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for every girl. 

'+ 
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We have a tremendous line of receiv- 
ing tubes-over 1000 atlast count. 

We have 205 different black-and- 
white picture tubes. 

We have the industry's most complete 
line of color picture tubes. 

We have semiconductors of all kinds: 
transistors, FETs, diodes, rectifiers, 
SCRs, Z8D8r diodes, linear ICs. 

These are our boys. 
They're easy to work with. 
We've organized replacement pro- 

grams (like our ECG semiconductor pro- 
gr8nl). so that you can keep the least 
amount of stock on hand to replace the 
most number of parts. 

We publish the Sylvania Technical 
Manual, which is practically a replace- 
ment enCyo|0pedi8(32.000 C0Rlpon8OtG!). 

We have loads ofspecialized replace- 
ment literature. And we help youwith any 
replacement problem. 

See your Sylvania distributor and get 
to know the family. 

SYLVANIA N 
Electronic Components Group, 100 First Ave. Waltham, Mass. 02154. 
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April 1971 

NEW &TIMELY 
Volume 42 Number 4 RADIO -ELECTRONICS . .. FOR MEN WITH IDEAS IN ELECTRONICS 

SERVICE AGENCIES 
BLAST PAY SCALE 

Los ANGLLFS. CALIF. -Ac- 
cording to major servicing 
firms here, manufacturers' 
reimbursement rates for in- 
warranty repairs are gener- 
ally lower than the actual 
costs of repairs. What is par- 
ticularly galling. they say, is 
that these rates are substan- 
tially lower than what the 
manufacturer charges a con- 
sumer for identical repairs on 
bring -in service. Despite ris- 
ing costs, the schedules of re- 
payment have remained vir- 
tually unchanged. 

For example, one manu- 
facturer charges a walk -in 
consumer $19.95 for repairs 
on a black- and -white set, but 
reimburses service agencies 
only $7.50 for the same 
work. 

According to Home Fur- 
nishings Daily. at Universal 
Television Company. a ser- 
vice firm, Jerry Canter, presi- 
dent, summed the problem 
up: "In these times of ex- 

tended warranties, with the 
consumer receiving more at- 
tention, which he deserves. 
the service companies will be 
providing more service for a 
longer period of time, but 
will still be reimbursed at 
rates antiquated by today's 
condition." 

An exception to the rule 
is RCA, which has been 
praised by most service firms 
here as having a fair and 
equitable system. perhaps one 
that should he expanded in- 
dustry -wide. RCA charges 
consumers $8.95 for the first 
half hour's work plus $6.25 
for each additional half hour. 
Service agencies are paid ex- 
actly what their published 
rates are for similar work. 

Mr. Canter added. "If the 
consumer is to continue get- 
ting the service he's entitled 
to, some change must be 
made. It's really the manufac- 
turer's responsibility to recog- 
nize what's happening." 

LASER RESEARCH 
YIELDS JEWELS 

WALTHAM, MASS. -Dr. Roch 
Monchamp, manager of Ray- 
theon Company's Crystal 
Materials Laboratory checks 
progress of a crystal being 
grown at 3578 °F. An out- 
growth of Raytheon's laser 
research, the Triamond crys- 
tals resemble diamonds in ap- 
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pearance and are almost as 
hard. These are cut and pol- 
ished as jewels and marketed 
by Trifari. The mounted 
Triamond stones sell for 
about $60.00 a carat in con- 
trast to the $1000 a carat that 
natural diamonds demand 
today. 

Fast Rate of Tape 
Sales Predicted 

REDWOOD CITY, CALIF. - 
Donald V. Hall, vice president 
and general manager of Am- 
pex Music, forecasts that 
US recorded retail tape sales 
will be up 19% in 1971. This 
is a conservative prediction, 
taking into account the fall- 
off in consumer spending due 
to the recession, and the per- 
sistence of tape piracy. 

"8 -track continues to be 
the market leader. accounting 
for 77% of 1970 sales," said 

Mr. Hall. `Cassettes represent 
18 %, open reel tapes 4% and 
4 -track cartridges only 1 %." 

Mr. Hall expects in- 
creased sales of stereo cas- 
sette equipment for home 
and car in 1971. This, plus 
rapid improvements in cas- 
sette quality through Dolby 
noise -suppression techniques 
and the use of extended fre- 
quency tapes, will greatly im- 
prove the long -term potential 
of cassette music. 

SPACE DAM FOR INTELSAT IV COMMUNICATIONS SATEL- 
LITE. The multiplexer assembly (resembling spokes in a wheel) 
acts as a dam to separate the river of received signals into con- 
trolled streams of signal frequencies for this communications 
satellite built by Hughes Aircraft Company and an international 
team of contractors. 

TV SYSTEM MONITORS 
SHOPPING DISTRICT 

MOUNT VERNON, N.Y. -The 
nation's first police- operated 
low- light -level television sys- 
tem provides around -the- 
clock, remote surveillance of 
Mount Vernon's shopping 
district, GTE Sylvania re- 
ports. 

Two all- weather cameras 
transmit video signals to 
monitors, similar to home TV 
sets, at police headquarters. 
A police officer at the moni- 
tors, by remote control, is 

able to rotate each camera 
360 degrees, tilt it vertically 
90 degrees, and zoom and 
focus its lens to detect and 
follow suspicious movements. 
The officer can alert mobile 
patrols to investigate acci- 
dents or incidents shown on 
the screens. 

The heart of the closed 
circuit system, a 29 -pound 
camera, contains a sensor 
that reacts to light levels too 

(continued on page 6) 
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Radio -Electronics 
F O R M E N WITH I D E A S I N ELECTRONICS 

April 1971 Over 60 Years of Electronics Publishing 

AUTOMOTIVE ELECTRONICS 
What's New In Car Electronics . . . . 33 
24 aids for comfort and safety 

Stereo Tape In Your Car 41 . . . . Eugene Walters 
Cu.tkcvte or Cartridge--both sound great 

Low -Fuel Alarm 44 . . . R. M. Marston 
Build it und /,now you're low before you're strandet/ 

Automatic Parking Light Operator . . 46 . . . R. M. Marston 
2- uancistor.s turn lights on when the .saut goes down 

Fred W. Holder 

STEREO -HI -FI -AUDIO 
Mechanical Side Of Cassettes 37 Larry Allen 
How to fix them; step -by -.step 

Solid State Amplifier Design 52 . . . Mannie Horowitz 
Stabilizing bipolar bias circuits 

TELEVISION 
Equipment Report 24 
Sehtore SM -158 Speed Aligner 

Equipment Report 28 
RCA WR -5 /4A Sheep C/uulalyst 

Kwik -Fix Troubleshooting Charts 63 Forest H. Belt 
Automatic brighmes.c limiter 

Color Killer Adjustments 72 . RCA TV Service Tips 

.Set -up procedure for CTC 38 through CTC 43 chu.s.sis 

In The Shop & Service Clinic 82 Jack Darr 

Service Editor tips and solutions to reader problems 

GENERAL ELECTRONICS 
Looking Ahead 4 , . David Lachenbruch 

Current happenings with future overtones 

Home Appliance Electronics 26 Jack Darr 

The SCR in modern appliances 

9 Experiments With Semiconductors 48 Paul Franson 

Fun with easy truasi.stor projects 

6 Easy Projects For Beginners 60 Matthew Mandl 

Circuit board experiments for fun 

Stereo tape is ready for your car now, 
both cassettes and cartridges; two 
channels and four channels. Find out 
what's happening. ... see page 41 

ALARM 

1.441.1.4 LOW FUEL ALARM 

Don't run out of gas. Build this low -fuel 
alarm and be warned, before the tank 
runs dry. . - . see page 44 

IN ANODE CATHODE OUT 

GATE 

SCR,110Nt' 

.. 

í\ / 

/ 

SCR \s -' - 
TURNED 
ON HERE 

SCR's are vitalto appliances. Jack Darr 
explains how they work in this month's 
Home Appliance Electronics column. ... see page 26 

DEPARTMENTS 
CB Casebook 87 New Books 86 New & Timely. 2 

Coming Next Month 87 New Literature 77 Try This One 85 

Correspondence 16 New Products 73 
It- AO10- Eh.BCPItOAII'S. April 1!171. Vol. d2, No. 4 

Published monthly by Ilern>Ilark Publications. Inc.. at 200 /'ark Avenue South. Now York, Neer York 10003. 

Editorial, Advertising. and 1 :cecmi ve offices 200 Park Ave. S., Nev: Sark. N.Y lunu3- Subscri ption Service: Boulder. Colo. 80302. 
Second -class pustage paid at Neto York City and additional mailing u0ire. Printed in E.S.A. One -year ,,ubu4IIItion rate: U.S. 

:LIed Illiies,inll,. Canada. .;. l'an-AIIIerIla11 countries, 00. Other l'nlnllrie.i, .00.G(1, Single copies lint. 
0I;l; 1 by Gernsback Publications. Inc. All rights reserved. 

POSTMASTER: Notices of undelivered copies (Form SG;7) Io Boulder, Coln. %0302. 
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LOOKING AHEAD 
Volume 42 Number 4 RADIO ELECTRONICS - . . FOR MEN WITH IDEAS IN ELECTRONICS April 1971 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

Multi -sound TV -why not? 
A very slight rekindling of interest in stereophonic 

sound for TV is being detected in the television manufac- 
turing industry. Yes, it's an old chestnut which has repeat- 
edly been debunked by experts (the screen is too small for 
"big" sound, etc.). But the fact remains. it's relatively 
simple, it works, and it would certainly improve television 
sound. For those who think stereo sound isn't appropriate 
to television, there's a simple remedy: Use a mono receiver. 

Several years hack, the FCC dismissed a proposal to 
establish stereo sound standards for television because of 
lack of interest by the broadcasting and manufacturing in- 
dustries and the public. This was at a time when color 
television was booming and broadcasters and manufac- 
turers just couldn't be bothered thinking about sound. 
With clearer perspective today, it's apparent that two -chan- 
nel sound multiplexing could be a real asset to television. 
And a study of such a system need not be theoretical. A 
first -rate TV sound multiplexing operation is a going thing 
in Japan right now. 

Japan's system goes beyond stereo. An FM -FM multi- 
plex system, it provides three sound modes during special 
programs by NHK, the publicly -supported Japan Broad- 
casting Corp. Pushbuttons are labeled "Maru Channel," 
"Subchannel" and "Stereo." or sometimes "A," "B" and 
"Stereo." The "A" and "B" buttons are for programs with 
two discrete sound channels. During Expo 70, for example, 
NHK broadcast programs with both Japanese and English 
soundtracks to make English- speaking visitors feel at 
home. The choice of either A or B brings the appropriate 
sound channel to both loudspeaker systems. For stereo 
programs, an L R 1. -R technique is used (similar to 
standard FM stereo broadcasting) to preserve com- 
patibility on conventional television receivers. 

Deluxe console receivers sold in Japan are completely 
equipped for stereo sound, with the decoding circuits and 
additional amplifier -speaker systems built in. For existing 
sets, a wide variety of adapters is available. The simplest 
sells for about $24 and is designed to be used with two 
separate speakers. Many of them contain one speaker (us- 
ing the TV set's speaker for the main channel) along with 
the additional circuitry. Others are designed for use with 
existing stereo hi -fi systems, including one, at $85, which 
operates completely independently of the TV set. It's sim- 
ply a TV -sound tuner with the appropriate multiplex cir- 
cuitry and the three mode -selector buttons. 

The advantages of such a multi -sound system over 
straight stereo, at very little extra cost, are obvious. TV sta- 
tions in major population centers could add a foreign lan- 
guage soundtrack to some programs to accommodate large 
minority groups which don't speak English -for example, a 
simultaneous translation into Spanish of major Presidential 
addresses and news conferences. Although many foreign 
movies are shown on TV, most are dubbed into English. 
For purists (or linguists) who prefer the original sound- 
track, it would be available at the push of a button. Two - 
channel sound has obvious attractions for educational TV. 
The same course could be provided with different audio 
tracks for students at different levels of advancement. Or a 

simplified version of programmed learning could be used - 
the telestudent being asked a question and told to push 
button A or B in response; he is then told whether his 
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answer is right or wrong and why. 
All this is a bonus, of course. Stereophonic sound is the 

real payoff. If it's agreed that TV sound generally is poor, 
and that stereo sound is an improvement over mono, the 
result must be improved sound. Directionality of the sound 
is a relatively unimportant byproduct, particularly with 
television. One major salutary effect of a switch to stereo 
sound would certainly be a new preoccupation with sound 
quality by both television broadcasters and receiver manu- 
facturers. The picture has always been the thing in the 
past. With stereo TV, sound would be given equal empha- 
sis with the picture. Since the stereo sound is compatible, 
nobody with a conventional receiver has a thing to lose. 

Most of the proposed home videoplayer systems have 
provisions for two soundtracks. If these systems should 
succeed. they will help force the issue. Stereo soundtracks 
are no good without stereo equipment to play them. If 
you're going to buy a stereo TV set to play videocassettes, 
why not also have broadcast stereophonic sound? The 
whole thing makes too much sense to be ignored. 

4- channel stereo moving 
Two quadraphonic stereo systems have now moved to 

the marketplace. The eight -track stereo cartridge is being 
produced in four -channel by RCA Records and others, and 
every major manufacturer of eight -track cartridge tape 
players is now producing, or tooling up for, quadraphonic 
playback equipment. In addition, Electro- Voice's com- 
patible matrix system (RADIO- ELECTRONICS, Jan. 1971, 
page 2) has gotten off the ground rapidly. Decoders for 
use with component stereo systems are now on sale in 
many major cities at $59.95. Three record companies are 

FOUR -CHANNEL DECODER model EVX -4 (left) is used to con- 
vert existing 2- channel stereo into 4 channels. It also decodes 
4- channel material encoded by Electro -Voice Stereo 4 Encoder 
(right). The device puts four channels of sound into two recorded 
channels. 
getting ready to offer discs encoded for E -V system play- 
back -Enoch Light's Phase III, Ovation Records and Gold 
Crest Records. At press time, seven FM stereo stations had 
ordered encoding equipment, and one of them -WJIB -FM, 
Boston- was already broadcasting in the compatible 4 -, l- 
and single -channel mode. E -V plans to offer a single -chip 
integrated- circuit decoder to manufacturers for building 
into their stereo equipment. The price will be around three 
dollars. Of course, two more amplifier- speaker channels are 
also required. You'll be able to hear the compatible broad- 
casts also over WCRB -FM, Boston; KSL -FM, Salt Lake 
City; KSAN, San Francisco; WNEW -FM New York, and 
WDHA -FM. Dover, N.J. 

Kodak's TV gadget 
Photography giant Eastman Kodak is taking a close 

look at color television as a possible display device for both 
home movies and educational and entertainment films. Ko- 

(continued on page 14) 
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RCA announces 
music for people on the move. 

RCA Car Tape Stereo. Cassette or Stereo 8. 

It's like listening to stereo at home. 
We've built in the same quality and fidelity. 

Cassette Play Record 12R200 
The new RCA Cassette 12R200 gives great stereo 
sound and its also a dictating machine. Has safety 
interlock record control. Remote control mike with 
tangle -free cord. Easy front loading. Fast forward 
and rewind controls. Automatic pop -out cassette 
ejector. Special circuit ejects jammed cassettes, 
prevents tape tangling. 18 watts peak power. 
Easy do- it- yourself installation. 

Cassette Play Only 12R100 

Same as 12R200 less record feature 

Stereo Speaker Kit 12R400 

Two matched 53/4" speakers with cabinets and 
mounting hardware. Adaptable to flush or surface 
mounting. Wide range frequency response. High 
resistance to heat and moisture. Speaker 
characteristics are specifically matched to 
stereo units. 

APRIL 1971 

Ivestwitot 

Stereo 8 12R300 

The compact RCA Stereo 8 delivers 18 watts peak 
power. Easy instant front loading with dust door. 
Push -button program selector. Plays all 8 track 
stereo cartridges. Dramatic styling. Recessed 
tone and volume controls. 

For every musical mood there's an RCA tape 
stereo system to transform any car into a concert, 
Rock. Folk, Classical. All units are backed by 
RCA's outstanding parts, service data, and 
warranty programs. See them at your RCA 
distributor or dealer now. 

RCA Parts and Accessories, Deptford, N.J. 

Car 
réó e 
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New &Timely 
(continued from page 2) 

low for human vision, and 
can easily detect and record a 
man one -half mile away even 
in extreme darkness. The unit 
also operates in bright sun- 
light. 

"Growing demands on 
law enforcement agencies and 
plant security are expediting 
the need for low -light -level 
TV systems," said Kenneth L. 

Brinkman, Director of Syl- 
vania's Electro- Optics Organi- 
zation in Mountain View, 
California. "These systems 
provide improved security 
with no increase in person- 
nel." * 

Cards for 
Automatic 

Dialing 
MURRAY HILL, N.I. A new 
plastic card, the size of a 

standard credit card, may be 
used for "hands free" dialing 
on dial -card operated tele- 
phones. 

The card may also be 
used to transmit information 
to a computer via telephone 
lines. "Someday they may be 
used to verify bank balances. 
order merchandise, or even 
pay bills," said Dan Miller, 
who together with Terry 
Prince, both of Bell Labs, de- 
signed the new cards. * 

Hugo Gernsback Award 
Winners Announced 

CLEVELAND, OHIO -The 
Cleveland Institute of Elec- 
tronics announced its 1971 
winner of the Hugo Gems- 
back Scholarship Award, a 
$125.00 grant to a deserving 
student in the field. Lewis E. 
Barnhouse of Mansfield, 
Ohio, a twenty- five -year -old 
father and a telephone com- 
pany worker, is one of eight 
winners, each enrolled in an 
electronics home study 
school. 

WASHINGTON, D.C. -Garry 
W. Greenshields is the Na- 
tional Radio Institute's an- 
nounced winner of the Hugo 
Gernsback Scholarship Award 
for 1971. The twenty -seven 
year old Canadian lives in 
Saskatoon with his wife. He is 

presently studying towards a 
Masters Degree in Education- 
al Psychology while learning 
electronics in the home study 
course given by N.R.I. 

COAL MINE 

SURVIVAL 

SYSTEM 
ANNAPOLIS, MD.--A mobile 
shelter for emergency miner 
living during explosions in 

the mine has been developed 
for the Department of the In- 
terior by Westinghouse, and 
is expected to be immediately 

Mr. Barnhouse says "I 
thoroughly enjoy working 
with the elements of elec- 
tronics . . . Practically every 
field of endeavor today de- 
pends either directly or in- 
directly upon some aspect of 
electronics." His award -win- 
ning essay details his original 
and colorful opinions on his 
new field. 

Mr. Greenshields, an honor 
student all through school and 
Royal Canadian Airforce 
training. says his hobbies in- 
clude sports, especially foot- 
ball and judo, winemaking, 
making model airplanes of the 
radio control type, and elec- 
tronics. 

useful in coal mine rescue 
and emergency commu- 
nications. The complete sys- 
tem design includes breathing 
apparatus, a communication 
and location subsystem, and a 
rescue subsystem. 

The communications 
equipment is sensitive enough 
to pick up the "shock wave" 
caused by a miner's striking 
the wall or floor of a tunnel 
with a heavy object. Seismic 

(continued on page 12) 
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the most practical 
service tool 

ever 
devised 

I\ICO1=1 
POWER MONITOR 
Here is an instrument that will pay for itself in 
time saved the first month you use it. 

PIVI157 $69.50 

A IT IS A ZERO TO 1150 
WATT WATTMETER 

You will know whether or not 
you are dissipating too much 
power before you start changing 
expensive parts. 

LINE VOLTS 

i 
IT IS AN AC LINE 
VOLTAGE MONITOR 

Calibrated right on the nose at 
115 volts. How many times has 
your trouble simply been line 
voltage and you could have saved 
so much time? 

APRIL 1971 

C 

D 

E 

IT IS AN AC AMMETER 
TO DETERMINE HOW 
MUCH LINE CURRENT IS 
BEING DRAWN 

AMPS 

Up to 10 amps. A good check on 
fuses and other line protectors. 
How do you know that a circuit 
breaker is really bad? 

IT IS A FUSE RESISTOR 
CHECKER WITH 
SPECIAL SCALES 
FOR EACH FUSE RESISTOR 

4M 
You will know whether or not 
you are sending back a TV or 
radio set with an overloaded fuse 
resistor that will go out within 
hours. 

IT IS PROTECTED 
BY A 10 AMPERE 
CIRCUIT BREAKER 
Fully protected against shock 
hazard to appliance being tested, 
and is also safe for the operator. 
8 "x6 "x5" 5 lbs. 

3200 SENCORE DRIVE, SIOUX FALLS, SOUTH DAKOTA 57107 
Circle 2 on reader .service card 
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EXPERIENCE 

IS STILL YOUR 

BEST TEACHER 

8 

NRI designed- for -learning 
training equipment gives you 

priceless confidence be- 

cause your hands are trained 

as well as your head. 

Learning Electronics at home the NRI way is fast 
and fascinating. Read opposite page. 

OLDEST AND LARGEST 
SCHOOL OF ITS KIND 
Accredited by the Accrediting Commission of the National Home Study Council 
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New "Treasure Hunter" 
Kit finds metals, pipes, 
several inches 
underground. Locates 

iron, steel. tin. gold. 
silver, copper. etc. 

Beep pitch 
increases as 
you near ooject. 

Eico Model 
TH -30, 
battery -operated, 
$29.95, 

(continued from page 6) 
New &Timely 

signals are detected by as 
many as seven geophone ar- 
rays, of up to 19 geophones 
each, and then amplified and 
recorded, fed into an on -the- 
site computer, and analyzed. 

sending signals to the surface. 
In this way rescue drilling 
operations will be pinpointed 
to specific areas. 

Separate evaluations on 
the breathing apparatus and 

Westinghouse engineers pre- 
dict they will be able to come 
within thirty feet of the exact 
location. 

Testing and evaluation of 
the equipment and shelter in 
simulated mine emergency 
conditions is planned. The 
seismic and voice commu- 
nications devices will be used 
to locate and communicate 
with the party playing the 
role of "trapped" miners. 
Transmitters are capable of 

survival shelter will be con- 
ducted in a non -operating, 

in- 
for 

experimental mine, 
strumented and equipped 
mine explosion tests. 

ELECTRONICS UNDER 
THE HOOD 
Detroit has been installing 
electronic devices in cars for 
several years now. 24 fac- 
tory- installed devices are 
described in this issue. Turn 
to page 33 and see what 
they are- 

ELECTRONICS AT WORK 
WATCHING THE STARS 

3,000 years, it would all cumu- PALO ALTO, CALIF. -The 
birth of stars, the explosion 

of supernovas, and the occur- 
rence of star quakes all are 
under the continuous obser- 
vation of scientists and as- 
tronomers armed with new 
electronic tools. At Lick Ob- 
servatory and Lawrence 
Radiation Laboratory, as- 
trophysicist Jerry Nelson is 

directing these studies. 
The battery of instruments 

used includes the Hewlett - 
Packard atomic clock, so ac- 
curate that, if operated for 

late no more than one second 
error; a desk top correlator, 
an instrument with a built -in 
computer that finds weak sig- 
nals by making thousands of 
comparisons of a signal against 
time -shifted versions of other 
signals until it finds similari- 
ties; and a signal averager 
which reveals an otherwise lost 

electronic signal by algebra- 
ically adding together many 
weak signals and the noise 

(continued on page 14) 

1 
New EICOCRAFT ® 
The electronic science 
project kits for be- 
ginners, sophisticates, 
educators. 42 kits to 
date. 
FM Wireless Mike 
$9.95. 

8 New 
Eicocraft Kits 
Automotive "LIGHT. 
GUARD" "VARIVOLT" 
DC Power Supply 
"MOODLITE" Light 
Dimmer Control 
"VARASPEED" Motor 
Speed Control 
LIGHTSHOW" Sound/ 

Lite Translator 
"SUPER MOODLITE" 
Remote Control Dimmer 

"ELECTROPLATER" 
From $2.50 to $14.95. 

New "ELECTRIC 
FIESTA" Audio -Color 
Organ Kit $14.95. 

New Cortina2 Stereo Kits 
The lowest -priced component quality high fidelity! 
EICO 3780 50 -Watt Silicon Solid State 
FET AM -FM Stereo Receiver. 
Kit $109.95. Wired $169.95. j Separate Tu 50-Watt Amplifier, each: 
Kit Wire d $109.9 5. 

New Automotive Electronics 
EICO 889 Solid State 
Capacitive Ignition System. 
Boost gas mileage up to 25 %; 
life of points, plugs to 
100,000 miles. Kit $29.95. 
Wired $39.95. 
EICO 888 Solid State Universal 
Engine Analyzer. Tunes and 
trouble- shoots your car /boat 
engine, the totally professional 
way. 
Kit $54.95, Wired $79.95. 

rNEW SOLID STATE 
TEST INSTRUMENTS 
The first and only solid state test 
equipment guaranteed for 5 years! 

sniallbiek 

EICO 240 Solid State FET -TVM. Kit 
$59.95, Wired $79.95. 
EICO 379 Solid State Sine /Square 
Wave Generator. 
Kit $69.95. Wired $99.95. 
EICO 242 Solid State FET -NOM. 
Kit $69.95. Wired $94.50. 
EICO 150 Solid State Signal Tracer. 
Kit $49.95, Wired $60.95. 
EICO 330 Solid State RF Signal Generator. 

,Kit $59.95, Wired $89.95. 

expremYour5e1f 
IN CREATIVE ELECTRONICS 

Save up to 50% with EICO KITS & WIRED EQUIPMENT 

111111 
SOUND N' COLOR 
Now see the m'usic you hear! 
Color Organs by EICO transform 
sound waves into moving 
synchronized color images 
Model 3450 Giant (30" x 12" x 10 ") 
4- Channels. Kit $79.95, 
Wired $109.95. Others from $19.95 
Translators create audio -simulated 
light displays. 

I 

From Kit 
$24.95, Wired $39.95. 
New Model 3477 Cube Strobe 
creates white light flashes 
in rhythm with audio 
with 3 colored tens filters. $29.95. _di 

r FREE 1971 SILVER ANNIVERSARY EICO CATALOG 

.,,.....,.,...,.., 

Fill out Reader Service Card for 
FREE catalog of 200 best buys offered by 2500 local 
EICO dealers who give you top brands, 
technical counsel, off- the -shelf service, 
25 Years of Leadership in Creative Electronics 
EICO Electronic Instrument Co.,lnc., 
283 Malta St., Brooklyn, N.Y. 11207. 
(212) 949 -1100. 

E/CO= 
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You get more for your money 

from NRI _more value, more solid experience 
so essential to careers in Electronics. NRI's pioneering 
"discovery" method is the result of more than half a 

century of simplifying, organizing, dramatizing subject 
matter. In each of NRI's major courses you learn by 
doing. You demonstrate theory you read in "bite- size" 
texts programmed with NRI designed- for -learning pro- 
fessional lab equipment. Electronics comes alive in a 

unique, fascinating way. You'll take pleasure in evidence 
you can feel and touch of increasing skills in Electronics, 
as you introduce defects into circuits you build, per- 
form experiments, discover the "why" of circuitry and 
equipment operation. 
Almost without realizing it, the NRI discovery method 
gives you the professional's most valuable tool -prac- 
tical experience. You learn maintenance, installation, 
construction and trouble- shooting of Electronic circuits 
of any description. Whether your chosen field is Indus- 
trial Electronics, Communications or TV -Radio Servicing, 
NRI prepares you quickly to be employable in this 
booming field or to earn extra money in your spare 
time or have your own full -time business. And you 
start out with training equivalent to months -even years 
-of on- the -job training. 

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

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

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

ville, Ky., was a 

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

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

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

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

would have in my former 
work." 

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

promotion be- 
fore finishing the 
NRI Communica- 

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

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

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

COMMUNICATIONS EXPERIENCE 
comparable to many months on the job is yours as you build and 
use a VTVM with solid -state power supply, perform experiments 
on transm,ssion line and antenna systems and build and work 
with an operating, phone-ow, 30 -watt transmitter suitable for 
use on the 80 -meter amateur band. Again, no other home -study 
school offers this equipment. You pass your FCC exams -or get 
your money back. 

COMPETENT TECHNICAL ABILITY 
can be instantly demonstrated by you on completing the NRI 
course in Irdustrial Electronics. As you learn, you actually build 
and use your own motor control circuits, telemetering devices 
and even d;gital computer circuits which you program to solve 
simple problems. All major NRI courses include use of transis- 
tors, solid -state devices, printed circuits. 
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Our hottest auto musician 
doesn't hit the "C" note. 

A full feature AM /FM /FM Stereo Car Radio 
for less than 100 bucks is just one of the 
great deals you can offer your customers 
from the Channel Master Auto Lineup! 

You can also offer an AM radio that's 
small enough to tuck into an ashtray or 
armrest...yet gutsy enough to fill a 10 

passenger model with the finest sound. 
And a selection of standards in any AM or 
FM combination. 

étF--- , aeAr 06,44 

roam 

^i` v""t 10 
a 

Ve 100 Ito rs. 

APRIL 1971 

In the player section, you've got Stereo 
Cassette with FM /FM stereo and automatic 
reverse options, and a cartridge selection, 
likewise with options for every taste. 

In short, you've got a compact, though 
hard hitting line that represents the most 
solid state of the art...packed with extras 
that cover every route with value! 

That's the Channel Master Auto Line... 
engineered to strike happy notes anyway 
you want! 

...and what a ;way to show them! A handsome 
modular display that brings the sound of life. 

CHANNEL MASTER 
Div. of Avnet, Inc., Ellenville, N.Y. 12428 

Circle 4 on reader service card 
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TRUE TRIGGERED SWEEP 

OSCILLOSCOPE /VECTORSCOPE 

MODEL 
TO -50 

DC to 10 mhz 

frequency response 

.02 volt sensitivity 

Calibrated vertical 
attenuator 

Calibrated time base 

Supplied with combi- 

nation Direct /Lo -Cap 

probe 

5 X magnifier 

Automatic triggering 
mode 

5" flat face tube 
edge -lit graticule 

One Year Warranty 33950 
Made in U.S.A. 

L See your distributor or write Dept. RE -4 

LECTROTECH, INC. 
4529 N. Kedzie Ave., Chicago, Illinois 60625 

Circle 5 on reader service card 

VHF SENTRY 
Mi .103.S4 

qeC 

a.Hr 

LISTEN TO: INSTANT:, 
POLICE, FIRE, 

& WEATHER REPORTS! 
Perfect for 

Industrial, Commercial, Utility 
and Government Use 

SONAR SENTRY 

VHF MONITOR RECEIVERS 
ADJUSTABLE SQUELCH 

H CHAN N D 

Designed and engineered for sim- 
plicity of operation, compact enough 
to fit a shirt pocket yet powerful 
enough to deliver a clear clean sig- 
nal -it's dependable Operates on 
three crystal controlled VHF chan- 
nels and tuneable broadcast band 
Adjustable squelch Completely 
solid state for long life use Visable 
battery indicator to show battery 
condition at all times Built in an- 
tenna 57/e" H x 21" W x 13(6" D. 
Wt. 11 oz. 

$4 
With Battery & Earphone 

less Crystals 
Crystals $5.00 ea. 

MODELS 
FR- 103-SA 
150.175 MHz 

FR- 106 -SA 
(IN 4 FREQUENCIES) 

A -3043 MHz- B- 33.38M Hz 

C- 38.44MHz- 1)- 44.50MHz 

SONAR RADIO CORPORATION I 

73 Wortman Ave., Brooklyn, N.Y. 112071 
Please send me information on VHF Monitor Receivers I 

Dept. 270 I 

Name 

Address 

City State Zip. 

Circle 6 on reader service card 
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(continued from page 12) 

that surrounds them. 
With the new equipment 

tied together to form more 
sensitive and accurate mea- 
surement systems, scientists 
hope to re- evaluate existing 
theories. 

Call Buttons 
Unsafe 

NEW YORK, N.Y. -Some 
automatic elevators might be 
death traps during a fire, ac- 
cording to a report issued by 
Deputy Mayor Timothy W. 
Costello. The type of call 
button which responds to the 
heat of a finger. not the pres- 
sure, could misoperate and 
activate the elevator and speed 
it to the center of the flames, 
instead of carrying passengers 
away from the fire. 

The New York Times 
said that these disclosures 
come as a result of in- 
vestigations into two office 
building fires in New York 
City which killed five. 

Skinny Records 
Sound Better 

NEw YORK. N.Y. -The Dy- 
naflex Record. made by RCA 
Records. with a thinner music 
groove area, is the first prod- 
uct of the conversion to a 
new process by the company. 

According to Rocco Lagi- 
nestra, president of RCA 
Records, the Dynaflex 

Record virtually eliminates 
surface noises, blisters. ticks, 
imperfect groove molding 
and disc slippage on the turn- 
table. 

Rex Isom, RCA's chief 
engineer. who headed the 
team that researched and de- 
veloped Dynaflex said. 
"When we began our re- 
search to find a method of 
reducing surface noise. we re- 

called that historically, the 

transcription records for 
broadcasting prior to the tape 
era were made thin to pro- 
vide the best possible sound 
quality." As it turned out, 
Mr. Isom remarked, "All our 
tests with thinner records 
have reaffirmed this phe- 
nomenon." 

RCA Records claims that 
the rapid cooling of a thinner 
disc causes reduction in 
warpage at the time of manu- 
facture. and that use of less 
compound creates more per- 
fectly molded grooves. * 

LOOKING AHEAD 
(continued from page 4) 

dak has been quietly talking to television set manufacturers 
about incorporating super -8 cartridge playback systems 
into television receivers or selling them as add -on devices. 
Kodak has even gone so far as to build its own prototype 
of a super -8 videoplayer. At press time, Kodak officials said 
the company had no plans actually to produce a videoplay- 
er, but indicated that their thinking on this subject may 
change. 

World's largest 
Who is the world's largest manufacturer of color tele- 

vision? Not RCA. Not Zenith. The indications over- 
whelmingly point to Matsushita Electric Corporation, 
whose sets are sold under the Panasonic brand name in the 
United States, under the National brand elsewhere. The 
company says it sold 1,760,000 color sets in the 12 months 
which ended last November 30, placing it ahead of any 
American manufacturer in terms of units, but possibly not 
in value of production. R -E 
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Engineers, technicians and experimenters de- 
pend on Leader instruments for sophisticated 
circuitry, advanced design parameters, and 
because feature -for -feature they're the best 
buy anywhere! 

acc u rate 
This budget priced RF Signal Generator is 
typically Leader! It offers 1% dial accuracy 
and wideband coverage to quickly locate any 
problems in color and B &W TV sets. 

sensitive 
20MVp -p /cm vertical sensitivity; triggered 
sweep; calibrated vertical input and time base 
combine to make this 5" Solid State Triggered 
Scope a professional performer. It's a great 
one! 

Leader developed this Vacuum Tube Voltmeter 
with the accent on stability and sensitivity, all 
with your economy in mind. AC /DC operation 
is switch selectable; input impedance is 11 
megohms. 

e a er 
The ultimate in pattern stability is 
one reason why this Color Bar Gen- 
erator is superb. Features binary 
frequency dividers; 15 patterns; 2 
switch selectable frequencies. 

Seeing is believing. 

INSTRUMENTS CORP. 

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

Circle 7 un re adtr .st r%,(e enrd 

L54:_i $44.50 

À 
LB0501 $339.50 

321111111111111111111 i®® I 13131::: 

d 
o-. 

LCG388 ;159.50 

Send for Catalog 
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REPEATED BY POPULAR DEMAND 

FREE: 
A CAN OF YOUR FAVORITE 

TUNER -SPRAY! 
Of course, there's a catch. You have to buy a can of TUN- O -BRITE to get your 
free can. The whole idea is to get you to try TUN -O- BRITE. Because TUN-0- 
BRITE is so much better than ordinary tuner sprays that once you try it, you'll 
never settle for anything less. 

HOW TO GET YOUR FREE CAN 
Buy a can of TUN -O -BRITE from your favorite distributor. 

Send the empty can to Chemtronics and tell us what kind of tuner spray 
you want free. 

We'll send you any 8 oz. can you request, FREE! 

That's right, you can get a free can 

of TUN- O -BRITE or any competitive 
brand. So far, nobody has asked us 

for anything but TUN -O- BRITE, but 
we'll send you anything you want. 

CHEMTRONICS 
1260 RALPH AVE. 
BKLYN., N.Y. 11236 

FOR 
TPROFESSIONAL 

TV TECHNICIANS 

HEAVY DUTY TUNER 
SPRAY WITH BUILT IN 

POUSHING ACTION! 

SHeE Ott 

ONLY ONE 
FREE CAN TO A 

TECHNICIAN 

THIS OFFER 
EXPIRES 
MAY 15, 1971 
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C orrespondence' 

SWITCH TUBES 

The article in the January 1971 
issue, `Build A $40.00 TV X -Ray De- 
tector," specifies the 1B85 Geiger 
Tube currently costing more than 
$16.00. The CK1026 costs less than 
$5.00 and should work equally well in 
the circuits with no modification ex- 
cept possibly adjustment of high volt- 
age to the CK1026 to conform to its 
characteristics. My experience in- 
dicates that the CK1026 is quite as 
good as the 1B85, and it is certainly 
cheaper. Hope this tip helps your 
readers. 
LYMAN E. GREENLEE 
Anderson, Ind. 

CURRENT FLOW VERSUS 

ELECTRON FLOW 

I have received several letters in- 
dicating that readers of my series, 
"Solid State Amplifier Design," do not 
thoroughly understand conventional 
current flow. Here is an attempt to ex- 
plain the theories involved. 

The "controversy" between elec- 
tron flow and current flow is not 
really a controversy. Convention as- 
sumes electrons flow from a negative 
terminal on a battery to the positive 
terminal. At the same time, con- 
vention also assumed that current 
flows in the opposite direction. Cur- 
rent is defined as the ratio of change - 
in- charge to the change -in -time, or 
dq /dt. It refers to flow in either direc- 
tion. 

As to electron flow being the 
"real thing," or current flow being the 
"real thing," no one knows for cer- 
tain. All we have is the theory of the 
atom. The effects on other factors by 
the atom makes it seem likely that 
electrons and other particles do exist. 
The theory seems to work. Tomorrow 
we may decide something different, 
and disprove all our theories. Joos, in 
his book "Theoretical Physics," ex- 
presses similar thoughts in the in- 
troduction, as do countless other phi- 
losophers of physics. Who can prove 
beyond a shadow of a doubt that the 
electron does exist? Everything seems 
to point to this, but who really 
knows? 

I chose the conventional current 
(continued on page 22) 
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Important 
New 

SAMS 
Books 

TV Servicing Made Easy. 2nd Ed. 

by WAYNE LEMONS. Fully updated to cover 
the latest advances in TV circuitry, includ- 
ing the new transistor and integrated cir- 
cuits; also provides new data on tube -type 
sets, both black- and -white and color. In- 
cludes an entire new chapter on unusual 
color TV- circuits. Through the use of basic 
equipment and simple test procedures, this 
book shows how in- circuit checking helps 
diagnose and solve troubles quickly in tube - 
type or transistor -type TV receivers, either 
monochrome or color. 
Order 20811, only $5.25 

ABC's of Short -Wave Listening. 3rd Ed. 

by LEN BUCKWALTER. Completely updated 
to provide an introduction to the exciting 
world of short -wave listening, which in- 
cludes international broadcasts, amateur 
voice and code operations, police and emer- 
gency transmissions, commercial aircraft 
and marine communications, and, now, sig- 
nals from orbiting spacecraft. Describes the 
programs available; provides practical ad- 
vice on receivers and antennas; explains 
how to get the most out of short -wave 
listening. Order 20797, only $2.95 

Tube Substitution Handbook. 14th Ed. 

The most complete, up -to -date guide avail- 
able to DIRECT tube substitutions. Lists 
more than 12,000 direct substitutions in the 
following categories: American receiving 
tubes; picture tubes; miniature types; in- 
dustrial types; communications and special - 
purpose tubes; foreign tubes. Instructions 
accompanying each section tell how to make 
proper substitutions. Includes valuable 
cross- reference between sections showing 
additional substitutes. An indispensable ref- 
erence for everyone in electronics. 
Order 20829 only $1.75 

99 Electronic Projects 
by HERBERT FRIEDMAN. The projects pre- 
sented in this book provide both enjoyment 
and personal satisfaction for any electronics 
hobbyist. All of the circuits employ solid - 
state components of the hobby type, which 
are readily available at modest cost. The 
projects included are intended for practical 
use in the following fields: audio; automo- 
tive; home protection; CB, ham, and swl; 
musical instrumentation; and more. Each 
project offers practical application and a 
rewarding building experience. 
Order 20818, only $3.50 

Novel 
EXPERIMENTS 

with 
ELECTRICITY 

Outboard Motor Service Manuals. 5th Ed. 
Step -by -step repair and maintenance in- 
formation for specific models in the most 
popular U. S. and foreign makes. Covers 
everything from tune -ups to complete 
overhauls. Each volume includes a spe- 
cial section on design fundamentals and 
operating principles. Profusely illus- 
trated. 
Vol. 1. Motors under 30 H. P. 
Order 20791, only $5.95 
Vol. 2. Motors over 30 H. P. 
Order 20792, only $5.95 
2- Volume Set_ 
Order 20793, only $10.50 

Snowmobile Service Manual. 4th Ed. 

Completely updated to include virtually 
all 1969 and a number of 1970 models, 
as well as older machines in operation 
today. Covers specific models in 34 pop- 
ular makes. Provides detailed instruc- 
tions for tune -ups, and for every phase 
of repair and maintenance. Includes 
comprehensive section on snowmobile 
engine design and operating principles. 
Order 20825, only $5.95 

APRIL 1971 

Boolean Algebra 
by BRICE WARD. In order to read computer 
logic diagrams or to understand the func- 
tions of digital circuit systems, a knowledge 
of Boolean algebra is a major requirement. 
This book, using a programmed format, 
makes it possible to master Boolean algebra 
without requiring any mathematical back- 
ground beyond grade -school algebra. Each 
section ends with a test question which en- 
hances understanding. An ideal book for 
self- instruction in a booming field. 
Order 20817, only $5.50 

N A L 
INTERNATIO 
C00E TRAINING 

SYSTEM 

Novel Experiments With Electricity 
by JOHN POTTER SHIELDS. This book clearly 
explains the fundamentals of electricity and 
magnetism, and introduces the reader to 
their fascinating properties through a series 
of novel experiments. These range from a 
ground telephone and electric arc to a min- 
iature lightning generator and synchronous 
motor. The applications range from enter- 
tainment to security. Each experiment is 
easy to perform; parts costs are minimal. 
This is truly a rewarding book for the ex- 
perimenter. Order 20794, only $3.50 

International Code Training System 

i 

by INTERNATIONAL TEACHING SYSTEMS, INC. 
Unique text and records /or tape teach code 
faster, and with greater speed and accuracy, 
than any other method known. Special pro- 
grammed charts make it unnecessary to 
memorize code characters the old- fashioned 
way. Practical exercises help develop send- 
ing and receiving speed up to 22 wpm! 
With three 333,s rpm records. 
Order 20138, only $7.50 
With pre- recorded tape cassette. 
Order 20812, only $10.95 

- - - - - - - HOWARD W. SAMS & CO., INC. 
Order from your Electronic Parts Distributor, 
or mail to Howard W. Sams & Co., Inc., Dept. RE -041 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Send books checked at right. S enclosed (please in- 

L 20811 

20797 

L 20829 

20818 

L 20817 

C 20794 

1 

20138 

20812 

E 20791 

L7 20792 

20793 

20825 

elude sales tax where applicable). 
Send FREE 1971 Sams Book Catalog 

Name 

Address 

City State Zip 
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Your 

says áÌ ot aout you 
It tells you more than how much you make. It tells 
you how far you've come. And if your paycheck 
looks very much the same as it did last year, or the 
year before, it simply means that you look very 
much the same as you did last year and the year 
before. 

But times change, and you should be changing 
with them. Old dull jobs are disappearing. New ex- 
citing ones are being created. There are challen- 
ging new fields that need electronics technicians 
...new careers such as computers, automation, 
television, space electronics where the work is 
interesting and the earnings are greater. 

RCA Institutes has one of the nation's largest and 
most respected home study schools devoted to 
electronics. They can get you started even if you've 
had no previous training or experience. RCA Insti- 
tutes has developed a faster, easier way for you to 
gain the skills and the knowledge you need for a 
fascinating, rewarding electronics career. And you 
don't have to quit work and go back to school. 
With RCA Institutes Home Study Plan you can do 

APRIL 1971 

both. You set your own pace depending on your 
schedule. 
Check over these RCA benefits: 

You get Hands -On Training -over 300 experi- 
ments and as many as 25 kits with some pro- 
grams. 
You get RCA's unique " Autotext" method of 
learning - individual programmed instruction, 
the easy, taster, simplified way to learn! 
You get the widest choice of electronics 
courses and programs- everything from Elec- 
tronics Fundamentals right up to Solid State 
Technology and Communications Electronics. 
You get a selection of low -cost tuition plans! 

Sounds great, and it is! For complete information, 
without obligation, send in the attached postage 
paid card...or return the coupon below. That will 
say a lot about you. 
Veterans: Train under new GI Bill. Accredited Mem- 
ber National Home Study Council. Licensed by N.Y. 
State -courses of study and instructional facilities 
approved by the State Education Department. 

Th011 Institutes 
Home Study Dept. 758 -004 -1 

320 West 31st Street, New York, N. Y. 10001 

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

Name Age 
(please print) 

Address 

I 
City State Zip 

Veterans: Check here 

If reply card 
is detached - 
send this 
coupon today 
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CORRESPONDENCE 
(continued from page 16) 

flow for it is easier to think of this 
when discussing semiconductor cir- 
cuits, because the symbol of the device 
indicates the direction of current flow, 
not electron flow. Just try and follow 
intricate descriptions of semiconductor 
circuits using electron flow and you 
will see the confusion it will generate 
in your mind! 1 have tried reading an 
otherwise excellent text on semi- 
conductors, and found myself work- 
ing hard to follow the perfect logic, 
because of this. In my own Sam's 
book, "Practical Design with Transis- 
tors," I have used conventional cur- 

rent flow, and received only one mild 
objection from a reader, which seems 
to show that this method is easier to 
follow. 

To use electron flow rather than 
current flow. I suggest you simply re- 
verse the direction of the arrows. Use 
the convention easiest for you to con- 
ceive. 
MANNTE HOROWITZ 
Brooklyn, N. Y. 

CORRECTION 

The Service Editor of this mag- 
azine NEVER makes mistakes! How- 
ever, the gremlins got into Fig. 2 -a and 
2 -h of my article. "Replacement 

W.73 PE'FCI'.Or MOOEI. 1460 
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20 
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E 
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EXT / 
TRIG LEVEL 

STABILITY 

INTENSITY 

B &K 
Precision 

Model 1460 
Triggered 

Sweep Scope 
5389.95 

B & K Precision's new 1460 Triggered Sweep Scope... 
The one that's been worth waiting for. 

22 

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! 

zifiz 
Product of DYNASCAN CORPORATION 

1801 W. Belle Plaine / Chicago, Illinois 60613 

Circle IO on reader .service card 
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0.87V 

470 470 
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-12V 

TO OUTPUT 
TRANSISTOR 

Transistors," in the February 1971 
issue. The corrected version is shown 
above. In the original everything is 
right, but the transistor is drawn as an 
NPN. In the audio driver circuit. the 
transistor is drawn reversed, and the 
polarity of the applied voltage is also 
reversed! (If this circuit was hooked 
up with the emitter grounded, the po- 
larities as shown would be right This is 

only for "grounded- collector" types.) 
Sorry about that, folks. 
JACK DARR 
Mena, Ark. 

Jack, you are SO right! We goofed! 
Our apologies to you and especially to 
our readers. 

PANASONIC PARTS 

In your December 1970 "Service 
Clinic" column I noticed the problem 
of W. H. in Bethayres, Pennsylvania 
concerning a Panasonic 29KQ6 re- 
ceiving tube. 

Please tell your readers that we 
have a nationwide parts distributor 
program, where all Panasonic parts 
may be purchased. In the state of 
Pennsylvania our two distributors 
are: 

Steinberg Electronics 
2520 N. Broad St. 
Philadelphia, Pa. 19132 
215/ BA 3 -9400 

and 
Triangle Electronics 
6580 Frankstown Ave. 
Pittsburgh. Pa. 15206 
412/441 -9669 
In addition, anyone wishing to 

order a part can always contact our 
Central Parts Depot at the address be- 
I ow. 
JULIAN A. SMALKIN 
Matsushita Electric Corp., 
10 -16 -44th Drive, 
Long Island City, N.Y. 11101. R -E 
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THE SANSUI QS -1 

QUA DPHONIC SYNTHESIZER® 

SANSUI QS-I 

4- CHANNEL SOUND FROM ANY 2- CHANNEL SOURCE 
Senses and recovers the ambient information 

hidden in your stereo discs, tapes and broadcasts 
After having discovered that the ambient components of the original total sound 
field are already contained in hidden form, in conventional stereo records, tapes 
and broadcasts, Sansui engineers developed a method for sensing and za, input 
recovering them. These subtle shifts and modulations, if re- introduced, sansul 

Quadphonic 
breathtakingly recreate the total of the original sound as it existed in the R matrix 

recording or broadcast studio. 
The heart of the Sansui Quadphonic Synthesizer` is a combination of a unique "" "'t 

reproducing matrix and a phase modulator. The matrix analyzes the 2- channel 
information to obtain separate direct and indirect components, then redistributes Phase.moduiated signals 

these signals into a sound field consisting of four distinct sources. 
This type of phase modulation of the indirect components, applied to the additional 

speakers, adds another important element. It sets up a complex phase interference fringe in the 
listening room that duplicates the multiple indirect -wave effects of the original field. The result is 
parallel to what would be obtaind by using an infinite number of microphones in the studio (Ml through 
Mn in the accompanying illustration) and reproducing them through a corresponding number 
of channels and speakers. 

- L 

Phase modulation 

APRIL 1971 

F R 

R. L R R 

The startling, multidimensional effect goes beyond the four discrete sources used in conventional 
4- channel stereo, actually enhancing the sense of spatial distribution and dramatically expanding the 

dynamic range. Also, the effect is evident anywhere in the listening room, not just in a limited area 
at the center. And that is exactly the effect obtained with live music! This phenomenon is one 

of the true tests of the Quadphonic system. 

The Sansui Quadphonic Synthesizer QS -1 has been the talk of the recent high -fidelity shows at which 
it has been demonstrated throughout the country. You have to hear it yourself to believe it. And you 

can do that now at your Sansui dealer. Discover that you can hear four channels plus, today, 
with your present records and present stereo broadcasts. $199.95. 

SUJ1s-uL! 

*Patents Pending 

SANSUI ELECTRONICS CORP. 
Woodside, New York Gardena, California 

SANSUI ELECTRIC CO., LTD., Tokyo, Japan Frankfurt a M., West Germany 
Electronic Distributors (Canada), British Columbia 

Circle // on reader service card 
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Name 

Address 

City /State 

TONIGHT, YOUR 
PROPERTY COULD BE 

SOMEONE'S 

auqe 
PROTECC' IT WITH 

DELTALERT! 
Don't let unwanted visitors set their sights 

on your home or business. For total family and 
business safety get DeltAlert protection... 
before it's too late. 

Enjoy new peace of mind with a reliable 
DeltAlert detection and alarm system. DeltAlert 
detects motion in 150 to 300 sq. ft. of critical 
space with a silent ultrasonic blanket... 
turning on lights automatically to drive 
away prowlers. 

When the separate DeltaHorn is plugged in- 
to the DeltAlert unit. the intruder faces the 
additional obstacle of loud, ear- shattering 
noise. A built -in 20- second delay switch allows 
authorized persons to turn off the horn when 
entering the monitored area. The sturdy units, 
finished in handsome walnut veneer, are 
maintenance -free, economical and need no. 

installation. 
At home or work, proven economical se- 

curity begins with DeltAlert alarm and detec- 
tion protection. 

DELTALERT 
1031'x 3'."h x 3'.`d 
$69.95 ppd 

Made in U.S.A. 

DELTAHORN 
31i4"w x 3,4-h x 31/4"d 

$24.95 ppd 
Order your DeltAlert Security System today! 

Superior Products At Sensible Prices 

OP 70.25 

DELTA PRODUCTS, INC. : 
P O. Box 114- R E Grand Junction, Colo. 81501 

(3031242 -9000 
Please send me literature immediately: 
Enclosed is S _ . Ship ppd. .: Ship C 0.D. 
Please send - DeltAlenls) @ $69.95 ppd. 
Please send DeltaHorn(s) @ $24.95 ppd. 

lip eeesss 
Circle 12 on reader service card 
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EQUIPMENT REPORT 
Sencore SM -158 Speed Aligner 

For manufacturer's literature. circle No. 21 on Reader Service Card. 

THE SENCORE SM -158 SPEED ALIGNER 

sweep and marker generator lives up 
to its name. It is a compact, easy -to- 
connect instrument and you can make 
those very important "Post- Repair 
Alignment checkup" tests in a very 
short time. You'll be surprised how 
much improvement can be made in 
the picture. color, etc.. and how much 
happier your customers will be! 

For the spec's., the SM -I58 pro- 
vides swept signals on i.f., rf and color 
frequencies: the last on a special 
" Chroma" setting for that all- impor- 
tant color -handpass alignment test. 
This test can be made with the swept 
signal fed directly to the antenna ter- 
minals of the set. Saves the time 
needed to hunt up and connect to 
mixer test points. 

Post -marker injection is used. 
Only the swept signal passes through 
the stages under alignment. All mark- 
ers are added after the signal has been 
taken off at the set's video detector. 
So, there is no curve distortion due to 
the presence of marker frequencies. A 
maximum sweep of 15 MHz gives 
ample coverage for all circuits. rf or 
i.f. 

The markers are generated by 8 

crystal oscillators. These are on all of 
the key frequencies: pix carrier, sound 
carrier. the 3 color carriers, and those 
all- important, but too often over- 
looked ones, the 3 TRAP frequencies! 
The marker oscillators run on the 
i.f.'s: they will show up at the proper 
place on the curve. whether you're 
feeding the signal into the antenna or 
the i.f. The color markers will appear 
on the "color- slope" of the i.f. curve, 
during i.f. alignment. For the color - 
bandpass alignment, these are beat 
against a 45.75 -MHz pix carrier and 
actually become the color carrier. 3.58 
MHz, and the "hand -limit" carriers at 
3.08 and 4.08 MHz. This is done in 
the set's own video detector. so that 
the signal is actually processed exactly 
the same as a broadcast color signal. 

The standard vertical marker pips 
can he used. By pulling out on the 
MARKER HEIGHT switch, they can be 
flipped to horizontal markers. These 
are often easier to see on steep slopes. 
Marker height can he adjusted to any 
height needed, without distorting the 
response curve. 

For "speed alignment," only 3 

connections are needed: rf matching 
pad to the antenna: direct probe to the 
video detector: and whatever bias is 
needed. The TV tuner can he set to 
channels 3. 4. 10 or 13 1 this lets you 
check high -band and low -band re- 

sponse of the tuner). By pushing but- 
tons, the 45.75- and 42.17 -MHz 
markers are displayed: the 41.25 -MHz 
sound carrier can also be used. Set the 
fine -tuning until the 41.25 -MHz 
marker is exactly in the "sound - 
notch" of the curve. and the other 
two markers should then be at the 
sanie height on opposite sides of the 
curve. If they're about 50% of max- 
imum and the curve has a pretty good 
haystack shape, this set is in pretty 
good condition, at least as far as the 
tuner and i.f. are concerned. 

For quick- checking the color 
handpass, unhook the direct probe 
from the video detector and connect it 
to the output of the bandpass ampli- 
fier, using the detector connection. 
(Both in the same tiny box.) In- 
cidentally. a good place for this is of- 
ten on the COI.OR control of the set. 
Check the schematic to make sure. 
though. By turning the switch to the 
"CHROMA" position, the color band- 
pass output curve will be displayed, 
with the three vital markers: the os- 
cillator (3.58 MHz) and the hand 
limit markers. 

This test can give you key clues 
to the location of some previously 
very hard problems. If all markers are 
in their proper locations, you've elimi- 
nated the tuner and i.f. as possible 
causes of whatever picture -problems 
you have. In one actual case, while 
checking out the SM -I 58. we ran into 
a "picture good, but not good 
enough" symptom. (One of those 'Al- 
most right but not quite" kind of 
things that hug us so often!) 

Hooking the SM -158 up to the 
thing, we found the 45.75 -MHz pix 
carrier nestling coyly about 20 %% up 
from the baseline of the curve! A 
quick twiddle of the input i.f. trans- 
former on the tuner brought it up to 
its normal 50% height, and the pic- 
ture was perfect. 

In another, a "weak color" symp- 
tom was picked off with ease. by dis- 
covering a trap set to the wrong fre- 
quency, pulling the color markers too 
far down on the color -slope of the i.f. 
This reduced the amplitude of the 
color signals. Once again only a single 
adjustment, setting the trap to its 
proper frequency, brought the set 
hack to very good performance. 

To generate this "CHROMA" sig- 
nal, a 45.75 -MHz pix carrier is mixed 
with the three color markers in the 
set's own video detector. The overall 
shape of the bandpass output can be 
displayed, and any corrections needed 

(continued on page 28) 
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There is no substitute for training 
on real electronic equipment. 

NTS COLOR AND 
B &W T.V. SERVICING 
You receive a color TV with 
many unique features, in- 
cluding built -in self- servic- 
ing equipment so you can 
make all normal test opera- 
tions. You also build an AM- 
SW radio, solid -state radio, 
F.E.T. Volt- Ohmmeter, and 
electronic tube tester. You 
learn trouble- shooting, hi -fi, 
multiplex systems, stereo 
and color TV servicing. 

Solid - 
state 
B &W TV 
74 sq. in. 
picture 
(cabinet 
included) 

The B&W TV receiver fea- 
tures the latest in solid -state 
circuitry, making your TV 
training the most modern, 
most advanced available. 

Exclusive 
Compu -Trainer" 

NTS ELECTRONIC & 
COMPUTER 
TECHNOLOGY 
One of the 10 important kits 
included is this remarkable 
Compu -Trainer " -an NTS 
exclusive. It's a fully oper- 
ational computer logic train- 
er - loaded with integrated 
circuits. It introduces you 
quickly to the how, what, 
and why of computers. You 
also receive a F.E.T. Volt - 
Ohmmeter and a 5 " wide 
band oscilloscope. 

Mail 
coupon 
today for 
free, full - 
color 
catalog 
that de- 
tails every 
training 
program ®---- 
we offer. 
No obligation. No 
salesman will call. 

. NTS GUIDE 

ELECTRONICS 

5 watt AM 
transmitter 
receiver 

irfk 

NTS ELECTRONICS 
COMMUNICATIONS 
AND F.C.C. 
Two exciting courses in the 
big -paying fields of trans- 
mitting and receiving. Either 
one qualifies you for your 
FCC First Class Radio -Tele- 
phone License. NTS assures 
you will pass this FCC exam 
within 6 months after suc- 
cessfully completing your 
course - or your tuition is 
refunded. You receive 14 
kits to build an amateur 
phone 6 meter VHF trans- 
ceiver plus NTS' exclusive 
6 transistor solid -state radio 
and a fully transistorized 
volt- ohmmeter. 

It's just as easy to train on the type 
of equipment technicians actually use 
and service. 

And it's a lot more practical. Take TV 
Servicing, for instance. 

You'll have it all over the man whose 
only experience has been on a TV re- 
ceiver designed strictly for training 
purposes. 

NTS Project- Method courses in Elec- 
tronics combine the latest, professional 
equipment with easy -to -grasp lessons, 
texts and manuals. You build your equip- 
ment a stage at a time, and then use 
the equipment on projects that duplicate 
actual servicing problems. 

It's like getting on- the -job experience 
at home. 

Here's just some of the equipment 
you get to keep, and what you will learn. 
You'll get all the details when you re- 
ceive the NTS full -color catalog. 

5 ", 
Oscilloscope 

.4 
ri i 

4 
s 

3 

NTS INDUSTRIAL & 
AUTOMATION 
ELECTRONICS 
Let NTS put you into the age 
of electronic controls. Sys- 
tems automation is rapidly 
becoming the emphasis of 
modern industry. NTS train- 
ing equipment includes a 5" 
wide band oscilloscope. You 
also get the new exclusive 
NTS Electro -Lab -a com- 
plete workshop. Build five 
industrial controls to regu- 
late motor speed tempera- 
tures, pressure, liquid level 
and much more. 

Please rush Free Color Catalog and Sample Lesson, plus information 
on course checked below. No obligation. No salesman will call. 

National Technical Schools 
4000 S. Figueroa St., Los Angeles, Calif. 90037 

CLASSROOM TRAINING AT LOS ANGELES 
You can take classroom training at Los Angeles in sunny 
Southern California. NTS occupies a city block with over a 
million dollars in facilities devoted exclusively to technical 
training. Check box in coupon. 

APPROVED FOR VETERANS 
Accredited Member: National Association of Trade 
â Technical Schools; National Home Study Council. 

NATIONAL TECHNICAL SCHOOLS 
World -wide training since 1905 

4000 S. Figueroa St., Los Angeles, Calif. 90037 

l Master Course in Color TV Servicing 
Color TV Servicing (For advanced 
Technicians) 
Master Course in B &W TV & Radio 
Servicing 
Master Course in Electronics 
Communications 

LI 

fl 

II 
C 

Practical Radio Servicing 
FCC License Course 
Master Course in Electronics 
Technology 
Industrial and Automation Electronics 
Computer Electronics 
Basic Electronics Dept. 206 -041 

Name Age 

Address 

City ___ _ - State Zip 
Check if interested in Veteran Training L Check if interested only in Classroom 
under new G.I. Bill. Training at Los Angeles. 
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If you design (or use) 
transistorized 
audio amplifiers 

...check these 
Triad Transformers 

Developed specifically for Delco Radio, 
Triad's driver and power transformers 
help make maximum use of a minimum 
number of high- performance circuit 
components in 50- and 100 -watt tran- 
sistorized audio power amplifiers. 

They're readily available now from 
your local Triad distributor... to speed 
your prototype work, to save shopping 
around for custom -made units, and to 
cut costs of special sampling. 

The TY -160X driver, ideal for both 
50- and 100 -watt amplifiers, is a split - 
primary design with silicon steel core. 
It is constructed with an air gap between 
the E and I member for optimum signal 
linearity. Ratings are 50 mA DC primary 
current and primary inductance of 4 hz 
at 10 mA DC. 

An economical unit for 100 -watt 
amplifier use, the Triad R -82B power 
transformer also has a laminated silicon 
steel core. A companion power trans- 
former is also available for 50 -watt 
design use. 

See your distributor today... or send 
for more information on these and other 
Triad transformers designed to meet 
your specifications. Write: Triad Distrib- 
utor Division, 305 N. Briant Street, Hunt- 
ington, Indiana, 

Triad Distribulor Division 

of Ilion Industries ® rAlAo 
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HOME APPLIANCE 
ELECTRONICS 

1 

by JACK DARR 
SERVICE EDITOR 

THE "SPEED 

A FRIEND AND I WERE LOOKING AT THE 
diagrams of some new appliances. 
Friend looks at something and says 
"SCR? Speed Control Resistor ?" 

I said, "No, but you're about as 
close as you could get and still be 
wrong. That's what it does, all right; but 
its real name is Silicon Controlled Recti- 
fier. 

"That sounds a little silly." says 
Friend. "You mean the rectifier is con- 
trolled by silicon ?" And that's when the 
argument started. Since we're going to 
see quite a lot of these things in modern 
appliances, used for speed control, light 
dimmers, and even for switching, it'd be 
a good idea to try and work up a plain - 
language explanation of how they work. 

Let's begin with a plain old silicon 
diode -yep. a rectifier. If we feed an ac 
voltage into it. we get half -wave rectifi- 
cation -one half -cycle of the ac voltage 

ANODE CATHODE 

OFF i \v/ DIODE \OFF/ 

IN OUT 

Fig. 1 

is clipped off, as in Fig. 1. Since the 
power in an ac waveform includes both 
positive and negative half -cycles, the 
output would have only half of the in- 
put power. 

If we wanted less than that, we 
could use a special type of diode; the 
SCR. The basic SCR is a single diode and 
works just like any other; brit -this one 
has a bruit -iii switch. It is called a 
"gate ". and for good reason. When the 
gate is closed, the SCR will not conduct 
at all -in either direction. Fig. 2 shows 
what would happen if we "opened the 
gate " -connected a voltage to it so the 
SCR conducts at all times. This is called 
"turn -on ". 

IN ANODE CATHODE OUT 

-7 
r 

GATE : 
SCR, "ON" 

Fig. 2 

So, a turned -on SCR works just like 
all diodes. Full -wave in, half -wave out. 
( Yes. I know it's dc!) If we want to use 
the gate as a power -output control, we 
add a trigger circuit, so that the gate 

CONTROL RESISTOR ?" 

turns the SCR on at a given point during 
the positive half- cycle. Fig. 3 shows 
what we'd have if this was at the posi- 
tive peak. There would be no current - 
flow at all until the point where the SCR 
turns on. and from there on the rest of 

IN + 

\ / 

I- v + SCR - 
TURNED 
ON HERE 

Fig. 3 

the cycle would be of normal shape. In 
a circuit like this, we'd get about 1/4 of 
the total input power, since we've al- 
ready clipped off a whole half -cycle. 

This is fine (and is actually used in 
certain circuits such as battery chargers) 
but it's not too handy for such uses as 
speed control of electrical appliances 
with motors. So, we use a special SCR 
which is actually double; two SCR's con- 
nected in reverse parallel to form a 
Triac. Fig. 4 shows the symbol for this, 

INPUT OUTPUT WITH 
TRIAC TURNED 

/ \ ANODE 2 
ANODE 1 FULL ON 

GATE 

Fig. 4 
and you can see the two diodes, one 
looking each way. This Triac also has a 
gate. which controls both diodes. Each 
one can be gated on when the applied 
polarity of the voltage is correct. In Fig. 
4, the lower half of the Triac would 
conduct during the positive half- cycle, 
and the lower half during the negative 
half -cycle. (All diodes conduct when the 
anode is positive with respect to the 
cathode.) Fig. 4 shows what we'd have if 
the Triac were gated on at all times; the 
output is the same as the input. 

To make this practical, we simply 
add a trigger circuit, which will vary the 
point where the Triac is gated on. So if 
we set the control to get half- speed, our 
output waveform would look something 
like Fig. 5. We're getting half of each 
input half -cycle in the output, and thus 
half the power. 

(This is not precisely correct, but 
it's close enough tt show how the thing 
works. Actually, since power depends on 
voltage squared divided by current, the 

(continued on page 89) 
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2 FREE 
GIFTS FROM RCA 

FREE FREE 

BuyAny of These RCA Test Instruments 
and get in on the bonus free gift offer. 

w 

11*, 

W0.505A 

O-33A 

Just send in your warranty card on any of these RCA test 
instruments purchased between February 25 and May 8. With 
each instrument purchased, you get free a leather tool holder 
and another gift of your own choosing from the 37 handsome 
offerings described in the RCA gift catalog. The catalog will be 

sent to you without charge when your warranty card is received. 
This offer is good in the U.S.A. only. See your RCA distributor 
for more information and an advance look at the catalog gifts. 
Do it now, because the offer expires on May 8. 

RCA I Electronic Components I Harrison, N.J. 07029. 
Circle 14 on reader service card 

APRIL 1971 

RC,' 
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HOTTER 

THAN EVER! 
New Mark Ten B CD 

System With Exclusive 
VARI SPARK 

Circuitry. 

i 

Delta, the world's oldest and largest manu- 
facturer of Capacitive Discharge Ignition 
Systems, brings you the most dynamic im- 
provement in ignition since the advent of the 
Kettering System. 

By combining the new Vari Spark circuitry 
with the now famous Mark Ten system, Delta 
has formulated a new solid state ignition that 
drastically reduces combustion contaminants 
and restores power lost by the use of smog 
control devices. This completely sealed sys- 
tem, with handy switch for instant conversion, 
requires no rewiring - installs quickly. The 
Mark Ten B actually pays for itself in dollars 
saved. 
Look At These Features: 

Eliminates 3 out of 4 tune -ups! 
Improves combustion, reducing 
contaminants. 
Installs in only 10 minutes. 
Instant starts in all weather. 
Dramatic increase in performance. 
Handy switch with redundant contacts for 
instant return to standard ignition. 
Two -piece housing with neoprene seals 
affording dust and moisture protection. 
Applicable to ANY 12 -volt, negative - 
ground engine. 

$ 
C 995 Mark Ten B Only Jppd. 

(12V neg only) 

Standard Mark Ten $4495 
"Delta Products, One Of America's 

Finest Names In Electronics" 

r^ Order To day! DP 70 -271 

DFl1A\ DELTA PRODUCTS, INC 
P.O. Box 1147 RE / Grand Junction, Colo. 81501 

(303) 242 -9000 

Please send me literature Immediately: 

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

Please send: 

-Mark Ten B@ $59.95 

-Standard Mark Ten (Assembled) @ $44.95 

-6 Volt: Neg. Ground Only - Positive Ground 

_12 Volt: Specify _Negative Ground 

Standard Mark Ten (Deltakit ") @ $29.95 
(12 Volt Positive Or Negative Ground Only) 
Car Year _Make. 
Name 
Address 

LCityy /State J 
Circle 12 on reader service card 
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EQUIPMENT REPORT 

(continued front page 24) 

can be made easily. (I.f. adjustments 
should ALWAYS be made first, of 
course. since this haystack curve is a 

composite of the i.f. color -slope re- 
sponse and the complementary slope 
of the color takeoff coil!) Color band - 
limit markers can be set to the speci- 
fied positions, thus getting rid of those 
"color smear" and phase shift prob- 
lems which can cause so much grief. 

For sets specifying link alignment 
of the first i.f., such as RCA and oth- 
ers, the 39G26 Link -Loading and de- 
tector probe is used. This includes a 
voltage -quadrupler type detector, to 
give ample response with the very low 
level signals found here. Incidentally, 
all statements made previously will ap- 
ply to tube or transistor. or hybrid 
sets. The same methods and con- 
nections are used. 

The Sencore Sales and Engineer- 
ing staff are working very hard to help 
technicians with alignment problems. 
They are holding "Alignment Work- 
shops" at many places in the country, 
sponsored by local distributors. These 

are limited to interested technicians, 
who want to perfect their techniques 
of finding and fixing alignment prob- 
lems. The SM -158 is used, with actual 
i.f. boards from Admiral, Zenith and 
other color TV sets; actual i.f.'s from 
commercial chassis. 

They have written up and 
worked out a very comprehensive 
"Workbook" showing each step in an 
actual alignment procedure. Each 
technician attending these meetings 
uses this, and then keeps it for future 
reference. 

The SM -158 is all solid- state. No 
warmup is required; it's ready to go as 
soon as you turn it on. A MosFET rf 
amplifier is used as an rf attenuator, 
and a FET constant current regulator 
avoids drift or variations in the output. 

It's a very compact instrument. 
taking up very little room on the 
bench. Markers are pushbutton, color 
coded for fast identification. Controls 
have been kept to a minimum, and 
conveniently located. All probes, inter- 
connecting cables. etc., are provided; 
all you need is a scope and a bias -box, 
and you're in business. R -E 

EQUIPMENT REPORT 
RCA WR -514A Sweep Chanalyst 

For manufacturer's literature, circle No. 22 on Reader Service Card. 

THE RCA WR -514A SWEEP CHANALYST 
is the "son" of a distinguished father. 
Some of us old timers' will remember 
the original RCA "Rider Chanalyst," 
the prototype of all of the signal -trac- 
ing instruments so popular at that 
time. Like father, like son; this one 
will do a great many things, and do 
them very well. So many things, in 
fact, that this short report will be able 
to give each one only a brief mention. 

This is one of the new breed of 
sweep generators. Using the same re- 
liable circuitry as its predecessor the 
WR -54, it also includes the post - 
marker adder, and a "Chroma Carrier 
Sweep" for setting up that most diffi- 
cult of tuned stages, the chroma hand - 
pass and takeoff coil. This one pretty 
little blue box thus holds three in- 
struments; a WR -54 sweep generator, 
a WR -99 Marker generator, and a 
WR -70 Marker- Adder! (Not that it 
has the continuously- variable tuning 
nor wide range of the WR -99. but it 
does have all of the markers you'll 
need to do a fast and accurate job of 
sweep alignment on any make or 
model of color TV.) 

Seven crystal- controlled markers 
are provided, any or all of which can 
be switched on simultaneously, to 
mark the vital areas of the response 

curve; 41.25, 41.67, 42.17, and 42.67 - 
MHz (these four are the "color - 
slope" markers so important in- getting 
good color) 45.75 and 47.25 MHz. A 
separate 4.5 -MHz marker crystal is 
also included; you'll see why soon. 

The selector switch provides for 
rf sweep input on all 12 vhf channels. 
With this, the turner can be checked on 
all channels, alone. A marker can be 
fed into the EXTERNAL MARKER jack 
for the picture carrier; by flipping the 
4.5 -MHz marker on, a beat will be 
generated exactly on the sound carrier 
frequency on all channels. This tuner 
output signal is read at the i.f. input; 
so, you get a positive check on rf, 
mixer and oscillator stages. 

After the tuner is checked out, 
the i.f. curve can be displayed, by 
feeding the sweep signal to the mixer 
input. This will work on either tube or 
solid -state sets, or hybrids. The signal 
output is taken from the video detec- 
tor, and fed through the post- marker 
adder circuit. By doing this, only the 
"pure" sweep signal passes through 
the i.f.'s. The markers are added after 
the signal has been detected, by a 
sampling circuit in the adder. So, the 
marker frequencies cannot cause un- 
desirable beats on the curve, and 

(continued on page 91) 
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Why do you always use RCA SK Replacement 
Devices? 

Will I need a large inventory? 

What's another reason? 

Are you saying RCA is the only source for relia- 
ble solid -state replacements? 

Seriously, is the SK Replacement Guide that great? 

Because SK's are specifically designed and engi- 
neered for replacement use in home- entertain- 
ment equipment. RCA doesn't make SK types 
unless they're needed in the field and serve the 
professional. 

Not at all. Only 67 types cover a broad range of 
replacements in TV, hi -fi, and other entertain- 
ment equipment. It's the shortest line of prod- 
uct with the broadest range of replacement ap- 
plications. That's just one of the reasons I like it. 

Quality - it's assured! SK's are tested with the 
finest dynamic testing equipment, operated by 
the same personnel who test other RCA power, 
signal, and IC devices. They're even tested again 
at the factory warehouse before shipment. 

No. But SK's are top quality, and the SK Re- 

placement Guide is a truly reliable source for 
cross -reference information. RCA only cross ref- 
erences types where there is engineering assur- 

ance that the SK will do the job as well as, or 
better than, the original. 

Better! It includes technical information on the 
line, plus a "Quick Selection Chart" which is 

unique in the industry. Now I can choose the 
proper SK replacement for almost every type 
made. 

I'm soldi How can I go wrong with RCA SK's? You can't. No one cant 
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most 
wanted 

ngcrs \2vv 
Fec Iher- Light 
ScUd-SbrQ 
Sober Gun 
/16760 

More pros are going after Ungar... and no wonder. It makes the others obsolete. 
The most advanced gun available for accurate, damage -free soldering of today's 
sophisticated circuitry. 

Less than five ounces light ... you get pinpoint accuracy without hand fatigue 
because advanced circuitry replaces the usual heavy transformer. 

For safe, sure operation the gun is grounded with a 3 wire NEMA plug and 
cord. Now sensitive I.C.'s and densely packed components can be soldered 
with no stray currents or static damage. 

You also get extra versatility - two heat ranges (500° and 900°F approx.) 
and your choice of three different thread -on tips that won't give or bend, day -in/ 
day -out. And the tip locks to the exact job angle you need. 

Exclusive bonuses? ... Virtually shatterproof case, Ungar's guarantee of 
excellence, separately replaceable parts and it's U.L. listed. 

Capture the finest solder gun yet and cash in on the rewards. It's at your 
nearest Ungar distributor now. Prove for yourself that in the age of solid -state 
Ungar really outguns the heavyweights. A Division of Eldon Industries, Inc. CUngar. 

('irrlr l5 nn reader .cervie(' earl] 
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WHAT'S NEW IN CAR ELECTRONICS 

by FRED W. HOLDER 
SINE 1952 WHEN GENERAL. MOTORS GUIDE LAMP DIVISION 

introduced the vacuum tube headlamp dimmer, electronics 
has played an increasingly important role in the automo- 
bile. Its use has skyrocketed as the size and cost of elec- 
tronic components came down. Today's political issues of 
pollution and safety will further increase the electronic so- 
phistication of our autos during the 70's, say the experts. 

Want to know where we are today? Read this encyclo- 
pedia of automotive electronics and find out! All the items 
listed are available as factory -installed equipment. Al' items 
are not available on any one car, however, but do present 
an accurate listing of what the ear manufacturer is doing. 

Alternator 
The alternator, itself, is not an electronic item. It does, 

however, use high -current, small -size, solid -state diodes 
from the electronic industry to rectify its alternating cur- 
rent output. Also, Motorola claims exclusive use of silicon 
diodes in place of the electro- mechanical isolation relay 
used with most alternator systems. Their isolation diode 

assembly provides a solid -state device to illuminate the 
"telltale" warning light. An added benefit was the use of 
less current to excite the magnetic field of the alternator 
during starting operations. 

Antenna 
The auto radio antenna has long been a problem. 

When fully extended, it may drag on the garage overhead 
and it is often bent or broken off. These problems were 
eliminated in 1969, at least on the Pontiac Grand Prix, 
when the radio antenna was encased in the windshield. 
Their antenna is always extended full length for maximum 
radio reception and it can't be bent or broken off. 

Backlite defroster 
The backlite (rear window) defroster, an option on sev- 

eral Ford models, melts snow and ice to help keep the rear 
window frost -free. The heating unit is a silver -filled. ce- 
ramic, high -resistance, printed circuit. It is silk- screened 
onto the inside of the backlite. The switch for the unit is 
integrated with the heater controls on the instrument panel 

On the corer 
Fuel injection 

Electronic Fuel Injection (EFI) 
was first introduced in the United 
States on the 1968 Volkswagen fast- 
back and square -back models. The VW 
system was developed by Robert Bosch 
of Germany under Bendix patents. 
Although it's used widely on VW, 
Volvo. Saab, Citroen, Mercedes Benz, 
and Porsche, EFI has not yet been 
adopted by any of the U.S. auto mak- 
ers. Experts, however, predict it will 
conic into use within the next few years 
to meet emission control requirements. 
Several suppliers are working to de- 
velop EFI systems for American cars; 
Bendix claims theirs is ready to use. 

EFI uses a computer, or control 
unit, to monitor engine operating con- 
ditions and determine the exact amount 
of fuel the engine needs at any given 
time. The primary controlling factors 
are manifold pressure and engine 
speed. The computer also monitors 
engine temperature. throttle position, 
and the starting circuit and modifies 
the information gathered on speed and 
manifold pressure. It generates an 
electronic pulse to open the injectors 
and spray a specific amount of raw fuel 
ahead of the intake valve. Developed 
as an emission control device, the 
system gave the added benefits of in- 
creased perfo mance and economy. 
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and incorporates a reminder light to indicate when the unit 
is "on." 

Brakes 
Electronic, anti -skid braking systems were first used as 

an optional item on the 1969 Thunderbird and Continental 
Mark III. The Sure -Track system, used by Ford Motor 
Company. was developed by Kelsey- Hayes. It's now stan- 
dard equipment on the Mark III. Of course, other suppliers 
have anti -skid systems or are working to develop them. 
Bendix has adaptive braking for heavy -duty trucks and on 
one line of automobiles. Borg -Warner has a system for 
trucks and tractor trailers. 

A skilled driver may simulate the action of anti -skid 
brakes by rapidly pumping the brake pedal during panic 
stops. He simply can't duplicate the high -speed action of 
the electronic control circuits used in these systems. The 
Ford system monitors the speed of the rear wheels and 
keeps the wheel brakes applied at the most effective torque 
without allowing the brakes to lock. The car stops straight 

ADJUNCT TO BRAKING IS ANTI -SPIN ACCELERATION unit 
made by AC Spark Plug for Cadillac. Electronic assembly shown 
here monitors and compares rotational speed of front and rear 
wheels. When rear wheels start to turn faster than front wheels, 
the computer reduces engine speed to optimize torque at the rear 
wheels. 

without skidding. This was, by the way, the goal of the 
system. An added benefit was shorter stops. 

The Ford system has sensors at each rear wheel to 
provide electronic speed signals to a small electronic com- 
puter. The computer compares the signals to a pre- 
determined program and determines the optimum braking 
cycle. It, in turn, signals the vacuum -powered brake actua- 
tor to regulate the pressure of brake fluid at the rear 
wheels. During panic stops, the pressure is cycled on and 
off rapidly, up to five times a second: pretty fast for a 
beginner. 

Burglar alarm 
One of the best ways to reduce the chances of having 

your car stolen, especially if you own an expensive or high - 
performance car, is to make sure you get a burglar alarm. 
Most of these devices are set up to trigger a siren under 
the hood if any of the doors, trunk or hood are opened; and 
to sound an alarm if someone tries to start the car. 

Delayed headlamp turn off 
A new headlamp turn -off time delay was introduced 

as an option item for 1970 General Motors cars. The new 
electronic device was developed by Guide Lamp Division 
of General Motors. It keeps the headlights on for approxi- 
mately 90 seconds after headlamp and ignition switches are 
turned off. 

Distributor modulator 
In 1970 Ford introduced a new electronic distributor 

modulator to help control engine hydrocarbon emissions. 
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The modulator electronically prevents spark advance at 
speeds below 23 mph on acceleration and below 18 mph 
on deceleration. A temperature- sensitive, thermal switch 
deactivates the unit when outside temperatures drop below 
58° F; the distributor then operates under normal vacuum 
advance control. The distributor modulator system is corn - 
posed of four parts: (1) a speed sensor, (2) an electronic 
control amplifier, (3) a thermal switch, and (4) a three - 
way valve. 

The control amplifier and solenoid assembly are 
mounted inside the passenger compartment on the dash 
panel. The speed sensor connects to the speedometer cable. 
The thermal switch is mounted near the front door hinge 
pillar on the outside of the cowl. The three -way valve, of 
course, connects into the distributor vacuum line. 

Environment control 
Environment control through the use of heater and 

air conditioner have been with us for many years. Some of 
the newer systems available on the larger cars are a bit more 
sophisticated, however. In these systems, electronic controls 

FOUR -SEASON CLIMATE CONTROL is directed by electronic 
sensors. Thermistors read internal temperatures and direct 
switching and blending of heater and air- conditioner outputs. 

monitor the temperature inside the car and control the heater 
and air conditioner to maintain the desired temperature. One 
system, manufactured by Bendix, cools and then reheats 
outside air (above 40 degrees) to the proper temperature 
before it enters the car. The blower speed is automatically 
adjusted in five steps to meet cooling or heating needs. The 
duct doors are automatically shifted to direct cooling air 
into the car through the upper registers and warming air on- 
to the floor through the heater outlets. When maximum cool- 
ing is needed, the outside vents are shut off and the air inside 
the car is recirculated. 

Guide -Matic 
The Guide -Matic is an automatic headlamp beam se- 

lector, dimming lights automatically at the approach of 
another car and then returning them to bright when the 
traffic has passed. Developed by the Guide Lamp Division 
of General Motors, it is available as an option on a num- 
ber of cars; Guide -Matic is sold to all auto makers and is 
available on top lines of the Big Three. The device was first 
used on 1952 Oldsmobiles and Cadillacs. At that time, it 
was called Autronic -Eye. The name has since been changed 
to Guide -Matic with the introduction of an improved, 
smaller design on 1960 model GM cars. In 1967, an im- 
proved solid -state design was introduced. The design has 
remained basically the same since that time. Usually, the 
sensor is on the hood; however, on some models it is lo- 
cated in the grill. 

Headlamp on -off device 
The Twilight Sentinel was first introduced as an op- 

tion for 1960 Buick models; it has since become available 
on several other cars. Developed and manufactured by 
Guide Lamp Division of General Motors, the device elec- 
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tronically turns on the lights at dusk and off at dawn. It 
has an adjustable feature to keep lights on for up to about 
three minutes at night if the ignition is turned off first. A 
back -up lamp option is available with the time delay cir- 
cuits. 

In the Twilight Sentinel, a photocell senses the light 
level and, at a preset level of light, turns on a transistor 
energizing a relay. This relay energizes a power relay; thus, 
supplying power to the headlights and taillights. When the 
headlight switch is turned off, after the ignition switch, 
current is supplied from the taillight circuit to the elec- 
tronics so that the headlights stay on. A second transistor, 
which is normally biased off by a charged capacitor, will 
come into action and shut down the circuit when the ca- 
pacitor has discharged. By adjusting the time constant of 
the RC network in the base circuit of this second transis- 
tor, the amount of time delay can be set to meet the needs 
of the individual owner. 

A construction article that details how you can build 
your own version of this device appears on page 46 of this 
issue. 

Ignition 
Transistorized ignition first became available as an op- 

tion on the 1963 Ford models. A breakerless, transistorized 
ignition system was available on the 1964 GM models. In 
both of these systems, current was supplied through power 
transistors to the primary winding of the ignition coil. A 
signal from the distributor turns the transistors off, allow- 
ing the field of the coil to collapse. The result is a high 
voltage induced in the secondary winding of the coil to 
drive the spark plug. 

General Motors later introduced their capacitance-dis - 
charge (C -D) ignition system as a factory option on the 
1967 Pontiac and Oldsmobile. This system, manufactured 
by Delco -Remy, discharges a high voltage (300 volts) 
charge stored in a capacitor through the primary winding 
of the ignition coil and a triggered thyristor. The thyristor 
is triggered by a magnetic velocity pickup in the dis- 
tributor. This system has significant advantages over the 
transistorized systems in that it produces higher peak volt- 
ages of shorter time duration and does not distort the 
waveform as speed increases. 

Ignition key alert 
That's the buzzer that sounds when you open the car 

door and have forgotten to remove the ignition key. A 
simple pressure switch and buzzer do the work, but it sure 
makes it difficult to leave your keys in the car. 

Intermittent windshield wipers 
The Ford intermittent windshield wipers permit a 

driver to adjust the wiper cycle to provide an electronically 
timed pause between each cycle. The length of the pause 
may be adjusted from two to ten seconds as needed to meet 
the car's speed, the traffic conditions, and the amount of 
precipitation. During acceleration, the time delay is by- 
passed to provide continuous high -speed wiper operation. 
Regular two -speed operation may also be selected by the 
driver. 

Low fuel alarm 
A blinking light and buzzer set off when the fuel in 

your tank drops below the one- or two -gallon mark. Leaves 
you enough time to get to the next station. If you want to 
build one of these units for your existing car see the article 
starting on page 44. 

Radio 
Today's AM /FM /multiplex, solid -state radio is a 

far cry from the old vacuum tube AM radio first in- 
troduced in the automobile. Delco, Bendix and Motorola 
supply large quantities of these ultra -modern solid -state 
radios to auto -makers all over the world. 

Rpm limiter 
To protect their high performance Boss 302 4V en- 

gine during momentary "over rev" when a shift point is 
missed during rapid acceleration, Ford introduced a solid - 
state counting circuit that acts as an engine governor. 

Sequential turn signals 
Sequential turn signals were originally electro- mechan- 

ical with an electric motor, gear train, and switching cir- 
cuit. Subsequently, they were constructed from discrete, 
solid -state components and switching was accomplished 

THESE ELECTRONIC DEVICES are avail- 
able in cars made by the Ford Motor Corn - 
pany. Not all of these units shown are 
available on any one car, but represent the 
total electronics for cars that is available. 
One of these days, perhaps all this gear 
plus automatic guidance and anti -collision 
devices will be available in all models of 
all cars. 

SEQUENTIAL TURN TRANSISTORIZED 
SIGNALS CLOCK 

DISTRIBUTOR 
MODULATOR 

TACHOMETER AM /FM /MPX RADIO 
& STEREO TAPE 

SPEED 

CONTROL 

HEATED 
BACKLITE 

TIMER 
AUTOMATIC 
HEADLAMP 
DIMMER 

INTERMITTENT 
WINDSHIELD 
WIPER 

DIODE 
WIRING 

LOGIC 
" 

AUTOMATIC 
TEMPERATURE 

CONTROL 

SURE -TRACK 
BRAKES 

RPM LIMITER 
HIGH PERFORMANCE 

ENGINES 

INTEGRATED CIRCUIT 
VOLTAGE REGULATOR 

ALTERNATOR 
RECTIFIER 
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electronically. They are currently used on the Cougar and 
Thunderbird of the Ford line. 

Speed control 
Automatic speed control systems have been available 

as electrovacuum systems for several years. In 1969, Ford 
offered an electronic automatic speed control system on the 
Ford and Mercury automobiles. This system, developed by 
the Bendix Automotive Electronics Division, uses a sim- 
plified computer to monitor and control the speed of the 
vehicle. The computer receives operator commands from 
the steering wheel controls and the brake switch, speed 
data from a tiny sensor connected to the speedometer 
cable, and throttle position data from a potentiometer con- 
nected to the throttle linkage. 

When the desired speed is reached, the driver pushes a 
button and the computer takes over. The system will then 
maintain that speed until the brake pedal is pressed or the 
driver turns the system off. The driver may also command 
the system to accelerate or decelerate without applying his 
foot to the accelerator pedal or to the brake. A safety 
feature built into the system causes it to release control of 
the accelerator pedal if the speed difference between that 
ordered and the actual vehicle speed becomes too great; a 
condition occurring during braking. 

Tachometer 
Electronic tachometers have been available for several 

years; they are generally furnished as an optional item. 
Two general types of triggering are used: ignition and al- 
ternator. The alternator type tachometer is primarily used 
for diesel and industrial applications, whereas the ignition 
type is used for passenger cars and gasoline vehicles. Vari- 
ous types of circuits may be used, but in most cases, the 
electrical pulse, used to trigger the device, is converted to a 
standard width pulse and used to drive an ammeter. The 
reading on the tachometer is then the average current flow- 
ing through the ammeter and, therefore, a measure of the 
engine speed. 

Tape stereo 
According to a Billboard Report, July 19, 1969, Ford 

introduced the cartridge Stereo -8 tape system on their 
1965 models. When Ford and Motorola teamed their ef- 
forts, they turned Ford's major 1966 models into stereo- 
phonic sound chambers. This "touched off one of the most 

STEREO TAPE is an option on General Motors and other cars. 
In the dash mounting combines a radio and tape player in the 
same space originally filled by the radio alone. 

exciting things to happen in the (stereo) business in a 
decade," according to Irving Tarr, RCA Victor's vice presi- 
dent of recording tape marketing. These systems are now 
offered on most, if not all, American -built car lines. They 
are all solid -state and, in some cases, contain integrated 
circuits. This year, cassette players with a record function 
became available and 4- channel cartridge units are coming. 

Throttle positioner 
Ford introduced a solenoid throttle positioner in their 
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1970 product line. This device, supplied as a part of the 
carburetor assembly, provides for more powertrain appli- 
cations. It decreases the idle rpm setting to prevent "diesel- 
ing" on shutdown. It increases the idle rpm setting, when 
the ignition is on, to reduce hydrocarbon emissions. 

Voltage regulators 
The first electronic voltage regulator was used on 

American Motors cars in 1963. This was a transistorized 
model manufactured by Motorola. The main advantage of 
the solid -state regulator over previous regulators is their 
nonmechanical switching of the alternator's field current 
supply. Actually, the transistorized regulator is nothing 
more than an electronically -controlled, solid -state switch. 

One of the first applications of microcircuits to the 
automobile was integration of the voltage regulator and the 
alternator. The integrated circuit (IC) voltage regulator 
offers many advantages over previous discrete component 
regulators. For example, they have an operational life of 
well over 100,000 miles, they simplify the car's electrical 
system wiring, they reduce system complexity, and they are 
impervious to all normal environmental hazards. The IC 
regulators are encased in thermosetting material with the 
rear surface left bare to contact the alternator case. The 
alternator case acts as a heat sink. 

X- amples of the future 
The systems we've cited here are only the beginning. 

For example, Ford is currently testing Automatic Headway 
Control (AHC) and Minigap systems. AHC directs an in- 
visible beam at the car ahead. Tail lights of the car ahead 

DIAGNOSTIC CONSOLE feeds car performance characteristics 
into a computer at this Cadillac center in Brooklyn, N. Y. The 
computer compares operation with preset specifications and 
prints out a complete report. New BMW cars rolling off the line 
include built -in transducers connected to a jack positioned under 
the hood. Drive into a diagnostic center, plug in the tester and 
minutes later you find out how well your car is performing. 

reflect the beam back to the receiver. A computer "reads" 
the signal and adjusts brakes and accelerator automatically 
to maintain a safe, pre -set following distance. Minigap, on 
the other hand, electronically links a number of cars into a 
highway caravan led by a specially built leader vehicle. 
Computers in the cars will take over control of brakes, 
accelerator, and steering. The motorist is freed from the 
driving task while he is "hooked up." What's more, these 
fast -moving caravans will be able to mix in the traffic flow 
with other vehicles. 

These systems are still a few years into the future. Not 
so far away, however, are electronically controlled auto- 
matic transmissions, which Robert Bosch has in the works, 
and central computers to control and monitor your car's 
performance. So, get out your tool box and stand by to 
cash in on the automotive electronic boom! R -E 
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PROGRAMMED 

by LARRY ALLEN 

STEREO CASSETTES 

the mechanical side 
Just read each easily digested frame of information. Then 
test your grasp of it by answering a multiple- choice ques- 
tion. If you choose correctly, you're guided automatically 

to the next program capsule. If you miss, don't worry: 
programed extra information helps you to the correct 
answer. 

o 

With millions of cassettes around, there's inevitably 
thousands to be repaired. At least half -probably more - 
of those repair jobs will be mechanical. If you expect to 
share in the profits without a lot of aggravation, better 
bone up on what goes on inside the little machines. 

There aren't many operations, even in a player/ 
recorder. There are fewer in a play -only unit. If an 
AM /FM radio is part of it, there's a tiny bit of extra 
switching. But that's electronic, not mechanical. 

You may already be familiar with the cassette car- 
tridge. You can see it in Fig. 1. A z/s -inch tape run 
between two reels inside the plastic case. The reel hubs 
have sprocket teeth so the reels can be driven without 
slippage. 

At the front, three large square openings give access 
to the tape. The opening in the middle is where the 
record /playback head presses against the tape. There's a 
small felt pressure pad behind the tape. 

The other two large square holes swap functions 
when the cartridge is flipped over. The one at the left 
gives access to the erase head in machines that record; the 
other accepts the pressure roller that holds the tape 
against the drive capstan. 

Notice the four small round holes near the front 
edge (top view). The two center ones are positioning 
guides. The capstan shaft fits up through whichever of the 
outer holes is behind the opening into which the pressure 
roller fits. That places the capstan shaft behind the tape, 
so it can be pinched between capstan and pressure roller. 
Flip the cartridge over and the other outer hole takes the 
capstan, and the other square opening accepts the pres- 
sure roller. 

a b 

FIG. 1- TYPICAL BLANK CASSETTE. Guide holes near 
front hold it in position in the machine. 

Question: If the tape in Fig. 1 -b is moving from left to 
right as you're looking at it, into which square hole 
does the erase head fit? 

The left. Check your answer in Frame 11. 
The right. Frame 20 tells if you're correct. 
The center. Find out for sure in Frame 26. 

eNot so. There's plenty of information to help you get the 
right answer to this question. Just reread Frame 21. 
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Yes, that's what moves the cartridge -lift mechanism. The 
button pushes the slide backward and a lever lifts up one 
end of the arm. That shoves the front edge of the car- 
tridge upward and you lift it out of the well. Proceed 
now to Frame 28. 

Another nonsense answer. You might push down the PLAY 
button with your left index finger, but the finger doesn't 
transmit the motion of the PLAY button to the head - 
assembly plate. Reread Frame 28. 

Negative. Wrong answer. The below -deck drive belt gets 
involved, but not in changing the direction of rotation. 
Go back to Frame 14 and try again. 

Next I'll explain the drive system. The motor is dc, 
and power is applied through a switch the PLAY button 
turns on. (In some play -only machines, the motor is 
turned on by a Microswitch that is closed by the cartridge 
snapping into position.) 

Beneath the deck, a rubber drive belt fits around a 
pulley on the motor shaft. The motor pulley is at the left 
in photo a of Fig. 5. The drive belt goes around a large, 
heavy flywheel (at the right). 

Beside where the pencil is pointing in photo a, the 
drive belt also passes over a white plastic pulley wheel. 
When the PLAY button is pressed, this idler tightens the 
drive belt. It also has another purpose, explained later. 

The heavy flywheel has a shaft poking through the 
deck to the top. That's the capstan. You can see it and 
the pressure roller in photo (b) of Fig. 5. The head - 
assembly plate is back in the STOP position. The pressure 
roller is mounted on the plate, so it's away from the cap- 
stan shaft. 

Remember, the capstan fits up through a hole in the 
cartridge (explained in Frame 1). So, if there were a tape 
in photo b here, it would fit between the capstan and 
the pressure roller. When the PLAY button is pushed 
down, the head -assembly plate moves the pressure roller 
out against the capstan, as in photo c. With the motor 
running, a tape would be pulled along. 

One finger in photo c is pointing to a shaft that 
comes from that white idler pulley in photo a. When 
the head -assembly plate moves forward, a notch at its 
corner moves that idler pulley. Its shaft, extending above - 
deck, is pushed over against the rubber rim of the takeup 
spindle. As it turns, it keeps the tape that's pulled by the 
capstan /pressure -roller wound up on the takeup reel. 

When the STOP button is punched, the tape should 

37 

www.americanradiohistory.com

www.americanradiohistory.com


O 

c d 
FIG. 5 -DRIVE SYSTEM on one cassette machine. (a) 
MOTOR PULLEY, idler, and flywheel are connected by 
drive belt. (b) CAPSTAN IS FLYWHEEL SHAFT, and 
pressure roller is on head -assembly plate. (c) HEAD AS- 
SEMBLY pulls pressure roller against capstan and takeup - 
drive shaft against takeup spindle. (d) BRAKES are spring - 
loaded. 

stop instantly. To do that, a spring -loaded brake bar is 
allowed to come over against the rubber rims of both the 
takeup and the rewind spindle. The brake bar, with its 
brake shoes at the ends, is shown in photo d of Fig. 5. 

Question: What does the white idler pulley in photo a of 
Fig. 5 do besides tighten the drive belt? 

Tightens the capstan pressure for tape movement. Co 
to Frame 23 to check your answer. 

Keeps the rewind spindle away from the pressure 
roller during playback. Check Frame 16 to see if this 
is right. 

Drives the takeup reel during recording and playback. 
Read Frame 14 before you go on. 

Not a chance. You must have missed at least one whole 
Oparagraph of Frame 17. It would be a good idea to go 
back and read the entire frame. 

Partly. That would be a mixed -up cassette. You'd be able 
Oto record on one side and not on the other. That's prob- 
ably not what you want, so go back and read Frame 24 

Iand learn what's right. 

Sure. Just slip the rear edge back against the tension 
spring and then snap the front edge down tightly. That 
was easy. wasn't it? 

Getting the cassette back out could be a fingernail - 
breaker. But almost every machine includes a cassette 

FIG. 3- LIFTER BAR FLIPS UP front edge of cassette, 
actuated by button on control panel of machine. 
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flipout button. On some it's a little round plunger -type 
button. On others, particularly the kind that records as 
well as plays, it's just another in the array of buttons on 
the control panel of the machine. 

How one version works is illustrated in Fig. 3. The 
left hand in the picture has one finger on the "cassette 
up" button: it's at the end of the row. 

The button moves a metal slide located along the 
side of the machine. The right hand is pointing it out. 
The slide works a lever that raises the black plastic lifter 
bar being held up by the left thumb. The lifter bar pushes 
up the front edge of the cassette so you can get hold to 
lift it out. In some machines. the lifter bar is so active it 
literally flips the cassette clear out of the well. 

Question: How is the motion of the "cassette eject" but- 
ton transferred to the lifter tab? 

By the thumb of the right hand. See Frame 22. 
By a metal slide. Look at Frame 3. 
By a rubber drive belt. Check Frame 15. 

That's 100 percent correct. A blank cartridge has the 
holes still covered, to disable the anti- record lockout. A 

oprerecorded cartridge has holes; the lever falls into one of 
them and keeps the RECORD slide blocked. And, guess what 

you've just finished this mini -course. R -E 

o 

'that s right. You're off to a good start. The tape must 
pass over the erase head before it reaches the 
record /playback head in the center position. Also. the 
pressure roller and capstan must pull, not push, the tape. 
Therefore they have to be in the right -hand hole if the 
tape is moving from the left to right. 

Since the tape moves from left to right. the left -hand 
reel inside the cassette is considered the supply reel and 
the right -hand reel is considered the takeup reel. Once 
you flip the cassette over to play (or record) the other 
side or track. the reels have exchanged positions. The tape, 
again, unwinds from the left reel and is taken up by the right. 

Okay, with that in mind, move on to Frame 21. 

Wrong. There are no plastic drive wheels involved with 
the head -assembly plate. You'd best read the paragraphs 
of Frame 28 again. 

That's right. You're moving along well now. Keep going 
and you'll be able to handle any kind of cassette repair 
that comes along. The next frame to read is Frame 24. 

You got that right. You understand the drive operation of 
cassette machines. Now for the fast -speed drives. They're 
pretty simple. 

The flywheel in this machine has a rubber drive rim. 
It spins the white drive pulley you see beside the pencil in 
photo a of Fig. 6. The pulley drives the belt (held up 
by the pencil ) which turns a fast -speed 1/rive spindle. 
That spindle, as you can see if you look closely in photo 
a, is on a movable lever arm. 

Now take a look at photo b. There are two wheels 
in the space between the takeup and rewind spindles. The 
metal one (to the left) is on the same shaft as the fast - 
speed drive spindle you saw below -decks in photo a. 

When the FAST FORWARD button is held down, this 
above -deck fast -speed drive wheel is pulled over against 
the rubber rim of the takeup spindle (photo c). If the 
motor is on, the wheel drives the takeup spindle at high 
speed. The tape is pulled through very rapidly and wound 
up on the takeup reel in the cassette. (The brakes are 
moved back by the same action of the FAST FORWARD 
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button. The head -assembly stays in its STOP position.) 

c d 

FIG. 6-FAST -SPEED DRIVE SYSTEM. (a) RUNS OFF OF 
FLYWHEEL, by friction, and drives a wheel through a 
belt, (b) METAL WHEEL is on same shaft as belt- driven 
wheel in A. (c) DRIVE WHEEL against takeup spindle. 
(d) REVERSING WHEEL against rewind spindle. 

When the REWIND button is held down, the fast - 
speed drive wheel is pulled over against a fast -speed idler 
(photo d). That, in turn, is pressed against the supply 
spindle rim. The idler changes the direction of rotation. 
The tape is pulled through backward, very rapidly, and 
wound up on the supply reel in the cartridge. (Again, the 
brakes are pulled back, but the heads stay in their resting 
position.) 

Question: How is motion of the fast -speed drive wheel 
reversed for driving the rewind spindle? 

By an extra idler between the fast -drive wheel and the 
rewind spindle. Skip to Frame 17. 

By a drive belt below -deck. Turn to Frame 5. 
By a drive belt above -deck. Move to Frame 27. 

Nope. There's nothing even remotely resembling a drive 
belt operating the cartridge liftout device. All you really 

® have to do is closely inspect the photo in Frame 9 and 
you can see the coupling mechanism. Do that, and if you 
have to. reread the explanation. 

That's awfully wrong, and kinda mixed up as well. If you 
picked this answer out of anything but curiosity, start 
over reading Frame 6. The answer is somewhere in that 

1 frame. 

Yes. The fast -speed drive wheel is pushed against a rever- 
sing idler wheel which presses against the supply spindle. 
To get fast forward, the fast -speed drive wheel itself is 
pushed against the takeup spindle. 

You may be wondering about the pushbuttons that 
get all these different mechanical operations going. 
You've got glimpses of the buttons in other photos. The 
mechanism by which they transmit their motion when 
you push them is pictured in Fig. 7. 

The buttons push metal slides that move back and 
operate the mechanisms. In photo a, the pencil is point- 
ing to the PLAY slide. It moves back only when the PLAY 

button is pushed. To the right of it, you can see the 
RECORD slide. It and the PLAY slide go back together for 
recording. You can also see the holder on the RECORD 
slide which moves the Record /Play function switch; it's 
about halfway back along the slide (the switch handle fits 
into the holder). 

In photo b, the pencil is pointing to the REWIND 
slide. To the left of it is the FAST FORWARD slide. The little 
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a h 
FIG. 7 -THESE SLIDES CONVERT PUSHBUTTON motion 
into mechanical changes that produce each operation. 

tab to the right is the STOP release; when the sroi button 
is punched, the tab releases all the slides. 

Question: How are the amplifier, heads, etc., switched 
from playback to record? 

By a switch mounted on the side of the machine and 
operated by a drive belt. Read Frame 7. 

By a switch mounted on the circuit board, the handle 
of which is moved by a holder on the RECORD slide. 
Check Frame 13. 

By a slide that runs from the RECORD button to the 
PLAY button. Proceed to Frame 25. 

No, that's not the one. Take another look at the pictures 
and read the text of Frame 24. It's important for you to 
know what to expect from which cartridge. 

7 hat's right. You're reading carefully, and getting the ex- 
planations. Hurry right along backward to Frame 6 for 
some more. 

INo. Too bad . . . missing the first question. But you can 
figure it out if you stop to think about whether the tape 
must be erased before or after it passes over the record- 
ing head. That's a clue that should let you go back and 
pick the right answer in Frame 1. 

You'd probably figure it out, but I'll show you how 
the cassette fits into a machine. If it's not inserted right, 
the machine won't play (or record). The photos in Fig. 2 
show how and where and why. 

The back edge of the cassette goes into the machine 
first. It has to push against a spring at the rear of the 
cassette -well. You can see the spring in photo b. It holds 

a 

FIG. 2- CASSETTE FITS INTO WELL back -edge- first, 
pushing against tension spring that holds it firmly forward 
after the front is pushed down. 

the cassette forward firmly against the guide pins. The 
spring also keeps the cassette firm when the heads are 
brought forward against the tape. 

To insert the cassette, just put the back edge down 
into the well and slide it back toward the spring. Then, 
when the front edge clears, push it downward until the 
reel sprockets are engaged by the rewind and takeup spin- 
dles of the machine. The positioning pins guide the cas- 
sette into the right position. It snaps into place. 
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I Question: Which part of the cassette goes into the cassette - 
well first? e The front edge. Go back to Frame 2. 

The right end. Move along to Frame 29. I The rear edge. Read Frame 9. 

I 

i 

Are you sure you read the question right? If so, better go 
back and read the whole of Frame 9 again. That answer 
is nowhere close to right. In fact, it's nonsense. 

INo, it doesn't. The capstan, which is an extension of the 
shaft of the flywheel, is fixed in position. Its position can't a) be changed. It only rotates, with the pressure roller 
against it. That white idler has some other purpose. And 
you can find it if you read Frame 6 again. 

Prerecorded tapes are too expensive to take a chance 
on erasing. Cassettes have a built -in lockout that prevents 
this happening. Photo a in Fig. 8 shows this feature. 

The bottom cartridge is a prerecorded cassette. No- 
tice the square holes along the rear edge. These are lock- 
out holes (sometimes called "anti- record notches "). The 
blank cartridge on top has plastic over these holes. 

Photo b shows what these holes are for. When a 
blank cassette is in position, the little lever is pushed 
back. With the hole open, as it is on prerecorded cas- 
settes, nothing pushes the lever back; it fits into the open 
hole and the lockout mechanism stays down. 

Photo c shows the whole lockout lever. When it 
fits into the hole at the back of a cassette, the lower part 
of the lever goes down and blocks the RECORD slide. The 
RECORD button cannot be pushed in. So, you can't acci- 
dentally record on a prerecorded tape. 

a 

C 

The covered -over back of a blank cassette pushes 
the lever back, unblocking the RECORD slide. Once you've 
recorded on a blank, and want to keep it. you can knock 
out the hole coverings; then it'll block the RECORD slide 
just like any prerecorded tape. Or, if you decide you want 
to erase or record on a cartridge that has the holes open, 
just put plastic tape over the holes. 

In a few machines. RECORD lockout is done with a 
switch interlock. Pushing in a blank cartridge, with the 
holes covered or still intact, opens a switch that prevents 
power being applied to the unit. 

h 

FIG. 8 -HOLES 
ON BACK OF 
CASSETTE pre- 
vent recording on 
already - recorded 
tape. Blank cas- 
sette pushes lever 
out of way and 
permits record- 
i ng. 

Question: Which kind of cassette can you record on? 
One with the holes still covered. See Frame 18. 
One with one hole out and one in. Go to Frame 8. 
One with the holes knocked out. Look at France 10. 
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®You didn't guess right. The answer is plainly stated in 
Frame 17. You should go back and read it. 

That's not right at all. Better go back and read Frame 1 
again. The answer isn't there in black and white, but 

1 

plenty of information is there to keep you from making 
this mistake on your next answer. 

I No. There's no above -deck drive belt for any purpose. e Both drive belts are below -deck, and neither one does the 
rotation -reversing for the rewind operation. Have another 
look at Frame 14 and pick the right answer. 

The tape heads are mounted on an assembly plate. 
They're kept back out of the way while the STOP button 
is down. Otherwse, the cassette couldn't be pushed down 
into place. 

The photos in Fig. 4 show the tape heads and the 
assembly plate, with the machine cover removed for clear 
viewing. The (a) photo is taken with the STOP button 
depressed. The plate is in its resting position. 

When the PLAY button is pushed down, a mechanical 
slide linkage moves the whole plate about !4 inch for- 
ward. Photo (b) shows the plate in this position. The 
heads are now up where they would push against the tape 
in a cassette, 

a 

FIG. 4 -ERASE AND RECORD /PLAYBACK HEADS are 
mounted on movable plate that slides them back out of the 
way when machine is stopped. 

The PLAY button is always pressed ahnig with the 
RECORD button for recording. So, the heads move into their 
same position. The slide that operates the head -assembly 
plate is spring -loaded, so it pulls the assembly back when 
the STOP button releases it. 

If you look closely, you can see details of the tape 
heads, too. The erase head is nearest you. The metal tab 
on one side is a guide which keeps the tape at the right 
height on the head. That's important. because you don't 
want the head to erase the other track while you're 
recording on or erasing one. 

The record /playback head is beyond the erase head 
in the photos, over near the pressure roller and capstan. 
It, too, has a tape guide. but you can hardly see it. 

Question: How is the motion of the PLAY button trans- 
ferred to the head -assembly plate, to move it for- 
ward? 

13y a metal slide linkage. Read on in Frame 19. 
By a plastic drive wheel. Study Frame 12. 

r] By the index finger of the left hand. See Frame 4. 

That's a bad guess. You really must go back and read 
Frame 21 again. There's plenty of information there to 
give you the right answer. 
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Stereo 
On 

Wheels 

i 
Cassettes and cartridges 

vie for a place in the 

family car 

by EUGENE WALTERS 

THERE WAS ONCE A TIME WHEN HIGHWAY MUSIC LISTEN - 

ing was limited to a few fade -prone and static -filled AM 
stations on the family chariot's radio. Often, this was suf- 
ficient, and it still is for a large part of the motoring pub- 
lic. But Americans are not only highly mobile, they're also 
conspicuous consumers. and various methods of letting 
them play their favorite music while on the go have been 
tried over the years. 

Remember the mini 45 -rpm record player that 
mounted under the dash? And its many copies? Or the 
record player with a slot -just slip the record in and hope 
that you didn't get too many greasy paw prints on its pre- 
cious grooves? Then a few hardy private individuals moved 
the tape recorder into the car with varying degrees of suc- 
cess. There were some who brought along a quality stereo 
rig that gulped amperes- running from an inverter power 
supply -and sometimes had to buy a station wagon just to 
hold all that gear. And there were smaller, battery portable 
machines of questionable fidelity that were small enough to 
repose on the front seat. 

Then along came "Madman" Earl Muntz with a new 
idea -a 4 -track continuous -loop tape cartridge player that 
mounted handily on the bottom of the dashboard. The idea 
caught on quickly -in Muntz's native California -where 
fads come and go with the changing phases of the moon. 
But this one held on and spread quietly to the East Coast, 
where it soon joined in combat with another upstart car- 
tridge called 8- track. The 8 -track format appealed to De- 
troit, and some manufacturers started to offer this Lear -Jet 
type player as standard equipment. The rest is recent his- 
tory. The cartridge has caught on well, if not spectacularly, 
fighting for its place in the scheme of music listening while 
still another upstart -the compact cassette does battle for 
first place in the hearts of the motoring public. 

The cassette has had to fight an uphill battle against 
the already well entrenched cartridge's "traditional" mar- 
ket. Two major selling points have been working well for 
the cassette: its compact size and the ease of recording on 
cassettes. This latter factor may be losing some of its im- 
portance now, since machines for recording stereo car- 
tridges are no longer as scarce as they once were. At last 
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count, at least 15 manufacturers were offering cartridge 
record /playback machines for home use. That's still rather 
slim pickings, since about 90% of all cassette equipment 
sold today has recording capability. 

A year ago. it was generally felt that the cartridge was 
beginning to lose ground to the cassette. The trend has 
reversed itself. at least temporarily. Cartridge sales have 
been hypoed by the introduction of quadrasonic playback 
machines for both home and auto. RCA and Motorola 
introduced the concept last year (see RADIO -ELECTRONICS, 
October 1970, pp. 33 -35). Since this cartridge was the first 
viable four -channel consumer product to hit the market, 
the 8 -track cartridge suddenly had a new lease on life. 

There's no comparable quadrasonic format established 
for cassettes so far -mainly because Philips insists on one 
particular format that many manufacturers are finding 
hard to swallow. The Philips format would continue the 
cassette's compatibility to the nth degree- making the new 
four -channel releases completely compatible with all other 
cassette machines. Signal -to -noise ratio with the very nar- 
row track widths needed for this format can only he imag- 
ined at this point. 

Cartridge advocates will point out that the 8 -track 
cartridge, with its 3' ips speed has inherently better fre- 
quency response and signal -to -noise ratio than cassettes. 
That may have been true at one time, but cassettes have 
emerged this year as a superb high -fidelity music source, 
when played on appropriate equipment. This has been 
made possible by new tape formulations. particularly chro- 
mium dioxide and the equally new super- high- density ferric 
oxide coatings. The introduction of the Dolby noise reduc- 
tion system has also been a big help, along with better (and 
more expensive) engineering in the playback equipment. 
Top -notch sound from a cassette is still an expensive living - 
room -only proposition, but it's happening right now. 

In the meantime, some automotive manufacturers 
aren't all that sure about the cassette yet. 

Some of the living- room's conveniences are beginning 
to creep into the highway music end of the business. The 
Qatron cartridge changer is now being offered for car in- 
stallation. The changer's carousel holds 12 cartridges and is 
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8 -TRACK CARTRIDGE ster- 
eo player has eject feature. 
It's a model CX -830 by Pana- 
sonic. 

CAR STEREO CASSETTE 
with built -in FM stereo re- 
ceiver is model CQ -909 by 
Panasonic. 

SWITCH -O -MAT IC 
lets user play car radio 
througr tape system. 
Switches automatical- 
ly. Model 30 -3160 by 
GC Electronics. 

COMPATIBLE CAR- 
TRIDGE deck handles 
4- channel and 2 -chan- 
nel stereo tapes. It's 
Toyo Qadio model 
CS-721. 

CARTRIDGE TUNERS 
plug into cartridge 
tape players and con- 
vert them into FM or 
AM /FM radios. GC's 
30 -3075 shown. 

INTERIOR VIEW OF 4- CHANNEL TAPE PLAYER. It plays 
cartridge tapes and can handle both the new 4- channel tapes and 
the conventional S -track tapes. Made by Toyo, it is one of the 
first of this new breed of car tape players. 
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a bit bulky for under -the -dash mounting, so the changer 
goes into the trunk with a control head on the dashboard. 
This not only gets the bulky unit out of the way, it helps 
theftproof it as well. 

We can't help but wonder about environmental effects 
on the changer mechanism, especially in cold weather. 
Tape recorders carried in the trunk in sub -zero weather 
often have to be warmed up at room temperature for 30 
minutes or so before they'll operate properly. 

Most car cassette stereo machines fall into two cate- 
gories -those that play back only, and those that also have 
a mono record function. Some refinements are beginning 
to appear on these machines, such as the automatic revers- 
ing player from Bell & Howell. Extra features like this 
generally mean a higher selling price. It can also mean a 
headache for the service technician who has to contend 
with such an extensive variety of different mechanisms with 
all kinds of variations on the basic design. 

There are numerous accessories for both cartridge and 
cassette units. Probably the best known such item is the 
plug -in cartridge tuner that instantly converts the tape 
player to an FM radio. These tuners vary in design, and 
often are recommended only for use with a specific tape 
unit. Some of these tuners obtain their power from special 
power contacts in the tape machine that they mate with. 
Some of the "universal" types contain a 9 -volt transistor 
radio battery and pass their signal to the tape system by 
magnetic induction with the playback head. All of these 
tuners require an external antenna and there are a couple 
of ways of attaching it. 

One method, which is used with the specific mating 
units, calls for a splice in the car's existing antenna, with a 
tapoff running to a jack on the back of the cartridge ma- 
chine. So if you see a tape player with an antenna jack on 
it, don't be too surprised. Another method, generally used 
with the "universal" type of cartridge tuner, requires that 
the antenna lead be brought out front where it can be 
plugged into the tuner cartridge itself each time it's in- 
stalled in the tape slot. This can be a bit inconvenient since 
in its simplest form, this would require replugging into the 
existing car radio when you're all through. Two new tuners 
get around this very nicely by including an antenna "Y" 
connector in the package. Sold by GC Electronics in the 
Audiotex "Auto Stereo" line, the look -alike tuners are an 
AM /FM unit and an FM stereo tuner. The "Y" con- 
nector's a grand idea, and leaves the existing radio per- 
manently connected to the car's antenna. 

Maintenance accessories are easier to come by today 
than they were a couple of years ago. A head degausser for 
cartridge machines that plugs into the car's cigarette lighter 
is fairly common now, but virtually all of these are pack- 
aged in a cylindrical wand. Since you can't see the head 
you're demagnetizing, some groping and hoping is needed. 
We'd like to see someone package that head degausser in a 
cartridge shape; that way, the head would be located in- 
stantly, and the pole pieces would always be kept the 
proper distance from the head, avoiding any possible dam- 
age. 

Head cleaning is really touch and go. It's impossible 
to see the heads, so conventional cotton swabs and alcohol 
are out. There are two possibilities: pressurized aerosol 
cleaner such as GC's "Blastoff," which directs its energy 
through a thin plastic tube (like tuner cleaner spray does), 
and head -cleaning cartridges that contain specially treated 
cleaning tape. While the latter method is far easier to use, 
remember that cleaning tapes need periodic replacement, 
since they get filled up with all that oxide gunk. 

Too many car stereo tape owners neglect these simple 
maintenance procedures; service calls for "poor frequency 
response" or "excessive hiss" may be simply due to such 
lack of everyday (at least every week) care. The average 
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car stereo buff may have never owned a tape recorder be- 
fore, so may be unaware of the need for these procedures. 
Whether you're selling a unit or servicing one, you've got 
another job to do- educating the customer. 

The four -channel cartridge player may not be a major 
force in the automotive market right now, but the car is 
certainly the ideal listening room for "surround sound." 
There are only a few firms making quadrasonic 8 -track 
cartridge players for the car right now -Motorola, Auto- 
matic Radio and Toyo -but others will be getting into the 
act soon. If the quadrasonic player is a replacement for an 
existing player, the installation might just be a piece of 
cake -especially if there are already four speakers in the 
car. The rear pair simply needs a bit of rewiring at the 
playback unit. 

The cassette has been undergoing immense improve- 
ments in the past couple of years, but these changes won't 
be heard in car stereos for some time to come. The im- 
provements have been in frequency response and back- 
ground noise level -both relatively unimportant in- 
gredients when listening on the highway, since road noise 
tends to mask the most objectionable characteristics. It's 
unlikely that any car cassette players will have built -in 
Dolby noise reduction circuits in the near future, but that 
won't prevent anyone from listening to pre- stretched (Dol- 
byized) cassettes in the car; all that's needed is to back off 
on the treble control a little. 

The march of gadgets never ends. Newest in elec- 
tronic accessories is a solid -state circuit that hides neatly 
behind the dashboard. Called "Switch -O- Matic," the device 
lets the highway listener play his conventional, mono car 
radio through the stereo tape player's speakers, presumably 
for superior sound reproduction. The device matches im- 
pedances properly and provides its own driving power for 
the speakers while connecting them automatically to the 
radio's output. When the radio is turned off, the speakers 
are automatically switched back to the tape unit. It's made 
by GC Electronics. 

Auto stereo burglaries continue to be the most vexing 
single problem in such installations. Many would -be high- 
way listeners are turned off by the very probable loss of 
this equipment soon after its installation. The in -dash units 
installed in Detroit are less susceptible to loss, but the ma- 
jority of car tape units are still being purchased after the 
car leaves the showroom. 

Not so new, but very important, is the family of anti- 
theft devices. There are various types of lockable mounts 
for stereo tape units and CB rigs. None of them will foil a 
really determined thief, but in most cases, such burglars 
will pass up a protected unit in favor of one that's easier to 
remove. These boys have to work fast, and anti -theft 
mounts slow them down. Besides the lockable brackets, 
there are various types of burglar alarms -some that pro- 
tect the car as a whole, while others protect that very 
tempting hunk of electronic gear hanging from the dash- 
board. Some alarms ring bells; some make sirens wail; 
some blow the horn. We'd like to see one that would zap 
the thief with a death ray, or at least douse him with some 
indelible dye marker. R -E 

CASSETTES NOW USE TAPE FORMATS BELOW. At far left 
is track arrangement for monaural cassette. Center diagram 
shows stereo (2 channel) arrangement. At the far right is the 
4- channel setup proposed by Norelco. 

MONOPHONIC 
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TAPE FORMAT 

4- CHANNEL 
HEAD 

CONFIGURATION 

m LEFT FRONT 
REAR CO LEFT 
FRONT CO RIGHT 

CO RIGHT REAR 

PROGRAM I 

3 4 
5 

I 
2 

5 
4 

7 e 
6 

3 

PROGRAM 2 

FOUR CHANNEL TRACK ASSIGNMENTS 

HEAD 
SECTION I83 
USED FOR 
PROGRAMS I82 

HEAD 
SECTION 284 
USED FOR 
PROGRAMS 384 

PROGRAM I PROGRAM 2 
HEAD POS.! 

TRACK 
HEAD POS.2 

PROGRAM 3 
HEAD POS. I 

7 

2 

PROGRAM 4 
HEAD POS. 2 

TWO CHANNEL TRACK ASSIGNMENTS 

CARTRIDGE TAPE FORMATS. At the top of this page is the 
basic arrangement of tracks on a cartridge tape. Below that we 
show the arrangement of a 4- channel stereo cartridge tape. 
Directly above you can see how the conventional stereo cartridge 
format is set up. Note that the 4- channel and 2- channel arrange- 
ments are compatible. 

SIDE 

SIDE 

TRACK CHANNEL 

8 LEFT FRONT 

3.66 

0.144 

d 

c 

0.10 MM 
0.000 

0000 1N. 

t 

7 LEFT REAR 
II (B) 

6 RIGHT REAR 

RIGHT FRONT 

(A) 

4 RIGHT FRONT 

RIGHT REAR 

c 2 LEFT REAR 

f LEFT FRONT 

ENLARGED VIEW OF 4- CHANNEL CASSETTE TAPE FORMAT. 
Critics of this system say that track width is too small to deliver 
a good signal -to -noise ratio and that tape hiss may be a severe 
problem. 

STEREOPHONIC QUADROPHONIC 
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R3' 

2 SAFETY AID 
PROJECTS 
for your CAR 

FULL HALF 

J 

by R. M. MARSTON 

QUARTER 

o 

ALARM 

LOW FUEL ALARM 

1. Low -fuel -level alarm 

THIS DEVICE IS ACTIVATED BY THE 
car's fuel -level gauge, and triggers a 
small warning light when fuel level 
falls below a preset value. 

Alternatively, the unit can be 
made to operate a panel light if the 
engine's water temperature exceeds a 

preset value, if the vehicle has an elec- 
trically operated water- temperature 
gauge. 

The device is, in fact, a voltage - 
operated electronic switch which turns 

E C B 

DI 

2N3702 
CONNECTIONS 

2N2926 
CONNECTIONS 

INPUT 
(FROM 
FUEL 
GAGE) 

R1 

15K 

27K: 

02 
2N2926 

)01 
2N2926 

CI 
50/15V 

R2 
1.2K 

Add this 3- transistor circuit to your car and 
you'll always know when you're running low on fuel 

on whenever its input voltage falls be- 
low a preset value. 

How it works 
The negative -ground version of 

the unit is in Fig. 1. The circuit is 
simple. It is made up of a voltage -sen- 
sing differential amplifier (Q1 and 
Q2) and a regenerative switch (Q2 
and Q3). 

In the differential section Q1 and 
Q2 are wired as emitter followers, but 

C2 
50/15V 

®03 
R4 
25K R6 

3.3K 

:R5 
6851 

+12V (VIA 
IGNITION 
SWITCH) 

2N3702 

LMI 
(OR RELAY) 

C3 = 
16/15V T 

FIG. 1- CIRCUIT OF THE LOW- FUEL -LEVEL ALARM. Three transistors form the active 
portion of this simple device. A printed- circuit board makes it easy to assemble. The first 
time it works for you it pays for itself many times over. 
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share a common -emitter resistor, R2. 
An external voltage (derived from the 
car's fuel or water- temperature gauge) 
is applied to Ql's base via Dl and Rl, 
and the base voltage of Q2 is deter- 
mined by R4. 

The emitter- follower action of 
QI and Q2 makes the voltage at the 
top of R2 close to the value of the 
larger of the two base voltages. Now, 
if the base voltages differ by more 
than a few tens of millivolts, the tran- 
sistor with the higher base voltage is 
driven on and causes the base -emitter 
junction of the other transistor to be 
reverse -biased, so that transistor is cut 
off. 

On the other hand, when the two 
voltages are equal, both transistors are 
biased on. Thus, Q2 goes on only 
when Ql's base voltage is equal to or 
less than that of Q2. Dl -RI and CI 
form a simple smoothing network, so 
Q1's base voltage corresponds to 
mean, rather than instantaneous, in- 
put voltages. 

Looking again at Fig. 1, Q2's 
collector current is fed into Q3's base. 
and Q3 drives a lamp or relay load ill 
its collector circuit. Part of the Q 
collector voltage is also fed back t 
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( 

the R4 -R5 junction via R6. Thus, 
when Q l's base voltage is above that 
of Q2; Q2 and Q3 and the lamp (or 
relay) are off. 

On the other hand, when both 
voltages are nearly equal, Q2 conducts 
and starts to drive Q3 on. As Q3 
starts to go on, its collector moves 
toward the positive line potential, and 
a fraction of this rising voltage is fed 
back to the R4 -R5 junction via R6, 
causing Q2's base voltage to increase. 
This increased base voltage turns Q2 
and Q3 on even harder. A regenera- 
tive action thus takes place, and Q3 is 
driven rapidly to saturation and the 
lamp (or relay), goes on. 

The feedback voltage obtained 
via R6 is just enough to maintain 
regeneration during the switching 
stage. so the circuit has little trigger - 
voltage backlash. 

The lamp (or relay) is normally 
off, but switches sharply on as soon as 
the input voltage falls below the preset 
mean value determined by R4. Ca- 
pacitor C2 insures that the circuit is 
not triggered by fairly rapid changes 
in battery voltage (due to sudden vari- 
ations of engine speed), and C3 in- 
sures that the circuit is not triggered 
erratically by supply -line transients. 

Most cars are fitted with the type 
of fuel gauge shown in Fig. 2. Here, a 

I2V 

HOT -WIRE 
(BIMETAL) 

METER 
CONNECT 
TO INPUT 
OF UNIT 

UNIT CONTAINING 
FLOAT- DRIVEN POT 

FIG. 2 -MOST CAR FUEL GAUGES are 
wired like the one shown here. It is the 
type that can be used with the alarm. 

float- driven potentiometer is wired in 
series with a hot -wire meter, and the 
potentiometer voltage is proportional 
to the fuel level (it decreases as fuel 
level falls). 

Many cars also have electrically 
operated water -temperature gauges 
(see Fig. 3). An engine -mounted ther- 
mistor is wired in series with a hot - 
wire meter, and the thermistor voltage 
is inversely proportional to the water 
temperature (voltage falls as tempera- 
ture rises). 

Connecting one or other of these 
voltages to the input of the circuit in 
Fig. 1 enables the unit to operate the 
lamp (or relay) when either the fuel 
level falls below the preset value or the 
water temperature exceeds the preset 

APRIL 1971 

value. 
The positive -ground version of 

the unit is shown in Fig. 4, and oper- 
ates in a manner similar to that de- 
scribed above. 

Build and use it 
Before starting on your unit, 

make sure your car has the right type 
of gauge to operate the unit. If it is to 
be used as a low- fuel -level indicator, 
check to see that the voltage across 
the float- driven pot (Fig. 2) falls with 
fuel level, and is above 1.5 volts at the 
required operating value. 

If it is to be used as an indicator 
of excessively high water temperature, 
check that the voltage across the ther- 
mistor (Fig. 3) falls as temperature 
rises, and is above 1.5 volts at the re- 

12V 

HOT-WIRE 
(BIMETAL) 

METER 

CONNECT TO 
INPUT OF UNIT 

ENGINE -MOUNTED 
THERMISTOR 

= OV 

FIG. 3 -UNIT BECOMES HOT -WATER 
ALARM if your car has this system for 
measuring engine water temperature. 

E C B 

DI 

INPUT 
( FROM 
FUEL 
GAGE) 

2N3702 
AND 

2N3704 
CONNECTIONS 

R1 
15K 

CI 
50/15V 

-17 

PARTS LAYOUT on 
the circuit board. 
Polarities are not 
shown as they de- LMI 
pend upon the elec- 
trical system of the 
car. So check against 
Fig. 1 or Fig. 4, de- 
pending upon the 
one you use. 

quired operating level. 
The circuit, less the lamp (or re- 

lay), is wired up on a 21/2 x 11/2-inch 
piece of perforated Veroboard with 
0.15 -inch hole spacing or on a P -C 
board. Fig. 4 shows details of a posi- 
tive- ground version of the unit. The 
negative -ground version is similar, ex- 
cept that the polarities of Dl, Cl, C2, 
C3 and the supply leads are reversed. 

When construction is complete, 
wire the unit to the car battery via the 
ignition switch, connect LM I (or the 
relay), and test and adjust the unit as 
follows: 

Reduce the fuel level in the gas 
tank to the required trip value. If the 
unit is to be used as for water -tem- 
perature indication, raise the thermis- 
tor temperature to the required level. 
Connect the unit's input to the gauge 
as shown in Fig. 2 or Fig. 3 and turn 
on the ignition. Now very slowly ad- 
just R4 so that LMl (or the relay) 
just goes on. Next, slightly increase 
the fuel level (or reduce the thermis- 
tor temperature) and check that LMl 
goes off. Finally, recheck the adjust- 
ment. When setting is satisfactory, the 
unit is complete and ready for use. 

FIG. 4 -FOR POSITIVE- GROUND cars use 
this circuit instead of the one in Fig. 1. 
Note changes in transistors and polarities. 

R3 
27K, 

02 
2N3702 J 1 

'01 
2N3702 C2 

50/I5V 

R2 
1.2K 

VJ" 

R4 
25K R6 

3.3K 

R5 
r6811 

-12V (VIA 
IGNITION 
SWITCH) 

Q3 
2N3704 

LMl 
(OR RELAY) 

16/15V -r 

WIPER R4 

ri C 01 
H R6 1- } i R3 }- 

B 
i 

I 

` 
I 

C 

--I R3 1--- ._i E02 

-I IC2 E 
C B 

03 
MTG. 

E 

R 

2 

CT 

>IN 

FULL-SIZE C I R C U I T 
BOARD pattern for the low - 
fuel alarm. Follow it exactly. 
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9 EXPERIMENTS 
with 
multipurpose 
semiconductors 

by PAUL FRANSON 

The best -known members of the solid - 
state revolution that is changing our 
lives so greatly are transistors and in- 
tegrated circuits. These devices are 
now used in almost every type of elec- 
tronic equipment, from inexpensive 
transistor radios to sophisticated mis- 
sile computers that fly to the moon 
and beyond. However, other solid -state 
devices that are not so well publicized 
are also very important, and will be- 
come much more prominent in the fu- 
ture. 

This article describes 9 simple, 
low -cost projects that give the ex- 
perimenter a chance to work with 
three of the most interesting of these 
exotic semiconductor devices -the 
phototransistor, the unijunction tran- 
sistor (uJT) and the silicon controlled 
rectifier (scR). These simple projects, 
which are designed for safe, low -volt- 
age operation from batteries, illustrate 
the basic principles that make the semi- 
conductors so valuable in many appli- 
cations. These three semiconductors 
plus a conventional npn silicon trans- 
istor, which is used in many of the 
projects, are readily available. 

Construction and components 

Here arc some suggestions for se- 
lecting and mounting the components 
used in the projects: 

The leads on the semiconductors 
are really designed to be bent and sol- 
dered only once. If you want to build 
more than one project, as you surely 
will, mount each device on a small ter- 
minal strip or circuit board. Then the 
device itself will not have to be 
mounted more than once. 

Solder connections to semi- 
conductor devices rapidly, using good 
solder and a hot clean iron. Though 
these parts are relatively rugged, ex- 
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cessive heat can damage them as well 
as other components. 

Most of the components used are 
not very critical. Wattage ratings of 
resistors and voltage ratings of capaci- 
tors are minimum values, and com- 
ponents with higher ratings can be 
used. 

The relay called for in many 
projects should have a resistance of 
200 to 2000 ohms and be fairly sensi- 
tive (20 mA pull -in current, for ex- 
ample). A suitable relay is the Ca- 
lectro D1 -966. A No. 47 pilot lamp 
can be substituted for the relay in 
many of the circuits, showing the op- 
eration visually. Do not exceed the 
contact ratings of the relay and be 
careful if you use it to handle 117 
volts ac. A capacitor is shown across 
the relay coil in most projects. It pro- 
tects the transistor against high tran- 
sient voltages generated when the re- 
lay coil is turned off. A diode can also 
be used for protection. It should be 
connected across the coil with its cath- 
ode to the positive supply. 

The silicon controlled rectifier 

The SCR, is the best -known and 
most widely used of a whole family of 
semiconductors called thyristors or 
four -layer devices. The SCR is a semi- 
conductor switch or relay with many 
interesting properties that have made 
it very useful in control circuits in in- 
dustry and in consumer appliances. 

The symbol for the scR is shown 
in Fig. I. As you can see, it is the 

Fig. 1 
GATE 

ANODE 

CATHODE 

symbol for a conventional diode or 
rectifier with a gate terminal added. It 
is this gate that makes the SCR so ver- 
satile. When the scR is connected as 

shown in Fig. 2, the SCR is "off." It 
will not conduct and the lamp stays 
off. However, if the gate is touched to 

+9V 

TO 
TURN 
ON 

Fig. 2 -9V 

NO.47 LAMP 

the positive terminal, even momentar- 
ily, the SCR turns "on" and the lamp 
will light and stay on. A resistor in 
series with the gate lead should be 
used to prevent excessive voltage on 
the gate at high voltages. A low -volt- 
age battery can also be used to trigger 
on the SCR by connecting a positive 
voltage between gate and cathode. 

When the SCR is on, it has a volt- 
age drop of about 1 to 2 volts across 
it. 

The only way to turn off the SCR 

(and hence the light) is to break the 
current (or drop it below the "holding 
current"). This can be done by dis- 
connecting the battery or by shorting 
the anode and cathode terminals for 
an instant. 

When power is reconnected, or 
the short removed, the SCR will be off 
and will remain that way until trig- 
gered on again. 

The maximum voltage that 
should be connected across the SCR in 
this way is called the blocking voltage. 

When the scR is operated from 
alternating current, rather than direct 
current, the operation of this circuit is 
different. In the first place, half the 
time the polarity across the SCR is re- 
versed and it will not conduct (unless 
the reverse voltage, VR,,, is exceeded 
and this will probably destroy the de- 
vice). However, the other half of the 
time, the sot can be triggered "on" 
with a positive voltage. The battery 
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1 Garage Door Switch 
With this light- operated switch, RESET 

the light from a car headlight can 
turn on a motor that opens an 
electric garage door. Sensitivity is 
adjustable to prevent false trig- 
gering. The circuit latches on and 
should be turned off with a limit 
switch when the door is wide 
open. The switch draws negligible 
standby current. The potentiome- 
ter must be adjusted for reliable 
operation from bright headlights. 
It may be necessary to mount pho- 
totransistor at the end of a hollow 
tube to prevent unwanted oper- 
ation from sunlight. 

PARTS LIST 
1 HEP 312 or MRD450 phototransistor 
1 HEP 320 or 2N5060 silicon controlled recti- 

fier 
1 50,000 -ohm potentiometer 
1 500 -ohm relay (contacts must be suitable 

2 

TO 
DOOR 
CKT 

HEP3I2 
PHOTOTRANSISTOR 

for current handled) 
1 0.05 -, F, 25 -volt capacitor 
1 0J -AF, 25 -volt capacitor 
1 spst switch (reset) 
6 1.5 -volt batteries 

Burglar Alarm 
This low -cost burglar alarm will 
sound an alarm or turn on a silent 
warning light if a window or door 
is opened. It draws negligible cur- 
rent when not activated and can 
be operated from a battery. 
Switches Si, S2, etc., can be thin 
pieces of wire that will break if a 

door or window is opened, or they 
can be normally closed Micro - 
switches. If the circuit is broken, 
the SCR will turn on, pulling in 
the relay and activating the alarm 
until power is disconnected. 

PARTS LIST 
1 HEP 320 or 2N5060 silicon controlled recti- 

fier (SCR) 
1 100 ohms. I/2 watt, 10% resistor 
1 10,000 ohms. '/2 watt, 10% resistor 

ON -OFF/ 
RESET 

SWITCH 
8+ 
9V 

50011 

moo- TO 
ALARM 
CIRCUIT 

HEP320 

10011 

SI S2 S3 

1 0.05 -0, 25 -volt capacitor 
6 1.5 -volt "D" cells (9 volts) 
1 500 ohm dc relay 
1 spst push switch (reset, optional) 

3 Light -Sensitive Tone Generator 
The output tone of this simple cir- 
cuit varies with the amount of 
light hitting the phototransistor. It 
can be used as a simple musical 
toy. It can be modified to turn off PHOTOTRANSISTOR 

completely in the dark or for mul- 
tiple- octave range. 

PARTS LIST 
1 HEP 312 or MRD450 phototransistor 
1 HEP 55 or 2N3903 silicon NPN transistor 

1 500 -ohm to 8 -ohm transistor output trans- 
former (center tapped) 

1 22.000 ohms, '/2 watt, 10% resistor (omit 
for turn off in dark) 

1 8 -ohm speaker 
2 1.5 -volt batteries 

811 
SPKR 

50011:811 
OUTPUT 
TRANS 

3V 

The SCR 
A semiconductor 
switch or relay useful 
in control circuits 

must remain connected since each 
time the anode current drops to zero 
(and during the half cycle when no 
current flows), the SCR turns "off." 

By triggering the SCR "on" at dif- 
ferent points in the positive half cycle, 
the average amount of current that 
flows can be varied. This is the prin- 
ciple behind scR's used in lamp dim- 
mers and motor speed controls. 

Unfortunately, since an SCR con- 
ducts on only half the ac cycle, it can- 
not be used for full -wave (complete) 
control without relatively complicated 
circuitry. A triac, or ac silicon con- 
trolled rectifier, is usually used in 
these simple applications. 

The 2N5060 or HEP 320 SCR 

used in these projects is a low- voltage 
(30 V) SCR with a maximum anode 
current rating of 800 mA (0.8 am- 
pere). It is very sensitive, permitting it 
to be triggered directly by a photo - 
transistor or finger touch. It is molded 
in plastic for low cost. 

Other SCR's can handle higher 
currents and voltages, and are often 
used directly from the ac line. 

The unijunction transistor 

The UJT is a unique semi- 
conductor with properties completely 
unlike conventional transistors. The 

EMITTER 

Fig. 3 

aBASE 2 

BASE I 

UJT contains only one junction be- 
tween n -type and p -type silicon, while 
conventional transistors have two 
junctions. The symbol is shown in 
Fig. 3. The most important character- 
istic of the UJT is its property of "fir- 
ing", or conducting suddenly, when 
the voltage between the emitter and 
base -1 rises to a certain fraction of 
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4 Light- Operated Burglar Alarm 
This sensitive burglar alarm is 
triggered by any object breaking a 

light beam. This turns on a silent 
alarm (1 amp) or bell, which stays 
on until the circuit is broken. A 

No. 47 lamp can replace the relay 
for a visual alarm. 

PARTS LIST 
1 HEP 312 or MRD450 phototransistor 
1 HEP 320 or 2N5060 silicon controlled recti- 

fier 
1 22,000 ohms, 1/2 watt, 10% resistor 
1 1000 ohms, 1/2 watt, 10% resistor 
1 500 -ohm relay 
1 0.5 -AF, 25 -volt capacitor 
1 spst reset switch 
6 1.5 -volt batteries 

5 

RESET 

14< 

Bi- 
9V 

50011 

o TO 
ALARM 
CKT 

HEP 320 

Dusk Minder 
The dusk minder turns a light on 
at sunset and off again at sunrise. 
It uses little current and offers 
completely automatic operation, 
making it ideal for vacation trips. 
The relay contact ratings must not 
be exceeded and the phototransis- 
tor must receive direct light from 
the sun. 

PARTS LIST 
1 HEP 312 or MRD450 phototransistor 
1 HEP 55 or 2N3903 NPN transistor 
1 500 -ohm relay 
1 100,000 ohms, 1/2 watt. 10% resistor 
1 0.01 -AF, 25 -volt capacitor 
6 1.5 -volt batteries (9 volts) 

6 

HEP3I2 
PHOTOTRANSISTOR 

LAMP 

50012 

9V 

c/i 

HEP 55 
117VAC 

HEP3I2 
PHOTOTRANSISTOR 

Electronic Organ 
A toy organ is fun for children. 
This organ can be played through 
an amplifier. It is easy to tune and 
has a pleasant output tone. The 
organ can be expanded to cover 
sharps and flats or many octaves 
by adding potentiometers. The po- 

tentiometers can be tuned with a 

piano or other musical instrument 
by comparing tones. 

PARTS LIST 
1 HEP 310 or 2N4871 unijunction transistor 
1 4700 ohms, 1/2 watt, 10% resistor 
1 1000 ohms. 1/2 watt, 10% resistor 
1 22 ohms, 1/2 watt, 10% resistor 
8 50,000 -ohm potentiometers 
1 0.1 -µF, 25 -volt capacitor 
1 0.001 -MF, 25 -volt capacitor 
1 9 -volt battery 

4.7 K 

HEP3I0 

e+ 
9v 

IK 

OUTPUT 
TO 
AMPLIFIER 

2241 

F 

1MV- -o E 
AL PROD METAL 

dt o--LA V- TO TOUCH D 
KEYS 

(TACKS) 

( - 
C 

.-- --'V 
LV 

8 

POTS, 
EACH 50K 

BRASS 
TACKS 

The Unij unction 
Single -junction device 
that can conduct 
"suddenly", like a switch 

the voltage between bases 1 and 
2. This fraction is called the intrinsic 
standoff ratio, n. The firing generates 
a positive pulse at base -1 and a nega- 
tive pulse at base -2. 

If a resistor and capacitor are 
connected in the emitter circuit as 
shown in Fig. 4, and a voltage is ap- 

Fig. 4 

plied, the voltage on the emitter will 
rise slowly until the device fires, dis- 
charging the capacitor. The cycle then 
repeats, producing a sawtooth emitter 
waveform. The resistor and capacitor 
can be varied to give long periods be- 
tween pulses or very rapid pulses. The 
UJT is widely used in timing and 
pulse -generating circuits. 

The HEP 310 or 2N4871 is a 
modern annular UJT with very stable 
characteristics. It is molded in plastic 
in a case like that used for many tran- 
sistors and other devices. 

The phototransistor 

A transistor chip (the silicon ma- 
terial inside a package) is very sensi- 
tive to light, which will cause current 
through the device to increase greatly. 
A phototransistor is a transistor spe- 
cifically designed for maximum sensi- 
tivity to light, and supplied in a pack- 
age that permits light to strike the 
chip. The symbol for a phototransis- 
tor is shown in Fig. 5. The wavy lines 
indicate light. 

Until recently, phototransistors 
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7 Commercial Killer 
This simple gadget can turn off TV 
commercials with a light beam. 
The speaker stays silent while a 

flashlight beam strikes the photo - 
transistor and sound is restored 
when the light is removed. The 
phototransistor must be shielded 
from stray light; a small paper 
tube is satisfactory. 

PARTS LIST 
1 HEP 312 or MRD450 phototransistor 
1 HEP 55 or 2N3903 NPN transistor 
1 1000 ohms, 1/2 watt. 10 " resistor 
1 500 ohms, relay 

1 15 ohms, 5 watt wirewound resistor 
1 0.1-AF. 25 -volt capacitor 
6 1.5 -volt batteries (9 volts) 

8 

TV 
SPEAKER 

Light Meter 
A photographer needs a light me- 
ter to check light levels for proper 
exposures. A light meter can also 
be used to find levels for reading, 
close work, etc. This versatile me- 
ter has a wide range -it can be 
used for bright sunlight and in- 
side without switching. Adjust the 
potentiometer for full scale in 
brightest light. Calibrate meter 
scale with a known- accurate light 
meter. 

PARTS LIST 
1 HCP 312 or MRD450 phototransistor 
1 2200 ohms, '/ watt, 10% resistor 
1 5000 ohm potentiometer 

9 

HEP 312 
PHOTOTRANSISTOR 

2.2 K 

5K 

HEP3I2 
PHOTOTRANSISTOR 

1 spst switch 
1 0-1 mA meter 
1 9 -volt transistor battery 

Electronic Doorbell 
Another similar unijunction circuit 
makes a doorbell that provides 
different tones when the front and 
back doorbell switches are 
pushed. This simple circuit can be 
adapted to more than two tones 
for signaling, etc. A higher voltage 
(to 25 volts) can be used for in- 
creased volume. 

PARTS LIST 
HEP 310 or 2N4871 unijunction transistor 
180 ohms, ' /_, watt, 10% resistor 
22,000 ohms, '/, watt, 10 °, resistor 
18.000 ohms, ',_. watt, 10 ^% resistor 
0.05 -p F. 25-volt capacitor 
16 ohms speaker 
9 -volt battery 

0-ImA 
METER 

9V 

The Phototransistor 
Light reaching the base 
of this transistor 
causes current -flow increase 

were relatively expensive, but now 
they are manufactured in low -cost 
molded packages that include integral 

gl11.1.1 COLLECTOR 

EMITTER 

BOTTOM VIEWS 

ANODE 

GATE 
CATHODE 

HEP 320 
2N5060 
SCR 

EMITTER 
BASE 
COLLECTOR 

HEP 55 
2N3903 
NPN TRANSISTOR 

BASE 2 

EMITTER 
BASE I 

HEP 310 
2N 4871 
UNI JUNCTION 

TRANSISTOR 

COLLECTOR 
BLACK DOT 

EMITTER 

HEP312 
MR0450 
PHOTOTRANSISTOR 

Fig. 5 

lenses. Phototransistors are expected 
to find wide use "reading" computer 
cards and tape- recognizing letters in 
automatic reading equipment- count- 
ing and detecting objects, and in many 
ether places. 

The HEP 312 or NIRD450 pho- 
totransistor k very sensitive. Its for- 
ward resistance falls from millions of 
ohms to a few hundred ohms as the 
light on it varies from dark to bright 
sunlight. Its highly directional lens 
must he aimed carefully for best re- 
sults in many applications and in some 
uses, a tubular shield is necessary to 
prevent stray light from affecting cir- 
cuit operation. The hase lead of the 
HEP 312 is not brought out of the 
package as it is rarely needed. 

Now dig into the projects and en- 
joy yourself. They are easy to build, 
fun to use, and really work. R -E 
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Design for 

STERE 
by MANNIE HOROWITZ ° 

how to design 

your own solid -state 

audio amplifier 
Part V: Changes in temperature, leakage current and other 
factors can affect transistor bias. Here's how to stabilize it. 

IN THE LAST ARTICLE, VARIOUS CIRCUITS 

for biasing transistors were discussed. It 
is important that the required bias point, 
Once established, is maintained at or 
near the prescribed value. The different 
bias circuits aid in this function in vary- 
ing degrees. 

There are two primary factors 
which lead to instability in transistor 
bias circuits. These are 1. Parameter 
variations with collector current, and 
2. Parameter variations with tempera- 
ture. 

Parameter variations with 1e, 

Since emitter and collector currents 
are about equal, any increase in collec- 
tor current, 1,., is followed by a similar 
increase in emitter current. I,.. Alpha 
and beta do not necessarily vary with 
collector current, except that they nor- 
mally increase rapidly as I,. becomes 
very large. Consequently. base current 
I,;, which is equal to the collector cur- 
rent divided by a relatively constant 
beta, also increases at moderate values 
of I,.. 

The ac emitter resistance. r.. since 
it is equal to 26/I,;. obviously decreases 
as emitter and collector currents rise. 

There is an ac resistance, r, be- 
tween the collector and base of transis- 
tors arranged in common -base circuits. 
Dynamic resistance r, is large when the 
input impedance is low. as in the com- 
mon- base arrangement. It can assume 
values up to I megohm. 

The common -emitter and common - 
collector circuits are characterised by 
high impedances in the input base cir- 
cuit. Collector -to- emitter ac resistance is 

thus low compared to r,.. It is assigned 
the symbol r,,, which is approximately 
equal to r,. divided by beta. Factor r,., 

and consequently r,,, decrease with any 
increase in 1,.. 

Here is an important voltage to 
watch- V,;,;. This is the base to emitter 
voltage of the forward -biased transistor 
junction. It is a primary factor in stabil- 
ity considerations. The base- emitter volt- 
age has. in previous articles. been ap- 
proximated at 0.2 volt for germanium 
transistors and 0.6 volt for silicon de- 
vices. It was inferred that these values 
are constants regardless of the current 
"Chief Project Engineer, FICO Electronic In- 
strument Co. Inc. 
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flowing through this junction. Well -this 
is almost so. Actually the voltage does 
increase with base and collector current. 

Variations with temperature 
V,;,., also varies with temperature. 

For a good general approximation, it is 
assumed to decrease at 2.5 mV (0.0025 
volt) for every degree Celsius tempera- 
ture rise. This is significant, for as V,;,, 
decreases. the voltage bucking the power 
supply for the base circuit is reduced. 
Should the base supply voltage remain 
constant. the reduced base- emitter volt- 
age results in an increase of the base 
current and consequently produces an 
increase in collector current as well. 

Under most circumstances, alpha 
and beta will also increase with tempera- 
ture. 

The third important factor which 
increases with temperature is leakage 
current. 1,.,,,,. This leakage current is 

significant when germanium transis- 
tors are involved. but it loses its primary 
importance when considering silicon de- 
vices. Just what this leakage is will be 
discussed next month. At the moment. 
simply remember that for germanium 
transistors, 1,.,;,, doubles at about every 
10 °C rise in temperature, and for silicon 
devices it doubles for about every 6 °C 
temperature increase. Due to I,.,;,,, the 
collector current rises rapidly with an 
increase of temperature. 

Leakage current 
The transistor has been described as 

consisting of two junction diodes ar- 
ranged as in Fig. I. In the normal mode 

BASE 

COLLECTOR 

H EMITTER 

FIG. 1- JUNCTION DIODES compose the 
equivalent circuit of a bipolar transistor. 
The npn version is shown. 

of operation for audio amplification 
purposes, the base- emitter junction is 
forward biased. For the npn transistor, 
the base is made positive with respect to 
the emitter. At the same time. the base - 
collector diode is reverse biased: the col- 
lector is positive with respect to the 
base. Theoretically, or more precisely, 

ideally, the base -collector diode does not 
conduct any current. 

As with all diodes. there is a leak- 
age current in the reverse- biased base - 
collector junction. Current flows through 
the diode even though the cathode end 
is positive with respect to the anode. To 
be sure, this leakage current is much 
smaller than any forward current that 
would flow had the diode been biased in 
the opposite direction. The leakage cur- 
rent, assigned the symbol I,.,,,,, is 
frequently large enough to be significant 
in affecting the transistor collector idling 
current, or bias. I,.,,,, is defined as the 
leakage or reverse current flowing 
through the collector -base junction while 
the emitter lead remains open. 

Now, what does the leakage current 
do if the emitter lead is connected to the 
negative terminal of a voltage source 
while the base lead remains open? The 
base- collector diode is reverse biased 
while the base -emitter diode is biased in 
the forward direction. Obviously, all the 
I,.eo leakage current flows into the base 
and through the base -emitter diode. As 
this leakage current flows into the base, 
the current flowing through the collector 
due to 1,.,;,, would be this base current 
multiplied by the amplification factor of 
the transistor. or ü,.l.,,. It is as- 
signed the symbol I,.,,,, -the collector - 
emitter current that flows when the base 
lead is open. 

In the bias equations stated in the 
previous article for the common- emitter 
circuit. dc collector current has been 
noted roughly as ¡3,,,.I,; -dc amplifica- 
tion factor multiplied by the hase cur- 
rent. To determine the total collector 
current flowing. the leakage current 
must be added to the desirable current 
fed to the base. so that the entire collec- 
tor current is now 

Ic = _ /i(In + JCnu) 
Eq. 1 

As for the common -base circuit, the 
collector current is no longer merely 
a,,,I,,,, the direct current amplification 
factor multiplied by the desirable cur- 
rent fed to the emitter. but it is 

Ie. = Icra, Eq. 2 
The emitter -follower suffers least 

from the effects of leakage current. The 
emitter current is approximately equal 
to the collector current modified by a 
small leakage factor. 
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In = I - I,.,.. Eq. 3 

Major stability factors 
Whatever the established bias cur- 

rent is, and regardless of the circuit 
used, it is important that that bias point 
be maintained. Of the various factors 
discussed that can cause a transistor to 
drift away from the preset bias condi- 
tion, the most important ones are: 

Leakage current: The leakage cur- 
rent is a primary factor in establishing 
the idling current. This current varies, as 

noted above, with temperature. For ger- 
manium transistors, leakage current just 
about doubles for every 10 °C rise in 
temperature while for silicon devices, it 
doubles for about every 6'C rise in tem- 
perature. However. it is usually a less 
significant factor where silicon transistors 
are used, as in these devices the leakage 
current at 25 °C is near non -existant. 

Base supply voltage: Obviously, a 

variation in the supply voltage which 
establishes the quiescent hase current. 
drastically affects the bias current. In 
theoretical drawings, this supply voltage 
is drawn as a battery. But when practical 
circuits are used, the voltage is evolved 
from the variable power supply generators 
at the electric company's plants. Further- 
more, the bias supply voltage can and 
does vary with amplified signals, tem- 
perature, and the portion of the cycle in 
which the applied signal exists. This sup- 
ply voltage also has a significant influence 
on V , the voltage across the forward 
biased base- emitter junction. 

Beta: This factor varies with tem- 
perature as well as with collector current. 
Beta is frequently at a peak at one spe- 
cific elevated temperature. It may also 
increase with collector current. 

Although variations in beta due to 
temperature and collector current affect 
the bias current, it is outshined by beta 
variations within device categories. Thus. 
for any transistor type, beta is specified 
as being somewhere within a range of 
values. Transistor circuits should be de- 
signed to accommodate devices with any 
beta values specified for a particular 
type of transistor. 

Stability criteria 
The three primary factors determin- 

ing the stability of a transistor in a par- 
ticular bias circuit arrangement. should 
be stated mathematically if the merits of 
the circuit are to be evaluated. In each 
case, it is desirable to determine the 
change in collector current. AI,.. due 
to each of the three factors. Once the 
effect of each individual factor on l,. is 

established, the total effect can be deter- 
mined by simply summing the individual 
o e's. 

One stability factor. S. relates the 
change in collector current to the change 
in leakage current. ,II,.,:,,. Stated math- 
ematically, it is 

S = 4I,. /4I,. Eq. 4 

In a similar manner, stability fac- 
tors can be established to determine the 
change of collector current due to the 
change in base supply voltage, AE , 
and the change in collector current due 
to change in beta, ß. These stability 
factors are assigned symbols S and Sß, 
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respectively. Stated mathematically, they 
are 

SE _ .ale /.9Er. Eq. 5 

S = 9I /:yß Eq, 6 

As an example in the use of the sta- 
bility factors, assume that for a particu- 
lar bias circuit, S = 5. If I,. in- 
creases from 1 mA at 25 °C to 5 mA at 
an elevated temperature. or it increases 
a total of 4 mA, the collector current 
increases 4 mA X 5 or 20 mA due to 
the rise in temperature. This is based on 
numbers being plugged into Equation 1. 

where .I,.= S(AI,.,,,,)- 5 (4 mA) = 
20 mA. 

Similar solutions can be derived if 
the stability factors S,,; and So are 
known for a circuit and AE and 4B 
have been determined. 

In any problem or circuit, it is de- 
sirable to maintain a stability factor as 
close to its minimum value of ° 1 as is 

possible and practical. 
The variation of collector current is 

of immense significance in the design of 
audio circuits. To explore this fact. as- 
sume a common- emitter circuit with a 

667 -ohm load resistor in the collector. 
Plot the load lines as in Fig. 2 -a and -b. 

IC(mA) 
7' 

INPUT 
CURRENT 
(BASE) 

O I 2 3 4 VCE(VOLTS) 
OUTPUT 

CURRENT 
(COLLECTOR) 

o 

THIS PART OF IC(mA) 
7 7i 

SIGNAL IS 7 7 7 
CLIPPED OFF 

\1/4;;-- 

OUTPUT 
CURRENT 

(COLLECTOR) 

5 

INPUT 
CURRENT 
(BASE) 

7 7 LOAD 
LINE 

VCE 
2 3 4 (VOLTS) 

b 
FIG. 2-NOTE EFFECT OF BIAS CUR- 
RENT shift on the output collector cur- 
rent and the flattened output signal. 
Transistor characteristic curves are omit. 
ted for clarity. All signal currents must 
travel along the load line. 

Now, suppose that at 25 °C, the 
transistor were biased at Q I and that a 
fixed input signal would swing the col- 
lector current from 0.5 to 5.5 mA. The 
output current swing is drawn alongside 

the collector current axis in Fig. 2 -a. 
The quiescent collector current of a per- 
fect sine wave is midway in the swing of 
the output curve -at 3 mA here. 

Next suppose that the temperature 
rises and h increases, or some other 
factors cause ß and E to increase, or 
different transistors of the same type are 
used where ß and V. differ from the 
average device, or any one of a number 
of other factors causes the quiescent 
point to shift. All significant factors 
cause the quiescent collector current to 
increase. Assume it increases from 3 mA 
to 4 mA, up to the quiescent point Q2. 
This condition is now drawn in Fig. 2 -b. 

The quiescent current is now at Q2. 
The negative portion of the input signal 
can still cause the negative portion of 
the collector current to swing the full 
2.5 mA to a low of 1.5 mA. The posi- 
tive portion of the input signal can only 
swing the collector current to its max- 
imum value of 6 mA. When the input 
signal tries to force I,. beyond the 6 mA, 
only 6 mA is delivered at the collector. 
The output current curve has a flat top 
during the period of time when the 6 

mA collector current should be ex- 
ceeded. 

The designer should be able to de- 
termine just how much leeway his cir- 
cuit must give the input signals so that a 

full sine wave can be reproduced at the 
output at all times. As indicated, this 
shift may be due to other factors besides 
current and temperature variations in 
any one transistor. As is the case with 
all components. transistors of identical 
types have some tolerance in their char- 
acteristics. in some types, beta can vary 
by as much as 5 to 1, although it is 

frequently held to a 2 to I ratio. V . a 

significant factor in determining collec- 
tor current. is usually specified with a 
maximum rating. while a 0.5 -volt spread 
between different transistors of the same 
type. is not unusual. 

Stability factors and bias 
Three stability factors. S. SF and 

Sß. were just defined. Each of these fac- 
tors can be calculated from the bias cir- 
cuits and the components used in the 
particular circuit. Then the calculated 
values of S. S and SR can be substituted 
into equations 4, 5 and 6 respectively. 
The changes in collector current, AI,., 
for each factor can be calculated by 
multiplying the specific stability factor 
by the change involved. 

Once S has been determined from 
the equations to be stated in the figures 
below, it should be multiplied by the 
change in leakage current. AI,, to de- 
termine the change in collector current 
due to this item. In a similar manner, 
determine S,. from the equations and 
multiply it by the change in base supply 
voltage .1E , to establish the change in 
collector current to AE . Likewise, the 
product of S (as determined from the 
equations in the figures below) and the 
change of beta, . g, will provide the data 
required to find the collector current 
change due to this variation. 

One of the bias circuits which was 
(continued on page 58 
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Mr. Technician, You Can Move Ahead by Taking These 

Grantham School of Engineering RE -4 -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 Age 

Address 

City State Zip 

I have been in electronic.; for years. 

Scbool of Engineering 
This is to Certify that 

0 í2T1 oe 
bat satisfactorily completed the Grantham educational program in 

!lectronicg !Engineering 

and in recognition thereof is awarded this 

Diploma 
Cbew tbirlYa_by of %brua y . I9f$ 

Orantíjant Scboo1 of engineering 
tras conftrrtb on 

jofjn Ooe 

t11e begree of 

Rggocldte in Scirnrr in EitectConlcg Enginefring 
with ell thr.melts Jilt n(IUllrare therrumo sYpertmnma. In hum» rbrrru1111(5 blelome 

bute slanrb hes bun msurb be for *shoo! abmm(strmnrn upon rrremmenbenan of the 

ImuSp et tir Wm' on this ^Le - Ws of 19 69 

zi c SP.41.-).", 
nree 

tlrestbrnl 

GRANTHA /1 
S C H O O L O F 
ENGINEERING 

"the college that conies 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. 
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If You Were the BOSS and Had to CUT BACK, 

WOULD YOU FIRE YOU? 
If you were the boss, how would you choose who to let go? 

1. You'd probably fire the man who never completed his electronics education. This man 
may have a solid foundation, but he quit learning before he went far enough. 

2. You'd probably fire the man who is only a "tinkerer" because his electronics education 
went far enough but not deep enough. A specialist must really understand before he can 
really perform. 

3. You'd probably fire the man who has been in electronics for many years but has not 
kept up to date in this rapidly changing industry. Nothing becomes obsolete so quickly as 
the man who does not study. 

Who Will YOUR Boss Fire When He Has To Cut Back? 

DON'T BE THE MAN TO GET THE AXE! 
Investigate now the Grantham college -level program in electronics engineering, offered (by 
correspondence) to working technicians while they remain on their jobs. Grantham lessons 
place heavy stress on fundamental concepts of logic and mathematics (taught so you can 
understand them), and build from there in a systematic manner, covering physics, circuits, 
and systems. The lessons are easy to understand because they are carefully written, with step - 
by -step explanations and consistent review and regrouping of ideas. 

Now is the time, not only to protect yourself from unemployment, but also to prepare your- 
self for the greater demand in engineering which is sure to come. You can't become an engi- 
neer in a few short weeks ; it takes many months. You can be upgrading yourself in your 
present job while the economy is "slow ", and then be ready to move into engineering when 
the national economy gets going again. Yes, now is the time to prepare, so that you will be 
ready to take advantage of opportunity when it presents itself. 

Upgrading in your career begins when you begin studying the very first lessons of the 
Grantham ASEE Degree program in Electronics Engineering. You may very well move up 
from electronics technician to electronics engineering technician upon completion of the first 
100 lessons (out of a total of 400 in the entire program) . Upon completion of the program and 
receiving your ASEE Degree, you are then ready to work as an electronics engineer. 

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

Grantham School of Engineering 

fMe sT)'" 
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Established in 1951 

1505 N. Western Ave. 
Hollywood, Calif. 90027 

Telephone: 
(213) 469 -7878 

Not For Beginners 

The Grantham educational program in electronics 
engineering is not for beginners. Every point is ex- 
plained just as carefully as if you were a beginner, 
but this program is designed, written, and taught 
for and to experienced technicians ; beginners are 
not accepted for enrollment. As a technician, you 
already know the "hardware" side of electronics, 
and you can upgrade from technician to engineering 
technician, and then to engineer, while you continue 
your employment in electronics. 

Get complete details. Fill out and mail the post 
card, or the coupon printed on the previous page. 
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discussed in the previous article is 

shown in Fig. 3. The collector current 
flowing through R,., as well as the stabil- 
ity factors, can be approximated from 
the equations in the drawing. 

INPUT 

EBB ECC 

1 

OUTPUT 

EBB Rx + (RE RB + RE Rx + R8 Rx ) TCBO 
1C RE(RB+Rx)+RBRx/ß 

RERB + RER 
X 

+ RBRX 
S= 

SE - RE (RB + Rx) + RBRx/ß 

RE (RB + Rx) + RBRx/ß 

Rx 

(EBBRx + ICBORBRxI(RERB + RERx + RBRx) 
Sß 

[ORE 1RB+RxI+RBRx]2 

FIG. 3 -BIAS CIRCUIT using resistors 
R and R to establish good stability 
factor approximating "1 ". 

(Note that the equations are not 
to be memorized, but are used for sim- 
ply substituting numbers found in the 
circuits. They may appear complex, but 
step -by -step substitution of circuit com- 
ponent values, will indicate just how eas- 
ily they can be utilized.) 

As can be seen in Fig. 4, the equa- 

o 
INPUT 

EBB ECC 

jC = EBB + (RE + RB) IC BO 
RE + RB/0 

RE + RB S=RE+RB/ß 

I 

b 

OUTPUT I 

1 SE=RE+RB 
/Li 

EBB (RE + RB) + ICBORB (RE + RB) Sß- 

FIG. 4 -THE BIAS CIRCUIT OF FIG. 3, 
but R, has been omitted. 

fions for this circuit are simpler than 
those applying to the single battery bias 
circuit in Fig. 3. This is due to the ab- 
sence of R. The two sets of equations 
are identical, but in the latter figure, Rx 
was made infinite in value. 

Should the circuit be further sim- 
plified to that in Fig. 5. where RE is 
omitted, the equations in the figure are 
used. The stability here is at its worst 
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EBB ECC 

INPUT 

(EBB + RBICBO) RE + RB 
IC 

RB/ß 
$ RB /0 

OUTPUT 

_ 
SE 

+ tCBORO 
RB 

FIG. 5- FURTHER SIMPLIFICATION of 
the circuit of Fig. 3 omits both R\ and R,,. 
Stability is at its worst here. 

for no external circuitry is used to com- 
pensate for variations. 

The bias circuit in Fig. 6 is similar 
to the one in Fig. 3. but with the addi- 
tion of dc feedback. This arrangement 
provides the best stability of all when 
using simple resistor circuits for corn- 

INPUT 

I 
ECCR% + [(RC + RE * RB) Rx IRC Rß) REI ICBO 

IO IRC + RB * RBI RE + R%RC + RBRX43 

IRC a RE * RBI RX * (RC * RBI RE 

SIRC+RB+R% IRE +R%RC+ROO 
Rx 

SE - IR R R IR R R R R/ß C+ ß+ % E + % C+ ß X 

IIRC+RB+R%I RE B (RC+RBI R51 IE5585 +RBR0CB01. S 
OR, +RB+RX) RE R%RCI 3' RBR%)2 

FIG. 6-VERY STABLE BIAS CIRCUIT 
using dc feedback from the collector to 
the base. 

INPUT 

I 

ECC 

ECC + (RC + RE + R) 
1 

B CB0 
TC - RC + RE + R 

B/13 

RC+RE+RB 
1 s=RC+RE+RB/ß SE RC+RE+R8/ß 

(RC + RE + RBI(ECC + ICBORB) 
Sß 

[ß(RC+ RE) +RB]2 

FIG. 7- CIRCUIT OF FIG. 6 with R, re- 
moved, Stability suffers to some degree. 

pensation. Once again. the equations are 
slated in the figure. 

The circuit in Fig. 6 still has good 
stability characteristics if R5 is omitted. 
as in Fig. 7. The equations here are 
identical to those stated in Fig. 6. if RX 

in that figure is considered infinite. 
The collector current and stability 

equations for the emitter bias circuit are 
shown in Fig. 8. Note the similarity to 

a 
INPUT 

I 

ECC 

-EU 

OUTPUT 

f 

FIG. B- EMITER BIAS CIRCUIT uses the 
same equations as in Fig. 4. Only E, , is 
substituted for E,,,,. 

the equations for the fixed bias circuit in 
Fig. 4. 

One last bias circuit. discussed in 
the interest of stability, is shown in Fig. 
9. This configuration looks very similar 

EBB ECC 

o 
INPUT I OUTPUT I 
FIG. 9-BIAS CIRCUIT USES DIODE D1 
to compensate for forward biased base - 
emitter junction voltage variation with 
temperature. 

to the one drawn in Fig. 3, but with the 
addition of a forward biased diode. The 
voltage across the diode D 1 is identical 
to that across the forward biased diode 
junction comprsing tht. base -emitter of 
the device. Tle voltage a :ross this diode 
D varies with temperature identically 
as does the voltage across the base -emit- 
ter junction. The stability equations in 
Fig. 3 can be used for this circuit, but 
the actual stability S. is much better 
than indicated from the calculations. 

Design procedures 
The stability equations are great for 

checking the circuits after they have 
been designed. But how should we pro- 
ceed to execute a good stable design? 

A few general rules can be deduced 
from the equations. In all bias circuits, 
make R, as small as practical and RE as 
large as possible. 

Now, if germanium transistors are 
used, where I,.50 is usually a very im- 
portant factor affecting stability. S is 
reasonably small if R,. is large and RB is 
minimized. 
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V,,; and beta vary considerably 
with temperature regardless of the 
transistor type. Furthermore, beta can 
have any one of a large range of values 
within any specific transistor category. 
The stability factors concerning these 
items are best limited if R and R, are 
large resistors. 

Using these basic rules. we can pro- 
ceed with a design example to illustrate 
procedures. Suppose we want to design 
an audio preamplifier using a 12 -volt 
battery supply. The low -noise 2N3391 -A 
silicon transistor is to be used. The beta 
range is 250 to 500, with a mean aver- 
age of 375, and the leakage current at 
25 °C is 0.1 µA (10 -' or 0.0000001 am- 
peres). The transistor is to be used in an 
ambient temperature ranging from 25 °C 
to 55 °C. The common -emitter circuit is 
to have a minimum ac voltage gain of 
10 and a maximum output impedance of 
6000 ohms. The maximum input signal 
it should accommodate is 0.8 volts peak - 
to -peak so that the output voltage must 
be able to swing a minimum of 0.8 x 10 
= 8 volts. 

Start the design of the circuit by es- 
tablishing the output load resistor value. 
The maximum output impedance is 

stated as 6000 ohms. To assure this. put 
a load resistor of less than 6000 ohms in 
the collector circuit. Using the next 
lower EIA standard value, let R,.= 
5.600 ohms. 

The maximum ac gain of the circuit 
has been specified at 10. It has been 
mentioned in a previous article, and will 
be discussed further in subsequent arti- 
cles, that ac voltage gain is approxi- 
mately equal to the ratio of the resistor 
in the collector circuit to the resistor in 
the emitter circuit, or A, = R,. /R,., for 
high beta transistors. So for a minimum 
gain of 10, RF; must be less than 560 
ohms. To compensate for losses and ac 
emitter resistance (26 /ír) discussed in a 
previous article, we will make R,.; equal 
to 470 ohms. The approximate gain 
should then be about (5,600 ohms) /(470 
ohms) = 12. 

Now plot the load line. It is to rep- 
resent the sum of R. and RF or 5,600 
ohms + 470 ohms = 6.070 ohms. A 
plot of a 6000 -ohm load line is enough. 
Using a 12 -volt supply. note the plot 
drawn in Fig. 10 -a. The actual transistor 
characteristic curves. unnecessary for 
this discussion, have been omitted from 
the drawing in the interest of clarity. 

It has been stated earlier that an 8- 
volt peak -to -peak output voltage swing 
is required to accommodate the 0.8 -volt 
peak -to -peak maximum input signal. The 
peak -to -peak collector current swing is 
then 8/6000 ohms or 1.33 mA. The bias 
must be arranged so that the collector 
current can swing this 1.33 mA. Should 
the bias be set at a minimum extreme 
position while accommodating the swing, 
the current varies from 0 mA to 1.33 
mA. At the opposite extreme position, 
the collector current accommodates this 
swing if it varies from 2 mA - 1.33 
mA = 0.67 mA to 2 mA. These two 
boarderline conditions are shown in 
Figs. 10 -b and 10 -c. respectively. Ob- 
viously, the idling bias currents are at 
the middle of each curve, or (1.33 - 
APRIL 1971 
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FIG. 10 -a) PLOT OF LOAD LINE for the 
problem discussed in the text. b) QUIES- 
CENT POINT at one possible extreme 
position is shown. cl SECOND POSSIBLE 
extreme position quiescent point. 

0)/2 = 0.67 mA in one case and (2 - 
0.67)/2 + 0.67 = 1.34 mA for the sec- 
ond case. 

Fig. 10 -b may be considered the 
condition at one extreme when the tran- 
sistor is operating in a 25 °C ambient 
temperature. and beta is at the minimum 
end of its specification range. In this 
case, I,. is at its minimum specified 
value. V F, the forward biased base -emit- 
ter voltage is at the maximum of about 
0.2 volt for germanium devices and 0.6 
volt for silicon transistors. 

Fig. 10 -c the other possible ex- 
treme. assumes the transistor is oper- 
ating at the maximum temperature while 
beta is at the maximum of its range on 
the 2N3391 -A specification sheet. It also 
assumes that V has dropped at about 
2.5 mV (.0025 volt) for each degree the 
transistor ambient temperature has risen 
above 25 °C, while I,.,,,) has increased to 
its maximum value under the stated tem- 
perature limit. (Recall that to a good 
approximation, I o doubles for every 

IU`C rise in the temperature of germa- 
nium transistors and for every 6 °C rise 
in the temperature of silicon devices.) 

From this analysis, we can then de- 
termine that the idling collector current 
change must be limited to 1.34 - 0.67 
= 0.67 mA (the difference between the 
two idling currents), as the transistor 
temperature rises from 25 °C to 55 °C. 
We also determined that at 25 °C, the 
idling current must be adjusted to 0.67 
mA (calculated above from Fig. 10 -b). 
The adjustment at 25 °C assumes the 
minimum beta and I,. ,) and the max- 
imum V ,,. 

The remainder of the design pro - 
ceedure begins by surveying the various 
bias circuits that can be used. Initially, 
select the simplest logical one. design it 
using procedures outlined in the pre- 
vious article. and substitute the com- 
ponent values in the appropriate stabil- 
ity equations. Note the effect of the 
initially designed circuit on changes of I1 
considering each stability factor individ- 
ually. Find the total change of I. by 
summing the individual effects. Then 
check if the resulting idling current (the 
initial quiescent current plus the sum of 
the ..11's) is compatible with the plot in 
Fig. 10 -c. Thus, .1I,. from all causes 
should not exceed 1.34 mA - 0.67 mA if 
the circuit is to operate under all desired 
conditions. 

Should the change in I exceed the 
required value (0.67 mA in this case) 
compute the components needed for the 
next bias circuit in the complexity se- 
quence. Once again calculate the stabil- 
ity factors and determine the ultimate 
effect on Ii.. Add circuit complexities un- 
til you find a circuit which will provide 
the desired results. 

An alternate and somewhat more 
sophisticated design method uses ex- 
treme points in the engineering proce- 
dure. It starts by assuming the simple 
bias circuit in Fig. 11. Two equations 

E'8ß 
ECC 

FIG. 11 -BASIC CIRCUIT used in ex- 
treme point method of engineering stabil- 
ity into a design. 

are established for the base circuit. The 
first assumes one extreme of collector 
current, the minimum value, where I. - 
le(min) and the transistor operates un- 
der its minimum temperature condition. 
Here, I,. ,) is at its minimum value, 
I,. ,)(min), V r is at its maximum, 
V ,,(max), and beta is at its minimum, 
13(min). Assume [ = I. The base sup- 
ply voltage is then equal to 

(min) R'E + R'B 
ß (min) 

le . (min) R' -i- V r (max) Eq. 7 
A second equation assumes the 

maximum collector current. temperature 
and beta. The base -emitter voltage is at 

(continued on page 92) 
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THERE ARE MANY SIMPLE CIRCUITS 
which the newcomer in electronics can 
build to learn assembly methods, be- 
come familiar with fundamental theory, 
and at the same time end up with some 
useful devices. The six projects discussed 
here were selected because they all re- 
late to amplifier -oscillator circuitry and 
illustrate how different items can be de- 
signed from similar electronic founda- 
tions. 

These circuits are reliable and vir- 
tually fool -proof in operation. Parts are 
easy to get. Just enough experimenting is 
needed to give you a feel of electronic 
design in getting the end results you 
want. 

1 Code -practice oscillator 
code -practice oscillator suitable 

for use with either a loudspeaker or ear- 
phones is shown in Fig. 1. Only a single 
transistor is needed, plus a capacitor, a 
variable resistor and a transformer. It 
will work with almost any low -cost 
audio -type transistor. either pnp or npn 
types. If an npn transistor is used, the 
battery polarities would have to be re- 
versed. A 2N404 pnp transistor was used 
initially, and several others were tried 
and found to operate satisfactorily. Sim- 
ilarly. npn types such as 2N338, 2N498, 
and 2N560 were ok. 

The transformer is a tube -type 
audio output. with the primary attached 
to the collector of the transistor and the 
battery as shown. The frequency of the 
signals produced by this oscillator can 
be changed by varying the 500.000 -ohm 
pot. The value of the capacitor also has 
some effect on frequency, as does the 
particular design of the transformer and 
the transistor. 

The whole unit can be built into a 
small plastic box. with the transformer 
dictating the space required. It is prefer- 
able to use a transistor socket to avoid 
possible damage to the transistor during 
soldering and to permit easy changing of 
the transistor for experimental purposes. 

If you must solder the transistor 
into the circuit. hold the leads from the 
unit with a thin -nose pliers to absorb 
heat or attach an alligator clip to the 
lead during the soldering process. If the 
circuit fails to oscillate. recheck wiring 
carefully and make sure connections are 
tight. You may have to reverse the con- 
nections of either the primary or the 
secondary of the transformer (but not 
both) to get the proper phasing for os- 
cillations. For instance, remove the 
ground from the secondary and wire it 
to the top of the winding and take the 
feed -back lead from the top and wire it 
to the bottom. 
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easy projects 
for beginners 

by MATTHEW MANDL 
CONTRIBUTING EDITOR 

One- and two- transistor projects that work. 
Experiment with then on a circuit board 

The oscillator of Fig. 1 generates a 
signal because the conduction of the 
transistor is periodically blocked and re- 
leased. Hence, this device is called a 
blocking oscillator. 

When the telegraph key is closed it 
applies the negative battery terminal to 
the base and collector circuits. Thus it 
supplies forward bias between base and 
emitter (negative and positive) and re- 
verse bias between collector and emitter. 
Under these conditions the transistor 
will conduct. The rising collector current 

flowing through the transformer primary 
induces a voltage in the secondary, since 
a changing signal amplitude causes in- 
duction. The signal across the secondary 
charges the capacitor so it is negative to 
the transformer side and positive toward 
the base. This is a form of reverse bias 
between the base and emitter and hence 
stops transistor conduction. 

Now the capacitor discharges 
through the resistance until forward bias 
again prevails between base and emitter. 
At this time conduction occurs again 

IOµF 
10V TO 

50µ 

PNP PRI 

500K 
PITCH 

CONTROL 

SPEAKER 
OR 

PHONES 

SEC 

TELEGRAPH 
KEY 

1 - 3V 

FIG. 1 -CODE PRACTICE OSCILLATOR 
(above) is built on circuit board as shown 
below. 

FIG. 2- ELECTRONIC PITCH PIPE (right) 
is built on the same board. Select a capaci- 
tor value that gives you the desired tone. 

10nr 

PITCH 
CONTROL 

SEE TEXT 

f 
PITCH 

CONTROL 
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3V 

RADIO- ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


and the entire cycle is repeated. The 
time of discharge depends on the R -C 
constant. A larger capacitor or higher 
resistance slows down the discharge rate 
and decreases the frequency of os- 
cillations. 

2. Electronic pitch pipe 
The oscillator of Fig. 1 can be used 

as an electronic pitch pipe to produce 
any tone needed to tune a guitar, saxo- 
phone, or other musical instrument. In- 
stead of the telegraph key, an on -off 

PROBE 
I 

SIGNAL OUTPUT 

,4J 

PR 

PIOCR 
COST ROL 

APRIL 1971 

CLIP 

FULL SIZE CIRCUIT BOARD 
PATTERNS. One set of these 
boards is all you need to try the 
six circuits presented in this arti- 
cle. Solaer component leads di- 
rectly to the foil side of the board. 

switch is substituted. A push -button mo- 
mentary- contact type switch such as 
used on doorbells might he preferable 
since it would be easier to obtain the 
tone with one hand during tune up. 

The variable resistor in Fig. I pro- 
vides a limited frequency range and to 
extend the tone obtained to that needed 
for tuning purposes. you may have to 
shunt the transformer primary with a 
capacitor as shown in Fig. 2. Try vari- 
ous values from 0.001 to 0.05µF in con- 
junction with changes in the variable re- 

INPUT 

DET OR 
PREAMP 

I ST 
AUDIO OR 
VIDEO AMPL 

AUDIO OST 

2 ND 
AUDIO OR 

VIDEO AMPL 

l 1 

OUTPUT 

PHONES 

FIG. 3- SIGNAL INJECTOR is really an- 
other variation of the code oscillator. 

FIG. 4- Iright) USING THE SIGNAL in- 
jector is easy, as you can see here. 

PARTS FOR THIS ARTICLE 
Farts needed to build the projects de- 

' scribed in this article are specified in the 
text and the individual schematics. 

An etched and tinned G-10 undritled 
Lircuit board is available as part ne. 
171A -B for $2.25. 

A kit of the following parts plus the 
I.Ircuit board is also available. Parts in- 
i.lude: 
Telegraph key 
3 Transistors 
5 Capacitors (.05. .02, 0.1, 8, and 10 pF) 
Transformer 
2 Resistors 
3 Pots (20K, 250K, 500K) 
2 3í," PM speaker 
Switches, probe. earphone, plug. jack and 

battery are not included. 
is kit. order no. 47IAK is $8.85. Order 

Photolume -8 East 28 
New York, 6 

sistor until the desired frequency output 
is obtained. 

Use a pitch pipe or tuning fork as a 
reference standard. Make sure batteries 
are fresh, since a drop in potential will 
alter frequency output. Any small 
speaker will suffice, including the submi- 
niature types. With a 3 -volt source. ade- 
quate volume will be obtained. 

3. Signal injector 
By arranging the output circuit of 

the oscillator as shown in Fig. 3. a con- 
venient and compact audio- signal gener- 
ator is formed for signal -tracing pur- 
poses in audio circuits. The 0.03 -SF 
capacitor blocks dc between the gener- 
ator and the audio circuits under test, 
while permitting the ac signal to be ap- 
plied. An alligator clip joins the ground 
system of the signal generator to that of 
the audio system under test while the 
metal -pointed probe permits manual sig- 
nal injection at any point desired. 

A typical signal -tracing setup is 
shown in Fig. 4. The signal is injected 
into one audio stage and if no output is 
obtained. the defective circuit has been 
isolated. The presence or absence of a 
signal can be checked with earphones, 
using a series capacitor to block dc from 
the phones. Another method is to start 
with the last stage and check for an out- 
put from the speaker instead of phones. 
If an output is obtained. move the audio 
oscillator probes to the input of the 
preceding audio stage, again listening for 
the output signal from the speaker. Once 
the defective stage is found. voltage, re- 
sistor. and transistor checks will isolate 
the defective component. 

The audio signal generator is also use- 
ful to check for defective video- ampli- 
fier stages in TV sets, since these are 
basically audio amplifiers with extended 
frequency ranges to accommodate the 
detected picture signal. The injected 
audio signal will produce horizontal bars 
on the screen if the video stage is not 
defective and passes the signal through. 
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FIG. S- (above) HORIZONTAL 
BARS are produced when using 
signal injector on video ampli- 
fier stage. 

FIG. 6- (right) AUDIO OSCIL- 
LATOR has variable frequency 
output. 

FIG. 7 -(far right) AUDIO AM- 
PLIFIER feeds headphones or 
small speaker. Bottom end of R2 
goes to plus instead of minus side 
of battery. 
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The bars, as shown in Fig. 5, will be 
evenly spaced and will have similar 
thicknesses if linearity is good. Thus, 
height and linearity can also be checked 
with this procedure. The number of bars 
visible depends on the frequency of the 
injected signal. 

4. Metronome 
If you play a musical instrument 

and like to make tape recordings of 
yourself or your group, you've probably 
noticed the tendency to speed up or 
slow down the tempo in certain pas- 
sages. A conventional metronome can't 
be used because the tick -tock would rie 

recorded with the music. Hence, what 
you need is an electronic metronome 
with earphone output. If sufficient power 
were also available to drive a speaker it 

would be convenient during group re- 

hearsals when no recording is being 
made. 

A circuit which meets these require- 
ments is shown in Fig. 6. Two transis- 
tors provide for adequate signal level 
outputs and the operation is virtually 
foolproof. Note then the first stage uses 

an npn transistor which feeds a pnp. 
The output from the second transistor 
not only is applied to the speaker or 
phones. but is also coupled back to the 
base input of the first transistor. The re- 

sult is an intermittent blocking of the 
conduction at a rate again depending on 
the R -C constants involved. Proper 
phasing is automatic since the phase of 
the output signal from Q2 is the same as 

that at the base of Q I. 

The type of transistor is not too im- 

portant and virtually any audio type will 

function. Satisfactory results were ob- 
tained by using any of the following npn 
types which were on hand: 2N293. 
2N338. 2N498. and 2N560. For the pnp 
transistor, each of the following per- 
formed well: 2N329A, 2N404; 2N465, 
and 2N1413. 

You can even interchange the two, 
using a pnp for Q1 and an npn for Q2. 
If you do this, however, you must re- 
verse the battery polarity, placing the 

negative potential at ground. 
The value of the feedback capacitor 

determines the range of frequencies over 
which the variable resistor will tune. For 
a slower ticking rate the size of the ca- 
pacity is increased. If you make the ca- 
pacitor too small you will get a steady 
oscillation just as with the blocking os- 
cillator. For speaker operation you can 
increase the battery potential to 4.5 
volts. For earphone operation 3 volts or 
less will provide sufficient volume. 

If you lean toward classical music 
you can calibrate the frequency range 
and use a pointer knob on the variable 
resistor and a dial, showing frequency. 
The following shows the approximate 
frequencies for the various tempo desig- 
nations: 

Largo 
Larghetto 
Adagio 
Andante 
Allegro 
Presto 

Beats Per Minute 
44 to 72 
72 to 100 

100 to 126 
126 to 154 
154 to 184 
184 to 208 

In calibrating, however. you must 
remember that a change of speaker or 
phones (with a different impedance) 
will affect the frequency rate. Similarly. 
a change of resistance may alter the 
rate, as will low battery voltages (or 
voltages other than that used during ca- 
libration). 

The output from the transistors is 

low- impedance and works best into a 
low- impedance unit such as the voice 
coil of a speaker or 4- to 16 -ohm ear- 
phones. Generally. the older -type 2000 - 
ohm earphones will give poor results. 

SSignaling device 
The rapid "put -put" sound which 

can be obtained from the oscillator of 
Fig. 6 makes a good signalling device 
because it is an attention getter. A push 
button can be substituted for the switch 
and used as a doorbell or a call signal to 
a workshop. etc. Because of the low 
voltage involved, regular bell wire can 

be used between the switch and the os- 
cillator. 

On occasion, slow -rate oscillators of 
this type have been used as an "annoy- 
ance box" for practical joke purposes. 
When the rate is adjusted for a beat 
only every 5 or 10 seconds, prolonged 
listening can irritate some people, par- 
ticularly if the device is hidden in the 
room and the sound source is uniden- 
tified. For such a slow repetition rate the 
capacitor value must be from about 50- 
uF to 100 µF, depending on resistance 
and part values. 

6Audio amplifier 
Without the feedback capacitor in 

Fig. 6 a conventional audio amplifier is 
formed. For satisfactory operation, how- 
ever, some circuit changes should be 
made. For audio amplification transistor 
circuitry, component values are more 
critical because of input and output im- 
pedance factors and their effect on effi- 
ciency. Hence, for the circuit shown in 
Fig. 7 the values only hold for the 
2N498 input transistor and the 2N404 
output transistor. For other transistors 
you will have to try different values for 
the volume -control input resistor, as well 
as for the stabilizing resistor in the emit- 
ter of the output transistor. 

Other precautions call for shielded 
input cable and short (or shielded) con- 
nections between the input plug and the 
hase of the transistor. The circuit shown 
in Fig. 7 develops about 50 mW (de- 
pending on the value of the drive signal 
and the type transistor used in the out- 
put stage). Thus. loudspeaker operation 
is possible, though the volume is not too 
loud. This 2- transistor audio amplifier is 
most suitable for low- impedance ear- 
phone listening, with a fairly good input 
signal such as from a crystal phono- 
graph pickup. a tape deck, or the AM 
output from a diode detector. Since no 
transformer or other bulky parts are 
present, the unit can be built on a min- 
iature chassis just large enough to ac- 
commodate the input plus, output ter- 
minals, and components. R -E 
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Automatic Brightness Limiter 
operates on transistor video amplifier 

wik -Fix picture and waveform charts 
s TM s 

by Forest H. Belt & Associates 
SCREEN SYMPTOMS PS GUIDES WHERE TO CHECK FIRST 

SYMPTOM PIC DESCRIPTION VOLTAGE WAVEFORM 

Picture dark; 
not enough 
brightness 

Picture too bright 
and out of focus; 
brightness control 
has little effect 

Picture goes out of 
focus and dark as 
brightness is 

turned up 

J 

Screen 
black 

Contrast too high; 
brightness control 
can make picture 
out-of-focus 

Picture too bright; 
focus okay; 
brightness control 
has little or no effect 

all Q1 

voltages 

Q2 emitter 

Picture streaky; 
arcing audible 
in chassis 

No picture; raster 
brightness can't be 
turned down 

Q2 emitter 
Q2 collector 

Q1 collector 

no 
help 

all Q1 

voltages 

no 
help 

NOTES: 
Use this guide to help you find which key voltage or wave- 

form to check first. 
Study the screen and the action of the three controls. 
The most helpful clues for each symptom are found at the 

key test points listed for it. 

Q1 base 
Q2 emitter 

not 
much 
help 

WF3 

W15 

WF3 
WF5 

WF2 
through 
WF6 

not 
much 
help 

no 
help 

WF3 
WF5 

PART 

R2, R3, R5. 

R6, R8, RIO, 

C3 

R2, R7, R15, 

R16, R17, R18, 

D1, Q2 

R4 

R4, R6. R7, 

R14, R18, 

h.l, Q1 

C3 

R5, R7, R8, 
R9, R10 

R15 
arcing 

R,8 

an Easy Read' feature by FOREST H. BELT & Associates 1971 

Make voltage or waveform checks as suggested. 
Use the Voltages Guide or Waveforms Guide to analyze 

the results of those tests. 
For a quick check, test or substitute the parts listed as the 

most likely cause of the symptom. 
(continued on page 68) 
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One of our students 
wrote this ad! 

Harry Remmert decided he 
needed more electronics 
training to get ahead. He 
carefully "shopped around" 
for the best training he could 
find. His detailed report on why 
he chose CIE and how it worked 
out makes a better "ad" than 
anything we could tell you. 
Here's his story, as he wrote it 
to us in his own words. 

By Harry Remmert 
AFTER SEVEN YEARS in my present position, I was made 

painfully aware of the fact that I had gotten just about 
all the on -the -job training available. When I asked my 
supervisor for an increase in pay, he said, "In what way 
are you a more valuable employee now than when you 
received your last raise ?" Fortunately, I did receive the 
raise that time, but I realized that my pay was approach- 
ing the maximum for a person with my limited training. 

Education was the obvious answer, but I had enrolled 
in three different night school courses over the years and 
had not completed any of them. I'd be tired, or want to 
do something else on class night, and would miss so many 
classes that I'd fall behind, lose interest, and drop out. 

The Advantages of Home Study 

Therefore, it was easy to decide that home study was the 
answer for someone like me, who doesn't want to be tied 
down. With home study there is no schedule. I am the 
boss, and I set the pace. There is no cramming for exams 
because I decide when I am ready, and only then do I 
take the exam. I never miss a point in the lecture because 
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Harry Remmert on the job. An Electronics Technician with a promising 
future, he tells his own story on these pages. 

it is right there in print for as many re- readings as I find 
necessary. If I feel tired, stay late at work, or just feel lazy, 
I can skip school for a night or two and never fall behind. 
The total absence of all pressure helps me to learn more 
than I'd be able to grasp if I were just cramming it in to 
meet an exam deadline schedule. For me, these points 
give home study courses an overwhelming advantage over 
scheduled classroom instruction. 

Having decided on home study, why did I choose CIE? 
I had catalogs from six different schools offering home 
study courses. The CIE catalog arrived in less than one 
week (four days before I received any of the other cata- 
logs). This indicated (correctly) that from CIE I could 
expect fast service on grades, questions, etc. I eliminated 
those schools which were slow in sending catalogs. 

FCC License Warranty Important 

The First Class FCC Warranty* was also an attractive 
point. I had seen "Q" and "A" manuals for the FCC exams, 

'CIE backs its FCC License -preparation courses with this famous Warranty: 
graduates must be able to pass the applicable FCC License exam or their 
tuition will be refunded in full. 

RADIO -ELECTRONICS 
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and the material had always seemed just a little beyond 
my grasp. Score another point for CIE. 

Another thing is that CIE offered a complete package: 
FCC License and technical school diploma. Completion 
time was reasonably short, and I could attain something 
definite without dragging it out over an interminable num- 
ber of years. Here I eliminated those schools which gave 
college credits instead of graduation diplomas. I work in 
the R and D department of a large company and it's been 
my observation that technical school graduates generally 
hold better positions than men with a few college credits. 
A college degree is one thing, but I'm 32 years old, and 
10 or 15 years of part -time college just isn't for me. No, 
I wanted to graduate in a year or two, not just start. 

If a school offers both resident and correspondence 
training, it's my feeling that the correspondence men are 
sort of on the outside of things. Because I wanted to be 
a full- fledged student instead of just a tagalong, CIE's 
exclusively home study program naturally attracted me. 

Then, too, it's the men who know their theory who 
are moving ahead where I work. They can read schematics 
and understand circuit operation. I want to be a good 
theory man. 

From the foregoing, you can see I did not select CIE 
in any haphazard fashion. I knew what I was looking for, 
and only CIE had all the things I wanted. 

Two Pay Raises in Less Than a Year 

Only eleven months after I enrolled with CIE, I passed 
the FCC exams for First Class Radiotelephone License 
with Radar Endorsement. I had a pay increase even be- 
fore I got my license and another only ten months later. 
I'm getting to be known as a theory man around work, 
instead of one of the screwdriver mechanics. 

These are the tangible results. But just as important are 
the things I've learned. I am smarter now than I had ever 
thought I would be. It feels good to know that I know 
what I know now. Schematics that used to confuse me 
completely are now easy for me to read and interpret. 
Yes, it is nice to be smarter, and that's probably the most 
satisfying result of my CIE experience. 

Praise for Student Service 

In closing, I'd like to get in a compliment for Mr. Chet 
Martin, who has faithfully seen to it that my supervisor 
knows I'm studying. I think Mr. Martin's monthly reports 
to my supervisor and generally flattering commentary have 
been in large part responsible for my pay increases. Mr. 
Martin has given me much more student service than "the 
contract calls for," and I certainly owe him a sincere debt 
of gratitude. 

And finally, there is Mr. Tom Duffy, my instructor. I 
don't believe I've ever had the individual attention in any 
classroom that I've received from Mr. Duffy. He is clear, 
authoritative, and spared no time or effort to answer my 
every question. In Mr. Duffy, I've received everything I 
could have expected from a full -time private tutor. 

I'm very, very satisfied with the whole CIE experience. 

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

APRIL 1971 

Every penny I spent for my course was returned many 
times over, both in increased wages and in personal satis- 
faction. 

Perhaps you too, like Harry Remmert, have realized that 
to get ahead in Electronics today, you need to know much 
more than the "screwdriver mechanics." They're limited 
to "thinking with their hands "...learning by taking things 
apart and putting them back together ... soldering connec- 
tions, testing circuits, and replacing components. Under- 
standably, their pay is limited -and their future, too. 

But for men like Harry Remmert, who have gotten the 
training they need in the fundamentals of Electronics, 
there are no such limitations. As "theory men," they think 
with their heads, not their hands. For trained technicians 
like this, the future is bright. Thousands of men are ur- 
gently needed in virtually every field of Electronics, from 
two -way mobile radio to computer testing and trouble- 
shooting. And with this demand, salaries have skyrocketed. 
Many technicians earn $8,000, $10,000, $12,000 or more 
a year. 

Send for Complete Information -FREE 

Many men who are advancing their Electronics career 
started by reading our famous book, "How To Succeed 
In Electronics." It tells of the many electronics careers 
open to men with the proper training. And it tells which 
courses of study best prepare you for the work you want. 

If you're "shopping around" for the training you need 
to move up in Electronics, this 44 -page book may have 
the answers you want. We'll send it to you FREE. With 
it, we'll also include our other helpful book, "How To Get 
A Commercial FCC License." 

To get both FREE books, just fill out and mail the 
bound -in postpaid card. If the card is missing, send the 
coupon below. 

CIE Cleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council A Leader in Electronics Training ...Since 1934 s.FT:TF 

COLLEGE - 

LEVEL 

COURSE IN 

ELECTRONICS 

ENGINEERING 
for men with prior ex- 
perience in Electron- 
ics. Covers steady- 
state and transient 
network theory, solid 
state physics and cir- 
cuitry pulse tech- 
niques, computer logic 
and mathematics 
through calculus. A 

college -level course 
for men already work- 
ing in Electronics. 

Circle 16 on reticle,. .service card 

r -1 
Cleveland Institute of Electronics 
1776 East 17th Street, Cleveland, Ohio 44114 

Please send me without cost or obligation: 
1. Your 44 -page book "How To Succeed In Elec- 
tronics" describing the job opportunities in 
Electronics today, and how your courses can 
prepare me for them. 
2. Your book on "How To Get A Commercial FCC 
License." 
I am especially interested in 

Electronics Electronic 
Technology Communications 

Broadcast Industrial Electronics 
Engineering and Automation 

First -Class Electronics 
FCC License Engineering 

Name 
(PLEASE PRINT) 

Address 

City 

State Zip Age 

Check here for G.I. Bill information. RE -89 
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KVVIK -FIX 
(continued from Jag(' 63) DC VOLTAGES AS GUIDES 

Voltage change to zero very low low slightly low slightly high high 

Q1 -base 
Normal 
7 V 
5.5 at 
max brt 

R7 shorted R5 open 
R7 low 
R14 open, high 

R3 open- 
R7 low 
R8 open 
R9 open 
R18 open, high 
Q1 faulty 

R2 open, high 
R6 open 
R8 high 

R7 open 
R18 low 

Q1- emitter 
Normal 
6.5 V 
5 V at 
max brt 

R7 shorted R7 low R3 open- 
R7 low 
R8 open 
R9 open 
Q1 faulty 

R2 open, high 
R5 open 
R6 open 
R8 high 
R14 open, high 
R18 open, high 

L1 open R7 open 
R8 low 

Q1- collector 
Normal 
15 V 
18 V at 
max brt 

R15 shorted- 
R16 open, high- 
D1 shorted 2 

Q1 faulty 
Q2 faulty2 

R4 open, high 
R18 low 

R2 open, high 
R3 open 
R5 open 
R6 open 
R7 open 
R8 low 
R14 open, high 
R18 open, high 
L1 open 
Q1 faulty 

Q2 -base 
Normal 
0.01 V 

R2 very low' 
R14 open, high- 

Q2- emitter 
Normal 
O. V 

R2 very low' 
R4 open, high' 
R7 low' 
R14 open, high' 
R17 open' 
R18 low' 

Q2- collector 
Normal 
7 V 

R4 open 
C3 shorted 

R4 high 
R5 low 
R7 low 
R14 open, high 

R5 low 
R7 low 
R8 open 
R9 open 
R18 open, high 
C3 leaky 

R2 v. low, open 
R3 open 
R8 high 
Q1 faulty 

R7 open 

'Goes positive 
2Volts low because 
of Brightness setting 

NOTES: 
Use this guide amt the Waveforms Guide to help you pin- 
point the faulty part. 
Measure each of the six key voltages with a vtvm. 
For each, stove across to the column that describes what- 
ever change you find in that voltage. 
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Notice which parts might cause that change. 
Finally, notice which parts are repeated in the combination 
of changes you find. 
Test those parts individually for the fault described. 
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THE STAGES 
The automatic brightness limiter (usually called just ABL) 

has one basic purpose: to keep the beam current in a color 
picture tube from rising too high. Without the limiter stage, 
the CRT can overload its high -voltage power supply, causing 
the raster to bloom and go out of focus. 

You may recognize the video stage from the last Kudk- 
FixT3I. Circuits in the stage that don't pertain to the ABL system 
are omitted from the schematic shown here. (A blanking sys- 
tem is part of this stage, and is the topic of the next Kll'ik- 
Fix "m. Only pertinent circuits are shown in the schematic.) 

This second video amplifier is dc- coupled to the picture 
tube through the third video stage and the three color video 
amplifiers. So . . . collector voltage on Q1 has a strong bearing 
on CRT cathode voltage. That affects CRT bias, therefore also 
beam current and brightness. That chain relationship is why 
emitter -bias pot R9 controls brightness. 

Brightness limiter stage Q2 also affects the collector volt- 
age of QI by its control over Ql base voltage. 

The ARL stage senses changes in CRT beam current by its 
connection to the high -voltage module. If the color picture 
tube draws too much beam current, more voltage is dropped 
across R14 and R15, and the dc voltage at the base of Q2 
rises. That increases forward bias for Q2, and lowers its col- 
lector voltage. Less positive voltage is applied to the base of 
QI through R4- R3 -R6. That reduces forward bias on QQ1, and 
collector voltage goes up. That voltage shift is passed along to 
the CRT cathodes through the third video amp and the color 
video amps. A positive- direction voltage shift biases the pic- 
ture tube down, keeping the overcurrent from continuing. 

SIGNAL OPERATION 
In the brightness limiter stage, there is no signal. The wave- 

forms are in the video stage the ABL works through. 
The input from the first video amplifier develops across 

input load R3 -R4. Capacitor C3 decouples the input load for 
signal. (R5 is the input load for whatever dc shift the ABL stage 
develops, but that's not considered a signal.) Capacitor C2 is 
for frequency compensation. 

The slider of R3 picks off some of the video signal and 
applies it through R6 to the base of Ql. The transistor is a 
common -emitter amplifier for video. It boosts video amplitude 
in the collector circuit and inverts the signal polarity. (The 
video is the lower portion of WF3 and WF4. The large pulses 
are blanking.) 

Resistor R 10 is the output load for signals amplified by 
Ql. The video- and -blanking signal goes from there through 
the delay line to the third video stage. 

FROM HV 
MODULE 

WFI 

FROM FIRST 
VIDEO AMPL 

C2 
100pF 

BRIGHTNESS 
LIMITER 

R2 R3 
27K 1K 

24V 

DC DISTRIBUTION 
The whole ABL stage is dc operated. There's no signal. 
Base bias for Q2 comes from whatever voltage develops 

across R14 -RI5, which are in series with the picture tube's 
high voltage (at the ground end). The slider of RI5 sets the 
normal operating level of Q2. It is adjusted by the technician 
for minimal blooming at the highest BRIGHTNESS setting. Rl6 
applies the ABL sensing voltage to the transistor base. 

The Zener diode at the base of Q2 prevents damage from 
arcing in the picture tube. 

The collector is supplied from the 24 -volt dc line, with 
nominal voltage set by the values of divider R18 -R5. Collector 
supply resistor R I 8 also is "output load" for any change in Q2 
collector voltage brought about by a change in CRT beam 
current. R4, R3, and R6 pass along any such changes to Ql. 

The emitter and collector of Ql are both supplied from 
the 24 -volt dc line. The BRIGHTNESS pot varies emitter bias, 
changing collector current and eventually (through succeeding 
dc- coupled stages) the CRT brightness. 

SIGNAL AND CONTROL EFFECTS 
The BRIGHTNESS LIMI LER control determines the "resting" 

or normal bias for Q2. Varying it changes voltages in the 
limiter stage. but hardly at all in the video amplifier. The 
BRIGHTNESS LIMITER pot doesn't control brightness range, but 
sets operating conditions for the ARL stage and sets at what 
point it begins to prevent the CRT beam current going higher. 

The BRIGHTNESS pot changes the emitter voltage on Q1, 
and to a large extent the base voltage too. But careful mea- 
surements show it affects emitter voltage slightly more than 
base voltage. Hence the effect on collector current, which ulti- 
mately translates into a change in raster brightness. 

Station signals affect waveforms in these stages but not dc 
voltages. Without station signal, there's no WF1 or WF2. The 
remaining waveforms then consist only of blanking signals. 

QUICK TROUBLESHOOTING 
A dc clamping voltage from outside is a quick and simple 

way to check action of the ABL system. Clip it to the collector 
of Q2. Turn BRIGHTNESS up full. Vary the clamp voltage 
slightly. The raster should go out of focus at some clamp 
voltage (if you go too far, it'll even black out). 

If that works normally, move to the base. You need only 
a very slight voltage there -a small fraction of a volt. Varying 
it should show raster effects, if the transistor is okay. 

The same voltage applied at the top of R15 lets you see if 
turning the pot affects the ABL action as seen in the raster. 

(waveforms on next two pages) 

NP r-^irillifk 

WF2 

R6 
10012 7V 

COLOR 

COMMANDER 
(CONTRAST SECTION) 

R4 

RI5 
1552 

RI4 
1212 

R16 
27012 0.01V 

02 - 7V 
8212 

RIB 
10K 

R5 
3.3K 

WF5 

- BRIGHTNESS 
OV 

*DI R17 
1511 

LIMITER 

24v 
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C3 
50µF 

I 1 I 

,.w110111%..i .. 

WF6 

LI 

} 1 C4 
1 T .0039 

paw ìrw's+w' 

15V 
\WF3 

SECOND 
VIDEO 
AMPL 
01 

6.5V 
RIO 
1.3K 

24V 

R7 47012 27052 

R9 
5O0í2 

WF4 

; /Mi//4011i 

TO DELAY LINE 
AND THIRD 
VIDEO AMPL 

BRIGHTNESS 

24V 
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WAVEFORMS AS GUIDES 

WF1 Normal 2.5 V p -p 

This is the input waveform, coming from the emitter of the first video amplifier stage. 
Polarity is the same as the signal right out of the video detector, with sync pulses pointing 
negative. This waveform is displayed at the horizontal rate, because the vertical -rate wave- 

e AO ll form here doesn't show much information of value. 
Yy .41 

WF2 Normal 0.7 V p -p 

Taken at the base of Q1, this waveform is the signal from the slider of R3, the contrast con - 
trol. The amplitude listed here is about normal to produce a picture with good gray scale, 
if all the stages from here to the picture tube are working properly. Control R3 is set about 
two- thirds clockwise. The scope locks this waveform best in the negative sync mode. r 

V p -p low V p -p high V p -p zero 

'" 
i i y 

8 V p -p 
C3 open 

_.. ,...r. 

5 V p -p 
R6 high 

WF3 Normal 13 V p -p 

Taken at the collector of Q1, with the scope set to show horizontal pulses. The horizontal 
blanking pulse dominates this waveform, leaving only a small part-about 3 volts peak to 

Ì peak -of the overall amplitude taken up by the video. The scope locks this waveform best 
-.., in the positive sync mode. 

1 

V p -p low 
R2 open 
R7 open 
R10 low 

V p -p high V p -p zero 
R5 low 
R14 open, high 
R18 open, high 
C3 leaky 
L1 open 
Q1 faulty 

*+"**w 
13 V p -p 
R2 open 

20 V p -p 
R6 high 

,-- _- ,- .___... 

awes. imomimo Ill now 

4 V p -p 
R3 open 

10 V p -p 
R6 open 

I 1 

- -- - .* 
13 V p -p 
R4 open 

13 V p -p 
R7 low 

^ t. 

"If Sti'V 
15 V p -p 
C3 open 

13 V p -p 
R18 low 

WF4 Normal 13 V p -p 

-. This waveform also is taken at the collector of Q1, but with the scope set for vertical frames. 
Again, the dominant feature is the blanking pulses -vertical blanking in this case. If you 
look closely, you can see vertical sync pulses between each frame of video. The scope locks 
this waveform best on positive sync. t. 

V p -p low 
R2 open 
R6 open 
R7 open 
R10 low 

V p -p high V p -p zero 
R6 open 
R14 open, high 
R18 open, high 
Ll open 
Q1 faulty 

- 

20 V p -p 
R7 low 

i iR 1 
13 V p -p 
C3 open 
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WF5 Normal 2.5 V p -p 

Taken in the emitter circuit of Q1, with the scope set to show horizontal pulses. Video is 
almost not noticeable, being overshadowed by the horizontal blanking pulses. Blanking is 
positive -going here, the same as in the collector circuit; being applied at the emitter, the 

' blanking signal isn't inverted by the amplifier (the video is inverted, being applied at the 
i base). 

V p -p low 
R7 low 

V p -p high V p -p zero 
R2 low 

4 V p -p 
R2 open 

! ! 

11 

1 

I 

4 V p -p 

R3 open 

6 

1.5 V p -p 

R4 high 

1 1 1 

.. 

4 V p -p 

C3 open 

c 

4.2 V p -p 

C3 leaky 
R5 low 

6 V p -p 
R6 open 

4 V p -p 

L1 open 

, 1 

I l 

6 V p -p 
R7 open 

1 .. *- 
3 V p -p 

R8 low 

i i 

Ji4 'r 

1 V p -p 
R18 low 

3.5 V p -p 

Q1 faulty 

t 1 1 

I I 1 , _ 
4 V p -p 
R14 open, high 
R18 open, high 

of Q1, but with the scope set for vertical frames. The blank- 
the vertical sync, and notice that it's the same polarity as 
negative -going. There's no inversion from base to emitter 

locks best with scope sync positive. 

WF6 Normal 5 V p -p 

Also taken in the emitter circuit 
ing pulses dominate. You can see 
the sync pulses in WF1 and WF2- 
in this kind of amplifier. The display 

V p -p low 
R2 low 
R7 low 

V p -p high 
R2 open 

V p -p zero 

5 V p -p 
R4 high 

-^ -- --- -- 

i 

r 

roi 

7 V p -p 

C3 open 
6 V p -p 
C3 leaky 
R5 low 

4 V p -p 
R3 open 

4 V p -p 
R18 low 

6 V p -p 
R7 open, high 

4 V p -p 
R8 low 

6 V p -p 
R6 open 

NOTES: 
Use this guide and the Voltages Guide to help you pin clown 

fault possibilities. 
Use the direct probe of the scope. For WFI, WF2, WF3, 

and WF5, set the scope sweep at about 5 kHz; for WF-1 
and WF6, use about 20 Hz. These display three cycles. 

APRIL 1971 

Check the si.i waveforms at the four key test points. 
Note amplitude. If it's loir or high, check the parts listed 

ululer those cniuntns. 
Note wareshape. II there's a change that matches one 

shown, check the parts indicated. 
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Color- Killer 
Adjustments 
Use new set -up procedures with 
RCA's improved chroma circuitry. 

The color -killer circuitry in the CTC 
38, CTC 39, CTC 41, CTC 42 and 
CTC 43 chassis is similar so the ex- 
planation and set -up procedure given 
here applies to all of them. In most 
areas, the conventional method of ad- 
justing the killer threshold is adequate. 
Simply position the tuner to a vacant 
channel, adjust the control from the 
clockwise extreme until colored snow 
is visible, and readjust it until the 
color disappears. While this technique 
is completely satisfactory under most 
conditions, refinement of the threshold 
adjustment may be necessary in those 
instances when broadcast stations in- 
advertently allow a small amount of 
burst signal to be transmitted with a 
monochrome signal. The killer system 
in this series of receiver chassis was 
designed with high burst sensitivity to 
enhance fringe -area color reception, 
and because of this, "leaking" burst 
may open the chroma channel, even 
though this burst is attenuated as 

much as 20 dB (1/10 of normal) . 
This results in intermittent colored 
snow during monochrome reception. 
The adjustment to be described nor- 
mally will make it possible to maintain 
color killing during monochrome re- 
ception when residual burst is present 
and also allow normal color reception. 

In all these chassis, the color - 
killer stage is a transistor switch. 
When this switch is "off" (transistor 
not conducting) negative voltage ob- 
tained from the blanker grid circuit 
biases off the difference -amplifier 
stages. When conducting, the killer 
transistor enables the difference - 
amplifier tubes to conduct by remov- 
ing the negative grid bias and supply- 
ing a ground return for the grid 
resistors (see diagram of simplified 
acc /color killer circuit). 

The conduction point of the 
killer transistor depends on both 3.58 - 
MHz oscillator grid bias and the COLOR 
KILLER control setting. Conduction is 

FROM 
I ST 
VIDEO 
AMPL 

1ST 
BAND- 
PASS 
AMPL 

1ST 
BAND- 
PASS 

TRANS 
T701 

STEP 2 

DISABLE 
STAGE 

6CB6A 
BURST 
AMPL 

8pF W 
f 

L701 I C 
CHROMA 

TAKE -OFF i - 

STEP I 

CONNECT 
COLOR BAR 
GENERATOR 

-100V 
BLANKER 
GRID 

72 

L 

B+ 

BURST 
TRANS 
T702 

-25 NO COLOR 
0 COLOR 

405V 

Q702 
ACC 

AMPL 

I/2 6GH8A 
3.58 OSC 

047 

0701 
KILLER 

AMPL 
R-Y 

C 
I MEG 

IMEG 

B-Y 
AMPL 

-I00V 
BLANKER 
GRID 

z2 
MEG 

680K 

B+ 

I MEG 
COLOR =- 
KILLER 

controlled by combining a positive po- 
tential from B+ (through the killer 
control) with a negative potential 
from the 3.58 -MHz oscillator grid. 
The resultant voltage is applied to the 
base of the killer transistor. With no 
color signal input, the oscillator grid 
voltage is low (approximately -3.5 
volts); and the positive voltage from 
the killer control balances that ob- 
tained from the oscillator grid. Under 
these conditions the base bias is zero 
and the transistor switch is cut off. 
During color reception the oscillator 
grid voltage increases to approxi- 
mately -8 volts. This increased nega- 
tive bias is sufficient to override the 
positive potential from the killer con- 
trol, thereby biasing the killer switch 
on and turning on the color- difference 
amplifiers. 

In those areas where a trans- 
mitter is known to leak burst, the best 
policy is to refrain from changing the 
original setting of the color killer. If 
this control has been adjusted, it may 
be returned to the optimum setting us- 
ing the factory set -up procedure: 
Step 1. Connect a color -bar generator 
to the chassis to supply a constant - 
level color signal. 
Step 2. Defeat the burst amplifier 
stage by connecting the cathode of the 
burst amplifier tube to approximately 
270 volts B+ through a 39,000 -ohm, 
1 -watt resistor. The burst amplifier 
cathode is TP 701 in the CTC 38 and 
CTC 39 chassis; TP 704 in the CTC 
41, CTC 42 and CTC 43 chassis. The 
necessary B+ potential is available at 
terminal PW700 -S in all chassis. This 
step makes the oscillator grid voltage 
independent of incoming color signal 
amplitude. 
Step 3. Connect negative 4.5 volts bias 
to the 3.58 -MHz oscillator grid (pin 
2) through a 470 -µH choke (Stock 
No. 124271). It is necessary to isolate 
the grid with a choke to prevent load- 
ing, since the oscillator must be run- 
ning during the setup procedure to 
produce color on the screen. This step 
establishes the optimum oscillator grid 
bias for killer adjustment. 
Step 4. Adjust the killer control to kill 
the color bars on the picture tube 
screen. 
An alternate setup procedure which 
requires less equipment but which re- 
quires somewhat more skill may be 
used in lieu of the factory adjustment. 
Step 1. Tune receiver to a color 
broadcast. 
Step 2. Connect a vtvm through a 
470,000 -ohm resistor to the grid of 
the 3.58 -MHz oscillator. 
Step 3. Adjust receiver fine tuning 
(away from sound) until the vtvm in- 
dicates -4.5 volts. 
Step 4. Adjust the killer control until 
color is just killed. R -E 
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NEW PRODUCTS 
More information on new products is available from the manufacturers 
of items identified by a Reader Service number. Use the Reader Service 
Card on page 93 and circle the numbers of the new products on which 
you would like further information. Detach and mail the postage -paid card. 

AM & FM CASSETTE TUNER PACKS, 
model BF -11. Converts cassette players 
or recorders to an FM or AM radio. Sta- 
tion selection is controlled by the slip -in 
tuner; sound components and volume 

controls of player or recorder amplify ra- 
dio signal. FM $12.75, AM $6.75 
-M &B Enterprises, 22 W. Madison, Suite 
900, Chicago, Ill. 60602. 

Circle 31 on reader service card 

SWITCHING DEVICE, Switch- O -Matic 
30 -3160. Electronic solid -state device per- 
mits car radio to be played through tape 
system stereo speakers by automatically 

switching them in. When tape unit is 
being used, Switch- O- Alatic automatically 
cuts itself out of the circuit. Mounts be- 
hind dashboard. $17.95. -GC Electronics, 
400 S. Wyman St., Rockford, Ill. 61101 

Circle 32 on reader service card 

STEREO RECEIVER, model 8. 200 - 
watt direct -coupled amplifier (IHF mu- 
sic power ), driven by both positive and 
negative power supplies, uses negative 
feedback down to de for steady damp- 
ing. Continuous power at 4 ohms is 160 
watts. Response is 5 to 50,000 Hz ±1 
dB. Less than 0.37 total harmonic dis- 
tortion and less than 0.4`lß inter - 
modulation distortion. Has separate, 
stabilized power -supply circuits for dif- 
ferent sections of the receiver. Pre- 
amplifier has two tape- monitor circuits 
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and permits direct deck -to -deck copying. 
Model 8 is complete with finished wal- 
nut cabinet. $499.95. -Sansui Elec- 
tronics Corp., 32 -17 -61 St., Woodside, 
N.Y. 11377. 

Circle 33 on reader service card 

D.I.P. BOARDS, for mounting and inter- 
connecting 14, 16, 24 or 36 pin dual -in- 
line packages of IC sockets. Available 
pre- punched on either paper base phe- 
nolic or epoxy glass, the 1 oz. copper lay - 
nut pattern permits mounting of packages 
having any number of terminations, pro- 

valve regulators and accessories, useful 
for miniature welding, brazing and sol- 
dering operations. Oxygen capacity is 75 
liters; LP gas capacity is 26.7 fluid 
ounces. Complete hose set and carrying 
handle bracket also included. Optional 
oxygen gauge, oxygen adapter fitting, 

vided they are on 0.1" centers. D.I.P. 
hoards allot room for mounting test points 
at front end of card. Sizes run from 4.5" 
wide x 6.5" long to 6.5" wide x 8.0" long. 
-Vero Electronics, Inc., 171 Bridge Rd., 
Hauppauge, N.Y. 11787. 

Circle 34 on reader service card 

SOLID -STATE 
WIDE BAND OS- 
CILLOSCOPE, 
model LBO -32B. 
This 3" scope has 
bandwidth of dc 
to 7MHz and spe- 
cial input circuitry 
which stabilizes 
the dc level so 
power line fluctua- 
tions have no ef- 
fect on the position of the CRT display. 
Input sensitivity is 10 mV /cm. Horizon- 
tal and vertical amplifiers are balanced 
so the instrument adapts itself to use as 
a vector scope. Line sweep position 
makes a frequency comparator using the 
Lissajous technique. Calibration voltage 
is set at 0.03V p -p at line frequency and 
the sweep circuit has a frequency range 
of 1 Hz to 200 kHz in 6 steps, and auto - 
matically locks to the horizontal video 
pattern of the TV signal. $189.50. - 
Leader Instruments, 37 -27 27th St., 
Long Island City, N.Y. 11101. 

Circle 35 on reader service card 

GAS TORCH, Designed for home or 
industrial use. Torch kit includes indus- 
trial capacity oxygen and LP tanks, 

brazing rod kit available to meet the 
needs of jewelry repair shops, elec- 
trical /electronic applications, and 
educational institutions -Microflame, 
Inc., 3724 Oregon Ave. S., Minneapolis, 
Minn. 55426 

Circle 36 on reader service card 

ELECTRONIC OVEN KIT, model GD- 
29, cooks with invisible microwaves that 
instantly penetrate food and agitate the 
molecular structure, cutting cooking time 
as much as 70 %. Featuring fail -safe Oper- 
ation, door design prevents leakage of 
microwaves from the oven cavity. The 
dual door interlock system instantly shuts 

off the oven when the door is opened, 
and is tamperproof and foolproof. Meets 
all FCC regulations for radio frequency 
interference. 120 -volt operation, cook - 
hook included. Kit, 8399.95. -Heath Co., 
Benton Harbor, Mich. 49022. 

Circle 37 on reader service card 

TRANSPARENT CRYSTALLIZING 
PAINT, Set "A" #P- 71,246 and Set "B" 
#P71,247. Create psychedelic slides and 
decor with paint which crystallizes as it 
dries in splintered patterns and intricate 
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IMPOSSIBLE? . .. BARGAINS IN SURPLUS 
ELECTRONICS (AND OPTICS) 

E TACHOMETER /DWELL METER KIT 
Obviously the only way we can 

provide an astounding value like this, 
is by utilizing surplus parts. The 270 
meter movement, surplus of an auto 
manufacturer, is worth several times 
our kit price alone. But we also 
include all the components required 
to build a fine auto Tach /Dwell 
Meter including transistors, tenor 
diode, switch, printed circuit board and full instructions. 

E LOWEST COST DIGITAL COUNTER KIT $6.50 
Here is another astounding surplus bargain kit. To the 

best of our knowledge this is the lowest cost decade 
counter complete with readout anyone has offered yet! 
We supply two M.S.I. integraged circuits, a 7490 decade 
counter. and a 7441 count of 10 decoder, 10 light bulbs 
that operate directly from the 5 volt supply. a printed 
circuit board, and full instructions for building a decade 
counter. Of course several of these counters can be 
cascaded for as many decades as you wish. 

E A DIGITAL COUNTER KIT $7.50 
Same as above but with 74130 bidirectional counter 

for counting forwards or backwards. Used in preset 
counting, encoders, etc. 

E NIXIE READOUT DECADE COUNTER $11.75 
Same as above but n e readout instead of lamps. 

Includes B5750 nixie, which solders directly on P.C. 
board. Add $1.00 for up /down option. 

IEE PROJECTION DISPLAYS 
This decimal readout device pro- 

jects numbers onto a plastic screen. 
Can easily be viewed from many feet 
away. Original cost $25.60. Used in 
perfect condition. 

E PRINTED CIRCUIT BOARD KIT $5.60 
With 7490 decade counter. 7441 decoder and 

transistors to provide decade counter and driver for IEE 
readout above. 

E B5750 NIXIE, NEW, ORIGINAL, PKG. $6.00 
E 4.5 VOLT 100 MA MINIATURE WIRE 

LEAD BULB 10 for $2.00 
E GIANT BO PAGE ILLUSTRATED CATALOG .25 

Free with any order or send .25 cents 

Charges Welcome $10.00 Mln. 
BankAmericard - Mastercharge 

ALL ITEMS POSTAGE PAID IN THE U.S.A. 

B. & F. ENTERPRISES 
Phone 617 532 -2323 

P.O. Box 44. Hathome, Mraehusetts 01937 

$6.50 

57.50 

Circle 64 on reader service card 

record player, tape deck, microphone 
and paging phones. The TP160 is the 
front end, without public address system, 
available separately. -Bogen Div., P.O. 
Box 500, Paramus, N.J. 07652. 

Circle 47 on reader service card 

PAGING PROJECTORS, models PA12 
and PAI2F, each 12 xvatts, feature com- 
puter -calculated bon) flare; Alnico V 
magnet structure; 8-ohm voice coil im- 
pedance. Frequency respousc of PA12 is 
325 to 14,000 Hz: I'.112F is .500 to 14; 

000 Hz. The housing is high -pressure in- 
jection molded. TRI2 transformer avail- 
able for line- voltage installations. PA12, 
$27.00 PA12F, 5:3:3.(10.- Electro- Voice, 
Inc., Buchanan, Mich. 49107. 

Circle 48 on reader .service card 

LOW HEAT SOLDERING PENCIL, 
nlnrfelt DFI -1 and 1)11 -2, provide contín- 
uuu, loss heat for light and medium sol- 

ANEW 
3 years of 
constant research and 

...testing have put us way 
ahead! NO NOISE has been an innovative 
force in the development and production of cleaners 
and lubricants for 25 years. Our technical peo- 
ple. who made us No. 1, were turned loose 
to create a new line that would out-per- 
form anything on the market. Three 
years of experimentation and 
testing developed these 2 new 
products. Approved by 
leading service 

1 organizations. 
tr I 

from the 
originators SISE" 

1 
N 

You've tried others, now try the best! 

8 oz. 
$2 35 

SUPER 
- LUBE 

A miracle concentrated for- 
mulation for heavy duty jobs. Its 

clinging action foams away corrosion, 
dirt and oxidation -and polishes all tuners con- 

tinuously without drift or detuning. SUPER -LUBE's 
built -in lubricating quality makes channel selecting smooth 

and easy. For color and black & white. 
V. -_= 1111ttt` IM - - - I111 I1IN - IttIIMI - - - - 

ltl rod (lc lOFy BUY 4 CANS OF SUPER -LUBE AND GET 2 EXTRA 
CANS FREE FROM YOUR JOBBERS! MONEY BACK 
GUARANTEE! ' Offer 

SUPER SPRAY BATH dissolves and flushes 
- / away grease, dirt, oil and oxidation. Simply spray 

( tuners, its penetrative action cleans and 
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restores tuners inside 
and out. 

oc 
All NO NOISE products 

are non -toxic - non -flam- 
mable - no carbon tet - 

safe for all plastics. 

Often imitated but never duplicated 

C 813 Communipaw Avenue 
Jersey City, N. J. 07304 

ELECTRONIC CHEMICAL CORP. 
Circle 65 on reader service card 

*C41011440111.40166 

=I I= IM 

24 oz. 
$3.25 

MOW' 

Bering jobs, and fast high heat by de- 
pressing a button switch on the handle. 
The DII -i has 15- and 47 -watt elements 

with 520 °F continuous low temperature 
and 920 °F high heat. The DH -2's ele- 
ments are 20 and 53 watts, 630 °F and 
97.5 °F. Tips are changeable, nickel -coated 
copper tips are inclncicd. -Wall Manufac- 
turing Co., P.O. Box 3349, Kinston, N.C. 
28501. 

Circle 49 on reader service card 

TRIGGERED SWEEP OSCILLO- 
SCOPE, BiIC model 1460. Fully au- 
tomatic triggered sweep permits view- 
ing entire TV color signal, including 
VITS, with the color-burst information. 
Two sweep selector positions, TVH and 
TVV. 5" screen. Vertical amplifier goes out 

to 10 MHz, horizontal bandwidth is 
de-800 kHz (3 dB). All solid- state. 
5389.95.- Dynascan Corp., 1801 W. 
Belle Plaine Ave., Chicago, Ill. 60613. 

Circle 50 on reader service card 

Write direct to the manufacturers for in- 
formation on the following item. 

CAR STEREO, models RCA 12R100, 
12R200, 12R.300, 128400. Cassette play- 
er /recorder, speakers, designed for con- 
venient underdash mounting in cars, boats 
and planes. Solid -state circuitry operates 
on 12 -volt dc ( negative ground ), with a 
peak power of 18 watts. Tapes are front 

loaded, controls recessed in front frame. 
Stereo 8 player (12R300) $78.50; cassette 
player (12R100) $99.50; cassette play- 
er /recorder (12R200) $119.50; stereo 
speaker kit (12R400) $13.75.- RCA /Parts 
& Accessories, Deptford, N.J. 08096. 
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NEW LITERATURE 
All booklets, catalogs, charts, data sheets and other literature listed here 
with a Reader's Service number are free for the asking. Turn to the Read- 
er Service Card on page 93 and circle the numbers of the items you want. 
Then detach and mail the card. No postage required! 

TOOLS CATALOG, No. SD -170. is a 36 -page 
color reference guide for tool buying. Listings 
include, hex drivers, various types of drivers, 
wrenches, electrical testers. crimping tools, kits, 
magnetic screw drivers, pliers, rivet tools. shelves, 
measuring tapes, terminals, wire stripper, and 
many others. -Vaco Products Co., 510 North 
Dearborn St.. Chicago, Ill. 60610 

Circle 51 on reader service card 

LOUDSPEAKER BROCHURE, describes model 
EC -10 double re- entrant type speaker for use 
in sound systems or with mobile and Citizen 
band receivers. Photograph and specitications.- 
Atlas Sound, 10 Pomeroy Road, Parsippany, 
N.J. 07054. 

Circle 52 on reader.vervice card 

LOUDSPEAKER BROCHURE. Detailed de- 
scription and price information on new Futura 
line of high -fidelity loudspeaker systems for 
stereo. Includes a lull -range acoustical air -sus- 
pension model and a three -way 12" sound sys- 
(em. -CTS of Paducah. inc., 1565 N. 8th St., 
Paducah, Ky. 42001. 

Circle 53 on reader service card 

TEST INSTRUMENT CATALOG, 1971, con- 
tains photographs, condensed specifications, and 
prices for Hickok tube testers, transistor testers. 
oscilloscopes and signal generators used in in- 
dustrial. communications, laboratory and service 
technicians' applications. Both bench top and 
portable models are shown.- Hickok Electrical 
instrument Co., 10514 Dupont Ave., Cleveland, 
Ohio 44108. 

Circle 54 on reader service card 

MONITOR RADIO CATALOG, CRX, is a 

four -page listing of the complete line of AM and 
FM radios in the Portamon series. Listener can 
hear police communications. fire departments, 
aircraft take -offs. weather reports and other radio 
services. Specifications included for all models. 
Hallicrafters Co. Dept. PR. 600 Hicks Road, 
Rolling Meadows. iII, 60008 

Circle 55 on reader .service card 

TV REPLACEMENT GUIDE, gives part -to- 
part cross reference for transformer and deflec- 
tion components. This commercial TV /Radio 
guide lists Admiral. Airline. Coronado. Dumont, 
General Electric, RCA, Sylvania, Zenith and 
many others. Also lists flybacks, deflection 
yokes, and a conversion chart. 108 pages.-Stan- 
'tor inc. Div of Essex International. Inc.. 3501 
W. Addison St., Chicago. Ill. 60618. 

Circle .56 on reader service card 

COMPONENT SELECTOR CATALOG, No. 
3008, lists various types of resistors. rheostats, 
potentiometers. trimmers, tap switches. variable 
transformers, relays. solid -state power controls, 
rf chokes, design aids. Includes specifications. - 
Ohmite Mfg. Co. 3660 Howard St. Skokie, Ill. 
60076 

Circle 57 on reader .service card 

STEREOPHONES. Entire headset line including 
accessories detailed with photographs and de- 
scription of technical properties. -Koss Electron- 
ics, 2227 N. 31st St.. Milwaukee, Wisc. 53208. 

Circle 58 on reader .service card 

TOOLS CATALOG, 1971, offers hundreds of 
tools rarely sold by industrial distributors and 
useful to electronic technicians. Includes glass 
pliers. carbide saber saw blades, hand vises, 
magnetic work lamps, woodbits and special ro- 
tary wire brushes. Lists glass drills, step blocks, 
wire cutters, jewelers' screwdrivers, many other 
versatile hand tools and small power tools. Fully 
illustrated. 32 pages. -Brookstone Co., 1613R 
Brookstone Bldg.. Peterborough, N.H. 03458. 

Circle 59 on reader service card 
(Write direct to the manufacturer for informa- 
tion on the following items.) 
PHONO NEEDLE CATALOG, 1971, #71N. 
Comprehensive 120-page phonograph needle list- 

APRIL 1971 

ing, fully illustrated with special section on ac- 
cessories including stereo headphones. cassette 
microphones and spindle adaptors. 15,1100 needle 
numbers are cross-referenced. -E -V /Game, Inc., 
80 Commercial St., Box 711, Freeport, N.Y. 
1152(1. 

AUTOMOTIVE PERFORMANCE CATALOG, 
1970, source for high performance ignition sys- 
tem, engine over speed control and time measure- 
ment system needs. Fully illustrated catalog com- 
pares ignition systems on performance and cost 
basis. Lists capacitive discharge ignition. solid - 
state ignitioi devices, electronic ignition. racing 
timers. 500 -ARE, P.O. Box 9562, San Jose, 
Calif. 95117. 

INDUSTRIAL ELECTRONIC COMPONENTS 
CATALOG, 1071, No. FR -71 -1. Listing of diverse 
hardware items as connectors, adaptors, align- 
ment tools. cable clamps, clips. a broad selection 
of chemicals, and such items as nylon and metal 
mounting hardware and printed circuit materials. 
-GC Electronics. Rockford, Ill. 61101. 

GIVE TO 

UNITED 

CEREBRAL 

PALSY 

NEW MONITOR 

RECEIVER 

goes anywhere! 

MOBILE with bui t -in DC supply 
BASE with AC supply in conven- 
ient desk -top stard 
PORTABLE with rechargeable 
power pack comp ete with handle 
and antenna 

VHF FN models cover 148 -174 
MHz wl:h 5 channels. Profes- 
sional features Include crystal 
filter and true noise- cperatted 
squelch. 

You're going to hear 
more from... 

JOHNSON 
e Waseca, Minnesota 56093 

(.ir, f ' 66 nn reader-. service card 

lever Kleus 

L10-20 

I N D U S T R I E S 

Test probes designed by your needs - 
Push to seize,. push to release (all Kleps spring 
loaded). 
Kleps 10. Boathook type 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. Accepts banana plug or bare lead. 
6" long. $1.47 
Kleps 40. Completely flexible. 3- segment auto- 
matic 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. Ph" long. $ .99 
Pruf 10. Versatile test prod. Solder connec- 
tion. Molded phenolic. Doubles as scribing 
tool. ''Bunch" pin fits banana jack. Phone tio. 
51/2" Long. s A9 
All in red or black - specify . 

For additional information, write for our com- 
plete catalog of - test probes, plugs, sockets, 
connectors, earphones, headsets, and minia- 
ture components. 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES, INC. 
123 Spencer Place, Mamaroneck, N.Y. 10543 

( urle 67 oit reader service curd 
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...the new Heathkit 25" ultra -rectangular 
TV color picture is that perfect. 

"Picture postcard perfect"... an apt description for the quality of 
color reproduction in the new Heathkit GR -371MX 25" ultra - 
rectangular solid -state color TV. And the reasons are as clear as 
the expanded 315 sq. in. view: 

New Heath MTX -5 ultra -rectangular matrix picture tube. Devel- 
oped in conjunction with leading domestic tube manufacturers 
to produce a sharper picture, purer colors, more natural flesh 
tones. Specially formulated etched face plate cuts out unwanted 
glare, increases contrast without sacrificing brightness. Matrix 
screen around phosphor dots eliminates reflected light, allows 
use of higher transmission glass for greater light output. New 
square- corner rectangular design opens up the largest picture 
in the industry...25" diagonal measurement, a full 315 sq. in. of 
viewing enjoyment. New shape allows complete transmitted 
image to be seen for the first time. Pictures don't wrap around 
sides of tube as before. And 25,000 volt high voltage assembly 
assures optimum picture quality. 

Unique solid -state design: 45 transistors, 55 diodes, 2 silicon 
controlled rectifiers; 4 advanced ICs containing another 46 tran- 
sistors and 21 diodes; and just 2 tubes (picture and high voltage 
rectifier) combine to deliver performance and reliability unobtain- 
able in conventional tube sets. 

Other plus -performance features include: High resolution cir- 
cuitry for improved picture clarity, plus new adjustable video 
peaking that lets you select the degree of sharpness and resolu- 
tion you desire; an exclusive solid -state VHF tuner with MOS 
Field Effect Transistor for superior reception even under mar- 
ginal conditions; Memory Fine Tuning; 3 -stage solid -state IF, 

factory -assembled and aligned; Automatic Fine Tuning; VHF 
power tuning; "Instant -On "; Automatic Chroma Control; adjust- 
able noise limiting and gated AGC; adjustable tone control; hi -fi 
sound output to your stereo or hi -fi system. 

Exclusive owner- service capability... only Heath offers you this 
money- saving advantage: built -in dot generator and tilt -out con- 
vergence panel let you do periodic dynamic convergence adjust- 
ments required of all color TVs. Modular plug -in glass -epoxy 
circuit boards with transistor sockets permit fast, easy service 

78 

and adjustment. Volt -Ohm meter supplied for detailed trouble- 
shooting -fight down to the smallest part. 

Available in choice of factory -assembled, pre -finished cabinets: 
Mediterranean, Early American, Contemporary...or without cabi- 
net for custom installation. 
Kit GR- 371MX, 125 lbs., (less cabinet) 579.95* 

Choose from the complete line 
of Heathkit solid -state Color TVs... 

for every size and budget requirement: 

20" solid -state 
color TV 

Kit GR -270, 109 lbs., 
less cabinet 

489.95* 

14" portable solid -state 
color TV 

Kit GR -169, 69 lbs., 
including cabinet 

.349.95* 

23" solid -state 
color TV 

Kit GR -370, 124 lbs., 
less cabinet 

539.95* 

RADIO-ELECTRONICS 
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New 25 -pedal 
"Legato" 
1,495* 

1 

duG 

New 
microwave 

oven 
399.95* 

N,` 0 ... 

o o 0 0 

\410-6-e -- 
New solid -state 

amateur receiver 
319.95 * 

5 7 p 
. ,, 

s -.. 
in. 

© New 15 MHz 
frequency counter 

199.95* 

And while you're at it, picture these Heathkit 
newsmakers in your den, kitchen, ham shack or shop.. 
® New Heathkit solid -state "Legato" 

25 -pedal Theater Organ 
One of the world's most versatile musical instruments...now in 
money- saving kit form. Designed exclusively for Heath by Thomas 
Organ craftsmen. All solid- state. Features 15 manual voices, 4 

pedal voices...any or all at the flip of a tab. 25 -note heel & toe 
pedal board. range 16' & 8' CO to C3. Color -Glo" key lights and 
comprehensive organ course supplied have you playing like a 

pro in minutes. Two 44 -note keyboards; accompaniment range 
8'...F1 to C5. Solo manual 16', 8', 4'. 2'...F1 to C7. 200 watts 
peak power from two solid -state amplifiers...one for the 2 -speed 
rotating Leslie speaker and one for the two 12" speakers. Tape 
record /playback jack on amplifier. Band Box & Playmate acces- 
sories available. 
Kit TO -101, 299 lbs. 1,495' 

© New Heathkit microwave oven 
The cooking revolution of tomorrow, here today in easy -to -build 
kit form...saving you hundreds of dollars over comparable elec- 
tronic ovens. Exclusive patent -pending Heath double door inter- 
lock system provides absolute safety...oven cannot be turned on 
if door is open. Prepares meals in minutes, not hours. Cooks on 
china, glass, even paper plates in spacious, roast -size oven cav- 

See these and 300 other Heathkit suggestions at one 
of the following Heathkit Electronic Centers: 

CALIFORNIA: Anaheim, 92805, 330 E. Ball Road; El Cerrito, 94530, 6000 Potrero 
Avenue; La Mesa, 92041, 8363 Center Drive; Los Angeles, 90007, 2309 S. Flower St.; 
Redwood City, 94063, 2001 Middlefield Rd.; Woodland Hills, 91364, 22504 Ventura 
Blvd.; COLORADO: Denver, 80212, 5940 W. 38th Ave.; GEORGIA: Atlanta, 30305, 5285 
Roswell Road; ILLINOIS: Chicago, 60645, 3462 -66 W. Devon Ave.; Downers Grove, 
60515, 224 Ogden Ave.; MARYLAND: Rockville, 20852, 5542 Nicholson Lane; MASSA- 
CHUSETTS: Wellesley, 02181, 165 Worcester St.; MICHIGAN: Detroit, 48219, 18645 
W. Eight Mile Rd.; MINNESOTA: Hopkins, 55343, 101 Shady Oak Rd.; MISSOURI: 
St. Louis, 63123, 9296 Gravois Ave.; NEW JERSEY: Fair Lawn, 07410, 3507 Broad 
way (Rte. 4); NEW YORK: Jericho, L.I., 11753, 15 Jericho Turnpike; New York, 10036, 
35 W. 45th Street; OHIO: Cleveland, 44129, 5444 Pearl Rd.; Woodlawn, 45215, 
10133 Springfield Pike; PENNSYLVANIA: Philadelphia, 19149, 6318 Roosevelt Blvd.; 
Pittsburgh, 15235, 3482 William Penn Hwy.; TEXAS: Dallas, 75201, 2715 Ross Ave- 
nue; Houston, 77027, 3705 Westheimer; WASHINGTON: Seattle, 98121, 2221 Third 
Ave.; WISCONSIN: Milwaukee, 53216, 5215 W. Fond du Lac 
Retail Heathkit Electronic Center prices slightly higher to cover shipping, local 
Stock, consultation and demonstration facilities. Local service also available whether 

you purchase locally or by factory mail order. 

APRIL 1971 

ity. Low -profile. countertop design fits unobtrusively into kitchen 
decor. Portable convenience, too...can be used on patio, at 
poolside, etc...wherever a 120 VAC grounded outlet is provided. 
Give your wife a break from kitchen drudgery...with this new 
miracle of microwave cooking. 
Kit GD -29, 97 lbs. 399.95' 

© New Heathkit solid -state 
80 -10 meter amateur receiver 

All the quality you'd expect in a new Heathkit receiver...and 
solid -state to boot. Tunes USB, LSB, AM, CW & RTTY, 80 -10M. 
15 MHz WWV coverage. 100 & 25 kHz calibration. Dual gate 
MOSFET front end for greater dynamic range. Solid -state factory - 
assembled & aligned linear master oscillator for rock -solid tun- 
ing with 1 kHz readout. I,á AV sensitivity for 10 dB S +N /N. 2.1 
kHz selectivity with built -in SSB crystal filter...optional AM & 
CW crystal filters available. 
Kit SB -303, 21 lbs. 319.95* 

© New Heathkit solid -state 
15 MHz frequency counter 

Another Heathkit first...highly accurate frequency measurement 
at a price you can afford to pay. Delivers stable, accurate count- 
ing from 1 Hz to over 15 MHz. All integrated circuitry for top 
performance, high reliability. Automatic trigger level for wide 
range input without adjustment. Five digit cold- cathode readout 
with Hz /kHz ranges and overrange indicators give 8 -digit capa- 
bility. Input Z 1 megohm shunted by less than 20 pF for low 
circuit loading. 
Kit IB -101, 7 lbs. 199.95* 

HEATH COMPANY, Dept. 20 4 
Benton Harbor, Michigan 49022 a Schlumberger Company 

Enclosed is $ , plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. Please send Credit Application. 

Name 

Address 

City State Zip 
Mail order prices; F.O.B. factory. 

Prices & specifications subject to change without notice. CL -403 

Circle 68 on reenter .service curd 
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Earn 
Your 

Degree 
ELECTRONICS 
ENGINEERING 

through HOME STUDY 
HIGHLY EFFECTIVE 
HOME STUDY COURSES IN: 

Electronics Engineering Technology 
- Electronics Engineering Mathematics 

Earn your Associate in Science Degree in 
Electronics Engineering and upgrade your 
status and pay to the engineering level. 
Complete college level courses in Elec- 
tronics Engineering. We're a forward 
looking school. Outstanding lesson ma- terial- thorough and easy to understand. 
Engineering taught on the basis of appli- 
cation and understanding rather than on 
the basis of memorization. Up to date 
in every respect. Acquire the knowledge 
and ability that means the difference 
between a low paying technician job and 
a high paying engineering position. Low 
tuition cost with low monthly payments. 
Free engineering placement service for 
our graduates. Write for free descriptive 
literature. Ask for bulletin R, no sales- 
man will call on you. 

COOK'S INSTITUTE 
of (D ecIronicd enrl ineerinl 

Forest Hill Road 
J 

P. 0. Box 10634 
Jackson, Miss. 39209 

Established 1945 
Formerly Cook's School of Electronics 

Circle 75 on reader service card 

OUR STORE 
AT YOUR DOOR 

ELECTRONICS 

FREE 
Catalog 

Fill in coupon for a FREE One Year Sub- 
scription to OLSON ELECTRONICS Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name Speak- 
ers, Changers, Tubes, Tools, Stereo Amps, 
Tuners, CB, Hi -Fi's, and thousands of other 
Electronic Values. Credit plan available. 

NAME 

ADDRESS 

CITY STATE__ 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub - 
scription also. 

OLSON ELECTRONICS 
Dept. LP 260 S. Forge Street 

Akron, Ohio 44308 

Circle 76 on reader service card 
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NEW BOOKS 
ELECTRONIC INSTRUMENTATION AND MEA- 
SUREMENT TECHNIQUES, by William David 
Cooper. Prentice -Hall, Inc., Englewood Cliffs, 
N.J. 07632. 495 pages, 61/2 x 91/2 in. Hard- 
cover, $12.95. 

This textbook requires a knowledge 
of calculus for some sections. Covers 
measurement in general. dc/ac in- 
dicating instruments and bridges. the 
scope, waveform generators. frequency 
counters. transducers and analog /digital 
data systems. 

NETWORK THEORY by Joseph B. Murdoch. 
McGraw -Hill Book Co., 330 W. 42nd St., 
New York, N.Y. 10036. 6 x 91/4 in. 525 
pages. Hardcover, $16.00. 

About half of this book examines 
steady -state analysis of linear networks 
while the other half considers the free 
and forced behavior of linear networks. 
Both theoretical concepts and applica- 
tions are covered. In addition to tradi- 
tional material, several modern topics 
including special matrices, gyrators. the 
negative impedance converter, n -port 
theory, and sensitivity are also included. 

SIMPLE TRANSISTOR PROJECTS FOR HOBBY- 
ISTS AND STUDENTS, by Larry Steckler. Tab 

Books, Blue Ridge Summit, Pa. 17214. 5% x 8% ", 
192 pp. Hardcover, $7.95, softcover, $4.95. 

A collection of circuits, gadgets and 
projects for home and car to be built from 
diodes, SCR's, transistors, Trigacs, and 
integrated circuits. Emphasis on how and 
why the circuits work, along with sche- 
matics and parts lists. and a rundown on 
basic semiconductor construction tech- 
niques. Variety of projects, ranging from 
quite simple to complex, for the avid 
hobbyist or student. -ML 

SINGLE SIDEBAND FOR THE RADIO AMATEUR, 
compiled by the Headquarters Staff of The 
ARRL. Published by The American Radio Relay 

League, Newington, Conn. 06111. 61/2 x 91/2 in., 
256 pp. Softcover, $3.00 in U.S. and posses- 
sions, $3.50 Canada and elsewhere. 

This, the fifth edition of "the side - 
bander's bible" has been revised to include 
more than 60% new material with great 
emphasis on state -of- the -art theory and 
the application of solid -state devices. Its 
nine chapters. ranging from "Principles" 
and "Transceivers" to "Receivers" and 
"Vhf Techniques" are compilations of the 
most pertinent articles on SSB from the 
pages of QST. A must for the active side - 
bander and the Novice who is awaiting 
his more advanced license so he, too, 
may realize the advantages of SSB opera- 
tion with its linears, transceivers, exciters, 
etc.-RFS 

SOLID STATE HOBBY CIRCUITS MANUAL, HM- 
91, by RCA Distributor Products, Harrison, N.J. 
07029. 5' x 8 ", 368 pp. Softcover, $1.95. 

Presents more than 60 solid -state cir- 
cuits which can be built by electronics 
hobbyists ranging from beginners to ex- 
perts. Detailed photographs, schematic 
diagrams, parts lists, and construction lay- 
outs are given. Also includes brief de- 
scription of theory and operation of solid - 
state devices, construction tips, informa- 
tion on tools required, soldering tech- 
niques, testing, trouble-shooting.-ML 

SYNTHESIS OF TRANSISTOR AMPLIFIERS, by 
Michael Kahn and John M. Doyle. Holt, Rine- 
hart and Winston, Inc., 383 Madison Ave., New 
York, N.Y. 10017. 6% x 9 %", 400 pp. Hard- 
cover, $10.95. 

Intended primarily for use in tech- 
nical programs in junior colleges and 
technical institutes. this text -book exam- 
ines the principles of amplification and 
the transistor. Covers concepts of bias, 
gain, distortion, as well as the emitter - 
follower circuit. and amplifier design. 
Includes graphs and formulae. R -E 

rlE 
CRYSTAL f cesK t 

_yz_ _ _----- 
NOW... YOU CAN 

z /p- ORDER 
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Amateur, Monitor and CB 

CRYSTALS 
Your dealer has a new, fast, direct - 
factory ZIP Crystal Purchase Certificate 
that enables you to get the Amateur 
Controlled Quality Crystals you want 
mailed direct to you promptly. Ask 
about it. 

C RYSTEK 
formerly Texas Crystals 

DIVISION OF 
WHITEHALL 
ELECTRONICS 
CORPORATION 

1000 Crystal Drive Fort Myers, Florida 33901 

4117 W. Jefferson Blvd. Los Angeles, California 90016 

Circle 77 on reader service card 
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s COMING 

NEXT 

MONTH 
MAY 1971 

PA System Selection Guide 

An expert details a method for deter- 
mining how you should select a PA 
system. Follow carefully to avoid buy- 
ing too much or too little. 

Speakers for PA 

One of the most vital parts of a PA 
system are the speakers. What are the 
advantages of horns, columns, etc.? 
Where do they work best? How should 
they be positioned? 

You And CATV 

A look at CATV systems today. Ex- 
amines the parts you see as well as 
the parts you don't. You'll find answers 
to such questions as, Why do they 
switch the channels around? What 
about FM reception? And many more. 

Build A Densitometer 

Make perfect prints every time. This 
unit makes it easy to determine the 
exact density of all of your negatives. 

i Replacing Color Picture Tubes 

Here's the easy way to get this job 
done. A multitude of photos illustrate 
the procedure. 

PLUS . . . 

Home Appliance Electronics 
Technical Topics 
Kwik -Fix Troubleshooting Charts 

CB Troubleshooter' 
Casebook 

Compiled by 

Andrew J. Mueller* 

Case: Radio blows fuses as soon as it is hooked up 
to power. 

Common to: Squires -Sanders "Skipper" 

J PUT 

FI 
I.SA 

1000µF 

T 
DI, 

SHORTED! 

TO LAMPS 
AND FILTERS 

IN4006 
REVERSE 
POLARITY 
PROTECTOR 

Remedy: Replace Dl, the polarity protector. 

Reasoning: The unit was accidently connected to the 
power source backwards. Dl protected the 
unit by conducting heavily and blowing F1. 
However, before F1 blew, the excessive cur- 
rent shorted the diode. Replace Dl to restores 
normal operation. R -E 

*Service Manager, Tel -Air Communications, Inc.. Pewaukee, Wis. 

EIGHT 
INSTRUMENTS IN ONE 

Out -of- Circuit 
Transistor Analyzer 

.1 Dynamic In- Circuit 
Transistor & Radio Tester 
Signal Generator 
Signal Tracer Voltmeter 
Milliammeter 
Battery Tester 
Diode Checker -* = 

Transistor Analyzer Model 212 
Factory Wired & Tested - $21.50 
Easy -to- Assemble Kit - $14.50 

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the 
facilities you need to check the transistors themselves - and the radios or other cir- 
cuits in which they are used - have been ingeniously engineered into the compact, 
6-inch high case of the Model 212. It's the transistor radio troubleshooter with all the 
features found only in more expensive units. Find defective transistors and circuit 
troubles speedily with a single, streamlined instrument instead of an elaborate 
hook -up. 1 
Features: EMC, 625 Broadway, New York 12, N.Y. 
Checks all transistor types - high or low 
power. Checks DC current gain (beta) to 
200 in 3 ranges. Checks leakage. Uni- 
versal test socket accepts different base 
configurations. Identifies unknown tran- 
sistors as NPN or PNP. 

Dynamic test for all transistors as signal 
amplifiers (oscillator check), in or out of 
circuit. Develops test signal for AF, IF, 
or RF circuits. Signal traces all circuits. 
Checks condition of diodes. Measures 
battery or other transistor-circuit power - 
supply voltages on 12 -volt scale. No ex- 
ternal power source needed. Measures 
circuit drain or other DC currents to 80 
milliamperes. Supplied with three exter- 
nal leads for in- circuit testing and a 
pair of test leads for measuring voltage 
and current. Comes complete with 
instruction manual and transistor listing. 

Send me FREE catalog of the complete 
value -packed EMC line, and name of 
local distributor. 

NAME 

ADDRESS 

CITY 7ONL.STATE- 

RE-4 

J 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York 12, New York 

Export: Pan -Mar Corp., 1270 B'way, N.Y. I 
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MARKET 
CENTER 

ELECTRONICS 
PRINTED Circuit Boards, solder plated, for 
magazine projects. Send magazine page or 
drawing of circuit pattern. 200 square inch. Min. 
$1.75 per board. Send remittance: GENERAL 
PRINTED CIRCUITS, Box 4013, Downey, Calif. 
90241 

"HOW TO INCREASE TRANSISTOR RADIO RE- 
PAIR PROFIT" Write: X T R. Box 1556, Las 
Vegas, Nev. 89101. 

COLOR Organ Kits $7.50. IC's $.75. Catalog. 
MURPHY, 204 Roslyn Avenue, Carle Place 
11514 

RECEIVING & Industrial Tubes, Transistors, All 
Brands- Biggest Discounts. Technicians, Hob- 
byists, Experimenters- Request FREE Giant 
Catalog and SAVE! ZALYTRON, 469 Jericho 
Turnpike, Mineola, N.Y. 11501 

JAPANESE NEW PRODUCTS MONTHLY! $1.00 
dable. DEERE, P.O. Box 9308 No. Holly - 

P'iod, Calif. 91609 

B & K, Sencor test equipment, discount prices, 
Free catalog and price sheet. FORDHAM RA- 
DIO, 265 East 149th Street, Bronx, NY 10451 

CONVERT any television to sensitive big -screen 
oscilloscope. Only minor changes required. No 
electronic experience necessary. Illustrated 
plans $2.00. RELCO -A25, Box 10563, Houston, 
Texas 77018 

CONVERT your scope for dual trace sweep, 
described in July '70 R.E. Also high speed 
triggersweep. Semiconductor and PC board kits. 
HAMLIN TECHNICAL PRODUCTS, P.O. Box 901, 
Cupertino, Calif. 95014 

TUBES- Lowest prices. Foreign- American. Ob- 
solete, receiving, special purpose, transmitting 
tubes. Send for tube, parts catalog. UNITED 
RADIO COMPANY, 56 -R Ferry St., Newark, N.J. 
07105 

TELEVISION- Instant starting! Convert receivers 
for pleasure -profit! Schematics, complete in- 
structions. Guaranteed $3.95. DLW COMPANY, 
1304 Magnolia Drive, Richardson, Texas 75080. 

RADIO and TV Tubes 36f each. One year 
guaranteed. Plus many unusual electronic bar- 
gains. Free Catalog. CORNELL 4217 -E Univer- 
sity, San Diego, California 92105 

COLOR CONVERTER FOR B &W TELEVISION. 
Electronic Patented system. Write for free 
Brochure. BELE ELECTRONICS CORP. 111 North- 
east Second Avenue, Miami, Florida. 33132 

DISCHARGE Ignition, Photoflash. Free catalog CAPACITORS 5000. Eight for $3.10. P.O. Box 
parts, kits. TRANSPARK, Carlisle, Mass. 01741 203, New Hartford, New York 13413 

NEW RATES 
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 fo 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 10d 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 June issue must reach us before April 5. 

CLASSIFIED ADVERTISING ORDER FORM 

1 

6 

11 

16 

21 

26 

31 

2 

7 

12 

17 

22 

27 

32 

I @ .60 Non- Commercial Rates) 
No. of Words I @ .90 Commercial Rate 1-$ 

No. of Words in bold caps 
@ .10 

Total Enclosed 

Insert-time(s) 

Starting with 

88 

s 

=$- 
Payment must ac- 
company order un- 
less placed 
through accred - 

Issue ited advertising MAIL TO: RADIO- ELECTRONICS, CLASSIFIED AD DEPT., 
agency 28 200 PARK AVE. SOUTH. NEW YORK, N.Y. 10003 

3 

B 

13 

18 

23 

28 

33 

4 

9 

14 

19 

24 

29 

34 

5 

10 

15 

20 

25 

30 

35 

NAME 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 

ADVERTISING 

INDEX 

RADIO- ELECTRONICS does not assume 
responsibility for any errors which may 
appear In the index below. 

READER SERVICE CARO NO. PAGE 

Acoustical Mfg. Co., Ltd. 74 

64 B.F. Enterprises 76 
IO B &K (Division of Dynascan Corp.) 22 
74 Brooks Radio & TV Corp. 84 -85 

71 Center for Technical 
Development, Inc. 83 

4 Channel Master 13 
R Chemtronics 16 
16 Cleveland Institute of Electronics ....64 -67 
75 Cook's Institute of 

Electronics Engineering 86 
CREI. Home Study Division of 

McGraw -Hill Book Co. 29 -30 
77 Crystek, Division of 

Whitehall Electronics 86 

70 Delta Electronics Co. 82 
12 Delta Products Inc. 24, 28 

78 Edmund Scientific Co. 
65 Electronic Chemical Corp. 
69 Electronic Distributors, Inc. 
3 EICO, Electronic Instrument Co., Inc. 

EMC. Electronic Measurement Corp. . 

72 Enterprise Development Corp. 
73 Esse Radio Co. 

68 

80 

66 
61 

62 
7 
5 

79 

92 
76 
82 
12 
87 
84 
85 

Grantham School of Engineering 54 -57 

Heath Co. 78 -81 

International Crystal Mfg. Co. ... Cover IV 

E. F. Johnson Co. 77 
Judson Research & Mfg. Co. 74 

Laran Electronics Corp. 75 
Leader Instrument Corp. 15 
Lectrotech, Inc. 14 

Mallory Distributor Products Co. Cover III 

National Radio Institute 8 -11 
National Technical Schools 25 

76 Olson Electronics Inc. 86 

RCA Electronic Components 
Semiconductor Division 31 

14 Test Equipment 27 
RCA Institutes 18 -21 
RC -A Parts & Accessories 5 

67 Rye Industries, Inc. 77 

9 Sams & Co., Howard W. 17 
11 Sansui Electronics Corp. 23 
63 Schober Organ Co. 75 
2 Sencore, Inc. 7 
6 Sonar Radio Corp. 14 

Sylvania Electronic Components 
Group, GTE Cover II, 1 

13 Triad Division- Litton Industries 26 

15 Ungar, 
Division of Eldon Industries, Inc. .. 32 

MARKET CENTER 88-91 
Fair Radio Sales 
Lakeside Industries 
Music Associated 

83 Park Electronic Products 
81 Polypaks 
82 Solid State Sales 

Surplus Center 
Sydmur Electronics 

SCHOOL DIRECTORY 
Valparaiso Technical Institute 
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HOME APPLIANCE ELECTRONICS 

(continued from page 26) 

waveform wouldn't be exactly half 
chopped off, but we're close.) 

TRIAC \V 
TURNS ON HERE, 
IN EACH HALF 
CYCLE 

Fig. 5 

Fig. 6 shows a complete control cir- 
cuit of the basic type you'll find in a lot 
of appliances. The variable 100,000 -ohm 
resistor applies the voltage to the re- 
sistor- capacitor network. During each 
half -cycle, the voltage on the .05 -µF ca- 
pacitor builds up as the input voltage 
rises. When it reaches a value of approx- 
imately 28 volts (± 4 volts) the "bila- 
teral trigger diode" conducts, and gates 
the Triac on. 

117 VAC 

0 -500 
WATT LOAD 

Fig. 6 

The charging time of a capacitor in 
such a circuit depends on the amount of 
series resistance in the charging circuit. 
So, the setting of the 100,000 -ohm pot 
determines the time needed for the ca- 
pacitor to reach the firing voltage. The 
trigger diode, like the Triac, is also an 
"ac device ", which will work just the 
same with either polarity. 

In a different version of this circuit. 
a small neon lamp is used in place of 
the trigger diode. These lamps will "fire" 
(glow) whenever the applied voltage 
reaches approximately 68 volts. The val- 
ues of resistors and capacitors are a 

little different, but the action is the 
same. The neon lamp is an open circuit 
until it fires. This allows a pulse of volt- 
age to pass and reach the Triac gate. 
The lamp will fire once during each 
half -cycle, so once again we get full - 
wave control action. 

You'll find these things used in mul- 
tiple -speed blenders; variable -speed elec- 
tric drills; multi -speed electric mixers, and 
so on. In a lot of cases, they'll be sealed 
up in real 'Black Boxes" but if you have 
some idea what they're supposed to do, 
you can check them. They won't be too 
easy to check with an ohmmeter, for 
example, but you can almost always 
"jumper" a speed -control device. If the 
motor runs or the device operates, but it 
won't with the speed control device in 
circuit, that's it; replace it. R -E 

APRIL 1971 

DECODERS! COUNTERS! LATCHES! MEMORIES! IC's 

IIIIII, GUARANTEED " BRAND NEW SPEC SHEETS LOWEST PRICES 

TYPE DESCRIPTION 
SN7400N Quad 2 -input NAND gate 
SN74O1N Same as 7400 but with 

open collector output no 
SN7402N Quad 2 -input NOR gate .88 
SN74O4N Hex inverter 99 
SN741 ON Triple 3 input NAND gate 88 
SN7420N Dual 4 -input NSND gate 88 
SN7430N -input NAND gate .. .. . 88 

Fl SN7440N I)o.d 4 -input NAND buffer .88 
5N7441N B('1) -to -Nixie tube driver 3.95 
SN7442N BCD -to- decimal- decoder 3 95 

L SN7447N BCD -to -7 seg decoder -driver . 3.95 
SN7472N J -K Master slave flip flop 99 
SN7473N Dual J -K master .slave flip flop .. 

SALE 
S 88 

L 
3 Pt'. KIT 

58.50 

COUNTING SYSTEM 
1.19 

Imeluder SN7471) decade 
inter. SN7441 

de i .r- Ir '.r . \N7.177. 
1I1/:ui I:,toh ,cith 
in"surtions 

(0 -91, wide angle CIEUMMI$5.95 Similar to Rarrnngl, 

6 AMP FULL 

PIV SALE 
50 $0,88 

100 .99 
200 1.25 
400 1.50 
600 1.75 
800 1.95 

1000 2.25 

SPRAGUE- IC's 

cFo` 

Any 3 - 10% Discount! 
TYPE DESCRIPTION 

i SN7474N Dual D -type edge triggered 
flip flop 1 19 

5N7475N Quad bistahle latch 2 95 
SN7476N Dual J -K flip flop 1.4D 
SN7480N Gated full adder 1.49 
SN7481N In -bit MEMORY 4.50 
SN7482N 2 -bit binary full adder 4 95 
SN7483N 4 -bit binary full adder 5.50 
5N7490$ Decade counter 3.95 
SN7491N g -bit shift register 4.95 

( i SN7492N Divide -by- twelve counter 3.95 
J SN7493N 4 -bit binary counter 3.95 

SN7494N 4 -bit shift register 3 95 
-. SN7495N 4 -bit right -shift left- 

shift register 3.95 

SALE 

SILICON EPDXY RECTIFIERS 

FAIRCHILD IC "AMP" 
Any 3 10% Discount! 

Type Description Lac, 
702 Wide Band DC 
703 RF -IF Amp 
709 Operational 
710 Hi -Speed Did. 
2809 Dual 709's 
2747 Dual 741'a 
741 Freq. Comp. 709 

LJ 

908 
909 
912 
913 
921-914 
940 -923 
960 

Full Adder terms:,dl Buffer postage. Rated: net 30. cod's 392 
Phone Orders: Wakefield, Mas,. 15171 245 -3A2:ó 

1.19 
1.19 
1.19 
1.19 
1.98 
2.98 
1.59 

PIV 1Amp 2Amp 3Amp 
50 5.05 5.05 $.08 

100 .06 .06 .12 
200 .07 .07 .15 
400 .09 .09 .22 
600 .12 .12 .28 
800 .16 .16 .39 

1000 .22 .22 .59 
*microminiature 

4,000 BIT 
MEMORY 58.50 

From 11M Computers, 
Guaranteed! W /Spec Sheets 

tot Catalog on Fiber Optics, 'ICs', Semis, Parts 

Half Adder I Retail: 2! I Albion, St., Wakefield. Mass. Shift Register 
Duel 2 In. Gate P.O. BOX 942 R JK Flip Flop 

LYNNFIELD, MASS Dual Buffer 
01940 

POLY PAKS 

Circle 81 on reader service curd 

NOW build your own 
Capacitor Discharge 
Ignition System for 
as little as $11.45! 
Circuit diagram in- 
cluded with special 
ignition transformer. 
TR -200 transformer 

6 or 12 volts 11.45 
Complete COMPAC KIT 

6 or 12 volts 25.95 
(as described in 

POPULAR ELECTRONICS -Nov. 1966) 
FREE LITERATURE on all SYDMUR "CD" Systems. 

SYDMUR -P.O. Box 25, Midwood Station, 
Brooklyn, N.Y. 112313 

SCHOOL 

DIRECTORY 
GET INTO 

ELECTRONICS 
\,..l,.1. training leads to s . 

technician:, field engineers, specialists 
in communications, guided missiles, 
computers. radar and automation. Basic 
& advanced courses in theory & labora- 
tory. Electronic Engineering Technol- 
ogy & Electronic Teclmology eurrleula 
both available. Associate degree in 29 
"o,,. 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 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 
for continuous, commercial -free music 

with ANY FM tuner or receiver 

K it 549.50 Wired $75.00 Cover $4.95 List of FM 
stations with SCA authorization $1.00. Excellent 
F.M. Monaural Tuner with M.P.X. Jack $50.00 

MUSIC ASSOCIATED 
65 Glenwood Rd., 

Upper Montclair, N.J. 07043 
phone 201- 744 -3387 

FREE Catalog FINESTVGOV4 
SURPLUS ELECTRONIC BARGAINS 

Now BIGGER and 
BETTER Than Ever! - -MAIL THIS COUPON NOW- - 

ZIP __ 
For your FREE copy, fill out coupon and mail. Dept. RE 

NAME. 

ADDRESS 

CITY: _ STATE: 

FAIR RADIO SALES 
1016 E. EUREKA Box 1105 LIMA, OHIO 45802 
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MARKET 
CENTER 

AUDIO - HI -FI 

TRADE stereo cartridges. BAKER, Box 189, 
North Hollywood, Cal. 91603 

BACKGROUND MUSIC, continuous, commercial. 
free. Solid -state MUSICON SCA ADAPTER 
plugs into any FM Tuner, Receiver. Line pow- 
ered. 5 year guarantee! Only $39 postpaid. K- 
LAB, Box 572R, South Norwalk. Conn. 06856 

RENT 4 -track open reel tapes -all major labels 
-3,000 different -free brochure. STEREO - 
PARTI, 55 St. James Drive, Santa Rosa, Calif. 
95401 

OLD TIME RADIO SHOWS on tape. Catalog 
Free. Box 724, Redmond. Washington 98052 

EDUCATION/ 
INSTRUCTION 

TV TUNER REPAIRS -Complete Course De- 
tails, 12 Repair Tricks, Many Plans, Two Les- 
sons, all for $1. Refundable. FRANK BOCEK, 
Box 3236 (Enterprise), Redding, Calif. 96001 

CB'ERS Build your own 250 Watt Linear. In- 
structions $2.00. Catalog 25C. ROBERTS, Box 
403, Whiting, Ind. 46394. 

INVENTIONS 
& PATENTS 

INVENTIONS Wanted. Patented; Unpatented. 
GLOBAL MARKETING, 2420 -AE 77th Ave., Oak- 
land, Calif. 94605 

MEMORIZE, Study: 1971 Test -Answers" for 
FCC First and Second Class License. -plus- 
"Self -Study Ability Test." Proven. $9.95. COM- 
MAND, Box 26348 -E, San Francisco, Calif. 

126 

PSYCHEDELIC LIGHTING MANUAL. Make 
strobes, kaleidoscopes, organs, etc. Send $2.95. 
LIGHTRAYS, 1315 -C Weaver, Philadelphia, Pa. 
19150 

GOVERNMENT 
SURPLUS 

JEEPS Typically from $53.90 . . . Trucks from 
$78.40 Airplanes, Typewriters, Boats, 
Clothing, Camping, Sporting, Photographic, 
Electronics 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, Holland, 
Mich. 49423 

INTEGRATED CIRCUITS f RECTIFIERS 
SEMICONDUCTORS f TRIACS 

BCD Counter K ;t consist- 
ing of: 
1 -PC Board 12707 
2 -7476 IC's 2- Silicon diodes 
1 -Set of instructions 
When assembled by en- 
closed instructions, this 
kit will count pulses from 
0 -9in BCD. These boards 
can be connected in se- 
ries to count as high as 
desired. Example, two will 
count to 99, three to 999. 

$6.95 
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 $1.50 
Visible $1.50 
Photo detectors for each $1.00 

TRIACS 
PRV 

1 
1A 

I 
10A 

100 1 .40 
I 

.70 

200 I .70 11.10 
300 I .90 1 1.35 
40011.1011.60 
500 1 

1.50 I 2.00 

15A 

1.00 
1 AO 
1.80 
2.20 
2.60 

UNIJUNCTIONS! 
TIS 43 General purpose Uni junctions 

$ .50 

2N3819 General purpose N- Channel 
FET'S $ .45 

TTL IC SERIES 
7441 BCD DECIMAL 

DECODER $2.50 
7474 DUAL FLIP FLOP $1.25 
7475 QUAD BISTABLE 

LATCH $2.00 
7476 DUAL JK MASTER - 

SLAVE 11( FLIP FLOP $1.50 
7490 DECADE COUNTER $2.50 
7492 DIVIDE BY TWELVE $2.50 
7493 4 BIT BINARY 

COUNTER $2.50 

Silicon Power Rectifiers 
PRV 3A 12A 30A 
100 .09 .24 .40 
200 .12 .28 .60 
400 .16 .35 .90 
600 .20 .50 1.10 
800 .28 .70 1.40 

1000 .35 .90 
Terms: FOB Cambridge, Mass. 

Send check or Money Orde . Include 
Postage. Average Wt. per package 
1/2 Ib. No. C.O.D.'s. Minimum Order 
$3.00 

FIBRE OPTICS 
1/32" 2.5 mil, fibers in PVC 
packet. $ .33 /ft. 

COMPLETE LIGHT 
GUIDE BUNDLE 

consisting of an 11" length of 
1/10" dia. fiber optics with 
bound ends. $4.00 ea. 

Controlled Avalanche or 
Epoxy Rectifiers 1 AMP. 

PRY PRY 

100 
1 

.06 600 
1 

.11 

200 
I .07 800 I .15 

400 I .09 1000 
I .20 

LINEAR CIRCUITS 
709C operational Amp .. $1.00 
SE 501 Video Amp ....$1.00 

Silicon Control Rectifiers 

PRY 13A I 7A 20A 170A_ 
50 I .25 I .28 .60 

100 1.30 .38 .85 3.50 
2001.501 .60 1.10 6.50 
300 1.60 I .68 1.30 
4001.701 .75 1.50 9.50 
500 1.80 I .85 1.70 
600 1 .90 

1 
1.20 1.90 11.00 

14 pin dual in line sockets 
4/$1.00 

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass. 

90 

TATE ALES 
Somerville, Mass. 02143 Tel. (617) 547 -4005 

Circle 82 on reader service card 

ARMY surplus electronics catalog, 10e. RUS- 
SELL, 9410 Walhampton, Louisville, Ky. 40222 

QUICK CASH . . . for Electronic EQUIPMENT, 
COMPONENTS, unused TUBES. Send list now! 
BARRY, 512 Broadway, New York, N.Y. 10012, 
212 WALKER 5 -7000 

FOR 25 YEARS 
THE WORLD'S 

MOST NEEDED GIFT 

Give to help people: 

CARE- New York, N.Y. 10016 

or your nearest office 

Rebuild Your Own Picture Tubes? 
Rllh l.akrsi,lc liolusiries precision 
equipment, you cam rebuild any 
picture tube! 

For complete details, send name, 
address, zip code to: 
LAKESIDE INDUSTRIES 
5234 N. Clark St. 
Chicago. IIL 60640 
Phone: 3: ' -J7 I -3399 

PEP'$ Dollar Sale 
Si Money Back guarantee $1 
1 Amp Silicon Rectifier 

choice of package 
Bullet -Miniature Glass - 

Metal 
5 -800V units $1.00 
4 -1000V units $I.00 
3 -1200V units $1.00 

3 AMP Epoxy Package 
10 -100V units $1.00 
5 -400V units $1.00 
2 -1000V units $1.00 
Gen Purpose PNP 

Germ Transistor Similar 
to 2N404 

8 For $1.00 

2 AMP BULLET 
RECTIFIERS 

10 -200V -$1.00 
8 -100V -$1.00 
6 -500V -$1.00 
OP AMP 709C 

1 -$1.00 
15 AMP TRIACS 

PRESSFIT 
5 -50V 7 -$1.00 
7 AMP SCR 5 -100v 

Flange package 
10 -$1.00 

1 AMP GLASS 
RECTIFIERS 

50.1000V 20 -$1.00 
SILICON CONTROL RECTIFIERS 

PRV 
1 

1 Amp 13 Amp I 7 Amp 
50 .20 r .25 I .30 

100 .25 I .30 I .35 
200 .40 

I .45 .50 
300 .60 I .70 I .80 
400 .75 1 .85 

1 
.95 

500 - I - I 1.00 
600 - 

I - I 1.30 

PRV 

100 

200 
300 
400 
500 

TRIACS 
lAmp 13Amp 16Amp 110Amp 115Amp 

.40 I .50 I .75 
I 1.00 I 1.20 

.65 
I .75 I 1.00 1.40 I 1.80 

1.00 1.10 I 1.25 1.90 I 2.20 
1.30 

I 
1.40 I 1.80 I 2.30 1 2.60 

1.60 
I 

1.80 
I 

2.10 
1 

2.75 1 3.10 

FULL WAVE BRIDGES 
PRV I 2Amp I 3Amp 5Amp 110Amp 
50V I 1.25 I 1.35 I 1.50 I 130_ 

100V 1 1.50 I 1.60 
1 

1.75 1 1.95_ 
200V I 1.75_ 1 1.85 I 2.00 12.20_ 
400V I 2.00 I 2.10 I 2.25 I 2.45_ 
600V I 2.50 I 2.60 I 2.75 I 2.95_ 
800V I 3.00 I 3.10 I 3.25 I 3.45 

PARK ELECTRONIC 
PRODUCTS 

P. O. Box 78 N. Salem, N. H. 03073 
Tel. (603) 893 -0276 

NO SALES TAX WE PAY POSTAGE 

Circle 83 on reader service card 
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EQUIPMENT REPORT 
(continued from page 28) 

spurious markers, etc., as the original 
system did. 

All important markers may be 
shown on the curve at the same time. 
So, their position on the slopes of the 
curve can be checked at a glance. This 
leads to what could be the most im- 
portant test possible; the fact that the 
set may NOT need alignment at all. 

For correct curve -shaping, the 
link between the tuner and first i.f. 
should be set first. A matching and 
loading pad, with a detector, is used 
for this, with the signal fed into the 
mixer input. This is the only way that 
the overcoupled transformers of the 
link circuit can be aligned without the 
possibility of error. After this is fin- 
ished, the whole i.f. is checked, by tak- 
ing the output from the video detector 
of the TV. (The link alignment is not 
readjusted in this step.) 

For those all- important trap ad- 
justments, especially the 41.25 -MHz 
sound and 47.25 -MHz adjacent sound 
traps, the output may be taken from 
the MARKER OUT jack, with audio -fre- 
quency modulation. The sweep is 
switched off, and an audio sinewave 
pattern appears on the scope ( Post - 
marker adder is also switched off, to 
"Scope Direct "). The trap is then 
tuned for a minimum or null of the 
scope pattern, and the trap is set right 
on the money. 

Another very important trap ad- 
justment, the 4.5 -MHz (sound i.f.) 
trap in the video detector output, can 
be set with the same method. The 
scope is connected, through a demod- 
ulator probe, to the output of the 
color bandpass amplifier. The 4.5- 
MHz marker, with audio modulation, 
is then fed directly to the input of the 
last video i.f. stage (tube or transis- 
tor). The 4.5 -MHz trap can then be 
adjusted for a null. This is a very im- 
portant adjustment; keeps those her- 

ingbone wiggles out of the color. 
The color bandpass stages can be 

aligned with an i.f. input and the 
markers, or with the "ChromAlign 
Sweep" signal. With this, the sweep is 
fed to the mixer input, as before. A 
45.75 -MHz marker is now fed 
through the video i.f., along with the 
3 color -markers, 41.67, 42.17 and 
42.67 MHz. These beat with the pic- 
ture- carrier, and come out as an ac- 
tual video signal at the input of the 
color bandpass stage. By using a 

demodulator probe at the output, all 
adjustments in this important stage 
can be tuned to produce the precisely 
shaped response curve we need. 

The WR -514A has provisions for 
rf sweep output on the FM band, 88- 
1 08 MHz, as well as swept output at 
10.7 MHz for aligning FM i.f.'s. It is 

a very flexible instrument, and prop- 
erly used, will give you quick answers 
to a lot of previously "hard ques- 
tions." Not only in alignment work, 
but in troubleshooting! By hooking it 

up to the tuner, and checking the re- 
action of each adjustment, you can 
find out very rapidly if things are ok. 
For example, you know what reaction 
the input i.f. transformer should have 
on a sweep curve: move the core just 
a tiny bit, and if you see no reaction, 
you know that there is definitely 
something wrong in this stage! (Un- 
believable as it seems, it is possible for 
a tinkerer to run any one of the tuned 
circuits completely OUT of the band- 
pass! Even under these conditions, it 

can be "diddled up" to make some 
sort of a picture; usually pretty weird, 
but a picture.) 

This type of test equipment is im- 
portant now, and going to be even 
more important in the future. Just for 
example, what if we had an IC i.f. 
strip with no tuning adjustments at 
all? (It could happen any day now.) 
How would we check it? Put a sweep 
signal on it. If the response curve is 
NOT normal, we replace the IC. R -E 
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KEEP PACE WITH SPACE AGE! SEE MOON SHOTS-LANDINGS, SPACE FLIGHTS, CLOSE -UP! FREE 
GIANT 

CAIAL °G' 

f.. AMAZING SCIENCE BUYS ,,. IOI 

for FUN, STUDY or PROFIT 
3- CHANNEL COLOR ORGAN BARGAIN! 
Create tremendous variety ut 
unusual & beautiful lighting 
effects with this low -cost 
top -quality 1500 -Watt unit 
(500 W. per channel). Com- 
pare with others selling for 
twice the price. lias pilot 
light, plats Individual sensi- 
tivity controls and channel 
indicator li gut a. l'an operate 
ten 150 W. "snots" or 200 
Chrl +tinas lights. Uses reg. 
house current- attaches to audio source w. ite.i -typo phone 
plug. 514" X r ? ¡" X "'S . 

"is., it s. Thermal setting plastic 
case, 6 -ft. cord. Including complete instructions. 
Stock No. 71,223EH $44.50 Ppd. 

PSYCHEDELIC LIGHTING HANDBOOK 
IOu information packed 
pages! Fully explains latest 
In psychedelic lighting 
equipment. techniques. de- 
velopments. Covers all tacets 
of p- ychedclie light -show 
production including strobes, 
black lights. projectors, 
crystals. organic slides, mir- 
rors. color organ;. polarized 
color. light hexes. Music - 

\'isiuu. ele_ gt5" x 11" 1.5oseleaf paper for 3 ring binder, 
Stock No. 9100EN $3.00 Ppd. 

LONG -WAVE BLACK LIGHT FIXTURE 
-- -- °s Extremely versatile, corn- 

pact ly dos lgned, long wave 
1321)11 -4600 angstroms I Flack 
I i gilt ( ultraviolet l fixture - 
eliminates harmful shorter 
wave ultraviolet rays. T'se to 
identify minerals. fungi, 
bacteria -check for surface 
flaws. oil rind gas leakage - 
perfect for displays with tiu- 
orereut paper. paints. chalk, 

erns os. ru,' psi ie s he I. adjustable aluminum reflector, 
Nish -pull sw ilrh. connecting plug. Mount vert., hertz.. 
or on corner. tir L., l'é" W. 1'4" 11. 

Stock No. 70.364E14 $12.50 Ppd. 
No. 60,124E14 .. REPLACEMENT BULB $4.75 Ppd. 

1st LOW -COST VACUUM PUMP! 
Nothniag -llh" it ! 'fop- quality 

-_ _hand- held pump produces & 
maintains - of vacuous, 
bias instant release tab, 15 %" 

'1 

snuffs. stainless gauge (0- 
30"). 1110'0 of uses- siphon 
noxious fluids. evacuate bell 
jars and castings, clean. re- 
trieve, lift sterile objects. 
demonstrate Magdeburg 
hemispheres. bleed fuel t. 

lints. check leaks. etc. Lifts 
40 Tbs. with included "T" Lifter 
much more u/ larger cup. 
Stock No. 71.30IEH 
No. 71.300EH (without gauge /lifter) 5.50 Ppd. 

BLACK -LIGHT MIGHTY MITES 
sass. Relatively small (12") fix- 

' 
tures give surprisingly 
bright blaekl i gist. 111 rror- 
finished reflector makes in- 
stant starting 8 -watt. high- 
miens I lo bulb look like 
40- Walter. l'P to 5.000 
hours of safe. long -Wave 
(36611A I black -light to really 
turn-on parties. light & 
theatrical show's, psychedelic 
decors. holiday decorations. 

Shockproof end -raps remove for safe, easy replacement Of 
bulb and starter. Stands upright or horizontal. Alum. 

' 
ease. 

Stock No. 71.274EH $14.95 Ppd. 
DELUXE OUTDOOR /INDOOR MODEL 
Stock No. 71,299EH $19.95 Ppd. 

25X to 900X LABORATORY MICROSCOPE 
Sturdy, monocular-131w. 3 
coated Achromatic parfocal 
objectives -5X (55.10 NA 1. 
tllx (0.25 N-t), n,ux 10.85 
NA I: triple revolving nose- 
piece, Automatic focusing 
-top prevents damage to oh- 
jcelives and slides. Fixed 
tO11unn tube. ltaek ,A pinion 
coarse focusing & fine 
micrometer type slide ad- 
justments. 3 Iluy'genian est'- 

pieces: 5X, 10X, 15X. Bakelite stage 4 -1/2- z 4- 5/16 ", 
2 stage clips accept Edmund graduated mech. stage No. 
30,0011 -Substage equipment: Fixed- condenser lens. Irk 
diaphragm. 1 -7 /R" dix,n. plane -run a,e mirror 
Stock No. 85.049H .. (I I 't "H., I I lbs. W.) $99.75 FOB 

(2S=" siam. cup)- 
512.00 Ppd. 

MAIL COUPON FOR GIANT FREE CATALOG 
148 PAGES- 1000's OF BARGAINS 
Completely new 1951 edition, New items, 
categories. illustrations. Dozens of electri- 
cal and electromagnetic parts, accessories. 
Enormous selection of Astronomical Tele- 
scopes, Unique lighting items, Microscopes. 
Binoculars. Magnifiers. Magnets. Lenses. 
Prisms. Matt' war surplus items. Mail 

op,uu fur catalog 
EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING 
BARRINGTON, N.I. 08007 
NAME 
ADDRESS 
CITY STATE ZIl' 

SPECIAL VISUAL EFFECTS PROJECTOR SET 
Fantastic variety. Incredibly 
beautiful. ('reate floating. 
exploding, fiery bursts of 
color like "Symphony of 
Spheres" "Chrnmatie Star - 

bursts", "Crystal Star - 

burst", Features 35mm Sue 
W. fan cooled projector. - 
Produces big image at short 
distance. Accepts two 9" 
di am. wheel= (Dry Kalidu- . -fs MON 
scopg & I lesi doscopr' I 2 cylindrical accessories i5 ' Col- 
ored Cloud X f" 11esidoscope w /six internal mirrored 
waalls), rpmplete instructions. 
Stock No. 71,212EH $79.50 Ppd. 
DELUXE MODEL 
No. 71.295H w /kaleidoscopic lens $99.50 Ppd. 

3" ASTRONOMICAL TELESCOPE 
See moon shots, orbits- stars, 
phases of Venus, planets a / 
close up. 60 to 100 power.r -' /- A l ti n i zed and overeoated 
3" di :stiletto- f /ill primary 
mirror. ventilated eel t. 
Equatorial mount with log k- ' 
on both axes. Equipped with 
60X. eyepiece and mounted 

I 

Barlow lens. 3X finder tele 
,ru po. hardwood tripod. RftS.Sststi, a :`. :. IY 'S 
FREE: "STAR CHART ": 272 -page "HANDBOOK OF 
HEAVENS ": "HOW TO USE YOUR TELESCOPE" 
Stock No. 85,050EH $29.95 Ppd. 
Stock No. 85,105EH 41' $94,50 FOB 
Stock No. 85,086EH 6" $239.50 FOB 

ROTATING MULTI- COLORED LIGHT 
Dazzling colors stream end- 
lessly from constantly rota- 
ting light. Facetted. Trans- 
parent globe has louvered 
drum inside with red. green. 
blue & yellow stars, Bulb 
heat rotates drum whir 1, pro- 
jects flickering star points 
on walls. ceilings. etc. while 
Individual globe facets pre 
sent constantly changing ar- 
ray of brilliant colors. P0!' 
star- approx. 12' high on hell- shaped base. Surprisingly 
Il gist Easily Placed on table. 9'\', fireplace. or Xmas tree top, 
Stock No. 71.000EH $7.00 Ppd. 

1st LOW -COST XENON STROBE! 
Price breakthrough in bright. 
reliable electronic strobes. 
7.11Wr Srcund xenon tube. 
Variable flash rate -60 ill 
mm per mìume. Long lite - 

more than 1 111111.11110 flashc- 
l'ri 111 rd iretit hoard design. 
Safe. durable Bakelite case. - 
1:vierually mounted bbulb, 
pbatie slit cud, G'ú s3 áx2". 
11 uo. Perfect for psyche 
delis., stop- action lightino 

neffects for home light shows. pal . displays. 
Stock 

U 

$24.95 POs. 
ILD -IT YOURSELF STROBE KIT B 

Stock No. 71.343EH $1995 Ppd. 

UNIMAT "MINIATURE MACHINE SHOP" 
ConlPUrl. Pu 10.51 fur 
nicl;a 1 , n i a i sri E s.r av ,su'I with 
full ca P.,Lilli i,- .i 
marluìuc ,hop, Works 
Ial he un vertical drill pre, - 
Coin plete wi lis motor-1,a,I 
ed with extras. 1 of a kiwi 
for industrial minis tawìza 
slots. home workshop, model 
shops, labs, CI r. t se basic 
suol to turn. face, bore, re- - - 

cess, polish, converts in 1 mitan,- To bine u, 

mill. drill. jig -bore, surface grind. stuirkly mastered to 
produce prof essiunal quality work. 40 -p. insu. booklet. 
Shpg. w1. :i3 Ils. 
Stock No. 85,175EH $149.50 F.O.B. 

ASTRONOMICAL. TELESCOPE KITS 
Grind your own mirror for 
powerful telescopes, Bits 
contain fine annealed pyrex 
mirror blank, tool, abra- 
sives. diagonal mirror. and 
eyepiece tenses. Instruments 
you hid Id range in value 
from $75 to hundreds of 
dollars. 
04 111 AM ETER -5a" Thick 

IO.75 Ppd. Stock No. 70,003EH 
6" DIAMETER -I" Thick 
Stock No. 70,004EH $13.95 Ppd. 
8" DIAMETER-1V' Thick 
Stock No. 70,005EH $21.50 Ppd. 
10" DIAMETER -P4" Thick 
Stock No. 70,006EH $52.50 FOB 

LOW -COST DOUBLE -BARRELED TUMBLER 
]tugged 12-16, tumbler has r 
TWO big li -tb. (4 z -1 t.1 
rapacity rubber barrelo, 
each with ten internal 
;ides-Mire tumbling ac- 
tion of more expensive 
models. Quiet, resilient.. de- 
pendable. safe operation 
Features fan -cooled, con 
I humus- duty 15511 rpm 
motor; V -belt drive w /nylon 
bearing -, covered safety belt & pulleys. heal t n . ver 
for small shops. experimenters -great for ruck - hotrods. 
tot_" s 11'2" s 12tí ". 
Stock No. 00.132EH (18 lbs.) $39.95 Pod. 

r PIOOfifIN 
7 "1"16) 

EDMUND 300 EOSCORP BLDG. 
SCIENTIFIC CO. 

ORDER BY STOCK NUMBER SEND CHECK OR MONEY ORDER MONEY -BACK GUARANTEE 
BARRINGTON, NEW JERSEY 06007 
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DESIGN FOR STEREO 
(continued from page 59) 

its minimum. The base supply voltage at 
this extreme condition becomes 

R'e 

(max) 
E'nB = Ic (max) ( R'1, - 

ft 

Icbo (max) R'n + Voti (min) Eq. 8 
The two equations are subtracted 

from each other. The various values of 
maximum and minimum collector cur- 
rent, beta, leakage current, and base - 
emitter voltage are then substituted into 
the resulting formula to establish a rela- 
tionship between R'E and R'p. All the 
values can be determined from the data 
derived above. In some instances, such 
as for base -emitter voltage, actual data 
may not be supplied by the manufac- 
turer of the transistor. But actual data 
might not actually be required, for as 
Equation 4 was subtracted from Equa- 
tion 5, the remaining terms in the final 
equation will contain the difference of two 
values (such as Vtatl(max) - V5E(min) 
rather than the absolute numbers. The 
difference of the two values of VtIE, for 
example, can easily be calculated from 
the temperature difference under consid- 
eration, as V1E(max) - V15F(min) is ap- 
proximately equal to 2.5 millivolts mul- 
tiplied by this temperature difference. 

From the actual value of either R'B 
or R'E, it is simple arithmetic to deter- 
mine the remaining component from the 
final difference equation. One or the 
other factor may be limited by consid- 
erations such as gain, input impedance, 
distortion. etc, Calculate E'151 from Equa- 
tion 7 or 8. Once these resistors and E'00 
have been determined the circuit in Fig. 
I1 can be assumed to be but an equiva- 
lent circuit for any of the bias arrange- 
ments discussed here and in the previous 
article. Simple conversions can be made 
to any of the circuits by applying Theve- 
nin's theorem. but in a reverse manner. 

Identical equations using this 
method of analysis, can be written for 
the circuits in Fig. 3 and 6, if Epp in Fig. 
3 is connected to E,.5.. They are 

R- = E.,. - E'nu Eq. 9 

Rn = Ecc R'/E' Eq. 10 
RE = R'1; Eq. 11 

However, for Figure 6, EBB Rr /Ecc must 
be subtracted from R'E to determine the 
value of RE. 

Once the final circuit has been es- 
tablished. its performance should be 
double- checked using the stability equa- 
tions. 

A fairly detailed design procedure 
was presented here. All this information 
is required to establish a truly stable de- 
sign. As for the FET bias, less com- 
plexity is involved for the input and out- 
put circuits are relatively independent. 
The requirements and design proceed - 
ures will be discussed next. R -E 

Eco E'pn R'It 

A novice technician named Peter 
checked a set with his new multi- meter. 
Needle wrapped round the pin 
and he cried in chagrin 
"Next time lull not use the Ohm -Meter!" 

Jack Darr 
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The moving round 
of moving pound. 

The kind you get from Mallory's new light- 
weight, go everywhere cassette tape recorders. 

They're pushbutton simple. And built to fit in 
with the excitement of living. 

We have three solid -state models in three 
price ranges ... something for everybody. And 

MALLORY 

MCR 1232 
Total go- anywhere 
entertainmert. Re:oryer 
and superb AM'FLA radio. 
AFC, pop -up cassette 
ejector, built in a- ter na. 
In a slim, tough ccsa 
The music -raker. 

they come with a whisper- sensitive dynamic 
microphone, automatic recording level circuit, 
power -packed Duracell® batteries and a full - 
fidelity Duratape® cassette. 

Mallory portable cassette tape recorders .. . 

when you're going places. 

MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of l'. Iì.. MALLORY &. CO. INC. 
Ilex 15r.8. Indisusapolis. Indlaina 46209: Telephone: 317- -5353 

MCR 1204 
Slim seat, light. Battery 
opera:ed. 31 " dynamic 
spear and dynamic mike 
For His, tee!rlagers .. . 

even Mr. Businessman. 

Batteries Capacitors Controls CRIMC ALERT1 DURATAPE® 

MCR 1209 
3reat everyvb hare. Bcttaries or 
AC plug -in. Fushbu_ ton 
operation. Slim, aa:ytc carry, 
jack. Dynamic sDealaet and 
mike. The oerfect g f. 

Recorders Resistors Semiconductors SONALERT® Switches Timers 

Circle 79 on reader service card 

www.americanradiohistory.com

www.americanradiohistory.com


cash in on o 
GROWING NEVI 

business... 
AW 

INTERNATIONAL 
r T 

CRYSTAL MFG. CO., INC. 
10 NO. LEE OKLA. CITY. OKLA. 73102 

SERVICE1: "y 

MICROWAVE 
_________. 

OVENSThousands of new microwave 'ovens are sold each year for 
commercial or home use. As oven sales continue to climb a brand new 

opportunity opens for those presently engaged in radio and television servicing. It's an 
opportunity to supplement your present income ... or start an entirely new servicing business. 

A majority of the franchised "fast food' eating establishments are using microwave ovens. 
Hundreds of restaurants are discovering the oven that will bake a potato in five minutes, heat 
precooked frozen food in minutes. Homeowners everywhere are becoming aware of the 
electronic oven which cuts cooking time from hours to minutes ... even seconds. Prepare yourself 
now for this new servicing and maintenance business. 

International Crystal Mfg. Co., a pioneer manufacturer of microwave ovens, has information 
regarding this space -age opportunity for skilled technicians. Write today for complete details. 

ADDRESS INQUIRIES TO: 
SERVICING INTERNATIONAL CRYSTAL MFG. CO., INC. 1 0 North Lee Oklahoma City,Okla. 73102 
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