive 
bias will make that half of the tube 
draw too much plate current and over- 
heat the load resistor. 

Second trouble is very apt to be a 
drifting resistor in the network of resis- 
tors from the HV supply to ground. 
Since these supply all of the voltages to 
the tube cathode, grid, focus electrode, 
etc., any change of resistance will upset 
the grid -cathode voltage and the bright- 
ness, or the focus, or all of them at once. 

Hint from a confirmed `old -scope 
rebuilder ": always check for leaky cou- 
pling capacitors and resistors that have 
changed value. These cause practically 
all of the trouble. Fix them and your 
scope will be as good as new. 

NOT ENOUGH HEIGHT, 
ZENITH COLOR 

This one sounds easy, but somewhere 
along the line I'm missing something! 
This Zenith 20YIC48 came in with no 
vertical sweep. The 6HE5 vertical output 
tube was cracked, a 470 -ohm resistor was 
burnt, and the 100 -µF electrolytic in the 
cathode circuit had blown up. 

I replaced all these parts, and got a 
good picture, color and all, but now I 
don't have enough height; all I can get is 
about 2/ of a normal raster. What did I 
overlook ?- II.E., Penn. 

Same thing I overlook, at too -regu- 
lar intervals! The rest of that vertical - 
output cathode circuit. In a color set, 
this has "more to it than meets the eye!" 
Beside the regular bias resistor and by- 
pass capacitor, the cathode circuit goes 
sneaking off over to the convergence 
board, and goes to ground there 
through several low- resistance controls. 
etc.! So, your cathode circuit is actually 
a complex series- parallel network! 

If you'll check the cathode voltage 
on the 6HE5, I expect you will find it 

high. Excess voltage at this point in- 
dicates too much resistance -in other 
words, something is open, over on the 
convergence board! 

REPLACEMENT 
PARTS Sc 

ACCESSORIES 
WELTRON' S 

GOT 'EM ! 

DO YOU? 

pl_gs & jacks * stereo switches * 
universal replacement antennas & 

bases * volt meters * cables * mi- 

crophones * power supplies * auto 

stereo accessories * high precision 

motors * synchronous motors * 
shaded 4 -pole motors * 

COMPLETE CATALOG AVAILABLE. 

CALL YOUR DISTRIBUTOR NOW! 

w eltron° 
COMPANY, INC. 

514 EAST PEABODY STREET, DURHAM, N.C. 27702 
919682 -0333 

Circle 82 on reader service card 

"SUPER" 
IS THE WORD FOR 

WORKMAN COLOR TV 

CRT BRIGHTENERS 

WE START WITH A STURDY 
MOLDED PLASTIC CASE. NOW WE 

FILL IT WITH A HEAVY DUTY 
TRANSFORMER. THIS WILL DELIVER 
THE HIGHEST POSSIBLE VOLTAGE 
FOR MAXIMUM BRIGHTNESS. OUR 
SUPER - BRIGHTENER WILL STAY 
COOL FOR LONGER -LASTING, 
EFFICIENT PERFORMANCE. 
ASK FOR OUR COMPLETE LINE OF 
BRIGHTENERS IN A FREE VEST 
POCKET SIZE CROSS REFERENCE 

No. X62. 

Circle 83 on reader service card 

Build this magnificent 
Schober Theatre 

Organ for 
only $1730!* 

r 
'Includes finished walnut console. Amplifier, 
speaker system. optional accessories extra. 
Only $1256 if you build your own console. 

i 
ThetJ Organ Corp., Dept. RE -96 
43 West 61st Street, New York, N.Y. 10023 

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

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

NAME 

ADDRESS 

CITY STATE ZIP_ 
L 

s 

J 
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You couldn't touch an organ like this in a 

store for less than $3500 -and there hasn't 
been a musical instrument with this 
vast variety of genuine Theatre Organ 

voices since the days of the silent 
movies! Haunting tibias, biting strings, 
blaring reeds -the whole A to Z gamut 
of real pipe sounds that make the sim- 
plest playing a thrilling experience and 
give the professional organist every- 
thing he needs. If you've dreamed of 

the grandeur of authentic big -organ sound in 

your own home, you won't find a more satis- 
fying instrument anywhere -kit or no kit. 

You can learn to play it. And you can build it, 
from Schober Kits, world famous for ease of 
assembly without the slightest knowledge of 
electronics or music, for design and parts qual- 
ity from the ground up, and -above all -for 
the highest praise from musicians everywhere. 

Send right now for your copy of the full -color 
Schober catalog, containing specifications of 
the five Schober Organ models, beginning at 
$499. 50. No charge, no obligation -but lots of 
food for a healthy musical appetite! 
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new books 

PRACTICAL WAYS TO PREVENT BUR- 
GLARY AND ILLEGAL ENTRY, by Val 
Moolman. Cornerstone Library Publica- 
tions, distributed by Simon & Schuster, 
630 Fifth Ave., New York, N.Y. 10020. 192 
pages, 51 x 8% in. Softcover, $1.45. 

An easy -to -read and highly engrossing 
book on the ways to prevent burglars from 
entering your home or business. Includes 
preliminary sections giving details on the 
crime rates in our country, the types of crimi- 
nals who "go in" for burglary, their methods 
of operation. Then the book examines the 
primary defense moves a citizen -may take, 
when to use what kinds of locks, alarms, bar- 
riers, auto -protection devices. It closes with a 
section on basic theft -preventive measures 
for when you are away from home. -MCL 

FIRE & THEFT SECURITY SYSTEMS, by 
Byron Wels. Tab Books, Blue Ridge Sum- 
mit, Pa. 17214. 176 pages, 51/2 x 81/2 in. 
Hardcover, $7.95, softcover, $4.95. 

Guidebook for selecting, installing and 
generally maintaining home and business se- 
curity systems. All available systems, from 
simple door and window switches to ultra - 
sensitive microwave sensing systems, are de- 

scribed. Complete with photos and diagrams, 
the guide also discusses fire, water and intru- 
sion detectors, and all commercial security 
equipment now on the market. Special sec- 
tion on selling and installing the devices for 
the service technician who wants to branch 
out to this field. 

SILENT SENTINELS, by Robert Kraske. 
Doubleday & Company, Inc., Garden City, 
N.Y. 127 pages, 6% x 9% in. Hardcover, 
$4.50. 

This is a history of the development of 
locking devices from simple key locks to 
combination safes to burglar alarms and new 
electronic devices which see, feel, and hear 
an intruder even in total darkness. The book 
is illustrated with photos and diagrams, and 
deals with the many unusual ways man has 
tried to guard his property, from ancient cur- 
ses and booby traps to the pyramids, and the 
modern "thief proof' locks, safes and vaults, 
banks and burglar alarms. -MCL 

DESIGN FOR SECURITY, by Richard J. 
Healy. John Wiley & Sons, Inc., 605 Third 
Ave., New York, N.Y. 10016. 309 pages, 6 
x 9 in. Hardcover, $12.50. 

Many photographs and schematic draw- 
ings bring to life this text on the protection or 
security of assets of the industrial organiza- 
tion against non -business losses. The book 
defines the hazards each business must face 
and describes in detail how defenses can be 
planned, showing how designing physical fa- 
cilities to raise the level of security can in 
many cases also reduce the costs of protec- 
tion. 

INTRODUCTION TO PROGRAMMING AND 
COMPUTER SCIENCE, by Anthony Ral- 
ston. McGraw -Hill Book Co., 330 W. 42nd 
St., New York, N.Y. 10036. 61/4 x 9 5/16 in., 
513 pp. Hardcover, $9.95. 

Four languages- Fortran, Algol, PL/ 1, 

and Cobol -are discussed with the corre- 
sponding features of each compared, in line 
with the main concern of this book, using 
procedure -oriented languages on digital com- 
puters. Other topics explored include num- 
bers and number systems; Polish notation 
and the compilation of arithmetic ex- 
pressions; recursion; Boolean algebra and 
logical design; hardware characteristics of in- 
put, output, and auxiliary memory devices. - 
MCL R -E 

save up to 
2/Irds on 

flameless 
heat 

Only MASTER offers so 
much in heat blowers, 
priced as much as 
2 /3rds less i4ian others! 
Adjustable orifice con- 
trols temperature up 
to 800 °. Heavy -duty 
motor for continuous 
service. Removable 
sturdy base. Mounts in 
any position, adjusts to 
any angle. Easy porta- 

bility. Twelve basic 
models to meet 

N '\ any application 
... blister pack, 

parts assembly, 
spot drying, shrink 

tubing, auxiliary 
space heater, or fan. 

Write for FREE 12 -page 
catalog on flameless 
blowers, torches, guns. 

MASTER 
I Racine, WI 53403 

Circle 85 on reader service card 
92 RADIO -ELECTRONICS NOVEMBER 1971 

( YOU CAN HELP SO MANY... 

L.WHEN/OUGVETHE 

NITED WAY!. 

0 1970 by News Syndicate Co. Inc. 
World Rights Reserved 
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coming next 

DECEMBER 1971 

R -E Builds Heath AR1500 
Discover what it's like to build what may 
be the best hi -fi receiver kit you can buy 
today. Full specifications too. 

Build Tic -Tac- Tronix 
Don Lancaster shows how you can 
make a computer that will beat your 
friends or tie them, every time. 

Windshield Wiper Control 
Get the same kind of wipe- pause -wipe- 
pause control for your old car that you 
can buy on Detroit's newest models. 

Liquid Crystal RF Wattmeter 
Measure rf watts by looking at the color 
of a liquid -crystal readout 

PLUS: 
All About Scanning Monitor Receivers 
Reed Switch Logic In Action 
Jack Darr's Service Clinic 
Stereo Amplifier Design 

AT LAST! PROFESSIONAL 
HOME PROTECTION 
EVERYONE CAN INSTALL 
AND AFFORD. 

Model FC -100 

WIR345 ED 
9 

Start your custom 
Burglar /Hold -up /Fire Alarm 
System with the FC -100. 
Add on Sensors, Alarms 
and Accessories to suit your 
own needs. 
"Do -it- Yourself" Installers 
Handbook included. No 
technical knowledge needed - 
No soldering. 
100% Professional in Design, Reliability, 
Performance. 

Fail Safes 
SEU ifre CONTRQ1. C 

N 

`fail Safe'-SYSTEM BY BO 
A New Concept in "Do-it-Yourself Home Protection 

FREE 32 PAGE EICO CATALOG 
For latest catalog on EICO Test Instruments:, Stereo, EICOCRAFT 
Projects, Environmental Lighting, Burglar /Fire Alarm Systems, 
and name of nearest EICO Distributor, cieck Reader Service 
Card or send 250 for First Class mail service. 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 E/CO 
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Designed and manufactured in U.S.A. 

NOBODY ELSE BUT EMC 

DESIGNS IN SO MUCH VALUE! 

Professional quality and versatility Life - 
t me protection against electrical abuse No 

meter burnout, needle damage, or fuse replace- 
ment 

VOLOMETER 
Model 109A Factory Wired & Tested $29.95 
Model 109AK Easy -to- Assemble Kit $21.65 
20,000 rz/v DC sens. 10,000 u/v AC sens. 
41/2 ", 40µa meter. High impact bakelite case. 
5 DC voltage ranges: 0-6-60-300-600-3000v. 
5 AC voltage ranges: 0.12. 120. 600 -1200- 
3000v. 3 DC current ranges: 0-6-60-600ma. 
3 AC current ranges: 0-30-300ma; 0 -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 27/8" D. 

POCKET SIZE VOLOMETER 
Model 102A 
Factory Wired & Tested $17.95 
Model 102AK 
Easy -to- Assemble Kits $14.95 
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: 0 -30- 150- 600ma. 4 DC current 
ranges: 0- 6.30.130ma; 0-1.2A. Resist- 
ance: 0 -1K, 0-1 meg. 33/4" W x 61/4" H 

x 2" D. 

Send FREE catalog of complete EMC line 
and name of nearest distributor. 

RE-I I 

Name 

Address 

City 

State Zip 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broaoway, New York, N.Y. 10012 
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CHAPMAN offers the 

BE 'WAY! 

Midget o 
RATCHET SETS 0 

PLUS ADAPTERS _ 
IN A FULL RANGE 

OF SIZES AND STYLES 

° 0 

5 DIFFERENT HEAD STYLES 
DO THE JOB FASTER. 

Designed to function in con- 
fined space, Chapman Tools 
are a must for anyone who 
deals with small to medium 
size screws, bolts and nuts. 
Economy priced sets are 
available in a wide range of 
assortments covering Allen 
Hex, Metric Hex, Slotted, 
Phillips, Bristol and Reed 
and Prince sizes. Ratchet 
requires only 18° working 
arc. 

Ratchet Works in 

Confined Space 

Kit No. 6320 only $12.95 

Write! ... THE CHAPMAN MANUFACTURING COMPANY 

Dept. REII DURHAM, CONNECTICUT 06422 
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ALARM SYSTEM SELECTION 
(continued from page 27) 

removed. Also available are such special security devices as 
hold -up foot rails. a hold -up foot switch and hand switch, and 
even a money clip that closes a switch if paper money is re- 
moved from tellers windows, cash registers or cash boxes 
when the system is activated. A streamlined vibration contact 
unit can he mounted on walls so forced entry would set off in- 
trusion detection networks. 

The complete supervisory system includes provisions for 

MULTISTATION ALARM INSTALLATION may call for a central control 
box. A Westinghouse system is being installed here. 

standby batteries to maintain security functions in the event 
of power failure and until main power is restored. Automatic 
alarm and alarm reset are time -shared so that one alarm does 
not inactivate the rest of the system. The system provides fa- 
cilities for notifying preassigned personnel or security officers 
and finally evaluates sensor information as to the type of 
emergency existing and notifies the proper authorities. In ad- 
dition. the supervisory system recognizes an order of impor- 
tance of the emergencies, assuming more than one comes up 
at one time and automatically notifies authorities in the pre- 
programmed order of their urgency. All circuits are of course 
fully supervised and tamper -proof, provide both local and re- 
mote monitoring of the supervisory system. and are relatively 
free of electronic jamming such as is possible with units using 
rf transmission (either AM or FM) as the communication link 
between sensors and central control unit. Video systems fea- 

a 

d 
1 * 

t % 

AUTOMOTIVE ALARM SYSTEM USES A SIREN to warn of tampering. The 
system shown is made by Technical Product Development Company. 

turing various closed- circuit television arrangements are 
frequently demonstrating their value in burglar identification 
and subsequent prosecution. 

Telephone lines, because they already form an intricate 
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communication network, are the natural choice for notifying 
a central security office. Direct dialing equipment wired to a 
leased line or lines transmits a prerecorded message. the na- 
ture of which depends on the type of emergency. Special cod- 
ing is used to indicate the complete nature of the alarm. 

The security systems discussed here deal mainly with 
burglary from outside the plant. An efficiently designed and 
installed system is of small use if little or no emphasis is 

placed on internal security. It starts with an evaluation of just 
exactly what must be protected and where the company can 
be hurt by thievery from within. 

PUSHBUTTON SWITCH INSTALLED inside a door jam will detect anyone 
opening the door. This switch is part of a Westinghouse system. 

HEAT AND SMOKE DETECTOR added to Westinghouse system protects 
against fire in addition to basic intruder protection. 

MULTIPURPOSE ALARM made by James Electronics checks tor smoke 
and fire. It also contains a panic alarm. 

Training programs and security drills will help families 
and employees become security minded and go a long way 
toward assuring you that you are getting the most for your se- 
curity dollar. R -E 

Putftto 
Work! 

KI?3995 
Use the battery powered Solid State EICO 239 on your 
bench or in the field. Check semiconductor and vacuum 
tube circuits. 11 Megohm DC input impedance. Read AC 
rms and DC voltages in seven steps from 1 to 1000 volts 
on large 41/2" meter. Measure and read peak -to -peak AC 
to 2800 volts. Check resistance from 0.25? to 1000MQ on 
seven ranges. Provides a total of 28 useful ranges on 12 
accurate scales. Automatic battery check. Includes exclu- 
sive DC /AC ohms UniprobeTM. Factory Assembled, $59.95. 

FREE 32 PAGE EICO CATALOG 
For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT 
Projects, Environmental Lighting, Burglar /Fire Alarm Systems, 
and name of nearest EICO Distributor, check Reader Service 
Card. L 

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 7 `J E/CO 
Circle 86 on reader s'c'rrire r,ut 

Kleps 40 

Clever Kleps 
Test probes designed by your needs - Push to seize, push 
to release (all Kleps spring loaded). 
Kelps 10. Boathook clamp grips wires, lugs, terminals. 
Accepts banana plug or bare wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked -tongue gripper. Ac- 
cepts banana plug or bare lead. 6" long. $1.47 
Kleps 40. Completely flexible. 3- segment automatic collet 
firmly grips wire ends, PC -board terminals, connector pins. 
Accepts banana plug or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connection. Molded 
phenolic. Doubles as scribing tool. "Bunch" pin fits banana 
jack. Phone tip. 51/2" long. $ .79 
All in red or black - specify. For additional information, 
write for complete catalog of - test probes, plugs, sockets, 
connectors, earphones, headsets, miniature components. 

I N D U S T R I E S 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES INC. 
130 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada : Rye Industries (Canada) Ltd. 

Circle 88 on reader service card 
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Kleps 30 

Kleps 40 

Kleps 1 
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IMPEDAVERTER TM IMP 1 

Improves Microphone Performance 

1. Converts high to low impedente. 

2. Use cables to 500 feet with mini- 
mum loss of response, and mini. 
mum hum. 

3. Switchable gain /loss and phase. 

4. Quick disconnect stand clamps 

provided. 

$29.95 
i $1.25 postage 

RUSSOUND FMP 
DEPT. R 

P.O. BOX 204 
STRATHAM, N.H. 03885 

TM 

MULTI -MIXER TM TMS -1 
HANDLES UP TO THREE RECORDERS 

1. Record or play back any 

or all simultaneously. 

2. Eliminates jury -rig multi- 
ple connections. 

3. Establishes a main con- 
trol system for multiple 
usage. 

INTRODUCTION 
PRICE 

$19.95 
$1.25 postage 

4. MTG BKTS provided for 
permanent installation. 

WRITE DEPT. R 

FOR NEW PRODUCT RELEASES 

Circle 89 on reader service card 

QUIET 

ZONE tun 

Then use Quietrole ... the choice of 
better servicemen everywhere for 
cleaning and lubricating all T.V. mov- 
ing parts. 
Spray Pack guarantees silent, smooth 
operation, with absolutely no harmful 
aftereffects for both color, and black 
and white sets. 
Also available in bottles 
if you prefer. 

Product of 

QU/ETROLE 
COMPANY 
Spartanburg, South Carolina 
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Semiconductor Supermart 

1 

MOTOROLA NATIONAL MOTOROLA RCA FAIRCHILD NATIONAL HEP 

DIGITAL READOUT 
At a price 
everyone $3.70 
can afford 

Operates from 5 VDC 
Same as TTL and DTL 
Will last 250.000 hours. 

SPECIAL OFFER SUPER BUYS 
Digital readout 
BCD to 7- Segment 
Decoder /driver 
7490 Decade Counter 
Only $8 -50 

POPLAR IC's 
MC1550 Motorola RF amp $1.80 
CA3020 RCA V2 W audio $3.07 
CA3020A RCA 1 audio $3.92 
CA3028A RCA RF amps $1.77 
MC1306P Motorola 1/2 W audio $1.10 
MC1350P High gain RF amp/ IF amp $1.15 
MC1357P FM IF amp Quadrature det ... $2.25 
MC1496 Hard to find Bal. Mod. $3.25 
MFC 9020 Motorola 2 -Watt audio .. $2.50 
MFC 4010 Multi- purpose wide -band amp. $1.25 
MFC 8040 Low noise preamp $1.50 
MC1303P Dual Stero preamp .... ......$2.75 
MC1304P Fm multiplexer stero demod ...$4.95 

TRANSISTORS 
MPF102 JFET $ .60 
MPF105 2N5459 JFET .96 
M PF107 2N5486 JFET VHF, UHF $1.26 
MPF121 Low -cost dual gate VHF RF - . .85 
MFE3007 Dual -gate $1.98 
2N5188 .79 
3N140 Dual -gate $1.95 
3N141 Dual -gate $1.86 

MOST MOTOROLA. FAIRCHILD, RCA, HEP & 
NATIONAL INTEGRATED CIRCUITS, FETS, 
OTHER TRANSISTORS AVAILABLE. WRITE 
WITH YOUR NEEDS. 

HEK -2 FET EXPERIMENTERS KIT Contains 
HEP -801, HEP -802, HEP -50, HEP -51 and In- 
structions for 9 Projects $3.95 

709 Op. Amp .70 

741 Op. Amp $1.25 

723 V. Reg. $1.75 

Zener 9 V .50 

Zener 12 V .50 

Zener 6 V .50 

INSTANT CIRCUIT BOARDS 
Instant Circuit Boards -NO ETCH -NO MESS 
-NO FUSS CIRCUIT -STIK is a complete sys- 
tem of component subelements and materials 
designed to work together to produce instant 
circuit boards that are as durable as regular 
circuit boards. CIRCUIT.STIK ELIMINATES: 
drilling. photo work, and etching. Just stick 
the pressure sensitive sub -elements down on 
pattern G Vectorboard. They stick down firm- 
ly, withstand soldering temperatures, yet can 
be picked up and moved for circuit changes. 
In fact. they make building projects with in- 
tegrated circuits and transistors a real breeze. 
Sub -elements are available for 8. 10, and 12 

lead IC's, dual in -line IC's. all transistors, plus 
pressure sensitive copper tape, etc. Applica- 
tions data available. Starter Packet Assort, 
ment $5.50. Super Packet $7.95. 

Please add 35¢ for shipping 

CIRCUIT SPECIALISTS CO. 
Box 3047, Scottsdale, AZ 85257 
FACTORY AUTHORIZED 
HEP- CIRCUIT.STIK 
DISTRIBUTOR 

o 

Circle 91 on reader service card 
96 RADIO- ELECTRONICS NOVEMBER 1971 

EQUIPMENT REPORT 

(continued from page 88) 

lighter plug on the power cords to avoid 
making connections under the dash. 

On the go, the Model A and the 
Hy -Gain whip make a powerful team. 
The 3 -dB antenna gain brings the 6- 
watt transmitter output up to a respect- 
able 12 -watt (effective) level. In- 
cidentally, Hy -Gain says that the an- 
tenna will withstand speeds up to 90 
mph. I'll drink to that! 

On trips into upper New York state 
and then down into the Carolinas, I 
found 2 -meter FM spotty. I could drive 
for hours without having a signal open 
the squelch on either 146.94 or 146.76 
MHz (channel frequencies are spoken 
of as simply "nine- four ", "seven -six" 
etc.). At other times, I'd run into lots of 
activity. I was able to check in with 
most stations that I heard, either sim- 
plex on 94 or duplex (through repeat- 
ers) on 34. FM is lots of fun and just the 
thing to prevent "turnpike hypnosis" on 
long drives. On the next trip -if I re- 
cover my car and the 2 -meter gear -I'll 
take along a small clipboard and cas- 
sette recorder to help with the log -keep- 
ing. 

At the base station, we hung the 
Model A across a 12 -volt storage battery 
(Oops, I forgot to measure the current 
drain when transmitting- Simpson says 
it is 250 mA on standby and 450 mA un- 
squelched) and tied on the Mosely 
ground -plane. When conditions were 
right, we talked to stations in Con- 
necticut, Massachusetts, New Jersey and 
Delaware; through repeaters or direct. I 
could get to like the 2 -meter FM game 
as much as I do DX'ing on 20- and 15- 
meter SSB. 

The Model A is built like a battle- 
ship with two G -10 glass -epoxy plug -in 
boards, one for the transmitter and the 
other for the receiver circuits. It features 
diode crystal switching and IC's in its 
solid -state design. All metering and test 
points and tuning adjustments can be 
reached by removing the top and bot- 
tom cover plates 

The receiver is a double -conversion 
superhet (10.7 -MHz and 455 -kHz i.f.'s). 
Sensitivity is 0.6 V for 20 dB quieting. A 
455 -kHz ceramic filter provides selectiv- 
ity of 13 kHz at 6 dB down and 36 kHz 
at 60 dB down. Squelch sensitivity is 
0.25 µV or Iess. 

The transmitter uses mode 16F3 
(phase) modulation for i- 5 kHz devia- 
tion for 100% modulation at 1 kHz. The 
modulation circuitry consists of a basic 
6 -MHz crystal oscillator phase -modu- 
lated by a variable- capacitance diode. 
The oscillator is followed by a doubler, 
tripler and two more doublers to mul- 
tiply the crystal frequency by 24. The 
`speech amplifier (audio) circuits include 
a clipper /limiter followed by a low -pass 
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filter providing a sharp roll -off above 3 

kHz. The clipper /limiter is adjusted so 
no limiting occurs at normal voice levels 
but sharp voice peaks are limited so de- 
viation does not exceed i- 5 KHz. The 
final amplifier -two cascaded rf power 
amplifiers -delivers 6 watts to the an- 
tenna. A low -pass filter and pi network 
match a 50 -ohm antenna while elimi- 
nating harmonics. 

The Hy -Gain whip with its mag- 
netic mount provided a swr of around 
1.2:1 on 94 without pruning. However, 
they should add about 4 more feet to 
the coax lead -in so it will reach from the 
dash to rear deck on Fury's and Im- 
pala's. 

I hope that I've given you guys with 
"California Kilowatts" some idea as to 
what 2 -meter FM is all about, and if 
you are planning a long motor trip, 
you'll consider taking along a rig such 
as the Simpson Model A. It's just the 
thing for getting in touch with hams in 
each town as you approach it -some- 
thing you may not always be able to do 
on the lower amateur bands. 

As soon as the insurance company 
replaces the car and hands me $249.00 
to replace the Model A, $26.00 for the 
Hy -Gain whip and $1 1.75 for the 
ground -plane, you'll find me monitor- 
ing '94 evenings on Long Island. On 
most National holidays, I spend around 
26 hours on I -95 between New York 
and Darlington, S. C. I monitor 94/76 
and hope to say Hello to some of you as 
I pass within range. Till then. 73's. R -E 

Technicians 
Meet 

Here is the rundown on the key 
resolutions passed by the National Elec- 
tronic Association membership at its 
annual meeting in Portland, Oregon. 

The NEA recommends the install- 
ation of interference rejection circuits 
in all TV receivers to reduce the prob- 
lem of FM interference in TV recep- 
tion. 

They ask the Federal Trade Com- 
mission to adopt the California law re- 
garding the grading of picture tubes as 
a national regulation as part of their 
current rules regarding the disclosure 
of what is new or what is used in the 
manufacture of picture tubes. 

They recommend to all State 
affiliates of NEA, and all other service 
organizations to consider and endorse 
the new RCA solid state training con- 
cept of joint service association/dis - 
tributor /manufacturer technician up- 
grading training seminars. 

The NEA commends Mr. M. L. 
Finneburgh, Sr., EHF, and Mr. Donald 
J. Martin for their efforts on behalf of 
the service industry in directing the 
activities of the S.I.S. program, 1970- 
71. R -E 

IMPOSSIBLE? BARGAINS IN SURPLUS ELECTRONICS AND OPTICS 
nrtr ekin nuvir pnwpp atppi Ipc 

5 volt, 5 ampere supply 
1% line, 1% load, 0.1% 
ripple. Built by Bluline 
for integrated circuit 
applications. Fantastic 
value, brand new. $29.50 

5 volt 3 ampere supply, with 170 volts at 50 Ma for Nixles, 
similar to above, except 170 volts is unregulated. $29.50 
5 volt 3 ampere supply, built by Powertek. Low profile for easy 
build -in to instruments. $25.00 

NIXIE- READOUT DECADE COUNTER 
KIT, including 7490 and 7441 integrated 
circuits, readout tube, complete etched 
circuit and instructions. 
Would you believe $8.95 

(Add $2.00 for 7475 latch) 
1 Burroughs 5441 tube and socket only 

Price $4.75 
.7 Amperex B1000R tube only 

Price $2.95 

SURPLUS TTL INTEGRATED 
CIRCUITS, BRAND NEW IN ORIGINAL 

MANUFACTURERS CARTONS 

B & F has one of the worlds largest 
inventories of surplus integrated 
circuits. All are new, meeting all 
manufacturers original 
specifications, and in factory 
packaging. The low prices should 
speak for themselves. Manufactured 
by Texas Instruments, National, 
Signetics or Philco, no choice. All 

packages are 14/16 lead silicone Dual In -Line Pak. 

NEW COWER PRICES, 

ITEMS @ 404 

7400 Quad 21 nput NAND 
7401 Quad 2-Input Open Collector 

NAND 
7402 Quad 2 -Input NOR 
7404 Hex Inverter 
7405 Open Collector Hex Inverter 
7408 Quad 2-I npus 

7409 Ouad 2-Input AND. Open 
Collector 

7410 Triple 3 -Input NAND 
7411 triple 3 -Input AND 
7420 Dual 4lnput NAND 
7421 Dual 4 -Input AND 
7430 f-Input NAND 
7440 Dual 4-Input NAND Buffer 
7450 Dual 2 Wide 2Input 

Expandable 
7451 Dual 2 -Wide 2.Input AO-1 
7453 4-Wide Expandable 2-Input 

AO1 
7454 4 -Wide 2 -Input AO.1 
7460 Dual 4 -Input Expander 

ITEMS @ 954 

7406 30 Volt Hex Driver Inverter 
7416 15 Volt Hex Driver Inverter 
7407 3IJ Volt Hex Driver 
74t7 15 Volt Hex Driver 
7426 Open Collector Hi Von 

NAND Quad 2-Input 
7470 J -K Flip -Flop 
7472 J-K Master Slave Flip-Flop 
7473 Dual J -K Flip -Flop 
7474 Dual D FIipFlop 
7486 Quad 2-Input Exclusive OR 

74121 Moms-table Multiwbrator 
(Ove-Ste>tl 

74122 One Shot 
8162 One Shot 

ITEMS @ S1.75 

7442 BCD to Decimal Decoder 
7443 Excess 3 to Decimal Decoder 
7444 Excess 3 Gray to Decimal 

Decoder 

ITEMS @ 51.75 
7475 Quad Si- StiFole Latch 

7480 Full Adder 
7490 Decade Counter 
7494 4-Bit Shift Register 

7495 4 -13it Right -Left Shift Reg. 

7496 5-Bit Shift Register 
74151 8 -Bit Data Selector with 

Strobe 

ITEMS @ $2.00 

7448 BCD to 7 Segment Decoder 

Driver 
7492 Divide by 12 Counter 
7493 4-Bit Binary Counter 
74180 8 -Bit ODD -EVEN Parity 

Generator /Checker 

ITEMS @ 52.50 

7447 BCD to 7 Segment Decoder 
Driver 

7445 BCD to Decimal Decoder 
Driver 

7483 413ií Binary Full Adder 
74145 BCD to Decimal Decoder 

Driver 

ITEMS @ 5235 
7441 BCD to Decimal NIXIE 

Driver- Decoder 
7491 8-Bit Shift Register 

ITEMS @S3.75 

74154 4 to 16 Line Decoder /De- 
Multiplexer 

74192 Bi-Directional Counter BCD 

Output 
74193 Bithreetional Counter 4 -Bit 

Binary 
7485 Comparator 

ITEMS @ $9.75 

7489 64-Bit Random Access 

Memory 
7488 256 -Bit Rom ASCII to 

EBCDIC 
74181 Arithmetic logic Unit 

20% discount on all orders for 100 or more integrated circuits. All 
I.C.'s postpaid, with FREE air mail on orders over 550.00. We 

strive to ship I.C.' by return mail. Free data sheets an all items. 

CIRCUIT BREAKERS 

El Our floors are groaning with circuit 
breakers, and we are clearing them out at 
a giveaway price. Breakers come in 
banks of three, designed to control three 
power supplies and out the power to all 
three should one breaker blow. Tie rod 
between sections can easily be removed 
to make three separate circuits, Two 
sizes available 3/3/5 amperes and 5/5/5 

amperes rated 115 volt 60',. Either type $2.00. 

3/3/5 amperes $2.00 
5/5/5 amperes $2.00 

FIBER OPTIC LIGHT GUIDE - Experimental kit with 10 feet 
of 200 fiber guide in PVC jacket, shrink tubing and instructions 
for making larger diameter guides and branches $2.50 

LINEAR INTEGRATED CIRCUITS 
- New Lower Prices - 

709 Operational amplifier $ .90 
711 Dual comparator 125 
741 Operational Amplifier with built -in compensation 1 60 
723 Voltage regulator 175 
Dual 741 Two compensated operation amplifiers in one dual 

in -line package 2.25 

LIIIIIIIIIIIIIIIII i- 

corrini 
MODEL I SHARP 

CALCULATOR. 
This model was originally 
$375.00. It is hand held 
size, and is superseded by 
the new model which is 

identical, but pocket sized! 
We think the slightly larger 
size is an advantage, as 

unauthorized persons are 
less likely to pocket it. This 
calculator has sixteen digit 
capacity with eight digit 
display. By special 
arrangement with Sharp we 
are bringing this to you at 
half its original price, 

$187.50. Don't forget. you can charge this as well as other 
items to Mastercharge or BankAmericard. Fully guaranteed by 
Sharp and B & F. 

Sharp Electronic Calculator $18750 

A 
TEXAS INSTRUMENTS LIGHT 
EMITTING DIODES (LED's). 
Use as logic readouts, either on panel 
or right on cards. Infinite life. 

2 for $1.50 
10 for $7.00 

A 

THIS MONTH'S SUPER SPECIAL! 

7 Segment Readouts. Two 
types are available. a large size 
model with wire leads for P.C. 
Board Mounting illustrated at 

(A) and a small size 
low-current version in a Dual 
In -Line type package for 
miniature battery operated 
instruments illustrated at (B). 

n Large Size Readout 
(Illus. A) $3.95 

L] Low Current Version 
(lilas. B) $3.75 

!7 Complete counter kit, 
including 7490 decade 
counter, 7447 decoder and 
printed circuit board. and 
choice of either readout 
Price $8.75 

!7 Complete counter as above, 
with 7475 latch, for storage. 
Price $10.75 

O Complete Bidirectional counts, with 74192 instead of 
7490, for up- down counting $11.75 
Complete Bidirectional counter, with latch for storage 
(74192- 7475 -7447) $12.75 

SPECIAL SALE ON DIODES AND TRANSISTORS 

The recession in the electronics industry is the gain of the 
electronics enthusiast. Discrete components are now available at 
prices that are a fraction of the large volume price. Every unit 
listed is a brand new device, with full lead length, and in original 
manufacturers boxes. Guaranteed to equal or exceed 
manufacturers specifications. 

ZENER DIODES, 5% Tolerance, Mfgs. List $1.71 each. 
1N746A 3.3 Volt 1N754A 6.8 Volt 
1N747Á 3.6 1N755A 7.5 
1N748A 3.9 1N756A 82 
1N749A 4.3 1N757A 9.1 
1N750A 4.7 1N758A 10 
1N751A 5.1 1N759A 12 
1N752A 5.6 14 Volt, 3 Wan 
1N753A 6.2 
Specify Number: 3 for $1.00 10 for $2.50 100 for $225.00 

Mix or Match 

TRANSISTORS 
2N3055 87.5 Watt Hi -Power Silicon $1.25 
2N242 60 Watt Germanium Hi Power 2/51.50 
2N3819 N Channel FET 2 for $1.00 
2N2484 NPN Silicon Amplifier 1W, Lo Noise 3 for $1.00 
2N2907 PNP Silicon Amp-Sw, Hill, 200 MC 3 for $1.00 
2N2222 NPN Silicon Amp -Sw, Hi{!, 250 MC 3 for $1.00 
2N2369 NPN Silicon AmpSw, Hi{i, 500 MC 3 for $1.00 
2N2219 NPN Silicon AmpSw 3W 3 for $1.00 
2N2905 PNP Silicon AmpSw 3W 3 for $1.00 
NPN Silicon TO -18 Transistors marked with RCA house numbers 

= 100.200, P = 0.3 Watts 10 for $1.00, 100 for $7.50 
Same as Above, but 1 Watt TO-5 ... 10 for $1.50, 100 for $10.00 
Same, 0.3W PNP TO.18 10 for $1.50, 100 for $10.00 
Same, 1.0W PNP TO -5 10 for $2.00, 100 for $15.00 
PNP Germanium transistor, RCA house number same as 2N 404 
Price 12 for $1.00, 100 for $6.00 

DIODES 
1N4004 400 PI V, 1 Amp 5 for $1.00 
Epoxy F.W. Bridge Rectifier 400 DIV, 2 Amps $1.01 

80 PAGE CATALOG - Free with any order or send $0.25 

ALL ITEMS POSTAGE PAID IN THE U.S.A. 

Charges Welcome.' BankAmericard - Masteiche ge - 31000 vin 

B.& F. ENTERPRISES 
Phone (617) 532 -2323 

P.O. Box 44, Hathorne, Massachusetts 01937 
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market 
center 

TUBES 

Radio and TV Tubes 332 each. One year guar- 
anteed. Plus many unusual electronic bargains. 
Free Catalog. CORNELL 4217 -E University, San 
Diego, Ca. 92105 

SAVE MONEY ON PARTS AND TRANS- 
MITTING- RECEIVING TUBES, FOREIGN -DO- 
MESTIC. SEND 252 FOR GIANT CATALOG. RE- 
FUNDED FIRST ORDER. UNITED RADIO 
COMPANY, 56-R, FERRY ST., NEWARK, N.J. 
07105 

RECEIVING & INDUSTRIAL TUBES, TRANSIS- 
TORS, ALL Brands- Biggest Discounts. Tech- 
nicians, Hobbyists, Experimenters- Request 
FREE Giant Catalog and SAVE! ZALYTRON,469 
Jericho Turnpike, Mineola, N.Y. 11501 

HIGH FIDELITY 

MAKE YOUR OWN SPEAKER SYSTEMS. SAVE 

/2 THE COST. WRITE FOR CATALOG. McGEE 
RADIO COMPANY, 1901 McGEE ST. (RE) 
KANSAS CITY, MO. 64108 

PLANS & KITS 

Mini -COMPUTER plans -uses integrated cir- 
cuitry to add, subtract, multiply, or divide num- 
bers in nanoseconds. Detailed plans $3.00. 
BUCKLEY, 927 Marco Place, Venice, Ca. 9 02 91 

FREE 250 Watt Linear Plans. 252 Handling. 
ROBERTS, Box 403, Whiting, In. 46394 

LED ARRAY COUNTER KIT. Seven segment 
display, 7490, 7475, 7447 Circuit Boards, In- 
structions . . . $10.95. SUPER VALUE KITS, 
Box 1364, Cupertino, Ca. 95 01 4 

LIGHT EMITTING DIODES. Five Diode Kit, In- 
structions . . . $2.95. Free Catalog. SUPER 
VALUE KITS, Box 1364, Cupertino, Ca. 95014 

HIGH SPEED COUNTER KIT, 7490, 7475, 7441 
Circuit Board, Instructions. . . . $5.95. SUPER 
VALUE KITS, Box 1354, Cupertino, Ca. 95014 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services). 
90¢ per word . . . minimum 10 words. 
NON -COMMERCIAL RATE (for individuals who want to buy or sell personal items) 60¢ per word 
. . . no minimum. 
FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 10¢ per word. 
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 Jan. issue must reach us before Nov. 1. 

r 

L 

CLASSIFIED ADVERTISING ORDER FORM 

1 

6 

11 

16 

21 

26 

2 

7 

12 

17 

22 

27 

31 32 

( @ .60 Non -Commercial Rates 
No. of Words 1 @ .90 Commercial Rate 

-$ 
No. of Words in bold caps 
@ .10 =$- 

Total Enclosed 

Insert time(s) 

Starting with 

$$ 

issue 

Payment must ac- 
company order un- 
less placed 
through accred- 
ited advertising MAIL TO: RADIO -ELECTRONICS, CLASSIFIED AD DEPT.. 
agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 

3 4 5 

8 10 

13 14 15 

18 19 20 

23 24 25 

28 29 30 

33 34 35 

NAMF 

ADDRESS 

CITY STATE 7IP 

SIGNATURF 

J 
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U.S. GOV'T ELECTRONIC SURPLUS 
Nationally Known -World Famous SURPLUS CENTER otters 

finest, most expensive, Government Surplus electronic units ant 
components at a traction of their original acquisition cost. 

IBM COMPUTER POWER SUPPLY - ,J'I 

I ITEM #22o9Ú) - - Expensive, reeu- !..; 
lied unit. Flne for college labs, research 
w shops etc. P DC over wide iller_. 
more 

ofrvoages. 
OC output otrages a 12. 

N etc. Wide range of AC voltages available. 

fist transformed filters. transistor mad . 
raadatioe system Independent f line voltage 
fluctuations. Contains five separate chier 

1cUn c rrd' eh h ca é h l l aitc or 7 n 
be by- panses. pale ana circuit diagrams lue 
Slatted. 30" a IS" e lo ". ( 125 lbs. ) 

Cotner's $24.95 , 
ow.Fao0.00 . '., 

GLACE -IN -A- LIFETIME SPECIAL 

r, 

4 

BURGLAR -FIRE ALARM SYSTEM 
- 

( ITEM 41135 -A I - - noel alum r - system gives naming of lire o break-Y. 
operates on 115- \':1C, Control unit. 2- 

) flash fire, 2.tnerrlmn, 3dooY windolrm be 

$29.95 wire, , e5i "a 75,"x3 ",11111a,1 

STANDARD DIAL TELEPHONE 

(In mets ) smnaare, co al 
L e Attrac- telephone same as used w ol U.S.A. 

tive polished bled, me new dit /. Use Mialo,l,- 
extension nnet (-oil fooletwcmYS 
tem. Full instructions are furnished, wt. 9 tbs. 524.50 $7.49 

STEP -BY -STEP TELEPHONE SWITCH a,i 
( ITEM e7 -906) -- Amazing telephone selector PT 

switch. Great experimental item. %ben u. with Iwo- - p. wire telephone dial will select any number from o ta 100, YYY 

Rake intercom or private s slim. lise 1. (um on remote 
il {hie. Start m 

toss, 
te. Comuloti sith contact bank. IT a 6' x 5 ", (16 lbs.) Cost Over tio.8a 

eau $6.29 IIIE ç 
y Telephone dial for use with above swRd,- 

a o Order as ( Item FINN i $1.97 

MAGNETIC DIGITAL COUNTER(12to18 -VDC) 
( ITEM 421959 1 - - ose lo count electrically. 

qe Use to count number of limes door is opened after 
business is closes to show changing prices. labor. - 

r 1 Ivry ses. em. Will count 1 for ch pulse and cam 
B transfer 10th count to neat unit. Ns" a IV a tit'. 

( i'; te. 1 

one. Glua` 
Each $1.99 Thrnc $4.99 Over E19.oe 

200 AMP., 50 VOLT, SILICON DIODE 

( ITEM 422963) - - A Four star Puy i New, leading 
make. Rory duly units excellent for use in 12 or 24 -volt 
fast chargers. high current plumer supply systems, eta. 
2!Z" x l'ï" x i'u' . V"ule SAE mounting threads. ( l lb. ) 

III. Ltnl Over $13.00 $4.99 

AC PROGRAM TIMING CLOCK 

( ITEM 4158 1 -- zenith 115 -\'At' unit. Fee 
for perod.. signaling. work breaks. casses, tutu 

m radio, etc. Ad1, clips permit ON-OFF switrhrne 
any lime in 24-hour period. Also has "skip -a -fia." 
feature. Can be multiple programmed. 15.nnp. ,,.n 
lactw 815" a 61S" n i '. i a lbs. ) 

Coat Gort $15,75 Over Fin. 00 

1I'ß .`)' 
-, 

N' 

-1 

f 
- - 

1a SNAP AROUND VOLT -OHM - AMMETER 

h ( ITEM 421944 ) - - Measures At' n,uen without 
the line, vitol, press handle and snap W.- probe 

O und the conductor. Reads currents nom .25 ! . 125 - 
amps. anilon t. ton, reads ohms o Srn Test 
motors. etc. three a eel 

5xes, 
Sep Ts 

age With case. test leads. ti' 3" a t %. 

$6.90 Reg. Price 
539.95 t e the. i 

SPECIAL SALE 

Correspondence 
Course In 

ELECTRICAL !LlfliAj 
ENGINEERING $10.79 Outside U.S.A. 

( ITEM 4A ISO I - - Obtain technical training at low 
Engineering School has suspended ils Correspondence 
of using cots. A limned number el Faecriral i ngmeering 
available. but without the evaminstinn ending service. 

e of Is lesson books. each with associated exams 

iiswers. 
nook describing pure .nome Rome Finortmenlai 

ench tumtshed at no extra cost.' 

cost' Lincoln 
Courses because 

Courses are 
the course con- 
and . nand an- 

labodlory 

RUNNING TIME MITER __ 

f ITEM 42109 I - - Record number of ai 

mating hours of electric lights and electrical C 7 
y 

evices such s refrigerators. furnaces. Plc. 
Recorda total ours. tenths and hundredth, ed 

-' i 
to 9,999.99 hours. For 115 -volt. 6dwv l.. 
sloe 4Y' a y' a P]'. shipping weight 2 bit.. $4.39,,.,,i 

., $29.00 

COMPUTER TRANSISTORS ON HEAT 
IBM Computer Quality Units 

( 1122- 926 ) -- Unit consists of one log- 
watt power 1nm01a on heavy, limes - 
aluminum heat sink. Rant experimental ! 

saes. (1MI $1.99 Cot Gov't Over 110.00 

SINKS 

L:i i 

- 

=_ 

( 422-911)- - onit eonalem d two 1so ,t9'. 
wart power transistors, 2 pots. several 
dlndea capecimre, resistors, etc, on heavy, 
ribbed aluminum heal sinks. Ideal for use as 
motor speed control. (4 Ibo.) 

Coat Gov't Over 135.00 $4.91 

All items shipped f.o.b. Lineals. Nebr. 
7,-,--. J?l Ëúü ïaii 1 

Ordo Olrect From Ad. Money Back 91131.m6. 

l< _.2 SURPLUS CENTER 
Dept. RE -111 Lincoln, Nebr. 68501 

GET INTO 

ELECTRONICS 
V.T.I. training leads to success as 
technicians, field engineers, specialists 
in communications, guided missiles, 
computers, radar and automation. Basic 
& advanced courses in theory & labora- 
tory. Electronic Engineering Technol- 
ogy & 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 
Sept.. Feb. Dorms. campus. High 
school graduate or equivalent. Catalog. 

VALPARAISO TECHNICAL 
INSTITUTE 

Dept. C, Valparaiso, Indiana 46383 

NOW GET "MUSIC ONLY" FM PROGRAMS 

Convert ANY FM TUNER to receive uninterupted 
commercial free music being broadcast by many 

stations. 

New three transistor plus "Phase locked loop" IC 

circuit gives you perfect reception. No tuned circuits, 

or critical adjustments. The 1 1/2" x 4" circuit 
board is powered from the tuner supply. +9 to 12 

Volts DC @ 10 Ma. required. 

Free list of FM Stations with SCA authorizations 
included. (List alone 5.25) 

Kit only 514,50 + post, & ins. 

Wired and tested 525,00 + post, & ins, 

THOUSANDS SOLD 

Southwest Technical Products Corporation 
Box 32040 San Antonio, Tx. 78216 

AMPEREX 
READOUT 

TUBE 
Brand new 
$3.00 ea. 
10/$25.00 

COUNTING 
PACKAGE 

7 
Amperex Tube 

SN 7490 
SN 74141 

All above $6.75 

NIXIE TUBE POWER SUPPLY 
From used egpmt, OK. 
115V input, solid state. 

$4.95 
2N404 3/1.00 2N990 2/1.00 
2N706 3/1.00 2N2222 2/1.00 
2N2218A 2/1.00 2N2907A 3/1.00 
709 OP AMP 75¢ 741 Op Amp 1.00 

MM500 Dual 25 bit shift register $2.50 
MM502 Dual 50 bit shift register 3.50 
MEM 511 MOS P- channel FET 1.00 
1 amp diode 1000 PIV 8/1.00 
1 amp diode 1500 PIV 4/1.00 
2 amp diode 1000 PIV 6/1-00 
COMPUTER ENCODER PC board, wired, with 
diodes & IC,'s. Removed from ASKII key- 
boards. $5.00 each. 

640 WIRED CORE MEMORY 
$5.00 per frame 

8 8 8 x8888888 88888x 
COMPUTER KEYBOARD $30.00 

W /encoder diode matrix 
MAGNOSTRICTIVE COMPUTER MEMORY 

Magnostrictive delay line good for approx. 
7000 bit storage. Details included. $25.00 

MOTOROLA POWER TRANSISTOR 2N3448 
NPNS PWR 115 watt 80 volt $1.50 

Please add postage for above items 
Send 25¢ for Surplus Catalog . . . 

JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Mass. 01904 

Circle 95 on reader service card 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

We can supply Japanese transistors, 
rectifiers, and SCR's in quantity. 
Phone or send type numbers or 
specifications 

2N3819 General purpose 
N- Channel FET'S $.45 
PROGRAMMABLE UJT's 
similar to D13T with data 
sheet $.75 
6, 12 or 24V 500 MW 
zeners $.30 ea. 
ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are one 
of the best and cheapest methods to 
trigger SCR's and triacs ..4/$1.00 
LIGHT EMITTING DIODES (LED's) 
Infra red $1.20 
Visible MLD 600 $1.20 
Photo detectors for each - $ .70 
MRD 14B photo 
darlingtons $ .75 
14 Pin DIP 
sockets 3 for $1.00 

TRIACS 
PRY 1A 10A 15A 20A* 
100 .40 .70 1.00 1.20 

200 .70 1.10 1.40 1.60 
300 .90 1.35 1.80 2.00 
400 1.10 1.60 2.20 2.40 
500 1.50 2.00 2.60 2.80 

*Press fit 

NIXIE TUBES 
Similar to Raytheon 8754 
with socket & data sheet 

$3.00 

TTL IC SERIES 
7441 BCD DECIMAL 

DECODER $2.00 
7475 QUAD BISTABLE 

LATCH 
$1.70 

7476 DUAL 1K MASTER - 
SLAVE 1K FLIP FLOP $1.00 

7490 DECADE COUNTER $1.85 
7492 DIVIDE BY TWELVE $1.85 

7481 16 BIT MEMORY 
ELEMENT $2.00 

7404 HEX INVERTERS $ .40 
7447 BCD TO SEVEN 

DECODER DRIVER $2.50 
74192 BIDIRECTIONAL 

COUNTER $4.00 
74121 MONOSTABLE 

MULTIVIBRATOR $1.25 

Silicon Power Rectifiers 
PRV 3A 

1 
12A 30A 

100 .09 I .24 .40 

200 .12 I .28 .60 

400 .16 I .35 .90 

600 .20 I .50 1.10 

800 .28 I .70 1.40 
1000 .35 

1 .90 

DECADE 
COUNTER KIT 

CONSISTING OF: 
1 -NIXIE TUBE and SOCKET 
1 -7490 1 -7475 1 -7441 

Specially priced at $7.50 

Controlled Avalando or 
Epoxy Modifiers 1 AMP. 

PRY PRY 

100 I .06 600 I .11 

200 
1 .07 800 I .15 

400 I .09 1000 1 .20 

LINEAR CIRCUITS 
709C operational Amp ..$ .70 
741 operational Amp ..$1.00 
SE 501 Video Amp . . .$1.00 
723 Voltage regulator . . $1.25 

Silicon Control Rectifiers 

7A 20A 70A 

5 I .2 .28 .60 
101.3 .38 .85 3.50 
201.5 .60 1.10 6.50 

.68 1.30 
4001.70 .75 1.50 9.50 
5001.80 .85 1.70 
6001.90 1.20 1.90 11.00 
Terms: FOB Cambridge, Mass. 

Send check or Money Order. Include 
Postage. Average Wt. per package 
t/2 lb, No. C.0 -D.'s. Minimum Order 
$3.00 

Send for our fall catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

Post Office Box 74D Somerville, Mass. 02143 Tel. (617) 547 -4005 
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KEEP PACE WITH SPACE AGE! SEE MOON SHOTS-LANDINGS, SPACE FLIGHTS, CLOSE -UP! 
EXCELLENT 

for 

304 AS 
GIFTS*. 

NEW ELECTRONIC CALCULATOR -$199.50 
Really terrific Imported 
value. Loaded with big ma- 
chine capabilities. 1st truly 
personal electronic calcula- 
tor. Absolutely silent an- 
swers in milliseconds. Use 
it anywhere- :1C /DC. Only 3 
lbs.- 6x9x2" high. Add, sub- 
tract, multiply, divide, per- 
form mixed calculations. R 

digit entry & read -out w /16- 
digit cap. Auto. precise to the decimal. Features under - 
flow, zero suppression, minus signal for true credit balance, 
error correction, keyboard roll over memory. Solid slate re- 
liability. modular constr. 1 year guar. for normal use. 
Stock No. 78,000EH $199.50 Ppd. 

PSYCHEDELIC LIGHTING HANDBOOK 
lop information packed 
pages! Fully explains latest 
in psychedelic lighting 
equipment, techniques. de- 
velopments. Covers all facets 
of pychedelic light -show 
production including strobes, 
black lights, projectors, 
crystals, organic slides, mir- 
rors, color organs, polarized 
color, light hoxes Alusic- 

Vialon, etc. 854" x 11" looseleaf paper for 3 ring binder. 
Stock No. 9I00EH $3.00 Ppd. 
INFRA RED SENSOR ALARM KIT 

Make a sensor alarm w/ 
new low cost experimental 
kit. When infra red hits 

sN , '= solid state sensor's LASi'lt 
(Light Activated Silicon 
Controlled Rectifier) it ac- 
tuates the integrated cite. 
tote generator. Oscillations 
then amplified It'o loud 
.speaker. Inds. 16ohm 2a " 

dia. spkr., perf. hd.. hart, clip A holder: 24" .1)20 ilia. 
plastic fibreop Ucs light gd. w/ infra red tiller; wire; 
resistors' l':1 I:n'itcu s' 1 r star NI' \. Rots_ 4 :AA cells 
not loci. It trs. w! expo. & aPP, 
Stock No. 41.595ÉH $6.95 Ppd. 
1st LOW -COST VACUUM PUMP! 

Nothing like itl Top -quality 
hand -held pump produces & 
maintains of vacuum. 
Has instant release tab, lye" 
diem. stainless gauge (0- 
30"). 100's of uses -siphon 
noxious fluids. evacuate bell 
jars and castings, clean, re- 
trieve. lift sterile objects, 
demonst nice Magdeburg 
hemispheres. bleed fuel 

lines, cheek leaks, etc. Lifts 111 thus. with ineluded "T'' 
Lifter (2)z" diatti. cupi -much more w /larger cuP. 
Stock No. 71,301EH $12.00 Ppd. 
No. 71,900EH (without gauge /lifter) 5.50 Ppd. 
CHROMATIC "MACHINE -GUN" STROBE 

]led. Creel, & 1110e light 
barrage the eyeballs every 
6 seconds with this low 
cost lop-gpality Mechanical 
strobe than ran rut con- 
tinuously without fear of 
burning op. Dazzling effects 
over 500 ft. sq. area. Created 
h,v rotating color wheel in 
front of 100W, 120V reflec- 
tor Roodlatnp 

!penis seem seem to lia,II on & off as colors fluctuate. Turns 
store window's, posters, parties into flashing. pulsating 
productions. Convection cooled. (tugged wrinkle finish metal 
case. Adjustable hanger bracket. Reg. house current. 
No. 71,423EH (9" x 9" x 6 ") .. .... $32.75 Ppd. 
BUILD A WORKING CRYSTAL RADIO 

Iting the 21)'s back with 
the fun of a modernized 
earphone crystal set that 
receives 1 or more sta- 
tions! So simple you can 
have it working in less 
than an hour. Connects 
to a permanently fixed 
germanium crystal. Kit 
Buds: 4 -44 X 6-% X'V 
thick plywood hase. high - 

Q tuning coil. germanium diode, variable condenser, all 
radio path. earphone & holder plus diagram & simple 
losses, A charming conversation piece, great fun at 
Parties and ideal gift. 
Stock No. 71,513EH $5.95 Ppd. 

MAIL COUPON FOR GIANT FREE CATALOG 
148 PAGES- 1000's OF BARGAINS 
Completely usw 1972 edition. Nov items, 
cat eguries, illustrations. Dozens of electri- 
cal and electromagnetic parts, accessories. 
Enormous selection of Astronomical Tele- 
-«ltes. Unique lighting items. Microscopes, 
Binoculars. Magnifiers, Magnets. Lenses, 
Prisms, Many war surplus items. Mail 
coupon for catalog "EH" 
EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING 
BARRINGTON, N.J. 08007 

NAME 
ADDRESS 
CITY STATE ZIP 

AMAZING NEW WANKEL ENGINE KIT! 
Thrill , building 
your owe -through mo- 
torized model of revolution- 
ary pi.stouless tYPe engine 

only engine experts 
think economically modifi- 
able to meet new pollution 
standards. Replaces piston, 
cylinder. crank assemblies 
w'ílh mating discs (sections 
removed for firing cham- 
bersl. Smaller than conventional: fewer parts, greater re- 
liability. same speed w /less horsepower. Feat: flashing 
Pings. rubber fan belt. stick -shift on -off switch. Req. 
2 - -I 5V bull. (not ind.1 
No. 71,424E14 (41/4" x 5" x 9 ") $6.75 Ppd. 
NEW! ELECTRONIC DIGITAL COMPUTER KIT! 

Solve problems, play games, 
predict weather with this 
actual working model of 
giant. electronic brains. 
Amazing new fun way to 
learn all about eomputer 
programming . logic. 
decinlal. binary systems. 
Laws of Sets-even do your 
own programming after com- 
pleting simplified 116 page 

instructive booklet. Includes .step -hy -step assembly dia- 
grains. Circuits easily changed. Readout from illuminated 
control panel. Req. 2 "I)" ball. (not incl.). Best model 
we've seen -for hom, sr11001. industry. 
No. 71,434EH .... (II" x 121/a" x 4 ") $31.50 Pod. 

3- CHANNEL COLOR ORGAN BARGAIN! 
Create tremendous ariety ul 
unusual & beauut ul lighting 
effects with this low -cos, 
lop -quality 1500 -Watt unit 
(500 W. per channel). t'om 
pare with others selling for 
twice the price. Has pilot 
light, plus individual sens 
tivity controls and channel 
indicator lights. Can operate 
ten 150 W. "spots" or 200 
Christmas lights. 1 -ss reg 
house current -attaches to audio source wIRCA -type phone 
Plug. 514" x 6%" 2Vs'. 2% 1hs. Thermal setting plastic 
case, 6 -ft. cont. Including complete instructions. 
Stock No. 71,223EH $44.50 Ppd. 
BLACK -LIGHT MIGHTY MITES 

..ate Relatively small (12') fix - 
tures give surprisingly 
bright blackllght. Mirror - 
finished reflector makes in- 
stant starting 8 -watt, high - 
intensity bulb look like 
40- watter. Up to 5,000 
hours of safe, long -wave 
(3660A) black -light to really 
turn -on parties. light & 
theatrical shows, psychedelic 
decors, holiday decorations. 

Shockproof end -caps remove for safe, easy replacement of 
hull, and starter. Stands upright or horizontal. Alum. ease.. 
Stock No- 71,274EH $14.95 Ppd. 
DELUXE OUTDOOR /INDOOR MODEL 
Stook No. 71,299EH $19.95 Ppd. 

1st QUALITY OPAQUE UNDER $200 
Terrific Buy! Top Quality! 
Projects brilliant, sharp 4th 
ft. sq. image from 8' using 
up to 5 "x5" color, b &w il- 
lustrations. Retains all ori- 
ginal colors, proportions. 
Enlarges drawings. coins. 
maps, etc. Revolutionary 
peanut -size quartz Halogen 
lamp (50 hr. life) . 2S0tont 
anastigmatic lens (13.5, 8" 
F.L.) unique Internal re- 
tle cling system give maximum brightness, entire field 
focus. Can he used upside down. 'turbo- cooled. 51,4 ft. cord. 
Stock No. 71,272EH (Wt. 111/4 lbs.) $98.75 

NEW LIGHT- EMITTING -DIODE KIT 
Bargain kit ideal for eco- 
nomical experimenting with 
amazing L.E.D.s, the tiny 
solid state monochromatic 
lamps that use low voltage 
DC, last up to 1ALM hrs. 

77 Used in card -tape readers, 
tI 

! character recognition. hi- 
speed detectors, all kinds of 
electro- optical applications. 
Kit incls 3 L.E.D,s: gal- 

arsenide (MLED 600, MV 60. MI,ED 9301: 2 visible 
red «miring (15100 A "): 1 infnt -red emitting (91100 

A °I: 0 resistors: 1" 2nnuu plastic fibre optic light pipe; 
instrs. 
Stock No. 41.597EH $5.95 Ppd, 

- WAR SURPLUS ELECTRIC GENERATOR 
Brand new Signal ('ores 
Model. Co to 90 volts by 
turning crank. Use in high 
impedance relays. Charge 
ground & bring up night 
crawlers for hail or study. 
2 Alnico Magnets alone now 
worth more than original $15 
govt cost. 
No. 50.225EH .. (2 lbs.) . . 

$8.50 Ppd. 

orf 
1 1 1 

,y 

NEW 3" ASTRONOMICAL REFLECTOR 
TELESCOPE 

See moon shots, 
orbits, stars. 
craters! 60 to 
180X. De -Luxe 
features at econ- 
omy price. Amaz- 
ingly priced 
Apollo Space Ex- 
plorer brings the 
wanders of the 
universe up close. 
3" aluminized & 
overcoated f /10 
mirror. (teaches 
theoretical limits of resolution & definition. 60X standard 
size l t!" 0.1). eyepiece, (r" F.L. 3X adjustable Barlow. 
rix finder telescope; high impact plastic tube; metal fork 
mount w/ positive locking. 36" hardwood tripod. Included 
1'It N1E:: 272 p. Handbook. Star Chart. Instructions. Best 

Stock No. 80,162EH $50.50 Ppd. 
No. 85,050EH 3" Reflector Telescope $34.50 Pod. 
No. 85,I05EH 41/4" Reflector Telescope $94.50 Ppd. 
No. 85,066EH 6" Reflector Telescope $239,50 Ppd. 

NEW 18" BLACK -LIGHT STROBE 
It's a versatile strobe 
and it's black- light! Adjust- 
able flash rate from as slow 
as 1 flash per several secs. 
to a continuous glow beyond 
visual flicker perception 
(1,500 flashes a minute) - 
can he used as reg. light 
source. Top quality, solid 
state unit has hi- polish re- 
fleetor, long lamp life. Ideal 
for parties. black -light posters, combo's, decoration and 
experiments. Incas, 18" black -light tube, 4t/a ft. cord. 
API rox. 3 x 5t., x 18 ", 
Stock No. 71,480EH $42.95 Ppd- 

EMOTION METER "TESTS" YOU 
Amazing lie detector type 
device that really works. 
Itveals hidden likes, dis- 
likes. Easy to use. Sensitive 
and accurate. Measures 
'hanges in body resistance 
caused by changes in emo- 
tional state. Needle move- 
ment indicates emotional 
response (not whether favor- 
able or unfavorable). Effec- 
tiveness depends on questions asked and interpretation. 
Unique In -oz. set intended .strictly for entertainment, edu- 
cation. (treat fun at parties. Inds. 9v battery, contpl. instrs. 
Stock No. 41,422EH $15.95 Ppd. 

POWER HORN BLASTS A MILE 
Frighten prowlers, mugger.. 
vicious dogs with 118 deci- 
bels. ,lust press and this 
Freon powered pocket -sized 
tidal horn can be heard a 
mile away to signal for help 
or fun. Great for boating 
(it floats), hiking, camping. 
hunting. seashore. rooting 
for your team. Can be heart) 
over traffic and constr. noises 
to sound flee drill, lunch break or emergency. Weighs only 

:3 oz. but contains up to 100 mile- piercing blasts. A real 
bargain. 
Stock No. 41,423EH $3.25 Pod. 
2 Refill Cartrs. (P- 41,424EH) $2.75 Pod. 

18" FLEXIBLE FIBERSCOPE 
Ili -resolution image-trans- 
mitter lets you see into re- 
mote. inaccessible illumi- 
nated areas; through pipes. 
tubes or any % "-1- opening 
no matter how intricate. 
Provides clear, wide sight- 
ing. TX magnifying eyepiece 
focuses from less than '/" 
from subject to infinity. 
Ideal for monitoring hazard- 
ous processes, surveillance instrument. demonstrate fiber 
optics Over 4,000 coherent glass fibers (.002 "), %" dia. 
semi -rigid gooseneck sheathing. 
Stook No. 60.857EH $40.00 Ppd. 

3- HEADED TREASURE FINDER! 
Best value solid -state metal 
detector we've seen. Ex- 
tremely versatile- easily at- 
ached search heads: 10 "- 

for quick. largo area cover- 
age: 5 -- general search: 3" 
-exirrme sensitivity. Tele- 
scoping aluminum rod (10" 
to 311 "). Sep. yolntttc. toning 
control set for 1 hand oper- 
ation. All fit snugly in 
handsome locking foandined attache case. Ind: 9V trans. 
batt., earphones. instruct., 196 pp. book. 
Stock No. 71,446EH $49.95 Ppd, 
SAME BUT ONE 5" BEAD, NO CASE. 
Stock No. 71,447EH $29.95 Pod. 

EDMUND 
SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 

300 EDSCORP BLDG. 
BARRINGTON, NEW JERSEY 08007 
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COLOR organ Kits $7.50. IC's $.25. Catalog. 
MURPHY, 204 Roslyn Ave., Carle Place, N.Y. 
11514 

WANTED 

QUICK CASH . . . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N.Y. 10012, 
{212) WALKER 5 -7000 

TAPE AND RECORDERS 

FIRST BREAKTHROUGH IN RECORDING 
TAPE. Originally made by America's leading 
tape manufacturer 2400' MYLAR, 7" reel, $2.29; 
1800' MYLAR, 7" reel, $1.69; 1200' ACETATE, 
7" reel, 5.79. Write for quantity prices. AAE, 218 
Columbia St., Utica, N.Y. 13502 

RENT 4 -track open reel tapes -all major labels - 
3,000 different -free brochure. STEREO- PARTI, 
55 St. James Dr., Santa Rosa, Ca. 95401 

FOR SALE 

B & K, Sencore test equipment, discount 
Prices. Free catalog and price sheet. 
FORDHAM RADIO, 265 East 149th St., Bronx, 
N.Y. 10451 

SAMS PHOTOFACT LIBRARY FOR SALE. 600 
sets less than half price. FREEMAN TV SER- 
VICE, Rt. 8, Reidsville, N.C. 27320 

Special Clearance Sale: Rectifiers, Transistors, 
small motors, electronic parts. Lowest Prices. 
Free Catalog. GENERAL SALES COM- 
PANY(713- 265 -2369) 254 E. Main Street, Clute, 
Tx. 77531 

INTEGRATED CIRCUITS- Factory Prices, Cata- 
log 10e. SILLING Co., Box 6257, Seattle, Wa. 
98188 

DISCHARGE Ignition, Photoflash. Free catalog, 
parts, kits. TRANSPARK, Carlisl3, Ma. 01741 

HOW To Break Into Radio Television Broad- 
casting book $2.69 I.O. ENGINEERING, Box 
374, Canoga Park, Ca. 91305 

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, 
Tx. 77018 

FREE ELECTRONICS CATALOG. Tremendous 
bargains. EDU- CITS, Department C -266G, Hew- 
lett, N.Y. 11557 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

MEMORIZE,STUDY: "1971 Tests -Answers" for 
FCC First and Second Class License. -plus- 
"Self -Study Ability Test." Proven! $9.95. Satis- 
faction guaranteed. COMMAND, Box 26348 -E, 
San Francisco, Ca. 94126 

TV TUNER REPAIRS Complete Course Details, 
12 Repair Tricks, Many Plans. Two Lessons, all 
for $1. Refundable. FRANKIIOCEK, Box 3236 
(Enterprise), Redding, Ca. 96001 

BUSINESS OPPORTUNITIES 

JAPANESE NEW PRODUCTS MONTHLY! 
$1.00. Refundable. DEERE, 10639 Riverside, 
North Hollywood, Ca. 91609 

INVENTIONS & PATENTS 

INVENTIONS WANTED. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., 
Oakland, Ca. 94605 

GOVERNMENT SURPLUS 

MANUALS for surplus electronics. List 25e, 
BOOKS, 4905 Roanne Drive, Washington, D.C. 
20021 

JEEPS Typically From $53.90 . . . Trucks From 
$78.40 . . . Boats, Typewriters, Airplanes, Mul- 
timeters, Oscilloscopes, Transceivers, Elec- 
tronics Equipment. Wide Variety, Condition. 
100,000 Bid Bargains Direct From Government 
Nationwide. Complete Sales Directory and Sur- 
plus Categories Catalog $1.00 (Deductible First 
$10.00 Order From Our Separate Included Cata- 
log).SURPLUS SERVICE, Box 820 -REL, Hol- 
land, Mi. 49423 

Give Happiness 
The United Way 

Rebuild Your Own Picture Tubes? 

With Lakeside Industries precision 
equipment. you can rebuild any 
picture tube! 

For complete details, send name, 
address. zip code to: 

LAKESIDE INDUSTRIES 
5234 N. Clark St. 
Chicago, Ill. 60640 
Phone: 312 -271 -3399 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. AD D. 
MUSIC ASSOCIATED'S DETECTOR 
for continuous, commercial -free music 

with ANY FM tuner or receiver 

Kit $49.50 Wired $75.00 Cover $4.95 List of FM 
stations that transmit "Music Only" programs 
$1.00. For complete information write or call: 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.J. 07043 
phone 201 -744 -3387 

FREE CHOOSE ANY SINGLE 
ITEM SELLING FOR 

$1.00 OR LESS 

FREE WITH ANY '.10 ORDER 

TTL "IC DIP" 
PRICE SLASHES! 
*Factory Tested! Factory Guaranteed: 

Buy Any 3 - Take 1O °e Discount! 

Largest inventory' of high quality integrated circuit, 
at the lowest possible prices in the United States! 
COMPARE OUR PRICES! OUR GUARANTEES! WE 
GIVE SPEC SHEETS, too! Made by Fai re hild. Texas. 
Sprague, National, etc. 

Type 
SN7400N Quad 2 input NAND gate 
SN74O1N 5N7400 with open collect 
SN7402N Quad 2 input NOR gate 
5N7404N Hex inverter 
SN74O5N Hex inverter, open collect .. . 

SN741ON Triple 3 input NAND gate 
SN742ON Dual 4 input NAND gate 
SN7430N 8 Input NAND gate 
SN7440N Dual 4 input NAND buffer 
SN7441N BCD -to- Decimal driver 
SN7446N BCD -to -7 seg. dec. /driver . 

5N7447N BCD -to -7 seg. dec. /driver 
5N7472N J -K Master slave flip-flop 
SN7473N Dual J -K Master slave flip-flop 
SN7474N Dual D triggered flip flop 
SN7475N Quad bistable latch 
SN7476N SN7473, with preset --clear . 

SN7481N 16 -bit memory (scratch pad) . 

SN7483N 4 -bit binary full adder 
SN7490N Decade counter 
SN7491N 8 -bit shift register 
SN7492N Divide by 12 counter 
SN7493N 4 -bit binary counter 

Fl SN7494N 4-bit shift register 
SN7495N 4 -bit register right -N -left 

tl SN74154N Divide by 16 
(1 SN74192N Bi- directional counter 

SN74193N Binary up -down counter 

Function Sade 

S .39 
.39 
.39 
.45 
.45 
.39 
.39 
.39 
.39 

1.50 
2.25 
2.25 

.69 

.88 

.69 
1.50 
.88 

1.50 
2.25 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
3.45 
3.45 
3.45 

LINEAR Brand new! Spec sheets. 
AMPLIFIERS guy 3 - take 10% discount. 

T3 I,e Function Sal, 
709Cc Operational S .59 710C HI -speed Dif. Com .59 
711Cv Dual Comparator .59 
723 Voltage Regulator 1.19 
741 Freq. Comp. 709 .95 
709-709 Dual 709's 1.49 
741 -741 Dual 741's 1.98 

State ease desired, DIP. TO -5. FLAT PAR 

18 TRANSISTOR IC only 
"BEEP" GENERATOR $2.98 
By Motorola micro -miniature: Designed for 
photographic "audible timing alarm ". Excellent gen- 
erator of square waves. Use for Intrusion, burglar. 
and fire alarms. Complete with Instructions, sche- 
matics. 

"FIRE ALARM" IRLASCR 
OPTICAL SENSOR /. 

With Spec Sheets Only 
$2.98 

Originally used In Honeywell Fire Alarm systems. 
With built -in Infra Red Lens. Sensitive at 10.000 
angstroms. LIGHT ACTIVATED SILICON CONTROL 
RECTIFIER. Rated 1 Amp 200 PRV, TO -18 case, 
sensitive gate. Combine with "beep" generator. 
makes excellent intrusion and fire alarm basic. 
Complete with schematics, instructions. 

Type PA-2 63, 3.5w 
ssont. 

duty. 9- to -30v '$3.95 
upply. For phono. tape. 3 for SLO stereo. 

709 -710 -711 
AMPLIFIER SET 

3 -pc. 
Set 

$1.19 10 sets $10 

*Factory G teed! 

includes one 709 ope, - 

ationnl, one 111 High 
Speed Differential, and 
one 711 Dual Compara- 
tors. Flat pak case. 
Brand new. 

PRICE SLASH 

RTL ICs 
75e 3 for $2.00 

Type Description 
I 909 8ùffer 
i 911 4 In. Orte 
I 912 Half Adde. 

Shift Regittar 
Dual 2 In Gate 

.1K Flip Flop 
Li 960 Dual Buffer 

913 
1 914 

I_J 923 

I'D 15C CATALOG on Fiber Optics, 'ICs', Semi's, Parts 

Terms: add postage. Rated: net :!0, ad's 25' 
Phone Orders, Wakefield, Mass. (617) 2-15-3s2 9 
Retell: 2 1 I Albion St., Wakefield, Mass. 

POLY PAKS 
P.O. BOX 942 R 
Lynnfleld. Mass. 

01940 
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INTERNATIONAL Frequency 
meter 

Tests Predetermined Frequencies 
25 to 1000 MHz 

Extended Range Covers 950 MHz 
Band 
Pin Diode Attenuator for Full Range 
Coverage as Signal Generator 
Measures FM Deviation 

FM- 2400CH 

The FM- 2400CH provides an accurate 
frequency standard for testing and adjust- 
ment of mobile transmitters and receivers 
at predetermined frequencies. 
The FM- 2400CH with its extended range 
covers 25 to 1000 MHz. The frequencies 
can be those of the radio frequency chan- 
nels of operation and /or the intermediate 
frequencies of the receiver between 5 
MHz and 40 MHz. 
Frequency Stability: ± .0005% from x-50° 
to +104 °F. 
Frequency stability with built -in thermom- 
eter and temperature corrected charts: 
It .00025% from +25° to +125° 
(.000125% special 450 MHz crystals 
available). 
Self- contained in small portable case. 
Complete solid state circuitry. Recharge- 
able batteries. 

WRITE FOR CATALOG 

FM- 2400CH 
(meter only) $595.00 

RF crystals (with tem- 
perature correction)_.__ 24.00 ea. 

RF crystals (less tem- 
perature correction)_._. 18.00 ea. 

IF crystals catalog price 

AngiN 
INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY. OKLA. 73102 
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Our town 

The sun never sets in our town, nor do our microphones and sound systems 
get any rest. "Our town" is the mecca for sound specialists, and here, Shure 
Microphones and Vocal Master Sound Systems handle it all: you'll hear 
them in hotel show rooms and lounges used by famous professional enter- 
tainers whose livelihoods depend on sound excellence; you'll hear them in 
hotel convention halls, in club after club, in casino after casino; and you'll 
hear them 'round- the -clock as keno scores are announced. Why? Because 
the predictability and reliability of Shure microphones and sound systems 
simply make everyone's job a lot easier. The Shure sourd is the Las Vegas 
sound - and we're proud of it. 

Shure Brothers Inc., 
222 Hartrey Ave., Evanston, III. 60204. 

CAr(r (14 in reader servire card 
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iLL 44.4, ao. 

Beauty is in eye of the beh' lder. 
And the beauty of the co/or\bright 

85XR is that its picture is in the ame 
league as the more expensive "black 
round" and "black matrix'? color tubes. 

Our bright phosphors make the co!r 
bright 85XR real competiton f9r any pic'., 
ture tube on the nark& 

process lets u sell it to you at a lower 
price than any lack surround" tube. 

The picture will look beautiful to your 
customer. 

The profit will look beautiful your 
cash register. 

If that isn't beauty, what is! 

Simudated I c;Atti.,- .1N ndwate (0 19i. V orkl RighiKccrcd. 
.** 
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