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More professionals in more industries
make Fluke their first choice in
multimeters.

Fluke DMMs. Reliable. Accurate. Powerful.
Tough. Versatile. Easy to use and simple to
operate. Backed by the longest, most
comprehensive warranty in the business.
Made in the U.SA. In short, Fluke makes
meters you can bet your reputation on.

More choice. No matter what the job,
there's a Fluke to handle it.

There’s the new 80 Series—the most
powerful, most complete test and
measurement system available in a
handheld package.

The popular 70 Series—simply put, the
most requested DMM in the world, with
nearly 2 million units in service since
1984. And the Fluke 21 and 23—70 Series
simplicity in high-visibility yellow.

The Fluke 25 and 27—the most rugged

meters ever built, totally sealed against
water, dust and other contaminants.

And the precise 8060 Series—with the
versatility of a test fab, the accuracy of a
bench instrument, and the convenience
of a handheld.

Smart choice. Compare Fluke DMMs
with any other handheld. No one else gives
you as much meter for your money. And
no other meter costs less to own.
CIRCLE 121 ON FREE INFORMATION CARD
www americanradiohistorv com

Great Choice.

Your choice. For the name of your
nearest Fluke distributor, call toll-free
1-800-44-FLUKE, ext. 33. And make a
great choice.

John Fluke Mig Co., Inc. P.0. Box C9090 M/S 250C Everett,
WA 98206, U S : (206) 356-5400. Canada: (416) 890-7600
Other Countries: (206) 356-5500. © 1989 John Fiuke Mig. Co
Inc. All rights reserved. Ad No. 0491-F70

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS

FLUKE
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Make your home videos look like professional productions.
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39 R-C- DECADE BOX
Find the right substitute resistors and capacitors.
Michael A. Lashansky

43 DIGI-COMPASS
Modern technology meets a tried-and-true navigational device.
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While video camcorders have
surged in popularity over the last
couple of years, home video movies
have become a hard sell. Camcor-
ders make it so easy to record
events that most people end up
shooting much more tape than any-
one is willing to watch. Only careful
editing can bring those boring vid-
eos to life.

Our Video Scene Switcher helps
the editing process providing a wide
variety of wipes and fades that
gracefully hide the glitches that
arise as you switch from one scene
to another. To find out more about
how you can make your home videos
look like professional productions,
turn to page 33.

NG NEXT MONTH

THE DECEMBER ISSUE
GOES ON SALE
NOVEMBER 2.

i0 VICE

BUILD R-E's VIDEO
SCENE SWITCHER

BUILD A PROGRAMMABLE PHASOR PROPERTY GUARD
This high-tech deterrent creates a field of high sound pressure acoustical
ultrasonic energy that will send any burglar running!

BUILD A PC BOARD ETCHING SYSTEM
A must for making your own boards at home.

BUILD THE VIDEO SCENE SWITCHER: Part 11
We finish up the circuit details and get on to construction.

CIRCUIT COOKBOOK ‘
We de-mystify phase-locked loop circuits with plenty of practical
examples.

WORKING WITH RELAYS
How to select solid-state relays and how to design your own.

As a service to readers, RADIO-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-ELECTRONICS disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liability for the infringement of such patents by the making. using. or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney.

RADIO-ELECTRONICS, USSN 0033-7862) October 1989. Published monthly by Gernsback Publications, Inc., 500-B Bi-County
Boulevard, Farmingdale, NY 11735 Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Second-Class
mail registration No. 9242 authorized at Toronto. Canada. One-year subscription rate U.S.A. and possessions $17.97, Canada
$23.97, all other countries $26.97. All subscription orders payable in U.S.A. funds only, via international postal money order or
check drawn on a U.S.A. bank. Single copies $2.25. © 1989 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to RADIO-ELECTRONICS, Subscription Dept.. Box 55115. Boulder, CO
80321-5115.

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is
desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or
photographs while in our possession or otherwise

WwwWwW americanradiohistory com
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READY-TO-USE
INSTRUMENTS FROM HEATH

Backed by the expertise that makes our instruments famous

® An engineering department that insists on honest value in
every product.

® Rigorous quality assurance inspection.

e Full one year warranty.

® QOutstanding manuals with complete specifications,
operating instructions, schematics, and more.

® Technical assistance hotline: (616) 982-3315.

® Qur own factory service department.

A POWER
SUPPLY

FOR EVERY
WORKBENCH

Here’s an excellent value in an all-around bench power supply. Dual
meters let you continuously monitor voltage and current, and 0-30
volt 3-amp output fills most common power supply needs. Use the
constant current mode to charge rechargeable batteries, limit power
to circuits under test, and operate devices that are current dependent.

SP-2762....ccciiiiiininnnnnns 8000Q00G0 00 . $169.95
Specifications: Output voltage: 0-30 VDC continuously variable. Coarse and fine controls. Output
load: 0-3 A Output imped: Typically loss than 0.2 €2 to 10 kHz. Ripple: To 10 kHz,
lessthan SmV p-p (0.5 mV rms typical). Load regulation: $0.25%+3 mV, 1-100% of rated current. Line
regulation: +0.25% +2mYV for +10% lino variation. Currentlimiting: 0-3 A, variable. Power: 120 VAC/
240 VAC, £10%, 50-60 Hz, 180 watts.

HANDY BNC
CABLE SET

connections to instruments and other equipment. Included are two
3 ft. BNC male/dual E-Z hook connectors, three 1-1/2 ft. BNC male/
BNC male connectors, two 2 ft. BNC male/BNC male connectors,
and arack that you can mount on your workshop wall for convenient
cable storage. An outstanding value at less than $3.00 a cable.

HCA-5002 ... ... . ¢ciiiiiiiiiiiiiiiiannnn, $29.95

PREMIUM
QUALITY COAX
CONNECTORS

Make different types of coaxial connector adapters with gold plated
pins and Teflon insulation. Just screw the required connector onto
one of the interfaces — no crimping or soldering is needed. In just
seconds, you’ll have that special coaxial connection you require. Kit
contains male and female N, F, RCA, BNC, UHF, SMA, TNC, and
mini UHF connectors. A handsome, padded, zippered case is in-
cluded with your deluxe kit to protect your connectors and to keep
them looking new after years of service.

HCA-3001 ... ceensereseesses. $79.95

sssessssssanse

DELUXE
SCOPES ARE )
A PLEASURE E
TO USE /

e BRI

s

These oscilloscopes offer the measurement capability you need, plus
luxury features that make them a joy to own. TV triggers, 1 mV/div
sensitivity, differential and X-Y measurements, plus beam finder,
component tester, graticule illumination, and other features many
manufacturers omit. Enjoy a top-quality 25 or 40 MHz scope backed
by a reliable name, full warranty, and complete specifications.

25MHz: SO-4552 .....cciviriennenn aiean s $399.95
AO0MHzZ: SO-4554 ..cciiviirinnnrennnnnnnnn $599.95

Specifications: Vertical: 1 mV/div-5 V/div. Bandwidth loss at 1 mV/div. Accuracy +3% at1 kHz, 5%
at 1 mV/div. Overshoot: loss than 5%. Max imput: 400 V. Modos: CHA, CHB, dual, add. Harizontal:
23- .1 pa/div, plus X10 magnifier. Trigger: CHA, CHB, Line, Ext, Auto, Norm, TV-V, TV-H, +/-.
Power: 90-132/198-264 VAC, 50/60 Hz, 45 W. Weight: 16.7 Ibs.

HALF ONLY
PRICE $12.47
SPECIAL!

Order any product from this ad and get our popular shirt pocket
miniature DMM, Model SM-2300-A, for only $12.47 — half
our regular price.

Specifications: Autoranging 3-1/2 digit DMM. DC voits: 2000 mV 10450V, 1+1.3% 14
counts. Approx. 11 MQ input resistance. Max input, 450 VDC. AC volts: 2000 mV to
450V, +2.3% 18 counts, 50 10 400 Hz. Approx. 11 M input resistance. Max input, 450
V. Resistance: 2000 Q t0 2 MQ +2% 14 counts.

To order, call TOLL FREE 1-800-253-0570

Use order code 217-320

N :

13

o

for credit card orders, 24 hours a day

For your free HEATHKIT catalog, call 1-800-44-HEATH

We guarantee every specification we publish on every product we sell.

N 2 Instrumencs [
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WHAT’S NEWS

Analytical software

Analytical software that elimi-
nates much of the time- and
money-consuming guesswork in
designing molds for forming plas-
tic parts is reported by engineers
at the GE Research and Develop-
ment Center at Schenectady, NY.
The advanced software packages
are used in developing parts made
by blow-molding and thermo-
forming. Containers for milk,
soda, and other liquids are among
the familiar products made by
blow-molding. Liners for re-
frigerators and instrument panels
for cars are among the products
made by thermoforming.

The new software was designed
primarily for predicting wall thick-
ness. “The plastic gets very thin
where it has to stretch a lot, and
there was no way of predicting just
how thin itwould get,” says one of
the engineers. “You’'d have to
make a mold and produce a part to
find out.”

The analysis is made after a de-
signer has generated a computer
model of a proposed mold. The
user inputs data that describes the
elevated-temperature “stress vs
strain” behavior of the plastic

S et

GE ENGINEERS, Dr. Horst G. Delorenzi
and Dr. Herman F. Nied examine test parts
made with the help of the new advanced
software that makes it possible to simu-
late the molding of a plastic component,
using a mold that exists only in the com-
puter’s “mind.” The computer simulation
of the part (shown on the screen in the
background) shows variations in its wall
thickness, and points up any too-thin
parts.

being used, and the computer per-
forms its “thinning” analysis. Spe-
cial algorithms had to be de-
veloped to solve the equations
used.

DAT update

Last month we reported that
digital audio tape (DAT) decks
were likely to hit the consumer
market in the near future, after
gaining recording-industry ap-
proval thanks to the addition of a
built-in copy-protection device
called Solocopy. A few days after
that issue went to press, two sepa-
rate DAT announcements proved
us right—and wrong.

On July 28th, the Electronic
Industries Association’s
Consumer Electronics Group (EIA/
CEG) said that they would join the
Recording Industry Association of

America (RIAA) in suporting legis-
lation for a new consumer DAT re-
corder system that allows copying,
but limits subsequent reproduc-
tion of those copies. That same
day, in London, leaders of the in-
ternational recording and con-
sumer-electronics industries an-
nounced a joint recommendation
to governments calling for the im-
plemention of that system—not
Solocopy, but the Serial Copy
Management System, or SCMS.
As its name implies, the system
is amethod for controlling “serial”
digital copying, which high-speed
pirating operations would use. Es-

wwWwW americanradiohistory com

sentially, SMCS will allow any orig-
inal prerecorded work to be
copied indefinitely onto different
blank DAT cassettes, but limits the
number of digital-to-digital copies
that can be made from the first-
generation copies. The circuitry
that controls the DAT deck’s func-
tions will be programmed to deter-
mine whether the music to be
recorded is entering via the re-
corder’s digital or analog inputs
and to read certain codes con-
tained in the material’s subcodes.

All digital recordings and broad-
casts have digital subcode chan-

nels that contain their “category

codes” as well as a “copyright
flag.” The DAT machine uses a
combination of the two to tell if
copying is permitted. If the source
and material are identified as
being protected, an “identification
code” of “1,0” is written onto the
copy as it is being recorded; the
“1,0” code prevents direct digital
copying from that copy. If the
source is identified and the mate-
rial is not copy-protected, a “0,0”
code will be assigned and future
copying will not be limited. Be-
cause the technology does not ex-
ist at this time for the DAT deck to
determine if music entering
through the analog inputs is copy-
protected, any material recorded
via the analog inputs would gener-
ate a “1,1” code that would indicate
that only one additional digital
copy could be made from the first-
generation copy.

Besides the EIA-RIAA support,
SMCS is expected meet the ap-
proval of important consumer and
retailer groups, including the
Home Recording Rights Coalition,
the Consumers Union, and the
National Association of Retail
Dealers of America (NARDA). The
international group was made up
of leading Japanese and European
electronics manufacturers the
RIAA, and the International
Federation of the Phonographic
Industry (IFPI). R-E
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L ook at the world as it was 20
years ago and as it is today.
Now, try to name another field
that's grown faster in those 20 years
than electronics. Everywhere you.
look, you'll find electronics in
action. In industry, aerospace,
business, medicine, science,
government, communications—
you name it. And as high
technology grows, electronics will
grow. Which means few other
fields, if any, offer more career
opportunities, more job security,
more room for advancement—it
you have the right skills.

SPECIALISTS NEED
SPECIALIZED TRAINING.

It stands to reason that you
learn anything best from a
specialist, and CIE is the largest
independent home study school
specializing exclusively in
electronics, with a record that
speaks for itselt. According to a
recent survey, 92% of CIE
graduates are employed in
electronics or a closely related
field. When you're investing your
time and money, you deserve
results like that.

INDEPENDENT STUDY
BACKED BY PERSONAL
ATTENTION.

We believe in independent
study because it puts you in a
classroom of one. So you can study
where and when you want. At your
pace, no somebody else’s. And
with over 50 years of experience,
we've developed proven
programs to give you the support

such study demands. Programs that
give you the theory you need
backed with practical experience
using some ot the most
sophisticated electronics tools
avdlable anywhere, including our
Microprocessor Training
Laboratory with 4K of random
access memory. Of course, if you
ever have a question or problem,
our instructors are only a phone
call away.

START WHERE YOU WANT,
GO AS FAR AS YOU WANT.

CIE's broad range of entry,
intermediate, and advanced level
courses in a variety of career areas
gives you many options. Start with
the Career Course that best suits
your talents and interests and go as
far as you want—all the way, if you
wish, to your Associate in Applied
Science Degree in Electronics
Engineering Technology. But
wherever you start, the time to start
is now. Simply use the coupon
below to send for your FREE CIE
catalog and complete package of
career information. Or phone us,
toll-free, at 1-800-321-2155 (in Chio,
1-800-523-9109). Don't wait, ask for
your free catalog now. After all,
there’s a whole world of electronics
out there waiting for you.

CIE

Cleveland Institute of Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 4414

Member NHSC
Accredited Member National Home Study Council

N ARE-149
Cleveland Institute of Electronics, Inc.

study information.

Name (print):

1776 East 17th Street, Cleveland, Ohio 44114

YES... 1 want to leam from the specidtists in electronics—CIE.
Please send me my FREE CIE school catalog, including details about
CIE's Associate Degree program, plus my FREE package of home

Address:

City:

State: Zip:

OVeteran [ Active Duty

Check box for G.I. Bill bulletin on educational benefits:

Age: Area Code/Phone No.: /

MAIL
TODAY!

CIRTI F AN ON FRFF INFORMATION CARD
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VIDEO
NEWS

¢ Ghostbuster. Fifty years after the start of
regular electronic television transmission,
broadcasters and TV-set manufacturers are about
to tackle the single most troublesome reception
problem—multipath, or “ghosts.” The National
Association of Broadcasters (NAB) has proposed
to the Advanced Television System Committee
(ATSC) a crash program to develop a ghost-
elimination system, an idea that has been
enthusiastically seconded by the television-
receiver industry. Most of the proposed high-
definition TV systems included ghost
cancellation, accomplished by various means. The
first anti-ghosting system to go into effect is
being implemented this fall in Japan with
Clearvision extended-definition TV (EDTV)
broadcasts, but there is no reason why anti-
ghosting can’t be accomplished on the standard
NTSC signal without EDTV or HDTV.

The Japanese system uses an invisible
“training pulse” that is broadcast in the vertical
blanking interval. It is very inexpensive for
broadcasters to implement, although there are
other anti-ghosting systems that act alone in the
receiver without a broadcast pilot signal. The
ATSC will examine all the proposed systems with
a view to starting tests as soon as possible—and
perhaps instituting an anti-ghosting program
within the year. Although the system obviously
would aid broadcasters, the cable system isn’t
immune to ghosts either. Many cable systems
have difficulty in picking up clear signals off the
air. In addition, there’s the problem of ghosts
generated internally within cable systems—not
to mention direct-pickup ghosts in cities, where
the signal reaches the antenna terminals directly
from the station as well as from the cable system.
Whatever, the ghostbuster will be welcome
nationwide. Let’s have it soon!

¢ IDTV problems. While the NAB loves the
ghostbuster, it's not so sure it likes improved-
definition TV (IDTV’) sets. The latest hot products
on the TV market, those sets convert interlaced
scan to progressive scan, in effect doubling the
number of lines in the picture. It's very obvious

\l ™. RE -

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

that when the two fields are displayed at the same
time—as they are in IDTV—there could be some
problems. TV stations transmit odd lines (1, 3, 5,
and so forth) and then go back to the even lines
(R, 4, 6, etc.). Progressive-scan IDTV sets
rearrange the order of that presentation, deriving
additional lines and presenting the lines in
numerical sequence. They all use various means
of compensating for motion that results from
rearranging the timing of the picture elements.
Because of the rearrangement of lines, the NAB
complains that in some cases IDTV sets might
cause distortion—particularly in cases where
graphics are superimposed on the picture or in
cases of rapid motion, as in ice hockey. In other
cases, IDTV might present too good a picture; its
redundant lines appear to show up poor-quality
broadcast equipment. Set makers insist that
there's nothing wrong with their IDTV sets—but
the broadcasters want to talk it over.

¢ Dwindling monochrome. Black-and-white
television is nearing the end of the line. In the
first five months of 1989, sales were down 38.1%
from the same period in 1988. For January
through May, sales to dealers totaled only 619,000
sets, according to the EIA. That’s below the total
for any good single sales month in the 1960's.
Dealers are quick to say that the slump isn't due
to any lack of custormers but to the shortage of
sets. With color prices declining and
monochrome prices rising due to the scarcity of
picture tubes, the black-and-white TV set now
certainly appears to be a vanishing breed.

¢ 2-headed VCR. Go-Video, the Arizona
company that filed suit against most Japanese
VCR manufacturers, says it will market, a double-
deck VCR by Christmas. (The lawsuits charged
that the VCR manufacturers were refusing to sell
finished products or parts for the dual decks.)
The double-deck unit, made for Go-Video by
Korea's Samsung, will list at $995 and contain
two VHS decks for dubbing and editing. The deck
will have special circuitry to prevent the copying
of Macrovision-encoded cassettes. R-E
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Tek’s new 222 is a perfect fit.

Introducing Tek’s new 222 Digital Oscilloscope. Weighing Plus, the 222 lets you pre-define front-panel setups, and call
in at under 4.5 pounds, the new Tek 222 is an ultra-portable, them up with a single button in the field. You can also save
10-MHz digital storage scope that's perfect for service applications.  waveforms in the scope's memary, then transfer them to a PC for
So tough, rugged, and totally self-contained, it can go just analysis and hard-copy output when you get back to the shop.
about anywhere. And it’s incredibly easy to use—even in Best of all, the 222 is yours for only $2350. And that includes
extreme conditions. Tek's remarkable three-year warranty

on parts, labor, and CRT.
Get one to go! Pack a handful of
power with you wherever you go. To
order your 222, or for a free bro-
chure, contact your local Tek rep-
resentative or authorized
distributor.
Ina hurry? Call

1-800-426-2200.

Extraordinary capability and reliability at
a great price. The 222 is a dual-channel
scope that can measure a wide variety
of electronic instrumentation and
circuitry. It has rechargeable on-
board batteries with a floating
ground to 400 volts, and
meets tough environmental
standards.

e
2

.
.

Tektronix

COMMITTED TO EXCELLENCE

Copyright © 1988, Tektrenix Inc. All rights reserved

Prices subject to change withoul notice THH-8"1
CIRCLE 92 ON FREE INFORMATION CARD
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Learn to troubleshoot and
service today’s computer
systems as you build a fully
T-compatible micro,
complete with 640K RAM and

powerful 20 meg
hard drive '

Train the NRI Way— and
Earn Good Money Servicing
Any Brand of Computer

Jobs for computer service technicians will almost double in the next
10 years according to Department of Labor statistics, making
computer service one of the top 10 growth fields in the nation.

Now you can cash in on this exciting opportunity—
either as a full-time industry technician or in a computer
_service business of your own—once you've mastered elec-
tronics and computers the
NRI way.

NRI's practical combi-
nation of “reason-why"
theory and hands-on building
skills starts you with the
fundamentals of electronics,
then guides you through more

You assemble and test

sophisticated circuitry all the your computer’s “intelligent’”’
way up to thelatest advances keyboard, install the power
in computer technology. supply and 5%” disk drive,
then interface the high-resolu-
tion monitor. But that’s not all.
Train With a Powerful t¥0ur hands-on tgz;alllrmg
. continues as you install a
XT-Compatlble — powerful 20 megabyte hard
Now With 20 disk drive—today’s most-
Meg Hard Drive wanted computer peripheral—
Y now included in your course to
and 640K RAM! dramatically increase the data
storage capacity of your com-
To give you hands-on training puter while giving you light-
with the absolute in state-of- ning-quick data access. Plus
the-art computer technology, you work with exclusive word
NRI includes the powerful processing, database, and
new Packard Bell VX88 spreadsheet software, yours to
computer as the centerpiece use for your own professional
of your training. As you and personal applications.
assemble this fully IBM XT- You build this powerful Packard Bell VX88 computer, As you build your com-
compatible micro from the all the while g'ainin? a true mastery of computer puter, performing key demon-
keyboard up, you actually see electronics. Best of all, it's yours to keep for all your strations and experiments at
for yourself how every section professional and personal computing needs. each stage of assembly, you get

of your computer works. the confidence-building, real-

WWW.americanradiohistorv.com



Your NRI computer training includes
all this: « NRI’s unique Discovery
Lab® for circuit design and
diagnosis ® NRI’s hand-held
digital multimeter featuring
“talk-you-through”
instructions on audio
cassette ¢ Adigital logic
probe that lets you
visually examine
computer circuits

¢ The new Packard
Bell VX88 computer
with “intelligent” keyboard,
360K double-sided, double-
density disk drive, 640K

RAM, 16K ROM = 20 megabyte
hard disk drive  Bundled
software including MS-DOS,
GW-BASIC, word processing,
spreadsheet, and database
programs ¢ Packard Bell reference
manuals with programming guidelines
and schematics.

b

world experience you need to WO~
with, troubleshoot, and service today’s
most widely used computer systems.

New! Explore the Latest
Advances in Voice Synthesis

Now NRI also includes innovative
hands-on training in voice synthesis,
one of today’s most exciting and wide-
ly applied new developments in com-
puter technology.

You now train with and keep a
full-featured 8-bit D/A converter that
attaches in-line with your computer’s
parallel printer port. Working with the
exclusive text-to-speech software also
included with your course, you explore
the fascinating technology behin
both digitized and synthesized com-
puter speech.

NRI’s new hands-on training in
voice synthesis is just one more way
you get the confidence-building
experience you need to feel at home
with the latest advances in computer
technology.

A\

NEW!

Includes 20 meg
Hard Drive

No Experience Needed,
NRI Builds It In

This is the kind of practical, hands-on
experience that makes you uniquely

prepared to
take advantage
of today’s
oppor-
tunities in
computer service.
You learn at your
own convenience in
your own home.

No classroom
pressures, no
night school, no need to quit your
present job until you're ready to make
your move. And all throughout your
training, you've got the full support of
your personal NRI instructor and the
NRI technical staff, always ready to
answer your questions and help you
whenever you need it.

FREE 100-Page
Catalog Tells More

Send today for NRI’s big, 100-page
catalog that describes every aspect of
NRI’s innovative computer traming,
as well as hands-on training in other
growing high-tech career fields. If the
coupon is missing, write to: NRI
School of Electronics, McGraw-Hill
Continuing Education Center,

4401 Connecticut Avenue, NW,
Washington, DC 20008.

School of
Electronics

N

McGraw-Hill Continuing
Education Center
4401 Connecticut
Avenue, NW
Washington, DC 20008

1BM is a registered
trademark of

International Business
Machines Corporation

Ny

McGraw-Hill Continuing Education Center

For Career courses LIV
approved under G1 Bill €.

1 check for details.

4201 Connecticut Avenue, NW, Washington, DC 20008
¥ CHECK ONE FREE CATALOG ONLY
T Computer Flectronics

2 TV/Vidco/Audio Servicing

[ Telecommunications
[J Industrial Electronics
] Electronic Circuit Design

O Air Conditioning, Heating, & Refrigeration
O Small Engine Repair
O Electrician

[T Robotics ) [ Basic Electronics [J Locksmithing |
[ Electronic Music Technology [J Bookkeeping & Accounting  [] Travel Careers %
[J Security Electronics [ Building Construction [] Paralegal b
[ Digital Electronics Servicing 0 Automotive Servicing 0 Computer Programming m
<
@
Name (Please print) Age | F:B
—
Strect ©
3
Cuy/Stawe/Zip We'll give you tomorrow. Accredited Member National Home Study Council 319
1
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FLASH POWER

I spend a good deal of my work
time in front of a computer terminal
and, because of the way my office is
laid out, I can’t see the front door
while I'm working. Since I'm deaf, |
have no way of knowing when some-
one is knocking on the door or has
entered my office. I'd like to rig up a
strobe light that will flash to alert me
to the visitor. I've purchased a Xenon
Flash Tube, but I don’t have any idea
how to power it. Can you provide me
with a circuit to power and trigger a
strobe from a 120-VAC source?—S
Anthony, Tulsa, Oklahoma

Although there are several ways
to trigger a flash tube, all involve
generating high voltages. Com-
mercial flash units either step up
the AC line voltage to whatever
voltage the tube needs or use a
switching supply to get the re-
quired AC volitage from a low-
powered DC supply. The latter is
the basis of most of the battery-
powered flash units used in pho-
tography.

While it’s certainly possible to
build a circuit to drive the tube, it’s
not really worth it since commer-
cial photographic flash units are
available for less than the total
price of the parts needed to build
one. If you're really into building
your own stuff, you can use the
circuit shown in Fig. 1 as a starting
point. The 200-300 VAC can be got-
ten from a standard step-up trans-
former. If you can’t find one of
them, you can try a transformer-
based voltage converter that lets
you use 120-VAC appliances in
countries that have 220 VAC.

Make sure you get a converter
that’s built around a transformer
and not one that uses diodes. Just
use it backwards as a step-up
transformer.

ROO0~-0O-
%00 voc | $/mEG

3
FLASH TUBE

AL
o TRANS FERMER

AsH

SCR l
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.Ozlufé
:55/‘\;/* S00Y
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TR 1&6E8D GD

GROUND &

/. CHOOSE AN SCR A/7TH THE
PEOFPER FOUWER RATINGS

2. BE CAREFUL SINCE HIGH
VOLTAGES ARE FRESENT
AT THE FLIASH TUBE

FIG. 1

If you do build your own circuit
to power the tube, be very careful
putting it together. Not only are
you playing around with the line
voltage but you're also stepping it
up to over 200 VAC. Make sure ev-
erything is properly insulated, and
be sure to put a fuse on the line.

While you're free to get the job
done any way vou want, re-
member that the original idea was
to let you know when someone is
entering the room, not learning to
build a power supply for the
strobe. It's a lot easier to get the

WRITE TO:

ASK R-E
Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY 11735

job done by spending a couple of
bucks on asmall photoflash and an
AC adapter.

AUTOMATIC SEPTIC PUMP

Our town sewer drains to the
south, and my home is on a north
slope. | have a septic tank and each
day | have to manually turn on a
switch to pump the liquid up the
hill to the sewer. Is it possible to use
some sort of sensor to turn the
pump on automatically every time
the tank is fullz I'd like to have
indicators to show whether the
tank is full or empty, when the
pump is operating, and so on. |
can’t use relays because the tank
produces explosive gas.—M.
Craghead, Jetmore, Kansas

There are several commercial
systems available that will more
or less do the job you're describ-
ing. The problem with most of
them, however, is that they use a
float system with a mechanical
switch. That means that there's
the possibility of a spark near the
tank on the one hand, and, on
the other, having to do the worst
job in the world if (or, more tor-
rectly, when) the float sinks.

You said that you already have
an SCR-triac setup to control the

- ING LATCHING
NON =L ATCHIN pov .8
O 7 7Y >
INHLOO/ ZIhrY
PROBES o
wioal &
FROBES D
N

+V CAN BE WAHATEVER VOLTAGE /S
BEDLI/IRED 78 ENERGIZLE THE RELAY (RY¥Y MAX).

CHOOSE SCR 7O MATEH LELAY VUL TASE.

FIG. 2
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DELUXE TEST LEAD KIT

Users call TPl test leads The Absolute Best. The
TLS2000 features the highest quality cable in the
industry — with spring-loaded safety-sleeved
plugs. U.L. listed (file E79581). Kit: $29. Leads
& probes only: $19. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.

CIRCLE 251 ON FREE INFORMATION CARD
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BNC ATTENUATOR KIT

Contains 4 attenuators — 3dB, 6dB, 10dB,
20dB; | feedthrough and | termination. Thick-
film circuitry for low reactances. Rugged de-
sign resists shock and lasts longer. Rectangular
shape stays put on the bench. Impedance: 50Q2
Frequency: 1GHz. Maximum Power: kW
peak, IW avg. VSWR 1.2:1. Attenuator
Accuracy:#0.2dB. Terminations Resistance
Tolerance: £1%. $150.

TEST PROBES INC. Call woll-free for catalog:
1-800-368-5719.

CIRCLE 252 ON FREE INFORMATION CARD

COAX ADAPTER KIT

» Create any adapter in seconds

* Make all combinations of BNC, TNC, SMA,
N, UHF, Mini-UHF, F and RCA

The TPI 3000A kit contains male and female

connectors of all 8 types, and 6 universal inter-

faces. Simply screw any combination of 24 con-

nectors to one of the interfaces to create the

desired adapter. $150.

TEST PROBES INC. 9178 Brown Deer, San

Diego, California 92121. Call toll-free for cata-

log: 1-800-368-5719.

CIRCLE 250 ON FREE INFORMATION CARD

No Better Probe Ever
at This Price!

Shown here $
Model SP150
Switchable 1x-10x 49

CIRCLE 254 ON FREE INFORMATION CARD

ECONOMICAL SILICON
RUBBER TEST LEADS

Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TL100O $14. Satisfaction guaranteed.
TEST PROBES INC. Calltoll-free for catalog:
1-800-368-5719.

CIRCLE 253 ON FREE INFORMATION CARD

Risetime less than 1.5 nsec.

» Universal - works with all
oscilloscopes

» Removable Ground Lead

* Excludes External
Interference - even on
scope’s most sensitive range

» Rugged - withstands harsh
environments including high
temperature and humidity

* Advanced Strain Relief -
cables last longer

« Available in 10x, 1x and
switchable 1x-10x

» 10 day return policy -
performance and satisfaction
9178 Brown Deer Road

guaranteed
San Diego, CA 92121
Toll Free 1-800-368-5719
1-800-643-8382 in CA

TES
PRUBES INC

Call for free catalog and Distributor in your area

CIRCLE 123 ON FREE INFORMATION CARD
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pump, so the only piece you're
missing is a circuit to trigger the
system. What you're looking for
is a liquid-level detector that
meets the requirements of low
voltage and minimal current
draw.

Figure 2 contains two simple
detector circuits that should
work perfectly for you. Believe it
or not, the most critical part of
the whole thing are the probes.
Since you're burying them down

in the septic tank, you should
choose a metal that won't be af-
fected by any of the corrosive lig-
uids found there. The cheapest
alternative is to make the probes
from stainless steel, but any
other conductive material that
isn’t affected by corrosive liquids
can be used.

Try to locate the detector cir-
cuit fairly close to the septic tank
to keep the probe length as short
as possible. You can put the cir-

OPTOELECTRONICS

[ e d

CommTER CoumTEs - -
o B 5 PG,

yea 1000 . @2fiagooo

You Have Counted on Us for 15 Years

You have counted on OPTOELECTRONICS
Hand Held Frequency Counters to be the
best quality, to be affordable and reliable.
We have been there for you with Frequency
Counters that are compact and ultra sensitive.

And more and more of you are counting on

us, technicians, engineers, law enforcement
officers, private investigators, two-way radio
operators, scanner hobbyists, and amateur

radio operators, Just to name a few.

Hand Held Series Frequency Counters and Instruments
MODEL I 2210 ] 1300H/A | 2400H CCA 4' ccB
RANGE: FROM | 10Hz 1 MHz 10 MHz 10 MHz 10 MHz
| TO | 22GHz 1.3 GHz 24 GHz | 550 MHz 1.8GHz
[APPLICATIONS | General Purpose | RF | Microwave | Security | Security

_| Audio-Microwave | o i

PRICE $219 B $169 %189 | $299 | $99
SENSITIVITY I
1 KHz < 5mv | NA NA NA NA
100 MHz | < 3mv < 1mv < 3mv < .5 mv < 5mv
450 MHz < 3mv <5mv | < 3mv < 1mv < 5mv
1850 MHz < 3my <20mv | <5my NA < 5mv
1.3 GHz < 7mv < 100mv| < 7mv NA < 10 mv
2.2 GHz < 30 mv NA ] <3 mv | NA = | <30mv

'ACCURACY ALL HAVE +/- 1 PPM TCXO TIME BASE.

All counters have 8 digit red .28” LED displays. Aluminum cabinet is 3.9” H x 3.5" x 1”. Internal Ni-Cad batteries
provide 2-5 hour portable operation with continuous operation from AC line charger/power supply supphed. Modei
CCB uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories
1s available. Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales tax.
COD fee $3. Foreign orders add 15%. MasterCard and VISA accepted.

Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales tax. COD lee $3
Foreign orders add 15%. MasterCard and VISA accepted

OPTOELECTRONICS INC.
5821 N.E. 14th Avenue ¢ Fort Lauderdale, Florida 33334
1-800-327-5912 FL (305) 771-2050 FAX (305) 771-2052
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cuitin aweatherproof enclosure,
along with a transformer and rec-
tifier, and bury it in the ground
next to the power leads for the
pump itself. The transformer-
rectifier circuit can tap power
from those leads, so that you can
power the circuit locally.

The circuits will drive SCR’s or
relays. And while | do under-
stand your concern about ex-
plosive gas, the circuitry doesn’t
have to be in the tank itself, so
there’s no reason why you can't
use relays. Whatever you use to
control the motor, make sure
that it can handle the amount of
power needed by the pump. R-E

RE-WIRING

I've recently bought a house in the
country, and | plan on rewiring it
because the original wire is quite
old. Since the wiring is buried in the
walls, | need some way of locating
them. I'd like to be able to do that
without knocking lots of holes in the
walls. Is there some easy, inexpen-
sive, way to do that?—B. MacDon-
nell, New York, NY

Ifyou hunt through lots of maga-
zines and catalogs, you'll probably
find some expensive piece of
equipment that can locate wires
buried in the walls. But there’s an-
other way to do the job that’s just
as accurate, costs nothing, and
uses equipment that you probably
have around the house anyway.

All you need to find the wires is
an old, noisy, electric appliance
and a small transistor radio. The
appliance can be any motor-driven
device such as a hair dryer, drill,
food processor, and so on. The
only requirement is that it have a
motor with brushes, and the more
it arcs and spits, the better it is.

The reason you want a noisy
motor is that it generates inter-
ference that can be picked up on a
portable radio (or any other radio
or TV for that matter). Turn on the
appliance and run the radio across
the area of the wall where you ex-
pect to find wiring. The louder the
noise from the radio, the closer
you are to the wires.

Don’t be under the impression
that this is just a juryrigged way to
get the job done. Most of the dedi-
cated equipment that’s designed
to find buried wiring works on ex-
actly the same principle. R-E
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publishers’ prices. ® Bonus Books. Starting immediately, you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers’ prices. ¢ Club
News Bulletins. 14 times per year you will receive the Book Club News, describ-
ing ali the current selections—mains, alternates, extras—plus bonus offers and
special sales, with scores of titles to choose from. « Automatic Order. If you want
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Six Easy Home-Improvement Projects <, Value!
A treasury of do-it-yourself projects to
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™ . HOW-TO BOOK CLUB o ement
Blue Ridge Summit, PA 17294-0800 "' s

Please accept my membership in the How-To Book Club and send the 5 volumes listed
below, plus my FREE copy of 6 Easy Home-Improvement Projects (343P), billing me $3.95
plus shipping and handling charges. If not satisfied, | may return the bocks within ten days
without obligation and have my membership cancelled. | agree to purchase at least 3 books
at regular Club prices {plus shipping/handling) during the next 2 years and may resign any
time thereafter.

Name
Address
City -

State Zip _
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Vaiid for new membaers only. Foreign applicants will receive special ordering instructions. Canada
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LETTERS

NUCLEAR-WASTE MANAGEMENT

I have been working in the elec-
tronics field for over 50 years, and
have been a reader and subscriber
of Radio-Electronics for many
years. I've never written to any
publication before, but now | feel
compelled to do so.

In the August 1989 issue, Don
Lancaster scems to have been car-
ried away by the more radical ecol-
ogy nuts. His diatribe against
nuclear power is a very short-
sighted condemnation of one of
the cleanest sources of power
available today. His idea for a
waste-disposal site is too face-
tious. Some people feel that solar
power would be a better source of
power, but he condemns that out
of hand.

| feel that what is needed to
make nuclear power really prac-
tical is very careful monitoring of
all plant construction—no short
cuts to save money. Then, for
waste storage, the federal govern-
ment could locate an isolated bow!
in the western mountains and
maintain well-supervised facili-
ties. One day, some bright scien-
tist will figure out a way to make
good use of the waste. Then, all
too soon, there will be a shortage
of such material! It has happened
before. Consider what happened
to the left-over sludge from early
oil refineries: Someone processed
itand got paraffin. Today, very little
waste is left to throw away. That is
the way to go—instead of con-
demning things out of hand, think
constructively!

EWALD HANSEN
White Plains, NY

Perhaps you're correct. But
when we consider that the waste

generated would have to be super-
vised for a period of time that will
be much longer than any govern-
ment has held power—indeed,
longer than recorded history—we
shudder—Editor

SELLING SOLAR POWER SHORT

| found Don Lancaster’s “Hard-
ware Hacker” column concerning
cold fusion (Radio-Electronics, Au-
gust 1989) to be interesting, but |
take exception to his view on solar
cells.

His analysis of the hidden costs
is wrong, since he is basing it on
the premise that it would be too
costly for a utility or a small power
supplier. Photovoltaics are ap-
plicable to homeowners, not util-
ities, so costs for real estate and
major support structures do not
enter into the picture. (And the
financing is considerably lower for
those free cells he mentioned.)

The efficiency of modern cells is
more like 14%, with stacked cells
yielding 28-30%. | understand that
there is a photovoltaic that uses a
unique approach that can obtain
efficiencies between 40-60%

P.S. Doyou need my full address
for my truckload of “free” solar
cells?

JOE ZUIS
Brockton, MA

HDTV: A PESSIMIST VIEWPOINT

I have been very interested in
your recent articles (Radio-Elec-
tronics, January and February 1989)
concerning High Definition and
Improved Definition TV (HDTV
and IDTV).

I recently retired after a lifetime
spentas a professional engineer in
electronics, mostly military and
space related. My interest in TV

wWwWw americanradiohistorv com
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goes back to 1945, when | de-
signed and built my own 10-inch
receiver. | also designed and built
my own color receiver in 1954. | am
probably more aware than most
people of the shortcomings of the
NTSC system. | am also aware of
what a wonderful achievement it
was, more than 35 years ago, to
come up with something that
good.

As far as HDTV is concerned,
unfortunately, | have a pessimistic
viewpoint, which is not helped by
the many competing systems. | am
completely able to accept that ex-
cellent HDTV systems can be de-
signed and built. | can even
believe that it will be possible to
agree upon one system, as was
done with NTSC. | do not believe,
however, that it can be sold to a
mass market.

If one goes into any appliance
store that has operating TV sets on
display, one is amazed by the
dreadful quality of the pictures on
many of those receivers. That is
usually the result of incompetent
adjustment by the sales person-
nel, and is often made worse by
poor incoming signals. Since the
appliance store is in business to
sell TV sets, one must conclude
that the poor picture quality does
not bother prospective customers.
(If it did, the store would take
steps to improve it, to avoid loss of
sales.)

One can observe the same thing
in many people’s homes. The pic-
ture will often have grossly wrong
color, or other major defects,
which could be greatly improved
by simple adjustment. However,
most people do not notice, or care
about, the poor picture quality.

A minority of people, myself in-



1 . End Blown Fuses.

The new 200 Series multimeter is
protected from excess voltage or surges
with a self-resetting fuse.

2. Keep Your Eyes On Your Work.

Quickly probe a circuit board listening
for audible tone changes that pinpoint
the problem without glancing at

the LCD.

3. Detect Intermittents.

Hear a distinctive crackling sound
when an intermittent occurs.

4 Find Dead Capacitors.
Capacitor voltage build-up or
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Now Testmg [s |
Seven Times Easier

bleed-off is heard loud and clear with
the 200 Series’ Audible Readout.

5. Find Logic Stuck-Ats.

Using standard leads, a fast Logic
Pulse Detector lets you easily detect
pulses down to 50ns.

6. Adjust Voltage Levels.

When adjusting audio or video
response, an audible tone that changes
pitch as measured signals increase or
decrease permits faster and easier
adjustments.

'/ Stop Third Hand Problem.
Tilt stand and Skyhook, ™ auto-ranging,

Beckman Industrial”

and Audible Readout allow you to
spend less time fiddling with your
meter.

FEATURES 222 228

Audible Readout
Logic Pulse Detector

Fast Auto-Ranging >

Self-Resetting Fuse e

Auto-off Battery Saver 2 ;
DC Voltage Accuracy 0.5% 0.25%
Warranty 2 years 2 years
Price $129.00  §149.00

The 200 Series. Multimeters that
take the work out of work. Call
or write for complete information.
1-800-227-9781 Inside California.
1-800-854-2708 Outside California.

An Affiliate of Emerson Electric Co.

Instrumentation Products Division
3883 Ruffin Road, San Diego, CA 92123-1898
(619) 495-3200 * FAX (619) 268-0172 * TLX 249031
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ACE TROUE

Find trouble fast with the new 100 MHz
2247A from Tek. The new 4-channel 2247A packs more
troubleshooting power for the money than any scope you

OSCILLOSCOPE
RTIMER

Tektronix 2247A B

can buy.

An integrated counter/timer and voltmeter let
the 2247A perform more than a dozen voltage and time
measurements automatically. And provide the crystal-
controlled accuracy you need to debug digital systems in
applications such as logic design, communications,

manufacturing, and field service.
\‘ But that's just a
1 ‘.,‘\‘*\1‘\'\ hint of the time-saving auto- E
mation built into the 2247A.
You also get Auto Setup,

for one-button signal acquisition. The ability to store up to 20 front-panel setups, and recall them
instantly. On-screen display of automatic time and voltage readings. Plus our unique SmartCursors™ which give you

virtually hands-off measurement of + peak, — peak, peak-to-peak, Model Number 22478 2246
dC and gated VO”S Bandwidth 100 MHz 100 MHz
’ No. of channels 4 4
This is the most extensive set of capabilities ever assem- :"f" “T" ":’:’ = :es s
rigger Level Reado s Yes
bled in a low-cost portable scope-the 2247A is only $2995! And it's  Auto Setup Yes Yes
Store/Recall Yes Yes
backed by Tek’s standard 3-year warranty on all parts and labor, SmartCursors Yes Yes
So if you want to find trouble fast, there’s one ey B = -
sure way to do it. Look into the new 100 MHz 2247A from Tek. el e i
Price™ $2995 $2595

Copyright © Tektronix, tnc. 1989 *Prices subject to change and valid in U.S. only. Educationat discounts available on request
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weight, rugged, and built to tough environmental stan-
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dards for temperature, shake, shock and humidity.
Plus, they each have the easy-to-use front
panel that's made Tek's 2200 Series the world's best-

selling oscilloscopes.

And beyond the features, both have
one more important thing in common with the
T s 2247A-value. Because at $2595 for the 2246A

MY and $1995 for the 2245, you won'tfind better
S :f performance for the dollar.
s Start looking for trouble today.
:Z ~ Peerless troubleshooting power is only a phone call away.

Yes
No

e Tek representative. Or call us direct at:

— ‘ gt 1-800-426-2200

Tektronix

COMMITTED TO EXCELLENCE

To order your 2247A, 2246A or 2245A or for more information and applications assistance, contact your
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No costly School. No commuting to class. |

BeanFCC|
LICENSED |

ELECTRONIC TECHNICIAN!

YA

Earnupto §
$30 an hour
and more!

[ Learn at home in spare time, 1
| No previous experience needed! |

y

AN
AL H

The Original Home-Study course pre-
pares you for the "FCC Commercial Radio-
telephone License'. This valuatle license
is your “ticket" to thousands of exciting ‘
jobsin Communications. RadioTV. Micro-
wave. Computers, Radar. Avionics and
more! You don't need a college degree to

No Need to Quit Your Job or Go To School

qualify. but you do need an FCC License. ’
|

This proven course is easy, {ast and low
cost! GUARANTEED PASS — You get your \
FCC License or money refunded. Send for

FREE facts now.

- —---—

These Questions

[#] Are Most VCR Problems Mechanical?

Are There Universal Test Tools Available

[ WhatMechanical Measurements Should

MAIL COUPON TODAY!

commanb PRODUCTIONS
FCC LICENSE TRAINING, Dept. 90

P.O. Box 2824, San Francisco, CA 94126
Please rush FRE E details immediately!
NAME

ADDRESS -
cITY

[ ——

_STATE pdl

g S e |

If You Fix VCR's,

Ask Yourself |

Yes, most agree more than 3 out of 4
VCR problems are due to a mechanical
malfunction.

Or Do You Have To Buy All The Different
Tools Shown In Service Manuals?
TENTEL provides easier to use, universal,
more powerfuldqauges than all factory
tools combined.

Be Made To Properly Check Out A VCR?
Hold back tape tension, tension servo
check, reel table heights, carriage align-
ment, lape guide height, take up torque,
restoring torque, brake torques, FF/REW
torques & video head wear.

NEW - Just released 68 minute

Video Training Tape covering over
28 mechanical VCR tests and

paore”
(800) 538-6894 / (916) gg&;gOOS

measurements A

INTRODUCTORY $24 =4
PRICE Shipping Included

weW _\ TENTEL®Corporation

S* 4475 Golden Foothills Pkwy
El Dorado Hills, CA 95630
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cluded, do care about picture
quality. When | watch TV, | often
find myself paying a lot more at-
tention to the picture quality than
to the programming. (Perhaps that
is just as well, given the content of
many of the programs!) However,
HDTV will only be economically
feasible if it can appeal to a truly
mass market. | do not believe that

mass market exists. People will

buy gimmicks and convenience
features—remote controls, VCR’s,
simultaneous viewing of two or
more pictures, etc.—but most
people do not really care about
quality.

That is also evident if one re-
members the failure of the so-
called 1,000-line high-definition
system that was broadcast in the
Paris, France region for several
years. TV sets that use the VIRS
signals broadcast by major net-
works to adjust the receiver con-
tinuously, largely overcoming
many propagation defects, have
not caught on. That is despite the
fact that they can and do often
considerably- improve quality at a
very low cost. Stereo TV sound has
been much less than a great com-
mercial success; many receivers
that do use it employ dreadful
loudspeakers.

Improved definition, using pres-
ent-day NTSC signals, has some
very severe limitations; but it has
the overwhelming virtue of being
possible without a truly mass mar-
ket. A market of a few hundred
thousand IDTV receivers per year
would make it commercially via-
ble. HDTV needs a market of at
least 10 million receivers per year,
in addition to a single agreed-
upon system and a very large in-
vestment by broadcasters.

I’'m sorry to have to take this pes-
simistic viewpoint, but | fear it is a
very valid one.

L.D. THOMAS
Georgetown, DE

IDTV is already a limited com-
mercial success. North American
Philips, for one, has been selling
more |IDTV sets than they can man-
ufacture. Roughly 40 percent of all
TV’s being sold today are stereo
equipped. That’s not unsuc-
cessful. Wait until sports fanatics
see the Super Bow! on a wide
screen with high-quality audio,

wWwWw americanradiohistorv com

which HDTV will provide. Don’t
worry. It will sell.—Editor

DE-MYSTIFYING MIDI

I enjoyed reading your articles
on MIDI. I've been interested in
knowing more about the subject,
but | always found the explana-
tions to be too complicated. The
article, “Musical Instrument Digi-
tal Interface,” (Radio-Electronics,
August 1989) has been a great help,
as it was both informative and—
more important—it was also very
easy to comprehend.
MATTHEW KREVAT
Brooklyn, NY

ALTERED AUDIO AMP

The March 1989 issue was up to
Radio-Electronics’ usual very high
standards. | especially enjoyed the
article entitled “"High-Powered Hi-
Fi Audio Amp for Your Home or
Car.”

What caught my eye was the
power converter used to step up
the voltage from 12 volts to 75 volts
for the final stage (page 53). Wind-
ing that transformer may prove dif-
ficult. (Of course, you can always
break down and buy one, but that
isn‘t as much fun.)

My alternative method, shown
in Fig. 1, borrows a page from the
old-time radio power supplies
used in cars in the 1920’s and ‘30’.
The heart of the supply is two
DPDT relays that are rated at 5
volts. You might have to fool with
some of the values to get it to work
properly, but the design is very for-
giving, and if you know your P’s
and Q’s with a VOM you might not
need a scope.

Each relay is wired as a free-run-
ning astable oscillator, and be-
cause you can just about pick the
coil resistance you like best, get-
ting the right value for the com-
mutating capacitor is not a real
problem.

Note that this commutating ca-
pacitor is made from the two 100
wF electrolytic capacitors with the
IN4001 diodes across them. This
combination simulates a non-
polarized (NP) capacitor. Note that
the cathodes of the diodes, and
the positive (+) ends of the capac-
itors face one another.

The frequency of oscillation is
usually about 1 kHz, which causes
the relays to hum faintly. That



humming is usually not very loud,
and if the circuit is used in a car, it
can be placed under the hood or
in the trunk.

JIM PARSONS

Rapid City, SD

RESPONSE FROM THE RIGHT

Please stick to pure science and
technology in your “Letters” col-
umn. Please don't print letters the
like of Paul Schick’s on HDTV (Ra-
dio-Electronics, July 1989).

We get enough sour grapes
from the liberal air-heads in the
editorial pages of our newspapers.
Those kinds of statements have
their hidden agenda passed off as
tongue-in-cheek humor.

That kind of garbage is out of
place in a prestigious magazine
such as Radio-Electronics.
DONALD C. ROSS
San Jose, CA

RECOMMENDED READING
| have been a subscriber to Ra-
dio-Electronics for a long time. |
served in the U.S. Navy for 30
years, both as an enlisted man and
as an officer, but always in some
field of electronics.

FIG. 1

A series of articles titled “Annals
of Radiation” recently appeared in
the June 12, June 19, and June 26
issues of the New Yorker maga-
zine. Please [ook that series of arti-
cles over and, if you think it is
warranted, recommend it to all
your readers. | feel that everyone
who is planning a career in the
electrical field, those already in
the field, and every young person
who is planning to start up a home
and a family should be aware of the
extremely valuable information
that is presented in those articles.

| was exposed to heavy doses of
RADAR microwave radiation dur-
ing my many years in the Navy, and
| recently had a brain tumor re-
moved. Reading those articles
made me wonder.

ROY A. NORMAN
LCDR USN, Retired
Brunswick, GA

We have read those articles and
are very concerned about some of
the issues they raised. We feel that
they should be required reading
for not just some people, but for
everyone.—Editor
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When performance & price really count.

RYSTEK
RYSTALS

The puise of dependable communications.

LY

Reliability & Quality
From Start To Finished Product

QUARTZ
CRYSTALS/OSCILLATORS FOR

ELECTRONIC — INDUSTRIAL
* Micro-Processor Control

» Computers’Modems

= Test/Measurement

* Medical

COMMUNICATIONS — REPLACEMENT
* Mobile/2-way/Channel Elements
= Pagers
* Marine
* Aircraft
* Telemetry
* Monitors/Scanners

AMATEURS
* (B
* Hobbiest
» Experimenter

COST EFFECTIVE
MODERATE PRICING
FAST DELIVERY

Replacement Crystals Catalog

*
- .”13 .
sﬁ_ % Lustom Made Crystals Catalog.

£XMRe

The Pulse of Dependable Communications
Crystek Crystals offers their new 16 page FREE catalog of crystals
and oscillators. Offering state-of-the-art crystal components
manufactured by the fatest automated technology. Custom
designed or “'off the shelf,” Crystek meets the need, worldwide.
Write or call today!

CRYSTEK CORPORATION
DIVISION OF WHITEHALL CORPORATION

235172371 Crystal Dr. = Ft. Myers, FL 33907
P.0O. Box 06135 » Ft. Myers, FL 33906-6135
TOLL FREE 1-800-237-3061
(813) 936-2109 — TWX 510-951-7448

SPEED-X

SERVICE
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ACE Communications
AOR AR-2515
Communications
Receiver

One radio for scanner buffs

and SWL%s!

SHORTWAVE LISTENERS AND SCANNER
enthusiasts have always been di-
vided into two camps. One is in-
terested in DX-ing and in getting
news and views from around the
world. The other is looking for the
faster-paced excitement that
comes from hearing real-time ac-
tion on the local police, fire, and
other public-service bands. But a
new piece of equipment may bring
the two camps closer together:
the AOR AR-2575 communications
receiver from ACE Communica-
tions (10707 East 106 St., Indi-
anapolis, IN 48256). It is one of the
few receivers that gives the short-
wave listener the frequency
coverage and performance he de-
sires, while delivering speed,
coverage, and memory capability
to the scanner buff.

The AR-2575 boasts a frequency
coverage from 5 MHz to 1500 MHz,
which includes international
shortwave broadcasts, amateur
bands, TV audio, FM broadcasts,
VHF aircraft, various government
communications, NOAA weather
broadcasts, VHF aircraft, cellular
telephone, and more. (We should
point out that reception of various
frequencies covered by the re-
ceiver, including cellular frequen-
cies, is forbidden by the Electronic
Communications Privacy Act of
1986.) Three operating modes are
supported: AM, Wide-band FM,

CIRCLE 42 ON FREE INFORMATION CARD

(WFM) and Narrow-band M
(NFM).

The memory capabilities of the
receiver are impressive. Sixty-two
banks of 32 frequencies each pro-
vide a total of 1984 scannable fre-
quencies. Any number of banks
can be linked for scanning. So, for
example, you can scan one band
of 32 frequencies, or you can link
all 62 banks and scan through the
almost 2000 frequencies in memo-
ry. An additional 18 banks are pro-
vided for search pairs; banks 63
through 79 can contain the upper
and lower frequency limit for
searching out new and unknown
frequencies that are in use in your
area.

The scanning speed of the re-
ceiver is, at best, about 36 chan-
nels per second. That decreases if
the frequencies in a scanning bank
are widely separated, or if mode
changes are required, etc. If
you're willing to ignore the de-
crease in scanning speeds, you
can create some interesting and
useful banks. For example, we
filled one bank with some fre-
quencies in which we were often
interested. It included the local
National Weather Service broad-
casts, WWV shortwave broad-
casts, and a couple of local FM
broadcast stations. While those
might be considered to be un-
usual scanner frequencies, they

wwWwW americanradiohistorvy com
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do point out the versatility of the
AR-2575.

Alternatively, in search mode,
the scanner can be used as a con-
ventional receiver. Tuning can be
accomplished by direct-frequency
keypad entry, turning the rotary
tuning knob, or pushing up or
down tuning buttons. Each click of
the tuning knob, or each push of
the tuning buttons, changes the
receive frequency by a user-se-
lected increment of 5, 10, 12.5, or
25 kHz.

The receiver is built into a com-
pact gray case that measures about
7x5-1/2x2-1/2 inches (although
it'’s not really rectangular). The
front panel, which measures
about 3x5 inches, tilts upward
and is crowded with 23 pushbut-
tons, three rotary knobs, an LCD
frequency display, and an LED sig-
nal-strength meter. Despite the
crowded appearance, the controls
are surprisingly easy to use.

Computer interface

One of our favorite features of
the AR-2515 is its computer inter-
face. The receiver can communi-
cate with any personal computer
that offers an RS-232 interface.
Rates of 300, 1200, or 9600 baud are
supported. While ACE does have a
communications package avail-
able, any general communications
software is adequate.

The interface allows you to con-
trol all of the functions of the re-
ceiver from your computer key-
board, except for volume and
squelch. You can upload complete
banks of frequencies, change op-
erating modes, switch scanning
banks, and even turn on the LCD
light.

Perhaps the most useful at-
tribute of the communications ca-
pability is that it allows the receiver
to send important information to
the computer. Our favorite com-
mand puts the receiver in an auto-

continued on page 32



AVCOM PSA-65A
Spectrum Analyzer

An inexpensive, quality
spectrum analyzer from 2
MHz-1 GHz.
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VERY LIKELY, MANY OF YOU HAVE Al-
ways wanted a professional spec-
trum analyzer, whether for trou-
bleshooting, or experimentation.
However, every time you've
looked at a catalog and seen prices
that start in the $10-20K range,
your jaw drops. Unless you're in a
large corporate firm with mega-
buck budgets, you've probably
had no chance of getting one until
now.

With the Model PSA-65A 2
MHz-1 GHz Spectrum Analyzer
from AVCOM Corp. (500 South-
lake Blvd., Richmond, VA 23236),
that problem is over. The basic
cost is $2,675, and many reason-
ably priced accessories, like an FM
demodulator ($185), high-perfor-
mance attachable log-periodic an-
tennas (about $239), and carrying
case ($89.95) are available. At 11.5-
x 5.5- X 13.5 inches and a weight
of 18 pounds, it's as portable as a
standard portable oscilloscope.

General controls and jacks

The PSA-65A has numerous,
convenient, and well-labeled con-
trols. They’re all on the front pan-
el, and grouped according to
function in a color-coded gray-
and-white format. The PSA-65A is
powered by 120- volt, 60-Hz AC,
but can run using an internal gel-
cell battery with recharger. The
POWER switch has BAT, STANDBY, and
LINE positions. The battery charger
(BAT CHG) can operate in any POWER
swiTCH position, and needs about
three hours to charge sufficiently
for prolonged use.

The AupioO pEMOD pot-
entiometer is the volume control
for listening to AM or FM broad-
casts, and has a built-in SPST ON/
OFF switch. However, the PSA-65A
won'’t let you observe a spectrum
and listen to audio simultaneously.

That would require having two
separate tuners, one to be swept
through the observable spectrum,
and the other tuned to the center
frequency.

An earphone jack is provided
(aunio ouT), and an aux jack is for
present and future optional ac-
cessories. The sweep RATE control
varies the speed of the sweep-rate
generator. For maximum accuracy
in vertical amplitude measure-
ments, the sweep is set as slow as
possible. A BNC jack is used for r¥
INPUT from 2 MHz-1 GHz range,
and a maximum power of 15 dBm,
or 31.6 mW.

Vertical amplitude controls

The CRT is located in the upper
left of the front panel, and the grat-
icule is calibrated vertically in dBm
and dBmV, and horizontally in
dBmV. Those two units are dB rela-
tive to a milliwatt (mwW) and a milli-
volt (mV), respectively. The
PSA-65A has VERTICAL POSITION and
REFERENCE LEVEL knobs, and a
VERTICAL SENSITIVITY switch to select
between 10 dB/div or 2 dB/div (for
both dBm and dBmV). The
reference level allows vertical ex-
pansion by vertically moving the
signal-noise floor, and is calibrated
with the vertical sensitivity set to 10
dB/div, but not 2 dB/div.

Horizontal and tuning controls

The main function switch on the
PSA-65A is zERO sPaN, which deter-
mines whether the instrument is
operating in AUDIO, NORM, Of
MOMEN mode. In aublio mode, the
PSA-65A displays an AM or FM
broadcast by quadrature detec-
tion, at the frequency indicated on
the 4-digit CENTER FREQUENCY MHZ
LCD. The quadrature detector is
mainly for FM, but also demodu-
lates AM intelligibly.
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In NOorRM mode, the PSA-65A dis-
plays a frequency spectrum, being
calibrated when the var spaN knob
is in the caL position. As it's rotated
toward zerO spanN, the observed
spectrum segment on the CRT ex-
pands horizontally about the cen-
ter frequency, narrowing in band-
width. The ZLRO SPAN +XSC SETTING
OF THE VAR sPaN knob is an ideal,
because the time waveform on the
CRT is never a pure sinusoid, since
the horizontal span control has a
finite nonzero bandwidth filter for
each setting (more below).

The aupio mode automatically
gives a zero spaN display. The
MOMEN mode momentarily does
so, to let the user alter the center
TUNING frequency easily. In NORM
mode, there’s a 0.5 second lag be-
tween moving the TuNING knob,
and the corresponding update of
the LCD.

In the Aunio and MOMEN modes,
no such lag exists, and any 1UNING
knob rotation is instantly reflected
on the LCD. The center frequency
is controlled by two potentiome-
ters, one a10-turn version for main
TUNING, and a single-turn 11Nt TUNE
control. The FINE TUNE appears to
have a range of about7 MHz, butis
asymmetric and nonlinear in
effect.

For each horizontal span setting,
there's a nonzero filter bandwidth
resolution, which gives rise to the
time effects observed at zEro SPAN
(discussed shortly). The resolution
is 3 MHz at 100 MHz/div, 1 MHz at
50 MHz/div, 300 kHz at 10 MHz/div,
150 kHz at 5 MHz/div, and normally
75 kHz at either 1 MHz/div or 200
kHz/div. The user can also opt for
an additional 10 kHz filter for the
200 kHz/div setting, if desired.

One good way to observe the
effects of those filters is by observ-
ing a TV station spectrum. The AM
video is always 4.5 MHz below the
FM audio. If you center the video
on the CRT with the var spaN con-
trol set to cat, and then rotate it to
ZERO sPAN, you’'d see the actual
time waveform, just as if you were
using an oscilloscope.

That waveform would be com-
pletely visible as the var spaN is
rotated toward zerO span. In the
cAlL position, you'd see the spec-
trum, but possibly also see a spu-
rious representation of the time

continued on page 32
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NEW PRODUCTS

ANALOG/DIGITAL STOR-
AGE SCOPE. With the help
of custom 1C’s, the
Tektronix’ 2232 portable
analog/Digital Storage Os-
cilloscope (DSO) delivers a
100-MS/s sample rate and a
100-MHz bandwidth. Its
proprietary peak-delection
capability allows for glitch
capture as narrow as 10 ns at
all sweep speeds, including
dual-channel operation.
The scope has several fea-
tures designed to make it
easy to use, including on-
screen readout of scale fac-
tors and cursor measure-
ments of voltage and time.
Bezel buttons provide quick
access to saved reference
waveforms and the full
range of menu selections.
Trigger-level readout allows
the user to set the voltage
level for the trigger point
and read it directly on
screen, which can save a lot
of time in single-shot wave-
form-capture and “babysit-
ting” (unattended monitor-
ing) applications. For added
triggering flexibility, both
low- and high-frequency re-
ject capabilities assure a sta-
ble, usable trigger even on
noisy or complex signals.
With both analog and digi-
tal capabilities, and 100-MS/s
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sampling, the DSO is a ver-
satile general-purpose in-
strument. Its analog opera-
tion allows the display of
complex wavelorms such as
video signals and realtime
update of changing signals.
Digital capabilities include
waveform storage, peak de-
tection, and pretriggering.
When troubleshooting digi-
tal devices, the sampling
rate allows the capture of
single-shot events up to 10
MHz. With the DSO’s ability
to store as many as 29 wave-
form sets, users can build a

library of saved waveforms.
Known-good waveforms
can be stored for reference,
and unknown waveforms
can be captured in the field
and stored for later analysis.
An RS-232-C interface op-
tion lets such waveforms be
transferred by modem.

The 2232 portable digital
storage oscilloscope has a
list price of $5,495.00. The
RS-232-C and GPIB interface
options cost $300.00
each.—Tektronix, P.O. Box
1700, Beaverton, OR 97075;
1-800-426-2200.

RADIO-ELECTRONICS

N
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VIDEO TEST GENERATOR.
The model 408 gen-lockable
NTSC video test signal gen-
erator from lLeader Instru-
ments provides over 80 lest
patterns in composite; S-
VHS; RCB; and Y, R-Y, and
B-Y output formats with RF
channel coverage of all
broadcast and cable chan-
nels. Multiburst, video
sweep, SMPTE color bars,
modulated and unmodu-
lated staircase, raster, and

CIRCLE 11 ON FREE
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crosshatch are just a sam-
pling of the available test
patterns.

A menu-driven, multipur-
pose data-control board

with an LCD readout is used
to set up channel frequen-
cies and video-signal-driven
specifications. Control of
key video-signal levels—
such as sync, burst, lumi-
nance, chrominance, and
setup—is provided, along
with RF-frequency selec-
tion. As many as 100 sets of
video-level specifications
and channels can be stored
in memory and instantly re-
called as needed.
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The model 408 video test
signal generator costs
$3,395.00.—Leader Instru-
ments Corporation, 380 Oser
Avenue, Hauppauge, NY
11788.

16-BIT CONVERTER
BOARDS. Designed to pro-
vide a full-featured, low-
cost alternative to custom or
microcomputer-based sys-
tems, MetraByte's MBC-
GAD and MBC-DAC plug-in
daughter boards for Macin-
tosh II's and SE’s offer high-
resolution data sampling
and conversion.

The MBC-GAD performs
a 16-bit A/D conversion at a
rate of 16,000 samples per
second, with a resolution of
1 part in 65,536 and 0.003%
measurement accuracy. The
differential analog input
may be configured for volt-
age ranges of 2.5, =5, or
=10 volts; 0 to 5 volts; or 0
to 10 volts. The analog input
is accessible via a standard
RCA phono connector or a
10-pin ribbon-cable con-
nector. Two MBC-GAD'S
can be installed on one
motherboard to create mul-
tichannel subsystems.
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The MBC-DAC provides
two independent, 16-bit
analog-output channels,
which are capable of pro-
cessing data at 100,000 sam-
ples per second to voltage



accuracies of 0.006%. The
voltage range of each out-
put channel is fixed at =10
volts, and the channels are
accessible via a 10-pin rib-
bon-cable connector.

Both daughterboards can
be driven from programs
written in high-level lan-
guages, such as BASIC, PAS-
CAL, C, or FORTRAN. When
used with MetraByte’s
MBC-625 motherboard,
they provide high-speed,
high-resolution data-ac-
quisition capabilities for
Macintosh users.

The MBC-GAD 16-kHz A/
D converter and the MBC-
DAC 100-kHz D/A converter
cost $550.00 and $475.00, re-
spectively. The MBC-625
motherboard costs
$1,290.00.—MetraByte Cor-
poration, 440 Mvyles Stand-
ish Boulevard, Taunton, MA
02780.

AUDIO EXPANDERS. The AX
101 CD phono-input adapter
and the AX 700 auxiliary se-
lector from Johnson Elec-
tronics Labs expand the

input-selection capability of
stereo amplifiers.
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The phono-input adapter
allows amplifiers that do not
have a CD or auxiliary input
to accept a CD player—or
any other auxiliary device—
through the magnetic pho-
no input. Its passive-circuit
design minimizes noise and
distortion. The AX 701 CD
features a selector switch
for CD or phono operation,
RIAA response accuracy to
within 1 dB, and chrome-
plated housing with re-
movable mounting tabs for
easy mounting.

The AX 100 enhances am-
plifiers with limited input
capability, increasing selec-

tion to as many as five dif-
ferent input sources. It is
packaged in a fully-
shielded, black ABS-plastic
housing, and features silver-
plated switch contacts, dual
tape outputs, and a tape-
monitor switch to allow
monitoring of either record-
er. Stereo cable is included.

The AX 101 CD phono-in-
put adapter and the AX 700
auxiliary selector cost
$89.95 and $29.95, respec-
tively.—Johnson Electronics
Labs, Inc., 409 Angus Blvd.
#29N, Warner Robins, GA
31088.

SIGNAL GENERATOR/
COUNTER. Combining a
signal generator and a fre-
quency counter in one unit,
Elenco’s SG-9500 can gener-
ate RF frequencies from 100
kHz to 150 MHz and can
measure external frequen-
cies up to 150 MHz. Ac-
curacy is * count/* [ digit,
and the RF output is 100-MV
RMS, up to 35 MHz. A
switch with fine-adjustment
control lets the user select

0-dB or 20-dB output. The
instrument features 1-kHz
internal modulation, and in-
put voltage is less than 50
mV.

CIRCLE 14 ON FREE
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The SG-9500signal gener-
ator with built-in frequency
counter costs $349.00.—Ele-
nco Electronics Inc., 150
West Carpenter Avenue,
Wheeling, IL 60090.

PC THUMBSCREWS. A vari-
ety of thumbscrews from PC
Pro are custom-sized to fit
XT’s and AT’s and make it
easier for PC users to get in-
side their computers.
Thumbytes, Thumbits, and
Thumbles eliminate the
need for the usual assort-

With Just One Probe Connection, You Can Confidently Analyze Any

Waveform To 100 MHz, 10 Times Faster, 10 Times More Accurately,
Absolutely Error Free, Guaranteed — Or Your Money Back!

SC61 Waveform Analyzer ™

Patented
$3295

| » B8ES O

MODEL 5C81

P =rvComRe

There are other digital readout oscilloscopes, but none of
them completely eliminate graticule counting and calculations
like the SC61 Waveform Analyzer. The innovative, time-saving
AUTO-TRACKING™ digital readout automatically gives you every
waveform parameter you need for fast troubleshooting.

The SC61 Waveform Analyzer is a triple patented high
performance scope that provides you with a digital LCD read-out of all
key waveform parameters (DC volts, peak-to-peak volts, and
frequency) at the push of a button, and all with one probe connection.
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Other time-saving features include exclusive ECL sync circuits
that allow you to lock quickly onto waveforms up to 100 MHz. Plus,
with 3000 volts of input protection, you never have to worry about an

expensive front end repair job.

Call 1-800-SENCORE to find out more about what the SC61
can do for your service business. in Canada call 1-800-851-8866.

SENCORE

3200 Sencore Drive, Sioux Falls, SD 57107
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ment of nutdrivers, slot-
and Philips-head screw-
drivers, and nuts and
screws used to service per-
sonal computers. Color-co-
ded plastic caps are mated
to screws, resulting in dura-
ble thumbscrews that are
available in an array of sizes
and lengths for convenient
replacement of slide-top
and adapter-card hold-
down screws.

Thumbytes and Thumbits
provide flip-top ease for
non-flip-top PC’s. They are
sold in sets of five, and fit
virtually any slide-top case.
Thumbles hold /O cards
tightly in place, and make it

CIRCLE 15 ON FREE
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easier to remove cards.
They are also sold in sets of
five. Knurled grips make it
harder to lose screws inside
the computer. No tools are
needed in order to access
switches or jumpers after
installation.

Thumbytes and Thumbits
each cost $5.00 per set of
five; Thumbles cost $10.00
per set of five.—PC Pro
Company, P.O. Box 358, Al-
len, TX 75002.

“TEST” VIDEODISC.
Reterence Recording’s "A
Video Standard,” is a disc
for the set up and alignment
of home-entertainment sys-
tems. Containing com-
prehensive audio and video
test signals and a wide vari-
ety of audio and video dem-
onslration material, the
laser videodisc is intended
to help consumers optimize
their home-viewing experi-
ence, and retrieve from vid-
eo programs exactly what
the producers put in.

The videodisc was pro-
duced by Joe Kane, who

chairs the Society of Motion
Picture and Television
Engineers (SMPTE) Working
Group on Monitor Calibra-
tion, which is responsible
for setting NTSC standards
for picture quality. The vid-
eodisc was produced in D1,
the 4:2:2 component digi-
tal-video format that is the
most advanced recording
system available for the cur-
rent 525-line video system.
For the highest possible ac-
curacy, most of the audio
test tones were computer
generated by Dolby Labora-
tories, and converted to
analog for the first time at

CIRCLE 16 ON FREE
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the videodisc player.

The disc’s test features in-
clude instructions far ana-
lyzing viewing-device quali-
ty along with specific test
signals for the individual
display parameters that
combine to form a good pic-
ture. Comprehensive cal-
ibration instructions are
provided, along with the
necessary test signals and
video-system calibration
signals. For audio tests,
there are digitally-gener-
ated audio tones and sweep
signals, specific test signals
for digital-to-analog con-
verters; a dynamic-range
tone-level check; frequen-
cy information from 15 Hz to
21 kHz; and instructions on
how to use the test tones.

The videodisc also pro-
vides demonstration fea-
tures concerning the trans-
fer of film to video, analog
and digital video graphics,
electronic video effects and
animation, and reference
pictures for skin-tone and
color fidelity. Audio demon-

continued on page 95
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CABLE CONVERTERS /VEW/

78 Channel Wireless Remote e Remote Fine Tuning e Parental Control
10 dB Amplifier Favorite Channel Memory e Fine Tune Centering
24 MONTH WARRANTY

(#2) with Volume & Mute Control
Last Channel Recali
Audio...Output

* Decoder Loop

10 Lot $79-95

(3-9) $89.95 (1-2) $109.95

e meam—

o $29.95

s $62.95
10 Lot $64-95

(3-9) $69.95 (1-2) $89.95

JERROLD
(#4)

JERROLD - JSX
36 Channels
Fine Tuning
Rebuilt

Ch. 3 Only

90 Day Warranty

10 Lot $5395 (3-9) $34.95 (1-2) $39.95

] MOVIETIME #5)
REPLACEMENT HAND UNITS HAMLIN - 4000
#6 JERROLD-550 | 42 Channels
#7 JERROLD-450 % Fine Tuning
#9 JERROLD-400 | wired Remote or
#10 TEXSCAN
AND MORE

(13-23) $16.95
(2-12) $19.95

(#3)

JERROLD - 450

68 Channels
Automatic Fine Tune
Rebuilt

Ch. 3 Only

90 Day Warranty

(3-9) $63.95 (1-2) $73.95

Set top
Rebuilt
Ch. 2 Only

90 Day Warranty (3- 9) $34.95 {1-2 $39.95

Single Lot $24.95

pPpITg arge LAY ,or ea addittonal converter
v .25 lor ea Hand Uni
BLUE Label an day air: $12.50 Min. + 53 50 'or additional
onverter, or 80 for ea. Hand Uni
RED Labe! 1s| day air: $18.50 Min. + $3.50 Ior additional
converter, or $1.00 for ea. Hand U
Puerto Rico, Hawaii & Alaska add 55.00
No COD Orders will be shipped by Air.
Shipping Charges are not Refundabte.

lasterC o
(O e
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20203 N.E. 15th Court e Miami, FL 33179
FAX: (305) 653-8102

For More Information Call For Orders Only Call |

1-305-652-1981 1-800-843-9845
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EXPAND YOUR CAREER HORIZONS...

- ELECTRONICS -

EDUCATION

OF

TOMORROW

TODAY.

START WITH CIE.
Microprocessor Technology. Sateilite Communications.
Robotics. Wherever you want tc go in electronics...
start first with CIE.

Why CIE? Because we're the leader in teaching
electronics through independent study. Consider this.
We teach over 25,000 students from all over the
United States and in over 70 foreign countries. And
we've been doing it for over 50 years, helping
thousands of men and women get started in
electronics careers.

We offer flexible training to meet your needs.
You can start at the beginner level or, if you already
know something about electronics, you may want to
start at a higher level. But wherever you stari, you
can go as far as you like, You can even earn your
Associate in Applied Science Degree in Electronics:

Let us get you started today. Just call toll-free
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in
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The CIE Microprocessor Trainer helps you to learn how circuits with
microprocessors function in computers.

the handy reply coupon or card below to:
Cleveland Institute of Electronics,
1776 East 17th Street, Cleveland, Ohio 44114,

ARE-148

Cleveland Institute of Electronics, Inc.

1776 East 17th Street  Cleveland, Ohio 44114

[] Please send your independent study catalog.

For your convenience, CIE will try to have a representative
contact you — there is no obligation.

Pririt Name S B I -
Address —_ __ Apt.

City _ - - State _Zip

Age _ Area Code/Phone No.. N I

Check box for G.I. Bill bulletin on Educational Benefits
[] Veteran [] Active Duty MAIL TODAY!

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105)
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SCANNING RECEIVER

SPECTRUM ANALYZER

continued from page 24

continued from page 25

frequency mode. In that mode,
whenever the scanner stops at a
new station, the frequency and
signal strength of the station are
output to the computer. We found
this novel way of searching for new
scanner frequencies to be quite
efficient.

The AR-2515 comes equipped
with a telescopic antenna, DC
power cord, AC adapter, and an
owner’s manual that, while ade-
quate, could be much more infor-
mative. ACE Communications of-
fers several accessories, including
a wide-band amplifier and an ex-
ternal BFO (Beat-Frequency Os-
cillator) for making SSB (Single
SideBand) transmissions intelligi-
ble.

The suggested price of the
AR-2515 scanning communications
receiver is $695. While we certainly
cannot call that inexpensive, we
do feel confident calling it a bar-
gain. R-E

| waveform superposed on it, for
certain settings of the horizontal
spaN. That is because of the tech-
niques used to design the instru-
ment, not because of modulation.

Thus, var span doesn’t really
produce a 0 Hz span, since that
would be a pure monochromatic
tone. The TV waveform containing
the sync puises is really a time-
dependent voltage, whereas the
video spectral peak is a true fre-
quency-dependent amplitude
(voltage or power). If you repeat
for the audio, you’ll see the time-
dependent audio waveform, and
it'll change amplitude and fre-
quency as the sound varies. How-
ever, the presentation, while that
of an oscilloscope, not a spectrum
analyzer, is untriggered and drifts
across the screen.

Horizontal calibration
The horizontal needs to be cali-
brated each time the instrument is

turned on and/or the HORIZ POSI-
TIoN is moved, which can be
somewhat tricky if not done care-
fully. The user tunes a signal peak
onto the center of the graticule,
with the var span knob set to the
CAL position. The user then rotates
the var span knob counterclock-
wise, watching that peak. It'll ex-
pand in width, but should, ideally,
remain centered, and not deflect
to either side.

If it does deflect, then as the var
SPAN is rotated, the user alternates
between the var sraN and HORIZ
POSITION knobs, to recenter the
now-expanding peak. The reason
for alternating between them is
that as the peak expands, it’s max-
imum becomes more difficult to
locate, since the display appears
to be flatter. Thus, rotating each
knob in turn gives greater accuracy

and control, and an opportunity to

maintain a visual reference on the
maximum as the peak changes

shape.
Once completed, with the vak
VAR SPAN set tO ZERO SPAN and the
continued on page 81
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your FREE Heathkit Catalog NOW!
P—

1-800-44-HEATH

(1-800-444-3284)

Name

Surround Sound Processor by

Heathkit

Surround yourself with a vast assortment of kit or ready-to-use electronic products
from the FREE Heathkit Catalog. The Heathkit Catalog contains innovative home
theater components, amateur radio and weather equipment, laptop computers, self-
study electronics courses and challenging starter kits for the first-time builder. Order

Send to: Heath Company, Dept. 020834
Benton Harbor, Michigan 49022

Address

State

Zip

LCin

A subsidiary of Zenith Electronics Corporation
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EARN YOUR

THROUGH HOME STUDY

Our New and Highly Eftective Advanced-Place-
ment Program for experienced Electronic Tech-
nicians grants credit for previous Schoeoling and
Professional Experience, and can greatly re-
duce the time required to complete Program and
reach graduation. No residence schooling re-
quired for qualified Electronic Technicians.
Through this Special Program you can pult all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up-
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years! Write for free Descriptive Lit-
erature.

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING

@ E 4251 CYPRESS DRIVE
E  JACKSON. MISSISSIPP! 39212
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IF YOU'RE LIKE MOST VIDEQ-CAMERA
owners, you’ve built up an inventory
of hours and hours of home video
movies. If you like to show your
movies to others, you’ve undoubtedly
found that even your best friends
won 't sit through an hour-long video
of your son’s first birthday. The solu-
tion is to edit your tapes into groups of
short scenes. The trick is to do it with
professional results.

The problem that arises is how to
make the transitions between scenes
or sources as smoothly as possible,
without visually or a esthetically
disturbing transitions. Our Video
Scene Switcher is the key to smooth
transitions.

In order to switch between video
channels with a minimum of distur-
bance, several technical requirements
must be met:

® Sources must be identical in polar-
ity and type (for example, both NTSC
with negative sync)

® Sources must have the same levels.
That requirement can be met using
gain adjustments.

® Color-burst phase must match in
order to reduce color shifts between
scenes.

® Terminations and impedance
matching must be considered in order
to reduce reflections and **ghosting.”

® The time phases of the sources
must be constant and have a fixed
relationship. The sync pulses must co-
incide both in time of occurrence and
frequency, both vertical and horizon-
tal.

Most of the time there is no prob-
lem in meeting the first four require-
ments, as they are under direct control
of the system opcrator. However, the
last requirement, that the video
sources have sync pulses in phase,
does present a problem. That's be-
cause. when using two separate
VCR’s. a VCR and a camera, or a
VCR and an over-the-air source, there
is generally no relationship between
sync phases.

The term ““genlock™ is used to de-
scribe the act of using a master syn-

VIDEO

SCENE SWITCHER

Make your next transition a smooth one'

WILLIAM SHEETS and RUDOLF F. GRAF

ckronization source to control the
sync phase of other sources. Some
video equipment has genlock inputs
but, most of the time, the availability
of two genlocked sources cannot be
relied on.

When the signal source to a video
monitor, TV receiver, or VCR is sud-
denly switched, the synchronizing
circuits of the video device experi-
ence a discontinuity of input, in fre-
quency, phase, or both, depending on

ADER

('l

fauy
Rey

Syug,
May

the moment of switch-
ing in most instances. If, by chance,
the vertical and horizontal sync pulses
of both sources are coincident in time
(in phase) at the moment of switch-
ing, there will be no noticeable distur-
bance. If, however. they are not (the
usual case), a momentary loss of syn-
chronization will occur. Depending
cn the characteristics of the sync sys-
tem in the video device in use. a mo-
mentary flicker, jump, tear, or roll will
cceur in the picture—it's objectiona-
tle, esthetically unpleasant, gives an

WWW americanradiohistorv com

“amateur” look to a program, and
should be eliminated.

A common way to deal with the
problem is to fade to balck, or some
other level. During this interval,
switching takes place, and since the
screen is black, no transient effects
are noticed. After a predetermined
time, the new video is switched in and
then the fade from black to program is
performed.

There are other methods that can be

WIPE  pa
Makyay

';, SPEEg

SEL
' @' Oaa
REV |

used. A black-

over can be “‘keyed” irtc the pictare;
for example, a black over can be
wiped across the picture, much like a
curtain, either horizontally or ver-
tically, or both (diagonally). A black-
over can also be broken up like a
series of vertical or horizontal strips
that gradually enlarge, covering the
picture with the effect of a Venetian
blind. By doing that vertically and
horizontally at the same time, black
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dots appear in the picture that expand
1 s1ze to first overlap and then com-
pletely obscure the picture. Figare |
shows those patterns.

The actof “keying™ is actually vid-
eo switching using waveforms that are
tied to the sync pulses or other picture
elements, such as the luminance level
(luminance keying) or chroma level
(chrominance keying). By producing
such wavetorms, a great variety of
switching and special effects can be
produced. Nate that the effects are
periormed steadily on the video, and
that the sync pulses must renzair un-
altered during the switching process.

For wipes, keying, or other switch-
ing between two sources without an
intermediate fude, the two sources
must be genlocked or synchronous.
There is no casy way around that, save
for a large video buffer memory. or

h

FIG. 1—YARIOUS FADES, WIPES, AND EFFECTS can be keyed into the picture. You dcn’t
have to stick to simple horizontal or vertical fades, as complex fades are also possible;
see how Danny disappears n a, b, and c. A diagonai wipe from regular video to effects
video is shown in d, expanding vertical bars “consume” the picture in e, expanding
diamond-like patterns in f, and g, h, and i show three additional wipe pattems.

some form of synchronizing storage
system. However, that shouldn’t be
considered a serious limitation, since
many fade-to-black techniques have a
pleasing eftect, and they provide a
more defined differentiation between
sCenes.

Basic operation

The Scene Switcher basically con-
sists of two parts, as shown in the
black diagram in Fig. 2. A video
switching system is used to switch in
various video effects, lade levels, and
to select channel | (CHU) or channel 2
(CH2), and a waveform generator is
used to generate keying waveforms to
drive the analog switches ut precisely
timed intervals.

There are two video channels (CHI
and CH2). but we will describe the
operation of only CHI, because the

www americanradiohistorv com

two are identical. Each channel has
two switch-selected inputs, main or
auxiliary, and cach channel is fed to a
splitter cireuit that separates the video
and sync components. Thar way, the
vidco can be processed separately
from the sync. The sync is not pro-
cessed in any way.

The video from CHI fiist passes
through an analog switch (NORMAL
EFFECTS) that either passes it or selects
CHI video that has becn altered by an
external special-effects unit (for ex-
amiple, the Video Pulette described in
the September and October 1987 is-
sues of Radio-Electronics). Since
the video from the special-elfects unit
is inherently synchronous with the
CHI video, direct switching is possi-
ble, and you can wipe the altered
scene over the original one.

Next, the video 1s fed to another



analog switch, the rapestiLECTOR. The
output of that switch 1s either un-
altered video or a DC background
level from the fade level generator,
which 1s variable between black
about zero volts) and white (1 to 1.5
volts). That is determined by the set-
ting of the rape LEvEL control, which
gets its switch signals from the con-
trol pancl and the keving generator.
During a linc-scan mternal, several
switching actions may tuke place.
causing various pattern configura-
tions (o be generated on the monitor
sereen.

Next, the video goes to a switch
network that routes it to cither side of
the tabER control, or selects CHI or
CH2. Both analog switches are driven
by the keying waveform from the key-
ing generator and control pancl:
switching may take place several
times during a line scan, depending
on the eftects desired. The output
from the 1tapER contol is fed to a

summing amplifier, and mixed with
appropriate sync. The system output
is composite video.

The keying generator consists of a
set of sawtooth-wave gencrators.
Syne from CHI or CH2 is fed to a
phase-locked loop, where constant
outputs of 15.74 kHz and 60 Hz are
generated, phase locked to the video
input waveform. Those outputs are
fed to the horizontal and vertical
sawtooth generators.

The generators cach produce two
wavetorms; a sawtooth at cight times
the input frequency and a sawtooth at
the input frequency. The sawtooth
waveforms are fed to a comparator,
whose “trip” level is adjustable. The
sawtooth is compared to the trip level
from the keying control, which may
be manual, or automatic.

When the sawtooth exceeds the trip
level, the comparator switches. Since
the sawtooth level varies syn-
chronously with the horizontal, or

CH1 EFFECTS £ S
INPUT . ol -
CHi \ -0 -0 2

STRIPPED E
VIDEO = o pVIDEQ
L3 SPLITTER ,___l_.»- e
CH1 VIDEO CIRCUIT FADE SELECTOR | o
nllaT i e wi ECTOR FADER
CH SNEG i 'ﬁﬁ‘ H2
9 4l o
h —
= SPLITTER gEL ~1[ OO —ﬁ—o‘h
& o]

CH2 VIDEO I CIRCUIT
INPUT CH2 SYNC
| p—
CH2 SYNC
CH2
STRIPPED (O S
VIDEC
CH2 EFFECTS
INPUT

=

FADE LEVEL FADE
LEVEL

GENERATOR

SYNC TO CUTPUT AMP

vertical, or both sweeps. varying the
trip level causes the comparator to
switch at varying points in either the
horizontal or vertical scan. Theretore,
since the comparator output 1s the
keying wavelorm, we can control the
position of the switching at any desir-
¢d point in cither the horizontal or
vertical scan cycle.

The switching wavelorm is fed to
the control panel and then to the cor-
reet analog switches in the video
channels. Several switching patterns
can be generated. using the X Jor X 8
vertical, the X 1 or X 8 horizontal. or
various combinations.

The circuit features external access
capability to the switch signals and
sync outputs via cmitter followers.
That permits using an external com-
puler or MiCroprocessor to generate
other switching patterns than we have
here, it desired. That 1s lelt as a proj-
cet for the experimenter or compuler
hobbyist.

COMPOSITE
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FIG. 2—THE SCENE SWITCHER BASICALLY CONSISTS OF TWO PARTS, as shown in this
block diagram. A video switching system is used to switch in various video effects, fade
levels, and to select channel 1{CH1) or channel 2 (CH2). A waveform generator is used to
generate keying waveforms to drive the analog switches at precisely timed intervals.
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Circuitry

Duc to the large amount of circuit-
ry, very detailed descriptions of every
circuit will not be given. Only a single
example of each essential block will
be described in detail, since much of
the circuitry is repetitive.

Referring to Fg. 3, video is fed
through Cl and filter RI-C2 (to re-
MOve eXCess noise) to sync-separator
ICI, an LMI88IN; it separates the
horizontal and vertical sync from the
video. Composite horizontal sync
(ncgative-going pulses) appears at pin
I, and is then ted to 1C2-a, the hori-

zontal-delay multivibrator, in which
R5, R6 and C6 determine the period.

The multivibrator produces an 8-
microsecond pulse trigeered by the
leading edge of the synce pulse. The &-
microsccond pulse is used to initiate
another pulse generated by 1C2-b,
which is active only during the line-
scan portion (the video) of the video
waveform. The 1C2-b pulse is used to
gate the video-only component from
the composite video wavetorm (R7,
R8, and C7 set the width of the pulse
at 53 microscconds).

IC3-u and IC3-b perform a similar

function on the vertical sync pulses
from pin 3 of IC1; IC3-a is the delay
and 1C3-b generates a 16-microse-
cond pulse which 1s active during in-
dividual fields of the TV signal. Dur-
g vertical-retrace intervals, it is
desirable not to gate on the composite
video, so horizontal multivibrator
IC2-b is locked out during the ver-
tical-blanking interval, when pin 10 is
low.

Figure 4 shows the sync selector
and PLL block. When syNC SELECT
(pin 2) of IC4 1s high sync 1 selected,
and when 1t’s low syNe 2 is selected.

- _M._ ——
5V R3 R7
BURST . . i
GATE OUT -’—M_l vYYY Vv R8 P
7 rzs  Rg C3 3R35;< 22?( G
3.3K 100 € 10uF | L 6
AAMA- 4(_—4- T 330pF c7
w2 T
& ]5 8 Ja = T4 ls 16 |3 2 y 13 15 . _|—|_
1 1 i
2 T IC2-a 12 IC2-b HORIZ
€ l LMISIN |, 1, CDA528 = B ¥, CDA4528 10 BLANKING
C2 —0 = ——o
470 F L
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68012 f—< R9 Cio . A1 RIZ €
61 & Ra 47K o I 4K xx $
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FIG. 3—SHOWN HERE IS A SYNC SPLITTER. Video is fed to pin 1 of sync-separator IC1.
Composite horizontal sync appears at pin 1, and composite vertical sync appears at pin 3.
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FIG. 4—SYNC SELECTOR AND PLL BLOCK. When pin 2 (sync seLECT) of IC4 is high, sYNC 1
selected, and when it’s low sYNC 2 is selected.
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All resistors are Ya-watt, 10%, un-
less otherwise indicated

R1, R201—680 ohms

R2, R3, R29, R62—-R64, R134, R135,
R127, R128, R140, R141,
R143-R150, R202, R203—10
ohms

R4, R204—680,000 ohms

R5, R7, R205, R207—33,000 ohms

R6, R8, R10, R12, R42, R45, R47,
R49, R206, R208, R210, R212—
25,000 ohms, potentiometer

R9, R11, R32, R33, R36—R40, R52,
R53, R58, R59, R130, R209—
4700 ohms

R15, R17, R21, R23, R28, R30, R31,
R34, R41, R54-R56, R61, R100,
R101, R104, R105, R112, R114,
R118, R123, R124, R138a—-R138f{—
2200 ohms

R16—3900 ohms

R13, R18, R213—3300 ohms

R19, R102, R103, R106, R111,
R120-R122, R136—100,000 ohms

R20, R22—470 ohms

R25—100 ohms

R26, R27, R139a-R139f—330 ohms

R35, R57—5000 ohms, potentiome-
ter

R43, R50, R51—1000 ohms

R44—1 megohm

R46, R48, R113, R116, R119, R126,
R129, R131, R142—10,000 ohms

R60—47,000 ohms

R132—68 ohms

R108, R133—82 ohms

R115, R125—2000 ochms, potentiom-
eter

R110, R117, R137—22,000 ohms

R24—15,000 ohms

Capacitors

C1, C8, C11, C19, C20, C33, C34,

Sync from pin 4 of IC4 is fed to a filter
network (R16. R17. C10, Cl11. C12)
and then to IC5, an [LMI880 PLL.
Components C13, Cl4, R18, and R19
help determine loop parameters: R20.
R21, C22-C24, and LI arc for the
internal oscillator of 1CS operating at
503 kHz: and C19, C20. R22, and
R23 are feedback components.

R24 and Cl6 are vertical-timing
components necessary for correct op-
cration of ICS5, and R25, Ct7, and
CI8 arc supply decoupling compo-
nents. A signal at the horizontal fre-
quency appears across R26. Capaci-
tor C22 is adjusted for lockup with the
SYNC | or sYNC 2 input. The outputs
(pins 12 and 13) arc fed to sawtooth
generator circuits for vertical and
horizontal frequencics. respectively.

The keying circuits are shown in

PARTS LIST

C<£0, C101, C208—0.1 wF, Mylar

C2, C12, C202—470 pF, ceramic
disc

C3, 218, C27, C30, C35, C36, C37,
C38, C41, C47, C50, C203, C307,
C309, C311—10 uF, 16 volts, elec-
trciytic

C4, C5, C13, C15, C17, C32,
Ca3-C45, C48, C49, C101, C102,
C:05, C106, C109-C116, C204,
C205, C302, C303, C305, C306,
€308, C310—0.01 uF, ceramic
disc

C6, £206—330 pF, NPO

C7, C207—0.0022 pF, Mylar

C9, C209—2.2 uF, tantalum

C10 C16, C26, C28—0.047 uF, My-
la-

C14 C42—1 uF, 35 volts, electrolytic

C21=—120 pF, =5%, NPO

C22—3-40 pF, trimmer

C23—22 pF, NPO

C24, C25, C29, C39—0.001 uF, My-
la*

C31—470 pF, NPO

C103—5 pF, NPO

C104, C107—2-18 pF, trimmer

C3(1-—4700 uF, 25 volts, electrolytic

C3(4—2200 wF, 25 volts, electrolytic

Seniconductors

IC1,1C14—LM1881N video sync sep-
atator

IC2 IC3, IC15, 1C16—CD4528B dual
monostable multivibrator

1C4—7400N quad 2-input NAND gate

IC5—LM1800N PLL FM stereo de-
r odulator

IC6, ICO—LM565N PLL IC

IC7, IC10—74C93 4-bit binary coun-
ter

IC8, IC11, IC12—TLO81 wide-band-
width JFET-input op-amp

Fig. 5. There are four circuits—two
for horizontal and two for vertical.
Horizontal square-wave pulses at the
junction of C25 and C26 are differen-
tiated by C25 and R28. Therefore, QI
1s momentarily forward biased during
sync intervals, and C33 is thus dis-
charged through R29. When Q1 s cut
off, C33 charges toward +5 volts
through R30 until discharging again
at the next sync pulse. Q2 and R3l
form an emitter follower to interface

the waveform, which is a sawtooth of

about 1-2 volts at the horizontal fre-
qQUETICY. tO HORIZONTAL PATTERN SELECT
switch, S1.

Vertical sync pulses (very short and
negative-going) are directly inte-
grated by R60 and C42. and DI pro-
vides a discharge path. Emitter-
tollower Q6 and R61 teed S2, the

WwwWwW americanradiohistory com

IC13, IC21, 1C22—LM318N op-amp

IC17-1C20—CD4053B analog multi-
plexer/demultiplexer

IC301—LM7812 12-volt regulator

IC302—LM7805 5-volt regulator

IC303—LM7905 - 5-volt regulator

D1, D100—1N914B diode

D301-D303—1N4007 rectifier diode

Q1-Q3, Q5, Q6, Q101, Q103a-,
Q105—2N3904 NPN transistor

Q4, Q102, Q104a—1—2N3806 PNP
transistor

Other components

L1—2.2 mH caoil

T1—120VAC/24VAC, 500 mA trans-
former

J1-J10—RCA jack

S1-83—SPDT switch

S4, S10, S11—SPST switch

S5-S9—SPDT with center off

Miscellaneous: project case, wire,
line cord, solder, etc.

Note: A partial kit consisting of the
two PC boards and only the
parts that mount on them is
available from North Country
Radio, PO Box 53, Wykagyl Sta-
tion, New Rochelle, NY 10804, for
$137.50. The kit does not contain
any of the parts that mount off
the board, such as the switches,
control potentiometers, RCA
jacks, power supply compo-
nents, project case, etc. A set of
two PC boards is available sepa-
rately for $27.50. Add $2.50 to
either order for postage and
handling. New York residents
must include sales tax.

VERTICAL PATTERN SELLCT switch.

The triangle waves needed to pro-
duce keying wavelorms are obtained
from PLL circuits 1C6, IC7, and IC¥
for horizontal, and IC9, ICI10. and
ICI11 tor vertical. Only the horizontal
circuitry will be discussed, as the two
are similar except for component val-
ues, and their operation is identical.

Horizontal sync is fed through C26
10 an LM3565 PLL. which is biased by
R32 and R33, and supply bypassed
bv C27 and C30 for the =5V lines.
C28 is a loop filter capacitor and C29
suppresses spurious responses. The
VCO frequency at pin 8 is nominally
126 kHz (480 Hz for the vertical cir-
cuit). It is set by R34, R35, and C31.
The VCO output at pin 4 of [C6 is fed
to the pin-8 input of 1C7, a 74C93
four-stage counter. Only three stages

6861 438WIAON

w
~



RADIO-ELECTRONICS

w
-]

p +
fo |5
HORIZ. SYNC ie Lo 047
FROM IC5 i Sl
PIN 13 C26

€33 R3:

122K

HORIZ. =

/ 4 8x HORIZ
FREQ
I£. AAA SAWTOOTHO
Y Rod m
= (43 ”
o 22Ky
5V

= -5V —
SAWTOOTH . st B
GENERATOR T
b3S
FRS(‘]iM LATIK 4K RAMP GENERATOR
3 RAMP
AUTOMATIC 2 R37 R40 C34 = -5V RANGE
FADE/KEY  $47K 47K 14 7 RA5
3 Ic12 25K
2N3904 25K Wy TLOBICP
SPEED R44 =
‘ ,  IMEG 4 +5V
R43 S
4 K< = 5V Rd6
1 _',S.V__j 10K AUTO |

VERT  RS5 C3GF
SynG 22k 0w

o =Y
C3s c39
opF| o0

v
el
(7]
-]

peesd

+5V
-[———0—?1—%——4::] FADE/KEY 25K MAN
- 2 1016 7| 8

MANUAL R47 $3

J KEYING
K $ R48 AUTO/MAN

< IC9
35 7= RB S 47K 1 |mse5
10uF 47K VWA
i 5
= 5V +—eo |-
L
WuF = |12
4 IC10
+8v=—"  74C93
8

gﬂ‘
!

VERT
PATTERN
SELECT

X8v O

Xiv 9 S2 o

2 a6
= R60  VERT SAWTQOTH 2N3904 /&/

47K GEN +5Y
Ca2 R61
o L uF 2.2K
IN9148 i g

FIG. 5—THERE ARE FOUR KEYING CIRCUITS; two for horizontal and two for vertical.

are used to get a divide-by-8. The
divide-by-8 output (IC7 pin 12) is fed
back to IC6 pin 5, the phase detector
input. Therefore, under lock condi-
tions, the VCO frequency at pin 9 will
be 126 kHz (8 X 15.74) and will be a
triangle wave. 1C8 is a buffer ampli-
fier and delivers the triangle wave to
SI.

Potentiometer R49 1s a mixer con-
trol that taps any combination of two

out of the four available wavetforms
(V, 8V, H, and 8H). The resultant pro-
portion can be varied to achieve vari-
ous key patterns. The resulting
wavetorms are fed to comparator IC13
via R50.

1C13 is biased to a threshold by a
DC voltage from S3 and voltage di-
vider R46-RR48, or by a slowly vary-
ing DC voltage from pin 6 of 1CI12, as
selected by S3. The output of ICI3

WWW.americanradiohistorv.com

+5V +5V

KEYING
SIGNAL
WAVEFORM
T0
CONTROL
SWITCHES

5V

feeds Q5 via R52 and R53. The out-
put Q5 is a square wave whose duty
cycle depends on the signals for S3
and R49. Itis used to drive the keying
switches in the video mixer circuit.
We’ll continue next month with
further descriptions of the keying cir-
cuits. Then we’ll move on to con-
struction details and present printed-
circuit patterns, troubleshooting in-
formation, and more. R-E
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IF YOU DESIGN YOUR OWN PROJECTS.
you've probably waded through a sca
of resistors and capacitors, looking

tor one that makes a circuit work; if

not, you’re lucky. Many protessionals
use resistor or capacitor decade boxes
instcad. Suppose the problem is an
op-amp feedback resistor, but you're
not sure. You can substitute the de-
cade box into the circuit. By sctting
ditferent values, you can monitor per-
formance for the right value. Most
resistor versions cost about $100, and
capacitive versions about $200. Ours
costs a fraction of that. and can cither
replace resistors or capacitors, or let
you create a series or parallel RC net-
work.

Resistor substitution
Figure | shows the decade box
schematic. Note that rotary switches

S1-S6 are in series, with the pole of
cach connected to the first position of

the next. As they're rotated over posi-
tions 0-10, an additional resistor gocs
in series. At position 10), the total is
the sum of all resistors connected, and
sero at position 0. Each switch is an

Q@E

DECADE

Tweak your circuits to perfection

using our RC decade box.

increasing power of 10, hence the
term ““decade box™ . So, S1-S6 cover
100 ohms (ten 10-ohm resistors), 1K
(ten 100-ohm resistors). 10K, 100K, |
Megohms, and 10 Megohms; a total
of 11111 Megohms.

Any value can be selected from 10
ohms to I1.1111 Megohms, with a
minimum step of 10 ohms. If you’d
like to have l-ohm steps, use l-ohm
resistors for St, 10-ohm resistors for
S2, 100-ohm resistors for 83, etc., up
to 100K resistors for S6, for a total of
[T Megohms in I-ohm incre-
ments. All resistors must be 1% toler-
ance, and fuse Fl provides current
protection. The worst case in terms of
power dissipation occurs with a single
YVa-watt 10-ohm resistor, shown in Fig.
2. I more than one resistor is used,
power-handling capability increases
by 250 mW times the number of sc-
ries resistors, so five Ya-watt versions
will handle 1.25 watts.

Capacitor substitution

The capacitor scction of the RC
decade box connects all selected ca-
pacitors in parallel, since capacitors
in parallel add in value. The ranges of

www americanradiohistory com
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switches S7-S12 decrease in order of
magnitude by a factor of 10, as the
switch number incrcases; the total
range is 100 wF-10 pE Anopen termi-
nal on cach switch (position 0) pro-
vides a way to eliminate the capacitor
for that switch from the parallel com-
bination, so that a parallel combina-
tion of up to six capacitors can be
selected.

Suppose that an LC tank oscillator
has a known resonant frequency with
2 0.022 wF capacitor in place. Since
the resonant frequency of an LL.C tank
is: f=1/2nVLC, then [ is inverscly
proportional to the square root of both
Land C. il youset S9100.022 pwFand
turn S10 to 0.0015 pF the total capac-
itance 1s 0.0235 pFE which isn’t a
sufticient difference to cause a change
in frequency. Turning S10 to 0.0022
wF gives a total capacitance of 0.0242
pE which is sufficient to decreases
the oscillator frequency.

Thus, the upper capacitance value
the oscillator can tolerate and which
is within the resolution of the decade
box to provide is 0.0235 pF, 5%
above 0.022 pE To find the lower
capacitance limit. set 89 to the 0.015

6861 H3IGW3AON
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25 5 15 10 12.5

R 1062

P - 250mwW
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15 175 20 225 25

FIG. 2—CURRENT VS VOLTAGE CURVE for Ys-watt resistor dissipating 250 mW.

prE and decreasce S10 now, instead of
increasing it as before. Individual ca-
pacitor tolerances determine the ac-
curacy of the capacitive section, just
like for the resistive section. The pro-
totype capacitors were selected using
A capacitance meter; usc only 5-10%
tolerance or better.

If you can’t find a specific value,
combine two or three capacitors in
parallel until you get close enough to
the right value. You should stay away
from ceramic disks. Many catalogs
list ceramic disks at 10% tolerance,
which isn’t really bad, oreven 20% or
+ 80%—— 20% of rated value. If you
don’t use a capacitance meter, you'll
never be sure you’'re using the right
values. The best are silver mica, poly-
propelyne, metallized polyester, or
military ceramic; all have 5% toler-
ance, and some 2% or better.

Finding 2.2-100 pF nonpolarized
electrolytics can be somewhat ditfi-
cult. Since you may not be able to

guarantec that onc tcrminal on the
decade box will always be positive
and the other always negative, you
need to use them in order to prevent
the possibility of damage. If you can’t

find them, make your own from polar-
ized versions; Fig. 3 shows how. The
diodes you use depend on the power
you want the decade box to be able to
handle; for small-signal, you should
use something like a IN4148: for
higher power, you should usc a
IN4001. Electrolytics have poor toler-
ances, 50% variation being common,
so be careful. Those used in the pro-
totype were within 10%.

Filter networks

In addition to variable resistance or
capacitance values, our decade box
can configure RC networks using

D C1
e
— ~— —
c2 D2

I( |
+|\ Lt

FIG. 3—CREATE A NONPOLARIZED ca-
pacitor from two polarized types, using
1N4148 diodes for small-signal purposes,
and 1N4001 rectifiers for higher power.

FIG. 4—THE VARIOUS CONFIGURATIONS are set using $13: (a) resistor only and (b)
capacitor only (both in position ric); (c) series RC (position seR); (d) paraliel RC (position
PAR); () Low-Pass Filter (position LpF); and (f) High-Pass Filter (position npe). The terminal
numbers listed are those of binding-posts BP1-BP6.

TABLE 1—DECABOX TERMINAL CONNECTIONS

Configuration $13 Position IN/GND OUT/GND
Resistance R/C IN: BP1 OUT: BP2
Capacitance R/C IN:  BP5 OUT: BP6
Series RC SER IN:  BP1 OUT: BP6
Parallel RC PAR IN:  BP1 OUT: BP6
Low Pass Filter LPF IN:  BP1 OUT: BP6
(Integrator) GND: BP3 GND: BP4
High Pass Filter HPF IN: BP6 OUT: BP1
(Differentiator) GND: BP3 GND: BP4

WWW americanradiohistorv com

S13, as in shown Fig. 4. The listing of
which terminals correspond to what
function appears in Table 1. The dit-
ferent filter functions are as follows:
® Position r/C (Fig. 4-«) is pure resis-
tance or capacitance mode. The resis-
tance is between binding-posts BPI
and BP2, the capacitance between
binding-posts 5 and 6.

® Position ser (Fig. 4-b) selects a se-
riecs RC network between BPL and
BP6.

® Position par (Fig. 4-¢) sclects a par-
allel RC network between BPl and
BP6.

6861 HIGWIAON
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All resistors are Ys-watt, 1%.

R1-R10—10 ohm

R11-R20—100 ohm

R21-R30—1000 ohm

R31-R40—10,000 ohm

R41-R50—100,000 ohm

R51-R60—1 megohms

Capacitors, nonpolarized
electrolytics, 10%.

C1—100 pF

C2—47 nF

C3—33 pF

C4-—22 nF

C5—10 pF

C6—6.8 uF

C7—4.7 pF

C8—3.3 uF

C9—2.2 uF

Capacitors; military ceramic, 5%

. C10—1 pF

C11—0.82 pF

C12—0.68 pF

C13—0.56 pF

C14—0.47 pF

C15—0.39 pF

C16—0.33 pF

b<—l‘/-”——>?<—‘l e I e e

PARTS LIST

C17—0.22 pF
C18—0.15 pF
C19—0.1 pF
C20—0.082 uF
C21—0.068 pF
C22—0.056 pF
C23—0.047 uF
C24—0.039 pF
C25—0.033 uF
C26—0.022 pF
C27—0.015 pF
C28—0.01 pF
C29—0.0082 pF
C30—0.0068 uF
C31—0.0056 uF
C32—0.0047 pF
C33--0.0039 pF
C34—0.0033 uF
C35—0.0022 nF
C36—0.0015 pF
C37—1000 pF
C38—820 pF
C39—680 pF
C40—560 pF
C41-—470 pF
C42—390 pF

1Y —»'

OO0

ALL HOLES "42- INCH

-— | —-‘4 2 —>T<—’,_

4>‘<» 2" — v>|¢—— 1" — ‘

FIG. 5—WHEN YOU DRILL THESE HOLES, make sure the drill bit dosen’t wander or the
hotes won’t perfectly line up.
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C43—330 pF

C44—220 pF

C45—150 pF

C46—100 pF

C47—82 pF

C48-—68 pF

C49—56 pF

C50—47 pF

C51-—39 pF

C52—33 pF

C53—22 pF

C54—15 pF

C55—10 pF

Other components:

S$1-S12—SP12P rotary switch, Radio
Shack 275-1385

S13—2P6P rotary switch. Radio
Shack 275-1386

BP1-BP6—nylon binding posts, Ra-
dio Shack 274-662

F1—125 mA fuse

Miscellaneous: Panel-mount fuse
holder (Radio Shack 270-362), un-
drilled case (GC Etlectronics
B-00210BG-BR), knobs (Radio
Shack 274-416), 20—-22-gauge sol-
id hookup wire.

Notes: A complete kit of parts with
all resistors, capacitors, switch-
es, binding posts, fuse hoider,
hookup wire, case, and knobs is
available from Tristat Elec-
tronics, 66A Brockington Cres,
Nepean, Ontario Canada, K2C
5L1. Please specify the range of
resistors and the wattage rating
desired, whether Y-, Y-, or 1-
watt versions. Kits are $110.00
with Ys-watt resistors, $120.00
with %-watt resistors, and
$130.00 with 1-watt resistors,
with an additional $7.00 sor
shipping/handling. US funds,
please.

® Position 1rF (Fg. 3-d) selects an
RC Low-Pass Filter (LPF) or inte-
grator, with input between BPI (sig-
nal) and BP3 (ground), and output
between BPO (signal) and BP4
ground).

® Position npeF (Fig. 4-¢) creates an
RC fhgh-Pass Filter (HPF) or dit-
ferentiator, with input between BP6
(signal) and BP3 (ground), and out-
put between BPI (signal) and BP4
(ground).

Construction
Keep wiring and component leads
as short as possible. Long wires only
continued on page 79



BUIBDEREIS:

THERE 1S NOTHING MORE FRUSTRATING
than not knowing where you are go-
ing. Consider ancient mariners, ner-
vously navigating mysterious waters,
unsure of what lay ahead in their
travels. They soon learned to read the
heavens and were eventually assisted
by the mysterious powers of the navi-
gational compass. Now consider the
modern mobile robot, unsure of
where it is going, anxiously prodding
with tactile sensors and acoustic rang-
ing equipment. It, too, is a little re-
lieved by the information contained in
its compass system. All of us have
probably experienced the utility of a
delicately balanced magnetic needle,
carefully suspended on a cork floating
in water—a most typical compass ex-

periment from our grammar school
days.

Of course modern technology has
overshadowed our first experience
with the compass. The compass de-
sign met a major milestone when the
gyro-stabilized remote-indicating
compass was introduced during
World War Il. Suddenly, navigation
was automated, frecing the pilot from
routine maneuvering. But modern
technology has further improved on
that massive electro-mechanical de-
vice. and now there are new, afford-
able alternatives for your next robotic
project.

We introduce our Digi-Compass
project. Actually it’s a Radio Shack
electronic flux-gate compass, intend-

IE-ONIME £31 IONEE by Thoam E. Blacy

N

GI-COMPASS

ced for automobile use, with added
circuitry that provides it with an out-
put that can be fed dircctly into a
personal computer. That makes it
suitable for applications such as a
computer-controlled model airplane,
an automobile navigation assistant, or
a video camera that intelligently films
your journey.

Magnetohydrodynamics

The iron-nickel core of our planet
generates a weak magnetic field. The
phenomenon is due to a large moving
and highly conductive liquid mass in
Earth’s core. The study of magne-
tohydrodynamics (MHD) suggests
that by applying an electrical current
under those conditions, a magnetic

Is your house rotating...what about your computer?

THOMAS E. BLACK

www.americanradiohistorv.com
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field is produced (conversely, apply-
ing a magnetic field will produce an
clectrical current). The magnetic field
is what causes compasses to point
North.

It should be noted that magnetic
North is somewhat ditferent than true
North (due to what’s called magnetic
declination), and it may even wander
overtime. It is also dependent on your
geographical location. You can deter-
mine the difference between magnetic
North and true North by consulting a
US Geological Survey (USGS) to-
pographical map. True declination is
computed as:

(Map-indicated declination + (an-
nual drift rate X (current date —
mappublish date)))

There 1s also a magnetic inclina-
tion, which is the vertical component
of Earth’s magnetic field. Compass
accuracy can be severely affected by
its horizontal position, so it is impor-
tant to keep your compass as level as
possible.

Flux-gate magnetometer

There are a number of different
methods used in modern solid-state
compasses, but one of the most prac-
tical is the flux-gate magnetomerer.
Although the difficulties in building
such a device have eliminated by inte-
grating an off-the-shelf flux-gate au-
tomotive compass into the Digi-
Compass, we will discuss the theory
behind the device.

Many magnetic materials exhibit
linear magnetization up to a certain
flux level. At that point they saturate
and lose their magnetic propertics.

>
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FIG. 1—A TYPICAL FLUX-GATE magne-
tometer is constructed by wrapping con-
trol, sine, and cosine windings on a
toroidial core.

Unsaturated magnetic material will
pull in magnetic flux lines, whereas
saturated material will not (it com-
pletely ignores magnetic fields). So,
if you gate Earth’s magnetic fields
into and out of saturation, they will
alternately be concentrated and ig-
nored. If you place a sense winding
near your magnetic material, you can
measure the strength of Earth’s fields
entering or leaving the material. The
magnitude of the signal is propor-
tional to the Earth’s field strength
along the axis that has been sensed.

As shown in Fig. 1, a typical flux-
gate magnetometer is constructed by
carcfully wrapping control, sine, and
cosine windings on a toroidial core (a
donut-shaped core made of iron parti-
cles). The sine and cosine windings
give us quadrature outputs, which are
analog outputs that are separated by
90 degrees. The toroidial core must be
carefully chosen for the proper
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FIG. 2—INSIDE THE FLUX-GATE COMPASS, the sine and cosine voltage outputs are used

to steer an air-core resolver.
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*square” saturation curve. The com-
bination of materials and winding di-
rection prevent the drive current that
is induced into the saturation-control
winding from being picked up by the
sense windings. External circuitry
also protects against that condition,
which would cause measurement er-
rors. Extra windings and circuitry can
be added to minimize magnetic in-
clination—bulky gyro mechanisms
contain a similar feature.

The two quadrature signals pick up
magnetic pulses that are related to the
sine and cosine of the surrounding
magnetic fields. External circuitry
switches the control winding on and
off at a low frequency, and the result-
ing ratios of the integrated sine and
cosine output voltages provide the
data necessary to interpret direction.

Inside the flux-gate compass, the
sine and cosine voltage outputs are
used to steer an air-core resolver (see
Fig. 2). The resolver consists of a
pointer and magnet, both attached to a
freely rotating axle. Surrounding the
magnet are two coils oriented at right
angles with one another. The magnet
will align itself with the vector sum of
the two magnetic fields generated by
the coils, which is a direct product of
the currents applied to them. There-
fore, by varying both the polarity and
magnitude of the coil voltages, the
axle assembly can be made to rotate a
full 360 degrees.

The compass was intended to be
mounted in a environment with some
vibration (car, boat, etc.) to aid the
movement, as it tends to stick. While
sitting on your workbench, the com-
pass may have to be tapped occasion-
ally while moving the sensor.
Fortunately, our digital interface ig-
nores the position of the electro-me-
chanical movement, so it does not
suffer from that mechanical problem.

Digi-compass interface

Because the Digi-Compass must
have as universal a computer interface
as possible, it is designed to be used
with an IBM PC or compatible, and
communication to the compass oc-
curs through the standard LPTI,
LPT2, or LPT3 printer ports. The
software is provided as a learning
tool, and it would not be difficult to
adapt the Digi-Compass to any com-
puter that has four available 1/0 lines.
The two programs available for the
Digi-Compass provide both a graphic
display of compass direction as well
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FIG. 3—SCHEMATIC OF THE DIGITAL-COMPASS INTERFACE. Two signals taken from the
compass (cos and sin) are use to generate direction-related data, which is then fed into a

computer.

as a simple text-only display of direc-
tional degrees (from 0 to 360).

The interface circuitry used to
monitor the compass’s output is rather
simple. All that is required 1s an Ana-
log-to-Digital Converter (ADC) for
each compass output. To keep the
cost down, only one eight-bit ADC is
used, and it is multiplexed between
the two outputs. The eight-bit resolu-
tion of the ADC is adequate for the
chosen off-the-shelt compass, and it
provides more than two degrees of
resolution. In order to use a standard
IBM-compatible printer port with its
limited /O lines, a serial ADC that
needs only four /O lines was used
(twice as many would be required on a
typical cight-bit ADC).

As shown by the interface sche-
matic in Fig. 3, the printer port is
connected to the Digi-Compass inter-
face circuitry by tour opto-couplers.
They provide some isolation between
the computer and the compass but,
most significantly. provide a high de-
gree of noise immunity on long cable
distances, which can typically exceed
25 feet.

The cos/sin control line is used to
switch between the sine (Y) and the
cosine (X) compass output voltages.
Wher the control line is high, the
cosine voltages are available to the
ADC, and when it is low the sine
voltages are available.

With cossin high (cosine maode),
the analog switch ICl-¢ 1s on and IC1-
ais off. Op-amp IC2-a is a used as an
inverter—a somewhat abstract use for
the device. The cosine voltage from
the compass is attenuated by R8 and
R10 before being passed by ICl-a. It
is important to limit the compass volt-
ages to less than S-volts DC, or lin-
carity will sufTer. When cos/sin is low
(sine mode), ICl-¢ is off and IC1-u is
on, and attenuation is provided by
R12 and R13.

Gain control over the switched sig-
nal is provided by [C2-b before it is
passed to 1C3 (the TLC548 ADC),
and it sets the minimum voltage ap-
plied to 1C3. However, 1C3 could be
damaged it the analog input voltage
exceeds Ve +0.3 volts DC, but by
using 6.8-volts DC to power the op-
amp we have avoided the condition.

wWWw americanradiohistorv com

The LM324 op-amp’s output can
swing only to Vg — 1.5-volts DC, so
as long as Vgp remains at or below
6.8 volts, no trouble will arisc. The
LM324 output can also go as low as O
volts, a must for extending the dy-
namic range ol the input. Be fore-
warned; other op-amps will behave
differently, so be sure to observe that
requirement.

As mentioned before, the ADC is a
serial device. That means that the
data. which is in single-bit form, is
presented to the host computer over a
series ol host-provided clock cycles.
[t is up to the host to repack the data
bits into byte torm, a process that is
performed in software. There are con-
siderable hardware advantages to
using that type of device. but such
ADC’s are not uscful in high-speed
applications due to the overhead in
handling their data output.

The ADC (IC3) requires two reler-
ence voltages, a clock, and a select
line. The two reference-voltage inputs
sct the analog input thresholds that
result in minimum and maximuam dig-
ital outputs (0 to 255 decimal). As we
will see during calibration, R17 and
RI18 are adjusted to sct those limits.
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FIG. 4—THE RS-232 MODULAR JACK ADAPTER is wired as shown here. The capacitdr

will fit inside of the adapter.

The host then scales the digital num-
bers into meaningful units such as
“volts,” but that doesn’t involve the
Digi-Compass.

Conversion of the input voltage is
initiated when the ADC’s active-low
cs line (chip select) goes low. The
ADC then waits for two rising edges
and then one fulling edge of the cLk
line before recognizing the cs
condition (the delay debounces the cs
input).

The most-significant bit (D7) then
appears on the ADC’s paTa ouTrut
linc. The next seven clock pulses shift
out the remaining bits, highest to
lowest. The computer controls the
clock and select line through one of
the LPT printer ports, as we men-
tioned previously.

It is important to note that the data
shifted out represents the voltage that
was latched during the previous con-
version. On the fourth falling edge of
the clock the ADC samples the input
voltage. which is not available until
the next acquisition. That is not a
problem if you continuously access
the ADC, but in an input multiplexing
mode such as that used in the Digi-
Compass, you must always read the
ADC twice, throwing out the first
measureiment.

In ideal applications, the TLC548
can provide conversions in less than
25 microseconds. However, in this
project, acquisition is deliberately
much longer due to limited band-
width of the opto-couplers.

Construction

The Digi-Compass interface is suit-
able for pertboard construction using
point-to-point wiring techniques. The
prototype is mounted in a plastic en-
closure (metal could affect the flux-
gate sensor), which is attached to the
bottom of the compass and serves as a
basc. If you mount the interface scpa-
rately from the compass, use shiclded
wiring and keep the cable as short as
possible.

If you intend to operate the inter-
face board more than ten feet from
your computer, you should mount [C5
and R20 at the computer end, perhaps
inside of the DB-25’s housing. That
may not be necessary, depending on
the environment the cable will be in.

Be sure to use sockets on the IC’s
Jjust in case you nced to replace one
later. The voltage regulator does not
need a heatsink, and a 6.8-volt Zener
diode can be used instead of the 6.2-
volt Zener (D2) and IN4001 diode
(DI) combination shown. Just make
sure that you use a 12-volt DC power
supply that can deliver at least 750
mA.

Connecting the interface involves
dismantling the compass. Inserting a
coin or a masking-taped screwdriver
blade into the left and right sides of
the bezel’s groove and carefully twist-
ing will allow the bezel to pop oft. Of
course you have just violated the com-
pass’s warranty, so be sure that it
works correctly before you dismantle
it. Remember that you are on your

WWW.americanradiohistorv.com

own once you take the compass apart.

Once inside the compass, find the
8-pin DIP IC (IC2 in Fig. 2) on the
bezel-mounted circuit board marked
“JRC3415 or “NIM3415” (R23 is
right next to it on the PC board). Pin 7
of that IC is the cos siG output and pin
I'is the sINsIG output. Solder a labeled
10-inch 26 AWG wire to each pin, and
trim as necessary.

Find the 3-pin power connector at
the rear of the horizontal PC board.
Solder a 22AWG wire for + 12-volts
DC and one for ground directly to the
pins—+12 is the middle pin and
ground is the one toward the center of
the circuit board (ignore the outer un-
used pin). You can double check for
+ 12 and ground, as well as continuity
in the newly installed power wires by
temporarily plugging in the compass’s
factory cigarette-lighter plug and ver-
ifying proper voltages. Now you can
remove the cigarette-lighter plug and
throw 1t in your junkbox.

Pass the four new wires out of the
compass cabinet through one of the
vents on the bottom. Re-assemble the
compass, being carcful not to crush
any wires. Temporarily connect + 12
volts to the new power wires, and ver-

PARTS LIST

All resistors are Ys-watt, 5%, un-
less otherwise specified.

R1-R3, R21—150 ohms

R4-R8, R10-R13, R20—1000 ohms

R9, R14—22,000 ohms

R15, R19—10,000 ohms

R22—270 ohms, 1/2 watt, 10%

R16-R18—10,000 ohms, 15-turn
trimmer potentiometer

Capacitors

C1-C3, C5—10p.F, 16 volts, Tantalum

C4—100pF, 35 volts, electrolytic

C6—470pF

Semiconductors

IC1—CD4066 quad switch

IC2—LM324 quad op-amp

IC3—TLC548 serial ADC

IC4—LM7805 5-volt regulator

IC5-IC8—MCT2E opto coupler

Q1—2N2222 NPN transistor

D1—1N4001 1-amp, 50-volt diode
(see text)

D2—6.2-volt, 1-watt Zener diode (see
text)

Other components

J1—DB25 modular-jack adapter

F1—3%4-amp fuse

Miscellaneous: Plastic cabinet (pro-
totype used 4 x 2%s x 1%s inches),
12 VDC 1A power supply, Micronta
high-accuracy auto compass, wire,
sockets, perfboard, etc.



ify that both the sine and cosine out-
puts vary from about 1.5-7.5 volts as
you move the sensor in different direc-
tions. Do not allow the two outputs to
touch each other, power, or ground,
and don’t be concerned if your com-
sass doesn’t quite reach the men-
ioned voltages; they may be within a
olt or two.

The DB-25 connector used for the
rototype is actually an R§-232 mod-
lar jack adapter; its a male DB-25
onnector on one side, and a 6-pin
hone jack on the other. The DB-25
ide plugs into your computer, and a
-pin phone cord plugs into the jack
1e; the other end of the phone cord

wired to the interface circuitry. The

green wire is used for + 12, the yellow
wire 1s ground, and the other four are
for cos/sIN, CcLK, DATA, and SeEL. The
prototype’s color coding is shown in
Fig. 4, but it doesn’t matter as long as
you connect the proper points in the
interface circuitry to the proper pins
of the DB-25 connector. A pho-
tograph of the finished adapter is
shown inFig. 5. Don’t forget to install
the 470uF capacitor (C6) inside the
adapter.

Software

Software is supplied in both com-
piled and ASCII text source code
forms, and it is available for free as an
archive file (coMpass.Arc) on the RE-
BBS (516) 293-2283. The source
code should provide sufficient exam-
ples as to the methods used to access
and convert the Digi-Compass data.
Because of the graphics code in
COMPASS.C, you may find the simpler
TEXTCOMP.C source much easier to
read. The two programs are meant to
get you started in developing your
own applications.

There is a graphics-based program
and onc that relies strictly on text out-
put. As shown in Fig. 6, COMPASS EXE
produces a likeness of a handheld
compass. The program requires an
EGA graphics adapter and monitor,
or a CGA adapter that can display the
CGA high-resolution monochrome
mode.

There arc some clever features in-
cluded in compass EXE. On startup,
the program will attempt to automat-
ically choose the printer port by exer-
cising all of the BIOS configured LPT
ports. If a properly operating compass
is found, the respective printer port is
selected. You can skip that feature by
including ““LPTI1,” *‘LPT2,” or

X:000 VY:25%
fingle: 315
Mode: D
Aves: 4
Port: LPT2

D181 -COWPASS TEST SCREEN by Thonas E. Black

FIG. 6—THIS IS WHAT YOUR COMPUTER’S SCREEN will look like when operating the

digital compass.

*“LPT3” as the only argument to the
program. Be sure to input a port name
that is installed in your computer, or
the program will not cxecute (appro-
priate error mcssages are echoed).
Standard command-line syntax is:
COMPASS LPTn, where **n” is the
printer port desired (1, 2, or 3).

The data display in COMPASS. EXt:
provides current acquisition informa-
tion. The X and Y values indicate the
digitized cosine and sine values from
the compass interface. The “‘angle”
value is the number of degrees from
North in the clockwise direction. It is
interesting to note that North is both 0
and 360 compass degrees, depending
on your heading.

The “mode’ value shows when
you are in the Digital, Analog or Both
mode; it can be changed by pushing
the “D,” “A.” or “B” keys. The
digital modec is the default and it plots

=

A
=y
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B

Bity el €

- ave 8%

L2

14

FIG. 5>—HERE’S WHAT THE INSIDE of the
adapter looks like.
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the compass needle using geometry
based on the X and Y values. It shows
compass direction in the form of a
pivoting compass necdle. The analog
mode is capable of displaying both
direction and magnitude of Earth’s
magnetic fields. While in the analog
mode, if you rotate the flux-gate sen-
sor oft the horizontal plane you will
see the compass necdle length shrink
and grow. The longer the needle
length, the greater the magnetic field.

There is considerable loss in ac-
curacy while in the analog mode due
to the software method in plotting the
necdle. The analog mode converts the
X and Y values to Cartesian coordi-
nates based on fixed center. The ac-
curacy of the analog mode is only fair
at best, but could be improved by
optimizing the code. The angle value
and the digital mode’s compass nee-
dle are displayed with accuracy that
exceeds the compass’s electro-me-
chanical movement. You can display
both the digital and analog ncedles at
the same time while in the Both
mode.

The number of data acquisition
averages can be changed by pushing
the > keys. When the average is at
the minimum value of zero, the X, Y,
and angle values will be somewhat
unstcady. The values become in-
creasingly more stable as you move to
the maximum of thirty-one, but ac-
quisition time will be very slow. The
default of four is fine for most of the
applications.

continued on page 82
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BRIAN PHELPS*

When servicing CD players, you need a good understanding of
CD operation and basic troubleshooting ability.
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THE CONTEST BETWEEN COMPACT DISK
(CCD) players and phonographs is
headed in the same direction as cas-
scttes and 8-tracks. The quality, ver-
satility, and simpticity of CD’s make
them ideal for audio. First introduced
in 1983, CD growth has been com-
parable to that tor VCR’s, and all mar-
Ket indicators point to continued
success. Lower prices and availability
of disks has sparked a sales boom
since 1985. With the large number in
use, service shops need repair tech-
niques. This article will examine CD
basics, key stages to analyze, and test
instruments.

CD basics

Discs are single-sided, store about
70 minutes of stereo audio, are played
from the underside, and are read
using laser pickups. Tracks begin
near the disc center, and move out-
ward as a program plays. The infor-
mation is recorded as microscopic
surfuce variations (pits and flats) rep-
resenting Pulse Code Modulation
(PCM) audio, sync, and 1) informa-
tion. Audio 1s sampled at 44.1 kHz.
Each sample undergoes 16-bit A/D
conversion, giving a theorctical 98
dB dynamic range (most manufuc-
turers claim 90-95 dB).

A CD player’s laser pickup is never
in physical contact with the disc, giv-
ing extreme accuracy, and no deterio-
ration or mechanical noise as with
records. The CI player carries scpa-
rate stereo channels, but interlaced on
a single track changing at fixed time
intervats. The CD kecps step with
those changes, and maintains high in-

*Brian Phelps is a technical writer for Sencore
Electronics.



Type

TABLE 1—SENCORE RECOMMENDED CD TEST EQUIPMENT

Requirements

Sencore Gear

f Tests

Dual Trace Scope

Frequency Counter

Bandwidth: DC-60 MHz
Sensitivity: 50 mV

SC61 Waveform
Analyzer

Clocks, Counters, D/A
Converters, Audio, Power
Supplies, Laser Diode, PLL's

Range: E_SO MHz
Sensitivity: 20 mV

FC71 Frequency
Counter

SC61 Waveform
Analyzer

C—I-c;(—:ks, PLL's, Oscillators

Audio Tester

Frequency: 0-15 kHz, variable
Amplitude: 0-3 V

SG80 Stereo Generator
VAG2A Video Analyzer

For audio injection

Digital Voltmeter

Amplitude: 100 mV-1 kV DC

DVM37. DVM65A

Power Supplies, Sled Drive,

Sensitivity: 1 mV
Accuracy: .5%

Voltmeters

Resistance, Signal Amplitude

AC Leakage Tester

500 UA capability

PR578 “Powerite”

Isolation Transformer

To test for AC line leakage to
metal case

Audio Tester Line level

PA81 Stereo Analyzer

To monitor quality and level of
line outputs, and test audio
stages

Variac

variable with line monitor

PA57 “Powerite”

Isolation Transformer

Power supply troubleshooting
and providing isolation

=

LASER 1 _
POWER

LASER L“*_r MOTOR
CONTROL SERVO
—

=N N LA
| NN
s NSRS [

T\
‘ PICKUP
SUPPLY K S

b e L _

\ ir FRONT

K‘;J PANEL
~ L CONTROLS

S |

SIGNAL W
PROCESSOR
r_\ - I
— : —|
SYSTEM
CONTROL

MICROPROCESSOR

11

FIG.1—USE A UNIVERSAL BLOCK DIAGRAM whenever troubleshooting, whether you're

working on a CD player, VCR, or TV.

terchannel isolation above 90 dB. The
optical pickup is focused on the disc
surtace by an objective lens, which is
part of the pickup assembly.

As a disc is played, the beam fol-
lows the track by a scrvo-operated
pickup motor. There are two basic
pickup types; in one, the optics are

mounted at the end of a rotating arm
that moves from the center of the disc
to the edge. In the other, a motor-
driven slide or sled assembly is used.
The output from the low-power laser
diode is focused on the disc surface by
the objective lens. Reflected light
tfrom the surtace variations (low for

www americanradiohistory com

pits, high tor flats) passes through the
optics into infrared photodiodes. The
photodiode signal is what is then used
to reproduce the original audio.

Tracking

Two error-signal sub-bcams are
produced by routing the laser through
a glass diffraction grating ahead of
and behind the main beam. After re-
Hection from the disc, cach is routed
through the optics to photodetector
diodes. The cerror signal from the two
sub-beams i1s converted into an elec-
trical signal and fed to an crror-signal
amplifier. It the disc tracking is pre-
cise. the crror-signal amplifier output
is zero. The slightest radial tracking
error causes the input differential be-
tween the right and left error signals
to produce an output, fed to the radial-
tracking servo. That moves the object
lens in order to correct the main-beam
position.

Signal processing
Figure 1 shows a typical CD-player
block diagram. The laser is applied to
the disc optically. and reflected into
photodiode detectors to produce au-
dio, tracking, and focus signals. The
continued on page 82
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INDUCED N-CHANNEL
\  GATE METAL ELECTRODE
SOURCE (P o/

DRAIN
—1

~INSULATION
SILICON DIOXIDE)

P-SUBSTRATE
T
—— i —

a

DRAIN
GATE

b O SOURCE

FIG. 1—IN a, AN N-CHANNEL E-MOSFET
is shown. The channel must be enhanced
with N-type charge carriers to turn the
transistor on. The “symbol for the E-
MOSFET (b) shows broken lines between
the source and drain, indicating that the
transistor is normally off.

CMOS BILATERAL SWITCHES CAN BE RE-
garded as Single Pole Single Throw
(SPST) clectronic switches. The
toughest thing about bilateral switch-
¢s is learning how and when to use
them. And that’s exactly what we’re
going to show you. Becausc. even
though they function like mechanical
switches, the differences between the
two are many.

Conventional toggle switches have
obvious limitations when it comes o
high-speed switching. For example,
the metal contacts within a switch
tend to bounce for a millisecond or
two before making a solid electrical
conncection, introducing glitches into
digital circuits and pops into audio
circuits. But don’t throw out your me-
chanical switches just yet. That’s be-
cause, even with all their problems,
they’re easy to use, readily available,
and cheap.

On the other B ad, a bilateral
switch can be turned on and off sev-
cral million times per second, they
can pass both an: and digital sig-
nals in either dire on, they can be
controlled by digital-logic IC’s, and
they introduce no digital glitches or
audio pops. When turned on, the
CMOS switch behaves almost like a
short-circuit (about 90-300 ohms);
when turned off, it behaves almost
like an open circuit (near-infinite im-
pedance).

O—.
CONTROL
ON=1=Vgp ¥ Vg |
OFF=0=Vg
INJOUT O——
| PTYPE
e
= =
INOUT | CONTROL R,, OUT/N
o ON=1 3002 TO
OFF=0 15000
b

FIG.2—CMOS BILATERAL SWITCH (a)im-
itates a mechanical on/off switch. When
closed, the bilateral switch (b)has a series
resistance of 300- to 1500-ohms.

Bilateral switches can be as simple
as the 4016B and 4066B, which house
four SPST switches, and as complex
as the 4097B. which houses two sin-
gle-pole cight-position switches
(similar to an clectronic SP8P rotary
switch).

Enhancement MOSFET

Bilateral switches are integrated
using Complementary Mctal-Oxide
Semiconductor (CMOS) technology.
Figure 1-¢ shows un enhancement
MOSFET (E-MOSFET), which is the
type of transistor used in both CMOS
digital IC’s and bilateral switches.

In the N-channel Enhancement
Mctal-Oxide Semiconductor
Field-Effect Transistor (E
MOSFET), the substrate is made of P-
type semiconductor with two N-type
semiconductor wells; between the
wells is the channel, and on top of the
channcl is a layer of glass (Si0,-sil-
icon dioxide) and a metal electrode;
that’s where the term “‘metal-oxide
semiconductor”™ comes from. The
metal clectrode is called the gate, one
well is called the source, and the other

www americanradiohistorv com

It looks like an IC,
its made out of
semiconductor, but it
works like a
mechanical switch!

RAY MARSTON

OFF=0=Vgq IN/OUT
ON=1=Vgp [ o
CONTROL 1 L0
r el
Q3 VDD[ (N}
(P) be l
; LouT/IN
* = QI Voo
B 2
05
i (P)
- Vs
= a
IN/OUT oUT/IN

G— ==
CONTROL g
N

L---0 ON=1 90052
OFF=0
b

FIG. 3—IMPROVED CMOS BILATERAL
switch (a) has a 90-ohm series resistance

(b).

1s called the drain. Here's how it
works.

E-MOSFET’s are normally off de-
vices. Electrons can not travel from
the source to the drain because or-
dinarily there’s no conducting chan-
ncl between the wells. However, when
a positive voltage is applied to the
gate (with respect to the sourcc), then
a negative clectrostatic field is induc-
ed into the channel (P substrate).
That’s because the metal gate and
semiconductor act as a tiny capacitor
with the silicon dioxide acting as a
dielectric. The induced negative field
increases the number of N-type mi-
nority-charge carriers in the P-sub-
strate: essentially, turning a P-type
semiconductor into an N-type semi-
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FIG. 4—TO CONTROL A BILATERAL SWITCH, use a single-polarity supply for digital
signals (a), and a split-polarity supply for analog signals (b).
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FIG. 5—SOME IC’s FEATURE INTERNAL
logic-level converters, so an analog

b—— 3)
Vee ¥ OUTAIN

two P-type scmiconductor wells.
When a negative voltage is applied to
the gate (with respect to the source), a
positive channel is induced between
the source and drain, so the transistor
turns on.

When P-channel and N-channel E-
MOSFET transistors arc connected
back-to-back, they are said to be
wired in inverse parallel or comple-

switch is controllable via a single-ended mentary pairs, hence the name
input. CMOS.
~ 4-POSITION | £-POSITION
MULTIPLEXER DEMULTIPLEXER
SYNC SIGNAL —»+—20 | /~* - 4= AUDIO SIGNAL 1
AUDIO SIGNAL1 —»—O DATA LINE | — —4—* AUDIO SIGNAL 2
_—._QQ__L__
AUDIO SIGNAL 2 ———O o—4—» AUDIO SIGNAL 3
AUDIO SIGNAL 3 ""’4_{! —4—™ SYNC SIGNAL

MULTIPLEXER
| DRIVER

L

—

- = i
SYNCHRONIZED

K]

MULTIPLEX
DRIVER

FIG. 6—A 4-POSITION MULTIPLEXER FEEDS three audio signals through a single data
line. At the other end, a demultiplexer re-assigns the audio back into separate lines.
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CONTROL B/ § } 110 /0UT/IN D
I
4 9 10UTANC

\

CONTROLCl 6 r‘w O“%
\ = \
VSS‘ 73 L 8 )1 IN/OUT C

’
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FIG. 7—THE 4016B AND 4066B each have
four independent “SPST” switches.

conductor. Now electrons flow from
the source to the drain through the
induced channel.

In P-channel Enhancement

MOSFET’s, the substrate is made of

N-type semiconductor material with

Bilateral switches

Figure 2-a shows the inside of a
bilateral switch where an N-channel
and P-channel MOSFET are wired in
inverse parallel (drain-to-source and
source-to-drain), and have their gates
biased in anti-phase via a pair of in-
verters. When the control signal is at
logic-level 0, the gate of Q2 is driven
to Vpp and the gate of QI is driven to
Vg under those conditions both
MOSFET’s are cut off, and an open
circuit exists because the FET chan-
nels are not enhanced. When, on the
other hand, the control signal is at
logic level 1, the gate of Q2 is driven
10 Vgg and the gate of QI is driven to
Vpps; under those conditions both
MOSFET’s are driven into saturation,
and a near short-circuit exists because
the FET channels are enhanced by the
gate’s electrostatic field.

Note that when Q1 and Q2 are satu-
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rated, signal currents can flow in ei-
ther direction, provided that the signal
voltages arc within the Vgg-to-Vpp
limits. The FET’s source and drain
can be used as either an input or out-
put—thus the term bilateral (both di-
rections) switch. In practical circuits,
Qt and Q2 exhibit a finite resistance
(Ron) when saturated, and the equiv-
alent circuit in Fig. 2-h shows an Ry
that varies from 300 to as much as
1500 ohms; that resistance depends
on the magnitude of the Vs-10-Vp
voltage, and on the magnitude and
polarity of the actual input signal.

Figure 3-a shows an improved ver-
sion of the CMOS bilateral switch.
An additional two FET’s (Q3-Q4),
which also act as a bilateral switch,
are added in series with Q5, with Q1's
source tied to Q5’s drain. When the
control input goes low, Ql’s source
sees Vg, the Q3-Q4 bilateral switch
is off, and the Q1-Q2 bilateral switch
is also off. When the control input
goces high, Q5 turns off, both bilateral
switches Q3-Q4 and Q1-Q2 are en-
hanced (turned on) and, because they
are in parallel, the Ry resistance is
reduced to about 90 ohms. That elimi-
nates the variations in Ry, as shown
in the equivalent circuit of Fig. 3-b.
The only disadvantage of Fig. 3 is that
it has a slightly lower leakage resis-
tance than Fig. 2

Switch bias
Correctly biasing CMOS bilateral
switches requires that you know two

L v N
IN/OUTOyI 1’ (18 Voo
r II\
INOUT 2y 2 {15 INOUT 2x
/I\ )]1 /r\
Y COMMONf_ 3 , 2| 4 14 INOUT ix
) $ i xﬁ hC
f N 7N
IN/OUT 3y l\‘s; 3 (2 543 ) X COMMON
Pl 190 15
INOUT 1y ! 5 + 12 JIN/OUT Ox
1
INH ‘l: 6) -(\1 1,| IN/OUT 3x
2N L
Vee d 7)) (104
25 X
Ve ‘\Bln 1\9"1 B
: A |

INPUT STATES
WNH | B A
o 5 : -
0 1

ON CHANNEL
X

W - <

C 2
1 3
NONE

X =DONT CARE
b

FIG. 8—THE 4052B HAS TWO SP4T bilat-
eral rotary switches (a); its truth table is
shown in b.
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things: The voltage polarity of the
control logic, and the voltage polarity
of the signal to be switched. For cx-
ample, if the signal is analog, does it
swing above and below ground. and if
it's a digital signal, does it just go
between ground and V? Figure 4
shows two ways of biasing the bilat-
eral switch.

To turn on (close) a bilateral
switch, you must connect the control
terminal to V. To turn off (open)
the same switch, connect the control
terminal to Vgg. For switching digital
signals, use them with a single-ended
supply. Also, V5, must be a positive
voltage that’s equal to or greater than
the digital signal voltage, with a max-
imum of +18 volts. For switching
analog signals, a split power supply
must be used, so that the signal is held
at half the supply voltage. which al-
lows the signal to swing above and
below ground. The positive supply
rail gocs to Vi, and the negative rail
£0es to Vgq; both rails must be greater
than the peak valuc of the input sig-
nal. Generally, the supply values used
for bilateral switches are limited to
+9 volts.

Note that if a split power supply is
used, the control logic must swing to
the positive rail to turn the bilateral
switch on, and to the negative rail to
turn the switch off. That arrangement
is inconvenient in many practical ap-
plications so, as shown in Fig. 5,
some 1C’s (notably the 4051B to
4053B) have built-in logic-level con-
verters. They allow a digital signal to
be used as the on/oft controlling log-
ic, while still using a split supply in
the circuit to correctly bias analog
signals.

Time sharing

Bilateral switches arc often used in
multiplexer and demultiplexer cir-
cuits. Figure 6 shows the difference
between the two types. A multiplexer
allows information from a number of
separate data lines to be sequentially
applied to a single data line. On the
other hand, a demultiplexer allows in-
formation from a single data line to be
distributed to any number of separate
data lines. For cxample, three sepa-
rate audio signals can be multiplexed
down a single cable, and then de-
multiplexed back into the three origi-
nal audio signals at the other end. The
benefit is obvious, in that only one
data line is needed to carry numerous
signals.

-y

=d

Vss ‘
b

=l

FIG. 9—UNUSED SECTIONS OF THE 4066B must be disabled using any one of connec-

tions a through c.
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FiG. 10—IMPLEMENTATION OF THE FOUR BASIC SWITCHING FUNCTIONS (a through d)

using the 4066B.
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FIG.11—BY PARALLELING FOUR SPST SWITCHES, the Ron resistance can be reduced to

only 22.5 ohms.

Best-known IC’s

The best-known CMOS bilateral
switches are the quad 4016B and
4066B. Both have four independently
accessible SPST bilateral switches, as
shown in Fig. 7. The 4016B uses the
simple form of chip architecture
shown in Fig. 2, and is recommended
where low leakage impedance is most
important. The 4066B uses the im-
proved chip architecture of Fig. 3, and
is recommended where a low Rgy
resistance 18 most important.
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Another well-known IC is the
4052B, which is a multiplexer/de-
multiplexer featuring built-in logic-
level converters, and three power-sup-
ply pins (V5p5, Vg, and Vg). Figure
8 shows that IC. It's a dual 4-channel
multiplexer/demultiplexer. and can be
thought of as a ganged, double-pole,
four-throw (DP4T) rotary switch. In
practice, the Vp is always taken to
the positive rail. and Vgq is always
grounded.

All digital control signals for chan-
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FIG. 12—HERE’S A LATCHING touch
switch. Can you figure out how it works?
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4016B/4066B IC’s

A few simple precautions should be
taken when using the 4016B and
4066B bilateral switches. Here they
are:

1. Input and control signals must
never go above Vp or below V.

2. Each unused switch must be dis-
abled using one of the techniques
shown in Fig. 9.

3. Figure 10 shows how to hook up
a 40668 (or 4016B) to implement ci-
ther SPST, SPDT, DPST. or DPDT
switches. Those switching functions
can be expanded or combined.
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FIG. 13—DIGITAL CONTROL OF RESISTANCE made possible using bilateral switches.
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FIG. 14—DIGITAL CONTROL OF CAPACITANCE made possible using bilateral switches.

nel-select, inhibit, and other similar
functions, use those two rails as their
logic reference. In digital applica-
tions, Vg 1s grounded (tied to Vgg).
In analog applications, Vgg must be
taken to a negative supply rail, usu-
ally the negative value of Vpp, and
must be limited to 18-volts peak-to-
peak. Generally, though. a lower volt-
age is uscd.

4. Each 4066B bilateral switch has
atypical 90-ohm R resistance. Fig-
ure 11 shows how four standard switch
clements can be wired in parallel to
make a single switch having only a
22.5-ohm Ry resistance.

Touch switch

Figure 12 shows a self-latching
touch switch. The switch current
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flows to ground via R3-1LEDI. and the
control pin is tied to the top of R3 via
R2. Thus when Sl is briefly touched,
the control pin is pulled to the positive
rail and the bilateral switch closes.
The top of R3 is at supply-line poten-
tial and, because the control pin is tied
to R3 via R2, the bilateral switch is
latched closed. The switch can only
be opened again by briefly touching
S2, at which point R3 voltage falls to
zero. Note that LEDI merely indi-
cates the switch’s state, and R pre-
vents supply line shorts if ST and S2
are both touched at the same time.

Digital control
Bilateral switches are used to digi-
tally-control electronic components.

R1

v\ A
i FIG.13
IN

C1tI:
a o :=

c1
FIG.14

o<——£—><?
=3
Sl

FIG. 15—ALTERNATE WAYS to make a dig-
itally-controlled 1st-order low-pass filter.

FIG. 16—OP-AMP GAIN CAN BE DIGI-
TALLY CONTROLLED via the feedback re-
sistor (a), or input-resistor stage (b).
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awards accredited degrees in

electronics and computers.

An important part of being pre-
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your field. Grantham can help you
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earn your degree in the process.

Grantham offers two degree pro-
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in electronics, the other with major
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and bachelor degrees are awarded
in each program, and both pro-
grams are available completely
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No commuting to class. Study at
your own pace, while continuing
on your present job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc-
tors when you need it.
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FIG. 17—555-TIMER FREQUENCY can be
digitally controlled.

shows how to vary the gain from unity
to X 16 in sixteen steps, giving a gain
sequence of 1, 2, 3, 4,...16. Because
the 3140 op-amp uses a split power
supply, the 4066B must switch be-
tween the negative and positive sup-
ply rails. The frequency of a 555
astable oscillator can be varied; that is
done by connecting Fig. 13 as shown
in Fig. 17.

Multi-gang potentiometers
Figure 18 is an interesting circuit to
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ALL POTENTIOMETERS
FROM 10K TO 100K VIA R1

FIG. 18—YOU CAN VARY A MULTI-GANGED POTENTIOMETER from 10K to 100K by

varying an astable’s mark/space ratio.

That means that they can vary, in dis-
crete steps, the effective value of re-
sistance, capacitance, impedance,
amplifier gain, oscillator frequency
you name it.

Figure 13 shows how four switches
can make a digitally controlled re-
sistor, which varies in sixteen steps of
10 kilohms each. As long as the four
resistors are kept in the ratio
1:2:4:8. . .etc, the number of steps can
be increased by adding more resistor/
switch stages. Thus, a six-stage cir-
cuit having resistors in the ratio
1:2:4:8:16:32 will give resistance vari-
ation in 64 steps. Figure 14 shows how
four switches can make a digitally
controlled capacitor, which varies in
sixteen steps 0of 0.001pF each. Again,
the circuit can be expanded by adding
more stages. The bilateral switches
can be controlled manually, automat-
ically by logic networks, by digital
counters, or even by a micro-
processor. Figure 15 shows how to
form digitally controlled filter net-
works.

Op-amp gain can be controlled dig-
itally by connecting Fig. 13 into the
feedback or input path. Thus, in Fig.
16-a, the gain 1s varied from zero to
unity in sixteen steps of Ysth each,
giving a sequence of Yis, Yis, %is... up
to '%s which is unity. Figure 16-h
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analyze. It shows a synthesized 4-
gang 10K-to-100K potentiometer that
is useful at frequencies up to 15 kHz.

The 555 timer outputs a pulse train
with a definite mark-space ratio (M/S
ratio). As the pulse width decreases,
the CMOS switch allows less of the
low-voltage AC to pass through; thus
simulating a high resistance. As the
pulse width increases, more low-volt-
age AC goes through the switch per
unit time, so the simulated resistance
is low. The 555 timer is used to gener-
ate a 50-kHz rectangular waveform
that has its M/S ratio variable from
11:1 to 1:11 via R1, which is used to
control the 4066B.

If the timer’s 50-kHz switching rate
is fast relative to the 15-kHz signal
frequency, the average or effective
value of each gang resistance can be
varied by the M/S-ratio potentiometer
R1. Thus, if 1C2-a is closed for 90%
and open for 10% of each cycie (M:S
ratio equals 9:1), the apparent (aver-
age) value of the R , resistance will be
10% greater, or equal to 10 kilohms. If
the duty cycle is reduced to 50%, the
apparent R, value will double to 18.2
kilohms. If the duty cycle is turther
decreased, so that [C2-a is closed for
only 10% of each cycle, the apparent
value of R, will increase by a decade
to 91 kilohms. R-E
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A RELAY 1S AN ELECTROMAGNETIC
switch, normally using the magnetic
ticld from a coil to open or close one
or more sets of contacts. Like re-
sistors and capacitors, they’re often
taken for granted—until you nced

sizes, cases, contacts, power ralings,
and features. No onc version is cor-
rect for all applications, and the
wrong one can cause poor perfor-
mance or early failure. Most hob-
byists don’t use relays very often, and
aren’t aware of features and dif-
ferences, but selecting the right one is
no more difficult than selecting a re-
sistor or capacitor. This article exam-
ines relays in great detail, explaining
how they work, configurations, and
applications.

one! Then, you suddenly find yourself
faced with a bewildering array of

HARRY L. TRIETLEY

Basic switching arrangements

Relay contacts are available in dif-
ferent switch configurations. The
configuration of a switch is denoted
by the numbers of Poles (“P”) and
Throws (““T”). These can be indicated
either by a number, or by the letters
“S” (for Single) or **D” (for Double).
Some different configurations are
thus SPST, SPDT, DPDT, or mult-
pole (3PST, 4PDT) versions. A re-
lay’s coil can either drive a few indi-
vidual contacts, or scveral sets
ganged together.

Figure | shows the four basic relay
configurations. The version in Figure
-« 15 Normally Open (NO) until the
coil closes it, while that of Fig. 1-b is
Normally Closed (NC) until the coil
opens it. Figures 1-¢ and 1-d use dou-
ble-throw contacts, arranged as
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Understanding relays, part I: Electromechanical versions

break-before-make in the first case
and make-before-break in the second.
The versions are referred to as Forms
A-D, a relatively standard notation.
The number of poles is added in front
of the form letter. so the relays shown
are 1A, 1B, 1C, 2C, and 1D. Relays
can use multiple contact types, like
IAIB, 2A2C, etc. Other variations
exist. but are all based upon those.
Form C momentarily opens both
sets of contacts as the center contact
moves from side to side; that prevents
both sides of the switch from being
shorted. Sometimes a circuit requires
that the relay contacts not be left un-
connected, even momentarily, in
which case Form D is used. Applica-
tions of Form D include smooth,
noise-free switching of current-lim-
ited audio or control-system signals,

6861 HIGWIAON
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FIG. 1—RELAY-CONTACT arrangements
are designated as Forms A-D. Form A is
normally open until the coil closes it,
while Form B is normally closed until the
coil opens it. Forms C and D use double-
throw contacts, arranged as break-before-
make (Form C) or make-before-break
(Form D).

or avoiding voltage spikes when
switching inductive loads (more
later). Naturally, Form-D contacts
can’t switch between two sources
when shorting them could result in
disaster.

A variety of styles

Relays switch signals ranging from
microwatts of RF to megawatts of
power: size can vary as much as con-
struction techniques. The design var
ies with the application. Probably the
most tamiliar relays are gencral-pur-
pose and reed versions. Table | sum-
marizes the most common types.

Figure 2 shows a typical general-
purpose plug-in relay with socket.
This type switches moderate power,
10-30 amperes at 120/230 volts AC.
Octal tube-type sockets with circular
pins are also available, as well as the
flat-blade version shown. Its largest

TABLE 1—TYPICAL RELAY CHARACTERISTICS

STYLE |DIMENSIONS |CONTACT COIL, VOLTAGES | SWITCHING
(INCHES) RATINGS AND POWER TIMES
General {1.2t02.0H 3to 10 A 6,12, 24,120 V 15 to 30 msec
Purpose |[09to1.5W (28 VDC 1.2wWDC
Plug-in [09tc 14D 120 or 240 VAC|2 VA AC
General {0.4t00.7 H 1t05 VA 56,12, 5to 10 msec
Purpose {0.6t01.2W |28 VDC 24, 48 VDC
Miniature |04 t0 0.75D {120 or 2_40 VAC|05t0 1 W
Reed 03to05H 05t02A 5,6,12,24 VDC 0.2 to 1 msec
09t012W |5to50W 50 to 400 mW
03r008D 28 to 250 VDC |((Coilsto 1 V
Also available |& AC available)
in a DIP format
Hermetic [0.3t0 0.9 H 05t05A 4t0 32 VDC 5 msec
TO-5 06to1 W 28 VDC 120 mW
03to05D 115 VAC
Hermetic |0.3to 0.9 H 0.510 2A 5t0 115 VDC 5 msec
and other | 0.6 to 1 W 28 VDC 100 to 400 mW
sealed 03t0 05D 115 VAC
RF 04to1 H 10to 25 WRF [5t0 50 VDC 5to 10 msec
08to1 W hot To 150 W [ 250 mW
04t01D RF dry
Power Dimensions 10to 40 A 6, 12, 24, 120 15 to 50 msec
typically 120, 240 VAC 208, 240 V
2to 4 inches |& higher 2to 5WDC
6to 20 VA AC

dimension is about 2 inches. and its
dust cover provides a little protection,
but the relay isn't scaled. Miniature
general-purpose relays are epoxied
into rectangular plastic potting shells,
and have PC board pins. Typical di-
mensions are about I inch, and their
controls can typically switch 1-5 am-
peres.

Recd relays like those in Fig. 3 can
cither be open or encapsulated, and
arc gencrally PC board-mounted
DIP’s. Figure 4 shows a single mag-
netic reed switch relay; very often,
there’s more than onc inside a given
model. The magnctic field brings the
reeds together, and they 're sealed in a
glass envelope to protect them from
contamination. Reed relays switch
very fast (500 psec), compared to
5-30 mscee for general-purposc types.

Reed relays are intended for dry
contact (as opposed to mercury wet-
ted) and low-power switching. Typ-
ical contact ratings are 200-250 volts,
10-30 watts of switched power, with
low voltage current ratings ol 0.5-2
amps. Reed relays with up to six poles
are available. High-voltage models
switch up to | kilovolt, while mercury
reed relays typically switch 100 watts.
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Coil voltages from 1-24 volts are
available, with opcrating power de-
mands at a traction of a watt.
Probably the smallest commonly
available models are the TO-5 ver-
sions. Some look just like transistors;
others are square. The overall diame-
ter or width is about 0.3 inch, with

FIG. 2—MANY GENERAL-PURPOSE re-
lays use sockets, like this Potter and
Brumfield unit.



FIG. 3—REED RELAYS come in a variety of packages. They’re usually small, PC board-

mounted DIP’s about 1 inch long.

AXIAL LEADS ALLOW VARIOUS
MOUNTING CONFIGURATIONS

NICKEL PLATED STEEL JACKET

/PROVlDES MAGNETIC SHIELDS

ENDS EPOXY SEALED TO PROVIDE
ENVIRONMENT PROTECTION

END FLANGE FOR
COIL WINDING RETAINER

COIL WINDINGS ON REED SWITCH FOR
INCREASED ELECTRICAL EFFICIENCIES

FIG. 4—AN HERMETICALLY-SEALED reed switch actuated by magnetic coil; the coil’s
magnetic field brings the reeds together. Reed relays can switchin 500 .sec, compared to

5-30 msec for general-purpose relays.

wire leads coming out the bottom of a
0.2-inch diameter circle. The contact
specs are more limited than those for
reed relays. typically 28-volts DC or
120-volts AC at about | ampere. Coil
power is a traction of a watt at up to
32- volts DC, and sometimies a little
higher. They're hermetically scaled
and work from —40-125°C. Some
are available with built-in drive tran-
sistors and/or diode surge suppres-
sion.

Larger sealed relays switch up to 5
amperes. Housings include crystal-
cans and plug-in housings. The her-
metically-sealed RF relay with coax-
1al connectors in Fig. 5 matches the
50-ohm impedance of most transmis-
sion lines at frequencies trom 500
MHz-2 GHz, depending on the
model. Contact ratings of 150 watts
are typical.

Power-switching relays are larger,
almost always use open construction,
and are used to switch all power levels
up to multi-megawatt levels. Figure 6
shows a typical relay used in a power
application like motor control. Over-
all dimensions of versions switching
up to 30 amperes are 2—4-inches.
Typical coil power is about 2 watts
DC or 5-10 volt-amperes AC. “*Con-
tactors” tor switching large motors
provide the same function as power

relays, but are specially constructed
tor heavy-duty switching. The con-
tacts are moved by a solenoid that
exerts considerably higher force than
is normally used in non-power relay
applications, instead of a fixed-core
coil.

Choeosing the right contacts
Obviously. low-level relays can’t
switch power, and, conversely, power
relays won’t reliably switch low-level
signals. Contact choices are shown in
Table 2. The right contacts are crucial
for reliable operation. Power loads
have self-cleaning contacts that have a
tendency to arc and burn off oxidation
or contamination. Low-level “dry”
(non-wetted) circuits don’t do that,
and have to be clean; even a thin layer
of contamination can prevent low-
level signals from being switched.
Dry-circuit contacts use non-ox-
idizing materials or platings. operale
with a wiping action so the contacts
slide past cach other, and are bifur-
cated (two branching parts). That
means that a lengthwise slot in the
middle of the contact splits it into two
parts for the sake of clectrical redun-
dancy. Low-level bifurcated wiping
relay contacts are typically gold-
plated. or use other precious metals.
The contacts in reed or hermetically-
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sealed relays don’t need corrosion re-
sistance, but arc often made of pre-
cious mctals like rhodium or
ruthenium.

Powcr-switching relays need large
contacts actuated with sufficient force
to handle high currents and voltage.
Arcing must be minimized, and elec-
trical and thermal resistance must be
Jow to minimize heating; button con-
tacts are normally used. High-power
versions normally use silver-cad-
mium oxide: it resists welding, has
good arc-extinguishing charac-
teristics, and is well suited for reactive
or high-surge current loads, but not
for switching voltages under 12 volts.
Silver is good for medium-power
loads and communication systems,
but not under 6 volts. Since silver
oxidizes easily, such contacts should

i
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FIG. 5—THIS G.E. CORP. hermetically-
sealed relay matches the characteristic
RF impedance of a 50-ohm transmission
line over the frequency range 500 MHz-2
GHz, and uses coaxial connectors instead
of pins. Typical contact ratings are 150
watts.

FIG. 6—POWER RELAYS, switching up to
40 amperes, normally use open con-
struction, for motor control. Overall di-
mensions of 30-ampere versions are 2—4-
inches, and typical coil power is about 2
watts DC or 5-10 volt-amperes AC.
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FIG. 7—WHEN SWITCHING inductive
loads, surge suppression provides a cur-
rent decay path when relay contacts open.
For DC loads, use a reverse-biased diode
as in (a). For AC loads, use an MOV (or
resistor) and a capacitor as in (h).

FIG. 8—THIS LATCHING RELAY, the 589R
from Potter and Brumfield, flips a mechan-
ical toggle from side to side like amechan-
ical flip-flop, changing state when the coil
is activated by a pulse.

be gold plated (flashed) for storage
protection. The gold flash will wear
with use, and the contacts then de-
pend on wiping and burn-off for
cleanliness in operation.

Silver palladium is less susceptible
to oxidation; however, its burn-off re-
sistance and conductivity are inferior
to silver. It should be used only for
low power, below 60 volts. In reed
relays with mercury-wetted contacts,
a thin film from a small pool of mer-
cury (not the pool itself) shorts the
contacts. The mercury film increases
powcr-switching capacity and de-
creases contact resistance. One relay

series, for example, is rated at 0.5
amp, 10-watts DC, and 0.1 ohm,
using dry contacts; the mercury-wet-
ted equivalent is rated at 2 amps, 50-
watts DC, and 0.05 ohm. Contact