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Start your custom Burglar /Hold -up /Fire Alarm System with the FC -100. 
Add on Sensors, Alarms and Accessories to suit your own needs. 
"Do -it- Yourself" Installers Handbook included. 
AC Operated- Automatic Transfer to Battery Operation in the event 
of Power failure 
No technical knowledge needed -No soldering. 
Ideal for Apartment, Home and certain Commercial Installations. 
100% Professional in Design, Reliability, Performance. 

The first professional Alarm Control Center designed for easy "Do -it- Yourself" 
installation. The FC -100 is the "heart" of the EICO home protection system. 

It contains all circuits required for monitoring the burglar 
and fire detectors and sounding the alarm. It includes 
two indicator lights; a white "circuit test" light which 
automatically checks the status of the burglar alarm 
sensors in the system, and a red "alarm on" light, 
which indicates that the system has been activated. 
A built -in 117 VAC power supply supplies 6 volts DC 
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C for operating the system. In the event of power failure, 
the FC -100 automatically switches over to battery 
operation. The power supply also trickle charges the 
lantern battery when it is not in use. A meter and 
battery test switch allows you to check the condition 
of the battery. Each circuit in the FC -100 has its own 
set of screw terminals that allow easy installation. 

Includes A -95 Security Handbook and A -105 warning decals. 

Model FC -100 $69.95 

EICO 
BURGLAR /HOLD-UP /FlRE ALARM SYSTEM 

Systems "HEART" is the EICO FC -100 Security Control Center. 
Additional Sensors, Alarms, Accessories may be added any time to 
meet future needs. 
"Do -it- Yourself" Installers Handbook included. 

The EICO SS -500 Security System offers you the kind of professional protection 
you have been looking for, at a price you can afford. The System has been 
designed on the EICO exclusive "Expandability Concept" that enables you to 
"add -on" protection to meet your own special requirements. Virtually any 
professional security sensing device can be easily added to the EICO SS -500. 

The system is supplied with the following: FC -100 Security Control Center; SA -25 B" 

Alarm Bell; A -45 Entrance Key -Switch with "system -on" signal light; A -65 remote 
station control with signal lights: SD -20 Fire Sensors; SD -10 Door /Window Contact 
Switches; SD -50 Tamper Switches; SD -40 Door Cords: A -35 Emergency Buttons; A -95 
Installers Handbook; A -105 6 Warning Decals: A -135 (2) Alarm Circuit Hook -Up Wire and 
A -137 Alarm Bell Hook -Up Wire. 

Model SS-500 $129.95 
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TYPICAL ALARM INSTALLATION 

"Do -it Yourself" 
HOME SECURITY HANDBOOK 

A comprehensive 40 -page Homeowners 
Handbook which includes a wealth of 

information on professional home 
security as well as comprehensive 

installation procedures in clear 
non-technical language. 

A -95 Handbook $2.95 

EICO A -95 HOME SECURITY HANDBOOK 
Save hundreds of dollars in alarm installation and monthly service 
charges. The EICO A -95 Home Security Handbook is a comprehensive 
40 page booklet which can be easily understood by anyone. Written in 
clear non -technical language, it contains complete instructions not only 
on how a home protection system functions and how to install all EICO 
security devices, but also how to expand your EICO system. Before you 
purchase any security system for your home, we suggest you read the 
A -95 handbook and see how easy EICO makes it to "Do -it- Yourself." 

Acclaimed by Editors and Consumers! 
The EICO SS -500 Home Protection system works as well as, if not better, 

than many so- called "professional" or industrial systems -at a lot less cost. 
Fact is, the system has more features than much "professional" equipment. And 
it certainly works a lot better than many do- it- yourself systems presently on the 
market that are supposedly intended for the average home owner." 
(Test Report Summary E/E Magazine Aug. 1972) 
"Wiring the Eico system is a breeze ". 
(Electronics Illustrated August 1972) 

"We found that installing the security system is easy, and the only toe's we 
needed were a screwdriver and a knife. We picked an arrangement from the 
manual, suitable to our needs, and went to work. In a matter of hours, the job 
was completed." (Popular Electronics Sept. 1972) 

Additional security components can be added any time, at your own pace, to suit your own needs. 

FICO Electronic Instrument Co.. Inc.. 283 Malta Street. Brooklyn. N.Y. 11207 
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We taught Leonard Starr how to make money 
doing what he used to do for fun. 

Leonard Starr's father wanted 
him to go to college and settle down in 
a "nice clean job in a brokerage office." 

But Lennie had ideas of his own. 

"I'd seen too many other guys serving 
time in jobs they couldn't stand - just 
as bored with their work as my father 
is with his. And getting soft. 

"Not me. I knew what turned me on 
and it wasn't the brokerage business. 
I like action - hot cars, motorcycles, 
working with tools. Why, I started 
tearing down bicycles and rebuilding 
them when I was only a kid. 

"So I asked myself - ̀Why not do that 
for a living ?' " 

Well, why not? Lennie Starr 
got in touch with the school that really 
understands individuals - the school 
that makes a special point of helping 
people who have their own ideas about 
that one life they've got to live. 

Today's ICS. 

Now, Lennie Starr is doing 
just what he wants to do - as a Master 
Automotive Technician in the best 
dealership in town. He's pulling down 
a bigger dollar than any of his desk - 
bound friends - and he's having fun 
doing it. Which is more than a lot of 
people can say. 

Leonard Starr is a 
hypothetical person -a composite of 
the many thousands of real individuals 
who are using today's ICS to change 
the course of their lives. But how 
about you? 

Chances are, you're an 
individualist, too. Your interests are 
different from Lennie's, different from 
anybody's. And because of that, today's 
ICS can help you, too. 

n 

1. 

Tell us what turns you on - and l 
we'll teach you to do it for a living! 

Is electronics your bag? 
TV servicing? Air Conditioning? Want 
to earn $7 -8 an hour or more as a 
skilled electrician? How about a 
first -class FCC license? Or are you 
shooting for a big professional career 
as a full -fledged civil, mechanical or 
electrical engineer? You name it - 
and today's ICS will teach it to you. 

Today's ICS is for action - 
minded people - people who like to 
learn by doing. ICS technical career 
programs include valuable professional 
tools and equipment that you learn to 
use in practical experiments and 
do- it- yourself projects - then keep 
for your new career .. . 

a 25" (diagonally measured) 
Motorola Quasar II® color television 
chassis with the ICS TV Technician 
program - plus an oscilloscope, VOM, 
and experimental lab equipment .. . 

a Philco /Ford room air 
conditioner with the ICS Air 
Conditioning and Refrigeration program - plus a whole battery of professional 
tools, instruments and testing 
equipment .. . 

an electronic multitester and 
top -quality electrician's tool kit (in 
leather case that attaches to your belt) 
with the ICS Electrician's program - 
plus a home laboratory for 
experiments . . . 

a complete set of Proto hand 
tools (official tools of the Indy 500) 
and genuine Daytona test equipment 
with the Automotive Technician's 
program .. . 

And so on. If you're an 
individual ... if you have your own 
ideas about the kind of life you want 
to live ... if you want to earn big 
money doing the things you do now 
just for fun ... today's ICS can help. 

ISchool was never like this! 
V 

In fact, studying with ICS is 
like nothing you've ever done before.. 
It's almost like taking up a fascinating 
new hobby - yet you wind up with a 
solid career skill you would probably 
never get otherwise. 

Because you don't have to 
give up your job or take time away 
from home to do it. 

Circle 2 on reader service card 

You learn at home - in your 
spare time, at your own sweet pace. 
Yet your instruction is entirely personal. 
An instructor answers every question 
you ask. You can actually pick up 
the telephone and ask your questions 
out loud - toll free! 

That's individualism for you. 
And speaking of individualism, it's 
pretty comforting to know that more 
than eight and a half million other 
individuals have enrolled in 
ICS before you. 

Which is not bad for a school 
that specializes in helping individuals 
learn to do well the things they 
like to do best. 

2,000 U.S. firms and 
government agencies 
-including Chrysler, 

Ford, U.S. Steel, Mobil, 
Motorola, Pan Am and 

Dupont -are using ICS training programs 
to upgrade their own employees. 

o 1973 ICS 

Ice International Correspondence Schools 
SD Scranton, Pennsylvania 18515 

Tell me more about how I can make 
big money doing what I like to do. 

Please send me free Career Guidance 
Booklet and a free "Demonstration Les- 
son" for the field I have checked below. 
I understand I am under no obligation. 

Air Conditioning /Refrigeration & 
Heating 
Automotive Mechanics 
Engineering (Civil /Electrical/ 
Mechanical /Chemical ) 

Electrician 
FCC Licensing( Electronics ) 

Auto Body Rebuilding 
Communications /Broadcasting 
Technician 
Computer Servicing 
CATV Technician 
Diesel /Gas Mechanic 
Architecture 
Drafting 
Electronics Technician 
Engineering Technician 
TV Servicing & Repair 
Surveying & Mapping 
High School Diploma 
Check here for special information, 
if age 16 or under. XA625Y 

Name Age 

Address Apt 

City 

State Zip 

Approved for Veterans' Training and Accredited 
Member National Home Study Council 
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When we say o headphones 
are out of is world 

...we, riean it. 

NASA chose Sennheiser 
headphones for its 

Skylab astronauts to use in 
their 56 -day earth -orbit mission. 

But people prefer them 
for down to earth reasons. 

NASA selected us ... 
but you don't have to go into 
orbit for comfort 
Out in space or here on earth, the 
last thing you want is to be uncom- 
fortable. Whether you're relaxing 
with your favorite music or com- 
municating with a ground tracking 
station. 

Which is one good reason so many 
people do their listening with our 
HD 414 "open -aire" headphones. 
Even if they weren't the lightest 
(which they are), they're not bulky, 
and don't need uncomfortable air - 
tight seals to get good sound. 

$150.00 sound 
under $50.00? Ask 
ELECTRONICS 
WORLD! 
Ac2,ording to the October, 
1971 issue, our HD 414 
has the best sound of any 

dynamic phones" - based on 
factors like fregluency response, 
transient response, sensitivity and 
listening tests. In the article's head- 
phone compariscn chart, the only 
really comparable headphone 
maker's sets were priced at $95.00 
and $150.00 apiece! (As if that 
weren't enough, we were also rated 
most comfortable.) 

Isolation or 
Communication? 
The choice is ycurs. With "open - 
aire" headphones, you hear as 
much as you want of your surround- 
ings. Or as little: a twist of the 

volume control and you're 
effectively alone! 

A "superior...natural" 
headphone? Sounds 
like HIGH FIDELITY 
feels that way! 
They pointed out our 
headphones combine "the 

( ire/c i n', realer service card 

superior close -up quality charac- 
teristic of headphone sound" with 
"the freedom and naturalness of 
loudspeaker listening." What's 
more, they felt that the HD 414 is 
cooler to use, "allowing body heat 
to dissipate more readily." 

Hearing is believing 
In this world and out, it seems more 
and more people rate Sennheiser 
"open -aire" headphones tops. But 
all the testimonials in the world 
can't tell you 
what your ears 
will. Why not visit 
your nearby 
Sennheiser deal- 
er and put your 
ears in orbit. At 
a very down -to- 
earth price. 

SENNfE1SEtH 
10 West 37th Street.New York 10018 t2121239-0190 
Manufacturing Plant B,ssendor1. Hannover. West Germany 
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SPECIAL 35 

FEATURE 
Understanding Security Systems 
There are many kinds of systems, and each one has 
specific advantages and disadvantages. Find out which 
one is best for you. by George F. Duryea 

4- CHANNEL 
STEREO 

HI -FI AUDIO 

42 Inside Heath's Digital FM Tuner 
There are 55 IC's and more than 100 transistors and 
diodes to make it go. Much of the electronics is closely 
akin to that of the computer. by David M. Thomas 

51 Installing PA Speakers 
How to hook them up isn't as easy as it sounds. There's 
impedance matching, placement, and types to use that 
must be considered. by Bogen Sound Systems 

54 Unscrambling 4- Channel Sound 
An in -depth technical report including 32 scope 
waveforms showing how compatible the various 4- 
channel systems really are. by Herb Friedman 

BUILD 38 Electronic Music Synthesizer 
THIS ONE Electronic circuit modules go together to make this 

electronic musical instrument. by John Simonton, Jr. 

TELEVISION 60 Speed Troubleshooting Logically 
Part II: Cut it in half procedure -how it works, how to 
it. by Jon Turino 

GENERAL 
ELECTRONICS 

SOLID -STATE 
ELECTRONICS 

71 

72 

80 

4 
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Service Clinic 
The trouble tree. by Jack Darr 

Reader Questions 
R -E's Service Editor solves reader problems. 

New Pay TV System 

Looking Ahead 
Tomorrow's news today. by David Lachenbruch 

Equipment Report 
B & K model 281 digital multimenter 

62 State Of Solid State 
Optoelectronics is the featured subject this month. 
by Louis E. Garner 

68 R -E's Guide For Substitution Transistors 
220 more types are listed. 
compiled by Robert & Elizabeth Scott 
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16 
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90 

84 

Books 

Letters 

New & Timely 

New Literature 

New Products 

use 

91 Next Month 

111 Reader Service Card 

100 Technotes 

101 Try This 

WAVEFORMS LIKE THIS ONE are the secret 
to unscrambling 4- channel sound. There are 
more than 30 different ones in this article. 

. . . . see page 54 

ELECTRONIC MUSIC MACHINES can be built 
at home. See how you can assemble your 
own synthesizer. . . . . see page 38 
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tronics disclaims any responsibility for the safe and proper functioning of reader -built projects based upon or from plans or information published in 
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looking ahead 

Big numbers 

Americans went on an 
electronics buying spree last 
year, according to official fig- 
ures released at presstime. 
They bought a record 17.1 
million television sets -color 
and monochrome -equivalent 
to one new set for about ev- 
ery fourth household in the 
United States. Of these, 
slightly more than half were 
color sets. They also set a 
record in radio purchases 
(more than 55 million of 'em), 
stereo and other phonograph 
system (over 7.2 million) and 
tape recorders and/or players 
(a whopping 20.7 million). 
That's 100 million home elec- 
tronic products -not counting 
such odds and ends as elec- 
tronic guitars, organs, hearing 
aids, instructional kits, indi- 
vidual stereo components and 
microwave ovens. 

Videodisc compatibility 

A small ray of sunshine is 
peeking through the clouds 
on the stormy videodisc com- 
patibility scene. The Euro- 
pean electronics giant, N. V. 

Philips, and California -based 
MCA Disco -Vision -both of 
which have demonstrated LP 
videodisc systems which use 
a laser readout principle - 
have announced they've be- 
gun discussions toward 
achieving compatibility. 

Two other videodisc sys- 
tems seem to have little 
chance of being brought into 
conformity with any Philips - 
MCA standards, however. The 
German -British Teldec system 
(Telefunken and Decca) uses 
a mechanical pressure pickup 
and is already scheduled for 
production later this year. 
RCA's system, long under de- 
velopment, but never shown 
publicly (at least up to the 
deadline for this column), 
works on a capacitance prin- 
ciple: A metallized disc is 

coated with a thin layer of 
dielectric material and the 
metallic pickup stylus serves 
as the other side of the ca- 
pacitor. 

Bathometer 

Rub -a- dub -dub, electron- 
ics in your tub. The latest 
gadget in Japan, where the 
bath is an important ritual, is 
a multi -purpose intercom and 
alarm. It sounds a warning if 
intruders break into the 
house, if a fire should start- 
or if the level or temperature 
of the bath water gets too 
high. At around $100, it's a 
good way to stay out of hot 
water. 

Videocassette recall? 

Manufacturer recalls of 
products are becoming in- 
creasingly prevalent, partic- 
ularly in the automotive field. 
Now there seems to be a dis- 
tinct possibility of a federally 
mandated recall or field modi- 
fication of all videotape 
recorders, closed- circuit cam- 
eras and other products de- 
signed to feed into the an- 
tenna terminals of standard 
home television receivers. 

The FCC took jurisdiction 
over these devices to prevent 
excess radiation from feeding 
back through antennas and 
interfering with reception on 
other TV sets. During its con- 
sideration of the new radi- 
ation rules, it permitted manu- 
facturers to make and sell 
devices if they agreed to ab- 
ide by certain preliminary 
specifications and to make 
modifications later, if neces- 
sary, to conform with the final 
rules. When the final rules 
were issued, they contained 
an unexpected provision -all 
devices must be equipped 
with antenna- disconnect 
switches which provide 60 dB 
of isolation. In other words, 
when the recorder, player or 

camera is feeding into the TV 
set, the antenna must be dis- 
connected. 

Manufacturers are now 
hurriedly developing switches 
designed to meet the Com- 
mission's specified 60-dB iso- 
lation for products they mar- 
ket in the future. They're also 
expected to ask to be re- 
lieved of the requirement to 
modify those already in use, 
on the ground that their sig- 
nal strength is one -third of 
that now permitted for new 
devices, resulting in less in- 
terference even if a switch 
with under 60 -dB isolation is 
used. If there's a recall, it 
would involve perhaps 35,000 
videocassette machines now 
in use in industry, govern- 
ment and education. An un- 
counted number of older de- 
vices sold before the FCC 
announced its jurisdiction 
probably won't be affected. 

New pay -TV system 

With per -program or per - 
channel pay -TV cable opera- 
tions starting up in various 
parts of the country, equip- 
ment manufacturers are work- 
ing overtime to develop meth- 
ods for distributing programs 
only to those who will pay for 
them. The latest pay -cable 
system was developed by 
Magnavox with the backing 
and assistance of big CATV 
operator TelePrompTer Corp. 
Designed to operate with cur- 
rent CATV's, it provides a 

method of billing customers 
only for the programs they 
watch (special programming, 
such as recent movies and 
sports not carried on regular 
TV). 

The "Premium TV" system 
involves the use of a special 
box in the subscriber's home, 
enabling him to view either of 
two pay -TV channels or regu- 
lar TV at the touch of a but- 
ton. Mounted on a telephone 
pole is an "interactive data 
exchange module" (IDEM), 

serving 32 subscribers in the 
neighborhood. When a viewer 
presses a pay -TV program 
button, the signal is un- 
scrambled and fed into his 
set on a special channel. The 
IDEM keeps track of his view- 
ing, and each month a CATV 
employe travels through town 
with a low -cost battery-oper- 
ated audio tape recorder, 
which he plugs into a special 
terminal connected to each 
IDEM. The cassette is then 
fed into a central billing com- 
puter (either directly or by 
telephone). The computer 
prints out a monthly bill, 
enumerating programs 
watched and the cost for 
each individual subscriber. 
The system will be tested this 
year in an undisclosed Cali- 
fornia city. For more details 
see a complete description of 
the system on page 80. 

Comsat's first decade 

Communications Satellite 
Corp. (Comsat), the U.S. par- 
ticipant in the worldwide 
space communications con- 
sortium Intelsat, celebrated its 
10th birthday recently by re- 
leasing these statistics: Some 
83 Intelsat member countries 
now have satellite service, 
with 80 ground stations in 49 
countries (the others receive 
their communications via 
ground lines from the nearest 
station). One quarter of the 
earth's population is now 
within the range of live satel- 
lite TV broadcasts. Use of 
satellites for telephone ser- 
vice has reduced the cost of 
a New York -to- London phone 
call from $12 to $5.40 for 
three minutes. Since the start 
of satellite TV, the cost of a 

30- minute color transmission 
from New York to Paris has 
steadily dropped from 
$16,000 (for the Early Bird 
satellite) to $3,870 today. 

by DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 
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ALL PARTS 
INCLUDED 
except tubes and transistors 

ONE YEAR GUARANTEE 

PROVIDES YOU WITH A 

COMPLETE SERVICE FOR 

ALL YOUR TELEVISION 
TUNER REQUIREMENTS. 

VHF Or UHF Any Type $9.75 - 

UHF /VHF Combo $15.00. 

In this price all parts are included. 

Tubes, transistors, diodes, and nuvistors are 
charged extra. 

Fast efficient service at our conveniently 
located service centers. This price does not 
cover mutilated tuners. 

All tuners are cleaned ultrasonically, 
repaired, realigned and air tested. 

TSC 

WATCH US GROW 

Universal Replacement Tuner $9.75. 

This price buys you a complete new 

tuner built specifically by SARKES TARZIAN 
INC. for this purpose. 

All shafts have a maximum length of 

10" which can be cut to 11/2". 

Specify heater type parallel and series 
450mA or 600mA. 

Customized tuners are available 
cost of only $15.95. (With trade -in $12.95) 

Send in your original tuner for com- 

parison purposes to: 

at a 

TUNER SERVICE CORPORATION 
FACTORY -SUPERVISED TUNER SERVICE 

Backed by the largest tuner manufacturer in the U.S. -SARKES TARZIAN, Inc 
HEADQUARTERS - ...527 SOUTH WALNUT ST., Bloomington, Indiana 47401 TEL 812432 -7251 

ARIZONA 2629 NORTH FIRST AVE.. Tucson, A -iront 85717 TEL: 602 -781 -9243 

CALIFORNIA SARKES TARZIAN, Inc. TUNER SERVICE DIVISION 
1C-654 MAGNOLIA BLVD., !Borth Hollywood, Calif. 91601 TEL: 213.7594720 

FLORIDA 1505 CYPRESS ST., Tampa, Florida 33606 TEL: 813 -253 -0324 

GEORGIA 938 GORDON ST., S. W.. Atlanta, Georgia 30310 . TEL: 404-748 -2232 

INDIANA - . .. ..817 N. PENNSYLVANIA Si., Indiannpo is, Ind. 46204 TEL: 317-632 -3493 

6833 GRAND AVE., Hammond, Indicnc 46323 ... ... .. .TEL: 219 -845 -2676 

KENTUCKY 2920 TAYLOR BLVD., Louisville, Kentucky 40208 TEL: 502 -6344334 

NEW JERSEY 547-49 TONNELE AVE., Jersey City, New Jersey 07307 TEL: 201 -722 -3730 

(On U. S. Kip sway 1 8 9) 

TENNESSEE 1215 SNAPPS FERRY RD., Greeneville, Tennessee 37743 Tel: 615- 639 -8451 

1703 LAMAR AVE., Memphis, Tennessee 38114 TEL: 901 -2'8 -4484 

TEXAS 11540 GARLAND RD., Dallas, Texas 75928 TEL: 214 -327 -8413 

VIRGINIA 4538 PRINCESS ANN ROAD, Norfolk, Virginia 23502 TEL: 703 -855 -2518 

Circle 4 on reader service card 
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new e timely 

"Two- eyed" tube may improve 
TV color camera performance 

A new two- target camera tube is ex- 
pected not only to enhance the perfor- 
mance but to lower the cost of single - 
tube TV cameras. Called a BIVICON, the 
new 11/2-inch RCA C23244 was designed 
originally for the RCA HoloTape system. 
"It is particularly well suited for gener- 
ating color pictures from two -frame ho- 
lographic or photographic films in which 
the luminance (black and white) portion 
of the picture is projected onto one tar- 
get and the chroma (color) information, 
in suitable encoded form, onto the sec- 
ond target," according to Dr. William M. 

Webster, Vice President, RCA Labora- 
tories. 

The "suitable encoded form" refers 
to the chroma information on the Holo- 
Tape, in the color frames of which the 
chroma is encoded rather than appear- 
ing in actual color. 

The Bivicon tube registers between 
the luminance and chroma information 
excellently without additional auxiliary 
coils because the beams generated by 
its two electron guns are controlled by a 

single magnetic focus and deflection 
system. These beams "read" out the 

BIVICON CAMERA TUBE has two distinct 
pick -up surfaces -the dark rectangular areas. 

stored picture information from the two 
targets and provide simultaneous output 
signals that can be superimposed with. 

precision. 
The tube can also be used to replace 

single- target vidicons in one tube color 
cameras that separate the luminance 
and chroma signals by optical filtering. It 

has an advantage over the vidicon in 

such an application because its second 
target can process the color signals in- 
dependently. In such a camera, color fil- 
ters ahead of the color target would be 
used to produce a point -sequential sig- 
nal that could be decoded and combined 
with the black- and -white signal in the 
camera coding and control circuits, to 
produce an NTSC output. 

The tube can also be used in other 
TV applications in cameras designed to 
produce simultaneous optical images 
that can be played back on separate 
monitors or superimposed on a single 
monitor. The double -beam, double -target 
feature provides a desirable degree of 
redundancy for use in unattended cam- 
eras. A TV surveillance camera with two 
fixed lenses might be electronically 
switched from one "eye" to the other to 
provide close -up and wide angle shots of 
an area under surveillance, Dr. Webster 
said. 

A typical raster format for the Bivi- 
con tube is 0 50 inch by 0 38 inch with 
center -to- center spacing of 0 41 inch. 
The two rasters are scanned in parallel 
so that two simultaneous output signals 
are generated. The output signals are 
provided for two small metal contact but- 
tons on the tube's faceplate while mesh 
contact is made through a stud in the 
glass bulb. All other electrical con- 
nections are brought out through the 
tube base. 

Ion implantation improves 
charge- coupled devices 

Charge- coupled devices consist of a 

series of closely spaced mos capacitors 
in which charges are caused to step 
along from capacitor to capacitor by re- 
versing the charges along the series of 
plates (Radio- Electronics, June 1971, 
page 6). But part of each charge finds it 

difficult to pass the gap between the 
plates -it finds a "potential threshold" 
hard to step over. 

Siemens has introduced an implan- 
tation step in which boron ions are im- 
planted in the gaps between the units, 
thus reducing the potential threshold. In 
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older devices, gaps had to be kept to a 

width of 3 microns or less. With the new 
technique, gaps may be as wide as 7 mi- 

CHARGE- COUPLED DEVICES are especially 
adapted to use In shift registers, but transfer 
losses can falsify data. Ion Implantation has 
so reduced the losses In the Siemens IC shift 
register above that accuracy approaches 
100 %. 

crons. Units with this greater gap width 
can be quantity -produced, thus making a 

wide range of applications economically 
possible. 

Experiments with 150- electrode de- 
vices 
0.2 %, 
older 
100 %. 

show a transfer loss of less than 
with 7- micron gaps, whereas with 
devices the losses were almost 

Third Annual 
Hugo Gernsback 
Scholarship Award 

M. Harvey Gernsback, publisher of 

Radio -Electronics, has announced the 
third annual Hugo Gernsback scholar- 
ship award for 1973. The program con- 
sists -. a $125 grant to a deserving stu- 
dent of each of 9 technical home study 
schools serving in the electronics field. 

The scholarships sponsored by Ra- 

dio-Electronlcs were established in 

memory of the late Hugo Gernsback, 
electronic pioneer, inventor and pub- 
lisher to perpetuate Mr. Gernsback's in- 

terest in developing the technological 
skills of young people. 

(continued on page 12) 
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SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 

SAN ANTONIO, TEXAS 76216 

PHONE, 512 DI 4 -3140 

Dear Radio -Electronics Reader, 

April, 1973 

This will be the first of a series of "random ramblings" on "things and stuff" from the "Other" 
kit company. I realize that all of you are not familiar with Southwest Technical Products, or the 
kits we make. I hope to correct that situation in the coming months. 

I started this company over 10 years ago as a source for printed circuit boards used in some of my 

Radio -Electronics projects. At that time circuit boards were still kind of unusual and materials to 
make them were not widely available. Evidently you and others who build magazine projects liked 
the idea, because I sold a bunch of circuit boards. Many of you requested other components for 
the projects too, so in Jan. of 1964 I got real brave and quit my job to go into the electronic kit 
business full time. Fortunately none of the first kits offered were disasters (some later ones were) 

and my small company began a steady growth. 

Our aim then, as it still is now, was to offer kits for projects that were either a bit unusual, or kits for 
projects that could offer you a big saving over similar products. We have always used the best quality 
parts possible (short of going MIL Spec) even if they cost a bit more. All of our circuit boards are 

fiberglass, the resistors are deposited carbon, the transistors are new and as much as possible 

standard types that you can buy from local sources too in case you need one in a hurry sometime. 
We don't try to make our kits so easy that anyone can construct one. We assume that you know 
how to read a schematic, solder and strip wire. If you don't, if you simply want a nice pastime that 
is different from number painting, go buy a kit from Heathkít, or EICO. Most of our kits have pictorials 
and the instructions provided are enough for anyone fairly familiar with electronic construction. 
By holding down the cost of instruction manuals we are able to offer those of you who are "serious" 
about electronics a far better deal for your money. 

I, and the other engineers who work at Southwest Technical Products, enjoy electronics. Our 
products are generally the result of an interest that someone had in a particular circuit, or project. 
We have never in our existence designed something to meet a particular price, for a market that surveys 
indicated was out there. Maybe we would make more money if we did, but it sure would take all the 
fun out of it. 

If you would like to see what kind of gadgets that we make, write, phone, telegraph, or circle our 
number on the "Bingo" card in back. I will have our catalog in the first possible return mail to you. 
There is no charge. We are more than happy to get one in the hands of those "serious" electronics 
enthusiasts among you out there. Next month I will pick one kit to talk about. I think you might 
be interested in some of the circuit details and neat little features that we have put into our projects. 
See you then. In the meantime -send for our catalog right now. 

Sincerely, 

mrx? 
Daniel Meyer 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

DEPT. RE -L 

219 W. Rhapsody, San Antonio, Texas 78218 
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NOW train at home with NRI to be 
a Computer or Digital Technician- 
no other program is so complete 
in digital logic, computer 

operation and 
programming. 

ANOTHER 

FIRST 
Your own digital computer 

included at no extra cost 
This may very well be the most 
unique educational aid ever 
developed for home training - 
a real digital computer you build 
yourself and use to learn 

organization, operation, 
trouble shooting and programming. 

This remarkable training aid 
performs the same functions 
as bigger commercial 
computers. One of ten 
training kits you receive in 
the new NRI Complete 
Computer Electronics course. 

- wer*eV -- 
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NRI FIRSTS make learning Electronics fast and 
fascinating -give you priceless confidence 

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

FI RSTto give you true -to -life experiences as a Communications 
Technician. Every fascinating step you take in NRI Communica- 
tions training, including circuit analysis of your own 25 -watt, 
phone/ow transmitter, is engineered to help you prove theory and 
later apply it on the job. Studio equipment operation and trouble 
shooting become a matter of easily remembered logic. 

There is so much to tell you about this latest "first" 
in home training from NRI, you must fill in and mail 
the postage -free card today to get the full story of 
the Complete Computer Electronics course and the 
amazing digital computer you build and use as 
you learn. 

Planned from the start to include specially de- 
signed training equipment in the pioneering NRI 
tradition, this exceptional new course succeeds in 
combining kits with NRI "bite- sized" texts to give 
you an easy -to- understand educational package. 
But, unlike other home training, this is not a general 
electronics course. Lessons have been specifically 
written to stress computer repair. You perform a 
hundred experiments, you build hundreds of circuits. 
Included are over 50 modern, dual -in -line TTL inte- 
grated circuits you use in the construction of your 
computer. You use professional test equipment. In 
addition to your digital computer, you build and use 
your own solid -state voltohmmeter and oscilloscope. 
Because you work with your hands as well as your 
head, your training is as much fun as it is education. 

Train with the leader -NRI 
As it has in other fields of home -study Electronics 
training, NRI has taken the leadership in computer 
training because the "Computer Age" continues to 
leap ahead. Qualified men are urgently needed, not 
only as digital technicians and field service repre- 
sentatives, but also for work on data acquisition 
systems in such fascinating fields as telemetry, mete- 
orology and pollution control. Office equipment and 
test instruments also demand the skills of the digital 
technician. Like other NRI courses, this exciting 
new program can give you the priceless confidence 
you seek to walk into a technician's job and know 
just what to do and how to do it. Mail the postage - 
free card for the FREE NRI Catalog. No obligation. 
No salesman will call. NATIONAL RADIO INSTI- 
TUTE, Washington, D.C. 20016. 

GET FACTS ABOUT GI BILL 
If you have served since January 31, 1955, or are in service 
now, check GI line on postage -free card or in coupon. 

FIRSTto give you completely specialized training kits engi- 
neered for business, industrial and military Electronics Technol- 
ogy. Shown is your own training center in solid -state motor control 
and analog computer servo- mechanisms. Telemetering circuits, 
solid -state multivibrators and the latest types of integrated cir- 
cuits are included in your course. 

If postcard has been used, mail this coupon 

NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 3 -053 

Please send me your FREE NRI CATALOG with details 
about new Complete Computer Electronics training. 

Name Age 

Address 

City State lip 
Check here for facts on GI Bill 

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL 

1 

J 
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l'i ew Er t Ï e' (continued from page 6) 

Hugo Gernsback founded Radio - 
Electronics magazine in 1929 for elec- 
tronics service technicians, engineers 
and advanced electronics hobbyists. 
1973 scholarship award winners will be 
announced in the magazine during the 
course of the year. 

The 9 schools participating in the 
program are: Bell & Howell Schools, Ca- 
reer Academy, Cleveland Institute of 
Electronics, CREI Home Study Division 
of McGraw -Hill, Grantham School of En- 
gineering, International Correspondence 
Schools, National Radio Institute, Na- 
tional Technical School and RCA Insti- 
tutes. 

School demonstration lasers 
endanger science students 

Lasers "powerful enough to drill 
holes through diamonds" are being used 
in high schools and colleges without 
adequate safety precautions, a seven - 
state survey has disclosed. The survey 
was made by the Bureau of Radiological 
Health of the Food and Drug Administra- 
tion, and covered the states of Florida, 

Illinois, Montana, Oklahoma, Pennsylva- 
nia and Washington. 

"In many cases laser beams were 
directed at students or areas through 
which students might pass," the survey 
states. "In a few instances high school 
students were exposed to direct laser 
beams deliberately. One instructor said 
he wanted the students to see a beau- 
tiful effect." Lasers were also used 
where beams could be reflected toward 
students from windows or other reflec- 
tive objects. Some 72% of the lasers 
were operated without nearby warning 
signs, and 52% lacked warning labels. In 

more than 90% of the cases studied 
there were factors that could pose an 
unsafe situation. 

The Bureau recommends that direct 
laser viewing be avoided, that reflective 
objects be removed from laser beam 
paths and that the beam be blocked 
when it is not needed. It is further rec- 
ommended that preparation and testing 
of laser classroom demonstrations be 
conducted when there are no students 
present, that key -locked switches be 

HOME -SIDE "SON ET LUMIERE" light show Is a hobby of ML Airy, Pa. science teacher and Bap- 
tist minister Hugh Coelho. He has used all surfaces of a 12 a 15 x 10 -foot room, modifying a 

bathroom to serve as control room. The mirrored wall at rear holds some 150 light boxes, and at 
left Is seen an ever-changing pattern of crystal slides. On the floor, Mr. Cosllne, at right, dis- 
cusses the production with vice president Robert Edmund of Edmund Scientific Company, from 
which most of the equipment was obtained. 

used to prevent the equipment from 
being operated by unauthorized persons, 
and that operable lasers never be left 
accessible and unattended. 

World's slimmest calculator 
uses 7,000 transistors 

A pocket electronic calculator only 
% inch thick has been placed on sale in 

the United States by Sinclair Radionics 
Ltd., England, known to many of our 
readers through the Sinclair pulse -width- 

HAND -HELD ELECTRONIC CALCULATOR 
only % Inch thick contains 7,000 transistors. 

modulation amplifier (class D) described 
in Radio-Electronics, September 1967. 
Performing all the functions of a conven- 
tional desk unit, the new calculator is 

only 51/2 inches long and 2 inches wide. 
It weighs 21/z ounces. 

Operating on tiny hearing -aid bat- 
teries, which have a normal life of three 
months, the Sinclair Executive, as it is 

called, has a display that shows up to 
eight numbers, plus a fixed or floating 
decimal point. As the batteries age, the 
luminous figures become dimmer, and 
fade out entirely before the machine's 
performance is affected. 

In addition to the usual addition, 
subtraction, multiplication and division 
the functions include in- calculation 
squaring and reciprocals, plus a "con- 
stant key" memory that permits repeated 
multiplication or division by a pre- 
determined number, a useful feature in 

calculating interest or discounts, or in 

work that requires constant conversions 
from one unit to another. 

The Sinclair Executive is priced at 
$195, and is marketed in the U.S. 
through Koret Inc., N.Y.C. 

(continued on page 14) 
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Don't let the handy size fool you. 
The Serviset E/C is a complete, self contained versatile field test instrument. A 
precision -built, reliable, much -used instrument to compliment your VOA, scope or 
other equipment, too. 
The Serviset E/C is great for servicing all sorts of electronics in the field and on 
the bench. Whether you're a professional engineer working on communications or 
EDP devices. An electronics or appliance technician working in radio, television, 
hi -fi audio or appliance repair. Or an amateur electronics enthusiast, ham radio 
operator or student. 
Checks you'll make with the Serviset E/C include: sync, sweep, video, audio 
circuits; high or low DC, RF, or pulse voltage supplies; coils, capacitors, resistors, 
tubes, transistors, diodes, transformers, speakers -- whatever you're trouble- shooting 
from stage to stage, or discrete components. What's more, your Serviset E/C is safe: 
whatever you check, you won't blow it. 
The Serviset E /C. The $35. Electronic Test Lab (almost) that will follow you 
anywhere. One of an advanced line of guaranteed electronic test devices from Lee 
that will save you time and effort. Including our CT -1 Condenser Tester and 
Leakage Indicator. 

*send check or money order. C.O.D., send $2. deposit. 
Serviset E /C, $34.95 postpaid *from Lee Electronic Labs. 
Available also at electronic dealers and all Olson Stores, nationwide. 

The $35. 
Electronic Test Lab 
(almost) that will 

follow you anywhere: 

Serviset E/C 

LL Lee Electronic Labs, Inc. 
BOX 78, WATERTOWN, MASS. 02172 (617) 891 -8686 
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Now...the most enjoyable, 
do- it- yourself project 
of your life -a Schober 
Electronic Organ! 

You'll never reap greater reward, 
more fun and proud accomplishment, 
more benefit for the whole family, than 
by assembling your own Schober 
Electronic Organ. 

You need no knowledge of electron- 
ics, woodwork or music. Schober's 
complete kits and crystal -clear in- 
structions show you - whoever you 
are, whatever your skill (or lack of it) 
- how to turn the hundreds of quality 
parts into one of the world's most 
beautiful, most musical organs, worth 
up to twice the cost of the kit. 

Five superb models with kit prices 
from $500 to around $2,000, each an 
authentic musical Instrument actually 
superior to most you see in stores, 
easy for any musically minded adult 
to learn to play, yet completely satis- 
fying for the accomplished profes- 
sional. And there are accessories you 
can add any time after your organ is 
finished - lifelike big auditorium re- 
verberation, automatic rhythm, pre- 
sets, chimes, and more. 

Join the thousands of Schober 
Organ builder- owners who live in 
every state of the Union. Often start- 
ing without technical or music skills, 
they have the time of their lives -first 
assembling, then learning to play the 
modern King of Instruments through 
our superlative instructions and play- 
ing courses. 

Get the full story FREE by mailing 
the coupon TODAY for the big 
Schober color catalog, with all the 
fascinating details! 

The SrchoÁet Organ Corp., Dept. RE -114 
43 West 81st Street, New York, N. Y. 10023 

Please send me Schober Organ Catalog. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAMF 

ADDRESS 

CITY STATF ZIP 

Circle 7 on reader service card 
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First Atlantic transmission 
re- enacted by amateurs 

To celebrate the 70th anniversary of 
the first transmission of a message 
across the Atlantic, a group of amateurs 
manned a special -event amateur radio 
station, WC1 MAR, to re -enact the event, 
sending a duplicate of Marconi's original 
message. The station was set up on the 
original site of the Marconi station at 
South Wellfleet, Massachusetts, where 
Marconi himself tapped out the message 
of greeting from President (Theodore) 
Roosevelt to King Edward VII. 

Hugo Gernsback 
Scholarship Winner 

Cleveland Institute of Electronics 
has awarded its third annual Gernsback 
award scholarship to Peter B. Marceau 
of Wichita, Kansas. Peter receives $125 
from Radio- Electronics as an out- 
standing student at one of 9 home study 
schools of electronics. Peter is a Ser- 
geant in the U.S. Air Force. He is 22 

years of age and has served 3 -1 /2 years 
with the Air Force and has recently re- 
enlisted for another 6 years. Around the 

middle of February, he will be trans- 
ferred to England. 

A student of CIE's electronics tech- 
nology with laboratory program, Sgt. 
Marceau and his wife, Ann, are ex- 
pecting their first child in February. It is 
interesting to note that it was while Mrs. 
Marceau was hospitalized with com- 
plications associated with her pregnancy 
in October that Sgt. Marceau wrote his 
award- winning essay. He actually wrote 
the article one night at the hospital. R -E 

Radio-Electronics is published by Gerns- 
back Publications, Inc. 200 Park Ave. S. 

New York, N.Y. 10003 (212) 777 -6400 
President: M. Harvey Gernsback 
Secretary: Bertina Baer 

ADVERTISING SALES 
EAST 
Stanley Levitan, Eastern Sales Mgr. 
Radio -Electronics 
200 Park Ave. South 
New York, N.Y. 10003 
(212) 777 -6400 

MIDWEST /Texas /Arkansas /Okla. 
Ralph Bergen 
The Ralph Bergen Co. 
6319 N. Central Ave. 
Chicago, Ill. 60646 
(312) 792 -3646 

PACIFIC COAST /Mountain States 
Jay Eisenberg 
J.E. Publishers Representative Co., 
8560 Sunset Blvd., 
Suite 601, 
Los Angeles, Calif. 90069 
(213) 659 -3810 
420 Market St., 
San Francisco, Calif. 94111 
(415) 981 -4527 

SOUTHEAST 
E. Lucian Neff Associates 
25 Castle Harbor Isle, 
Fort Lauderdale, Florida 33308 
(305) 566 -5656 

MOVING? 

Don't miss a 

single copy of 
Radio -Elec- 
tronics. Give 
us: 

Six weeks' no- 
tice 

Your old ad- 
dress and zip 
code 

Your new ad- 
dress and zip 
code 

ATTACH 

LABEL 

HERE 

J 

name (please print) 

address 

city state zip code 

Mail to: Radio -Electronics 
SUBSCRIPTION DEPT., BOULDER, COLO. 

80302 
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Announeinu t he 
ú RCA ° 

Antenna 
System 

L 

r 0 
L _] 

Theprofith e new 
achievement in ant lina technology. 

The Mini -State is brand new from RCA. It's the first true 
miniaturized rotating antenna system on the market. It 
works ... and works well! 

This system is specifically made for your customers who 
want the quality reception of an outdoor -type antenna, in 
a beautifully compact unit. 

Measuring just 21" across and 7" high, the Mini -State is 

completely enclosed in an attractive sturdy plastic case 
that's weatherproof and resistant to dust and dirt. It 
weighs just 6 pounds and can be mounted almost any- 
where: rooftop, chimney, window, attic and closet. 

While providing excellent reception for metropolitan and 
suburban areas, the RCA Mini -State's compact size makes 
it practical for apartments and homes. Its uni- directional 
pattern, VHF slotted ring and multi -element UHF design, 
combined with its completely integrated solid state cir- 
cuitry, provides excellent reception on all channels, and 
helps avoid interference and ghosts. 

Mini -State model 5MS440, with built -in rotator, allows 
your customers to zero -in for best reception on any chan- 

nel. Exclusive direction indicator light on the hand held 
control unit tells them where the antenna is aimed. 

The RCA Mini -State rotating antenna system includes: 
The antenna with built -in amplifier. Built -in rotator and 
hand held remote control unit. A 120 volt AC power 
supply. A VHF -UHF antenna matching transformer. An 
outdoor mast clamp. Legs which can be snapped into place 
for indoor use. 

Although regular coaxial and rotator cable may be used, a 

unique combined coaxial and rotator cable is available in 
prefabricated lengths for quick, easy installation. (A fixed 
non -rotating model 5MS330 is also available.) 

Yes, this new RCA Mini -State antenna system can mean 
maxi- profits for you. See your RCA Parts and Accessories 
distributor today, or contact RCA Parts and Accessories, 
P.O. Box 100, Deptford, N.J. 08096. Make sure you're in 
on the ground floor of this profitable new era in TV 
antenna systems. ncn 
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SERVICEMASTER 

is 

your best buy 
in domestic 

and 

foreign 
tubes. 

Discounted to provide you with a 

higher profit margin. 

Proven quality for better customer 
satisfaction. 

A complete range of domestic and 

foreign service types for consumer 
and industrial electronics. 

For complete details, contact your Inter- 

national representative today. or International 

Components, 10 Daniel Street, Farmingdale, 

New York 11735 / (516) 293 -1500. 

SERVICEMASTER 

International C 
International Components Corp. 
See us at NEWCOM Booths F -17 & 19 

Circle 9 on reader service card 
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Oetkers 

RINGS THE BELL 
Your editorial-"Serviceability- 

Something For Everyone" -rings the bell. 
May I suggest that you i 'e tech- 

nicians to send in their pet gripes 
Mine is the way backs of po.''hle 

IV sets are mounted. Sometimes it take .., 
a great deal of fiddling to get them re- 
mounted. This is an unnecessary waste 
of time. Therefore I say . . . no antenna 
inputs -no speakers -no antenna rods 
should be mounted on the backs. Also 
there should be a plastic panel in the 
bottom of the cabinet which can be re- 
moved to get at the bottom of the chas- 
sis. 

Another sore point is the lack of 
standardization of the hardware -in the 
same set. Sometimes three different self - 
tapping screws are used on tuners. 

Plastic gears on tuners are another 
sore point. All uhf tuners should be sep- 
arately tuned -no gearing. 
JACK LANE 

Los Angeles, Calif. 90046 

Jack; if you and other readers want to 
really help yourselves, report any ser- 
viceability problems you encounter to the 
National Serviceability Committee of the 
National Electronics Association. This 
trade association group is responsible 
for collecting comments of this sort and 
bringing them to the direct attention of 
manufacturers. In fact, in the new ser- 
viceability rating forms, back removal is 
a specific section of the ratings and has 
a definite effect on the overall service- 
ability rating a TV receiver can earn for 
itself.- Editor 

TELEVISION SERVICE TOMORROW 
I own and operate Bell Television, a 

TV service shop in Chicago. When I dis- 
cuss service technicians I am talking 
about consumer electronic service and 
by consumer electronic service I mean 
primarily television service. I mean inde- 
pendent television service and I mean 
television service for profit. 

For us to try and look into the fu- 
ture, it is necessary that we study the 
past. In 1969 and 1970, J.W. Phipps of 
Electronic Servicing Magazine published 
a wealth of statistics on TV service. 
Those statistics pointed out problems 
which were very important then, but 
have since become critical. Some of the 
conclusions reached in the study of 
these statistics are: there are fewer 
shops and these fewer shops are using 

more people. They are doing a larger 
volume of business at a smaller per- 
centage of profit. 

The reason they are making a 

smaller percentage of profit is that the 
cost of doing business has increased at 
a very high rate while the consumer cost 
of TV service has actually decreased. 
This decrease in profit margin makes it 
very hard to obtain a fair return on in- 
vestments or build up a reserve for new 
equipment. It also makes it necessary to 
skimp and cut corners wherever pos- 
sible. 

Of course the obvious answer is to 
increase profits. However, I think that we 
will soon, if we haven't already, reach 
the point where the consumer may not 
be willing to pay what good service will 
cost. 

To repair today's sets requires a 

man with a high degree of technical abil- 
ity. He must be resourceful, industrious, 
neat and a passable amateur psy- 
chologist. The problem is that that type 
of man may not care to fix television 
sets. He can too easily find a job that is 
less demanding and pays more money. 

With the present proliferation of ba- 
sic designs, it is necessary that an effec- 
tive technician be practically an engi- 
neer. We have tube chassis, plugged in 

and soldered in transistors in hybrid and 
solid state chassis. We have big boards, 
small boards, single -sided and double - 
sided boards. There are over 1200 differ- 
ent tube types in current use and God 
only knows how many different transis- 
tors. 

What I am driving at is this. The 
public will not pay engineering prices for 
a service technician and we cannot sell 
them engineers at technician prices. 
This leaves open two avenues for the 
electronic service technician of the fu- 
ture. He can become a highly special- 
ized person such as a product specialist 
(a man who knows very much about very 
little). However, to use product special- 
ists requires a large operation and even 
the large operation must be specialized. 
A factory service operation is a perfect 
example. It is extremely hard for even a 

very large operation to effectively repair 
all makes and all models and make a 

profit doing so. The other course is for 
the technician to regress into a repair- 
man. However, if this were to happen it 
would require that sets be easier to fix. 

The present trend toward modu- 
(continued on page 22) 
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Introducing the 
expensive curve 
tracer that doesn't 
cost a lot. 

The B &K Model 501A. 
It's a lab- quality instrument that provides fast analysis of all 

semiconductors including J- FET's, MOS- FET's, sigral and power bipolar 
transistors, SCR's, UJT's and diodes. 

You can test transistors in circuit for GO /NO GO condition. Badly 
distorted curves will indicate the stage where a defective transistor or 
other faulty component exists. 

The 501A is complete -with scope graticule and FP -3 probe 
for fast, one -handed in- circuit testing. It generates true current and voltage 
steps, with 3% accuracy, for measuring beta at all current levels, 
And it has a sweep up to 100 volts and 
100 milliamperes. 

With the 501A, curves ar e 
displayed on an auxiliary scope screen 
And you can hook t up to any s cope- 
old or new. 

All three controls can be set in 
quick -test positions to test and evaluate 
90% of all solid -state devices without 
manufacturer's data sheets. 

The 501A won't burn out eitler 
the semiconductors or itself. 

With all these features, you'd 
the 501A was an expensive 

curve tracer. But look at the price. 
For complete technical 

data, call your B &K distributor. 
Or write Dynascan Corporation. 

Very good equipment 
at a very good price. 

9.95 

Product of Dynascan Corporation 
1801 West Belle Plaine Avenue, Chicago, Illinois 60618 

Circle lP on reader service card 
MAY 1973 RADIO -ELECTRONICS 17 

www.americanradiohistory.com

www.americanradiohistory.com


18 RADIO -ELECTRONICS MAY 1973 

www.americanradiohistory.com

www.americanradiohistory.com


Your 
paycheck 

lot says 
b 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 chang- 
ing with them. Old dull jobs are disappearing. 
New exciting ones are being created. There 
are challenging fields such as computer tech- 
nology, automation, television, space elec- 
tronics where the work is interesting and the 
earnings are good. 

RCA Institutes can give you the technical 
training you need, even if you've had no pre- 
vious training or experience. RCA Institutes 
has a faster easy way for you to gain the 
technical skills and the knowledge required 
for an electronics career. And you don't have 
to quit work and go back to school. With RCA 
Institutes Home Study Plan you can work and 
study within reasonable limits. You set your 
own pace depending on your schedule. 

RCA Institutes, Inc. 

Check over these RCA Institutes benefits: 
You get Hands -On Training -as many as 
21 kits in RCA's Master TV /Radio 
Servicing Program. 
You get RCA's unique "Autotext" meth- 
od of learning - individual programmed 
instruction, the easy, fast, simplified way 
to learn! 
You get a wide choice of electronics 
courses and programs- everything from 
Basic Electronics right up to Communi- 
cations and Digital Electronics. 
You get a choice of low -cost tuition 
plans! 

Sounds great, and it is. For complete informa- 
tion, 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 
Member National Home Study Council. Li- 
censed by N. Y. State Education Dept - 
courses of study and instructional facilities 
approved by the State Education Department. 
"Eligible Institution" under the Federally in- 
sured Student Loan Program. 

is a Subsidiary of RCA Corporation 

TIöiuittu ome Study Dept. 758 -305 -0 
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 

City 

L 
State Zip 

Veterans: Check here 

If reply card 
is detached - 
send this 
coupon today 
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LETTERS 

(continued from page 16) 

larization is a long step in that direction. 
Virtually all major American manufac- 
turers are either now producing or have 
on the drawing boards, chassis using the 
modular concept. Using some of the 
troubleshooting guides is so simple that 
the less conventional electronics a man 
knows, the faster he will adjust to using 
the go-no go charts. 

This does not mean that the highly 
skilled men now employed in our profes- 
sion must take a crash course in stupid- 
ity. It simply means that they will be used 
in higher levels of service for we will al- 
ways need someone to fix the set when 
the troubleshooting manual cannot. 

It would be difficult to discuss the 
future of the TV service technician with- 
out bringing up the subject of licensing. 
Many, if not a majority, of service tech- 
nicians have a deep fear of licensing, 
but most service association leaders are 
committed in favor of licensing. They 
qualify that, however, by saying that the 
license bill must be a "good" one. A 
"good" license bill provides for a license 
board which has as a majority of its 
members people who are actually "in 
the business ". Also a good bill is one 
which pays for its own administration but 
does not provide too much surplus reve- 
nue for the State. A good bill should set 
minimum standards of equipment needed 
for shop licenses. It must provide for 
prompt judicial appeal of license revoca- 
tions. A good license bill must not re- 

strain new people from coming into the 
business but merely make sure they sat- 
isfy minimum requirements of conducting 
a TV repair business. 

Another item for consideration is the 
impact of unions. The one possible good 
that could come from unionization is that 
it would standardize labor costs and 
thereby cut down the spread of service 
rates from shop to shop. 

If we had licensed shops and union 
service technicians it is possible that we 
could someday earn as much as plumb- 
ers. 

I think that the average shop in five 
years will be three to five men instead of 
one and will be subject to some type of 
government controls or registration. It 

will have to be much more efficient in 

the paperwork department. It will not 

serve all makes and models but will limit 
itself to servicing three or four major 
brands and three or four minor brands. 
These shops will be tight shops, com- 
pared to today's standards, and will en- 
joy a better public image and will be 

more rewarding in every sense of the 
word. R-E 

GEORGE WEISS 

Bell Television, Inc. 
4605 North Kedzie Avenue 
Chicago, Ill. 60625 
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Leader 

outduals 
-505 

DUAL CH 
DUAL TSR 

SOLID l 

LBO 

OSCILLO 

MODEL LBO -505 $ 6'59.95 
Price Includes: 

2 LPB -8X Direct Lo /Cap Probes 
2 Terminal Adapters - BPX 

1 Set of Test Leads 

The more you see ... the more you believe. 

(7lYlc l' OR 

I 

ACE 
TATE 
SCOPE 

ANNEL/ 

Accuracy! Performance! Exclusive, Leader -de- 
veloped features! That's what makes the 
LBO -505 the Number One Dual Channel /Dual 
Trace Scope. You get triggered and automa- 
tic sweep. AC or DC coupling per channel. 
15MHz bandwidth. Maximum horizontal 
speed of 0.1 microseconds /cm (10X magni- 
fication). 10MVp -p /cm vertical sensitivity. 
Separate or simultaneous display in sweep 
mode of channels 1 and 2, alternating, 
chopped, added algebraically and vector 
(X -Y). The triggered sweep range extends 
from 1,ß.s /cm to 0.5s /cm, calibrated in 17 

steps. Scale illumination is continuous with 
front panel control. 
How can you use the LBO -505 most effici- 
ently? You'll find more ways than you can 
think of ... at first. It makes troubleshooting 
a breeze! Compare 2 signals simultaneously - input and output, for color, monochrome, 
audio and much more. Check gain, loss, 
distortion, phase shift, frequency ... you 
name it. Do your own thing. The LBO -505 
belongs on every bench and in every lab. 
Feature -for -feature, price- for -price, job -for- 
job ... it outduals them all! 

Send for new See your distributor. 

Loa dip 
INSTRUMENTS CORP. 
37 -27 Twenty- Seventh Street 
Long Island City, New York 11101 
(212) 729-7410 
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You get more'securîty" 
And it's all do -it- yourself. 

The Mallory line of security products 
is not only the most complete line you 
can get anywhere, it's also just about 
the easiest to hook up. It's genuinely 
a do- it- yourself line. 

Especially the complete systems. 
From complete home intrusion alarm 
systems (plug -in or wire -in) to smoke 
alarms and car alarms. 

And we have all the accessories 
you need to expand and adapt any of 
these systems to your specific 
security needs. 

Look for our security systems and 
accessories on display in their bright, 
new packages (with installation 
directions printed right on each 
package). It's all at your Mallory 
distributor's now. 

In the meantime, look at the table 
on the right. It's everything we have 
in security products to date. A 
complete selection for one -stop 
security shopping. 
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from M allory. 
THE MALLORY SECURITY LINE 

WIRE -IN 
COMPLETE ALARM SYSTEMS 

Closed -Circuit Alarm System 
Complete alarm system containing batteries, 
switches, wire, etc. 

Crime Alert Ultrasonic Intrusion Alarm 
Battery- operated, self -contained alarm. 
Also operates on AC. 

Car Alarm 
Alarm system containing siren, six switches, 
wiring, etc. 

ACCESSORIES 

DC Weatherproof Siren 
DC Vibrating Bell 
Magnetic Switches 
Heat Sensors 135 °F or 200 °F 
Panic Switch 
Alarm Hook -Up Wire 
Lockswitch Round or Flat Key 
Mallory Batteries 
Auto Headlight or 
Turn Signal Alarm 
Warning Decals 

PERSONAL ALARMS 

Bloc Alarm 
Blocks doorways and warns if door is forced. 

Handy Blast 
Loud, piercing sound scares molesters away. 

Blast Refill 

PLUG -IN 
COMPLETE ALARM SYSTEMS 

Smoke Alarm 
Self- contained Warm to wan against smoke 
and fire. 

Crime Alert Ultrasonic Intrusion Alarm 
Self- contained alarm which detects intruders 
moving in an anea of approximately 300 sq. ft. 

Crime Alert Alarm System 
Ultrasonically detects intruder. Transmits alarm 
signal over hol.se wiring to signal activated 
ball. Simple plug -in installation. 

Marual Alarm Pack 
Vanually summons help, instantly by 
transmitting alarm signal over house wiring to 
signal activated bel when you push the button. 

ACCESSORIES 

Wood Cabinet for Crime Alert 
Alarm Duration Timer fo' Crime Alert 
Easy- ime24 -Hour Timer 
Lockswitch Round or Flat Key 
Power Failure Alarm 
Mal cry Batteries 
AC Vibrating Bell 
AC Waatherproof Hem 
AC Weatherproof Siiren 
AC Rotating Red Limit 

SIGNAL ACTIVATED COMPONIENTS 
Transmit and receive alarm signal through 
house wiring. 

Alarm Trigger -Transmits signal to: 
Alarm bell Weatherproof lore 
Weatherproof siren Outlet 
Sonalert 

Send for our new Security Systems Catalog 9-654. 
It describes every item listed here, explains how to use them. 

MALLORY 
MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division of P. R. MALLORY & CO. INC. 
sox 1289, Indianapolis, Indiana 96208: Tgleplwne: 317 -636 -5363 
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midget 

flrìver sets 

0 

for double duty on dozens 
of popular screws and nuts 

:000041 
Three new assortments have joined Xcelite's 
family of "Compact Convertibles." Each an 
Xcelite "original." Nowhere will you find such a 

variety of sizes and types in a midget set, for 
driving slotted, Phillips, Allen, Scrulox®, hex, 
and clutch head screws. And hex nuts. 

All of professional quality, precision made of 
finest materials. All doing "double duty" with 
torque amplifier handle that slips over color - 
coded midget tools for longer reach, greater 
driving power. Each easily identifiable on the 
bench or in the service kit thru Xcelite's exclu- 
sive, optically clear, plastic "show case" that 
closes securely with positive snap -lock. 

nationwide availability through local distributors 

NEW! 
PS130 
3 slot tip, 2 Phillips 
screwdrivers, 5 nutdrivers 

PS140 
4 slot tip, 3 Phillips screwdrivers, 3 nutdrivers 
PS6 
3 slot tip, 3 Phillips screwdrivers 

PLUS PS88, PS120, PS7, PS89, PS44 
and PS -TR -1 with varying selections 
of screwdrivers and nutdrivers. 

REQUEST 
FREE CATALOG. 

XCELITE, INC., 10 Bank St., Orchard Park, N. Y. 14127 
In Canada contact Charles W. Pointon, Ltd. 
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equipment 
report 

E3 &K Model 281 
Digital Multimeter 

Circle 27 on reader service card 

EVERYTHING LATELY IS GOING "DIGI- 
tal indicators ". B & K- Precision has a 
new digital multimeter (DMM), the 
model 281. We gave one a good work- 
out on the bench and were impressed 
with it. It's compact, easy to read 
(which is the main thing with digital 
instruments anyway!) and very handy. 

The model 281 has 5 voltage ranges 
for ac and dc voltage; 0 -100 mV, 0 -1.0 
V, 10 V, 100 V and 1,000 V. The dc 
voltage range has a positive and nega- 
tive selector. Both dc and ac current 
can also be read, using the same fun- 
damental 0 -1 scale. For resistance, you 
can read 0 -10 ohms (full -scale!) 100, 
1,000, 10,000, 100,000, 1.0 megohm 
and 10.0 megohms. (There are two ex- 
tra ohms ranges, for very low and 
very high resistances.) 

This instrument has some cute fea- 
tures that make it very handy. For ex- 
ample, each range has a 100% "over - 
range" capability. This means that the 
0 to 1 -volt scale, for example, will 
read voltages up to 1.99 volts, accu- 
rately, and display the reading in that 
way. Even on the 0 to 1000 -volt range, 
you can read voltages up to 1,990. 

The selector switch lets you read 
positive or negative dc voltages. If you 
get the probes reversed, the 281 tells 
you! The "1" digit stays on, and the 
other two go out. This means; Reverse 
the probes or ffip the selector switch. 

If the voltage (ac or dc) goes over 
the 100% overrange, say above 200 
volts on the 100 -volt range, the '1' 
digit goes out, and the other two flash 
off and on, together. 

You get the same error indication if 
the probes are reversed when reading 
dc currents. The "1" goes out and the 
other two blink. 

The decimal point moves automati- 
cally, as the RANGE switch is turned. 
There's a very handy table in the in- 
struction book, to tell you how to set 
each switch, and how to read the dis- 
play for each range, including the 
maximum overrange reading. Basi- 
cally, each one will come out 0 to 
1.99, whether in volts or hundreds of 
volts. 

The model 281 uses the standard IC 
drivers and decade counters for the 
digital readouts. FET's are used in 
several places. The dc power supplies 
are very closely regulated, to avoid in- 
accuracy caused by ac line voltage 
variations. Accuracy of calibration, by 
the way, is very good, ±-1% of full 
range, or -±-1 digit. 

The digital readout of the 281 uses 
two neon number- display tubes, sim- 
ilar to Nixies, and a neon lamp for 
the left -hand or "one" digit. This is 
known as a two- and -a -half digit read- 
out. 

The cabinet is compact and sturdy. 
It has a metal handle with detents, 
that can be used for carrying, or 
locked in place as a tilt leg to raise 
the front for better viewing. You can 
read this instrument all the way across 
the shop. 

A handy test -probe is provided. It 
has a selector switch, for inserting a 
100,000 -ohm series isolation resistor. It 
reduces capacitive loading of the cir- 
cuits by the probe. Because of the 
very high input impedance, 10 meg- 
ohms on all ranges, the effect of this 
resistor on calibration is very small. In 
fact, it's only -1% of full -range read- 
ing. If you want to be nasty -nice, you 
can add a correction factor. 

All in all, the 281 is a very handy 
instrument for all- around service 
work. We gave it a pretty good going - 
over on several different service jobs, 
and it performed very well. R -E 

NEXT MONTH 
Bob Middleton shows how you can 
test IC's 11 different ways, using your 
vtvm. Don't miss this timely article. 
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4'/z POUNDS 8" X 12" X 4" 

TRAdE TiiE bEAÚS FOR I(EyS.. TI1E MITS 1440 SPACE ACCE CALCULATOR: 

14 DIGIT LED DISPLAY READ -OUT 
+ MOS -LSI CIRCUITRY 
- MEMORY CLEARANCE AND CLEAR KEY 
x CONSTANT DATA MEMORY 

DECIMAL POINT LOCATION SELECTOR 
N AUTOMATIC SQUARE ROOT SELECTOR 
AUTOMATIC' SQUARING SELECTOR 
(MEMORY + OR - KEYS) 

WRITE OR MAIL COUPON FOR ADDITIONAL INFORMATI)N: 

Ill ITS ®miuo Instrumentation 
Telemetry Systems, Inc. 

5404 Coal Ave., S. E., Albuquerque, New Mexico 81108 
505/265 -1553 

1440 KIT $199.95 

144) ASSEMBLED $249.95 

USE "OLR MASTER CHARGE OR BANKAMERICARD 

rENCLOSED IS CHECK KIT 
FOR MODEL # ASSEMBLED 

AMOUNT OF CHECK $ 
Include $5.00 for postage and handling. 2 

Please send information on entire MITS line. 

NAME 

ADDRESS 

CITY 

STATE & ZIP 
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ADVANCED ELECTRONICS CAREER TRAINING AT HOME 

Modern aircraft are loaded with vital electronic equipment. There is 

equipment for communications, direction finding, instrument landing 
and for many other functions to insure safe operation of the aircraft. 

The man who checks out this equipment has to be an expert. Many 
lives depend on his specialized knowledge as an engineering 
technician. His work is interesting and exciting and he enjoys top pay 
in his field. 

Consider a career 
In advanced electronics 

Aeronautical and Navigational Electronics is just one of the advanced 
electronics programs CREI offers. There are seventeen others. 
All of the programs, except a brief introductory course, are college - 
level. The programs cover every major field of electronics today. 

If you want to qualify for the highest paying level of technical employ- 
ment in electronics, we invite you to consider the unique home study 
programs of CREI. Here is a list of just some of the CREI programs: 
Communications Engineering Computer Engineering Missile & 

Spacecraft Guidance Radar & Sonar Television Engineering 
Nuclear Instrumentation & Control Digital Communications 
Industrial Electronics Electronic Systems Engineering Microwave 
Communications Satellite Communications Cable Television 
Engineering 

For over 45 years, CREI programs have been recognized by industry 
and government as effective home study training in advanced 
electronics. 
Qualifications to enroll. To qualify for enrollment in a CREI program, 
you must be a high school graduate (or equivalent). You should 
also be working in electronics or have previous training in this field. 

Send for FREE book. If you are qualified, send for CREI's newly 
published book describing your career opportunities in advanced 
electronics. This full color book is filled with facts about career 
opportunities for you. 

Capitol Radio Engineering Institute 
A Division of McGraw -Hill Continuing Education Co. 
3939 Wisconsin Avenue, Washington, D. C. 20016 

ALCM/ 
MILLET 

Accredited Member, National Home Study Council 

CREI, Dept. E1405D 
3939 Wisconsin Avenue 
Washington, D.C. 20016 

Rush me your FREE book describing my opportu- 
nities in advarced electronics. I am a high school 
graduate. 

Name Age 

Address 

City State ZIP 

If you have previous training in electronics, check here 

Employed by 

Type of Present Work 

Veterans and servicemen, check here for G. I. Bill information 

CAPITOL 
RADIO 
ENGINEERING 
INSTITUTE 
WASHINGTON, D.C. 
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Now available from RCA - . . a wide variety of solid - 
state components in convenient kit form to build in- 
teresting and useful projects. Each one gives you the 
essentials for getting the most out of your project - . - 

n enjoyment, knowledge and performance. 
And with RCA's popular hobby and experiment- 

er's manuals, you can expand your solid-state experi- 
ence. For example, the 368 -page RCA Solid State 
Hobby Circuits Manual (HM -91) has over 60 interest- 
ing circuits you can build, and the 136 -page RCA 
Silicon Controlled Rectifier Experimenter's Manual 
(KM -71) has 24 more! See your RCA Distributor to 
buy the RCA Kits and Manuals of your choice. 
RCA I Electronic Components I Harrison, N.J. 07029. 

RCR Electronic 
Components 

RCA IC Protect Kits, Experimenter Kits, and Devices 

Ivy. Description Type Description 

KC4000 IC Microphone Pre Amplifier Kit KD2100 Silicon Control Rectifier Assembly 
KC4001 I C Two-Channel Mixer Kit K02105 SCR Experimenter Ka 
KC4002 IC Audio Oscillator Ktt KD2106 Add on Light Sensor Kit 
KC4003 I C Power Amplifier and Oscillator Kit K02110 Add on Heat Sensor Kit 
KC4004 IC Regulated Power Supply Kit K02117 I C Experimenter Package 
KC4005 IC Intruder Alarm Kit Basic Kit Contains 2 K132114 
KC4006 IC Fire Alarm Kit 1 1(02115, 2 1(02116 
KC4007A I C Conv Kit 118 136MHr K07118 NPN Silicon Variety Pack 15 Units! 

Aircraft Band 1(02120 PNP Sthcon Variety Pack 15 Unies) 
KC4008A I C. Converter Kit 134 150M1/r 1(02123 PNP Germanium Variety Pack 

Ham, Government, Space Research 15 Units) 
Band 1((32124 NPN Germanium Variety Pack 

KC4009A I C Converter Kit 148 164MHr 15 Units) 
Maritime Mobile, Police, Fire Band 1(02131 70 Watt IC Power Module 

KC401OA 1 C Converter Kit 160 174MHr 3N128DP MOS /FET Device to Display 
Police, Fire Band (Blister) Pack 

KC4011 Digital /Readout IC Kit 40 ?14DP 18 Amp 'r. in StudSJicon 
KC4012 Digital /Counter IC Kit Rectifier Device in Display 
KC4500 Kit Enclosure for use with KC4000, 

KC4001, KC4002. includes Input 
(Blister) Pack 

& Output Jacks, On Off Switch and 
Hardware 
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These companies have RCA kits 
and manuals on sale now. 

ALABAMA Waukegan Ph ilhpsburg PENNSYLVANIA 
Birmingham Badger El., l.om,. i., Carl B. Wel hams Cornear, Allentown 
RR. McDavid Co Inc 1105 Washington 5p.. Mon Street Radio Electric Service Co 

1470 Av enue South Wilmette gaeheld of Lehigh 
Hanover Avenue Mobile ayback l Nidrsco, Inc 425 Hanover Avenue 

Specialty Distributing Co. of Ala.. Mc F,len c Pieie Shop., :ierll 484 Bergen Boulevard Drexel Hill 
1276 Berthe Highway. South i246 t .de Street Springfield K Electronics Distributors Inc 

^ ALASKA INDIANA Route Electronics Int 2502 Townshro Line Road 

Anchorage Columbus Echo Piaaa U.S Route 22 Easton 

Yukon Ralo Supply H A. Witliais Cni,n,act Trenton Radio Electric Service Co 

3222 Commercial Drive 1003 Washington Sneer Nodosco. Inr of Lehigh Valley, Inc 

Fairbanks Evansville 985 Princeton Avenue 1700 Northampton Street 

Yukon Radio Supply Ohm Valley Sonml in. Union City Elkins Park 

1112 Cushman Street 20 E Sycamore Sneer N,dosco. Inc 4G. Radio Parts Co 

ARIZONA Indianapolis 812 Kennedy Boulevard 939 Township Line Road 

Nogales Associated Distributors ut 
BaLancaster rbey lectrOnics, Inc 

Guarantee Electronic Corp 210 S Meridix' Street P 0 Ro l NEW MEXICO 
301 Morley Avenue Graham Electronics Supply tr. Albuquerque 

621 Columbia Avenue 

13:1 S. Pennsylyana Street Sterling E bec nomes Lebanon 
ARKANSAS Meunier Ere, tronc Suntan In, 1712 Lornas Boulevard N.E 

Barbey Electronics. In 
Fort SmIM 3409 E Washington Sneer Walker Rolm Co In< 

821 Quenon Ryad 
Wise Wholesale Electronics. c 91O "' Norristown 
1001 Towson Avenue South Bend 107 West Granite Avenue N W Philo Electronics. Inc 

CALIFORNIA 
Ra,ho Distributing Cni nid.. 
1212 High Street 624 West Airy Street 

Canoga Park Vincennes NEW YORK Philadelphia 
Sandy's Electronic Sunray Ohio Val., So.. nn r.,. Brooklyn Herbach & Rxleman, Inc 

21305 Satrcoo Street 002 Mae, Slreer Min EIecl.onics Snooty 
401 East Erie Avenue 

Fresno 2480 65th Street RESCO Elenronics, Inc. 

Dunlap Electronics IOWA 6587 Roosevelt Boulevard 
Des Moines Buffalo Raymond Rosen Parts & Senne 1750 McKinley Radio Tiede Suppiv c.mrit.o Summit Udtrihu ling uii 
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As you can see,your Sylvania distributor 
has 200 picture tubes in stock. 

And they're all in just five Sylvania cartons. 
Because our line of five color bright 85XR® 

OEM -quality tubes gives maximum coverage of 
19V, 21V, and 25V diagonal sets with- a mini- 
mum of stock.* 

It also means faster service because these Syl- 
vania picture tubes are direct replacements. You 
replace a kimcode with a kimcode, a bonded 
with a bonded. 

And then, there is the biggest advantage of all: 
You can count all your large -screen color tube 
needs on the fingers of one hand. 

See your local GTE Sylvania distributor for a 
complete replacement list. With needs that you 
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can count on one hand, you can bet he has the 
tube you want in his hands. 

Sylvania Electronic Components, 100 First 
Ave., Waltham, Mass. 02154 
*XR23VANP22/ 

SRE25BGP22 Replaces 53 types 
XR23VAQP22/ 

SRE25BHP22 Replaces 27 types 
XRi9VABP22 Replaces 22 types 
XR18VAHP22 Replaces 82 types 
XRI8VADP22 Replaces 16 types 

CEO SYLVANIA 
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On -Guard Security Center 

EiCC Fail Sate Security 

by GEORGE F. DURYEA* 

THE BURGLAR ALARM IS, UNFORTUNATELY, 
rapidly becoming a necessity of modern liv- 
ing. But the chore of selecting a unit is 

staggering. There are so many different 
types available that it is just about impos- 
sible for anyone not knowledgeable in this 
field to make a sensible choice. 

This article describes the many cate- 
gories of alarm devices, it also explains how 
they work, where they work best and what 
their drawbacks can be. 

The sooner you catch -or better, de- 
ter-a thief, the safer you are. The best way 
to do this is with perimeter protection -in- 
stalling detectors on exterior doors, win- 
dows, gates, fences and sometimes walls 
and ceilings. Businesses, schools and the 
like which are closed at night with no 

'Director. Security Systems Management School. 1500 

Cardinal Drive. Little Falls. N.J. 

Mountain West Space Switch Delta Products DeltAlert 

how to pick the "RIGHT" 
security system 

Alarm Device Motion Detector 

Detectron Doppler Detectors 

Crismar Challenger System 

There are many ways of stopping a burglar. 
Use the one that offers you the best protection 

watchman require this type of protection. 
Conversely, businesses that are open 24 
hours or areas where people may wander 
with no intent or temptation to steal, have 
little use for such protection. 

Perimeter protection is confined to the 
entry points of an area and is, therefore, in- 
effective against "stay- behinds," burglars 
who enter legitimately during business 
hours and hide somewhere until the place 
is closed. By the time they trip a perimeter 
alarm, they have already done their dirty 
work and are on their way out. 

Space or specific -area protection 
This is a fast -growing segment of the 

security field. The equipment used here de- 
tects the presence or movement of an in- 
truder in a certain defined area. This type 
of protection is often used as a back -up for 
a perimeter system in particularly sensitive 
areas which need extra protection. It is an 
excellent defense against the "stay- behind" 

and is often used where perimeter protec- 
tion is impractical. 

Space alarms usually operate by filling 
a certain area with sound or radio waves. 
When these waves are disturbed by move- 
ment within the protected "space." the 
alarm is set off. 

Spot or point protection 
A spot protection device confines itself 

to one or more specific objects such as a 
safe, file cabinet, or jewelry case. The alarm 
system is set into operation whenever any- 
one touches -or in some cases comes close 
to -the protected object. This type of pro- 
tection is usually used in conjunction with 
other types, since the object it is protecting 
is ordinarily very valuable. At night, the 
point protection backs up a perimeter sys- 
tem, and during the day it can still be used 
to warn when someone is too close to the 
area containing the valuables. You might 
consider it an "extra guard." 
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Perimeter protection equipment 
This section will describe in some de- 

tail those electronic security devices which 
are best suited for perimeter or point- of -en- 
try protection. Perimeter protection, once 
again, refers to the type of protection which 
is intended to deter a burglar from entering 
the premises. By one method or another, it 
erects an electronic "wall" around the pro- 
tected premises. Perimeter protection covers 
only points of entry. If and when the thief 
gets beyond that point, he is safe, so the 
equipment should be used in conjunction 
with other types of protection -space 
and /or spot -where valuable property is to 
be safeguarded. 

The types of equipment described here 
are also referred to as "premise" or "intru- 
sion" alarms. 

Electro- mechanical alarms 
This is probably the most common 

form of electronic security protection and, 
although its chief flaw is that it is rather 
easily compromised by a knowledgeable 
thief, its advantages should not be under- 
estimated. The system is readily visible to a 
prospective burglar, and this is a double - 
edged sword. It warns the professional and 
allows him to use his skill to overcome it, 
but the same visibility may be just the thing 
to scare off amateurs and vandals. 

The equipment consists of a closed 
electric circuit around the area to be pro- 
tected. Doors, windows, transoms, skylights, 
etc. are wired with metallic tapes, switches, 
contact devices, screens and other electrical 
equipment which will set off an alarm 
when an intruder breaks the circuit. 

Actually, this type of protection can be 
expanded to more than point -of -entry pro- 
tection. Pressure- sensitive doormats, for ex- 
ample, can be placed in front of valuable 
objects such as safes or paintings. These 
will also break the circuit if stepped on by 
a thief, setting off the alarm. A burglar may 
have skillfully cut a window around the 
metallic foil tape, crossed wires to nullify 
the system, then step on a doormat and set 
off the alarm anyway. 

Another variation of the electro -me- 
chanical alarm is a simple taut wire 
stretched around the protected area. So 
small it is nearly invisible, the wire is con- 
nected to a snap -action switch which is ac- 
tivated whenever the tension is either too 
tight or too loose. Thus, the alarm is 
sounded whenever some intruder either 
brushes against it or cuts it. Since such a 
setup is subject to false alarms because of 
expansion and contraction due to weather, 
commercial units are available which auto- 
matically compensate for temperature 
changes. 

Photoelectric detectors 
A simple photoelectric cell, or electric 

eye, is a device that is ordinarily used with 
other forms of alarm equipment. Normally, 
a light beam is focused on a photocell 
which in turn generates a small voltage that 
is amplified and used to supply power to 
an alarm circuit. When the electric beam is 
shining on the light- sensitive receiver, the 
alarm contacts are held open. As soon as 
an object or intruder intercepts the light 
beam, the photo -cell goes dark and the out- 
put voltage drops. The drop in voltage de- 
energizes the circuit and the alarm contacts 
close. 
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The limitations of this simple equip- 
ment are easily recognized. If something 
happens to the power source -a power fail- 
ure, for example -the system is dead. This 
can be overcome by having a separate bat- 
tery for the alarm circuit, which will "fail - 
safe" or sound the alarm if something hap- 
pens to the light. 

Even more serious is the visibility of 
an ordinary light beam. The burglar can 
easily detect it and slide under it. Or he 
can use a flashlight beam to "fool" the 
photocell. 

PHOTOELECTRIC ALARM system has range 
of up to 1000 feet. Made by Ademco. 

More advanced systems use infrared or 
ultraviolet light, which is not visible to the 
naked eye. Some of these installations may 
still have a faint red glow which can be de- 
tected by the burglar and compromised by 
a flashlight beam. 

The best photoelectric equipment 
forestalls even this possibility by in- 
troducing a pulsating beam which must 
correspond with the receiver. If the syn- 
chronized beam is interrupted or a different 
source of light introduced, the alarm will 
sound. 

By its nature, a light beam will travel 
only in a straight line. This makes the 
equipment well suited for protecting open 
spaces and similar areas, while at the same 
time making it unsatisfactory for many -an- 
gled, winding or curved perimeters. 

To more effectively use photoelectric 
equipment, mirrors are often used to de- 
flect the light beam in different directions. 
With enough mirrors and strong enough 
beams, an entire area can be crisscrossed 
with one or more beams of light, providing 
space as well as perimeter protection. 

One of the main advantages of this 
type of equipment is its capability to cover 
open portals, aircraft runways, driveways 
and other exterior applications where physi- 
cal obstructions would be dangerous. 

On the minus side, the light beams are 
narrow and can be detected and avoided by 
the observant intruder. When the equip- 
ment is used outdoors, it is susceptible to 
damage, misalignment and being com- 
promised by dust, smoke, fog, snow or 
soot. Also, only straight lines (or mirrored 
angles) are possible. On a curved building, 
this equipment is usually impractical. 

Space -protection gear 
Perhaps the greatest advances in elec- 

tronic security have taken place in the field 
of space protection. Virtually unknown a 
few decades ago, this type of equipment 
has proliferated within the past few years. 

Space protection is, in fact, an ex- 
cellent compromise, offsetting the disadvan- 
tages of both spot and perimeter protection. 
It is an even better tool used as a supple- 
ment to one or both other systems (perime- 
ter and spot). Space protection can concen- 
trate on an area which is likely to be 
attacked. Not only is the edge (or perime- 
ter) of the area protected, but any move- 
ment whatever inside the specific area is 
detected by space protectors. 

One obvious advantage of this type of 
equipment is its defense against "stay -be- 
hinds." As soon as the stay -behind moves 
out of hiding, his presence sets off an 
alarm. If an intruder should get beyond a 
perimeter alarm, he is unlikely to escape 
the space alarm. 

ULTRASONIC INTRUSION SENSOR by Heath - 
kit looks Just like a book. 

Space alarms are easy to hide, or to 
disguise as some other object. They can be 
made to look like books, stereo speakers, 
etc. 

Ultrasonic equipment 
"Ultrasonic" is a slight misnomer, 

since the word means "beyond sound" and 
high frequency sound waves which are gen- 
erated are just within the upper limits of 
the audible spectrum. For all practical pur- 
poses, however the sound is inaudible to 
the human ear, so the term is used. 

Ultrasonic equipment is designed to 
protect an enclosed area. It operates by 
generating a chain of high frequency sound 
waves which fill the protected area with a 

continuous pattern. A sensitive receiver, 

ULTRASONIC INTRUSION DETECTOR Is a 

Doppler -type unit made by Detection Systems. 

connected to an electronic amplifier, picks 
up the waves. If they are of the same fre- 
quency as the sound emitted by the trans- 
mitter, the system is neutral. 

But any motion which comes from 
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within the protected area will send back a 

reflected wave of a different frequency than 
that generated by the transmitter. This 
change in frequency will be picked up and 
amplified in the control unit, setting off the 
alarm. 

Some of the advantages of ultrasonic 
alarms are their comparative invisibility - 
devices are easy to hide or disguise as 

something else -and the excellent protection 
against all types of intruders, including the 
elusive "stay- behind." U itrasonic alarms are 
quite flexible, and the protective pattern 
can be altered to suit the shape of the 
room. The equipment can be moved when 
required -in many cases it may simply be 
picked up and carried to another location. 
The devices may also be used to detect fire, 
which can result in large savings by elimi- 
nating the need for special additional fire - 
detection equipment. 

Although ultrasonic equipment is gen- 
erally very good for area protection, it has 
its drawbacks -like all other devices. For 
one thing, if an intruder suspects that an 
ultrasonic detector is present, he can take 
extremely slow steps -about one per sec- 
ond -and not be picked up by the alarm. 
The device is also sensitive to loud noises 
from outside sources or building vibrations. 
Either of these may trigger the alarm un- 
necessarily. A furrier's vault or other high 
sound -absorbing area cannot use this 
equipment because the waves are "soaked 
up" by the clothing. A thief who is aware 
of the presence of an ultrasonic detector 
can penetrate a wall behind a large object 
(which would deflect the sound waves). 

Audio space equipment 
A simple audio system may be thought 

of as just the opposite of an ultrasonic in- 
stallation. Whereas the ultrasonic trans- 
mitter fills a room with sound waves, the 
audio space device only "listens" for sound. 
It reacts to any sound and is neutral only 
when the room is comparatively soundless. 

An analogy can be drawn with a swim- 
ming pool full of water. In an ultrasonic 
system, the water would represent the ultra- 
sonic waves. If the wate. were disturbed by 
a swimmer, an alarm would sound. A pool 
protected by an audio system, on the other 
hand, would be completely dry. The only 
time an alarm would sound would be when 
a drop of water was added to the empty 
pool. 

SOUND DISCRIMINATOFI type of Intrusion 
detector made by Scientific Security Systems. 

Unlike ultrasonic equipment, audio de- 
tectors are not disturbed by movement of 
air or other types of motion. What sets off 
an audio alarm is noise, so where loud ma- 
chinery. fans or other noise -producers are a 

problem, audio equipment is probably not 
the best choice. There are, however, "can- 
cellation" microphones available which are 
able to nullify specific noises. 

These systems are extremely sensitive 
and can be programmed to pick up the 
sound of a dropped pin. Unfortunately, 
such delicate sensitivity will result in many 
nuisance alarms with most installations. 

There are several additional limitations 
to audio devices. They cannot, for example, 
be used around heavy equipment or noisy 
machinery. Nor should they be used in a 

room with heavy drapes and carpeting 
which will muffle sounds. 

Simple audio equipment can be put to 
very good use in a building which has a 

proprietary system. A guard who is moni- 
toring the system can turn up the receiver 
and listen carefully to whatever sound 
comes over the wires. The guard should be 
able to differentiate between machine noise, 
wind rattling a window. and other natural 
sounds, and the intrusive sounds of some- 
one attempting to burglarize the building. 

There are also filters which can be 
used to allow an alarm to discriminate be- 
tween sound that is "okay" and sound 
which signals intrusion. Dual microphone 
setups can also "cancel" sound coming 
from an exterior source such as a passing 
truck. If the noise on the outside micro- 
phone is louder than the one inside, the 
alarm is not sounded. 

Simple audio systems are best suited 
for large areas and can use sound equip- 
ment (such as intercoms) which has already 
been installed. 

MICROWAVE RADAR detection system oper- 
ates in 400 -MHz range. It's made by DBX Inc. 

On the minus side is the fact that no 
perimeter protection is provided. nor can 
the equipment be used where sound -ab- 
sorbing materials inhibit its effectiveness. 
Unless expensive cancellation microphones 
are used to drown out noise, the equipment 
may be too sensitive to ordinary noises to 
be of much benefit. 

Radar equipment 
This class of equipment is very similar 

to the ultrasonic. Ultrasonic waves depend 
on movement within an area filled with 
high frequency sound waves. Radar equip- 

ment picks up movement in an area tilled 
with high - frequency radio waves. In each, 
the movement of an object is reflected and 
causes a disturbance in the normal wave 
motion. Picture the swimming pool again - 
filled this time -and a swimmer diving into 
the water causing a series of waves. 

HOME PROTECTION SYSTEM for do-it -your- 
selfers is made by EICO. 

ADD A SMOKE DETECTOR like this one from 
Edmund Scientific for wider protection. 

At the present time, radar -type equip- 
ment is in a state of flux. Although its po- 
tential is great, there are many problems 
and the solutions have not been entirely 
successful. The principal problem is that 
the radio waves cannot be contained within 
a specified area as well as ultrasonic waves. 
Radio waves travel easily through most ma- 
terials, and the alarm can be tripped by a 

person walking by the window of a pro- 
tected area. 

Expert planning is vital for a successful 
installation. Properly engineered and main- 
tained, this type of equipment can be top- 
flight. Poorly planned, it will lead to nu- 
merous false alarms and /or will be very 
easy to compromise. 

Although these high -frequency radio 
waves are highly penetrating and will go 
through most materials, they bounce off 
metal objects. The location or radar an- 
tennas is of primary importance. Unless 
they are properly positioned, intruders 
could crawl behind a row of file cabinets, 
metal desks, etc., and their presence would 
not be picked up by the equipment For 
the same reason, objects such as moving 
metal fans will set off nuisance alarms un- 
less they are covered by metal screens. Ele- 
vators are another problem, but the equip 

(continued on page 98) 
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THERE IS NOT MUCH DOUBT THAT ELEC- 
tronic music synthesizers are the favorite 
toys of the music industry; hardly a record 
or TV commercial is produced these days 
without some sort of synthesizer "gim- 
mick." Yet despite the ubiquitous nature of 
these devices (or perhaps because of it) 
there is no other collection of electronic 
equipment so thoroughly misunderstood not 
only by the layman but by a great many 
musicians as well. 

This article will help clear the fog sur- 
rounding electronic music by going beyond 
the "How They Work" material that has 
appeared in the past. Here we will present 
full details of the construction of a fully 
compatable set of voltage -controlled synthe- 
sizer modules. 

The synthesizer that is described here 
has been specifically designed for construc- 
tion by the electronics experimenter. While 
some compromises have been made in the 
interest of improving the price /performance 
ratio of professionally available equipment, 
you will find that the equipment described 
is in most ways a little brother to the studio 
gear selling for ten times the price. There is 
a power supply, voltage -controlled oscillator 
and controller, voltage -controlled amplifier, 
two voltage- contolled filters, a function (en- 
velope) generator and control os- 
cillator /noise source. When the first three 
modules are completed you will have a 
playable, though limited, instrument. 

Power supply 
As you can tell from the photographs, 

the power supply does a little more than 
just act as a source of voltage for the rest 
of the modules. It also includes a patch 

President, PAIA Electronics 
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BUILD A MODULAA ELECTRONIC 

Developing music by synthesizing the tones electron - 
Now it can be yours. This synthesizer is simple, 

panel, attenuator and two sources of bias 
voltage that will be used to set constant fil- 
ter or amplifier parameters. 

The schematic for the power supply is 
in Fig. 1. The actual power supply portion 
of the circuit consists of two separate full - 
wave rectifiers. One section (TI, Dl -D4, 
CI, C2) provides the + 18 and +9 -volt 
supplies while the other (T2, D5, D6, C3) 
supplies the -9 -volt side. Regulation is not 
included because the only module that re- 
quires a regulated supply (the VCO) has 
on -board regulation. 

The series string of R2, R3 and poten- 
tiometer R5 provides a front panel voltage 
source that is variable from -5 to +5 volts 
while the combination of R1 and poten- 
tiometer R4 supplies a variable 0 to 5 volt 
source. 

With the exception of the "condi- 
tional" jumpers between rows of jacks the 
patch panel is a straight -forward design. 
Referring to the schematic again we see 
that the switch contacts of the miniature 
phone jacks are arranged so that when a 
plug is inserted into J I it isolates the top 
row of jacks from all jacks below it. Sim- 
ilarly, a plug inserted in J4 isolates the sec- 
ond row of jacks from the pin jacks below 
it (but not from the top row). Two sets of 
capacitor isolated jacks are provided at J11, 
J14 and J12, J13. The purpose of these 
jacks will become clear in a later article on 
using the synthesizer. 

Potentiometer R6 provides a variable 
attenuator that can be used as a master vol- 
ume control or in mixing applications. 

Put It together 
There is nothing at all critical in the 

power supply circuit and any construction 

method may be used, but an etched circuit 
board is desirable in the interest of ease of 
assembly and professional appearance. The 
foil pattern is in Fig. 2. Circuit boards may 
either be etched at home or purchased 
from the source mentioned in the parts list. 

Assembly should begin with mounting 
the parts on the circuit board. Form and 
install the two wire jumpers, then the resis- 
tors, capacitors and diodes. Bolt the two 
transformers and the fuse holder to the cir- 
cuit board with 4-40 hardware. When they 
are properly installed, the transformers will 
be "back to back" with the primary wind- 
ings facing each other (see Fig. 3). 

Connect the solder lugs of the fuse - 
holder to the circuit board with short pieces 
of bare wire, and before putting the circuit 
board aside solder in place lengths of No. 
22 wire to points A through F on the cir- 
cuit board. Be sure to make these wires 
long enough to reach from the circuit 
board to the front panel when the two are 
bolted together. 

From the front panel from any flat 
material such as aluminum, steel or even 
scrap copper -clad and drill or punch the re- 
quired holes before painting the panel and 
applying markings as desired. Install the 
pots, jacks and switch SI as shown in the 
photos and wire the front panel before fas- 
tening the circuit board to the front panel 
using small "L" brackets and 4-40 hard- 
ware. Note that capacitors C4, C5 and C6 
are wired in place on the front panel. 

Make the final connections from the 
front panel controls to the circuit board 
and solder the line cord into the circuit 
board points marked ac Snap a 1/2-amp fuse 
into the fuse holder and fasten the knobs to 
the potentiometer shafts. 
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ically is not new but has just started gaining momentum. 
inexpensive and designed for the experimenter. 

Testing your work 
There is really not much to test on the 

power supply, plug it in and use a vom to 
make sure that there is 18 volts between the 
ground and "+ +" points on the circuit 
board. Similarly check the " +" point for 9 
volts to ground. Reverse the vom leads and 
check for -9 volts, between "-" and 
ground. Check the voltage output of the 0 
to 5 -volt and -5 to +5 -voit bias supplies as 
the controls are rotated (all of these volt- 
ages are ±20%). Plug a miniature phone 
plug into J3 and check continuity between 
the hot side of this jack and all the other 
phone jacks in the group as well as the top 
row of pin jacks. Plug a phone plug into JI 
and observe that it isolates the top row of 
phone jacks from the rest of the jacks. Test 
the switching on the second row of jacks to 
make sure that it isolated J4 through J6 
from the row of pin jacks directly below it 
but not from J1 through A. 

Voltage -controlled oscillator 
Unlike electronic organs -which for the 

most part generate a specific sound by add- 
ing together sine waves cf the desired fre- 
quency, magnitude and phase- synthesizers 
employ "formant synthesis" in which a de- 
sired signal is formed by dropping out se- 
lected frequencies in a harmonic rich wave- 
form. 

Our VCO generates three waveforms 
that are particularly rich in harmonics; 
ramp, triangle and variable duration pulse. 
Frequency range of the oscillator is almost 
6 octaves from 40 Hz to 2500 Hz, in a 
single voltage controllable range and the 
frequency of the oscillator is directly pro- 
portional to the sum of the voltages at 
three control voltage inputs. The implica- 

tions of voltage control will be fully cov- 
ered in another article, but for now it will 
suffice to say that without it you don't have 
a synthesizer, you have an organ. 

How the VCO works 
In a synthesizer the VCO is the one 

module that doesn't offer many design 
compromises. The human ear is more sensi- 
tive to variations in pitch than to any other 
musical parameter so even small amounts 
of drift and shift are objectionable. 

As can be seen in Fig. 4, two pre- 
cautions keep VCO drift to a minimum. 
First, power supply regulation is directly on 
the circuit board (Zener diodes D3 and D4 
plus series -pass transistors Q9 and Q10). 
Second, control voltage is summed by the 
active network built around ICI. 

The ramp portion of the VCO is a 
standard configuration consisting of a UJT 
relaxation oscillator (Q2, CI). The capacitor 
is charged by constant current source Q 1. 

The output of the op-amp summing net- 
work is scaled by setting the gain (R7, 
RANGE) and offset (R4, ZERO) of the ampli- 
fier and is used to set the amount of cur- 
rent delivered by the current source. 

The voltage ramp that appears across 
capacitor Cl is isolated by emitter follower 
Q3 and appears at the front panel jack as 
the ramp output. The ramp is also used to 
generate the other two waveforms. 

The triangle waveform is shaped by 
the differential pair Q4 and Q5. The volt- 
age at the collector of Q5 is in phase with 
the input ramp and the voltage at the col- 
lector of Q4 is 180° out of phase (inverted 
from the input). Diodes D1 and D2 "se- 
lect" the higher of these two collector volt- 
ages and apply it to the base of emitter fol- 

lower Q6. During the lower half of the 
input ramp, Q4's collector voltage is higher 
because of the phase inversion and that 
section of the ramp is presented in an in- 
verted form to the base of Q6. During the 
second half of the ramp the collector of Q5 
is higher and this portion of the ramp is 
applied to the base of Q6 without an in- 
version. The net result is a triangular wave 
from the emitter of Q6. Trimmer poten- 
tiometer R19 is used to balance the gains 
of the transistors so that the last of the 
wave from Q5 and the first of the wave 
from Q4 occur at the same dc level. 

A variable- duration pulse output is de- 
rived from the ramp by applying it to the 
input of the Schmitt trigger (Q7 and Q8). 
At some point on the ramp the triggering 
threshold of the circuit is exceeded and the 
output changes from some low voltage to 
almost positive supply and stays in that 
condition until the ramp re -sets. By using 
R25 to vary the amplitude of the ramp, the 
pulse duration, as a percentage or the total 
period can be varied. As the amplitude is 
increased the duration of the pulse is also 
increased. Trimmer R26 provides a fine ad- 
justment of the ramp amplitude and is set 
so that when the pulse duration control is 
fully counter -clockwise the narrowest pos- 
sible pulse is produced. 

Build the VCO 
The VCO circuit can be assembled us- 

ing any common construction technique, 
but an etched circuit board (Fig. 5) is rec- 
ommended. Figure 6 shows parts placement 
on the circuit board. When all components 
have been mounted, solder wires to points 
A through K. Make sure they are long 
enough to reach from the board to the 
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front panel controls and jacks (notice that 
there is no point I). 

Form the front panel in the same man- 
ner as for the power supply and finish and 
label it before installing R25 and the input 
and output jacks. 

Fasten the circuit board to the front 
panel using 4-40 screws and small "L" 
brackets and make the final connections be- 
tween the circuit board and front panel. 

Calibration and testing 
Apply power to the rear connections of 

the circuit board; +9 volts to " + ", ground 
to ground and -9 volts to " -". The VCO 
pulls a hefty 25 mA because of the regu- 
lation, so batteries are not acceptable. Give 
the unit about 30 minutes to stabilize be- 
fore calibration. 

The primary adjustment sets up the 
summing network so the oscillator produces 
a specified output frequency for a given in- 
put control voltage. This can be done using 
either an audio signal generator or a tuned 
musical instrument as the pitch reference. 

If you decide to use the signal gener- 
ator method, the oscillator will be tuned us- 
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9" 
16 
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PARTS LIST 
(Power Supply) 

C1- 1000 -µF 18V electrolytic 
C2, C3- 1000 -µF 10V electrolytic 
C4, C5, C6- 2.2. -AF, 6V electrolytic 
D1 thru D6-1N4003 
F1 -0.5 -amp fuse 
R1 -3900 ohms ' /zW 10% 
R2, R3 -2200 ohms, 1/2W, 10% 
R4, R5, R6 -5000 ohms linear taper poten- 

tiometer 
S1 -spat slide switch 
T1, T2 -12.6V 100 MA C.T. transformer 
MISC: Fuse holder, line cord, (8) miniature 

phone jacks, (8) tip jacks, (3) knobs, hard- 
ware, wire, solder, circuit board, etc. 

The following Items are available from, PAIA 
Electronics, Inc., P.O. Box 14359, Okla. 
City, OK 73114 

No. 2720 -7- Complete kit of parts for du- 
plicating the prototype shown Including cir- 
cuit board and front panel. $22.00 plus 
postage for 2 lb. and Insurance. 

No. 2720- 7pc- Clrcult board only $4.00 
postpaid. 

ing Lissajous figures. Connect the output of 
a test oscillator set to 260 Hz to the hori- 
zontal input of an oscilloscope and the 
triangle output of the VCO to the vertical 
input. Apply power to the VCO and 
jumper the 0 to 5 -volt bias output of the 
power supply to the left hand control volt- 
age input jack. (The input summing resis- 
tors can not be trimmed so unless matched 
resistors are used only one of the three in- 
puts can be precisely calibrated.) Monitor 
this control voltage with a vom set to 2.5 or 
5 volts dc full scale. Adjust the bias output 
for 0.625 volts as indicated by the vom (er- 
rors caused by inaccuracies in the vom 
movement will cancel when the keyboard is 
calibrated to the VCO.) Use VCO ZERO 
trimmer R4 to produce a Lissajous figure 
on the scope that indicates that the fre- 
quency of the signal generator is exactly 
twice the frequency of the VCO. Do not be 
overly concerned with a slow rotation of 
the pattern at this point. 

Adjust the bias supply until the 
scope shows the sideways 8 pattern that in- 
dicates that the output of the signal gener- 
ator is half the frequency of the VCO. 
Read the vom. If the reading is Less than 
2.5 volts, rotate RANGE trimmer R7 about 
1/10 of a turn clockwise. If the reading is 

7" 

FIG. 1 -(far left) COMPLETE SCHEMATIC of 
the power supply. FIG. 2 -(top of page) FOIL 
PATTERN for the power supply circuit board. 
FIG. 3- (above) PARTS PLACEMENT on the 
board . 

greater than 2.5 volts, rotate the trimmer 
about 1/10 of a turn counter- clockwise. Re- 
set the bias output for 0.625 volts on the 
vom and once again adjust the "zero" trim- 
mer to produce the Lissajous figure. 

Repeat the previous adjustment for the 
sideways 8 pattern and adjust the RANGE 
trimmer accordingly. After several passes 
through this procedure the vom should 
read exactly 2.5 volts when the Lissajous 
pattern indicates that the frequency of the 
VCO is twice that of the signal generator. 
At this point summing network calibration 
is complete. 

A second method for calibrating the 
VCO is approximately the same as the first 
except that the ramp output is jumpered to 
the high level input of a hi -fi or musical in- 
strument amplifier and the tone is "zero 
beat" against the C below middle C for an 
input voltage of 0.0625 volts; and C above 
middle C for an input of 2.5 volts. The 
same technique of successive approximations 
that was used with the signal generator still 
applies with the zE0 adjusted for zero 
beat with C below middle C with a control 
voltage of 0.625 volts. The bias supply is 

then adjusted so the oscillator is zero beat 
with C above middle C and if the vom 
reads more than 2.5 volts the "range" con- 
trol is rotated 1/10 turn counter- clockwise. 
Go back and forth through these two steps 
until the vom reads exactly 2.5 volts when 
the VCO is zero beat with C above middle 
C. 

When the linearity of the summing 
network has been calibrated you can set the 
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FIG. 4 -(top) SCHEMATIC WI the voltage -controlled oscillator. FIG. 5- (above left) FOIL PATTERN 
for the VCO. FIG. 6- (above right) PARTS PLACEMENT on the VCO board. 

spectral purity of the triangle wave. If only 
an amplifier is available this adjustment can 
be made by jumpering the triangle output 
to the input of the amplifier and adjusting 
TRIANGLE trimmer R19 fcr the mellowest 
sound. If a scope is available you can look 
at the triangle output and adjust R19 so the 
two sides of the triangle meet at the top of 
the waveform. 

The PULSE DURATION trimmer can also 
be adjusted using either an amplifier or an 
oscilloscope. If a scope is used rotate PULSE 

DURATION control R25 fully counterclock- 
wise and adjust internal trimmer R26 so 
that the narrowest possible pulse appears 
on the screen. If an amplifier is used, adjust 
the trimmer so you can just barely hear the 
buzz of the pulse. 

PARTS LIST 
(Controller Electronics) 

Cl, C7- .01 -8F disc 
C2- .001 -µF disc 
C3, Cl 1-2.2-8F 6V electrolytic 
C4- 100 -pF disc 
C5, C6 -.1 -8F mylar 
C8, C9, C10 -33 -8F 6V electrolytic 
D1 thru D5-1N914 
IC1, IC2 -748 op-amp 
01, Q6- 2N5139 
02, Q5- 2N5129 
Q3, Q4 -MPF -102 
All resistors-1/2W 10% 
R1 -470 ohms 
R2- 10,000 ohms 
R3, R17, R18, R19 -680 ohms 
R4- 15,000 ohms 
R5- 100,000 ohms 
R6- 68,000 ohms 
R7- 82,000 ohms 
R8 -1 megohm 
R9, R16, R22 -3.9 megohms 
R10- 150,000 ohms 
R11- 22,000 ohms 
R12 -4700 ohms 
R13 -6800 ohms 
R14, R15- 33,000 ohms 
R20- linear taper potentiometer, 1000 ohms 
R21 -1K pc mounting trimmer pot, 1000 ohms 
MISC: Case, circuit board, hardware, control 

panel, wire, solder, etc. 
The following Items are available from, 

PAIA Electronics, Inc., P.O. Box 14359, 
Okla. City, OK 73114 

No. 2720 -6- Complete kit of all parts for 
duplicating the prototype shown Including 
case, preformed springs, front panel, circuit 
board electronics, vinyl strip. $37.00 plus 
postage for 12 lbs. and Insurance. 

No. 2720- 6pc- Clrcult board only. $3.50 
PPd 

No. 2720 -6v- Pre -cut conductive vinyl 
strip. $2.50 ppd. 

A controller kit featuring a professional 3 

octave organ keyboard Is also available. 
Details available on request. 

That's about all we have room for in 
this issue. Next month we will present de- 
tails of the third module for the synthesizer 
and you can then start using your unit. We 
would appreciate your comments on the 
types of additional modules you would like 
to see for this instrument. We'll pass them 
on to the author and he may be able to 
provide them at a later date. See you again 
next month. R -E 

KIT SUMMARY 
No. 2720 -Kit of all parts for duplicating 

the complete synthesizer. Includes all parts, 
panels, circuit boards and detailed Instruc- 
tions. $139.00 plus postage for 18 lbs and 
Insurance 

No. 2720 -2 -VCO kit Including circuit 
board. $24.95 ppd. 

No. 2720- 2pc -VCO circuit board only. 
$4.00 ppd 

No. 2720 -6- Controller /case kit. $37.00 + 
18 lbs. postage 

No. 2720 -6pc- Sample /Hold circuit board. 
$3.50 ppd. 

No. 2720 -7 -Power Supply kit. $22.00 + 2 

lbs. postage 
No. 2720 -7pc -Power Supply circuit 

board. $4.00 ppd. 
A controller kit featuring a professional 3 

octave organ keyboard Is also available. 
Details available on request. 

MAY 1973 RADIO -ELECTRONICS 41 

www.americanradiohistory.com

www.americanradiohistory.com


VARIABLE- CAPACITANCE DIODES, DIGI- 
tal tuning, programmable dividers, 
phase -locked loops, digital dis- 
criminator and frequency synthesizer 
are all terms that define established 
engineering techniques. New and ex- 
citing is the "Where and How" these 
are used. Ways of applying these tech- 
niques in commercial AM and FM re- 
ceivers has long been talked about, 
but until recently was economically 
prohibitive for consumer oriented 
products. MSI and LSI (medium and 
large scale integration) technology has 
developed to such an extent in the last 
few years that these sophisticated 
sounding terms are now appearing in 
the consumer market. 

The Heathkit AJ -1510 FM /FM 
Stereo Digital Tuner is a state- of -the- 
art design that uses the purest digital 
philosophies consistent with consumer 
products. Some of the tuner's special 
features include a sophisticated digital 
frequency synthesizer employing a 
phase- locked loop to achieve channel 
accuracy of better than 0.005%, an in- 
ductorless digital frequency dis- 
criminator, the very latest phase - 
locked multiplex demodulator, a pre - 
assembled varactor FM rf tuning unit 
(front end), and a four- digit, seven - 
segment channel- frequency readout 
(instead of a scale and pointer). 

Also high on this list of special 
features are the three different modes 
of tuning. First, an exclusive keyboard 
where the user taps out the three or 
four -digit frequency of the FM station 
desired. Second, sweep /scan tuning 

'Senior Design Engineer, Heath Company, on the AI- 
1510 project. Presently Chief Engineer, Heath Ltd., 
Gloucester, England. 
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HEATH'S DIGITAL FM TUNER 
The Heathkit AJ -1510 FM receiver is one of the 
world's most sophisticated and surely the most advanced 
consumer model. Take a look at how it works 

by DAVID M. THOMAS° 

which at the touch of a button, scans 
the entire FM spectrum at an adjust- 
able rate, stopping at stereo only sta- 
tions or at all stations with the quality 
of signal chosen by the listener 
through adjustable noise and agc con- 
trols. Third, preprogrammed card 
memory tuning. 

A single front -panel meter in- 
dicates relative rf signal strength and 
with the flip of a switch it becomes a 
multipath indicator. There is no 
center channel "tweaking" since 
the frequency synthesizer sets it 
"right on." 

Last, but by no means least, is the 
computer -like performance of the 
squelch control circuitry which elimi- 
nates any stations with noise levels 
above a presetable level. In addition, 
should a fault occur within the tuner 
prohibiting proper phase -locking, the 
squelch circuitry will lock out the au- 
dio and a fault indicator will light. 

Most of the 55 integrated circuits, 
in addition to the more than 50 dis- 
crete transistors and 50 signal diodes, 
are mounted on ten computer -type 
printed circuit boards. Seven of these 
boards conveniently plug into a master 
board in modular form. Edgeboard 
connectors and cable connectors are 
used throughout, which means that 
circuit boards can be removed without 
having to unsolder or unwire a single 
connection. A system block diagram is 
shown in Fig. 1. 

FM varicap tuner 
The FM front -end is pre - 

assembled and factory aligned. Field - 
effect transistors (FET's) are used to 
get both high sensitivity and low 

cross -modulation with no overload on 
strong -signal local stations. The famil- 
iar mechanically ganged, variable ca- 
pacitor has been replaced by Varicaps 
(voltage -variable- capacitance diodes) 
in each stage to provide complete 
electronic tuning. The dc tuning volt- 
age is fed to the tuner from the loop 
filter output of the synthesizer which 
is discussed later. 

An important note is the extra 
output from this particular tuner; the 
VCO (voltage -controlled oscillator) 
buffer output. A sample of the tuner 
VCO signal is extracted by an internal 
buffer amplifier which provides isola- 
tion and an output signal strong 
enough to drive the ECL gates of the 
VCO frequency scaler. The frequency 
range of this signal is 98.8 MHz 
(88.1 + 10.7) to 118.6 MHz 
(107.9 + 10.7). 

I.F. and FM digital discriminator 
Technological advances have fi- 

nally eliminated all i.f. and dis- 
criminator adjustments while deliv- 
ering near -perfect response 
characteristics. The 10.7 MHz i.f. cir- 
cuitry consists of an input rf amplifier 
and two broadband amplifier -limiters. 
Together, these three IC's provide 
more than 120 dB of i.f. gain. Two 
fixed -tuned five -pole L -C filters sepa- 
rate the three amplifier stages and 
shape the "ideal" frequency response 
with true phase linearity. 

The conventional L -C frequency 
discriminator using balanced diodes 
has been replaced by an inductorless 
and diodeless digital frequency dis- 
criminator of the pulse counting (aver- 
aging) type usually found in only the 
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FIG. 2 -BASIC CIRCUIT OF THE PULSE- COUNTING 
restricted to a few experlmsntal receivers using very 

most exotic instrumentation. This par- 
ticular digital detector circuit contains 
two integrated circuits. One of them is 
a retriggerable monostable multivibra- 
tor and the other is an operational 
amplifier (see Fig. 2). 

A signal at the input of the mo- 
nostable makes it change states for a 
fixed period of time. The amount of 
time is determined by the value (time 
constant) of a simple RC network. 
However, to guarantee a high degree 
of pulse -width stability and thus low 
distortion, the monostable configura- 
tion is designed to cycle at half of the 

FM DETECTOR. Heretofore Its use has been 
low I.f.'s. 

i.f.'s frequency. A digital output pulse, 
that has constant width and amplitude 
is obtained at a 5.35 -MHz rate. (The 
FM information is contained in the 
slight deviations from this rate). The 
inverse (Q) of this output waveform is 
also available from the monostable in- 
tegrated circuit. 

Both the Q and Q outputs are in- 
dependently coupled to the inputs of 
the operational amplifier through 
simple RC networks. Because these 
signals are out of phase and applied 
to the amplifier ( +) and ( -) inputs, 
they are added together before they 

are amplified. Any to -phase noise ap- 
pearing at both the ( +) and ( -) inputs 
is cancelled. This results in an im- 
proved signal -to -noise ratio of the mo- 
nostable multivibrator. The opera- 
tional amplifier's output is then fed to 
the multiplex demodulator circuit. 

PLL multiplex demodulator 
The very latest state -of -the -art in- 

tegrated circuit phase -lock loop (PLL) 
multiplex demodulator is built into 
the tuner to deliver superior stereo 
performance while providing long- 
term circuit and alignment stability 
(see Fig. 3 -a). This multiplex de- 
modulator phase locks to the 19 -kHz 
pilot of the received stereo transmis- 
sion. Alignment is a simple resistance 
adjustment as compared to the te- 
diously complex procedures of the past. 
This single adjustment "peaks" the 
phase -lock performance for greatest 
stereo separation and minimum audio 
distortion. 

The PLL IC also has the ability 
to minimize the ultrasonic components 
(SCA) that would otherwise appear at 
the audio output. Previously, elaborate 
filters were used to do this, but there 
was a tendency to sacrifice high -fre- 
quency audio separation. A prealigned 
19 -kHz and 38 -kHz L -C low -pass fil- 
ter is used in both the left and right 
outputs to remove all unwanted sig- 
nals above 15 kHz. 

Frequency synthesizer 
The heart of the tuner is its FRE- 

QUENCY SYNTHESIZER which includes 
the PROGRAMMER, the numeric read- 
outs and an elaborate squelch control 
system. Each of the functional blocks 
in Fig. 3 -b which make up this syn- 
thesizer will be discussed individually. 
Here we go. 

Reference oscillator 
Two circuits make up the refer- 

ence oscillator; a 100 -kHz crystal os- 
cillator and a reference scaler ( +4). 
The oscillator section uses a highly ac- 
curate ( ±.005 %) 100 -kHz series funda- 
mental crystal and the four gates of a 
quad 2 -input NAND IC. Discrete resis- 
tors bias the gates near their switching 
threshold for reliable self -starting, and 
discrete capacitors provide proper ca- 
pacitive loading of the crystal to in- 
sure good frequency stability. This cir- 
cuit provides a highly accurate 100 - 
kHz square wave, o a variable trim- 
mer capacitor is not needed to set the 
frequency. 

A dual JK flip -flop IC serves as 
the reference scaler. The two flip -flops 
are externally connected in series 
(+2+2) and divide the 100 -kHz refer- 
ence frequency by four. The resulting 
25 -kHz signal is used as the reference 
signal for the digital phase detector. 
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VCO frequency scaler ( +8) 
The VCO frequency scaler divides 

the 98.8 to 118.6 -MHz VCO frequency 
from the front end by eight to provide 
a 12.350 to 14.825 -MHz square wave 
to the programmable divider circuit. 
One gate of an ECL (Emitter Coupled 
Logic) dual OR /NOR gate is used at 
the input as a buffer amplifier while 
the other gate is used as a driver to 
run a high -speed ECL type -D fìip- 
flop, the first divide -by -two circuit. 
The output of the type -D then drives 
an ECL integrated circuit containing 
two J -K flip -flops externally connected 
in series to form a divide by four 
( +2 +2). The series combination of 
these three flip -flops provides a scale 
factor of eight (VCO 
+2 +2 +2 = V 

80). The output from 

the final flip -flop is coupled to two 

+15V +15V 

available TTL NAND gates that form 
an output interface to the program- 
mable divider circuitry. 

Programmable frequency divider 
The programmable frequency 

divider divides the frequency from the 
VCO frequency scaler down to 25 
kHz. As the front end is tuned to re- 
ceive different FM channels, the fre- 
quency of its internal VCO also 
changes since it must remain 10.7 
MHz above the received channel fre- 
quency. A different divide ratio is re- 
quired for each channel to get the 25- 
kHz output signal. A convenient range 
of operation for the programmable 
frequency divider is one where for 
each adjacent channel the divide ratio 
is changed in steps of one. Refer to 
Fig. 4 for the following two examples. 

Suppose we want to listen to an 

+15V +15v 

PLL 
MULTIPLEX 

DEMODULATOR 

FROM 
VCO 

IN 

VARACTOR 
TUNER 

=8 
FREQUENCY 

SCALER 

TUNING VOLTAGE 
TO 

VARACTOR 
TUNER 

f 

-a 
PROGRAMMABLE 

FREQUENCY 
DIVIDER 

r 
PROGRAMMER 

L J 
SEE PROGRAMMER 

DIAGRAM 

LOOP 
FILTER 

25 25 
kHz DIGITAL kHz -- PHASE m - 

DETECTOR 

=4 
FREQUENCY 

SCALER 

REPROGRAM 
TO 

PRELOAD I SQUELCH 
DECODER 

DETERMINING CONTROL CIRCUIT NETWORK n 
VISUAL 

READOUT 

b 

100kHz 
XTAL 

OSCILLATOR 

REGULATED 
POWER SUPPLY 

FIG. 3-a (top) -PHASE -LOCK LOOP IC Is the head of the FM multiplex system. Tuning is induc- 
tor -less. FIG. 3- b- FREQUENCY SYNTHESIZER operation is illustrated by block diagram. 
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FM station broadcasting on 89.3 MHz. 
The VCO output will be 100.0 MHz 
(89.3 + 10.7) and the VCO scaler out- 
put will be 12.50 MHz (100.0 +8). 
The divide ratio of the programmable 
frequency divider will have to be 500 
(12.50 MHz + 500 = 25kHz). If we 
next wish to tune in a station two 
channels above at 89.7 MHz, the di- 
vide ratio of the programmable fre- 
quency divider must be changed to 
502; (89.7 + 10.7) +8 + 502 = 25 
kHz. 

The programmable frequency 
divider circuit consists of three pro- 
grammable down counters (decade) 
and a recycle logic network. When 
several programmable divider stages 
are cascaded and a high toggle fre- 
quency is required, the terminal count 
output may be too slow, due to propa- 
gation delay, to simultaneously reload 
all the stages. Thus several counts may 
be lost. In the AJ -1510 application the 
terminal count is avoided and a re- 
cycle logic network is used to "antici- 

RF TUNER 

VCO 

VCO 
SCALER 

8 

i 
PROGRAMMABLE 

DIVIDER 
=494 TO =593 

88.1 TO 107.9 MHz 
200 kHz SPACING 

98.8 TO 118.6 MHz 
200 kHz SPACING 

12.350 TO 14.825 MHz 
25 kHz SPACING 

25 kHz 

FIG. 4- FREQUENCY SCALER and program- 
mable divider process VCO reference signal. 

pate" a particular count and provide a 
reload pulse within an acceptable gate 
delay time. 

Digital phase detector 
and loop filter 

The digital phase detector com- 
pares the output signal from the pro- 
grammable divider (frequency scaled 
VCO) with the 25 -kHz reference sig- 
nal. When these signals differ in fre- 
quency the tuner tuning voltage is cor- 
rected, changing the rf tuning and 
VCO frequency so the output from 
the programmable divider is 25 kHz 
and in constant phase (but not zero) 
with the 25 -kHz reference. 

The digital phase -detector IC is 
commercially available and incorpo- 
rates two different phase detectors 
with common inputs, a charge pump 
circuit and a high -gain amplifier. The 
duty cycles of the two inputs are not 
important since negative transitions 
control the operation. 
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The loop filter is an active in- 
tegrator circuit that provides a dc tun- 
ing voltage for the tuner and estab- 
lishes a control loop bandwidth. This 
bandwidth determines the amount of 
filtering on the tuner tuning voltage 
and also the time required to establish 
a stable phase -locked condition. The 
high -gain amplifier in the phase-detec- 
tor IC along with a two- transistor dc 
amplifier form the active portion of 
this filter. 

Programmer section 
The programmer is the block of 

circuits that provides the program- 
mable frequency divider with the re- 
quired data inputs for the station fre- 
quency that has been "programmed." 
It provides three distinctly different 
modes of tuning; keyboard, pre- 
programmed data cards and automatic 
sweep /scan (Fig. 5). 

L 

changes the memory register into a se- 
rial down counter, and a reset pulse 
automatically loads in the highest 
channel frequency, 107.9 MHz. An 
auto -sweep count -down pulse is sup- 
plied by a pulse generator that contin- 
ues the count -down sequnce until the 
squelch control system gives a STOP 

signal. 
The BY -PASS key on the keyboard 

provides a zero voltage logic level to 
the "stop sweep" logic network that 
tells the tuner to resume or continue 
channel scanning. Holding this key de- 
pressed overrides any STOP signals and 
the tuner will continuously sweep 
from 107.9 to 88.1 MHz and reset to 
recycle until the key is released. The 
BY -PASS key functions only in AUTO - 

SWEEP. 

Auto-sweep pulse generator 
The auto -sweep pulse generator is 

7 

TO 
PRELOAD DECODER 

KEYBOARD 
CIRCUITRY 

PROGRAM 
DATA 

MULTIPLEXER 

REGISTER 
AND 

AUTO -SWEEP 
COUNTER 

PREPROGRAMMED 
CARD READERS 

AND 
VISUAL READOUT 

MASTER 
CIRCUIT 
BOARD 

AUTO -SWEEP 
PULSE GEN. 

PROGRAMMERS 
CIRCUIT 

BLOCK DIAGRAM 

FIG. 5- PROGRAMMER SECTION handles the automatic scanning, keyboard and 
data card Inputs; processing them for the preload decoder and readouts. 

Preload decoder 
We need a preload decoder be- 

cause the programmer is programmed 
with logic data that correspond to the 
FM channel frequencies, while the 
logic inputs required by the program- 
mable divider are an entirely different 
set of values. Therefore, a "translator" 
is required. Using logic redundancies 
and sequential states greatly reduced 
this circuit complexity. Nonetheless, 
ten IC's were required to perform this 
job. 

Register and auto -sweep 
counter 

The "memory" unit of the pro- 
grammer is a register consisting of 
four low- frequency programmable 
decade down -counters. The desired 
channel information in BCD (Binary- 
Coded- Decimal) form is parallel - 
loaded directly from the data mul- 
tiplexer. During KEYBOARD program- 
ming each stage of the register is par- 
allel- loaded individually. The 
completely loaded register retains this 
data until the RESET button is pressed 
to clear the register, or until a differ- 
ent mode of programming is selected. 

Selecting AUTO -SWEEP operation 

programmed 

an astable multivibrator that produces 
a 50 -µs positive pulse at a rate that 
varies from one pulse per second to 
six pulses per second. These pulses are 
applied to the auto -sweep counter in 
the AUTO -SWEEP mode. The pulse rate 
is the channel sweep speed and is ad- 
justed by a potentiometer located on 
the tuner front panel behind the 
hinged door. Once a good listenable 
station has been found, the pulse gen- 
erator is automatically turned off, 
stopping the sweep. It is disabled in 
the other programming modes. 

Program data multiplexer 
The data multiplexer is located 

on the master circuit board and directs 
the BCD information from the three 
FM station selection inputs to the pro- 
grammer circuit. The desired FM sta- 
tion selection scheme is activated 
when the appropriate front panel 
switch is depressed. Both negative and 
positive logic are used to minimize 
circuit complexity. Even so, eight IC's 
were required for a total of 25 logic 
gates. 

The output of the data multi- 
plexer is internally fixed when in 
AUTO -SWEEP with the BCD equivalent 

of 107.9 MHz. This data is the "re- 
load" information for the auto -sweep 
counter circuit as it counts down to 
88.1 MHz and recycles, thus providing 
automatic FM station scanning. 

The keyboard 
Keyboard tuning is the third 

mode. Tap out the frequency on the 
keys to tune in your favorite station, 
instantly. Touch the RESET button and 
you're ready to program another sta- 
tion. 

Mounted on the keyboard circuit 
board are twelve spst -normally open 
reed keyboard switches. Ten of the 
keys are numbered "1" through "0" 
and their outputs are coupled to a 
simple diode matrix that provides the 
corresponding BCD outputs. The two 
remaining keys, RESET and BYPASS, 
provide control signals to the auto - 
sweep counter register. The RESET key 
performs a "clear" when the tuner is 
in the KEYBOARD mode, and the regis- 
ter is cleared to be programmed with 
another FM channel frequency. 

Preprogrammed card reader 
The three preprogram card read- 

ers are activated when the tuner is set 
to the PREPROGRAM mode. One of the 
three card reader switches (A, B, or C) 
is pressed to select the desired pre- 
programmed station. A simple 
schematic of the card reader is in Fig. 
6. The corresponding outputs of the 

TO DATA MULTIPLEXER 

ONQ 

FIG. 6 -CARD READER CIRCUIT. Notched 
card breaks unwanted circuit connections. 

; Lp\. .J. 
BLB.-d 

L7y7y 
y 

,, TUNER 
pIßITAL FM 

aLacTaR 
CNPNNi1 

1 

I` 98 MN_` KRTTE >. - ........ ---.^...: ........ . . .... ... . . . . . 

FIG. 7- CHANNEL -SELECTOR CARD. This 
one has been programmed for 98.7 MHz. 

three circuits are connected to the in- 
put AND gates of the data multiplexer. 
The card reader hardware consists of 
three independent 15 -line edge -board 

(continued on page 50) 
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This important job Csnd its big income) 
is reserved for a qualified 

electronics technician. It can be you! 
It's a fact. There are thousands of jobs like this one 
available right now for skilled electronics technicians. 
What's more, these men are going to be in even greater 
demand in the years ahead. But how about you ? Where 
do you fit into the picture ? Your opportunity will never 
be greater ... so act now to take advantage of it. The 
first step? Learn electronics fundamentals ... develop a 

practical understanding of transistors, trouble- shooting 
techniques, pulse circuitry, micro -electronics, computers 
and many other exciting new developments in this 
growth field. Prepare yourself now for a job with a 
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bright future ... unlimited opportunity with lasting 
security ... prestige and a steadily growing paycheck. 

Cleveland Institute of Electronics courses have been 
stepping stones to good jobs in electronics for thousands 
of ambitious men. Why not join them ? You can learn at 
home, in your spare time, and tuition is remarkably low. 
Read the important information on the facing page. 
Then fill out and mail the reply card or coupon today. 
We'll send you all the details and for your convenience, 
we will try to have a representative call. Act now . 

and get your high -paying job just that much sooner. 
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AUTO- PROGRAMMED 

How You Can Succeed In Electronics 
...Select Your Future From Seven Career Programs 

The "right" course for your career 
Cleveland Institute offers not one, but seven different and 
up -to -date Electronics Home -Study Programs. Look them 
over. Pick the one that is ' "right " for you. Then mark your 
selection on the reply card or coupon and mail today. In a 

few days, you will have the complete details. 

1A. Electronics Technology 
A comprehensive program covering 
Automation, Communications, 
Computers, Industrial Controls, 
Solid -State Devices, and prepara- 
tion for a 1st Class FCC License. 

1B. Electronics Technology 
with Laboratory 
Includes all areas of Course 1A 
including 1st Class FCC License 
preparation. In addition, student 
receives 161 -piece Electronics 
Laboratory and 17 "lab" lessons for 
"hands -on" experience. 

2. Broadcast Engineering 
Here's an excellent studio engineer- 
ing program which will get you a 1st 
Class FCC License. Now includes 
Video Systems, Monitors, FM Stereo 
Multiplex, Color Transmitter Opera- 
tion and Remote Control. 

3. First Class FCC License 
If a 1st Class FCC ticket is your goal, 
this streamlined program will do the 
trick and enable you to maintain 
and service all types of transmitting 
equipment. 

4. Electronic Communications 
Mobile Radio, Microwave and 2nd 
Class FCC preparation are just a few 
of the topics covered in this "corn - 
pact" program. Highly recommended 
for jobs with telephone companies. 

5. Industrial Electronics 
& Automation 
This exciting program includes many 
important subjects such as Instru- 
mentation, Solid -State Devices used 
in Pulse, Digital and power controls. 

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

An FCC License...or your money back! 
The CIE courses described here will prepare you for the FCC 
License specified. In fact, we are so certain of their effec- 
tiveness we offer this Money -Back Warranty: when you 
complete any CIE licensing course, you'll be able to pass 
your FCC exam or be entitled to a full refund of all tuition 
paid. This warranty is valid during the completion time 
allowed for your course. You get your FCC License - or 
your money back. 

CIE's Lessons help 

you learn faster and easier 
Cleveland Institute uses the new programmed learning ap- 
proach. Our Auto - Programmed Lessons present facts and 
concepts in small, easy -to- understand bits ... reinforce them 
with clear explanations and examples. Students learn more 
thoroughly and faster through this modern, simplified 
method. You, too, will absorb ... retain ... advance at 
your own pace. 

Employment Assistance available for 
all CIE students ... at no extra cost 
Once enrolled with CIE, you will get a bimonthly listing of 
high -paying, interesting jobs available with top companies 
throughout the country. Many CIE graduates hold such jobs 
with leading companies like American Airlines, AT &T, 
General Electric, General Telephone and Electronics, IBM, 
Motorola, Penn Central Railroad, Raytheon, RCA, Westing- 
house and Xerox ... to name a few. 

CIE Lessons are continually up -dated 
All lesson books and materials from CIE are continually 
revised or replaced according to the current needs of indus- 
try and the rapidly advancing and changing state of the art. 

Approved Under G.I. Bill 
All CIE career courses are approved for educational 
benefits under the G.I. Bill. If you are a Veteran or in 
service now, check box for G.I. Bill information. 

CI E Cleveland Institute 
of Electronics, Inc. 

1776 East 17th Street, Cleveland, Ohio 44114 
Accredited Member National Home Study Council 

Mail coupon for 2 FREE BOOKS 

L 

Cleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 
Please send me your two FREE books: 

1. Your school catalog, "Succeed in Electronics." 
2. Your book on "How To Get a Commercial FCC License." 

I am especially interested in: 
Electronics 
Technology 

Broadcast Electronic 
Engineering Communications 

Electronics First Class 
Technology FCC License 
with Laboratory 

Industrial Electronics 
& Automation 

Electronics Engineering 

Name Age 
(please print) 

Address 

City State Zip 

Veterans and Servicemen: 
Check here for G.I. Bill information. RE-17 

Circle f' a= reader service carel 
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connectors mounted on the tuner front 
panel behind the lower hinged door. 
The contacts of these connectors have 
been designed to remain closed (short 
circuit) when in a normal state. A 
notched plastic channel selector card is 
inserted into the connector to "open" 
the unwanted connections. The 
notches (cutouts) therefore permit cer- 
tain connections to remain closed 
which correspond to the desired chan- 
nel frequency in BCD (binary coded 
decimal) form. A channel selector card 
is shown in Fig. 7 programmed for 
98.7 MHz. 

"Unlocked" detector 
Outputs from both phase detec- 

tors of the digital phase detector IC 
are used as inputs to the lock detector. 
This detector consists of two 2 -input 
NAND gates connected in an R -S type 
flip -flop configuration that is followed 
by an integrator and driver transistor. 
When the rf tuner VCO is phase - 
locked to the reference oscillator, the 
R -S flip -flop remains in a steady state 
which keeps the driver transistor cut 
off. However, if the VCO becomes un- 
locked from the reference oscillator, 
the R -S flip -flop produces a series of 
pulses. The first one turns on the 
driver transistor, and thus the "UN- 
LOCKED" light, while at the same time 
supplying a signal to the squelch cir- 
cuit to squelch off the audio. 

"Re- program" 
The United States FM broadcast 

band spans from 88.1 MHz to 107.9 

DATA 
FROM PROGRAMMER 

O O 0 0 0 0 

TO 
"REPROGRAM" LIGHT 

& SQUELCH CIRCUIT 

FIG. 8 -RE- PROGRAM LOGIC detects when 
out-of-band Input has been selected. 
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MHz with 200 -kHz channel spacing. 
The re- program circuitry detects when 
a channel frequency outside of this 
FM band is programmed into the 
Tuner (usually this occurs only in the 
KEYBOARD mode). Should an out -of- 
band frequency be entered, that fre- 
quency will appear on the front panel 
numerical readout, but the "RE -PRO- 
GRAM" indicator will light and the au- 
dio will remain squelched. Fig. 8 is 
the re- program logic diagram. Should 
a frequency ending in an even num- 
ber, i.e. 103.4, 104.6 etc. be pro- 
grammed, the tuner will automatically 
go to the next highest odd number, 
i.e. 103.5, 104.7 instead of calling for a 
"RE- PROGRAM ". 

Squelch control 
The AI-1510 squelch control cir- 

cuit accepts inputs from various 
sources within the tuner and then de- 
termine from these inputs what the 
state of the audio squelch control volt- 

SQUELCH DIODE MATRIX 

RIGHT 
CHANNEL 

LEFT 
CHANNE L 

STEREO LIGHT 
SUPPLY 

age should be (audio on or audio off). 
Here are eight conditions, all weighted 
equally, which contribute to the logic 
decision making of the squelch circuit: 

1. Is the noise level from the 
i.f. /FM discriminator above or below 
the acceptable limit? 

2. Is the tuner rf input signal 
above or below the desired sensitivity 
setting? 

3. Is the i.f. signal precisely cen- 
ter tuned? 

4. Is the tuner receiving a stereo 
transmission? (This can be switched 
off.) 

5. If the tuner is in the KEYBOARD 
mode, has the keyboard programming 
been completed? 

6. Is the VOC properly phase - 
locked to the reference oscillator? 

7. Is the SQUELCH DEFEAT switch 
ON? 

8. Is the tuner properly pro- 
grammed or is a "re- program" signal 
present? (continued on page 98) 

K 

15v 

15V 

+15V 

GOES LOW TO 
SQUELCH 

GOES HIGH TO - SQUELCH 
. 15V 
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SIGNALS 
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----'NV1r 
STOP SWEEP 

CONTROL 

STEREO 
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RF INPUT 
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STRENGTH DELAY 
NETWORK 

AG C 
SQUELCH 
CONTROL 
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TUNED 

KEYBOARD 
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FIG. 9- SQUELCH CONTROL AND LOCK -OUT operation is Illustrated by this schematic and 
block diagram. The logic circuits check eight Important operating criteria. 
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How to 

Set Up a 

Public Address 

Speaker System 
The choice, placement and layout of a speaker system can 

make or break a PA system. Do it this way and be sure 

by BOGEN DIVISION, L.S.I.° 

THERE ARE FOUR PRIMARY CONSIDERA- 
tions when using cone or horn speak- 
ers as a part of a PA system. These 
are the power available to the speak- 
ers. The number of speakers. The type 
of speakers. The placement and con- 
nection of speakers. 

The first step is to survey the pro- 
posed installation and carefully deter- 
mine how many and what type of 
speakers are needed. The following 
table may be of aid in this respect. 

4. Fidelity and intelligibility re- 
quirements. 

5. Economic factors. 

Speaker placement 
The most complex step in speaker 

installation is their placement and 
hookup. Conditions under which each 
system must operate vary so widely 
with each installation that only the 
primary steps are given when consid- 
ering speaker placement. For indoor 
systems, two kinds of placements can 
be used. The speakers may be posi- 

AMPLIFIER SPEAKERS NEEDED FOR 
POWER INDOOR INSTALLATION 

6 to 8 w Two 8 -in. speakers 
15 to 18 w Two 12 -in. speakers 
25 to 30 w Four 12 -in. speakers 
45 to 50 w Six 12 -in. speakers 
60 to 70 w Eight 12 -in. speakers 

SPEAKERS NEEDED FOR 
OUTDOOR INSTALLATION 

One 12 -in. speaker 
One trumpet 
Two trumpets 
Three trumpets 
Four trumpets 

There are several types of speak- 
ers available, and the choice of speak- 
ers depends upon five main factors: 

1. Geometry and acoustical char- 
acteristics of the area to be covered. 

2. Ambient sound level in which 
the speakers must operate. 

3. Fundamental use of the system 
(i.e.- speech or music reproduction.) 

'A Division of Lear Siegler Inc.. Paramus. N.J. 

tioned flat against the walls, and the 
axis of the speakers rotated so that 
they radiate energy at an angle from 
the wall. The speakers may also be 
positioned in the corners of a room. 
Variations from these two arrange- 
ments must be considered where there 
are alcoves, balconies, booths, dividing 
walls, and side rooms. In such cases, 
extra speakers must be set up to pre- 
vent dead spots resulting from unusual 

reverberations or blanking by obsta- 
cles. 

For outdoor systems, the main 
considerations are direction of sound 
and the area to be covered. Here, 
brute -force is generally used by em- 
ploying highly- directive trumpets. Bear 
in mind that sound pressure drops ap- 
proximately 75% below the previous 
level each time the distance from the 
speaker is doubled. Also, directivity 
(amount of power concentrated along 
the speaker axis) increases with the 
size of the speaker horn. 

Speaker connections 
When connecting the speakers to- 

gether, impedance matching and phase 
relation must be considered. Since 
these factors are somewhat involved, 
an extended discussion of impedance 
matching and speaker phasing follows. 

Efficient transfer of power from 
the amplifier to the speakers is the 
prime consideration in a sound sys- 
tem. The two methods of transfer of 
power are connection from the ampli- 
fier directly to the speaker voice coils 
and connection from the amplifier to 
the speaker voice coils through a 
transformer. The first method is used 
when short runs of wire not over 200 
feet in length and simple speaker ar- 
rangements involving low impedances 
are used. 

The second method is used when 
the wire runs are over 200 feet, when 
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there are complex speaker arrange- 
ments, and when it is desired to have 
less than 15% power loss in the trans- 
mission lines. The use of transformers 
also simplifies impedance calculations 
and facilitates changes in complex 
speaker arrangements. 

Impedance matching without 
transformers 

For the most efficient transfer of 
power, it is important that the total 
speaker impedances match the output 
impedance of the amplifier. Single 
speakers should be matched as shown 
in Fig. 1. 

AMPLIFIER 

412 

COM 
GND 

SPEAKER 
412 

FIG. 1- SINGLE PA SPEAKER Is connected 
like this. Just match the two Impedances. 

When there is more than one 
speaker in a sound system, calcu- 
lations of total speaker impedance are 
based upon two formulas: 

(a) For series connection of 
speakers, add the individual speaker 
impedances together to obtain the to- 
tal matching impedance (see Fig. 2). 

ZT =Zt +Z2 +Z 

AMPLIFIER 

812 

COM 
GND 

TWO 42 
SPEAKERS 

FIG. 2- SERIES SPEAKERS are selected so 
the sum of impedances matches amplifier. 

(b) For parallel connection, add 
the reciprocal of the individual 
speaker impedances together to obtain 
the reciprocal of the total matching 
impedance (see Fig. 3). 

1 1 1 1 

ZT Z, 72 Zn 

AMPLIFIER 

412 

COM 
GND 

FIG. 3- PARALLEL SPEAKER connections 
tend to cause excessive Ilne losses. 

It is generally not advisable to use 
more than two speakers in parallel. 
Operation with less than 4 ohms im- 
pedance will result in excessive line 
losses. 

(c) For series /parallel con- 
nections, combine the two formulas as 
the speaker connections indicate. For 
example, in Fig. 4, apply the series 
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AMPLIFIER 

80 

COM 

GND 

FOUR 80 
SPEAKERS 

FIG. 4- SERIES -PARALLEL connections may 
be used to gain desired power distribution. 

formula for A and B, then for C and 
D. Take the results of this and apply 
the parallel formula to obtain the fi- 
nal matching impedance: 

A +B =X (1) 
C +D =Y (2) 
1 1 1 

ZT X +Y 13) 

ZT XY 
(41 

= 
X +Y 

Power distribution with trans- 
formers 

In a series system of speakers, all 
with the same voice coil impedances, 
equal power distribution will occur. 
However, if one speaker has 4 ohms 
impedance and another 8 ohms, the 
power consumed by the 8 ohm 
speaker will be twice that of the 4 
ohm speaker. 

In parallel systems of speakers, all 
with the same voice coil impedances, 
equal power consumption will result. 
When speakers of different imped- 
ances are connected in parallel, the 
smaller impedance speaker will re- 
ceive the greater power. If one 
speaker is 8 ohms and one is 16 ohms, 
the 8 -ohm speaker will consume twice 
as much power as the 16 -ohm speaker. 

When operating speakers on voice 
coil impedance (without transformer), 
use as heavy a wire as possible. 
Speaker cable runs of 100 feet or over 
should be at least No. 16 wire. Runs 
from 50 -100 feet should be No. 18 
wire or larger. 

Impedance matching with trans- 
formers 

The proper use of transformers 
with speakers far from the amplifier 
prevents comparatively large power 
losses in the transmission lines. In 
complex installations having large 
numbers of speakers, the use of trans- 
formers simplifies power distribution. 

Constant -voltage transformers are 
most commonly used for this purpose, 
though impedance -matching trans- 
formers may be used in some sound 
installations. The constant -voltage 
transformer has its secondary tapped 
for different values of power (watts) 
for the speaker. The primary matches 
the constant voltage line, which is ei- 
ther 25 volts or 70 volts. 

Constant voltage system 
The constant -voltage system was 

developed particularly for use in large 
multi -speaker installations, but that 
does not prevent smaller installations 
from enjoying its advantages. 

The constant -voltage method 
greatly reduces the amount of compu- 
tation necessary to determine the 
proper transformer taps when varying 
sound levels are required. It also per- 
mits the addition to, or changing of, 
an existing system without recalcula- 
tion of the total impedances and the 
power required. 

A favorable load condition exists 
if the total power consumed by the 
loudspeakers is always less than or 
equal to the amplifier rating. 

When the constant voltage trans- 
former taps are marked in watts: 

1. Choose the transformer with a 
matching secondary (8 -ohm secondary 
for an 8 -ohm speaker). 

2. Select the power tap desired, 
and connect to speaker. 

3. Connect the constant -voltage 
line to the primary. 

If the transformer is marked in im- 
pedances, the required power can be de- 
termined by applying the formula: 

Z = E2 /P 
Where Z = Required transformer 

impedance in ohms E = Amplifier out- 
put voltage (25 or 70 volts) and P = De- 
sired power at the speaker in watts 

Mismatching speaker to ampli- 
fier 

Mismatching upward (connecting 
an 8 -ohm speaker to the 4 -ohm output 
of an amplifier) will decrease the 
power delivered to the speaker. Power 
loss will be about proportional to the 
upward impedance mismatch (50% 
when connecting an 8 -ohm speaker to 
a 4 -ohm amplifier tap). Mismatching 
cannot ordinarily damage a well -de- 
signed amplifier. 

As a general rule, no serious fre- 
quency response deficiency will be 
noted if upward mismatches up to 
about five -to -one ratio are used. 

Downward mismatching (con- 
necting a 4-ohm speaker to an 8 -ohm 
amplifier tap) should always be 
avoided. It will reduce the amplifier 
power output and overload the output 
tubes or transistors, seriously affecting 
their life and performance. 

Phasing speakers 
When more than one speaker is 

used in a sound system installation, it 
is advisable to phase the speakers to 
reduce the cancellation effect. Speak- 
ers out of phase lose up to one -half of 
their normal volume and operate with 
degraded tone quality and increased 
distortion. 

For speakers facing in the same 
general direction, the speakers are in 
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phase when their respective dia- 
phragms move outward and inward at 
the same time. With two speakers fac- 
ing each other, proper phasing is 
achieved when the diaphragm of one 
speaker moves outward as the dia- 
phragm of the other speaker moves 
inward. 

Phasing is done by checking the 
polarity of the speaker terminals with 
respect to the movement of the 
speaker diaphragm, and connecting 
the speakers to produce the dia- 
phragm movement or phasing desired. 
With loudspeakers of the same make 
and model, the respective diaphragms 
should move in the same direction 
when the terminals are connected in 
the same manner, but it is safer to 
check the polarity. 

Where different speakers are 
used, carry out the following proce- 
dure to determine the diaphragm 
movement with respect to the speaker 
terminals for speakers connected in 
parallel: 

1. Connect one lead from a 1.5- 
volt dry-cell to one voice coil terminal 
of the speaker. 

2. Momentarily touch the other 
lead from the dry cell to the other 
speaker terminal. 

3. Observe direction of cone or 
diaphragm movement (either inward 
or outward) when the circuit is closed. 

4. Note this direction of the 
movement on a slip of paper. 

5. Mark the terminal connected 
to the positive pole of the dry cell if 
the movement is outward, mark the 
terminal connected to the negative 
pole if the movement is inward. 

6. Repeat steps 1 through 5 for 
other speaker or speakers to be 
checked. 

7. Connect the marked and un- 
marked terminals according to the 
manner of electrical arrangement 
shown in Fig. 5 if the speakers are 
facing in the same direction. If the 
speakers face each other, make con- 
nections as shown in Fig. 6. 

In simple sound systems, it may 
be easier to check phasing by listening 
to a low audio frequency while alter- 
nating the speaker leads. The human 
ear can usually detect when the low 
frequency sound is at the higher vol- 
ume, indicating that the speakers are 
properly phased. 

Balanced line connections 
In most sound installations, un- 

balanced speaker lines will provide 
satisfactory performance. A typical un- 
balanced line installation for a 25 -volt 
system is shown in Fig. 7. Two -con- 
ductor unshielded cable is normally 
employed in such installations. One 
conductor is connected to the 25 -volt 
terminal on the amplifier output strip. 
The other wire goes to the common 
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FIG. 5 -PA SPEAKERS facing same way are 
phased with like terminals wired together. 
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r 
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FIG. 8- SPEAKERS FACING EACH OTHER 
have line transposed for In -phase operation. 

AMPLIFIER 

25v 
25 VCT 

COM 
GND 

SPEAKER 

FIG. 7 -A 25 -VOLT UNBALANCED line Is typi- 
cal. Balanced lines are for special cases. 

terminal, which is then connected to 
ground. 

However, in more elaborate sys- 
tems where input lines are run in 
close proximity to the speaker lines 
for extended distances, currents in the 
speaker lines may be picked up by the 
input lines. When these stray currents 
are fed back to the amplifier, hum 
and crosstalk will be introduced into 
the system, or the amplifier may oscil- 
late. 

For this reason, balanced line 
connections are recommended for in- 
stallations in which long input and 
speaker lines are run close together. A 
balanced line is obtained by under - 
grounding the common terminal, leav- 
ing the outputs floating. In a balanced 
line, any current which is developed 
in one side of the line is offset by an 
equal and opposite current in the 
other side. This greatly reduces the 

possibility of inducing stray currents in 
nearby input lines. 

In some balanced line installa- 
tions, it may also be necessary to con- 
nect the appropriate center -tap termi- 
nal to ground, and to ground the 
amplifier chassis. 

If hum or other pickup is encoun- 
tered with a balanced line as de- 
scribed above, it may be necessary to 
run a shielded two- conductor cable to 
the speakers and to ground the shield 
at the amplifier end. 

Sound column speakers 
Sound columns are designed for 

sound reinforcement in theatres, audi- 
toriums and arenas where it is neces- 
sary to cover a large area with a min- 
imum number of speakers. A sound 
column consists of six or more cone 
loudspeakers enclosed in a rectangular 
cabinet lined with acoustic material. 
Depending on the size and type of 
cone speakers employed, the output 
rating of a sound column may range 
from 25 to 200 watts. The terminal 
strip and sometimes a plate for 
mounting a line- matching transformer 
are located on the rear panel. 

The arrangement of the speakers 
in the column is such that their acous- 
tic output adds up in the forward di- 
rection, so that the effective throw of 
the sound column far exceeds that of 
the individual cone speakers. The ef- 
fective throw or maximum distance at 
which sound from the column is dis- 
tinctly audible is usually between 100 
and 200 feet. 

Because of its configuration, the 
sound column produces a highly direc- 
tional beam pattern, which permits the 
sound to be aimed over a well- defined 
area of the installation site. Since 
about 90% of the acoustic output of 
the column is confined to this pattern, 
there is virtually no random sound 
available to cause reverberation or re- 
flection. Consequently, a sound col- 
umn can be properly directed to cover 
a hall or section of a hall most effec- 
tively and to keep harmful reflections 
away from the floor and ceiling. 

In addition, the geometrical con- 
figuration of the speakers in the col- 
umn produces a sound dispersion pat- 
tern which is quite broad in the 
horizontal plane but much narrower in 
the vertical plane. In the Bogen sound 
columns, the horizontal dispersion pat- 
tern is 120 °, which is a great deal 
more than that of the individual 
speakers. However, the cumulative ef- 
fect of the in -line speakers produces a 
vertical dispersion pattern of approxi- 
mately 25° as shown in Fig. 8. 

Placing sound columns 
A typical sound column installa- 

tion is shown in Fig. 9. The sound 
(continued on page 99) 
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(SQ" ° RMN unscrambling 
DISCRETE? 

41cP 

"THE PAGES OF HISTORY ARE LITTERED 
with the dried bones of those who at the 
dawn of a new idea sat down to think it 
over ... and thinking it over, died." You 
could not find a better description con- 
cerning the present situation in 4- channel 
sound. 

On the one hand we have the con- 
sumer publications with their endless arti- 
cles on the differences between matrix sys- 
tems ... how they aren't compatible . . . 

how the consumer should sit it out until the 
"matrix war" is resolved in favor of one 
system or another. 

On the same side of the coin there are 
the originators of the various matrix sys- 
tems, each of whom can conclusively prove 
that only their system is technically and 
musically viable; yet these are the same 
people breaking their backs to increase 
separation while abandoning their original 
designs. 

Of course, we all have read -and by 
now accept the fact -of the many "bugs" 
that plague the discrete CD -4 record sys- 
tem, and we all know it will be a long time 
before the CD-4 system is suitable for use 
in this country. In fact, at the time this ar- 
ticle is being prepared I have just read an 
editorial to this effect in a leading con- 
sumer magazine ... and all the while I'm 
listening to outstanding CD-4 sound from a 
production model JVC 4DD-5 CD-4 demo- 
dulator. (My other equipment should be so 
bug -free.) The only "bug" is the sparcity of 
records to play through the system. And the 
lack of equipment to play the few available 
records. 

On the other side of the coin we have 
the hi -fi retailers who actually believe the 
articles being written every month. They 
are not going out of their way to inform 
their customers about 4- channel "until the 
industry settles on one standard system." 

Except for Lafayette Radio and some 
local firms, 4- channel sound just isn't get- 
ting the push it deserves. And while we are 
on the flip side of the coin let us not over- 
look the record producers; with very few 
exceptions their 4- channel attempts are at 
best, feeble. Even if a hi -fi salesman at- 
tempted to demonstrate 4- channel, the cus- 
tomer's reaction to most recordings would 
be: "So What! For this I should spend an 
extra hundred or so dollars ?" 

In actual fact, all existing 4- channel 
systems sound good far, far better than stan- 
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The pages of contemporary publications and newspaper 
An expert uses the best in 4- channel equipment and a 

dard 2- channel stereo; and do not miss the 
emphasis on sound good Theoretically, one 
system might be superior to another, but in 
practice they are all a new and exciting ex- 
perience in sound even when intermixed. 
For example, A QS recording played 
through an SQ decoder can be just as ex- 
citing as when played through its matching 
QS decoder, and the same goes for an SQ 
recording played through a QS decoder, or 
a "universal decoder," or even an ambient 
sound decoder -also known as a Dyna or 
synthesizer. 

The real determination of whether the 
surround -sound effect is a new experience 
in listening or just another gimmick is the 
application of the 4- channel potential. For 
example, the Enoch Light Project 3 4 -chan- 
nel recordings are outstanding, even 
through basic QS and SQ decoders with 
their limited separation. 

The performers can actually be de- 
tected in corner or center locations and the 
overall effect is a walk -through sound field 
that can be enjoyed from any location. It is 
not necessary to be positioned dead -center 
between the speakers with head locked fac- 
ing the "front" speakers. By simply arrang- 
ing the instrumentation specifically for the 
capabilities and potential of the qua- 

drasound systems Enoch Light attains a 
true three -dimensional sound field regard- 
less of the encoding or decoding equip- 
ment. This in contrast to some of the Co- 
lumbia SQ library which cannot always 
justify the added expense of 4- channel. 
(Listen for yourself.) 

By what is best described as an un- 
planned, fortunate chain of events we are 
now able to show you precisely what takes 
place with production 4- channel equip - 
ments-in contrast to the negative theories 
usually advanced. A little background so 
you will better understand what we shall il- 
lustrate. First, Enoch Light issued almost 
identical matrix recordings, the only differ- 
ence being one version was recorded SQ, 
the other QS. Second, when Radio-Elee- 
tronics obtained a JVC 4DD -5 CD -4 demo- 
dulator, one of the demonstration records 
was supplied in a plain white envelope with 
neither the record nor envelope carrying 
any identification. This turned out to be a 
JVC (not RCA) CD-4 mix -down from the 
original tapes that RCA used to make the 
stereo release of the show "Hair," and it 
was now possible to compare a CD-4 and 
stereo version of the same program mate- 
rial. Note that the sound quality of the 
JVC record in terms of distortion, clarity of 

FIG. 1 -a (far left) -MONO RECORD played In 
mono mode to produce equal -level In -phase 
signals at the right and left outputs of a 

stereo system. Vertical Ilne Indicates center - 
front mono Image. FIG. 1 -b (left)- STEREO - 
LIKE OUTPUT with pronounced center -front 
orientation is developed when mono record Is 

played back In the stereo mode. 

FIG. 2 (left above) -OS DECODER DERIVES A REAR SIGNAL from a mono recording. FIG. 3 

(above) -SAME MONO SIGNAL through SO decoder produces right and left rear outputs. 
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4- channel stereo 
ads are filled with the pros and cons of 4- channel sound. 
vectorscope to demonstrate how the systems compare. 

sound and use of the 4- channel potential, 
so far outclassed the commercial releases 
supplied as demonstration CD-4 recordings 
that one could understand why CD -4 has 
not been as impressive as it should be -the 
recordings are plain rotten. (The best thing 
that could happen is for JVC to release 
their "private" recording of "Hair," destroy 
the presently available RCA releases and 
take it from there.) 

Finally, JVC was willing to allow us to 
use their private CD -4 test records, which 
we added to the existing collection of 4- 
channel test records from CBS and United 
Recording Company. Between the JVC and 
standard Bruël & Kjaer frequency -run 
records we were able to check any phono 
pickup up to 50,000 Hz, as well as check 
matrix operation. 

Since the important thing about any 4- 
channel system, or its performance, is only 
how it will sound in the typical home we 
chose as the reference equipment some of 
the best presently available. For SQ we 
used the Lafayette LR -4000 receiver which 
features an SQ decoder, a full logic (with 
wave -matching) SQ decoder and a derived 
ambient decoder. For both the QS and dis- 
creet 4- channel a JVC 4VN -770 amplifier 
was used. 

by HERB FRIEDMAN 

For matrix tests all results are those 
which can be duplicated by using Shure 
V15 II and Empire 1000Z /E pickups. The 
CD -4 pickup was the JVC 4MD -20X with 
Shibata stylus. To avoid mistracking that 
could possibly mask CD -4 performance, a 

Garrard Zero 100 turntable was used. 

Interpreting the Illustrations 
Both the 2- channel and 4- channel 

sound fields consist of virtual and imagi- 
nary sound images. A signal fed to the left 
and right speakers (or left back and right 
back) creates a virtual sound image in the 
corners, for that is where the sound appears 
from the speaker. In the scope photo- 
graphs, this virtual sound image is repre- 
sented by the diagonal lines, which also in- 
dicate the relative sound power fed to the 
corner speakers. 

A mono sound image, however, must 
be created from the corner signals. If the 
signals to the two front speakers are identi- 
cal in level and phase the sound will appear 
to the listener to be coming from a center 
position between the two speakers: hence, 
the center or derived mono signal is an 
imaginary sound image as it really doesn't 
exist -it is created by phase and balance 
relationships between the corner signals. 

In a similar manner, if the left front 
and left back signals are equal and in 
phase the listener will perceive an imagi- 
nary mono sound image between the two 
speakers. In the oscilloscope illustrations 
the imaginary mono sound image is shown 
as a vertical line pointing towards the cen- 
ter front, center back or center sides. In 
short, the scope traces indicate what the lis- 
tener perceives, not the electrical power dis- 
tribution. 

The scope equipment shows only the 
in -phase information that tends to form an 
imaginary image. For example, if the left 
and right channels are fed equal levels that 
are out of phase the scope indicates the 
power fed to the corner speakers, and the 
pattern will be a "V" indicating an out of 
phase condition: one that cannot create a 

mono image. 
The scope illustrations represent the 

sound field as it would appear to someone 
looking into the listening room from the 
floor above: upper left is LF (left front), 
upper right is RF, lower left is LB (left 
back), lower right is RB. Center positions 
are center positions, such as CF (center 
front) and CB. 

In each series of illustrations the am- 
plifiers have been balanced for optimum 

FIGS. 4, 5, 6, 7, 8 and 9 (top left to right and lower left to right, rsspsctivety) -SOUND FIELDS FROM 

SAME PASSAGE with OS and SO encoding played through various decoders. 
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FIG.10- STARPATTERN produced when SO- 
encoded signals are applied to SO decoder. 

FIG. 11 (top right) -RIGHT REAR SI3NAL 
is pronounced when SO- encoded signal is 
fed to a particular full -logic SO decoder. 

FIG. 12 (righltt) -OS- ENCODED signal fed 
through an SO decoder produces ex:reme 
right orientation with predominant in -phase 
signal from right -back to center-front. 

matched condition as determined by a cali- 
bration recording: the gains and /or balance 
was not disturbed during the series of 
checks and tests so that the scope illustrated 
what would be actually heard by the lis- 
tener. If switching in a matrix decoder 
caused a balance shift, well that's the way 
it is for the listener and that's the way it's 
shown. 

The matrix systems 
All the viable matrix systems depend 

on a precise match of phase and amplitude 

FIG. 13 -SO- ENCODED MATERIAL through 
an amblent -sound decoder. Program mate- 
rial is the same as for Figs. 4 through 9. Noe 
similarity to QS pattern below. 

FIG. 14- OS- ENCODED single frequency 
through amblent (Dyna) decoder. Note the 
pattern is almost Identical to that from SO 
encoding In Fig. 13. 
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relationships. During the recording process 
the front and rear signals are level- and 
phase -oriented so that inverse orientation 
during playback will extract the individual 
comer signals. Naturally, because of band- 
width limitations there is only so much - 
and not much to begin with- separation 
possible, and each individual comer signal 
will appear as side signals in at least two of 
the other corners. Depending on the par- 
ticular matrix system the undesired side sig- 
nals can range from -3 dB to infinite at- 
tenuation. 

If the decoding equipment was precise, 
the playback could be an accurate repro- 
duction of what the record's producer in- 
tended. Unfortunately, it is virtually impos- 
sible to hold phase and amplitude 
relationships to a precise value(s) in con- 
sumer equipment. Resistor tolerances of 
10% (standard) can produce almost 20° 
phase variation, while an ordinary gain 
shift of 3 dB- unheard in stereo listening - 
can shift the sound orientation from a ma- 
trix playback. 

To correct many deficiencies in the 
matrix systems CBS developed the full -logic 
decoder for their SQ matrix. Basically, the 
full -logic decoder senses whether the pre- 
dominant program information is CF (cen- 
ter front) or CR (center rear) and varies the 
gain to favor the predominant information. 
In a similar manner the wave -matching 
senses the corner information and varies 
the gain to enhance the discrete effect. At 
the time this article is being prepared the 
full logic decoder and lesser variations of it 
are the only means for enhancing the ma- 
trix sound field available to the consumer. 
It is rumored that CBS has an even more 
effective system for their SQ enhancement, 
while Sansui claims they have also come up 
with an enhancement for their QS system 
(Radio -Electronics, March 1973). To keep 
the record straight, we have heard these ru- 
mors for almost a year, but there is still no 
equipment. Fact is, the full-logic SQ deco- 
der is the fifth generation of what was sup- 
posed to be a "perfect" matrix system the 
first time around. 

But let us get back to the heart of the 
problem, what the user obtains when he 
puts down his hard earned dollars for 4- 
channel sound. His problems start when he 
places the matrix record on the turntable, 
as illustrated in Fig. 1. The left illustration 

LF 
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CF 

I j RB AND LB 
\ --- i_\\ _ 

s 

CF 

FIG. 15-a (lop left)- DERIVED AMBIENT SOUND FIELD with decoder driven one channel at a 

time. FGG. 15 -b (left above) -DIAGRAM of the derived pattern. FIGS. 16 -a and -b (right top and 
bottom) -FIELD PATTERN AND DIAGRAM from OS encoding through amblent -sound de- 
coder. 
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(Fig. 1 -a) is made from a mono recording 
played with a stereo pickup with the ampli- 
fier set to electrical mono -both channels 
shorted together. The scope display is verti- 
cal, indicating mono, and this is what it 
should be even if the amplifier short was 
eliminated. But what really takes place is 
shown on the right side (Fig. 1 -b with gain 
increased 2X for clarity). Because of phase 
mismatch within the pickup the one -second 
of mono program material is actually re- 
produced with a decided left -right orienta- 
tion having a pronounced center or mono 
orientation. Now that we have a "stereo" 
image from a mono sound source some 
strange things happen. If we feed the 
mono -played -stereo through an QS deco- 
der, in addition to the front output we get 
a predominantly in -phase rear output as 
shown in Fig. 2. If we play the signal 
through a logic SQ decoder (Fig. 3) the 
rear output is out of phase. Why? Who 
knows, it shouldn't be, but it does still 
sound good 

Now that we understand that from 
pickup through decoder we do not have the 
most precise conditions, let us look at the 
final results from matrix records. Each illus- 
tration represents one second of identical 
program information, only the decoder or 
matrix recording system is changed. In Figs. 
4, 5 and 6 the program comes from an SQ 
record and is played through SQ, full-logic 
SQ and QS decoders. Note that the SQ 
decoder output is oriented predominantly 
LF and CL (center left), just as perceived 
by the listener. Through the full-logic deco- 
der the output level is directed towards the 
CR and RR. Through the QS decoder the 
sound is predominately CF /RF /CL. Theo- 
retically it shouldn't happen, and doesn't 
happen when single -frequency test tones 
are used; but with program material it did 
take place. Sound bad? No! It sounds good. 
After all, maybe the logic decoder output is 
the correct one; perhaps the straight SQ 
decoder output is incorrect. The listener 
doesn't know which is correct so both 
sound good. It is even possible that neither 
sound distribution represents what the pro- 
ducer had in mind, but so what, it does 
sound good, and it does sound three -di- 
mensional. As another example take a look 
at what happens when you feed SQ 
through a QS decoder (Fig. 6). 

Are you still fussy about the SQ sound 
field not being a precise representation of 
the producer's thoughts. Okay, look at Figs. 
7, 8 and 9. The exact same program mate- 
rial encoded QS, and decoded by QS, SQ 
and logic SQ decoders. In Fig. 7 we see 
that QS from QS has produced what is es- 
sentially an equalized sound field from all 
corners. The SQ decoder in Fig. 8 has pro- 
duced a minor shift in the sound field to 
the RB, while the logic SQ decoder in Fig. 
9 has produced a decided shift RR and 
CR. Now we have six possible sound fields, 
all of which sound good to the listener. 

Which one is correct? Even the mixing 
engineer who controlled the sound field 
might not have any idea. The only thing 
that is important is that whether the sys- 
tems are matched or intermixed there is a 
decided enhancement of the sound field, 
with the full -logic SQ providing the most 
enhancement in front -to -rear separation. 
While any condition might make a 
shambles of a symphony recording, if the 
capability inherent in each system is used 

by the record producer for "pop" and light 
programs the overall sound field must come 
out pleasing to most listeners. This is easily 
checked for yourself by comparing the 
Enoch Light arrangements on Project 3 

records with the attempts by other record 
companies. The finalized sound from 
Project 3 records might not be exactly what 
the producer had in mind, but it is to a 
major extent, spectacular. 

Just for your amusement, now that you 
have observed the effect of different deco- 
ders on program material, observe what 
takes place when we used a steady -state 
tone. Figures 10, 11 and 12 represent the 
sound fields from SQ and QS encoding all 
channels driven, through SQ decoders. The 
SQ from SQ shown in Fig. 10 is what we 
should get. In Fig. 11 the logic has locked 
onto the RR signal, probably caused by the 
production tolerances described previously. 
Figure 12 is the result of QS encoding and 
SQ decoding. Note the RF orientation 
which compares with the RF program ori- 
entation in Fig. 6. 

No illustrations are shown for equal 
level in all four channels through QS deco- 
ders because I have yet to find two QS 
decoders that will produce similar results, 
or any results that can be meaningful Al- 
though the actual sound quality from pro- 
gram material is good, simultaneous four- 

FIG. 17- FULL -LOGIC SO DECODING Is 
closest to full discrete. Note the "star ". 

channel test -tone drive produces a 
scrambled scope trace from which little reli- 
able information can be extracted. Again, 
the problem might simply be one of manu- 
facturing tolerances. I do not doubt there is 
a QS decoder that will illustrate four -chan- 
nel drive, I just haven't run across one yet. 

It has been claimed that the Dyna or 
derived ambient decoder closely matches 
QS encoding. This decoding system, which 
originated with David Haffier when he was 
head of Dyna, is based on the principle 
that sound reflections from the recording 
location get mixed into the stereo (front) 
signal, and these signals being out of phase 
with the primary direct signal can be easily 
extracted as a differential signal from the 
stereo output. Of course, at any given in- 
stant the reflections might be in phase with 
the program material, just as the direct 
stereo signal might be out of phase. In a 
listening test you can hear in the rear 
speakers what appears to be the ambient 
sound of the recording location as well as 
direct stereo information. In particular, a 
recording made at a live concert in Car- 
negie Hall does recreate in the rear speak- 
ers the noise of the audience -shouts and 
claps -which cannot be discerned in a 
straight stereo playback. 

But as for "matching" the QS matrix, 
that is another story. Figures 13 and 14 
show the 4- channel output of SQ and QS 
recordings. (The program material is exactly 
the same as in Figs. 4 through 9. Both the 
SQ and QS produce essentially similar 4- 
channel sound fields; the difference in size 
being the level from the disc as the ampli- 
fier and scope controls were not changed. 
Note that in both instances the rear chan- 
nels are totally out of phase, and the sound 
field in no way resembles that of Figs. 4 
through 9. Obviously, the differential deco- 
der does not match either SQ or QS. 

Figure 15 -a shows the derived ambient 
(Dyna) 4- channel sound field with the 
decoder driven equal level all four chan- 
nels, but one channel at a time to avoid 
obscuring the pattern with hash. The en- 

FIG. 18 -LOOKS GOOD ON SCOPE but this 
pattern shows Incorrect CD-4 channel bal- 
ance. 

FIG. 19 (top right) -LEFT -BACK signal Is re- 
sult of Incorrect CD-4 demodulator channel 
balance. With proper channel balance, only 
left -front pattern Is seen or heard. 

FIG. 20 (right)- SCRAMBLED SCOPE DIS- 
PLAY results when CD-4 channels are set 
correctly. This Is the reason that CD-4 chan- 
nel adjustments should be made "by ear" 
rather than through the use of Instruments. 
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coding is SQ. The small diagram, Fig. 15 -b, 
shows what each pattern represents. The 
same idea is shown in Fig. 16 for QS en- 
coding: by stretching the imagination this 
might be interpreted as "matching" or "ap- 
proaching" QS decoding, providing one ig- 
nores the interchange of RB and LB, and 
the appearance of these signals out at the 
sides. 

Finally, for those who wonder what 
takes place when full SQ logic is applied to 
individual signals we present Fig. 17, the 
SQ "star" with corners and CF and CR 
single - frequency test tone. Note the almost 
complete absence of spill over. Presently, 
the full -logic SQ decoder is the matrix that 
comes closest to discrete 4- channel. 

It should be obvious that even when 
matrix decoders are matched to encoders 
the sound field is not what is claimed by 
the proponents of each system, at least in 
production equipment. And intermixing the 
encoder /decoder is not the horror claimed 
by some. Sure the sound field and specific 
performer orientation is changed with ma- 
trix intermix, but it can also be changed 
when the matrices are matched. Is this bad? 
Is it important for the orientation to be cor- 
rect? In most instances the answer is no. 
The listener does not know the intended 
sound field orientation, what the producer 
intended, hence, what the listener hears will 
be a pleasurable, dramatic effect. If the 
record's producer has used the full capabili- 
ties of matrix 4- channel his final product is 
so spectacular compared to standard stereo 
that variations in performer orientation can 
only slightly diminish or enhance what the 
producer intended, it cannot destroy the 
three -dimensional illusion. 

In fact, modern records are the results 
of mix -down, where 8, 16 or more tracks 
are blended together for a total effect as 
desired by the producer; it is not natural 
sound to start with, so why should varia- 
tions introduced by matrixing make it 
worse (see Radio -Electronics, October 1972, 
"How 4- Channel Records Are Made "). In 
short, the limitations of the matrix systems 
are not those of the system or systems but 
of the record production itself -the artistry 
involved in blending the multiple program 
tracks into a single sound source. This idea 
is not something to be taken at face value. 
Try it for yourself. Ask your hi -fi dealer to 
demonstrate matrix 4- channel with a 
Project 3 record, and with an open mind, 
with no preconceived ideas, simply ask 
yourself: "Is this good ?" Most will find it is 

good. 

Compatible, discrete - 
4 channel, CD -4 

In the context of least side -channel sig- 
nal spill and faithful reproduction of the 
original sound field the ideal 4- channel sys- 
tem for records is the discrete CD -4. 

In very basic terms CD-4 works this 
way: The LF and LB signals are summed 
(added together) into a left signal which is 
recorded in the left groove. The RF and 
RB signals are similarly summed and re- 
corded in the right groove. The result is a 
basic stereo recording. But along with each 

FIGS. 21, 22, 23, 24 (top left to right and bot- 
tom lett to right, respectively)- INDIVIDUAL 
QUADRANT CD-4 INPUT SIGNALS show no 
side -signal spill. Even with 2X gain on center 
signals, the output is full discrete. 
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summed signal there is recorded a 30,000 
Hz high -frequency carrier that is frequency 
and phase modulated with the difference 
frequencies, LF -LB and RF -RB. In short, 
each groove closely resembles a stereo FM 
broadcast in which the main channel car- 
ries the sum or mono program while the 
subcarrier carries the difference information 
used for converting the signal into stereo. 

When a CD -4 record is played with a 
standard stereo pickup the output is stan- 
dard stereo -at least according to its propo- 
nents. Only when the entire signal, in- 
cluding the high- frequency carriers, is 
processed through a special demodulator is 
the stereo signal converted to four indepen- 
dent signal outputs. 

Since the high- frequency carriers are 
modulated + 15/ -10 kHz the total CD -4 
record bandwidth is 30 Hz to 45 kHz, a 
formidable bandwidth for any pickup to 
handle. As you can imagine the foremost 
"bug" in the system was a pickup that 
could do the job. Another "bug" was 
record life. The minute high- frequency 
groove undulations are extremely sensitive 
to wear, and eventually required a special 
stylus called a Shibata stylus. This stylus, 
combined with high compliance, resulted in 
a pickup capable of tracing the undulations 
without causing unusually excessive wear. 
(As of this writing I have cycled a single 
inner diameter cut 57 times with no notice- 
able loss in signal quality.) 

The CD -4 had many other bugs, most 
of which were in the recording process and 
outside the scope of this article. Suffice it to 
say that based on the sound quality of a 
CD -4 record now playing in the back- 
ground these recording bugs have been 
overcome. 

The JVC CD -4 system consists of a 
model 4MD -20X pickup and a model 
4DD -5 demodulator. A pair of special low - 
capacitance pickup connecting leads are 
provided which must replace the existing 
turntable leads. Most all quality turntables - 
and I say most because there must be one 
somewhere that's an exception to the rule - 
have plug -in connecting cables. You might 
have to open the base to get at the plugs 

and sockets, but the cables do plug into 
phono jacks. Empire turntables have their 
own special plug -in cable and there is an 
optional adapter available from JVC. An 
alignment record is also provided. 

The demodulator has input jacks for 
the pickup and four line -level output jacks. 
There is also a pair of direct- output jacks 
which provides a direct connection from 
the pickup. The front panel contains the 
power switch, a 4- channel indicator called a 
RADAR and a selector knob with two posi- 
tions labled 4CH AUTO and 2CH. When 
the selector is in the 4CH AUTO position 
the demodulator automatically senses the 
30-kHz carrier and provides 4- channel de- 
coding; the RADAR light is simultaneously 
turned on to indicate 4- channel output. 
When a stereo or matrix stereo record is 
played there is no 30 -kHz carrier to turn 
the demodulator on and the output at the 
rear connections is standard stereo. 

If the selector switch is set to the 2CH 
position the output is always stereo, even if 
a CD -4 record is being played. The 2CH 
selector position is controlled by an ON- 
OFF switch adjacent to the direct output 
jacks. When the ON -OFF switch is set to 
the ON position and the front panel switch 
is set to 2CH, the pickup's output appears 
only at the direct- output jacks and can be 
connected to an amplifier's normal mag- 
netic phono input. 

Only three user adjustments are pro- 
vided: Two on the rear apron labeled L and R 
and one on the underside labeled 30KHZ 
LEVEL. The L and R controls determine the 
front -rear separation, the 30KHZ LEVEL con- 
trol sets the carrier level into a PLL (phase - 
locked loop) demodulator and determines the 
distortion, among other characteristics. 

Total user alignment takes about two 
minutes after the unit is connected and in- 
stalled, and as far as I can determine the 
alignment holds, without drift or need for 
realignment. 

The alignment procedure is rather 
easy. The supplied alignment record has 
four bands: 1. A warble tone for left chan- 
nels adjustment; 2. A warble tone for right 
channels adjustment; 3. Channel identi- 
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fication (voice) and balancing signal; 4. 
400 -Hz single tone for carrier -level adjust- 
ment. Each band feeds through to the next. 

To align the demodulator the user 
turns down the front -channels' volume con- 
trols on the main amplifier or receiver and 
starts the record. When the left -channels' 
adjustment tone is heard he adjusts the 
demodulator's L control for minimum rear 
signal. Similarly, when the right- channels 
tone is heard he adjusts the R control for 
minimum rear signal. Turning up the am- 
plifier's front volume control allows hearing 
of the channel identification and balancing 
signals, which seem a little too fast for me. 
Finally, when the 400 -Hz carrier level tone 
is heard the detented 30KHZ LEVEL adjustment 
is set for minimum distortion; and there's 
really no problem setting for minimum dis- 
tortion because it snaps rather than fades in 
and out. One instant there is considerable 
distortion, the next instant there's little dis- 
tortion. 

I absolutely suggest the adjustments be 
made "by ear" as specified by JVC, an in- 
strument adjustment can go completely 
awry as scope indications for CD-4 are the 
reverse of what one would expect. For ex- 
ample, the "clean" L scope pattern shown 
in Fig. 18 is incorrect and produces the LB 
side signal output shown in Fig. 19. The 
"hash" scope pattern shown in Fig. 20 is 
the correct L adjustment. The best advice is 
to follow JVC's instructions as they corre- 
late identically with the results taken from 
a lab- standard test record. 

The test -record scope patterns are 
shown in Figs. 21 through 24. Even with 
2X gain applied to the CF and CB test sig- 
nals there is virtually no evidence of side - 
signal spill into adjacent channels; the sys- 
tem is truly discrete. 

Figures 25 and 26 show program mate- 
rial sound distribution for proper and im- 
proper alignment. Figure 25 is proper align- 
ment, the sound field is predominately 
LF /RB with considerable in phase LF -CF 
information. Figure 26, which looks like 
what many consider a "proper" matrix dis- 
play (heaven forbid) indicates almost a 
mono front and imaged mono rear, cause 
by improper L and R channels adjustment. 

Overall CD -4 performance 
For proper operation the JVC CD -4 

system must be installed and used exactly 
as specified. The pickup must work into a 
100,000- ohm - 100 -pF load for optimum 
high -frequency performance. You cannot 
use extension cables from the pickup other 
than those available as an option, nor can 
you use any run -of- the -mill booster ampli- 
fier. The pickup's frequency response when 
operating into its recommended load is 
shown in the frequency plot, an actual 
measurement, not figures supplied by the 
manufacturer. When the pickup is con- 
nected to a standard magnetic phono input 
the performance rolls off 2 dB at 15 kHz, 
as shown (again measured). As a side note, 
the pickup's performance on standard 
stereo records is excellent, comparing favor- 
ably with the finest stereo pickups, though 
it's necessary stylus force of 1.5 to 2 grams 
is somewhat higher than normally used by 
top -of- the -line stereo pickups. The higher 
tracking force is required for CD -4 records. 

Had I heard this system with the com- 
mercial record releases usually supplied for 
demonstration I would have been some- 

FIG. 25 (Ieet- PREDDMINANT LF TO CF ORIENTATION shows correct CD-4 demodu ator adjust- 
ment. FIG. 26 (right)-SAME PROGRAM MATERIAL through Improperly adjusted demodulator. 

FIG. 21 (left) -PROGRAM INFORMATION from stereo version of "Hair" shows pronounced lett 
orientation. FIG. 23 (right) -SAME PASSAGE from CD-4 encoded "Hair" Is almost mono 

FIG. 29 (Lett)- PREDOMINANTLY MONC SEGMENT ,'rom stereo "Hair" comes out even 
more mono from CD-4 version played In stereo as shown In Flg. 30 (right above). 

what impressed but not necessarily en- 
thused; some of the classical CD-4 releases 
sound as if they were made 20 years ago 
when we argued whether we should use 
one mike 10 feet above the conductor's 
head or 20 feet above his head and 10 feet 
back (that sort of nonsense filled endless 
articles). 

Fortunately, as I mentioned way back 
at the beginning of this discourse on 4- 
channel, there was this "white box" unla- 
beled record which turned out to be JVC's 
private version of the musical show "Hair." 
Wow, what a recording! Sound so clean it 
cut like a knife. Total utilization of the 
available surround -sound possibilities; when 
"Age of Aquarius" came on it was like the 
whole sky opened up with sound. A most 
spectacular and exciting musical adventure. 
Almost beyond description. 

But as with all things, there are always 
clinkers. Supposedly, the CD -4 records are 
available with 25 minutes recording time, 
yet the "Hair" recording had at least two 
numbers missing, though it is possible they 
were missing because the record was made 

from a master supplied for Q8 4- channe 
cartridges; the selections might not have 
been on the cartridge program. No one 
seems to know. 

The second clinker appears to he the 
"stereo compatibility." If you refer back to 
Fig. 25 you will note the decided LF sound 
orientation. Figure 27 is the exact same 
program information from the RCA stereo 
version of "Hair," again, note the decided 
LF orientation. But Fig. 28 shows the same 
program material from the CD-4 version 
played back in stereo -the sound orienta- 
tion is primarily CF, it is not the equal of 
the stereo version. 

Now it is quite possible that JVC 
mixed down the tracks for optimum sur- 
round -sound effects, and there is no ques- 
tion they succeeded in turning out a super- 
lative recording, but does utilization of the 
totall. 4- channel capacity preclude optimum 
of even good stereo reproduction? 
Presently, there is no way to tackle this 
question because there is virtually nothing 
to work with, only in the "Hair" recordings 

(continued on page 82) 
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by JONATHAN L. TURINO 

LAST MONTH, IN TILE FIRST ARTICLE 
of this troubleshooting series, we 
talked about the first steps in fixing 
anything. The hardware (test equip- 
ment) was discussed, the software was 
defined, and the admonition to "check 
the simple things first" was presented. 

We have checked all of the usual 
"simple" things (including the power 
supply) and find that we still have a 
non -operating piece of equipment fac- 
ing us. How do we troubleshoot it? 

There are as many trouble- 
shooting techniques as there are 
people who troubleshoot. The only 

INPUT 
DEVICE 

STAGE 1 

SPEED TROUBLESHOOTING 

Every service technician uses some 
that ranges from a scatter -brained 
system of signal tracing or inject- 

one that should he avoided at all costs 
is the "shotgun" technique. It is time 
consuming and component consuming, 
and will not be discussed any further. 

Of the reasonably efficient meth- 
ods of troubleshooting, the one in 
most widespread use is probably 
stage -by -stage signal tracing (or signal 
injecting). You start at one end of the 
equipment and check each stage, in 
order, to isolate the defective "block" 
of the equipment. This method is logi- 
cal and effective, but it can be im- 
proved upon. The improvement leads 
to what we described as the best trou- 
bleshooting method in existence -"cut 
it in half." 

STAGE 2 STAGE 3 

STAGE 4 STAGE 5 

FIG. 1 (above)- SIMPLE BLOCK DIAGRAM 
that can be applied when servicing any type 
of electronic device ranging from audio, video 
and rf amplifiers to receivers, computers and 
various types of test Instruments. 

FIG. 2 (below)- EFFICIENCY of cut -It -In -half 
troubleshooting Is illustrated by comparing Its 
curve with that of step -by -step method. 

FIG. 3- (right)- TYPICAL AM -FM STEREO RE- 
CEIVER is Illustrated in this block diagram. 
Cut -It -in -half troubleshooting leads you to the 
seat of the trouble In record lime. 

- STEP BY STEP (FRONT TO 
15 - BACK OR BACK TO FRONT)/ 

TROUBLESHOOTING / 
13 - / 
11 

9 

- 

7 - / / CUT IT IN HALF 
5 - / TROUBLESHOOTING 

3 

1 , , 
1 3 5 7 9 11 13 15 

NUMBER OF STAGES 
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STAGE 6 

AM 
TUNER 

ó6o 

FM 
TUNER 

PHONO 
PREAMP 

OUTPUT 
DEVICE 

Look at the sample block dia- 
gram in Fig. 1. If we use the usual 
troubleshooting method, and our first 
two steps are the verification of the in- 
put and output devices, it can take a 

total of seven steps to isolate the non- 
functioning stage, whether we check 
from input to output or output to in- 
put, assuming that the last stage we 
check is the defective one. If, how- 
ever, we apply cut -it -in -half trouble- 
shooting, the maximum number of 
steps we need (including the veri- 
fication of input and output) is five. 
Here is how the cut -it -in -half method 
works: 

We have a known good input to 
Stage 1 (Fig. I) and no output from 
Stage 6. The next measurement should 
be made in the middle, between stages 
3 and 4. This immediately eliminates 
half of the stages. Suppose we find a 
normal signal at that point. Next, 
measure half way between Stage 4 
and Stage 6. In this example we 
would measure at the input or output 
of Stage 5 (since the middle of three 

AMPLIFIER 

POWER 
SUPPLY 

(FUNCTION SWITCH) 

AMPLIFIER 

TAPE 
PREAMP 

TAPE 
MONITOR 

AMPL 
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With A Logical Approach 
form of troubleshooting procedure 
hit -or -miss scheme to a methodical 
ion. Won't you try the ultimate method? 

stages is a little difficult to find). Re- 
gardless of the outcome of this mea- 
surement there remains only one mea- 
surement to completely pinpoint the 
defective stage. The cut -it -in -half trou- 
bleshooting method eliminated two 
steps in this simple example. Just to 
prove that is is the most efficient way 
to troubleshoot, look at the graphs in 
Fig. 2. The number of measurements 
is plotted against the number of stages 
in a device. The outcome is obvious - 
the more complex the piece of equip- 
ment to be repaired, the more effi- 
cient cut -it -in -half troubleshooting is. 

Now that this point has been 
made (and even a little belabored!) 
let's apply the cut -it -in -half technique 
to the repair of an AM -FM stereo re- 
ceiver. Using just a block diagram (see 
Fig. 3), a set of symptoms, and the 
front panel indications (sound from 
the speakers in this case), we can do a 
lot of fault isolation without even re- 
moving the back of the instrument. 

Let's start with the obvious one - 
completely dead on all functions. 
Where do we check first? The power 
supply, of course. How about no 
sound from the left channel on all 

MIC 

(a) (b) 

FIG. 4 -DIA- 
GRAM used 
with the trouble 
shooting quiz 
below. 

MIC 
PREAMP 

functions? The left amplifier is the ob- 
vious answer, but before jumping to 
that conclusion, it would be better to 
see if both channels use a common 
power supply or whether there is a 
separate one for each channel (and 
maybe a third section for the low 
level stages!) There are a host of other 
possible symptoms and faulty sections 
in the receiver shown in Fig. 3, but 
with the block diagram, your eyes and 
ears, and a logical approach you can 
isolate down to a section without even 
taking an electrical measurement. The 
three examples that follow should 
serve to illustrate the kind of ap- 
proach we are talking about. 

Example 1 -The left channel is 
dead on all functions. Check the 
speaker connections. Check the power 
supply (as was discussed previously). 
If both are all right, the problem is in 
the left amplifier. 

Example 2 -The FM tuner is 
dead on both channels. A little obvi- 
ous, maybe, but check the antenna, 
the selector switch and the power sup- 
ply before digging into the tuner 
(which is the most likely trouble.) 

Example 3- Everything works 

RECORD 
PREAMP 

(c) 

AUX IN> 

Id) 

RECORD 
AMPLIFIER- 

(e) 

PLAY- PLAYBACK 
RECORD PREAMP 

HEAD 

The block diagram above shows one 
half of a stereo tape recorder (both 
channels the same). The recorder plays 
pre- recorded tapes properly, but one 
channel sounds very garbled when 
recording. 

After switching microphones to elim- 
inate the obvious possibility, applying 
cut -it -in -half troubleshooting, you would 
first inject a signal at point _ _._ . The 
symptom with a signal injected at the 
above point is the same as the original 
symptom. Your first measurement (using 

PLAYBACK 
AMP SPEAKER 

a scope or signal tracer) should be at 
point 

Assume that this measurement 
shows a defective signal. Your next step 
would be to 

(1) Replace the tape head. 
(2) Use cut -it -in -half troubleshooting 

in the mic preamp. 
(3) Use cut -it -in -half troubleshooting 

in the record amp. 
(4) Troubleshoot playback preamp. 
(5) Check the recorder power sup- 

ply fuse. 

except that one channel will not 
record on the tape recorder unless mi- 
crophones are used. Check the cabling 
between the receiver and the tape 
deck. If that is all right, the problem 
is probably in the tape monitor ampli- 
fier. (If it was the recorder it probably 
would not work with the micro- 
phones.) 

You can see now why a block 
diagram approach has been stressed as 
the only way to avoid being buried in 
complex circuitry before you isolate 
the defective stage in a piece of 
equipment. Checking the simple things 
first, taking everything into account, 
proceeding logically, and being ready 
to abandon a wrong guess is a sure- 
fire troubleshooting approach. When 
the defective section has been deter- 
mined, go to cut -it -in -half trouble- 
shooting to find the defective stage in 
the shortest possible time. 

There are some things that make 
troubleshooting something like a 
stereo receiver a little easier. If the 
symptom is common to one channel, 
you can interchange connectors (and 
even components, in some cases) when 
you think you have found a bad one, 
to quickly determine what things are 
and are not at fault. When you get 
down to the circuitry part of the trou- 
bleshooting you can compare the 
readings in the non -operating channel 
with the readings in the operating 
channel to verify your diagnosis. (This 
is particularly helpful when the 
schematic does not give voltage read- 
ings for normal operation.) 

By now you should be well on 
your way to being an expert logical 
troubleshooter (no "shotgunning "). To 
test your knowledge there is a quiz for 
the block diagram shown in Fig. 4. 
Just mark your answers in the blanks 
and mark the number that identifies 
the step you would perform next in 
the blank for "your next step." 

The answers to the quiz, some 
troubleshooting of a digital counter 
and an electronic organ, and an ex- 
planation of how the logical trouble- 
shooting method applies to circuitry 
(tube and transistor) will appear next 
month. R -E 
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the 
state 

of 
SOLID STATE 

Optoelectronic technology is growing and new devices are announced 

almost daily. Many of these spearhead this month's column 

WILL OPTOLECTRONICS EVER BECOME 
a household word? Perhaps not in the near 
future, but solid -state optoelectronic devices 
are being used in ever- larger numbers in 
test instruments, calculators, consumer 
products, automotive applications, medical 
equipment and communications gear, as 
well as in computers, aircraft and military 
equipment. Long life, relatively low cost, 
low power requirements, and amazing ver- 
satility are among the many factors contrib- 
uting to the increasing popularity of these 
interesting devices. 

The solid -state optoelectronic family 
includes light- emitting diodes (LED's), in- 
jection -diode lasers, photosensors (such as 
photodiodes, phototransistors, and IC de- 
vices comprising photodetectors and in- 
tegral amplifiers), numeric and alphanu- 
meric displays, and photo-couplers. 

Long life? You'd better believe it! Al- 
though not enough time has passed since 
these devices were first developed to accu- 
mulate factual life data, accelerated tests by 
major semiconductor manufacturers in- 
dicate that a LED used within its ratings 
should have a useful operating life of 
300,000 hours, or more, to its half- bright- 
ness point. Playing it safe, some manufac- 
turers claim a life of only 100,000 hours. 

If we accept the lower figure, a LED 
used in a piece of equipment operated 8 

hours a day, 5 days a week, 50 weeks a 
year, would provide 50 years of operation 
before a replacement would be needed, 
while, with the higher figure, one would 
have a 150 year life expectancy. Even if the 
equipment were operated 24 hours a day 
continuously, 365 days each year, the life 
expectancy would still be over 34 years! 

Low cost? Cost, of course, is a relative 
term -what is considered expensive in one 
application may be dirt cheap in another. 
But optoelectronic device prices have 
dropped considerably since they were first 
introduced. Within the last few months, for 
example, Hewlett Packard (1501 Page Mill 
Road, Palo Alto, Calif. 94304) introduced 
two new LED's; types 5082 -4850 and 5082- 
4484. They are available for only 17 cents 
each in production quantities (100,000 up). 
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Intended for high -volume applications 
in appliances, automobile instrument panels 
and similar commercial equipment, the two 
new HP devices require only 20 mA at 1.6 
volts for operation and furnish visible red 
light. 

Low power? Absolutely! Actual power 
requirements vary with individual devices 
and applications, naturally, but average val- 
ues may range from microwatts for pho- 
todetectors with integral IC amplifiers to 
the upper milliwatt levels for LED's, nu- 
meric displays, and photo -couplers. HP's 
5082 -7400 family of numeric indicators, 
typically, can provide excellent readability 
at power levels of only 7 mW per digit. 

Versatility? Unfortunately, space limita- 
tions prohibit a detailed listing of all pos- 
sible optoelectronic equipment applications, 
but LED's, alone, may be used as pilot 
lamps, polarity and logic -level indicators, 
on -board circuit monitors, warning signals; 
and, with turn-on and turn -off times in the 
nanosecond region, as modulated -light 
communication transmitters. 

At a recent optoelectronic seminar, one 
firm's engineers described an experimental 
light communications system using a 5- 
MHz modulated carrier. Conventional 
LED's (not lasers) were used in the trans- 
mitters, and standard photodiodes and 
high -gain IC amplifiers in the receivers, 
with six-inch diameter lenses for light fo- 
cusing and beam concentration. According 
to the report, excellent results were ob- 
tained at ranges of up to two miles in full 
daylight and even during rainy periods. 

Several exciting new optoelectronic de- 
vices have been introduced by major semi- 
conductor manufacturers within recent 
weeks, including two visible red light 
LED's, an unusual pnpn switch /LED, 
green LED's and readouts, a pair of me- 
dium voltage LED's, a family of intriguing 
dual LED's, and an inexpensive two -digit 
numeric display. 

Designated types RL -4403 and RL- 
4440, the new full-flood red LED's, Fig. 1, 

are offered by Litronix, Inc. (19000 Home- 
stead Road, Cupertino, Calif. 95014). In- 
tended for control panel and instrument 

FIG. 1 -FULL FLOOD LED LAMPS available 
from Litronlx, Inc. 

applications, both devices use gallium -arse- 
nide - phosphide diodes assembled in spe- 
cially designed red -diffusive molded plastic 
packages and require 20 mA at 1.7 volts for 
operation. The two units differ only in av- 
erage brightness and cost, with the brighter 
RL -4403 somewhat more expensive than 
the lower rated RL -4440. Both, however, 
are priced at less than a dollar each in 
moderate production quantities. (Full -flood 
LED's are those in which a lens spreads the 
tiny spot of light from the chip over the en- 
tire viewing surface of the device.) 

An interesting LED introduced by Ja- 
pan's Sharp Corporation uses a four -layer 
pnpn structure that gives it thyristor -like 
fast switching properties, a comparatively 
high reverse breakdown voltage, and a neg- 
ative resistance slope in its characteristics 
curve, as illustrated in Fig. 2. The new de- 
vice, type GND -50G, emits infrared light 
that is converted into visible green light by 
a fluorescent phosphor coating. Sharp's 
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FIG. 2- NEGATIVE RESISTANCE character- 
istic of new Sharp GND -50G pnpn LED. 

U.S. distributor is Shigoto Industries, Ltd. 
(Empire State Building, New York, N.Y. 
10001). 

Green LED's as well as numeric dis- 
plays also are being offered by Opcoa (330 
Talmadge Road, Edison, N.J. 08817). As 
predicted in our January column, prices are 
roughly competitive with conventional red 
LED's, with the green light devices priced 
at less than a dollar each in medium large 
quantities (100 up). 

Designed to operate on less than 2 

volts (typically, 1.5 to 1.7 volts), conven- 
tional LED's require external voltage drop- 
ping resistors when used in higher voltage 
applications. Recognizing this limitation, 
Hewlett -Packard has developed a pair of 
red LED's with integral IC -type resistors to 
permit direct operation on 5 -volt dc 
sources, thus making the devices fully com- 
patible with standard TTL circuitry. The 
new LED's, types 5082 -4860 and 5082 -4468, 
are offered in T -134 and T -1 size cases, re- 
spectively, and require a nominal 16 mA 
for operation. 

Monsanto (Electronic Special Products, 
10131 Bubb Road, Cupertino, Calif. 95014) 
has fulfilled another of our January pre- 
dictions with their introduction of a device 
that emits red light at one voltage and 
green light at a higher voltage (with re- 
versed polarity). 

The new Monsanto device, type MV 
5491, actually consists of two parallel 
anode -to- cathode LED's in a single pack- 
age, one emitting red light, the other green 
light (see Fig. 3). The red LED is a gal- 
lium- arsenide- phosphide diode, the green 

FIG. 3- SCHEMATIC OF MONSANTO'S new 
dual LED devices. 

LED is a gallium- phosphide unit. The MV 
5491 is one of a family of dual LED de- 
vices; other types are: the MV 5094, com- 
prising two red LED's and intended for ac 
or dc operation, the MV 5591, a red /yellow 
pair, the MV 5691, a yellow /green pair, the 
MV 5291, a dual green pair for ac, and the 
MV 5391, a dual yellow pair for ac appli- 
cations. In operation, the basic red /green 
type, MV 5491, requires 1.65 volts at 20 
mA to activate the red LED, 2.3 volts at 20 
mA with reversed polarity to activate the 
green LED. 

Illustrated in Fig. 4, is a new two -digit 
solid -state numeric readout announced by 
Litronix, Inc. Designated type DL-44, the 

FIG. 4- LITRONIX TWO DIGIT LED module 
with Integral magnifying lens. 

new device has 0.19 inch high characters 
and is equipped with an integral plastic 
magnifying, lens. Exhibiting a brightness of 
250 ft -L at a current of only 5 mA per seg- 
ment, the DL-44 is assembled in a standard 
12 -pin dual -inline package and nets for just 
$4.25 per digit in unit quantities. It is de- 
signed primarily for applications in low -cost 
equipment using multiplex drive systems. 

Optical couplers 
Known, variously, as opto- couplers, 

opto isolators, photon -couplers, light cou- 
plers, and perhaps, by a few other names, 
depending on each manufacturer's individ- 
ual preference, optical couplers are a com- 
paratively new class of optoelectronic de- 
vices. 

1 
Rs 

411111r 

--s 

from the source falls on the sensor and, 
usually, so that external light is excluded. 
Variations in the signal power applied to 
the source cause changes in its emitted light 
and, therefore, corresponding changes in 
the signal developed by the sensor. The 
only coupling between the source and the 
sensor, other than an extremely small ca- 
pacitance (typically, less than 5 pF and, of- 
ten, a fraction of a pF), is through the light 
beam or, more precisely, through the pho- 
tons of energy making up the light (hence 
one of the names for the device). 

Physically, the LED and its corre- 
sponding sensor generally are mounted in a 
standard TO or DIP type case with a thin 
film of special plastic between them, as in 
Fig. 6. This plastic film serves both to fur- 
nish a light path and to provide high volt- 
age electrical insulation. A number of 

Si PIN PHOTODIODE 
FACE DOWN 

Ga AsP DIODE 

H -FILM 
SEPARATOR 

CONNECTIONS 
BOTTOM VIEW 

a 

HIGH VOLTAGE 
INSULATING FILM 

INFRARED EMITTER PLASTIC 

DIODE CHIP (INPUT) ENCAPSULANT 

DETECTOR - 

AMPLIFIER CHIP 

INPUT DIODE OUTPUT DETECTOR 
LEAD FRAME LEAD FRAME 

n 

FIG. 6- CROSS -SECTION SKETCHES show- 
ing the internal construction of TO -type (a) 
and DIP -type (b) optical couplers. 

T- 
FIG. 5 -BASIC ARRANGEMENT OF AN OPTICAL coupler -a LED (D1) and 
coupled by a light beam. 

Used primarily for interface appli- 
cations between circuits, lines and sub-sys- 
tems where maximum isolation is needed, 
they provide many times the isolation that 
is possible with capacitive or transformer 
coupling, and are used extensively in digital 
and analog computers, in data communica- 
tions equipment, and in control systems. 

As shown in Fig. 5, the basic optical 
coupler consists of an electrical light source, 
such as LED D1, and a light sensor, such 
as photodiode D2, arranged so that light 

a photodiode (D2) 

variations of the basic design are found in 
commercially available devices. 

A phototransistor or photo-Darlington 
may be used in place of the photodiode, 
for example, or, if only a simple switching 
action is desired, a light sensitive SCR may 
be used as the output device. In other com- 
mercial designs, a photodiode may be used 
in conjunction with an integral transistor, a 
Darlington pair, or even an integrated cir- 
cuit amplifier chip. 

(continued on page 68) 
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NIS HomeTraìnìng in Electronìcs was the 

start ol something big for James Gupton 
An NTS Graduate 

James A. Gupton Jr. gradu- 
ated from National Technical 
Schools with a diploma in TV & 
Radio Servicing. Today, he's a 
mighty important man in the 
world of Electronics! 

Research associate with a 
major electronics corporation; 
author of numerous articles 
in electronics magazines; an in- 
ventor with five patent applica- 
tions to his credit. In the 
field of electro- optics, he has 
perfected a revolutionary 
phosphor deposition technique 
for cathode ray tubes. 

Quite a list of accomplish- 
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ments for a man who began his 
career with an NTS diploma 
and a job in TV & Radio servicing. 

Any student can succeed 
James Gupton is certainly an 

exceptional NTS graduate. 
He proves there's nothing to keep 
a determined man from becom- 
ing a success in Electronics. 
As he himself says, "Any student. 
properly motivated, can 
succeed in Electronics through 
home- training." 

Every NTS Electronics Course 
is specially designed to keep 
you motivated from the time ycu 

start building your first test 
instrument until you're ready to 
plug -in your solid -state Color TV 
or other advanced electronics 
equipment. 

Exciting "Project Method" 
Training 

NTS Project Method Training 
is the best way to learn 
electronics. 

You build advanced equip- 
ment while you learn Electronics 
principles and applications. 

Each week brings new 
excitement when you actually 
see the progress you've made. 
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NIS builds seItcontìdence 
For a man to become successful, 

like James Gupton, he must have 
confidence in himself. 

As an NTS graduate you have 
this confidence. Your training 
is practical and thorough. You know 
Electronics from the bottom up. 
You enter a world of Electronics 
ycu're familiar with. 

And if you have the drive and 
determination of a man like James 
Gupton, there are no limits on 
your success! 

(James Gupton's address 
available upon request). 

NTS COLOR TV SERVICING 

Solid -state 
315 sq. in. 

Heath Color TV 

Build and keep the largest, most 
advanced color TV made! Over -all 
solid -state design, ultra -rectangular 
screen, matrix picture tube, 
built -in self- servicing features, 
"Instant On," A.F.T., solid -state, 
24- channel detent UHF /VHF power 
tuning, and much more! Also 
build and keep AM -SW Radio, solid - 
state Radio, FET Volt- Ohmmeter, 
and Electronic Tube Tester. Learn 
trouble- shooting, hi -fi, stereo, 
multiplex systems, radio, color and 
B &W TV servicing. 
NTS B &W TV SERVICING 
Learn sophisticated solid -state 
circuitry as you build this B &W TV 
Receiver, Lo -Silho "Superhet" 
Radio, FET Volt- Ohmmeter, solid - 
state Radio, Electronic Tube 

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

r 
Big, Colorful NTS I Guide to new 
opportunities in 
Electronics. 
Yours FREE! 

I 

I 

I 

Il_ 

NATIONAL TECHNICAL SCHOOLS 
4000 S. Figueroa Street 

Los Angeles, California 90037 
Please rush me FREE Color NTS Elec- 
tronics Guide & FREE lesson, plus in- 
formation on course checked at right. 
No obligation. No salesman will call. 

Checker, and Signal Generator. 
TV and all other equipment are 
yours to keep. 

NTS ELECTRONIC & 

COMPUTER TECHNOLOGY 

Solid -state 
Compu- Trainer 
14 integrated 
circuits 
replace 198 
Transistors! 

Build 
and keep 
this exclusive NTS 
Compu- Trainer. It teaches 
you the same principles used in 
million -dollar systems. Contains 14 
integrated circuits! All solid- state! 
You perform all wiring and 
patchcording. No shortcuts. No 
pre -wired circuit boards. Your train- 
ing is complete! Also receive a 
FET Volt- Ohmmeter and a 5" wide - 
band solid -state Oscilloscope. 
NTS ELECTRONIC 
COMMUNICATIONS 
Gain the prestige and earning power 
of owning and F.C.C. First Class 
Radio -Telephone license. Two com- 
prehensive NTS Courses cover 
the big opportunity field of trans- 
mitting and receiving. 

5 -watt AM 
Transmitter/ 

Receiver 

You build and keep 14 kits, including 
this amateur phone 6 -meter VHF 
Transceiver, NTS's exclusive 
6- transistor solid -state Radio, and a 
fully transistorized Volt- Ohmmeter. 
Also, learn 2 -way radio, Citizens 
Band Microwaves, and radar. 

NTS INDUSTRIAL & 
AUTOMATION ELECTRONICS 
Automation is the future of industry, 
and you can play an important part! 
Learn industrial controls by 
training on the NTS Electro -Lab 
(a complete workshop). You also 
build and operate this 5" solid -state 

MASTER COURSE IN COLOR 
TV SERVICING 
COLOR TV SERVICING (FOR 
ADVANCED TECHNICIANS) 

EJ MASTER COURSE IN B&W TV 
& RADIO SERVICING 
MASTER COURSE IN 
ELECTRONIC COMMUNICATIONS 
PRACTICAL RADIO SERVICING 
FCC LICENSE COURSE 
MASTER COURSE IN 
ELECTRONICS TECHNOLOGY STATE ZIP 
AUTOMATION & INDUSTRIAL 
ELECTRONICS 
COMPUTER ELECTRONICS 
BASIC ELECTRONICS 
AUDIO ELECTRONICS SERVICING 

NAME 

ADDRESS 

CITY 

oscilloscope. And you perform 
experiments that involve 
regulating 
motor 
speeds, tern - 
peratu re, 
pressure, 
liquid level, 
and much 
more. All 
equipment 
is yours to 
keep. All solid- state! 

NTS AUDIO ELECTRONICS 
SERVICING 
Learn sound theory - how it 
works in home radio, car tape decks, 
stereo multiplex component 
systems, and more! Set up a spec- 
tacular music system. Learn 
about sound distortion, amplification 
and control, loud- speaker baffles, 
problems of system installation, etc. 

Build and keep this famous Heath 
Stereo Receiver and Speakers 

Included is Volt- Ohmmeter, In- 
Circuit Transistor Tester and solid - 
state Radio. Prepare yourself for 
great opportunities in the Home 
Entertainment Industry! 
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 technical facilities. 
Check box in coupon below. 

APPROVED FOR 
VETERAN TRAINING 

Accredited Member: National Associa- 
tion of Trade and Technical Schools; 
National Home Study Council. 

NATIONAL TECHNICAL SCHOOLS 
World -Wide Training Since 1905 
Resident & Home Study Schools 

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

Dept. 206 -053 

_AGE _ 

Check if interested in Veterans Training 
under new G.I. Bill. 
Check if interested ONLY in Classroom 
Training at Los Angeles 

I 

I 

I 

I 

NBA 
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Three 8 -input digital multiplexers fea- 
turing Schottky- diode- clamped TTL struc- 
tures are now available from Signetics (811 
East Arques Ave., Sunnyvale, Calif. 94086). 
The 8 -input digital multiplexer is the logical 
equivalent of a single -pole, 8- position 
switch whose position is specified by a 3 -bit 
input address. 

Type numbers for the new devices are 
82S30, 82S31 and 82S32. The three devices 
are similar except for their exact output 
configuration and /or the effect of their IN- 
HIBIT inputs on output. Requiring a 5 -volt 
dc power source, all three are furnished in 
plastic dual -in -line packages and all are 
fully compatible with standard TTL cir- 
cuits, including devices in the various 54/74 
series. 

Texas Instruments, Inc. (P.O. Box 
5012, M/S 308, Dallas, Tex. 75222) has an- 
nounced a number of new devices, in- 
cluding three npn /pnp Darlington power 
transistor complementary pairs and seven 
npn high -voltage power transistors. 

Illustrated in Fig. 7, the new power 

FIG. 7 -NEW SERIES of complementary 
power Darlington. 

Darlingtons include npn types TIP620, 
TIP621, and TIP622, while the com- 
plementary pnp types are designated the 
TIP625, TIP626, and TIP627. The collector - 
emitter breakdown voltages for the TIP620 
and TIP625 is 60 volts, for the TIP621 and 
the TIP625, 80 volts, and for the TIP622 
and TIP627, 100 volts. Collector current for 
each is 5 amperes, with a rated gain of 
1000 at a VCE of 3 volts and a lc of 3 am- 
peres. All have a specified power dis- 
sipation of 100 watts at 25 °C and all are 
furnished in standard TO -3 metal packages. 

TI's new family of npn high -voltage 
transistors is identified as types TIP55 
through TIP58 and types TIP554 through 

FIG. 8- HIGH -VOLTAGE power transistors 
now available from Texas Instruments, Inc. 
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TIP556. The first four are supplied in eco- 
nomical plastic packages, the last three in 
standard TO -3 metal cans, as shown in Fig. 
8. Minimum collector- emitter breakdown 
voltages for the TIP55, 56, 57 and 58 are 
250, 300, 350, and 400 volts, respectively, 
while for the TIP554, 555, and 556, they 
are 200, 300, and 400 volts. All have rated 
power dissipation of 125 watts at 25 °C. 
Maximum collector currents are 7.5 am- 
peres for types TIP55 through 58 and 5.0 
amperes for types TIP554 through 556. For 
all, fr is 10 MHz minimum at 10 volts and 
0.2 amperes. 

IC Multiplier- divider 
A new self- contained IC multi- 

plier /divider has been introduced by the 
Burr -Brown Research Corporation (Inter- 
national Airport Industrial Park, Tucson, 
Ariz. 85706). Hermetically sealed and inter- 
nally laser trimmed in a TO -100 package, 
the device, type 4203K, requires no external 
components to deliver a guaranteed accu- 
racy of 1%. In addition to division and 
four- quadrant multiplication, square -rooting 
also may be performed. 

Illustrated in Fig. 9, the 4203 has a 1- 

FIG. 9-BURR-BROWN'S MODEL 4203 self - 
contained IC multiplier /divider. 

MHz bandwidth and a slew rate of 25 V/µ 
sec. As a companion unit, Burr -Brown also 
is offering the less expensive type 4201J. 
This model handles all the functions of the 
basic unit, but requires four external trim - 
pots for adjustment of offset voltage and 
gain (i.e., scale factor). With external trim, 
the 4201J provides 2% accuracy. 

Both units contain their own Zener- 
regulated references to reduce sensitivity to 
supply voltage variations, and both feature 
the same slew rate and bandwidth. Rated 
output of both is ±-10V at ±5 mA. Output 
impedance is I ohm and output noise, from 
10 KHz to 10 MHz, a low 3 mV, rms. A 
supply voltage of from --12V dc to -1-18V 
dc is required, with the quiescent current 
for the 4201J a low ±4 mA, and ±9 mA 
for the 4203K. The rated temperature range 
for the units is 0° to +70 °C. Single quan- 
tity prices are $22.50 for the 4201J and 
$39.00 for the 4203K. 

Six 10- ampere commercial npn Dar- 
lington transistors and their developmental 
pnp complements have been announced by 
RCA's Solid State Division (Route 202, 
Somerville, NJ. 08876). Designated types 
2N6383, 2N6384, and 2N6385, and rated at 
40, 60 and 80 volts Vcao respectively, with 
100 watts dissipation, the first device family 
is supplied in a JEDEC TO -3 package. 

Types 2N6386, 2N6387 and 2N6388 all 
offer similar voltage ratings and perfor- 
mance, but only 40 watts dissipation and 
come in the RCA Versawatt package. The 
developmental pnp complements are desig- 
nated types TA8351, TA8488, and TA8350 
for the 40, 60 and 80 -volt devices in the 
TO -3 package and types TA8204, TA -8487, 

and TA8203 in the Versawatt package. All 
devices feature a minimum gain of 1000 at 
5 A, except for types 2N6386 and TA8204, 
which have a minimum gain of 1000 at 
3 A. 

Motorola has recently announced two 
significant advances -the introduction of 
economical plastic -packaged devices to their 
previous all ceramic- package McMOS line 
and the addition of nine new functional de- 
vices. The plastic- packaged devices will be 
priced 10% or more lower than the ceram- 
ics. The new McMOS devices are the 
MC14034 8 -bit universal bus register, the 
MC14511 BCD -to -seven segment 
latch /decoder /driver, the MC14517 dual 
64-bit static shift register, the MC14528 
dual retriggerable /resettable monostable 
multivibrator, the MC14529 dual 4- channel 
analog switch or 8- channel analog data se- 
lector, the MC 14530 dual 5 -input majority 
logic gate, the MC14531 12 -bit parity tree, 
the MC14581 4 -bit arithmetic logic unit, 
and the MC14582 look -ahead carry block. 

National Semiconductor has added five 
new 54C/74C devices and two new 
CD4000 /MM4600 parts to its CMOS line, 
bringing to 20 the number of devices in its 
54C/74C line and to 11 the items offered in 
its CD4000 /MM4600 series. The new devices 
are the 74C42N BCD -to- decimal decoder, 
the 74C95N four -bit shift register (parallel), 
the 74C151N eight -bit data selector (MUX), 
the 74C 173N quad latch with Tri -State out- 
puts, the 74C900 quad bi- lateral switch, the 
CD4016/MM4616 quad bi- lateral switch, 
and the CD4035/MM4635 four -bit shift reg- 
ister (parallel). R -E 

R -E's substitution 
guide for 
replacement transistors 

Part Ill 
compiled by ROBERT & ELIZABETH SCOTT 

R -E's Transistor Substitution Guide is a 
compilation of material abstracted from the 
substitution guides of eight leading semicon- 
ductor manufacturers and distributors. These 
are: 

ARCH -"Indicates the Archer brand of 
semiconductors sold only by Radio 
Shack and Allied Radio stores. Al- 
lied Radio Shack, 2725 W. 7th St., 
Ft. Worth, Texas 76107 

G-E- General Electric Co., Tube Product 
Div., Owensboro, Ky. 42301 

IR- International Rectifier, Semiconductor 
Div., 233 Kansas St., El Segundo, 
Calif. 90245 

MAL- Mallory Distributor Products Co., 101 
S. Parker, Indianapolis, Ind. 46201 

MOT -Motorola Semiconductors, Box 2963, 
Phoenix, Ariz. 85036 

RCA -RCA Electronic Components, Harri- 
son, N.J. 07029 

SPR- Sprague Products Co., 65 Marshall 
St., North Adams, Mass. 01247 

SYL- Sylvania Electric Corp., 100 1st Ave., 
Waltham, Mass. 02154 

Radio-Electronics has done its utmost to 
insure that the listings in this directory are as 
accurate and reliable as possible; however, no 
responsibility is assumed by Radio -Electronics 
for its use. We have used the latest manufac- 
turers material available to us and have asked 
each manufacturer covered in the listing to 
check its accuracy. Where we have been sup- 
plied with corrections, we have updated the 
listing to include them. The first part of this 
Guide appeared in March 1973. 
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The Trouble 
Tree 

Causes are many, 
symptoms are few 

by JACK DARR 
SERVICE EDITOR 

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

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

R -E's Service Clinic 

I'VE BEEN OVER THIS BEFORE, AND I'LL 
probably go back over it again -and 
again and again. Not only for the 
benefit of the new men who conic 
into our bewildering profession each 
year, but for the benefit of a few for- 
getful old goats like myself. 

It deals with the most important 
thing in any electronics repair job -the 
diagnosis. Test equipment does not 
make diagnoses -your brain does. All 
the test equipment does is give you a 
set of facts. You make the diagnosis 
from interpreting these. 

The first thing you need to keep 
in mind is that in a complex device 
like a TV set, or even a radio, there 
are as many potential causes for 
trouble as there are parts. In multiple - 
function devices such as color TV, this 
is even more important. So when we 
see a given symptom, we must make 
up a mental Trouble Tree, like Fig. I. 
At the bottom is the major symptom, 
and the branches are all of the things 
which could possibly cause it. 

A single, simple symptom can 
have multiple causes -for example, 
"No High Voltage." A complaint of 
"No Vertical Sweep" is only a little 
less complex. Even "No Sound" can 
have quite a few possible causes. 

Try growing one yourself. Sit 
down with a piece of paper, pick a 
symptom and then make up a Trouble 
Tree that names all of the possible 
causes. ALL, I said! Now, to make a 
useful diagnosis, start eliminating 
things one at a time, by testing. 

To make things go faster, put the 
most likely or most common things 
first. This is easiest, and has the great- 
est statistical chance of success. For 
example, in a tube or hybrid set, ex- 
perience has taught us that tubes are 
the most likely cause. They also plug - 
in. So the logical choice for the first 
one would be replacement of the tube. 

Next would be the dc voltage 
supply, and so on down the line. 
Now; having gone this far, get out the 
schematic of a set, and look at it. See 
if you can find something you've over- 
looked. Remember, every part is sus- 

pect until proven innocent! (How 
many of you put down "crack in PC 
board conductor" as a possibility? See 
what I mean ?) 

With a good knowledge of how 
the basic circuit action works, you can 
take shortcuts. For example, take 
"Blank Screen; No Sound." Here, you 
have the whole signal -path of the set 
as a possibility. Since this is a long 
circuit, break it in the middle. Take a 
scope reading at the output of the 
video detector. If you see a normal 
video signal at this point, you've elim- 
inated all of the stages "to the left" of 
this point; tuner, i.f.'s agc, etc. The 
trouble lies in the video amplifier, pic- 
ture tube, etc. 

If you find no signal at the video 
detector output, you know that the 
trouble is ahead of this point. Either 
the tuner, the i.f.'s, or the control cir- 
cuits. For another shortcut, clamp the 
agc with a bias -box. It sets the control 

THE CAUSES 

THE SYMPTOM Fig. 1 

voltage at maximum gain (use the no- 
signal agc voltage shown on the 
schematic). If this produces a picture, 
you've cleared the signal -path stages 
and can proceed to the agc circuitry. 

If the agc clamp does not produce 
a picture, leave it there. Start signal 
tracing through the i.f.'s, to find out 
how far the signal goes before it stops. 
By feeding in a high- level, fixed pat- 
tern signal, you can read its amplitude 
with a crystal- detector probe on the 
scope. The color -bar output from a 
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bar -dot generator is very g.'od fer this, 
in color or trick and white. In most 
sets, you can even see the 5 ::,a i.f. 
signal output from the tuner, en the 
i.f. input. This clears or cc::firms the 
tuner as a suspect. 

A lot of technicians , too 
much reliance on dc voltage reading3. 
They're essential, of course, hut should 
never be used as the only diagnostic 
tool. From a lot of exp,- -.ce and 
troubles, I believe that the fastest way 
is a combination of tests; first for the 
presence or absence of signals at a 
given point, and second for the dc 
voltage readings at key po::.ts in the 
suspected stage. In other words, if you 

get a signal through the first i.f. stage, 
you don't have to take dc voltage 
r: tidings; they're good. Find the stage 
which doesn't pass the signal, and 
read dc voltages there. 

F'rinstance No. 2: No Vertical 
Sweep. Touch the scope probe to the 
grid of the vertical output tube. If you 
get the normal sawtooth signal there, 
the oscillator is running. Now; you've 
c:abiished that the oscillator is work- 
Mg, yet there is no vertical sweep. 
llavirg eliminated the most likely sus- 
pects, go to the yoke tap of the output 
transformer. If you see the normal 
sr k.e signal there, the output trans- 
former is cleared. 

LEARN THE BURGLAR 
ALARM BUSINESS!!! 

o 

Burglar alarm installation is one of the most rapidly 
growing industries today. The tremendous publicity as- 
sociated with security systems has created a widespread 
demand for installation of alarm systems. 
A formal program has not been previously available to 
an individual seeking training in this profitable field. Now 
Ademco, the world's leading manufacturer of burglar 
alarm equipment offers you an opportunity to learn 
alarm installation techniques even if you have little or 
no experience in the alarm field. In just two short days 
you can be ready to install your first alarm! 
Seminars are held throughout the year at Ademco's plant 
in Syosset, New York and at various locations through- 
out the country. All sessions are limited in attendance, 
so reservations should be made well in advance. 

FOR FURTHER INFORMATION CONTACT: 
ALARM DEVICE MANUFACTURING CO. 

ADEMCO A DIVISION OF PITTWAY CORPORATION 

165 Eileen Way, Syosset, N.Y. 11791 
Area Code 516- 921 -6700 
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Now you have one suspect, or do 
you? Open yoke, yes. Also! Broken 
wire in yoke cable, bad contact in 
yoke socket, bad contact in yoke plug! 
Don't overlook the little things. 

The key point I hope I made in 
all of this is that each test must be 
made for a purpose. Don't just "sit 
there and poke at it;" a fault which 
we are all guilty of at times. When 
you pick up the probe of a test in- 
strument, know what you want to test 
and go to a test -point that will tell 
you. R -E 

reader 
questions 

FINDING SHORTS IN PC SET 
I've got a Magnavox 1 -T -109, with 

PC boards; it had a short in the B +. 
I've changed the rectifier and filter ca- 
pacitor, both shorted. Now, I read 
20,000 ohms to ground on the B-plus. I 
think this is too low. How do I get into 
this type of circuitry to separate the 
loads ? -T.P., Brooklyn, N.Y. 

Actually, 20,000 ohms to ground 
isn't too bad on a + 145 volt supply. 
Try reversing your ohmmeter prods 
and see if it isn't higher the other 
way. If so, OK. Try this; install the 
new filter capacitor and rectifier, but 
leave the cathode lead of the diode 
open. Connect an 0 -500 dc mil - 
liammeter in this lead, between diode 
and filter. 

Now, turn the set on and check 
for excessive current. Normal should 
be about 300 mA. There's a sneaky 
you can pull; just tack a 300 -mA pilot 
light in series instead of the meter. If 
the bulb lights to full brightness, OK; 
if there's a short, it'll blow out. 

BRIGHTNESS CONTROL WORKS 
BACKWARD 

From a cold start, the picture on 
this RCA CTC -38 comes in fine. 
Brightness and contrast controls work 
normally. After about 3 minutes the pic- 
ture pops out of focus, stretches verti- 
cally and pulls in on the sides; retrace 
lines show up. 

Now, the brightness control works 
backward. If I turn it up, the raster 
goes dark. If I turn it down, I can find 
a place where the picture gets very 
bright, with good focus. However, it's 
much too bright, and the retrace lines 
are still there. 

Picture tube good, high- voltage 
regulator tube good yoke OK, flyback 
OK. Now where do I go ? -A.M., Mor- 
gan Hill, Calif. 

I'd say "To the video output 
stage." Monitor the plate voltage of 
the 12HG7 tube. See if it suddenly 
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drops (goes less positive) when the 
trouble shows up. If so, this will make 
the cathode voltage of the picture tube 
"go negative," which is the same as 
making the picture tube grids more 
positive. Thus, the tube tries to draw 
far more than its normal beam -current 
and the raster flares. This overloads 
the high -voltage supply, and the hori- 
zontal sweep is reduced; at the same 
time, the reduced high voltage lets the 
vertical sweep push the beam farther, 
so you get vertical stretch. 

If the video output tube is OK, 
you can get the same effect if some- 
thing happens to make the color -dif- 
ference amplifier plates go more posi- 
tive. This makes the picture -tube grids 
more positive. With the circuitry used 
here, one of two things could be hap- 
pening. The color -difference amplifier 
tubes heaters could be going out, due 
to a bad solder joint, or the single 
cathode resistor could be opening up; 
same cause. 

HOT CHASSIS WITH POWER 
TRANSFORMER 

This Sylvania 580 -1 color TV is 
definitely a "hot chassis" type now, after 
being hit by lightning! Works on rabbit - 
ears, but kicks the breaker when the ex- 
ternal antenna is connected The den 
where the set's located has a tile floor, 
and the customer gets free shock - treat- 

ments, which he doesn't enjoy!-C.1., 
Montgomery, Ala. 

Most likely cause; a short to core 
in the primary of the power trans- 
former. It might even be a leakage of 
ac from one of the secondaries, since 
this set uses a half -wave doubler cir- 
cuit, with a big electrolytic capacitor 
to chassis as the lower part of the 
doubler circuitry. 

In any case, I'd check the primary 
first, then disconnect and check the 
secondaries for leakage to the core. 
New power transformer will probably 
clear it up. 

SLOW COLOR WARMUP 
It takes about 20 minutes for the 

color to come on in this Zenith 
14A9C50 chassis. I'm enclosing a list of 
the dc voltages around the color stage& 
Any ideas ? -L. T., Winnipeg, Man. 

One at least. You show a -0.5 
volt on the color amplifier grid (pin 7, 
6KT8) which is normal with no signal, 
or B/W signal. However, when a color 
signal is received, this should change 
to a +6.0 volts. It doesn't. So, your 
color killer circuit isn't working, or 
isn't starting up as it should. The color 
amplifier state is being cut off, at all 
times (or for far too long). 

Check the am/killer diodes. The 
dc voltages on these should be equal 
and opposite, and should change when 

a color signal is received. This will 
run about -50 volts on the anode of 
CR213, and + 50 v. on the cathode of 
CR214. 

Also, check for the presence of 
the 3.58 -MHz oscillator signal. In a 
few sets, this oscillator is slow starting; 
weak tube, bad crystal, etc. This will 
do the same thing. 

INTERMITTENT LOSS OF RED 
The reader wrote: "I am getting 

an intermittent loss of red on a Zenith 
14A9C19 chassis, with the "chip" 
demodulator." I replied: "Check the 
signal -in vs the signal -out of the 
demodulator chip. If it is only on the 
one color, and the rest work, then I'd 
suspect a bad chip. Be sure that ex- 
ternal parts are definitely good." 

He replied: "It was a defective 
demodulator. For your information, 
the Zenith distributor says that the 
recommended replacement for this 
chip is the "silver" type, Part No. 221- 
39, to replace the original "black" 
unit, Part No. 221 -37." 

For which many thanks to Peter 
Hartnett, Rahway, N.J. 

AGC TOO HIGH 
When I turn this Sears 9168 color 

set on, the picture comes on for a sec- 
ond and then it whites-out. I read a 

(continued on page 78) 

TrophyYear 
Thanks. Every year that goes by of years. It didn't just happen. 

Raytheon worked hard to give 
you more dependability. You 
worked hard to stay ahead of the 
competition. Teamwork like 
that makes trophy years, every 
year. For both of us. 

proves we have the best compet- 
itive team going. You, the inde- 
pendent serviceman, and Ray- 
theon, the largest independent 
tube supplier. In 1972, we put to - 
gether the best tube year in a lot 
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USE IT ALL 
AS YOU GET READY 
FOR A NEW CAREER... 
$1,500.00 worth of two-way radio 
electronic communications equipment! 

Bell & Howell Schools announces a new 
learn -at -home program that gives you 
"hands on" experience with commercial - 
grade equipment -as you prepare for a 
business of your own in two -way radio 
electronic communications servicing. 

You need "hands on" experience 
with a real, commercial -band FM transceiver 
and actual commercial -grade test equipment 
-to take full advantage of growing oppor- 
tunities in electronic communications. 

Two -way radio communications is a 
healthy growth area in electronics. And it's 
lucrative. Almost two million commercial 
mo -way radio systems now serve as vital 
communications links for trucks, planes, 
boats and taxis. And the FCC requires each 
system to have its equipment serviced 
regularly by a licensed technician. That's 
where you come in. But you need career - 
oriented training -plus your 
FCC license. 

Knowing how 
to put an amateur 
radio kit together 
won't help 
when 
you're 
"on the 
job" - 
servicing 
two -way 
radio 
systems for 
aircraft or advising 
trucking companies about 
their land- mobile communications 
system. For that, you need "hands on" 
experience with the real thing. This unique 
new Bell & Howell Schools learn -at -home 
program that gives you just that. You can 
work with the equipment by attending one 
of our special "help sessions" or by 
dropping by one of the Bell & Howell 
resident schools. If neither of these plans 

is convenient, you can have the equipment 
shipped to your home in return for a $100 
deposit, which is refundable when you 
return the equipment. 

Find out more about this exciting 
new Bell & Howell Schools program. There's 
no obligation. 

For free facts, mail attached card today! 
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Let Bell & Howell Schools help you get ready for an exciting career 
or business of your own in two -way radio electronic communications! 

Bell & Howell Schools has helped thousands of people 
prepare for careers -and businesses of their own -in 
electronics. You can have absolute confidence in the 
thorough training you get. 

Expert instructors at Bell & Howell Schools 
plan each program to answer a single question: "What 
qualifications will you need to take advantage of actual 
career opportunities in electronics ?" They then build 
each program to give you those exact qualifications. 

To get ready for a business of your own in two - 
way radio, you need: 1) career -oriented training; 2) FCC 
License; 3) "hands on" experience with commercial - 
grade equipment. Bell & Howell Schools now offers this 
new at -home training program that gives you all three. 
(See FCC License Warranty on attached card.) 

JUST LOOK AT ALL THE EQUIPMENT 
YOU'LL WORK WITH 
DURING YOUR TRAINING PROGRAM 
WITH BELL & HOWELL SCHOOLS! 
Commercial -Band FM Transceiver ... exactly 

the kind of two -way radio you'll service throughout 
your career 

FCC REGULATIONS GIVE YOU THE OPPOR- 
TUNITY TO START YOUR OWN BUSINESS! 

The Federal Communications Commission re- 
quires that all commercial two -way communications 
systems be checked and serviced by a licensed tech- 
nician at regular intervals. 

As a Bell & Howell Schools graduate, you'll 
have the technical know -how you need. With your FCC 
license, you can go out and eventually build your own 
business -signing contracts with companies that use 
two -way radio. FCC regulations could mean security 
and regular income for you! 

BELL & HOWELL SCHOOLS OFFERS YOU 
THESE SPECIAL ADVANTAGES: 
Help Sessions Scheduled regularly every few 

Saturdays at the Bell & Howell Schools and in many 
other cities throughout the U.S. and Canada. Top in- 
structors give you personal help and guidance. 

Transfer Privileges After completion, you can 
transfer to any of the resident schools for more ad- 
vanced study, if you wish. 

Lifetime National Placement Assistance Helps 
you locate a job where you want to anytime after you 
complete program. 

Veterans' Benefits We are approved by the 
state approval agency for Veterans' Benefits. 

Student Financial Aid We are an eligible in- 
stitution under the Federally Insured Student Loan 

Program. 

EXCLUSIVE ELECTRO -LAB ® - 
YOURS TO KEEP! 
To make sure you get prac- 
tical experience with instru- 

ments used daily by 
professionals, we've 

integrated into your 
program three pre- 

cision instruments 
you assemble yourself 
and keep: 

Deviation Meter 
... model favored by many 
working technicians to check 
modulation of transmitted signal. 

Frequency Meter . . . 

highly sensitive instrument used to 
check signal frequency within precise 
tolerances established by government 
standards. 

Power Output Meter ... meter 
used almost universally by trained and 
licensed technicians to check power output - 
or wattage -of signal. 

Alignment Generator 
... a custom -designed unit 
you use to generate test 
signals for transceiver 
alignment. 

Design Console Use this 
to rapidly "breadboard" 

circuits without soldering. 
Oscilloscope Offers bright, 

sharp screen images, 3 -way 
jacks for leads, plugs. 

Transistorized Meter Registers 
current, voltage and resistance. 

FOR FULL INFORMATION, 
MAIL THE ATTACHED CARD 
TODAY! OR WRITE: 

An Electronics Home Study School 
OcVRV InSmuTE CIF TECHnotoav 
ONE osTHE 

BELL E HOWELL SCHOOLS 
4141 Belmont, Chicago, Illinois 60641 

406R3 
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READER QUESTIONS 
(continued from page 73) 

very high negative voltage, -60 volts, on 
the 12A V6 agc tube plate. Where's this 
coming from! -G.S., Highland, Calif 

You're in the right place! This 
very high agc voltage is cutting off the 
i.f. Check to see that you do have the 
proper keying pulse on the plate of 
this tube. Should be 200 volts p -p. 
Also, check the 33- megohm resistor 
from agc to + 125 volts. Could be 
open. 

However, I believe I'd be more 
apt to suspect an open agc bypass ca- 

pacitor somewhere in there. This 
would let the agc go into oscillation, 
and build up that excessive negative 
voltage on the plate. Check the cath- 
ode voltages, through that voltage - 
divider and the agc control. The 
47,000 -ohm resistor to ground may be 
open, or increased in value. 

HIGH VOLTAGE SUPPLY 
I replaced the high- voltage rectifier 

heater winding on this RCA CTC -25. 
Original was shorted. Now, I can't get 
the set to work properly! If I turn the 
brightness down to where I can barely 
see the picture, OK. If I try to turn it 
up, I get thin white streaks across the 

CHANNELLOCK 
Gives You More In Hand Tools including 
Handcrafted... High Polished 
PRECISION PLIERS 

(wonderful for fine work) 

Beautiful? They'd grace a jeweler's window. 

Practical? Thousands of precision work craftsmen - 
professionals and hobbyists alike -buy them 
every year and swear by them. 

Precision made of high grade drop forged steel. 

Beautiful polished finish. Blue dipped 
plastic comfort grips. 

Ask for CHANNELLOCK Little Champ 
precision pliers. You'll like 'em. 

LET US SEND YOU OUR CATALOG showing 
L,ttle Champs and their equally fine big cousins. 

TOOLS BY 

MEADVILLE, PA. 16335 
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raster. I can get the same thing by turn- 
ing up the pix tube screen controls. All 
tubes good -G.S., Highland Calif. 

It sounds as if the heater of the 
3A3 isn't getting hot enough. This 
would account for the big drop in the 
high voltage when you increase the 
brightness (raise the pix tube beam 
current.) Recheck the new heater 
winding; be sure that you put on ex- 
actly the same number of turns 
around the core that the original had! 
If you're one short, your heater volt- 
age will be low, and the cathode of 
the tube will be too cool. 

While you're in there, look for 
signs of arcing across the 3A3 socket. 
Arcs, or a bad contact, can cause the 
"thin white lines" symptom. Check the 
3A3 plate lead for corrosion, too. 

CHECKLISTS FOR DIM RASTER 
The raster on this Magnavox 904 is 

very dim. What should I check to find 
out what's causing it? -W.B., Phila- 
delphia, Pa 

OK, here's your checklist: 
1. High voltage -23 -25 kV minimum. 
2. Focus voltage -20% of high voltage. 
3. Pix tube cathode voltage. 
4. Pix Tube grid(s) voltage. (The dif- 

ference between these is the actual 
bias on the pix tube.) 

5. The pix tube itself, for emission. 
Must have a minimum emission of 
500 -µA per gun for good bright- 
ness. 

If the video output tube's plate 
voltage is low, or the color- difference 
amplifier tubes plate voltage is high, 
this will change the pix -tube bias to 
the point where the pic tube cannot 
conduct enough beam current. Faults 
in these little tubes can cut off the pix 
tube. 

RASTER BREATHING 
As soon as this set is turned on, the 

bottom of the raster moves slowly up 
and down for about an inch. It's a Set - 
chell- Carlson ECL -66. I can also see 
thick horizontal lines about 2 inches 
wide moving slowly up the picture. 
What causes this? -G.S., Highland, 
Calif 

This is sometimes called "breath- 
ing." Most frequent cause is a little 
excess ripple on the B + supply to the 
vertical output stage or oscillator. 
Check this line with a scope. If the 
ripple is higher than normal, look for 
a bad filter capacitor. Ripple here 
shouldn't be more than 0.5 volt p -p at 
the worst. 

Don't forget to check the 6GF7 
tube for heater -to- cathode leakage, 
too! Substitution is the quickest way. 

NO VERTICAL SWEEP 
This Zenith 24NC31Z came in 

with no raster or sound I found a bad 
resistor in the B +, changed it, and it 
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worked. When I took it back, all I 
could get in the home was a horizontal 
bar about an inch high! Checked the 
service switch, tube, and so on. No 
help. -A.S., SL Paid Minn. 

I did the same thing not long 
ago! Set working perfectly on bench, 
on extension cables; back in cabinet, 
no vertical sweep. So, do what I did - 
check to see what isn't hooked up! 
There has to be something. 

Crystal -ball diagnosis: check the 
convergence yoke, plug and socket. If 
this isn't plugged in, or has a bad con- 
tact on one certain pin, you'll get ex- 
actly this symptom. The vertical out- 
put tube cathode circuit returns to 
ground through the convergence cir- 
cuitry. So, without this plug in prop- 
erly, you have far too much resistance 
in this cathode, and lose practically all 
your height, due to excessive bias. 

"SQUAWK" IN HV 
Turn the brightness fun up on this 

Motorola TS-915, and it's fine. Good 
pix, good focus, etc. But, if you turn the 
brightness down, it makes a loud 
squawk in the speaker, and the picture 
goes out. Raster has fuzzy horizontal 
bars, about 2- inches wide.- R.McK., De 
Queen, Ariz. 

Turn the sound off, make it 
squawk, and listen around the high - 
voltage compartment to see if you can 

hear an arc. Check the high voltage. I 

think you'll find that it stays up, but 
that the focus voltage drops drasti- 
cally, to 2 -3 kV. 

This could be in the big dropping 
resistor for the focus voltage, but in 
this chassis, it's more apt to be a 
breakdown in that little 2- conductor 
socket which carries the focus voltage 
to the pix-tube base. Pull this plug, 
and look at it. It's a light colored plas- 
tic. If you can see a tiny brown spot, 
replace it; the plug is breaking down 
and allowing the focus voltage to arc 
to chassis. 

TOO MUCH GREEN 
The screen of this RCA CTC -16 is 

green all the time; color and B/W. The 
dc voltage readings on the G -Y ampli- 
fier are OK. B-Y and R- Y plates read 
+80 volts. The pix tube is good Resis- 
tors and capacitors in the color- differ- 
ence amplifier circuits all check. -T. C., 
Cicero, IlL 

You've found the problem; that 
low plate voltage on the color -diff am- 
plifiers. Since this determines the con- 
duction of the pix -tube guns, by con- 
trolling the grid voltages, the "less - 
positive" voltage here shows that these 
two grids are almost cut off (in other 
words, the picture -tube grids are "too 
far negative," which reduces the con- 
duction of any tube). 

Most likely cause for this; a bad 
solder joint on the printed- circuit 
board, at the B + supply point for the 
two 27,000 -ohm plate resistors of the 
B -Y and R -Y amplifier stages. These 
are the 2 -watt, light blue resistors just 
behind the 6GU7's. The G -Y plate re- 
sistor goes to a different connection. 

LOSES COLOR PURITY 
I've got an odd problem in a Mo- 

torola TS -914 chassis. It loses purity as 
it runs. After it's been on about 2 or 3 

hours, I get blobs of color on the screen. 
These are hard to get out even with an 
external degausser. The degauss circuit 
seems to be OK; I read 25 ohms on the 
coils. Where do I go from here? -C. C. 
Dix Hills, N.Y. 

This sounds as if it is a problem 
in the set's auto -degausser. This set 
has an unusual degausser circuit, oper- 
ated from the focus voltage; when the 
DEGAUSS button is pushed, a charge is 

sent through the coil, from a capaci- 
tor. 

If you read 25 ohms on that coil, 
look out. The factory schematic shows 
a normal resistance of only 1.1 ohms. 
This could indicate a bad degausser 
coil. Check the switch and capacitor 
for leakage. Incidentally, you can nor 
run this set if the degausser coil isn't 
hooked up, it upsets the focus. Let's 
hear how you make out. R -E 

The FM- 2400CH provides an 
accurate frequency standard for 
testing and adjustment of mobile 
transmitters and receivers at pre- 
determined frequencies. 

The FM- 2400CH with its extended range 
covers 25 to 1000 MHz. The frequencies 
can be those of the radio frequency channels 
of operation and /or the intermediate" fre- 
quencies of the receiver between 5 MHz and 
40 MHz. 

Frequency Stability: ± .0005% from +50° 
to +104 °F. 

Frequency stability with built -in thermometer 
and temperature corrected charts: ± .00025% 
from +25° to +125° (.000125% special 450 
MHz crystals available). 

Self- contained in small portable case. Complete 
solid state circuitry. Rechargeable batteries. 

WRITE FOR CATALOG! 

If1TfRNATIONAL 

re 
imi I 

uency 
e i Fm- zaoocH 

Tests Predetermined Frequencies 25 to 1000 MHz 
Extended Range Covers 950 MHz Band 
Pin Diode Attenuator for Full Range Coverage 
as Signal Generator 
Measures FM Deviation 

FM- 2400CH 
(meter only) $595.00 

RF crystals (with temper- 
ature correction) 24.00 ea. 

RF crystals (less temper- 
ature correction) 18.00 ea. 

IF crystals catalog price 

INTERNATIONAL 

CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA CITY. OKLA 73102 
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new pay tv system 
Pay- for -program system provides two separate premium 
channels for first -run movies or special sports events 
A NEW SYSTEM THAT CAN OFFER INDI- 
vidual CATV television subscribers 
special cultural programs, sports 
events, recent movies, live plays and 
other special programs for a fee has 
been developed jointly by Magnavox 
and TelePrompTer. The system has 
been labelled Premium Television -the 
old term "Pay -TV" has been aban- 
doned. (Pay -TV would be inappropri- 
ate in any case -the CATV subscriber 
pays for all his programs.) The new 
system will include two special or 
"premium" channels in addition to the 
regular ones of the CATV system. 

The old pay -TV problems of or- 
dering programs by phone, using spe- 
cial plastic cards and the like are 
overcome, as is that of billing for ser- 
vices. The subscriber has a compact 
Home Terminal with switches for the 
special channels. In most cases, he can 
see a short preview of the program on 
the premium channel he selects, after 
which the program becomes 
scrambled. If the viewer likes what 
has already been seen, he pushes an 
"accept" button and the program con- 
tinues in unscrambled form. 

A neighborhood unit known as an 
IDEM routes the programs from the 
CATV distribution system or "head end" 
to the viewer, handles the requests for 
previews and the "accept" orders and 
makes up the accounts. Each IDEM can 
serve up to 32 home terminals. The 
billing information is stored in the 

PROGRAM 
SOURCES 

CENTRAL 
PROCESSOR 

CATV 
DISTRIBUTION 

SYSTEM 

IDEM, and collected regularly through 
its read -out on an ordinary cassette 
tape, which is sent to the system's 
computer for monthly billing. In a 
two -way system, the accounts are 
transmitted direct from the IDEM to the 
billing computer. The same can be 
done with a one -way system if a re- 

UP TO 32 SUBSCRIBERS 
PER IDEM 

10E11 

BILLING 
COMPUTER 

MONTHLY DATA 
COLLECTION 

READOUT 
BOX 

HOME 
TERMINAL 

THE PREMIUM TV SYSTEM IS made up of a processor, a CATV head end, the neighborhood 
units called IDEM's, and numbers of home terminals, with arrangements for billing. This block 
diagram shows how these elements are Interconnected. 

The "Country Boys" Have it! 

Isn't an absolutely safe 

BEL Chemical FUSE 
worth a nickel more? 

Bel Chemical Fuse Wire Type Competitive Fuse 

If there's any doubt about which replacement fuse to install 
in your customer's TV set ... install the only fuses used in original 
television sets ... BEL- FUSES. It's what's inside that makes 
BEL -FUSES safe for expensive sets... a chemical. Never 
substitute a wire type fuse. Here's why. Break open an Oneida 
BEL -FUSE. Now do the same with the one that looks like ours. 
Light a match to each. Result? The chemical in the BEL -FUSE 
blows instantly. And you'll bum your fingers before the other one 
blows. This same safety protects the circuitry in TV sets. So 

George 
Dalton 

specify Oneida BEL- FUSES. 
We even have handy Oneida Caddy Kits with 

a complete range of BEL -FUSES ... for all major 
TV sets. See your Oneida Distributor or Dealer TODAY 

The "Country Boys" Appreciate Your Business 

ONEIDA ELECTRONIC MFG. INC. 
MEADVILLE, PA. 16335 
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HOME TERMINAL CONTAINS CHANNEL 
switches and an "accept" button. Pushing el- 
ther premium channel switch gives a preview 
of Its program. The third switch Is for ordi- 
nary CATV. 

turn line is provided, or if telephone 
lines are used. 

Basically, the system (see dia 
gram) consists of: 

1. A Central Processor. This ac- 
cepts the programs from their sources, 
adds the scrambling codes and con- 
trols the sequence of programs 
throughout the day. It can be oper- 
ator- attended, or operated with a pro- 
gram on punched or magnetic tape 
that can be set up for a whole day's 
programming. 

2. The CATV distribution system, 
or head end, a normal amplification 
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and distribution system, taking its pro- 
gram from the Central Processor and 
supplying the subscribers through the 
cable system. 

3. The IDEM's (Interactive Data 
Exchange Modules). These handle the 
communications between the sub- 
scriber and the system, accepting or- 
ders and supplying desired programs. 
They also store the accounting infor- 
mation until it is collected via the 
read -out box. Since one IDEM will ac- 
comodate up to 32 subscribers, the 
cost of such circuitry-which in some 
older proposed systems was required 
in each subscriber's home -is much re- 
duced. 

4. The Home Terminal. It con- 
tains equipment for communicating 
with the IDEM, and converts the au- 
dio -video signal from it to a vhf chan- 
nel on the subscriber's TV receiver. It 

IDEM, NERVE CENTER OF THE SYSTEM, Is 
the liaison between subscriber and head end. 

ELECTRONIC METER READER Just plugs In 
his cassette to record the month's bill on 
tape. 

has pushbuttons to switch the TV to 
normal CATV viewing or to either of 
the two "premium" channels -which 
permit a short preview of the pre- 
mium program -and an "accept" but- 
ton, which gives the viewer a de- 
scrambled picture and signals the IDEM 

to make the appropriate charge for 
the service. The premium channels 
have key -lock switches, preventing 
unauthorized access to the pay chan- 
nels by teen -agers or others. 

Magnavox is supplying Tele- 
PrompTer with systems this spring, 
when a complete set of field trials will 
be initiated, with each subscriber ini- 
tially supplied with two channels of 
premium programming. If tests justify 
it, later systems may be equipped with 
more than two premium channels. R -E 

Checklist of Books for the libraries /Checklist 

technicians, Hobbyists S Students 

AUDIO, HI -Fl & TAPE RECORDERS 

4- Channel Stereo -From Source to Sound 
176p., 98 illus. $3.95 
Selecting a Improving Your Hi -Fi System 
224p., 122 illus. 54.95 
Pictorial Guide to Tape Recorder Repairs 
256p., 320 illus. $4.95 
How to Repair Musical Instrument Am- 
plifiers. 288p., 110 illus. $4.95 
Hi -Fi for the Enthusiast 
176p., 51 illus. 53.95 
Servicing Electronic Organs 
196p., 8' -x x 11, 184 illus. $7.95 
Electronic Musical Instruments 
192p., 121 illus. 54.95 
Servicing Modern Hi -Fi Stereo Systems 
248p., 125 illus. $4.95 
Handbook of Magnetic Recording. 224p., 90 
illus. $4.95 
Installing a Servicing Home Audio Systems 
256p., 150 illus. $4.95 
Tape Recording for Fun & Profit. 224p., 200 
illus. 54.95 
Audio Systems Handbook 
192p., 125 illus. $4.95 

ELECTRONIC SERVICING 

Troubleshooting Solid -State Amplifiers 
256p., 95 illus. $4.95 
How to Solve Solid -State Circuit Troubles 
304p., 161 illus. $5.95 
Troubleshooting Solid -State Electronic 
Power Supplies. 208p., 85 illus. $4.95 
Solid -State Circuit Troubleshooting Guide 
224p., 150 illus. $4.95 
Jack Darr's Service Clinic No. 2 

176p., 165 illus. 53.95 
Practical Electronic Servicing Techniques 
256p., 127 ill. 54.95 

REFERENCE a GENERAL ELECTRONICS 

Dictionary of Electronics 
420p., 487 illus. 53.95 
1972 Popular Tube -Transistor Substitution 
Guide. 256p. $2.95 
Marine Electronics Handbook 
I92p., 106 illus. $4.95 
Handbook of Electronic Tables -2nd Ed. 
224p., $4.95 
Electronics Data Handbook: 2nd Ed. 256p., 
fully illus. 
Pulse B Switching Circuits 
256p., 184 illus. 
Electronics Reference Databook 
232p., 100 ill., 45 tables 
Modern Radar: Theory Operation & 
tenance. 480p., 367 ill. 
Industrial Electronics: Principles & 
tice. 416p., 380 illus. 

54.95 

$4.95 

$4.95 
Main- 

$7.95 
Prac- 
$5.95 

"LEARN -IT- YOURSELF" BEGINNER'S BOOKS 

Basic Electricity a Beginning Electronics 
256p., 191 illus. $4.95 
Basic Electronic Circuits Simplified. 352p., 
170 illus. $5.95 
How to Read Electronic Circuit Diagrams 
256p., 140 ill. $3.95 
Understanding a Using Radio Com- 
munications Receivers. 192p., 56 illus. $3.95 
Basic Electronics Course 
384p., 275 illus. $5.95 
The Fascinating World of Radio Com- 
munications. 176p., 80 illus. $3.95 
Beginner's Guide to TV Repair 
176p., 80 illus. $3.95 
How to Become a Radio Disc Jockey 
256p., 25 lessons plus text. $7.95 
Electronics Self- Taught With Experiments & 
Projects. 288p., 191 ill. 54.95 
Model Car Racing by Radio Control 
224p., 250 illus. $3.95 

RADIO & TV SERVICING 

Simplified TV Trouble Diagnosis 
320p., 229 illus. 
Kwik -Fix' TV Service Manual 
384p., fully illus. 
All -in -One TV Alignment Handbook 
304p., 145 illus. 
Basic Color Television Course. 
420p., 300 illus. 
Modern Radio Repair Techniques 
260p., incl. 36p. foldout 
TV Troubleshooter's Handbook 
2nd Ed. 288p., 150 illus. 

D Home -Call TV Repair Guide 
144p., numerous charts 

$5.95 

$5.95 

$5.95 

$6.95 

54.95 

52.95 

52.95 

HOBBY PROJECTS a PLANS 

Handbook of IC Circuit Projects 
224p., 136 illus. $4.95 
How to Build Solid -State Audio Circuits. 
320p., 190 illus. $5.95 
New IC FET Principles & Projects. 
160p., 60 illus. 53.95 
VHF Projects for Amateur & Experimenter 
224p., 271 illus. $4.95 
Solid -State Projects for the Experimenter 
224p., 228 illus. 53.95 
Practical Solid -State Principles 8 Projects 
176p., 127 illus. $3.95 
Digital Electronics: Principles & Practice 
288p., 191 illus. $5.95 
Radio Electronics Hobby Projects 
192p., 214 illus. $3.95 
IC Projects for Amateur & Experimenter. 
192p., 252 illus. 53.95 
Transistor Projects for Hobbyists & 
Students. 192p., 153 ill. 
125 One -Transistor Projects 
192p., 125 illus. 
104 Easy Projects for the 
Gadgeteer. 160p., 105 ill. 

54.95 

53.95 
Electronics 

$3.95 

COMMUNICATIONS a HAM RADIO 

Commercial FCC License Study Guide. 432p., 
150 illus. $5.95 
The 2 -Meter FM Handbook 
312p., 182 illus. $5.95 
RTTY Handbook. 320p., 230 illus. 55.95 
You're On the Air! 224p., 49 illus. $7.95 
Designing & Maintaining the CATV a Small 
TV Studio. 256p., 102 ill. $12.95 

Citizens Band Radio Service Manual. 228p., 
96 illus. $4.95 
CB Radio Operator's Guide 
224p., 246 illus. 53.95 
Video Tape Production & Communication 
Techniques. 256p., 100 ill. 512.95 
AMATEUR RADIO STUDY GUIDES 

Novice $3.95 General $5.95 Advanced 
53.95 Extra $4.95 Incentive $3.95 

COMPUTER TECHNOLOGY 

Beginner's Guide to Computer Program- 
ming. 480p., 364 illus. $6.95 
Computer Technician's Handbook 
480p., 400 illus. $7.95 
Beginner's Guide to Computer Logic. 192p., 
100 illus. $4.95 
Computer Circuits & How They Work. 192p., 
136 illus. 54.95 

AUTO, ENGINE A APPLIANCE REPAIR 

How to Repair Small Gasoline Engines 
288p., 124 illus. 54.95 
Using Electronic Testers for Automotive 
Tuneup. 256p., 226 illus. $4.95 
Major Appliance Repair Guide 
260p., illus. $5.95 
Small Appliance Repair Guide 
224p., 100 illus. 54.95 
How to Repair Home & Auto Air Con- 
ditioners. 208p., 100 illus. 54.95 
Refrigeration. 160p., 53 illus. $2.95 

ELECTRONIC TEST EQUIPMENT 

Basic Electronic Test Procedures 
416p., 178 illus. $6.95 
How to Interpret TV Waveforms 
256p., 270 illus. $4.95 
199 Electronic Test a Alignment Techniques 
224p., 130 ill. $4.95 
How to Use Color TV Test Instruments. 256p., 
230 illus. 54.95 
How to Use Vectorscope- Oscilloscopes a 
Sweep Marker Gen's. 256p., illus. $4.95 
Electronic Test Measurement Handbook. 
224p., 100 ill. 54.95 
The Oscilloscope: Third Edition 
256p., 160 illus. $4.95 
Advanced Techniques for Troubleshooting 
with the Oscilloscope. 256p., 222 illus. $4.95 

See these helpful books at your parts distributor or 
clip this ad and order on FREE 10 -DAY TRIAL! 

NO -RISK COUPON -MAIL ENTIRE AD 

TAB BOOKS, Blue Ridge Summit, Pa. 17214 
Please send me books checked above. 

I enclose S 
Please invoice on 10 -day FREE trial. 
Send FREE 28 -page catalog. 

Name Phone 
Company 
Address 
City State Zip 
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UNSCRAMBLE 4- CHANNEL 
(continued from page 59) 

do we have what appears to be an opti- 
mized CD-4 recording which can be com- 
pared with a standard stereo release. Even 
comparing different program segments from 
"Hair" tells us little, as illustrated in Figs. 
29 and 30. Figure 29, program material 
from the stereo "Hair" with pronounced 
CF information is reproduced from the 
CD -4 version in stereo with predominant 
CF orientation; whether working with cor- 
ner or front signals the CD -4 to stereo con- 
version shifts the orientation to the front. 

Based on my own listening experiences 
I feel that optimum discrete 4- channel is 

not coincident with optimum stereo, and 
somewhere along the line the powers in 
charge will have to make a firm decision. It 
will, however, be unfortunate if the capac- 
ity of CD-4 is compromised for stereo per- 
formance. My feeling, based I must admit 
on my experience with only the JVC 
"Hair" recording, is that CD-4 is to stereo 
as stereo is to mono. 

Summing up 
As far as creating a three -dimensional 

sound field is concerned, all the various 
matrix systems and CD-4 work; with CD-4 
far and away the winner in creating vast 
spacial perspectives, though full -logic SQ 
very closely approximates the discrete sys- 
tem in spacial perspective. 

ELECTRONICS, INC. is proud to announce the 
GRAND OPENING of our new Service Center in 

EI- EZ\0 
nopyontar... KtAlk,zr\., 

...gel Tat g hr! 
5995 

1 YEAR GUARANTEE 

Come and see us. PTS Branches are all company owned -No Franchises -we care for our customers. For 
a TUNER PART or COMPLETE TUNER REBUILT. core to us. we will take care of your tuner problems like 
no one else can. WE'RE PROFESSIONALS -18 years experience made us what we aret 

You owe it to yourself 

to try P.T.S. We are the fastest growing. oldest and now the 
largest tuner service company In the world. Here Is what 
you let: 

I. Fastest sink-8 hour--in and out the same day. Overnight 
transit to one of our pants. 

2. Fine Quality! Your customers are satisfied and you are not 
bothered with returning tuners for r work! 

3. lower Coat! Up to $5.50 Ins than other tunes for rework! 
1. Friendly, helpful service! We help you do more business -that 

way we will do more, loo. We went your business and we try 
to deserve d! 

Color -Black 8 White- Transistor -Tubes 
-Varactor -Decent UHF 

VHF or UHF 
UV-Comb. 

$9.95 
$16.95 

Major parts, tubes, transistors- shipping- 
charged at net cost 

(Dealer net!) 

for finer, faster, 

tee Precision 
Tuner Service 

FREE JOB CARDS . FREE SHIPPING LABELS 
send faulty unit with tubes, shields and all broken parts to 

PTS ELECTRONICS, INC. 
P. 0. BOX 16856 
1921 S. 70TH ST. 

PHILADELPHIA, PA. 19142 . 

... Or to any of these strategically located Service Centers: 

111 Orna anneal est wetiwi eetaatl I1661 WWI wetaaul. Matit 
115 ltalacsicS INC PIS IuICTl0tKS OK rit tlttnOwa we PIS 1i It 1110NCS OK ras IUClnexs lei PIS IltCleOKö INC PIS It ICII0acS IK 
r o 101211 P O sol I6855 P O DOtlt P 0101111, P O BOr 11114 P O 101 11í1 P O DOI lits 
I100111,C10e Ilt 17101 PwlAWIp,IA PA 19111 SPew6,1hD eats 01101 acsSOS91l11 fia 32205 SOC1Ae1e0 CALI, 01.111 10110ntn Ili 15{01 Dlerte. COLO 10101 

Ill II/ 1219131 Ill LIS 7/1 OM Ill 111131 2131 II! W MHO Ill 916 WON III 111 1131511 1IL 105. MI 2511 
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As far as the listener is concerned 
there is no good reason why there cannot 
be two distinct incompatible systems, 
though it is technically feasible to combine 
both the matrix and CD-4 systems on a 
single record -and most probably, this is 
the wave of the future, the not - too-distant 
future if the various system proponents are 
willing to share the pie. 

But while the giants of industry hassle 
over who will control the rights to the most 
popular, income- producing system, what of 
the consumer who is told to "sit it out," 
who is warned against purchasing equip- 
ment that might be obsolete if something 
called the "matrix war" is won by a new, 
yet unannounced matrix system? The truth 
of the matter is that the consumer is being 
conned, both by dealers who might want to 
unload their stock of stereo equipment, and 
by the system originators who see much in 
the way of license and royalty fees. The 
one who can't lose anything is the con- 
sumer, he is really sitting on top of the 
heap and can upgrade to 4- channel now 
with little possibility of obsolescence. 

OS RECORD DECODED using Sansul QS-500 
decoder /rear amplifier. 

ANOTHER BAND of OS record played back 
through Sansul OS-500 unit. 

To explain: The basic additional ex- 
pense of 4- channel equipments is an extra 
pair of amplifiers for the rear channels, a 

two- speaker system and a decoder. With 
the full -logic SQ decoder now available on 
an IC chip the decoder expense is a minute 
part of the price of a new 4- channel ampli- 
fier or receiver. Even if a completely differ- 
ent matrix system is declared "the winner" 
of the so- called matrix war the user will 
still get a three -dimensional sound field 
from the full -logic SQ decoder, and some- 
one, somewhere, will produce a decoder for 
the new matrix system that plugs into an 
amplifier's tape monitor or auxilary jacks. 
Should CD -4 eventually become the pre- 
vailing 4- channel system all the user need 

do is plug in a CD-4 demodulator, and get 

a new, wide -frequency -range cartridge. 
On the other hand, suppose our audio- 

phile favors CD-4 and purchases a 4 -chan- 
nel amplifier with built -in demodulator. 
Later, he decides there are matrix record- 
ings he'd like to hear; again, he need only 
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OUTPUT LEVEL AT 1k Hz, 3.54 CM /SEC. = 1.2 mV 
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FREQUENCY RESPONSE OF JVC 4MD 
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SAME AS FOR STEREO BELOW 1 k Hz 
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FREQUENCY IN Hz 
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JVC 4MD -20X PICKUP EASILY PROVIDED wide frequency response needed for optimum CD-4 
performance. Note how lower load resistance and higher capacitance of standard phono Input 
limits high- frequency response. 
purchase an add -on matrix decoder. Marantz has equipment with a corn - 

As long as the consumer has equip- partment prewired for add -on decoders; 
ment with four amplifiers for front and rear you buy the amplifier or receiver now and 
and the usual multitude of input and out- the decoder if and when needed. Pan - 
put "line level" connections, he can accom- asonic, one of the CD -4 proponents, has 
modate any 4- channel system at minimal equipment with three different rear -signal 
extra expense. Even if he uses a stereo am- phase decoders as well as discrete 4- channel 
plifier with one of the rock -bottom priced inputs. Most manufacturers of name -brand 
Dynaco -type passive ambient -sound deco- equipment do the same thing as Lafayette, 
ders he will get a three -dimensional sound Fisher, Harman- Kardon and Heathkit, just 
field from any stereo or matrix record. to name a few, who provide a jam -packed 

This idea of add -on equipment is not rear apron loaded from end to end with 
really so far out as it might appear. Pioneer matrix and discrete 4- channel inputs. 
already offers 4- channel equipment with So take your choice: any 4- channel 
both SQ and RM decoders -RM meaning system falls into the good- better -best cate- 
Regular Matrix, the term used in Japan for gory, and if you're not completely satisfied 
the QS system, and discrete 4- channel in- you can always upgrade to the latest tech - 
puts for tape and /or demodulators. nology with reasonably priced add -ons. R -E 

ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 
from the Indiana Home 

Study Institute 
We are proud to announce two great 

new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana Home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineering 
mathematics and actually enjoy doing it! 

WE ARE THIS SURE: you sign no 
contracts -you order your lessons on a 
money -back guarantee. 

In plain language, if you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. RE -5, P.O. Box 1189, Panama City, Fla. 32401 

Circle 25 on reader service card 

Fastest gun tester of them all... 
foronly $169' 
It's the new RCA WT -333A Television Picture Tube Tester 
that: 
Tests red, blue and green color guns simultaneously with 

RCA's unique CR Ill "SIMUL- TEST" 3 -meter system. 
Provides new, more effective 3 -step rejuvenation function 
and newly- designed "no- delay" G1 shorts removal function. 
Reveals H -K leakage other testers may miss, with special 
high -voltage surge circuit. 
Performs "brightness," "life" and other evaluation -type tests. 

Tests over 1800 TV picture tubes - including RCA's new 
"Precision In- Line," Sony's "Trinitron" and other in -line 
types. 
Includes built -in socket plus four socket adapters at no extra 
charge to cover most of today's picture tubes. 

See your RCA Distributor now for more information on the 
WT -333A. Or write RCA Electronic Instruments Headquarters, 
Harrison, N.J. 07029. 
'Optional Distributor Resale Price 

ROß Electronic 
Instruments 
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new products 

More information on new products is available from the 
manufacturers of items identified by a Reader Service num- 
ber. Use the Reader Service Card inside the back cover. 

STEREO HEADPHONES model 0A -1. 
Dynamic open -air phones weigh only 
10.9 oz. Impedance; 8 ohms. Maximum 
input power; 300 mW. Sensitivity; 100 dB 
at 600 Hz. Frequency response; 30 to 

19,000 Hz. Distortion: less than 1 %. Unit 
comes with a 7 -foot cord and is priced 
at $19.95. -Pickering & Company Inc., 
Sunnyside Blvd., Plainview, N.Y. 11803. 

Circle 31 on reader service card 

INTRUSION DETECTORS will detect the 
motion of any mass in three dimensional 
space using Doppler techniques and 
both ultrasonic and microwave fre- 
quencies. Detection range is as much as 
30 feet and several detectors can be 
combined to cover larger areas. Also 
available is a stress intrusion detection 

system that uses a small solid -state sen- 
sor glued to a structural member likely 
to flex when someone walks across it. 
These detectors must be used in con- 
junction with a security controller to pro- 
cess the information from the detec- 
tors.- Detectron Security Systems Inc., 
Bay Street, Sag Harbor, N.Y. 11963. 

Circle 32 on reader service card 

TELEPHONE ANSWERER, designed for 
use in the home, answers the phone 
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when you are not there and records up 
to 30 messages. All functions are push- 
button- activated and a message- waiting 
indicator light indicates when a call has 
been taped. 

Unit is factory -set to answer after three 
rings, but can be adjusted to answer af- 

ter as many as five rings. Unit is 9" x 

10" x 23/4". $99.95.- BSR- Metrotec, Blau- 
velt, N.Y. 10913. 

Circle 33 on reader service card 

4- CHANNEL RECEIVER, QEX -6500 has 
Variomatrix, an improved version of the 
Sansui QS regular matrix. Unit automati- 
cally accommodates all present 4 -chan- 
nel modes as well as conventional 2- 
channel stereo and 1- channel mono 
sources. The new matrix is claimed to 
offer drastic improvements in front -to- 
rear separation, greatly enhancing the 4- 
channel effect. 

The amplifier delivers 280 watts of 
total IHF music power (50 watts at 4 
ohms per channel). Frequency response 
is 20 to 30,000 Hz ±1 dB. Distortion is 
less than 0.5% at rated output. IHF sen- 
sitivity of the FM tuner is 1.8 mV. 
$699.95 complete with walnut- finished 
cabinet. -Sansul Electronics Corpora- 
tion, 55 -11 Queens Blvd., Woodside, N.Y. 
11377. 

Circle 34 on reader service card 

MULTITESTERS. Complete line ranging 
from compact 1,000 ohms -per -volt ex- 
perimenters' unit to 100,000 ohms -per- 

volt professional unit, plus FET profes- 
sional model with a 10- megohm dc 
input. Mini -tester model IC -100 is $7.95. 
Model IC- 200 -the 20,000 ohms per volt 
unit -is $18.95, has 17 ranges and two 
color scales. Model IC -300, at $38.95, 
has 22 ranges and measures both ac 
and dc voltages. It is a 30,000 ohms -per- 
volt unit. Model IC -400 is a 100,000 

ohms -per -volt unit, priced at $49.95, and 
has 43 ranges. What may be the smallest 
FET multitester -the IC- 500 -provides 17 
ranges, has a center zero feature and 
can measure resistance as high as 1,000 
megohms. Its price is $54.95.- Inter- 
national Components Corporation 10 
Daniel Street, Farmingdale, N.Y. 11735. 

Circle 35 on reader service card 

ELECTRONIC SIREN, No. 700 Howler. A 
solid -state sounding device that pro- 
duces two distinctively different and very 
loud alarm signals. Unit generates a loud 
howling (by pulsating) sound similar to 
that of police and fire sirens as well as a 
steady -tone alarm signal. The two -chan- 
nel capability enables the installer to 

provide separate signals for burglary and 
fire. 

The Howler draws 700 mA and can 
be used only with a 6 -volt system. It may 
be powered from batteries, rechargeable 
battery packs. -Alarm Device Manufao- 
turfing Co., 165 Eileen Way, Syosset, 
N.Y. 11791. 

Circle 36 on reader service card 

MINI- MOUNTS, LSI-42 pad provides a 
quick and easy way to breadboard LSI 
packages with up to 42 pins. Without 
drilling holes, you can assemble the cir- 
cuit prototype on any flat surface. Pres- 
sure- sensitive adhesive on the back 
holds it in place while Interconnecting 
wires are installed. Mounts can be 
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moved or exchanged as the circuit de- 
velops yet will remain firmly in place in 

the finished assembly. 
Provides a fast and flexible method 

of assembling high -performance elec- 
tronic circuits, including analog, digital, 
and rf circt, its from dc to the GHz re- 

gion. Comes in different configurations 
to fit 14- and 16 -pin dip's, 6 -12 pin to -5 
style cans, transistors, inductors, resis- 
tors and other components.- Christian- 
sen Radio, Inc., 3034 Nestall, Laguna 
Beach, Calif. 92651. 

Circlr 3' on reader cervn.e card 

SCREWDRI'ERS AND BLADES, Series 
99 work at any angle and handle hex 
socket screws which, because of ob- 
structions, cannot be reached straight - 
on. Has 5allpoint tip design that 
achieves a speed and ease in engaging 
and turning that is unattainable with 

other drive 
sizes from .050" through 

3/16 ", fixed handle types singly or com- 
plete kit that includes regular detachable 
handle, 4" extension and standup trans- 
parent plE.stic case.- Xcelite Incorpo- 
rated, Orchard Park, N.Y. 14127. 

Circe 38 on reader service card 

TV TUNER SUBBER, model Mark IV. Im- 
proved ve'sion of the original subber, 
this unit not only substitutes for the tuner 
but also substitutes the 40 -MHz I.f. signal 
at any point in the I.f. chain up to the fi- 
nal i.f. stage. By substituting the signal 
after the elgc stages, the technician can 

analyze the agc system without con- 
fusion. The receiver will operate nor- 
mally without overriding the agc line with 
a fixed bias supply. Now tests can be 
made on the defective agc system with- 
out masking any of the defects with false 
biasing from the bias box. 

Low -impedance output circuit 
matches older bandpass coupling i.f. in- 
puts, late model link coupled inputs and 

any input in the i.f. chain to the final i.f. 
stage. Not only is output level high, but 
output bandwidth is maintained so it is 
virtually impossible to lose the color due 
to mismatching. Unit is housed in a 
molded case and is completely self con- 
tained and battery powered, $45.95. - 
Castle Television Tuner Service Inc., 
5710 North Western Avenue, Chicago, Ill. 
60645. 

Circle 39 on reader service card 

SOUND COLUMNS, 10/150 & No. 
10/151 for sound reinforcement appli- 
cations in auditoriums, churches, 

schools, etc. 
Directional sound dispersion pattern 

model 10/150 -120' horizontal and 40 
vertical, frequency response 80- 15,000 
Hz, program material 24 watts, peak 40 

Reduce Car 
Maintenance 

Increase 
Engine 

Performance. 
Put a Mark Ten Capacitive 
Discharge Ignition (CDI) 

System On Your Car. 

Even Detroit finally recognizes that elec- 
tronic ignition systems dramatically in- 
crease engine performance. Chrysler is now 
putting them on their new models. The Mark 
Ten CDI, the original electronic ignition 
system, has been giving increased perfor- 
mance with lower maintenance to hundreds 
of thousands of satisfied customers for 
over eight years. Install a Mark Ten CDI on 
your car, boat or truck and eliminate 3 out 
of 4 tune -ups. Increase gasoline mileage up 
tp 20%. Enjoy improved engine perfor- 
mance. Or put a Mark Ten B on your car. It 
was especially designed for engines with 
smog control devices. By reducing combus- 
tion contaminants, the Mark Ten B restores 
power losses caused by these devices. 
Equipped with a convenient switch for 
instant return to standard ignition, the Mark 
Ten B is applicable to ANY 12 volt negative 
ground engine. Both systems install in 10 
minutes with no rewiring. Order a Mark 
Ten or Mark Ten B CDI today. 
Mark Ten (Assembled) $44.95 ppd. 
Mark Ten (DeltaKit) $29.95 ppd. 

(Kit available in 12 volt only, 
positive or negative ground.) 

Mark Ten B $59.95 ppd. 
(12 volt negative ground only) 

Superior Products at Sensible Prices 
Mtg. in U.S.A. 

Dept RE A DELTA PRODUCTS, INC. 
P.O. Box 1147 /Grand Junction. Colo. 81501 

(303) 242 -9000 

Please send me free literature. 
Enclosed is $ C Ship ppd. E Ship C.O.D. 

Please send: 
Mark Ten B @ $59.95 ppd. - Standard Mark Ten (Assembled) 
@ $44.95 ppd. 

_ 6 Volt: Neg. Ground Only 
_ 12 Volt: Specify 

__ Positive Ground Negative Ground 
-_Standard Mark Ten (Deltakit')@ 

$29.95 ppd. 
(12 Volt Positive Or Negative Ground Only) 

Car Year Make 
Name 

Address 

City /State Zip .. 

L - - - - - 
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If paging speakers 
all seem about 
alike to you...wait 
'til you get to the 
top of the ladder 
to install 
them! 

watts; model 10/151 -120° horizontal 
and 30° vertical. Frequency response 60- 
18,000 Hz, program material 40 watts, 
peak 80 watts. Model 10/150 -24 "H x 

101/2 "W x 51/4"D, 15 lbs. Model 10/151- 
47"H x 101/2"W x 51/4 "D, 34 lbs. 

Oiled walnut veneer finish. Supplied 
with wall and mounting brackets. Provi- 
sions for plug -in line transformer mod- 
ules.- American Geloso Electronics Inc., 
251 Park Avenue South, New York, N.Y. 
10010. 

Circle 40 on reader service card 

BURGLAR ALARM SYSTEMS, Minute- 
men are a series of radio frequency, ra- 
dar -type, space alarm systems which 
emit invisible rays that detect the slight- 
est movement instantly. 

Minuteman II can cover more than 
one room or area with one antenna as 
its protective pattern can penetrate most 
building materials. 

Electro -Voice Paging Speakers. . 

it you pay less it may cost you more! 

How many trips up the ladder does it take 
you to finally install a paging speaker? 
(Be honest and include the times you drop 
hardware, and the extra trips to change 
level or positioning). Good news! E -V has 
made paging speaker installation easier 
and faster. 

Now you need fewer tools and less time 
to get better sound. Speaker base removes 
fcr easy mounting, and it won't fall apart 
in your hands in the process. There are 
no screw terminals to short out, pigtails 
are already attached, no transformer cover 
plates to unscrew, and final speaker 
positioning is simple and positive. 

All this and great sound in the bargain. 
Plus competitive prices on every model. 
More than a dozen from which to choose. 
Write today for our catalog or see your 
nearby Electro -Voice sound merchant. 

ELECTRO- VOICE, INC., Dept. 536E 
613 Cecil Street. Buchanan, Michigan 49107 
In Europe: Electro-Voice. S. A.. Romeratrasse 49. 2560 Nldeu, Switzerland 
In Canada: EV of Canada. Ltd., Ontario 

C O M P A N Y 

Gulton 
Cu.( le 63 on reader .aerrle e card 
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Space alarms protect against bur- 
glaries perpetrated by entering the 
premises through walls, floor or ceiling. 

Contains burglar and fire alarm con- 
tacts, remote key switch, automatic re- 
setting, central station capability and 
tamper -proof cables. $279.50 -GBC 
Closed Circuit TV Corp., 74 Fifth Ave- 
nue, New York, New York. 

Circle 4/ on reader service card 

ULTRASONIC INTRUSION SENSOR, 
GD -39 is valuable addition to any book- 
case because this "book" keeps a vigil- 
ant watch on home and belongings. 

Between the bogus covers of "The 
Informer" is a solid -state ultrasonic sen- 
sor that can be used to trigger an alarm, 
turn on a light, or both should it detect 
movement in the area under surveil- 

lance. To install, plug unit into an ac 
wall outlet, then plug the alarm and light 
into the receptacles provided. Unit has 
adjustable sensitivity, automatic and 
manual reset and a built -in 30- second 
delay circuit. 

Device can be assembled in approx- 
imately two evenings and can be posi- 
tioned to survey an entire room or en- 
tranceway. $49.95. -heath Company, 
Benton Harbor, Mich. 49022. 

Circe I(1O on reader .rcrrice card 

MICROPHONE FLOOR STAND, MS -50 is 
triangular -based and features wearproof 
grip -action clutch and scuff- resistant 
steel base with protective pads and anti - 
tip provisions for stability. 

Adjustable height 35" to 63 "; base 
size 141/2 "; 61/2 lbs.; $8.75. -Atlas Sound, 
10 Pomeroy Road, Parsippany, N.J. 
07054. 

Circle 42 on reader service carel 

SOLID STATE AUTOMOTIVE BURGLAR 
ALARMS, MBA -335 & MBA -335R is con- 
tained in a small plastic case with an 
on /off switch integral with the case and 
is easily concealed behind the dash- 
board. Senses any current change in the 

car's electrical system. After a 6 to 8- 
second delay, the alarm triggers, blowing 
the car's horn in pulsating blasts. An op- 
tional siren and parking -light flasher may 
be connected instead. 

The sensing system eliminates the 
need for an external key switch and sep- 
arate door trip switches. Quickly and 
easily connected with a single wire con- 
nection to the horn button switch wire 
and a wire to ground. MBA -335, $18.95, 
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for AMC, Chrysler and GM cars; MBA - 
335R, $20.95, for Ford -made cars and 
foreign cars ¡fiat do not have a horn re- 
lay. -Metra Electronics Corp. 660 
McDonald Ave., Brooklyn, N.Y. 11218. 

Circle 93 on reader service card 

MINIATURE DECADE COUNTERS, DEC - 
100 offers small size (0.5 x 0.88" in 
viewing plano), operation from a single 
5V power supply and a side -by -side 
plug -in feature that allows fast assembly 
of any number of digits with no unit-to- 
unit wiring for main -sequence opera- 
tions. Uses 7- segment Incandescent 
readouts. Up -down counter has preset 
capability, f'equency response to 32 

I`i 

tea 

i11liïlii1 
21 

(Ij11! 

31 

MHz, and mutual Vcc, ground, load, re- 
set, strobe, lamp test, up -clock and 
down -clock >ignal lines. A simple plug -in 
adapter is available for use with systems 
that require a single clock line with inde- 
pendent up -down control logic. Single - 
unit price $29.50 (includes readouts). - 
Compton Electronics, P.O. Box 5326, 
Compton, Calif. 90224. 

Circle 44 on reader service card 

FIRE DETECTOR /ALARM, Fireguard 
TBE800 is an all solid state, self -con- 
tained flame, smoke and heat detector 
and alarm. Operates on house current, 
automatically switches to standby bat- 
teries if line power fails. 

In high sensitivity position, unit will 
detect the flame of a striking match up 

to 10 feet distance, fire in a waste paper 
basket up to 30 feet distance. In low 
sensitivity position, a flame from a waste- 
paper basket 10 feet away; in total dark- 
ness, fire up to 100 feet away. Smoke 
detector sensitivity: average below 4 %; 
adjustable to 1%. Heat sensitivity: fixed 
temperatura 135 °F. (200° F.). 

120 Vac at 6A, delayed by about 60 
seconds, is provided for turning on a 
sprinkler system, fire department tele- 

RANGE 73 

Optional "Portfolio 
style" carder. 

Besides carrying 
"Range 13" 

parts or tools, 
uniquely unfolds 

nef to four times 
its own sire (from 

6 "o16^ to 24 "s16 "1 
and converts into 

pod protector 
for TV cabinet top I. - 
wn 

f1.9service 5 callhes. Nel 

A useful unit for field or bench serv- 
icing. Includes a powerful and flexi- 
ble spotlight mounted on a rigid 
Poly Sources Body, with Standard 
and polarized interlocks. When 
plugged into a TV or any other chas- 
sis it provides AC power to them and 
automatically supports itself, allow- 
ing illumination to any part of the 
chassis being repaired. It eliminates 

Spollight eat. to 21 in Head dia.- I.4 In Bulb 115V.(SP) 
Power cord: 7 ft. Weight. / oc. Color' black. 

Please mall check or money order "RANGE 
73" - Net $9.95. Optional carrier Net $4 95 
(Add $1.00 for shipping) (Calif. resident 5% tax) 
OR: Mail Only $5.95 with order, balance plus 
shipping on C.O.D. 

bench 
or flash lights 

and standard or 
polarized cheater cords. 

Also includes a built -in AC 
outlet for any auxiliary feed- 

ing or extension. As the entire 
unit is made of high voltage insulat- 
ing materials, it allows close -ups of 
"hot" areas of a TV chassis. When 
not plugged into a chassis it can be 
used conveniently by placing in any 
position or twisted, looped, hung or 
inserted in almost any place by the 
special head, neck or body. Its corn - 

pactness and safety designs allow 
seeing and inspecting among transis- 
torized and IC components, or even 
"X Raying" Solid State Printed Cir- 
cuit Boards. Price - $9.95 Net 

Made in USA under National and International 
PATENT RIGHTS EXCLUSIVELY FOR: 

MICHELIN INTERNATIONAL 
P.O. BOX 6743, Los Angeles, California 90022/ 

Circle 64 on reader service card 

Why pay an answering 
service when you can 

own your own? 
Dictaphone has a machine to 
make sure you never lose an- 
other cent through a missed 
phone call or a garbled mes- 
sage. In fact, we have a whole 
line of them. 

They're called Ansafones. You can buy one outright 
or possibly lease it for about what you're paying your 
answering service now. And it works for you 24 hours a 
day, 7 days a week. 

For a free brochure describing how much an 
Ansafone can help you, mail this coupon now. 

®Dictaphone 
Box L -5 -34, 120 Old Post Road, Rye, New York 10580 

Please send me full details of the Ansafone line. 

Phone 

State 
_ 

._- . Zip Code -_ 

Name _ _ 

Company. _ 

Address 

City 

V 
Ansatone and Dictaphone are registered trademarks of Dictaphone Corp. 

Circle 65 on reader service card 
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FREE ALARM 
SYSTEMS 

CATALOG 

Full line of professional burglar and 
fire alarm systems and supplies. 80 
pages, 400 items. Off -the shelf de- 
livery, quantity prices. 

h, mountain west alarm 
4215 n. 16th st. N phoenix, az. 85016 

Circle 66 on reader service card 

A 
lITTlE 
(QUIRT 
¡top 
all the 
noise. 
A squirt of Quietrole 
from the handy Spray Pack 
silences any moving T.V. 
part. Cleans as it 
lubricates, too. Guarantees 
quiet, trouble -free 
operation. Absolutely safe 
for any black and white or 
color set. Try it and see 
why it's preferred by top 
servicemen everywhere. 

Also available in bottles, 
and the new silicone - 
"Silitron." 

Product of 

QUIETROLE 
COMPANY 

Spartanburg, South Carolina 
Circle 67 on reader service card 

ix -Matern 

the cri tester 
gnu can ífford to take alono 
mb... $34.95 

MODEL 
KP 710 

A quality CRT tester with 
individual test for each gun. 

Compare guns for emission. 
Test for leakage and shorts. 
Legible 3 color scale. 
Compact, portable, rugged. 
Avoid recalls, check the CRT 
on every call. 

WRITE US! 
take along the time savers 

PIX -MATE CRYS -MATE GEN -MATE 

e1itv1g1jc e 
SOUND-MATE TRACE -MATE 

The Caddy -Mate line. 
2245 PITKIN AVE., BROOKLYN, N. Y. 11207 

Circle 68 on reader service card 
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phone dialer, police type sirens, bells or 
lights. -Three B Electronics Inc., 
5404 Eighth Avenue, Brooklyn, N.Y. 
11220. 

Circle 45 on reader service card 

TAPE -RECORDER SPEED CHECKER, 
LFM -30 will check tape recorder speeds 
using 1, 2, 3, 4, 5, 6, 7, 8 and 9 kHz test 
tones. Has test range of -3% to + 3% 
with an input level of 100 mV to 10 mV 
rms. Input impedance is 150,000 ohms. 
Has an accuracy of ±5% of end scale. 

Is effective for tape cassette, tape 
cartridge and reel -to -reel recorders. 
Comes with standard 4 -kHz test tape and 
carrying case. 11"H x 3 "W x 21/2"D; 2 
lbs., $129.95.- Leader Instruments Corp., 
37 -27 27th Street, Long Island City, N.Y. 
11101. 

Circle 46 on reader service card 

FIRE /INTRUDER ALARM SYSTEM, Chal- 
lenger contains magnetic door /window 
guards that trigger alarm when door or 
window is moved. Fire sensors trigger 
alarm when temperature reaches 130 °F. 

System contains: 6 door /window 
guards, 4 fire sensors, alarm, electronic 

0441.3...0413194 Skife-td0n1= ±í4airn s,smr-, 

control unit, master panel, 12 push -in 
wire connectors, 250 feet of insulated, 
shock -proof, ultra -fine, high- strength 
steel wire and illustrated step -by -step in- 
structions. $95.00.- Crismar Corporation, 
Johnson Avenue, Plainville, Conn. 

Circle 47 on reader service card 

BOOKSHELF SPEAKER, Project 100 
uses an air -suspension type enclosure 
housing a 10 -inch woofer and a 11/2 inch 
hemispherical dome combination mid- 
range and tweeter. Maximum input 
power of 35 watts. With frequency re- 
sponse down to 30 Hz. 
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Fixed L -C network has a crossover 
at 1,000 Hz. Voice coil impedance is 8 

ohms. 13"W x 23 "H x 101/2"D; 40 lbs., 
$99.95. -U.S. Pioneer Electronics Corp., 
178 Commerce Road, Carlstadt, N.J. 

C-ir, le 4,`i on reader service card 

BASIC PARTS BOARD, BP contains 62 
pieces of the most frequently needed re- 
placement parts used by the TV /radio 
service industry. Merchandise is dis- 
played on a 17" x 24" white pegboard 
consisting of fuses, fused resistors, focus 
rectifiers, circuit breakers, pix -tube an- 

DISTRIBUTOR'S NAME 

BASIC PANTS BOA 

ode connectors, current limiting resis- 
tors and the completely universal TV 
channel selector, fine tuning and control 
knobs.- Workman Electronic Products 
Inc., P.O. Box 3828, Sarasota, 
Fla. 33578. R -E 

Circle 49 on reader r'ri It r rn'd 

There's only 
one thing worse 
than finding out 
you have cancer. 

Not finding out. 

We w ant to wipe out cancer 
in your lifetime. 

Give to the 
American Cancer Society 

12 REASONS 
YOUR CAR NEEDS 
A TIGER 500 
Instant starting in any weather - Eliminates 
tune -ups - Increases gas mileage - Increases 
horsepower 15% - Improves acceleration & 
performance - Spark plugs and points last 
up to 70,000 miles - Reduces engine main- 
tenance expense - Amplifies spark plug 
voltage to 45,000 volts - Maintains spark 
plug voltage to 10,000 RPM - Reduces 
exhaust emissions - Dual ignition switch - 

Unconditional guarantee for original owner 
Installs in 10 minutes on any car with 12 

volt negative ground - No rewiring - Most 
powerful, efficient and reliable Solid State 
Ignition made. 

SATISFACTION GUARANTEED 
or money back. 

Assembled $49.95 
Post Paid in U.S.A. 

Send check or money order with order to: 

Star Corporation 
Dept. R, P. O. Box 1946 

Grand Junction, Colorado 51501 
DEALER INQUIRIES INVITED 

Cir, lc 69 on reader curvier card 

why p a y 
retail? 
Buy from us, save money on 

hifi 
Choose from over 100 name 
brands, and save on time and 
freight charges by ordering 
from the location nearest you 

idwest Hill 
WHOLESALE & MAIL ORDER DIVISION 

Send for our free catalog! 
2455b Wisconsin Ave., 
Downers Grove, Ill. 60515 
(Attn Ralph Edwards) 
3309 E. I W Carpenter °rwy., 
Irving, Tex. 75060 
(Attn Ron Elkins) 

Circle 70 on reader service ca,-cl 

What do you think of a guy who bought 
a $150 turntable to go with a $75 amplifier 
and a pair of $40 speakers? 

Smart Audio "accountants" 
have formulas for 

appropriating funds to the various com- 
ponents in a stereo system. 

Usually they recommend about 20% of 
the total to take care of the turntable and 
cartridge, which is 0K if your total is 
$500 or more. 

But what do you do if you really love 
music, and have a 10 -LP- per -month habit 
that leaves you with peanuts to spend 
for hardware. 

If you followed the accountants' advice 
you might end up with a $5 or $10 
cartridge in a $30 changer. It would be 
arithmetically compatible, and might even 
sound OK. But later on, when you can 
afford that monster system 

you've had your eyes on, you might 
find that your records sound worse 
than they did on your old cheapie systen 
-because the inexpensive changer, wish 
heavy stylus pressure and unbalanced 
skating force, was grinding up the 
grooves. And your cheap amp and spea<- 
ers wouldn t let you hear the damage. 

And now that you've spent a pile on hiét 
power, low distortion electronics, and 
wide -range speakers, you have to sperd 
another pile replacing your records. 

So, if you think you will want the best 
amplifier aid speakers later, be smart 
and get the best turntable now... the 
BSR 810. Send for detailed specificatio is. 
BSR (USA) Ltd., Blauvelt, N.Y. 10913. 

Circle 71 on reader service card 
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VOLUME 
CONTROL 

ot 
NeweneseNLi 

t'1 

I SPECIAL OF THE MONTH MEMORIES 
E 1101 256 Bit RAM MOS $2.45 Ea. 

U 8223 Field Programable Rom $5.95 Ea. 
7400 7401 7402 7403 7404 7405 $ .20 Ea. 
7408 7410 7420 7430 7440 7460 .20 
74L00 $ .40 74L71 $ .50 Ea. 7491 $1.05 Ea. 
74L02 $ .40 74L72 $ .50 7492 .85 
74L04 .40 74L73 .75 7495 .85 
74L20 .40 74 L74 .75 74123 .99 
74L30 .40 7474 .30 74154 1.75 
7413 .95 7475 .69 74160 1.65 
7441 1.10 7476 .45 74161 1.65 
7442 1.10 7483 1.20 74165 1.65 
7443 1.10 7485 1.20 74181 4.50 
7446 1.40 7486 .45 74192 1.65 
7447 .95 7489 3.25 74193 1.65 
7448 1.25 7490 .69 

LINEAR SPECIALS 
LM300 Positive Volt Reg. Ea. $ .95 
LM301 Hi Performance Amp Ea. .45 
LM302 Voltage Follower Ea. .95 
LM308 Micro Power Op. Amp. Ea. 1.50 
LM309H (T05) 5 Volt 200Ma V Reg .95 
LM309K (T03) 5 Volt 1 Amp Reg Ea. 1.95 
LM311 (T05) Comparator Ea. 1.50 
LM320 (T03) -5.2V Neg. Reg. Ea. 3.95 
LM320 (T03) -15V Neg. Reg. Ea. 3.95 
LM380 (Dip) 2 Watt Audio Amp. Ea. 1.45 
NE565 Phase Lock Loop Ea. 2.95 
NE566 Function Generator Ea. 2.95 
NE567 Tone Decoder Ea. 2.95 
707 Op Amp. $.35 Ea. or 10 for 3.00 
723 Volt Reg. .95 Ea. or 5 for 4.00 
741 Freq. Comp .45 Ea. or 10 for 4.00 
747 Dual 741 .95 Ea. or 5 for 4.00 

EXTRA SPECIAL 
5001 LSI Calculator Chip 

with complete info Each $7.95 
LED SPECIALS 
Man III Type Readouts Ea. 2.95 
Man IV Type 2/10 character Ea. 3.25 

height 
MV50 Type .29 Ea. or 4/ 1.00 
MV5040 Type large Visable Red 

.40 Ea. or 3/ 1.00 
Min. Order $4.00 Prepaid in U.S. 
Orders filled within 3 days after receipt 
Note: add .50 per spec sheet for item priced 
at less than $1.00 each. 

INTERNATIONAL ELECTRONICS 
UNLIMITED 

P.O. Box 2238 
Walnut Creek, Calif. 94595 

Circle 72 on reader service card 

TUNE -IN 
on these TOP -RATED 

"NO- NOISE" PRODUCTS 
PROVEN PERFORMANCE FOR COLOR AND 8rW 

FIRST, simply spray parts with 

SUPER SPRAY BATH. 
Dissolve and flush away grease, dirt, 
oil and oxidation -penetrative action 
cleans and restores all component 
parts. 

THEN, follow with 

VOLUME CONTROL AND 
CONTACT RESTORER 

for special attention to volume con- 
trols, push button assemblies, band 
switches, relays and other electrical 
contacts. 

"NO- NOISE" 
products are 
guranteed non- 
flammable, no 
carbon tet, non- 
toxic -- safe for 
plastics. 

For Tuners 
llncl wafer type) use 

TUNER TONIC 
With Perma Film 
OR SUPER LUBE 

for further 
cleaning and lubrication - 

economical, a little does a lot. 

AMC! 

Other Famous "NO- NOISE" Products 

EC-44 
Fr,grd -Au 
Tape -Reco stead Cleaner 

Tunet- Ton1c 

a.Y Pf 69s.Fk! 

Often imitated but never duplicated 

ELECTRONIC CHEMICAL CORP. 
813 Communipaw Avenue Jersey City, N. J. 07304 

Circle 73 on reader service card 

5o'ì#e New Improved 

SAYE MOUNTS 

FOR 
SUPPORTED MAST 

INSTALLATION 
SLOTTED 
WASHER HEAD 
LAG SCREW 

SIMPLIFIES 
STALLATION 

FOR 
GROUND -UP TELESCOPING 

MAST INSTALLATIONS 
UP TO AND INCLUDING 

50 FT. MASTS 
Available in Hot -Dip 

Galvanized Steel or Aluminum 

TEARDROP 
SCREW HOLES 
FOR MOUNTING 
EASE 

WRITE FOR 
FULL DETAILS. 

EXCLUS VE SWIVEL 
MASTSUPPORT 

(Back Vnwl 
Choice of: 30 ", 48" or 60" 
models (size indicates spread of lower bracket). 

SOUTH RIVER METAL PRODUCTS CO., INC. 
SOUTH RIVER, NEW JERSEY 08882 

Circle 79 on reader service card 
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For 

faster 
service 

USE 

ZIP 

CODE 

on 

all 
mail 

new lit 

All booklets, catalogs, charts, 
data sheets and other litera- 
ture listed here with a Reader 

Service number are free. Use 

the Reader Service Card in- 

side the back cover. 

ALARM EQUIPMENT CATALOG, M -73 is an 
80 -page catalog that describes over 400 intru- 
sion and fire alarm products. Many are UL 
listed. 

The alarm equipment ranges from rela- 
tively simple kits with instructions to the latest 
ultrasonic, radar and infrared intrusion detec- 
tors. Products are described in some detail re- 
garding application, principle of operation and 
specifications. 

A general alarm system discussion is fol- 
lowed by 8 pages of applications notes on 
how to use the many detector options. Some 
basic installation procedures are presented. 
For custom installations, several diagrams are 
presented to permit design and fabrication of 
basic systems. -Mountain West Alarm Supply 
Co., 4215 North 16th Street, Phoenix, Ariz. 
85016. 

Circle 50 on reader service card 

LOW- VOLTAGE LOW- CURRENT LAMP CATA- 
LOG includes photos, diagrams and complete 
specifications for such Muralites as standard 
lamp assemblies, Bi -Pin assemblies, lens caps, 
fuse type, pigtail type, neon and high bright- 
ness lamps. -Mura Corporation, 50 South Ser- 
vice Road, Jericho, N.Y. 11753. 

Circle 51 on reader service card 

INTEGRATED -CIRCUITS CATALOG, WR -125F. 
36 -page catalog gives salient information on 
the broad line of linear integrated circuits, Hall 
effect integrated circuits, functional electronic 
circuits, thin -film resistor arrays, thin -film hy- 
brid circuits and digital integrated circuits. - 
Sprague Electric Co., 81 Marshall Street, 
North Adams, Mass. 01247. 

Circle 52 on reader service card 

BURGLAR ALARM CATALOG. 6 -page booklet 
contains sensors, alarms, accessories, control 
center /systems, automotive security, auto 
alarms, demonstrators and complete price 
list -EICO Electronic Instrument Co. Inc., 283 
Malta Street, Brooklyn, N.Y. 11207. 

Circle 53 on reader service card 

Write direct to the manufacturers for infor- 
mation on items listed below: 

TUNER REPLACEMENT GUIDE & PARTS 
CATALOG No. III. 80 -page book enables 
reader to pinpoint the tuner problem quickly 
and easily find the right replacement part. In- 
cludes uhf tuner parts, tuner chemicals and 
tools, blow -ups for vhf and uhf tuners, re- 
placement guide for antenna coils and shafts. 
2,000 available exact -replacement tuners are 
listed under original manufacturer number for 
easy exchange. $1.00 (redeemable on first 
minimum parts order). -PTS Electronics, Inc., 
P.O. Box 272, 5233 Hwy. 37 S., Bloomington, 
Ind. 47401. R -E 
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nuxt month 
JUNE 1973 

Build A Phone Sentry 
$30 gadget is used with one cassette tape 
player to answer your phone with a pre -re- 
corded message. Use it with two cassette 
machines to take messages from callers. 

4- Channel Matrix Logic Systems 
Leonard Feldman, R -E's new Contributing 
Hi -Fi Editor reports on the latest devel- 
opments in matrix logic systems that en- 
hance front -to -rear separation. If you want 
to know how and what logic does for 4- 
channel stereo, mark this story must read- 
ing. 

VTR's; Where They Stand 
Popularity and use of video tape recorders 
is soaring. Here's an overview of what's 
happening in this exciting field and how it 
will affect you. 

Test IC's With A Vtvm 
Bob Middleton shows how you can accu- 
rately check out an IC using everyday test 
gear you already own. 

PLUS 
R -E's Guide For Replacement Transistors 
Step -by -Step Troubleshooting 
Jack Darr's Service Clinic 
Technical Topics 

At©17 hMhL) 
from Technician to 

`A8LCALIE1 
Advance beyond the technician level 

Become an electronics engineer 

Your technical experience can 
be a valuable asset in advancing 
your electronics career to the 
engineering level. By adding en- 
gineering training and a college 
degree to your experience, you can 
move up to greater opportunities. 

After three years of reduced 
demand, electronics engineering 
is now beginning to BOOM! It is 
predicted that there will be 
twice as many engineering 
jobs available by 1976 as 
there will be graduates 
to fill them. 

Grantham School of Engi- 
neering is a college -level 
institution, specializing 
in teaching electronics, 
computer science, and sup- 
porting subjects, mainly 

BY CORRESPONDENCE 

You may earn your A.S. E.T. 
degree by correspondence, 
and then earn your B. S. E. E. 
degree thru additional train- 
ing in residence. 

Grantham School of Engineering 
1505 N. Western Ave. Hollywooc, Calif. 90027 

Mail the coupon below for our free Bulletin r 
Grantham School of Engineering 
1505 N. Western Ave., Hollywood, Calif. 90027 

Please mail me your free Bulletin, which explains how 
the Grantham educational program can prepare me for 
my Degree in Electronics Engineering. 

RE-5-73 

Name 

Address 

City State Zip 

I I have been in electronics for years. I 
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q ua 
iki . Heathkit Electronics 

For full spectrum color, black & white 

GR -900 599955* 
(LESS CABINET) 

New 
5* 

GR -1900 17.., (INCLUDES CABINET) 

...and staying out of the red. 

New 
I C-2009 

9250* 

(INCLUDES CHARGER) 

See them all at your Heathkit Electronic Center ... or send for Free '73 Heathkit Catalog. 

HEATHKIT ELECTRONIC CENTERS 

ARIZ.: Phoenix, 2727 W. Indian School Rd.; CALIF.: Anaheim, 330 E. Bao Rd.: El Cerrito, 6000 
Potrero Ave.; Los Angeles, 2309 S. Flower St.; Pomona, 1555 Orange Grove Ave N.. Redwood 
City, 2001 Middlefield Rd.; San Diego (La Mesa), 8363 Center Dr.; Woodland Hilts, 22504 Ven- 
tura Blvd.: COLO.: Denver, 5940 W. 38th Ave -; CONN.: Hartford (Avon), 395 W. main St. (Rte. 
44), FLA.: Miami (Hialeah). 4705 W. 16th Ave.; GA.: Atlanta, 5285 Roswell Rd., ILL.: Chicago, 
3462.66 W. Devon Ave., Downers Gro ̂ e, 224 Ogden Ave.: IND.: Indianapolis, 2112 E. 62nd Ave.; 
KANSAS: Kansas City (Mission), 59 3 Lamar Ave .; MD.: Baltimore, 1713 E. Joppa Rd.; Rock- 
ville, 5542 Nicholson Lane: MASS Boston (Wellesley), 165 Worcester St.; MICH.: Detroit, 
15645 W. Eight Mile Rd. & 18149 E. Eight Mile Rd., MINN.: Minneapolis (Hopkins), 101 Shady 
Oak Rd.; MO.: St. LOWS, 9296 Gravois Ave.; N.J.: Fair Lawn, 35 -07 Broadway (Rte. 4); N.Y.: 
Buffalo (Amherst), 3476 Sheridan Or New York City, 35 W. 45th St.; Jericho, L.I., 15 Jericho 
Turnpike; Rochester, Long Ridge Plaza; OHIO, Cincinnati (Woodlawn), 10133 Springfield 
Pike; Cleveland, 5444 Pearl Rd., PA.: Philadelphia, 6318 Roosevelt Blvd Pittsburgh, 3482 Wm. 
Penn Hwy.; TEXAS: Gallas, 2715 Ross Ave.; Houston, 3705 Westhe,mer: WASH.: Seattle, 221 
Third Ave.; WIS.: Milwaukee, 5215 Fond du Lac. 

92 RADIO -ELECTRON CS MAY 1973 

www.americanradiohistory.com

www.americanradiohistory.com


Heathkit GR -900 25V Color TV with total- tuning convenience. 
It's the most advanced TV circuitry you can build. Yet everything goes together with 
traditional Heathkit simplicity. And the built -in convergence board and test meter for 
at -home maintenance and self -service add further savings over the life of the set. 
With the GR -900 you pre -set any 12 UHF stations for positive pushbutton power tuning, 
and you can scan both UHF and VHF channels in either direction. An ultra -rectangular 
black matrix tube, voltage controlled varactor UHF tuner, MOSFET VHF tuner and an 
exclusive angular tint control for consistently better flesh tones combine to produce an 
absolutely brilliant color picture. There are four preassembled and finished cabinets 
to choose from, plus the Heathkit Wall Mount and wireless remote control option. Any 
way you look at it, the Heathkit GR -900 is one of the most rewarding kits you can 
build. Mailing weight, 125 lbs. 

New Heathkit Solid -State B&W 19V Portable TV- a truly extraordinary set 
The new Heathkit GR -1900 is like no other B &W portable! With advanced solid -state 
"modular" design - most circuitry mounts on just four plug -in boards. Dependable 
solid -state circuitry, including 23 transistors, 13 diodes, 2 ICs, and just 2 tubes; picture 
& high voltage. Total detent tuning on all 70 UHF channels as well as VHF. "Instant - 
On" for sound and pictures at a touch - plus other "big -set" front panel control fea- 
tures such as VHF /UHF fine tuning; brightness; contrast; master on /off; vertical hold; 
AGC; and height. New Ultrarectangular picture tube for a full 184 sq. in. viewing area. 
Automatic Vertical Linearity for rock- steady pictures -a feature usually found only on 
expensive color sets. Dual- Controlled AGC for improved picture /noise ratio - another 
"big -set" bonus feature. Extra -wide Video Bandwidth for theater -quality black-and- 
white pictures. Four circuits (most sets have only 3) in the grounded base VHF tuner 
for superior cross modulation in dense station areas. With all this, the GR -1900 is a 
kit even the novice can build. Both tuners come preassembled and aligned, transistors 
& ICs plug into sockets, and all chassis wiring is color coded. For truly extraordinary 
performance in B &W TV, you've got it all in the GR -1900. Mailing weight, 56 lbs. 

New Heathkit Desk -top Calculator - an outstanding kit -form value. 
The Heathkit IC -2108 features a sleek, low- profile case with bright 1/2" readout tubes 
in an B -digit display - one of the largest, most legible in the industry. The color -coded 
keyboard is human engineered to slope down to the desk so you can rest your arm 
while using. And the IC -2108 is loaded with features: Four arithmetic functions. Float- 
ing and fixed decimal. Constant key. Chain calculation capability. Clear display key. 
Entry and result overflow indicators. Negative number indicator. 120/240 VAC opera- 
tion. In addition, the IC -2108 is amazingly simple to build. Two spare evenings will do it. 
Kit IC -2108, 4 lbs. 

New Heathkit "Pocketable" Calculator - you can service it yourself 
The Heathkit IC -2009 is first a self- contained portable, weighing in at 11 oz. and small 
enough to fit in your coat pocket, but it's a desk -top calculator too. The internal 
Nickte- Cadmium battery gives five to eight hours use between charges, Or, the IC- 
2009 can be left connected to its charger for indefinite operation. And unlike other 
pocket calculators, the Heathkit IC -2009 is designed to be maintained by you. Plug - 
in keyboard and display boards, plus a complete troubleshooting section in the manual, 
make it easy - and economical. Add up the features for yourself: 8 -digit capacity. Four 
arithmetic functions. Full floating decimal. Constant key. Chain calculation capabil- 
ity. Clear entry key. Entry and total overflow indicators. Negative answer indicator. 
Battery -saver circuitry. Low battery indicator. Tactile -feedback keyboard for positive 
entry indication. Order your IC -2009 now. You'll have it built in two or three evenings. 
Mailing weight, 3 lbs. 

SEND FOR YOUR 

FREE 
1973 HEATHKIT 
CATALOG - it describes 

more than 
350 Heathkit projects 

HEATH 

Schlumberger 
HEATH COMPANY, Dept. 20 -5 
Benton Harbor, Micfugan 49022 

[I Please send FREE Heathkit Catalog. 
Enclosed is $ plus shipping. 
E Please send model (s) 

Name 

Address 

City State Zip 

Mail order prices; F.O.B. factory CL-464 

Circle 100 on reader service card 

Heathkit 
4- Channel Amplifier 

with Universal Decoder... 359.95' 
tess ca)inet) 

You select discrete 4- channel, or 
switch -in the "Jniversal" decoder for 
reproduction olf a I tha maimed 4- 
channel discs row on the ;market, plus 
"derived' 4- charmel from :convention- 
al stereo. Four soilid -s:ate amplifiers 
produce 200 warts 14x50 IHF) into 8 
ohms. w.th power bandwidth on all 
channels from .ess -han 5 Htz to 
greater than 45 kl-.z at 0 25 °o distor- 
tion. Kit ÁA2010. 37 lbs. AAA-2004-1, 
pecan cabinet, 7 bs. 24.95 

Heathkit 
Universal Decoder for 4- Channel 
conversion ... 39.55'' 
Reproduces al inatrlxed d scs plus 
derived" 4- charme) from convention- 

al stereo mate-la s. Plug it into your 
receiver's tape monitor ciouit add a 
second stereo amp and speakers and 
you re set. Kit AD -2022, 4 lbs. 

Heathkit 
Ultrasonic Intt siioi 
Alarm looks like a book ... 49.95' 
Disguised as an ordinary ibrary book, 
this nove device fits unobtrusively 
anywhere in tie home. Transmitter 
disperses a 41 kHz si;nal which 
bounces off walls and returns to the 
receiver where r s monitored for any 
change in amplaude. Triggers I:ghts 
and any convectional alarm device - 
just plug them Irto AC outlets on the 
rear panel Can be irstalled anywhere 
there s a 1120 VAC outlet. Ain enjoyable 
2- evening kit. Kil GC -39, 4 lbs. 

J 
Heathkit 

GR -1008 AM Radio can be built in 
one evening ... 14.95' 
A smartly styled, c reat sounding solid - 
state radio that rnalees a great intro- 
duction to Heathkit bJirdimg. Eight - 
transistor circarey mcumts on one 
printed board big 3 '2" speaker 
mounts in high 'impact p.astic case. 
If you ve never buP t a k;t before rou 
can probably haire th s aie together 
in one 'um evening. Uses 9 -voit bat- 
tery (not suppl eri 7der *he Heath- 
kit GR 10J8 for muse f cr the Kids. - 

Kit GR -1008, 2 bs. 
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WANTED.. 
BURGLAR & FIRE 

ROTEÇTIO 

IIIIIIIII III) 
audio ex 

BURGLAR & FIRE ALARM 
Low cost protection for you 
and your valuables. 

Electro- Sentry 
BURGLAR ALARM 
Professional type 
Do -It- Yourself protection 
for your home and business 

Ultrasonic -Sentry 
BURGLAR ALARM 

rasonic wave 

Take this ad to your electronic supplier for your copy 
of "SECURITY AND YOU" for only 50d. 

ELECTRONICS 
GC ELECTRONICS 
DIVISION OF HYDROMETALS, INC. 0 
ROCKFORD, ILLINOIS 61101 U.S.A. 

Circle 76 on reader service card 
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MAGNAVOX T952 CHASSIS 
Elimination of 3.58 -MHz beat pattern: Later versions 

of this chassis have a 33 -pF capacitor across L19 in the de- 
lay line circuit. This capacitor identified as C75 (Part num- 
ber 250508- 33050) can be added to earlier versions of the 
chassis to reduce beat pattern. 

High -voltage rectifier lead dress: In some cases of fly- 
back transformer failure in this chassis, there were in- 
dications of improper lead dress. You should check to see 
that the high -voltage rectifier leads are dressed away from 
the flyback high -voltage (tertiary) winding. Also, the anode 
lead must be dressed away from the tertiary winding and 
the anode cap of the 3DB3 tube. -Magnavox Service News 

TAPE CASSETTE SERVICE HINT 
Tape cassettes have tabs in small slots (see drawing) 

that can be removed by the user to prevent accidental era- 
sure or re- recording on the tape. 

Some tape recorders are showing up in service shops 
with a complaint of "Will not erase or record" because the 
user removed the tabs and has forgotten about it. 

If you get one of these complaints, look for the tabs 
on the user's cassettes. If none were supplied by the user, 
try a known good cassette before looking for fault in the 
set.- Admiral Service News Letter 

OUR GANG - 
QUALITY SILICON 

RETROFIT 

RECTIFIERS 

ELECTRICAL RATINGS 

RCC TYPE lo PRV MINIMUM (surge PRICING 
No. Ta = 55 °C BVR 1-- 1 -4 

25 °C QUANTITIES 
Aar KVpk KVpk Apk $ 

HVK1143/250R 0.2 60.0 65.0 50 86.50 

HVK1130 /371 0.25 25.0 30.0 50 33.50 

HVK1115/575 1.5 15.0 18.0 50 18.00 

HVK1144/575 1.5 15.0 18.0 125 60.00 

HVK1145/576 0.5 25.0 30.0 50 27.25 

HVK1126/673 1.5 15.0 18.0 125 60.00 

HVK1109 /866 0.5 10.0 12.0 50 7.00 

HVK1139/866 0.5 10.0 17.0 50 13.00 

HVK1 L10 /872 1.25 10.0 12.0 60 13.10 

HVK1138 /872 1.25 10.0 17.0 60 17.80 

HVK1117 /869 2.5 20.0 28.0 125 96.00 

HVK1121/8008 1.25 10.0 12.0 60 13.10 

HVK1146/8008 1.25 10.0 17.0 60 17.80 

HVK1129/8020 0.10 40.0 42.0 50 38.50 

RECTIFIER COMPONENTS corp. 
1112 LOUSONS ROAD UNION, NEW JERSEY 07083 
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BIG VALUES 
FREE $1 BUY WITH EVERY 10 YOU ORDER trsla °g;y; FREE GIFT WITH EVERY ORDER 

SHANNON MYLAR RECORDING TAPE CANADIANS: Ordering is easy - we do the paperwork - try a small order 
21/2" - 225' .,5 .17 7" -2400' 51.79 

3" - 225' .. .19 7" - 3600' 2.95 

3" - 300' .. .27 CASSETTE C -60 .59 

31/4" - 600' .. .58 
CASSETTE C -90 
CASSETTE C -120 (TDK) 

1.00 
1.97 

S" - 600' .. .62 

21/2" TAPE REEL .05 5" - 900' .. .80 

5" - 1200' .. .97 3" TAPE REEL .06 
5" - 1800' .. 1.49 31/4" TAPE REEL .07 
7" - 1200' .. J7 5" TAPE REEL .14 
7" - 1800' .. 1.12 7" TAPE REEL .15 

RCA 110° FLYBACK TRANSFORMER 

We scooped the Market 
latest type - standard 
for all 1100 TV's 
RCA's design of large 
Coil produces 1SKV- 
assuring adequate width 
Intl Schematic Diagram 
application for any TV 

List price $13.90 

$3 
Your price .. 

10% off in lots of 3 

110" TV DEFLECTION YOKE for all $ 3.9 
types TV's ind schematic 

"COMBINATION SPECIAL" El 
RCA 110' FLYBACK 
plus 110" DEFLECTION YOKE 

t 5.95 

90° FLYBACK TRANSFORMER for alit 2.9 
type TV's Mel schematic 

90° TV DEFLECTION YOKE for all type$ 2.9 
TV's inel schematic 
70° FLYBACK TRANSFORMER for all type $ 2 TV's incl schematic 
70° TV DEFLECTION YOKE for all type '2 TV's ind schematic 

SHARP 110' FLYBACK A YOKE COMBI- 
NATION o8FT592 Good for most por- 1 5.00 
table TV. J 

90° COLOR YOKE For all Rectangu -$ 
1 

0.95 
lar 19 to25 "Color CRT's 
RCA COLOR FLYBACK Part #1133829 12 95 

(Stancor st HO-601C) 

SPEAKERS w.-10 Tos. M3.-30 Watts 1 
6.95 

UTAH PEAKERS E12' -20 oz. Meg. -45 Watts 
s 2495 

UHF TUNER -TRANSISTOR TYPE Used 9 3 95 
in all TV seta 

STANDARD 
TUNER -TRANSISTOR (GUIDED $ 1 

GRID 4 Channel closed circuit 1 

El MAGNA OX )TV TUNER 3401273 (6CG8 $ 7.95 
66K5 tubes) 
GE- STANDARD COIL TV TUNER Model 
EU -S6XI 6H 5 -6GJ7) Model -ET t .95 
86X34- (6W8 -6H A5) 
TV TUNERS VHF /UHF all new standard 9 7 95 
makes, including Tubes 

SARKES TARZIAN TUNER 
41mí 

Latest Compact 
Model good for 
all 41 me TV's. 

BRAND NEW- 

Best TUNER "SARKES TAR - 
ZIAN" ever made -last word for 
stability, definition & smoothness 
of operation. An opportunity -to 
improve and bring your TV Re- 
ceiver up- to-date, $795 

COMPLETE with Tubes 

ALL NEW N TUNER Standard makes-less $'1 
tubes 1 

WESTINGHOUSE FM TUNER (12DT8 i 2.99 

WESTINGHOUSE FM TUNER 9476 -V- 8 3 99 
015D01 . .. Transistor 
300 - ASSORTED HEX NUTS 2/56, 4/40, s 7 
5/40, 6/22, 8/32 1 

250 - ASST. SOLDERING LUGS hest types $ '1 
and sizes 1 

260 - ASST. WOOD SCREWS finest pops- 9 1 
lar selection 1 

250 - ASST. SELF TAPPING SCREWS #6, 11 
#8, etc 
11502 

-ETAS 
6/32 SCREWS and 150 $'1 

NUTS 

M COMPUTOR 
rO'aler- -lc B... SECTIONS 
rt 

assorted Units we 
sell for Ill are -ia 'II 4 loaded with mer 
150 valuable parts. 

_7---_ Incl. - Transistors 
Condensen, Reels- 

'-' ton, Heat amts, 
Diodes, Etc, 

--'Y --ma.-.. , -®e-- 
p..+,..,.,...ae.» 

8 for $1 

100 for 510 

150 - ASST. 8/32 SCREWS and 150 - $ 

8/32 HEX NUTS 1 

150 - ASST. 2/56 SCREWS and 150- t 
2/58 HEX NUTS 

150 - ASST. 4/40 SCREWS and 150 - $ 
1 4/40 HEX NUTS 

150 - ASST. 5/40 SCREWS and 150- t 1 
5/40 HEX NUTS 1 

500 - ASSORTED RIVETS most useful set 1 
lected sizes 1 

300 ASSORTED WASHERS most useful se- 8 1 
lected sizes 1 

100 - ASST. RUBBER BUMPERS for abi- t 
1 net bottoms - other uses 

100 -ASSORTED RUBBER GROMMETS beat t'1 
sizes 1 

SIMPSON 21" ROUND PANEL METERS 3.95 
Model 125 (0-100 DC Milliammeters) 
SIMPSON 2'h" ROUND PANEL METERS $ 3.95 

Model 125 (0-10 DC Milliammeters 
12" UNIVERSAL SPEAKER Top Quality I .89 

. Large Magnet "t 
A 

10" PHILCO SPEAKER Top Quality $ a].99 
Large Magnet L 
8' UNIVERSAL SPEAKER - Large 9 2.99 
Magnet -Special Buy 
5" UNIVERSAL TWEETER 1 Oa . t 1.29 
Magnet 1 

UNIVERSAL 4" PM SPEAKER t '1 
Top Quality 1 

21/2" it 4" SPEAKER Special Buy 106` 9 
t Ea. 

For 85- aa/ s+ 
4" X 8" "GUAM" 18 OHM SPEAKER 
Large magnet ... Special BUY (10 fort .79 
$15.00) 
RONETTE STEREO CARTRIDGE latest dual $ 2 sapphire flipover type 
STEREO HEADPHONES Hi -Fi Quality $ 5.95 

Complete with Stereo plug J 
COLOR POWER TRANSFORMER - Good $ n.95 
for most sets 26R150 List Price- $36.75 EJ 
4 -50' HANKS HOOK -UP WIRE snorted 8 1 
colors 1 

100' -SPOOL SPEAKER WIRE 2 fond, $ 1.50 
mini rip, clear, 101 uses 1 

10- ASST. RADIO A TV TUBES Every t 
1 Tube a good number 

5 - AUDIO OUTPUT TRANSFORM Sub -mint 
1 for Trans Radice 

5 - I.F. COIL TRANSFORMERS 456-kc for 
1 Transistor Radios 

B" UNIVERSAL SPEAKER Top quality t 7.29 
Special buy Fa 1 

6le$5 
ALL AMERICAN TUBE KIT (WAYS- 12.99 
12B 53-12B A630 W 4á005) 

BRIGHTNER 
TUBE i 3.95 

RTER TUBE t A990" 
IGHN 

10- ASSORTED DIODE CRYSTALS 1NS4, $ 1 
1N48, 1N60, 1N64, etc 1 

8 - TOP BRAND SILICON RECTIFIERS 1 $ 1 
amp. 1000 PIV 
6 - PNP TRANSISTOR general purpose, $ 7 
TO-5 case 1 

6 - NPN TRANSISTORS general purpose 
1 TO-5 case 

50 - ASSORTED TRANSISTORS big fat- $'1 
tory scoop -sold as-a 1 

TV TWIN LEAD -IN 300 ohm 501' - $7 100' - t 
$1.50 50' 1 

12- MINIATURE ELECTROLYTIC CONDENS- t 7 
ERS For Transistor & miniature work 1 

CLARICON AM FM TUNER Solidi 5(.95 
State, walnut cabinet J ease 

WEN SOLDER GUNS 
Model $8.50 Modal 288 81.50 
Model 250 $9.95 Modal 100K $5.95 

71 5. 8 ELEMENT COLOR OUTDOOR AN- t 95 
TERRA Big shot Jr. List $11.95 J 

DIAMOND AM /FM /FM MULTIPLEX 
RECEIVER With 8 track Walnut cabi- 
net complete with speakers, excellent$ 79 E1.95 

tone 
ARISTO WIRELESS INTERCOM 8 

TRANSISTOR 6H -1000 Solid state,$ '1 4.95 
plug in AC, each unit a "MASTER " 1 

ARISTO WIRELESS INTERCOM Wal- 
nut Cabinet, with buzzer call, AC op-i 2 2.50 
erution 

UTAH 8" - HEAVY DUTY 10 O2 s 3.95 
SPEAKER Ceramic Type - 8 Ohm 
ENCLOSURE WITH 8" SPEAKER Ex- t C.95 
cellest value, regularly $14.95 J 

WESTINGHOUSE ALL TRAN- 
SISTOR HOME /OFFICE 

MESSAGE CENTER 
Leaves messages for other for replay . . . Built in 
speaker /microphone for talk -into convenience . . , Re- 
cords up to 3 minutes of messages - Illuminated 
signal shows when a message is waiting- Control 
adjusts playback volume without affecting recording 
volume Capstan Drive; 
BRAND NEW SOLD AS IS 

$7 
95 

MARKET SCOOP COLUMN 

KEEPS "CLEVER" TEST PRODS 

"Third- hand" test prods, reach into out 
of way places - Insulated - cannot slip - 

accommodates bare wire or banana 
plug -no soldering. 

PRUF 
10 - VERSATILE TEST .79 

KLLEP I - BOATHOOK CLAMP - t 1.19 
3/4" long 

1-1 KLEPS 20 - BOATHOOK CLAMP - t 1.39 
7" lang 
KLEPS 30 - FLEXIBLE -FORKED t 1.47 
TONGUE 8" long 
KLEPS 40 - FLEXIBLE -PC BOARD t 2.39 
TERMINALS 8A" long 
KLEPS KLEPS -FOR .99 
LIGIff 

ASTATIC PICKUP MODEL 700 -89T Con- 
tains 89T ceramic cartridge LIST .295 
PRICE $17.00 

200ÚV 
DIPPED MYLAR CAPACITORS 01- 

9 

1 

111 20 - DIPPED MYLAR CAPACITORS .038- 9 

000V 1 

20 - DIPPED MYLAR CAPACITORS .0033 - $ 1 
1000 V 
20 DIPPED MYLAR CAPACITORS .047 -100 8 1 

15 - MOLDED TUBULAR CAPACITORS 8 1 
.068 -400 V 1 

20 - DIPPED MYLER CONDENSERS s'1 
.00(19 -400 V 1 

10 - SPRAGUE "ORANGE DROP" CAPACI- t 1 
TORS .0056 -2000 Volt 
1 - 20 FT. COILED GUITAR CABLE $ r1.95 

With plugs L 1 CASSETTE TYPE DYNAMIC MICRO - a 2.4' 
PHONE with universal plugs -200 Ohms. 

For MoColor TV sets 3579.545 KC 
f 1.g' 

4- ELECTROLYTIC CONDENSERS 
1 75 /30mfd -150v 

8" PHILIPS "INVERTED CONE" $22' 
SPEAKER Top quality ... Thinline 
1 -6" a 9" HEAVY DUTY 10 OZ t 

3 95 
SPEAKER Ceramic Type ... 8 Ohm 
5 ASSTD. GLOSAR VARISISTOR Popular re- S 

1 placements for most COLOR TV 

RCA type 
SETS PHONO PLUGS A PIN JACKS s 1 

8- PRINTED CIRCUIT IF TRANSFORMERS s 11 

4-Lug, 466 KC 1 

STEREO 
TONE ARMS Most popular type- '2 tam over cartridge 

CO -AX CABLE RG59U grey or black 251Y-$9'2 
100' -$3.69 50'- 

r-1 4 - TV ALIGNMENT TOOLS most useful S 1 
assortment *1 1 

4 - TV AUGNMENT TOOLS For Color $ 1.49 
TV #2 

El 8 - TV COLOR AUGNMENT TOOLS 4 2.79 
Most popular type 
5 - 9 VOLT MOTORS Excellent for hobby- $ 1 
ist 1 

200' - #24 SOLID PUSH BACK WIRE 9 7 
Yellow or Black excellent buy 1 

UNIVERSAL TV ANTENNA Back of set $ 7.98 
mounting .. 6 seetir., rods 1 

2 - ELECTROLYTIC CONDENSERS 200/30/4 s '1 
mfd - 350V 1 

8 -TRACK TAPE PLAYBACK DECKS 1 
7 

50 
Compact design fits anywhere .............. 
SIMPSON 2'k" ROUND PANEL METERS $ 3 95 
Model 125 (0.100 DC Milliammeters) 
SIMPSON 21/2' ROUND PANEL METERS t 3.95 
Model 125 (0-0 DC Milliammeters) 
3- ELECTROLYTIC CONDENSERS 100 mfd.- $ 

1 100 V, 50 mfd -75 V 
El 2-ELECTROLYTIC CONDENSERS C.D. 500 9 1 

mfd -200 volts 1 

2- ELECTROLYTIC CONDENSERS UNECAP $ 

1 2000 /1000 Mfd ... 30 Volt 
2- SPRAGUE ELEC, CONDENSERS 80 /30/4 t 1 
Mfd. - 475 V 1 

COLOR CONVERGENCE ASSEMBLY Uni- H2 
versal type -good for most seta L 
COLOR -TV RECTIFIER - Used in most $ 9.95 
color seta -8500 Iry 3 for 1 

10 - STANDARD TRANSISTORS NPN A $'1 
PNP 2N44, 214414, etc. 1 

8 - MINIATURE ELECTROLYTIC CAPACI- 11 
TORS 5M FD-150 V 1 

SHURE M44 SERIES DIAMOND NEEDLE $ A 69 
exact Replacement F 
820 - SHURE MID DIAMOND NEEDLE ex- 83 
act replacement 

In MATCHED PAIRS TRANSISTORS NPN B 
PNP (2N4252- 2N2904) (2N2222- 2N2907) t 1 
Each set 

E 

E 
El 

KNOB SPECIAL 
100 - ASSORTED RADIO KNOBS All S 1 
standard types $20 value 
50 - TV KNOBS - POPULAR TYPES s 1 
Mostly Selector & Fine Tuning 1 

25 - VERTICAL LINEARITY KNOBS 
Long shank ... Front mount 91 
miniature assortment 
20 - VERTICAL LINEARITY KNOBS a 7 

. Side mount . Standard sizes 1 

25- KNURLED RADIO KNOBS Hard to 9 
get .. Beet selection 1 

40 -DELUXE RADIO KNOBS Choice a 

1 assortment Popular type. 
ANY 6 KITS FOR 55 

TRANSISTOR RADIO nest type good, s 7.50 
bad, broken, as-is, potluck 1 

TAPE RECORDER -assorted types good, $ 

bad, broken, as-is, potluck `F 
300 - ASST. Vu W RESISTORS Top Brand, $ 

1 Short Leads, Excellent Selection 
100 - ASST Vs WATT RESISTORS stand, s q 
choice ohmages, some in 5% 

100 -ASST Vr WATT RESISTORS stand, $ 

1 choice ohmages, some in 5% 

10 - ASST 1 WATT RESISTORS stand, t 
1 choice ohmages, some in 5% 
1 35 - ASST 2 WATT RESISTORS stand, a 

choice ohmages, some in 5% 1 

50 - PRECISION RESISTORS east. list- a 1 
price $50 less 98% 1 

20 ASSORTED WIREWOUND RESIS- 
TORS, 5, 10, 20 watt 
10- ASSORTED SLIDE SWITCHES SPST, 8 I 
SPDT, DPUT, etc 1 

2 COLOR -TV CRT SOCKETS Wired leads, 8 1 
for all color TV's 1 

3 - RCA 110" CRT SOCKETS Wired leads, t 1 
for all TV'S 1 

25 - SYLVANIA HEAT SINKS For Transie $ 1 
tors 1 

20 - ASSORTED TV COILS I.F., VIDEO, $ 1 
sound, ratio, etc 
50 - ASSORTED PEAKING COILS All pop- g 

ular sizes 

8SR - UA25 STEREO CHANGER mom 9 7 7.50 
popular replacement 1 

BASE A COVER FOR BSR CHANGER 57.75 
walnut finish, lucite cover 
DELUXE STEEL CABINET 16 drawers, for S n.95 
parts & hardware U 
SONOTONE CARTRIDGE 85 
NO 3T -S 

red -b 
El SOLID 

PROD WIRE DELUXE DUALITY. 9 9 

SOLID STATE UHF CONVER -s 
1 

7.95 
TOR Channels 1483, easy to install 
VARCO STEREO CARTRIDGE -CN -72 s'] 95 
With mounting bracket, flipover needle. L 
20 - PILOT LIGHT SOCKETS bayonet type s 

1 wired 
100' - FINEST NYLON DIAL CORD hest t 7 
size, AN gauge 1 

ELECTROSTATIC TWEETER SPEAKER for t'1 
FM, HI -FI, etc. 1 

15 - MINIATURE 458KC IF TRANS- t 
1 FORMERS PC Ye" X Ye -good value 

BURGLAR DOOR ALARM WITH CHAIN s 3.49 
sets off loud alarm . easy to install.... 
1 - ELECTROLYTIC CONDENSERS 200 mfd S'1 

mfd - 
ELECTROLYTIC CONDENSERS 1500 $X11 

1 - 6" SPEAKER with output trans- S 1.319 
former I 

W1 LLS- GA D SER TV 
TUNER 25A1283 97.95 

MERCURY TUBE TESTER MODEL 999839 95 
Compact, latest model 
MIDLAND STEREO AMPLIFIER Model S 3 50 
26. 002, 12 Watt, solid state U 
MIDLAND STEREO AMPLIFIER Model S 55 00 
26 -003, 25 Watt, Solid State 
STEREO CAR SPEAKER SET Deluxe Ser- s (_`.50 
vice Mount U 
RCA 2 SPEAKER AM -FM CHASSIS 
Deluxe front panel, good for wall 520.00 
mount 

IMMEDIATE DELIVERY . , , Scientific ight packing for safe delivery at minimum cost. Minimum Order $3.00. 
HANDY WAY TO ORDER .. , Send check or money order, add extra for shipping. Lists of new offers will be returned in your order. 
Please specify refund on shipping overpayment desired: CHECK POSTAGE STAMPS MERCHANDISE (our choice) with advantage to customer 

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024 'OUT 
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SECURITY SYSTEMS 

(continued from page 37) 

ment can be adjusted to not "see" a mov- 
ing elevator. Venetian blinds must not be 
allowed to wave back and forth because of 
breezes. These and similar problems can be 
avoided by expert planning. 

A likely area for this type of equip- 
ment is where there is a great deal of ma- 
chine or background noise. Since the radio 
waves are not affected by sound, this type 
of equipment will work when ultrasonic 
will not. 

The radiation field is difficult to detect 
and an intruder may not even realize that 
he has tripped such an alarm. The equip- 
ment is compact and can be installed in 
much less time than many other types of 
equipment. Coverage is good when the 
equipment is properly installed, and it is 
unaffected by light or air currents. Equip- 
ment is easily moved when necessary. 

The chief fault is that the waves go 
through walls into areas not intended for 
protection. People or vehicles going by out- 
side the protected area can unknowingly 
cause frequent nuisance alarms. 

Spot protection devices 
In conjunction with perimeter protec- 

tion and space protection, spot protection is 
important where a specific valuable object 
is to be safeguarded. While there is a be- 
wildering array of electronic security de- 
vices on the market, a certain few are best 
suited to provide this sort of protection. 

Capacitance alarms 
One of the most successful applications 

of electronic security is typified by the class 
of equipment known as "proximity" or "ca- 
pacitance" alarms. With this type of alarm, 
the protected object (safe, cabinet, etc.) acts 
as a unit of the tuned circuit. If an intruder 
wanders into the region of the protected 
object, the circuit will be thrown "out of 
kilter" and an alarm will sound. 

-- r 

CAPACITANCE ALARM can provide spot pro- 
tection for a safe or other single Item. 

This type of equipment is very flexible 
and may be used to connect several safes 
or files in the same area to a single system. 
Unlike space alarm systems, the protective 
field on the object is kept down to a range 

of not more than a few inches from the 
surface of the object. Very close proximity 
will set off the alarm, but there is a min- 
imum chance of accidental alarms caused 
by authorized persons passing within a few 
feet of the protected object with no in- 
tention of intrusion. 

When used as intended, this type of 
equipment offers many advantages. It is 
simple to install and is extremely flexible. 
Almost any ungrounded metallic object can 
be so protected, including windows and 
doors. The protection so provided is invis- 

MINUTEMAN RADIO -FREQUENCY system by 
GBC for complete area protection. 

ible so that the thief never knows which 
object is safeguarded and which isn't. The 
equipment can easily be transferred from 
one object or location to another. 

The major problem with this equipment 
is sensitivity to nuisance alarms. R -E 
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Think of it as the best tester 
in your bag. Only $299 

Now you can get a high performance Model 8000A Digital 
V.O.M. from Fluke, America's foremost maker of quality digital 
mutimeters, especially designed for TV, radio, stereo and audio 
service. No other digital V.O.M. gives you the resistance range 
to check breakers and switches, the high resolution voltage to 
look at emitter base and other transistor voltages, excellent ac 
accuracy and full accuracy with a 30 second warm -up. 

Measures in 26 ranges 100 µV to 1200 V, 0.1 µA to 2A, and 100 
millil2 to 20 megS2 with a basic dc accuracy of 0.1 %. Full year 
guarantee. Low cost options include rechargeable battery pack, 
printer output, deluxe test leads, HV, RF & 600 -amp ac current 
probes, carrying case, and rack mount. Unique self zero elimi- 
nates offset uncertainty. Electronics securely mounted in high - 
impact case. Service centers throughout U.S., Canada, Europe 
and Far East for 48 -hour turnaround repair. 

FLUKE P.O. Box 7428, 
Seattle, Washington 98133. 

Get all the details from your nearest Fluke sales office. Dial 
toll -free 800 -426 -0361 for address of office nearest you. 
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NEXT 
MONTH 
IN R -E 

Build the 

Phone 
Sentry 

It answers 
your phone 
while you're 

away. 

JUNE 
ISSUE 

ON SALE 

MAY 17 

HEATH DIGITAL TUNER 

(continued from page 50) 

Fig. 9 shows these logic inputs 
and the squelch diode matrix circuit. 
When a squelch signal is present, the 
supply voltage is removed from the 
stereo indicator lamp to assure that it 
does not light. The SQUELCH DEFEAT 
switch prevents any of the squelch 
control inputs, with the exception of 
the re- program squelch input, from 
turning off the audio signals. Any time 
an incorrect frequency is selected, the 
re- program squelch input will override 
the squelch defeat control and cause 
the audio to squelch. 

The readout circuit, mounted 
directly behind the tuner front panel 
window, consists of three incandescent 
7- segment numerical display tubes and 
three BCD -to- seven -segment decoder 
driver IC's. A fourth display tube (the 
most significant figure) contains two 
segments that can only display the nu- 
meral 1. When frequencies below 
100.1 MHz are displayed, the numeri- 
cal 1 tube remains unlighted. The 
three integrated circuits decode the 
BCD information from the twelve out- 
put lines of the programmer. Pressing 
the LIT (light test) switch located be- 
hind the front panel hinged door 
lights all the display tube segments to 
insure that they are operative. R -E 
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PA SPEAKER SYSTEMS 
(continued from page 53) 

column is placed in the general vicin- 
ity of the original sound source 
(singer, speaker), as close as prac- 
ticable to the source. Having the loud- 
speaker sound originate near the origi- 
nal source provides a more natural 
effect for the audience, and avoids 
confusion of the performer. 

The column is placed so that the 
microphone is below and slightly be- 
hind the sound column, to minimize 
feedback. The sound column is ori- 
ented so that its vertical distribution 
will deliver nearly equal loudness to 
all listeners, from front to back, except 

AMPLIFIER 

have the column adjusted for maxi- 
mum light reflection from the mirror. 

Connecting sound columns 
One or more sound columns may 

be connected to an amplifier in a 
sound system. The columns are nor- 
mally connected in parallel as shown 
in Fig. 10. 

Sound columns normally have an 
impedance rating of 16 ohms. If only 
one sound column is used, connect the 
amplifier leads to the I6 -ohm output 
terminal. For two sound columns in 
parallel, connect the leads to the 8- 
ohm terminal. 

There you have it, a quick guide 
to PA speaker installation -use it to 
simplify your next PA job. R -E 

AMPHENOL 
PLUG 

IMPEDANCE 
SELECTOR 

LEAD 

TRANSFORMER 
PLATE 

COMMON 

SOUND SOUND 
COLUMN 1 COLUMN 2 

FIG. 10 -ONE WAY to connect sound columns to PA amplifier system. Here two 16 -ohm columns 
are In parallel across the amplifier output adjusted for an 8 -ohm load Impedance. 

COMMON 

SOUND 
COLUMN 
SPEAKER 
SYSTEM 

FIG. 8- RADIATION PATTERN from a verti- 
cally oriented sound column Is horizontal. 

SOUND 
COLUMN 

APPROX 
5 FEET 

SOUND 
DISPERSION 

......rrRrr 

FIG. 9 -HOW SOUND COLUMN IS PLACED 
for most effective coverage of an audience. 

those who are within the effective 
range of the speaker's voice. 

A sound column can be aimed 
quite accurately at this point by the 
light reflection method. Attach a small 
mirror to the face of the column cen- 
ter. Standing at the aiming point with 
a light directed at the sound column, 

1000 
unique tools, 
handy kits, 
precision 

instruments, 
technical 
supplies. 

Our 20" year of service to the World's 

finest craftsmen and technicians. /\ National Camera 
V2000 West Union /Are. Depl.Gll 
Englewood, Colorado, 8O11O 

1 

ra N E M - - - 
Send a FREE copy of the ne Flasher 

I name 

1 
address 

I city 

I state zip /\ Nationa Camera 
V2000 West Maws Are. tops. GIS 

Ieweed, Ceferede, OOIIO 
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SPRING 
SALE 

RAYTHEON 

5-3HQ5 $6.20 5-6BA11 
5-6AW8 $4.90 5-6KT8 
56GU7 $4.65 5-6GH8 
5-6HA5 $4.20 

® 
5-12AU7 

5-6E6 $4.90 5-8FQ7 

$5.35 
$5.90 
$3.45 
$3.30 
$3.25 

E 
Circuit Breakers 1.25 Amp. 10 for $1.00 
10 Asst'd Aligning Tools $1.98 
100 Asst'd Mica Cond. $1.19 
300 Asst'd 1 & 2 Watt Res. $4.95 
HV Anode Leads B/W Sets 10 for $1.00 
RF Cables Tinned Ends 6 for $.89 
DELAY LINES 2 for $1.19 
Knife Switches DPDT 4 for $1.00 
Spaghetti Asst'd 75 Pcs. $.59 

DIODES SEMI CONDUCTORS 

HEP 170 2.5 Amp. 
1000 PIV 25 for $4.95 

p 6500 PIV Focus Rect. 4 for $2.00 
13.5 KV Focus Rect. 5 for $3.00 
18.5 KV Focus Rect. 3 for $2.49 
Sel. Boost Rect. 5 for $2.00 
Crystal Diodes 1N34A 25 for $2.00 

CONDENSERS- (CANS) 

300 Mfd. -200 Volts 4 for $2.00 
500 Mfd. -200 Volts 3 for $2.00 
160- 100 -60 Mfd. -350 V. 6 for $2.49 
500 Mfd. -50 Volts 3 for $1.49 
1500 Mfd. -50 Volts 3 for $1.98 
25 Assorted Cans y4.95 

CONDENSERS (AXIAL LEADS) 

100 Mfd. -150 Volts 12 for $1.98 
50 Mfd. -25 Volts 5 for $1.00 
16 Mfd. -450 Volts 4 for $1.19 
500 Mfd.-75 Volts 3 for $1.49 
1000 Mfd. -50 Volts 6 for $2.49 
.01 Mfd. -1KV (Spark Gap) 20 for $2.00 
25 Asst'd Disc Cond. $1.39 
25 Asst'd Cond Axial $4.95 

SPEAKERS 

3" Round $ 49 6" Round ....$1.39 
3W' Sq. $.69 5X7 $1.99 
4" Sq. s 79 6X9 $2.59 
2X6 
4X6 á 

99 4X10 $2.79 

MINIMUM ORDER $15.00 

SEND FOR FREE CATALOG 

TUBES UP TO 80% OFF 

SEND CHECK OR 

MONEY ORDER 

TV TECH SPECIALS 

P.O. BOX 603 

Kings Park, L.I., 

New York 11754 
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Kleps 30 

Clever Kleps 
Test probes designed by your needs - Push to seize, push 

to release (all Kleps spring loaded). 
Kelps 10. Boathook clamp grips wires, lugs, terminals. 
Accepts banana plug or bare wire lead. 43/4" long. $1.19 
Kleps 20. Same, but 7" long. $1.39 
Kleps 30. Completely flexible. Forked- tongue gripper. Ac- 

cepts banana plug or bare lead. 6" long. $1.47 
Kleps 40. Completely flexible. 3- segment automatic collet 
firmly grips wire ends, PC -board terminals, connector pins. 
Accepts banana plug or plain wire. 61/4" long. $2.39 
Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 41/2" long. $ .99 
Pruf 10. Versatile test prod. Solder connection. Molded 
phenolic. Doubles as scribing tool. 'Bunch" pin fits banana 
jack. Phone tip. 51/2" long. $ .79 
All in red or black - specify. (Add 50¢ postage and handling). 
Write for complete catalog of - test probes, plugs, sockets, 
connectors, earphones, headsets, miniature components. 

Available through your local 
distributor, or write to: 
RYE INDUSTRIES INC. 
130 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 

Circle 62 on reader service card 

Kleps 1 

Eve 

íi 

Pruf 10 

Amazing! 

THE 

QUARTZ 

SOLID 

STATE 

WATCH 
with liquid crystal display. 

This precision timepiece with no moving 
parts will show you the time of your life ... 
The quartz crystal oscillates 32,768 times 
per second. A tiny CMOS chip with over 
1200 transistors translates this oscillation 
into an equally precise digital display of 
time. Exact hour and minute is shown; 
colon oscillates once per second. Accuracy: 
5 sec/month. Uses 1.5V battery. Guaranteed. 

h4Order direct from: $ 149.00 

EEP CORPORATION 

EEP 10180 W. JEFFERSON BLVD. 

CULVER CITY, CA. 90230 213/838-1912 
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technotes 

MAGNAVOX SPEAKER SYSTEMS 
Speaker systems such as models 158757 through 

158759 and 1S8762 through 1S8766 have a fusible resistor 
in series with the positive lead to the speakers. This resistor 
is rated at 0.225 ohms, 2 watts. The unusual and protective 
characteristics of this resistor make it necessary for you to 
use an exact replacement (part number 240104 -3). Use the 
full length of resistor leads and use a heat sink while sol- 
dering them in place.- Magnavox Service News Letter 

AUTOMATIC RADIO FNP -4052 
This auto radio was dead when brought in. Its audio 

system was working and the trouble seemed to be in the 
front -end. 

The trouble was traced to the second i.f. transformer. 
The ground lug that was soldered to the chassis had bro- 
ken loose. Resoldering the lug to the chassis restored the 
radio to normal operation -David Murphy 

DEGAUSSING CAUTION 
Several current color TV models have a built -in 8- 

track tape player. When you use a degaussing coil to de- 
gauss these sets, be very sure that there are no recorded 
tapes in the player or within several feet of the set. Built -in 
automatic degaussing coils are adequately shielded from 
the built -in tape player, but an external degaussing coil can 
do a good job of erasing tapes! 

This precaution will also apply when the customer has 
an accessory tape player or recorder on or near his TV 
set.- Admiral Service News Letter 

CRACKED OSCILLATOR TUBE 
A follow -up on reports of cracked 5JW8 horizontal os- 

cillator tubes in the Admiral K19 chassis has traced this 
trouble to a small metal prong between pins 1 and 9 on 
the socket. This prong, by contacting the glass envelope of 
the tube, causes a temperature difference which results in a 
crack in the glass. 

The prong was originally added to the socket to 
ground a shield but was not used for this purpose on the 
K19 chassis. It should be bent back so it does not contact 
the tube.- Admiral Service News Letter 

MAGNAVOX T93619561957 COLOR TV 
Snivets on the left side of the screen on uhf channels 

may be caused by a leaky diode, D102. This diode is lo- 
cated in the horiztonal output section and is in series with 
the center arm of the high -voltage adjustment control. Re- 
placement with Magnavox Part No. 530088 -1004 diode will 
correct this condition.- Magnavox Service News Letter 

MAGNAVOX UHF TUNER FAILURE 
If the transistor in the uhf tuner fails in the 1T5052 and 

1T5054 models, check to see if there is a ground strap from the 
upper right side of the tuner mounting assembly to the picture - 
tube shield. This strap is used in only a small number of these 
models and you should remove it from the models that you ser- 
vice. 

It is suspected that a momentary arcing in the picture tube 
could result in sufficient conduction through this strap to dam- 
age the transistor. -Magnavox Service News Letter R -E 

www.americanradiohistory.com

www.americanradiohistory.com


try this 

THIRD HAND SOLDERh G AID 
A third or even fourth hand for delicate soldering can 

be quickly devised using three spring -type clothespins. To 
the handle of one clothespin fasten two others by small 
bolts through the spring "eyes" and holes drilled in the 
handle end of the first clothespin. The latter serves as a 

THREE CLOTHESPINS 
form the basis for a 
handy soldering 
clamp. A coat of spray 
paint improves appear- 
ances. 

clamp for use on any suitable projection, rim or flange to 
support the other two clothespins in a flexible working po- 
sition. The jaw ends will hold wire ends or solder without 
cooling it to make soldering easy without burning your fin- 
gers.- Glen F. Stillwell 

CONTAINER SERVES DUAL PURPOSE 
Many instruments and delicate parts are now shipped 

or packed in shaped, white plastic foam containers. Don't 
discard them because they make excellent holders for small 
parts such as screws, nuts, washers, etc. Small parts show 

TWO HANDY BENCH 
AIDS made from foam 
plastic packing mate- 
rial used when ship - 
ping appliances and 
electronic devices. 

up clearly on the white plastic and are easily located. In 
addition half of the container can be used as a drill -bit 
rack with sizes appropriately noted directly on the holder. 
Holes of the proper size are readily punched in this light- 
weight compressed plastic. -Glen F. Stillwell R -E 

INTERESTED IN OPTOELECTRONICS? Turn back to page 
62, and read Lou Garner's State -of- Solid- State. Its all about 
optoelectronics devices. 

3 

...for the sound buff 

HYBRID oAMPLI FIERS 
With the addition of a few off -the -shelf components, you can 
easily build your own quality amplifier for -ecord player, tape 
deck, tuner, P.A. (musical instruments) of intercom system. 

USED BY LEADING MANUFACTURERS 2 YEAR WARRANTY AV IN 3 MODELS: 1 SVCS: 

Power RMS IHF Harmonic Distortion < .05% 
1, SI.1010Y 10W 25W Bandwidth 20 Hz - 1108 Hz 

2. SI.1025E 25W 65W Flat response within 1 '2cB 
3. SI.1050E 50W 120W Input sensitivity 500 nV 

Contact your local electronic component distribator! 

AlRP 
INTERNATIONAL DIVISION 

T 
P.O. Bol 8488 

Ft. Lauderdale, Fla. 33313 
Circle 88 on reader service card 

Accuracy like a VTVM... 
Convenience like a VOM... 
NEW BATTERY -OPERATED FET 
SOLID -STATE VOLT- OHMMETER=116 
Easy -to -build KIT 

$á©.90116K 
Factory-Wired & Tested 

$42.90=116W 
Now you can get all the benefits of a 
VTVM (laboratory accuracy, stability and 
wide range) but with its drawbacks gone: 
no plugging into an AC outlet, no waiting 
for warm-up, no bulkiness. New Field 
Effect Transistor (FET) design makes 
possible low loading, instant -on battery 
operation and small size. Excellent for 
both bench and field work. 
Compare these valuable features: 

High impedance low loading: 11 meg- 
ohms input on DC, 1 megohm on AC 
500-times more sensitive than a standard 
20,000 ohms -per -volt VOM Wide -range 
versatility: 4 P -P AC voltage ranges: 0 -3.3, 
33, 330, 1200V; 4 RMS AC voltage ranges: 
0 -1.2, 12, 120, 1200V; 4 DC voltage ranges: 
0 -1.2, 12, 120, 1200V; 4 Resistance ranges: 
0 -1K, 0 -100K, 0 -10 meg., 0 -1000 meg.; 
4DB ranges: -24 to +5608. 
Sensitive easy -to read 41/2" 200 micro - 
amp meter. Zero center position avail- 
able. Comprises FET transistor, 4 silicon 
transistors, 2 diodes. Meter and tran- 
sistors protected against burnout. Etched 
panel for durability. High- impact bake - 

lite case with handle useable as instru- 
ment stand. Kit has simplified step -by- 
step assembly instructions. Both kit and 
factory-wired versions shipped complete 
with batteries and test leads. 51/4 "H x 
63/4 "W x 27 /e "D. 3 lbs. 

MAY 1973 

Send FREE catalog of complete EMC line 
and name of nearest distributor. RE -5 

Name 

Address 

City 

State lip 

EMC 
ELECTRONIC MEASUREMENTS CORP. 

625 Broadway, New York N.I. 10012 
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DISCOUNT 
PRICES 

TEST 
EQUIPMENT 

I.E.C. /Mullard 
Tube Specials 

Telematic Test Jigs 
& Accessories 

Catalog & Prices on Request 

FORDHAM 
558 Morris Ave. 
Bronx, N.Y. 
Tel: 212 585 -0330 

Radio Supply 
Company, Inc. 

ncn 
DISTRIBUTORS OF ELECTRONIC SUPPLIES 

POWER SUPPLY PC BOARD 
This board con- 
tains everything 
you need for a 
power si ;.', up to 

tir 40 volts, 2 amps. 
You add the trans- 

' former for the volt- 
age you want. Rec- 

tifier, filter, protective resistors and fuse holder, 
all on fiberglass board. 
STOCK NO. F9483 $2.75 2/5.00 

VERSATILE AUTO TRANSFORMER 
This autotransformer 
can supply 50 different 
voltages, from 10 volts 
to over 250 volts, at cur- 
rents from 15 to 25 
amps. Ideal for labora- 
tories, experimental 
work, development work, 
or can be built into 

equipment. Made by General Electric, for use 
in computers. We supply data sheet showing 
all details. Original cost, $78.50. In factory 
boxed cartons. 
STOCK NO. F9467 $12.50 ea. 2/22.00 

COMPUTER GRADE CAPACITORS 

12062 40,000 mfd. 10 volts 31/4 "x45;, " 1.25 ea. 6/7.00 
12118 70,000 mfd. 10 volts 3 /4 "x41/4 " 1.75 ea. 6/9.00 
12220 32.000 mfd. 40 volts 23/4"x51/2" 2.00 ea. 5/9.00 
12116 3.750 mfd. 75 volts 21/2 "04144" 1.75 ea. 6/9,00 
All above are brand new and include terminal hardware. 

Include sufficient postage, excess will be re- 
funded. Send for new 48 page catalog loaded 
with other items. Mínimum order $3.00. 

DELTA ELECTRONICS CO. 
BOX 1, LYNN, MASSACHUSETTS 01903 

Phone (617) 388 4705 
Circle 83 on reader service card 
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books 

MODERN RADAR: THEORY, OPERATION 8 
MAINTENANCE, by Edward L. Stafford, Jr. 
TAB Books, Blue Ridge Summit, Pa. 17214. 
480 pp. 55" x 85". Hardcover, $9.95; Soft- 
cover, $6.95. 

Informative handbook covers all types of 
systems -land- based, aircraft, shipboard, po- 
lice -car, earth to satellite, weather surveil- 
lance, etc., containing much of the information 
needed by technicians interested in the field 
of radar and radar communications. The de- 
velopment of radar is traced from its earliest 
stages, explaining the various types of sys- 
tems and how each works and with schemat- 
ics and photographs shows how they are put 
together, prescribed tests and troubleshooting 
procedures. 

FUNDAMENTALS OF ELECTRONIC CIRCUITS 
by Arthur L. Pike, Prentice -Hall Inc., Engle- 
wood Cliffs, N.J. 07632. x 7 95 in. 700 pp. 
Hardcover $15.50. 

Those just beginning a serious study of 
electronics should find this a valuable text. 
Because electronic devices work in electric 
circuits, some previous knowledge of ac cir- 
cuits is assumed. However, the opening chap- 
ter reviews the ac theory needed. Starting with 
such basic topics as Signal Flow and Effi- 
ciency for dc and ac signals the book goes on 
through diode devices and circuits, two -ports, 
triodes, basic amplifier circuits, feedback and 
pulse and ramp signals. 

BATTERIES AND ENERGY SYSTEMS, by 
Charles L. Mantel]. McGraw -Hill Book Co., 
330 W. 42nd St, New York, NY 10036. 65 x 
9% In., 221 pp. Hardcover, $14.00. 

Guide to primary and secondary batteries 
and energy systems, detailing military and ci- 
vilian uses with special emphasis on engineer- 
ing applications. Subjects include the zinc -al- 
kali- manganese dioxide systems, silver 
batteries, water activated systems, nickel -cad- 
mium system, conversion of sunlight. Detailed 
tables, illustrations and formulas in text, along 
with bibliographical references. 

PRACTICAL INSTRUMENTATION TRANS- 
DUCERS by Frank J. Oliver. Hayden Book Co. 
Inc., 116 W. 14 St., New York, NY 10011. 71/4 

x 10 In. 340 pp. Hardcover $20.00. 
A survey of physical -to- electrical trans- 

ducers. Over 400 diagrams highlight the text 
discussion of basic operating principles and 
limits of accuracy of an amazing number of 
electrical transducers. Detailed chapters treat 
the specifics of selecting instruments for mea- 
suring strain, force, load, angular position, ro- 
tary speed, pressure, flow, etc. 

HOME -CALL TV REPAIR GUIDE by Jay 
Shane. TAB Books, Blue Ridge Summit, PA 
17214. 144 pp. 53/e x 83/4 in. Hardcover, $6.95, 
Softcover, $2.95. 

An on- the -spot repair guide with quick ref- 
erence charts. Specifically designed as a trou- 
bleshooting guide for the technician working 
in the field. The book is arranged in logical 
reference sections, covering raster, video, 
chrominance, and other circuit troubles. By 
comparing the symptoms with the charts, the 
technician is guided through quick checks for 
the most logical causes of any malfunction. 
Separate chapters are devoted to antenna and 
reception troubles, portable color sets, and 
TV -radio combination. R -E 

You worked hard for 
that "B" in algebra. 

We know how to make 
it work hard for you. 

r d rd of 4+ 

-+4.--.. 

A "B" is too tough to win to let it just sit 
there ... especially when you can turn 
it into a career that the 1970's are only 
now discovering. 

And it's being discovered in the Navy. 
We'll take your "B" in algebra, put it 

through our special process, and change 
it into a challenging responsibility work- 
ing with the most sophisticated elec- 
tronics hardware yet developed . . . 

doing things with electronics that were 
undreamed when you got your "B." 

We'll pay for every dime of your train- 
ing in electronics theory and systems. 
And we'll give you a salary to boot .. . 

like going to college and getting paid 
for it. 

It's a tough school, but when you're 
through, there will be very little you can't 
do in electronics ... in the Navy . 

or in civilian industry. 
If you're over 17 and have a high school 

diploma, let us turn your interest in 
algebra into something special. 

If you're going to be something, why 
not be something special? 

r - 
i THE inn 

For further information write to 
Building 157-4 
Washington Navy Yard 
Washington, D.C. 20390 

RE 

It sounds good to me and I'd like the full 
rundown on the Navy's Electronics Pro- 
gram. 

Name 

Address 

City 

State Zip 
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market 
center 

WANTED 

QUICK cash . . . for electronic equipment, 
components, unused tubes. Send list now! 
BARRY, 512 Broadway, New York, N.Y. 10012, 
212 Walker 5 -7000 

PLANS & KITS 

COLOR organ -Complete schematic, details, 
parts sources: only $2.00. Kits, 3- channel 460 
W /per only $14.95 less cabinet & lights. Send 
check or M.O. to: JOHN BOSTICK, 19230 Er- 
win Street, Reseda, Calif. 91335 

ANTIGRAVITY device. Brochure rushed free. 
AGD. Box 3062 -RE, Bartlesville, Okla. 74003 

BUILD digital freq. counter PC boards and 
plans $15.00 plans only $4.00 MIKRA -D, Box 
403, Holliston, Mass. 01746 

WHY not Jam unwanted noise with relaxing 
pink noise? Kit $4.95, assembled $6.95. Flyer. 
MINDLIGHT, POB 2846RE, Van Nuys, Calif. 
91404. 

IC color pattern generator P.C. board again 
available by popular demand. Originally de- 
scribed in January 1970 issue. Undrilled glass 
epoxy board postpaid $3.95. TECHNIQUES 
INC., Englewood, N.J. 07631 

BUILD 32- FUNCTION DIGITAL COMPUTER 
24 -PIN IC, 12 TRANSISTORS, COMPLETE IN- 
STRUCTIONS, $15.25. ELECTRONETICS, Box 
278, Cranbury, N.J. 08512 

ELECTRONIC ORGAN KITS, KEYBOARDS 
and many components. Independent and divi- 
der tone generators. All diode keying. I.C. cir- 
cuitry. With our kits you can build any type or 
size organ desired. 25¢ for catalog. DEVTRO- 
NIX ORGAN PRODUCTS, Dept. B, 5872 Ama- 
pola Dr., San Jose, Calif. 95129 

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or ser- 
vices). $1.00 per word . . . minimum 10 words. 
NONCOMMERCIAL RATE (for individuals who want to buy or sell personal items) 70e per word 

. . no minimum. 
FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 10e 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 July issue must reach us before May 1. 

CLASSIFIED ADVERTISING ORDER FORM 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

I @ .70 Non -Commercial Rates 
No. of Words 1 @ $1.00 Commercial Rate 1 -$- 

No. of Words in bold face 
@ .10 =$ 

Total Enclosed $$ 

Payment must as- 
Insert time(s) company order un- 

less placed 
through accred - 

Starting with issue ited advertising MAIL TO: RADIO-ELECTRONICS, CLASSIFIED AD DEPT., 
agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 

NAMF 

ADDRESS 

CITY 

SIGNATURE 

STATE 7IP- 

I C PRICES 
SLASHED 

FACTORY FIRSTS 

NATIONALLY 
KNOWN 
BRANDS 
SATISFACTION GUARANTEED 

DIGITAL TEL 

A 
(ruin.1 ', 

7400N 320 7454N 320 
7401N 320 7472N 390 
7402N 320 7473N 480 
7403N 320 7474N 480 
7404N 350 7475N 720 
7410N ....320 7476N 530 
7420N 320 7486N 530 
7430N 320 7490N 720 
7440N 320 7492N 720 
7441N $1.50 7493N 720 
7442N $1.20 7495N ......$1.20 
7447N . $1.15 74107N 540 
7451N 320 74121N 560 
7453N .....320 

LINEAR INTEGRATED CIRCUITS 
709C MINIDIP .._400 10 $3.50 100 $29 
723C TO -5 900 10 $8.25 100 $78 
741C MINIDIP 500 10 $4.05 100 $36 
748C MINIDIP 550 10 $4.50 100'$40 
558 MINIDIP 880 10 $6.90 100 $61 
LM301 MINIDIP 450 10 $3.70 100/$31 
LM309K TO -3 $2.50 5111.25 
The above full specification first line devices 
are also available with "relaxed specs ", fully 
functional at discounts up to 50 %. Mail reader 
service card for flyer. 

GENERAL PURPOSE 

SILICON TRANSISTORS 
2N3638 PNP 20c 10/$1.65 100/$15.00 
2N3638A PNP 22c 1011.80 100/$16.50 
2N3641 NPN 23e 1012.00 100/$17.50 
2N3643 NPN 23e 1012.00 100/$17.50 
2N5133 NPN 15c 1011.25 100 /$10.00 
2N5134 NPN 15e 10/$1.25 100 /$10.00 
2N5137 NPN 18e 10 /$1.50 100/$13.65 
2N5138 PNP 15e 10/$1.25 100 /$10.00 
2N5139 PNP 150 10'$1.25 100 /$10.00 
2N3055 NPN $1 10/$9.50 100/$86.25 

1 AMP SILICON RECTIFIERS 
1N4003 200PIV 12/$1 100 /$6 1M/$45 
1N4005 600PIV 10/$1 100/$7 1M/$55 
1N4007 1000PIV 7/$1 100/$9 1M/$75 

DTL INTEGRATED CIRCUITS 

DIP PACKAGE 
930, 936, 945, 946 and 962 ....Specify number 
of each type 200 10/$1.75 100 /$16.00 

SILICON SIGNAL DIODES 
1N4148 (1N914 equiv.) 20/$1 100/$4 1M /$30 

RTL INTEGRATED CIRCUITS TO -5 

EPDXY PACKAGE 
uL900, uL914 and uL923 Specify 
number of each type 5/$1.00 100/$15.00 

MOLEX IC SOCKET PINS 
100 /81.00 200/$1.80 300/$2.60 500/$4.20 
700/$5.80 1000/$8.20 ea addn 1000/$7.50 

READOUT TUBES 
5 Volt 7 Segment Readout Tube $3.75. Count- 
ing and Display Kit (Readout Tube +7490+ 
7475,-7447) $5.75, 3 Kits for $16.50 

1/4 & 1/2 WATT 10% RESISTORS 
' /<W 50 30/$1.20, 100/$3.00, 500/$13.75 as 

low as 1.70 ea in quantity -see catalog 
1,12W 40 30.'900, 100/$2.50, 500/$11.25 as 

low as 10 ea in quantity -see catalog 

COD orders accepted for same day shipment. 
Call 218 681 6674. 

Free Cafolog -Large Quantity Discounts- Orders 
Less Than $10.00 Add 254- Others Postpaid 

DIGI-KEY FOR CQUALITY EICS 

BOX 126H THIEF RIVER FALLS, MN56701 
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II 

g( 
ADD 
& A 

FOR 
POWER 

D.C. POWER UNIT $3.50 
TRANSFORMER & RECTIFIER 

IN A WALL PLUG 

U.L. LABELED 

ßú)ï 8V DC - 4 WATT 

AN LM309H REGULATOR $ .90 
1000 MFD -12V CAPACITOR $1.10 

A 5V -100 MA 
SUPPLY TOTAL $5.50 

THE MONSANTO MAN -1 

7 SEGMENT LED DISPLAY $3.90 
MONSANTO MAN -3 LED 7 BY 5 ARRAY. $8.95 
COMPLETE DATA FOR ASCII 
ALPHANUMERIC CIRCUITRY INCLUDED 

8221 FIELD PRO ZAMA °LE ROM $7.50 
256 9IT ..2 P 61T WJRDS 

CUSTOM PROG AMMING $5.00 
PHASE LOCKED LOOPS 565 566 567 $2.95 
555 TIMER -WITH ALL DATA $1.05 
LM309K REGULATOR $1.90 

YOU WON'T BELIEVE THE SPECS ON THESE! 
LM 311 SUPER COMPARATOR $2.50 
LM 308 ULTRA HI IMPED OP -AMP $1.95 
LM 302 1000 MEGOHM OP -AMP 

VOLTAGE FOLLOWER $1.20 
LM /303 DUAL STEREO PREAMPLIFIER $1.95 

M 380 2 -WATT AUDIO AMPLIFIER $1.75 
CALCULATOR CHIP SPECIAL $9.75 
40 PIN - 4 FUNCTION - 12 DIGIT - CHAIN CALC. 
AUTO- OVERFLOW ZERO SUPPRESSION 

WITH COMPLETE DATA 

NATIONAL "DM SERIES 
8090, 8091, 8092, 8093, 8094 $.85 8210, 
8220 $1.00 8601, 8820, 8830 $.95 8280 8281 
$1.10 8200, 8211, 8520, 8551 $1.50 8570, 
8590, 8880 $1.75 8123, 8810, 8812 $2.00 

LO -POWER TTL 
74L00, 74L02, 74L04, 74L10, 74L30, 74L51 5.35 
74L72, 74L73, 74L74 $ -75 74L90, 74L93 $2.00 
7400, 7401, 7402, 7403, 7404, 7405, 7408, 
7410, 7420, 7430, 7432, 7440, 7450, 7453, 
7454, 7460 $.20 
7447, 7448, 7483, 7496 $1.10 7475, 7490, 
7493, 7495 74153 $1.25 74154 $1.50 74192, 
74193 $1.65 

I.C.s SENT FIRST CLASS MAIL -WE PAYI 

JIM ASSOCIATES 
P. Q. BOX 843 MANCHESTER, MO. 63011 

Circle 90 on reader service card ee seeeeeeeee aseeee 
e, sereeeese 

COMPUTER KEYBOARD W /ENCODER $35 
Another shipment just received. Alpha- numerics 
keyboard excellent condition. Once again we expect 
an early selout. Price of $35 incudes prepaid ship- 
ment in the US and shipment made within 24 hours 
of receipt of order. 

GIANT B -7971 NIXIES (2) with 2 sockets and driver 
board containing hi voltage transistors. Complete 
plug -in board as removed from operational equip- 
ment. Schematics included. Unbelievable but true ... just $2.50 for the complete package. 

#72S -10 $2.50 

.e 
1" rtíftAlr,+1M1'r, 

fiJ( (`'J'dx1L 

I .I,,1iA19991',Aliá 

15C IC BONANZA 
Brand new DTL dual inline (DIP) package, factory 
marked ceramic type. The price is too good to be 
true. Fully guaranteed and with specs. 

930 Dual 4 input NAND gate similar to 7420 
931 Clocked flip flop 74110 
932 Dual 4 input Expand Buff " 7440 
933 Dual 4 input expander 7460 
936 Hex Inverter 7405 
945 JK Flip Flop 74110 
946 Quad 2 input gate 7400 
962 Triple 3 input gate 7410 

Please add postage for above. 

JOHN MESHNA JR. 

PO Box 62, E. LYNN, MASS. 01904 

Circle 91 on reader service card 
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An outstanding offer 
for the engineer, 
Student or 
hobbyist. 

The XR205 monolithic 

WAVEFORM 
CENERATOR 

KIT 
Only 

$28.00 

EEP 

HIC WAVY.tOx 4 GENERATOR NIT 

OPERATINO JNST ROOT IORS 

Immediate delivery. 

Order direct from: 

EEP CORPORATION 

10180 W. JEFFERSON BLVD. 

CULVER CITY, CA. 90230 213/838 -1912 

Circle 92 on reader service card 

Here's a highly versatile laborator, 
instrument for waveform generation at a 

fraction of the cost of conventional 
waveform or function generators. 
The Kit contains: 

1) Two XR205 waveform generator IC's 
2) Data sheet and applications notes 
3) PC board (etched and drilled, ready for 

assembly) 
4) Detailed assembly and hook -up 

instructions with parts list, schematic 
and layout diagram. 

MOST VERSATILE 
FURNITURE PADS 

Stereo Theatre 
TRUCK DEVELOPED! 

Stair 
Climbing Delly 

FREE illustrated brochure 

CONSOLE TV COVER 

.11r.eoe s 2. ss 

YLA7S 40. 0011V 

YEATS dollies 
1324 W. FOND DU LAC AVE. 

MILWAUKEE, WIS. 53205 

BUILD A 'SPACE -AGE " TV CAMERAI! 
ONL/ !MOWN SOLID -STATE CAMERA IN KIT FORM' 
Ah, aye ilaE. factory .36011161w! Motel . en, r n industry, education 

Hie 

l 1"I(w tn`bom` el 
ICI and a rot, C.arhs 
Canplet.h r.11 contained (on ens `r ..D. .udllla i.,, m 
`re.bl. al 

io 
Medal Ir:A, 5 -i.. i 

Ìem ia, .,Ì,..v 1149.10 PP .y.h.n n l'SA a 

bite, 
Nbr 1116.95.0) Mon. orbs 

liti a plani else available. 

MONO or WAITS tow CATALOG-DIAL 402-917-3771 

SOX 413.11 ATV Research DAKOTA CITY, NIBS. IA731 

REBUILD YOUR OWN 
PICTURE TUBES? 

With Lakeside Industries preclalon 
equipment. YOU can rebuild any 
picture tube! 
For complete details, send -name, 
addome, zip code to: 

LAKESIDE INDUSTRIES 
3520 W. Fullerton Ave. 
Chicago, Ill. 60647 
Phone: 312 -342 -3399 

F.C.C. EXAM 
MANUAL 

PASS FCC EXAMS! Memorise, study- "1973 Task. 
Answers" for FCC First and Second lau Radio. 

telephone licenses. Newry revised muiNPla.choice 
and diagrams all .s tested in questions 

CCe ms.- Plus -"Sell -Stud, AbViy Tea." 
$9.95 voepald. 

COMMAND PRODUCTIONS P.O. BOX 26348 - E 

RADIO ENGINEERING DIVISION SAN FRANCISCO. CALIF. 54126 

HIGHLY ONE -MAN PROFITABLE 

ELECTRONIC FACTORY 
Investment unnecessary, knowledge not 
required, sales handled by professionals. 
Ideal home business. Write today for facts! 
Postcard will do. Barta -DRC. Box 248, 
Walnut Creek, CA 94597. 

DIGITAL alarm clock kit, consisting of 
MOSTEK MK 5017AA MOS /LSI DIP, four 'la 

inch readouts, PC Board, and instructions. 
Send $29.95. DIGI -TEL ELECTRONICS, Box 
6585, Toledo, Ohio 43612 

BUILD digital clock, PC boards and plans 
$15.00. Plans only $4.00 MIKRA -D, Box 403, 
Holliston, Mass. 01746 

CONVERT any television to sensitive big - 
screen oscilloscope. Only minor changes re- 
quired. No electronic experience necessary. Il- 
lustrated plans $2.00. RELCO -A25, Box 
10563, Houston, Tex. 77018 

ELECTRONIC KITS for PHOTOGRAPHERS. 
Free catalog. P.C.B.C., Box 11012, Palo Alto, 
Calif. 94306 

FREE catalog. Most unusual electronic kits 
available. Music accessories, Surf, Wind Syn- 
thesizers, Wind Chimes, many others. PAIA 
ELECTRONICS, Box 814359, Oklahoma City, 
Okla. 73114. 

INVENTIONS & PATENTS 

CASH -ROYALTIES for patented, unpatented 
inventions. GLOBAL MARKETING SERVICE, 
2420 -AF 77th, Oakland, Calif. 94605 

FOR SALE 

1973 HOBBY ELECTRONICS DIRECTORY. 
Hundreds of companies, products and ser- 
vices. Parts, test equipment, surplus, plans, 
kits, and more. $1.50. NEWCAL ENTER- 
PRISES, Box 323 -C, El Segundo, Calif. 90245. 

FREE diodes with free catalog. BDJ ELEC- 
TRONICS, 11 Revere, Tappan, New York 
10983 

SYLVANIA black light bulbs 4T5 $3.00 or 
4/$10.00 ppd. S.A.S.E. for list of surplus and 
test equipment. PENINSULAR ELECTRONICS, 
5625 Balfrey Drive, West Palm Beach, Fla. 
33406 

DIGITAL IC MANUAL -1973 EDITION -1500 
TYPES. DOUBLE LISTING BY TYPE AND 
WIRING DIAGRAM NUMBER. MANY CROSS - 
REFERENCED. $3.95. ELECTRONETICS, Box 
278, Cranbury, N.J. 08512. 
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DIGITAL ELECTRONICS! Complete schemat- 
ics, parts lists, theories -Discrete Component 
Digital Clock, $3.00 -Sound Sensitive Switch, 
$1.50. Increase technical competence, hobby 
skills -Complete course in Digital Electronics 
is highly effective, $10.00. Free literature. DY- 
NASIGN, Box 60R2, Wayland, Mass. 01778 

B & K, SENCORE TEST EQUIPMENT, DIS- 
COUNT PRICES. FREE CATALOG AND 
PRICE SHEET. FORDHAM RADIO, 558 MOR- 
RIS AVENUE, BRONX, N.Y. 10451 

PHOTO Timer L.E.D. readout Digiswitch pro- 
grammable, Six Digit L.E.D. clock guaranteed 
ASTRO LABS, Box 524, Mesa, Ariz. 

MANUALS for Govt. surplus radios, test sets, 
scopes, teletype. List 50¢, BOOKS, 7218 
Roanne Drive, Washington, D.C. 20021 

GUARANTEED metal detectors. Catalog. DE- 
TECTOR, Room 275 -T, 102 W. Arrellaga, 
Santa Barbara, Calif. 93101 

BEAUTIFUL catalog. Free! Professional Line of 
Guaranteed Metal Detectors. Find Coins, Jew- 
elry, Relics. FISHER, Room 527 -0, Box 490, 
Belmont, Calif. 94002 

LOGIC power supply. Lab quality floating out- 
put bench supply. 5V -2.5A. 95- 125VAC input. 
$59. 0.1% regulation. Foldback current limit- 
ing. Other voltages also available. Overvoltage 
protection $18. RONLIN INSTRUMENTS, Box 
6162, San Jose, Calif. 95150 

SUPREME sixteen different Radio -Television 
Diagram manuals, $40.00 value, only $14.95 
SUPREME PUBLICATIONS, 1760 Balsam, 
Highland Park, III. 60035 

WESTON 1250 Digital Frequency Counter, 
new, $200. Weston 4440 Digital Multimeter, 
used, $135. RICHARD TRIPLETT, 1304 15th, 
Huntsville, Tex. 77340 

PRINTED board design, fabrication, plain and 
sensitized boards. PCDS, 1610 Melville, Fair- 
field, Conn. 06430 

TUNER service UHF or VHF $9. 5, combo 
$15.00. Includes all parts except tubes, tran- 
sistors, diodes, nuvistors. Tuners repaired, 
realigned and neutralized by expert tech- 
nicians. Send to RAINBOW TUNER LABS, 
4158 Greeby St., Philadelphia, Pa. 19135 

LOGIC Probe with LED display $20.00 post- 
paid U.S. Order from UTI POB 252 Waldwick, 
N.J. 07463 

SEMICONDUCTOR and parts catalog. J. & J. 
ELECTRONICS, Box 1437, Winnipeg, Mani- 
toba, Canada 

IC APPLICATIONS Newsletter. Construction 
and circuits. Sample copy $1.00. ESTRADA, 
17 Slate Lane, Central Islip, N.Y. 11722 

FREE catalog lists resistors, tubes, transistors, 
rectifiers, condensers, tools, tuners, etc. etc. 
HYTRON HUDSON, Dept. RE 2201 Bergenline 
Ave., Union City, N.J. 07087 

CANADIAN surplus catalog $1.00. ETCO 
ELECTRONICS, 4648 McGill, Montreal, Can- 
ada 

ELECTRONICS ENGINEERING 
& INSTRUCTION 

SHORTCUTS to success! Highly effective, 
profitable short courses. (75 choices). Study 
at home. Diploma awarded. Our 27th year. 
Free literature. CIEE -E, Box 10634, Jackson, 
Miss. 39209 

MOD-KIT 
LOW COST POWER SUPPLIES 

New series of power supplies are completely self -con- 
t tained with transformer and solid state regulator. Out- 

puts are short circuit proof. No calibration required. 
Either negative or positive output. May be placed in 

` , series or parallel. 

,+ Line Frequency 50 -400 Hz DPS -5 5V lA ...$12.95 tq Line Voltage 110 -125 VAC 

Line Regul atiOn 0.1% typ DPS -52 5V 2A ...518.95 
,le. Regulation 0.2% tip DPS -12 12V .6A .. $12.95 Ripple Noise 10mV max 

.,, Temp Coo efficient -2mV/ C DPS -15 15V .5A . - $12.95 

COUNTER /DISPLAY MODULE 
These versatile modules will count and display any , ir number from 0 -99. Each stage has a 20 MHz decade "'i' 
counter, latch, decoder /driver and bright seven segment :. ; , 
display. Great for bread- boarding frequency meters ii,, 

4t . 
DVM's etc. Sockets included for IC's and display. 
Double- sided, plated through PC board has solderless há'r, ' 
Connections. Operates from single 5 volt supply. 

` 
;,S. 4,4 , ' /I ¡!! . 

CDM- 100 nu'I (Muni- r /Dsi,r ,1 du!.- $17.95 
áp),i 

r 

;c 

. 

' i 
v. 

t 

LED COUNTER /DISPLAY 
Easily the fastest selling counter display modules on 
the market. These micro -units offer the largest TTL 
circuitry and a large LED display. All conceivable 
circuit functions have been brought out to plated 
contact fingers. Mounts in dual 18 pin connector. 
Requires 5 volt supply. 

r 

LR -100 ... Latch only and Display $13.95 
LR -110 ... Counter /Latch /Display 32 MHz $15.95 
LR- 110H -. Counter /Latch /Display 70 MHz $15.95 
LR- 11OUD Lip /Dn Cntr /Ltch /Dsply 32 MHz $16.95 

HEATER 

No. 801 

elecirr' 
Moduli. 

$15.95 

This solid 
develop 
across 

cost $60. 
suggested 

/COOLER 30 MHz FREQUENCY METER PREAMP 

The PR -30 will operate with any TTL frequency meter 
circuit up to 30 MHz. The MOSFET input stage is 

band am with gain controls. 
input sdprrotect ddagainstt transients and overloads. 

The 

SENSITIVITY 

250wV 50Hz- 100MHz ,iyy 

25OwV 20MHz -30MHz niW' ,/ y 
MAX INPUT 
100 V DC -1 MHz - 
50 V 1 MHz -30MHz 
20V 10MHz -30MHz , , INPUT INPEDANCE 

1 Megohm 10 pF 

PR -30 Frog icy Meier Preamplifier Kit $15.95 

..7Z// .4," 

1 / 
O 

R / / / / / / / /,v .,%/ 

,m --- c. 
roe' cc 

state unit can 

more than 150 F 

its plates. Original 
With specs and 

power supply. 

It 

'BANKAMERICARD 
'MASTER 

Send iii, your 
i,rnon that 

Piton, irder* 
Mister LliErite 

® TERMS: 
CHARGE Mie *ai ,0r Please allow for postage 

order diving .dl infor- IIII Rated firms NET 30 days 
is RAISED on your , :,ud. Colo residents add 3% 

on Bank Ann, !card anel mas milt hage tax. 48 page catalog 5OC 
.i, , r -vied. ._ , refundable with order. 

ENVIRONMENTAL PRODUCTS 
BOX 1014 Glenwood Springs, CO 81601 

0 

j d 
N -'- - 
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LOGIC NEWSLETTER, design and construc- 
tion. Sample copy $1.00. LOGIC NEWS- 
LETTER, Box 252, Waldwick, N.J. 07463 

TV TUNER repairs -Complete course details. 
12 repair tricks. Many plans. Two lessons, all 
for $1. Refundable. FRANK BOCEK, Box 3236 
(Enterprise), Redding, Calif. 96001 

AVIATION ELECTRONICS TECHNICIAN -Pre- 
pare for exciting career in new field of "Avion- 
ics". Train at nation's largest aeronautical 
school. Indicate if eligible for G. I. Benefits. 
SPARTAN AIRSCHOOL, International Airport, 
MNW, Tulsa, Okla. 74151 

TUBES 

SAVE money on parts and transmitting- receiv- 
ing tubes, foreign -domestic. Send 250 for gi- 
ant catalog. Refunded first order. UNITED RA- 
DIO COMPANY, 56 -R Ferry Street, Newark, 
N.J. 07105 

RECEIVING & industrial tubes, transistors. All 
brands- Biggest discounts. Technicians, hob- 
byists, experimenters- Request free giant 
catalog and savel ZALYTRON, 469 Jericho 
Turnpike, Mineola, N.Y. 11501 

Technical Excellence 
in Electronics. 

On our small. I t iendl r mp.0 +'.he emphuui> Is on I.i mg as well 
as Learning. Extra -curricular xocial act I-: hies_ student clubs. a 
student operated radio station, student government. 

r 
w dormi- 

tory and a full sports program help provide world of own 
in which to prepare for tomorrow. Associate Degree in Engineer- 

ing Electronics. B.S. obtainable. G.I. approved. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. C, Yellowstone Trail, Valparaiso, Indiana 46383 

STAR -TRONICS 
INDUSTRIAL AND GOVERNMENT 

ELECTRONIC SURPLUS 
PARTS a PIECES FOR SCHOOLS, SHOPS, HAMS a HOBBYISTS 

SEND FOR OUR LATEST ALL DIFFERENT 
MONTHLY PICTURE CATALOG. NOW! 

Box 17127, Portland. Ore. 97217 

OMMO 
& 1 f 

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 -1268 E. 12 St., 
Brooklyn, N.Y. 11230 

AN /GRR -5 RECEIVER 
1.5 to 18 MHZ In 4 Banda. AM. 
CW and MCW, continuous tun- 
ing & 10 pre -set frequency, 200 
KHZ crystal calibrator, 4' P.M. 
sneaker, 12 tubes, with power 
supply for 115 V. 50/80 eye., 6, 
12, or 24 V. DC -Also dry 
cells 90 & 1.5 VDC. Size. 131.4 
I 81 a 126¢ ". Shun. Wt., 75 
lbs. USED, reparable 549.50 
CHECKED $59.50 
Power Plug $2.00 
Manual $7.50 

R -392 RECEIVER -500 KHZ to 32 MHZ. 32 Bands. 
25 Tubes, 24/28 VDC. Size: 111 a 14 a 11 "; 70 lbs. 
USED. reparable: $295 CHECKED 1350. Manual' $8.50 

All prices F.O.B., Lima, Ohio Dept. RE 
SEND FOR OUR BIG NEW CATALOG! 

FAIR RADIO SALES 
1016 E. EUREKA Box 110S LIMA, OHIO 45802 
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Opto Eloctronics Solo 
IGHT EMITTI NG DIODE GaAs INDICATORS 

# -,9 tiTWv 

1 -MV2, TO -18, Dome, green, visible $1.19 
1 -MV4 stud, high power, red, 2 -watts 3.95 
1- MV4H, stud, high power, hi -dome, red, 2 -watts 3.95 

0 2- MV1O, TO -18, clear, diffused dome, red 1.00 
2- MV50, axial leads, micro -mini dome, clear, red 1.00 
2MV5022e, jumbo red dome, TO -18, visible 1.19 
2- MV50200, jumbo clear dome. TO -18. visible, red 1.19 
2- MV5040e, 4 -LED red array, with 5 -lead pak 1.49 
2- MV5080, TO -18, micro -mini, clear dome. red 1.00 
1- MV5222e, jumbo dome. green. panel soap -in 1.98 
1- MV5322e, jumbo dome, GaAep, panel snap -in 1.98 
1-MV9000*, cartridge panel lamp, sealed, red, clear lens 1.49 
1ME -1, infra -red, parabolic Iene. pin type 1.19 
2- ME -4e, infra -red, "invisible ", TO -18, 4if. dome 1.19 
2- MEGO*, infra -red, "invisible ", axial, micro -mini 1.00 
5 -LED HOBBY SPECIAL, asst. types, axial, TO -18, etc. 1.00 
1 -LED MAN -4e, hobby special, readout, 14 -pin 1.49 
1 -LED MAN -3, hobby special, readout, "the claw" 1.19 

Monsanto LED equivalents. 

svol, BURROUGHS 
EM gvpMtl 8 -DIGIT "UNIVERSAL" NEON 

READOUTS 
PC Board Included) 

Only $19.95 
WORTH $50.00 

ST 

Time 
Designed for use with LSI, digital clocks, 
calculators, frequency counters, DVM's, L Advertised 
precision chronometers. tool Anywhere! 

Eight individual Burroughs 93750's Nixie 

board with pin 
on 
outs for digit 

universal 
drivers 6a 

MUX 

segment. 

Use all 8 readouts or any number of readouts from 1 to 

8 SIMPLY, EASILY. Electrical characteristics: 170 VDC, 
pins. 2 decimal points, 2 anode We include schematïce 

S. instructions. Characters 9/18 high) 

ID POWER TRANSFORMER FOR ABOVE 
110 to 170 VAC with 6.3V tap on secondary 
for TTL's 

LED READOUTS 
0 -9 plus letters, for SN- 
7448. Snaps in 14 -pin DIP 
socket. 39" x 1 /4" a s /s ". 
517 lO ma, with decimal 
point. Like MAN -1 

Socket for above, 50e 

LED 

Only $1.95 

Only $3.95 

MAN -4 EQUAL 

This display is excellent for 
small portable electronics, 
such as DVM's, calculators, 
etc. Equivalent to Monsanto 

READOUTS MAN 3A. Operates from 5V, 
Buy 3 - 20 milliamperes, with 47 
Tek. 10% ohm dropping resistor. $2.95 

$5.50 sisón 
COUNTING 

SYSTEM 
Includes SN7490, dec- 
ade counter. SN7475 
latch, SN7441 BCD de- 
coder driver. 0-to-9 
Nixie tube, instructions. 

LED MITY DIGIT 'DCM'S' 
Will outperform any other 

6" DCM on the market today, 
Take 10% not gaseous, not incandes- 

cent, but a device that will 
READ almost for life. MAN - 
4, Monsanto equal. 

Digital Counting 
Modules by 
Scientific Devices 

Only 
Poly 
Paks 
can 
do it! 

9.99 
Kit includes: 3 a 2' printed 
ckt board, with fin- 
gers tool Side- mounting 
MAN -4 socket, resistore, 
7448, 7475, 7490, booklet. 

OPTO COUPLER 
PHOTO 
DARLINGTON 
RELAY 

$1.98 
RCA 

NUMITRON 
7- SEGMENT 
TUBES 

MCA -30. 1600 volt isola- 
tion. 6 -pin mini dip. Re- 
places all types of relays, 
etc. 100's of opto applica- 
tions. Infra -red emitter op- 
tically coupled to photo 
darlington amplifier. 

DR2000. Character height 
0.6" a .235 ". 6V @ 24 
mile per seg. Fit standard 
9 -pin tube socket. 0 -to -9 
numerals. $3.99 

RCA 
DR2110 
NUMITRON 
TUBES 

7- Segment, 10 -pins. fite 
TOO socket. Character size: 
0.40" a .230 ". 6V @ 24 
mils per seg. With left dec- 
imal. 0 -to -9 $3.99 

0 -9 plus letter. 
Snps in 14-pin DIP 
socket. , 

characters:( /exya ". 
e 1ers: per s. 

Vs x3/10. 
Famous MAN -1 type. 
r] Socken .60 se. 

MAN -2 
ALPHA- 
NUMERIC 
$9.99 

MAN-S5 
GREEN 

$8.88 

MAN-a 
YELLOW 
$12.50 

Z575.6Wg. 

o $2.95 

LED 
EADOUTS 

4.50 
a rar su. 

6x7 dot matrix (35 LEDs). 
0 to 9 and A to Z. Displays 
64 characters ASCII code, 
Requires 2513 character 
generator. Each diode 3V 
@ 20 mils. Snaps in 14- 
pin dip socket. 

0 -9 Numerals, 9 letters, 
left decimal. Snaps in 14. 
pin dip socket. Size equal 
to MAN -1, Compatible with 
ICs. 3V @ 40 mils per seg.. 
7 -segment. 

0 -9 Numerals, 0 lettere, 
left dec. pt. Snaps in 14- 
pin dip socket. Size equal 
to MAN -1. Compatible with 
TTL ICs. 6V @ 40 mils. 
7 -Seg. 

0 -DIGIT MAN -3A 
MUX'D PC BOARD 

Clock DCMa, VTVM, DVM, 
calculators, multiplexed. 

8- MAN -3A's for above 
board. $9.50. 

PHILCO 11 TRANSISTOR 
AM RADIO CHASSIS 

UM Mu 
Mike ampllner 
Phono amplifier 
Tape amplifier 
Covers 555 lies to 
1500 Kee Broadcast band 

AC er DC 

One of the most versatile AM Radio and multi- purpose 
amplifiers we have seen at Poly Palos famous "Economy" 
price. Measures only 4i /z° x 3" x 2" high. With tuning 
capacitor, IF circuitry, loopetick, ant., volume control 
with switch, AC and phono -mike jacks. Separate switch 
for changing from AM radio to amplifier. Uses either 
110V plug -in adapter (sot with unit) and 9 -volt 
battery power. Exceptional sensitivity and power. Feeds 
into 16 ohm speaker. Complete with spec sheets, dia- 
grams, and hookup ideas. 

8 TRANSISTOR 
AMPLIFIER CHASSIS 

Only $3.95 
Same as above, except no AM radio section. 
Completely red! With built -in preamp, 
mike, phono and tape inputs. Color -coded 

with diagram and hookups. Works ce 
9 VDC transistor battery. Excellent fidelity. 
Shpg. wt. 1 -lb. 

ACDC CHARGER -CONVERTER - Only 51.9E 
Converts above 11- and -8- transistor chassis 
from 9VDC to 110VAC. Easy to hook tn. 
Use ea "NICAD" battery charger too (with 
instructions 1. Size: 2 "x11/ "x 11/ ". 1 -lb. 

51N. "NI -FI" PM - Only 51.95 
5 -ounce ceramic, cylindrical magnet. Twin 
v coil. 4 and 8 ohms. 
50-16.000 cycles. Shpg. wt. 3 Ina. 

FIBER OPTICS WHALE LAMP `or/iar edits Slows' MYRIAD OF SPARKLETS OF LIGHT" from 200 plastic 
optical fibers - either continuously or intermittently. 
A "whale" of a method of tieing together a black 
ceramic whale and the marvelous optical science of To fiber optics. SELF- POWER! Lights up in color too. Sup - 
plied with 2. bulbs, for continuous or flashing light, and 
a magic multi -colored disc that provides colorful ef- 
frets. Overall size: 9 x 9 x 7" high. Shpg. wt. 11/2 lbs. Not a kill 

Retelli18 -18 Del Carmine St., Wakefield, Mass` 1 PLUGS Term, add postage. cod's 26 %. Rafedi net 35 INTO Plume Orders: Wakefield, Maas. 16171 245 -3529 A4. 
C.O.D.'S MAY BE PHONED IN 4( 110 VAC 

P0. BOX 942R 1C5e 

del, 
1 $13.95 

lynnhe:d Mass. 01940 POLY PAKS 
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"DIGITAL CLOCK ON A CHIP" 
11.11111111111 -, 

SD -5314 direct substitute to famous U.S. maker. 24 -' 3010 

Pin DIP - IMAGINE! ONE CHIP ELIMINATING 15 and till I 

other parts. Space Saver! Money saver! Latest in clock NEW 
design. Features 12 or 24 -hr. operation. 4 or 8 digits. 
40 60 He operation. Internal digit multiplex oscilla- or 

/ i 1 t 
tor. leading zero blanking, high output current for sim- Bur 3 
ple readout interface. Single power SuoolY operation. Take 
Digit blanking for reduced current drain. I l lhru 19 volt 101 
range. Full MOS LSI. Spec sheets included. 

Only $14.95 

it35 WATT AUDIO 53.33 
AMPLIFIER BASIC 2 FOR STEREO3e 

l For ('Iass AB use. Basic includes: Signetic 
SO transistor high power driver T 

I 

", with a pair complimentary 

circud and parts board layouts. 

watt Mastic lraseielorx, N5296 npn 
and 2N6109 pep. With schematics, printed 

Type Descrlotiom Take 10% 

O LM-300 Super 723 V. regulator TOS $1.00 
1.19 

O LM-303 Pox voltage regulator TOS. . 1.49 

O LM-309K SV lamp V. regulator TO3 . 2.25 
O LM-350 Dual peripheral driver TOS . .1111 

CI LM-3110 2 Watt areplitter 145 

Potter S. Brumfield 
KAP RELAYS 
vr ewire ('.Sel 
S rw r.N i6. 77tO7 

'J11s VAC 300 *2.55 
12 VDC SPOT 2.11 

ALLEN BRADLEY'S 
'MICRO -POTS' 

Y.eh Noun . I 

li.,li, liu. .ii 

2 for S1 " 
Okme 1_12.111( 

7S 3.05 25.5 
100 1.11 75.5 
SOO 10.5 100.11 

2.05 20.11 If Meg 
we stock Lockout Hushing & 
screwdriver types m same 
low prices. 

'TRANSISTOR' POT 
Tice F. 

Screwariver Any 
adjust. for $1 hens 

76 1-OK 23-K 
100 0 2.5K 0 50.11 

200 6.0K 75.K 
250 7.5K 300K 
500 lO.OK 250K 
7500 20.OK 0 2Mg 

S 'Nag 

Excellent for "HAM" use as antenna switching. latching 
transmit, receive. etc.. and 100'. of Commercial or in- 
dustrial uses. Includes plsatic dust -cover with diagram 
and hookup info, 11 -pin plug -in bue, Contacts movable 
gold flashed silver, stationary overlay. with silver cad- 
mium oxide movables. All c tacts 10 amp 3PDT. Coil 
dat..115VAC 2260 ohms. 17.5 ma. 12 VDC 21 mils 
168 ohm.. Size: 21/2. s 1 5/16". Wt. 4 oz.. Center pin 
missing. Comer Mfg. type equal too. 

PRV 
SO 

100 
200 
300 
400 
600 
600 

STUD 
TRIALS' 
1s amp 

3.65 
.85 

1.2S 
1.45 
1.85 
2.53 

25 amp 
5.85 
1.05 
1.4S 
1.65 
1.95 
2.25 
2.65 

.01119 gO"Or Stretchers SEMI -11011 

5-MOS REGISTERS, 6013 -1T, mini dips. no -tent S1- 
0 5 -MOS REGISTERS, 501 -6, etC., TO -5, no -test 51, 

1 - 00 npn, 
TRIGGER 

DI ODAS Ronal Si . 
2 - N channel 00 !Trucs $1. 
2 - N channel uon. Tans plastie $1. 
20 - I 

AMP 
fast switch diodes, silicon, 4 nanoseconds $1 

2 - 6 AMP TRIAL 200 i'RV, 7b -6 51. 
40 - IIT MICRO MINI RECTIFIERS silicon porcelain to 1EV Si. 30- WORLD'S SMALLEST RECT. A senor., 1W, assorted volta $1. 
4 - 2N4269 Nixie tube driver transistor. 100V. npn $1. 
2 - PUTS. pros. uni -transistors, Bandar to GE -D13T $1. 
2 - 2N2808 P- channel, 2500 umho. TO -18 Si. 
2 - 2N3819, Texas, N channel, 6500 umho TO -18 Si. 
3 - 2N2646 UNIJUNCTIONS, plastic transistors, Texas $1. 
5 - 2N107, GE, most commonly used pap. germanium S1. 
50 - SILICON, glas. rectifiera, computer, axial leads Si. 
50 - GERMANIUM, glass rectifiers. signal, axial leads 

10 - LINEAR AMPS, 709, 710, 711, 741, TO -6 

Si. S 
5 - 2N170, GE, RF, germanium, npn. translators, TO -22 Si. 
10 - 1 -AMP 1000 PIV, epoxy, submini, silicon rectifiers Si. 
30 - SOOMW ZENERS, axial 4, 6, 9, 10, 12V rectifiers 51. 
4 - 2N3053, HOBBY, 40W ps silicon transistors. TO -3 $1. 
30 -3 -AMP RECTIFIERS, silicon, epoxy, assorted V. axial* Si. 
6 - SN7441N, hobby, BCD -to -Nixie driver IC, DIP Si. 

SI. 
LINEAR 

6 HOBBYMEMORY CELLS, SN74 
up 

to 16 -cell, DIP . Si. 4- 2N5296 35 -WATT NPN PLASTIC TRANSISTORS, for NE -540 Si. 4- 2N6109 40 -WATT PNP PLASTIC TRANSISTORS, for NE640 Si. 
10 - RCA CA -3000 OP AMPS, TO -6 ass Si. 
8 - 723 VOLTAGE REGULATORS, TO -6 Si. 
4 - 1000 HFE DARLINGTON Trim/Astor.. TO -18 cane .... SI. 
1 - 2N5036 HI -PWR plastic trans 100 viceo, 7 amp_ 86 watts SI. 
2 - 2N5298 HOBBY, 35 watts, plastic power.. NPN Si. 
2 - 2N6109 HOBBY, 40 watts, plastic powers, PNP Si. 5- PLASTIC 35W powers, npn, silicon, hobby 2148121 Si. 
5 - PLASTIC 35W powers. Prep, silicon, hobby 2N6124 SI. 
2 - MOS PETS, N channel 10K umos 3N128. TO -18. RCA Si. 
2 -140S FETS, DUAL GATE, N chan. 3N187. TO -18, RCA Si. 
2 - RIOS FETS, DUAL GATE N chan. 311140. TO -18, RCA ------ Si. 
4 - RCA 2N3600 NPN, UHF t transistors. tv -fm, TO -18, 1000mc . Si. 
4 - PHASE LOCK LOOPS, hobby 665, 560, 561 . - . 51. 
10 - MINI DIPS phase lock loops, 709, 741, 301, 307, hobby Si. 2- VOLTAGE REGULATORS, LM309K, hobby, 10 -3 Si. 
1 - DARLINGTON AMP, w /gain of 50,000 Me, TO -18, plastic Si. 
1 - 300V PLASTIC POWER TAB transistors, 6W $1. 
5 -TO -S Case 536, 640, 585. 567, 7410 Si. 
'Untested, guaranteed satisfaction 

1 - PHOTO TRANSISTOR, with darlington amp filter, lens SI 
2 - PHOTO TRANSISTORS, with darlington amp, 255777. GE. 11 De-PHOTO CELLS, ('loi reo. pancake, 30K -70 ohms. 

. 
. $1 2- SILICON SENSORS, TEXAS, H -38 Matchatis, visible SI 

SUPER ECONOMY 11 PARTS "DOLLAR STRETCHERS" 
30 - POWER RESISTORS, 3- to -25m, square, vitreous, asst. vals. Si. 
10 -MICRO REED SWITCHES, 1 long, transistor work 51. 
1 - 525. SURPRISE PAK, resistors, caps, tramistoes. ate. .. , , SI. 
SO - TERMINAL STRIPS, 1 -to -8 screw A tie lugs 30- SQUARE DISCS, 85mmf, to Olmf, space -savers 
78 - PRE -FORMED DISCS, condensers, printed circuit 
60 -TUBE SOCKETS, receptacles, plugs, audio, etc. 
100 - PREFORMED RESISTORS, 1/2 watt, printed circuit 

S1. 
51. 
51. 
51. 

50 - COILS CHOKES, if, rf, ant, peaks, osc, parasitic 51. 
60 - PRECISION RESISTORS, 1 /e, /s, 1 A 2w. 1% anat. vale- $1. 
60 - TUBULAR CONDENSERS, to .6mf, to lkv, molded too Si. 
30 - POLYSTYRENE CONDS. finest caps made, asst. values $1. 
10 - PANEL SWITCHES, 110VAC, micro, rotary, thermal, glide Si. lO- VOLUME CONTROLS, to 1 meg, duals too, some w /switch SI. 
40 - MICRO MINI RESISTORS, 1ixw, 100 ohm to 1 meg, 5% 51. 
40 - MICRO -MICRO -MINI CONDENSERS, to .06mí cerafil 51. 
5 - IBM COMPUTER BOARDS, Crane, caps, ree, coils, etc Si. 
10 - ELECTROLYTIC CONO's, FP's, A tubular, 2 A 3 sect. too SI. 
6 - TRIMMER POTS 100, 500. 2K, 5R, 10K, 25R, 1 /ew, snap -in Si. 
4 -MICRO POTS w /knob, snap-in, 1/5w, 25k, 50k, 100k, 1 meg Si. 
30 - YELLOW PACKET MYLARS, assorted value, A site. Si. 
10 - POWER TRANSISTOR SOCKETS. for TO -3, asst. types ... Si, 
64 - PLASTIC TRANSISTORS TO-18, printed circuit Si. 

Designed our Scientific Device engineers as the must w ^ 
advanced digital timing device in the consumer "Ume' K \J Onlr field, One dia- and -TV station engineer tells us, "Not 

change of a second in 3 months." It its s o accurate 
we use it as our standard. KRONUS 55100 Series. i With 
the new sleek all- purpose walnut- and -black modern de. Cabinet sign cabinet, enhances any office. hume. den, etc. It be- 
comes a "visible-action conversation piece" wherever 
it is placed. Has modern LSI National Clock Chip, and 
8 -page brochure chock -full with pictorials and easy -to- 
nderstand, step-by -step instructions. This kit is COM- 

PUTER SIMPLIFIED making do- il- yourself easy! Other 
features include 3 setting controls, 1 hour per second, 
1 minute per second, and hold button. Easy -to- change 
from 12 to 24 hours, 4 to 6 digits, 50 to 60 he opera- 
tion. Your choice of 4 different type readout ystems: 

MAN -3 Type LED. MAN-1 Type LEU (the larger 
character el, 7- Segment Nixie Time Tubes. Ka 
includes genuine POLAROID filter. Buy 3 -Take 10% 

Sise of cabinet: 6" x S1/4" x 8" deep 

'TIME 
STANDARD' 

CHRONOMETER 
KR1O1 7- Segment MAN -3 Type LEU. 

8 Digits . .. $47.00 
KR102 7- Segment MAN. I Type LEU, 

6 Digits . , .. 569.95 
KR104 7-Segment Nixie $47.00 

Type Tubes 

WIRED ADD $19.9$ 5 
Lowest Prices 

Largest Selection TTL Ii Brand New "DIP" rder by type number! S Typ. sei Spec sheets on request 'ONLY" 
SN7400 5.25 
5117401 .25 I, 5117403 .25 

M SN7404 ,2g 

.25 

SN740S .27 
a SN7406 .45 

0,4 SN7407 .43 
.s S117408 .29 

SN7409 .29 
S SN7410 .25 

é00 SN7421 ,2S 
o SN7413 .95 

e r, 5157416 .48 
1 2 SN7417 .48 

S SN7420 .25 
SN7421 .25 
SN7426 .32 

(] SN7430 .25 
SN7432 25 

Factory Marked! 

SN7437 
SN7438 
SN7440 
SN7441 
SN7442 
SN7443 
SN7444 
SN7445 
SN7446 
SN7447 
SN7448 
5N74S0 
SN7451 
SN74S3 
SN7454 
SN7455 
SN7460 
SN7470 
SN7472 
SN7473 
SN7474 
SN7475 

.50 
.51 
.25 

1.30 
1.12 
1.21 
1.21 
1.50 
1.50 
1,50 
1.25 
.25 
.25 
.23 
.25 
.25 
.21 
,44 
.36 
.49 
.44 

1.00 

«ur 3 
mers. 

10 7r 
ISeerias 

SN747ß ,44 SN74151 1.13 
SN74153 1.49 
SN74154 2.10 
SN74155 1.39 
SN74156 1.39 
SN74157 1.25 
SN74138 1.48 
SN74160 1.79 
SN74181 1.79 
SN74162 1.79 
S3174163 1.79 
SN74165 3.30 
SN74180 1.10 
SN4181 4.50 
SN74182 1.10 
SN74184 2.50 

SSN74185 2.30 
SN74192 1.95 
SN74193 1.75 
SN4195 1.19 
51474198 2.65 
SN74199 2.6S 

SN7480 .68 
SN7481 1.10 
SN7482 .88 
SN7483 1.23 
SN7486 49 
SN7489 3,95 
SN7490 1,00 
SN7491 1.23 
SN7492 .75 
SN7493 ,7g 
SN7494 1.10 
SN7493 .95 
SN7496 1.10 
SN74100 1.41 
SN741o7 .49 
SN74121 .49 
SN74122 .85 
SN74123 .99 
SN74141 1.45 
SN74143 1.23 
SN74150 1.50 

The lowest price digital clock kit (with cabinet) as 
far as we can see in U.S.A. Scientific Devices' engi- 
neering dept. took extra patience in designing to give 
you the finest digital clock kit using the latest tech- _.' 'a"' 
niques in an easy -to- understand booklet. The cabinet- \ making section given it the "interior decorating" touch 

'r[t- 

ma that it may fit into any room at home, shop ¡Y ' NEW LOWEST RICE 
office. Walnut laminated tapered front cabinet, with 
gold -line front. Tapered legs for easy viewing. Large !_, 
C.E. 7- segment fluorescent "blue- green" polaroid 
glow for the latest easy-viewing. FEATURES: display 

$39 95 CLOCK KIT tubes, completely etched and thru plated circuit board, 
all IC's, Include. BCD output. for use with timer 
options, may be wired for 12 or 24 hour display. « Smaller more compact Indicate. HOURS, MINUTES, SECONDS. 115 VAC 60 
cy, Gift packed. Wt. 3 Ibs, A " X 51/2 a 3" case 

By Scientific WITH 
Device. CASE 

MGM 

12 -DIGIT Similar to Mostek 5001. Outperforms Texas 8- °' 
digit TMS1802. A 40 -pin DIP. Adds, multiplies, 

1 12 $ak669, 5 "CALCULATOR subtracts, and divides. Use with 7-segment $P L 
readout., Nixie., and LED's. We include ache- 

ON A CHIP" matins, instructions to build calculator. 3 for 535 

1e SALE 
SCHOTTKY TTL IC 
BUY 1 AT SALE PRICE 

GET 2nd FOR 10 
REG. it MORE 

SN74500 50.98 2 for ,99 
51174501 .90 2for .99 
SN74502 .98 2 for .99 
SN74503 .98 2 for .99 
51174504. .98 2 for .99 
SN74SOS .98 2 for .99 
SN745011 .95 2 for .99 

O SN74S09 .98 2 for .99 
51174510 .98 2 for .99 
SN74511 .98 2 for .99 
SN7451S .98 21er .99 
31174520 .98 2 fer .99 
SN74521 .96 2 fer .99 
SN74522 .98 2 for .99 
SN74540 .98 2 for .99 
SN74550 .98 2 for .99 
SN74551 -98 2 for .99 
51174564 ,98 2 for .99 
SN74565 .98 2 for ,99 
SN74574 1.98 2 for 1.99 
SN74582 1.98 2 for 1.99 
SN745108 1.98 2 for 1.99 
SN745112... - 1.98 2 fer 1.99 
SN745113 1.99 2 for 1.99 
511745140 -98 2 for .99 
SN74S1S2 3.98 2 for 3.99 
511745157 3.50 2 for 3.51 
5N7451ß2 2.911 2 for 2.99 

LINEARoO Mimes r'O1jr r4a.ra 
`' ̀ "'- rW l0 OIreaw raCTO11Y 

DI 831 HI slew rata 00-mp (TO.B) 
532 Micro power 741 (TO-5) 
533 Micro power 709 (T0 -5) 
536 FET Input op amp (TO -5) 
537 Precision 741 (TO -51 
540 70W pwr driver amp (TO -8) 
550 Precision 723 voltage reg. (DIP) 
553 Tlmer 2 nSeco.M. to 1 -hr IA) 
SS6 S Times faster than 741C 
358 Dual 741 (mini DIP) 
560 Phase lock loops (DIP) 
561 Phase lock loop (DIP) 
562 Phase lock loop. (DIP) 
665 Phase lock loops (A) 
868 Function generator (A) 
567 Tone generator (A) 
ß9S Four quadrant multiplier 
702C Hi -grain, DC amp (TO-5) 
703C RF -IF, amp, 14 data (TO.B) 
709C Operational amp (A) 

S709CV Op amp (mini DIP) 
73OC Differential amp (A) 
711C Dual dlff. comp (A) 
723C Voltage regulator (A) 
741C Frequ«rcy compensator 709 (A) . 

741CV Freq. comp 709 (Mini DIP) 
747C Dual 741C (A) 
748C Freq. adj. 741C (A) 
748CV Freq. adj. 741C (mini DIP) 
709 -709 Dual 7090 (DIP) 
739 -739 Dual stereo preemie 
741-741 Dual 741C (A) 
78450 Dual peripheral driver (DIP) ... 
(A) TO -5 or DIP dual in line pak 

GENERAL ELECTRIC D$2.95 
3 -WATT AUDIO AMP 3 FOR 56.00 

Delivers 'I. watts continuous. 10 watts peak. with 
heat sinks; m 9 to 30V sup- 
ply. High sensitivity. 82 to 16 ohms. For mono and 
stereo phonos. tape. FM. AM. TV. servo. 

"HOW'S Your 1101 236 Bit RAM MOS .. . . $3.50 

MEMORIES 213113 
024 

a 
Btet 

r GReM 
RIVAS . 

125530 0 

For 1973" 2516 Character Gen. ROM 12.50 
7489 64 Bit RAM TTL 3.50 

0 8223 
D MM5260r 1024 Bit 

IR 
RAM 

ROM 
- 8.88 

INTEGRATED CIRCUIT SOCKET 
B uy Any 3 - Take 10% DIaCOBatl 

14 -Pin, dual In Ile 5.45 
16 -Pin, dual in line . .50 
TO -5, 8 or 10 pins .. . .29 

WIRE -WRAP 
INTEGRATED CIRCUIT INTEGRATED 3 for 52.00 
SOCKETS 

52.30 
2.50 
2.30 
3.9S 
2.30 
2.04 
1.17 
1.00 
2.50 

.85 
3.25 
3.25 
3.25 
3.25 
3.25 
3 25 
3.10 
-44 

1.00 
,44 
,49 
,44 
.44 
.95 
-49 
,49 

1.25 
.44 
.49 

1.00 
1.98 
1.00 
.69 

EPDXY 
FULL WAVE 
SILICON 
BRIDGE 
RECTIFIERS 

PIV 2 Any a Any s.6a 3.66 
76 .M 

1.11 1.2$ 

1.11 iso 
1.25 

1,7S 
1 

$ 
.63 

1.7 2.2 

50 
100 
200 
400 
600 
SOO 

1000 
Code: 2 amp TO -6 ease o1 Awo i,2 '/x s 3/16 so 

Termer add pontage, cod's 25%. Rated! net 3L 
Phone Order.: Wakefield, Mass. (617) 245 -3829 
Rteilr 18 -18 Del Carmine St., Wakefield, Mans. 
(off Water Street) C.O.D.'S MAY BE PHONED 

1St CATALOG on Fiber Optics, 'ICs'. Semi's. Parts 

POLY PAKS 
P.O. BOX 942R. IELD,MASS. 01540 
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C11RN311`- 
'n.127" HIGH LID 7. 

SEGMENT 
'DISPLAYS ALL NUMBERS 

7400dip 
7400 25 
74HUU TTL' 35 
7401 .05 

AND NINE LETTERS 74H01 .15 
'COMPACT SPACING - S 7402 .25 
PER INCH 7403 .25 

'BRIGHT RED 400FT -L AT 7404 .25 

10 MA PER SEGMENT 74H04 .15 

EACH 3.00 
TEN OR MORE FOR 2.50 

7405 .25 
74H05 .35 
7406 1.00 
74os 40 
7410 LED's to 

MV -50 RED LMITTING 10- 
.25 

7420 .25 
40MA (10V 0 40 74L20 .35 

MV -5020 RED LED 74H22 50 (- 6U 7430 .25 
74L30 .35 

My -10B VISIBLE RED S- 7440 .25 
70MA 025 .75 74H40 .40 

EA 201e 7442 1.00 
NUMITRON DIGITAL DIS- 7446 1.50 
PLAY TUBE, INCANDESCENT 7 °47 1.50 
FIVE VOLT SEVEN SEGMENT 7448 1.25 

7450 .25 

' .6" HIGH NUMERAL VIS- 7451 .25 

ISLE FROM 30 FEET 74H51 .35 

' STANDARD NINE PIN 7453 .25 

BASE (SOLDERABLE) 74H53 40 
'LEFT HAND DECIMAL 7454 .30 

POINT 74E54 .35 
7460 .25 

1114.00 EACH 7401 .50 

CT5e05 7V72 .50 

A SINGLE 10S CHIP WITH 7473 .55 

ALL THE LOGIC NECESSARY 74L73 .80 

FOR A - TWELVE DIGIT - 7474 .40 

FOUR FUNCTION CALCULA- 74`74 .80 

TOR WITH AN EXTRA STOR- 7475 1.15 
AGE REGISTER FOR CONS- 7476 .55 

TANT OR MEMORY APPLICA- 7480 .50 
TIEN 7483 1.15 
.28 LEAD DIL PACKAGE.. 7486 .65 

' 

7489 3.00 CAPABILITIES(,-,x.0) 7490 1.00 
' CHAIN CALCULATIONS 
' 

7451 1.15 TRUE CREDIT BALANCE 7492 .90 
SIGN DISPLAY 7493 .90 

' AUTOMATIC KEYBOARD 
'DENOUNCE 

7495 1.15 
74`95 2.00 

' SINGLE VOLTAGE SUPPLY 74107 .55 
IS POSSIBLE 74153 1.75 

COMPLETE WITH DATA 
74181 3.50 
74193 2.00 12.95 

DATA ONLY 1.00 74195 1.00 

(REFUNDABLE WITH CMOS 
v PURCHASE OF CHIP) 

CD4001 

SINGLE CHIP40 PIN 

.75 
CD400 .75 

' ADD, SUBTRACT, MULTI- .75 
CD4012 .75 PLY, AND DIVIDE 

12 DIGIT DISPLAY AND 
CD4023 .75 

CALCULATE 
' CHAIN CALCULATIONS LIN E ARS TRUE CREDIT BALANCE LM100 .80 SIGN OUTPUT 
' 

LMIIIH 1.00 AUTOMATIC OVERFLOW 
01309K 2.50 INDICATION 

' 

NE5556 .75 FIXED DECIMAL POINT 
NE5558 1.00 AT 0, 2, 3, OR 4 

' 

747 1.00 LEADING ZERO SUPPRES- 
709 .30 SION 710 .40 

DATA ONLY 1 00 711 .40 (REFUNDABLE WITH 
723 1.00 PURCHAS 

WITH 
F 

DATA) 
555(TIMER).75 

9.95 LINEAR 
3 CHIP SET SPECIAL EIGHT DIGIT 
. FLOATING DECIMAL 
' 

TEN 741 FULLY 
COMPENSATED 

LEFT HAND ENTRY OP AMPS WITH 
WILL .-,x, DATA SHEETS 
OVERFLOW SIGNALS 8 -PIN DIP ONLY 

COMPLETE WITH DATA 
TEN FOR 2.75 

695 EACH .35 

DATA ONLY 1.00 T L H38 
(REFUNDABLE WITH PHOTO DIODE PURCHASE OF CHIP) 1.50 

NATIONALIMOS ZENER 
DYNAMIC SHIFT REGISTERS TO -5 DIODES 1W 

885132 DUAL 50 BIT .75 144651 3.9V 

MM506 DUAL 100 BIT 1.00 
IN4735 1.2V 

M115006 DUAL 100 BIT 1.00 
IN4740 10.0V 

MM50L3 1024 BIT 1.50 
EACH $ .50 

SEND 005017 DUAL 512 BIT 1.50 

005016 512 DIL 1.00 
STATIC SHIFT REGISTERS FOR 
111504 DUAL 16 BIT 1.00 
MM505 DUAL 32 BIT 1.25 FREE 
00550 DUAL 

TI NAL 00 FLYER!! 

ALL IC0S -NEW AND FULLY TESTED.LEADS PLA 
TED WITH GOLD OR SOLDER.ORDERS FOR 5.00 
OR MORE ARE SHIPPED PREPAID, SMALLER OR- 
DERS- --ADD 350. CALIFORNIA RESIDENTS ADD 
ALFS TAX. .IC'S SHIPPFD WITHIN 24 HOURS 

F3AF3YL011 P.O. BOX J 

ELECTROr1IC5 (916)C966-2111 
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Semiconductor 

Supermart 

FREE CATALOG 

MOTOROLA 

RCA 

FAIRCHILD 

NATIONAL 

HEP 

PRIME QUALITY 

IC's 

TRANSISTORS 

Other Parts & 
Equipment 

CIRCUIT SPECIALISTS CO 

BOX 3047 SCOTTSDALE AZ 85257 

Circle 96 on reader service card 

the SYSTEM ONE 

law cost 
Computer Kit 

The SYSTEM ONE is a complete digital 
computer in kit form. Originally designed 
as a teaching aid for university and tech- 
nical school labs, it is now available to 
the serious experimenter. 

The SYSTEM ONE features: 

" Single buss architure 
* 8 Bit CPU 
* 1024 Bit Core Memory 

Fast Parallel Operation 
* Display and Control Console 
" Micro -programmable 
" Solderless intraboard connections 

91 TTL Packages 

For complete information circle the 
number below or write Brian Taylor. 

Bpd ELECTRONICS 
BOX 1014 Glenwood Springs,CO 81601 

Circle 97 on reader service card 

ADVERTISING INDEX 
RADIO- ELECTRONICS does not assume 
responsibility for any errors which may 
appear in the Index below. 

READER SERVICE NUMBER PAGE 

88 Airpax El ectronics .......... ............................... 101 
18 Alarm Device Mfgg. Co. 72 

Bell & Howell Schools 74 -77 
10 B & K, Division of Dynascan Corp. 17 
78 Brooks Radio & TV Corp ................... 97 
71 BSR USA Ltd. 89 
87 Castle TV Tuner Service, Inc. Cover W 
20 Channellock, Inc 78 
11 Chemtronics, Inc 22 
17 Cleveland Institute of Electronics..... 46 -49 

CREI, Division of the McGraw -Hill 
Continuing Education Co 28 -31 

83 Delta Electronics 102 
61 Delta Products, Inc. 85 
65 Dictaphone Corp 87 
85 Edmund Scientific Co. 110 
82 EEP Corp 100 
73 Electronic Chemical Corp. 90 
1 EICO, Electronic Instrument Co Cover II 

EMC, Electronic Measurements Corp 101 
63 Electro- Voice, Inc 86 
79 John Fluke Mfg. Co., Inc 98 
84 Fordham Radio Supply Co. 102 
76 GC Electronics 96 
75 Grantham School of Engineering 91 

GTE Sylvania 34 
100 Heath Co .. ....................... ..........................92 -95 
2 ICS School of Electronics 1 

25 Indiana Home Study Institute 83 
9 International Components Corp. 16 
21 International Crystal Mfg. Co........ 79 
72 International Electronics Unlimited 90 
86 Jerrold Electronics Cover III 
12 Leader Instruments 23 
8 Lee Electronic Labs 15 
13 Mallory Distributor Products Co. 24-25 
64 Michelin International 87 
70 Midwest Hifi 89 
15 MITS 27 
66 Mountain West Alarm 88 
80 National Camera Co 99 

National Radio Institute 8 -11 
National Technical Schools............ ........... 64-67 

22 Oneida Electronic Mfg. Co., Inc 80 
24 PTS Electronics, Inc 82 
67 Quieuole 88 
19 Raytheon Co. 73 

RCA Electronic Components 
16 Semiconductors 32 -33 
26 Test Equipment 83 

RCA Institutes 18 -21 
6 RCA Parts & Accessories 13 
77 Rectifier Components Corp 96 
62 Rye Industries, Inc. 100 
7 Schober Organ 14 
3 Sennheiser Electronics 2 
74 South River Metal Products Co., Inc. 90 
5 Southwest Technical Products 7 
23 Tab Books 81 
68 Telematic 88 
69 Tri-Star Corp 89 
4 Tuner Service Corp. 5 

81 TV Tech Aids 99 
14 Xcelite 26 

MARKET CENTER._.. .......103-109 
ATV Research Corp. ............. .......... 104 

95 Babylon Electronics 108 
Baita 104 

96 Circuit Specialists 108 
Command Productions 104 

89 Di i -Key 103 
92 EEP Corp. 104 
93 EPD Electronics 105 
97 EPD Electronics 108 

Fair Radio Sales 106 
90 JTM Associates 104 

Lakeside Industries 104 
91 Meshna Electronics, John Jr. 104 
94 Polypaks 106 -107 
98 Soli d State Sal es ............. ............................... 109 

Startronics ........................ ............................ ... 106 
Sydmur Electronics 106 
Yeats Appliance Dolly Sales Co. 104 

SCHOOL DIRECTORY....._ 
Valparaiso Technical Institute 

106 
106 
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NOVEL SPEAKER ENCLOSURE 
I enjoy experimenting with loud- 

speakers and enclosures. The drawings 
show the details of an enclosure that 
gives me very satisfactory perfor- 
mance. It is essentially a simple box 
with a smaller one inserted in it. The 
smaller box is divided into small com- 
partments or pigeon -holes by corru- 
gated cardboard separators like those 
used in shipping cartons for bottles 
and fragile glassware. 

This arrangement minimizes the 
"boom" and reverberation within the 
enclosure and appears to reinforce the 
sound and there seems to be a better 

3/4 INCH SPACE 
FOR LARGE CABINETS 
LESS FOR SMALLER 

IF NECESSARY THE 
PARTITIONS CAN BE 
REDUCED BY INSERTING 
PIECES OF CARDBOARD 
DIAGONALLY 

, 

% 

1 

Ì 

% -- 
/ 
1 

,a 

1 
i \ 
1 

1 i 

-+ -----1----`'±----- 
1 1 

1 I 

1 
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1 -i-- --+ 
I 

-- 
I 

I ' 1 I --,-- 
1 

1 

--/ 

/ i 
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$ 

$ 
0 

% 

. 
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LONG BLOCKS FOR RESTS 
TIES OR FASTENERS 
AT OTHER POINTS 

SEPARATORS CUT OUT TO 
ACCOMMODATE SPEAKERPOT 

CORRUGATED 
CARDBOARD 

INSULATION 

SHEET METAL 

CABINET 

SUGGESTED INSULATION 
FOR LARGE ENCLOSURES 

separation between all instruments. 
I line large multi- speaker enclo- 

sures with one thickness of in- 
sulation-I use old carpeting -layered 
over with panels of thin sheet metal 
stapled to two thicknesses of corru- 
gated cardboard. The hard surface and 
the deadness of the interior appear to 
contribute to the overall performance 
of the speaker system. 

The depth that the inner unit is in- 
serted into the outer can best be deter- 
mined by experimenting. The space be- 
tween the two sections is roughly equal 
to a ducted port in a bass reflex enclosure 
and can be blocked off at several points 
for tuning.- Joseph Kriz R -E 

RADIO and TV tubes 36¢ each. One year 
guaranteed. Plus many unusual electronic bar- 
gains. Free catalog. CORNELL 4217 -E Univer- 
sity. San Diego. Calif 92105 

BUSINESS OPPORTUNITIES 

START SMALL HIGHLY PROFITABLE ELEC- 
TRONIC PRODUCTION IN YOUR BASEMENT. 
Investment, knowledge unnecessary. Postcard 
brings facts. BARTA -REI, Box 248, Walnut 
Creek, Calif. 94597 

Give Happiness 
The United Way 

8000 series IC's 

8230 -1.75 8284 -1.95 
8233 -1.75 
8242 -1.00 
8250 -1.95 
8252 -1.95 
8262 -1.95 
8270 -1.95 
8271 -1.95 
8275- .90 
8280 -1.75 

8T13 -1.75 
8114 -1.75 
8116--1.95 
8722 -1.75 
8123 -1.75 
8724 -1.75 
8T26 -1.75 
8780 -1.10 
8190 -1.10 

2N965 
2N1605 
2N2360 

PNP 
NPN 
PNP 

2145324 PNP 
2N1015D NPN 
2N2015 NPN 
2N3584 NPN 
2N3055 NPN 
2N3772 NPN 
2N5296 NPN 
2N6109 PNP 
2N4898 PNP 
M12251 NPN 

TRANSISTOR SPECIALS 
6E TO-18 
6E T0-5 
6E T0-33 
6E T0-3 
SI TO-82 
SI TO-36 
SI TO-66 
SI TO-3 
SI 10-3 
SI TO-220 
SI TO-220 
SI TO-66 
SI TO-66 

.15W 7V .1A300MHZ 4OHte 5/$1.00 

.15W 24V .lA 14MHZ 125 5 /$1.00 

.06W 20V .05A 980 32 $.50 
60W 250V 10A 20 35 $1.50 

150W 200V 7.5A .025 10 $1.45 
150W 50V 10A .012 26 $.90 

35W 250V 2A IO 100 $1.50 
115W 100V 15A .01 50 $1.00 
150W 60V 30A .2 30 $1.25 
36W 40V 4A .8 60 $.50 
36W 40V 4A .8 60 8.55 
25W 40V 4A 4 46 $.60 
IOW 225V .5A 10 40 $.70 

PRINTED CIRCUIT BOARD 
41/2"x61 /2" double sided fiber- 
glass board. 1/16" thick. un- 
etched $.60 ea. 5/$2.50 

NIXIE TUBES 
Similar to Raytheon 8754 
tubes, with socket & data 
sheet $2.25 3/$6.00 

2N3819 FET 
TIS43 U1T 

$.50 
$.50 

VERIPAX PC BOARD 
This board is a 1/16" 
single sided paper epoxy 
board. 41/2 "x61/2" (sta n 
dard veripax), DRILLED 
and ETCHED which will 
hold up to 21 single 14 pin 
IC's or 8, 16 or LSI DIP IC's 
with busses for power 
supply connections. It is 
also etched for a 22 pin 
connector. $5.25 3/14.50 

ER900 TRIGGER DIODES. These 
biodirectional trigger diodes are one 
of the best and cheapest methods to 
trigger SCR's and triacs ..4/$1.00 
FLV 100 Visible LED $ .65 
ME -4 IR LED $ .65 
MRD 14B photo 
darlingtons $ .65 
MV 5026 Vis. LED $ .65 
MT -2 PHOTO TRAS. $ .90 
MCT-2 OPTO-ISOL. $1.49 
MCD -2 OPTO -ISOL. $1.49 
34" reed switch 6/$1.00 
IN4886 25 -40W 
Power varactor $4.95 

TRIACS 

5V 1 Amp regulated 
power supplies. These 
units are similar to MAN -4 LED Analog Devices encap- 
sulated SE 905 power 5 Volt READOUTS 
supplies. $34.95 S4.50 3/$12.00 

8223 field prog. ROM $8.00 
1101 256 bit RAM $4.00 
8225 64 bit read-write RAM $3.95 

MAN3 LED 
READOUT 3/85.50 Full Wave Bridges 

PRV I 2A I 6A 

200 I .95 11.25 
400 11.15 11.50 
600 11.35 11.75 

DECADE COUNTER KIT 
CONSISTING OF: 
1 -NIXIE TUBE and SOCKET 
1 -7490 1 -7475 1 -7441 

Special priced at $5.50 

TTL IC SERIES 

7400- .25 7480- .65 
7401- .25 7481 -1.25 
7402- .25 7483 -1.25 
7403- .25 7486 - .60 
7404- .28 7490 -1.00 
7408- .25 7492 - .79 
7410- .25 7493 - .79 
7411- .28 7494 -1.20 
7420- .25 7495 - .90 
7430- .25 74107- .60 
7440- .25 74121- .70 
7441 -1.30 74123 -1.20 
7442 -1.50 74141 -1.35 
7446 -1.50 74154 -1.95 
7447 -1.50 74161 -1.79 
7448 -1.25 74192 -1.75 
7450- .25 74193 -1.75 
7460- .25 74194 -2.35 
7472- .40 8570 -1.90 
7473- .75 8590 -1.90 
7474- .50 9309 -1.95 
7475 -1.00 9312 -1.95 

7476- .60 9322 -1.95 
14 Pin DIP sockets 3 /81.00 
16 Pin DIP scokets 60 

PRV 
I 

1A 
I 10A 

I 
15A 20A PRECISION TRIM POTS 

500ohm, 10K, 20K, 25K 
50K $ 75 3/$2.00 

Silicon Power Rectifiers 

PRY 
1 

lA 13A 112A I 50A 

100 
I .06 I .09 .24 I .90 

200 
1 .07 1 .12 .20 

1 
1.25 

400 
I .09 I .16 .35 

1 
1.50 

600 I .11 I .20 .50 
1 

1.80 
800 I .15 I .28 .70 

1 
2.30 

1000 
I .20 1 .35 .90 2.75 

Send 201 for our Spring catalog featuring Transistors and Rectifiers; 

100 I .30 I .60 I .85 1.05 

200 
I .65 I .85 

1 

1.25 1 1.45 
300 

1 .75 11.10 ' 1.45 11.65 
4001 .90 11.3 5 

1 
1.7 5 1 

1.90 
500 

1 
1.20 

1 

1.50 ' 2.50 ' 2.20 
*Press fit 

Terms: FOB Cambridge. Mass. 
Send check or Money Order. Include 
Postage. Average Wt. per package 
1/r Ib. No. C.O.D.'s. Minimum Order 
$3.00 

LINEAR CIRCUITS 

PA234 1W audio ampl . $1.25 
PA264 -5 Watt regulator $1.25 
LM309K 5V lA regulator $2.25 
531 High slew oper amp $2.50 
536 FET input oper amp $3.25 
537 Precision 741 $2.50 
540 70W Power driver $2.04 
555 2 us to 1 hour timer $1.19 
560 phase lock loop $3.25 
561 phase lock loop $3.25 
565 phase lock loop $3.35 
566 Function gen $3.25 
567 Tone decoder $3.25 
703 RF -IF amplifier S .80 
Dual 709 $ .95 
709C operational Amp $ .39 
723 Regulator $ .75 
741 operational Amp $ .50 
747 Dual 741 $1.25 
TVR 2002 high power 

723 $1.00 
CA3065 FM /TV amp $1.35 
5558 dual 741 $ .88 
LM 308 oper amp $2.95 
5556 oper amp .... $ .75 
101 oper amo $ .75 
741 CV Oper amp ....$ .55 
320 -5V reg. $1.75 
320 -15V reg. . $1.75 
424 Zero volt switch $1.25 

Silicon Control Rectifiera 

PRV 1 6A 110A 1 20A 1 
70A 

50 .25 .32 I 

100 .30 .45 1.001 3.50 

200 .50 .75 1.251 6.50 
300 .60 .90 1.50 1_ 

400 .70 1.10 1.751 9.50 
500 .80 1.25 2.001 
600 .90 1.40 2.25 1 11.00 

325 Elm St., Cambridge. Mass. 
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LIVE IN THE WORLD OF TOMORROW...TODAY! 

INN 1111. MIN MI. 
3- CHANNEL COLOR ORGAN KIT 

Easy to build low -cost kit needs no technical 
knowledge. Completed unit has 3 bands of audio 
frequencies to modulate 3 independent strings 
of colored lamps (i.e. "lows" -reds, "middles ". 
greens, "highs " -blues. Just connect hi -fi, 
radio, power lamp etc. & plug ea. lamp string 
into own channel (max. 300w ea.). Kit features 
3 neon indicators, color intensity controls, con- 
trolled individ SCR circuits; isolation trans. 
former; custom plastic housing; instr. 

Stock No. 41,831EH $15.75 Ppd. 

lift NMI 

small 
Stock 

beam divergence. 
No. 79,020EH $88.50 Ppd. 

0.7mW (SINGLE TEM,wMODE), 0.8mm BEAM DIA. 
Stock No. 79,024EH $99.50 Ppd. 

TERRIFIC BUY 
IN HE -NE LASERS 
Low price on 0.5mW Laser (random 
mode); 0.9mm beam dia. (at 10M,- 
16mm) belies its quality. New cold 

aluminum cathode tube for more 
life stability (hi beam: 9000 -hr 

tube life under normal cond.) Ready 
to plug in, turn on. Starts instantly. 

Safe, easy for holography, interfer- 
ometry, alignment. Metal case, 2.8 x 3.8 
x 10 ", 110v AC, 633nm wavelength, 

lift INN.. 
130 EXPERIMENTS IN OPTICS 

v- 

and photography! 0ptix' Experiments 
Kit is a complete optical & photography 
lab for 130 exciting experiments. Lets 
you recreate the periscope, telescope, 
microscope, kaleidoscope! . Build a 
35mm reflex camera with interchange- 
able lens system! Make, develop pho- 
tographic film! Enjoy the tun and fas- 
cination of having your own optics 
lab. Fully illustrated 112 -pg. manual, 

100 81/2 "x11 ", clearly explains usage of 
this stimulating kit's 114 precision 
engineered components. 

_111 
Stock No. 71,646EH $21.00 Ppd. 

MAIL COUPON FOR 

GIANT FREE 
CATALOG! 

164 PAGES MORE THAN 
4000 UNUSUAL BARGAINS! 

Completely new Catalog. Packed with huge selection 
of telescopes, microscopes, binoculars, magnets, mag- 
nifiers, prisms, photo components, ecology and Unique 
Lighting items, parts, kits, accessories - many hard - 
to -get surplus bargains. 100's of charts, illustrations. 
For hobbyists, experimenters, schools, industry 

EDMUND SCIENTIFIC CO. 
300 Edscorp Building, Barrington, N. J. 08007 

Please rush Free Giant Catalog "Elf " 

(And our FREE CATALOG is packed with exciting and 
unusual ecological & physical science items -plus 
4,000 finds for fun, study or profit ... for every mem- 
ber of the family.) 

MINI NMI 
IGITAL 

NE"i' 

ELECTRONIC D 

COMPUTER KIT 
Solve problems, play games, predict weather, 
even pia- miniature chess, with this ac- 
tual working model of giant electronic 
brains. Amazing new fun way to learn all 
about computer programming . , , logic, 
decimal, binary systems, Laws of Sets. 
Even do your own programming after 
completing the simplified, 116 -page 
Instruction booklet. Circuits are eas- 
ily changed, readout Is from an 
Illuminated control panel. Requires 
2 "D" batteries (not incl.) 
Stock No. 71,434EH ..$31.50 Ppd. 

(11 x'2 %x 4") owl 1111111 

,FEATHERWEIGHT 
TREASURE :; FINDER 

Best, easiest to use solid state 
metal detector at its price. U. S. made! 

Only 3 lbs. 6" search head detects 
penny at depth of 5 ", silver dollar at 8 ", .,: bag of coins at 18 ". Easily works thru dirt, 

sand, wood, water (30" deep) and rock with no 
power loss. Detects your "find" sharply with "sound - 

off" loudspeaker. Comes ready to go. One tuner control; 
all transistor; adjust. stem; perfect balance. Includes 9v 
battery, FREE TREASURE GUIDE To 101 Treasure Sites. 

Stock No. 80 -175EH $39.95 Ppd, 

10- Transistor Treasurer Finder 
Stock No. 80,181EH $71.00 Ppd. ® 
KNOW YOUR 

ALPHA FROM THETA! 
Learn to control your Alpha -Theta brainwaves 
for relaxation, improved memory, concentra- 
tion. Electrode headband (w /o messy 
creams, etc.) atchd to amplifier filters 
brainwaves, signals beep for ea- Alpha 
or Theta wave passed. Spcl monitoring but- 
ton to simulate Alpha sound; audio & visual 
(L. E.D.) feedback. Reliable, easy -to -use 
trainer unit has features comparable to 
many costlier modes. Completely safe. 
Most people can learn in 8 -12 hrs w/ Incl 
instr. 

No. 1635EH . (8x3x4 ";24 oz.) $124.50 Ppd. 

Name 

Address 

City 

Zip 
MOM MIER 11 IMMEI AIM 

110 RADIO -ELECTRONICS MAY 1973 

EDMUND SCIENTIFIC COMPANY 
300 Edscorp Building, Barrington, N.J. 08007 

How Many Stock No. Description Price Each Total 

PLEASE SENB GIANT FREE CATALOG " EH" 

YOU MOST SE SA71Sf1ED 
OR RETURN ANY PUR- 

FOR úN 1L. R TUD 

I enclose check 
money order for $ 

MERCHANDISE TOTAL $ 

HANDLING CHARGE MOO' 
TOTAL $ 

50f ON ORDERS OVER $5.00 

NAME 

ADDRESS 

CITY STATE ZIP 
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Every time 
you sell an antenna for one set, 

you're losing money 

EVERY CUSTOMER WHO 
BUYS AN ANTENNA FOR A NEW 

COLOR SET ALREADY OWNS 
ONE OR TWO 

BLACK AND WHITE TV SETS. 

Chances are, he's been getting along 
with an indoor antenna for his old black 
and white set. He decided to invest in an 
outdoor antenna because he realized he 
needed more signal power and more di- 
rectivity for top -notch color reception. 

What your customer probably does- 
n't know is that he can connect two or 
more TV sets to a single antenna, using 
a 2 -set antenna amplifier. 

Essentially, color reception is not 
very different from black and white re- 
ception. Ghosts, snow and other types of 
interference look a lot worse in color, but 
they are easily discernible on a black and 
white set, too. 

Therefore, you are doing your cus- 
tomer a real favor when you recommend 
that he hook a second set up to his new 
antenna. Only in this way can he get max- 
imum value from his investment. For you, 
of course, the sale of a 2 -set antenna am- 
plifier represents extra profit. 

COLORCASTER II IS A 

BREAKTHRU IN QUALITY AND PRICE 

Figure I shows how easy it is to add 
a second set to an antenna system. The 
Jerrold Colorcaster II is an important 
breakthru in quality and price. Never 
before has it been so inexpensive to con- 
nect two or more sets to a single antenna - -- 

even in poor signal areas - -- without deter - 
ioriating picture quality. 

The Colorcaster I1 lists for only 
$21.50. Yet, it amplifies all UHF and VHF 
TV channels, plus all FM stations. It pro- 
vides more signal voltage to each TV set 
than the antenna would provide if con- 
nected directly to one set. Thus, it more 
than overcomes the splitting losses caused 
by ordinary passive multi -set couplers. 

TWO TV SETS PLUS FM RADIO 

What if the home includes not only 
two TV sets, but an FM stereo receiver, as 
well? FM stereo is a lot like color TV. FM 
stereo receivers require stronger signals 
than monophonic radios. What's more, 
they are subject to multi -path distortion, 
which is the equivalent of a "ghost" in TV 
reception. 

Therefore, a good outdoor antenna 
can do wonders for FM stereo reception. 
However, your customer doesn't have to 
invest in a separate outdoor FM antenna. 
Many TV antennas, such as the Jerrold 

by Bert Wolf 
Manager, Jerrold DSD Division 

Super VU- Finder series, provide excellent 
pick -up of FM signals. 

The system in Figure 2 shows how 
easy it is to connect an FM stereo receiver 
to the color TV antenna. Using the Color- 
caster I1 and a Jerrold FS-I314-FM fre- 
quency splitter as shown, you can provide 
superb pictures to two TV sets, plus out- 
standing stereo signals to the FM receiver. 
What's more, there is absolutely no inter- 
action between receivers. 

FOUR TV SETS PLUS FM RADIO 

No, the home with three or four TV 
sets is no longer unusual. Black and white 
portables are now so inexpensive that 
they are frequently given to teenagers as 
gifts. 

You can easily use a Colorcaster II to 
serve three or four TV sets, plus an FM 
stereo receiver. All you have to do is split 
the outputs of the Colorcaster II with 
Jerrold MF -82 couplers. The high gain of 
the Colorcaster I1 is sufficient to overcome 
the coupler. 

Circle 86 on reader service card 

An easier way. of installing a 4 -set home 
system should he to use a 4- output Color- 
caster Plus, such as the Jerrold TA -84. 

This brings us to another point. 
Jerrold has a complete line of Colorcaster 
Plus models, including 75 ohm models and 
VHF /FM only models. Thus, you can offer 
your customers a very wide choice for any 
reception area. 

Jerrold also makes a full range of 
outdoor Powermate Plus preamplifiers for 
fringe and deep fringe areas. These preamps 
are ideal for bringing in distant channels 
and eliminating snow. 

Finally, Jerrold offers the industry's 
most complete line of reception aids. In- 
cluding filters and traps to eliminate all 
kinds of interference. 

When you need to improve TV or 
FM reception, Jerrold has the products to 
do it. And you should be suggesting the 
appropriate Jerrold reception aids with 
every antenna you sell. Your customers 
will love you for it and you'll make a lot 
more money. 
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The all NEW. 

T Y TUNER SUBBERTM 

Mark /t/ 
rV rUNCR SUBBOR 

Latest, all solid state version of the sensational signal circuit analyzing timesaver 
originated by Castle. 
Invaluable for locating the break in the tuner and i.f. signal chain or analyzing agc system de- 
fects in tube TV receivers ... essential for speedy location of signal circuit defects in modular IC, 
solid state and hybrid TV receivers. 

TUNER 1st U. 

I 

- AGC (S) 

2nd i.f. 

(s) 

3rd i.fJ Video 
De t. 

Subber Mk. IV permits injection of substitute 40MHz signal at points (S) in signal amplifier chain. 
Permits signal injection after the agc controlled stages to simplify testing for agc defects. 

Works with any 40MHz receiver . . . color or black and white ... solid state, tube or hybrid. 
High level, low impedance output furnishes signal usable at input of final i.f. stage. 

Special output circuit works equally well into first i.f. input of late model, link coupled systems and older, low "C" 
bandpass coupled systems. 

Antenna input and i.f. output electrically isolated; no "hot" chassis hazards. 

No need to disconnect supply leads from suspected tuner being tested. Substitutes the VHF tuner and tests the UHF 
tuner. 
Tunes all 12 VHF channels, has preset (memory) fine tuning on all channels. 

Higher overall gain than previous models with wide range gain reduction control of 60db. 

Completely self contained and battery operated, uses popular batteries available everywhere. Simple battery 
replacement; battery compartment in rear of custom molded case. 

Reduced current consumption extends battery life to as much as double that of previous models. Bright LED 

indicator warns when unit is ON. 
Use on the bench or in the home ... anywhere. 

Comes complete with extension cables, batteries and instructions. 

ó 

TI/ TUNER SUBBERTM Mark /IV net $45.95 Contact your distributor. 

J rune. 
. _ o 

Include $1.50 shipping and handling on prepaid mail orders: we will ship C.O.D. 

CASTLE TV TUNER SERVICE, I N C. 
5715 N. Western Ave., Chicago, Illinois 60645 Phone: (312) - 561 -6354 

Cirrle S- nn reudrr srrrirr aril 
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