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EIGO #5-01Y)
SECURITY CONTROL CENTER

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 burgtar
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.

& Abuilt-in 117 VAC power supply supplies 6 volts DC
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 3334
BURGLAR/HOLD-UP/FIRE ALARM SYSTEM

Systems “HEART” is the EICO FC-100 Security Control Center.

B Additional Sensors, Alarms, Accessories may be added any time to
meet future needs.

B “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 suppiled with the following: FC-100 Security Control Center; SA-25 8"
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

Start your custom Burglar/Hold-up/Fire Alarm System with the FC-100.
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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-35 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-35 handbook and see how easy EICO makes it to "'Do-it-Yourself.

Acclaimed by Editors and Consumers!

The EICO S5-500 Home Protection system works as well as, if not better,
than many so-catled ‘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 lllustrated August 1972)
“*We found that installing the security system is easy, and the only toc'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.

—
EICO Electronic Instrument Co., Inc., 283 Malta Street, Brooklyn, N.Y. 11207 = Elca
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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 settie 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.
1 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.

Tell us what turns you on — and
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.

4 School was never like this! |}

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.

©1973 ICS
....................................... 1

I':s International Correspondence Schools
Scranton, Pennsylvania 18515

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

Please send me free Career Guidance
Booklet and a free “Demonstration Les-
son” for the field 1 have checked below.
I understand 1 am under no obligation.

O Air Conditioning/Refrigeration &
Heating
O Automotive Mechanics

O Engineering (Civil/Electrical/
Mechanicnf/éhemical )

O Electrician
O FCC Licensing ( Electronics )
O Auto Body Rebuilding

O Communications/Broadcasting
Technician

'

+ [ Computer Servicing

+  [OCATV Technician

v [ Diesel/Gas Mechanic

v O Architecture

v [0 Drafting

+ [ Electronics Technician

‘ [ Engineering Technician

E O TV Servicing & Repair

0 [ Surveying & Mapping

+ [0 High School Diploma

+ (O Check here for special information,
1}
1}
'
1}
'
L}
L}
'
1}
:
'
v

if age 16 or under. XA625Y
Name Age
Address Apt
City
State Zip

Approved for Veterans’ Training and Accredited

Member National Home Study Council

Lamecsmmccancanaanaasatretareesnecresesneeseen eesss e e aeee e ee e e ee e e e e eee e e ccccaceeaccaaenaenasnennenes

-k

MAY 1973 @ RADIO-ELECTRONICS



When we say oufheadphones
are out of this world
“:‘?"---we ean itl

But people prefer them
for down to earth reasons.

NASAselected us...
butyoudon’thave to gointo
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 groupd 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!

According to the October,
1971 issue, our HD 414
has *'the best sound ¢f any

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

Isolation or

Communication?

The choice is yours. With “open-
aire” headphones, you hear as
much asyou want of your surround-
ings. Qr 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
Circle 3 on reader service card

/ NASA chose Sennheiser
~ headphones for its
/Skylab astronauts to use in
their 56-day earth-orbit mission.

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
coolér to use, “allowing body heat
to dissipate more readily.”

Hearing is believing

In this world and out, it seems more
and more people rat2 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.

P

/zSENNHEISEH

ELECTRONIC CORPORATION

10 West 37th Street. New York 10018 1212; 239-0190
Manutacturng Plant. Bissendorf. Hannover. West Germany
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SPECIAL 35 Understanding Security Systems
FEATURE 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 42 Inside Heath’'s Digital FM Tuner
STEREO There are 55 IC's and more than 100 transistors and
HI-FI AUDIO 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 WAVEFORMS LIKE THIS ONE are the secret
to unscrambiing 4-channel sound. There are
54 Ungcvambllng 4-C.hannel Soqnd ) more than 30 different ones In this article.
An in-depth technical report including 32 scope . ... see page 54
waveforms showing how compatible the various 4-
channel systems really are. by MHerb Friedman
BUILD 38 Electronic Music Synthesizer
THIS ONE Electronic circuit modules go together to make this
electronic musical instrument. by John Simonton, Jr.
c / ! 5 4 -
TELEVISION 60 Speed Troubleshooting Logically AL AN bl =, -
Part ll: Cut it in half procedure—how it works, how to use ELECTRONIC MUSIC MACHINES can be bullt
it. by Jon Turino at home. See how you can assemble your
71 Service Clinic own synthesizer. . . see page 38
The trouble tree. by Jack Darr Hugo Gemsback (1884-1967)
founde
72 Reader QU'OSﬂOI'I? M. HmoyunGormobacll, editor-in-chief
R-E's Service Editor solves reader problems. and publisher
Larry Steckler, CET, edit
80 New Pay TV System Robert F. Scott, W2PWG°(r:ET. technical editor
Jack Carr, CET, service editor
Louis E. G , I, i tor editor
I. Queen, editorial
GENERAL 4 Looklng A_head Matthew Mlnglr..conlribu(ing editor
ELECTRONICS Tomorrow’s news today. by David Lachenbruch David Lachenbruch, contributing editor
James A. Gupton, Jr., photographic electronics
26 Equipment Report Vincent P. Cicenis, production manager
B & K model 281 digital multimenter Nancy Gipson, production assistant
H. Matysko, circutation
Cover photograph by Walter Herstatt
SOLID-STATE 62 State Of Solid State Cover design by Marius Trinque
ELECTRONICS Optoelectronics is the featured subject this month. Radio-Electronics is indexed in Ap- i
by Louis E. Garner plied Science & Technology Index < ‘-
68 R-E's Gulde For Substitution Transistors §n0 hoeaders Guide to Periodical \_/\ /s
220 more types are listed. : hade
compiied by Robert & Elizabeth Scott Aadio-Eiectronics, May 1973, Vol 44 No. 5. Published monthly by
Gernsback Publications, Inc , 200 Park Avenue South, New York
City 10003. Second-class postage paid st New York, N. Y. and addi-
tional soditional mailing office. One-year subecription rate: U.S.A,
U.8. possessions and Canada, $7. Pan-American countries, $8.
DEPARTMENTS 102 Books 91 Next Month RIS T Ao it e s
16 Letters 111 Reader Service Card :::-cnv:;:?m-: Mal &l subscription »333.'?.35&2 corre-
6  New & Timely 100 Technotes 2. Sarvics. Boulger, Coto.
90 New Literature 101 Try This :nmd manu-:i;pu and/or artwork or ':h“:ogrwm [ lﬁd.vlm::z;
is desred upon i We any y for the
84 New P'OdUCtS m'.oitntg,mago m.n;acnpu md./ov artwork or photographs

As a service to readers, Radlo-Electronics publishes available plans or information relating to newsworthy products, techniques and scientific and
technological developments. Because of possible variances in the quality and condition of materials and workmanship used by readers, Radio-Elec-
tronics disclaims any responsibility for the safe and proper functioning of reader-built projects based upon or tfrom plans or information published in
this magazine.
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looking ahead

IESEUIRE TS T R
Big numbers
e oAt - . _ ]
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 aiso 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.

T T T Y I
Videodisc compatibility
RS, e

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 aiready 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 seil
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—ait
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 aiso
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 ever 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
V).

The "'Premium TV" gystem
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 “inferactive 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 undisciosed Cali-
fornia city. For more details
see a complete description of
the system on page 80.

Comsat’s first decade
R T L VIR
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

TUNER" SERVICE GORPORATION
compieTe service ron QLI

ALL YOUR TELEVISION Universal Replacement Tuner $9.75.

TUNER REQUIREMENTS. This price buys you a complete new
tuner built specifically by SARKES TARZIAN
REPAIR

INC. for this purpose.
VHF Or UHF Any Type $9.75.
UHF/ VHF Combo $15.00.

All shafts have a maximum length of
10” which can be cut to 1%”.

Specify heater type parallel and series
In this price all parts are included. 450mA or 600mA.

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

Fast efficient service at our conveniently

located service centers. This price does not Customized tuners are available at a
cover mutilated tuners. cost of only $15.95. (with trade-in $12.95)

All tuners are cleaned ultrasonically, Send in your original tuner for com-
repaired, realigned and air tested. parison purposes to:

| TUNER SERVICE CORPORATION

|
| FACTORY-SUPERVISED TUNER SERVICE
[ Backed by the largest tuner manufacturer in the U.S.—SARKES TARZIAN, Inc.
HEADQUARTERS ....537 SOUTH WALNUT ST., Blosmington, Indiana 47401 .......... TEL: 812.332.7251
| ARIZONA. ............ 2629 NORTH FIRST AVE., Tucson, Arizons 85717 ................ TEL: 602-791-9243
[ CALIFORNIA......... SARKES TARZIAN, Inc. TUNER SERVICE DIVISION
“II 10654 MAGNOLIA BLVD., North Hollywood, Calif. 91601 ........ TEL: 213-769-2720
[ FLORIDA.............. 1505 CYPRESS ST, Tamps, Florida 33606 ...................... TEL: 813-253-0324
WATCH US GROW GEORGIA............. 938 GORDON ST., $. W., AHlanta, Georgia 30310 ................ TEL: 404-758-2232
INDIANA ............. 817 N. PENNSYLVANIA ST, Indisaspolis, Ind. 46208 ............ TEL: 317-632-3493
6333 GRAND AVE., Hommond, Indiena 46323 ................. TEL: 219-845-2676
KENTUCKY ........... 2920 TAYLOR BLVD., Lovisville, Kentucky 40208 .............. TEL: 502-4634-3334
NEW JERSEY........ 54749 TONNELE AVE., Jersey City, New Jorsey 07307 .......... TEL: 201.792.3730
(On U. S. Highway 1& 9)
TENNESSEE ........... 1215 SNAPPS FERRY RD. Groenevie, Tonnesses 37743 ........ Tok: 615-639-8451
1703 LAMAR AVE., Memphis, Tonnosses 38114 ................. TEL: 9012784484
TEXAS ................ 11540 GARLAND RD. DoMos, Texas 75228 .................... TEL: 214-327-8413
VIRGINIA............. 4538 PRINCESS ANN ROAD, Norfolk, Virginis 23502 .......... TEL: 703-855-2518
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new & 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 1%-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 controlied by a
single magnetic focus and deflection
system. These beams “read” out the

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 couid be decoded and combined
with the black-and-white signal in the
camera coding and control circuits, o
produce an NTSC output.

The tube can also be used in other
TV applications in cameras designed 1o
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-

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 faisity data. lon Iimplantation has
30 reduced the losses in the Slemens IC shift

register above that acy appf
100%.

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 paraliel
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.

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 show a transfer loss of less than
0.2%, with 7-micron gaps, whereas with
older devices the losses were almost
100%.

Third Annual
Hugo Gernsback
Scholarship Award

M. Harvey Gernsback, publisher of
Radlo-Electronics, has announced the
third annual Hugo Gernsback scholar-
ship award for 1973. The program con-
sists of 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-
dlo-Electronics 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)

fon 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 (Radlo-Eiectronics, June 1671,
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

BIVICON CAMERA TUBE has two distinct
pick-up surfaces—the dark rectangular areas.
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SouUuTHWEST TEcHNIcAL Probucts CORPORATION

219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216

PHONE: 512 DI 4-3140

April, 1973

Dear Radio-Electronics Reader,

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

| 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 | sold a bunch of circuit boards. Many of you requested other components for
the projects too, so in Jan. of 1964 | 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 Heathkit, 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. | 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 | will pick one kit to talk about. | 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,

Duviel Iy

Daniel Meyer

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
m = DEPT. RE-L

219 W. Rhapsody, San Antonio, Texas 78218

irele S on reader service card
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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

e operation and

= programming.

FIRST e
o Hl . 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.

llllllllll

\\\\\\
---------------
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NRI FIRSTS make learning Electronics fast and
fascinating—give you priceless confidence

FlRSTw 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 up and explore” the functions of each color eircuit as
you buald.

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

O

FlRSTm 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.

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. Qual:fied 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.

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.

A
City. State Zip.

] Check here tor facts on Gl Bill
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

- i — —— ——— — o o ]

o ——— e — —— ——— |
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new E tl mE|y(con!inuedfrom page 6)

inois, 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 schootl
students were exposed to direct laser

The 9 schools participating in the beams deliberately. One instructor said
program are: Bell & Howell Schools, Ca- I he wanted the students to see a beau-
reer Academy, Cleveland Institute of tiful effect.”” Lasers were also used
Electronics, CREI Home Study Division I where beams could be reflected toward
of McGraw-Hill, Grantham School of En- students from windows or other reflec-
gineering, International Correspondence tive objects. Some 72% of the lasers
Schools, National Radio Institute, Na- were operated without nearby warning
tional Technical School and RCA Insti- signs, and 52% lacked warning labels. In
tutes. 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 biocked
when it is not needed. It is further rec-
ommended that preparation and testing

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

School demonstration lasers
endanger sclence 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 of laser classroom demonstrations be
conducted when there are no students
present, that key-locked switches be

Health of the Food and Drug Administra-
tion, and covered the states of Florida,

[ — B

S

7
[ 4
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HOME-SIDE "“SON ET LUMIERE" light show Is a hobby of ML Alry, Pa. sclence teacher and Bap-
tist minister Hugh Cosline. He has used all surfaces of a 12 x 15 x 10-foot room, moditying a
bathroom to serve as control room. The mirrored wall at rear hoids some 150 light boxes, and at
left Is seen an everchanging pattem of crystal slides. On the floor, Mr. Cosline, 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 Radlo-Electronics, September 1967.
Performing all the functions of a conven-
tional desk unit, the new calculator is
only 5% inches long and 2 inches wide.
It weighs 2% 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,
subtractlon, 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 comr pliment your VOM, 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 communacations or
EDP devices. An electronics or appliance technician working in radio, tedevision,
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: syrc, sweep, video, audio
circuits; high or low DC, RF, or pulse voltage supplies: coils, capacitors, resistors,
tubes, transistors, diodes, transformers, speakers--whatever you're troublz-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 (almast) 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.0.D., send $2. deposit.

Serviset E/C, $34.95 postpaid *from Lee Electronic Labs.
Avai able also at electronic dealers and all Olson Stores, nationwide.

The $35.

Electronic Test Lab
(almost) that will

follow you anywhere:

Serviset E/C

Lee ElectronicLabs, Inc.

BOX 78, WATERTOWN, MASS. 02172 (617) 8¢1-8686
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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 Fokeobor Organ Corp., Dept. RE-114

0 43 West 81st Street, New York, N. Y, 10023

: O Please send me Schober Organ Catalog.
8 O Enclosed please find $1.00 for 12-inch L.P.

: record of Schober Organ music.

: NAME.

3 ADDRESS — -
: CITY. STATE ZIP

-
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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, WC1MAR, 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, lll. 60646

(312) 792-3646

PACIFIC COAST/Mountain States
Jay Eisenberg

J.E. Publishers Representative Co.,
8560 Sunset Bivd.,

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:
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Six weeks' no- HERE
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|
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|
]
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!
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]

name (please print)
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Mail to: Radio-Electronics
SUBSCRIPTION DEPT., BOULDER, COLO.
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Antenna
aystem

The Mini-State is brand new from RCA. It’s the first true
miniaturized rotating antenna system on the market. /t
works . . . and works well!

This system is specifically made for your customers who
want the quality reception of an outdoor-ty pe 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-

achievement in ant

Announcing the

Al

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 5SMS330 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.0. Box 100, Deptford, N.J. 08096. Make sure you're in
on the ground floor of this profitable new era in TV

antenna systems. “c"
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SERVICEMASTER
IS
your best buy
in domestic
and
foreign
tubes.

e Discounted to provide you with a
higher profit margin.

e Proven quality for better customer
satisfaction.

e 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 ©

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

Circle 9 on reader service card
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letters

RINGS THE BELL

Your editorial—''Serviceability—
Something For Everyone’ —rings the bell.

May | suggest that you invite tech-
nicians to send in their pet gripes.

Mine is the way backs of portable
TV sets are mounted. Sometimes it takes
a great deal of fiddling to get them re-
mounted. This is an unnecessary waste
of time. Therefore | 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

| own and operate Bell Television, a
TV service shop in Chicago. When | dis-
cuss service technicians | am talking
about consumer electronic service and
by consumer electronic service | mean
primarily television service. | mean inde-
pendent television service and | 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 peopie. They are doing a larger
volume of business at a smailler 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, | 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 | 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. [t 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)




Introducing the
expensive curve
tracer that doesn’t
cost a lot.

The B&K Model 501A.

I's a lab-quality instrument that provides fast analysis of all
semiconductors including J-FET's, MOS-FET's, signal and power kipolar
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 are
displayed on an auxiliary scope screen.
And you can hook it up to any scope—
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 either
the semiconductors or itself.

With all tnese features, you'd ¥
think the 501A was an expensive 4
curve tracer. Bul 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. EK

Product of Dynascan Corpcration
1801 West Belle Plaine Avenue, Chicago, Ilinois 60613
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Your

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 belore, 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.

paycheck
says a lot
about you

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 unigue “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 ccmplete 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 Gl Bill. Accredited
Member National Home Study Council. Li-
censed by N. Y. State Education Dep’t —
courses of study and instructional facilities
approved by the State Education Department.
“Eligible Institution” under the Federally in-
sured Student Loan Program.

RCA Institutes, Inc. is a Subs:diary of RCA Corporation

Name

“ﬂ" Institutes

Home Study Dept. 758-305-0
320 West 31st Street, New York, N.Y. 10001

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

Address

{please print)

City

Veterans: Check here (J

Age
If reply card
State Zip is detached—
send this

coupon today
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EVERY GRouPoF TECHNICIANS, THERE S
“GEORGE "WHO
LITTLE MORE

SHORTER HO

ALWAYS SEEMS TO FARN A
THAN THE REST oF Uss--soMEnMES
URS TO HELP EVERY

TECHNICIAN MAKE THE oS <
on J:Eom MOSTCF HIS TIME, HERES

FUNNY--MAN

OF THEM SEEM TO

GE LOS5 OF SiGNAL;
SNOW, POOR SYNC--
THAT KIND OF THING,

E DOES IT!~

NY KIND IN

PN U RTICULAR?]

oy - e %
OH ONE OF THE SPeciAL”
TUNER SPRAYS JOE
CARRIFS--YOU KNOW.

RS
MOST LOW-PRIC .
SPRAYS ARE NO ‘BARGAIN" |
ATALL.IN A SET THE
LUBRICANTS ARE LIKE
) AXLE GREASE —THEY /
S'OMETTMEs DRY UP |

WHY PLay'CALL-Back )
ROULETTE 2 FORONLY A

FEW PENNG RE, THERES
CHEMTRONIE? TPBN -FOAM

OR TUN-O-BRITE FOR REALLY
GUNKY TUNERS BOTH HAVE
SALICONE. LUBRICANTS, THAT
ARE PRAJICALLY A CALL“BACK
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WHY LET GEORGE DO 1700 IT YOURSELF WITH TUN-O-FOAM
TUN-0-BRITE TWO CHEMTRONICS CHEMICAL
SOLVERS THAT SAVE YOU TME

PRO -
AND N\ONE.YFLEM

SEND FOR QUR FREE PROBLEM-SOLVING BROCHURE AND CATALOG,

€ (HEMTRONICS corvorreo

1260 KALPH AVENUE, BROOKLYN, NEW YORK, 11236, OUR BUSINESS IS IMPROVING YOURS
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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
qQualify 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-
isty 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.

It 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. |t
will have to be much more efficient in
the paperwork department. It will not
serve all makes and models but wiil timit
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
8Bell Television, Inc.

4605 North Kedzie Avenue
Chicago, il 60625



LBO-505
DUAL CHANNEL/
DUAL TRACE
SOLID STATE

B OSCILLOSCOPE

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-
MODEL LBO-505 $669.95 fication). 10MVp-p/cm vertical sensitivity.
 Price Includes: Separate or simultaneous display in sweep
2 LPB-8X Direct Lo/Cap Probes 546 of channels 1 and 2, alternating,
2 Terminal Adapters — BPX .
1 Set of Test Leads chopped, added algebraically and vector
(X-Y). The triggered sweep range extends
from 1us/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 catalog. See your distributor.

The more you see...the more you believe. l@ ﬂ ﬂ E iﬁ

INSTRUMENTS CORP.

37-27 Twenty-Seventh Street
Long Island City, New York 11101
(212) 729-7410

Circle 12 on reader service card
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You get

The Mallory line of security products
is not only the most complete line you
can getanywhere, 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.

RADIO-ELECTRONICS ® MAY 1973

more security”
And it’s all do-it-yourself.
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THE MALLORY SECURITY LINE

WIRE-IN PLUG-IN
COMPLETE ALARM SYSTEMS COMPLETE ALARM SYSTEMS

Smoke Alarm
Self-contained alarm to warn against smoke
and fire.

Closed-Circult Alarm System
Complete alarm system containing batteries,
switches, wire, efc.

Crime Alert Ultrasonic Intrusion Alarm
Self-contained alarm which detects intruders

Crime Alert Ultrasonic Intrusion Alarm moving in an area of approximately 300 sq. ft.
Battery-operated, self-contained alarm.
Also operates on AC. Crime Alert Alarm System
Uttrasonically detects intruder. Transmits alarm r@
Car Aldem signal over house wiring to signal activated Y
J 2 2 . Si - 1 tion.
Alarm system containing siren, six switches, ! SR Seln; Pl oAVl G %

wiring, etc.

Manual Alarm Pack v
Manually summons help instantly by £
ACCESSORIES transmitting alarm signal over house wiring to . )
i i [
DC Weatherproof Siren signal activated bell when you push the button.

DC Vibrating Bell

Magnetic Switches ACCESSORIES
Heat Sensors 135°F or 200°F Wood Cabinet for Crime Alert

Panic Switch Alarm Duratlon Timer for Crime Alert
Alarm Hook-Up Wire Easy-Time 24-Hour Timer
Lockswitch Round or Flat Key Lockswitch Round or Flat Key

Power Failure Alarm
] Batteries
Saliaty Raftere Mallory Batteries

MRS Helitight o AC Vibrating Bell
Turn Signal Alarm AC Weatherproof Horn
Warning Decals AC Weatherproof Siren

tating Red Light
PERSONAL ALARMS AC Rotating Red Lig

Bloc Alarm SIGNAL ACTIVATED COMPONENTS

Blocks doorways and warns if door is forced. Transmit and receive alarm signal through
house wiring.
Handy Blast

Loud, piercing sound scares molesters away. Alarm Trigger—Transmits signal to:

Alarm bell Weatherproof Qorn
Handy Blast Refill Weatherproof siren Outlet
K Sonalert J

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

PN B MALLORY DISTRIBUTOR PRODUCTS COMPANY
MALLORY

a division of P. R. MALLORY & CO. INC.
Box 1284, Indianapolis, Indiana 462086; Telephone: 317-636-63563

Circle 13 on reader service card
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for double duty on dozens
of popular screws and nuts

s 00000

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.

Al 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
e

PS140
4 slot tip, 3 Phillips screwdrivers, 3 nutdrivers

PS6
3 slot tip, 3 Phillips screwdrivers

PLUS psss, ps120. ps7. Ps89. Psas
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.

Circle 14 on reader service card
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egquipment

report

B&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 l-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 flip the selector switch.

If the voltage (ac or dc) goes over
the 100% overrange, say above 200
volts on the 100-volt range, the ‘I’
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.




b 42 POUNDS 8" X 12” X 4”
R ACUS.

TrAdE The beads for keys...The mis 1440 space aGe calculaTor!

14 DIGIT LED DISPLAY READ-OUT

+ MOS-LS! CIRCUITRY TALONK T i o & Homim s e T e a b oo $199.95

— MEMORY CLEARANCE AND CLEAR KEY

x CONSTANT DATA MEMORY 1440 ASSEMBLED . . ... ... ..... $249.95

B DEClMAL POINT LOCATION SELECTOR USE YOUR MASTER CHARGE OR BANKAMERICARD

\/_AUTOMATIC SQUARE ROOT SELECTOR

AUTOMATIC? SQUARING SELECTOR

(MEMORY + OR — KEYS)

[ENCLOSED IS CHECK O KIT ]

WRITE OR MAIL COUPON FOR AOOITIONAL INFORMATION FOR MODEL # O ASSEMBLED

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

®
- - O Please send information on entire MITS line.
mlls Micro Instrumentation &

Telemetry Systems. InC. |\oorcee

5404 Coal Ave., S. E., Albuquerque, New Mexico 87108 jcITYy

R-5-73

505/265-7553 | |
IETATE &ilP — -
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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 ofters. 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 enroliment 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 Radic Engineering Institute
A Division of McGraw-Hill Continuing Education Co.
3939 Wisconsin Avenue, Washington, D. C. 20016

...... ’gb Accredited Member, National Home Study Council

; -E CREI, Dept. £1405D i
, Uept. H

%k{f” 3939 Wisconsin Avenue :
AWE R & washington, D.C. 20016 :
Rush me your FREE book describing my opportu- i
nities in advanced electronics. | am a high school i

graduate. : CAPITOL

Name i RADIO

Address i ENGINEERING
City State zip : INSTITUTE

If you have previous training in electronics, check here O E WASHINGTON, D.C.
Employed by, _

Type of Present Work_

Veterans and servicemen, check here for G. I. Bili information []




Get the whole kit and
caboodle
from RCA

® NEN -

i o\ mat
c ProTe ol

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 . . .
in 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 | Electronic Components | Harrison, N.J. 07029.
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IC Project Kit

Mike

Preamplifier

RCA IC Project Kits, Expevimenter Kits. and Devices

—

Type

KC4000
KC4001
KC4002
KC4003
KC4004
KC4005
KC4006
KC4a007A

KC4008A

KC4009A
KC4010A
KCa011

KC4012
KC4500

Description

1.C. Microphone Pre-Amplitier Kit
1.C. Two-Channel Mixer Kit
1.C. Audio Oscillator Kit

1.C. Power Amplilier and Oscitlator Kit

1.C. Regulated Power Supply Kit
1.C. Intruder Alarm Kit

1.C. Fire Atarm Kit

1.C. Converter Kit 118-136MH
Aircraft Band

1.C. Converter Kit: 134-150MH 7
Ham. Governmeni. Space Research
Band

1.C. Converter Kit. 148.164MHz
Maritime Mobile, Police, F e Band
1.C. Converter Kit. 160-174MH 2z
Police, Fire Band

Digital/Readout IC Kit
Digital/Counter IC Kt

Kit Enclosure for nse with KC4000
KC4001, KC4002, inciudes Input
& Qutput Jacks, On-Off Switch and
Hardware

Type

KD2100
KD2105
KD2106
KD2110
KD2117

KD2118
KD2120
KD2123
KD2124

KD2131
3N 128DP

40214DP

Description

Siticon Control Rectifier Assembiy
SCR Experimenter Kit

Add on Lighi Sensor Kit

Add on Heat Sensor Kit

1.C. Experimenter Package

Basic Kit Contains 2-KD2114
1-KD2115, 2-KD2116

NPN Silicon Variety Pack (5 Units)
PNP Silicon Varety Pack (5 Units)
PNP Germanium Vanety Pack

(5 Units)

NPN Germanium Variety Pack

(5 Units)

70-Watt IC Power Module
MOS/FE T Device in Display
{Blister) Pack

18 Amp. % in. Stud Silicon
Rectitier Device in Display
{Blister) Pack




These companies have RCA kits

andmanuals on sale now.

ALABAMA

Bis mingham

RP McDevid Co . Inc

1430 2nd Avenue South

Motnte

Specisity Dsiributing Co ot Aly 1

1276 Belling Highway, South
ALASKA

Anchorags

Yukon Radio Supply

3222 Commercial Drive

Farbanks

Yukon Redio Supply

1112 Cushman Sireet

ARIZONA

Nogales

Guarentee Elecironic Corns

301 Morley Avenue
ARKANSAS

Fort Smith

Wise Wholesale Etectronics Inc

100t Towson Avenue

CALIFORNIA
Canoge Park
Sandy's Etectronic Supply
21305 Satcoy Street
Frewno
Duniap Electronics
1750 McKintey
Harbor City
Butt's Electronics.
25828 Souih Western Avenur
Hollywood
Yale Raho Electric Company
6616 Sunset Boulevard
San Francisco
Hauer £ lectronic Supply
1185 Mission Street

COLORADO

Boulder
Burstenn Applebee Comuany
2626 Base Line Road
Colorado Sprng.
0 & M Erecironic Supply
PO Bor 1777 715N Weber Stree?
Denver
Burstein Applebee Company
H00 Lincoin

CONNECTICUY
Waterbury
Hatry of Waterbury
480 Watertown Avenue

DELAWARE

Dover
Standurd Electromics of Delaware
1277 South Governor’s Avenue
Wilmington
RESCO Electronics of Delaware
3601 Noeth Market Street

FLORIOA
Tamps
Lykes Electromics Corporation
121 South Ashiey Drive
GEORGIA
Albany
Speciaity Distributing Co
428 Roosevell Avenue
Athens
Speciaty Dutributing Co
230 E pps Bridge Road
Atlants
Specialty Distributing Co
3787 NE Eapremsway
Speciaity Disttibuting Co
763 Juniper Street, N E
Augusta
Specialty Disinbuting Co
1251 Gordon Park Rosd
Brumwick
Specialty Distribuling Co
2812 Carvie Street
Columbus
Speciaity Distribusting Co
1112 8/00khaven Bouleverd
Macon
Speciaity Disirbwting Co
538 Arch Street
Moareits
Sueciatty Distributing Co
105 White Avenur
Savannsh
Electromics 29, Ing
21 East DeRenee
Sprecsatty Disteibuting Co
612 East Broad Street
Valdosta
Specialty Distributing Co
916 Marion Streer

1ILLINOIS
Champagn
Kiaus Rachio e
905 South Neil Streer
Chicago
Allea Eled tronics
2400 West Washington Boulevard
Heathh i1 Etectronscs Center
3462 West Devon Avenue
Howard Electronics
4573 South Archer Avenue
Joseph Elecironics tnc
1733 North Harlem Avenue
Nosth Central Etecironics Supmity Co
JA12 W Bryn Avenur
Dan:
Raho Shach
BOGA E a3t Main Street
Oes Plaines
RCA Duwstnimitng Co
424 E a7t Howarct Aver
Downers Grove
Heathha Electronies Center
224 Ogden Averur
Glenview
Playlsach 1
Tabathan Shopung t eate
2604 Go'l Roed
Jacksonvitie
Bantist £les tror
419 South M,

-

256 Court Strevt

Notes

Joseph Bl ronis Iny

8024 Nofth Milwaub e Aven «
Peoria

Kl Al (e

BAOO N Framwwr Pafhwnay
Rockford

J &M Bl oy b

2001 h Sren

Waukegan
Baciget Flec1romy
1105 Washuigion Street

Wilmetie
Plavbach Ine
Edden s Placa ShOrung Ler 1=
1240 Lk Street
INDIANA

Evansville
Otio Valley Sound Ty
20E Sycamore Sireet

Indianapolss

Ass00 watedd Distastiotors b

2105 Meridian Street PO Bus 12/
Geahgn Etpcttomis Sutoly  tne

133S Penrayivama Street

Meunser Eirtroni Suunty
3409 E Washington Sireet
South Bend

Haho Distostisting Lo -uiansy
1212 Hugh Stree
Vincennes
Oho Vatley So mit v
02 Main Strent
1owa
Des Moines
Racho Trae Soant y CO ey
10131017 #tigh Street
Sulles Distaibuting Corvany

2205 Bent Avenue

KANSAS
Lenena
RCA Dutrebuting Corp
O1d Santa Fe Trail & 102nd Strre
Overiand Park
Burstein Appiebes Company
9629 Metcal! Avenue
Prttsburg
Prttsburg Radw Supply
2125 Broadwey
Wchita
Amateur Radiw Equip Co , inc
1203 € Douglas

KENTUCKY

Loursvitie
Peeriens Electronic Equmpment Co
1815 South 7th Street

Owensboro

Ohio Valley Sound, Inc

600 W Third Street
MARYLANOD

Magerstown

Allegheny Electronics, tnc

1301 Potomac Avenue

Hyattville

Mark Etectronics, Inc

3003 Mamdton Street

Sahisbury

Standard Etectroncs

701 Snow Hill Road
MICHIGAN

Detront

RS Electronics Inc

12775 Lyndon Avenue

Ferndale

Midway Etectronic Supply
990 W 8 Mile Road
Flint
Shand Electronscs Inc
24015 Dort Highway
Grand Ragsds
RS Electronics - Grand Repeds Inc
505 Jetterson S E
Kalamazoo
RS Electronics—Kelamsz00 Inc
3219 E Kilgors Road
Lanung
Fulton Radwo Supply Co
2707 Alphs Sireet
er E lecironic Supply Co
800 Merrill Avenue
Muskegon
Electronic Distributors Inc
1960 Pech Street
Roseville
RS Efectronics inc
27882 Gratiot

Saginaw

Moriey Brothers

525 Mortey Drive

Traverss City

RS Electronics—Treverse City In
425S Awport Rosd

Wy andotis

RS Elecromics  Wyandotre Inc
3450 Bigdle Avenue

MISSOURI

Columbia
Missouri Cable Comgiany
107 North 7th Street
Kansas City
Burstein Appisbee Comoany
73 Blue Ridge Mall
Burstesn Applebes Cormpany
3199 Mercier
RAolla
Show Me Electronics
Highway 72 East PO Bor 639
Sedahia
Radio & Tatevision Supply Inc
321 East Main Street
St. Loun
Radonics E lectromics, Inc
4445 Guitme Avenue
Van Sickle Raco € lectronscs, Ine
1915 1917 Washington Avenue
Springfwid
Reed Radio & Supply Co  1nc
805 809 Boonville Avenue

NEW JERSEY
Burin
Rewn Distributors, Inc
Rt 130 and Wood Street
Camden
General Radio Supply Co
600 Penn Street
Cherry H,
RESCO Electromcs, Inc
Cherry Hill Malt Orive A1 38
Hachensack
Nidisco, Inc
55 Siate Street
Hammonton
Maco Etectronics
300 South Egg Harhor Rosa
Jorsey City
Nidisco, Inc
713 Newark Avenue
Pagamc
Nudisco, tnc
294 Possaic Srreer

Phillipsbury

Cart B Wil Comuany
465 Sourh Main Strert
Ridgetiatd

Nidisco, Inc

484 Bergen Boulevard
Springlwid

Route E ectromics Inc
Echo Plasa U'S Route 27
Trenton

Nutsco, Inc

985 Prinzeton Avenue
Union City

Nitisco, Inc

2812 Kennedy Boulevard

NEW MEXICD
Albuquer que
Sterhog b ec tronics
1712 Lomas Boulevattt N E
Nalket Radvo Co Inc
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Asyou 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 iarge-sereen 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
XR19VABP22 ......... Replaces 22 types
XR18VAHP22 ......... Replaces 82 types
XRI8VADP22 . ... ...... Replaces 16 types

SYLVANIA
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On-Guard Secuiity Center

EICO Fail Safe Security

by GEORGE F. DURTEA®

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. S y Sy Management School. 1500
Cardinal Drive. Little Falls, N.J

Mountain West Space Switch

Deita Products DeltAlert

how to pick the “RIGHT”

security system

Crismar Challenger System

There are mariy 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 o 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-
iry protection. Perimeter protection, once
again, refers to the type of protection which
is intended 1o 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
casily 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
ofl 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 10 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.
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PHOTOELECTRIC ALARM system has range
of up to 1000 teel. 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, aircrafi 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, oﬂselu'ng 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 js 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.

Uitrasonic 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




within the protected area will send back a
reflected wave of a different frequency than
that generaled 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 lo hide or disguise as
something else—and the excellent protection
against all types of intruders, including the
elusive “'stay-behind.” Ultrasonic 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
ity drawbacks—like all other devices. For
one thing, if an intruder suspects that an
ultrasonic detector is present, he can take
extremely slow steps—aboul 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 tngger 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 water 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 DISCRIMINATOR type of intrusion
detector made by Scientific Security Systems.

Unlike ultrasonic equipment, audio de-
lectors 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 carpeling
which will muffie sounds.

Simple audio equipment can be pul 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 attempling to burglarize the building.

There are also filters which can be
used to aliow 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 (o
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 filled
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.

Al 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 lo 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 clectronics 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 MODULAR 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 (T1, DI1-D4,
Cl, 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 RS provides a front panel voltage
source that is variable from -5 to +5 volts
while the combination of Rl 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 J1 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 Sl 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 %-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 “+ 4" 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-volt 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 J1
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 J3.

Voltage-controlled oscillator

Unlike electronic organs—which for the
most part generate a specific sound by add-
ing together sine waves of 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 pgenerates 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 controliable 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 scen 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 QIl0).
Second, control voltage is summed by the
active network built around ICI1.

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

MAY 1973 @ RADIO-ELECTRONICS 39




+18v

VAES

Cl -~
1000uF

18V
+9vV

Cc2
1000uF
100MA D4 v

99 1o a
@ O
cs ce_1+
2.2uF 22
2 & N3 &v
@ OIG §
2y ca Na
5 2.24F 48
3 Re
1 8v

front panel controls and jacks (motice 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.

Callbration 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
cither 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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PARTS LIST
(Power Supply)

C1-1000-uF 18V electrolytic

C2, C3—~-1000-uF 10V electrolytic

C4, C5, C6—2.2.-uF, 6V electrolytic

D1 thru D6—~1N4003

F1—-0.5-amp fuse

R1-—-3900 ohms 2W 10%

R2, R3--2200 ohms, %W, 10%

R4, R5, R6—5000 ohms linear taper poten-
tiometer

S1—gpst slide switch

T1, T2—-12.6V 100 MA C.T. transformer

MISC: Fuse hoider, line cord, (8) miniature
phone jacks, (8) tip Jacks, (3) knobs, hard-
ware, wire, solder, circuit board, etc.

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

Mo. 2720-7—Complete kit of parts for du-
plicating the prototype shown including clr-
cult board and front panel. $22.00 plus
postage for 2 |b. and insurance.

Mo. 2720-7pc—Circuit board only $4.00
postpaild.

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 t0 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 0 the VCOQ.) 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
1710 of a turn clockwise. If the reading is

FIG. 1—(far left) COMPLETE SCHEMATIC of
the power supply. FIG. 2—(top of page) FOIL
PATTERN for the power supply circult 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 zero 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 of 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 for 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)
C1, C7—-.01-yF disc
C2-.001-uF disc
C3, C11-2.2-4F 6V electrolytic
C4—100-pF disc
C5, C6—.1-uF mylar
C8, C9, C10—33-uF 6V electrolytic
D1 thru D5—1N914
IC1, 1IC2—748 op-amp
Q1, O6—2N5139
Q2, C5—-2N5129
Q3, Q4—MPF-102
All resistors—%W 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, circult board, hardware, control
panel, wire, solder, eic.
The following Items are avallable from,
PAIA Electronics, Inc., P.O. Box 14359,
Okla. City, OK 73114
No. 2720-8—Complete kit of all parts for
duplicating the prototype shown Inciuding
case, preformed springs, front panel, circult
board electronics, vinyl strip. $37.00 plus
postege for 12 ibs. and insurance.
No. 2720-8pc—Circult board only. $3.50
ppd.
No 2720-8v—Pre-cut conductive vinyl
strip. $2.50 ppd.

A controller kit featuring a professional 3
octave organ keyboard is also avallable.
Detalis 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 dupiicating
the complete synthesizer. includes all parts,
panels, circult boards and detalled Instruc-
tions. $139.00 plus postage for 18 Ibs and
insurance

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

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

No. 2720-8—Controller/case kit. $37.00 +
18 Ibs. postage

No. 2720-8pc—Sample/Hold circult board.
$3.50 ppd.

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

No. 2720-7pc—Power Supply clrcuit
board. $4.00 ppd.

A controller kit featuring a professional 3
octave crgan keyboard Is aiso available.
Detalls available on request.
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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 Engin Heath Company, on the AJ-
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 MH:z
(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 if. cir-
cuitry consists of an input rf amplifier
and two broadband amplifier-limiters.
Together, these three IC’s provide
more than 120 dB of if. 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 FM DETECTOR. Heretofore Its use has been
restricted to a few experimental recelvers using very low L.1.'s.

most exotic instrumentation. This par-
ticular digital detector circuit contains
two integrated circuits. One of them 1s
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

i.f.’s frequency. A digital output puise,
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

COMPOSITE
- -

are amplified. Any in-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 individuaily.
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
discretz 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-fiop IC serves as
the refzrence scaler. The two flip-fiops
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 Aflip-
flop, the first divide-by-two circuit.
The output of the type-D then drives
an ECL integrated circuit containing
two J-kx 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
+24+242 = V% . The output from
the final flip-flop is coupled to two

+16V  +15V

£

MULTIPLEX
DEMODULATOR

%

+15v  +16Vv

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
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FIG. 3-a (top)—PHASE-LOCK LOOP IC Is the heart of the FM multiplex system. Tuning is Induc-
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tor-less. FIG. 3-b—FREQUENCY SYNTHESIZER operation Is lilustrated by block diagram.
44 RADIO-ELECTRONICS © MAY 1973

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 (1000 +8).
The divide ratio of the programmable
frequency divider will have to be 500
(1250 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 88.1 TO 107.9 MHz
oo 200 kHz SPACING
VvCOo
98.8 TO 118.6 MHz
200 kHz SPACING
VvCO
SCALER
+8
12,350 TO 14.825 MKz
25 kHz SPACING
PROGRAMMABLE
DIVIDER
+494 TO +593

25 kHz

FIG. 4-FREQUENCY SCALER and program-
mabie 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.



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).

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 puise generator
The auto-sweep pulse generator is

I KEYBOARD |
| CIRCUITRY _—LL> |
TO
' PROGRAM FISEE || PRELOAD DECODER
DATA > —>
| [PrePROGRAMMED AUTO-SWEEP TISUAL REA
| CARD READERS ——">| MULTIPLEXER COUNTER | L READOUT
| MASTER |
CIRCUIT |
| BOARD
AUTO-SWEEP |
| PULSE GEN.
PROGRAMMER |
|_ o _ CIRCUIT
B8LOCK DIAGRAM
FIG. 5—PROGRAMMER SECTION handles the automatic ing, keyboard and programmed

data card Inputs; processing them for the prel

< "

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

an astable multivibrator that produces
a 50-ps 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

OFF

ON-;

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

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 (and 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 ycu 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.



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 “com-
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.

Circle 17 on reader service card

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 tnis 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 AUT0-PROGRAMMED® 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 Cleveland Institute
of Electronics, Inc.

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

Cleveland Institute of Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 44114

]
i |
: Please send me your two FREE books: |
I 1. Your schoo! catalog, “Succeed in Electronics.” |
I 2. Your book on “How To Geta Commercial FCC License.” |
| ! am especially interested in: |
I [0 Electronics [ Broadcast [0 Electronic |
I Technology Engineering Communications |
| O Electronics (] First Class [ Industrial Electronics |
1 Technology FCC License & Automation |
I with Laboratory (] Electronics Engineering |
| Name Age :
| (please print |
| Address |
|
| City State Zip I
| Veterans and Servicemen:

|
{ O Check here for G.L. Bill information. RE-17 |
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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] 00 0 0

o

T0
“RE-PROGRAM"” LIGHT

% & SQUELCH CIRCUIT

FIG. 8—RE-PROGRAM LOGIC detects when
out-of-band Input has been selected.

50 RADIO-ELECTRONICS ® MAY 1973

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 AJ-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

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 if. signal precisely cen-
ter tuned?

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

S. 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)

- /D) . I( .
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CONTROL
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KEYBOARD
REGISTER
VCOo SQUELCH R .
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FIG. 9—SQUELCH CONTROL AND LOCK-OUT operation is Illustrated by this schematic and
block diagram. The loglc circuits check eight important operating criteria.




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 SPEAKERS NEEDED FOR
POWER INDOOR INSTALLATION OUTDOOR INSTALLATION
6to 8w Two 8-in. speakers One 12-in. speaker

15018 w Two 12-in. speakers One trumpet

25030 w Four 12-in. speakers Two trumpets

45 to 50 w Six 12-in. speakers Three trumpets

60 to 70 w Eight 12-in. speakers 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
wransformer. 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

Sl SPEAKER
CoM 44
GND

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).

Zy =7, + Zy........ + Z,

AMPLIFIER
8Q (@
TWO 4Q
COM SPEAKERS
GND

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 L1, 1
Zr 7z, ' 7, Z,

AMPLIFIER

S TWO 82

com SPEAKERS

GND

FIG. 3—PARALLEL SPEAKER connections
tend to cause ive line |

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

52 RADIO-ELECTRONICS ® MAY 1973

A c
AMPLIFIER
8Q
COM B D
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)
Zr Xty )
21 _ XY

= X+v t4)

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 = E?/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



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.

S. 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 S 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

TO
AMPLIFIER
P o NN
A SN FAN
/ Sl ST
1! ‘i
SPEAKER (! T( 1_5 ¥
\ N
\\, X 4//
\\:‘—)//
SPEAKER |

UNMARKED MARKED
TERMINAL TERMINAL

FIG. 5—PA SPEAKERS facing same way are
phased with like terminals wired together.

TO
AMPLIFIER

SPEAKER

UNMARKED MARKED
TERMINAL TERMINAL

FIG. 6—SPEAKERS FACING EACH OTHER
have line transposed for in-phase operation.
SPEAKER
AMPLIFIER

25V
25 VCT |@

COM | @
ano [@4—]

FIG. 7—A 25-VOLT UNBALANCED line is typi-
cal. Balanced lines are for specisi 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.

Tae 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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“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 CD4 sound from a
production model JVC 4DD-5 CD4 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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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 to0 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 litle 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-Elec-
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

F1G. 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 line indicates center-
front mono Iimage. 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)—-QS DECODER DERIVES A REAR SIGNAL from a mono recording. FiG. 3
(above)—SAME MONO SIGNAL through SQ decoder produces right and left rear outputs.




d=-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 Bruél & Kjaer frequency-run
records we were able to check any phono
pickup up to 50,000 Hz, as well as check
malrix 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 Il 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 lllustrations

Both the 2-channel and 4-channel
sound ficlds conmsist 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 momno 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-phese 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: onc 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, 8, 8, 7, 8 and 0 (top left to right and lower left to right, respectively)~SOUND FRELDS FROM

SAME PASSAGE with QS and SQ encoding played through

various decoders
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FIG.10—STARPATTERN produced when S$Q-
encoded signals are applied to SQ decoder.

F1G. 11 (top right)—RIGHT REAR SIGNAL
Is pronounced when SQ-encoded signal is
fed to a particular tull-togic SQ decoder.

FIG. 12 (right)~QS-ENCODED signal fed
through an SQ decoder produces extreme
right orlentation 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 matnx 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

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
corner signals. Naturally, because of band-
width limitations there is only so much—
and not much to begin with—separation
possible, and each individual corner 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

FIG. 13—SQ-ENCODED MATERIAL through
an ambient-sound decoder. Program mate-
rial Is the same as for Figs. 4 through 9. Note
simllarity to QS pattern below.

FIG. 14—QS-ENCODED singie frequency
through amblent (Dyna) decoder. Note the
pattern Is almost Identical to that from SQ
encoding in Fig. 13.

FIG. 15-a (top left)~DERIVED AMBIENT SOUND FIELD with decoder driven one channel at a
fime. FIG. 15-b (left above)—DIAGRAM of the derived pattern. FIGS. 16-a and -b (right top and
bottom)—FIELD PATTERN AND DIAGRAM from QS encoding through ambient-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
climinated. 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-

17

FIG. 17=FULL-LOGIC 8Q DECODING s
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, 1 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 Haffler 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 casily
extracted as a differential signal from the
sterco output. Of course, at any given in-
stant the reflections might be in phase with
the program material, just as the direct
sterec 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 sterco 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-

FG. 18—-L00KS GOOD ON SCOPE but this
pattern shows Incorrect CD-4 channe! bal-
ance.

AG. 19 (top right)—LEFT-BACK signal Is re-
sult of incorrect CD-4 demodulator channel
balance. With proper channel balance, only
left-front pattemn ls seen or heard.

FI1G. 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 ofinstruments.
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coding is $Q. 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 channei, 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 feft 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 o 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-




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. 2] 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 1 would have been some-

FIG. 25 (left—PREDOMINANT LF TO CF ORIENTATION shows correct CD-4 demodulator adjust-
ment. FIG. 26 (right)—~SAME PROGRAM MATERIAL through Improperly adjusted demodulator.

FIG. 27 (left)—~PROGRAM INFORMATION from stereo version of Halr’* shows pronounced left
orlentatlon. FIG. 28 (right)—SAME PASSAGE from CD-4 encoded “Halr” Is almost mono.

FIG. 29 (leM)—PREDOMINANTLY MONO SEGMENT from stereo “Halr” comes out even
more mono from CD-4 version played In stereo as shown In Fig. 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 eadless
articles).

Fortunately, as 1 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 recoids 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-channel
cartridges; the selections might not have
been on the cartridge program. No one
seems to know

The second clinker appears to be the
“stereo compaubility.” 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 vession.

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
total 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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| SPEED TROUBLESHOOTING

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

by JONATHAN L. TURINO

LAST MONTH, IN THE 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

one that should be 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.”

INPUT
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 | (Fig. 1) and no output from
Stage 6. The next measurement should
be made in the middle, between stages

SEE U SIEGER SRS 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
OUTPUT would measure at the input or output
S STAGES SIACE DEVICE of Stage 5 (since the middle of three
FIG. 1 (above)—SIMPLE BLOCK DIAGRAM
that can be applied when servicing any type POWER
of electronic device ranging from audio, video SUPPLY
and rf ampiifiers to receivers, computers and -
various types of test instruments. l
FIG. 2 (below)—EFFICIENCY of cut-it-in-half V7
troubleshooting Is lllustrated by comparing its AM
curve with that of step-by-step method. TUNER
FIG. 3—(right)—TYPICAL AM-FM STEREO RE- ' 'l L AMPLIFIER | E[ l
CEIVER s lliustrated In this block diagram. \
Cut-i-in-haif troubleshooting leads you to the P
seat of the trouble In record time. M
TUNER \
;“2_‘ |
- STEP BY STEP (FRONT TO ]
% 15 | BACK OR BACK TO FRONT), | (FUNCTION SWITCH)
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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

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 protlem 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

(a) (b) (e) (d)
MIC MiC RECORD RECORD
PREAMP PREAMP IAMPLIFIE
AUX IN D—
FIG. 4-DIA-
GRAM  used (f ()
with the trouble
shooting quiz Pkazxacpx LAXSPACK SPEAKER

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

a scope or signal tracer) should be at
point .

Assume that this measurement
shows a defective signal. Your next step
wouldbeto

(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
1s 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

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 optocelectronic 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-cmitting 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 wused 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 50824850 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.

Versaiility? Unfortunately, space limita-
tions prohibit a detailed listing of all pos-
sible optoelectronic equipment applications,
but LED’, 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 S-
MHz modulated carrier. Conventional
LED’s (nor 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 fuli-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 avallable
from Litronix, 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-
lire 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



Vp
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 S$-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-1% 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

O
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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 anmounced 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.

RS
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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 clectrical insulation. A number of
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Ga AsP DIODE
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AMPLIFIER CHIP
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FIG. 6—CROSS-SECTION SKETCHES show-
ing the Internal construction of TO-type (a)
and DIP-type (b) optical couplers.
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FIG. 5—BASIC ARRANGEMENT OF AN OPTICAL coupler—a LED (D1) and a photodiode (D2)

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. S, the basic optical
coupler consists of an electrical light source,
such as LED DI, and a light sensor, such
as photodiode D2, arranged so that light

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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NTS Home-Training In EIBGIONIGS was (e

Siar of Somelning big or

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 succead

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 you

James Guplon

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.



NTS Dullds Seil-confidence.

For a man to become successful,

like James Gupton, he must have
confidence in himself.

As an NTS graduate you have
this contidence. Your training
is practical and thorough. You know
Electronics from the bottom up.
You enter a world of Electronics
you'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 3q. in.
picture
(cabinet
included)

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.

e ra—m—
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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

5-watt AM
Transmitter/
Receiver

oscilloscope. And you perform
experiments that involve
regulating
motor
speeds, tem-
perature,
pressure,
liquid level,
and much
more. All
equipment
is yours to
keep.

All solid-state!

NTS AUDIO ELECTRONICS
SERVICING

Learn sound theory — how it

warks 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.

)
l %

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
milfion 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 G5 SCHOOLS

World-Wide Training Since 1905
Resident & Home Study Schools

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

Blg, Colorful NTS ) MASTER COURSE IN COLOR Dept. 206-053

Guide to new TV SERVICING
opportunities in ) COLOR TV SERVICING (FOR

ADVANCED TECHNICIANS) NAME AGE
Electronics. [J MASTER COURSE IN BaW TV
Yours FREE!
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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
82530, 82S31 and 82832. 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.

Ilustrated in Fig. 7, the new power
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FIG. 7—NEW SERIES of complementary
power Darlingtons.
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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 TIP62S, 80 volts, and for the TI