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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT

PHILIPS

FLUKE73  FLUKE75  FLUKE77
§79° $T19° GER

Analog/Digital display
Volis, ohms, 10A &

AnalogiDigital display
Voits, ohms, 10A &

Analog/Digita! display
Volts, ohms, 10A

{tused), diode test mA (both fused), mA (poth tused),

W diode test diode test

accuracy 0 5% basic dc 0.3% basic dc

2000 + hour accuracy accuracy

battery fite Audible continuity Touch Hold®

3-year warranty Autorangelrange hold  Audible continuity
2000 + hour Autorangelrange hold
batteryite 5000+ hour

T T 3year waranty battery life

Multipurpose holster

3-year warranty

*Suggested U.S hist price

Best.

More than two million users agree: the
Fluke 70 Series handheld digital multimeters
are simply the best.

These originals have become classics. And
the reasons are simple.

They are accurate and easy to use. Features
made popular by the 70 Series—Tlike fast
autoranging, continuity beeper, and quick

diode test—are now standards in the industry.

Other 70 Series features stand alone. Touch
Hold®, for example, locks the reading on
the display and signals you with a beep. So

you can keep your eyes on the circuit and
probes.

The 70 Series are built without compromise.
All current ranges are fully fused. The
resistance function is overload protected to
500V. No detail has been overlooked in
making these rugged and reliable meters
the first choice of two million professionals.

Made in the USA using state-of-the-art man-
ufacturing methods, every Fluke 70 Series
multimeter is backed by a 3-year warranty.
Another first in the industry.

CIRCLE 121 ON FREE INFORMATION CARD

www americanradiohietory com

Choosing the best hanaheld multimeter is
very simple. Pick up the Fluke 70 Series at
your Fluke distributor today. Or call
1-800-44-FLUKE, ext 33, for a free
brochure.

John Fluke Mig. Co., Inc. P.0. Box 9090, Everett, WA 98206, L.S.:
(206) 356-5400. Canada: (416) 830-7600. Other countries: (206)

356-5500. © 1990 John Fluke Mfg. Co.. Inc. All rights reserved.
Ad. no. 0701-F70

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE.
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Subscribe today to the magazine that keeps you up-to-date with the newest
ideas and innovations in electronics. (If you already are a subscriber, do a
friend a favor and pass this subscription card along to him.)
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For New
Ideas

In Electronics
read Radio-
Electronics®
every month.

Radio-Electronics will carry timely
articles on:

® audio

® video

® personal computers

® VCR servicing

® test equipment

® interactive video

@ robotics

® experimenter circuits

® TV scrambling and
descrambling

® solid-state technology

® exceptional construction

projects

Radio

Eleclronics

Radio-Electronics offers a unique
combination of artictes on
electronics technology, service,
audio, video, computers.

Keep up-to-date!

Subscribe Today!

USE THE ORDER CARD
ON YOUR LEFT

Popular Flectronics

Delivers projects for the beginning
and advanced builder, articles that
help you get the most from your
hobby, news and reviaws on the
hottest new consumer and hobby
gear, monthly columns on
computers, ham radio, shortwave
listening, antique radio, and more!

Popular Electronics

i

SUBSCRIBE TODAY!
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34 SEMICONDUCTOR LASER SYSTEM
Visible-light laser diodes are at the heart of this handheld,
rechargeable, semiconductor laser system.
Robert lannini

41 PORTABLE 146-MHz QUAD ANTENNA
Build your own 2-meter quad antenna.
Linton G. Robertson, KJ2EF

49 PHONE-CALL SCREENING SYSTEM
Build our system that puts an end to junk calls.
John C. Koller

58 THE CHANGING FACE OF SATELLITE TV
A look at how small, flat antennas could boost the popularity of
satellite TV.
Robert Angus

63 SPICE
Can a PC-based circuit-simulation program take the place of
breadboards?
TJ Byers

86 COMPUTER CONNECTIONS
SCSI/ESDI shootout, and a pair from Micropolis.
Jeff Holtzman

6 VIDEO NEWS
What's new in this fast-
changing field.

David Lachenbruch
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Coordinated Time Link

83 DRAWING BOARD
Some final words on video,
then on with our controller!
Robert Grassblatt

81 IC SPOTLIGHT

CTS-10 Computer Time
Standard

69 HARDWARE HACKER
A look at walking-ring
counters, electronic dive,
vortex coolers, and more!
Don Lancaster

A new column debuts this
month!
Mike Mullin

85 AUDIO UPDATE
What audio test reports do—
and don’t—tell you.
Larry Klein
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BUILD A SOLID-STATE LASER!

Our hondheld laser runs on battenest

WHAT'S THE FUTURE OF BATELLITE TV?

AZER X oW U Lve ), ST ect : ant

epans e a catia TV

SCREEN YOUR TELEPHONE

CALLS ELECTRONICALLY!
cal

BUILD A PORTABLE OUAD ANTENNA
A ng ananey e
the 2 maser bond

In the past 25 years, lasers have
become an integral part of both the
technological world and our every-
day lives. Yet, because of fragile
glass laser tubes and high-voltage
power requirements, there ahve
been limits to their applications, es-
pecially for hobbyists. Now, a series
of laser diodes recently developed
by Toshiba, which emit visible light
and which don’t require a high-volt-
age power supply, justmightopenup
a whole new world of applications.
We put the new visible-light laser
diodes to work in handheld, battery-
powered, rechargeable, semicon-
ductor laser system. To find out how
it works, and how to build your own,
turn to page 34.

THE DECEMBER ISSUE
GOES ON SALE
NOVEMBER 1.

BUILD A MACINTOSH

Use an Apple motherboard to build your own Macintosh computer

—for a fraction of what Apple charges.

HIGH-TECH CHRISTMAS TREE

Just in time for the holidays, this unique and attractive project teaches
some valuable lessons about frequency-selective filters.

HOW TO CHOOSE THE RIGHT PROBE FOR YOUR TESTING

PROBLEM

Save time and money by picking the right probe for the job.

SUZIE

-A look at computer-aided logic simulation for testing and verifying

your designs.

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 e%uipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,

RADIO-ELECTRONI

S 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, (ISSN 0033-7862) November 1990. 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, ali 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 $2.50. ©: 1990 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.
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WITH CIE,

THE WORLD |
OF ELECTRONICS
CAN BE YOUR
WORLD, TOO.

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, communicctions—
you name it. And as hugh
technology grows, electronics will
grow. Which means few other
fields, if any, offer more career
opportunities, more job security,
more room for advancement—if
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
spedaks for itself. According to a
recent survey, 92% ot 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, not 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 of the most
sophisticated electronics tools
available anywhere, including our
Microprocessor Training
Laboratory with 4K of random
access memory. Of course, if you
ever have a question or problem,
our nstructors 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
tar 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 Ohio,
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, Ohic 44114

Member NHSC
Accredited Member National Home Study Counci

. . ARE179
Cleveland Institute of Electronics, Inc.

study information.

Name (print):

1776 East 17th Street, Cleveland, Ohio 44114

YES... I want to learn from the specialists 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:

Age: Area Code/Phone No.: /

Check box for G.I. Bill bulletin on educational benefits: MAIL
OVeteran O Active Duty TODAY!

www americanradiohistorv com
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A review of the latest happenings in electronics.

Non-polluting electrical power

With alternative methods of gen-
erating electricity being explored
around the world to counter the
growing problems of atmospheric
pollution and power outages due to
natural disasters, researchers at
Bellcore {(Livingston, NJ), have de-
veloped a non-polluting process
that might lead to smaller, lighter,
more reliable, and less costly power
sources. “Fuel cell” systems de-
signed using the new method could
be used in a wide range of applica-
tions, including replacing tradi-
tional rechargeable batteries as
emergency backup power sources
for many applications.

In small, experimental prototypes
of the fuel cell, Bellcore has convert-
ed gas to electricity using a thinner-
than-paper material sandwiched be-
tween two conducting metal films.
Electricity is generated when hydro-
gen or other fuel gases are “blown”
over the fuel cell’s surface in the
presence of oxygen or air. Accord-
ing to Christopher Dyer, who dis-
covered the method while explor-
ing new ways to improve communi-
cations power systems, no pollu-
tants are created in this process;
since the hydrogen is simply con-
verted to water vapor.

While NASA has used fuel cells in
spacecraft, commercialization has
been slow due to high production
costs of existing designs that require
separated gas intakes of pure gases.
Bellcore’s prototype operates in a
gas mixture. Essentially, its materials
“separate” the gases internally,
greatly simplifying the engineering.
Because those materials are so thin,
practical devices could be made by
depositing the materials on both
sides of an inexpensive, continu-
ously moving roll of plastic. Pre-
determined lengths of the pro-
cessed material could then be rolled
into an open spiral, through which
air together with the fuel gas would
be passed to give the required
power.

The prototype’s extremely good
power-to-weight ratio—more than

SE T

50 watts of electrical power per
pound of weight—means that po-
tential commercial devices could be
small as well as lightweight. The pro-
totype generates quiet, clean power
and has no moving parts, suggest-
ing that future devices could pro-
vide users with a reliable, long-lived
power source.

The next step is to upgrade power
levels while retaining the attractive
weight and volume, which might be
accomplished by improving gas effi-
ciency so that heat removal equip-
ment won’t be needed or, perhaps,
using the heat as a benefit. Some
possible future applications of de-
vices are emergency power supplies
for remote telephone terminals, re-
fillable power supplies for portable
phones, integrated-circuit power
sources, home generators running
off natural gas, power sources for
portable computers, and power
plants for electric vehicles.

Record-breaking electrical
lead

An electrical lead—developed in a
joint effort between Westinghouse
Electric Corporations Science &
Technology Center and the Super-
conductivity Pilot Center at the U.S.

WESTINGHOUSE TECHNICIANS Don
Martin and Ray Malingowski make con-
nections for a test run of the complete
assembly of the electrical lead that set a
world record for current carried by a prac-
tical, high-temperature superconductor.

Department of Energy’s Argonne Na-
tional Laboratory—was used to set a
world record for current (2,000 am-
peres) carried by a practical high-
temperature superconductor. This
high-current lead could become one
of the first devices using supercon-
ducting materials to come into wide-
spread commercial use. |t was
designed to connect room-tempera-
ture power supplies to liquid-helium-
cooled low-temperature supercon-
ducting power equipment, and has
the potential to greatly reduce helium
refrigeration costs in applications
such as magnetic resonance imag-
ing, superconducting magnetic ener-
gy storage, or the superconducting
supercollider.

Ten-year battery

Scientists at Sandia National Lab-
oratories (Albuquerque, NM) have
developed a battery for military and
space applications that can provide
power for 10 years. That longevity
was achieved by making a number of
modifications to existing lithium-sul-
fur dioxide batteries, which are pri-
marily used by the armed forces for
applications requiring long life and
high energy density, and which expe-
rience failure most frequently occurs
due to glass corrosion.

The major change made involved
the use of a specially developed
glass, CABAL 12, that eliminates cor
rosion in the glass-to-metal seal.
Other modifications included using
molybdenum as the positive terminal
to inhibit corrosion by products of
electrolysis, placing a nickel grid in
the lithium anode for increased effi-
ciency, and using an improved meth-
od of attaching the cathode tab to the
positive terminal. In addition, by fully
annealing the case and increasing the
radius of curvature at the bottom of
the can, stress was reduced, which
eliminated cracking in the steel cell
case.

The ten-year lifespan was pre-
dicted based on studies evaluating
the performance, reliability, and aging
characteristics of battery cells over a
period of years.
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What's new in the fast-changing video industry.

® 8mm vs. VHS-C. Although the
8mm format currently is ahead in the
mini-camcorder war, the proponents
of VHS-C (they prefer the designa-
tion “compact VHS") are striking
back. As already reported (Radio-
Electronics, September 1990),
they are fielding tiny models made by
Matsushita (including the Panasonic
Palmcorder)—highlighted by a ver-
|'sion with Digital Electronic Image
Stabilization, which counteracts the
jitters to which a lightweight cam-
corder is subject, and by a new series
of JVC VHS-C models. Early returns
indicate that the VHS-C camp is re-
gaining some ground, although 8mm
is still far ahead in the compact-cam-
corder race.

Several manufacturers are em-
bracing both sides of the mini-cam-
corder conflict. While Thomson’s
RCA brand added several 8mm mod-
els, the same company's GE brand
moved into the VHS-C camp with
some Matsushita-made models
strongly resembling the Paimcorder.
Meanwhile, Matsushita itself is hedg-
ing its bets. It is making a tiny 8mm
~ camcorder—the smallest camcorder
yet—which currently is being mar-
' keted by Chinon and is being offered
by Matsushita to other brands (al-
though Matsushita’s-Panasonic
' brand currently is sticking with VHS
and VHS-C models). And Toshiba,
which now offers only full-size VHS

cocus W

camcorders, reportedly has de-
signed an 8mm version in case ne-
cessity dictates that format.

® Another TV dropout. In Au-
gust. we reported that Japan's NEC
had decided to call it quits in the
American TV and video market. Now
another Japanese-made line—Tek-
nika, an American brand owned by
the leading computer manufacturer in
Japan, Fujitsu—has "‘suspended”
sales of video products here, al-
though it will continue to market Fujit-
su brand satellite receivers. Lately,
Teknika has been buying TV sets and
video recorders from companies that
manufacture in the United States and
Mexico, because of the high cost of
procuring Japanese-made sets.
More brands are expected to with-
draw from the U.S. market this year,
in view of the tough competition and
declining TV sales in a slow economy.

¢ TV screen sizes. With the first-
half results in, it appears that 1990
will not be television's banner year. In
terms of receiver sales, here's what
was up and what was down: Every-
thing under 20 inches was down, with
the biggest decline in the 8-inch-and-
under mini-sizes, down almost 20%.
The formerly hot 19-inch size showed
a 14.4% decline. That size is being
replaced by the 20-inch, which was
up 1.7%. In table models, 25- and 26-

e Y03

WEIGHING IN AT JUST OVER 1%z pounds, Sony’s CCD-TR4 is the world’s smallest and

lightest 8Bmm camcorder

inch models were down, but the
27-29-inch category rose 23% and
the 30-inch-and-up sizes jumped by
103.6%. In consoles, all sizes regis-
tered declines except 30-inch-and-
up., which rose 14%. All projection
TV's were up, with the biggest gains
in the largest 50-inch-and-up sizes
(57%), followed by 45-49-inch (up
36%) and the 44-inch-and-less cate-
gory (up 30.7%).

® Congress mandates cap-
tions. For many years, TV-screen
captions for the hearing impaired
have been an optional feature, and
caption-decoding attachments have
been available at about $200. A few
sets with built-in decoders have been
offered, but with few takes. At our
press time, the Senate had passed a
bill requiring that all TV sets with
screens 13 inches and larger have
built-in decoders to receive and dis-
play the captions, and passage by the
House was expected to be routine.

The captions are carried on line 21
of the vertical blanking interval (VBI.
Although the legislation originally
specified the technology for the de-
coders, the TV industry persuaded
Congress to legislate only the final
result and to let TV set manufacturers
decide how to bring it about. They
also succeeded in having CongressI
extend the date for the law to take |
effect to July 1, 1993, to give them |
time to prepare. No sets manufac- |
tured or imported after that date may |
be sold if they don't include caption |
decoders. The Electronic Industries I
Association estimated that inclusion
of decoders would add $20 to the |
wholesale cost of a TV at first, but x
some manufacturers said that |
amount would be the retail increment, !
and no one doubted that costs would
come down quickly.

Teletext, which has succeeded in
Europe, has been a major flop in the
United States. With the universal in-
clusion of caption decoders in most
television sets, it's a short step to
universal teletext. Maybe, at no add-
ed cost, teletext will succeed. R-E
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Take any one of these HANDBOOKS
ELECTRONICS and CONTROL

¢ your one source for engineering books from
over 100 different publishers

e the latest and best information in your field

e discounts of up to 40% off publishers’ list prices

2
5
s

VINALN Y

:

322/910

Publishers Price $119.50

ANTENNA ENGINEERING

HANDBOOK, Second Edition

Edited by R. C. Johnson and H. Jasik

® 1,408 pages, 940 illustrations

 covers all types of antennas currently in
use with a separate chapter devoted
to each

o provides detailed data on physical
fundamentals, operating principles, design
techniques, and performance data

® up-to-the-minute information on antenna
applications

© 2 must for those involved in any phase of
antenna engineering

Publisher’s Price $94.50

MAGNETIC RECORDING

HANDBOOK

Technology and Applications

Edited by C.D. Mee and E.D. Daniel

® 1,100 pages, 400 illustrations

e the most comprehensive reference
available on all aspects of magnetic
recording technology

e features contributions from 25
international experts

¢ includes coverage of error correction
coding and magneto-optical recording
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Publisher’s Price $86.95

AUDIO ENGINEERING

HANDBOOK

Edited by K.B. Benson

® 1,056 pages, 722 illustrations

e the ideal on-the-job reference for all
designers, operators, and servicers of
professional and consumer audio
equipment

® 2 one-volume source of fundamentals and
how-to information encompassing all
aspects of audio engineering

e coverage includes DSP, CDs, DAT, and
noise reduction developments

e contributors include Ray Dolby, R.C.
Cabot, and many more



for only $14.95—when you join the

ENGINEERS BOOK CLUB =

MODERN ELECTRONIC CIRCUITS

REFERENCE MANUAL

By J. T Markus

® 1,204 pages, 3,600 circuit diagrams

® a handy, desktop reference with 103
chapters organized by “family” grouping

o filled with predesigned and use-tested
circuits to save you production time and
money

e includes concise summaries of all the
recent applications notes, journal articles,
and reports on each circuit, efficiently
organized and indexed for the practicing
engineer

(Y

Publisher’s Price $94.95 g

S

4 reasons
to join today!

1. Best and newest books from ALL pub-
lishers! Books are selected from a wide range of
publishers by expert editors and consultants to give
you continuing access to the best and latest books
in your field.

2. Big savings! Build your library and save
money, too! Savings range up to 40% off pub-
lishers’ list prices.

3. Bonus books! You will automatically be eligi-

Publisher’s Price $89.95

ELECTRONICS ENGINEERS’

HANDBOOK, Third Edition

Edited by D. G. Fink and D. Christiansen

® 2,490 pages, 1,600 illustrations

o the definitive reference to electronics
engineering

e fully updated to cover all recent advances
and developments

e ranges from essential principles and data
to the latest design solutions and practical
applications — with an all-new chapter on
standards

o written and compiled by more than 170
contributors — all experts in their fields

ble to participate in our Bonus Book Plan that
allows you savings up to 70% off the publishers’
prices of many professional and general interest
books!

4. Convenience! 14-16 times a year (about once
every 3-4 weeks)- you receive the Club Bulletin
FREE. It fully describes the Main Selection and
alternate selections. A dated Reply Card is in-
cluded. If you want the Main Selection, you simply
do nothing — it will be shipped automatically. If you
want an alternate selection — or no book atall - you
simply indicate it on the Reply Card and return it by
the date specified. You will have at least 10 days to
decide. If, because of late delivery of the Bulletin
you receive a Main Selection you do not want, you
may return it for credit at the Club’s expense.

As a Club member you agree only to the purchase
of two additional books during your first year of
membership. Membership may be discontinued by
either you or the Club at any time after you have
purchased the two additional books.

McGraw-Hill Book Clubs

Electronics and Control Engineers’ Book Club®
P.0. Box 582
Hightstown, NJ 08520-9959

Please enroll me as a member of the Electronics and
Control Engineers’ Book Club® and send me the book |
have chosen for only $14.95 plus local tax, postage and
handling. 1 agree to purchase a minimum of two addi-
tional books during my first year as outlined under the
Club plan described in this ad. Membership in the club is
cancellable by me or McGraw-Hill any time after the two
book purchase requirement has been fulfilled. A shipping
and handling charge is added to all shipments.

L-------------------------------------------------

ECGA-042

I wish to order the following book: |
[] ANTENNA ENGINEERING HANDBOOK (322/910) 1
[J MODERN ELECTRONIC CIRCUITS REFERENCE MANUAL (404/461) :
[J ELECTRONICS ENGINEERS' HANDBOOK, 3/ (209/820) I
[J AUDIO ENGINEERING HANDBOOK (047/774) [ |
[J MAGNETIC RECORDING HANDBOOK (412/74X) :
Sig i
Name. |
Address/Apt. # :
(T‘tlxl;/it&i:%;:ecl 10 acceptance by McGraw-Hill. Offer good onl‘ to new members Foreign member acceptance subject to special conditions :
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Phase Shift Circuit
using built-in oscilloscope
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Easy to use, menu-driven, mouse controlled
circuits come alive on your terminal!

@ DC Series Circuits
Ohms'’s Law ¢ Kirchhoff's
Voltage Law
B Temperature Effects
Voltage sources « Resistances
in series
B Voltage Dividers
Internal source resistance
Voltage regulation
@ DC Parallel Circuits
Networks  Current dividers
B DC Series-Parallel Circuits
DC Circuit analysis b¥ reduction
@ DC Circuit Analysis
Mesh circuit and brar.ch current
analysis
B Superposition Theory
Circuit analysis using st perposition
B Bridge Circuits
Delta — Wye conversions
@ Phasor Mathematics
Phasor theory
@ Series AC Circuits
RC, RL and RLC circuits
Power and power factors
B Resonance
Tuned series circuits
Parallel resonance
8 Parallel Resonance
Tank circuits
B Polyphase Systems
Power in polyphase svstems




om pute st ac your circuits with built-in high tech instruments —
c te voltmeter, ammeter, ohmmeter, oscilloscope, wattmeter,
- d an sweep generator, breadboard, temperature adjustment
bu Il and frequency control. This complete electronics lab,
simulates thousands of dollars worth of parts and
New PROTOLAB™, a state of the art electronics lab for instruments . . . all built-in with easy to use, menu driven,

the hobloyist’s, student’s or engineer’s pc. Now, you can mouse controlied PROTOWARE™ software. Plus, you
build and experiment with actual circuits, choosing from  get a unique experiment book, featuring over 75 experi-
an unlimited number of components, including resistors, ments and circuits. Enjoy countless hours of fun, while
capacitors, inductors, general impedence, AC voltage learning. And, you won’t blow up your “lab”, because
sources, batteries, AC/DC current sources. Then, analyze it’s fool proof and safe on your pc.

Here are some typical circuits you can build and test...

Resistor Series/Parallel Circuit Thevenin Equivalent Circuit

demcnstrates current division in calculating voltage drop and §

a parallel circuit current flow using built-in
ammeter/voltmeter

Parallel Resonance LC Tank Circuit
using sweep generator to vary
voltage across tank, monitoring
circuit response

PROTOLAB
provides a complete
lab station of high & — = START 200 W2
. STO# .2 KHZ
tech equipment [l svepiis
including... [ I
J
1CONT INUE )
Temperature e Ticancers |
Adjustment

Freaquercy Compensated Bridge using
oscilloscope to measure AC signal
oftset by DC voltage

Order today...
start building

and testing
circuits today...

Complete, for IBM/compatibles*... ONLY $9995

For Macintosh with high resolution, enhanced graphics**...$12995 Includes lab
experiment book
‘IBM/compatibles require 384K RAM, CGA [640x200] video display and mouse and exclusive
**Macintosh reguires Macintosh 512E, MAC XL, MAC PLUS, MAC SE, MAC Ii PROTOWARE™

(&) (>
Call toll-free for details GLOBAL ?$°§Si(f'np$_§i?§i:ees.'wew Haven, CT 06512. ,
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i Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

SPLIT BATTERY

I'm building a circuit using
op-amps that require a split
supply. The final productis go-
ing to be powered by batteries
so I’ve been using resistors to
create a split supply from a
nine volt battery. It works but
I've noticed that the perfor-
mance of the op-amps is much
better if the circuit runs of a
real split supply. Is there some
simple circuit | can use to geta
real negative voltage from a
single battery?—J. Laberdie,
Somerville, NJ

This is a problem that you run
across whenever you use op-amps
like a 741. They're easy to use,
cheap, and available everywhere, but
running them off batteries is a pain in
the neck.

There are two ways you can take
care of the problem. The first one is
simply to use two nine-volt batteries
connected in series and take your
ground from the center point. The
only possible problem with this ap-
proach is that there may not be room
for the second battery in the en-
closure you're going to use. If the
only components that use the nega-
tive supply are the op-amps, then the
battery that's supplying the negative
voltage will last for a very long time
since the draw from the op-amps is
very low.

If you insist on doing the job elec-
tronically, you can use the circuit
shown in Fig. 1. The 555 is set up as
an oscillator with a duty cycle pretty
close to 50%. The components at the
output work as a voltage-doubling
rectifier.

On the positive half cycle of the
output wave, D1 is forward biased
and C1 charges up with respect to
ground. On the negative half cycle,
C1 discharges through D1 and
charges C2. Since D2 is reverse bi-
ased, C2 can't discharge through C1.
The result is that we have a voltage at
the cathode of D2 that's negative
with respect to system ground and
the voltage is renewed with every full
cycle of the 555 output.

The 555 can supptly about 200 milli-
amps but all you can really get from
the circuit is less than half that
amount. Since you're only using the
negative voltage to supply the op-
amps, you've got more than enough
current available to do the job. The
negative voltage you'll get will be a
few volts below the positive voltage
supplying the 555, but the exact
number depends on the amount of
current you're going to draw from the
circuit.

XT UPGRADE

I have an XT clone and am
thinking of upgrading to an AT.
The only thing that’s prevent-
ing me from doing so is that,
while | don’t mind spending
the money for the mother-
board, | resent having to lay
out money for a new 1/0 card,
disk controller, and so on. |
want to know whether or not |
have any alternatives?—J.
Bendel, Bogota, NJ

The difference in performance be-
tween an 8088-based XT and a 286
AT is what is referred to in the tech-
nical journals as “mind blowing.” A
conservative estimate would be that
you'll see at least a five-fold increase
in processing speed.

If you want to keep the costs as low
as possible, the only thing you'll really
have to add to the motherboard is
faster memory—and even that’s not
for sure. There's no reason what-
soever why you can’t use the cards
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FIG. 1—THIS SIMPLE CIRCUIT can pro-
vide you with a negative voltage from a
positive supply.
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you have in your XT in an AT. You
won't be getting the best perfor
mance possible out of the new moth-
erboard, but that's a long way from
saying that it won't work at all. The
sixteen-bit cards made for the AT are
faster than the eight-bit cards you're
using in the XT but, when you actually
compare things, the performance dif-
ference isn’t anything like the dif-
ference you'll get by swapping the
motherboards.

The only thing to be careful of is
how you set up the AT since you have
an XT-controller card. The AT stores
in memory the kinds of drives you
have, and needs that information to
operate because it has drive tables
built into the ROM. The XT doesn't
have any of those and has to depend
on drive tables stored in a ROM on
the hard-drive controller card. The
way around that is to tell the setup
program that you don't have any hard
drives installed.

Memory speed is a different prob-
lem. Most AT boards can run at two
speeds. The low speed is usually
about 8 MHz and the high speed can
be anything up to 20 MHz. If the
memory you have in your XT is rated
at 12 nanoseconds or less, the AT will
probably crash at high speed. Your
alternative is to either run at low
speed or replace the memory with 10-
nanosecond RAM.

The price of memory changes
every day but is usually somewhere
around a hundred dollars a megabyte.
Since the difference between the low
and high speeds of the AT is pretty
noticeable, you should really consid-
er getting whatever memory is
needed to have the motherboard run
as fast as possible.

WASHING BOARDS

Some time ago you ran a se-
ries on how to make printed
circuit boards and, in general,
I've been successful following
your advice. The only place |
have any trouble is in develop-
ing the board. When | wash the
developed board with water,
the board often doesn’t clear.



If | put it back in the developer
for a longer period, all of the
resist gets dissolved. What am
I doing wrong?—G. Fischer,
New York, NY

Making printed circuit boards at
home is time-consuming enough,
without having to seek out how-to
information, as well. There are lots of
books on the subject, and several
companies make the supplies, but
the information you get from them is
often more theoretical than practical.

There are so many variables in-
volved in producing a good board that
it's almost impossible to pinpoint your
problem. Mistakes that are made in
pouring the resist may not be evident
until you actually dunk the board in
the etchant, and there's no easy way
to know exactly where the mistake
was made. Since you indicated in
your letter that you've had some suc-
cess in making boards, we can elimi-
nate a few of the steps as the source
of your problems.

The light source you're using and
the exposure time are probably cor
rect since a mistake here means that
it would be impossible to have any
success at all. The same sort of argu-
ment applies for the quality of the
printing negatives. My best guess
would be that you're either not coat-
ing the copper blank properly or
you're making a mistake when you
develop the board.

When you pour the resist on the
board, you want to keep the actual
coating as thin as possible. The best
way to do that is to pour the resist on
one edge of the board and then tilt
the board one way and then the other
to let the liquid resist flow across the
entire surface. If you have a problem
with this, you can use a small brush to
help the resist flow around the board.

Once the board is covered, let it
rest at a sharp angle on a piece of
paper towel so the excess resist can
flow off the board. If you let the safe
light hit the board at the right angle,
you'll be able to see the excess resist
flowing to the bottom of the board.
Keep on blotting the edge until all of
the excess is off the board.

You can air dry the resist but that
takes overnight. A better way is to
use a hair dryer on.a medium setting.
That will dry the board in a few min-
utes but the resist can be ruined if you
let it get much over 125°

Developing the board is a pretty
straightforward operation. Put the

board in the developer and gently
rock the tray back and forth for about
30 seconds or so. That's enough time
for the first dunk. Wash off all the
dissclved resist before you give the
board more time in the developer.
One piece of information you won't
see anywhere but in Radio-Elec-
tronics has to do with washing the
board in water. Fill a tray with COLD
WATER (about 70 degrees Fahren-
heit is fine), and dunk the board in and
out of the water. If you use hot water,

the dissolved resist won't wash off
the board.

Once you see the board clear (the
foil pattern will start to show and the
rest of the copper will be clean look-
ing), take the board out of the water
and shake the excess water off it.
Don’t wipe it because the resist is still
very soft. Repeat the developing step
and then wash it again. The pattern
should appear clearly on the board
and, once it dries, you should have no
trouble etching it. R-E
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If only your broken VCR,
Computer or TV...could talk.

"What this
shop needs Is the

Now 1€ Pinout

|

Complete, Compact, Easy-to-Use
This valuable new repair tool
provides ® pinout data for over
170,000 ICs
currently in use
worldwide ®
package style
drawings ® IC
.. descriptions ® and
manufacturer information.

30-day money-back guarantee.
Global Engineering

2805 McGaw Ave., Irving, CA 92714
Telephone: 714-261-1455;
Tol-free 800-854-7179

Finally, one book with all the information you need for
fast repair jobs. At the very low, introductory price of

$99!

NEW IC Pinout Guide: Tells you
what your broken equipment can't.

Mail this coupon to: Global Engineering,
2805 McGaw Ave., Irvine, CA 92714
[J Yes, | want quick answers to my IC replacement
questions!
Send me _copies of the new IC Pinout Guide!
Introductory price applies through November 1990

- !
ORDER TODAY! List Intro

IC Pinout Guide . . . Price Price Qty. Total
$149 $99
[J Payment enclosed Subtotal

Shipping/Handling
(5% of total order}
CA customers
add 6.25% tax
Total

For credit cards, call toll-tree 800-854-7179

[J Bill my company
P.O. No._

Company: —
Name: S

Title:_ _ Dept...

Address: S

City: State:. Zip:

Phone: { ) - e

Signature:
(Required for all orders without purchase order) greio
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EARN YOUR

B.S.E.E. \
DEGREE

THROUGH HOME STUDY

Our New and Highly Effective Advanced-Place-
ment Program for experienced Electronic Tech-
nicians grants credit for previous Schooling and
Protessional 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 pull 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  JATKSON, MISSISSIPPI 39212
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Write to Letters, Radio-Electronics, |

500-B Bi-County Blvd., Farmingdale, NY 11735

HOW TO FIND SCHEMATICS

Trying to locate information
through manufacturers who have
moved or gone out of business is a
difficult task. One method that's
worked for me is to send a short
request for information on file for the
patent number of the equipment, plus
$0.50, to the Commissioner of Pat-
ents, U.S. Patent Office, Wash-
ington, DC 20231. Within six to eight
weeks, you will receive a letter stat-
ing the additional fee needed to cover
printing and shipping costs of the ma-
terial or the information used to pat-
ent the equipment. (The original
$0.50 is applied toward the cost, and
can be refunded if you don't want to
pay the fee to receive the informa-
tion.) | sent for the patent information
on an instrument amplifier and re-
ceived schematics with detailed the-
ory of operation. Take advantage of a
little-known public service!
DARRELL W. OVERFELT
Kansas City, KS

ACCURATE OSCILLOSCOPE
MEASUREMENTS

People who use digital-storage
scopes based on sampling tech-
niques speak of “bandwidth limiting.”
Dave Sweeney's letter in the August
issue of Radio-Electronics stated
the bandwidth needs to satisfy the
Nyquist criterion, which, for faithful
reproduction, requires a sampling
rate at twice the highest frequency
component in the signal.

By definition, a scope’s bandwidth
is assumed to be the — 3-dB frequen-
cy response point of the scope's ver
tical system. When making accurate
measurements, we should be con-
cerned that the system bandwidth is
adequate—that means right from the
probe tip. Just as the bandwidth of a
pulse is approximately the reciprocal
of its length, the bandwidth of a com-
ponent is approximately the re-
ciprocal of its rise time. And, similarly,
the bandwidth of a scope using a
combination of components with
known rise times approximately
equals the reciprocal of the RMS val-
ue of their reciprocals.

WWW.americanradiohistorv.com

Many scope users fail to re-
member that the —3-dB point is a
power response, while the observed
signal is in terms of voltage that
equates to —6 dB, for the so-called
Gaussian response. In actual fact,
most low-cost scopes use a peaked
response to obtain the rated band-
width and are non-Gaussian. Any
scope, regardless of cost, exhibits
30% error at rated bandwidth. Again,
by definition, the vertical amplifier re-
sponse is down to 0.707 in amplitude
at the — 3-dB power response point.

If you want to make accurate mea-
surements with a scope, use one that
has a bandwidth 3 to 5% that of the
highest-frequency component in the
input signal. Similarly, in non-Gaus-
sian-response amplifiers, strange
phase shifts sometimes occur that
can distort the viewed signal, par-
ticularly as rated bandwidth is ap-
proached. Think about how many
measurements can be tolerated with
an uncertainty of 30%.

RALPH CAMERON
Government Accounts Manager
Tektronix Canada Inc.

HINDERING THE HANDICAPPED

As totally blind individuals, my wife
and | are becoming quite frustrated
with the consumer-electronics indus-
try. In an age when LS| and other
fabrication techniques could give us
greater access to new and useful
consumer electronics, we are en-
countering more and more barriers to
our operation of many units. Those
are the ones that contain visual-only
functions or printed “keyboards” on
perfectly smooth panels, which make
operation without sight very difficult
or impossible.

For nearly ten years, we enjoyed
absolutely reliable operation of a
dual-alarm GE clock radio, which cost
about $80 and had direct numeric
keyboard entry of times and frequen-
cies by a keypad much like that on a
push-button phone. When the key-
board became erratic, we found that
the radio could not be replaced be-
cause parts were no longer available.

All the new clock radios seem to



use what | disparagingly call the “idiot
data entry” method, by which you
hold a key or press a spot until the
desired number appears on display—
a system totally unusable without
sighted assistance. If data entry on
clock radios—and some other elec-
tronic products, for that matter—was
similar to data entry on scanners and
push-button phones, a few quick key-
strokes would provide absolutely re-
liable operation for the blind and
sighted alike.

Computerized home-appliance
controllers could be very helpful to
us, if we could program them reliably
without sighted assistance. (Many of
us do not have sighted assistance
easily available)

While some of our needs are best
met by special devices made for the
blind, those are very expensive be-
cause they are made for such a small
market. However, we could use many
off-the-shelf items if their manufac-
turers would consider the possible
sightless operation of those prod-
ucts. | sometimes think it would be
interesting if those who design con-
sumer electronics could be rendered
totally blind for several hours, during

which they would have to attempt op-
eration of their equipment. | believe it
is time for the electronics industry to
examine ways in which it might pro-
vide greater accessibility to its prod-
ucts by the blind.

Do you know of any company that
produces a good clock radio to meet
our needs?

DAVID PLUMLEE

Independence, MO

We'll be presenting some projects
that you should find useful in upcom-
ing issues, including an E-Z Tune FM
radio. However, it sounds as if your
clock radio’'s keypad may simply need
a good cleaning. You might want to
try using TV-tuner cleaner on the
switch contacts.—Editor

AC POWER AND MICROWAVES

I'm writing about two articles in the
August issue of Radio-Elec-
tronics. First, | found the article on
AC-power measurement to be well
written and very informative. | would
like to see more of such articles.
There is one method of measuring
power that is missing. That is using
four-quadrant multipliers, such as one
using RCA's transconductance op-

amp, CA3060. | have assembled the
parts for a wattmeter based on the
CA3060 and have a prototype sche-
matic, but have not gone further yet.
Figure 14 in the article, using the
pulse-width modulator method, inter-
ests me, and | will investigate it fur-
ther. One note, though: The analog
switch in Fig. 14 is drawn incorrectly
so that the integrator sees the nor

mal, but never the inverted input.
The second article is the one on
microwave technology by Joe Carr. In
the history of microwaves he gives an
erroneous view of the use of vacuum
tubes and omits an important applica-
tion. He says, "By World War Il, oper-
ation at 200 MHz was possible,
500-800 MHz was achieved by the
end of the war, and 800 MHz by the
early 1950's.” In truth, by the late
1940's we had triode vacuum tubes
that would work up to about 5000
MHz. In 1949, | worked on path-loss
measurements for proposed relay
sites for bringing AT&T’s TD-2 micro-
wave-relay system into Denver. The
TD-2 band is 37 to 4200 MHz. That
system had already been built some
distance west of New York. The fol-
continued on page 25

Meodel urcanng 2600H 2210A E3O0H/A
Freq. Period

Function  Rationterval, Frequency  Fregqueney  Frogueney
Avg. Prescale

Range 10Hz 1OMH7- 10Hz Mz
2.4GHz 2.4GHy il iGNz
10 it

Display Leh 10 Dign By Kihpit
w/Funetion Len LED LED
Annunciators

RF Signal 16 Segment 16 Begment

Strength  Adjustable vdjustihle

Indieator Burgraph Bargraph

Price $375. $325. $239. $179.

Sensitivity: <1 to <10mV iypicol. Time Buse: 2 1.ppm

LED Maodels: 4 2ppm add §80. - LU Models. Nicads & AC charger
wipterincluded  Carry Case, Antennas and Probes
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WXl OPTOELECTRONICS
The only name in HANDI-COUNTERS

Check These Incredible Features
On The All New UTC3000
¢ 10Hz to 2.4GHz Range.

= .appm. add 875 -

Simply amazing!
¢ 10 Digit LCD Display.
1Hz resolution to over 150 MHz direct
Reudable in bright sunlight
¢ RF Signal Strength Bargraph.
16 Segment. Zelo. & Full Scale adjustment
SEL the input signal
¢ Super Sensitivity. <ImV 10-200MHz,
<5mV to 2GHz for efficient antenna pickup
« 6 Functions. I'requencey, Period. Ratio
Time [nterval. Average, & Prescale
« Hold Button.
‘Locks in” your exact Measurement FAST!
¢ Extruded Aluminum Enelosure.
Designed o it every hand.
¢ Priced Right! Only $375.
Includes Nicads. AC Charger/Adapter.
Or Seleet Our Most Popular
HANDI-COUNTER, the maodel 2210
that <et the standard in handheld
frequency counter technotogy!
Vitlue Priced at only $239.

Professionals and Hobbyvists all over
the world have chosen OEL for 16
vears! Shouldnt YOU?

HANDI-COUNTERS! ...Only from: OEI!
Choose the model that fits your needs..
and vour budget! CALL NOW!

Toll Free Order Line:1-800-327-5912 r1(305)771-2050 « FAX(305)771-2052 EEE

Wisa, MC. COD, Cash. M.O.accepted. Persunal Check allow 3 weeks. 5
In FLadd 6% sales tax. Full-line Product and Accessory Catalog available on reguest.

5821 NE 14th Avenue * Ft. Lauderdale. FL 33334
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CIRCLE 189 ON FREE INFORMATION CARD

www americanradiohistorv com

066} H3IGWIAON

—
~



Learn to troubleshoot and service
today’s computer systems as you
build a fully AT-compatible micro,
complete with 1 meg 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 the latest advances keyboard, install the power
in computer technology. supply and 5%4" disk drivz,
then interface the high-resolu-
tion monitor. But that’s rot all.
Train With a Powerful Your handson trainfg
AT-Co tible—N. continues as you install a
Lvompaublie—INow powerful 20 megabyte herd
with 20 Meg Hard disk tcéaive—today’s mo}slt- "
Q wanted computer peripheral—
Drive and 1 Meg now mcludeg in your cou-se to
RAM! dramatically increase the data
storage hc;ipaclty of youlll'gchom-
To give you hands-on traini - a puter while giving you t-
mt;gl-llthgabsolutemstaaube-omflg- R N I AN SRR B RRY S ee— ning-quick data access. Flus

& the-art computer techn:fll(’)]gy

you work with exclusive word
z NRIincludes the

! 'l"l"l"l"u"l"l.'i.ll..o"" » I ' ‘ \‘ ‘ \\\
/%'s TR, | (P processing, database, and
Q West Coast 1010 ES computer spreadsheet software, yours to
5 as the centerpiece of your use for your own professisnal

I Tt ad Sl You build this powerful West Coast 1010 ES computer, and personal applications.

w fully IBM AT-compatible all the while gainin? a true mastery of computer ' As you build your com-

© micro from the key on electronics. Best of all, it's yours to keep for all your puter, performing key demon-

2 up, you actually see for professional and personal comrputing needs. strations and experiments at

o yourself how every section of each stage of assembly, you get
your computer works. the confidence-building, real-
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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 ¢ A
digital logic probe
that lets you visually
examine computer
circuits ® The new
AT-compatible West
Coast 1010 ES computer

with high-speed 80286 *
CPU, 101-key “intelligent”

keyboard, 1.2 meg high-density

floppy disk drive, 1 meg RAM il
(expandable to 4 meg), 64K ROM

* 20 megabyte hard disk drive E 4
MS-DOS, GW-BASIC, word proces-
sing, spreadsheet, and database
software ¢ Reference manuals with
programming guidelines and
schematics

ey
world experience you need to work~
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.

-

No Experience Needed,
NRI Builds It In

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

McGraw-Hill Continuing Education Center
4401 Connecticut Avenue, NW. Washington, DC 20008
# CHECK ONE FREE CATALOG ONLY
1 Computer Electronics

[J TV/Video/Audio Servicing

[ Robotics [ Basic Electronics

NOW!

AT-compatible
computer and 20
meg hard drive!

For Career courses
approved under GI Bill

[ check for details.
[ Telecommunications

O Industrial Electronics
O Electronic Circuit Design

prepared to
take advant
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 training,
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.

NP,

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

School of
Electronics

IBM and AT are
registered trademarks of
International Business

h Corporation

.
[J Air Conditioning, Heating, & Refrigeration
[J Small Engine Repair
O Electrician
O Locksmithing
O Travel Careers

{1 Electronic Music Technology [ Bookkeeping & Accounting O Writing %
[J Security Electronics [ Building Construction O Paralegal <
[] Digital Electronics Servicing [0 Automotive Servicing O Computer Programming m
<
uy]
Name (Please print) Age | %
—
Street (o]
8
City/State/Zip We'll give you tomorrow. Accredited Member National Home Study Council 3-110
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This 18 what C@ ) looks like.

(@) 1s the symbol for the new Sound Retrieval
System that lets you experience true 3-D sound from
two ordinary loudspeakers. Read that last sentence

again. You probably still won't believe it. But it is real.

In fact, (> won the Grand Award for Audio Tech-
December, 1989.

Until now the quest for life-like 3-D sound has
mvolved ever more sophisticated, complicated and
expensive arrays of hardware.

Until now. Because the engineers at Hughes
Aircraft Company began asking some new questions
about sound 1itself. Instead of concentrating on
hardware, they analyzed the way the ear processes
sound. They discovered that the subtle restoration of
certain frequencies in recorded audio can duplicate the
way your ears locate sound. Ah ha!

Then they fiddled around with their new techno-
logy until they not only perfected it, they made it
affordable for commercial applications.

To experience the uncanny realism of this new
kind of sound is . . . well, uncanny. You can get up and
walk around the room and the sound image doesn’t
change. You don’t have to stay in the “sweet spot”
created by delay arrays and surround-type matrices.
And you won't find the “hot spots” you get with multi-

ple speaker arrays. Will (@) replace all those speakers?
Len Feldman, in the September 1989 issue of Radio
Electronics wrote, “The demonstration was so dramatic
and effective that people couldn’t help but look for
additional hidden speakers.”

So forget expensive surround-type speaker
matrices. You don’t need to buy a roomful of speakers
and sacrifice a lot of square feet of living space to house
them. All you needis(®>.

We'll bet you're still skeptical, and will be until you
actually hear (@) for yourself. Which you can, today,
on Sony TV sets. Imagine that. You can buy a Sony TV
with built-in sound that will make you want to throw
rocks at your stereo system. Several other major
electronics companies are poised to announce (@
on their products.

So, when you do look for your new audio system,
look for (@>.

Subsidiary of
GM Hughes Electronics

For more information, contact Hughes Microelectronic Systems Division, Audio Product Line, PO. Box 7000, Rancho Santa Margarita, CA 92688. (@) 1s a trademark of Hughes Aircraft Company. © 1990
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EQUIPMENT REPORTS :

Coordinated Time Link Model CTS-10 Computer Time Standard

s

Link your IBM PC or cempatible computer to an
atomic clock for accurate, NIST-traceable time.

granted. Today's least expensive

digital watches offer performance
that was available only on the most
expensive watches of yesterday. The
same trend has carried over to labo-
ratory testing and data-logging equip-
ment, but there, the demand for high
accuracy is more critical.

As the personal computer takes
over more and more data acquisition,
logging, and automation functions,
the need for higheraccuracy real-
time clocks has become sorely ap-
parent. Although the PC on which
this report was prepared is not used
for any laboratory functions, its inter-
nal clock keeps notoriously bad time.
In a data-logging application, that
would be unacceptable. Forexample,
consider a network of several com-
puters keeping watch on seismic ac-
tivity in different parts of the country.
If those computers don't share the
same clock, the data they obtain can
be misleading or meaningless. For-
tunately, there's a solution: the
Computer Time Standard-10 or
CTS-10 from Coordinated Time Link,
Inc. (3442 De La Cruz Blvd., Santa
Clara, CA 95054).

The CTS-10is a plug-in time stan-
dard for IBM PC/XT/AT and compati-
bles. It decodes the time and date
information from the 10-MHz radio
broadcasts from WWV and WWVH,

I t's easy to take accurate timing for
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two stations operated by NIST, the
National Institute of Science and
Technology (formerly known as the
NBS or National Bureau of Stan-
dards). Any application running on
the PC automatically incorporates
the correct atomic-based time—in-
cluding leap-second corrections

Installing the CTS-10

The CTS-10 is reasonably easy to
get up and running. The circuit board
is a half-size card but, because of the
width of the on-board 10-MHz radio
receiver, takes up two slots (unless
you can install it in the right-most
slot). The rear panel of the card con-
tains a BNC antenna connector, a 5-
position DIP switch for port selec-
tion, and a DC power jack for connec-
tion to a wall transformer for backup
power operation. An on-board lithium
battery provides operation in the
event of a power failure.

The most important part of the in-
stallation is mounting an antenna.
Coordinated Time Link does have
both indoor and outdoor antennas
available as options, but it should be
easy enough for a reader of this mag-
azine to construct his own. A couple
of caveats should be mentioned,
however. The computer in which the
receiver is mounted is a very noisy RF
interference source. Even with prop-
er shielding, the emissions from a PC

www americanradiohistorv com

at close range can be much stronger
than the WWV signal.

Since the CTS-10 offers neither a
signal-strength meter nor an audio
output, finding the correct positioning
of the antenna is difficult. We found
that using a separate shortwave re-
ceiver was a reliable way to find the
best antenna location.

The remainder of the installation
involves picking a port address that
won't conflict with any other installed
boards, and configuring the software.

The software supplied with the
CT5-10is very easy to use. The con-
figuration program is controlled by
menus that allow you to select the
port used, the color of the time dis-
play, the time zone you want dis-
played, the format (12/24 hour) of the
time and date display, and whether
you want automatic display of
daylight savings time. The clock’s up-
date interval is adjustable from once
every second to once per day. Al-
though a short update interval offers
the greatest accuracy, each update
slows other processing down.

Although the software supplied
with the board is adequate for most
purposes, the CTS-10 is the type of
product that is bound to find itself in
many custom applications. For-
tunately, a chapter in the user’'s man-
ual completely describes the pro-
gramming interface, and appendices
include routines in C and 8086 as-
sembler that handle basic communi-
cations with the CTS-10.

We had an easy time getting every-
thing operating properly—once we
got our antenna far enough away from
our computer. Ina sense, that’s unfor-
tunate—we never got to try out the
Remote Service Ultility provided by
Coordinated Time Link. That program
allows a CTL service technician to
test the CTS-10 board in your own
machine, using your own antenna. Al-
though this is the first time we've
seen such a service offered, we hope
it's not the last.

We found the CTS-10 to be a fas-
cinating, one-of-a-kind device. With a
single-unit price of $225, it should be
an irresistible bargain for many labo-
ratories and schools. R-E



LETTERS

continued from page 17

lowing year, | started a seven-year
hitch in testing and maintaining two
main routes of TD-2 systems. The
tube that made the system possible
was what started as the Morton tri-
ode, later coded the 416A, and still
later the 4168 triode tube. In the early
1950's, AT&T established a nation-
wide TD-2 system that allowed good
TV network transmission for the first
time. | think it was sometime in the
1960’s that the tubes were replaced
by solid-state devices. KENNETH E.
STONE

Cherryvale, KS

Mr. Stone is essentially correct, and |
gladly defer to the wisdom of age and
“eye-witness experience.’’ In any
case, because of the importance of
microwaves in beating the Nazis (es-
pecially through their use in radar),
I'm darn glad that those frequencies
were available!—Joe Carr.

VOR GENERATORS

Please advise P. Jamison (Ask A-E,
Radio-Electronics, August 1990)
that he should disregard your sug-
gestion that he might use a 555 timer
to build a VOR signal generator to
test VOR course indicators used in
aircraft.

As a retired Supervisory Electronic
Specialist with the FAA, certified in
VOR operation, | can agree with him
that available VOR test-signal gener
ators can appear to be heavily over
priced. However, closer examination
shows that it's not so. The need for
self-calibration and a 0.1°-limit on
course error necessitates higher
cost.

VOR's transmit two modulation
components: a 9960-Hz component
frequency-modulated at a rate of 30
Hz, and a 30-Hz component. Those
signals are very clean sine waves,
generated in such a way that the two
recovered 30-Hz signals are in zero
phase at zero azimuth, or point true
north of the station. At other
azimuths, the difference in phase be-
tween the two 30-Hz signals is equal
to the true azimuth within a very
small, allowable error. To shop-build
even one such unit capable of gener
ating such signals is feasible, but the
cost would be prohibitive. For in-
stance, the ARC type-14A VOR gen-
erator has been on the market for at

least 15 years, so it should be possi-
ble to find a used one at a good price.

Approved testing of VOR equip-
ment requires that some accurate
signal source be used.

| suggest Aviation Electronics, by
Keith W. Bose (Howard W. Sams &
Company, 4300 West 62nd St., Indi-
anapolis, IN 46268; 800-428-
SAMS), for those who would like to
learn more about any aircraft naviga-
tion equipment in easy-to-chew
words.

As an aside, I've been reading Ra-
dio-Electronics since 1929, when
it was called Radio Craft, and I've
been a subscriber longer than | can
remember.

WILLIAM L. HOY
Charleston, WV

SUPER ARTICLE

I'd like to “transmit” my thanks to
Dale B. Blackwell for his excellent
article, “Superdirectional Micro-
phones” (Radio-Electronics, July,
1990). As an enthusiastic electronics
hobbyist and an impulsive buyer of all
available electronics magazines, |
have collected many technical arti-
continued on page 94
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ELECTRONIC
ENGINEERING

RMS225
Beckman fndustrist
va

Building the best DMM for the money is no
accident. The new RMS225 was carefully
designed to give you what you wanted at a price
you could afford. Visit your local distributor
today and you’ll agree the choice is obvious.

Fluke
Model 77

8 volumes, over 2000 pages.
including allnecessary math and
physics. 29 examinations to help
you gauge your personal pro-
gress. A tfruly great leamning
experience.

Prepare now to take advan-
tage of the growing demand for
people able towork at the engin-
eering level.

Ask for our brochure giving
complete details of content. Use
your free information card num-
ber, or write us directly. $99.95,
Postage Included. Satisfaction
guaranteed or money refunded.

4V

Banner
Technical
Books, Inc.
1203 Grant Ave.

Rockford, IL 61103 )
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3-12 Digits

3,200 Counts

0.3% Accuracy

Touch Hold®

31 Segment Analog
Bar Graph

2,000 Hour Battery Life
10A Range (Fused)

Protective Holster

3Yr. Warranty

$159* 4

® Touch Hold is a registered trademark of the John Fluke
Mfg. Co., Inc. *1990 Fluke and Philips Catalog

Beckman Industrial”

An Altiliate of Emerson Electric Co

Instrumentation Products Division
3883 Ruffin Road, San Diego, CA 92123-1898
(619) 495-3200 * FAX (619) 268-0172 * TLX 249031
OQutside Catifornia 1-800-854-2708 Within California 1-800-227-9781
© 1990 Beckman Industrial Corporation. Spe-fications subject to change
without notice. Fluke is a registered trademark of John Fluke Mfg Co., Tuc.
JN190-01-1090
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NEW PRODUCTS

Use the Free Information Card for more details on these products.

COMPUTER-CARE KIT.
To help PC owners keep
their systems in opti-
mum operating condition,
Philips Consumer Elec-
tronics has introduced the
SBM1007X01 computer-
maintenance kit. The kit
contains everything
needed to properly main-
tain an entire dual-drive PC
system. Included are: CRT
cleaning solution, absor-
bent towelettes, keyboard
and plastic cleaning solu-
tion, swabs, disk-drive
cleaning solution, with both
3%- and 5%-inch cleaning
diskettes, printer platen
cleaning solution, special
head-cleaning material,
and a detailed instruction

manual.

The SEM1007X01 dual-
drive computer care kit has
a suggested retail price of
$49.95 —Philips Con-

CIRCLE 16 ON FREE INFORMATION CARD

sumer Electronics
Company, One Philips
Drive, P.O. Box 14810,
Knoxville, TN 37914-1810;
Tel. 615-521-4499.

POWER-SWITCHING
REGULATOR IC. Avail-
able in both commercial
and industrial temperature-
range versions, Mctorola's
monolithic power-switching
regulator IC's with on-chip
output switch are capable
of controlling currents in
excess of 3.0 amps. The
IC's have a wide range of
applications, including
being used as a DC-to-DC
converter in cars, consum-
er products, appliances,
computers, and industrial
equipment. In switching
power supplies, it can be
used in on-card power reg-
ulation and post regulation.

Each IC contains the pri-
mary functions required for
DC-to-DC converters and
is designed to implement

—

| DEOMIDIZES © CLEANS © PRESERVES « LUBRICATES o IMPROYES COWDU TIVITY

~ and hos excellent migration properties.

CRAMOLIN® DeOxidizer

For All Matols, Including Gold =+

CRAMOLIN® DeDxidizer. . is o fastacfing
deoxidizing solution that deans, preserves, and
lubricotes alf metol surfoces including gold.

When appfied to metal contacts, connectors
and other metal surfaces, CRAMOLIN
DeOxidizer temoves resisfive oxides and
forms o protective molecular layer that
adheres o metal surfaces, preventing future oxi
dation. CRAMOLIN® DeDxidizer maintains
maximum electrical conductivity, reduces wear,

dlso
4valoble
Precision

IDEAL FOR: oS

© Switches & Reloys ® Connecting Cables & Adaptors 8k Covcres “llp‘_l\‘\(‘li

* Edge Connectors  Terminal Stiips © Plugs & Sockets o L 205 0

* Gold Plated Connectors @ Potentiometers ® Bottery Contocts [ v EP\Y
: O

USED BY THOSE WHO DEMAND THE BEST:

o Bell & Howell  Copitol Records ® Dolby Laborotories
© Hewlett Packard @ John Fluke Mfg. ® Mlntosh Labs
o #Cl (Sony) ® Motorola ® NASA @ Nokamichi

o RCA o Switcheroft

Since 1956

LABORATORIES, INC.

P0. Box J @ Escondido, CA 920250051
(619) 7437143 ® tAX:(619) 7432460

« Economical? Long Lasting

* Ozone Safe Propelients

« Operates in Any Position

« Contents Completely Dispensed
« Uniform Spray PaRern

CIRCLE 50 ON FREE INFORMATION CARD

SICNAL REMOVEEKS

*FOR ELIMINATION OF SEVERE INTERFERENCE
*FOR "CENSORING® OF ADULT BROADCASTS

« ATTENUATION - 45 dB TYPICAL
- BANDWIDTH - 4 MHz AT 5 dB POINTS
= INSERTION LOSS - 2 d8

TUNING
RANGE

FOR
MODEL CHANNELS
23H 50-66 MHz
46FM | 66-108 MHz
1417 | 120-144 MHz
1822 | 144-174 MHzZ

713 174-216 MHz

PRICE| SHEF PING
50-300 MHz | $30 |
50-300 MHz | $30
50-400 MHz | $30
50-400 MHz | $30
50-400 MHz | $30

3 for$75-10 for $200 - mix or match

CALLTOLLFREEFORC.0.D.ORSENDCHECK TOORDER
FASTDELIVERY
30DAY MONEY BACK GUARANTEE (3 FILTERLIMIT)

Star Circuits
P. O. Box 94917
Las Vegas, NV 89193-4917

1-800-433-6319

2.3 (or 6 meter ham)
4.5.6 (orany FM)
14{A) 15(B) 16 (C) 17(D}
18(E) 19(F) 20(G) 21(H ) 22 ()
7.8.9.10.11.12.13

=0
SHIFPING

ar
coD
CHA3GES
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step-up, step-down, and
voltage-inverting applica-
tions with a minimum
number of external compo-
nents. Key features include
operation from 2.5- to 40-
volt input, precision 2% ref-
erence, a controlled duty-
cycle oscillator capable of
operating at over 100 kHz,
and low standby current of
6.0 mA. The gated-os-
cillator control mode re-
sults in simplified, low-cost
implementation of voltage-
converter designs. In addi-

tion, functional features—
including a programmable
current limiter, bootstrap,
and MPU reset—make it
easy to achieve less com-
plicated designs at lower
cost. Designs using the
MC34163 do not require
complex loop compensa-
tion (as do pulse-width
modulated control-mode
systems), which results in
fewer external compo-
nents, simplified IC design,
and reduced die size. The
devices are available in a
16-pin dual-in-line package,
including a heat tab plastic
power package which elim-
inates the need for an add-
on heatsink.

The MC34163P (0°C—
+70°C) and the MC33163P
(-40°C-+85°C) 3A
power-switching regulator
devices cost $1.14 and
$1.34, respectively, in
quantities of 10,000.—
Motorola Inc., Bipolar
Analog IC Division. Mar-
keting, EL340, 2100 E.

Elliot Road, Tempe, AZ
85284; Tel. 602-897-3615.

OSCILLOSCOPE PRO-
BE KIT. A 20-piece Master
Kit from Probe Master, Inc.
contains three complete,
heavy-duty probes and ac
cessories. Included are a

CIRCLE 18 ON FREE
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1Xx-25-MHz probe, a 1x-
200-MHz probe, and a 1 x/
1 X switchable 15-/200-MHz
probe in a high-impact pro-
tective case. The four-foot
probes use soft-molded
strain-relief techniques
that provide longer cable
life. Accessories include a

fully enclosed, rotating,
snap-on ground lead;
screw-in replaceable tips;
tip insulators; IC test tips;
trimmer tools; and repaira-
ble spring hooks for ease
of operation and mainte-
nance. Optional accesso-
ries include a four-inch
insulated extender tip, wire
wrap adapters, and pico
hooks to adapt the probe
tip for high-density circuit
servicing.

The oscilloscope probe
Master Kit cost $89.00.—
Probe Master, Inc.,
4989 Ronson Court, San
Diego, CA 92111; Tel.
800-772-1519.

PORTABLE SWEEP
GENERATOR. Measuring
just 5% x 3% X 1'%
inches, and weighing in at a
mere nine ounces, Produc-
tion Devices' model 1258
sweep generator provides
low-distortion sine waves
at fixed, variable, or swept
audio frequencies. The
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Cut Your Video
Servicing Time
by 54%*

$3,495
Patented

With The Market Proven VA62A Universal Video Analyzer™

You can prove it to yourself, in your shop, absolutely risk free—

Are you finding it tough to service today's hi-tech VCR and TV
circuits? Successful video servicers have told us that, to them, the
new technology meant lost profit and troubleshooting grief until
they tried the VAG62A's time tested, functional analyzing methods.
"The VA62A cuts servicing time and increases profits . ."

*Based on a nationwide survey of users who reported an average time
savings of 54% compared to their previous test equipment.

and share in the profits successful video servicing can bring. Call
1-800-SENCORE (736-2673) and ask about our exclusive
VAB2A instrument evaluation program. Tech-Tape Video Preview
and FREE full line color catalog are also available.

ENCORE

3200 Sencore Drive, Sioux Falls, SD 57107

100% American Made
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standard sine wave output
can be converted to a
square or triangle wave by
changing one internal wire.
Instructions are included to
re-adjust or change the five
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fixed frequencies: 20 Hz, 1
kHz, 3 kHz, 10 kHz, and 20
kHz. The 1258 features a
0-20-kHz automatic
sweep, and a manual fre-
quency control that can be
set from 0 to 20 kHz. Once
set, the output amplitude
remains flat from 20 Hz to

20 kHz (£1/4 dB). A spe-
cial regulator circuit allows
the two batteries to change
from 9 volts to 5-1/2 volts,
with no change in ampli-
tude or frequency.

The model 1258 sweep
generator costs $76.00.—
Production Devices,
356 North Marshall Ave-
nue, El Cajon, CA 92020,
Tet. 800-824-4226.

SURFACE-MOUNT
TRIMMER. A versatile,
single-turn, open-frame
trimmer from Bourns, Inc.
saves valuable circuit
board space and is simple
to automatically pick and
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place. The model 3363 sur-
face-mount trimmer boasts
the industry’s smallest 3-
mm design and meets both
EIA and EIAJ standard
board footprints and pack-
aging requirements. Typical
applications are in pocket
and hand-held pagers, vid-
eo cameras, cellular-phone
handsets and base sta-
tions, office-automation
equipment, computer pe-
ripherals, and home securi-
ty systems. Superior termi-
nation-pad geometry re-
sults in improved wave and
reflow soldering. A perma-
nent coating over the re-
sistor element protects it
from harsh fluxes, solder-
ing, and cleaning environ-
ments. The standard resis-
tance range is 100 ohms to
1 megohm with 5% max-
imum contact resistance
variation (CVR). The 3363
is packaged in an 8 milli-
meter embossed tape.

In low volume quantities,
the model 3363 trimmer is

priced starting at $0.395
each.—Bourns, Inc.,
1200 Columbia Avenue,
Riverside, CA 92507; Tel.
714-781-5500.

PROGRAMMABLE

CONTROLLER. Bridging
the gap between dasktop
computer and dedicated
controller in applications
such as appliance timers,
temperature controller,
programmable tester, hob-
byist projects, and alarms
systems, the BEaR-1FB
controller also functions as
a hardware/software de-
velopment tool or a micro-
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Train at Home to be an
Electronics Technician!

® 1BM-Compatible
Personal Computer

® Digital Multimeter

* Digital Logic Probe

Professional training and equipment can help
you gualify for a dynamic, high-paying career

in your spare time.

As the demand for computers and micro-
processors in business and manufacturing
continues to grow, so docs the need for
qualified technicians. [t's not unusual for ex-
perienced technicians to earn from $35.000
to more than $40.000 a ycar.* Now there’s
a way you can train for this exciting field
without interrupting your job or home life.

® Elenco Oscilloscope

Exclusive Extras
That Enhance Your Training

Choose From These Programs of Study

*Electronics & Microprocessor Technology

eIndustrial Electronics & Microprocessor
Technology

*Computer Scrvicing & Electronics
Technology

*Specialized Associate Degree In
Electronics Technology

You Get Professional Equipment
For Professional Training

Depending on the program vou select, you'll
perfect your skills using this advanced equip-
ment, included in the price of tuition:

Source: U8, Buregu of Labor Stitisties)

Peoples College introduces some training firsts
to make your learning experience more
complete:

® Accelerated Learning System — u scien-
tifically proven study system that lets you
learn Taster and easier than ever before.

*Optional One-Week Seminar — available
with our advanced programs. Conducted
on our campus near Orlando. Fla. Not
required for graduation. but a valuable
opportunity to fine tunc your skills with
personal guidance.

*Video Tutor Training Tapes — give you a
permanent. visual record of intormative
lectures and close-up demonstrations.

eExperience Labs — protessionally
designed experiments that give you hands-
on “beneh™ experience.

eIndustry Certification Training Guide —
provided with three of our programs.
Gives you first-hand insight into the
examination you may take for your
professional license.

For COLOR CATALOG Mal
Coupon or Call TOLL FREE

1-800-765-7247

Programs offered only in United States. Canada. Fuerto Rico
wnd Virgin Islands. No Obligation. No sales persom will call.

Our programs are accredited by the Accrediting
Commission of the National Home Study Council

. YES! [ would like to know more about your
training programs. Send a catalog to:

Name
Address
City
State _

Zip_

PEOPLES COLLEGE

OF INDEPFNDENT STUDIES
233 Academy Drive * P.O. Box 421768
Kissimmee, FL 34742-1768

Member. DL, Peoples Group 90
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computer lab trainer. The
controller, from Blue Earth
Research, is based on the
Intel 83C51FB micro-
controller with resident
floating point BASIC inter-
preter and debug monitor.
The BEaR-1FB is simple to
wire and program, requiring
only a 6-16-volt power
source and any terminal or
PC that supports serial
communications. Housed
in a high-impact plastic
case, the unit features 32K
bytes of RAM; a real-time
clock/calendar; an 8-chan-
nel, 8-bit A/D converter; a
precision 5-volt.regulator; a
10-year lithium backup bat-
tery; and a dual RS-232C
driver/receiver for serial
communications.

The BEaR-1FB controller
costs $199.00. A complete
system—including the
controller, user manuals, a
power supply. applications
board, and serial interface
cable—is available for
$299.00.—Blue Earth

Research, 310 Belle Ave-
nue, Mankato, MN 56001;
Tel. 507-387-4001; Fax
507-387-4008.

BNC ATTENUATOR KIT.
Putting the proper at-
tenuators at the fingertips
of radio and TV broad-
casters, RF design engi-
neers, and mobile commu-
nications manufacturers,
Test Probes, Inc. has intro-
duced its model TPI-1200
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BNC attenuator kit. The kit
contains one each of the
four most frequently used

attenuators—in 3-, 6-, 10-,

and 20-dB ratios—as well

as one 50-ohm feed-
through and one 50-ohm
BNC termination. The at-
tenuators feature thick-film
circuitry for low reactances
and a frequency range of
DC—-1 GHz. Built for du-
rability, the attenuators
have a rectangular shape to
keep them from rolling off a
bench, and feature a "'drop-
proof” shock-resistant de-
sign.

The model TPI-1200
BNC attenuator kit costs
$110.00.—Test Probes,
Inc., 9178 Brown Deer
Road, San Diego, CA
92121; Tel. 800-368-5719.

CROSS-NEEDLE SWR/
WATTMETER. The
MFJ-817 114/440-MHz
SWR/Wattmeter from
MFJ Enterprises displays
forward power, reflected
power, and SWR at a single
glance. The peak-and-aver
age-reading instrument

also provides two power
scales—200 or 20 watts
forward and 5 or 50 watts
reflected. The MFJ-817 is
housed in a 7Y-4%2-3V-
inch black aluminum cab-
inet. It features a meter
lamp and a large, two-color
easy to read meter.

The MFJ-817 peak-read-
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ing cross-needle SWR/
wattmeter, including a one-
year unconditional warran-
ty, costs $79.95. An op-
tional 110-VAC adapter
(MFJ-1312) for the meter
lamp costs $12.95.—MFJ
Enterprises, Inc., PO. Box
494, Mississippi State, MS
39762; Tel. 601-323-5869;
Fax 601-323-6551.

MODEL UTC8030
UNIVERSAL COU

R TIMEF

REAENY

129008

STANDARD FEATURES

@ FULL FUNCTION: Direct and
prescaled Frequency, Periods
(or averages), Time Intervals (or
averages), Frequency Ratios.

H WIDE FREQUENCY RANGE: 10 Hz
to 2.4 GHz, useful 1 Hz to 3 GHz

® HIGH RESOLUTION: 1 sec gate
time displays 1 Hz in 200 MHz.

® HIGH ACCURACY: TCXO
+ 1 ppm standard

B 16 element signal strength meter
10 digit LCD readout
® NBS traceable calibration

ONLY 8579

wencaLt ?
HK

3g”

Rt

OEl's model UTC 8030 is a full-
featured Universal Counter-Timer
with a Frequency Finder builtin a
unigue bench/portable enclosure.

The Frequency Finder's 10 mV
antenna sensitivity and NiCad
batteries provide true off-the-air
measurements at maximum distance
-from any transmitter up to 3 GHz.

N ]
OPTOELECTRONICS, INC.

5821 NE 14TH AVENUE
FORT LAUDERDALE, FL 33334
FLORIDA PHONE (305) 771-2050
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THAN JUST A
FREQUENCY
COUNTER

OPTIONS

TCXO0 80

High precision + 0.1 ppm sealed 10 MHz
20°-40°C temp controlled xtal oscillator
NICAD 80

Internal rechargeable NiCad battery
pack for >2 hours field use without
recharging

Display backlight for nighttime use

ASK ABOUT
USEFUL ACCESSORIES

1-800-327-5912
FAX (305) 771-2052
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DSP ANALYSIS SOFT-
WARE. Alligator Tech-
nologies’ Fourier Perspec-
tive Il digital signal pro-
cessing (DSP) analysis
software with Data View
graphics is designed to run
on any MS-DOS-compati-
ble computer (IBM PC, XT,
AT, 386, 486, PS/2, and
compatibles using MS
DOS 3.0 or higher and
equipped with a minimum

CIRCLE 24 ON FREE
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of two floppy-disk drives or
one floppy and a hard disk,
and 512K of RAM memo-
ry). Data View provides
publication-quality graph-
ics; supports a variety of

printers and plotters; and
requires a CGA, Hercules
monochrome-compatible,
EGA, VGA, or equivalent
graphics card. Fourier Per
spective Il uses the Prime
Factor FFT subroutine li-
brary to operate on com-
plex data sets as large as
65,520 points in one di-
mension. Single and dou-
ble precision IEEE floating
point formats and integer
data format are supported.
The DSP analysis software
provides for high-perfor-
mance calculations, and
the use of on optional 8087
math coprocessor signifi-
cantly increases the speed
of all arithmetic operations.
The software features one-
dimensional Fourier trans-
forms and graphics, digital
filtering, linear systems
functions, apodizing and
windowing, convolution
and correlations, file arith-
metic and complex conju-
gates, media window filter
ing, and other mathemati-

cal operations. It also
provides a Lotus 1-2-3 in-
terface.

Fourier Perspective ll|
with Data View costs
$695.00, with multiple use
licenses available. —Al-
ligator Technologies,
17150 Newhope Street
#114, P.O. Box 9706,
Fountain Valley, CA 92708;
Tel. 714-850-9984; Fax
714-850-9987.

FOUR-WAY ELEC-
TRICAL TESTER. An in-
expensive tester from A W
Sperry Instruments, the
model ET-204A, allows
technicians and hobbyists
to check 110, 220, 277,
and 460 volts AC/DC
using just one compact in-
strument. The ET-204A
four-way tester has individ-
ual resistors and bypass re-
sistors for each voltage
range.

The ET-204A four-way
electrical tester costs
$3.50.—A.W. Sperry
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Instruments, Inc., 245
Marcus Boulevard, Haup-
pauge, NY 11788; Tel.
516-231-7050.

RS-232/RS-422 LINE
DRIVERS/RECEIVERS.
The AD230 line of RS-232
and RS-422 line drivers/re-
ceivers represents Analog
Devices' entry into the
data-communications mar-
ket. The monolithic devices
both transmit and receive

THE HOUSE SITTER THAT
DOESN’T NEED A KEY

RAD!O-ELECTRONICS

Use the kevhouard to set

Use the kevbourd to

emergency phone numbers, high

ask for informarion

and low temperatures., listen-in

time and more

SET kev allows you

ALERT/CANCEL kev
cancels automatic dial-out.
allows vou to answer phone

WHAT IS key lets you &
listen to function
setings and dial-out

) to change previous
— setrings

SENSOR ONIOFF key
chooses the functions
to report

ONLY

numbers

“This is 555-3210. Alert condition is OK. Temperature
is 65°. Electricity is on. Sound level is OK.” Monitoring
your home from work or a vacation spot is made easy
with the Heath/Zenith House Sitter Security Monitor/
Dialer.

Monitors Your Home

When you call, the House Sitter will report on the AC
electric power, the room temperature — comparing it
with high and low limits you’ve already set, loud noises
such as burglar alarms and fire alarms , the unit’s own
battery backup condition, and an additional alert condi-
tion. You can even listen to the sounds in the room
using the built in microphone.

©1990. leath Company
Subsidiary of Bull Dat Systems, Inc

$149.95

Dials Out In Alert Conditions

Set the unit to call out to your office, neighbors’ and rela-
tives’ to announce any alert conditions that are outside
preset limits. Up to four numbers can be programmed.

Order Toll Free 1-800-253-0570

The SD-6230 House Sitter is yours for only $149.95*%. To
order, call toll-tree 1-800-253-0570. VISA, MasterCard,
American Express or your Heath Revolving Charge card
accepted. Use order code 601-034 .

Heath

Benton Harbor, MI

See our full tine of electronic products for
the home in the Heathkit catalog — call
1-800-44-HEATH for your FREE copy.

*Additiona! for shipping and handling. Add 4% sales tax tor Ml deliveries, add 6% sales tax for CA deliveries
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multiple lines of serial
RS-232 and/or RS-422
data, replacing compli-
cated, discrete solutions.
All are manufactured in low-
power CMOS or BICMOS,
require few or no external
components, and are pin-
compatible with existing in-
dustry products. Eleven
configurations—ranging
from two drivers and two
receivers with the 14-pin
AD231 to four drivers and
five receivers with the 28-
pin AD241—are offered for
a variety of applications.
Maximum no-load power
dissipation is 50 mW with
most of the devices. Nine
of them require only a sin-
gle +5-volt supply. and
four of those feature a
shutdown mode that re-
duces power dissipation to
5 wW for battery-powered
applications.

In addition to the AD230
line, Analog Devices intro-
duced the AD401 and
AD402, which are config-

urable for either single-
ended RS-232 or double-
ended RS-422 communi-
cation standards—or a mix
of both. All 13 devices are
available in a variety of
packages and temperature
options.
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The AD230 family of
RS-232/RS-422 line driv-
ers/receivers is priced
starting at $2.70 each, in
quantities of 100. Pricing
for the AD40t and AD402
starts at $9.00 each, in
quantities of 100.—Ana-

log Devices, Inc., 181
Ballardvale Street,
Wilmington, MA 01887
Tel. 617-937-1428.

OXIDE-PENETRATING
TEST CLIPS. Six DIP-clip
test adapters from Pomona
Electronics penetrate the
oxide build-up on DIP IC's
that have been exposed to
contaminated environ-
ments. The devices func-
tion similarly to standard
test clips, but feature a
roughened, stainless-steel
surface coating on their
serrated contacts to pro-
vide good electrical con-
nections on contaminated
surfaces. The clips provide
hands-free testing of stan-
dard 8- to 40-pin DIP IC’s
on high-density PC boards.
The 1.02 mm (0.040 inch)
contacts are separated by
molded insulating barriers,
allowing connection to be
made on “‘live’” boards
without accidental shorting
of adjacent contacts. The

upper contact pins accept
wire wraps or miniature
test clips.

Models 5649, 5650,
5692, 5694, and 5695,
with 8, 14,16, 20, 24, and
40 pins, respectively, range
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in list price from $9.70
to $31.00 each.—ITT
Pomona Electronics.
an ITT EMC Worldwide
Company, 1500 East Ninth
Street, Pomona, CA
91769; Tel. 714-623-3463;
Fax 714-629-3317. R-E

The Powerful 68000 Training and Development System

Introducing a 68008 based microprocessor development
system for the educational environment.

Powerful: The Learning Tool is built around the powerful 68000
family architecture. Users are not forced to learn on an archaic full
8-bit machine; instead they can hone their skills on a 32-bit proces-
sor in a family that will dominate the market. The 68000 family '
covers the spectrum of microprocessor applications. The

68008 provides an excellent introduction to this family.

Expandable: The Learning Tool has a removable breadboard |

with access to the system’s signals. This allows the design to
be implemented apart from the Learning Tool and allows
previous designs to be easilyreconnected. Further, the Learn-
ing Tool has two expansion slots which can be used to expand the
basic capabilities of the system as well as for wirewrap experiments.

Hardware Features: 64k x 8 static RAM (32kb battery backed up), write
protectable in 8kb segments; 32k x 8 EPROM; 2 serial ports;
timer/counter/square wave generator; expansion slots; removable bread-
board (also sold separately); built-in logic probe; dual speed 8/2 MHZ
clock; push button reset and abort switches

Software Features: Powerful debugger including - deposit, write only; examine, read only; disassembler; 7 permanent
breakpoints; 1 temporary breakpoint; single step instruction execution; memory or register watch; download from either
serial port; saved serial ports settings in RAM; calculator; memory verification; I/O trap routines

Optional: experiments such as an EPROM programmer; I S S C

wirewrap cards
30 day money back guarantee A
Call Now: (602)820-9176 g S e Crpor o
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I.S.S.C. Learning Tool: $749.00

65218. Terrace ® Tempe AZ 85283

Ph: (602)820-9176

COD, Cash, M.O., Personal Check, 5% shipping, handling
for continental U.S.A. 15% outside continental U.S.A.
In AZ add 6.6% sales tax

Allow 3 weeks for delivery
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Use The Free Information Card for fast response.

ROGER HAINES ON RE-
PORT WRITING: A
GUIDE FOR ENGI-
NEERS; by Roger Hain-
es. TPR, Division of TAB
Books Inc., Blue Ridge
Summit, PA 17294-0850;
Tel. 1-800-233-1128;
hardcover; $22.95.

A common gap in engi-
neers’ educations is in the
field of written communica-
tions. Although writing is
often neglected between
all the mandatory “num-
bers" courses, good, clear
report writing is often an
essential element of a ca-
reer in engineering. For en-
gineers who find it difficult
to express ideas in words,

-

 Roger Haines on
R DEPORT
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this book demonstrates
how to get ideas across to
both technical and non-
technical audiences. It
shows engineers how to
produce concise papers,
using a proven approach
that consists of a series of
steps. The book explains
how to clearly define the
purpose and scope of a re-
port, find and research in-
formation, evaluate the
data, develop a writing
style, choose the format
and appearance of the re-

port, effectively put graph-
ics to use, use the
advanced features of word
processing, and compile
appendices. A chapter on
oral presentations, with ad-
vice on fielding questions,
using visual aids, and using
effective timing, is also in-
cluded. Each topic is clear
ly explained and illustrated
with real-life examples.

1990/91 DC POWER
SUPPLY CATALOG
WITH ELECTRONIC
LOADS. Hewlett-Pack-
ard Company, Inquiries,
19310 Pruneridge Ave-
nue; Cupertino, CA
95014; 1-800-752-0900.
Containing specifica-
tions, drawings, and ap-
plications information for
Hewlett-Packard’s line of
power supplies and elec-
tronic loads, this 128-page
catalog provides easy-to-
use informational tables to
simplify selecting the right
model. More than 80 mod-
els, ranging form 10 watts
to 11 kilowatts, are in-
cluded. Power supplies are
grouped into HP-IB-con-
trolled system, bench, lab,
industrial, and special-pur-
pose categories. Also in-
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cluded are HP's electronic-
load products, ranging
from 150 to 600 watts and
offered in both stand-alone
and mainframe-based con-
figurations. The applica-
tions sections cover AC-
power connections, DC-
output connections, and
analog-programming meth-
ods. A separate section
contains a glossary of
power-supply terms and
their definitions.

AN INTRODUCTION TO
APPLICATION SPECIFIC
INTEGRATED CIRCUITS;
by Malcolm R. Haskard.
Prentice-Hall, Englewood
Cliffs, NJ 07632; hard-
cover; $30.50.

INTEGRATED
Circurts
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While application specif-
ic integrated circuits
(ASIC's) are not a new
technology, they are be-
coming increasing impor-
tant in the world of
electronics. This book pro-
vides an introduction to
ASIC technology for both
students and profession-
als. It offers a detailed over-
view of ASIC’s, and in-
depth looks at each of the
major technologies, with a
separate chapter devoted

www americanradiohietory com

to arrays, standard cell, full
custom, and programma-
ble logic devices. The crite-
ria for selecting the most
appropriate silicon tech-
nology for a product are ex-
amined.

The book describes the
CAD methods used in the
design of ASIC's. A chap-
ter explaining technologies
that can be used to better
train undergraduates in the
use of ASIC's is also in-
cluded.

ARMOR-FLEX ANTEN-
NAS FOR PORTABLE
TWO-WAY RADIOS AND
CELLULAR PHONES.
The Antenna Specialists
Company, 30500 Bruce
Industrial Parkway,
Cleveland, OH 44139-
3996; 216-349-8400; Fax:
216-349-8407.

Virtually every portable
application for low-band,
VHF, UHF, trunking, and
cellular communications is
covered by this full-color
brochure and selection
guide. It provides a cross-
reference chart for quick,
accurate antenna selection
according to radio type,
connector requirements,
operating frequency, and
antenna style.

Antennas
f for Portable
’ Two-Way Radios
and b
Cellular Phones i

B3 7 & Lo
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IMINEADS

CALL NOW
AND

RESERVE
YOUR SPACE

® 6 x rate $940.00 per each insertion.

® Fast reader service cycle.

® Short lead time for the placement of
ads.

® We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Bivd., Farmingdale, NY
11735.

FAX: 516-293-3315

SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S+ H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.
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FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000
quality items. Your single source for precision
tools used by electronic technicians, engi-
neers, instrument mechanics, schools, labo-
ratories and government agencies. Also
contains Jensen's line of more than 40 tool
kits. Send for your free copy today! JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85044, (602) 968-6231.
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CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.
CIRCLE 75 ON FREE INFORMATION CARD

THE MODEL WTT-201S ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele-
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to s mile range. Adjusta-
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S+ H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.
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ELEVEN-PIECE RACHET TOOL KIT
Includes reversible ratchet handle, extension
bar, six bits, two precision screwdrivers, and a
cutter. Comes in fitted case. Get one for your
shop, another for your car, another for your
tool kit. To order send $11.75 USA shipping
only. ELECTRONIC TECHNOLOGY TODAY
INC., PO Box 240, Massapequa Park, NY
11762-0240.

NEW XST500 SUPER-MINIATURE FM
transmitter uses Surface Mount Technology
(SMT)! Own the smallest high performance
FM transmitter available. Transmits whispers
to any FM receiver up to a mile away. Uses 9V
battery. Complete, easy to assemble kit, with
SMT components already assembled to cir-
cuitboard. $39.95 Cash, VISA, MC. COD add
$5. XANDI ELECTRONICS, 201 E. South-
ern Ave., Suite 114, Tempe, AZ 85282.
1-602-829-8152, (1-800-336-7389 orders
only).
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SERVICING
BAIOP APPLIANCES
[y

APPLIANCE REPAIR HANDBOOKS—13
volumes by service experts; easy-to-
understand diagrams, illustrations. For major
appliances (air conditioners, refrigerators,
washers, dryers, microwaves, etc.), elec.
housewares, personal-care appliances.
Basics of solid state, setting up shop, test
instruments. $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box
789, Lombard, IL 60148. 1-(312) 932-9550.
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WARNING!! This artice deals
with and involves subject matter
and the use of materials and sub-
stances that may be hezardous
to health and life. Do nol attempt
to implement or use the informa-
tion contained herein unless you
are experienced and skiled with
respect to such subjec- matter,
materials and substancess. Nei-
ther the publisher nor the author
make any representatiois as to
the accuracy of the information
contained herein and disclaim
any liability for damages or inju-
ries, whether caused by or result-
ing from inaccuracies of the
information, misinterpretations of
the directions, misapplication of
the information or otherwise.

Visible-light laser diodes are here! In the
first article of its kind, we’ll show you how
to build a handheld, rechargeable,
semiconductor laser system.

RADIO-ELECTRONICS

|

> ROBERT IANNINI
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“THE INTRODUEGTION OF LASERS IN
1963 has brosight about many
changes in our lives, from the'su-
permarket check-gut counter ‘to
“Star Wars” weapon technology.
Very few sgientific dével.opments
‘have had as much of aniimpact
onboth the technological a“}nd ev-
eryday world.

“Laser” is an acronym for “light
ampllfll‘:atlon by s lmulated
emission @f radiation,” Lasers
are used inumany applications,
including gun sites, pointers,
printers, construction and sur-
veying aids, compact-disc play-
ers, bar-code readers, light
shows, and several ethers. The
helium-neon gas laser is one of
the most familiar types, with its
bright red directional beam. It’s
been a workhorse for years, de-
spite its fragile glass laser tube
and its requirements for costly
high-voltage power supplies. But
laser diodes promise to open a
whole new world of applications.
To demonstrate how they can be
used, we've developed a hand-
held battery-powered laser that
runs on four rechargeable bat-
teries. The batteries are induc-
tively charged using a special
charger. The unit is shown in
Fig. 1. How is that possible?

The recently developed TOLD-
9200-series of laser diodes from
Toshiba emit coherent laser light
in the visible spectrum, and
don’'t require a high-voltage
power supply. Because they're
small, low-cost, and fairly rug-
ged, laser diodes are well-suited
for many applications.

Before proceeding further, lets
review some basic laser theory,
but first we must talk about reg-
ular light for a minute. When you
turn on a light bulb, light energy
is emitted in what is referred to
as “spontaneous” form. It is an
integration of many individual
atomic energy level changes,
each producing its own little
“packet” or photon of light ener-
gy. with each photon having a
particular phase.

In the case of a light bulb elec-
trical energy “pumps” the fila-
ment electrons to higher-than-
normal atomic energy levels (see
Fig. 2). Photons are emitted when
the electrons return to their ini-
tial states and give up that energy
in the form of light. The frequen-
cy of the light is dependent on the

difierence between the previg
excited and normal energy

statesjthe larger the difference
energy levels, the lower the wavesy

length of light. The llght pro- %

duced by the process'of spon-
taneous emission is incaherent
or random (seeFig. 3).

Unlike spontanéous emission,
laser light is highly directionaly,
The radiant energy isreleased in-+

. step, or in synchronism, result-

ing in coherent reinforced light
where all of 'the waves are in
phase. In other'words, all of the
rays arg parallel and =* the sam#
wavelength. To ach
quires that the numberef excited
dtoms in the higher energy state
exceeds that of the initial'os rest
State That condition, referred, to
as “pepulation inversion,” nor

mallydeesn't occurin nature and',

must be “forced” or pumped.

Given- a populationsinversion,

each energlzed atom jis,then
“stinulated " toreturn to itslower
energy state by the emission en-
ergy,or.incident light of an adja.
cent : atom (see Fig: 4 The result
is coherentlight waves as shown'
in Fig. 5."An optical cavity with
mirrored ends.is usually neces-
sary to provide the right amount
of stimulated energy for laser
light. As shown in Fig. 6, the
light is reflected backiand forth
within its confines until it is a
powerful beam that is alléwed to
exit the cavity as usefulllaser
light energy.

A laser diode is similar to am
ordinary light-emitting diode
(LED} in that both are composed
of a semiconductor PN junction
(seeFig. 7). An electrical potential
causes a flow of holes and elec-
trons that, upon recombination,
emit light. The LED produces
spontaneous light, while the
laser emits light by stimulated
emission. The laser diode also
contains two reflecting mirrors
that form what’s called a Fabry-
Perot cavity, and permit the emit-
ted light to be highly directional,
an important laser property.

In spite of a laser diode’s appar-
ent physical ruggedness, it is
very sensitive to temperature
changes, electrical transients,
and operating-current param-
eters. It is totally unforgiving of
errors, so our circuitry and con-
struction techniques must take
that into consideration.

“that we are bt

that res

ety first
efore prooec@ling, you sHiguld
be awage of the potgntial hazaggds
associateg with las€gs. Laser d
odes can"procuce a €entinuou
"u in exeess of 3 Milliwatts.
aen collimated,
ficld, can Gause
D never
ser beam
when the
he laser
ss I1la
OIM-

_ damege.
into the
any lenses

is ln._'ated.
dewice, and *
plla e with

dards’ ﬁ; lasexr prog
1040.1 d 1240.1%

Aperture." S
be'Worn whe-rE:)
ing devices cf

Feripherals, ngha\m MA is
good souree; “heir mo‘&el #DO-4

is suggested. -
To prevent damage to%lcaser
diodes. be sage not t f-ed

maximuin ratirngs, even mo!
tarilyjior you could destroy
diode N ‘tto qequire more |
current toproduce its ated out- T,
put (whichdwill quicklvilead to
failure). Trensients or'spikes
from switching both on and,off |
can aiso destroy the device. Hi _
sinking is requiredy.the amount |
depends on whetherithe device® if
will be used 1'1terrmttently or
continuously Keep in miad that
a temperatureirise reduces the
output for a Siwen currenti and
merely supplymg more current
will lead™o a thermal problem. "

Be aware, of :lectrgstatic dis-
charge when. hanylling laser di-

'E

odes. Nor sembl;, re-
quires gro wrist
straps, owever,
the hobbylst work on a

gree of moisture in t T
will reduce the static clis

Do not operate the un¥
high-frequency or high-p
pulse circu:iry, an RF fi¢lay
Tesla coil, plasma, magnetic di
charge, etc. Never stress the di-
ode leads cr distort the her-
metically sealed case. The device
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FIG. 1—OUR HAND-HELD LASER is powered from four rechargeable Ni-Cd batteries,

which are inductively charged.

should fit snugly into the heat
sink cavity with minimal force.
Never touch the window because
scratches and contaminants will
distort and decrease the optical
output. Use a cotton swab and
ethyl alcohol to clean the window.

Circuitry

A laser diode operates like an
ordinary forward-biased diode
and shows the operating curve in
Fig. 9. The vertical axis corre-
sponds to optical output while
the horizontal axis is the forward
diode current. I, is the operat-
ing current, which determines
the optical output. Lasing starts
at the threshold value (I,,). The
maximum rated input current
must never be exceeded. How-
ever, anything below I, will pro-
duce the effects of a regular LED.
The curve shows a very steep
slope where laser operation takes
place, and the input-current
“window" on the horizontal axis
is very narrow; consequently the
driver circuit must operate with-
in those limits or you'll end up
with one of the worlds most ex-
pensive medium-powered LED's.

The schematic of the hand-
held laser is shown in Fig. 10.
The Toshiba 9200 laser diode
(D3) is actually an assembly that
contains a laser-emitting section
(LD) and a photodiode section
(PD). The photodiode allows the
circuit to monitor the laser di-
ode’s output and to produce the
feedback necessary to control the
circuit and protect the diode
from voltage transients.

The laser diode is connected in
series with current-limiting re-
sistor R4 and the collector of Q4.
The current through Q4 is con-

E3
E EXCITED LEVELS
E
E BOTTOM LEVEL

FIG.2—LIGHT IS THE RESULT of radiation
produced within an individual atom by an
electron being “pumped” to a higher than
normal energy level by an external energy
source.

E

EMITTED
LIGHT

NN

g——9

£

FIG. 3—A LIGHT BULB EMITS “spon-
taneous” light, which does not allow the
energy packets to reinforce one another
in phase or position.

E, P
INCIDENT EMITTED
LIGHT LIGHT
NN N

E; g

FIG. 4—WHEN MORE EXCITED ATOMS
exist in the higher energy state than in the
initial or rest state, each energized atom is
“stimulated” to return to its lower energy
state by the emission energy, or incident
light of an adjacent atom.

trolled by Q3. Zener diode D2
maintains the voltage across Q3,
and R3 limits the Zener current.
The collector current of @3,
which is also the base current of
Q4. is controlled by its base
which is connected across R5
and R6. Current from the pho-
todiode develops a voltage across
those resistors that is propor-
tional to the optical output ener-
gy. That constitutes the feedback
required for output stabilization.
Increased output causes Q3 to
conduct less base current to Q4.
resulting in less laser diode cur-
rent. Potentiometer R6 presets
the value of quiescent current.
Capacitor Cb limits transients at
the base of Q4 while C4 limits
them from the V. line.

The system turns on when Q2
is conducting and close to sat-
uration. Touch-switch Sl's elec-
trodes consist of small pieces of
metallic tape that, when bridged
by finger contact, cause a small
amount of base current to flow
into Q1. The collector current of
Q1 flows into the base of Q2,
causing it to saturate and supply
current to the laser diode. Base
current to Q1 is limited by R2,
while Rl and C2 reduce the cir-
cuit’s sensitivity to stray AC or
static fields that could cause pre-
mature turn-on.

The laser is powered by four re-
chargeable Ni-Cd batteries. They
are charged by induction coup-
ling to the charging module. The
batteries are connected in series
with rectifier diode D1. LEDI1,
and the pickup coil. L1. High-fre-
quency energy from the charger
is coupled into the coil. and is
rectified and filtered by C1. When
the batteries are being charged
LED]1 turns on.

The charger schematic is
shown Fig. 11, and a photograph
of a prototype unit is shown in
Fig. 12. [t usesa 120-to-12 volt AC
step-down transformer, T1,
whose output is rectified by di-
odes D4-D7; capacitor C6 re-
moves any ripples. Switch S2

LASER LIGHT (COHERENT RADIATION)
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FIG.5—A LASER BEAM IS THE RESULT of an ““in lock step” train of coherent light waves.



supplies power to the circuit, and
LED2 indicates when the power
is on. The ground lead of PL1 is
connected directly to the metal
chassis of the charger.

The rectified 12—14 volts DC
energizes a simple oscillator cir-
cuit consisting of Q5 in series
with L2. That winding couples
energy into the pick-up coil (L1)
of the laser section for battery
charging. To charge the bat-
teries, the pickup coil physically
slides over the coil assembly of
the charger module. No electrical
connections are necessary to pro-
vide the charging current.

Coil L3 (which is wound on the
same ferrite core as is L2), and
resistor R9 provide the necessary

PARTS LIST FOR THE LASER

All resistors are Va-watt, 5%, un-
less otherwise noted.

R1—5.6 megohms

R2, R5—1000 ohms

R3—470 ohms

R4—15 ohms, Y2-watt

R4-a—100 ohms (optional, see text)

R6—5000 ohms, trimmer potentiom-
eter

Capacitors

C1—100 wF, 16 volts, electrolytic

C2—0.1 uF, 16 volts, ceramic disc

C3—0.01 pF, 16 volts, ceramic disc

C4—1 pF, 16 volts, electrolytic

C5—10 wF, 16 volts, electrolytic

Semiconductors

D1—1N4001 diode

D2—1N5221 Zener diode (2.4 volts)

D3—TOLD 9200 laser diode
(Toshiba)

LED1—yellow light-emitting diode

LED3—red light-emitting diode (for
the simulated laser diode)

Q1, Q3—PN2907 NPN transistor

Q2, Q4—PN2222 NPN transistor

Q5—114G3 or ECG3036 phototran-
sistor (for the simulated laser di-
ode)

Other components

B1-B4—1.25-volt Ni-Cd cell, VARTA
100 R.S.

L1—pickup coil, 10 turns #18 wire, Y-
inch diameter

S1—2 pieces of adhesive-backed
metal tape (see text)

Miscellaneous: PC board or perfo-
rated construction board, small
transistor socket (for laser diode),
special aluminum heatsink and di-
ode retainer with hardware, #24 vi-
nyl wire, #20 vinyl wire, 7%-inch
long by 1-inch diameter by Ye-inch
wall thickness (transparent or col-
ored), s plastic rear cap, 1%-inch
by 7-inch focus tube, 1X6 mm
short focal length lens, 1-inch plas-
tic caps, 7&-inch diameter shoulder
washer (to mount lens on), warning
labels, etc.

LASER LIGHT

REFLECTOR 1

/{:’>\\ LASER LIGHT
ACTIVE MEDIUM REFLECTOR 2

FIG.6—AN OPTICAL CAVITY having mirrored ends provides the right amount of stimulat-
ed energy for laser light. Light is reflected back and forth within its confines until itis a
powerful beam that is allowed to exit the cavity as useful laser radiation.
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LIGHT-EMITTING DIODE { ASER DIODE

FIG. 7—A LASER DIODE IS SIMILAR to an ordinary LED, except that the LED produces
spontaneous light, while the laser emits light by stimulated emission where the wave-
lengths and temporal relation are coherent. A laser diode also contains two reflecting
mirrors that form a cavity and permit the emitted light to be highly directional.

CAUTION

LASER RADIATION-
DO NOT STARE INTO
BEAM OR VIEW DIRECTLY
WITH OPTICAL INSTRUMENTS

CLASS Illa LASER PRODUCT

FIG.3—ANY LASER DEVICE must contain
warning labels according to the specific
type of device. Our hand-held laser must
display this warning, in addition to a label
stating that it conforms to specifications
and a warning at the laser aperture.

feedback to sustain oscillation.
Resistor R8 initiates the action
by turning Q5 on. A resonating
capacitor (C7) is connected
across L2 to adjust the frequency
to approximately 250 kHz.

Construction

All of the parts are available
from the source mentioned in the
parts list. A foil pattern has been
provided if you wish to etch your
own board for the laser unit, and
a parts-placement diagram is
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shown in Fig. 13.

If you wish, you can certainly
install the circuit in any kind of
housing that you like—you don't
have to follow our unit exactly.
Just make sure you follow the cir-
cuitry and the precautions con-
cerning the laser diode.

The specifications for L1 are de-
scribed in the parts list. Position
it as shown in the handle of the
laser so that it can slide over the
charging coil (L2). DO NOT in-
stall the laser diode in the circuit
at this time: install only its sock-
et. The circuit must be checked
and calibrated beforehand. Don't
forget to build the “simulated
laser diode”"shown in Fig. 10. It is
used later on for testing and cal-
ibrating the laser system, with-
out the fear of damaging the
actual laser diode.

A cylindrical plastic enclosure
houses the board, the batteries,
and the optics. After the board is
finished and checked out, it
slides inside the plastic tube and
the leads for S1 (the touch
switch) are brought outside
through two small holes. (Wait
until we check out the board be-
fore installing it in the tube.) Two
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pieces of metal tape are used for
the contacts. The lens is secured
at the end of another tube using
an appropriately sized washer.
The lens assembly then slides in
and out of the main tube, allow-
ing you to focus the beam.

The charger circuit can be
built on a small piece of perfo-
rated construction board and
wired according to the schematic
in Fig. 11. In the prototype. Q6 is
heatsinked by attaching it to the
surface of the metal cabinet. It
must be insulated. so use a nylon
screw and a mica washer to
mount it (or use a separate heat- - U — ——— SPONTANEQUSLY EMITTED LIGHT
sink). Coils L2 and L3 are wound 14 l
on a ferrite core (see parts list). i lo
then wrapped with tape. The as- RS BEAE

FIG. 9—A LASER DIODE OPERATES similarly to a forward-biased diode. The vertical axis
corresponds to optical output while the horizontal axis is the forward diode current. lgp is
the operating current, and anything below |1y will produce the effects of an LED.
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PARTS LIST FOR THE CHARGER

All resistors are Va-watt, 5%, un-
less otherwise noted. T

R7—470 ohms

R8—22,000 ohms

R9—10,000 ohms

Capacitors

C6—1000 pF, 16 volts, electrolytic

C7—0.047 uF, 50 volts, Mylar

Semiconductors

D4-D7—1N4001 diode

LED2—qgreen light-emitting diode

Q6—D40D5 or NTE210 NPN power

AAA

transistor _'I'_

Other components pe Y (TOUCH 3= I

L2, L3—coils wound on ferrite core 2 L 6 SWITCH) 01 5= oo
(core is 1-inch in length, Vs-inch di- LA 21

ameter) L2 is 10 turns #24 wire, L3
is 10 turns #30 wire.

T1—120/12-volt AC step-down trans-
former, 100 mA

S2—SPST switch

PL1—3-wire line cord

Miscellaneous: perforated con-
struction board, 6-32 x ¥%.-inch
nylon screw and nut with mica
washer (to mount Q6 to case), 2%-
inch plastic tube to fit over laser
tube, metal cabinet (or use sepa-
rate heatsink for Q6), line cord
bushing, LED mounting bushing,
double-sided tape, hardware, wire
nuts, #24 vinyl wire, epoxy, etc.

TEST POINTS-ENCIRCLED

FIG.10—HERE’S THE SCHEMATIC of the hand-held laser. The laser diode (D3) consists of
the laser-diode (LD) and photodiode (PD) sections. That allows monitoring of the output
energy and produces the feedback necessary to control the circuit.

OPTIONAL R8 &
{SEE TEXT) 22K §

R9
R7 10K
470Q
sembly is then centered in the L3
’ e : ~ 107
charger tube and secured with vy  DAODS!

epoxy filler (see Fig. 12).

Figure 14 shows how the laser
section and the charger go to-
gether. If you don't follow the pro-

FIG. 11—THE CHARGER SCHEMATIC, charging current is inductively coupled to the
hand-held laser.

RADIO-ELECTRONICS
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totype exactly, simply follow Fig.
14 as a rough layout.

Checkout

First make sure you do not
have the laser diode in the circuit
at this time. Plug the charger

into a grounded AC outlet and
check for 12—14 volts DC at test
point 7 on the charger sche-
matic. Check to see that LED2
turns on when you close S2.
Open up the lead at test point
TP6 on the charger and check for

www americanradiohistorv com

a reading of 100—125 milliamps
{assuming the batteries aren't al-
ready charged). In rare cases. if
the current is excessively high, a
resistor (RX) may be required as
shown in the schematic to limit
it. If a scope is available you may



L2 AND L3
WRAPPED ON
| FERRITE CORE

LASER
SLIDES

IN HERE Q6 HEATS INKED

TO CASE

FIG. 12—THIS IS THE CHARGING UNIT; the amount of current coupled to it depends on

how far the laser is inserted into the charger.

in the charger, more or less current is coupled to it.

FIG. 13—PARTS-PLACEMENT DIAGRAM for the laser. Do not install the laser diode until

everything has been thoroughly tested.

HEATSINK

LASER, DIODE

——
CIRCUITRY

PLASTIC TUBE LI

ON FERRITE CORE
COVERED WITH TAPE
L2 813 LEADS \

ORDERING INFORMATION

A kit of all parts for the hand-held
laser except the laser diode, heat-
sink, and retaining hardware (#
VRL2-LHK), is available for $39.50.
The special aluminum heatsink
and diode retainer with hardware
(#HS3) is $9.50. The price for the
Toshiba laser diode (TOLD 9200) is
continually dropping, although it
is currently $74.50. A kit of all parts
for the charger (#VRL2-CMK) is
$34.50. A kit of parts for the entire
system, including batteries and
charger is $158.50. Contact Infor-
mation Unlimited, P.O. Box 716,
Amherst, NH 03031. FAX:
603-672-5406. Toll-free order line:
800-221-1705.

)@ @ o« |
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1 RIF L 2 —R— st w2
-C3- @ (0] - . 83
== e
'_‘ Wb gy %
St ;
(ToUCH
LJ—1LJ|:)—js.vaoH)

L2.L3 WRAPPED

EPOXY HOLDS
FERRITE CORE

CHARGER
CENTERED 1N TUBE !

BATTERIES

FIG. 14—The laser section has L1 built inside the handle; it slides over L2 in the charger.

Slide coil L1 of the

-

51/2 INCHES —

laser over the ferrite
core of L2 on the
charger. Check for a
current reading of
10—-25 milliamps

THIS FOIL PATTERN for the hand-held laser can be used if you wish to etch your own

board.

want to verify an approximale
sine-wave shape of 25-30 volts
peak to peak at a frequency of
250-300 kHz at test point TP8.

This verifies proper operation of
the charger.

Connect an ammeter in series
with test point 1 on the laser.

www americanradiohictory com

and that the charge
indicator (LEDI) is
lit.

The laser may be
positioned in the charger socket
for either a fast charge of 20 milli-
amps at a 6-8 hour rate. or the
recommended 10 milliamps at a
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14-hour rate. Monitor the charg-
ing current as you slide the laser
in and out of the charger.

Make sure that the batteries
are fully charged before you pro-
ceed with the following. Remove
the laser from the charger. Note
that the current goes to zero and
LED1 goes out. Check on the
lowest meter range; any current
flowing into the circuit above a
fraction of a microamp will cause
premature discharging of the
batteries. Check for defective
components, flux paths, exces-
sive moisture, etc., if any current
is detected in this step.

Using the negative lead of B4 as
a ground point, check for 5.6
volts at test point TP2. Adjust R6
to a maximum value (fully coun-
ter-clockwise in our layout}).
Short out the touch-switch leads
and note a current of 10—15 milli-
amps. Remove the short and
bridge the leads with dampened
fingers; the current flow should
be slightly less than the previous
reading. This verifies the control
circuit.

If you haven't yet built the sim-
ulated laser diode (shown in Fig.
10}, do so now. and insert it into
the circuit. Short out the touch
switch and note a current of
75—85 milliamps. The LED
should be glowing brightly. Ad-
justR6 in a clockwise direction to
its midpoint and note the cur-
rent increasing to over 100 mA.

Check for a smooth control, as
any jumps can spell disaster, es-
pecially at the end of the potenti-
ometer travel. Short the pho-
totransistor section of test laser
diode with a 470-ohm resistor to
ground. You should note that the
current increases further.

The current will also increase if
you interrupt the optical link be-
tween the phototransistor and
the LED. That verifies that the
feedback circuit is operating
properly. CAUTION: Re-adjust R6
back to maximum resistance
(fully CCW). As a reminder, ad-
justment of R6 must be done
with the batteries fully charged.

Remove the touch-switch
short. With a metal screwdriver,
short out all pins of the laser-di-
ode socket. Do not go any further
if you suspect a high-static elec-
trical condition. Wait for a damp
day or use a humidifier or vapor-
izer in your work area. Make sure
the touch-switch leads are sepa-

Applications and Notes

Reprinted with permission from Toshina's
TOLD9200-series application guide.

An Example of Driving Circuit for TOLD9200
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Note:

@ Use the laser diode after attaching it to a heat sink. Use a
larger heat sink during the evaluation stage of deciding the
operating condition. A copper or aluminum heat sink is
recommended.

® Set the variable resistance VR (S0k) for its maximum value,
then turn a power supply on. And regulate VR to adjust
optical output power.

@ When adjusting the optical output power, monitor both the
drive current and the optical output power, never exceed
the maximum optical output power rating. To monitor the
optical output power, use an optical power meter or a
calibrated photodiode that has a large active area. In case
of using the above driving circuit, the heat sink will have
positive potential.

® An Example of the Design of a Heat Sink
The relationship among the case temperature Tc, ambient
temperature T, and the thermal resistance of the heat
sink 6t is shown in the following simplified equation:

Tc - Ta

bt = |DpX%p

(fs + bc)
#s: Thermal resistance of insulator sheet
fc: Contact thermal resistance

Example:
In the case of Tc =50°C, Ta=45°C, lop =100mA, Vop =25V,
85 =0 (no insulator sheet), fc =8°C/W, from the above
equation:

50 -- 45

%= 91x25

8 = 12°CW

Heat sink thermal resistance must be 12°C/W or less.
From the figure on the right, the surtace area of the alumi-
num heat sink—assuming it 1s 2mm thick—must be 25cm’
in order to obtain a thermal resistance of 12°C/W or less.

NN
_
TOLD9200
)
Pl aN ] |
o~ |

Q’ N
Heat Sink & N

{Cu or AN

L

Fig. Heat sink size and thermal resistance (1)
BT - |
L‘ F4-H
mm
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]
‘ &~

5 10 30
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IMPORTANT NOTICES

| The circuit examples illustrated herein are presented only as a guide for the performances of the applications of our

| products.

Keep in mind that no responsibility is assumed by TOSHIBA for its use, nor for any infringements of patents or
other rights of the third parties which may result from its use, and that no license is granted by implication or other-

wise under any patent rights of TOSHIBA.

rated and that the meter reads
zero current. Carefully insert the
diode into the socket.

Bridge the switch with your
finger and note the laser diode
lighting and a meter current of
70—80 milliamps. The laser diode
should be lasing at this level.
Short out the touch switch and
note slightly higher current.

At this point your laser is pro-
ducing about 0.5 to 0.7 milliwat-
ts—so you might want to stop
here. However, the actual laser-
diode current is the meter read-
ing (70-80 mA) minus the 10-20
milliamps at the touch-switch
leads, which is still well below the
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allowed maximum. So it is possi-
ble to get more power out of the
laser diode. However. if you do de-
cide to challenge Murphy's laws,
the next step should be done with
a laser power meter. That’s be-
cause the output level is critical
when adjusting for maximum.
We used a Metrologic model
number 45-540 laser power
meter.

Couple the head of the power
meter to the laser diode and set it
for the 20-milliwatts range. Use a
piece of clay for temporarily se-
curing them together. Short out
the touch switch and note a

continued on page 95




QUAD ANTENNA
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LINTON G. ROBERTSON, KJ6EF

Build this portable 2-meter quad antenna. It offers
plenty of punch to the pound for your next Field Day adventure.

IF YOU'RE AN AVID VHF HILL-TOPPER.
or just thinking about becoming
a “ham”, you'll be interested in
this inexpensive and easy-to-
build antenna for the 2-meter
band. Join in the spirit of public-
service by taking this light, por-
table quad antenna into the great
outdoors on Field Day, an annual
event held every June. On Field
Day, amateur radio operators
take their equipment into the
field and, using power generated
at the operating site, test it to pre-
pare for their response in the
event of a disaster.

Our portable quad antenna
weighs only two and three
quarter pounds, and has good
gain compared to a four-element

Yagi. Assembly of the antenna is
made simple by the use of PVC
pipes and cross-tees. All the ma-
terials you need for this project
are available at your local home-
improvement center, and they are
quite inexpensive. The authors
antenna cost about fifteen dol-
lars, including the coaxial
maiching section. No exotic tun-
ing devices are required; all you
need is a simple SWR (standing
wave ratio) meter. Figure 1 shows
a view of the antenna with the
spreader elements taken apart,
ready to be transported.

Construction

The quad antenna consists of
four element spreaders (reflector,

www americanradiohictory com

driver, and two director sec-
tions), four boom sections, a
boom support and mast, five
cross-tees and two support lines.
The spreaders are four legs that
hold the actual elements. The
spreader elements should be as-
sembled first. The boom support
and boom sections can be as-
sembled later. Figure 2 shows
how all sections are connected.
Cross-tees C1 through C4 are
used in the construction of the
four element spreaders. Cross-
tee C5 is used for final assembly.
Four spreader legs are cemented
into the four openings of cross-
tees C1 through C4. The legs,
which hold the antenna ele-
ments, should be cut following
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SPREADER DIMENSIONS
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ek b T S o
FIG.1—THE ENTIRE ASSEMBLY BREAKS
down and sets up in about five minutes for
easy portability. Extremely light, it can be
packed in and out of some places where
two feet can go and four wheels can't.

N

-
L
ﬂ

4 26'/4” 25"

the dimensions given in Fig. 3.
The dimensions shown in Fig. 3
are the length of each spreader.
The spreader length is measured
from the drilled hole on one end
to the drilled hole on the other
end. Make sure you leave an extra

FIRST DIRECTOR d

SECOND DIRECTOR ¢

FIG. 3—FRONT VIEW OF THE ELEMENT SPREADERS with dimensions; (a) is the reflec-
tor, (b} is the driver, (c) is the second director and (d) is the first director.

DIMENSIONS

WOODEN DOWEL 127
BOOM SECTION - B1 13 MAST 31" (SEE TEXT)

half-inch beyond the drilled
opening on the end of each leg,
and an extra three quarters of an
inch where the pipe fits into the

37,7 o R
& '1/‘ B S RO cross-tee. The exact length of
B SUPPORT LINE A 48~ each spreader leg is not critical at
B4 7 SUPPORT LINE B 50"

this point: exacl measurements
will be taken after the legs are
|\\ cemented to the cross-tees.
. Glue the spreader legs irnito the
cross-tees with a silicone sealing
FIRST compound. Try to avoid using

SAG SUPPORT LINE A SAG SUPPORT LINE B

BOOM

RADIO-ELECTRONICS
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SECTION B2 r”
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B3
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DIRECTOR
WIRE HOLES j \\

MAST

FIG. 2—A SIDE VIEW OF THE SPREADER ELEMENTS, boom sections and boom support.
The driver section is where the RG59/U coaxial cable is connected.

REFLECTOR CRNER J

WIRE HOLES
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e standard PVC cement—repair of
an individual element may be dif-
ficult later on if it becomes
damaged in field use. Cement all
the remaining spreader legs into
the cross-tees and let them dry
for one hour. Figure 3 shows a
front view of a finished spreader
element.

While the four spreader ele-
ments are curing. cut boom sec-
tions B1-B4. the mast, and boom
support. Measure the nylon cord
that is to be used to keep the
boom ends {from sagging. Now.
drill two holes in the support sec-
tion at one end for the sag lines
and attach the lines to the sup-
port piece. At this point, it might



be a good idea to label all the ele-
ments, boom sections. mast. and
sag support for final and future
assembly. Mark each section, ac-
cording to Fig. 2 to avoid any
mixups, or use different colored
paint to mark mating pieces.

When all spreader sections are
dry, drill two holes at the end of
each spreader leg for the wires to
pass through. Use a drill bit a few
sizes larger than the wire you're
using—stringing the wire is
much faster with a larger open-
ing. Measure as accurately as
possible or the antenna will be
difficult to tune. A good way to do
that is to divide the spreader di-
mension by two. and measure
from the center of the cross-tee.
Mark your measurement on the
end of each spreader element and
then drill two ¥-inch holes, one
hole drilled directly opposite the
other.

After you have finished drilling
the holes on the spreader legs.
take cross-tee C1. used for the re-
flector element, and drill a ¥s-
inch hole on both sides. The
wooden dowel fits into this open-
ing and is used for suspending
the feedline far enough away
from the reflector element to
avoid detuning it.

The next step is to glue haif-
inch couplings to each of the ele-
ments. Two couplings are glued
on the driver and second director
elements, while only one coup-
ling is glued to the reflector and
first director. Figure 4 shows a
closeup view of the coupling as-
sembly used on the driver and
second director elements.

A fast-drying, two-section ep-
oxy is the best type of bonding
agent to use for gluing the coup-
lings. just make sure you let each
section cure for one hour. Lay
each element down on a flat sur-
face, and rough up the side sur-
face of each cross-tee as well as
one end of each coupler where
the two are to mate. Use aruler to
determine the center of the cross-
tee and mark that point with a
pencil. Mix enough epoxy for four
couplings, which is about two ta-
blespoons. Coat the four ends of
each coupling with a medium
amount of epoxy. Glue the coup-
ling to each element’s cross-tee in
the center. Use only one coupling
per element for now. Work as
quickly as you can. as epoxy sets
within a few minutes. All ele-

=
FIG. 4—A CLOSEUP VIEW OF THE COUP-
LING assembly used on the driver and
second director elements. Note that the
reflector and first director elements have
only one coupling cemented to the cross-
tee.

ments should dry for one hour.

Turn the driver and second di-
rector elements over. Repeat the
process so that those two ele-
ments have a coupling on each
side of them, in the center. Let all
elements dry for twenty four
hours.

Stringing the wires

For the reflector, first director.
and second director, pass the
wires through the drilled holes
and solder them together at a
point between the spreader legs.
making a large loop. You must
use a heat sink on each side of
the solder joint to prevent melt-
ing the plastic spreader leg. On
the driver element, do not con-
nect the wire to make a loop. In-
stead. pass the wire through the
hole. make a loop and wrap it
back on itself again a few times.
Figure 5 shows a close up of that
connection to the driver feed
point. Again, make sure you use
a heat sink, and solder as quickly
as you can when you make that
connection. The driver feed point
is where the RG59/U matching
coaxial cable will be soldered.

If you notice that there is a sig-
nificant amount of slack in the

DRIVER ELEMENT N

CENTER CONDUCTOR
el

COAXIAL
CABLE

P

FIG. 5—A CLOSEUP VIEW OF THE coaxial
cable connection to the driver feed point.
Make sure you use a heat sink between the
solder points and the plastic PVC pipe to
avoid melting.
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wires, you can tighten the wire by
doing the following: grab the wire
with a pair of needle-nose pliers
where it goes inside the spreader
at each end of the spreader leg,
one at a time. Pull gently straight
outward from the center of the
element. Repeat that on all four
ends of each spreader leg on each
element, except the driver, where
youll only have three points to
grab. Don't pull too hard, or you'll
warp the spreader legs out of
shape.

Next. cut back one end of the
36-inch RG59/U coaxial match-
ing cable until you expose about
1.5 inches of braid and center
conductor to work with. Solder
the braid to one side of the driver
loop. Don'’t forget to use a heat
sink. Tape the first few inches of
coaxial cable from the solder joint
down to the spreader leg. letting
the rest dangle. The cable will
run down the center of the boom
during final assembly.

Final assembly

For final assembly gently slide
the sections of boom. elements,
support. and mast together ac-
cording to Fig. 2. The sections
should slide freely out for dis-
assembly. Be careful not to jam
them in permanently—excessive
force is not necessary as the cou-
pling depth is only about
0.5-0.75-inch into the cross-tee.

The dowel should now be inser-
ted into the reflector element.
The dowel is used to support the
RG58/U transmission line that is
fed to the matching section.
Route the coaxial matching sec-
tion down the spreader leg away
from the feed point and down the
length of the boom as shown in
Fig. 6. Tape the coaxial matching
section to the boom with elec-
trical tape—that's something
you'll want to bring with you
when you use the quad out in the
field. Support the assembled unit
on a tripod, if possible. or any
other type of device that can hold
the antenna steady while keeping
it away from nearby metal objects
that will distort it’s field and play
havoc with SWR readings.

Tuning the antenna

Tune your transceiver to 146
MHz. Trim the free end of the
coaxial matching section back a
couple of inches and solder it toa
bulkhead SO-239 receptacle con-
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All of
Pomona’s Single
Point Test Clips are
gold plated for the best
electrical contact. And, the
contact point stays where you 1
put it because the material it’s made
of is the best: stainless steel for the smallest
clips, beryllium copper for all the others.

Wide Selection. “Hooked” Grabber®
tips are available in 3 sizes, pincer tips for even
i tighter spaces (like ICs & SMDs) in 2 sizes.

. Connect them to vour wire, or we’ll wire
them up for you, ready to use. They’re alt
in the catalog, along with a lot of other
“solid gold” ideas. ﬂ

See vour nearest Authorized
Pomona Distributor or contact
POMONA ELECTRONICS,
1500 E. Ninth St.,
PO. Box 2767,
Pomona, CA 91769
FAX (714) 629-3317
| (714) 623-3403

FREE
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138-pages
Thousands of test
solutions. Call or
wrile today

AN ITT EMC WORLDWIDE COMPANY

Drscover our strengths.
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FIG. 6—A REAR VIEW SHOWS ROUTING
OF THE coaxial matching line, the sag
support tie points and the wooden dowel
support for the antenna feedline.

nector shown in Fig. 7-a. That
type of bulkhead connector pro-
vides a maximum adhesion sur-
face for the silicone sealing step.
Connect the coaxial matching
line with a length of RG58/U ca-
ble and a PL-259 plug, shown in
Fig. 7-b.

Use a Voltage Standing-Wave
Ratio (VSWR) meter to help you
tune the antenna. The VSWR is
an important tool in matching
impedances of a transmission
system. A VSWR reading, usually
called simply the SWR. indicates
the ratio of the load impedance to
the feedpoint impedance. For
maximum power transfer to oc-
cur, the feedpoint impedance of
the antenna should closely
match that of the transmission
line. If those impedances are mis-
matched. some unabsorbed
power is reflected back down the
transmission line. Not only is
that inefficient. it can damage a
transmitters output stage.

For proper tuning of the anten-
na., the SWR meter should mea-
sure below 1.5. If not. desolder
the SO-239 connector from the
matching coaxial cable. trim a
quarter of an inch from the cen-
ter conductor and the braid. re-
solder and measure again. Re-
peat that process until the SWR
reaches atleast 1.5. If that cannot

PLUG PL-259

RECEPTACLE SO-239
a

FIG. 7—A STANDARD PLUG AND RECEP-
TACLE used to mate two coaxial cable
sections; (a) is a PL-259 plug and (b) is an
S0-239 receptacle.

www americanradiohistorv com

be achieved. you've done some-
thing wrong, probably with the
driver spreader dimensions. The
models the author has built come
down to 1.1 at 146 MHz, and rise
to 1.5 at the band edges of 144
MHz and 148 MHz. Also, you
might not want to push vour luck
in trimming the antenna past
about 1.4 or 1.3. If the SWR sud-
denly rises after an adjustment,
you've probably passed the null.
You should still be able to get the
SWR reading down very low.
After you've gotten the SWR
down to an acceptable level. seal
the feedline connector with sil-
icone cement for a good. weather-
tight seal. Apply a heavy amount
of silicone so that it completely
covers the exposed area from the
S0-239 connector to past the
cdge of the skinned coaxial cable.

PARTS LIST

Schedule 125 PVC pipe—20 feet, Y2-
inch in diameter

PVC cross tees—5

#14 or #16 gauge wire—11 yards

Two-part quick-drying epoxy—1 tube

RG59/U coaxial cable—1 yard

S0-239 bulkhead connector—1

PL-259 plug—1

Y%-inch wooden dowel—6 inches

Nylon cord—8 feet

12" PVC couplers—6

Silicone sealing compound, or
RTV—1 tube

Electrical tape—1 roll

Allow the feedline connector to
dry for one day.

After the connector is thor-
oughly dried and cured, feed the
antenna with the RG58/U cable.
The cable length should be rea-
sonably short—>50-{oot runs are
not a good idea.

The antenna works well in the
field. When tested over a one-
hundred and fifty mile distance.
strengths of S-9 were reported
with as little as 3 watts from a
hilltop locale. When we turned up
the power on the quad to 30
watts, the receiving station oper-
ator said he'd send us a bill for a
new S-meter! Apparently, the
guad antenna does have good
gain.

Mounting the antenna for field
use is left to your imagination
and individual needs. But try
this little plumbers delight. We'll
see you on a hilltop soon! R-E



Discover Your Gareer Potential In The
Fast Growing Field Of High-Tech Electronics!

CIE Gives You The Training You Need to Succeed. ..
At Your Own Pace...& In Your Own Home!

If you're anxious to get ahead ...and
build a real career...you owe it to
yourself to find out about the Cleveland
Institute of Electronics!

CIE can heip-you discover your
career potential in the fast growing
field of high-tech electronics. A career
that will challenge and excite you
every day...reward you with a powerful
feeling of personal accomplishment...
and deliver a level of financial security
you may have only dreamed of before!

As the leading school in home-study
electronics, CIE has helped over
150,000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
could be helping you...read on...then
send for a CIE catalog TODAY!

A Growing Need For
Trained Professionals!
The career opportunities shown here

are only a few of the challenging, high-
paying careers you could enjoy as an
electronics technician.

You could be the “brains” behind the
scenes of an exciting TV broadcast...
trouble-shoot life-saving medical equip-
ment...design exotic new aeronautics
systems...CIE's job-oriented programs

Consumer Electronics

Military Electrenics

offer you the quickest possible path to

Practical Training...
At Your Own Pace.
Through CIE, you can train for your

new career while you keep your pres-
ent job. Each course allows a gener-
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CIE offers
several courses which start at the
intermediate level.

“State-0f-The-Art”
Facilities & Equipment.

In 1969, CIE pioneered the first elec-
tronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE's state-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge—it's yours to use while
you study at home and on the job after
you complete your course!

Earn Your Degree To
Become A Professional
In Electronics!

Every CIE course you take eams you
credit towards the completion of your
Associate in Applied Science Degree, so
you can work towards your degree in

the career of your dreams! And CIE also features
military and union re-training, to build on what
you already know.
Dozens Of Fascinating
Careers To Choose From!
Even if you aren't sure which career is best for
you, CIE can get you started with core lessons
applicable to all areas of electronics. As you
advance, CIE makes job opportunities available
to you through the bimonthly school paper,
The Electron. -

stages. And CIE is the only schoo! that awards you
for fast study, which can save you thousands of
dollars in obtaining the same electronics education
found in four-year Bachelor's Degree programs!
Write for details today!

Personal Training From A
Renowned Facuity.

Unlike the impersonal approach of large class-
room study, CIE offers you one-on-one instructional
help 6 days a week, toll-free. Each CIE lesson is
authored by an independent specialist, backed by
CIE instructors who work directly with you to
answer your questions and provide technical assis-
tance when you need it.

Send For Your
Catalog Today!

CIE World Headquarters
Cleveland Institute of Electronics, Inc.
1776 East 17th St., Cleveland, Ohio 44114
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RADIO SHACK PARTS PLACE

YOUR NEIGHBORHOOD SOURCE FOR H(IBHBY”AND REPAIR ELECTRONICS
OVER 7000 LOCATIONS IN THE USA—NOBODY COMPARES!

Special-Order Parts Special-Order the _
“Hotline” Service Batteries You Need o o™

) ion of pop-

ck has a huge selection 0 stock, we
Rladlglgg?onic components. Plus, we can any ¢ can now supply aimost
aiod al-order 10,000 items from our main Y manufactured

i consumer-

spe(e:‘house—ws semiconductors, tubes, less pr;:g;é);pec battery—for corg.

Wre\‘:ano cartridges and styli, even SA camcorders ’tra?\?cpmer LT

?nanua!s Service is fast and there's no and more. Service ise;;/;rs, gagers
. e. y and t

minimum order or postage charg are no postage charges. S

i j @) A @ @66
- Q) Y i '1
Coams- $9%5¢
} i ;

(1) 4-in-1Soldering Tool. Gas-powered so you can solder anywhere,

Test Equipment Cap Assortments

i even when you're miles from an AC outlet. Oparates continuously up to (1) Ceramic Discs. Wide vari-
S;sigggcgszé:raenégaons\ilgg: 60 minutes. And it refills in seconds with standard butane lighter fuel. ety of styles and values.

gain ranges. #22-194 .. 79.95 #64-2161 . ..29.95 #272-801 ... . Set of 100/1.98
(2) Digital Logic Probe. LED (2) 2.4 mm Replacement Tip. #64-2162 .. .. ... .. .. . .. 9.95 (2) Electrolytic Capacitors.
and tone, #22-303 . .. .. 16.95 (3) 1.0 mm Replacement Tip. #64-2163 ... ... . . . 9.95 #272-802 ... .. Set of 20/1.98

(4) Blow Torch, #64-2168, (5) Heat Blower, #64-2169, and (6) Hot

Knife Tip, #64-2170 available on special order (CMC) .. . Each 9.95

5 (1) Bridge Rectifiers
ﬁ‘ # Rated 4gamps.

@ @ (1

Regulated Supply

BPEEER

| —— PIV | Cat No. | Each
Rated 12VDC at 2.5 amps. Cir- ! B —_— 8e 50 276-1146 1.39
cuit breaker. UL listed AC. 2 3 100 276-1171 1.59
#22120 .. -39.95 Hobby Corner 2 ) 400 | 2761173 199

%(1)é % (ﬂé (1) Surface-Mount Resis-
3 tors. 200 pieces! 5% toler-
: ance.
| #271313 ... 499
®) 4
SWitCh Values 95,000 types. #276-4014. 3.99
iy

. a%n e (1) Mercury Bulb. 5 amps at
UL Listed AC Cords

125VAC. Style may vary.
(1) Recorder/Radio. 6 ft. Fits (2) SPDT Micromini Slides. 3

(2) “Ding-Dong” Chime. T K]
#273-071 ... .. B.99 Semi “Sub’’ Book
?2)7?1’3_(232'\3"0??'-1‘/2 tvo. 3V09%c New 1991 edition lists over

i

many portables. #278-1254, 2.49 amps at 125VAC. TV Transistor

(2) Recorder/Radio Version AC VD|tage SenSDr #275-409 . . APIA(g. of 21119 2S5C1308. NPN. Hori

Two. 6 ft. #278-1256 . . 1.99 (3) SPST Submini. Rated 0.3A 4§76, - Honizontal out-

Computer/Business Machine Indicates presence of AC volt- at 125VAC. #275-406 .. 2/79¢ put. #276-2055 ... .. . 5.95
Cords. 6 ft. ggestfroIn 710, Iol420—w'tthout DPDT. #275-407 .. .. .. 2/89¢ - -
(3) With Straight Connector. ISR GG CERITE S, (4) SPST Heavy-Duty. Rated - }
#278-1257 ... ... 3.9 LS 19 Ul ol (O @RIAe: 3A at 125VAC. #275-401, 2/1.19
A tions, blown fuses, burned- Power MOSFET

(4) Right-Angle Connector. out lamps, defective grounds DPDT. #275-403 ... 2/1.39

#278-1260 ... ... .. .5.99 and more. With instructions (5) Kit. 0.5A/125VAC. SPDT, IRF-511. For switching suppiies,
0 {5) Extension. Ideal for moni- and replaceable battery. DPST, two DPDT, two SPST. experimental designs. 60VDC,
O tors. #278-1259 .. .. . 4.99 #22-103 ... ... ... .. .9.95 #275-327 ... . Set of 6/1.99 3 amps. #276-2072 ... .. 1.99
pd
e 3
= Since 1921 Radio Shack has been the place to obtain up-to-date electronic parts as well as Rad,o Ihack
8 quality tools, test equipment and accessories. Today, with our big in-store selection and ¢
- convenient special-order service, Radio Shack continues its tradition of supplying high-tech MER’CA'S
W products at competitive prices. We're America’s Technology Store with over 7000 locations—
© | NoBoDY compares TECHNOLOGY
9( Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Corporation. sraR M
o
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BUILD T|
TELEPH(

CALL

THE MODERN TELEPHONE SYSTEM IS
a truly marvelous technological
achievement. Never in history
have so many people been able to
communicate with so many
others at such a low cost. But the
price for being able to reach out
and touch almost anyone also in-
cludes the opportunity for almost
anyone to be touched, by anyone
else with a phone. But the fact is,
most people would rather not be
called by strangers.

One system that appears to of-
fer promise is “Caller ID,” which
provides the called party with a
read-out of the caller’s telephone
number before the phone is an-
swered. Customer response to
this service is reportedly very
good. The problem is, of course,
that the system screens only tele-
phones, not callers. If a call is
made by an “authorized caller”
from another telephone, the
called party will not recognize the
number and might reject the call.
The cost for the service is about
$100 to start, with a monthly ser-
vice fee of around $6.

The real solution to the prob-
lem of screening unwanted tele-
phone calls must be one that
screens callers, not numbers. It
must include a security system
that no accidental access such as
wrong numbers or sequentially
dialed numbers can breach. And
the user should be spared the in-
trusion of having to screen his or

www americanradiohistorv com

proach to call screening appeals
to you and seems worthwhile,
then read on because the solu-
tion is here!

Operation

The CallScreen connects to the
phone line at the point where the
line enters the building, and the
“slave” phones connect to the
CallScreen. The unit features
“Limited Screen” and *“Full
Screen” modes, which can be se-
lected by toggling one of two
pushbuttons on the cabinet; the
other button toggles “Screen
On’/"Screen Off.”” However, the
easiest way to select screen
modes is with the “*” and “#”
keys on any phone connected to
the CallScreen. Pressing the “*"
key will alternately select Screen
on/Screen Off.

Actually, one version of the
CallScreen doesn't even have the
pushbuttons—you must use a
phone to change modes. When-
ever a transition to Screen On is
made, a momentary tone is heard
through. the handset. The “#”
key selects Limited Screen/Full
Screen, with the transition to
Full Screen producing the tone.
LED indicators on the cabinet in-
dicate the current screening
mode, regardless of which meth-
od is used for selection. Should a
power failure occur, the Call-
Screen bypasses itself so that
normal telephone service is pro-
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vided. We'll now describe the op-
eration of the CallScreen in
Limited Screen mode.

When the unit detects ring cur-
rent on the telephone line, the
line is taken off-hook and a short
tone burst is injected into the
phone line, to signal the caller to
enter a three-digit access code.
The caller then has approximate-
ly seven seconds to enter a three-
digit number sequence that
must match either of two codes {a
primary code and a secondary
code) set by the user.

Each three-digit code is set via
a set of DIP switches. Allowable
codes include digits “1" to “9.”
The digit “0” is reserved for code-
entry errors. If the caller enters
incorrect digits; a zero may be en-
tered causing the CallScreen to
erase the previous digits and pre-
pare for re-entry.

When a correctly entered pri-
mary code is detected, the Call-
Screen begins ringing any tele-
phone connected to its output
jack with a cadence of two short
rings and a pause. The secondary
code cadence is three short rings
and a pause. The CallScreen
owner now knows, by the type of
ring, that the call has been
screened and has some idea of
the caller’s identity (family or
friends for instance). If neither
code is entered, a standard ring
is generated, which continues
until any phone is picked up, or
the caller hangs up. Should the
unit be set in the Full Screen
mode, the completion of the
seven-second entry interval, with
no proper code entered, results in
the line going back on-hook, dis-
connecting the caller.

A call-routing adapter (CRA) al-
lows operation with telephones
and a choice of either an answer-
ing machine or a modem/fac-
simile machine. When the CRA is
set for ‘"aANs MACH,” any un-
screened calls will be routed to an
output jack to which an answer-
ing machine may be connected.
When the CRA is set for “comp/
FAX,” all primary code calls and
unscreened calls (or primary
code calls only if the CallScreen is
set for Full Screen) will be routed
to the protected phone(s), while
secondary code calls will be
routed to the computer modem
or facsimile machine.

If the user would rather sub-
stitute other telephones for the

answering machine/modem/fac-
simile machine in order to con-
trol where in the building a
phone will ring, full answer (off-
hook) and connect recognition is
provided even for telephones that
are not ringing. That allows any
protected phone to “answer” a
ring even if the ring was being
routed to another phone.

When the CRA is switched off,
all processed calls are passed to
both CRA output jacks. Outgoing
calls are unaffected by the CRA
regardless of its on/off status.

The CallScreen consists of five
major circuits: Phone Line Inter-
face, Decoder, Control and Reset
Logic, Ringer, and Slave Tele-
phone(s) Interface. We'll describe
each section in detail.

Phone line interface

Figure 1 shows the schematic
of the CallScreen. Incoming tele-
phone calls are detected by IC7, a
Texas Instruments TCM1520
ring detector IC, which, along
with the other circuitry, is pro-
tected from over-voltages by sur-
ge suppressor R8. Capacitor C12
blocks DC voltage from entering
IC7, and Rl1 limits ring current
so that IC7 operates over a typical
40-150 volts RMS ring-voltage
range. The incoming ring voltage
charges C13 which brings pin 4
of IC7 high with respect to pin 3.
After less than one full ring, the
current from pin 4 turns on the
LED inside IC10, which turns on
the phototransistor. That, in
turn, puts a low on pin 2 of NOR
gate IC3-a.

Pin 1 of IC3-a is connected to
the Master Reset line which is
normally low, so when pin 2 goes
low pin 3 goes high and pin 4
goes low. When the first ring in-
terval has ended, the phototran-
sistor in IC10 switches off. But,
since IC3-b pin 4 is low and is
connected through R19 back to
pin 2, pin 3 remains latched high
regardless of the state of IC10. As
long as pin 3 is high, a forward
bias current, limited by R22,
flows through the base-emitter
junction of Q1. turning Q1 on
and energizing RY1, which takes
the phone line off-hook. It takes
about 100 milliseconds for RY1 to
be activated after pin 3 of IC3-a
latches high. That allows multi-
ple CallScreen units connected to
the same telephone line to latch
before any of them actually “an-
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swer” the call. The time delay is
generated by a ramp voltage
across C18 following the latch up
of IC3-a pin 3.

When RYl's contacts close,
they provide a DC path across the
telephone line through BR2 and
R6. The resulting DC current
through R6 signals an “off-hook™
condition to the central office,
which then removes the ring volt-
age and connects the calling par-
ty to the line. Bridge rectifier BR2
ensures that, regardless of the
phone-line polarity, the end of R6
thats connected to C5 is always
positive with respect to the other
end. If, while the CallScreen is
off-hook, any other telephone on
the same line is lifted, the voltage
across R6 will decrease due to the
additional load placed across the
line.

That voltage change is coupled
through C5 as a negative pulse
that appears on IC8 pin 2, mo-
mentarily illuminating the inter-
nal LED. The IC8 phototran-
sistors then conduct, placing a
brief low on pins 12 and 13 of
IC27-d, which is part of the Con-
troland Reset logic. That sends a
reset pulse to pin 1 of IC27-a,
which, with [C27-b, normally
passes reset pulses to IC3-apin 1,
to release the off-hook latch.
However, during the cue interval
pin 2 of IC27-a receives a logic
low, which disables the passage
of reset pulses during this time.
That allows any phone-line tran-
sients, that could trigger the off-
hook detection circuit at the mo-
ment the CallScreen raises an
off-hook, to delay before enabling
the Master Reset line. The cue
timer interval begins just before
the CallScreen goes off-hook, and
continues for approximately 1
second. Diode D3 protects the
LED inside IC8 from any reverse
voltage transients that may be on
the telephone line.

The momentary negative-go-
ing pulse develops at IC27-d pins
12 and 13 whenever a remote
phone is raised off-hook appears
inverted (as a momentary high)
at pin 1 of IC3-a. That pulse will
unlatch IC3-a/IC3-b, releasing
RY1, resetting the CallScreen,
which goes back on-hook to
await another call.

Audio is coupled to the phone
line through transformer T2,
which is AC-coupled to the line at
all times via C11 so that signaling
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All resistors are Va-watt, 5%, un-
less otherwise noted.

R1, R10, R46, R57, R65, R68—1
megohm

R2, R5, R7, R17-R19, R23, R26,
R32, R33, R36—R42, R52-R55,
R58, R60, R63, R67, R70, R75—
10,000 ohms

R3, R27—560 ohms

R4, R29, R71—47,000 ohms

R6—560 ohms, 2-watt

R8—metal-oxide varistor surge-sup-
pressor, 130 VRMS, 15 joules

R9-—not used

R11, R12—2200 ohms

R13-R16, R20, R24, R25, R30, R31,
R34, R45, R61—100,000 ohms

R21—680,000 ohms

R22, R50—4700 ohms

R28—680 ohms

R35—51,000 ohms

R43, R44—180 ohms

R47-R49—200,000 ohms

R51—2000 ohms, potentiometer

R56—390,000 ochms

R59—100 ohms

R62, R74—470 ohms

R64—150 ohms, Y>-watt

R66—82,000 ohms, 1%

R69-—33,000 ohms

R72—220 ohms

R73—10 ohms

Capacitors

C1,C32, C34, C35, C40, C48, C58—
10 wF, 10 volts, radial electrolytic

C2, C3, C16, C17, C19, C20, C23,
C25, C28-C31, C39, C47, C56—
0.02 wF, 20 volts, ceramic disc

C4, C10, C21, C52—22 uF, 16 volts,
radial electrolytic

to and from CallScreen can occur
regardless of the hook status.
That allows you to change screen-
ing modes using the “*” and “#”
keys of slave phones while the
CallScreen remains on-hook.
Any voltages on T2's secondary
are clamped by D1 and D2 to ap-
proximately 5 volts while audio is
coupled through C10.

Op-amp ICl-a. which operates
at unity gain, drives ring-back
and cue-tone audio through R3.
A coupling network to pin 5 of
[C1, made up of R27, R28, and
C52 approximately mirrors R3,
C10. and the secondary imped-
ance of T2. Therefore, the output
signal from IC1-a appears equally
across the differential inputs of
IC1-b. producing very little out-
put signal on pin 7. However, sig-
nals that are input from the
phone line to pin 6 have a very
small in-phase component ap-

CALLSCREEN PARTS

Cs, C15, C22, C24, C26, C33, C49,
C50, C51, C54, C55, C57—0.1 pF,
20 volts, ceramic disc

C6—C9—not used

C11—0.33 uF, 250 volts,
polypropylene

C12—0.47 pF, 250 volts,
polypropylene

C13—10 wF, 50 volts, axial
electrolytic

C14—2200 wF, 20 volts, radial
electrolytic

C18—100 p.F, 10 volts, radial
electrolytic

C27—4.7 uF, 10 volts, non-polarized
axial electrolytic

C36—0.039 p.F, 20 volts,
ceramic disc

C37—0.01 wF, 20 volts, ceramic disc

C38, C53—0.05 p.F, 20 volts,
ceramic disc

C41, C45—470 pF, 10 volts, radial
electrolytic

C42, C46—0.22 puF, 50 volts,
polyester

C43—1 uF, 35 volts, tantalum

C44—4700 pF, 16 volts, radial
electrolytic

Semiconductors

IC1—LM1458 dual op-amp

IC2, IC25—LM741 op-amp

IC3—MC4001 quad NOR gate

IC4, IC12-1C14, 1C22—MC4081
quad AND gate

IC5—SSI 202 DTMF receiver
(Silicon Systems, Inc.)

IC6—MC4028 BCD-to-decimal
converter

IC7—TCM1520 ring detector (Texas
Instruments)

IC8, IC21—4N33 Darlington
opto-coupler

IC9—MC4071 quad OR gate

pearing on the non-inverting in-
putofICI-b, so they appear at pin
7 amplified by a factor of approxi-
mately four, as set by R2 and R4.
The attenuation of phone-line
input signals appearing on IC1-b
pin 5 occurs by the voltage divid-
ing of R3 and the very low output
impedance of ICl-a. The output
of IC1-b is connected through
equalization network R5, C2,
and C3 to dual-tone multi-fre-
quency (DTMF) receiver IC5. In-
puts to IC1 are biased to Y2 of Vo
by R1, and Cl provides AC de-
coupling of the bias source.

Decoder

DTMF tones are coupled from
the phone line to the audio input
(pin 9) of DTMF receiver IC5, a
Silicon Systems SSI 202 (or Sier-
ra Semiconductor SS1202) chip
set up for.BCD output on pins 1,
16, 17, 18. The chip contains its
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IC10, 1IC28—MCT-2 transistor
opto-coupler

IC11, 1C20, 1C24, 1IC27—MC4011
quad NAND gate

IC18—MC4013 dual D-type flip-flop

IC15-1C17, 1C23—MC4017 decade
counter

IC19—MC7805 5-volt regulator

IC26—LM383 7-watt power amplifier

D1, D2, D35, D40—IN5231 5.1-volt
Zener diode

D3-D10, D12-D18, D20-D32
D36-D39, D41—1N914 diode

D11, D19, D33, D34—not used

LED1, LED2—red light-emitting
diode

Q1-Q4—2N4401 NPN transistor

BR1—50-PIV 1.5-amp bridge rectifier

BR2, BR3—100-PIV, 0.5-amp bridge
rectifier

Other components

T1—120/12VAC 950 mA power
transformer

T2—600/600-ohm telephone line
coupling transformer

T3—8/8K ohm 10-watt matching
transformer (use 8-ohm and 0.625-
watt taps on 70-volt line
transformer)

XTAL1—3.58-MHz colorburst crystal

S§1, S2—SPST momentary
pushbutton switch

S§$3-88—9-position DIP switch

RY1—SPST N.O. miniature relay, 5-
volt, 70-ohm coil (or nearly any
other 5-volt miniature relay)

RY2—DPDT miniature relay, 12-volt,
290-ohm coil (or with a coil be-
tween 260—400 ohms)

Miscellaneous: PC boards, cabinet,
linecord, telephone wire, stranded
wire, solder, hardware, etc.

own clock whose frequency is set
by XTAL1l. Normally, pin 15
{(cLEAR bv—clear detection valid)
is logic low and pin 3 (ENABLE) is
logic high. Under those condi-
tions, valid DTMF tone pairs,
while being received from the
telephone line, produce a BCD
output and simultaneously raise
the pv output (pin 14) to logic
high.

The data outputs from IC5 are
connected to BCD-to-decimal
converter IC6. Pull-down re-
sistors R13—R16 ensure a solid
logic low at the inputs to [C6. De-
cade outputs from IC6 are con-
nected to two sets of three nine-
position DIP switches which are
used to select two three-digit ac-
cess codes. Both inputs of anp
gate IC12-d bridge the BCD lines
to detect the presence of digit “0."
Likewise, IC14-a and ICl14-c de-
tect the “#” and “*” respectively.



When the CallScreen “answers”
a call, the logic high from IC3-b
pin 4, which holds the decoder
circuitry inoperative until the
CallScreen is off-hook, goes low
and removes the reset from de-
cade counters IC15, IC16, and
IC17 through D41. At this time,
IC15, IC16, and IC17 all have
their QO outputs at logic high,
and are enabled to begin count-
ing. Because reset signals are di-
ode-coupled, R75 is used to
ensure a solid logic low on the
decade counter reset line in the
absence of reset logic levels. At all
other times, the reset high to the
decoder circuit prevents the
tone-decoded ringing of slave
phones, should the first three
digits of a number dialed from a
non-protected phone coinciden-
tally contain a valid three-digit
code.

ORDERING INFORMATION

Note: The following is available
from Electronic Control Systems,
R.D. 2 Box 3308, Wernersville, PA
19565. Set of two double-sided,
plated-through PC boards, $39.95
(add $2.00 postage and handling);
complete kit including PC boards
and all parts except the cabinet,
$158.000 (add $2.50 postage and
handling). PA residents add 6% to
all orders. Check or money order
only.

For the following discussion of
call decoding, we will assume a
primary access code of 3-4-5, as
shown by the DIP-switch settings
on the schematic. Since IC15’s
QO output (pin 3) is high, pri-
mary and secondary code-enable
gates IC12-a and IC13-a are en-
abled. The first DTMF tone pair
received will be a three, and will
appear as a logic high at switch
position three of all DIP switches.
Primary code switch digit "A” is
in position three, so therefore the
momentary logic high produced
during the presence of DTMF-3 is
passed through to IC12-a. When
IC12-a is enabled, its output goes
high and increments counter
IC16 through D12, and 5-ms
time-delay network R29-C54.

Meanwhile, when the DTMF re-
ceiver is detecting the valid tone
pair representing the number 3,
the pvline (IC5 pin 14) goes high.
When the tones disappear, pv

goes low, incrementing counter
IC15 such that QO (pin 3) goes
low and Q1 (pin 2) goes high to
enable IC12-b and IC13-b for re-
ception of the next digit.

The next digit will be a 4, and
the logic high produced by it will
pass through any DIP switches in
position 4, incrementing coun-
ters IC16 and/or IC17 if the
switch in position 4 is for digit B.
In this example, IC16 will be in-
cremented and two correct digits
for the primary code will have
been counted. Again, the transi-
tion of pv from logic high to low
increments counter IC15 by one
count, now enabling IC12-c and
IC13-c. Next, a third DTMF tone
pair is received representing a 5.
[t passes through IC12-c and D14
incrementing IC16 again, now
preducing alogic high on Q3 (pin
7) of IC16. As soon as three cor-
rect digits are counted by either
counter, theringer circuitry is ac-
tivated to begin the ring.

Whenever the CallScreen rings
the slave phones, pin 1 of IC20-a
is at logic high through either
D8, D9, or D10. The logic high is
also coupled to ICl1-a (which is
connected as an inverter) whose
output (pin 3) is then a logic low.
Through R31, that low disables
DTMF-receiver IC5 via pin 3
(enaBLE), making the CallScreen
ignore any further DTMF input.

The detection of a correct code,
by the Q3 output being high on
either IC16 or IC17, is also cou-
pled to the reset logic through
Nor gate IC3-d pins 12 and 13.
When either input to IC3-d goes
high, its output goes low, disab-
ling any control action resulting
from the seven-second time-out
of the code-entry interval timer
IC3-c.

Counter IC15 accumulates the
total number of digits input:
when three have been entered,
the Q3 output (pin 7) goes high.
The @3 high output is connected
to [C5 pin 15 (CLEAR DV), freezing
the counter at three by disabling
the pv output on IC5. The only
valid tone pair that the Call-
Screen can now recognize to use
is digit "0.” Tone pairs 1-9 are
ignored since none of the gates
are enabled. The “*” and "#"
tones for remote mode-selection
are also ignored because the re-
mote-select gates are enabled
only when one of the slave
phones is off-hook.
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CHEMICAL
SOLUTIONS

FREE CHEMTRONICS CATALOG!

Comprehensive new source for over
200 products usedin electronic manu-
facturing and field service. E-Series
products are CO, propelled for ozone
safety. Precision cleaning agents, flux
removers, bulk solvents, circuit refrig-
erants, precision dusters, non-residual
wipers, premoistened pads/swabs,
antistatic compounds, conformal coat-
ings, lubricants, adhesives, desolder-
ing braids and soldering products.
Complete with technical specifications
and application guide.

Chemtronics Inc.
l‘ 8125 Cobb Centre Drive
Kennesaw, GA 30144
1-800-645-5244
L in GA 404-424-4888
R R R R R R e B S
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LEARN VCR

CLEANING/MAINTENANCE/REPAIR

EARN UP TO $1000 A WEEK,WORKING
PART TIME FROM YOUR OWN HOME!

Secrets
Revealed!

NOQ Special
Tools or
Equipment

Needed.

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S
IF you are able to work with common small hand
tools, and are familiar with basic electronics (i.e. able
to use voltmeter, understand DC electronics). . . .
IF you possess average mechanical ability, and have a
VCR on which to practice and learn. . . .then we can
teach YOU VCR maintenance and repair!
FACT: up to 90% of ALL VCR malfunctions are due to
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77 million VCRs in use today nationwide!
Average VCR needs service or repair every 12 to 18
months!
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho-
tos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE reveals the SECRETS of VCR mainte-
nance and repair— “real world” information that is
| NOT available elsewhere!

Also includes all the info you'!l need regarding the
BUSINESS-SIDE of running a successful service op-
erajon! FREE INFORMATION

CALL TOLL-FREE 1-800-537-0589

Or write to: Viejo Publications Inc.

5329 Fountain Ave.
Los Angeles, CA 90029 Dept. RE
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DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY
PROTECTIONS

If the caller enters “0" now, or at
any time during the code dialing
sequence, both inputs of IC12-d
go high from IC5s BCD lines, and
a logic high appears at pin 11 of

ever power is applied. That en-
sures that the operating mode
will always initialize to Screen
Off/Limited Screen in case of a
power failure.

While watching rental WARNING .

movies, you will notice an-

noyin eriodic color

dar)bj(en?ng? color shift, un- SCO J

wanted lines, flashing or Electronics and

j d ed . This is

Iqaa%g:d b;}hgeecsg)py p:gtelc- RXIl dealers do

badded m 15 “Sheo 1ape, MOY ENCOUrage

0 O LT people to use
tection. Digital Video .

gtr:b?llee?:nﬁxugcomplelely the D'g 'tal

eliminates all copy protec- Video Stabi"zer

tions and jamming signals .
and brings you crystal clear tO du licate

The MasTER RESET line is con-
stantly held high by IC18-a from
g (pin 2) through ok gates 1C9-c
and IC9-b whenever the Call-
Screen is in the Screen Off mode.
Limited/Full Screen is controlled
by IC18-b by enabling/disabling
AND gates 1C4-a and IC4-b in the

IC12-d. That high is coupled
through D5 to the reset (pin 15) of
each of the decoding counters
IC15, IC16, and IC17. Since the
reset is blocked by reverse-biased
D41, it does not affect any other
circuitry. and the seven-second
interval timer continues to run.

pictures. rental movies

FEATURES: 5
®Easytouseandasnap Qr copyrig hted
to Install .
@ State-of-the-art in- video ta pes.
tegrated circuit technol- RXIl is in-

O?gg% automatic - no tended to stabi-
need for any

troublesome adjust- lize and restore
Oggrrr‘\t;atible to all types CI:YStaI CIear_
O?:\V%Estann%‘rr\r/vs t excit- p'Cture qua“ty
video Stabiizerin . fOF private
home use only.

ing Video Stabilizer in
the market
( Dealers Welcome )

@ Light weight (8 ounces)
and Compact (1x3.5x5")

@ Beautiful deluxe gift box

@ Uses a standard 9 Volt
battery which will lasl 1-
2 years.

ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING

1-800-445-9285 or 516-694-1240
Visa, M/C,COD  M-F:9-6 (battery not included)
SCO ELECTRONICS INC.
 Dept. CRE11581 W. Merrick Rd. Valley Stream NY 11580
Unconditional 30 days Money Back Guarantee
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Oak KN12 (wV: 109365 - Beat-Anyone’s-

Scientific Atlanta.... ...§109....S7gs i Price

. $79 Advertised in

7$89.559  this Magazine!
.. $169...81290

Stargate converter ....... $95.....875

Panasonic converter...... $99.....379

30 Days Money Back Guarantee
Free 16 page Catalog
Visa, M/C, COD or send money order to:

US Cable TV InC. Dept.krei1

4100 N.Powerline Rd., Suite F-4
Pompano Beach, FL 33073

Still, if the three digits counted
by ICI5 represent a valid code,
then the entire DTMF receiver is
shut down as discussed above,
via IC5's ENABLE input.

Both flip-flop sections of IC18
are used for screen-mode selec-
tion latching. Local selection is
made via push buttons S1 and
S2. A momentary closure of Sl
raises a momentary logic high on
cLock pin 11 of IC18. That trans-
fers the logic state of baTa pin 9 to
the g output pin 13. Since g (pin
12) is connected directly to pin 9.
@ and g both change state and
remain latched upon each mo-
mentary closure of S1. The g and
g outputs are used to control cir-
cuitry in the reset logic to place
the CallScreen in either Full-
Screen or Limited-Screen mode.
so the mode changes occur in a
toggle fashion using S1. When g
(pin 13) is high. the Full-Screen
mode is active and Q3 is turned
on lighting LED2.

The selection of Screen On/
Screen Off is made independent
of Full- or Limited-Screen selec-
tion. However, IC18-a is toggled
by S2 in a similar manner as
IC18-b. Screen-On status is indi-
cated by LED1, where R43 and
R44 are current-limiting re-
sistors. Transistors Q2 and Q3
are connected in a series ar-
rangement such that LEDI will
be turned on any time the screen
mode is “on.” However, LED2
cannot be turned on by Q3 unless
Q2 is also on.

Resistors R38 and R39 ensure
a solid logic-low at the crLock
inputs of IC18 in the absence of

reset logic.

Remote mode selection can be
made through any Touch-Tone
type telephone connected as a
slave. The “*" and “#" BCD out-
puts from IC5 are detected by
IC14. When IC5 receivesa™*. " D1.
D2, and D8 (pins 1. 18. and 16) go
high. That places a logic high on
pins 8 and 9 of IC14-c and on pin
2 of IC14-a. Pin 1 of IC14-a is con-
nected to remote mode-change
timer 1C9-d, which holds a logic
high on pin 1 of IC14-a for 7 sec-
onds after any slave phone gocs
off-hook. Such a combination of
logic levels causes pins 3 and 10
to go high, causing pin 4 (o go
high. which toggles the state of
IC18-a through D21. When 1C5
receives a “#,” D4 and D8 (pins
16 and 17) go high. That places a
logic high on pin 2 of IC14-a and
pin 13 of IC14-d. If pin 1 of IC14-a
is also high from IC9-d, pin 3 of
IC14-a will go high. toggling
IC18-b through D20.

Control and reset logic

There are two reset conditions
used by the CallScreen. One is a
constant logic high on the
MASTER RESET line which disables
the off-hook latch (IC3-a and IC3-
b). effectively shutting down the
unit. The two signals that can
hold the MASTER RESET line high
are slave-off-hook (IC9-c pin 9)
and screen off (IC9-c pin 8). The
other reset condition occurs as
an intermittent logic high deliv-
ered to the MASTER RESET line
when the CallScreen is off-hook
and is ending the process of
screening a call. Any one of the

RADIO-ELECTRONICS
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current momentarily drops.

c) Any other telephone on the
CallScreen telephone line (local
loop) transitions to off-hook.

During the one-second cue-
tone interval that occurs while
the CallScreen goes off-hook for
an incoming call, pin 10 of IC11-c
provides the enable gate (IC27-a
and 1C27-b) with a logic low on
pin 2. That prevents any reset
signals {rom reaching the off-
hook latch during the off-hook
time when line switching tran-
sients could trip the remote off-
hook detector.

The code-entry interval timer
(IC3-c) is initiated when pin 4 of
IC3-b goes low. Pin 9 of IC3-c is
normally low while pin 8 is nor-
mally high. When pin 5 of IC3-b
goes high, pin 9 also goes high
through C4. At the same time,
pins 4 and 8 go low so that pin 10
remains low. Any transients that
might disturb the transition of
input states to IC3-c are filtered
by R20 and Cl6.

As C4 charges, the voltage
across R21 decreases: when it
falls below approximately 1.5
volts, pin 9 sees a logic low and.
since pin 8 is also low, pin 10 now
goes high. That represents the
end of the seven-second code-en-
try interval.

The output of IC3-c is coupled
through RC filter R23-C17 to aND
gates IC4-a (Limited-Screen log-
ic) and 1C4-b (Full-Screen logic).
When the CallScreen is set to
Limited Screen, 1C4-a is enabled
through pin 1 from pin 12 (g) of
IC18-b. The IC4-a output is cou-
pled to anp gate 1C4-d. Gates IC4-
c and IC4-d are normally enabled
through IC3-d, whose inputs
come from the number of correct
digits that enter counters IC16
and IC17. When either a primary
or secondary code entry is cor-
rect, either pin 12 or pin 13 of
IC3-d will go high, placing pin 11
low and disabling both IC4-c and
IC4-d. That prevents the genera-
tion of a standard ring, or the
trigger of a master reset after a
seven-second time-out, when-
ever a valid code is entered. If a
valid code is not detected, the log-
ic high produced by the seven-
second time-out appears on pin
11 of IC4-d and is coupled to the
ringer for generation of a stan-
dard ring to indicate an un-
screened call.

If IC4-b is enabled for Full-
Screen operation (pin 13 of IC18-
bis high), the seven-second time-
out produces a logic high on IC4-
b pin 4. If a valid code has not
been received, that high appears
on pin 10 and is passed through
IC9-a and IC9-b to the MASTER RE-
seT line, releasing the off-hook
latch.

The MASTER RESET is used only
to enable or disable the off-hook
latch. The MASTER RESET will also
disconnect the CallScreen from
the phone line whenever the re-
mote off-hook detector (IC8 pin 5)
couples a momentary low to
IC27-d. That logic level is inver-
ted by IC27-d, which then ap-
pears, through various gates, on
the MASTER RESET line. Pin 2 of
IC27-a receives a low from IC11-c
pin 10 during the cue interval.
That prevents the resetting of the
off-hook latch during the cue in-
terval when the CallScreen is go-
ing off-hook and the loop current
is changing.

There are two conditions that
will hold the MASTER RESET high
indefinitely: pin 9 of IC9-c re-
ceives a continuous high when-
ever any slave phone is off-hook,
and pin 8 receives a continuous
high whenever the screen mode
is off. Either of those conditions
will hold the off-hook latch in-
operative, disabling ring detec-
tion and the decoder. A high on
pin 10 of [C9-c is inverted by IC11-
d and coupled to the base of Q4;
that causes relay RY2 to drop out,
connecting the slave phone(s) di-
rectly to the telephone line. by-
passing the CallScreen.

The cue timer one-shot. made
up of IC11-b and IC11-c, operates
as a monostable multivibrator,
triggerable by either positively or
negatively transitioning logic lev-
els. The outputs of the cue timer
perform two functions during
the timing interval: first, to turn
on the 600-Hz cue-tone oscillator
and, second. to disable the
MASTER RESET line. The first func-
tion is operated from IC11-b pin
4, which is normally low and goes
high. The second is operated
from IC11-c pin 10, which is nor-
mally high and goes low.

The cue timer one-shot mono-
stable multivibrator is triggered
by a high pulse through C20 to
IC11-c pin 8 when the CallScreen
goes off-hook; the other input to
IC11-c is normally high. The cue
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SANYO RF Modulator #4-1164-031600 $17.95 Ea.
FISHER RF Modulator 191002-143-9-4300 17.95 Ea.

MITSUBISHI RF Modulator #PU57855-C1  19.95 Ea.
TOSHIBA RF Modulator #MSU-911 19.95 Ea.
RCA Loading Belt 157061 or 157062 10/For 8.50

FISHER Loading Belt 143-2-7504-01000 10/For 8.50

GOLDSTAR Samsung Photo Interupter 1.99 Ea.
RCA Idler 164113 3.25 Ea.
FISHER Idler 143-0-4204-00400 3.99 Ea.
SHARP Idler NIDLO00S 2.99 Ea.
SHARP Idler NIDL0006 2.99 Ea.

28C1172B Original Toshiba 10 For $19.90
2SD869 Original Toshiba 10 For 19.90
BU208A Original Toshiba 10 For 19.90
25D1398 Criginal Sanyo 10 For 19.90
STR3115 Criginal Sanken 3.95 Ea.
STR3125 Criginal Sanken 3.95 Ea.
STR30120 Criginal Sanken 3.95 Ea.
STK4273 Original Sanken (10 min.) 9.95 Ea.
STK0080 Original Sanken 16.95 Ea.

375 Replacement NTE (10 min.} 1.50 Ea.

100MFD/50 Volts Radial 20 For $10.00
4.7MFD/250 Voits  Radial 10 For 5.50
10MFD/350 Volts  Radial 10 For 7.50
1000MFD/200 Volts Snap-In 5 For 12.50
680MFD/200 Voits Snap-In 5 For 12.50
100MFD/200 Volts Radial 10 For 12.50
47MFD/50 Volts Radial 10 For 4.50
10MFD/25 Volts Non Polarized 10 For 5.00
800MFD/200 Volts Snap-in § For 12.50
80MFD/450 Volts Axial 10 For 19.90

Sharp Flyback FO009G $19.95 Ea.
Sharp Flyback FO003G 19.95 Ea.
Sharp Flyback F0014G 19.95 Ea.
Sharp Flyback F0015G 19.95 Ea.
Sharp Flyback F0016G 19.95 Ea.
Sanyo Flyback FO260 14.95 Ea.
Sanyo Flyback FO192 14.95 Ea.
Tripler 523A/526A 9.95 Ea.
Samsung FCC1415AL 19.95 Ea.
Samsung FCC2015AL 19.95 Ea.
Samsung 523/526A 9.95 Ea.

ASK FOR OUR FREE CATALOG!
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975 Jaymor Rd.
Southampton, PA 18966
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1-800-628-1118
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timer is disabled by IC11-a when-
ever the ringer is enabled and the
CallScreen is ringing the slave
phones. RC network R31-C24 de-
lays the re-enabling of the cue
timer when the ring-enable sig-
nal returns to logic low. That de-
lay allows any ring transients—
that could develop should a slave
phone transition off-hook at a
moment when the instanta-
neous ring voltage is high—to de-
cay before re-enabling the cue
timer. The cue timer must be dis-
abled during a CallScreen-gener-
ated ring. because of the high
input impedance of the timer
trigger circuits and their sen-
sitivity to stray pickup from the
high ring voltage.

There are two other input trig-
gers to the cue timer. Each input
is capacitively coupled so that ei-
ther input can produce momen-
tary low levels on pin 5 of IC11-b,
which is normally held high
through R45. These inputs come
from the screen-mode select flip-
flops of IC18. Whenever the mode
transitions from Screen Off to
Screen On. the reset level at pin 8

of IC9 goes low. Before pin 8 goes
low, C23 has no charge on it.

The transition of pin 8 to low
forward biases D7 allowing C23
to charge from the + 5 volt supply
through R45. The initial charg-
ing current causes a large mo-
mentary voltage drop across R45
effectively reducing the voltage at
pin 5 of IC11-b to logic low. trig-
gering the cue timer to inject a
tone into the telephone line. At
the same time, D6 is either mo-
mentarily reverse biased or has
zero bias depending on the sta-
tus of Limited/Full Screen selec-
tion. That effectively presents a
high impedance (100K set by
R24), preventing swamping of
the logic low pulse developed by
C23/D7.

When [IC9-c pin 8 transitions
high (screen mode is being set to
off), C23 is fully charged to +5V.
and D7 is reverse-biased. Re-
sistor R30 discharges C23 by
bringing both of its terminals to
a +5V potential. The transition
from Limited to Full Screen also
triggers the cue timer in a man-
ner similar to that described
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above, but uses R24, C19, D6 and
R45.

With the cue timer enabled
(pin 9 of IC11-cis high), and pin 8
normally low through R25, pin
10 is at logic high and therefore
pin 6 of IC11-b is also high. Since
pin 5 of IC11-b is normally high
through R45. pin 4 is then low,
which represents the quiescent
state of the cue timer.

When the off-hook latch oper-
ates, a logic high differentiated
by C20 to a momentary high ap-
pears at IC11-c pin 8. Since pin 9
is also high, pin 10 transitions
low as does pin 6. With pin 6 low
and pin 5 high, pin 4 now goes
high. That high also appears at
pin 8 through the charging ac-
tion of C21 and. for the time
being, the timer output (pin 4)
remains latched high.

As C21 charges through R25
and R26. the voltage on pin 8 de-
creases. When the voltage dimin-
ishes toapproximately 1.5V, [C11-
¢ sees a logic low and pin 10 tran-
sitions high as does pin 6. With
pins 5 and 6 both high, pin 4
goes low and the timing interval
ends. The same timing action is
triggered if a momentary logic
low appears on pin 5 of IC11-b.
This would occur upon operation
of the screen-mode select logic as
discussed earlier.

Ringer

The CallScreen ringer circuitry
essentially takes a logic high on
one of three inputs and produces
one of three ring cadences which
is delivered to the slave phone(s)
as a 27-Hz, 90-volt RMS ringing
voltage. The ringer also includes
the 600-Hz cue oscillator which,
along with cue timer functions,
is keyed by the 27-Hz ring fre-
quency oscillator to produce the
“ring back” signal that the caller
hears.

The three ringer input lines are
coupled through diodes D8, D9
and D10 to ring clock NaND gate
IC20-a pin 1. When any one of the
lines goes high, indicating the
need to ring the slave phone(s),
IC20-a is enabled and the ring
clock begins to run. An astable
multivibrator, made up from
1C20-a and IC20-b, produces gat-
ing pulses at pin 4 of 1C20-b at
600 ms intervals when enabled
by pin 1 of IC20-a being high. The
repetition interval is determined

continued on page 62
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CHANGING
FACE OF

SATELLITE TV

Satellite television, received

on small, flat antenna

panels, promises to give

cable TV a run
for the money.

ROBERT ANGUS

SATELLITE TELEVISION. DELIVERED
to antennas as small as a table
napkin, is about to become a re-
ality. You might be saying to your-
self, “So what’s the big deal?”
Futurists have been talking
about that for as long as they've
been talking about large-screen
TV receivers thin enough to hang
on the wall like pictures. And
haven't Europeans and Japanese

been watching TV using tiny flat- -

panel antennas for a year or
more?

Well, yes. But this time the talk
is for real, with technology letting
a single satellite deliver as many
channels as a large cable system.
Indeed, within three years, there
could be at least six major pro-
grammers broadcasting directly
from satellite. offering up to 400
channels of pay-per-view (PPV)
movies, premium sports events,
concerts, and general entertain-
ment programs.

The first, TVN, was scheduled
to start in September, with 10
channels of movies and three of
basic cable. TVN isn’'t truly a
small-dish service, since it uses
an existing low-powered satellite
(Telstar 303) and a full-sized C-

band satellite antenna, but it
shows how such services will op-
erate. Scheduled to be launched
in October is K Prime, a 10-chan-
nel service that also uses an ex-
isting satellite (Satcom K1), but
transmits to dishes 3-—4 feet in
diameter.

The first satellite specifically
designed for direct-broadcast by
satellite (DBS) service will be
SBS-6, scheduled for launch
later this year. It'll carry 10 chan-
nels of PPV movies and special
events beginning early next year.
In late 1993, Sky Cable, the real
biggie, should have 27 transpon-
ders on three Hughes high-
powered satellites capable of
transmitting pictures to a flat,
square antenna measuring a
mere 14 X 14-inches, called a
“squarial.” The same antennas
will be able to pick up an addi-
tional five channels from United
States Satellite Broadcasting's
bird located nearby.

By 1993, however, all the pro-
grammers listed above expect to
offer many more than the 65
channels they plan to start with.
Using digital signal compres-
sion, they expect to multiply
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their capacity some 2-8 timics.
enabling Sky Cable to promise a
total of 108 channels. TVN Presi-
dent Stu Levin boasts that he’ll
have enough channels to be able
to start feature movies every few
minutes, so viewers can enjoy
their choice of flicks virtually on
demand.

Large-dish satellite antennas
are able to choose programming
from 18 C-band and six Ku-band
satellites, with well over 200
channels. In theory, they can also
receive all the new channels. To
do so, however, the nation’s two-
plus million dish owners will
need new decoders—separate
ones for TVN, SkyPix, K Prime,
and Sky Cable—since each firm
plans to use different, incompati-
ble, scrambling systems.

The assumption of most DBS
programmers is that viewers will
select one of the competing sys-
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FIG. 1—THE GI DIGICIPHER COMPRESSION METHOD. SOURCE material is digitized at
the broadcast station or uplink site (step 1). An encoder extracts essential data from a
frame. The 1.2 gigabits per second of digital HDTV is compressed by motion-estimation
and compensation methods (step 2). Only 2% of the bits are transmitted between frames;
DigiCipher HDTV’s receive the signal, and error-correction methods reconstruct the
digital video (step 3). It's converted to analog, with no resolution loss (step 4). The
improvement is like comparing CD’s to vinyl records.

tems, erect a small, fixed-posi-
tion antenna to receive it, and
rent or buy a dedicated inte-
grated-receiver-descrambler
(IRD). K Prime, for example.

plans to charge $12 a month fora
package with basic program-
ming and reception equipment:
PPV movies will cost S5 each. Sky
Cable and SkyPix plan to sell
hardware packages for
$500—600, with viewers paying
85 each for new flicks.

Uniden Corp. of Indianapolis,
IN, has provided a glimpse of the
polential satellite future. Their
new Model 4800 receiver ($2499)
uses not only the standard Vid-
eoCipher II Plus decoding used
by most C-band programmers,
but also D-Code decoding for
TVN. To keep track of the 120
movies TVN plans each day, as
well as big-dish program listings.
the Model 2400 has a built-in

electronic program guide.

Instead of selecting a satellite
and transponder. the viewer calls
up the schedule for an appropri-
ate viewing time, picks a pro-
gram, hits "ENTER"™ on his
remote control. and the receiver
automatically sets the correct
satellite and transponder. You
can even program a whole night's
viewing this way.

Of all the technical miracles,
the most important is digital sig-
nal compression. It not only
makes possible capturing several
channels on a small fixed-posi-
tion dish. but provides the band-
width for everything from high-
definition television (HDTV) to
multichannel interactive video
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and specialized narrowcasting. It
digitizes the information inavid-
eo frame, removes extraneous in-
formation (so that what’s left is
compressed). and the data is
transmitted. The only new data
transmitted thereafter are frame-
to-frame updates. Current video.
by contrast, uses the National
Television Standards Committee
(NTSC) format, transmitting full,
uncompressed video frames at
60 Hz.

Suppose the program were the
Talking Heads on the Tonight
show: difference signals make up
only about 2% of the total. How-
ever, when there's lots of action
and rapid movement in a pro-
gram, the frame-to-frame
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changes can be up to 50%. Great-
er compression without visible
artifacts is possible when move-
ment is minimized and the cam-
era angle is constant. And when a
video image has been com-
pressed, the bandwidth needed
to transmiit it is correspondingly
reduced.

Compression basically makes
video transmission into an adap-
tive process, where the in-
stantaneous bandwidth used at
any given moment to transmit an
image fluctuates as the amount
of motion between frames
changes. Such a procedure
makes for the most efficient use
of bandwidth, since it con-
tinually varies and updates ac-
cording to the video needs of the
moment. In theory, it's possible
to multiplex 10 such programs in
the bandwidth used by a normal,
single, broadcast, cable, or satel-
lite channel. But if one program
is a basketball game, its viewers
may complain of streaks and
fishtails as the ball and players
move along the court.

If you've ever watched rebroad-
casts of older black-and-white (B/
W) programs from the 1950 or
early 1960's (like the Honey-
mooners), you can often see
streaks and fishtails as the
characters move or the camera
pans, since the image orthicon
tubes in TV cameras of the period
lacked adequate resolution.
Such streaks were quite common
on bright metallic objects that
tended to reflect excess light into
the camera. saturating the tube
phospor. Or, a nature program
with closeups of flowers and in-
sects may lack detail and appear
washed out. making viewers
complain.

By reducing the total number
of channels, broadcasters can
improve the resolution of those
that are left, since theres more
available bandwidth. The ulti-
mate extreme this way would be a
true HDTV channel with digital
surround sound, needing 1.5-5
uncompressed cable channels,
but which can fit into a single
cable or broadcast channel,
using compression techniques.
When compression becomes a re-
ality—maybe by late 1991—a DBS
firm might have one or two HDTV
channels. They may use two or
three more channels for sports or
movies (where high resolution

MAJOR HOME-SATELLITE BROADCASTERS

Company |Services Start date Satellite Comments
Name Longitudes
Comsat Multiple Unavailable | Unavailable Has
Video narrowcast compression
channels system;
developed
14 X 14-inch
“squarial”
antenna
Directsat 2 medium- 1992 101°W, 148°W | None
power satellites
Dominion 8 transponders | Unavailable | 119°W, 148°W | Educational
Video on 2 medium- and religious
power satellites programming
Echostar 3 PPV movie Unavailable |61.5°W, 148°W | Basic-service
channels, 3 channels in-
premium movie clude refigious,
channels, 10 children’s, and
basic-service adult program-
channels, and ming; will air
2 medium- 6-7 Pay-Per-
power satellites View movies
per month
EMC2 Movies on Late 1990 Unavailable Over 4000
demand on C- feature films
band satellite
using digital
technology
K Prime 10 channels on | Oct 1990 85°W Package
Sat-com K1 available from
include 3 PPV cable operators
channels through Netlink
for about $12;
Plan 1992-1993 includes 4-foot
compression to dish and
increase capacity proprietary IRD

would be most appreciated), and
have several 4:1 compressed
channels for weather, business,
children’s programming, and
family-type series reruns.

The DigiCipher system

There are almost as many ways
to compress video signals as to
scramble them, which may ex-
plain why every DBS firm has its
own compression and scram-
bling methods. General Instru-
ment GI Corp. plans to introduce
the DigiCipher system next fall;
it’s likely to be first out of the box,
and has already been used for
Sky Cable’s business plan.

A spokesman for GI Corp.,
Mike Walker, says that set-top
black box decompressors on the
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market by then could run $200.
When Sky Cable begins, Di-
giCipher could be built into a TV
for HDTV purposes. Fig. 1 shows
the DigiCipher process, and Fig.
2 shows the major staff members
at the GI Video Cipher Div. in
front of a sample image. The Di-
giCipher process itself works as
follows:

® The source material (like video
movie or computer-generated art)
is digitized at either the broad-
cast station or the cable satellite
programming uplink site (step 1).
A DigiCipher encoder sorts non-
essential data out of each video
frame.

¢ The 1.2 gigabits per second
generated for digital HDTV is
compressed by proprietary mo-



MAJOR HOME-SATELLITE BROADCASTERS

Company |Services Start date Satellite Comments
Name Longitudes
SkyPix 10 Jan-Feb Unavailable $500 package
transponders 1991 complete with
on SBS-6 3-foot dish and
proprietary
Expandable to |1992-1993 IRD, PPV
80 channels movies every
with proprietary few minutes,
compression sports, and
technigue concerts
Sky Cable |27 Late 1993 101°W $500-600 for
transponders system to
on 3 Hughes include 14-35-
high-power inch dish, as
satellites well as PPV
movies and
sports; sold
through cable
Plans to 1993-1994 services, in
expand to 108 basic and
channels using premium
compression versions
TVN 10 PPV Sep 1990 125°W D-code
channels on Tel descrambling,
star 303, and 3 $25/monih for
basic channels basic service
and IRD;
2 added Jan 1991 available
channels through Uniden
dealers
Expects to add | 1993-1994
capacity using
compression
ussB 5 high-powered | Late 1993 101°W None
Ku-band
channels,

FIG.

expects to add
capacity using
compression

Dungham, President.

2—THE MAJOR STAFF MEMBERS AT THE Gl VIDEQ CIPHER DIV. From left to right,
Dr. Jerry Heller, Exec. Vice-President, Dr. Woo Paik, Asst. Vice-President, and Larry
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tion-estimation and compensa-
tion methods (step 2). Thus, only
2% of the bits are transmitted be-
tween successive frames (for
minimal interframe motion) via
broadcaster satellite to cable sys-
tem head ends, and home satel-
lite systems.

e DigiCipher-equipped HDTV's
receive and demodulate the sig-
nal, and use potent error-correc-
tion methods to reconstruct the
transmitted digital video (step 3).
® The reconstructed digital vid-
eo is converted to analog for a
crisp HDTV picture, with no sub-
jective loss in resolution (step 4).
The improvement in DigiCipher
HDTV over NTSC format is like
comparing audio digital compact
discs (CD’s) with vinyl records.

Perhaps the most interesting
application of digital signal com-
pression applied to DBS is by En-
tertainment Made Convenient?
(EMC?), a Denver, CO, company
that hopes to offer alibrary of 400
movies virtually on demand by
late 1990. They propose to com-
press movies in time and band-
width, letting a full-length fea-
ture film be downloaded to a VCR
in about 12 minutes.

The VCR would allow two view-
ings per movie before erasing a
tape automatically. To receive the
programs, transmitted via an as
yet-unnamed C-band satellite, a
viewer would need a small nap-
kin-sized antenna and VCR with
a dedicated, built-in satellite re-
ceiver. The VCR would tape films
digitally, so the tapes can’t be
played back on conventional
VCR’s. The catch is that digital
VCRS’ don't yet exist, and major
manufacturers aren’t planning
on them anytime soon.

Since the same pool of feature
films should be available to all the
PPV hopefuls, and the majors
promise to offer basic program-
ming comparable to current
basic cable and C-band DBS
packages, there may not be much
variety among various systems.
All the PPV firms promise to have
the top 10 box-office attractions
when they appear in video stores.
Hence the race by K Prime, TVN
and others to be first, even if they
have to recall receivers in a year
or two when they start using
newer, more powerful satellites.

One feature TVN hopes to offer

to distinguish itself from the
competition is interactive video.
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SATELLITE TV

continued _from page 61

so the viewer can choose a cam-
era angle on sports events, inter-
act with contestants on a game
show, or determine the plot of an
action series. TVN has an ex-
clusive agreement with ACTV, a
Canadian company that’s de-
veloped a seamless way to switch
between four video channels to
provide interactive video.

Until digital compression be-
came a reality, interactive TV
made no sense, since few cable
operators and no terrestrial
broadcasters had the needed
channel capacity. TVN Vice-Presi-
dent Stuart Jacob says his com-
pany hopes to offer sports fans
interactive coverage of major
sporting events like the Indi-
anapolis 500, the 1992 Olympics
and major-league hockey and
baseball.

Does all this mean the large
dish is dead? No way. The pro-
grammers who form the back-
bone of cable TV and today's
satellite viewing—HBO, Show-
time, CNN, ESPN, MTV and the
rest—are committed. to large-
dish transmission through the
year 2015. Over the next few
months, they’ll be joined by some
20 newcomers with everything
from want ads and programs in
Tamil, to sci-fi and American
Lawyer (a 24-hour channel for
Perry Mason addicts). What sig-
nal compression can do for small-
dish DBS services, it can also do
for large-dish owners. R-E

CALL SCREENER

continued from page 56

by C27 and R35, and R34 pro-
vides the feedback path to IC20-
a. Gating pulses from pin 4 of
IC20-b begin clocking decade
counter IC23 whose ten outputs
(they’re not all shown) then begin
sequencing, one at a time, to log-
ic high. At a 600-ms clock rate,
the counter will sequence
through all ten outputs in 6 sec-
onds, which is the standard ring
cycle of the U.S. telephone sys-
tems. Steering diodes D22-D29
are connected from the g outputs
of the decade counter to assem-
ble the three different ring ca-

dences.

Diodes D22, D23, and D24 are
connected to the Q1, Q2, and Q3
outputs of IC23. As soon as the
ring clock is enabled, Q1 goes
high for 600 ms, followed imme-
diately in sequence by Q2 and Q3
for 600 ms each. The input of
IC22-b (pin 5), therefore, sees a
logic high for approximately 1.8
seconds (Q1+Q2+Q3) out of
every 6 seconds, thus producing
a standard telephone-company
like ring if IC22-b is enabled by
pin 6 being high. In a similar
manner, 1C22-c and IC22-a are
supplied with logic levels corre-
sponding to cadences as follows:

[C22-c—high 600 ms, low 600
ms, high 600 ms, low 4.25 sec-
onds (two short rings and pause).

IC22-a—high 600 ms, low 600
ms, high 600 ms, low 600 ms,
high 600 ms, low 3.5 seconds
(three short rings and pause).

Each of the three ringer input
lines is connected to one of the
ring-cadence enable gates of
IC22. Gate IC22-b is enabled via
pin 6 from IC4-d pin 11 when the
CallScreen is in the Limited
Screen mode and the code-entry
interval timer times out: this pro-
duces a “standard” ring, signal-
ing an unscreened call. Gate

CALL ROUTING ADAPTER PARTS
All resistors are Ya-watt, 5%, un-
less otherwise noted.

R101—150 ohms, Y-watt

R102, R103—10,000 ohms

R104—330 chms

R105—1000 ohms

Semiconductors

D101-D106—1N914 diode

Q101, Q102-——2N4401 NPN transistor

Other components

RY101, RY102—SPDT miniature re-
lay, 12-volt, 320-ohm (nominal) coil

§101, S102—SPDT miniature switch
(or use single DPDT center-off
switch)

J1, J2—modular phone jack

IC22-c is enabled via pin 9 from
IC16 pin 7 when the correct pri-
mary code is detected; this pro-
duces a double ring and pause.
Gate IC22-a is enabled via pin 2
from IC17 pin 7 when the correct
secondary code is detected; this
produces a triple ring and pause.

The outputs of the ring-ca-
dence enable gates are connected
through diodes D30-D32 to the
ring-frequency generator (pin 1
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of IC24-a). Resistor R55 ensures
a solid logic low in the absence of
ring. Whenever pin 1 is high, the
27-Hz ring oscillator is running.
Gates IC24-a and IC24-b are con-
figured as an astable multi-
vibrator producing approximate-
ly symmetrical square waves of
logic-low and -high levels. The
frequency is determined by C46
and R66, and R65 is a feedback
resistor. Steering-diode D38 is
used to enable the 600-Hz cue os-
cillator thus gating its output at
27 Hz. Resistor R67 ensures a
solid logic low in the absence of
enable signals.

The ringback and cue os-
cillator is an astable multi-
vibrator consisting of IC20-c and
IC20-d along with frequency-de-
termining components C47 and
R69, and feedback resistor R68.
R70 and C53 form a low-pass fil-
ter which sets the 600-Hz output
level correctly for input to ICI-a.
Enabling of the oscillator occurs
on IC20-c pin 8 through either
D38 for ringback or D39 for cue
signaling tones.

The output of the ring-fre-
quency oscillator (IC24-b pin 4)
is also coupled, through C26, to
the input of op-amp IC25, which
is configured as an active low-
pass filter whose center frequen-
cy is set to 20 Hz. That setting
provides a frequency-propor-
tional attenuation of the 27-Hz
square wave supplied from the
ring-frequency oscillator at an
18dB/octave rolloff rate. The out-
put of IC25 is very nearly a 27-Hz
sine wave. Components R46 and
C35 provide AC decoupling of Y%
Ve bias voltage to operate IC25
without a split power supply.
Voltage divider R50 and potenti-
ometer R51 set the input level to
IC26 for a 90-95 volts RMS ring-
er output voltage.

The LM383 7-watt power am-
plifier (IC26) has its gain set by

R72 and R73. Feedback for the

inverting input is coupled
through C41, while low-level ring
voltage is connected to the non-
inverting input via C40. Capaci-
tors C42 and C43 stabilize IC26
against high-frequency oscilla-
tion. C44 couples high-current
ring signals to the 8-ohm pri-
mary of T3. High ring voltages
appear across the 8 kilohm sec-
ondary of T3. The ringer config-
uration is capable of reliably

continued on page 77
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Breadboards are giving way to PC-based circuit simulation.

IIF YOU'RE LIKE MOST ELECTRONICS
hobbyists, you love to design and
build circuits. Unfortunately, one
of the hazards of the hobby is
that many projects never get
beyond the breadboarding stage
because of design or debugging
problems.

Sure, you can spend countless
hours troubleshooting a circuit
using a plethora of test instru-

ments, but wouldn't it be nice if

you didn’t have to touch a compo-
nent until you were ready for the
final assembly? Now you can,
using the power of your PC and a
growing number of circuit-sim-
ulation programs.
Circuit-simulation programs
are not new either to the comput-
er or to the PC. What is new is
that now these programs are af-
fordable. Simulation programs

that sold for $20,000 ten years
ago can be obtained today for less
than $100, and that low cost
makes it cheaper and faster to
simulate a circuit than to bread-
board it.

Another advantage of circuit-
simulation programs is that they
give us the ability to do “whalt-if?”
simulations. For example. what if
you were to substitute a 0.01 pF
capacitor for the 0.015 pF unit
specified in a circuit design?
Using circuit-simulation soft-
ware, you could learn the answer
in seconds.

This is the first article in a two-
part series that will look at cir-
cuit-simulation programs for
personal computers. This part
discusses a venerable analog
simulation program called
SPICE, and the second part dis-
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cusses a powerful digital simula-
tion program called SUSIE. Our
bias is toward the IBM family, but
versions of the programs welll
discuss are available for other
platforms: we’ll discuss prices
and availability later.

The SPICE of life

SPICE (simulation program
with integrated circuit empha-
sis} is far and away the most pop-
ular analog circuit-simulation
program in use today. SPICE was
developed by the University of
California at Berkeley in the late
60's, and was released to the pub-
lic in 1972.

Over theyears, SPICE has gone
through many upgrades. The
most important change came
with SPICEZ2, in which the kernel
algorithms were upgraded to
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support advanced integrated sys-
tem methods, many of which re-
late to IC performance. SPICE2
has all but replaced SPICE1 as
the SPICE of choice by industry.
SPICE2 has been ported to nu-
merous types of computers and
operating systems, including the
Macintosh and the IBM PC fam-
ily. and is sold under several dif-
ferent brand names by several
software companies.

Recently, SPICE2 was up-
graded to SPICE3. In the new ver-
sion, the program was converted
from FORTRAN to C for easier
portability, and several devices
were added to the program li-
brary, including a varactor, semi-
conductor resistor. and lossy RC
transmission lines. However, the
kernel algorithms were not
changed, and the added compo-
nents aren't that significant be-
cause SPICE2 can simulate all
the devices built into SPICE3
using external device modeling.
But more on that later.

Creating a SPICE circuit

One reason for SPICEs popu-
larity lies in its programming
simplicity. Unlike many circuit-
simulation programs, which re-
quire special programming tools
to create simulation files, all you
need to produce a SPICE file is an
ASCII text editor. Moreover, be-
cause SPICE files are pure ASCI],
files created on a Macintosh are
identical to those used by a PC
and a Sun workstation. That file
compatibility allows you to ex-
change SPICE designs among
vastly different computers with-
out file modification.

SPICE files are nothing more
than a list. called a netlist, of the
components used in the circuit;
Table 1 summarizes the contents
of a netlist. When describing a
SPICE component, its a simple
matter of listing the component’s
value and its physical connec-
tions to other components in the
circuit. If you wish, you may op-

TABLE 1—NETLIST CONTENTS

Title Line

Analysis Control Statement
Output Control Statement
Circuit Topology

Signal Or Power

.END Statement

tionally include qualifying pa-
rameters such as temperature co-
efficient, tolerance, etc., but
they're not required.

To illustrate how a SPICE file is
written, refer to the circuit in Fig.
1. That circuit is an RLC bridge-T
bandpass filter. often used in au-
dio equalizers. For the sake of ar-
gument, let's bias the network at
10-volts DC and specify a 1-volt
AC input signal. The design
questions are: What is the band-
pass frequency, what is the band-
width, and what are the AC and
DC output voltages? Let's see
how we could use SPICE to solve
the problem.

After drawing a schematic of
the circuit, you label each compo-
nent. SPICE nomenclature is
consistent with accepted sche-
matic labels—R represents a re-
sistor, C a capacitor, L a coil. @ a
transistor. and so forth.

o
(5
T —H(
U R4  C1 |
40mH 18k 025 |
. AAA- —e
| R2 R3 3
1) 200Q 2) 2000
' e . 4—\/0
R1 R5 R6 i
2002 200Q 2002

FIG. 1—SAMPLE CIRCUIT 1. This is a
Bridge-T bandpass filter; the circled num-
bers represent the nodes that SPICE will
analyze.

Next, you must number the cir-
cuit nodes. A node is any point
where two or more wires connect.
There is no required order to the
numbering: you can assign node
numbers at random, and even
skip numbers. The exception is
ground, which has a reserved val-
ue of 0. Just be wary that you
don'tassign separate numbers to
opposite ends of a wire because
SPICE will think you'e talking
about two different nodes and
not make the connection.

The next step is to create a list
of all components by label, node.
and value (in that order), and
store the list in an ASCII file with
a .CIR extension (FILTER.CIR).
There are three restrictions on
the file format: The file must be-
gin with a file name, end with an
.END statement, and it must
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LISTING 1
BRIDGE-T BANDPASS
FILTER NETLIST

BRIDGE-T BANDPASS FILTER
.AC DEC 20 1KHZ 10KHZ
.PRINT AC V(4) VDB(4)
R110 200

R212 200

R3 2 4 200

R4 1418K

R5 2 3 200

R6 4 0 200

C154 .025UF
C2301UF

L115 40MH

L2 3 0 1MH

VIN 10 DC 10V AC 1V
.END

contain only uppercase letters.
SPICE syntax is very inflexible
(what programming language
isn’'t?). and unless each compo-
nent is described explicitly with
all the parameters in the right
order. the simulation won't work.
The SPICE file for the circuit in
Fig. 1 is shown in Listing 1.

Although we listed the re-
sistors in ascending order.
there’'s noset order to a netlist. All
voltage sources, resistors, and
other components may be listed
at random. because SPICE first
reads the netlist in its entirety.
organizes the contents to its lik-
ing, and only then compiles the
circuit into a run-time file. The
process is quite similar to the
way a Pascal or C compiler com-
piles an ASCII source file into an
executable program.

Circuit analysis and simulation

After SPICE compiles a run-
time version of the file. it uses its
kernel algorithms to analyze the
circuit, first for DC parameters.
and then for AC performance, if
requested. The result is a com-
puter simulation of the circuit
under the specified operating
conditions. The simulated cir-
cuit parameters are then record-
ed in an ASCII file. The SPICE
simulation of our circuit is
shown in Listing 2.

SPICE simulation occurs in
stages. First SPICE analyzes the
netlist to see if there are any er-
rors. It can’t check for all errors,
simply because it can't read your
mind, but it does check the syn-
tax of every entry, and makes sure
that everv node has two or more



connections. If an error occurs,
an error message is inserted be-
low the line that caused the error,
which greatly simplifies the de-
bugging process.

If no errors are detected, SPICE
does a DC analysis of the circuit,
calculating the bias voltage for
every node, and the total current
drain from the power sources.
SPICE also measures the total
power dissipation of the circuit.
From this analysis, we find that
the DC output is 2.5 volts.

Next SPICE does an AC analy-
sis of the circuit using simulated
signal generators. SPICE is quite
adept in this area, in that it's able
to emulate several kinds of signal
generators, including sine,
sweep, pulse, and others.

For our tests we need a sweep
generator, which we describe in
the second line of the netlist. The
.AC label is a special SPICE com-
mand called a control statement.
(Note that all SPICE control state-
ments begin with a period.) The
statement says that we want a

sweep generator with a log-
arithmic sweep of 20 points per
decade (DEC 20) beginning at 1
kHz and ending at 10 kHz. We
could just as easily have selected
a linear (LIN) or octave (OCT)
sweep rate, and set the sweep to
occur between any two frequen-
cies, ranging from sub-audio to
gigahertz.

Next we need to monitor the
output signal. This is done using
the .PRINT control statement on
line three. .PRINT simulates a va-
riety of measuring instruments,
including several types of voltage
and current meters. For our sim-
ulation we need both an RMS AC
voltmeter, V(4), and a decibel volt-
meter, VDB(4). The numbers in
parentheses indicate which node
is to be measured. As it turns
out, our simulation looks at only
one node, but we could have
specified any number of nodes.

The .PRINT statement gener-
ates a table of values for each
point on the generator's sweep.
The results of our circuit simula-

LISTING 2—SPICE OUTPUT

BRIDGE-T BANDPASS FILTER

SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C

(NODE) VOLTAGE

{1) 10.00 (2) 4.1667 (3) .00 (4) 2.50 {5) 10.00

VOLTAGE SOURCE CURRENTS

NAME CURRENT
VIN —8.333D 02

TOTAL POWER DISSIPATION 8.33D-C1 WATTS

FREQ VDB(4)
1.00000E + 03 2.509E - 01 1.201E +01
1.12202E + 03 2.511E - 01 1.200E + 01
1.25893E + 03 2.514E - 01 1.199E + 01
1.41254E + 03 2.519E - 01 1.198E + 01
1.58489E + 03 2.524E - 01 1.196E + 01
1.77828E + 03 2.532E - 01 1.193E + 01
1.99526E + 03 2.544E - 01 -1.189E + 01
2.23872E+ 03 2.561E 01 1.183E + 01
2.51189E + 03 2.587E-01 ~1.174E+01
2.81838E + 03 2.629E - 01 1.160E + 01
3.16228E + 03 2.706E - 01 1.135E+01
3.54813E + 03 2.862E - 01 -1.087E + 01
3.98107E + 03 3.254E - 01 9.752E + 00
4.46684E + 03 4.662E - 01 6.628E + 00
5.01187E 1 03 9.983E — 01 -1.499E - 02
5.62341E + 03 4.882E — 01 6.228E +00
6.30957E + 03 3.303E - 01 9.622E + 00
7.07946E + 03 2.879E - 01 ~1.081E+01
7.94328E +03 2.714E - 01 -1.133E + 01
8.91251E + 03 2.634E - 01 1.159E + 01
1.00000E + 04 2.589E - 01 1.174E + 01
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tion are shown in the AC ANALY-
SIS section of Listing 2. Notice
that the filter peaks at 5 kHz with
a voltage output of 750 mV and
an attenuation factor of 12 dB.
For the final answer, look at the
VDB(4) portion of the table,
which shows that the signal is
down 6 dB at 4.5 kHz and 5.5
kHz, giving the filter abandwidth
of 1 kHz. Problem solved.

SPICE could just as well have
provided more measurements,
including transient response
time, noise factor, distortion,
and phase shift of any or all
nodes in the circuit, over a wide
range of operating conditions
and temperatures. That type of
analysis is extremely valuable for
seeing how the circuit behaves
under extreme environmental
conditions.

Device modeling

SPICE can also analyze circuits
that use diodes, transistors, and
other active devices. Of course,
you must provide substantially
more information about active
components. To avoid redundan-
cy. SPICE lets you describe a de-
vice in detail, using a method
called device modeling, and then
reuse the same device specifica-
tion at will.

With device modeling, the
equations needed to describe the
device are in a library within the
SPICE program. The only thing
you have todo is fill in the blanks.
After you define a device, you can
use it as many times as you wish
in a netlist.

FIG. 2—SAMPLE CIRCUIT 2. This is a
Darlington amplifier; like Fig. 1, the circled
numbers represent the nodes that SPICE
will analyze.

Let’s use the circuit inFig. 2 as
an example. In this circuit two
2N2222 transistors are cascaded
to create a Darlington amplifier.
Resistors Rg, and Rg, are the
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LISTING 3—DARLINGTON AMP DEVICE MODELING

DARLINGTON AMPLIFIER
VCC 20 DC 10V

RB112 220K

RB210 33K

RL 2 3 10K

RE 50 330

Q1314 QN2222

Q2 34 5QN2222

.MODEL QN2222 NPN(IS = 1.9E — 14 BF =150 VAF =100
+IKF=.175 ISE=5E-11 NE=2.5 BR=7.5 VAR=6.38
+IKR=.012ISC=19E-13NC=1.2RC=.4 XTB=1.5
+CJE=26PF TF=.5E -9 CJC=11PF TR=30E -9

+KF=3.2E -16 AF =1.0)
.END

biasing resistors, R; is the load
resistor. and Ry, is the emitter re-
sistor; V;y and V4 are the input
and output voltages. respectively.
Examining the circuit, it is ap-
parent that the SPICE netlist
must contain four resistors, two
transistors, and six nodes (in-
cluding ground). A complete
netlist is shown in Listing 3.

Notice that the transistors are
treated exactly like resistors or
capacitors, with the node con-
nections listed first, and then the
part value. In this case, the part
value refers to the QN2222 tran-
sistor model at the end of the
netlist. The .MODEL label is a
control statement that tells
SPICE to plug these values into
its transistor equations. For each
different type of transistor (or
other modeling device) used in a
circuit you must provide a sepa-
rate model description.

Subcircuits

To model a complex device, you
describe it in a subcircuit. Sub-
circuits can model everything
from transformers to IC’s. An ex-
ample of a subcircuit is shown in
Fig. 3; the netlist describing it is
shown in Listing 4. In Listing 4,
note that normally subscripted
variables aren’t subscripted, to
make them into program varia-
bles.

The circuit is an active band-
pass filter using a 741 op-amp. As
in the case of a regular circuit,
you begin by drawing the sche-
matic, labeling the components,
and assigning numbers to the
circuit nodes. Note that the IC is
drawn in conventional style as a
single element with five external
connections.

The description of the 741 be-

FIG. 3—SAMPLE CIRCUIT 3. This is an
active filter built around a 741 op-amp.
Again, the circled numbers represent the
nodes that SPICE will analyze.

gins with the line .SUBCKT
UA741 and ends with .ENDS. In
the 741 subcircuit netlist you'll
find the usual assortment of re-
sistors and capacitors used to
specify input and output imped-
ance characteristics. For exam-
ple. R, and C, describe the
resistive and capacitive factors of
the 741%s output pin.

You may find that diodes and
transistors are used to describe
the inner workings of some sub-
circuits, but more often than not
voltage and current sources are
used to emulate the collective ac-
tions of these components. In
our model, for example, Vorg, 18
a voltage source that sets the IC’s
input offset voltage at one milli-
volt, and Igy is a current sink
that sets the bias current of the
inverting input at 100 nano-
amps. Further, notice that the
non-inverting input bias cur-
rent, Igp, is set at 80 nanoamps,
giving the op amp an offset bias
current of 20 nanoamps, a typ-
ical value for that IC.

The node numbering within a
subcircuit is independent of the
node numbering of the main
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netlist. and in no way do the two
sets of numbers conflict. Further-
more, you can nest subcireuits;
that is, you can call another sub-
circuit into your subcircuit as an
element of its design. As with de-
vice modeling, you only have to
define a subcircuit once, but you
must have a separate subcircuit
for each different device type. For
example, the 741 subcircuit
model will not work for an
LM3900 quad op-amp.

Digital modeling

SPICE can also perform digital
simulations. As arule, you're bet-
ter off using a purely digital sim-
ulator to measure time se-
quences and logic levels, but
there are times when the two
technologies come together. Ana-
log-to-digital (A/D) converters are
a prime example: the simulation
must run onananalog simulator.

Performing digital simulatians
with SPICE requires special mod-
eling because of the sheer
number of subcircuit elements.
The obvious way to model a dig-
ital device would be to describe it
in a subcircuit using the actual
transistor circuit. However, that
approach uses large amounts of

USING SCHEMATIC CAPTURE
SOFTWARE TO CREATE
NETLISTS

If you find creating SPICE netlists for
large circuits more than you can handle,
or if you just want to make life with SPICE
alittle easier, there are several schematic-
capture programs that can generate
SPICE netlists, including the popular pro-
grams, Schema and OrCAD.

The procedure is as simple as drawing
a schematic using the capture software,
then requesting a netlist. Using the points
that you identify as nodes, the capture
software generates a SPICE netlist with
the node connections and device values
in the proper order.

You'll probably have to touch up the
netlist, adding the opening and closing
lines. In addition, most schematic-capture
software lacks device and subcircuit mod-
eling, which means that you'll have to go
into the netlist and manually insert the
missing lines and models. Even so, that
process is better than doing the whole
thing manually, and it reduces the chance
for error.

One exception is SpiceNET, a sche-
matic-capture program from Intusoft
($295) that does generate a functional
SPICE netlist. Circuits created by the pro-
gram can also be used as subcircuits and
added to model libraries. R-E



LISTING 4
OP-AMP BANDPASS
FILTER SUBCIRCUIT

OP AMP BANDPASS FILTER
.AC DEC 20 1 100KHZ
.PRINT AC V(5)
X134576 UA7TH1
R112 20K

R2021K

C123.01U
C225.01U

R4 3 5 100K

R3 0 4 100K

VEE60 —-15
VCC7015
VI10SINO1AC1
—IN

+IN

ouT

VCC

VEE

SUBCKTUA7412 3 6 7 4
*PINOUTS  —IN+INOUTVCCVEE
RP 47 10K

RXX 4 0 10MEG
IBP 3 0 80NA

RIP 3 0 10OMEG
CIP 3 01.4PF

IBN 2 0 100NA
RIN 2 0 1OMEG
CIN 2 0 1.4PF
VOFST 210 1MV
RID 10 3 200K
EA1101031
R11112 5K

R2 1213 50K
C112 0 13PF

GA 0140132700
C21314 2.7PF
RO 14075

L 14 6 30UHY

RL 14 6 1000

CL 6 03PF
.ENDS

.END

computer memory and requires
lengthy run times. even for sim-
ple circuits.

A better way is to use threshold
logic theory. With this method,
the input gates of a device appear
as analog voltages that are multi-
plied by weighting constants,
and the resulting analog voltages
are compared to a threshold val-
ue. If the sum is greater than the
threshold, the output of the gate
is treated as a logical one; if the
sum falls below the threshold,
the output is treated as a logical
zero. The weighted values and
threshold point are usually deter-
mined by polynomial algorithms.
The problem is that the al-
gorithms aren't easy to work

K% ke e ke ok 2/19/90 Kk KKK KK IS SPICE

BANDPASS FILTER

1,41 12/12/87******x*x2(:30: OGX****

*Hwx AC ANALYSIS TEMPERATURE =  27.000 DEG C

% KAk A Tk ok K ok A Aok ok ok sk e A e e e 9k ok ok 9k ok ok o 9K ok ok ke ke ok K 9k 9k ok 9k ok ok ok 9K ok ok ok e R 9K ok R 9k 9k ok o ke ok o ke ok e ok ok ok ke ok
LEGEND :
*: V(5)

+: VDB(5)

FREQ V(5)

6D B 1.000D-01 3.162D-01 1.000D+00 3.1620+00 1.000D+01
(#)emmmmmeeee s -1.000D+01 -5.000D0+00 0.000D+00 5.000D+00 1.000D+01
7.000D+03 4.773D-01 . + w

1.1000+03 5.978D-01 . -

1.200D+03 7.661D-01 . .

1.300D+03 1.016D+00 . X

1.400D+03 1.406D+00 . i1 +

1.5000+03 1.996D+00 . i +
1.600D+03 2.481D+00 . ¥ +
1.700D+03 2.182D+00 . % .
1.800D0+03 1.641D+00 . 2 L4

1.900D+03 1.260D+00 . Ny x

2.000D+03 1.013p+00 . X

2.100p+03 8.475D-01 . € &

2.2000+03 7.296D-01 . Ll

2.3000+03 6.420D-01 . L

2.400D+03 5.743D-01 . K ]

2.5000+03 5.206D-01 . + L

2.600D0+03 4.768D-01 . + *

2.700D0+03 4.404D-01 . + .

2.800D+03 4.097D-01 . +

2.900D+03 3.834D-01 . +

3.0000+03 3.6050-01 . +

FIG. 4—SPICE GRAPHIC. This crude graph uses ASCII characters, so it prints on any

printer.

with, and are beyond the exper-
tise of most SPICE users.
Fortunately, however, theres a
huge inventory of ready-made
SPICE models for many different
types of components, including
transistors, optoelectric devices,
and analog and digital IC’s. Most
versions of SPICE come with a
library of popular components,
and you can usually obtain addi-
tional libraries at extra cost. De-
vice manufacturers are another
source of SPICE models. For not-
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so-popular or oddball devices,
you can buy specialty models
from third-party vendors, or roll
your own in a subcircuit. The
maker of IsSPICE, Intusoft, pub-
lishes a free newsletter that con-
tains information and modeling
tips for various types of elec-
tronic devices.

Plotting SPICE’s output

Like most simulation pro-
grams, SPICE generates a lot of
data, and analyzing that data can
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be a chore. Like the netlist, all
SPICE output files are in ASCII,
which means you can transport
them Irom one computer to an-
other without conversion, or
make a hardcopy of the file using
just about any printer. Data is
stored in the output file in the
same order that SPICE performs
its operations: the netlist, fol-
lowed by the DC analysis, fol-
lowed by the AC analysis.

There are several ways to dis-
play SPICE outpul in graphical
form. The easiest is to add a
.PLOT control statement to your
netlist. SPICE then provides you
with a tabular listing, similar to
that generated by .PRINT. plus a
crude graphical representation,
as shown in Fig. 4. If you request
more than one measurement
within the same .PLOT state-
ment on your netlist. you get a
multi-line graph, which is handy
for comparing two or more sets of
measurements.

However. .PLOT graphics leave
a lot to be desired. Fortunately.
however, SPICE's tabular format
is accepted by most database,.
spreadsheet. and graphics pro-
grams, including Lotus 1-2-3.
The best way to prepare a SPICE
output lile for data import is to
use a text editor to remove every-
thing but the desired tables. and
then import the data into the de-
sired program. Figure 5 shows a
1-2-3 plot of the data in Fig. 4.

Choosing a SPICE program

When choosing a SPICE pro-
gram. there are several factors to
consider. not the least of which is
cost. A SPICE package can cost
anywhere from $100 to more
than $20,000.

The cheapest SPICE simula-
tion package that we know of is
IsSpice from Intusoft, which sells
for $95. An accessory for IsSpice
that lets you draw schematics
and create netlists is shown in
Fig. 6. By comparison. the popu-
lar PSpice program {rom Micro-
Sim goes for $950. The digital-
simulation option for PSpice is
shown in Fig. 7. The reason for
the large difference in price be-
tween the two is due mostly to the
number of device models in-
cluded. IsSpice comes with only a
handful of transistor models,
whereas PSpice comes with a
transistor library containing
more than 1500 devices. plus nu-

SPICE OUTPUT FILE

Op Amp Bandposs Filter
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Frequency (kHz)

o Volts
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FIG. 5—1-2-3 PLOT. It’s simplie to import SPICE data into Lotus 1-2-3 and get a decent plot.

merous other device models.
Program prices also vary ac-

cording to the type of computer

the program runs on. The Is-

FIG. 6—SPICENET ADD-ON FOR IsSpice.

Spice and PSpice prices men-
tioned above are for the 8088
version. If you want to use the
additional power offered by a 286
or 386 PC. corresponding ver-
sions of the program will cost
more. PSpice for the Macintosh
costs a hefty $1,450.

The type of PC also determines
the size of the circuit the SPICE
program can support. For exam-
ple. the PC-only version of SPICE

ITEMS DISCUSSED

® |sSpice ($95), Intusoft, P.O. Box 6607,
San Pedro, CA. 90734. (213) 833-0710.
CIRCLE 41 ON FREE INFORMATION CARD

® PSpice ($950), MicroSim Corp., 20
Fairbanks, Irvine, CA 92718. (714)
770-3022.

CIRCLE 42 ON FREE INFORMATION CARD
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FIG. 7—DIGITAL SIMULATION FOR

can only simulate circuits of
fewer than 200 nodes (about 100
transistors, ncluding subcir-
cuits). For larger simulations.
you need to buy a more powerful
(and more expensive) version of
the program.

Most SPICE packages olier a
variety of utility programs that
make SPICE easier to use. The
most popular utilities are SPICE

e
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PSpice.

editors, Monte Carlo simulators,
and graphics processors. But get
ready to raise the ante again. For
example. a fully-loaded IsSpice
package goes for $790. and an
equivalent PSpice package tips
the scales at $1.750. Fortunately.
most SPICE makers have demo
packages available so you can try
before you buy.

Next time we'll look at the world
of digital circuit simulation. and
cxamine a digital simulator
called SUSIE. R-E



HARDWARE HACKER

This month we’ll take a look at walking-ring counters,

ome of you hardware hackers
Sseem to make a big deal out

of getting one or two pieces of
newer electronic parts. As a general
rule, if a chip house has a stiff mini-
mum order, they often will be rather
liberal with free evaluation samples.
All you usually have to do is ask for
them in a professional manner.

other times, some other hacker will
recognize a need and fill it for you. For
instance, Mike Giamportone of his
Thumb Electronics is stocking the LS|
melody chips for you at $1.50 each.
Many of the other great LS| hacker
chips are available in small quantities
from Belco Electronics.

My new PostScript 4BBS is al-
ready going great guns on Genie.
Yes, all of the “lost” Guru columns
are here, as is much of the Midnight
Engineering stuff. You'll find my insid-
er hacker secrets brochure available
as library downloads #112 and #113.
You can also reach me here for email
and such at SYNERGETICS.

All this is on Genie's PSRT, short
for the PostScript Roundtable. For lo-
cal connect info, call Genie (voice) at
(800) 638-9636.

While | was wandering around a
few of those other RoundTables on
Genie, | did find a great radio and
electronics board up at M345. These
folks are heavily into monitor and
scanner listings, satellite stuff, un
usual receiver circuitry, general com-
munications, and bunches more.
They have thousands of downloads
available for you.

Let's start off with some unique
circuits known as...

Walking-ring counters

| have always been attracted to
elegant simplicity, circuits or soft-
ware that does more with less in
some superb or unique manner. In
these days of FASTER CPU'S! and
MORE MEMORY!, any elegant
simplicity seems to have fallen by the
wayside.

For instance, the game paddle port

electronic dice, vortex coolers, and lots more.

_ DON LANCASTER

S S i)

on an Apple lle runs a LaserWriter
twice as fast as the Mac licx and three
times as fast as any other Mac. Yet
for some strange reason, Apple does
not appear to be shouting this fact
from their Cupertino rooftops.

Since no good deed will ever go
unpunished, elegant simplicity will
always get ruthlessly stomped upon
whenever and wherever it occurs in
the real world.

One older and classic example of
elegant simplicity is the walking-ring
counter. This is a hardware circuit ora
software routine which generates a
unique count sequence in a simple,
unusual, and quite sophisticated
manner. When used in the right place
at the right time, walking-ring coun-
ters can provide very clean solutions
to electronic problems that otherwise
are often sloppily or klutzily done.

Walking-ring counters are also
sometimes called Johnson counters.
To build a walking-ring counter, take a
string of type D flip-flops or adjacent
bits in a software word. Cascade the
flip flops as an ordinary serial shift
register, but connect the © output of
the last stage back to the o input of
the first stage. Then you clock all of
the flip flops from a common source.

Figure 1 shows you a three stage
walking-ring counter we'll be looking
at shortly in more detail. For now, pre-
tend that this is a five-stage counter
instead of being only three stages
long. Furthermore, assume we have
reset the counter to its 00000 state.

As you clock a five-stage walking-
ring counter, the following sequence

NEED HELP?

Phone or write your Hardware
Hacker guestions directly to:
Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

www americanradiohicetory com

is generated. ..

COOO0 4 —aaaan
OO0 a4 a4 aaa0co
OO0 A a0 0
O4aaa00000
N e e e R e X

00000 (repeats)

Since we repeat after ten counts,
we apparently have built a decade, or
divide-by-ten counter. In fact, it turns
out that the count length of a walking-
ring counter is normally twice the
number of stages in use. Thus, three
D-flops give you a divide-by-six, foura
divide-by-eight and so on.

This is a synchronous counter,
since all stages are clocked simulta-
neously. There are none of the glit-
ches that get produced by a ripple
counter.

Note that there are no intermediate
frequencies. You have your input fre-
quency and an output square wave of
frequency input/2n, where "n'"' is
your number of stages. That makes
the walking-ring counter ideal for very
high frequency use, especially as
UHF and VHF prescalers.

Another unique property is that all
of the counter states can be decoded
using only a single two-input NAND
gate per state. Furthermore, a full de-
code uses all of the 0 and © outputs in
a balanced and symmetrical manner.
Back in the days when you worried
about the fanout of a logic block, that
was a really big deal.

I'll save the details on this for you to
ponder over on your own, but most
states decode using the ¢ output of
one stage NaNDED with the § output of
an adjacent one. Again, this is a very
clean layout that is superb for high
frequency use.

What is wrong with the walking-
ring counter? Elegantly simple or not,
it does have two bad habits. The first
is that you need half as many flip flops
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THREE PHASE OUTPUT SQUARE WAVES

(0]

120

I

240

6X CLOCK
INPUT

10

l

D D
c o'J[>C -
J

FIG. 1—A THREE PHASE REFERENCE GENERATOR using a walking-ring counter. The
three-output square waves produced are at one sixth the clock frequency and are pre-

cisely shifted by 120 and 240 degrees.

or word bits as your count module.
Using five flip flops to divide by ten
seems like no big deal. However
using 32 of them for a divide-by-64
gets old in a hurry. Thus, walking-ring
counters are rarely used beyond a
divide-by-twelve.

Any flip flop counter of any length
can get into 2" possible states. Thus,
a five flip flop walking-ring counter
can get into 32 possible states, only
ten of which are legal and allowed. If
you inadvertently get into one of

NEW FROM
DON LANCASTER

HANDS-ON BOOKS

Hardware Hacker Reprints Il
Ask The Guru Reprints | or I
CMOS Cookbook

TTL Cookbook

Active Filter Cookbook

Micro Cookbook vol | or I
Lancaster Classics Library
Enhancing your Apple | or I
AppleWriter Cookbook

Apple Assembly Cookbook
Incredible Secret Money Machine
LaserWriter Reference {(Apple)
PostScript Cookbook (Adobe)
PostScript Ref. Man. (Adobe)
PostScript Prog. Design (Adobe)
Type | Font Format (Adobe)
Real World Postscript (Roth)

UNLOCKED SOFTWARE

LaserWriter Secrets (lle/Mac/PC)
PostScript Show & Tell

Intro to PostScript VHS Video
PostScript Beginner Stuff
PostScript BBS Stuff

The Whole Works (all PostScript)
Absolute Reset lle & lic
Enhance 1 or Il Companion Disk
AppleWriter CB or Assy CB Disk

29.50
39.50
39.50
39.50
19.50
249.50
19.50
19.50
24.50

FREE VOICE HELPLINE VISA/MC

SYNERGETICS
Box 809-RE
Thatcher, AZ 85552
(602) 428-4073

CIRCLE 83 ON FREE INFORMATION CARD

those “wrong’ count states, you can
get into a disallowed sequence that
can cause you grief.

For instance, the three stage, di-
vide-by-six counter of Fig. 1 normally
provides this sequence...

000

OO 2 a4
o=+ =-20
N e R =)

=

0 0 O (repeats)

But if you ever get into the 0 1 0
sequence, here's what results...

010
10 1 (repeats)

All of a sudden you now have a
divide-by-two counter instead of the
divide-by-six, which could really be
bad news. Thus, you somehow have
to guarantee that a walking counter
never gets into its disallowed state
sequence!

Resetting the counter or else pre-
loading your software registers are
two good ways to prevent disallowed
sequences. A sledgehammer cure is
to always force internal 1 states
whenever the two ends of the coun-
ter are also both set to 1. For in-
stance, you could anp decode the
outside ¢ outputs and use these to
preset all the internal stages to their 1
state. That will quickly find any dis-
allowed sequence and repair it on the
fly.

Let's look at three uses for walking-
ring counters. | can't believe how
many really dumb circuits have been
published in the trade journals that
were intended to generate three-
phase power control signals.

As Fig. 1 shows us, all you really
need is a divide-by-six walking-ring
counter. Provide six times your desir

www americanradiohistorv com

ed frequency, and you get three
square waves out, all phase shifted
by precisely 120 degrees.

You can obviously change your
number of stages for a quadrature
output, for quad-phase, five-phase,
and so on. More details on all of this
is in my CMOS Cookbook.

Another great place to find lots of
really klutzy circuits is in an electronic
dice game. Figure 2 shows you the
elegant simplicity of a walkirg-ring
die.

To understand this circuit, you first
define your die spot count sequence
as 1-3-5-6-4-2. This gives you a
“free” even-odd decoding for the
middle spot, and a “free” 4-5-6 de-
coding for two diagonal outside
spots.

Use a NaND gate to decode “not 1"
for the other two diagonal outside
spots. Use an anp gate (or else two
diodes) to decode “six” for the two
outside middle spots. A medium fre-
quency-gated oscillator clocks the
die, and a second die can be cas-
caded off the first one. Additional de-
tails can be found in the CMOS
Cookbook.

Finally, Fig. 3 shows you a digital-
sine wave generator that produces a
pair of sine waves that are frequency
shifted precisely by 90 degrees. That
circuit is based on stuff we looked at
back in the 1989 January issue of
Radio Electronics. See my
Hardware Hacker Il reprints for the full
details.

I've purposely left the part num-
bers off all our figures this month, to
encourage you to experiment on your
own. Your best choices will be such
chips as a 4013 or 74HC74 dual-type
D flip flop. Most any parallel out shift
register could also be used, as can
software shift commands applied to
any old alterable byte.

For our contest this month, either
(1) Show me an unusual use for a
walking-ring counter, or (2) show me
some other circuit, tool, or technique
that is elegantly simple.

There will be all of those usual
Incredible Secret Money Machine
book prizes for the dozen top entries,
with an all expense paid (FOB
Thatcher, AZ) tinaja quest for two go-
ing to the very best of all.

As usual, do send all of your written
entries directly to me here at
Synergetics, rather than over to the
people at Radio Electronics edi-
torial.



AP I

Plug a Friend into Radio-Electronics
this Christmas ... and Save $14.03!

This Christmas give an electrifying gift

... plug a friend into Radio-Electronics
and brighten his whole new year! Whether
electronics is his livelihood or his hobby,
your gift will sharpen his focus and
illuminate the whole spectrum of
electronics throughout the coming year.

Radio-Electronics will keep him informed
and up-to-date with new ideas and
innovations in all areas of electronic
technology ... computers, video, radio,
stereo, solid state technology, satellite TV,
industrial and medical electronics,
communications, robotics, and much, much
more.

He’ll get great plans and printed circuit
patterns for great electronic projects. In just
the last year, Radio-Electronics has presented
voice scramblers, video switchers, frequency
standards, wireless audio links, radiation
monitors, function generators, and much
more.

In coming issues, Radio-Electronics will
present practical, educational, and money-
saving projects like: a helium-neon laser ... a
lighting controller ... a video timebase
corrector ... a video noise processor ... a
light-beam communicator ... an antenna
amplifier ... and many others!

PSSP

*Basic sub rate—1| yr/$17.97 2 yr/$34.97

PLUS ... equipment troubleshooting
techniques ... circuit design ... reports on
new technology and new products ...
equipment test reports ... in-depth coverage
on computers, video. audio, shortwave radio
... and lots more exciting features and
articles.

SAVE $14.03 ... OR EVEN $28.06 ... For
each gift of Radio-Electronics you give this
Christmas, you save a full $14.03 off the
newsstand price. And as an R-E gift
donor, you’re entitled to start or extend
your own subscription at the same Special
Holiday Gift Rate—you save an

additional $14.03!

No need to send money ... if you prefer,
we’ll hold the bill till January, 1991. But you
must rush the attached Gift Certificate to us
to allow time to process your order and send
a handsome gift announcement card, signed
with your name, in time for Christmas.

So do it now ... take just a moment to fill in
the names of a friend or two and mail the
Gift Certificate to us in its attached, postage-
paid reply envelope. That's all it takes to plug
your friends into a whole year of exciting
projects and new ideas in Radio-Electronics!
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NAMES AND NUMBERS

All Electronics
PO Box 567
Van Nuys, CA 91408
(800) 826-5432
CIRCLE 301 ON FREE INFORMATION CARD

Ariel Publishing
PO Box 398
Pateros, WA 98846

(509) 923-2249
CIRCLE 302 ON FREE iNFORMATION CARD

Belco Electronics
194 North Myrtle Avenue

Elmhurst, IL 60126
CIRCLE 303 ON FREE INFORMATION CARD

Consumertronics
2011 Crescent Drive
Alamogordo, NM 88310
(505) 434-0234
CIRCLE 304 ON FREE INFORMATION CARD

EAR Composites
7911 Zionsville Road
Indianapolis, IN 46268

(317) 872-1111
CIRCLE 305 ON FREE INFORMATION CARD

Exair
1250 Century Circle North
Cincinatti, OH 45246

(513) 671-3322
CIRCLE 306 ON FREE INFORMATION CARD

GEnie
401 N Washington Street
Rockville, MD 20850

(800) 638-9636
CIRCLE 307 ON FREE INFORMATION CARD

Home Power
PO Box 130
Hornbrook, CA 96044

(916) 475-3179
CIRCLE 308 ON FREE INFORMATION CARD

Johnson Shop Products
PO Box 160113
Cupertino, CA 95016
(408) 257-8614

CIRCLE 309 ON FREE INFORMATION CARD
Maxim
120 San Gabriel Drive
Sunnyvale, CA 94086
(408) 737-7600

CIRCLE 310 ON FREE INFORMATION CARD

Midnight Engineering
111 East Drake Road, S7041
Fort Collins, CO 80525
(303) 491-9092
CIRCLE 311 ON FREE INFORMATION CARD

Ohm Electronics
746 Vermont
Palatine, IL 60067
(708) 359-5500
CIRCLE 312 ON FREE INFORMATION CARD
PMI
1500 Space Park Drive
Santa Clara, CA 95052
(800) 843-1515
CIRCLE 313 ON FREE INFORMATION CARD

Ramsey Electronics
793 Canning Parkway
Victor, NY 14564

(716) 924-4560
CIRCLE 314 ON FREE INFORMATION CARD

Synergetics
Box 809
Thatcher, AZ 85552

(602) 428-4073
CIRCLE 315 ON FREE INFORMATION CARD

Thumb Electronics
PO Box 263

Avoca, MI 48006
CIRCLE 316 ON FREE INFORMATION CARD

Vortec
10125 Carver Road
Cincinnati, OH 45242
(800) 441-7475
CIRCLE 317 ON FREE INFORMATION CARD

Wale Apparatus
400 Front Street
Hellertown, PA 18055

(215) 838-7047
CIRCLE 318 ON FREE INFORMATION CARD

Windsor Distrubitors
19 Freeman Street
Newark, NJ 07105
(201) 344-5700
CIRCLE 319 ON FREE INFORMATION CARD

World Cogeneration
PO Box 1589
Dallas, TX 75221
(214) 691-3911
CIRCLE 320 ON FREE INFORMATION CARD

Synergetics
Box 809
Thatcher, AZ 85552

(602) 428-4073
CIRCLE 321 ON FREE INFORMATION CARD
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More on magnetic
refrigeration

The stuff is finally starting to pourin
on magnetic refrigeration, our excit-
ing breakthrough topic from two
months ago. Yes, this is all very legit
and real. It is just being kept very
quiet as all the insiders scramble for
real world product introductions.
Some of the insiders include Hughes,
MIT, and Sandia Labs.

So far, very strong magnetic fields
are involved and, while useful at room
temperature, most of the research is
aimed at reaching very low cryogenic
temperatures.

The best paper I've seen so far is
the Magnetocaloric Effects in Rare-
earth Magnetic Materials, by A.S.
Andreenko and crew in Sovist Phys-
ics Usp 32 (8), August 1989. This
dude is both current and has an ex-
tensive bibliography.

Since an all solid state cooler
would involve switching extremely
strong magnetic fields, the chances
are that some motion will be involved
in most of the practical magnetic
coolers, at least the early ones.

Figure 4 shows you a shuttle type
cooler. Gadolinium is moved to an
area free of a magnetic field where it
picks up heat from the object to be
cooled. It is then moved into a very
strong magnetic field where it dumps
energy to a suitable heat sink. This
cycle is repeated at an optimum rate
for the quantities of heat involved.

Vortex coolers

This is another type of “gee whiz"
type of cooler that is useful for cool-
ing electronic enclosures and doing
such specialized things as preventing
needle breakage in heavy duty sew-
ing machines. A vortex cooler has no
moving parts. While it looks and feels
like a perpetual motion machine, it is
quite real and rigorously obeys the
laws of thermodynamics.

As Fig. 5 shows us, a vortex cooler
is nothing but a specially designed
nozzle. The input is connected to a
source of compressed air, as is com-
monly found in most production
areas. There are two outlets. Hot air
comes out the hot end and cold air
comes out the cold end.

Leading manufacturers of vortex
coolers are Vortec and Exair. They
both have lots of catalogs, cassette
tapes, data sheets, and application
notes available.

How does it work? The air enters
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FIG. 2—ELECTRONIC DICE USES A walking-ring counter in an unusual 1-3-5-6-4-2 se-

quence to greatly simplify the spot decoding.

tangentally faster than the speed of
sound and forms a rapidly spinning
hollow vortex cylinder having a very
high angular velocity. When it gets to
the hot end, some of it is released to
ambient, and the rest of it spirals
back inside the spinning hollow inlet
air vortex cylinder.

Now for the tricky part. The inlet air
and the outlet air are both spinning at
the same radial velocity, since they
are in contact with each other. But the
momentum of the inside air has to be
less since it has a smaller radius of
rotation, and since angular mo-
mentum is inversely proportional to
the spinning radius.

Because the momentum must be
preserved, energy is transferred from
the inside spinning air cylinder to the
outside one. That cools the cold end
exit air at the same time that it heats
the inlet arr.

Full details appear in the Vortec
application notes.

There is usually an adjustment
screw that lets you vary the ratio of
hot to cold exit air. One setting gives
you the lowest possible exit tempera-
ture, which routinely can go as low as
—40 degrees. A different setting
gives you the most efficiency and the
maximum cooling at a higher exit tem-
perature. The air consumption and
the overall efficiency are acceptable

IN-PHASE
SINEWAVE OUT

!

31K 22K 31K

Electronic trade journals

As we've seen a number of times in
the past, there's simply no way you
can be serious about hardware hack-
ing if you do not aggressively sub-
scribe to the industry trade journals.
For our resource sidebar this month, |
have gathered together a few of what
| feel are the more interesting and
more important electronic magazines
for you.

Most of those are free to
“qualified” subscribers. You usually
can qualify by using your PostScript
business letterhead and your compa-
ny name, and then telling them what
they want to hear on their qualifica-
tion card. The whole reason for the
qualification process is so the maga-
zines can get a special controlled cir-
culation postage rate. As long as you
are genuinely interested in what their
advertisers have to offer, you're want-
ed as a subscriber.

To find other magazines that are
not on this list, you'll want to once
again refer to the Hacker's Holy Grail,
which is otherwise known as the

QUADRATURE
SINEWAVE QUT

]
o

3K |22k | 31K

8X e P
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CLOCK D Q Q Q
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FIG. 3—QUADRATURE SINE WAVES which are phase shifted by precisely 90 degrees are
easily generated with a walking-ring counter. The uses include single sideband commu-

nications and synchronous demodulation.

for most current uses.

What are the limitations to vortex
cooling? Obviously, you do need an
air supply. And your air has to be
extremely clean and extremely dry if
the cooler is not going to freeze or
jam. That can be a noisy situation.
And the pricing in single quantities
often approaches $100 for industrial
units.

Question: Could you put a vortex
cooler in a car vent? Let's have your
thoughts on this.

www americanradiohistorv com

Uhlrichts Periodicals Directory that
can be found on the reference shelf of
your local library.

Let's see. | guess the three "best”
and most useful of those would be
E.E. Times, EDN, and Electronic De-
sign. But all of those others are cer-
tainly worth a look.

Once you get a subscription, you
use the bingo cards, fax sheets, and
mail coupons to pick up data books,
samples, application notes, and the
whole bit. Many of the magazines
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HEAT SINK
l TO AMBIENT

VERY STRONG
MAGNETIC
FIELD

GD BLOCK

HEAT SOURCE
TO BE COOLED

(A} Gadolinium block picks up
heat and has its own entropy
raised at the heat source.

The block is then moved.

HEAT SINK
TO AMBIENT

GD BLOCK

ZERO
MAGNETIC
FIELD

HEAT SOURCE ]
TO BE COOLED

(B) Shuttled block releases its own
heat energy and has its entropy
lowered at the heat sink.

The block is then returned.

FIG. 4—THE SHUTTLE TYPE MAGNETIC REFRIGERATOR moves a block of Gadolinium
between a heat source in a magnetic field free area and a heat sink in quite a strong
magnetic field area. This type of heat pumping can be extremely efficient, especially at

cyrogenic temperatures.

COMPRESSED

AIR SUPPLY
INLET

COLD AIR
OUTLET
FOR USE

—

g

HOT AIR

:D EXHAUST TO

AMBIENT

FIG. 5—A VORTEX COOLER has no mov-
ing parts, yet can easily provide an air
stream as cold as —40 degrees. The key
secret is a pair of coaxial vortex streams.

also offer annual directories that can
prove to be most useful in pinning
down an oddball part or an obscure
source.

Lots more details on making your
hardware hacking into a useful tech
venture do appear in my Incredible
Secret Money Machine book and in
Midnight Engineering. If you have any
favorite trade journals not already on
this list, please let me know some
more about them.

New tech literature

A pair of data books and a postcard
sample order form from Maxim in-
cludes Analog Product Highlights and
their New Releases Data Book. From
PMI, a humongous Analog Integrated
Circuits Data Book #10—four
pounds and several thousand pages.
Included are all of the old SSM (solid
state music) circuits.

One additional source for the FM
stereo broadcaster kits is Ramsey

In order to preserve angular momentum,
heat energy gets transferred from the cold
output stream back to the input air stream.

Electronics, while the BA1404 chips
themselves do remain available from
Ohm Electronics.

The latest All Electronics flyer in-
cludes $6.50 strip chart recorders
and $15 COSMAC microcomputer
trainers. For those of you that came in
late, the CDP1804 COSMAC archi-
tecture gave totally new meaning to
the term bizarre. A most wondrous
beast.

Three otherinteresting surplus cat-
alogs this month include Johnson
Shop Products, Windsor Dis-
tributors, and Consumertronics.
Neat stuff.

Our new magazines for this month
include 8/16 on Apple programming
from Ariel Publishing, and World
Cogeneration, a generate-your-own-
power magazine that can be found at
the extreme opposite end of the
spectrum from the great folks at
Home Power.

Turning to mechanical stuff, free

www americanradiohistorvy com

ELECTRONIC TRADE JOURNAL

Appliance
1110 Jorie Blvd, CS 9019
Oak Brook, IL 60522

(708) 990-3484
CIRCLE 322 ON FREE INFORMATION CARD

Circuit Design
1790 Hembree Road
Alpharetta, GA 30201
(404) 475-1818
CIRCLE 323 ON FREE INFORMATION CARD

Circuits Manufacturing
500 Howard Street
San Francisco, CA 94105
(415) 397-1881
CIRCLE 324 ON FREE INFORMATION CARD

Defense Electronics
6300 S Syracuse Way, Ste 650
Englewood, CO 80111
(303) 220-0600
CIRCLE 325 ON FREE INFORMATION CARD

Design News
275 Washington Street
Newton, MA 02158
(617) 964-3030
CIRCLE 326 ON FREE INFORMATION CARD

EDN
275 Washington Street
Newton, MA 02158
(617) 964-3030
CIRCLE 327 ON FREE INFORMATION CARD

EE Times
600 Community Drive
Manhassat, NY 11030

(516) 365-4600
CIRCLE 328 ON FREE INFORMATION CARD

Electronic Component News
One Chilton Way
Radnor, PA 19089
(215) 964-4345
CIRCLE 329 ON FREE INFORMATION CARD

Eletronic Design
611 Route #46 West
Hasbrouck Heights, NJ 07604
(201) 393-6060
CIRCLE 330 ON FREE INFORMATION CARD



RESOURCES

Electronic News

7 East 12th Street

New York, NY 10003

(212) 741-4230

CIRCLE 331 ON FREE INFORMATION CARD

Electronic Packing & Production
1350 East Touhy Avenue
Des Plaines, IL 60018

(708) 635-8800
CIRCLE 332 ON FREE INFORMATION CARD

Electronic Products
645 Stewart Avenue
Garden City, NY 11530
(516) 227-1300
CIRCLE 333 ON FREE INFORMATION CARD

Electronics
611 Route #46 West
Hasbrouck Heights, NJ 07604

(201) 393-6060
CIRCLE 334 ON FREE INFORMATION CARD

Machine Design
1100 Superior Avenue
Cleveland, OH 44114
(216) 696-7000
CIRCLE 335 ON FREE INFORMATION CARD

Measurement & Control
2994 West Liberty Avenue
Pittsburgh, PA 15216

(412} 343-9666
CIRCLE 336 ON FREE INFORMATION CARD

Motion
PO Box 6430
Orange, CA 92613

(714) 974-0200
CIRCLE 337 ON FREE INFORMATION CARD

PCIM
2472 Eastman Ave, Bldg 33-34
Ventura, CA 93003

(805) 658-0933
CIRCLE 338 ON FREE INFORMATION CARD

PCNetwork
30 Moran Street, Ste 333
Newton, NJ 07860
(201) 383-2296
CIRCLE 339 ON FREE INFORMATION CARD

Synergetics
Box 809
Thatcher, AZ 85552

(602) 428-4073
CIRCLE 340 ON FREE INFORMATION CARD

ergonomic foam samples are avail-
able from EAR Composites, while
Wale Apparatus is where you really
should go if you are at all serious
about industrial glasses and the pro-
cess of glass blowing.

For more details on working with
walking-ring counters, check out my
TTL Cookbook and CMOS
Cookbook. And for more details on
making all of your hardware hacking
appear far more professional, you
should look into my Incredible Secret
Money Machine.

Finally, | do have a new and free
mailer for you which includes dozens
of insider hardware hacking secret
sources. Write or call for info.

Our usual reminder here that most
of the items that have been men-
tioned appear either in the Names
and Numbers or in the Electronic
Trade Journals sidebars.

As always, this is your column and
you can get technical help and off-
the-wall networking per that Need
Help? box. The best calling times for
that number are weekdays 8-5 in
Mountain Standard Time. Let's hear
from you. R-E

CALL SCREENER

continued from page 62

ringing telephones with a com-
bined ringer equivalence num-
ber (REN} of 5.0.

Slave phone interface

The primary function of the
slave phone interface is (o imme-
diately detect when any slave
phone is off-hook and to estab-
lish a masTER RESET high, as long
as the phone is off-hook. When
the slave phone is placed back
on-hook, the reset is removed.

Whenever the CallScreen is in
the Screen-On mode, RY2 is ener-
gized, connecting the slave
phones to the secondary of ringer
transformer T3. The secondary
of T3 provides the ring voltage
when a ring is required from in-
coming calls processed through
the CallScreen. The phone con-
nection to T3 is made through
the series connection of the
+ 16V power supply. and the se-
ries/parallel combination of
IC28, R74., D40. and C45.

Cable TV

Descrambler Article Parts
We stock the exact Parts, PC Board and Adaptor for several articles published

in Radio-Electronics magazine on building your own Cable TV Descrambiler.

February 1984
SB-3 Type

701 Parts Pkg..... $19.00
Includes all original parts,

702 PC Board........7.95
Orzginal 3X4 etched, drilled
and Silk-Screen pc board.

704 AC Adaptor.....7.95
12 to 18 Voit DC @ 200ma,

701, 702 & 704..... 29.00
All three for special saving.

February 1987
Tri-Mode

301 Parts Pkg...... 29.00
Includes all original parts.

302 PC Board........ 7.95
Original §X8 etched, drilled
and Silk-Screen pc board.,

304 AC Adaptor.....7.95
12 to 18 Volt DC @ 200ma.

301, 302 & 304..... 39.00
All three for special savings.

Tri-Mode Tutorial..7.95
26 pages of in-depth info.

May 1990

Universal
901 Parts Pkg.....$49.00
Includes all parts.

902 PC Board........ 9.95
Improved 4X7 etched, drilled
and Silk-Screened pc board.

904 AC Adaptor.....8.95
12 Volts AC @ 350ma.

901, 902 & 904..... 59.00
All three for special savings.

Snooper Stopper...$39.00
Prevent Descrambler detection with snooper
stopper/data blocker and protect your privacy.
Includes Iree article on Cable Snooping.

Macrovislon

Macrovision Kit...$29.00

..... now you see It, now you

don't with our macro-scrubber kit.
Originally Published in Radio-Electronics .

70 Channel Cable TV Converter.....

* 6 Function Infra-Red remote.

* Fine Tuning.
* Memory & Recall.

* Compatible with all
* Channel 3 & 4 switc
* STD, HRC & IRC co

External Descrambler.
hable outp ut.
mpatible.

CALL TOLL FREE 1-800-332-3557

Outside USA Call 1-508-699-6935

Visa, MasterCard and COD.
Add $4.00 S&H, $6.50 Outside USA.

D & D Eiectronics, Inc.

| VISA |

[ mC ]

PO Box 3310,

N. Attleboro, Ma. 02761
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CALLSCREEN == GALL ROUTING ADAPTER

FIG. 2—THE CALL ROUTING ADAPTER allows selective ring output to one of two output
jacks. While the circuit is optional, there is space for the components on the main PC

board.

Standard telephones have
their ringer devices coupled to
the telephone line through very
high DC resistances. In practice
this coupling is usually capaci-
tive, so that while on-hook. there
is essentially no DC current path.
When off-hook, a DC resistance
of up to several hundred ohms is
placed across the line. Any slave
phone, when raised off-hook,
causes DC to flow from the + 16V
power supply, forward biasing
the IC28% internal LED. through
R74 and the secondary of T3,
through the DC resistance of the
off-hook phone, and back to
power supply ground. The for-
ward-biased opto-coupler diode
turns on the phototransistor
whose collector is connected in
parallel with the collector of the
Darlington pair in IC21 and
through R58 to +5V. When IC28
is turned on, the voltage at the
lower end of R58 goes to nearly
zero. That is coupled to pin 2 of
comparator IC2 which causes
IC2 pin 6 to go high.

The reference voltage for IC2 is
developed by voltage-divider R60-
R62; it is set to approximately
224 millivolts. When the voltage
at pin 2 goes lower than 224 mil-

livolts, the output ot IC2 goes
high. That output is coupled to
pin 9 of IC9-c which, as part of
the reset logic, sets a MASTER RE-
seT high and also causes RY2 to
release. A MASTER RESET high will
unlatch the off-hook latch. The
result of these actions is that the
slave phones now bypass the
CallScreen and are connected di-
rectly to the phone line, and the
CallScreen is returned to on-
hook. The output of IC2 is also
connected to timer 1C9-d which
enables screen-mode changes for a
period of approximately seven sec-
onds after a slave phone is placed
off-hook. That prevents screen-
mode changes from inadvertently
occurring during normal tele-
phone calls in the event that the
“*"and “#” keys are used.

Buffer 1C9-d drives timing
components R57 and C58. When
any slave phone transitions off-
hook, IC2 pin 6 goes high as does
IC9-d pin 11. That high appears
through C58 on ICl14-a pin 1.
which enables remote screen-
mode changes. As C58 charges.
the voltage across R57 decreases.
When R57 reaches approximately
1.5 volts, pin 1 of IC14-a sees a
logic low and remote screen mode
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changes are disabled.

As soon as 1C2 pin 6 transi-
tions high, C34 begins charging
through D36 and R63: R63 lim-
its the inrush current to C34 pre-
venting a momentary voltage
collapse at the cathode of D36.
When RY2 drops. the slave phone
connections are transferred from
the CallScreen ringer trans-
former to the telephone line.
When the transfer occurs, 1C28
turns off and IC21 turns on. The
LED inside IC21 is connected in
series with the phone line
through BR3 which ensures a
correct polarity for forward bias
regardless of actual phone line
connections. Current for the
LED comes from the telephone
company central office.

Since the collector of the
Darlington pair in IC21 is con-
nected in parallel with IC28. the
bottom of R58 remains low and
the MASTER RESET remains high.
At this time, the slave phone has
been connected and the Call-
Screen is held reset and is effec-
tively transparent on the line.

If a slave phone is raised off-
hook to make an outgoing call,
the process is the same as de-
scribed above except that when
the slave phone is transferred to
the telephone line, there is a mo-
mentary interruption of the cen-
tral office DC current from the
time the central office detects a
phone off-hook until a dial tone is
returned superimposed on the
restored DC current. During that
interval, IC2 pin 6 transitions
low, but the now-charged C34
maintains a high on pin 9 of IC9-
¢ for approximately one second.
That delay provides a ride-
through capability that prevents
RY2 from pulling in and even-
tually rocking the off-hook slave
phone back and forth to and from
the telephone line. The discharge
of C34 takes place through R63,
R61, and the low output imped-
ance of IC2. Diode D36 is re-
versed biased during this inter-
val. The arrangement of R61,
R63. and D36 is designed to al-
low C34 to charge quickly, but to
discharge slowly.

Resistor R59 limits current
through IC21s LED while a for-
ward-biased D35 eliminates any
reverse voltages from appearing
across the LED. When D35 is re-
versed biased, the voltage across
the combination of R59 and



IC21's LED is limited to 5.1 volts,
thus placing an absolute limit on
the forward current through the
LED. These precautions are nec-
essary to protect IC21 in the pres-
ence of telephone-company ring
voltage when the screen mode is
off, and also to protect against
electrical transients that appear
on the phone line.

The detection of a slave phone
off-hook while a ring voltage is
being developed across the sec-
ondary of T3 requires that RC fil-
tering be used to track the
average DC voltage level on the
collector of the phototransistor
in IC28. While the ring voltage is
present, IC28s LED will be for-
ward biased during a portion of
each half cycle of ring current.
Zener-diode D40 protects the
LED in the same manner as D35
protects IC21. Capacitor C45 by-
passes a major portion of the AC
ring current around the off-hook
detection circuitry, but some
short-duration pulsing of the
IC28 collector to ground does oc-
cur. The combination of R56 and
C33 act as a low-pass filter to re-
duce the ringing pulses to an
average DC level across the input
of IC2. The DC level is above the
comparator reference voltage so
that ring pulses will not trip the
slave-phone off-hook detector.
When the slave goes off-hook and
the IC28 collector transitions to
solid low, the comparator output
goes high.

Call routing adapater

The call routing adapter (CRA),
shown in Fig. 2. allows selective
ring output to one of two output
jacks. A switch (S101) on the CRA
allows user selection of either an-
swering machine or computer/
facsimile machine operation.
When S101 is in the “Ans macH"
position, all un-screened calls
ring through J1, while all
screened calls ring through J2.
When S101 is in the “comprax”
position, all secondary-code calls
ring through J2, while all un-
screened and primary-code calls
ring through J1. Another switch
(5102) allows the user to de-acti-
vate the feature permitting all
CallScreen processed calls to be
available on both CRA output
jacks. The CRA derives all control
signals and power from the base
CallScreen unit.

With the CallScreen in a stand-

by condition, both RY101 and
RY102 are de-energized and both
output jacks (J1 and J2) are con-
nected in parallel through to the
CallScreen output poles on RY2.
This permits normal processing
of outgoing calls generated by an
off-hook condition on J1 or J2.

When an incoming call is deter-
mined to be un-screened, TP2 (in
the main circuit) goes high si-
multaneously with the activation
of the CallScreen ringer. When
TP2 goes high, Q102 is turned on
through D103 and R103, closing
the contacts of RY102. The con-
tacts on RY102 transfer the out-
put on J2 from the CallScreen
ringer directly to the CallScreen
off-hook detector. That prevents
CallScreen ring voltages from
reaching any telephone(s) con-
nected to J2. RY101, however, re-
mains de-energized and the
standard ring (for an un-
screened call) is delivered to Jl.
Assuming that S101 is in the
"ANS MACH™ position, it is appar-
ent that a logic high on either
TP3 or TP4 will similarly energize
RY101 preventing screened-call
ring signals from reaching JI,
while J2 receives screened-call
rings. In this mode, the answer-
ing machine is connected to Jl
and the telephones to J2.

When SI101 is in the “COMP/
FAX" position, the same ring
lockout technique described
above is used so that primary and
un-screened call rings are pre-
vented from reaching J2 and sec-
ondary rings do not reach J1. In
that mode, the computer or fac-
simile machine is connected to
J2 and the telephones to J1.

Resistor R101 reduces the 16-
volt supply from the CallScreen
to a nominal 12 volts for opera-
tion of the CRA relays. R102 and
R103 are current limiting re-
sistors while R104 protects the
CallScreen off-hook detect circuit
from excess current, should a
short to ground occur across J1-
J2. Diodes D101-D103 are steer-
ing diodes, while D104 and D105
act as back-EMF surge sup-
pressors. When S102 is closed, a
logic low is placed through D106
and R105 across the screen-mode
select line which disables remote
screen changes.

That’s all we have room for this
month. Next time we’ll go over
the assembly and provide parts-
placement diagrams. R-E
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earn your degree in the process.

Grantham offers two degree pro-
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and bachelor degrees are awarded
in each program, and both pro-
grams are available completely
by correspondence.

No commuting to class. Study at
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on your present job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc-
tors when you need it.

Write for our free catalog (see address
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SCIENCE PROBE! — the oniy
magazine devoted enfirely to Amateur
Scientists! If you are fescinated by sci-
ence in all its many forms . . . if you
can't stay away frcm a microscore,
telescope, calipers, or test tube — we
invite you to share th= wonders in every
issue of SCIENCE PROBE! You will
join a community of Amateur and St.-
dent Scientists who enthusiastically
seek scientific knowlzdge or follow sci-
entific pursuits for their own sakes ard
not merely as a profession.

Obtain your personal premier edition of
SCIENCE PROBE! by visiting a quality
Newsstand, Convenience Store, or SL-
permarket this Fall orby reserving your
personal copy through the mail by
completing the coupcn below.

From the very first issue of SCIENCE
PROBE! you will be irvo ved in a worlc
of scientific facts, experiments, anc
studies pursued by ama-eur scientists
who are university students, inventors,
academicians, engineers, or office
workers, salesmen, farmers—whose
quest is to probe into ~he mysteries of
science and reveal them to all.

Plan to become a SCIENCE PROBE!
reader!

Welcome to. . .

PROBE!

The Amateur Scientist’s Journal

Embark on an irresistible new journey
into the realm of mystery, challenge, and
exploration! The perfect magazine for the
budding scientist, the serious amateur, the

professional who would like to relax, and those
who simply want to gaze at the stars.

Articles to appear in early issues of SCIENCE PROBE! are:
LIGHTNING—CAPTURE IT ON FILM
MONITORING ULTRAVIOLET FROM THE SUN
MOBILE-MOUNT EXPERIMENTAL WIND TUNNEL
CHECKING OUT ACID RAIN
AERIAL PHOTOGRAPHY FROM KITES AND BALLOONS
MINIATURE TRACKING TRANSMITTER
KILLER BEE IDENTIFICATION
HOW TO OBTAIN ANIMAL EYESHINE PHOTOGRAPHS

If you're fascinated by science in all its many forms,

if you are compelled to experiment and explore, then
SCIENCE PROBE! is your kind of magazine!

[m———————————————

| SCIENCE PROBE!
500-B Bi-County Boulevard
| Farmingdale, NY 11735

| Please forward my Premier Edition of SCIENCE PROBE! as soon as it comes

] off the press. I am enclosing $3.50-U.S.A. ($3.95-Canada) plus $1.00 for
shipping and handling. Better still, please enroll me as a charter-member

I subscriber and send the next four (4) quarterly issues of Science Probe. I am
enclosing $9.95-U.S.A. (Canada: $14.95 U.S.A. Funds)

[J Premier Edition only

] First Four Issues (1 Year)

} Offers valid in the U.S.A. and Canada only. No foreign orders.

| Name

| Address

| City

State ZIP

| All Orders payable in U.S.A. Funds only.

ON SALE AT QUALITY NEWSSTANDS, CONVENHENCE STORES AND SUPERMARKETS
STARTING SEPTEMBER 13, 1990 — $3.50-U.S.A. — $3.95-Canada
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Once simple page buffers, today’s graphics coprocessors
provide powerful display muscle for sophisticated,

high-end graphics systems. g T

ith graphics subsystem
technology progressing at
such a fast rate, it can be

difficult to keep track of all the latest
trends. We'd like to illustrate those
trends by giving you some insight into
the internal operations of some of the
newer power-packed graphics
COProcessors.

Graphics subsystems of the past
were simply dedicated multi-ported
memories with high-speed digital-to-
analog (D/A) converters. Those
coprocessors provided CRT control,
screen storage, display, and refresh
operations without loading down a
host processor. However, the host
processor still had to perform all the
complex graphics operations in the
computer, including raster and vector
manipulation, pixel-color and inten-
sity-control, pan and zoom functions,
and so on.

Graphics subsystems of today can
execute higher level transformation
and rendering tasks than those of the
past. These more advanced pro-
cessors can perform rotation, moving
and zooming, as well as vectorto-
raster conversion and color and di-
thering calculation to express image
depth.

Even though a graphics processor
doesn’t have to handle all of the usual
central processing unit (CPU) func-
tions, it does require a great deal of
throughput for the tasks it performs.
Simply refreshing a megapixel
(1K X 1K pixels or more) screen with
24-bits of data per pixel (for color,
intensity and depth) requires a
throughput of 90 megabytes per sec-
ond in non-interlaced (30 screens per
second) mode.

Texas Instruments (T has entered
the market with their widely used
TMS340XX and TMS320XX series
of "Application-Specific” dedicated
graphics processors. Cut from the
same basic core, those processor
families provide a wide range of
graphics and digital signal processing
(DSP) functions for a diverse range

of system complexities—the 34010
and 34020 are aimed at the PC and
low-end workstation markets, while
the 320XX series is aimed at DSP,
super-high-resolution (4K X 4K pix-
els) and 3-D graphics markets.

The 34010's internal structure
uses a 32-bit general-purpose integ-
er processor with clock speeds up to
50 MHz. On-chip, host-interface logic
allows the target system's host CPU
to access the 34010 and to map it's
memory into that of the host pro-
cessor, thus providing a fast way to
swap data commands and status in-
formation between the 34010 and the
host. There is a 256-byte instruction
buffer on chip, as well as two register
files that contain 15 32-bit registers
each.

The 340XX and 320XX series use
an on-board arithmetic logic unit
(ALU), which enhances their com-
putation. Most register-to-register
operations are done in a single clock
cycle, and two operands can be load-
ed into the ALU in a single cycle. In
that same cycle, the ALU can pro-
cess the last-loaded pair of operands
and transfer those results back to the
register files. The result of that ar
rangement is that ALU operations
seem to occur on one cycle. Bringing
turther flexibility to that scheme is a
32-bit barrel shifter that shifts or ro-
tates 32 bits of data any number of
positions (up to 32) in a single ma-
chine cycle.

To further customize the 34010 to
graphics applications, a part of its in-
struction set is dedicated solely to
graphics functions. Among those 23
instructions are commands for draw-
ing and filling lines, arcs and polygons
and for manipulating single pixels and
blocks of pixels.

Last year, Tl introduced the 34020,
which has similar architecture to the
34010, but several improvements.
For example, its data path is 32 bits
wide, twice the width of the 34010.
The on-chip buffer is 512 bytes, also
twice the size.
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In addition to a host-processor in-
terface, the 34020 adds interfaces
for a floating-point coprocessor (the
34082) and for multiprocessor opera-
tion. The 34010, which Tl will still pro-
duce, but will target towards low-
cost, high-volume applications, can
be used with a math coprocessor.
Instead of a direct connection, mem-
ory mapping techniques are used.

Now that you've gotten an idea of
what the Tl 340XX and 320XX graph-
ics processors can do, let's look at
how another manufacturer’'s device
handles graphics applications.

Intel's '‘superchip”’

Like their general-purpose coun-
terparts, graphics processors are
evolving to RISC (reduced instruc-
tion-set computer) architectures and
parallel processing. A good example
of this trend is the Intel's i860. Re-
leased by Intel as a supercomputer
on a chip for general-purpose com-
puting, it quickly became the
coprocessor of choice for high-end
graphics systems designers.

The i860 has a 64-bit RISC integer
processor at its core, and allows pro-
grammer control over pipelining, buff-
ering and parallel processing, includ-
ing synchronization and interlock
operations, for optimum instruction
sequencing.

In addition to that feature, the i860
uses a floating-point processor with
paralle! adders and multipliers, for
more efficient execution of common
tasks such as fast Fourier transforms
(FFT's), graphics transforms and lin-
ear equation solutions.

Three on-chip buffers—instruc-
tion, data and translation lookaside—
allow single-cycle access of data and
code at high clock speeds. The in-
struction buffer holds 4 kilobytes and
can transfer 64 bits at a time. Since
instructions are 32 bits wide, two in-
structions can be transferred along
the bus with each cycle. The 8 kilo-
byte data buffer passes data to the
CPU 128 bits at a time, so 16 bytes
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FIG.1—FOR VERY SOPHISTICATED SYSTEMS WITH high throughput and 3-D shading, a
second coprocessor is often used, as shown here. Intel’s i860 performs vectorizable
tasks such as panning, zooming and rotating. The Texas Instrument’s 320C30 does
floating-point tasks such as clipping and shading.

can be transferred in one clock cycle.
As you can see, the i860 is not only
efficient, but quick as well.

With the data buffer, vector data
can be read from the external memo-
ry at the same time as vector results
are read into the data buffer. The
translation lookaside buffer stores
mapping information on the 64 most
recently used pages for use by the
memory management unit, which
saves overhead in page lookup and
translation.

When it comes to graphics-specif-
ic hardware, the i860 shows its mus-
cle with a 3-D graphics unit that
provides pixel interpolation and Z-
buffer checking as well as color-inten-
sity shading and hidden surface elim-
ination through the use of Z-buffer
algorithms.

Color lookup tables

A basic problem in megapixel dis-
plays is the amount of memory used
to describe the screen—especially
since high-performance graphics dis-
plays need to provide a very large and
accurate range of colors for a realistic
display. Those displays usually need
one byte of data to control the inten-
sity of each of the three guns in a
color CRT. Because of that require-
ment, a 1K x 1K pixel screen uses
three bytes for each pixel, so three
megabytes of data need to be stored
for each screen image that is manipu-
lated or stored. That takes its toll not
only in memory cost, but in
throughput demand on the graphics
processor.

Color lookup tables (CLUT's),

such as those from Inmos, are inter
faces between the output of graphics
controllers and the analog input to
the high-speed displays which they
control. A typical 8-bit CLUT chip lets
the user select 256 colors from a
possible 16 million (24 bits) and map
an address in that 16 million for each.
The user can select just the 256 col-
ors from a 16-million item palette,
without addressing all 16 million.
Those colors don’t have to be evenly
spread or related to each other, so
the user has a good selection of flesh
tones for example, and uses only
three or four blues or greens for their
application.

Tying it together

Now that we've seen how the IC’s
work, lets take a look at how they can
be connected to one another in a
typical system. Even though we're
examining a high-end system, you
should be aware that only specific
portions of that system would be nec-
essary for less complicated specifi-
cation requirements.

If resolution is you're only concem,
then an off-the-shelf graphics
coprocessor, such as the 34010, can
provide all the features you need.
However, a high-resolution, full-color
system using the 34010 needs 24-bit
color data. Three million bits of data,
therefore, have to be transferred for a
megapixel display (1024 x1024 or
1152 x 900).

To reduce the size of the color-defi-
ning word, a color look-up table is
added at the output of the system.
The CLUT translates the output byte
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to one of 256 24-bit addresses, defi-
ning a color as if it was called with a
24-bit word from the coprocessor.

For very sophisticated systems
that require the highest throughput,
where 3-D shading is involved, & sec-
ond coprocessor is sometimes used
in a graphics-pipeline configuration,
as shown in Fig. 1. The latest group of
graphics workstations made by
Hewlett Packard and Apollo uses In-
tel's i860 IC for vectorizable trans-
form tasks such as panning, zooming
and rotating. The Tl's 320C30, with
an advanced 34020 core, handles
floating-point tasks such as clipping
and shading.

For that type of high-end system,
data first passes to the i860 from the
host CPU over the host bus, and then
passes to the next processor at
much higher speeds over an internal
bus designed specifically for the
graphics subsystem. The results of
the last processor on the pipe pass to
the lookup table and then through the
DAC's to the display.

The configuration we have just de-
scribed represents the highest reso-
lution system possible. Simple CGA,
EGA or VGA boards that drive TTL
monitors, such as those on a stan-
dard PC, can be built from parts kits
made by several vendors, including
Chips and Technologies. There's not
too much challenge in building from
those kits, and they do provide sav-
ings and flexibility. However, if you
want to push the limit of graphics ca-
pabilities, the IC’'s we've discussed
here will let you do it. In fact, they can
be used to developed systems that
are so fast that you might be hard
pressed to find a monitor that can
keep up with them! R-E
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After some final words on video, we’ll continue with our controller.

ROBERT GROSSBLATT

few months ago | did a series
Aon video that ran over several

issues of the magazine (Ra-
dio-Electronics, January 1990-
August 1990). As with most of the
stuff done in this column, the general
idea | had was to go through the
basics of video theory and produc-
tion. Since it would be wrong to as-
sume that any of you have a real
familiarity with any of the subjects
discussed here, | have to be sure and
lay a good theoretical foundation be-
fore | start developing hardware de-
signed to demonstrate the theory
we're talking about.

Every time we start a new subject,
there's a conflict between the scope
of the subject and the amount of
space | have to cover it. The column
space is limited and, to be fair to
everybody, | can spend only a certain
number of columns on any one par
ticular subject. Remember that not
everybody is interested in everything.

When | started the series on video,
| fully intended to take it a bit further
and describe the theory and design of
circuitry that would put images up on
the screen. It seemed to me to be a
good way to end the subject. But, as
with a lot of things in life, it just didn’t
turn out that way.

Inthe first place, it took longer than
[ thought to go through the theory of
the video standard, and designing cir-
cuitry to generate the video wave-
form was complex enough to fill
several consecutive issues of the
magazine. |t doesn't do anyone any
good to dump schematics on the
page unless they're well docu-
mented. Since the purpose behind all
the stuff | do is to have people learn,
complete descriptions of the hard-
ware we develop here is every bit as
important as the hardware itself.

By the time | finished the basic vid-
eo hardware | had already spent sev-
eral months on the subject and |
realized there would be no room to go
into producing images as well. But
there's more to it than that. If you

followed the video series you should
realize that the circuitry needed to
generate things like bars and dots
really has nothing to do with video. As
[ mentioned in the series, all you need
to nut these type of images up on the
screenis a regularly produced stream
of highs and lows whose timing is
locked to the sync signals generated
by the circuitry we designed.

This certainly isn't a trivial thing to
do and, while there's all sorts of stuff
you can learn by designing something
like that, it's also a fact that it's not
video circuitry either. Even though it
would have been great to do it here, it
would have taken too much room to
do properly. And since we had gone
over all the necessary theory, | decid-
ed to use the subject as the basis of a
contest. If you've seriously followed
the video series, understood the the-
ory and built the hardware, there's no
reason why you can't work out the
image-producing circuitry yourself.
It's a good exercise in design, and
figuring out how to lock it to sync is
the best way | know of to see if you
really understand the video circuitry
we developed together.

I've already gotten some contest
entries in the mail, and I'm amazed at
some of the schemes used to put
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FIG. 1—THE 5088 DTMF GENERATOR is
designed to be used under micro-
processor control and, instead of the
eight lines normally needed for keypad
control, the digit is sent as four-bit binary
information to the four data inputs.
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images on the screen. My hat'’s off to
everyone.

Before we get back to the hard-
ware stuff we were talking about last
month, there's one more thing | want
to get off my chest. A lot of people
have written in asking me to show
them how to beat scrambling and to
put the circuit details in the column. |
went through the basics of video
scrambling at the end of the series
and, if you read it, you know that there
are lots of scrambling schemes in use
across the country. There's no way
for me to do it—it’s just not going to
happen here. You can't design circuit-
ry to beat scrambled video without
understanding how unscrambled vid-
eo works. Once you've got a good
handle on video, you should be able
to throw the scrambled signal on a
scope, figure out what's being done
to mess it up, and work out what you
have to do to straighten it out.

I've said this lots of times before
but Grossblatt's twelfth law is worth
repeating: You have to know the rules
to be able to break the rules. So, the
only way you're going to be able to
correct a scrambled signal is to know
what's being done to scrambie it in
the first place. Enough.

Latches and more latches
The last time we left our controller
design, we were talking about
latches. So, before we go any further,
you should have enough latches on
your breadboard to cover all the port
lines you plan on using. When | de-
sign circuitry, | have a real aversion to
unused silicon. | can't tell you why.
but it really bugs me to have unused
gates and IC halves sitting on the
board that do nothing other than draw
current. It may have something to do
with my toilet training, but I'll spend a
lot of time making sure that every-
thing on the board has a purpose.
It's impossible to know how many
latches to add to the board unless
you know what you're designing, so
the time has come to decide what we

I
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want the circuit to do. Now every-
body has their own ideas but since |
have no way of finding out what's in
your mind (columns are written sev-
eral months before publication), it
seems that a neat thing to design
would be a telephone dialer.

Everybody uses a telephone and
having a circuit that hangs off a paral-
lel port and talks to the phone line can
open a wide range of design pos-
sibilities. Lots of bells and whistles
can be added to it and, if the software
is well written, the circuit can be the
basis of a really useful product.

The heart of any telephone dialer is
the generation of DTMF tones and
that's something we've done several
times in the past. It's worth your time
to hunt through the back issues of RE
and find the ones in which we de-
signed our remote control system
since those issues contain a good
description of the entire DTMF stan-
dard (Radio-Electronics, January,
March, and April 1987). If you don't
keep any back issues around (al-
though you really should), you might
be able to find copies of those
months in your local library.

Generating DTMF tones used to
be a real pain in the neck but things
got better several years ago when
semiconductor manufacturers saw
the problem as a hole in the market.
As things stand today, there are a
slew of DTMF generator chips
around and once you've worked out
exactly what your needs are, you can

be sure there's a chip available with all
the ins and outs you're looking for.

Since we 're going to drive the chip
off the parallel port, one of the over
riding considerations for us to keepin
mind is that we should conserve
lines. Most of the DTMF chips want
to see the row and column inputs
produced by keypads. This means
that eight lines have to be devoted to
selecting the tone you want to gener-
ate. We have eight data lines at the
output of the parallel port but it's a
good idea to be stingy with them
since using them all to control tone
generation will limit what we can do
later on.

Fortunately for all of us, National
Semiconductor (and possibly other
manufacturers), makes the 5088
DTMF generator. This chip has been
designed specifically to be used un-
der microprocessor control and is
driven with straight binary. Instead of
the eight lines needed for keypad
control, the digit is sent as fourbit
binary information to the four data
inputs of the 5088. The pinouts of the
5088 are shown in Fig. 1 and, if you're
at all familiar with DTMF generators,
you should be able to recognize the
rest of the controls on the chip.

If you have a hard time finding this
chip, or if you decide—for whatever
reason—to use a different one, you'll
have to modify the circuitry we'll be
developing. This is especially true if
your chip has to be driven with eight
data lines. As an alternative, it
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doesn't take a lot of circuitry to con-
vert the four lines !'ll be using to the
eight lines needed by other DTMF
generators. Probably the easiest way
to do something like that is to pro-
gram an EPROM to do the con-
version for you. It wastes a lot of
EPROM space but it's quick.

Aside from the weighted binary in-
puts, the 5088 has a TONE ENABLE input
that, besides inhibiting the genera-
tion of tones, also puts the chipinto a
low-power state that drops the cur
rent requirements to only 55 micro-
amps. That isn't really such a big deal
since even while the chip is active it
draws only 1.5 milliamps.

Pins 3 and 4 allow you to sepa-
rately generate the high and low
group tones that make up the DTMF
standard. That's handy when you're
setting things up since you can check
the frequencies. The MUTE pin is &an
output that becomes active when the
chip is generating tones. It's gener
ally used to turn off the telephone
handset to prevent the tones from
being heard while they're being gen-
erated. The main use for that is in the
design of telephones, but most of the
phone designs I've seen don't bother
doing that.

Using the chip is easy since it only
takes the addition of a cheap color-
burst crystal to make things work.
When we get together next month,
we'll put it in the circuit, write some
minimal software, and add some bells
and whistles to the design. R-E




AUDIO UPDATE

Audio Test Reports: What they do and don’t tell you |

T T

Engineering Society's “Sound of

Audio” conference, | mentioned
that the session on hi-fi product test-
ing drew a surprisingly wide range of
interested—and interesting—ques-
tions from the audience. As the per-
son who for two decades was in
charge of the testing program at
Stereo Review, | was asked to pro-
vide some personal insights into the
special problems of audio-product
evaluations. Although | didn't do the
actual lab testing, | selected and
scheduled the products for evalua-
tion. And, more important, | dealt with
the problems, both technical and po-
litical, that inevitably arose.

In a recent column on the Audio

Test-report results

Obviously, any successful maga-
zine—audio or otherwise—must
serve the interests of both its readers
and its advertisers. If a magazine fails
its readers, it loses circulation; if it
fails its advertisers, it loses money.
(Most magazines more or less break
even on circulation; their income is
almost totally dependent on advertis-
ing revenues. The higher—and more
specialized—the circulation, the
more the advertisers are willing to
pay to be part of the action)

In other words, a magazine with a
substantial readership interested in
quality audio components provides
the best sort of marketplace “bulletin
board" for those seeking to sell such
products. So far so good. But if prod-
uct evaluations are popular among
the readers (and they are), how does
a test report tell the readers that
something is wrong with a specific
product without upsetting its man-
ufacturer? In fact, isn't there a contra-
diction between keeping the man-
ufacturers happy—and continuing to
advertise—and serving the reader by
exposing a product's faults? Editors
deal with such problems in the same
way that porcupines are said to make
love—very carefully!

Test-report policies

Magazines differ in the way they
handle product test reports. Some
publications automatically send out

e

the edited, but not published, report
to the manufacturer of the product.
The manufacturer is allowed to point
out factual errors, but is not permit-
ted to change the evaluation. If the
manufacturer really has problems
with the test report, he might be given
the option of requesting that it not be
published. Other magazines keep
their reports close to the vest until it
appears in print. When it appears, the
manufacturer might throw a party and
order several thousand reprints,
shake his head and say it could have
been worse, or cancel his advertising
and call his lawyer. Having worked for
three different magazines over a 25-
year period, I've encountered all
three reactions.

Some audio manufacturers tend to
blow a gasket if any fault, however
minor, is found with their equipment.
Others express hurt feelings by
phone or letter, and a few are happy
as long as you get their brand name
and model numbers right. Although
editors have a lot of day-to-day auton-
omy, the ultimate policy maker is the
publisher, who is responsible for the
magazine's overall editorial policy and
income—two not-unrelated areas.

One of my “unfavorite” stories il-
lustrating the sensitivity of a man-
ufacturer goes back to the time when
[ was giving a talk before an au-
diophile society. One of the members
asked me about a speaker system
designed to achieve a special spatial
effect by bouncing most of its sound

off a rear wall. | said that like other .

speakers that radiate a significant
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LISTENING TESTS should be validated by laboratory tests, and vice versa.

portion of their sound away from the
listener, it was somewhat sensitive to
room positioning. Apparently, some-
one from the audience subsequently
asked the manufacturer about my
comment, because within a week he
had canceled his advertising contract
with my magazine. He ultimately re-
turned to the fold, but not before our
publisher had lost perhaps $50,000
in advertising revenues. That sort of
manufacturer behavior tends to keep
editors from expressing themselves
freely, but fortunately, during my 30
years or so as an editor, only three of
four cases of such blatant attempts
at intimidation occurred.

My personal policy was to check
with the manufacturer on anything
that seemed askew with the product.
Because of scheduling exigencies,
most components tested were early
or pre-production models and some-
times would not be as bug-free as the
units that would ultimately reach the
consumer. As aresult of our tests, we
were frequently able to alert the man
ufacturer to needed design changes—
and everyone benefited as a result.
The product would be retested after it
was reworked.

Occasionally there would be a
question of the significance of some
high touted special circuit in the eval-
uated product. If the product worked
well, but the special virtues of its, say,
“double-alpha lateral feedback” cir
cuit or the use of Litz wire in its inter-
nal wiring were not apparent, we said
SO.

continued on page 92
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COMPUTER CONNECTIONS

i
SCSI/ESDI Shootout and a pair from Micropolis
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isk performance remains one
Dof the chief bottlenecks in PC

performance today. The ven-
erable ST-506 interface, introduced
in 1980, provided adequate perfor-
mance for early DOS machines, but
today's generation of fast 386 and
486 CPU's far outstrips the ST-506's
ability to keep up. For that reason,
two more recent disk-interface stan-
dards have been gaining increasing
acceptance over the past few years:
SCSI (small computer system inter-
face) and ESDI (enhanced small de-
vice interface). The two are similar in
that they allow increased perfor-
mance, but there the similarity ends.
Currently, ESDI holds the heav-
yweight title for high-performance PC
systems, but SCSI is coming on
strong. This month I'll give an over
view of the differences between the
two technologies, along with my ex-
periences using drives of both types.

Different strokes

Probably the single most important
difference between SCSland ESDl is
that SCSI is a high-level, intelligent
interface, whereas ESDI is a low-level
interface that in some ways resem-
bles a plain old ST-506, albeit a sig-
nificantly faster one.

The basic data-transfer rate (DTR)
of an MFM hard disk connected via a
standard ST-506 interface is about 5
MHz; with an RLL drive, DTR in-
creases 50%, to 7.5 MHz. By con-
trast, the typical ESDI system has a
DTR of 10 MHz, but the ESDI spec
supports a maximum DTR of 24 MHz,
and systems that approach that
speed are becoming available.

ST-506 and ESDI interfaces deliver
data in serial fashion. By contrast, an
SCSI system delivers data in parallel
form across an eight-bit bus. The the-
oretical maximum transfer rate of that
bus is 4 megabytes/second, but
eight bits are transferred at once, so
the overall rate is 32 MHz; quite a bit
higher than ESDI's maximum. Of
course, the actual throughput

achievable in the real world depends
on a number of factors, including the
hard disk drive, the controller, the
computer bus, software drivers, and
host operating system.

An ST-506 drive is relatively stupid;
at the other extreme, a SCSI drive
must have a microprocessor to inter-
pret and execute commands. An
ESDI drive fits somewhere in the mid-
dle. The extra intelligence required by
ESDI and SCSI drives is part of the
reason for their high cost, relative to
ST-506 drives. Lack of volume is
probably the main reason for the cost
differential; but as the market moves
toward graphical operating environ-
ments, high-performance disk drives
will become increasingly popular, so
prices will fall.

An ESDI controller connects to a
hard disk (or other device) by means
of cables that are physically identical
to ST-506 cables, including a 34-con-
ductor control cable and a 20-con-
ductor data cable. Many of the
signals carried on an ESDI cable have
names and functions that are similar
to the corresponding ST-506 inter-
face. However, there are definite dif-
ferences, so you cannot connect an
ST-506 drive to an ESDI controller, or
vice versa. The functions of the sig-
nals on those cables include drive-
select, head-select, status, clock and
data lines, etc.

By contrast, a SCSl interface con-

ITEMS DISCUSSED
® 1674-7 SCS| PC-Pak ($1895),
1654-7 ESDI PC-Pak ($1895), Micro-
polis Corporation, 21211 Nordhoff
Street, Chatsworth, CA 91311. (818)
709-3300.
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® Alfred Glossbrenner's Hard Disk
Handbook ($39.95), Alfred Glos-
sbrenner and Nick Anis, Osborne
McGraw-Hill, 2600 Tenth Street,
Berkeley, CA 94710.
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sists of a fifty-conductor cable that
looks more like the expansion bus of
a computer than a set of control sig
nals. In fact, the SCSl interface really
is a bus with eight data lines, a parity
bit, and nine control signals that arbi-
trate which device gets to talk at any
given time. A new SCSI bus stan-
dard, SCSI-Ii, is due to be complete
soon; it will allow 16- and 32-bit trans-
fers and will also provide better defini-
tion of software standards.

Both SCSI and ESDI interfaces al-
low a theoretical maximum of eight
devices. However, most ESDI con-
trollers for PC’s allow only two de-
vices. By contrast, SCSI really has
almost unlimited expansion potential,
because as many as seven of the
eight devices may have as many as
eight logical units, each of which may
have 256 logical subunits, allowing a
maximum total of 14,336 devices
connected to one bus. SCSI clearly
has a great advantage over ESDI in
this respect.

The ESDl interface has several sig-
nals for selecting a particular device
and exchanging data with it. By con-
trast, SCSI has a data bus and sig-
nals for controlling the flow of
information on that bus. However,
SCSI has little to say about the
contents of that information, and that
leads to a good-news/bad-news sit-
uation.

The good news is that because the
SCSI interface doesn't know any-
thing about the underlying hardware,
it is theoretically possible to connect
several different types of devices to a
single SCSI bus simultaneously. in
fact, the SCS! interface was con-
ceived from the beginning as provid-
ing a flexible means of connecting
devices of all types, including hard
disks, tape backup units, CD-ROM
drives, writable optical drives, laser
printers, scanners, and even network
interface adapters. With some com-
puter systems (notably the Macin-
tosh), that is indeed the case.

The bad news is that, in the PC
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world, that type of bus sharing is diffi
cult to achieve at the present time.
The reason is that, although the elec-
trical standards for the SCSI bus are
well defined, the software commands
that tell the hardware what to do are
not. In fact, the original SCSI stan-
dard specified only a single com-
mand. The result is that different
manufacturers implement their soft-
ware in different ways, which means
that to run different SCSI devices in
the same PC, you'll probably need
different SCSI adapters for each type
of device. For example, if you install a
SCSI hard disk, you should have no
trouble adding a second hard disk.
But if you wanted to add a CD-ROM
drive, you'd probably have to inter
face it via a separate adapter card,
and that defeats the purpose of a
bus-type interface. Similarly, al-
though it should be possible to un-
plug an SCSI drive from your friend's
Mac and plug it right into your PC,
that type of compatibility is a long way
off. By the way, that scenario is not as
far-fetched as it may sound. Suppose
you had prepared a long technical
document in Ventura on a PC, and
wanted to get it typeset. Most type-
setting houses are Mac-based, so
how do you transfer a 30-megabyte
PostScript file of text and graphics in
an efficient manner?

However, SCSI compatibility is im-
proving. With the increasing spread of

networks, high-speed high-capacity
drives are becoming increasingly
popular, and manufacturers are realiz-
ing that they have to get off their pro-
prietary horses. It will undoubtedly
take a few years for the dust to settle,
but when it does, we'll all benefit.

Micropolis

To get a feel for real-world dif-
ferences between the two competing
standards, | examined a pair of what
you might call fraternal twins made by
Micropolis: the 1674-7 SCSI drive,
and the 1654-7 ESDI drive. Each
came as part of a "PC-Pak,” which
includes the drive, cables, mounting
hardware, and partitioning software.
The SCSI kit includes a host adapter,
and the ESDI kit, a full controller; both
have on-board floppy controllers,
making each a plug-n-play replace-
ment for a standard ST-506 setup.
The SCSI setup also included drivers
for Novell NetWare and SCO Xenix.

Either drive has a formatted capacity
of about 160 megabytes, and will co-
exist with a standard ST-506 unit.

| measured the performance of
both drives under DOS using Core-
test; results are shown in Table 1,
along with comparative data for a
standard ST-251. All tests were run
on a Dell System 300 (16-MHz 386
with 7 MB of RAMD.

Installing both drives is straightfor-
ward and well documented. In both
cases, the controller/adapter card re-
quires-an 8K space in the upper mem-
ory area; that space contains a BIOS
extension that allows the drive to
hook itself into DOS automatically.
You must set several jumpers and
switches that specify the BIOS ad-
dress, IRQ, etc. Install the card, con-
nect cables, power up, and fly.

| used each drive for several weeks
with a variety of software (including
many DOS programs and Windows
3.0) and hardware (including an inter-

TABLE 1—COMPARATIVE PERFORMANCE

Model No. Technology DTR Avg.
(Kbyte/ Seek Seek Time
sec) Time (ms)
(ms)
1674 SCSI 508 7.6 43
1654 ESDI 831 16.8 75
ST251 ST-506 243 44.3 6.8
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nal modem and an Irwin external tape
drive). | thought | had a problem with
the tape drive, which interfaces via
the floppy-disk controller, and the
SCSI disk, but after much fiddling
with switch and jumper settings to no
avail, reinstalled the Irwin software,
and everything worked fine. | think
that in doing the mass-transfer of
software from one machine to the
other LapLink must have lost a bit
along the way.

Both drives are 5.25" units made
by Micropolis, and are built like the
proverbial brick outhouse, with die-
cast aluminum frames, and use sur
face-mount technology. The interface
cards are made by third parties, but
appear to match the high quality of
the drives. Based on my brief en-
counter, | have to say I'm impressed
with Micropolis. The products are
easy to install, function well, are built
well, and are documented well.

PC-Pak versions of either the SCSI
or the ESDI drive list for $1895; the
drives list separately for $1470 and
$1365, respectively. I've seen the
PC-Paks listed by reputable mail-

order houses for less than $1200.

ESDI or SCSI?

Based on performance alone, it
would be hard to choose either of the
drives | looked at. The SCSlI drive has
faster seek time, but the ESDI drive
has a better data transfer rate.

Looking at the larger scheme of
things, SCSI has much more poten-
tial than ESDI, regarding both perfor
mance and expandability. Even
though it's not possible at present to
do the type of device sharing that is
theoretically possible, there is in-
creasing clamor from the market for
that capability. ESDI disks are more
common on the market, and seem to
command slightly better prices. How-
ever, disk-drive vendors can usually
obtain SCSI units on request. In a few
years, we should be able to connect
multiple SCSI peripherals via a single
interface card, but that may not be
the card we would or could purchase
now. However, due to its performance
and expansion potential, SCSI
seems destined to earn an important
spot in the PC landscape.

Hard disk handbook

Regardless of the type of hard disk
you use, take a look at Alfred Glos-
sbrenners Hard Disk Handbook. it
contains almost 800 pages of infor
mation on selecting and maintaining
your hard disk, and it comes with two
disks of public domain and shareware
programs that help you maximize per-
formance of not just your hard disk
but your entire system. Topics cov-
ered include selecting and purchas-
ing a disk drive, installing it, adding a
second drive, partitioning and format-
ting, network considerations, back-
up, security, disaster prevention and
recovery, and quite a bit more.

The utilities include several ex-
tremely useful programs: List, Cor
etest, several disk caches (made by
Golden Bow Systems), several head-
parking programs, PKZIP, several
virus scan programs, a file-recovery
(unerase) program, and numerous
others that have been utility staples
for years. If you're a beginning or in-
termediate hard disk user, the Hard
Disk Handbook can help you get
much more out of your system. R-E

AUDIO UPDATE

continued from page 85

There are times when magazines
kil a report because in the editor’s
judgment the product suffers from a
gross defect or a major flaw in its
design.

That policy has led many au-
diophiles to complain that the compo-
nents evaluated by most magazines
always test good; the implication is
that either problems have been glos-
sed over or data has been falsified.
My tongue-in-cheek answer to such
complaints is that the products don't
alltest good, some of them test really
excellent.

Audiophile readers eager to learn
the “real dirt” about hi-fi components
are left unsatisfied when the dynamic
range of product reports in the main-
stream audio press extends only from
merely okay to really excellent. That
might be the reason for the prolifera-
tion of underground audio magazines
that purport to provide the straight
scoop—for better or for worse—un-
adulterated either by advertising
pressures or the insensitivities of the
reviewers in the mainstream audio
test labs.

Astrology, wine, and cars

In my view, the reports in the au-
diophile “tweek’ magazines are
neither as “truthful’” nor as accurate
as those found in the mainstream
magazines—among which | include
Consumer Reports. Reviewers who
find sonic faults, major and minor,
with virtually every electronic product
that they evaluate are usually expres-
sing their inner feelings, rather than
objective truth. Inner feelings are fine,
but are likely to be unreliable guides
for critical buying decisions, par-
ticularly when unsupported by careful
lab tests. Despite the claims of the
esoteric reviewers, their special hear-
ing ability (and the product choices
based on it) has never been validated
by dozens of objective double-blind
test procedures!

Those who purport to hear ar-
tifacts in audio components inaudible
to ordinary mortals are likely to steer
the unwitting reader toward the latest
audiophile fads and follies. Audio ca-
bles costing up to several hundred
dollars a foot (1) and a variety of eso-
teric components priced at perhaps
ten times what their mainstream
equivalents cost—these are typical
of the product recommendations of
the esoteric reviewers.
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In general, the talents of the under-
ground press reviewers—and most
mainstream British reviewers—seem
to combine the approaches and at-
titudes of wine tasters, astrologers,
and sports-car enthusiasts. The
faulty science of astrologers and the
unreliability of the wine tasters are
well known, but the sports-carbuff
approach is worth a few words. One
can easily justify a love for fine ma-
chinery, state-of-the-art engineer
ing,and the ability to go from 0 to 60
mph in 50 milliseconds. In other
words, along with the flash and the
leather upholstery, your money buys
special performance that can be both
seen and measured.

The super-expensive electronic
components usually look beautiful
and are carefully made with top guali-
ty parts, but unfortunately for the true
believers, they sound no better than
most mass-produced products. If de-
vout audiophiles derive special plea-
sure from owning very expensive
electronic components (and wires),
they are certainly entitled to do so.
But better sound—except possibly
from the speakers—is not what
they've bought, despite what the un-
derground reviewers might have told
them. R-E



Countersurveillance

Never before has so much professional infor-
mation on the art of detecting and eliminat-

ing electronic snooping devices—and how

to defend against experienced informa-

tion thieves—been placed in one VHS e
video. If you are a Fortune 500 CEO, an - ™)
executive in any hi-tech industry, ora
novice seeking entry into an honor-

able, rewarding field of work in
countersurveillance, you must
view this video presentation
again and again.

ORDER LINE—1-800-522-6260

Wake up! You may be the viceim of
stolen words—precious ideas that would
have made you very wealthy! Yes, profes-
stonals, even rank amateurs, may be lis-
tening to your most private con-
versations.

Wake up! If you are not che victim,
then you are surrounded by countless vic-
tims who need your help if you know how
to discover telephone taps, locate bugs, or
“sweep” a room clean.

There is a thriving professional service
steeped in high-tech techniques that you
can become a part of! But first, you must
know and understand Countersurveilance
Technology. Your very first insight into
this highly rewarding field is made possi-
ble by a video VHS presentation that you
cannot view on broadcast television, sat-
ellite, or cable. It presents an informative
program prepared by professionals in the
field who know their industry, its tech-
niques, kinks and loopholes. Men who
can tell you more in 45 minutes in a
straightforward, exclusive talk than was
ever attempted before.

Foiling Information Thieves

Discover the targets professional
snoopers seck out! The prey are stock
brokers, arbitrage firms, manufacturers,
high-tech companies, any competitive
industry, or even small businnesses in the
same community. The valuable informa-
tion they filch may be marketing strat-
egies, customer lists, product formulas,
manufacturing techniques, even adver-
tising plans. Information thieves caves-
drop on court decistons, bidding
information, financial data. The list is
unlimited in the mind of man—es-
pecially if he is a thief!

You know that the Russians secretly
installed countless microphones in the
concrete work of the American Embassy
building in Moscow. They converted
what was to be an embassy and private
residence into the most sophisticated re-
cording studio the world had cver
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known. The building had to be torn
down in order to remove all the bugs.

Stolen Information

The open taps from where the informa-
tion pours out may be from FAX’s, com-
puter communications, telephone calls,
and everyday business meetings and
lunchtime encounters. Businessmen need
counselling on how to eliminate this in-
formation drain. Basic telephone use cou-
pled with the user’s understanding that
someone may be listening or recording
vital data and information greatly reduces
the opportunity for others to purloin
meaningtul information.

The professional discussions seen on
the TV screen in your home reveals how
to detect and disable wiretaps, midget
radio-frequency transmitters, and other
bugs, plus when to use disinformation to
confuse the unwanted listener, and the
technique of voice scrambling telephone
communications. In fact, do you know
how to look for a bug, where to look for a
bug, and what to do when you find it?

Bugs ot a very small size are easy to
build and they can be placed quickly ina
matter of seconds, in any object or room.
Today you may have used a telephone
handset that was bugged. It probably
contained three bugs. One was a phony
bug to fool you into believing you found a
bug and secured the telephone. The sec-
ond bug placates the investigator when
he finds the real thing! And the chird bug
is found only by the professional, who
continued to search just in casc there were
more bugs.

The protessional is not without his
tools. Special equipment has been de-
signed so that the professional can sweep
a room so that he can detect voice-acti-
vated (VOX) and remote-activated bugs.
Some of this equipment can be operated
by novices, others require a trained coun-
tersurveillance professional.
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The professionals viewed on your tele-
vision screen reveal information on the
latest technological advances like laser-
beam snoopers that are installed hun-
dreds of feet away from the room they
snoop on. The professionals disclose that
computers yield information too easily.

This advertisement was not written by
a countersurvetllance professional, but by
a beginner whose only experience came
from viewing the video tape in the pri-
vacy of his home. After you review the
video carefully and understand its con-
tents, you have taken the first important
step in etther acquiring professional help
with your surveillance problems, or you
may very well consider a carcer as a coun-
tersurveillance professional.

The Dollars You Save

To obtain the information contained in
the video VHS cassette, you would attend
a professional seminar costing $350-750
and possibly pay hundreds of dollars more
if you had to travel to a distant city to
attend. Now, for only $49.95 (plus
$4.00 P&H) you can view Countersiui-
veillance Techniques at home and rake
refresher views often. To obrain your
copy, complete the coupon below.

v o o o P P
RADIO-ELECTRONICS VIDEO OFFER
S00-B Bi-County Blvd.
Farmingdale, NY 11735

os)
m

Please rush my copy ot the Countersurveitfance Techniques
Video VHS Cassette for $49.95 plus $4.00 for postage and
handling

No. of Casscties ordered
Amount of payment $

Bill my [] VISA [] MasterCard
Card No.
Lixpire Date

Signature
Name
Address
City

State P

All payments in U.S.A. tunds. Canadians add $4.00 per
VHS casseeee. No forcign orders. New York Stace residents
add applicable sales cax.

CALL TODAY TO ORDER 1-800-522-6260
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* 3 POSITION SWITCH 1X, 10X, REF.
* COMPENSATION FOR ALL SCOPES
o SNAP ON ROTATING GROUND
* SATISFACTION GUARANTEED
o REPLACEABLE TIP

TOLL FREE
(800) 772-1519

FREE CATALOG
OF TEST LEAD KITS & ACCESSORIES
CALL FOR NEAREST DISTRIBUTOR

SWITCHABLE '
SCOPE PROBE

AT-3DB | FT. M ns

(MODELI ATTEN ’ BW MHz | LENGTH RISETlME‘ LOADING
PF MQ

Try the
Radie n
Electronics
ONI.Y bulletin board
$3 5 system
(RE-BBS)

516-293-2283

The more you use it the
more useful it becomes.

We support 300 and 1200
baud operation.

Parameters: 8N1 (8 data
bits, no parity, 1 stop bit)
or 7€1 (7 data bits, even
parity, 1 stop bit).

Add yourself to our user
files to increase your
access.

Communicate with other
R-E readers.

Leave your comments on
R-E with the SYSOP.

| 2103 Tx 25 |4 12 | 14 45
| 4104 10X
4110 | 100x

250 |4 12 | 14 | 7

4101 | Switchable T I
1x10xR | 15200 | 4 12 | 251.4 |6514 110

200 | 4 1.2 14 4 10 |

4115 | MASTER |
\_ | .

INCL. 1EA. 4101, 4103, & 4104

CIRCLE 197 ON FREE INFORMATION CARD

CIRCLE 117 ON FREE INFORMATION CARD

P PROBE

AR MASTER
4898 RONSON CT.,

SAN DIEGO, CA 92111

FAX (619) 560-7354

RE-BBS
516-293-2283

ADMIT ONE

I Your Ticket To

SUCCESS|

Over 25,000 technicians have gained admit-
' tance worldwide as certified professionals. I
I Let your ticket start opening doors for you.'

ISCET offers Journeyman certification in I |
Consumer Electronics, Industrial, Medical, o |

I Communications, MATV, Radar, Computer,l |
and Video. For more information, contact '
the international Society of Certified Elec-

I tronics Technicians, 2708 West Berry St., '

| Fort Worth, TX 76109 + (817) 921-9101. '

| Name
| Address
| City
' State Zip
____Send material about ISCET and

Send one “Study Guide for the

I becoming certified.
|

Associate Level CET Test.”” En-
closed is $10 (inc. postage).
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LETTERS

continued from page 25

cles on that subject (among others).
Mr. Blackwell's article is outstanding
in that it covers the many different
approaches to superdirectional mi-
crophone construction, showing the
main features, advantages, and prob-
lems of each type—which is es-
pecially interesting for prospective
builders and experimenters.

The article made me recall a mili-
tary application of the superdirec-
tional horn microphone that | saw as a
small boy in Russia during World War
II. The horn microphone, mounted on
a small truck, was stationed in a field
near our school and, as explained by
its soldier-operator, was used to de-
tect the sound of approaching enemy
planes. | suppose that its large mouth
diameter was necessary to improve
directivity and also to obtain re-
sponse at low frequencies, in order to
catch the sound of motors and pro-
pellers turning at a few thousand
RPM.

Although much was written on
World War Il radar and submarine so-
nar, | have never seen any references
to acoustic aircraft detection. The
system was probably phased out be-
cause it did not have a useful range. In
fact, it was often surpassed by the
usual method that employed ad-
vanced observers linked by tele-
phone wires to the potential target
zones. In any case, it is interesting to
note that such a system was actually
built and tested!

HEINRICH PARFIJANOWITSCH
Rio de Janeiro, Brazil

BRAIN POWER

| had to laugh at the letter in the
May 1990 issue from Jon Rolph,
who could not believe Don Lan-
caster’s claim that the human brain
had a capacity of only abcut four
billion memory bits. Mr. Rolph is ob-
viously not aware of what an incredi-
ble data-compression device the
brain is. It is able to get by with such
a small amount of memory because
it can transform information into a
very compact form before storing it
away.

Let’s use his CD analogy to dem-
onstrate the point. If we had to re-
member music the way it is
recorded on a CD, as tens of thou-
sands of amplitude samples per



CORRECTION

In our “Build This lon Meter” con-
struction article (Radio-Electronics,
March 1990), we are sorry to report
that there are a couple of errors need
that to be corrected:

e InFig. 3 onpage37,labelsaandc
of S1 should be reversed. A jumper
wire should ga from the lower right
terminal of S1 to the open hole in the
pad atthe juncture of D1-C2, which is
located immediately beneath switch
S1.

® in the Parts List on page 36, R9 is
listed as 150 ohms. It should be 1.5
ohms.

second, we certainly would run out
of memory after remembering only
a few hours of music. But the brain
has a much better way of storing
music—as notes. A quick back-of-
the-envelope calculation indicates
that if you listened to four-part har
mony continuously for 16 hours a
day (allowing some time for eating
and sleeping) every day for seven
years, then you would completely
fill your four billion bits of memory
only if you could remember every
single note you heard in those
seven years. Even Mozart, with his
incredible musical recall, could not
have achieved such a feat.

A similar argument can be made
for all the rest of the senses—the
brain stores remembered images,
smells, and other sensations more
efficiently than we can with our
most sophisticated electronic
equipment.

Mr. Rolph is right on target, how-
ever, when he attacks Don Lan-
caster’'s claim that computers
would be able to think (and be even
smarter than humans) if they had
enough bits of memory. It is not
memory that makes the mind work
the way it does; it is the incredible
way the brain cells are intercon-
nected. How the brain “processes’”
the information in memory is what
makes it “come alive.”

Yes, we probably will be able to
produce a computer that can out-
think us sometime in the future, but
not until the current research on
neural computers, which are struc-
tured somewhat like a biological
brain, has progressed significantly.
ROBERT WALRAVEN

Davis, CA R-E

SEMICONDUCTOR LASER

conlinued from page 40

power output of 0.5 milliwatts or
so. Slowly rolate R6 noting the
“indicated output” on the power
meter increasing. Note how
“slope” sensitive it is when com-
paring it to the change on the
current meter. That is a direct in-
dication of the slope efficiency of
the device as shown in Fig. 9.

Adjust to an output of 2.4 mil-
liwatts—any more would con-
stitute a more severe optical
hazard, and would require a
“DANGER" label. An output be-
low 2.4 milliwatts requires only a
“"CAUTION" class Illa label. Safe-
ty glasses should be worn at this
point.

PROTOTYPE VERSION of the simulated
laser diode. A hole drilled in the block
provides a light path.

Remove the touch-switch short
and bridge it with damp fingers:
Note the power still going to 2.4
milliwatts, but the current read-
ing on the meter is lower. This
verifies the power-control circuit-
ry is functioning properly.

This completes the electronic
testing. It is suggested that you
return R6 to its lower output ad-
justment before proceeding.
And, again, always make sure that
the batteries are fully charged be-
fore re-adjusting R6. R-E
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LICENSED

ELECTRONIC TECHNICIAN!?

: Earnup to
olf $30an hour |

=l and more!
J Learn at home in spare time. J

y S
M { 7| No previous experience needed!

L
No costly school. No commuting to class.
The Original Home-Study course prepares
you for the "FCC Commercial Radio-
telephone License.” This valuablelicenseis
your professional “ticket” to thousands of
exciting jobs in Communications, Radio-
TV, Microwave, Maritime, Radar, Avionics
and more...even start your own business!
You don’t need a college degree to qualify,
but you do need an FCC License.

No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cost! GUARANTEED PASS—You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!
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command PRODUCTIONS

r
1
: FCC LICENSE TRAINING, Dept. 103
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P.O. Box 2824, San Francisco, CA 94126
Please rush FREE details immediately!

NAME
ADDRESS

CITY STATE

L

P e -

New AOR

Receiver

400 Channels.
100KHz to 2036MHz

AR3000

Total Price. Freight Prepad
(Express Shipping Optional)

995

*Continuous coverage

*AM, FM, wide band FM
LSB, USB, CW modes

*4 Scan Banks,
Programmable Attenuation

*Tuning increments as low
as 50Hz

sSearch with lock out

*15 front end filters

*RS232 port built in

25 Day Satisfaction Guarantee.
Full refund 1f not Satisfied

sIncludes AC/DC power cord
Telescope Antenna

*Size 31/7"Hx52/5"W=x77/8°D
Wt 2lb. 100z

C_=OMMEUN?—A—TIONS
10701 E. 106th St. Fishers, IN 46038
Toll Free 800-445-7717

Visa and Mastercard (

{COD slightly hagher) \WJ

FAX (317) 849-8794

CIRCLE 184 ON FREE INFORMATION CARD
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MARKET CENTER

TUBES Sylvania 6LQ6, 6L6GC, 20LF6 etc. Huge
discounts. ARLEN SUPPLY, 7409 West Chester

PHOTOFACT folders under #1400 $4.00. Others

FOR SALE $6.00. Postpaid. LOEB, 414 Chestnut Lane, East

DESCRAMBLERS. All brands. Special: Combo
Jerrold 400 and SB3 $165.00. Complete cable de-
scrambler kit $39.00. Complete satellite de-
scrambler kit $45.00. Free catalog. MJM
INDUSTRY, Box 531, Bronx, NY 10461-0208.

TUBES: “oldest,” “latest.” Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood Ave.,
RE, Hammond, IN 46324.

ENGINEERING software, PC/MSDOS. Hob-
byists — students — engineers. Circuit de-
sign $49.00, PCB layout $99.00, Logic
simulation $29.00, FFT analysis $69.00,
Mathematics $39.00, Circuit analysis
$29.00. Call or write for free catalog. (614)
491-0832, BSOFT SOFTWARE, 444 Colton
Rd., Columbus, OH 43207.

RESTRICTED technical information: Electronic sur-
veillance, schematics, locksmithing, covert sci-
ences, hacking, etc. Huge selection. Free
brochures. MENTOR-Z; Drawer 1549, Asbury
Park, NJ 07712.

CB RADIO OWNERS!

We specialize in a wide variety of technical
information, parts and services for CB radios.

10-Meter and FM conversion kits, repair books,
plans, high-performance accessories. Thousands
of satisfied customers since 1976! Catalog $2.
CBC INTERNATIONAL
P.0.BOX 31500RE. PHOENIX, AZ 85046

RENTAL movie stabilizer. Connectbetween VCRs
or to monitor. Satisfaction guaranteed. $69.95,
$4.00 handling. 1 (800) 367-7909.

CABLE TV converters: Jerrold, Oak, Scientific At-
lantic, Zenith & many others. ‘New MTS" stereo
add-on: mute & volume. Ideal for 400 and 450
owners! 1(800) 826-7623, Amex, Visa, M/C accept-
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan,
MN 55122.

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

PROGRAMMABLE stepper motor drive & control
for under $100, IBM PC/XT compatible, Com-
modore 64, or other with 25 pin parallel port. PCB,
interface, & software. Send for detailed literature to:
MASE, R.D. #2 Box 166, Mohrsville, PA 19541.

WIRELESS CABLE RECEIVERS 1.9 T0 2.7 GHz

30 CH PARABOLIC DISH SYSTEM $173.90
30 CH ROD ANTENNA SYSTEM $193.90
30 CHCRYSTAL CONTROLLED SYSTEM $294.95

SUN MICROWAVE INT'L. INC. SEND $1.00 FOR

P.D. BOX #34522 CATALOG ON THESE
PHOEMIX, AZ. 85067 AND OTHER FINE
(602) 230-0640 VIOEO PROOUCTS
QUANTITY DISCOUNTS

VISA MC/AME X MEMBER OF THE BETTER BUSINESS BUREAU

RADIO-ELECTRONICS
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FREE catalogue. Computers. Electronic parts and
kits. Filters, amplifiers, power supplies. Radio
Shack dealer. MCDOWELL ELECTRONICS, Box
1206, Brewton, AL 36427. (205) 867-8805.

S-A test chips. Enables full tiering. 8550: $22.00
each/10 $180.00. 8500: $20.00 each/10 $160.00.
Money order or COD. R.V,, Box 771, Ridgefield, CT
06877.

CABLE TV converters and descramblers.
We sell only the best. Low prices. SB-3
$79.00. We ship C.0.D. Free catalog. ACE
PRODUCTS, PO Box 582, Dept. E, Saco, ME
04072. 1 (800) 234-0726.

Pike, Upper Darby, PA 19082. 1 (800) 458-1301. Meadow, NY 11554.

CLASSIFIED AD ORDER FORM
To run your own classified ad, put one word on each of the lines below and send this form along with your check to:

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $25.00.

() Plans/Kits { ) Business Opportunities ( ) For Sale

() Education/Instruction { ) Wanted ( ) Satellite Television

(

Special Category: $25.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 4 5
6 7 8 9 10

1 12 13 14 15 ($45.50)

16 (349.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)

21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74 .40) 25 ($77.50)

26 ($80.60) 27 ($83.70) 28 ($86.80)  29($89.90) 30 ($93.00)

31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number Expiration Date

/

Signature

Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.

CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 per word prepaid (no charge for zip code)... MINIMUM 15 WORDS. 5% discount for same ad n 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.50 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all czps) 55¢
per word additional. Entire ad in boldface, $3.70 per word. TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per word prepaid. Entire ad in boldface, $5.60 per word. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 21"—$410.00; 2" x 214"—$820.00; 3" x
2va"—$1230.00. General Information: Frequency rates and prepayment discounts are availabde. ALL
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOX ADDRESS WiLL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 10th of the third month preceding the dz'e of the
issue. (i.e., Aug. issue copy must be received by May 10th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Information Card.

www americanradiohistorv com




COMMUNICATIONS/Electronic equipment
sales, service, FCC licensed, Catalog $1.00,
RAYS, PO Box 14862, Fort Worth, TX 76117-0862.

CONVERTERS all major brands. info & orders 1
(800) 782-0552. FREWAY, INC., SMP PO# 5036,
Burnsvilie, MN 55337. No MN sales.

FREE catalog. interfaces for IBM compatibles. Dig-
ital /O and analog input. Control relays, motors,
lights, measure temperature, voltage. JOHN BELL
ENGINEERING, INC., 400 Oxford Way, Belmont,
CA 94002. (415) 592-8411.

CABLE descramblers (Jerrold) from $40.00. Tocom
VIP test chip. Fully activates unit. Also Zenith test
board. Fully activates Z-Tacs. $50.00. Call (213)
867-0081.

FREE CATALOG

FAMOUS “FIRESTIK” BRAND CB ANTENNAS
AND ACCESSORIES. QUALITY PRODUCTS
FOR THE SERIOUS CB’er. SINCE 1962
FIRESTIK ANTENNA COMPANY
2614 EAST ADAMS
PHOENIX, ARIZONA 85034

$1.99 software for IBM Compatibles. Quality at af-
fordable prices! Huge selection: business, games,
graphics, utilities, database, spreadsheets. Free
catalog. AULT, 1556 Halford Avenue, #242, Santa
Clara, CA 95051.

ROBOTICS software, PC/MSDOS. Explore com-
puter vision, sonar sensing. Free brochure.
ROBOTS ETC., Box 122, Tempe, AZ 85280.

TOCOM 5503 VIP “turnon” module. All channels.
$39.00. Information, schematic $5.00. MIKE, Box
743, Oldsmar, FL 34677.

IS it true Jeeps for $44.00 through the U.S. Gov't?
Call for facts! (504) 649-5745 Ext. S-5192.

 Quality Microwave TV Antennas

WIRELESS CABLE - IFTS - MMDS - Amatewr TV
Uttra High Gain 504 (+) » Tansable 1.9 10 2.7 Ghz.
o 36-Channel System Complete $149.95
» 12-Channel System Complete $114.95
o Call or write (SASE) for “FREE™ Catalog
PHILLIPS-TECH ELECTRONICS
i Bt P.0. Bex 8533 . Scattsdale, AZ 85252
- LIFETIME  (602) 947-7700 ($3.00 Crodit ail phene erders)
WARFANTY MasterCard « Visa o COD’s o Ouantity Pricing

CABLE TV DESCRAMBLERS!
BARGAIN HEADQUARTERS!

*«JERROLD™ ¢TOCOM eHAMLIN
*OAK *ZENITH
eSCIENTIFIC ATLANTA

PRINTED circuit boards etched & drilled. Free deliv-
ery. K & F ELECTRONICS, INC., 33041 Groesbeck,
Fraser, M| 48026. (313) 294-8720.

LASERS. 1mw to 2kw, worlds largest selection of
new & used surplus. Free catalog. MWK INDUS-
TRIES, 1269 Pomona Road, Corona, CA 91720.
(714) 278-0563.

PROFESSIONAL PC board layout. Fast delivery,
Gerber/Excellon, $.80 up per pin. MR.JOHNSON, 1
(800) 359-0466.

6 month warranty! We ship C.0.D.!
Lowest retail/wholesale prices!

FREE CATALOG:
Global Cable Network
1032 Irving St. Suite 109
S.F, CA 94122
NO CALIFORNIA SALES!!

ORDER TODAY! 800-327-8544

4 9 9 % & PRESENTING 4 4 4 & ¥

TV

DESCRAMBLERS

*xuxx STARRING & u &
N, OAK

ANDO OTHER FMUS MANUFACTURERS

TEST equipment pre-owned now at affordable
prices. Signal generators from $50.00. Os-
cdlosoopes from 250 00. Other equipment, includ-
ing manuals available. Send $1.00 for catalog,
refund on 1st order. J.B. ELECTRONICS, 3446 De-
mpster, Skokie, iL 60076. (708) 982-1973.

T.V. notch filters, surveillance equipment, brochure
$1.00. D.K. VIDEO, Box 63/6025, Margate, FL
33063. (305) 752-9202.

MINIATURE electronics like James Bond. Catalog
$4.00, refundable. F & P ENTERPRISES, Box
51272, Palo Aito, CA 94303-L.

* ORDERS SHIFPED FROM STOCK WITHIN M HOURS
FOR FREE CATALOG omy 1-800-345-8927
For ALL INFORMATION 1-818-709-9937

PACIFIC CABLE CO., INC.
73252 Reseda Bivd., Dept.1000
Reseda, CA 91335

/ ///II///

MCM ELECTRONICS STAYS

¢ Superior Service

e 'IA
///"IIM T S

ON TRACK...

¢ Top Brands
¢ Competitive Prices

-

“m“ 'l o.M Sl

b

All Aboard” MCM's new 196-page catalog of over 15,000 in-stock electronic
parts and components from Weller, Leviton, Switchcraft, Audio-Technica,
Xcelite, Pioneer, PIC, GC, Sams—and lots more. Enjoy TOLL-FREE or
FAX ordering, convenient hours, rapid order processing, and virtually

unlimited customer service support, too. Don’t wait! Get your ticket now!

MCM ELECTRONICS
650 CONGRESS PARK DR.
CENTERVILLE. OR 45459-4072

A PREMIER Company

SOURCE NO. RE-67

CIRCLE 87 ON FREE INFORMATION CARD
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P CATV CONVERTERS
AT LOWEST PRICES

Panasonic, Jerrold, Tocom,
Pioneer, Scientific Atlanta,
Zenith, Oak, Hamlin, Eagle, and
all other brands
Microwave Antennas
(wireless cable) with matching
descramblers

We'll beat or match any advemsed price in
this magazine!

Call Mon-Fri 10AM - 5: 30PM(

Eastern time or write for

FREE CATALOG

NO CONNECTICUT SALES. it 5 nof the intent of Universal View to delraud any pay teievision
aperator and we will not assist any company s indwidual in doing 50

WANVER | the undersigned. am 3 consenting adulf of at least 21 years of ge d fully
understand that ownership of a cabie decoder does not give the owner of the decoder the
rght 0 decotle o view premium cable Channels wihout proper authonzaton fram her
socal cable company, and hereby declare under penalty of perjary thal al products
purchased, at any fime, will only de used on cable TV systems wih proper authonzation
rom local officials o cable company officers in accordance with all applicable federal and
state laws. Federal and various state laws provide for substantial crmiaal and civil penalties
tor unauthorzed use.

SIGNATURE OATE

520 GLENBROOK ROAD, SUITE NO 202
TAMFORD, CT 06906

OrdersOnly 1 800'622 9022
Catalog & Info: 203 975'7543
me (203) 327-2996

Model Model

73...°68 83...%180 wvisa
5490 85..5208 MC
77...%135 87...%246
A NEW! Modeld5 ... %535 V¥
[ L8 L VIN___Electronics
BOW 7 3chilg Ave., Plainview, NY 11803

OE®(516) 349-7620 1(800) 645-9212

PROTOQUICK 78, single board computer with pro-
totype area, $69.00. SOFTWARE SCIENCE, 3750
Roundbottom Road, Cincinnati, OH 45244. (513)
561-2060.

TOCOM VIE’_converters w/remote from $199.00.
Tocom super chips turn on everything, $69.00 each.
Phone (219) 935-4128.

ARTIFICIAL intelligence for IBM/PC. “Uncanny and
fun” — N.Y. Times. Free 32-page catalog. THINK-
ING SOFTWARE, 46-16 65th Place, Woodside, NY
11377.

CALLER ID unit - identifies the phone number of
incoming calls on a display before answering the
phone. E D E, PO Box 337, Buffalo, NY 14226. (716)
691-3476.

CABLE TV converters & descramblers for Jer-
rold and Scientific Atlanta. Low prices, one year
warrantg. We ship COD. BAY STATE ELEC-
TRONICS, PO Box 103, Boston, MA 02188. 1 (800)
359-9806.

$15.00

ANY VCR, TV, stereo schemaH ;s list —
PPD. Visa/MC. Call MARCO now! 1 (800)
322-8458.

BLACK market, hacking, phreaking, weapons,
electronic surveillance, communications, more.
Hardware, software, plans, kits, books. $1.00 cata-
IogéOMEGATECH, PO Box 8789C, Woodlands, TX
77387.

TUBES: selling entire collection 1/2 price. DE-
VROE, 3666 Valleybrink Road, L.A., CA 90039.

CIRCLE 64 ON FREE INFORMATION CARD (213) 666-2666.

Try the

Radie —
Eleclronics
bulletin board

TB-3 (Tri-Bi) or SA-3

Quantity Prices

10 20 system
(RE-BBS)
| |
Each Each The more you use it the
more useful it becomes.
50 100 We support 300 and 1200
baud operation.
$ 3 9 $ 3 5 Parameters: 8N1 (8 data
bits, no parity, 1 stop bit)
| [ ] or 7E1 (7 data bits, even
Each Each parity, 1 stop bit).

Add yourself to our user
files to increase your

Hours open 10:00 am to 4:00 pm Eastern time access.

Minimum order 5 units 55.00 ea.

Dealers wanted. We ship COD. e

» R-E readers.

LZ) King Wholesale Leave your comments on
o A-E with the SYSOP

e 1-800-729-0036

udJ Fax number 6173400053 RE-BBS

S “No one beats the King’s prices!” 516-293-2283
a

4 DESCRAMBLERS

98

WWW.americanradiohistorv.com

1/0-controller: 14 programmable I/0 bits. RS232
control. IBM-PC, Turbo-C/ Pascal drivers, sche-
matics included. $89.95/$69.95. PROSYS TECH-
NOLOGIES, PO Box 690925, Tulsa, OK 74169.
(918) 355-2092.

PROGRAMMING services. We specialize in S.A.
{Serial Alterables) ER1400 and NMC93XX
EEPROMS, EPROMS, PROMS, PALS, IC-ID,
micro’s. Programmers available. IE, {(313) 381-6981.

General Technics Computer Kits include a complete line

286, and 386 modcls. They are designed to offer

e bighent degree of quallly and reliapility avalable today

mn, asy to bulld, cducational, fully 1BM com-

patibic,ve a1 wholesale prices. Al kits are

Drc-tovied and inclut a free siep by sicp asembly mamual s
software, ane year wartanty and our 24 hour

phone line. Assembly is avatlable

Ay

General Technics
Quality Computer Systems
Box 2676

‘ l.,ask for your free catali’)g_l Past Offioe

Lake Ronkonkoma, NY 11779
{516) 981 -9473

PLANS AND KITS

MINIATURE FM transmitters! Tracking transmitters!
Voice disguisers! Bug detectors! Phone Devices!
More! Available in kits or assembled! Catalog $2.00:
XANDI ELECTRONICS, Box 25647, Dept. 60K,
Tempe, AZ 85285-5647.

CATALOG: hobby/broadcasting/HAM/CB: Cable
TV, transmitters, amplifiers, surveillance devices,
computers, more! PANAXIS, Box 130-F11, Para-
dise, CA 95967.

SURVEILLANCE transmitter kits! Four models of
each; telephone, room, combination telephone/
room transmitters tune from 65 to 305 MHz. Catalog
with Popular Communications and Popular
Electronics book reviews of “Electronic Eaves-
dropping Equipment Design,’” $1.00.
SHEFFIELD ELECTRONICS, 7223 Stony Island
Ave., Chicago, IL 60649-2806.

| NEW HE NE
3% LASER TUBES $35

X\, Dealer Inquiries Invited.
Free Catalog!

MEREDITH INSTRUMENTS: 6403 N. 59th Ave.
Glendale, AZ 85301 o (602) 934-9387
““The Source for Laser Surplus™

INVESTIGATORS, experimenters — Quality plans.
Micro and restricted devices. Free catalog. Self ad-
dressed stamped envelope required KELLEY SE-
CURITY INC., Suite 90, 2531 Sawtelle Blvd., Los
Angeles CA 90064.

CB Tricks Il book. Power amplifier deggﬁgr;d theo-
ry, UHF CB tune ups. Send $19.95 MEDICINE MAN
CB, PO Box 37, Clarksville, AR 72830.

PROJECTION TV. Convert your TV to project 7 foot
picture... Easy...Results comparable to $2,500 proj-
ectors... Plans and 8" lens $27.95... Professional
systems available... lllustrated catalog free... MAC-
ROCOMA, 15GC Main Street, Washington ‘Cross-
ing, PA 18977 Creditcard orders 24Hrs. (215)
736-3979.

BUILD this 400W stereo amplifier designedEr
mobile systems. Super nice. Plans $8.00. MD
ELECTRONICS, Box 2208, Zephyrhills, FL 33539.

KITS — alarms, games, and test equipment. Send
$1.00 for catalog. RAKJAB, PO Box 1875, Apopka,
FL 32704.

CAR alarm schematic with instruction_s, easy con-
struction and instaliation. $6.00: HUNTER, 1802
Cook, Duncan, OK 73536.

UNIQUE projects — Devices for communications,
security, control and monitoring applications. Ener-
gy production, transformation, and cortrol. Addi-
tional information $2.00 credited to first order: KITS
AND PLANS, 907 Dumont, Rnchardson TX 75080.

LASER lighting entertainment systers. Create

your own 3-dimensional laser light shows with these

professional secrets! Detailed mechanical andelec-

trical schematics, designs for any budgat! $20.00.

gﬂlé.é.oENNIUM, 229 McAfee, Thousand Oaks, CA
1 2



‘REMOTE CONTROL KEYCHAIN

Complete w/mini-transmitter
and +5 vdc RF receiver
Fully assembled including plans
to build your own auto alarm
Quantity discounts available

Check, Visa or M/C
$24.95 Add 8 '3 shipping
C.iDept. R (415) 872-0128
PO BOX 5442, SO. SAN FRAN., CA 94080

DEVICES unavailable in USA. Kits, parts, plans.
Catalog $2.00. WORDWAND, 612 Orange Street,
Palm Harbor, FL 34683.

PC/TV Interface — RGB to TV/video/VCR. Switch-
able between PC and composite video inputs.
Channels 3 or 4, RF output. Complete PC card kits
$59.95. PC board only $19.95 Mass. residents add
5% sales tax. INOVONICS CORP. 9 Bartlett St
Dept. 36, Andover, MA 01810.

CABLETV
“BOXES”

Converters — Descramblers
Remote Controls — Accessories
» Guaranteed Best Prices #

+ 1 Year Warranty — C.0.D.’s «

* Immediate Shipping »

» FREE CATALOG »

Call or Write
TRANS-WORLD CABLE CO.

12062 Southwest 117th Court, Suite 126
Miami, Florida 33186

]  1-800-442-9333
VISA
)

K.D. VIDEO

FOR ALL YOUR CABLE TV NEEDS
WE SPECIALIZE IN DEALER PRICING
QTY 1 10 20

Jerroid (Type) SB-3 89.00 56.00 48.00 GRA1 —  ANTI GRAVITY GENERATOR $10.00
Jerrold (Type) Tri-Bi ~ 119.00 69.00 65.00 ws LCT— 40 WATT BURNING CUTTING LASER $2000
Scientific Atlanta SA-3  129.00 80.00 75.00 & x RUB4 — HI POWER PULSED DRILLING LASER $2000
(I-)iar;\:iln MLVD- 1 2800 99.00 59.08 2288 @ SBTCS — 1 MILLION VOLT TESLA COIL $2000
ak N-12 Vari-Sync 99.00 59.01 d & % MCP1 — HIVELOCITY COIL GUN .$15.00
Jerrold 550 Converter 99.00 75.00 68.00 T Z11S1—  LASER LIGHT SHOW 3 METHODS $2000
Jerrald 400 DRX-3DIC ¢/) EH1 —  ELECTRONIC HYPNOTISM TECHNIQUES $800
(With Built in SB-3) 169.00 109.00 100.00 = EML1 — LOWER POWERED COIL GUN LAUNCHER 3800
<, JL3—  JACOB LADOER 3MODELS $1000
1-800-327-3407 o S05—  SEE IN THE DARK $1000
Q. LEVI— LEVITATION DEVICE ~$1000

Call us for prices on large quantities =
K.D. Video PO Box 29538, Mpls., MN 55429 @ FMVIK — 3 MILE FM VOICE TRANSMITTER 83450
<< PFS1K — HAND CONTROLLED PLASMA FIRE SABER = $49.50
< NIG7K — HI FLUX NEGATIVE ION GENERATOR $3450
DAZER || personal protection device! Plans $8.00. §; Eﬁg;x_— C}sﬁgﬂAsﬁﬁﬁfﬂT'Eggt%%R LASER 23553
Dazers! Supersonics! Transmitters! Gravity! Tesla! Eg HOD1K — HOMING/TRACKING BEEPER TRANSMITTER . $44 50
Detectors! More! Catalog $2.00. QUANTUM RE- S LGUBK — 25 MW HAND-HELD VISIBLE LASERGUN . $24950
SEARCH, 17919-77 Avenue, Edmonton, Alberta 2 E BIC3K — 250000 VOLT TABLE TOP TESLA COIL $24950
T5T 281. 1062K — ION RAY GUN, project energy without wires  $12995
TKE1K — TELEKINETIC ENHANCER/ELECTRIC MAN .$7950

DESCRAMBLING, new secret manual. Build your
own descramblers for cable and subscription TV.
Instructions, schematics for SSAVI, Gated Syng,
Sinewave, (HBO, Cinemax, Showtime, UHF, adult)
$12.95, $2.00 postage. CABLETRONICS, Box
30502R, Bethesda, MD 20824.

S VWPM7K — 3 MILE AUTO TELEPHONE TRANSMITTER - $49.50

o ASSEMBLEO IN OUR LABS
L LISTI0 — INFINITY XMTR Listen in via phone iines $19950
=d IPG70— INVISIBLEPAIN FIELD BLAST WAVE GENERATOR$74 50

00 ITM10 — 100,000 VOLT INTIMIDATOR UP TO 20° $9950

CLASS A designer’s manual by engineer of Krell TAT30 — AUTOMATIC TELEPHONE RECORDING DEVICE . $24.50

reference series. SOA amplifiers, pre-amplifiers, LL1 PSP40 — PHASOR SONIC BLAST WAVE PISTOL $89.50

crossovers. Circuit-boards available. $25.00 plus % Egﬁ;g- ‘;L}-ONF’\AV(N?SIS‘I/A‘CEDFSE%(;REOFEQENRSGTL%K sgg-gg
2.00 shipping. SASE for more information. NEW =1 ee 4

$ ppnd < BLS10 — 100,00 WATT BLASTER DEFENSE WANO $8950

ENGLAND ANALOG, PO Box 38, North Sandwich,
NH 03259.

PEN transmitter: Sensitive micro FM transmitter,
housed inside standard size pen. Latest surface
mount technology. Complete kit and instruction
$42.95. MIERONIC-INT., Box 5726, Sherman
Oaks, CA 91413,

EASY DROERING PROCEQURE - TOLL FREE 1-800 221-1705
or 24 HRS ON 1-603 673-4730 or FAX IT TO 1-603-672-5406
VISA, MC, CHECK, MOIN US FUNDS. INCLUDE 10% SHIPPING. ORDERS
$100.00 & UP ONLY ADD $1000. CATALOG $1.00 OR FREE WITH ORDER.

INFORMATION UNLIMITED
PO. BOX 716, DEPT. R2, AMHERST, NH 03031

COLLIMATOR PEN
(INFRA-RED)

LASER DIODE
(INFRA-RED)

LASER DIODE
(VISIBLE-RED)

LASER DIODE
(VISIBLE-RED)

- |
UNICORN -YOUR I1.C. SOURCE!
» Output: 2.5 mW (max.) —_ . EPROMS =E——
: gggreaqithgo\}gﬁgg@fo‘z 2.0 5V STOCK#  PINS  DESCRIPTION 1-24 2599 100+
= . T 1702 24 256 x4 1us 399 379 341
. éVah\(ele?gth. ?gOnmd " 2708 24 1024x8 450ns 649 617 555
ollimation: .18mrad (typ.) 2758 24 1024x8 450ns 399 379 341
» Size: 11mm diameter 2716 24 2048x8 450ns (25v) 329 313 282
2716-1 24 2048x8 350ns (25v) 379 360 3.24
STOCK# BRICE TMS2716 24 2048x8 450ns 629 598 538
27C16 24 2048x8 450ns (25v-CMOS) 399 379 341
SB1052 $39.99 2732 24 4096 x8 450ns (25v) 379 360 324
2732A-2 24 4096 x 8 200ns (21v) 379 360 324
2732A 24 4096 x8 250ns (21v) 369 351 3.16
» Output: 10 mW (max.} 2732A-4 24 4096 x 8 450ns (21v) 319 303 273
= Current: 90-150 mA TMS2532 24 4096 x 8 450ns (25v) 579 550 495
o) in | 1922258V TMS2532P 24 4096 x 8 450ns (25v-One Time Programmable) 1.99 1.89 1.70
. Vovgiggngtxpéggﬁmz &) 27¢32 24 4096 x8 450ns (25v-CMOS) 419 398 358
gti: 2764-20 28 8192x8 200ns (21v) 399 379 341
STOCK# PRICE 2764 28 8192x8 250ns (21v) 379 360 324
2764A-20 28 8192x8 200ns (12.5v) 399 379 341
SB1053 $9.99 2764A 28 8192 x8 250ns (12.5v) 329 313 282
TMS2564 28 8192x8 250ns (25v) 679 645 581
27C64 28 8192x8 250ns (21v-CMOS) 419 398 358
27128-20 28 16,384 x8 200ns (21v) 579 550 4.95
27128 28 16,384 x8 250ns (21v) 509 484 435
- Output: 5 mW (max.) 27128A 28 16.384 x8 250ns (21v) 579 550 4.95
. nt: 65- A 27C128 28 16,384 x8 250ns (21v) 579 550 4.95
- 8“"? ﬁtn65§/1|(:0 m/ 1 75.2.0V 27256-20 28 32,728 x8 200ns (12.5v) 529 503 453
perating voltage. 1. . 27256 28 32,768 x 8 250ns (12.5v) 479 455 4.09
» Wavelength: 780nm 27C256 28 32,768 x 8 250ns (12 5v-CMOS) 529 503 453
27512-20 28 65,536 x 8 200ns (12 5v) 749 7.2 641
S BRICE 27512 28 65536 x 8 250ns (12.5v) 699 664 598
LS022 $19.99 27C512 28 65,536 x 8 250ns {12.5v-CMOS) 699 664 598
27C1024 32 131,072 x 8 200ns {12.5v-CMOS) 17.99 17.09 1538
68764 24 8192x8 450ns 1399 1329 1196
68766 24 8192x8 450ns 1499 1424 1282
C—
+Output: 4 mW (max.) Vs ‘A UNICORN
. Current: 20 mA : W ELECTRONICS é
° Operating Voltage: 2.2-3.0V 10010 Canoga Ave , Unit B-8 + Chatsworth, CA 91311
* Wavelength: 665nm FTTIT)  OUTSIDE CALIFORNIA: (800) 824-3432 (Orders Only)
STOCK# PRICE p4m  IN CALIFORNIA: (818) 341-8833
ORDER BY FAX: (818) 998-7975
LS3200 $1 29.99 Minimum Order: $15.00

CIRCLE 180 ON FREE INFORMATION CARD

www americanradiohistorv com
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CABLE TV EQUIPMENT

JERROLD-OAK-SCIENTIFIC ATLANTA-HAMLIN
ZENITH MANY MORE CALL TODAY!

vV Only quality products sold v Easy touse
VSatisfaction guaranteed ¥ Knowledgeable sales staff
vV Most orders shipped within 24 hours

CALL FOR YOUR FREE CATALOG
1-800-228-7404

MAKE THE CONNECTION

W :
NU-TEK ELECTRONICS |}
5114 Balcones Wood Dr.#307 Dept.298
Austin, TX. 78759

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461-0208.

YOUR own radio station! AM, FM, TV, cable. Li-
censed/unlicensed. BROADCASTING, Box 130-
F11, Paradise, CA 95967.

INVENTORS: We submit ideas to industry._Find out
what we can do for you. 1 (800) 288-IDEA.

ANTIQUE RADIO CLASSIFIED

Free Sample!
Antique Radio's
Largest Circulation Monthly.
Articles, Ads & Classifieds. s
6-Month Trial: $13. 1-Yr: $24 ($36-1st Class)
A.R.C., P.O. Box 802-L6, Catlisle, MA 01741

LET the government finance your small business.
Grants/loans to $500.000. Free recorded message:
(707) 449-8600. (KS1).

MICROWAVE oven testing earns ready money.
complete business plan including instruction, bro-
chures, fliers, and more $6.50. Microwave leakage

TUBES - 2000 TYPES
DISCOUNT PRICES!
Early, hard-to-find, and modern tubes.
Also transformers, capacitors and
parts for tube equipment. Send $2.00

for 28 page wholesale catalog

ANTIQUE ELECTRONIC SUPPLY
688 W. First St.s Tempe, AZ 85281+602/894-9503

meter $19.50. SE JUDGE INDUSTRIES, 3035
Radford Drive, Indianapolis, IN 46226.

SATELLITE TV

VIDEOCIPHER # manuals. Volume 1 — Hardware,
Volume 2 — Software — either $34.95. Volume 3 -

Projects/Software, Volume 5 — Documentation or
Volume 6 — Experimentation $44.95 each. Volume

LEARN to clean/repair fax machines. Huge new
market! Earn $85/hour. No experience necessary.
Free details call 1 (800) 537-0589 or write to: VIEJO
PUBLICATIONS, 5329 Fountain Ave. #310, Dept.
FX200, LA, CA 90029.

LIFE is worth saving. Innovative new automotive
device causes brake lights to flash rapidly only in the
event of very quick stop, warning cars behind you
and reducing the risk of rear end collisions. Simple 3
wire Installation. Plans only $9.95. NEW SOLU-
TIONS, Box 321, Dept. R1, Omaha, NE 68010.

MAKE $75,000 to $250,000 yearly or more fixing
IBM color monitors (and most brands). No invest-
ment. Start doing it from your home. (A telephone
required) Information, USA, Canada $1.00 cash.
US funds. other countries $8.00 RANDALL DIS-
PLAY, Box 2168-R, Van Nuys, CA 91404 USA.

BUSINESS OPPORTUNITIES

EASY work! Excellent pay! Assemble products at
home. Call for information. (504) 641-8003 Ext.
5192.

PROJECTION TV... Make $3$'s assembling proj-
ectors. Easy!... Results comparable to $2,500 proj-
ectors... Plans, 8 lens & dealers information
$25.50... Professional systems available... Iflus-
trated catalog free. MACROCOMA, 15GCX Main
Street, Washington Crossing, PA 18977... Credit-
card orders 24Hrs. (215) 736-2880.

4 - Repair $99.95. Volume 7 - 032/Hacking $54.95.
Cable Hacker’s Bible - $34.95. Clone Hacker’s
Bible — $34.95. Catalog — $3.00. COD’s (602)
782-2316. TELECODE, PO Box 6426-3E, Yuma,
AZ 85366-6426.

SATELLITE monthly audio codes 1 (900) HOT-
SHOT intended for testing only $3.50 per call.

SCRAMBLING NEWS

Feature article this month "So You Want to Seil Descramblers. Insider report
includes true wholesale sources. ins-and-outs, profitability ete. Subscription
$19.95/yr The Pay TV and Satelite Descrambling series has turn-ans, by-
passes. and build-your-own projects for most systems. Vo ume | sthe ba:

sics). 1989 and 1990 Editions. $14 95 each Wireless Cable Jescrembling
$9.95. Build Satellite Systems Under $600 $12 95 Any 3/$23 or 5/342. Al
new catalog $1 or call
Scrambling News, 1552 Hertel Ave., #133,
Buffalo, NY, 14216. CO0's are OK. (716) 872-2088

10" POLY WOOFER

12" CAST FRAME

Parts Medium
Express g WOOFER =
International Inc '—\ RMS, 80W N
\ ¥ max. 14 oz.
| magnet
-~ _ 4 . Response: ’
! 25-2.5KHz.
2-1/2" SANYO TWEETER | { fs=28Hz. L
Paper cone with gold tone ! | *
dust cap. 8 oz. magnet. % #RM-290-096 $185° $16°%°
8 ohm. 1/2" terro tiuid / ‘ (4up) "
voice coil. Power |
handiing: 50W RMS, y . TITANIUM COMPOSITE
70W max. Frequency re- ‘ TWEETER _\ v
sponse. 3K-20KHz. S —
The advantages of ’
| #RM-271-020 $1% $17° 95¢ g both hard and soft e 12" woofer made in the USA by Eninence.
L 19) (10591 (60-up} e dome technologies. Paper cone and dust cap with trea‘ed cloth

SUPER HORN TWEETER

Criginal piezo tweeter

Dual voice coil. 40 oz. magnet. 6 ohm
imp. 100W RMS. 140W max. Response:
20-1.2KHz. Resonant frequency. 21Hz.

8 ohm. Ferro fluid
cooled voice coil.
SPL=90 dB 1W/1M

surround. 80 oz. magnet. 2-1/2" vented
voice coil 8 ohm. 170W RMS, 2E5W max
40-4.5KHz response

made by Motorola SPL=93 dB 1W/1M 50W RMS. 70W

SPL-94 dB 2.83V/1M. - max 4" round. #RM-290-147 $72%  $695°

EgeineCe AP #RM-290-190 g54% gageo LoYox ) @

27KHz. Handles ap- - - A $ ol #DTW100T125

proximately 50 watts. - L )

#RM-270-010 $5% $450 $39 SUBWOOFER XOVER #RM-270-047 $2750 $2400

1-9 (10-79)  (80-up) . 1 0-up)
-~
2" DOME MIDRANGE ' SPEAKER BUILDING
-
F | .

Textile dome i k,./ BOOK

midrange made by S Revised edition
9] Philips. 8 ohm. ‘i ‘\ of David Weems'
O | SPL-90 dB 1W/1M % best selling book
=z 30W AMS, 40W | 200W RMS crossover designed Learn to build low
O ey Resbonse .Y specifically for use with dual voice coil sub  cost speakers
o 550-5KHz. woofers. 12 dB per octave roll-off at that rival the high
(l—) | 150Hz. priced models
H #RM-280-210 $27%°  $25™ #RM-260-220 $28%° $24% #RM-500-021 $16%
o ) 13 (4-up} B
o Epa"‘s « 15 day money back guarantee - $15.00 minimum order + We accept
= Xpress Mastercard. Visa, D . and C O.D. orders. - 24 hour shipping *
5 [E57Ess S Srn s dn s . CALL TOLL FREE

3 i Hours 8:30 am- 7:00 ST, Monday - Friday - Mail order cust

o Egg;' 1F|;s1!3$;22[)8¥t7o; Ohio 45402 ersL,”:Ieasea(:rgkl for s%rrrg‘zpmg esgm;g on”o?gers ea;cgred?:\gu.‘) %: 1

FAX: 513.022.4644 Foreign customers please send $5.00 U.S. funds for catalog postage. -800-338'0531 CATALOG
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FREE catalog — Lowest prices worldwide, save 40
— 60%. Systems, upgrades, parts, all major brands
factory fresh and warrantied. SKYVISION, 2009
Collegeway, Fergus Falls, MN 56537. 1 (800)
334-6455.

CABLE TV secrets — the outlaw publication the
cable companies tried to ban. HBO, Movie Channel,
Showtime, descramblers, converlers, etc. Sup~
pliers list included. $9.95. CABLE FACTS, Box 711-
R, Pataskala, OH 43602.

VIDEOCYPHER i descrambling manual. Sche-
matics, video and audio. Explains DES, EPROM,
CloneMaster, 3Musketeer, Pay-per-view (HBO Cin:
emax, Showtime, adult, etc.) $16.95, $2.00 postage.
Collection of software to copy and alter EPROM
codes, $25.00. CABLETRONICS, Box 30502R,
Bethesda, MD 20824.

CABLE DESCR-A = =.
OAK M358 COMBO $39.8

Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer
& MORE! OUR PRICES ARE BELOW WHOLESALE!

CABLEH+PLUS
14417 Chase St. #481-A Panorama City, CA 91402
1-800-822-9955 » Other Info. 1-818-785-4500
NO CALIF. SALES — DEALERS WANTED

EDUCATION & INSTRUCTION

MAGIC! Four illustrated lessons plus inside infor-
mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
You get a binder 10 keep the materials in, and a one-
year membership in the International Performing
Magicians with a plastic membership card that has
your name gold-embossed. You get a one-year sub-
scription to our quarterly newsletter “IT's MAGIC!"
Order now! $29.95 for each course + $3.50 postage
and handling. {(New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500-B BiCounty Boulevard, Farmingdale, NY
11735.

CABLE TV

DESCRAMBLER LIQUIDATION!

¢ Major Makes & Models!
e Will match or beat anyone’s prices!
¢ Dealer discounts at 5 units!

e Examples:
HAMLIN COMBOS . $44 ea. (Min. 5)
OAK ADD/ON ... .. $40 ea. (Min. 5)
OAK M358 ... .. .. $60 ea. (Min. 5)

CABLE TV
DESCRAMBLERS

WEST COAST ELECTRONICS
For Information: 818-709-1758

Catalogs & Orders: 800-628-9656

F.C.C. Commercial General Radiotelephone
license. Electronics home study. Fast, inexpensive!
"Free"” details. COMMAND, D-176, Box 2824, San
Francisco, CA 94126.

LEARN IBM PC assembly language. 80 pro-
grams. Disk $5.00. Book $18.00. ZIPFAST, Box
12238, Lexington, KY 40581-2238.

WANTED

INVENTORS! Confused? Need help? Call IMPAC
for free information package. In US and Canada: 1
(800) 225-5800.

INVENTIONS/new products/ideas wanted: call
TLCl for free information 1 (800) 468-7200 24 hours
day — USAsCanada.

HEWLETT Packard G-382A variable attenuators.
Any condition K6GOX, Box 10, O'Neals, CA 93645.
(209) 868-3548 collect.

i o 10 Lot w
JERROLD™ Tri-Bi Mode. 10500 38500 &) ¢
JERROLD™SB-30R2 $89.00 36500 O o = W
Hamlin MLD-1200...... $9995 s6200 =z & T Z
Ok N-12Z WV S.. $9095 se200 O « & N
Oak-M-35BW/VS.... $99.00 $7800 (C T O <X
OAK E-13.... $9995 $s800 | 5 W G
Zenith SSAV $18500 $14500 O = N <
Eagle PD-3.. $12000 $85.00 LLJ <E =
Scientific Atanta.. $12095 sws00 ; = L D
SA-Combo CALL  scal g WT
Tocom....... 335000 s20500 Q 2 =
Ozk N-12 W/ Auto...... $14000 S10s00 5 ==z

Jerrold Starcom CSV....  $139.95

*NEW STARGATL 2000

1-$89.00 10-$69.00 100-Call

Last channel recall-Favorite channel select-

75 channel-Channel scan-Manual fine tune-

One year warranty-surge protection-HRC & Stand-
ard switchable- and muchmore.  Call Today!

CABLE CONVERTER _

INFORMATION(402)554-0417
Orders Call Toll Free
1-800-624-1150

M.D. ELECTRONICS
643 NORTH 98TH ST.

SUITE 133 e
OMAHA, NE, 68114

o0
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MARK V ELECTRONICS, INC.

Competitive Pricing = Fast Shipping

ORDER IN CALIFORNIA 800-521-MARK
ORDER OUTSIDE CA 800-423-3483

FREE CATALOG & INFORMATION (213)888-8988
FAX (213) 888-6868

We accept major Credn Caros, tMoney Oroers. Check ana C,0.D. Orders. C O.D. 'ee s $8.00. Minimum oroer is $20.00. - We ship by UPS ground inssde US (mmn. $3.001 and s
ouls de US Piease cai our sal ES depanment for orders over 2 Ibs. or foreign orders. « All assembied units have a 30 days warranty .«
- All merchandise are subject 10 prior sale. Prices are subject 1o change without pror notice. We are not responsible far typogranical errors

MARK V ELECTRONICS INC. — 8019 E. Slauson Ave, Montebello, CA 90640 m=x -] [l

of CA piease aoe saies ax 6

A indicates the level of difficulty in the assembling of our Products. A Begmner A A Intermediate AAA Advanced * Fully Assembled
N, Ampiitier [ TA-3600 | TA-477 TA-802 TA-1000A CAAAA SM-328 $139.00
J'r;d\%\ 7 I I < Speclal‘y\‘ SM-333 $ 70.00
f%" et Metal Cabinet| LG-1925 LG-1925 LG-1924 LG-1924 m\\‘{ TA-2500 § 68.80
2 O g | TA-2400A $ 96.00
A% _Transtormer | #007 | #003 #001 #001 TA-802
Kit Set $13860 | $11520 | § 9175 [ $104.12 | Transformer
Assmb. Set | $160.20 | $ 130.50 $104.15 | §$122.92 & o
Due 1o this special offer & low price. we can only exchange or repair any of these units ﬂ ﬂi . Iy
(TA-3600. TA-477. TA-802 & TA-1000A) within 15 days of your receipt . - e
The above prices are for the complete sets. For separate unit price. piease see below. Metal Cabinet d # TA-1000A b
AMPLIFIERS “KIT __ASSMB PRy N =
MODEL DESCRIPTION i -
TA-28MK2  Digital Voice Memo AA. .$ 30.00 I g
Tﬁgoe@ Multi-Purpose Melody Generator A. 1284 $ ‘;?0 MODEL DESCR'F-HONMISCEL ANEOUS KTV ASSMB,
TA-50 Multi- Purpose Melody Generator &. 13865 18.71 g .
TA-120MK2 35W Class "A” Main Power Mono Amp AA. 28.50 3980 1yoa %21%“[&3:&%%&3"&%?Qéi‘é'r‘e.’““ : SRRt ?8'8%
TA-300 30W Mulli-Purpose Single Channel Amp & 20.00 2900  1y.as FM Wireless Microphone 4 ' 10.22 '
TA-302 60W Stereo Power Booster (w/case) A& 7000 1y.3p AC/DC Quartz Digital Clock A. 19'00
TA-323A  30Wx2 Stereo Pre-main Amp & 29,50 3835 Ty3s Sound Toush Comtral Switch & ‘298 2620
TA-377A Hi-Quality FET Stereo Pre-Amp AA A 59.95 7500 TY-41MKV Infared Remote Control Unit w/case AAA 20.00 35.00
TA-400 40W Solid State Mono Amp A. 28.00 3493 1y.42 Bar/Dot Level Meter A4 2415
TA-477 120W Mostet Power Mono Amp AA 68.00 85.00 Ty.43 31, Digital Panel Meter & 2900 38.00
TA-800 BOWSSOWIDE e MainIZlRonerAmplaTa 6092 7920 Tv.45 20 Steps Bar/Dot Audio Level Display A 4. 38.45  46.14
TA-802 80W+80W DC Stereo Main Power Amp A A 45 94 59.72  yy.47 Superior Electronic Rouletie A A 19.46 2724
2582040  JeOW.is0WOGEIDG IRre\ManStereofimplad) 40.39 4937 swm.p22 7 Band HI-FI Graphic Equalizer AA A. 2680  38.80
iﬁ}gggA }88W lgynfimlc”g!lalg% 2 Main Power Mono Amp A4 59.69 8058 spm.308 4 Channel Protessional Color Light Controller*. 139.00
i Wx2 Class "A’ DC Stereo Pre-Main Amp A4 4 7310 9581 5Mm.333 AudioVideo Surround Sound Processor A A& % 6200 7000
0N el e A A 20 5824 SM-666 Dynamic Noise Reduction 4. 2600 3400
- lectronic Echo & Reverberation Amp AAA* 96 00 E
TA-2500 HQ Pre-Amp. w/10 band graphic equalizer % 68.80 METAL CABINETS WI’I‘H ALUMINUM PANEL
TA-2800 HI-FET IC Pre-Amp. w/3 way tone control AA. 48.90 6357 MODEL H" x W' x D" MATCHING PRICE
TA-3000 Stereo Simulator (mono TV / any mono source) AA. 27.00 3850 LG-1273 3 12" 7" TA-2800,TA-377A, TA-2200 $ 22.16
TA-3600 300W HQ Hi-Fi Power Mono Amp AAA. 79.00 10300 LG-1684 4" 16 8" TA-323A,. TA-377A. TA-2200 26.64
S LG-1924 4° 19" 11Y TA-802. TA-820A. TA-1500. TA-120MK 2. TA-800. TA-1000A 32.00
TR.100A VoA POWER SUPPLIES KIT ASsMB, LG-1925 5" 19" 110 TA-477. TA-800, TA-1500, TA-1000A, TA-3600 35.00
0 015V 24 Regulaied DGRower Supply w/case) A A & (G-1963 2% 19" 8" TA-377A. TA-2800, TA-2200, TA-120MK 2 2850
TR-355A 0O-15V 5A Regulated DC Power Supply A. z 2 = 4 =
TR-3558 0O-30V 3A Regulated DC Power Supply & b POWER TRANSFORMERS
TR-503 0-50v 3A Regulated DC Power Supply AA. .. 15.75 2265 oD DESCRIPTION MATCHING PRICE
INSTRUMENTS ) KIT ASSMB. 56VCT, 60VCT 6A  TA-800, TA-802, TA-820A, TA-1000A, TA-1500 ... .$ 26.00
SM-43 3%: Multi-Functional Led D.P M. (w/ABS plastic case) A & $ 3450 i 72VCT 3A TR-503, TA-323A, TA-400, TA-300 21.00
SM-48 42 Hi-Precision D.P M. AAA. 38.0 80VCT 6A TA-477 27.00
SM-48A 4!/ Hi-Prescision D.P M. (w/ABS plastic case) AA A 48VCT 6A TA-120 MK 2 21.00
SM-49 3% Multi-Functional LCD D.P.M (w/hold function) A A, 52VCT 3A TR-3558 15.00
SM-100 150 MC Digital Frequency Counter AAA. 36VCT 5A TR-355A . 14.50
FC-1000A 1 GHz Frequency Counter *. 112VCT BA TA-3600. 42 00
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uality or Volume discount available upon request

40 by US ma Busvess & Showroom hours (Pacific Time}
+Resioents Mon. thru Fri.  9:30 am to 5:00 pm
Sat. 10:00 am to 5:00 pm

0661 H3GN3IAON

[=]
g



CONSOLIDATED
ULV LY

b e

"

THE ULTIMATE

ELECTRONICS
CATALOG

Order your 260 page catalog and price list with over
14,000 money saving electronic parts and equipment!

Send $3.00 in a check or money order, or call
1-800-543-3568 today and use your Mastercard or Visa.
Consolidated Electronics, Incorporated

705 Watervliet Ave., Dayton, Ohio 45420-2599

Name
Address
City. State Zip,

CIRCLE 70 ON FREE INFORMATION CARD

JCI 10 MHz 8088 System . ..$ 399.00
® 10 MHz Motherboard w/ 640KB RAM

Math Co-Processor Socket

One 5.25% 360 KB Floppy & Controller

101-Key Enhanced Keyboard

150 Watt Power Supply & Case

MonoGraphics Card w/ Parallel Port

12° Amber Monochrome Monitor

JCI Standard Configuration:

1 MB RAM on board 0 Wait State
Built-In Real Time Clock & Calendar
Math Co-Processor Socket

One 1.2 MB or 1.44 MB Floppy Drive
1:1 Hard / Floppy Disk Controller

2 Serial, 1 Parallel, and 1 Game Port
101-Key Enhanced Keyboard

Deluxe Case w/ 200 Watt Power Supply
MonoGraphics Card w/ Parallel Port
12" Amber Monochrome Monitor

*® &6 00 00 000

JCI 12 MHz 80286 System .......... $ 649.00
JCI 16 MHz 386SX System.......... $ 869.00
JCI 20 MHz 80386 System........$ 1149.00
JCI 25 MHz 386 32K Cache....... $ 1495.00
JCI 33 MHz 386 32K Cache....... $ 1850.00

Please Call For Custorn Configurations

CABLE T.V. CONVERTERS
WHY PAY A HIGH MONTHLY FEE?

All Jerroid, Oak, Hamlin, Zenith, Scientific
Atlanta, Magnavox and all specialized cable
equipment available for shipment within 24
hours. For fast service MC/VISA or C.O.D.
telephone orders accepted (800) 648-3030
60 Day Guarantee (Quantity Discounts)
8 AM. to 5 PM. C.S.T. CLOSED WEEK-
ENDS. Send self-addressed Stamped enve-
lope {60¢ postage) for Catalog.

PO. Box 5000
MIDWesT Suite 311 (R)
€L€<TR°m(3 INC: Carpentersville, iL 60110

No lllinois Orders Accepted. |

INVENTORS

INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA-
TION for free information. Over a decade of service
1 (800) 338-5656. In Massachusetts or Canada call
(413) 568-3753.

For under $5OO

No installation

VIDEO

g\\";o‘& fos: g'cl;fg ivr;rggd turn on.
SE

Video Magic

151A Verdi Street

sY STEM
Farmingdale, NY 11735

CABLE BOX REPAIR

JERROLD 400 opportunity CATV repair manual..
DRX-3DIC-105 cable converter. CAD drawings.. cir-
cuit schematics, microprocessor pinout... parts list,
parts available $14.95 + $2.00 P&H.. rush US PO
money order, cash or check to .. BONDED CABLE
T.V. CO. *** Ph. (313) 548-0050.. PO Box 20340
Dept. RM * fax (313) 548-0053.. Ferndale, MI
48220-9998 U.S.A. *** no COD...

ZENITHS & TOCOMS

SUPER Zenith (Z-TAC) converters (flash-
ing)...$169.00. Zenith “turn-on” module...$49.00.
Tocom 5504’s...$139.00. Tocom (add-on) de-
scramblers...$69.00. Tocom (5503-VIP & 5507)
“turn-on” chips...$49.00. CINEPLEX VIDEO
GROUP. 1 (800) 726-4627.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

THIS A REGULAR TYPE'BOLDFAC_E AD with a
tint screen. To have your ad appear like this one,
the cost is $4.15 per word.

= ATAL(
0 0 »
BUU-b4d 43¢
0 0 atio 0 62-9 &
RROLD 0 DA
AB
» - ¥, - -
-
ompaéa 0 0 0 ~Hela
aranteed P & a
Ord ppeda dia

One Year Parts & Labor Warranty
30 Day Satisfaction Guarantee
Shipping & Handling Extra
VISA & M/C add 3% Amex add 4%

JINCO COMPUTERS INC.

5122 Walnut Grove Avenue
San Gabriel, CA91776

Tel: (818) 309-1108 - Fax: (818) 309-1107

RADIO-ELECTRONICS

Cable TV
Descramblers

If you find a better deal,
we'll better our deal. -
*Jerrold *Tocom *Hamiin *Oak
*Sclentific Atlanta *Zenith
Ask about our extended warranty
program.
COD, Visa, M/C welcome.
Free Call - Free Catalog.

Video Tech 800-562-6884

3702 S. Virginia St., Ste. 160-304
Reno, NV 89502,

0
(
'
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BUY BONDS
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Support America’s
colleges. Because college is
more than a place where
young people are preparmg
for their future. It’s where
America—and American
business —is preparing
for its future.

Give to
the college of
your choice.

M
¢ A Py Service of Thes Puphcamon
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QUALITY PARTS - DISCOUNT PRICES - FAST SHIPPING

This white box with

a blue button will

drive you crazy.

Box measures 3 1/4*

square X 2" high. When

the button is pressed 4 LEDs light and a beep-
of pulses. Every 15 seconds one led goes out
and the speed of the beeping increases. At
the end of 60 seconds the unit gives off a long
beep followed by a low squelch, ail LEDs shut

150 microamp full scale.

2.165" X 1.875" X

0.96" deep

Face is 1.965" X 1.1".

White background with i
black and red scale. LI
Two types. One is marked “Modulation* and
has a 0 - 100 scale. The other has two
scales, "RF" and "SWR*. Otherwise meter

Soho# GBL 35-DH-21080-10Y
Powertul little

gearhead motor.

40 RPM @ 12 Vdc.

Digital clock and appliance
timer removed from autornatic
electric coffee makers due
to design changes. Operates
on 120 Vac and is capable 0.5 amps (no load).

. » 32 RPM with load.
of turning on appliances ’
drawing up to 10 amps. o ) Operates at lower voltages with reduced speed

and torque. 6.3 pound inches torque. Stall: 27
pound inches. 3.1" long X 1.375" diameter.

Because of the application they were deslgnad

(Sogrl::%aa:;osTraf:‘(:,llg;L:Tr‘ri\sﬁf;sa.fzeT;IV;Ozl’.lgg.fsx Shaft: 0.187" dia. X 0.75" long. are identical. off ar?d the unit slops.‘ Unfit requires a 9 voit
11 Goop, Bolgo or ivory with brown trim. CAT# MOTG-14 $11.50 each “Modulation” meter CAT# MET-21 $3.50 | transistor battery (not included) to operate.

CAT#MCT  $6.50 each 10 for $100.00 RF/SWR meter ~ CAT# MET-22 $3.50 | CAT # TMR-1 $2.25 each » 10 for $20.00

G 3t - = STANDARD JUMBO Two LED'sflashin
M.H. Rhodes, Inc.Mark-Time# 90007 DrEOSEORTIRaAleizelizman | | UneRlwhenaglueh

Timer fits standard RED CAT# LED-1 battery is attached.

E @ 3" deep wallbox. Rated 10 for $1.50 - 100 for $13.00 | This kitincludes a

20 amps @ 125 Vac. Turn p.c. board, alt the parts
o GREEN CAT# LED-2 [ and instructions to make a simple flasher

SPDT PUSHBUTTON

Mamuardt# 1843
Rated 6 amps @ 125250 Vac
Black plastic pushbutton.

Switch body: 92" X .94 X .65".

CAT#PB-18 $1.65ea. + 10 for $15.00 AAA SIZE  $1.50 each bﬁ(:c?:;:sd::;xat:eselge 10 for $2.00 100 for $17.00 | circyit. A quick and easy project for any-
PUSHBUTTON SWITCH s 1.2 volts 180 mAh wallplate, and knob, UL YELLOW CAT#LED-3 | one with basic soldering skills.
GO/Thofnsent 35-420 ? CAT# NCB-AAA A YA TR 10 lor $2.00 100 for $17.00 | CAT# LEDKIT $1.75 por kit
S.P.S.T. normally open momentary AA SIZE $2.00 each $5.75 each » 10 for $50.00 — -
pushbution switch. Red plastic 1.25 volts 500 mAh $ [y wﬁhﬁ,ﬁgm?ﬂfo ED.CHASERKIT ..
actuator 0.57f' diameter. Chrome ) CAT#NCB-AA 5 voltoperation. T 1-3/4 (5mm) [° Bold ey I'abl -
bezel 0.68" diameter. Threaded bushing AA SIZE  $2.20 each RED $1.00 each J I;d ah' O
mounts in 50" diameter hole. Rated WITH SOLDER TABS CAT#LED-4 10for $0.50 24 spee chaser FRERRE PRY Qﬂ\
3 amp @ 250Vac. Solder loop terminals. CAT#NCB-SAA N erex . 10 leds flash ——
e CSIZE 5$4.25 each e AT e e Uk '\\)“ -
B ubicon otoflash capacitor. - . Wi ever spee

THUMBWHEEL SWITCH 1.2 volts 1200 mAh 079" dia. X 1p.1' high. Thege are =12 |veLcow 100 each you set them for.
1 pole 10 position 2 [\ CAT# NCB-C new capacitors that have been | | CAT#LED-4Y 10 for $9.50 Easy to build kit includes pc board, parts
decimaliancoded L DSIZE $4.50 sach prepped with 1.4* black and fed ' and instructions. Ideal for special lighting
switches which T N\ 1.2 volts 1200 mAh wire leads soldered to the terminals. . LED HOLDER 3} effects, costumes, etc. Operates on 3 to 9
L":’ d:sf‘r‘e‘: r:';*::“;' v CAT# NCB-D CAT# PPC-210 $2.50 sach olpiocelnclders & | voks PCboardis 5* X 2.25" A great one

10 for $22.50 + 100 for $200 00
Large quantities available. Call for pricing.

CAT# HLED 10 for 65¢

or digits. Terminates to 11 pc pins (1 com- hour project CAT# AEC $6.50 each

mon and 10 poles). Each section measures
31" wide X .20" hugh X .78" deep. End plates

can be added to form a .94 high bezel. " ; S STEPPER MOTOR 100 ohms bright light
CATS SWTH-8 $1.25 each 1" long flashtube with 3 1/2" red 16K ohms dark.
10 for $10.00 and black leads. Ideal for elec- | Airpax P/N C82711-M1 0.182" dia. X .08°high. 0.18" long | Learn about
2 END PLATES - CAT# SW-9EC $1.00/Set | 7OMiC flash or strobe projects. | 17 Vde dual coll, leads. CAT# PRE-7 24r $1.00 | stepping Py
CAT# FLT-3 2 for $1 .00 permanent magnet stepper. 100 for $45 00 - 1000 for $400.00 4 1.0 Uhite [y @‘é““
MINIARLLi?E J&g%&s’n’”c“ ETA 23.25 ohm coil. 7.5 degrees per step. - building this
. . CAT# SMT-6 $6.00 each - 10 for $50.00 simple circuit
raiTs ON-ON) soider bgs 6 VOLT D C.-S.P.D.T. v Inr(‘:Iﬁdes circuit board, motor and all
CAT# MTS-4 $1.35 each Aromat # RSD-8V ﬁ :(:‘;:i:rd ::;slhapfsldh [j\; pants except 12 Vdc éower supply
optical switc o
S.P.S.T. (ON-ON) P.C. mount S | Soper smal '°gY' High quality molded ABS : with 1/8° gap between CAT# SMKIT_$18.00 oach
CAT# MTS-4PC $1.00 each ORI, P possi. | instrument enclosures. - 5 |sides. 0.75 mounting centers. I
ble. Operates on 4.3 to 14 Vdc, || Integrated PC board S~ AT N
Coil: 220 ohms, 1 3/16” X 13732 | $1andoffs and two sets REFLECTIVE OPTO SENSORS
X 7116". CAT# RSD-6V of vertical mounting slots for . . §
$1.50 each « 10 for $13.50 § {ront and rear sub panels. All enclosures are These units have an IR emitter
ALL PLUG DIRECTLY 6" wide X 6 1/4" deep. Choice of three hts. G pridi P“GP":;“’:“SI Co ".‘:
INTO 120 VAC 12VOLT D.C. Includes non-skid rubber feet and hardware. :’::c“mo"z%i“?(o )
OQUTLET D.P.D.T. Availabie in beige, ivory, black, and blue. 8
6 Vac @ 600 ma. CAT#ACTX-660 $3.50 DIP RELAY Panelht  CAT# by “‘ns.mhsnecw’ ranggla;prox,
8.3Vdc @ 10 ma. CAT# DCTX-8310 $1.50 | Miniature relay 21/4" CATHMB-A $7.50 sach 10 for $65.00 CISEY. veeltypozlavailable: Used '°’vt>8€k|'9h“n9 control panels or as
12 Vdec @ 500 ma. CAT# DCTX-125 54 50 fits standard 16 pin (dip) sockets | 2 /8" CAT#MB-B $7.75each 10for $67.50 | TRW/ Optron dacorau\{e of emergency pnme lighting
- or will directly mount to p.c. 3 CAT#MB-C $8.00 sach 10 for $70 00 # OPB5447-2 = source. Thin, tough and flexibie, they oper-
boards. Gl Clare# LM44D0O - Piease spscitv color Rectangular ([ . ate on low cu"enerC vongge, TBZP'QI\C
280 ohm » 30 va switching. 3 I vE O 3 s ey g AW 28° wire leads lerred power source is a miniature to
CAT#CRLY-12 $2.50 egach RG-11/U 750““"'060 ABLE CAT# OSR-4 2 for $1.00 inverter. These have a bt of an odd shape.

The stnps are 2.15" wide X 5.88" long and

ACDC Electronics ;/? . TAW/Optonll  are 0.035" thick. The liminescent area is

# 12N5 or equiv.
Input: 100-240 Vac
(wired for 115 Vac)

24 VOLT D.C. COIL
KUP style 3
11 pin base

can be socketed,

100 ft. or 200 ft. rolls
of RG 11/U terminated
to heavy duty F connectors

# OPB703A | 53" long X 1.72" wide and has one corner
Wedge shape | oyt off, lsaving a usetul area of fairly good
with PCpins. I /0 0rions. We are selling the strips and in-

Output: 12 Vde direct soldered or quick Includes 75 ohm terminator o Ci]]: CAT#I05Rea 7S¢ eacty verters as a package. Inverter operates on
@ 5 amps. connect terminals can be used. | and F-81 splicer on one end. TRW/ Optron¥ OPB711 & Vdc Glow strip, inverter and hook-up
Open frame power supply. 138" x11/2°x 2*. 3PD.T.» New cables manufaciured for IBM PC net- Rectanguar diagram CAT#GS-500 $5.00 per set
7" X 4 3/4" X 3" high. Regulaled 5 amp contacts 470 ohm gz'g;%”:”’“ ‘?002)9'?8{3%":‘25&0"5 with PC pins. EXTRA INVERTERS

CAT# PS-125 $37.50 each CAT# RLY-3524  $2.25 each - g CAT# OSR-2  75¢ each Input: 6 Vdc  Output: 225 Vac

CAT#RG-11-2 200 ft. roli $27.50

CATHINV-1 3200 each

FAX (818) 781-2653 - INFORMATION (818) 904-0524

0661 H3dW3IAON

i Minimum Order $10.00 « All Orders Can Be Charged To Visa, Mastercard
Call Or Write For Our Or Discovercard « California, Add Sales Tax « Shipping And Handling $3.50
Free 60 Page Catalog For the 48 Continental United States - All Others Including Alaska, Hawaii,
Outside the U.S.A. send $2.00 P.R. And Canada Must Pay Full Shipping + Quantities Limited « No C.O.D. (@‘
postage for a catalog. Prices Subject to change without notice. A\
MAIL ORDERS TO: ALL ELECTRONICS CORP - P.O. BOX 567 - VAN NUYS, CA 91408
CIRCLE 107 ON FREE INFORMATION CARD 103
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AMECO 24 Hour Order Hotline (415) 592-8097

ELECTRONIC COMPONENTS QUALITY PRODUCTS + COMPETITIVE PRICING - PROMPT DELIVERY
COMPUTER PRODUCTS

-

 Intel Math Coprocessors ‘ PROTOTYPING PRODUCTS Prototype

Jameco Solderless Breadboards
8088 or 8086 Systems : : R
8087 SMHz = $89.95 Design Stations
8087-2 8MHz $129.95
8087-1 10MHz $169.95
80286 Systems

80287 6MHz $139.95
80287-8 8MHz $209.95 |

Features: + Removable solderiess breadboard
|« Variable and fixed DC power supply * Multi-
frequency signal generator « Analog multimeter
| - 8 bicolor LEDs (red & green) ¢ 8 logic switches

80287-10 10MHz  $239.95 e © JE23 - Logic probe -« Lighted power switch « Fuse

Part Dim. Contact Binding overload protected « Pulse Generator « Binary
80387-12038166;\:_{5;"155349 - No. L"xW"  Points Posts Price coded decimal (BCD) to 7-segment decoder/driver

80387-20 20MHz $399.95 | JE21 3252125 400 - DB25 connector « Frequency counter (1Hz to

O 1MHz) « Sturdy ruggedized case

0

80387-25 25MHz  $499.95 | JE23  65x2.125 80 0 3695
80387-33 33MHz  $649.95 JE24  65x3125 1.360 2 $12.95 |

JE25 6.5x425 1,660 3 $17.95

JE26  £875x5.75 2,390 4 $2295 | WMZ2.... e eee s $299.95

Memory Modules ‘ JE27  725x75 3220 4 $32.95
SIPPs . . . .

A1256A0A-B0  80ns, 256K $32.95 Oscilloscope Probes Soldering and Desoldering Stations

« Attenuation:

41256A9A-10 100ns, 256Kx9  $29.95 60 Watt Analog Display Soldering Station - Electronic temperature

x1/x10 .
control from 200° to 878°F + Cartridge heating element for a longer
421000A9A-70 70ns, 1 Megx9  $104.95 - Capacitance: lfa of the soldering tip 9 9 9
421000A9A-80 80ns, 1 Megx9  $99.95 | 180pF / 22pF XY1683 $69.95
421000A9A-10 100ns 1Megxd $89.95 | - Bandwidth: 3 | '
q 3MHz/40MHz W 4 60 Wart Analog Display Soldering Station - Electronic temperature
200050 80ns, 4 Megxd  $449.95 |+ Length: 60" ; control from 200° to 878°F - Ceramic heating element for a steady
SIMMs | temperature and long life
ki
412560980 80ns 25609 $3295 | 180 OMMzOsclloscope o XY 2660 .uvrrunnnnns R e i $89.95

41256A9B-10  100ns, 256Kx9  $29.95
421000A8B-10 100ns, 1 Megx8 $79.95
421000A9B-70 70ns. t Megx9 $109.95
421000A9B-80 80ns. 1 Megx9  $99.95
421000A9B-10 100ns, 1 Megx9  $89.95
94000S-80 80ns, 4 Megx9  $449.95

| 60 Watt Digitat Display Soldering Station - Electronic temperature
control from 200° to 878°F - Temperature displayed on easy to
read 560"H 3-digit LED readout - Nichrome heating element

| 30 Watt Electronic Temperature Controlled Desoldering Station
- Electronic temperature control from 212° to 842°F - Self-contained
high rotary vacuum pump

| XY999
NEC V20 & V30 Chips | ‘ XY999 ..o TR0, OB $299.95

UPD70108-5 5MHz v20Chip  $5.25 |

VIS Rt V(G A.R.T. EPROM Programmer UVP EPROM Eraser

UPD70108-10 10MRz, V20 Chip $10.95

UPDTOME8 BMH VAOCHip  S795 | aioc 6 rectanquiar display s vl
UPD70116-10 10MHz. V30 Chip $12.95 | . High sensitivity. 1 mV/div 1 .
| GS7020  Osciloscopes.sessesersares $499.95 ‘ .

Dynamic RAMs ‘ !

TMS4416-12  120ms, 16Kxé $2.49 = Programs ali current EPROMSs in the 2716 to  + Erases all EPROM's « Erases 1 chip in 15

! ‘ Metex Digital Multlmeters | 27512 range plus the X2864 EEPROM minutes and 8 chips in 21 min. « UV inten-
[USEISIS] NSOENSK] 5223 |+ RS232 port - Software included sity: 6800 UW/CM?2
4116-12 120ns. 16Kx1  $1.49 e Snece.
411615 150ns, 16Kx1  $1.19 < Handheld. high EPP......ccccec0vev0r.....$199.95 DEA4.......... v S— $79.95
4116-20 200ns, 16Kx1 $.99 accuracy + AC/DC
4164-100  100ns 64Kx1  $2.25 pollagelic /e

current, resistance,

4164-120 120ns, 84Kx1 $2.09 diodes. continuity, .
4164-150 150ns, 64Kx1 $1.95 transistor hFE | Jameco Universal IC Programmer

o - Manual ranging w/ | .
el e ozl Eciacion Memory Devices: EPROMS, EEPROMS and PROMS
41256-80 80,]5:256,(,1 $3.75 M3650 & M550 only: y , ‘ Logic Devices: PALs, GALs, RALs, EPLDs, EEPLDs and FPLDs
41256-100 100ns, 256Kx1 $3.15 - Also measure frequency and capacnance |

41256120 120ns, 256Kx1  $2.95 |
41256-150  150ns. 256Kx1  $2.59 |
41464-80 80ns. 64Kx4 $395 |

M4650 oniy: - Data hold switch » 4.5 digit

41464-10 100ns, B4Kxd $3.25 M3610 3.5 Oigit Multimeter.............ee $59.95
4146412 12005, 64Kxd $2.05 M3650 3.5 Oigit Mulumeter w/Frequency &

' . Capacilance «..cuveevsarersnisenns $74.95
41464-15 150ns, 64Kxd $2.49 M4650 <5 Qigit w/Frequency, Capacitance and
511000P-70  70ns, 1 Megx!  $10.49 QOata Hold Switch ... ....$99.95

511000P-80  80ns. 1 Megxi $9.95 |
511000P-10  100ns. 1 Megxi  $8.95
514256P-80  80ns, 256Kxé  $10.49
514256P-10  100ns 256Kx4  $10.25 M80:

Multimeter Specials

|
[0} + AC/DC voltage. AC/DC current. resistance. ‘ -
o] diodes. continuity & frequency  Full auto- | M,‘..N-——-M
% ranging on DC voltage - High/low semi- ‘ DT
H autoranging for AC/DC current and ohms eSS

oy Static RAMs + Data hold swiich « Extra-large display |
= 6116P-3  150ns. 16K (CMOS)  $2.59 MBO e — $59.95 « Stand alone or computer controlled mode via RS232C port
(Lﬁ 6264LP-10 100ns, 64K (CMOS)  $5.49 tao0ad o S |+ The JE6BO uses the JEDEC standard for logic devices. Accepts input from
d 6264LP-15 150ns, 64K (CMOS) $4.95 | . "Acipe voltage. AC/OC current, resistance, | virtually all major software packages including: PALASM, PLAN, CPUL, ABEL,
A 43256-10L  100ns, 256K $8.95 | diodes, continuity. dwell angle and engine | and AMAZE
= 43256-15L  150ns, 256K $8.49  RPM - High surge voltage protection
Q 62256LP-15 150ns, 256K (CMOS) $9.49 M3900 3.5 Digit Mulimeter ccvver.. $59.95 JEBBO...ccuiie e PCEOOXE I L IX T PO T LTI T oL $1799. 95
c e S S —

Partial Listing « Over 4000 Components and Accessories in Stock! . Call for Quantlty Dlscounts
Yoa CIRCLE 114 ON FREE INFORMATION CARD
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AMECO

ELECTRONIC COMPONENTS
COMPUTER PRODUCTS

Request Jameco's 1991 Catalog for a Complete
Listing of Components, Test/Measurement
Equipment and Computer Products

. — SR L e
Jameco 16MHz 80386SX Desktop Computer Kit ‘ Jameco

‘ Digitizer Tablet
Assemble Your own Computer Kit! -

« Building your own computer provides you with a better understanding of
components and their functions rud
+ In-depth assembly instructions included

+ Have your new computer assembled and running in three hours, using common | ¥
tools ‘ M»&M
« Software included ‘

+ Purchase computer kits configured by Jameco or design your own | - AutoCAD 10 template and four-
button puck - Resolution: up to

1016 lines per inch - Accuracy:

Jameco 16MHz 80386SX +025" - Emulates three of the
i worlds most popular formats:
BesktoplCompaleHiiy Summagraphics MM,  Summa-

graphics Bit Pad One, Calcomp
| 2000 - EEPROM allows custom
configuration
JCAD Digitizer Tablet $269.95
Stylus Two Button Stylus ... $39.95

Includes:

-+ 80386SX Motherboard with
2MB RAM (expandable to 8MB)

- 101-key enhanced keyboard'
+ Multi I/0 Card

« Toshiba 1.44MB, 3.5" DSHD
floppy disk drive
+ Baby sized desktop case

DFI Handy Scanner

+ IBM PC/XT/AT

g ; Compatible
200 Watt power supply g 7 |+ 4" Scanning
- DR DOS by Digital Research [ ‘ Window
and Diagsoft's QAPlus diagnostic | - 400 dp!
software i
i edond e | HS3000P............ $219.95
$119995 s bt g n ey l |
. . v [ .
monitor extra : ’“ LOglleCh
JE3816 Mice

Jameco IBM
PC/XT/AT

N | MSER Senal Mouse & MouseWare
Compatible \ SORWare vovevvrees $89.95
Ca rds MBUS  Mouse wBus Board & Mouse-

Ware So“tware vue.e $99.95
|
= Modems
JE1043 360KB/720KB/1.2MB/1.44MB Floppy Disk Controller Card (PC/XT/AT).. $49.95
JE1050 Monochrome Graphics Card w/Parallel Printer Port (PC/XT/AT)........ $49.95 -
) External Modems
JE1052 Color Graphics Card w/ Parallei Printer Port (PC/XT/AT) ..$59.95 1200C Datmroncs 1200 Baue $89.05
JE1055 EGA Card w/ 256KB Video RAM (PC/XT/AT)eecvrreeenirverenvnnnnnnnns $149.95 | 2400M Jameco 2400 Baud $149.95
JE1060 1/0O Card w/ Serial, Game. Printer Port & Real Time Clock (PC/XT) ... $59.95 | B Internal Modems$59 -
Jameco 1200 Baud .veuevens b
JE1062 RS232 Serial Half Card (PC/XT/AT) weveeieeiceieeiereeiecienersesrancenias $29.95 ; 2400B Jameco 2000 Baud o $99.95
JE1065 1/0 Card w/ Serial. Game and Parallel Printer Port (AT)....ucvveereennne. $59.95 | Modems lted above Incude ProComm Sofware
JE1077  Multi /O Card w/ 360KB/720KB/1. 2MB/1 44MB Floppy Controller (AT) .. $99.95 ‘
|
. IBM
Fujitsu 101-Key Enhanced Keyboard Jameco 32-Keypad | Compatible &
Cases and i
Power §§ )
Supply 3 pes

@9”

JE1036

] mus m (Rumel

¥
¢

e

+ IBM PC/XT/AT/386 Compatible + IBM PC/XT/AT/386 Compatible JE1010
+ 12 function keys + 12 function keys JE1010  Fiip- Top Standard PC/XT Case $39.95
+ Separate cursor and numeric keys + Unit comes complete with software JE1036  200wat Baoy AT Power Suppy  $89.95

on 3.5" disk and user manual

JE2018......oen $59.95 |

JE2032
JE2030

Mni-Vrtical Case w 200W Pwr, Spty. $189.95

FKBA700........cccccoeemreeeeeervicveenernenns $79 95 Vertcal Case wi30OW Par. Supply  $319.95

Floppy Disk Drives

el

L] -
|
|
356KU
Toshiba
356KU 35" 1.44MB Internal Drive ... $119.95
Teac

| FD55B 525" 360KB Internal Orive ... $89.95
| FD55G 525" 1 2MB Internal Drive.... $99.95

Hard Drives & Tape Back-Up

XT Hard
Drives
also
available

|
|
| Conner (16-bit IDE)
| CP3044F 40MB (25ms) 3.5'Low Profile. $469.95
CP3184F 80MB (25ms) 3.5"HH )

CP3104F 100MB (25ms) 35"HH....

Micropolis (ESDI)
1654-7  150MB (16ms} 5.25'HH...$1199.95
1558-15 300MB(18ms) 5.25"FH $1799.95

Colorado Memory Systems
- IBM PC/XT/AT/386 Compatible - Back-up
40MB in 40 minutes + Back-up 60 to 120MB
with extended tapes and data compression
software

DJ1 0 zoms Tape Back-Upeeesessaas
KE10
TB40
TB60

External Enclosure Kit ..
40MB Tape Cartridge .
60MB Tape Cartridge

JAMECO

ELECTRONIC COMPONENTS

COMPUTER PRODUCTS
1355 Shoreway Road, Beimont, CA 94002

24 Hour Order Hotline
(415) 592-8097
$50.00 Minimum Order

FAX's (415) 592-2503 or {415} 595-2664
Telex 176043 - Ans. Back: Jameco BImt
Data Sheets - 50¢ each
For a FREE 48-Page Flier send $2.00 to cover
First Class Postage and Handling

1990 Jameco Electronics 11/90
CA Residents Add

6.25%. 6.75% or 7.25% Sales Tax
Shipping - Add 5% plus $1.50 Insurance
{May vary according to weight and shipping method}
Terms: Prices subject 10 change without notice.
Items subject to availability and prior sale.

Cumplele list of terms/warranties 1s available upon request.
IBM is a registered trademark of International Business Machines

[ Y . Please
e MM
| | ?:G’ﬁ:f: er to

3 — | MailKey2 |

i &Il when
| : ordering |

Customer Servnce .Technical Assistance - Credit Department « All Other Inquiries « (415) 592-8097 - 7AM-4PMP.S.T.

CIRCLE 114 ON FREE INFORMATION CARD

WWW.americanradiohistorv.com
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3 FOR 1
SPECIAL

ON SUB-MINIATURE VOICE
FM TRANSMITTERS.

KITS CONTAIN PC BOARDS

*FMX-1 LONG RANGE (3 MI) ULTRA SENSITIVE

FM VOICE XMTR with fine tune, range control
PIUS. ..o $34.50

*TELX-1 TELEPHONE FM XMTR (3 MI) auto-
matically operates when phone is used. Crystal
clear clarity with fine tune and range control.
Non detectable.....................c.o $34.50

*ATR-1 AUTOMATIC TELEPHONE RECORDING
DEVICE tapes telephone conversation all
automatically..............cooooiii $19.50

ALL THREE OF ABOVE FOR.................: $69.50

CALL OR SEND VISA, MASTER CHARGE,
MONEY ORDER, ETC. TOAMAZING CONCEPTS,
BOX 716, AMHERST, NH 03031. (603) 673-473C.

RADIO-ELECTRONICS

-
(=]

THE ELECTRONIC GOLDMI

@, Tho Eioctronic Goldmine N “E‘E‘

lections of unique electionic
kits available in the world!
We hawe over 130
kits and over 1,400
unique, bargain
priced, components.

Delects ALL Types of Radialion

Uses Sensitive Alpha Window Tube
Operales Irom SV Batlery (not Incl))
Comes with PC Board, Pats, O,

* o %

Tube and Instructions
Siz of PC Board: 3" x1.9°

C6430  $59.95
4KV TRIGGER COL GIANT HORSESHOE

@0

G <= 08

»

Use with any stiobe XENON STROBE TUBE/ *\
lube bt neccs a \ Larges! Horsesnoe Tube we have [/ [ )
3 lead 4KV trigger. O [ever seen! Make a benemouth |
N1700  $1.25 EA. sirabe 1o frighten everyone on Hak- | | |
100 lor $80.00 loween, or use il in a whopper of a
INVERTER disco siobe! Size: 2" tail x 3-1/8°

I
Small 4 iad rarsfomner g DTG

for use with 555 1C 1o conven used with our 4KV trigger lrans-

12VDC 10 250V for stobe/ tormer. (stock? N1700 o left).

fluorescent twbes wih schematic. G762 $7.00 FAcH
N1703 $2.00 EA. i

1,000 for $1,500  |RARE EARTH MAGNET/ TS

TRANSFORMER (lﬂ wide, glass tubing dia. 5167 u

CDS CELL Many times sironger than other
magnets, these are amoung the
QS{SOF El worlds strongest commercially J
rea b able magnets lor this size. Smas size only
hundreds of

about 163" x 56" x 44" yet can lifl up to 10 Ibs.
Try to remove this magnet trom a steel piate, and
you'll tind thal unless you slide if, you cant get it off!
il : Great for thousands of experiments and applica-
‘h“en‘L' s’eg;fe‘f:‘“e cily fions. Normally these: sel for over $60 each, but
9 enl types. these are Suplus and have a few chipsidoes not

G764
5 for $2.00 effect perormance). G765  $9.00

MINIMUM ORDER: $10.00 plus $3.00 shipping and handling.
We accept MC, Visa and Money Orders.

projects and
experiments @i
These change

SEND ORDERS TO: The Electronic Goldmine
P.O. Box 5408 Scotisdale, AZ 85261
PHONE ORDERS: (602) 451-7454

CIRCLE 178 ON FREE INFORMATION CARD

ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibility for errors that may appear in
the index below.

Free Information Number Page 191 RCA** . . ... ... .. ... ... .. 57
108 AMC Sales 16 78 Radio Shack .. ... .. ... ... .. .48
184 Ace Communications. . .. .. ... .. 95 e e tonicCIe——— o
75 Ace Products 33 176 Sencore .. ... .. ......... .. .. 27
107 All Electronics .. ... ... ... 03— SEECIEIIN .l s 2S5
_ Amazing Concepts . ... ..... .. . 99 92 Tektronix . ... ... .. ... . ... CVv4
84 Appliance Service. . .. ... . ... . .33 180 Unicorn ... 99
196 Avex Probes** 56 64 Universal View ... . . ......98
67 Banner Technical Books ... ... . .25 187 US.Cable.................... 54
98 Beckman Industrial . ...... .. .. .25 181 Viejo Publications ............ 33
109 C &S Sales . cv3 182 WPT Publications .. ... ... ... . .84
70 CEl . . .. .. . 102 183 Xandi Electronics. .. ....... ... .33
— CIE ............. ... ... ...347
* <qts les
50 Caig Laboratories . . ... . ... 26 IRNERS o EsTomg1
54 Chemtronics .. 53 **In subscriber copics only.
— Command Productions ... ... . .95 —
58 Cook’s Institute ... ... . .. .. 16
194 D&D Electronics . ... ... ... .. 77
D K Int " : ; ADVERTISING SALES OFFICE
- GankERSTNaCORaN. FEFr . ’ Gernsback Publications, Inc.
127 Deco Industries. .. ... ....... . .33 500-B Bi-County Bivd.
178 Electronic Goldmine . 106 U b b (e
= Electronics Book Club .. ... .5.88 | \F/’resige"'zd'-ar% S!:C'ger kl
ice President: Cathy Steckler
Electronic Tech. Today 7 For Advertising ONLY
121 Fluke Manufacturing . ... ... .. CV2 ‘ 516-293-3000
— Global Engineering . ... .. ... ... 15 | 52:4-551'6‘3-‘:2'(9':;3115
185 Global Specialties. . .. ... .. .. 12 publisher
. Arline Fishman
- Grantham College . .. .. ... ... . 79 advertising director
86 Heathkit .. ... ... 30 O gD
advertising assistant
192 Hughes Aircraft Co. .. .. 22 | Christina Estrada
. advertising associate
193 T O 1 | ! Kelly McQuade
—  ISCET................. 94 | credit manager
. Subscriber Customer Service
- Info. Unlimited . . ... . ... . 106 | 1-800.288-0652
114 Jameco. ... ... ... .. ... .. .. 104 | Order Entry for New Subscribers
1-800-999-7139
115 JensenTools .. .. .. .. .. L33 7:00 AM - 6:00 PM M-F MST
179 Jinco Computers ... .. ... . ... 102 : SALES OFFICES
— King Wholesale . ... .. .. . . .98 EAST/SOUTHEAST
N ) Stanley Levitan, Eastern Sales Manager
89 MAT Electronics ... .. .. .. ... .55 I Radio-Electronics
87 MCM Electronics. ... ... . 97 | E,‘Stg-?z 57‘:*' S;e;‘;laee?
ittle Neck,
53 MD Electronics. . ......... . . 101 | 1-718-428-6037, 1-516-293-3000
93 Mark V. Electronics. . . .. 101 o e g
A MIDWEST/Texas/Arkansas/Okla.
i McGraw Hill Book Club ... ... 8 | Ral_ph Bergen, Midwest Sales Manager
61 Microprocessors Unitd. . . . .87 ‘ Radio-Electronics
540 Frontage Road—Suite 339
117 Mouser ........ ... ... ... ... 94 | Northfield, IL 60093
1-708-446-1444
— NRI Schools .. ...... ... ... .. . 18 Fax 1.708-446.8451
189,190 Optoelectronics .. ... .. 17029 PACIFIC COAST/ Mountain States
56 Parts Express .. ... .. .. . . 100 F’:"‘;""ia Green, Pacific Sales Manager
adio-Electronics
188 People’s College . . ... ... ... . . 28 5430 Van Nuys Bivd. Suite 316
. Van Nuys. CA 91401
1 y
01 Pomona Electronics .. ... .. . 44 1-818-986-2001
197 Probemaster . ... .... .. . . . 94 Fax 1-818-986-2009
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VC-6045 §3,049.00
VC-6025 §2,295.00

V-422 40MHz Dual Trace $795
20MHz Elenco Osculoscope
$375

MO-1251
© Dual Trace
« Component Tesler

“ View, Acquire, Test, Transter and Document Your Wavetorm Data
Lightweight {13Ibs)
Compact, Full Feature Models 1‘\ "
Shown
Low Cost/High Value Models
Frequency Ctr (V-1085), Sweeptime Autoranging and
RSOs from Hitachi feature such functions as roll mode, averaging, save memory, smoothmg' interpolation, pretriggering,
V-660  60MHz Dual Trace $1,195
$435 DCto 50MHz, 2-Channel, DC offset
V-1065 100MHz Dual Trace w/Cursor  $1,695
V-523 Delayed Sweep $995
V-1150 150MHz Quad Trace w/Cursor $2,775
with purchase of
« High luminance 6" CRT
Al P-165MHz, 1x, 10x  $19.95 < Yons Rise Time
* 2 p-1 Probes « Includes 2 P-1 Probes

i\ RSOs (Real-Time & Storage Oscilloscopes) From HITACHI 4, Compact Series Scopes
© The RSO - ifs the new solution €y, .
7 Delayed Sweep
4:Channel, 100MS/s Model Introductory Price J omV Sens
100MS/s (25MS/s on 4 channels simultaneously), 100MHz, 4kw x 1ch., 2kw x 2ch., 1kw x 4ch. VC-6145  $ 4,695.00 3 Yr Warranty
40MS/s, 100MHz, 4kw x 1ch., 2kw x 2ch.
20MS/s, SOMHz, 2kw x 2ch. This series provides many new functions such as CRT
Readout, Cursor measurements (V-1085/1065/665),
20MS/s, S0MHz, 2kw x 2ch. VC-6024  $2,049.00
20MS/s, 20MHz, 2kw x 2¢h. VC-6023 $1,749.00 Irigger Lock using a 6-inch CRT. You don't feel the
compactness in terms of performance and operation.
cursor measurements plcner interface, and RS-232C interface. With tha comfort of analog and the power of digital.
‘ v-212 Hitachi Portable Scopes V-665  60MHz Dual Trace w/Cursor ~ $1,345
V-1060 100MHz Dual Trace $1,425
octo2oMHz funclion, Alternate magnifier function
Dual Channel Y-525 CRT Readout, Cursor Meas.  $1,025 V-1085 100MHz Quad Trace w/Cursor $2,045
V-1100A 100MHz Quad Trace w/Cursor  $2,295
V-522 Basic Mode! $895
FREE DMM Elenco 35MHz Dual Trace
Good to soMHz 9495
MO-1252
ANY SCOPE
« 1mV Sensitivity
SCOPE PROBES * 6KV Acceleration Voltage
« X-Y Operation * X-Y Operation e Z Axis
. o TV Sync P-2 100MHz, 1x, 10x  $23.95 » Delayed Triggering Sweep
All scopes include probes, schematncs operators manual, and 3 year (2 yrs for Elenco scopes) world w1de warranty on pads & Iabor Many accessories available for all
Hitachi scopes. Call or write for complete specifications on these and many other fine oscilioscopes.

True RMS 4 1/2 10 Function |Digital Capacitance Meter | Digital LCR Meter

CARRY
COMPLETE LINE
OF
FLUKE
MULTIMETERS
Models

21F 83

Digit Muitimeter
M-7000

$135 *

05% DC Accuracy
.1% Resistance
with Freq. Counter
and deluxe case

Multimeter
CM-365

$65
AC + DC Voltage & Amps
® "(;') Q Resistance to 2000MQ
O Diode, Logic, & Trans test
Capacitance to 200uF

i CM-1550
$58.95

9 Ranges
.1pf-20,000ufd
.5% basic accy

Zero control
with case

B e
»

i

mm c
$125

Measures:
Coils 1uH-200H
Caps .1pt-200uf

D@OE@  Res.01-20M
b

23F 85

25F 87

27F  8050A

73 8060A

75 8062A

77F  +More
CALL FOR

SPECIAL PRICING

Function Generator
Blox
#9600

Provides sine, triangle, square
wave from 1Hz to IMHz
AM or FM capability

Triple Power Supply XP-620

Assembled $65

Kit $45

210 15V at 1A,

-210-15V at 1A

{or 4 to 30V at 1A)

and 5V at 3A

Contains all the desired features for doing experiments.
Features short circuit protection, all supplies.

Wide Band Signal Generators

$G-9000

$129

RF Fraq 100K-450MHz
AM Modulation of 1KHz
Variable RF output

$G-9500 w Digital Display and 150MHz bulit-in Counter $249

AC Current Meter

ST-1010
$69.95

1000 Amps

Data & Peak hold
8 Functions
Deluxe Case

Decade Blox

!.;,Wm...@.,.;;,; .‘$1 8.95
#9610 Resistor Blox

47 ohm to 1M & 100K pot
#9620 Capacitor Blox

47pf to 10MFD

Quad Power Supply XP-580
a  $59.95

2-20V at 2A
12V at 1A
5V at 3A
-5V at .5A

Fully rngal(;d and short circuit protected
XP-575 without meters §$39.95

Digital Tripie Power Supply XP-765

Fuly regulated, Short circuit protected with

$249

0-20V at 14

0-20V at 1A
5V at 54

GF-8016 Function Generator
with Freq. Counter

$249
Sine, Square, Triangle
Pulse, Ramp, .2 to 2MHz
Freq Counter .1 - 10MHz

LEARN TO BUILD AND PROGRAM

COMPUTERS WITH THIS KIT!
INCLUDES: All Parts, Assombly and Lesson Manual

Model
MM-8000

$129.00

Starting from scratch you buikd a complete system. Our Micro-Master
trainer teaches you to write into RAMs, ROMs and run a 8085 microproces-
sor, which uses similar machine language as IBM PC. You will write the
initial instructions to tell the B08S processor to
instructions in permanent memory in a 2816 E~ PROM. Teaches you alf
about input and output ports, computer timers. Build your own keyboard
and leam how 1o scan keyboard and display. No previous computer

t started and store these

knowledge required. Simple easy to understand instruction teaches you
to write in machine language.

ROBOTICS KIT FOR ABOVE (MM-8010) $71.95
15 Day Money Back Guarantee
2 Year wal'l'anty Prices subject to change
WRITE FOR FREE CATALOG

2 limit control, 3 separate supplies
XP-660 with Analog Meters $175 GF-80° 5 without Freq. Meter $179

WE WILL NOT BE UNDERSOLD! C & S SALES INC.

UPS Shipping: 48 States 5% 1245 Rosewood, Deerfield, IL 60015
($10 Max) IL Res., 7% Tax { } (800) 292-7711 (708) 541-0710

CIRCLE 109 ON FREE INFORMATION CARD

www.americanradiohistorv.com



On the line, on the bench,

or on the road. The low-
cost solution is Tek.

Do you debug the design? Verify the production run? Service the |
finished product? Then for low-cost solutions built for your application,
there’s only one place to go.

Tek’s 2200 Series oscilloscope
family.

There are ten scopes in the 2200
_ Series, from 20 to 100 MHz and $695
to $5495. And three of them demon-
strate functional power at its best:
the 100 MHz 2232, 50 MHz /&8
2211, and 100 MHz 2245A. F£

If you can't afford to / 5
miss a thing, get the
2232 digital storage
oscilloscope.

With 100 MS/s sampling, ten nanosecond glitch
capture, waveform cursors, a 4K record length
and 30K of battery-backed memory, it makes
routine work of problems other scopes can't even see.

For the best performance value in digital storage, try the Tek 2211.

It offers a standard hardcopy interface, measurement cursors, 20 MS/s
sampling and a 4K record length per channel, plus digital/analog ope-
ration — all for only $2695.

And for the ultimate in low-cost troubleshooting:
the $1995 2245A. 1t's a 100 MHz real-time scope
with auto setup, cursors, four independent channels, i
dual time bases and more. p—

So if you want the best low-cost solution on the o -ﬁ'.ﬂ-“-hg-—o«
line, on the bench, or on the road with you, just get

on the phone. e S

And call your local Tek representative today.

9 Purchase a 2232, 2211, or 2245A by October 15,
It $ 0N us. 1990 and you can receive a $345 digital
multimeter free!*

QH The CDM250 measures
Y = _-;&_ i current, voltage and resistance,
i il & P a } has overload protection and is
UL certified. To get yours, contact

your local representative or distributor and place your order with
Option 4X. Or call Tek direct at:

1-800-426-2200 Ext. 225

VISA

¢ Tektronix

COMMITTED TO EXCELLENCE
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*Offer valid in U.S. only. You must ask for Option 4X
and date purchase order between July 15 and
October 15, 1990 to qualify.

© 1990 Tektronix Inc. BOB-101
WWW.americanradiohistorv.com



