AR=aallli@  BUILD A SUBWOOFER SIMULATOR

TECHNOLOGY - VIDEO - STEREO - COMPUTERS - SERVICE
THE ULTIMATE CONTROL COMPUTER BUILD THIS

BUILD A RAM DISK AND FUNCTION GENERATOR

PROM PROGRAMMER FOR
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" EVERY ELECTRONICS WORKBENCH

CQLGV

DON LANCASTER
HARDWARE HACKER COLUMN:
A LOOK AT TONER-CARTRIDGE
REFILLING, POSTSCRIPT, AND MORE

THERMOELECTRIC COOLERS

HOW SOLID-STATE HEAT PUMPS
KEEP YOUR ELECTRONICS COOL

WORKING WITH OTA'S
USE OPERATIONAL

| TRANSCONDUCTANCE ]

| AMPLIFIERS IN YOUR NEXT DESIGN

BUILD A DIGITAL IC TESTER
FOR YOUR COMMODORE 64

WAVEFORMS TO 100 kHz
AND MORE!
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IN CANADA $2.75

GERNSBACK

PUBLICATION

L

www americanradiohistorv com



THE ANSWER IS IN

TEK DIGITAL STORAGE:

Now! The new 60 MHz Tek 2221 joins the
world’s best-selling family of digital
storage oscilloscopes. All featuring 20
MS/s digitizing along with familiar, full-
bandwidth analog operation. It's the best
of both worlds in an easy-to-use portable.

Discover the potential. With digital stor-
age you can freeze waveforms. Capture
events invisible to nonstorage scopes.
Find signals buried in noise. And build a
library of reference waveforms.

Digital storage display accuracy
enhances your confidence in

$2995
$3995
$4995

measurements. And all you  Features 2230 ©® NEW! 2221

have to dois pushabutton  Analog/Digital Storage BW 100 MHz 60 MHz

for real-time display analysis. Maximum Sampling Speed 20 MS/s ~ 20 MS/s
Compare the 2230, 2221 . .4\ ongin 4K/K 4K

and 2220 to each other— (selectable)

and all others. The new Peak Detect 100 ns 100 ns

2221 offers such advanced Save Reference Memory One, 4K One, 4K

features as CRT readout and Three, 1K

measurement cursors. For Vertical Resolution 8 bits 8 bits

even more performance and 10 bits 10 bits

flexibility, there’s the 100 (AVG mode)  (AVG mode)

MHz, dual time base 2230 Ve ode

with optional battery-backed over the bus)

mae\?eqfoo?/niosrestgvigr? dui?i%g 26 CRT Readout/Cursors Yes - - Yes

évconomy you want Choose GPIB/RS-232-C Options ~ Yes ($750)  Yes ($500)

p Battery-Backed Memory  Yes (inc with  No

the 60 MHz 2220 with many (save 26 waveform sets) GPIB/

of the same features at an RS-232-C)

even lower cost. Price $4995 $3995

CIRCLE 92 ON FREE INFORMATION CARD

Prices subject to change without notice
Copyright © 1987, Tektronix, Inc. All rights reserved. TXA-795E-1

www americanradiohietory com

With each scope you can capture
events as narrow as 100 ns at any sweep
speed thanks to Tek's proprietary peak
detect mode. View events prior to or follow-
ing a trigger event with pre/post trigger.
Store waveforms into 4K records. Auto-
mate measurements with optional GPIB
and RS-232-C interfaces. And output
direct to a printer or plotter.

Tek software is available to help you
make the most of the 2230, 2221 and 2220
in system configurations.

Call Tek for a free video

2220 brochure or to place an
" 60 MHz order.
20 MS/s Ask about free digital
aK storage application notes
and educational materials.
100 s Orders include complete
One. 4K documentation, manuals
’ and 3-year warranty on
8 bits labor, parts and CRT.
Call Tek direct:
1-800-426-2200
for free video brochure
No for orders/assistance.
Yes ($500)
No
el
$2995 ——

Tektronix

GOMMITTED TO EXCELLENCE
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Gone are the days when a simple
sine or square wave was sufficientto
test electronic equipment. The di-
verse nature of today’s electronics
equipment demands more kinds of

BULLD A SUEWOOTER SIMULATOR

HPO COMPUTIRT SRAVIC

BUILD THIS i i
Al rovcrion cistaaron test §|gnal§, and control over their
LT :
= chmSTaD rROXCT 00 duration, size, and duty cycles. In
i short, what is needed is a laborato-
ALO0K AT TOMIS LANTRIOS! . . .
e ry-grade, multifunction signal gener-

ator, like the one we show you how
to build on page 39. Itdelivers simul-
taneoussquare/triangleorsquare/
sine output signals, as well as varia-
ble duty-cycle pulses and a linear-
sawtooth ramp. With a built-in fre-
quency counter, itis a truly versatile
piece of test equipment.

| Wow 4oL YTt it ey
LEEP YIUR PLICTROMCY COOL

—
T EAT
O P

RANICOMMKIACE
| arosaens o ook mert orims |

DR A CetaL ¢ TRITIR
FOR TU DONMNGTONE

-

THE JUNE ISSUE
IS ON SALE
MAY 3

BUILD A RADIATION DETECTOR
Test for radon gas, and other forms of radiation.

Radio .
Eleclronics ADVANCED CONTROL SYSTEM: PART 5
Addauniversal input/output module

CALIBRATION
Why it’s important, and who sets the standards.

ComMPUTERDIGEST

All about mice.

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

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents.
RADIO-ELECTHONI%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, (USSN 0033-7862) May 1988. Published monthly by Gernsback Publications, Inc.. 500-B Bi-County
Boulevard, Farmingdale. NY 11735 Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Second-Class
mail registration No. 9242 authorized at Toronto, Canada. One-year subscription rate U.S.A. and possessions $17.97. Canada
$23.97. all other countries $26.97. All subscription orders payable in U.S.A. funds only, via international postal money order or
check drawn on a U.S.A. bank. Single copies $2.25. © 1988 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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Eliminate Costly Guesswork
And Interpretation Errors
In LCR Testing!

e Completely Analyze
Capacitors
From 1pf to 20F for value;
leakage, Dielectric absorption and
ESR.

» Thoroughly Test Inductors
From .1uH to 20H for value,
‘opens and shorts even to ope
shorted turn!

¢ Dynamically Test For
Resistance
Measure resistances.up-to 1,000
Megohms, and leakage dowii to'T
s wnstroment 102 microamp with 1,000 voits ]

ING:
rechnically R oo

» 1o aeb::n;:h;;“: : applied potential. i

s Good/Bad Tests Eliminal
Guesswork
Exclusive good/bad readout gives
you easy to read, reliable tests:to
internal ElA and industry
standards

| | "+\100% Poriable
~Works all day an onid
charge for testing i e
figld or-on the bench.

LN BT RN

s LC77 AUTO-Z"

Capacitor-Inductor Analyzer

Gold Cap $1895 Patented
55V 33F

SURGE  6.3v

A JAPAN Bus SoMPATIBLE

_ o | 'Bﬂﬂ:—ﬁlﬁ . mday _

in-Cpnada catt 1-800-851-8868 today.
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WHAT'S NEwWS

Higher quality signals via CD
radio system?

Digital Radio Labs, of Lomita,
CA, has proposed a new music-
broadcast service: 16 stereo chan-
nels of CD-quality digital music, 24
hours daily. Digital signals will be
transmitted by satellite to local ca-
ble TV, MDS, and UHF-TV outlets
for re-transmission to their cus-
tomers as a premium pavy-radio
service for a low additional fee.

The special in-home receivers
resemble FM tuners, and are ex-
pected to retail in the $150 to $200
range. Each contains a graphics/
text generator, which conrects to

DATA
COMPRESSION
&
ENCRYPTION

NATIONAL
s SATELLITE
UP LINK

CD
PLAYER #16

a normal TV set, and can carry in-
formation about the music, or
other text or art material.

The company expects the sys-
tem to be fully operational by late
1988. For further information, con-
tact Digital Radio Labs, P.O. Box
1256, Lomita, CA 90717.

Multi-kilowatt fuel cells are
operating in Japan

The first of Westinghouse’s new
solid-oxide fuel generators to be
sent overseas have been put into
operational research use by Tokyo
Gas and Osaka Gas companies.
Those third-generation Solid-Ox-

DRL RECEIVER

STANDARD
TV SET

GRAPHICS
DISPLAY

A CD MUSIC BY SATELLITE SYSTEM is shown here in block diagram form. The proposed
system will broadcast 16 channels of music and text 24 hours a day.

wWwWw americanradiohistorv com

LOCAL CABLE
TV SATELLITE

ide Fuel Cells (SOFC's) are rated at
about 3 kilowatts and operate at a
temperature of 1000°C.

The modules are 2.1 meters high
by 2.4 meters wide by 0.8 meters
deep, and weigh 1.3 tons. They
consist of 144 single cells, each of
which generates about 20 watts.
Solid-oxide fuel cells operate by
the reaction of coal-derived or nat-
ural gas fuel with the oxygen of the
air.

Tokyo and Osada Gas are also
operating first-generation fuel
cells based on phosphoric acid,
and second-generation cells using
molten carbonate. R-E

DRL ENCODER

CABLE SYSTEM HEAOD ENO
RECEIVER

OTHER
SUBSCRIBERS

L

HOME
STEREO

REMOTE
CONTROL
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OFF MODEL

| ST e ) -
3¢ 0 oMVI-300

U A

CALA AL

FULLY OVERLOAD
PROTECTED

TRANSISTOR
TESTER

9 FUNCTIONS
34 RANGES

CONDUCTANCE
TESTER ADDS
VERSATILITY

TEMPERATURE __
TESTER TO
2000° F

Hax
A

w LJ

* 2 YEAR REPLACEMENT WARRANTY
* 30 DAY MONEY BACK GUARANTEE
* TOLL FREE TECHNICAL SUPPORT

* NEXT DAY AIR SHIP AVAILABLE

MODEL 2000 $389.95
20 MHz DUAL TRACE OSCILLOSCOPE

Model 2000 makes frequency calculation and phase
measurement quick and easy. The compaonent tester
aids in fast troubleshooting. Service techsnicians appre-
ciate the TV Synccircuits for viewing TV-Vand TV-Hand
accurate synchronization of the video signal, Blanking,
VITS, and V/H sync puises.

* Exceptionally bright 5" CRT

* Built-in component tester

* TV Synciilter

* X-Y operation * 110/220 voits

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCILLOSCOPE

Wide bandwidth and exceptional 1mV DIV¥ sensitivity
make the Model 3500 a powertul diagnostic tool for
engineers or technicians at a remarkable price. Deiayed
triggering allows any portion of a waveform o be
isolated and expanded for closer inspection. Variable
Holdoff allows stable viewing of complex wavetorms.
* Exceptionally bright 5" CRT
* Delayed and single sweep modes
* 27 axis intensily modulation
* X-Y operal

Fas Ons

SAN JOSE,

INSTRUMENTS

i:ﬂililrpl_nf;t_ Sustomesansafaction. . suserior servies. . friendly, knowledgeable personnel...

loge iy feadiag gigo tachnolegy.

o = Y, ¥ .
L ’-: _é Z ,|‘ \??,2,' {_-'FJ iy | J’.if ...'4'77 J 4 “ \
A remnarkable vatuel

Q95

This full function 3.5 digit DMM offers highly accurate performance and a host
of added features lo help you do the job—fast. Capacitance, transistor, tem-
perature, conductance and audible continuity in addition to the ranges you'd
expect from a DMM of ihis quality. Temperature probe, test leads and battery
included. input impedance: 10M ohm. Basic DC accuracy: plus/minus 0.25%
Approx. 7" x 32" x 1" Wt. 1372 0zs.

-

~ DG YOLTAGE T0

1006 VOLTS
DPM-1000 $94.95
3.5 DIGIT PROBE TYPE DMM

Custom 80 pin LS| chip provides accuracy and refiabitity
in such a compact size. Autoranging, audible continuity
and data hold feature help you pinpoint the problem
quickly. Case and batteries included.

AC/DC CURRENT
200..A to 104

* Basic DC accuracy: plus/minus 1%

* DC voltage: 2v—500v, autoranging

AC voltage: 2v—-500v. autoranging
Resistance: 2k ohms—2M ohms. autoranging
Fully over-load protected

Inputimpedance: 11Mohm

Approx. 62" x 1“ x %" Under 3 0zs.

CAPACITANCE
TESTER
2000pF to 20F

» % % s o»

DMM-200 $49.95
3.5 DIGIT FULL FUNCTION DMM

Get highly accurate performance at a very affordable
price. Rugged construction, 20 amp current capability
and 22 ranges make it a perfect choice for serious field
orbenchwork. Lobatteryindicator and tilt-stand. Probes
and 2000 hour battery included.

* Basic DC accuracy: plus or minus 0.25%
DC voltage: 200mv—1000V, 5 ranges

AC voltage: 200mv—750V, 5 ranges
Resistance: 200 chms—20M ohms, 6 ranges
AC/DC curient: 200nA-20A, 6 ranges

Input impedance: 10M ohm

Fully overload protected

Approx. 7" x 32" x 112" Wt. 11 0zs.

PR Y

A DMM-100 $29.95
3.5 DIGIT POCKET SIZE DMM

Perfect for the field service technician. Shirt pocket size
withoutcompromising features or accuracy. Large, easy
to read '%2” LCD display. Fully overload protected for
safety. 2000 hour battery lite with standard 9v cell. Probes
and battery included.

Basic DC accuracy: plusiminus 0.5%

DC voltage: 2v—-1000v, 4 ranges

AC voltage: 200v~750v, 2 ranges
Resistance: 2k ohms-2M ohms, 4 ranges
DC current: 2mA-2A, 4 ranges
input impedance: 10M ohm
Fully overload prolected
Approx. 5'x 3" x 1. Under 7 0zs.

p C Y H [ ) O] -
-

CA (408) 947-8881

»

PO S

ORDER TOLL FREE 800-538-5000

www americanradiohistory com
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VIDEO
NEWS

® Stereoscopic TV. The subject of
stereoscopic, or 3D TV continues to carry an aura
of fascination, even though: (1) 3D movies have
failed in every attempt to foist them on the public.
(R) Stereoscopic 35-mim still photography, which
reached the craze stage shortly after World-War
IT, abruptly ended in dismal failure. (3) Ko one
has yet devised a practical system of 3D
photography or cinematography that doesn'’t
require the use of viewing glasses (holography,
which holds out hope for the future, can’t yet be
considered a practical system). (4) Every system
ever demonstrated has the potential for ¢creating
nausea and headaches for viewers.

With those qualifications, we are pleased to
report the following developments:

® 3D TV on the air. As of our deadline, the
first network-TV program broadcast in 3D is
scheduled to air this month. It is the season’s
finale of Moonlighting, on ABC-TV. That program
will use a stereoscopic process that developers
claim is completely compatible; that is, those
without viewing glasses don't see the customary
double image.

Called Nuoptix, the system exploits a new
variation of a technique that has been proposed
many times for stereoscopic television. That is
the Pulfrich effect, which combines a time delay
between left and right images with movement on
the screen to produce a “compatible” 3D effect. In
the system, each eye sees a sligh:ly different
image as the result of camera panning or lateral
movement of objects on the screen, and the brain
translates that into a depth effect.

The glasses used for Nuoptix have one deep
purple filter and one pale green filter to provide
the unequal time delays to the eyes. The TV
picture is on film, shot with a high-speed camera
using a single lens and a proprietary film-to-
video transfer system. Coca-Cola, the sponsor of
the final prosram, says that it will distribute
some 40,000,000 pairs of glasses in 40,000 retail
outlets. Nuoptix says that the process has
potential uses in home video.

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

¢ And another one. Another claimed
compatible system, called Aspex, has been
developed in England. Although Aspex’s
developers say that it’s not based on the Pulfrich
effect, that system also depends upon motion on
the screen. Aspex is filmed using a Panavision
camera whose rotary shutter is modified so that
two side-by-side openings replace the single
opening that normally exposes the film. One
opening is covered by a red filter, the other by a
cyan filter, and those are used to expose film
frames sequentially.

The viewer uses glasses with one red filter and
one cyan filter to observe a subtle effect of
separation of foreground from background
objects. As in the Nuoptix system, the stereo
effect disappears when the foregrcund object or
the camera is stationary. Unlike the Nuoptix
system, there is a noticeable color-fringing effect
around moving objects when the picture is
viewed without the glasses.

And about the glasses: Those currently use
glass lenses and are expected to sell for perhaps
$15 to $45 a pair. The British developers of the
system expect them to become a much-wanted
“fashion item” for the youth market, and say that
the glasses wall be useful for 3D billboards and
magazines.

Some day, television pictures will produce a
true depth illusion without resorting to
cumbersome glasses. Unfortunately, it appears
that that day is hardly here.

® Coals to Newcastle. Two Japanese TV
manufacturers with American assembly plants
have announced they’ll soon start exporting color
sets from the U.S. to Japan. Toshiba says that
starting April 1 it will ship about 100,000 color
TV sets from its Lebanon, TN factory to its home
country, and, beginning next year, Matsushita
plans to ship 5- and 31-inch sets across the
Pacific from its facility in Franklin Park, IL. Sony,
which already ships U.S.-made Trinitron picture
tubes from San Diego to Japan, says complete sets
may follow in 1989.

wWWw americanradiohistorv com



HANDHELD DIGITAL IC COMPARATOR/
TESTERS FEATURE 20 CHANNEL
LOGIC MONITOR

B&K-PRECISION’s Model 550 and 552 1C
Comparator Tester/Logic Monitors test 1C’s
by comparison to a known good reference in
one simple operution. As logic monitors, they
simultaneously indicate the logic states of up to
20 IC pins. They test most 14 t0 20 pin, 54 and
74 Series T"T'L (Model 550) or 4000 and 74C
Series CMOS (Model 552) devices. Both
models are available trom distributors at
$395. Contact your local distributor or:
B&K-PRECISION, Maxtec Int., 6460 W,
Cortland St., Chicago, IL. 60635. (312)
889-9087.

NEW COMPARATOR
ADDS IC/COMPONENT TESTING TO SCOPE
‘Test virtually any type of passive or active component
or module with B&K-PRECISION's new 541 Com-
ponent Comparator. ‘I'he 511 is designed for use with
the 540 component tester or virtually any x-y
oscilloscope. It is well suited for both in-circuit and
out-of-circuit tests. It’s fust and easy to use. Unlike
single function testing, the 541 can be used on series,
parallel or series/parullel circuits. $395. Contact your
local distributor or: B&K-PRECISION, Maxtec
Int., 6460 W. Cortland St., Chicago, 11. 60635.
(312) 889-9087.

NEW COMPONENT TESTER LOCATES FAULTS
ON UNPOWERED BOARDS INFIELD OR PLANT
The new Model 540 component tester is an extremely
cost etfective, highly flexible trouble-shooting aid that
can assist in rupidlyv locating faults on unpowered
boards. Faults can be traced to the component level
without specific circuit knowledge. Individual com-
ponents can also he tested. Test results are displaved
as a curve on a built-in CRT display. Curve tracing
allows matching of components. Two channels allow
production testing against known good boards. Ideal
for field service or production testing. $995. Con-
tact vour local distributor or: B&K-PRECISION,
Maxtec Int.,, 6460 W. Cortland St., Chicago, Il.
60635. (312) 889-9087.

PROGRAMMABLE IC TESTER TESTS TTL,
CMOS, RAM AND ROM IC’S, IN OR OUT-OF-
CIRCUIT

Called the “first cost-ettective way to test IC’s both in
and out-of-circuit,” the new B&K-PRECISION
Model 560 fills the void hetween basic component
testers and costly AT systems. Over 1500 different
1410 24 pin devices can be tested, including T'T L and
CMOS digital IC’s, RAMs and ROMs. The 560
speeds testing, simplifies diagnostics und doesn’t re-
quire prior test skills. Plain-English user prompts
guide every step ol operation. Test results are dis-
plaved as positive “pass” or “fail.” ‘l'est results can be
ted to a printer. Applications include incoming
inspection, QC, production line testing and
troubleshooting laulty products, $3,500. Contact
your local distributor or: B&K-PRECISION,
Maxtec Int., 6460 W. Cortland St., Chicago, 1L
60635. (312) 889-9087.

i ? &

B&K-PRECISION now offers logic and pulser probes ./
to {11 the needs of engineers and technicians. The DP-21
is a 20 MHz probe that also displays pulse jiresence :
and logic status. Both LED and audible logic state 4
indicators are featured. The DP-31 pulser probe - /- ’
can he used alone or with a logic probe or scope. It 0 A
produces a 10uS pulse at 0.5 or 400 PPS rates /‘,
S 4

and features an external square wave and y
synchronizing terminal. Both probes are
multi-family compatible. The DP-21 is W’

$32. The DP-31 is $33. Contact your

local distributor or: B&K-PRECISION,

Maxtec Int., 6460 W. Cortland St.

Chicago, 11. 60635. (312) 889-9087.

"“ circuit. YU
of over 1500 TTL, CMOSICs,

nent Tester locates faults on unpowered toards,
camponent ieve Curve-tracing method also allaws fast com-
mponents or boards.
Il 1 Component Comparator is a companion instrument
or use with your scope or the 540. It tests IC’s, semiconductors, capacitors,
~ induciors fransformers and more.
~ Tha Madels 550 and 552 IC Comparator Tester/Logic Monitors are
hand-held portables for TTL and CMOS applications. In-circuit dynamic
tests compare a known-good IC to an on-board IC. A 20-channel fagic
monitor is built-in.
The B&X-PRECISION digital test line-up is rounded out by convenient and
economical pulser and logic probes.

For immediate delivery or complete specifications and appications
informnation, call your local distributor or B&K-PRECISION.
B PRECISSON
| MAXTEC INTERNATIONAL CORR
! 6460 West Cortland St. « Chicago, IL 60635 - 312 -889-9087
International Sales, 6460 W. Cortland St., Chicago. IL 60635
Canadian Sales, Atlas Electronics, Ontario
South and Central American Sales, Empire Equrters. Plainview. NY 11803
CIRCL™ =~ ~=' Frmrr iim~misavins ~aQp
www americanradiohietory com

LOGIC/PULSER PROBES HELP LOCATE DIGITAL e\\
FAULTS IN LAB OR IN FIELD SERVICE Y 4
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REASONS FOR
SELECTING CIE

® Approved for educational
benefits under the Gl. Bill
for Veterans and other
eligible persons.

B CIE provides printed job
resumes, lefters of recom-
mendation, and lifetime
Employment Service for all
graduates at no extra
charge.

B State-of-the-Art laborctory
equipment is yours to keep
and it comes assembled,
ready for hands-on-
experiments.

B Only CIE offers an
Associate Degree program
based on actual study
time used. The faster you

complete your degree, the |

less your overall tultion.

B Upon graduation, CIE offers
you free preparation to
pass the Certified Elec-
tronics Technician Exam.

CLEVELAND INSTITUTE OF ELECTRONICS 1776 East 17th Street » Cleveland Ohio 44114
PHONE TOLL FREE 1-800-321-2155 / In Ohio 1-800-523-9109

www americanradiohietory com



tronics field and related indus-

tries have been growing at an
incredible pace. And today, a
career in electronics offers more
opportunities and greater rewards
than ever before.

Just ask any of the many
graduates of the Cleveland Insti-
tute of Electronics who have ianded
high-paying positions with aero-
space, computer, medical and
communications firms. They'll tell
you success didn't come easy. . .
but that CIE made it all worthwhile.

PECIALIZED
TRAINING cie isnt just

another be-everything-to-everybody
\ correspondence school. We're
\ accredited by the National Home
1\ Study Council. And with more than
\ 1100 graduates each year, we're
\ the largest independent home
study school specializing
\ exclusively in electronics. CIE
\ has been training career-
\  minded students like your-

For the last few years, the elec-

we know the business
inside and out.

Some courses feature the CIE Microprocessor
Training laboratory, an integral part of com-
puters. You'll gain all the practical experience
needed to work with state-of-the-art equip-
ment of today and fomorrow.

self for over 50 years and  Accredited by the Accrediting Commission of the g
National Home Study Council, Washington, D.C. g———

A CAREER IN ELECTRONICS STARTS WITH CIE.

RACTICAL
TRAINING cie students learn

by doing, using sophisticated elec-
tronic learning tools that we've
designed and developed. One
such tcol, our 4K RAM Microproces-
sor Training Laboratory, teaches
programming, interfacing and lets
you work with a broad range of
computers in a way that working
with a single, stock computer
simply can't.

We combine that valuable hands-
on training with our unique Auto
Programmed®lessons, designed to
teach you step-by-step and prin-
ciple-by-principle. The result is
practical training. . . the kind of
experience you can put to work in
the marketplace.

ERSONALIZED

TRAINING while some of our

students have a working know-
ledge of electronics others are just
getting started. That's why we have
10 career course levels from Basic
to Advanced. They let you start
where you want. Learn at your own
pace. And learn as much as you
like. You can even earn an
Associate in Applied Science
Degree in Electronics. And when
you need help, our trained profes-
sionals are on hand to assist you
by phone or mail.

Learning electronics isn't easy,
but getting started is. For a CIE
catalog and enrollment informa-
tion, just mail the coupon below.
Or call toll-free 1-800-321-2155. In
Ohio, call 1-800-523-9109.

CIRCLE 60 ON FREE INFORMATION CARD

l :
| { & YES!|wantto get started. Send me |
| my CIE school catalog including details |
| about the Associate Degree program. 1
i Print Name 1
I !
| Address - Apt. I
1 - . i
Ci ___State _ Zi
1 ty P I
I Age_ AreaCode/Phone No. / 1
I Check box for Gl. Bulletin on Educational Benefits |
| [ Veteran [ Active Duty |
i |
: MAIL TODAY! :
: C I CLEVELAND INSTITUTE OF ELECTRONICS :
I 1776 East 17th Street, Cleveland, Ohio 44114 i
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ASK R-

LED VU METER

Is there any simple circuit | could
use to have a series of LED’ light in
response to the volume of an incom-
ing audio signal? The circuit should
be battery powered and have a small
amplifier in it to handle a variety of
input signals.—J.K., Altoona, 1A

What you're really talking about
building is an LED VU meter. You
could put one together with dis-
creet parts but it’s a lot smarter to
use an LM3915. That IC has the
buffers, drivers, and precision
voltage reference on board to do
the job. Best of all, they’re not ex-
pensive and you can probably find
one at your local supplier.

A circuit that does what you ask
is shown in Fig. 1. You didn’t say
what kind of audio signal would be
used as the input, but, as you can
see from the schematic, the circuit
has both a microphone and line-
level input.

You only need two of the four

op-amps in the LM3900 package
implement the basic circuit. You
can use the extra amps to provide
more gain, more inputs, etc. As
shown in Fig. 1, I've elected to use
them ror additional inputs, but
you can change that and use them
for anything else you have in
mind.

Switch 52 is used to change the
display from a dot to a bargraph.
You can use any construction
technique you want. The circuit
doesn’t draw much current, so a
nine-volt battery will keep the cir-
cuit going for a long time.

NiCA CUHUADCING
1IN

I have a personal CD player that
uses a 4-cell NiCd battery pack
marked “140 mA, 8 hours.” An LED
lets me know that it’s time to re-
charge the batteries by lighting up
when, under load, the voltage falls to
4.5. Is there a “volts-per-cell” figure
I can look for so | don’t have to go
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WRITE TO:

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

through the full 8-hour charge cy-
cle?—G.D., San Rafael, CA

The answer is a resounding yes,
and no! One of the nicest features
of NiCd batteries is that they have a
pretty flat voltage-over-time curve.
The voltage won’t drop much be-
low1.1until its stored energy is just
about gone. The charging curve is
the same. The voltage will rise to
1.2, or more, near the beginning of
the charge cycle and stay there.
The bottom line is that cell voltage
isn’t a reliable indicator of the state
of charge.

The best way to determine
whether a battery is fully charged
is to monitor the charging current.
That may or may not be possible in
your case, since it depends on the
design of the charger. If your
charger is a variable-current type,
you can get an idea of the state of
charge by watching the current—
the lower the draw, the closer the
cell is to a full charge.

You haven’t told me enough for
me to know what kind of charger
you have, but the “8-hour” figure
is a clue. The safest charging rate
for a NiCd cell is the “C10” rate,
where the charging current is lim-
ited to %eth the cell capacity. That
trickle rate usually calls for a
charging time of 14 or 15 hours. In
your case, the 8-hour figure seems
to indicate a higher charging
rate—probably C6 or so—and a
charger like that has to have some
provision to drop the charging cur-
rent as the cell accumulates ener-
gy. If it didn't, the internal cell
chemistry would produce oxygen
faster than it could be absorbed by
the electrolyte, and the internal
pressure would rupture the cell.
Consumer units aren’t designed
like that.

Put an ammeter between the



charger and a completely dis-
charged battery pack. The initial
charging current will be high and
rapidly fall off. Sometime during
the 8-hour charge, the current
draw will stabilize at one rate as
the cell goes into a trickle charge.
As soon as that happens, it's a safe
assumption that the battery is fully
charged.

Keep a log of the charging cur-
rent over time for the complete 8-
hour cycle; 15-minute increments
are good. | know it’sadrag butyou
only have to do it once. Graph the
results and you'll be able to figure
out exactly when the charger
dropped to a trickle charge rate.
Since the trickle charge is proba-
bly just maintaining the charge
rather than adding energy, you can
end the charge cycle there.

g1 D \WITW

HEADRINC_AIN
cLy 1

PROBLEM

Can you help me with the design
of a hearing aid? The units I’ve found
aren’t made with the bass boost and
mid-range attenuation that | need.—
].B.C., Mcleansville, NC

Smart scopes, perfect setup

$1 79 5 / $2 9 5 for frequent measurements with autormatic front panef
setup. Nonvolatile memory for up to 20 front-panel

selups (2246A). Time and voltage cursors. Exclusive SmartCu-sors™ track waveform

changes for voltage measurements. All backed by Tek's 3-year warranty. 1
el . %

CHE FK-PK
<CHECK UOLTS <1U>

I have a personal interest in
hearing problems so I'm surprised
that you can’t find a hearing-aid or
have one especially tailored to give
you the frequency response that
you require. | contacted several
otolarynogologists (ear, nose, and
throat specialists), two of whom
are specialists in audiology. They
agreed that hearing aids can be
made with response curves that
complement the exact hearing
curves of the user’s ears.

Off-the-shelf hearing aids are
made with a large variety of re-
sponse curves. Until recently,
most attention was paid to the
high end of the hearing range, and
designers made no effort to shape
the low end to the user’s needs.
Now, most makers have some
models with low-end boost. If you
are going to a “hearing-aid cen-
ter,” be sure to select one that will
permit you to try and wear several
models until you find one that is
satisfactory.

if you can’t be fitted at a center,
ask your physician to recommend
an otolarynologist who specializes

| Tek sets the
« new, fast pace

in audiology. He, or she, should
be able to fit you with a suitable
hearing aid.

SPEAKER OVERLOAD

I have a new pair of 4-ohm B.S.M.
speakers that can handle up to 200
watts. The stereo amplifier is a
Yamaha CR-44 that delivers up to 50
watts into 8 ohms. The problem:
Each time that I bring the volume up
to about half scale, distortion begins
and then the speaker’s thermal cir-
cuit breakers trip. The amplifier indi-
cates only about 30 watts peak when
the breakers open.—M.B.,
Opasatika, Ont., Canada

The trouble may be due to the
fact that the amplifier is working
into 4-ohm loads instead of the 8
ohms it is designed for. Some am-
plifiers can become unstable and
develop inaudible oscillations, ei-
ther below or above the normal
audio spectrum, when driven hard
while only lightly loaded.

The amplitude of those oscilla-
tions can be high enough to over-
load the amplifier and/or the
speakers. You should be thankful

Call Tek direct
for PaceSetter specs!
1-800-426-2200

Prices subject to change without notice
Copyrlght #1988, Tektronix, Inc All rights reserved  TTA 906-A
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Technical Career through

Add prestige and earning power to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

No commuting to class. Study at
your own pace, while continuing
on your present job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc-
tors when you need it.

Grantham College of Engineering
is a specialized institution cater-
ing to adults who are employed in
electronics and allied fields such
as computers. These fields are so
enormous that opportunity to
move up 1s always present. Pro-
motions and natural turn-over
make desirable positions available.

An important part of being pre-
pared to move up is holding the
proper college degree, but the es-
sential part is really knowing your
field. Grantham offers two B.S. de-
gree programs — one with major
emphasis in electronics and the
other with major emphasis in con-
puters. Both programs are offered
by correspondence.

Write for our free catalog (see ad-
dress below) or telephone us at
(213) 493-4421 (no collect calls)
and ask for our “degree catalog.”

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
10570 Humbolt Street

Los Alamitos, CA 90720

that your speakers are protected
by thermal circuitbreakers. Other-
wise, you would have to replace
the speakers or have them re-
paired without finding and elim-
inating the cause of the problem.

Try working the amplifier into 8
ohms and see how it performs. Try
connecting a 4-ohm, non-induc-
tive power resistor in series with
each speaker. A pair of 8-ohm, 20-
watt non-inductive resistors (Ra-
dio Shack No. 271-120 or equal)
connected in parallel will serve as
the 4-ohm series resistor. If the
system works OK without tripping
the breakers, you've probably
found the trouble. Your amplifier
may be particularly sensitive to
loads lower than their design cen-
ter, or to loads having the charac-
teristics of your 4-ohm speakers,

1F CABLE-TV CONVERTER
| have trouble with the Zenith
Z1000 converter supplied by the ca-
ble-TV company. | hear a 60-Hz hum
coming from the TV speaker when
the incoming TV signal passes
through the converter. The hum is
not present when the signal comes
directly from the cable or from a
VHF or UHF antenna. A service
“technician,” sent by the cable com-
pany, at first claimed that he didn’t
hear the hum. Finally, when he did
hear it, he said that nothing can be
done about it. Is there anything that |
can do, short of modifying the com-
pany’s converter, to eliminate the
hum?—B.B., W. Henrietta, NY

My guess is that trouble in the
converter’s power supply is allow-
ing a 60-Hz hum voltage to modu-
late the TV signal being fed to the
TV set. However, there is a remote
possibility that the trouble is ori-
ginating in the TV set but does not
show up until the converter is con-
nected to it. To eliminate that pos-
sibility, substitute another TV set
and see if the hum is still present.

Try reversing the AC-line plug in
the receptacle and see if that af-
fects the hum level. Also, try an-
other patch cable between the
converter output and the antenna
terminals on the TV set. Some-
times, an open ground (shield)
can cause hum to develop.

If you can’t locate the hum
source, take the converter to the
company’s office and ask them to
exchange it for another. R-E

www americanradiohistorv com

(] RATCHET — ELEVEN-
PIECE RACHET TOOL
KIT.....$10.00. Includes re-
versible ratchet handle, ex-
tension bar, six bits, two
precision screwdrivers, and
a cutter. Comes in fitted
case. Get one for your shop,
another for your car, an-
other for your too! kit.

[0 TOOL KIT—NINE-
PIECE TOOL KIT.....
$10.00. Includes saw, bub-
bie level, three screw-
drivers, torque multipier,
calipers for inside and out-
side measurements, nip-
pers, and a tape measure.

(1 BP233—ELECTRONIC
HOBBYISTS HANDBOOK
....$7.95. Provides an inex-
pensive single source of
easily located data that the
electronics enthusiast is
likely to need in his day-to-
day hobby activiites. 8 x 10
inches.
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I ] BP232—CONCISE IN-

I TRODUCTION TO MS-
DOS.....$5.95. If you are a

I PC user and want to get the

| most out of your computer,
you must learn its MS/PC-

I DOS operating system

l ;’23!’5 what this book shows
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[1BP194—MODERN
OPTQ DEVICE PROJ-
ECTS.....$6.25. Provides a
number of practical designs
that use opto-electronic de-
vices such as fiber optics,
LEDs, and passive IR de-
tectors.

[] BP234—TRANSISTOR
SELECTOR GUIDE....
$10.00. Prepared from a
vast database of specifica-
tions. Unigue guide offers a
wide range of selection ta-
bies. More than 1400 de-
vices are listed along with
specs.

MAIL TO: Electronic Technology Today Inc.
P.0. Box 240
Massapequa Park, NY 11762-0240

SHIPPING CHARGES IN USA & CANADA
$0.0110 $5.00. .. .$1.00 $30.01t040.00...%4.75
$5.01t0$10.00 ... $1.75 $40.01t050.00...85.75
$10.0110 20.00. .. $2.75 $50.01 and above $7.00
$20.0110 30.00...83.75

OUTSIDE USA & CANADA
Multiply Shipping by 2 for sea mail
Multiply Shipping by 4 for air mail

Totai price of merchandise .. ... §

I Shipping (see chart) . .. 8
Subtotai ... .. ... .. $

Sales Tax (NYSonty) . . )
| Total Enclosed . . . . s
I Name
I Address
| city State Zip
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TEST- AND MEASUREMENT-IN-
STRUMENTS CATALOG. The 1988
Transcat catalog is a comprehen-
sive, 226-page book, divided into
five categories of equipment: Elec-
trical, Temperature, Pressure,
Plant Maintenance, and Tem-
perature Sensors. A small sample
of the products mentioned in-
cludes multimeters, os-
cilloscopes, frequency gener-
ators, data-communications test
equipment, logic probes and ana-
lyzers, digital temperature indica-
tors and probes, pressure gauges,
digital pressure indicators, ta-
chometers and stroboscopes, ana-
Iytical instruments, and ther-
mocouples. The description of

each instrument includes full
specifications. The catalog is in-
dexed by product and by manufac-
turer. It can be ordered, free of
charge, by calling 800-828-1470; in
New York, 716-458-4801.—Transcat,
Box D-1, Rochester, NY 14606.

CIRCLE 20 ON FREE INFORMATION CARD

PRECISION SWITCHES CATALOG.
Cherry Electrical Products’ line of
switches is described in catalog
CE1287. 1t includes subminiature,
sub-subminiature, ultra-sub-
miniature, waterproof, interna-
tional miniature, miniature panel-
mount pushbutton, and general-
purpose styles. Catalog descrip-
tions include cut-away drawings of
snap-action switches, engineering
specifications, and operating
characteristics. A selector/locator
chart, plus alphabetical listing of
all switch series, make it easy to
find the type, size, and rated
switch required. Catalog CE1287 is
free.—Cherry Electrical Products,
3600 Sunset Ave., Waukegan, IL
60087. R-E
CIRCLE 21 ON FREE INFORMATION CARD

continued on page 33
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DMM—just $279

100 MHz scepe, counter, timer,
The ultra-ve-satile Tek2236
v miakes measuring everything
fom frequency, period and width to delay time andA time pdsh-button easy—in |
addition to CRT display, you get digitaf readout display accurate to 0.001% and
beyond. PaceSetter performance on a modest budget? Look at te 100 MHz, dual- |
trace Tek 2235 with the best of the basics — just $1575!

iR _ |
100 MHz TEK 2236/2235

Call Tek direct
for PaceSetter specs!
1-800-426-2200

rices subject lo change without notice
Copyright ®1388, Tektronx, tnc. Al rights resened  ~TA 906-8
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LETTERS

SAY “NO” TO CENSORSHIP

Everyone keeps writing to you
about how good your magazine is,
and you can add my name to the
list. I've enjoyed Radio-Electronics
through the years, and look for-
ward toiteach month. Your overall
view of all electronics, with com-
puters added, is just the right
touch. Don’t change the format.

On the other hand, what ever
happened to your pieces on satel-
lite receivers? I've followed this
subject with much interest, and
would like to keep up with the
latest information. Reading be-
tween the lines, a person could
think that those articles have been
dropped because of threats about
lawsuits, | hope this is not the
case.

I am apprehensive about cen-
sorship, and the censoring of tech-
nological ideas is particularly
frightening. Several letters in re-
cent months have argued against
some articles you've printed, and |
couldn’t disagree more. Radio-
Electronics is not showing “how
to” evade radar speed traps, or
break VideoCipher, but is giving
information on how the tech-
nology works—two entirely sepa-
rate concepts.

If we block the practice of tech-
nology exchange and discussion,
how can we teach future genera-
tions? In the March 1988 “Letters”
column, a young man gives thanks
to Radio-Electronics for his educa-
tion, training, and future. Can we
stifle the future of others, because
someone wants to curtail our ex-
change of ideas?

TOM KNIERIM
Rock Port, MO

LASER LISTENER
A letter | wrote appeared in Ra-
dio-Electronics’ November 1987

“Letters” column. In it, | made two
key points. First, federal law pro-
hibits the assembly, possession
and use of electronic eavesdrop-
ping devices. Second, Radio-Elec-
tronics erred in publishing plans
for an electronic eavesdropping
device and encouraging its read-
ers to build and use it.

Please note that | did not chas-
tise Radio-Electronics_for publish-
ing plans for a “Laser Lis-
tener”(October 1987). | did crit-
icize the publication of such plans
within the same article that en-
couraged the use of the device for
illegal purposes.

Nevertheless, readers John
Williams (“Letters,” January 1988)
and William Ritz (“Letters,” Febru-
ary 1988) have criticized my letter.
Mr. Williams implied that | oppose
the Constitution’s guarantee of
freedom of the press. Mr. Ritz
agreed with my contention that
Radio-Electronics should warn its
readers “...of the consequences of
illegal usage...” But he incorrectly
characterized me as wanting the
magazine to withhold informa-
tion. He implies that | also crit-
icized the publication of “...de-
tailed plans for various de-
scramblers, decoders, transmit-
ters...”—subjects not even men-
tioned in my letter. I'm offended
that Radio-Electronics published
letters criticizing my original letter
for views it doesn’t even contain.

As for the legal questions raised,
thus far I've not seen Radio-Elec-
tronics take a stand. | believe, at
this point, the magazine owes its
readers an explanation of its posi-
tion on the matter. Now that Radio-
Electronics has been informed
about the federal electronic eaves-
dropping law, does the magazine
stand by the Richard Pearson’s
statement in the “Laser Listener”

www americanradiohistorv com
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RADIO-ELECTRON/ICS
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article that “A better and safer way
to bug a room is to use a laser
beam to eavesdrop...”? Does the
magazine stand by the article’s
subtitle, “Use a light beam to lis-
ten in to anything, anywhere, any-
time,” and the Table of Contents
teaser, “Eavesdrop using a beam of
light”?

Each of those quotes recom-
mends that readers commit acts
defined as felonies under state
and federal statutes. It is entirely
possible that Radio-Electronics,
and Mr. Williams and Mr. Ritz, do
not agree with those laws. | don't
happen to agree with all aspects of
them myself. On the other hand, |
seriously doubt that your readers
would want their homes
monitored by a neighbor with a
laser listener. Nor would Radio-
Electronics want a competing pub-
lication to determine confidential
publishing schedules with the
help of such a device.

In recent years, the term “com-
puter hacker” has been misap-
plied by the popular press to
widely publicized computer crimi-
nals. That might happen to elec-
tronics experimenters if our
magazines encourage us to build
and use such illegal equipment as
the Laser Listener.

FORREST M. MIMS, Il

AES AWARDS PROGRAM

The Audio Engineering Society
Educational Foundation has an-
nounced the opening of its 1988
educational grant program for uni-
versity studies with emphasis on
audio topics. The awards—for
graduate students only—are made
annually. Successful applicants
may request a one-time renewal of
their grants.

Completed applications must
be received by June 1to be consid-



ered for the 1988-89 academic year.
Additional information, and ap-
plication forms, are available
from:

AES EDUCATIONAL
FOUNDATION

60 East 42nd Street

New York, NY 10165

DESKTOP PUBLISHING/
PUBLISHING MANUALS

In his article, “Desktop Publish-
ing,”(ComputerDigest, March 1988)
Josef Bernard reports a problem in
Ventura Publisher relating to line
positioning and spacing. He
states, in the caption for Fig. 6, that
there was no precise control of the
free graphic horizontal line that
was being placed over a mathe-
matical symbol.

In both versions 1.0 and 1.1, the
degree of control is set in the
graphics-grid settings box. The
grid resolution can be setas fine as
.007 inch, or can be turned off en-
tirely. That information is ex-
tremely difficult to locate in the
Ventura user’s guide.

It seems that the number of sec-

PAG

Best-of-class performance at

Get the PaceSetter start in digital storage with Tek's
NEW 50 MHz 2210. Featuring 20 MS/s per channel
digitizing, 4K record length per channel plus familiar, full-bandwirith analog operation
for just $2195. And for pure and simple analog performance with unmatched economy,
look at the popular, 2-channel Tek 2225—just $395!

$995/$219

A

ond-party manuals available for a
given product is dependent upon
two major variables: market pen-
etration and the quality of original
documentation. Although alter-
nate manuals provide a much-
needed resource, why can’t soft-
ware vendors simply hire some-
one who has actually used the
program to write the manual?

I'm sure there are many other
people who have spent hours try-
ing to decipher what the manual
says, when what is actually needed
is: Information which should have
been translated from “program-
ese;” information placed in a
“convenient” (i.e., “somewhere
else”) appendix; information
placed in a previous, or subse-
quent, section—Ilike in another
volume; or information not neces-
sary because it is “self evident.”

How about an article on both
vendor-supplied and second-
source user guides for some pop-
ular software? | suggest an evalua-
tion based on such things as
legibility, accuracy, completeness,
and organization of material.

“Q/N\%E $%‘ Q‘\'&NW\
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Thanks for a good article. I've
been reading Radio-Electronics
since | could afford a subscription.
STEVE RUSSELL
Redwood City, CA

SPEAKER-LEAD RESISTANCE

In “Ask R-E”(Radio-Electronics,
February 1988) the question on
speaker-lead resistance was an-
swered correctly, but not really
completely.

Your answer addressed the
problem of losses in the wiring,
but there are two other effects that
are more importantin audio repro-
duction systems—frequency-re-
sponse variations and damping
reduction. The impedance of most
speakers varies considerably over
their operating range. A nominally
4-ohm speaker will go from per-
haps 2 to 20 ohms over its part of
the frequency spectrum. That im-
pedance will typically contain
farge and varying reactive compo-
nents also. If that were in series
with as much as1ohm of wire, that
effect alone would cause a fre-
quency-response variation of

Call Tek direct
for PaceSetter specs!
1-800-426-2200

Prices subject to change without notice
Copyright €1988, Tektranix, inc. All rights reserved  TTA 906-C
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B hi‘tech s
catalog

A very special
guide to what

the exciting world
of computer and
electronics kit-
building can
do for you.

The informative Heathkit Catalog shows
you more than 450 exciting electronic prod-
ucts that will challenge, instruct, and enter-
tain you. You'll find countless kits that you
can build and enjoy, from computers and
robots to color

tv’s and a variety of
home products. i ;
And each is backed ] =

by our years of — !
experience and ———
our promise, gl

“We won't let .
you fail” 'r’:\"""ia._

-
IBM-PC w

Compatible Expandable
Computers

i

e

HERO® 2000
Educational
Robot and

Courseware

Precision
Test
Instruments

Electronic
Keyless
Doorlock

Send NOW for
your FREE !
Heathkit Catalog.
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3.1dB—not an attractive prospect
for anyone who has spent money
to squeeze down such variations
in his system.

The damping effect pertains to
rise and hangover of transient
sounds. That can be demonstrated
with pulsed sine-wave tests. For a
few years, those were a standard
part of the tests done by audio
magazines, but they had difficulty
correlating the results with the
sound. Since those tests are not
part of any industry-standard test
regimen, the magazines dropped
them. (I think that they should try
harder!)

High-fidelity speakers are de-
signed to give proper response
when driven from a zero-imped-
ance (“constant-voltage”) source.
The cone position, or velocity,
should correspond exactly with
the voltage input. If a resistance,
such as the 1 ohm mentioned
above, is in series with the speak-
er, increased rise time and hang-
over of intrinsic speaker reso-
nances will blur and color the
sound. Power amplifiers are de-
signed to have very low output im-
pedances, usually on the order of
hundredths or thousandths of an
ohm, for just that reason.

There are a few rare amplifiers
that run a feedback wire directly
from the speaker to get the wiring
in the loop, making only the losses
important. However, as far as |
know, none of those is available
for autos.

Thus, the proper policy is to
keep the wiring in series with a
speaker at, say, a tenth of the
lowest speaker impedance or less.
For most auto-speaker runs, |
would guess 14- or 16-gauge wire
would suffice. At home | use 12-
gauge for 20- to 25-foot runs. It's
hard to find nice fine-stranded
wire larger than 12-gauge for less
than a king’s ransom. Of course,
two or more 12-gauge wires can be
paralleled.

W.J. NEWELL
Richardson, TX

DIGITAL TACHOMETER
I recently built the Digital Ta-
chometer that appeared in the
June 1987 issue of Radio-Elec-
tronics, and it works very well. It is
the only digital tachometer circuit
I’'ve ever seen that offers accurate
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tachometer readings without cal-
ibration. That is accomplished by
the use of a built-in 60-Hz crystal-
controlled time base. The author is
to be congratulated on that fine
project.

It worked perfectly on several
standard and Capacitive-Dis-
charge (C-D) ignition systems.
However, the tachometer will not
work on some C-D systems that
use input-triggering circuits that
generate extremely low pulse lev-
els across the ignition points. On
one such system, which incorpo-
rates an unusual triggering net-
work designed primarily to elimi-
nate point “bounce” or “flutter” at
high engine speed, the pulse ob-
tained across the ignition points
was far too small for tachometer
pickup.

To eliminate that problem, |
used a miniature broadband am-
plifier between the ignition points
and the tachometer input. | chose
the broadband amplifier de-
scribed by Earl “Doc” Savage in
“Hobby Corner” in the April 1980
issue of Radio-Electronics. It is
small enough to fit easily within
the tachometer enclosure. | added
a switch to allow the amplifier to
be switched in or out of the circuit.

| hope that my solution may
prove useful to other readers ex-
periencing similar difficulties.
Many thanks for a fine magazine.
PAUL SCHULTZ
Carmichael, CA

CALIBRATING VCR COUNTERS

| thought Fred Blechman’s arti-
cle, “Calibrating VCR Counters,”
(Radio-Electronics, January 1988)
was interesting—but for cable
subscribers there’s a technique
that's even easier.

Most cable systems use one
channel as a 24-hour menu that
shows program listings. At the top
corner of the screen the day, date,
and exact time are displayed. Just
set your VCR to record for six
hours, starting at any convenient
on-the-hour time, and you will
have accomplished the same thing
Mr. Blechman did with a camera.
Of course, that procedure mustbe
repeated for each speed, plotting
the results described in the article.
GEORGE BERNSTEIN
Tamarac, FL

continued on page 79



EQUIPMENT REPORTS

Fluke 90 Series
Microprocessor Board
Tester

Speed your testing of
microprocessor-based
systems.

IF YOU'VE EVER HAD TO DIAGNOSE
problems in a microprocessor-
based system, you know that find-
ing the source of a problem can
give you quite a headache. But put
yourself in the place of an elec-
tronics technician who has to trace
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and repair several such systems
each day!

The only logical course of action
is to get some help from a micro-
processor-based tester, like the 90
Series microprocessor-board test-
ers from the John Fluke Mfg. Co.,

Inc. (P.O. Box C9090, Everett, WA
98206) and N.V. Philips.

The 90 Series is available for the
Z80, 6809, and 8085 micro-
processors, and it is likely that fu-
ture models will handle other
microprocessors. We examined
the tester for the Z80.

The tester is housed in an
11X 6 X 3-inch package and weighs
just over two pounds. A 2-line, 32-
character LCD and 24-key keypad
dominates the front panel. Sixteen
of the keys form a hex keypad; the
other eight are used to initiate and
control various tests. Despite its
powerful capabilities, the Fluke 90
is surprisingly easy to use. But
don’t think that the tester is going
to do all your work for you—it

sgr | pic il T o = P
--------------------

R.S.R. ELECTRONICS, INC.

1560 HART STREET - RAHWAY, NEW JERSEY 07065
(201) 381-8777 + TELEX NO.: 4940028 + FAX: (201) 381-1572
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IESD-Il units @ $349.00 each.
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L8

O MASTERCARD
Address.

Card No. City

CIRCLE 199 ON FREE INFORMATION CARD
www americanradiohistorv com

K TESTER & EPROM WRITER
& SRAM TESTER
& DRAM TESTER

8861 AVIA

-—h
w



won't. It will make your work a lot
easier by taking out some of the
drudgery; but you have to know
what you're doing. (You still make
the decisions and the diagnoses.)

Setting up the tester consists of
merely connecting its 40-pin test
clip to the microprocessor you
want to test, and plugging a sup-
plied probe into the rear of the
tester. The microprocessor to be
tested is not removed from the cir-
cuit. To the contrary, the tester al-
lows you to check some of the

microprocessor’s circuitry, such as
buffers, decoders, RAM, and
ROM. In use, the tester emulates a
DMA (Direct Memory Access) de-
vice, and forces the pma and wair
lines of the microprocessor under
test, taking control of the bus from
the microprocessor.

Bus tests

Assuming that your power sup-
ply and clock are working correct-
ly, the first thing to check if you
have a problem in a micro-

KIK

Celebrating our 10th Year in USA.. ..

Proven Quality . . .
Factory Direct Prices!

COS 5100: 100 MHz

» 3 Channel, 8 Trace
» P-P level-lock auto-trigger
» Delayed Sweep

COS 5042TM, 40 MHz  $779.00

COS 5041TM

= 40 MHz, Delayed Sweep
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- Ch 1 Signal Output

$669.00

COS 5021T™M
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= 2 Channel
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COS 5060TM

« 3 Channel, 8 Trace

$489.00 - P-P level-lock auto-trigger
255 Frequency Counter: COS 5040TM g T SR
150 MHz $299.00 40 MHz $889.00
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FCO1130 Frequency « CH 1 Signal Output
Counter: 1GHz  $739.00 $639.00
677D Wow and Flutter COS 5020TM
Meter $949.00 *20 MHz
« 2 Channel
o 6701 Wow and Flutter * CH 1 Signal Output
O  Meter $999.00 $449.00
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8 Add $15 per unit shipping and handling.
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processor system is the integrity of
the bus lines. The Fluke 90 offers
several bus tests.

The primary use of the simple
bus test is to check for bus lines
that are shorted together, or for
bus lines tied to the ground and
supply lines. The test determines
whether the data, address, and
control lines can be driven by
trying to force each line to a
given state and then sensing
whether that state was actually
achieved. At the same time, it
checks for shorts by making sure
that nothing else on the bus
changes state at the same time as
the line being tested.

The simple bus test is a useful
first test but, unfortunately, short-
ed bus lines are not the most likely
problem to occur on a micro-
processor board. What's more,
they are among the easiest prob-
lems to diagnose, even without a
dedicated tester. A second test,
called the ramp test, allows you to
make tests on the other side of
address decoders and buffers. The
test performs a memory write to
each address in the micro-
processor’s memory space. That
should, of course, enable all ad-
dress decoders. The output of the
decoders—or the cHip-seLECT inp-
uts of any memory IC’s—can be
monitored using an oscilloscope,
a logic analyzer, or the probe sup-
plied with the tester. Any lack of
activity indicates a probable faulty
component.

Shorted lines can be checked
for during the ramp test by-watch-
ing the frequency of each address
line. As the complete address
space is stepped through, the fre-
quency of each line should be dif-
ferent—one half of the previous
line’s frequency. (Remember, the
state of address line A@ changes
each time the address is incre-
mented. A1 changes every second
increment, A2 changes every
fourth increment, and so on.) The
tester outputs a similar pattern on
the data lines making data-bus
shorts easy to find. A third bus
test, called the shift test, is a varia-
tion of the ramp test. Only one
address and data line is high at a
time. That can make detecting
some shorted lines easier. All of
the bus tests can be made to cycle
once, or to loop continuously.



Memory and I/O tests

Once you're satisfied that your
computer’s bus lines are doing
what you expect, the next step is to
test the system’s RAM. The first
memory test reads the contents of
each memory location in the user-
selected range, then writes two
patterns and verifies that each pat-
tern was written correctly. Finally,
it restores the original contents.
The system under test can be oper-
ating normally during the memory
test.

If the RAM checks out, the
checksum of the ROM in the sys-
tem can be tested. The tester reads
the data from the user-specified
range, and accumulates the 16-bit
sum (which is the checksum gen-
erated by most EPROM program-
ming equipment). All memory
locations in the selected range are
accessed, so faulty address de-
coders and shorted chip-select
lines can be found.

The tester’'s memory-examine
function allows you to easily exam-
ine the contents of any specific
memory location in the address
space. The Fluke 90 makes it easy
to increment one location at a
time. A memory-verify test lets you
verify a particular location by writ-
ing the bit pattern of your choice
to the location of your choice. A
read operation is then performed
immediately. A separate memory-
write test is also available.

The final memory test of the
Fluke 90 is memory soak, which
checks that static RAM retains its
memory for a user-specified
length of time. It can also be used
to fill memory with a given bit pat-
tern.

I/O examine, 1/0O verify and I/O
write tests are available on the
Fluke 90, and are performed just as
the similar memory tests are.

Using the probe

We mentioned previously how
the probe supplied with the tester
could be used as a simple logic
probe to check the state of data
and address lines, and the like. In
the QuickTrace mode, it can also
be used to identify and trace bus
lines. In that mode, the tester con-
tinually searches for the signal line
being probed. When the probed
lineisidentified, the probe’s green
LED lights, and the tester’s display

Now test and restore every CRT on the
market . . . without ever buying
another adaptor socket or coming up
embarrassingly short in front of your
customer . .. or your money back

with the new improved CR70 “BEAM BUILDER”™
Universal CRT Tester and Restorer

Patented $995

Have you ever?

Thrown away a good TV CRT, data display CRT, or scope CRT that
could have been used for another two or three years because you had no
way to test or restore it?

Lost valuable customers because you advised them that they needed
a new CRT when another technician came along and restored the CRT
for them?

Lost the profitable extra $35 or more that you could have gotten for
restoring a CRT while on the job and locked in the profitable CRT sale later?

Avoided handling profitable trade-ins or rentals because you were
afraid you'd have to replace the picture tube when you could have restored
it?

Had a real need to test a CRT on the job, but didn’t have the right
adaptor socket or setup information in your setup book?

If any of these things have happened to you, CALL TODAY, WATS FREE,
1-800-843-3338, for a FREE 15 day Self Demo.

“BEAM BUILDER" is a trademark of Sencore, Inc.

Call Today Wats Free 1-800-843-3338

SENCORE

3200 Sencore Drive

Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.
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Fluke 70 Series Analog/Digital multi-
meters are like money in the bank. Buy
one, and you're guaranteed to save both time
and money.

Money, because you get longer battery fife
and longer warranty coverage — 3 years vs.

1 year or less on others.

And time, because 70 Series meters are
easier to operate and have more automatic
measurement features.

So before buying any meter, look beyond the
sticker price. And take a closer look at the new
low-priced $79 Fluke 73, the $119 Fluke 75, and
the deluxe $149 Fluke 77 In the long run, they'll
cost less, and give higher performance, t0o.

And that, you can bank on.

For a free brochure, and your nearest distrib-
utor, call toll-free 1-800-44-FLUKE, ext. 33.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE

®

© 1985 Fluke, Ad No. 1271-F70
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shows the line’s name. The
QuickTraceidentification feature
is ideal for getting your bearings
on a tightly packed board, and it
can also help you find shorted
lines.

The probe-address test lets you
indicate alineyou’re trying to find,
say the microprocessor’s wriTe lin-
e. You can then hunt around your
board to find the line. (Should that
be on pin 20 of the PROM or on pin
19?) When you do find it, the green
LED on the probe lights, and the
LCD readout also indicates that the
signal was found. Similar func-
tions are available to find data and
control lines.

Communications port

An RS-232 is available on the
tester for control from a remote
computer, or for uploading to and
downloading from the memory of
the system under test. The RS-232
jack is a 6-pin RJ-12 connector on
the rear of the tester. A compatible
cable is supplied. Communication
rates from 300 to 9600 baud are
supported.

The communication port lets
you enter command strings for
complex tests such as break-point.
When a user-defined event oc-
curs, the microprocessor under
test is halted, and the states of its
address and data lines are output
to the terminal. Frame-point
tests—where the status of the ad-
dress and data lines are displayed
without the halting of the pro-
cessor—are also available. The
tester can also be programmed to
output atrigger pulse (from a rear-
panel connector) when a specified
event occurs.

All commands that can be en-
tered from the tester’s keypad can
also be entered remotely. That can
be a great convenience if your
communications program or ter-
minal allows you to define macro
strings. It also allows some degree
of automated testing.

Fluke’s 90 Series microprocessor
board testers are obviously spe-
cial-purpose tools, and are not de-
signed for casual use. If you test
microprocessor systems on a reg-
ular basis, however, the tester can
greatly increase your productivity.
The hours it will save you will
quickly make up for its $995 price.
($1395 after June 30, 1988). R-E
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FLAKAPROOF
RESISTOR

The complete line of
Flameproof Resistors from NTE Electronics.

NTE Flameproof Resistors are designed LOOK FOR THE FULL LINE OF QUALITY NTE
to provide you with a premium quality REPLACEMENT PARTS AND PRODUCTS:
replacement device... that won’t flameout or : m"(fs'fc‘)?f
short even under the most severe overloads. . .mégrated Circuits

i i HR 1 « Rectifiers and Diodes
Our resistors range in capgblhty from /s - High Voltage Multipliers and
Watts to 25 Watts with resistance values Dividers
from 10to0 2.2 Megohms_ « Optoelectronic Devices

. . » Zeners
They're totally noncombustible with a + Microprocessors and Support
metallic resistance material between a 3’;’{?\2 yICs
nonresistant core and a special ceramic . Thermal Cut-Offs
outer cover. « Bridge Rectifiers
. . » Unijunctions
NTE Flameproof Resistors are the ideal i et o
replacernent components for electronic + Microwave Oven Rectitiers
ames, telecommunications, medical, data gl

g v . U b « Flameproof Resistors
processing, military, broadcast and home - Wire Ties

i i « Electrolytic Capacitors
EiCH I mEnt eqUIpn?em' ) « Static Control Products
Don’t take chances with your expensive
equipment. Use NTE Flameproof Resistors For more information or the name of your local distributor,
... they handle the current. call or write NTE.

> =z

b2

NTE ELECTRONICS, INC. 3

44 Farrand Street, Bloomfield, New Jersey 07003 3
(Outside N.J.) 1-800-631-1250 « (N.J. only) 1-800-624-2624
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NEW PRODUCTS

values. For example, measure-
ments such as volts and min/max,
or capacitance and zero-set, can
be combined to reduce manual

CIRCLE 10 ON FREE INFORMATION CARD

HOME SCANNER. Regency Elec-
tronics introduces the model
R2060 featuring “TurboScan,”
which allows the device to scan at
| arate of up to 50 channels per sec-
ond. A special WEATHER-ALERT key
provides instant awareness of se-
vere weather: At the touch of a
button, the R2060 silently
monitors the weather frequencies,
broadcasting alerts in plenty of
time for listeners to take safety
precautions.

The unit covers seven of the
most popular bands, including
VHF low band, 30-50 MHz; VHF
amateur, 140-148 MHz; VHF high
band, 148-174 MHz; UHF low
' band, 406440 MHz; UHF amateur,

440-450 MHz; UHF standard,
450-470 MHz; and UHF extended,
470-522 MHz.

Its 60-channel programmability
provides instant access to favorite
frequencies, either directly or in
the scan mode. Bank scanning
provides easy access to four
groups of consecutive channels. A
separate set of non-programmable
channels provides exclusive scan-
ning of NOAA weather frequen-
cies in the U.S. and Canada.
Additional features include pri-
ority, lockout, delay, and hold.

The model R2060 has a sug-
gested retail price of $249.95.—Re-
gency Electronics, 7707 Records St.,
Indianapolis, IN 46226.

RADIO-ELECTRONICS

[\
S

DIGITAL MULTIMETER. The Philips
model PM 2525 is a general-pur-
pose instrument with many extra
functions. Eighteen measurement
functions are standard, including
volts AC/DC, amps AC/DC, both
four-wire and two-wire resistance,
capacitance, frequency, time, tem-

perature, dB, and continuity
check. There are five voltage
ranges, eight current ranges, and
seven resistance ranges.

The model PM 2525 also
provides three functions, min/
max, zero-set, and dBm, to en-
hance understanding of measured

wWWw americanradiohistorv com

calculations.
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The model PM 2525 has 4Y%-digit
resolution with a 21,000-count dis-
play, or a 5%4-digit resolution with a
210,000-count display in the high-
resolution mode. In addition, a
high-resolution analog bar-graph
display gives a clear indication of
signal trends. The bandwidth is up
to 100 kHz.

The PM 2525 is available in three
versions: A benchtop model for
general-purpose use in lab, work-

' shop, and production-line en-

vironments; a portable model
with battery power pack for field
use; and a version with a choice of
three built-in interfaces—GPIB,
RS-232 for system applications, or
analog output for use with hard-
copy devices.

The PM 2525 is priced at
$795.00.—John Fluke Mfg. Co., Inc.,
PO Box C9090, Everest, WA 98206.

MULTI-OPTION KEYBOARD. Cher-
ry’s model G80-2000 is IBM-com-
patible and has a card reader,
mouse, and remote bar-code read-
er available as options.

The keyboard has a layout that is
identical to IBM’s 3270 with 24
function keys arranged in two
rows along the top, in addition to
ten at the left. The extra function
keys are especially useful for rapid
data entry, allowing input of
lengthy product descriptions or



codes with just a few keystrokes.

The additional function keys are
normally only recognized by soft-
ware written for the 3270 PC, but
Cherry has also made provisions
for PC-XT and AT users. The en-
hanced versions of SmartKey soft-
ware is bundled with the key-
board, giving it an extra 96
functions because each of the keys
can function alone, shifted, crri-
shifted, or awr-shifted. An on-
board LCD readout provides oper-
ator guidance. Also available are
N-Key rollover, LED-actuation in-
dicators, and programmable auto-
repeat. The keyboard can be sup-
plied with or without low-profile
housing in order to conform to
DIN standard.
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The G80-2000123-key keyboard,
completely assembled and elec-
tronically equipped for bar-code
reading, mouse, and magnetic-
card reader is priced at $765.00.
The bar-code-reader light pen
($170.00) and mouse ($45.00) are
sold separately. The keyboard
completely assembled and elec-
tronically equipped for bar-code
reading only is $680.00, and
equipped for magnetic-card read-
ing only, including the card-reader
itself, is also $680.00.—Cherry Elec-
trical Products, 3600 Sunset Ave-
nue, Waukegan, IL 60087.

OSCILLOSCOPES. Tektronix has in-
troduced two oscilloscopes that
offer automated-measurement
features normally found only on
more expensive oscilloscopes:
The model 2245A and the model
2246A (shown).

The 2246A is the first 100-MHz
scope to offer 20 store/recall set-
ups, 4-channel testing capability,
cursors, readout and automatic
setup. It is priced at $2395.00. The
2245A has almost all the features of
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the 2246A, but not the 20 store/
recall feature. It is priced at

$1795.—Tektronix, inc., PO Box
500, Beaverton, OH 97077.

SERIAL SCANNING SWITCH. B & B
Electronics’ model 2325S5S auto-
matically scans two RS-232C serial
ports waiting for data to be sent.
Upon receipt of the data from ei-
ther RD (pin 3) port, the switch
then selects that port and passes
all RS-232 data on pins 2-7, 8 and
20. Approximately 15 seconds after
the data has stopped flowing on
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o Digital Filter Type, removes
only Macrovision pulses

s No adjustments, crystal
controlled

o Compatible with all VCR’s,
uses automatic vertical
blanking level

Macro-Scrubber — We stock the exact parts, PC board, and
AC adaptor for an article on Building a Macro-Scrubber
appearing in Radio-Electronics December 1987 issue.

JMAK-1 Parts Package ... $19.00

Includes all the original resistors, capacitors, diodes,
transistors, integrated circuits, and crystal.

JMAK-2 PCBoard ... $9.95
Original etched and drilied silk-screened PC board used
in article

JMAK-3 AC Adaptor ... $7.95
Original (14 to 18 volt DC @ 285 ma) AC adaptor used in
article.

Free reprint of article on building a Macro-Scrubber with any purchase above.
Add $2.50 shipping & handling; $4.50 Canadian orders.

Note: Unauthorized duplication of copyrighted material is illegal. Use
Macro-Scrubber for viewing only.

72-CHANNEL MC-702 CONVERTER

CABLE CONVERTER TR $79.95

WITH INFRA-RED REMOTE CONTROL

RADIO-ELECTRONICS

Add $3.50 shipping & handling
$9.50 Canadian orders

s 72-channel capability
e Wireless, Infra-Red
remote control

s Channel output 2or 3

switchable

* Microprocessor
controlled PLL
operation

e Skip channe! memory

eliminates unused
channels

Parental control for all
channels

Last channel recati
Fine tune memory

UL listed/FCC
approved

Simple instaliation with
any TV

Includes battery and 3
foot coax cable

CABLEMASTER

Cable/VCR Timer

s Record multiple premium play channels
¢ Turns cable box on and off

Add $3.50 shipping & handling

$4.50 Canadian orders

e Selects channel for unattended recording
e Thousands sold nationally for $99.95

ORDER TOLL FREE ANYTIME

1-800-227-8529

Inside MA: 617-695-8699

VISA, MASTERCARD,
orC.OD.

MasterCard |

VISA
—

Ask for FREE

Color Catalog

Jo)

ELECTROMICS, IAC.
P.O.BOX 800 ® MANSFIELD, MA 02048

©Copyright 1988 by J&W Electronics Inc.

N
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pin 3, the switch then resumes
scanning.

During the time that the switch
is locked on to one port, the other
portoutputs (pins 2, 4, and 20) will
be low to prevent the computer
from outputting data.

: ,\:; s‘z.? \ y
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¥
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The model 23255S comes com-
plete with a117-volt AC power sup-
ply. The two input-port connectors
are female and the main con-
nector is a male DB25P. The Scan-
ning Switch is priced at $119.95.
—B & B Electronics, 1500P Boyce
Memorial Drive, PO Box 1040, Ot-
tawa, IL 61350.

WIRE ANALYZER. Polytronics pre-
sents SureTest, a portable hand-
held device that tests for current-
carrying capacity using a built-in
15-ampere load. The multi-func-
tion analyzer applies the load and
determines if the voltage drop is
less than 5%, as recommended by
the National Electric Code.

CIRCLE 15 ON FREE INFORMATION CARD

SureTest also checks circuits for
voltage level, wiring connections,
and operation of a ground fault cir-
cuit interrupter, thus saving any
need on the owner’s part to have
or use separate testers.

SureTest is priced at $89.95.—
Polytronics, 2100 Old Union Road,
Buffalo, NY 14227.

continued on page 28



NEW - Models 422 and 421 5 MHz Sweep/Function
Generators that offer low distortion, harmonic-free sine,
triangle and square wave outputs. TTL output will drive up to
10 TTL loads for logic and digital circuit testing. Selectable
sweep frequencies (.05 Hz to 5.0 MHz), rates and sweep
times. Model 422 features 6-digit LED display and frequency
counter capability for circuit monitoring.

Model 421, 120 VAC, Cat. #12731 . . . . .. e an

220 VAC, Cat. #12733 . ... ... .. $535.00
Model 422, 120 VAC, Cat. #12732. .. . ... ..
220 VAC, Cat. #12734 . .. ... . .. $650.00

CIRCLE 192

NEW - Model 159 AC/DC Ciamp-On Probe

Extend the capability of VOMs and DMMs with the Model 159
current probe. Access cables in almost any position with its
unique 1.3-inch (33 mm) jaw opening. 0.1 A to 500 A current
range to 660 V (rms). Hall-effect technology for reliable,
accurate results.

Model 159, Cat. #12120 ... ... .......... $169.00

CIRCLE 251
CIRCLE 253

NEW - Model 460-6 DMM

High accuracy bench DMM with extended measurement
capability. It is completely portable with a built-in, ni-cad battery
pack and includes true rms measurement, pulse detection,
selectable dB reference level and a 4-1/2 digit LCD readout with
22-segment bar graph. Designed to meet UL 1244 requirements.

Model 460-6, 120 VAC, Cat. #12538 . . . ... ..
240 VAC, Cat. #12539 . .. .. ... $425.00

PRODUCTS!

NEW - Models 713 and 712 Universal
Frequency Counters

Model 713 (to 520 MHz) and 712 (to 200 MHz) provide
period, frequency, ratio, time interval and totalize functions for
a wide range of applications from radio servicing to logic and
control circuit testing and monitoring. Both feature an 8-digit,
high visibility, orange LED display, selectable attenuation and
self-check of the 10 MHz time base.

Model 712, 120 VAC, Cat. #12722 .. .. . .. ..
220 VAC, Cat. #12723 . .. ... ... $525.00
Model 713, 120 VAC, Cat. #12724 .. ... ..
220 VAC, Cat. #12725 $675.00

CIRCLE 250

NEW - Models 488 and 487
Digital Multimeters

These new handheld DMMs feature
autoranging and data/peak hold, and
a 3-1/2 digit LCD plus 71-segment
analog display. Housed in a shock
resistant case for rugged use. AC and
DC current measurements; 300 pA to
20 A; 1000 VDC, 750 VAC (rms);
diode check; and resistance to

30 MQ. The Model 488 features true
rms measurements.

Model 487, Cat. #48700 .. ... ... .. .. .. .. $219.00
Model 488, Cat. #48800 . ... ... ... .. ... $275.00
CIRCLE 252
CIRCLE 254

NEW - Model 464-4 DMM

Provides true rms voltage and current readings. Big, orange
3-1/2 digit LED display for easy reading. 100 kHz frequency
response. Designed to meet UL 1244 requirements.

Model 464-4, 120 VAC, Cat. #12677 ... .. ..

220 VAC,Cat. #12678 .. ... .. $325.00
240 VAC, Cat. #12679 . ... ...

AVAILABLE FROM LEADING ELECTRONICS/ELECTRICAL DISTRIBUTORS AND MODIFICATION CENTERS

SIMPSON ELECTRIC COMPANY

853 Dundee Avenue, Elgin, lllinois 60120-3090

(312) 697-2260 » Telex 72-2416 ¢ Cable SIMELCO e FAX (312) 697-2272
IN CANADA: Bach-Simpson Ltd., London, Ontario

IN ENGLAND: Bach-Simpson (U.K ) Ltd., Wadebridge, Cornwall

‘Prices and Specifications Subject to Change Without Notice
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MONITORING SYSTEM. The
Phonetics model 7700 Sensaphone
communicates over phone lines to
help avoid catastrophic loss or
damage to your valuable property,
products, or operating facilities. |f
any monitored condition changes,
the model 7700 will automatically
sound an alert, call you by phone,
and deliver its message in English.
You can also check on actual oper-
ating conditions by calling your
Sensaphone from any phone
worldwide to hear a complete sta-
tus report.

In addition to its built-in elec-

CIRCLE 16 ON FREE INFORMATION CARD

trical-power, temperature-level,
and high-sound-level (from a
smoke or fire alarm) sensing ca-
pabilities, you can configure your
model 7700 to monitor other en-
vironmental conditions that are
critical to you.

When an alert condition occurs,
Sensaphone will immediately dial
out up to four phone numbers in
sequence, to warn key personnel
that a problem or emergency ex-
ists. A prompt return call to ac-
knowledge the alert stops the
continuous call-out.

The model 7700 Sensaphone is
priced at $300.00.—Phonetics, Inc.,
101 State Road, Media, PA 19063.

FREQUENCY COUNTERS. From
Simpson Electric Company comes
the model 712 and the model 713
(shown in photo).

Both models are designed for
service, production, laboratory,
and training operations. The
model 712 has a range up to 200
MHz and the model 773 has a
range up to 520 MHz. They both
provide period (10 Hz to 2.5 MHz),

channel A/channel B frequency-
ratio (10 Hz to 2.5 MHz/10 Hz to 10
MHz), time-interval (0.5 ps to
200,000 ws) and totalize (10 Hz to 10
MHz) functions.

v .
CIRCLE 17 ON FREE INFORMATION CARD

Additional features of both mod-
els include self-check with display
of internal time-base frequency (10
MHz), a 1-MHz lowpass filter, anc
selectable attenuation. The dis-
play for both models is an easy-to-
read 0.56-inch orange LED. It has 8
digits with overflow, gate, and ps
indicators.

Prices are $525.00 for the model
712 and $675.00 for the the model
713—Simpson Electric Company,

@ HITACHI

- 6” CRT with Internal Graticule
» Duai Channel X-Y Display
- Sweep Time Autoranging

» TV Sync Trigger Circuit

« 400V High Input Voltage Protection

Instant Hard Copy!!

From Oscilloscopes

POLAROIDe DS-3

RADIO-ELECTRONICS

n
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- Bandwidth Limiter - Trigger Lock
« Delayed Sweep - Single Sweep
- CRT Readout . +3% Accuracy

—

CAMERA _w

V-1060 DC to 100MHz

$129595 save $200!
V-665 DC to 60MHz
With Cursor Readout.

$1145. save $150!
V-660 DC to 60MHz

' V-1065 DC to 100MHz With Cursor Readout $94595 save $150!
$1 54595 save $250! rBest Deals in Test Equipment
h. L in USA... Ask for Bob Ladnier
Digital Storage Scope

Dual Channel
Mini-Portable Scopes  v-6020 1MHz Sampling,
Dual Channels

V-509 DC to 50MHz,
Delayed Sweep $1750. Save $200!

$1195. Save $250!

Save $135!  $290.

- 57, 6” and 7" Hoods (Available separ-
ately @ $51 ea. Please Specify size)

» Pistol Grip For Ease of Operation

» Works on Any Make of Oscilloscope

» Three Full Year Warranty

Replacement Probes For:
Tektronix « Hewlett-Packard - Hitachi - Leader - B&K
« Philips « Kikusui « As Low as $32.00!
Call for pricing and quantity discounts.

Dual Channel 6” CRT Scopes
V-425 DC to 40MHz, CRT Readout
$845. Save $150!

V-423 DC to 40MHz, Single Time
Base Delayed Sweep

PROBES INCLUDEDWITH ALL HITACHI
SCOPES AT NO EXTRA CHARGE!

$745. Save $250! V-209 DC to 20MHz mﬁo\zavcmrm
V-422 DC to 40MHz, DC Offset $822. Save $175! ’
el Vs WM. B. ALLEN
v-225 DC to 20MHz, CRT Readout  Quad Channel Multi-  v.099 3.5° GRT ’ | A SUPPLY COMPANY
$720.  Save $75! Function Scopes / ana ALLEN SQUARE
$950. Save $300! rorems
V-223 DC to 20MHz, Delayed Sweep y_-1150 DC to 150MHz, W 300 Block North Rampart Street
$695.  Save $100! Delayed Sweep NS CRViectonScopes Sz New Orleans Louisiana 70112
V-222 DC to 20MHz, DC Offset $2600. Save $350! V-0696"CRT
$515.  Save $200! V-1100AU DC to 100MHz, $1825. Save §125/ USA 800 535-9593 - LA 800 462-9520
V-212 DC to 20MHz Delayed Sweep V-089 3.5" CRT LOCAL 504 525-8222 - FAX 504 525-6361
k$440' Save $175! $2175. Save $315! $1284. Save $400! | American Express + Visa « MasterCard « 928 pg Catalog FREE with your order
—
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TROUBLESH:JOTING AND 1
REPAIRING THE NEW Lok
QN [ : h DESIGN AND

for only $3.95 ol
(values to $123.75) — &?}"‘7"

and get a Free Gift! :

e, i
TV REPAI PROJECTS §

— ‘*‘J

STATE OF
SOLID STATE

2809 525.95
Count as 2

1999P 5$14.9%'

i BASIC
L-' ELECTRONICS
I
e ag POWER SUPPLIES
1625P $14.95 FLECTRONK
~ PROJECTS
= 2733 §$14.95 .
117 PRACTICAL . . . 2922 3$24.95 1775P $18.95
IC PROJECTS. Electronics projects . . . ideas . . . the latest technology o
‘OU CAN B! . . =
i all at up to 50% off publishers’ prices! & THE MASTER §
Np— ) HANDBOOK OF
Membershlp Beneflts « Big Savings. In addition to this introductory lc C|RCU|TS
offer, you keep saving s.bstantially with members' prices of up to 50% off the ‘Easy-to-ed

sianple-to-build curcusts tor qvary porpess!
SY THOMAS R. POWERS

T

publishers’ prices. ¢ Bonus Books. Starting immediately, you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers’ prices. * Club
News Bulletins. 14 times per year you will receive the Book Club News, describ-
ing all the current selections—mains, alternates, extras—plus bonus offers and

1960 $24.95

[P —
s special sales, with hundreds of titles to choose from. ¢ Automatic Order. If you
(%%}“’A#%CS ‘want the Main Selection, do nothing and it will be sent to you automatically. if
i st you prefer another selection, or no book at all, simply indicate your choice on the
‘ reply form provided. As a member, you agree to purchase at least 3 books within
o \ the next 12 months and may resign at any time thereafter. ¢ ironclad No-Risk
{ £ Guarantee. If not satisfied with your books, return them within 10 days without
i 3 obligation! ¢ Exceptionz) Quality. All books are quality publishers’ editions
| i especially selected by owr Editorial Board.
: oot All books are hardcover unless numbers are followed by a “"P"" for paperback. {Pubiishers’ Prices Shown)
1536P $8.95 . .
g FREE when you join!
1 iE- D i e st (£
Toe GANT Mawncboos . §
t?"idm"f‘sl Handy, Pocket-Sized e o0 o oo
Y Resistor and Inductor : - -

Color Code Calculator
Eectaonies Boar Cue

0000000000 00000800000000000a000000000000a00s0000000

e i R EeecTranics Baak Cue T

Blue Ridge Summit, PA 17294-0810

Piease accept my membership in the Electronics Book Club® and send the 5 volumes listed
betow, plus my FREE Resistor and inductor Color Code Calculator (502E), billing me $3.95
plus shipping and handting charges. If not satisfied, | may return the books within ten days
without obligation and have my membership canceled | agree to purchase at least 3 books
at regular Club prices (plus shipping and handling) during the next 12 months and may resign
any time thereafter

.

- J[HE
MASTER

- — i

1604 $16.95 1199P $14.95
ﬁ;&;;;ﬂtafy Name T | 1 y
Electricity Address -~ S S
Flectronics | 5 Cty _ ——
compnt I o State/Zip Phone
Signature - —

Valid for new members only. Fareign applicants will receive special ordering instructions. Canada
must remit in U.S. currency. This order subject to acceptance by the Electronics Book Club.
Signature of parent or guardian required for all new members under 18 years of age. RE.588

2839 $15.95 _2'7~53‘F: $16.95 0 0000000000000 000 0600000000000 00000000a000000000 000 1532P $14.95 Y 2731 $21.95

www americanradiohistorv com
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HITACHI SCOPES

AT DISCOUNT PRICES!

Model V212 $475

100MHZ

Model V1060 $1,375

Model V-212 20MHZ Dual Channel (1mV Sens.) $475

Model V-422 40MHZ Dual Channel (1mV Sens.) $699 1 5'25 o/o
Model V-425 40MHZ Dual Channel (with cursor) $825
Model V-660 60MHZ Dual Channel (Delayed Sweep) $990 OFF LIST

Model V-1060 100MHZ Dual Channel (Delayed Sweep) $1,375 PRICE
All above scopes have a 3 year guaranty on parts and labor

ELENCO PRODUCTS AT DISCOUNT PRICES!

MO-1253 e
40MHz -r&_—' %

Dual Trace || Iy
12KV HV || ed:
-:.,;;...."TJ‘@ £
% o

Delayed Sweep

$550 12 = 4

20MHz DUAL TRACE OSCILLOSCOPE
$349 MO-1251

35MHz DUAL TRACE OSCILLOSCOPE
$498 MO-1252

Top quality scopes at a very reasonable price. Contains all the desired features. Elenco’s 2 year guarantee

assures you of continuous service. Two 1x, 10X

probes, diagrams and manual included. Write for specs.

60 MHz scope probes, switchable 1x, 10x, Ref. Model T-1 Fits Most Scopes $19

MULTIMETER with
CAPACITANCE AND
TRANSISTOR
TESTER

Model
CM-1500A $58
Reads Volts, Ohms,
Current, Capacitors,

Transistors &
Diodes WwiCase

TRUE RMS 4%2

DIGIT MULTIMETER Auto Ranging

plus

Model Manual Ranging
M-7000 32 Digit Meter
28 Functions

$1 35 Fully protected

.05% DC Accuracy
1% Resistance © M-1180 .7% Acy $36.95
with Freq. Counter | M-1182 .25% Acy $39.95
& Deluxe Case ’ M-1181 .1% Acy $42.95

GF-8016 FUNCTION GENERATOR
with Freq. Counter

$239

#¢ ° Sine, Square, Triangle
. Pulse Ramp, .2 to 2MHz
. Frequency .1 thru 10MH2z

GF-8015 without Freq. Meter $179

10MHz OSCILLOSCOPE BREADBOARD

* 10MHz DC or AC g
» Triggered Sweep 9430 1,100 pins $15

= Calibrated Vert & Hor 9434 2,170 pins $25
* Reads Volts & Freq 9436 2.860 pins $35

DIGITAL TRIPLE POWER SUPPLY
Model
j XP-765

$239

0-20V @ 1A
0-20V @ 1A

5V @ 5A
Fully Regulated, Short Circuit Protected with 2
Limit Cont. 3 Separate Supplies

XP-660 with Analog Meters $169.50

”“9 u L T aco-

DIGITAL LCR METER 50MHz LOGIC PROBE
. 20 nsec with memory

1 38 LP-700
$
- - /
Model / /"
LC-1800 & $23
Measures:
Inductors, f
. Capacitors, 2
AR Resistors Logic Pulse
— LPeoo . $23

QUAD POWER SUPPLY

- Model
XP-580

$59.95

2-20V @ 2A
Fully regulated = 12V @ 1A
and short +5V @ 3A
circuit protected 5V @ 4A

Model XP-575 without meters $49.95
TR

MULTI-FUNCTION COUNTERS

WITPTEYE, faon $259
LIO0E w il ‘ :
e - UL

Frequency, Period, Totalize, Self Check with High-
Stabilized Crystal Oven Oscillator, 8 Digit LED Display

C&S SALES INC.. 1245 Rosewood Dr. Deerfield, I 60015 'w" 15 DAY MONEY
800-292.7711  312-541-0710 ASK FOR CATALOG T BACK GUARANTEE
2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax
CIRCLE 109 ON FREE INFORMATION CARD
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853 Dundee Avenue, Elgin IL
60120-3090.

DESK BATTERY CHARGER. MF) En-
terprises offers the model
MFJ-290, a drop-in, rapid, desk-
top battery charger. [t is designed
for all ICOM rechargeable battery
packs. (The IC-n2 series battery
packs require the [COM AD-10
charger adapter.)

CIRCLE 18 ON FREE INFORMATION CARD

The model MFJ-290 is made of
high-impact plastic with ample
ventilation holes to ensure cool
operation; it measures 7 X 4 X 3
inches. It has an ownoff switch,

| power-on and charging indicators,

and operates from 117 VAC. The
unit is covered by an uncondi-
tional 1-year warranty.

The model MFJ-290 is priced at
$59.95.—MF) Enterprises, Inc., 921
Louisville Road, Starkville, MS
39759.

AM/FM STEREO CASSETTE PLAYER.
The Sparkomatic SR37 features an
illuminated dial, and AM/FM,
mono/stereo, and local/distance
pushbutton selection. Other fea-
tures include LED stereo and play
indicators, tuning and balance
controls, and a fast-forward/eject
pushbutton. The radio/cassette
player comes complete with
mounting hardware.

CIRCLE 19 ON FREE INFORMATION CARD

Audio power specifications are 9
watts (RMS) at 10% THD, and 7.5
watts (RMS) at1% THD. The model
SR37 is priced at $69.965—Spar-
komatic Corporation, Milford, PA
18337. R-E
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Ghost busting

MOST OF US ARE FAMILIAR WITH
ghosting. It's when the primary im-
age on the screen is accompanied
by one or more secondary images.
The effect is most often caused by
a reception problem, such as
when the antenna receives signals
both directly and via a time-de-
layed reflection from a building,
hilltop, etc.

But ghosting can have other
sources. A defect in the video-IF
amplifier strip could cause re-
generative feedback to occur. Hf
that feedback’s frequency falls
within the amp’s pass band, it will
show up on the picture as ghost-
ing. If fine tuning affects that
ghosting, that's further con-
formation that the video IF is in-
deed the culprit.

But what if fine tuning has no
effect? Then, assuming the TV set
is a color model, you should look
to the delay line.

In color receivers, the video
leaving the first video amp is split
into luminance (brightness) and
chrominance (color) information.
Each signal is processed and then
fed to the picture tube for display.
However, the brightness informa-
tion has fewer stages to pass
through during processing.
Hence, it tends to arrive at the pic-
ture tube slightly ahead of its re-
lated color information. If uncor-
rected, the result would be a
picture where the color informa-
tion is offset to the right of the
black-and-white information.

The purpose of the delay line,
then, is to slow down the bright-
ness signal so that all the compo-
nents of an image arrive at the
picture tube at the same time. The

.

JACK DARR
SERVICE EDITOR

R4 R6
IMEG  BRIGHTNESS
AVAVAV e -
R3 / R8
33K 12MEG
‘V"" Av"‘v Av"‘v -L
RS
Rl < ] L2 L3 200k R7 e =
6.8K 56 H DELAY  82uH 350K 82uH
YT T T ———} L
- L T0 3RD
R2 ROg O VIDEQ
2.2K = Ke O D
2ND VIDEQ . WA
EMP | = = R9

27K

FIG. 1

delay line is inserted between two
of the stages of the video amplifier.
A typical setup is shown in Fig. 1.

A delay line is essentially a long
inductor wound on a metal form.
That form is lined with foil along its
entire length, and the foil is tied to
ground creating a ground plane,
which causes a capacitance to exist
between each turn of the coil and
ground. That capacitance, along
with the inductance of the delay
line, introduces a time delay be-
cause it takes time for the capaci-
tance to build a charge and the coil
to produce its magnetic field.

Two types of delay-line failures
could cause ghosting to occur.
One is if the delay line is im-
properly terminated. Typically,
that happens when a resistor
changes value or the peaking coil
becomes open. The other com-
mon cause is an open ground
plane.

In short, then, a ghosting prob-
lem caused by the set itself is most
likely the result of regenerative
feedback or ringing in the video It
or video amps. If fiddling with the

WWWw.americanradiohistorv.com

fine tuning affects the ghosting,
look to the video IF; if fiddling
with the fine tuning has no effect,
look to the delay line.

Tracking intermittents

Anyone who has spent any
length of time servicing TV sets has
had some experience with inter-
mittents. Sometimes the problem
crops up rather quickly. Other
times the TV set may seem fine for
several weeks before cutting out;
shortly thereafter, the set once
again seems to be fine, for awhile.

TV sets suffering from the latter
symptoms can be a real pain to
troubleshoot. Often, the best
course to take is to force the inter-
mittent to show up. There are sev-
eral ways to go about doing that.

The simplest technique is to jar
the chassis with the heel of your
hand, or a small rubber mallet.
You’d be surprised how often that
does the trick.

If tapping the chassis fails, you’ll
have to apply more stringent
methods. Hook up a Variac and
drop the line voltage. If that fails,

8861 AVIN
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CRYSTEK

Reliability & Quality
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QUARTZ
CRYSTALS/%SRCILLATORS

ELECTRONIC — INDUSTRIAL

* Micro-Processor Control
* Computers/Modems
* Test/Measurement

* Medical
COMMUNICATIONS-REPLACEMENT

Mobile/2-way/Channel Elements
Pagers

Marine

Aircraft

Telemetry

Monitors/Scanners
AMATEURS

*CB
Hobbiest
* Experimenter

COST EFFECTIVE
MODERATE PRICING
FAST DELIVERY

The
Pulse of

Dependable Communications
Crystek Crystals offers their new 16 page
FREE catalog of crystals and oscillators.
Offering state-of-the-art crystat
components manufactuered by the latest
automated technology. Custom designed or
“off the sheif,” Crystek meets the need,
worldwide. Write or call today!

CRYSTEK CRYSTALS

2351/2371 Crystal Dr.  Ft. Myers, FL 33907
P.O. Box 06135 e Ft. Myers, FL 33906-6135

TOLL FREE 1-800-237-3061

(813) 936-2109 - TWX 510-951-7448
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use a hair dryer or other heat
source to warm up individual cir-
cuit components until the inter-
mittent appears.

An old troubleshooter’s trick for
tracking down stubborn intermit-
tents was to rig up a tapping tool
and attack individual components,
The tool was little more than a rub-
ber washer slipped over an end of
an alignment tool; the result was a
miniature rubber mallet that was
light enough to allow tapping
without the fear of breakage, but
heavy enough to send a noticeable
shock through a component. Start
tapping away at the components
until one of those taps makes the
intermittent appear.

While you're at it, don’t over-
look the solder joints. It doesn’t
matter how “perfect” the joint
looks on the outside; inside that
joint it could be a whole different
story.

In one set, | had tracked the in-
termittent to a particular junction
in the circuit. But the joint there
looked textbook clean. Deciding
that | had probably overiooked
something, | wasted hours of time
checking everything else in the
vicinity of that joint. Finally, out of
frustration | attacked that “clean”
looking joint itself. Of course, |
found that the wires beneath the
solder were completely corroded!
Rewiring and resoldering the con-
nection restored proper opera-
tion, and the set has worked fine
ever since.

If jarring the TV set makes the
intermittent show up, then you
should suspect bypass or coupling
capacitors in the affected circuits.
Attack each of those with your
“mini-mallet” until the the inter-
mittent reveals itself.

Sometimes, irritation can be a
helpful ally. In one particular in-
stance, no matter what 1 did, in-
cluding light tapping, the intermit-
tent would not show up. In
desperation, | drew back and gave
the chassis a relatively healthy
shot—strong enough to knock it
about six inches. Apparently, that
“scared” the intermittent enough
to force it to show up. The moral is
to not be afraid to use brute
force—in moderation. Picking up
a TV set and heaving it across the
room is never arecommended ser-
vicing strategy! R-E
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TV, RADIO
COMMUNICATIONS

Anbmoducﬂm « []1BP91—INTRO TO RA-
DIODXING. . . .$5.00.Ev-
erything you need to know
about radio DXing and how
you can get into this fas-
cinating hobby area.

Qi o
| BP155—INTL RADIO P = 5
STATIONS GUIDE . ... ?'/\\‘
$6.95. New edition lists sta- v X
tion site. country, frequency, H
ERP provides for thou-
sands of short wave radio
stations. Nine sectlions
cover a variety of broadcast
services.

« (1 BP105—ANTENNA
PROJECTS . ... $5.00.
Practical antenna designs
including active, loop. and
ferrite types that are simple
and inexpensive to build,
yet perform well. Also in-
cluded are antenna ac-
cessories.
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[1BP125-SIMPLE AMA- B acrale o I
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working on up to beam, tri- i1 (9
angle and even a mini § 774
{

rhombic.

4 [1BP132—25 SHORT-
AR WAVE BROADCAST AN-
TENNAS . . . . $5.00. Good
antennas can be inexpen-
sive. Here's 25 ditferent
ones ranging from a simple
dipole, through helical de-
signs to a multi-band um-
brella.

[1BP136—25 INDOOR p and Window
AND WINDOW ANTEN- -~
NAS .. .. $5.00. If you
can’t put up a conventional
antenna because of where
you live, one of these 25 de-
signs is likely to solve your
problem and deliver great
reception.

MAIL TO: Etectronic Technology Today Inc.
P.0. Box 240
Massapequa Park, NY 11762-0240

SHIPPING CHARGES IN USA & CANADA
0.0110$5.00. .. .$1.00 $30.01 to 40.00...84.75
5.01to $10.00 ... $1.75 $40.01to 50.00...85.75
10.01t020.00 .. .$2.75 $50.01 and above $7.00
20.011t0 30.00.. . $3.75

OUTSIDE USA & CANADA

3
3
)
$

Multiply Shipping by 2 for sea mail

Multiply Shipping by 4 for air mail

Total price of merchandise. . . 8
Shipping (see chart) . .. . . ... S
Subtotal . .. ... .. ... %
Sales Tax (NYSonly) ... ... . §___

I
=
' Total Enclosed .. ........ ... B I
I
I
J

I Name
Address
City State Zip
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NEW LIT

continued from page 15

TOOL CATALOG. Jensen’s full-color
Winter 1988 catalog features pliers,
screwdrivers, and other hand-
tools; power tools; test and mea-
surement instruments; and tool
kits and cases. Test equipment for
computers and telecommunica-
tions devices is also presented. An
updated supplement is also avail-
able; both are free of charge upon
request.—Jensen Tools Inc., P. O.
Box 50020, Phoenix, AZ

85076-0020.
CIRCLE 22 ON FREE INFORMATION CARD

FULL-LINE CATALOG. The 1988 cat-

alog from Parts Express contains
VCR parts, speakers, semiconduc-
tors, CATV products, tools, test
equipment, chemicals, and ca-
bles. Also featured are computer
accessories, and hardware. There
is no charge for the catalog, which
can be ordered by calling (800)
338-0531.—Parts Express Interna-
tional Inc., 340 E. First St., Dayton,

OH 45402.
CIRCLE 23 ON FREE INFORMATION CARD

I' DOES YOUR DIGITAL CAPACITANCE METER DO -n-ns-?l

FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WI™ 4 10 RANGE MANUAL CAPABILITY

AND THIS |

RANGE OF 0.0 pF to 1 FARAD (999.9 mF) |

0.5% BASIC ACCURACY UP TO 100 uF

AND THIS

READS DIELECTRIC ABSORPTION

AND THIS

EXTENDED PSEUDO 5 DIGIT
RESOLUTION ON SOME RANGES ONLY

AND THIS

ABILITY TO ZERO LARGE CAPACITANCE
VALUES UP TO 99.99 uF

AND THIS

CALCULATES TRUE CAPACITANCE
IF CAPACITOR IS LEAKY

AND THIS

DIODE CLAMP AND FUSED

PROTECTED INPUT.

DISCHARGE RESISTOR IN OFF

POSITION AT TERMINAL INPUTS.

POWERED BY 9V BATTERY

ONE YEAR PARTS &
LABOUR WAFRRANTY

FOR ONLY THIS

MODEL

MC30
I°DAETRON

a division of Bergeron Technologies Inc.

935 THE QUEENSWAY, BOX 641
TORONTO, ONTARIO MBZ 5Y9

CANADA (416)676-1600

Approx. Size
oA x 1%

SHIPPING INSTRUCTIONS:

AND THIS

IDENTIFIES TRANSISTORS (NPN, PNP)
AND THEIR LEADS (E, B, C, ETC)

AND THIS

TESTS ZENER DIODES AND RECTIFIERS.
UP TO 20V ZENER WITH AC ADAPTOR,
ZENER VOLTAGE WITH 9V BATTERY
DEPENDS ON ITS CONDITION

AND THIS

AUTOMATICALLY CALCULATES LENGTHS
OF CABLES IN FEET, METRES, MILES,
KILOMETRES (THEORETICAL RANGE

OF 9,999 MILES)

~-AND THIS
ABILITY TO SORT CAPACITORS IN
MANY DIFFERENT MODES

AND THIS

ABILITY TO READ LEAKY CAPACITANCE
(INSULATION RESISTANCE OR CURRENT)

AND THIS

CALCULATES TIME CONSTANTS WITH
USER DEFINED RESISTANCE VALUES

AND THIS

HOLD FUNCTION FREEZES DISPLAY

Alt units shipped out F.O.B. Buffalo NY wa United Parcel Service (except Hawail & Alaska)
unless otherwise indicated (in which case shipments will be F.O.B. Canada}

PLEASE SEND ME U.S. FUNDS
(QUANTITY) MC300(S) & $169.95 $

CARRYING CASE $ 16.95 $

ACADAPTOR $ 995 $

SHIPPING AND HANDLING @ 35.00 ER INSTRUMENT [ -

[ JCHECK [ |MONEY ORDER [ J———

[ IVISA { JMASTERCARD TOTAL $

[ ] CARD NO. _ - -

EXPIRY DATE __ - _ SIGNATURE __

NAME . TELEPHONE _

ADDRESS - I

oty STATE_ zIP CODE

DEALER ENQUIRIES INVITED

CIRCLE 197 ON FREE INFORMATION CARD

NEW RUGGEDIZED
SCOPE PROBES

Just a phone call away.

$58 P6109

150 MHz 10x
Compensation Range
18to 22 pF

$35 P6103

50 MHz 10x
Compensation Range
15t0 35 pF

These new passive voltage probes can be used with any
oscilloscopes having matching compensation ranges.

Screw in tips mean easy repair, no downtime,

To order call toll free 1 '800'426'22&0

VISA and MasterCharge accepted.

Tektronix

CDMMITTED TO EXCELLENCE

Copynght © 1987, Tektronix. Inc. All nights reserved KRA 810
CIRCLE 183 ON FREE INFORMATION CARD
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Train for the Fastest Growing Job Skill in America

Only NRI teaches you to
service all computers as you
build your own fully IBM
compatible microcomputer

With more and more new appli-
cations being developed for
every facet of business, educa-
tion, and personal computer
use, the demand for trained
computer service technicians
surges forward. The Department
of Labor ranks computer service
high on its list of top growth
fields, with accelerated demand
creating more than 30,000 new
Jjobs In the next 10 years.

Total systems training
No computer stands alone. . .
it’s part of a total system. And
if you want to learn to service
and repair computers, you have
to understand computer

Learn Computer Servicing Skills with NRI’s “Hands-On” Training . . .

Ny ‘C—'::I: ::Dlll
2T Iy

systems. Only NRI includes a
powerful computer system as
part of your training, centered
around the new, fully IBM PC
compatible Sanyo 880 Series
computer.

You start with the step-by-
step assembly of the highly rated
Sanyo 880 computer. You build
and test the ‘‘intelligent’’
keyboard, install the power sup-
ply and 5% " floppy disk drive,
and interface the high-resolution
monitor. But that’s not all. You
go on to install a powerful 20
megabyte hard disk drive—to-
day’s most-wanted computer
peripheral, now included as part
of your hands-on training.

It’s confidence-building,
real-world experience that in-
cludes training in program-
ming, circuit design, and
peripheral maintenance.

No experience necessary—
NRI builds it in
Even if you've never had any
previous training in electronics,
you can succeed with NRI
training. You'll start with the
basics, then rapidly build on
them to master such concepts
as digital logic, microprocessor
design, and computer memory.
You'll build and test advanced
electronic circuits using the
exclusive NRI Discovery Lab®,

Using NRI's unique Action Audio Cassette, you are talked
through the operation and practical application of your
hand-held digital multimeter—the basic, indispensable
tool for the computer specialist.

You'll set up and perform electronics experiments and
demonstrations using your NRI Discovery Lab. You’'ll even
intertace the lab with your computer to “see” keyboard-
generated data.

After you build this digital logic probe, you'll expiore the
operation of the Sanyo detached “intelligent” keyboard
and its dedicated microprocessor.

wWWw americanradiohistorv com



Your NRI total systems training
includes all this: NRI Discovery
Lab to design and modify circuits ¢
Four-function digital multimeter with
walk-you-through instruction on
audio tape ¢ Digital logic probe for
visual examination of keyboard cir-
cuits ® Sanyo 880 Series computer
with “intelligent” keyboard and 360K,
5" floppy disk drive ® 20 meg hard
disk drive you install internally e High-

resolution monochrome monitor « 8K ROM, 256K RAM ¢ Bundled so‘tware o

Reference manuals, schematics, and bite-sized lessons.

professional digital multimeter,
and logic probe. Like your com-
puter, theyre all yours to keep
as part of your training. You
even get some of the most
popular software, including
WordStar, CalcStar, GW Basic
and MS DOS.

Send for 100-page free
catalog

Send the post-paid reply card
today for NRI's 100-page, full-

color catalog, with all the facts
about at-home computer train-
ing. Read detailed descriptions
of each lesson, each experi-
ment you perform. See each
piece of hands-on equipment
you'll work with and keep.
And check out NRI training in
other high-tech fields such as
Robotics, Data Communica-
tions, TV/Audio/Video Servic-
ing, and more.

If the card has been used,
write to NRI Schools, 3939
Wisconsin Ave., N.W.,
Washington, D.C. 20016.

. T SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW
Washington, DC 20016

We’ll Give You Tomorrow.

IBM is a Registered Trademark of International Business
Machine Corporation.

The power supply is assembled in the main unit of the com-
puter. You check out keyboard connections and circuits with
the digital multimeterincluded for training and field use.

Next, you install tte 5% " floppy disk drive, leaming disk
drive operation and adjustment. Later, you increase your
data storage capacity dramatically by installing a 20 meg

t hard disk drive.

Using the monitor, you focus on machine language program-
ming, an indispensa ble troubleshooting tool for the techni-
cian. You continue by leaming BASIC language programming.

WWWw.americanradiohistorv.com

8861 AVIN

3

~



With Instant Access,
CA brings fo the screen

a world of
replacement parts.

Now appearing at participating GE/RCA Distributors numbers for solid state devices (including MRO), and
across the country is a new, highly efficient computer-  electro-optics and devices, into corresponding RCA
ized replacement parts service called Instant Access.  part numbers. As well as converting RCA drawing

With direct access to our . numbers into RCA stock num-
main computer, a distributor . bers for Consumer Electron-
can now learn the availa- ics replacement parts.
bility, pricing, and cross- Next time you need a
referencing of what- replacement part in a
ever part you need, hurry, look into

quickly and Instant Access.
accurately. You can even
Our massive specify delivery—

in less than twenty-
four hours if
necessary. To find
the participating
Instant Access
distributor nearest
you, write: Sales
Promotion Services,
| Distributor and
Special Products,
2000 Clements
Bridge Road, Deptford,
NJ 08096-2088.

RGA

inventory provides
you with instant
access to consu-
mer parts, SKand |
MRO devices, broad-
cast parts, picture
tubes, receiving
tubes, electro-optics
and devices, video
accessories and
video tape.

A precise cross-
reference index auto-
matically converts all
leading industry

WWW.americanradiohistorv.com



signal generator can
provide simultaneous
square/triangle

or square/sine output
signals.

|
|
I
'l This versitile
I
I
I

JOHN WANNAMAKER

THERE WAS A TIME WHEN A SIMPLE SINE OR
square wave signal was all that was
nceded to test electronic equipment.
Today, we need many more kinds of
test signals, as well as specific control
over such things uas their duration,
shape, and duty cycle. Basically,
what’s needed is a laboratory-grade
multifunction signal generator, such
as the one described in this article.
Using readily available parts, the sig-
nal generator provides a square wave
output, with simultancous triangle,
and sine wave outputs; it can also sup-
ply variable duty-cycle pulses and a
more-or-less conventional linear-
sawtooth ranp.

All outputs have level controls, and
the sine/triangle function makes
provision for a fixed amount of at-
tenuation. There’s also a front-panel
OFFSET control for the sine and triangle
waveforms that provides =1.5 volts
into a 600-ohm load, or 3 volts into an
open load. Other wavelorms are uni-
polar and may be used with CMOS
and TTL circuits.

The variable duty-cycle output
pulse,
1-50 ms can sink more than 20 TTL
loads. The linear output ramp is sim-
ilarly variable. A built-in frequency
counter monitors the output frequen-
cy using four decaded ranges of 100,
1000, 10,000, and 100k Hz.

VERSATILE

FUNCTION GENERATOR

which has a timing value of

Although the time-buase accuracy
and stability of the internal counter
arc exceptionally good, it would be
fairly easy to add an external jack that
switches out the internal monitoring
and accepts a signal from the outside
world. A O-I-volt pulse 1s adequate
input from 5 Hz to 2 MHz, but the
four-digit counter and display can
only handle up to 99.99 kHz.

The circuits

The signal generator is divided into
three sections: (1) the sine/triangle/
square wave generator; (2) the coun-
ter; (3) the pulse/ramp.

As shown in Fig. I, 1C3, an Exar
XR2206 Function Generator inte-
grated circuit, provides the sine, tri-
angle. and square waves. Normally,
1C3’s frequency adjustment is a
0.2-2-megohm variable resistor con-
nected from pin 7 to ground, but that
kind of adjustment often proves to be
critical because only conventional
single-turn potentiomecters are nor-
mally available in such large values.
In our prototype, however, the
XR2206 is used as a voltage-con-
trolled oscillator, and frequency-ad-
justment control R25 is a 10K 10-turn
potentiometer. Adjusting the output
frequency to within one cycle out of a
thousand takes only a modest degree
ol dexterity.

www americanradiohistory com

Values other than 10K may be used
if fixed-resistor R16 is changed. For a
2K potentiometer, R16 = 4.7K. For
5K, RI6 = 20K. For 20K, RI6 =
82K. Try to stay within that range, or
the low-frequency adjustment trim-
mer may become ineffective.

The sine/triangle circuit is also un-
usual in that, unlike some commer-
cial circuits, attenuation switch S3
affects only the signal amplitude and
not the value of any offset voltage.
You decide how much fixed attenua-
tion the circuit is to have (up to -20
dB; a 10:1 voltage ratio) by making
R26 larger than necessary, and then
trimming its value by connecting an-
other fixed resistor (R27) in parallel.
If that method is too cumbersome, the
two resistors can be replaced by a
multi-turn trimmer resistor. (Al-
though the trimmer is more costly, it’s
a great deal easier to use.)

Output impedance

A sine or triangle output is selected
by switch §2. Emitter-follower Q8
has an output impedance of about 20
ohms, which cansupply al.5-volt p-p
wavelorm into an 8-ohm speaker, or
about twice that amount into 16 ohms.
That holds true from 10 Hz to frequen-
cies that are far above the audio range.
(It’s important to adjust for zero offset
if testing speakers in that manner.)

8861 AVW
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FIG. 3—THE RAMP/PULSE SECTION can be disabled by switch S1, which is part of PuLse-

LEVEL control R7.

in adifferent way might increase noise
on the sine-wave output.

Since the sine-wave output can be
adjusted to a very low level, it is im-
portant to minimize the resident noise
level on the output line. The use of
wide foil in the power-supply circuit,
plus a short length of hookup wire
used as a supplemental ground bus,
keeps powcrline-related noise to
about 200 wV p-p. We found that
grounding the resistor in the orkser
circuit to the front panel instead of to
the ground foil on the PC-board made
a significant reduction in random
noise, again proving that all grounds
are not equal. Noise spikes caused by

the counter’s multiplexing (or pulse
transitions) are suppressed by either
removing power or reducing power to
the offending area. The counter/dis-
play current is reduced by one section
of attenuator-switch S3. Although
that causes the readout to dim, it is
still usable. The pulse/ramp circuitry
may be switched off entirely by
switch SI, which is part of purse
LeveL control R7. The overall noise is
about 250 wV p-p into a 600-ohm
load, and about twice that value into
an open circuit.

Low distortion
The sinc-wave output’s harmonic

wWwWw americanradiohistorv com

distortion can be reduced to as little as
0.5% by udjusting trimmer potenti-
omcters R18 and R19. However, the
sine-wave output also contains a low-
level distortion that appcars in the
form of 4 tenacious little blip that ap-
pears near the peaks of the sine and
triangle waveforms during the transi-
tions of the square wave. Although
hardly noticcable when the sine-wave
amplitude is high, the blip retuses to
lose amplitude at the same rate as the
sine wave when the sine-wave output
level is reduced. Capucitors CI18-21
minimize that blip to about 0.5-us
duration, and to a pcak amplitude of
400 V.

The user can very nearly climinate
the blip altogether by adding capaci-

T -

FIG. 4—THE SQUARE AND TRIANGLE
WAVEFORMS are simultaneously avail-
able at independent output jacks. Note
that the waveforms are in-phase.

2

e i R

FIG. 5—THE SQUARE AND SINE WAVE-
FORMS are also in-phase and simulta-
neously available at independent output
jacks.

=G

———— —— ———

FIG. 6—THE RAMP OUTPUT OCCURS
during the negative-going part of the
square-wave’s duty-cycle.



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

R1—1 megohm, linear potentiometer

R2—100,000 ohm, linear potentiom-
eter

R3, R12, R30—27,000 ohms

R4—220,000 ohms

R5, R15, R21, R22, R32, R55—
10,000 ohms

R6—680 ohms

R7—5000 ohm, potentiometer with
switch

R8—100 ohms, 2 watts

R9—5600 ohms

R10, R11—2200 ohms

R13, R43—47--47000 ohms

R14, R23, R28-—2000 ohm, linear
potentiometer

R16—33,000 ohms

R17—10,000-ohm trimmer potenti-
ometer

R18—500 or 1000 ohm, trimmer po-
tentiometer

R19—50,000 ohm, trimmer potenti-
ometer

R20, R57—1000 ohms

R24—9100 ohms

R25—10,000 ohms, 10-turn potenti-
ometer (see text)

R26, R27—selected, see text

R29—10,000 ohms, linear potenti-
ometer

R31, R59—47,000 ohms

tance between the terminal and
ground, although the cost of the extra
capacitance is a rounding of the tri-
angle-waveform’s peaks. (With the
built-in capacitors, that becomes ob-
jectionable only on the highest
range.) The capacitance also causes
4-dB attenuation at 100 kHz. [f that
seems too stiff a price to pay for a
clean low-level signal, simply remove
the aforementioned capacitors, but
expect a little rounding of the high-
frequency triangle peaks anyway.

Since it is known that the square-
wave output contributes significantly
to the unwanted blip on the sine wave,
the square-wave’s output line should
be kept short, and (it really hurts to
say this) it should be shielded.

The 330-ohm current-limiting re-
sistor for the counter section, R60,
should be mounted directly between
the terminals of the appropriate sec-
tion of the DPST (or DPDT)
ATTENUATE switch. Other front-panel
mounted components are C20 (500
pF), which should be soldered across
the outboard terminals of the SINE-
LEVEL potentiometer, and C21 (.00l

PARTS LIST

R33—22,000 chms

R34—50,000 ochms, trimmer potenti-
ometer

R35, R52, R54, R56, R58—100,000
ohms

R36—27,000 ohms

R37, R38—1500 ohms

R39-42, R49-51—150 ohms

R48—100 ohms

R53—10 megohms

R60-—330 ohms

Capacitors

C1, C4—0.1 pF, ceramic disc

C2, C3—0.1 uF, Mylar

C5, C7, C23—0.01 pF, ceramic disc

C6, C18, C20—500 pF, ceramic disc

C8, C24—100 pF, ceramic disc

C9, C10, C16,C17,C29, C32—10 pnF,
25-volts, electrolytic

C11, C27—47 pF, 25 volts, elec-
trolytic

C12—.001 pF, Mylar, 1%

C13—.01 pF, Mylar, 1%

C14—0.1 pF, Mylar, 1%

C15—1 pF, 50 volts, electrolytic

C19, C21, C22, C28—.001 nF, ce-
ramic disc

C25, C26—22 pF, ceramic disc

C30—2200 pF, 25 volts, electrolytic

C31—1000 pF, 25 volt, electrolytic

Semiconductors

IC1—CD4538 or MC14538 dual
monostable

wF), which should be soldered be-
tween the SINE output jack and the
nearby front-panel GROUND jack.
(Separate GROUND jacks should be
provided for the pulse/ramp signals
and the sine/triangle signals.)

If the sINE output is to provide max-
imum current, wire it directly to its
PC-board solder pad. If a 600-ohm
output is desired. use a string of Va-
watt resistors with a nominal resis-

tance of about 580 ohms in place of

the direct wire connection. When the
resistance value is just right, an open-
circuit sine wave of any value will
drop to exactly half of that value when
a precise 600-ohm load is connected
between the SINE and GROUND jacks.

Even though the PC board has two
foils connecting the power-supply
ground to the long ground foil on the
“output’ side of the board, there is
sufficient inherent impedance to
create some hum at the sINE output. To
minimize the induced hum, solder a
short—approximately 3 inches—
insulated jumper between the ground
foils, under the board. Solder one end
to the wide foil where C30 is

www americanradiohistory com

IC2, IC4—CA3140E op-amp

IC3—XR2206 function generator

IC5—74C926 counter

IC6—ICM7207A time base

Q1—2N2907A PNP transistor

Q2-Q15—2N4401 NPN transistor

D1-3—1N914 small signal diode

D4, D5—1N4401 silicon rectifier

Other components

F1—0.25-amp fuse

DSP1—NSB3881 Four-Digit display
(National)

J1—J6—Insulated banana jack

J7—Miniature phone jack

PL1—Powerline plug

S1—SPST, part of R7

S2, S5—SPST switch

S3—DPST switch

S4—3-pole, 4—position rotary switch

T1—Power transformer; 117-volt pri-
mary; 12.6-volt, 1-amp secondary

XTAL1—5.24288-MHz crystal

Miscellaneous: PC-board, IC sock-
ets, enclosure, wire, solder, etc.

Note: An etched and drilled
printed-circuit board is available
for $17 postpaid (includes
postage and handling) from
John Wannamaker, Route 4, Box
550, Orangeburg, SC 29115.
South Carolina residents must
add appropriate sales tax.

grounded; solder the other end to the
foil near the two ground pads on the
opposite side of the board.

Mounting

Each corner of the board has room
for a 440 machine screw mounting
hole. Be careful to not let a metal
spacer under the board short to a near-
by foil; or even better, use insulated
spacers. It would be wise to pass the
screws through the bottom of the cab-
inet so that the retaining nuts are on
top of the board.

The LED-display assembly can be
held 1n place by either 2-56 or 440
machine screws that extend through
the front panel on each side of the
display. They should pass through
some kind of improvised insulated re-
taining bar across the back of the dis-
play. Take care, when installing the
display, that its solder terminals do
not short to the panel. Since the rec-
ommended display has a built-in red
filter, no additional filter is necessary.

When mounting the power trans-
former, make provision for two lugs
under one of the mounting screws.
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ADVANCED DIGITAL COMMUNI-
CATIONS: Systems and Signal
Processing. Edited by K. Feher. 768
pp., 436 jllus. Emphasizes the newest
advances and developments in tele-
communications systems and net
works. Chapters on subjects such as
ISDN, speech caoding algorithms, digi-
tal speech interpolation systems and
interference are all written by interna-
tional authorities to give you on-the-job
expertise.

583801-X Pub. Pr, $59.95 Club Pr., $42.50

ELECTRONICS ENGINEERS' HAND-
BOOK, Second Ed. Fdited by D. G.
Fink & D. Christiansen. 2,272 pp.,
2,189 iflus. This updated and enlarged
edition covers all the latest knowledge
in the field, including new advances in
integrated circuits, pulsed and logic
circuits, laser technology, telecom-
munications, and much more.

209/812  Pub. Pr, $69.00 Club Pr., $61.50

32-BIT MICROPROCESSORS. £dited
by H. J. Mitchell. 248 pp.. 104 illus.
and tables. A complete survey of the
architecture, operation, and applica-
tions of today's most imporiant new
devices from AT&T, Inmos, Intel, and
Motorola.
425/85%

Pub. Pr.. $39.95 Club Pr., $29.50

MICROWAVE AMPLIFIERS AND 0S-
CILLATORS. By C. Gentili. 150 pp.. 79
illus. Athorough, practical introduction
to the theory and design of microwave
amplifiers and oscillators, with cover-
age of the scattering matrix, the gallium
arsenide field-effect transistor, and mi
crostrip technology.

229/953 Pub. Pr., $31.95 Club Pr., $24.95

TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA B8y R. G. Middleton. 303 pp.,
162 illus. and tables. Packed with
charts, diagrams, and case histories,
this practical handbook shows you how
to pinpoint defective electronic circui-
try when no service data is available.

583134-1 Pub. Pr. $27.95 Club Pr., $22.50

HANDBOOK OF
ELECTRONIC
TABLES AND
FORMULAS
Sixth Edition

256 pages, illustrated. 583804-4
Up-to-date mathematical tables and
electronic formulas in a convenient
desk reference that you'll find indis-

pensable. Included are basic formulas,

constants, government/industry stan-
dards, symbols and codes, service
data, and more. The handbook aiso
has new sections describing how to do
your calculations on a computer, and
complete computer programs.
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* your one source for engineering books
from over 100 different publishers

* the latest and best information in your field

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

New Members!
Take any one of these great
professional
books

for only
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as a premium with your
first selection!

Spectacular values up to $98-50

ENGINEERING FUNDAMENTALS
FOR THE PROFESSIONAL
ENGINEERS' EXAM, Third Ed. By L.
M. Polentz. 432 pp., 170 illus. Fea-
tures worked-out solutions and full ex-
pianations for all sample problems so
you can learn how to solve them. It's a
dependable way to prepare for the exam
or a perfect an-the-job reference.

503/931 Pub. Pr., $36.50 Club Pr.. $27.95

Value — Yours
ABSOLUTELY

FREE

when you join!

AUTOMATIC CONTROL SYSTEMS,
Fifth Ed. By B. C. Kuo. 736 pp., illus.
Provides an overview of automatic con-
tro! systems, including in-depth cover-
age of classical control techniques, op-
timal control theory, and analog and
digital control system design. This up-
dated edition discusses the latest ideas
on the use of computers to design con-
trol systems and as components of such
systems.

583706-4 Pub. Pr, $48.00 Club Pr., $36.95

OP-AMP HANDBOOK, Second Ed.
By F. W. Hughes. 320 pp.. 231 illus.
Organized for on-the-job reference, this
handbook covers all facets of op-amps,
from stability and protection to signal
processing using op-amps. Includes a
collection of over 60 practical circuits
for a variety of applications, proce-
dures, and experiments.

583651-3 Pub. Pr., $36.33 Clib Pr., $27.50

THE LINEAR IC HANDBOOK. By M.
S. Morley. 614 pp., 163 illus. The one-
stop sourcebook that helps you find —
quickly and easily — the lowest-cost
linear IC that will meet your needs.
Includes specs, applications data, and
prices of linear ICs from all major
manufacturers, as well as design and
fabrication technigues.

583784-6  Pub. Pr.S4950  Club Pr, $36.25
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MCGRAW-HILL CONCISE ENCY-
CLOPEDIA OF SCIENCE AND TECH-
NOLOGY. Editor-in-Chief S. P Parker
and the Staff of the McGraw-Hill En-
cyclopedia of Science and Technology.
2,065 pp., 1,600 illus. This volume
serves every need for understanding to-
day’s science and technology. Written
by over 3,000 of the world's topmost
experts, including 19 Nobel Prize win-
ners, it covers 75 disciplines from
Acoustics to Zoology.

454/825 Pub. Pr., $98.50 Club Pr., $63.99

CIRCUIT DESIGN FOR ELECTRONIC
INSTRUMENTATION: Analog and
Digital Devices from Sensor to
Display, Second Ed. B8y D

Waobschall. 400 pp., 365 illus. Brings
you the entire process of circuit design
In a comprehensive, easy-to-foliow for-
mat. This new edition reflects the latest
in IC technology, including CMOS and
ECL devices.

n2/31X Pub. Pr. $43.50 Club Pr., $36.95

AMERICAN ELECTRICIANS® HAND-
BOOK, Eleventh Ed. By T. Croft and
W. Summers. 1,824 pp., 1,560 iius.
This newly updated handbook shows you
how to select, install, maintain, and op-
erate all the latest electrical equipment
and wiring. It includes the most recent
code requirements, basic formulas, and
a wealth of circuit diagrams and illus-
trations.

139/326  Pub. Pr., $64.50 Club Pr., $49.50

MICROELECTRONICS, Second Ed.
By J. Millmanand A. Grabel. 1,001 pp.,
646 illus. Takes you from the basics of
semiconductor properties to an under-
standing of the operation of solid-state
devices, and then to more advanced
topics. Its up-to-date coverage, real-life
examples, and practical data make this
an ideal reference for the working
engineer. ]
423/30% Pub. Pr., $43.95 Club Pr., $36.50
ENGINEERING MATHEMATICS
HANDBOOK, Third Ed. 8y ). J. Tuma.
512 pp., illus. This best-selling hand-
book gives you the essential mathe-
matical tools-formulas, definitions,
theorems, tables, and models for com-
puter programming — that you need for
your day-to-day engineering
calculations.

634/433 Pub. Pr., $44.50 Club Pr., $34.50



PRINCIPLES OF PARALLEL AND
MULTI-PROCESSING. 8y G. R. Des-
rochers. 500 pp., illus. A highly prac-
ticat guide to the best techniques in
parallel problem-solving. Discusses
parallel system design, architecture,
implementation, software, and perfor-
mance analysis.

165/793 Pub. Pr., $49.50 Club Pr., $36.95

ANALOG ELECTRONIC CIRCUITS. By
G. M. Glasford. 480 pp., 350 illus.
Gives you the detailed information and
equations you need to create and ana-
lyze top quality circuit designs or effec-
tively utilize the designs of others.

Pub. Pr., $52.33

837684 Club Pr., $37.95
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HANDBOOK OF ELECTRONIC
NOISE MEASUREMENT AND TECH-
NOLOGY, Second Ed. By C. A. Ver-
gers. 440 pp., 213 illus. Provides an-
swers to ail your questions about noise
origins, causes, etfects. Aiso shows you
how to predict and measure noise, and
now to design low-noise circuits.

583947-4  Pub. Pr., $39.93

SWITCHGEAR AND CONTROL
HANDBOOK, Second Ed. £dited by
R. W. Smeaton. 1,056 pp., 789 illus.
The only handbook that treats all as-
pects of switchgear control, including
design, applications, safety, and main-
tenance. Updated to reflect the
changes brought about ty the use of
computers, solid-state devices, and
programmable controls.

584/494 Pub. Pr, $75.00 Club Pr., $36.95

Club Pr., $29.95

ANTENNA APPLICATIONS REFER-
ENCE GUIDE. £dited by R. C. Johnson
and H. Jasik. 496 pp., 368 illus. and
tables. Covers the major applications of
antenna technology in all areas of com-
munications and their design methods.
Emphasizes important new applica-
tions such as earth station, satelliite,
seeker, aircraft, and microwave-relay
antennas.
322/848 Pub. Pr., $49.50 Club Pr., $36.50
MICROCOMPUTER DESIGN. 8y M.
Hordeski. 406 pp., iflus. Emphasizes
the most current, cost effective meth-
ods for developing, debugging and test-
ing all types of microprocessor prod-
ucts, including software and hardware.

583683-1 Pub. Pr, $42.67 Club Pr, $29.95

DESIGNING ELECTRONIC CIR-
CUITS. By R. G. Middleton. 351 pp.,
192 iflus. Covers virtually every cate-
gory of circuits commonly used. This
practical manual provides the basic de-
sign procedures, tables and formulas
vital to effective electronic circuit de-
sign. Plus over 60 start-to-finish pro-
cedures are featured along with scores
of computer programs to help you de-
sign and analyze electronic circuits.

583673-4 Pub. Pr, $36.85 Ciub Pr, $27.50

Be sure to
consider these
important
titles as well!

INTRODUCTION TO RADAR SYS-
TEMS, Second Ed. By M. |. Skolnik.
579/091 Pub. Pr.. $51.95 Club Pr., $38.95

MICROPROCESSORS IN INSTRU-
MENTATION AND CONTROL. By S

A. Money.
421010 Pub. Pr., $35.50 Clu Pr. $29.50

OPERATIONAL AMPLIFIERS AND
LINEAR INTEGRATED CIRCUITS,
Third Ed. By R. £ Coughlin and F F
Driscofl.

583754-4  Pub.Pr.$3495  Club Pr, $25.95

MCGRAW-HILL'S NATIONAL ELEC-
TRICAL CODE HANDBOOK, 19th Ed.
By J. F McPartiand.

437017 Pub. Pr., $42.50

ELEMENTS OF ENGINEERING ELEC-
TROMAGNETICS, Second Ed. By N.
N. Rao
583174-9

Ctub Pr.. $31.95

Pub Pr,$49.00  Ctub Pr, $35.50
PROBABILITY, SIGNALS, NOISE. By
J. Dupraz

183/309 Pub. Pr.. $39.95 Club Pr. $29.95

POWER GENERATION CALCULA-

TIONS REFERENCE GUIDE. By T. G
Hicks
Club Pr., $27.50

[ ) ]" 286003 Pub. Pr. $36.50
e" ° HUMAN FACTORS REFERENCE
‘} GUIDE FOR ELECTRONICS AND
COMPUTER PROFESSIONALS. By W
E. Woodson
TI/684  Pub Pr,$3250  CiubPr, $23.5
THE FOURIER TRANSFORM AND
ITS APPLICATIONS, Second Ed.,

Revised. By R. N. Bracewell.
Pub. Pr. 545.95 Club Pr,, $38.95

63000 MICROPROCESSOR: ARCHI-
TECTURE, SOFTWARE & INTERFACE 0707156
TECHNIQUES. By W. A Triebel & A.

Singh.
583613-0

THE LASER GUIDEBOOK. By J. Hecht

Pub. Pr. $42.61 Club Pr, 529.85  277/338 Pub. Pr., $48.50 Club Pr. §37.50

FOR FASTER SERVICE IN ENROLLING
CALL ToLL-FReE 1-800-2-MCGRAW

I———- MAIL THIS COUPON TODAY ———-|,

McGraw-Hill Book Clubs
Electronics and Conirol Engineers'
Book Club®
PO. Box 582, Hightstown, NJ 08520-9959

Here'’s how the Club works to
serve YOU:

Please enroll me as a member and send nie the two
books indicated, plus the HANDBOOK OF ELEC-
TRONIC TABLES AND FORMULAS, [ am (o receive one
book for just $2.89, the other at the discounted
member's price, plus local tax, shipping and handling
charges. | agree to purchase a minimum of two
additional books during myv first vear of membership as
outlined under the Club plan described in this ad. |
understand that a shipping and handling charge is
added to all shipments.

B IMPORTANT INFORMATION...WE MAKE IT EASY TO GET!

In our rapidly changing world, those who perform: best are those who are best
informed. Designed exclusively for the practicing engineers the Electronics and
Control Engineers’ Book Club provides you with information that is relevant,
reliable, and specitic enough to meet vour needs. l:ach Club bulletin comes vour
way 14-16 times a year and offers you more than 30 books to choose from — the best
and newest books from all publishers!

B DEPENDABLE SERVICE... WE’'RE HI:RE TO HELP!

Whether you want intormation about a book or have a question about vour
membership, our qualified statf is here to help. Just call us toll-free orwrite 1o our
Customer Service. \Ve also make sure you get onlv the books vou want. Allyou do is
simply tell us vour choice on the Reply Card and return it to us by the specified
date. It vou want the Main Selection, do nothing — it will be sent to vou
automatically. (A small shipping and handling charge is added to each shipment.)
B CLUB CONVENIENCE ...WE DO THE WORK!

Bevond the benefit of timely inforiation, Club membership ofters many other
benetits. For example, vou get a wide choice of books that eannot be matched by
any bookstore — anywhere. And all your books are conveniently delivered riglhit to
vour door. You also get the luxury of 10 tull davs to decide whether you want the
Main Selection. If you should ever receive i Main Selection vou don't want because
the Club bulletin came late, just return it for credit at our expense.

B SUBSTANTIAL SAVINGS...AND A BONUS PROGRAM TOO! City
h keeping with our goal to provide you with the best information at the greatest
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you buv. Plus, vou're automaticallv eligible for our Bonus Book Plan which allows ' Fhis order subject 10 acceptance by MoGraw-Hill Al
YolERymssitioffoRloma i deiselechoniofhoois, prices subject 1o change \I\‘ith(ml notice. Offer good %
B EASY MEMBERSHIIP? TERMS...IT'S WORTHWHILE TO BELONG! only to new members. Foreign member acceptance =<
Your only obligation is to purchase 2 more books — at handsome discounts — subject to special conditions. —
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FIG. 7—THE PARTS PLACEMENT FOR THE PRINTED-CIRCUIT BOARD. Notice that not all
of the 16 connections on display DSP1 are used.

Attach onc to the green ground wire of
the three-conductor line cord. The
other should attach to an insulated
wire to the PC-board’s ground in the
power-supply arca. That has to be
brought out from beneath the board
and may be fairly long to allow the
board to be turned over. Use stranded
wire for its flexibility.

Jack J7. whichis showninFig. 2, is
nceded only if you want to be able to
measure the frequency of an exter-
nally gencerated external to the signal
gencrator. If the feature isn’t needed,
using Fig. 4 as a reference, simply
climinate the jack and connect the
wire going to J7’s “hot™ terminal to
the PC-board terminal having the A-
flag, which actually 1s a connection to
the top of R23

Checkout

Don’t install the 1C’s. Begin with
the soldered-in voltage regulators.
Using an oscilloscope, checek each
power source for proper voltage and
polarity. Looking at the plastic front

of the regulators, the rightmost pin is
the regulated output of both the
positive and negative units. There
should be no ripple. If everything
checks out, unplug the power cord
and let the voltages decay before in-
serting any 1C’s.

Plug in the IC5 and 1C6 and apply
power. The display should indicate
0000 for the three lowest frequency
positions of the range switch, and
00.00 for the highest position. If
counter is set for SINE ATTENUATE, the
display will be very dim. Without any
attenuation all digits will be bright.

A single dim digit can be duc to
insufficiecnt multiplexing drive; check
the 4700-ohm resistors at the buses of
Q9-QI13. If the same scgment of all
digits is dim or will not light, check
connections through to the display.
particularly the 150-ohm resistors. At
this point, of course, the middle bar
cannot light. Once checked out, un-
plug power and allow time for volt-
ages to decay.

To check out and adjust the sine/

www americanradiohistorv com

triangle/square circuit, initially adjust
all trimmer resistors and the front-
panel potentiometers to mid position.
The FREQUENCY control should be ro-
tated five turns into its range. Select
the highest frequency range with the
RANGE switch and turn off any at-
tenuation. Insert 1C3 and IC4, then
apply power. The counter should indi-
cate a frequency of approximately 40
kHz. If not, check pin 11 of IC3 with

-an oscilloscope: You should measure

a 12-volt square wave, which means
that the IC is oscillating. Trace the
stgnal through to the counter’s input.
If no problem is found along the
route, the problem is most likely to be
in the counter.

Adjust the FREQUENCY control to
obscrve that the readout changes. up-
dating every 0.2 seconds (2 seconds
on the three lower ranges). Adjust for
the lowest frequency on u particular
range. Observe the readout while ad-
justing the low-end trimmer, R17, for
a reading of approximately 9.40 kHz.
You can then check cach range for at



FIG. B—THE COMPLETED PROTOTYPE. To reduce the possibility of hum pickup, the
powzr transformer, T1, is located a considerable distance from the printed-circuit board.
The ribbon cable at the upper left connect the display unit to the PC board.

least a 1:10 frequency variation: 10 Hz
to 100 Hz; 100 Hz to 1000 Hz, etc. Of
course, where a five-digit figure is
given, the most significant digit 1s
missing from the display. Correct the
adjustment ot R17 on any range that
does not go down to, or below, the
cxpected low value. If the highest
range will not quite rcach 100 kHz, it
will be due to stray capacitance that
parallels C12. You might try finding a
capacitor with a slightly lower value,
but a quick fix is to insert a 470-ohm
resistor at the RANGE switch 1n series
with the wire trom S4 to CI12.

Use the scope to check the squarce-
wave output at J4. The SQUARE LEVEL
control should vary the amplitude
from ncar zcro to 10 volts p-p. If there
is a problem, trace the signal from pin
1t of IC3.

Set the frequency to 1000 Hz and
select the triangle waveform. Observe
the output at the sINE ouTpuT, J5. Ad-

just the SINE-LEVEL control for mini-
mum (zero) output. Set the scope for
measuring 2-voits DC per division
and a time base of 0.2-ms/division.
Position the trace so that the zero-volt
line is across the center of the CRT.
The front panel orrseET adjustment
should be able to create a variable
output of approximately =3 volts.

Adjust the sINE-LEVEIL. control to
mid-position and check for a triangle-
like waveform of approximately 8
volts p-p (no attenuation). Either the
top or the bottom of the waveform
may be clipped. Adjust the internal
OFFSET trimmer potentiometer, R34,
to remove the clipping. Continue in-
creasing the sine level and adjusting
R34 until you get the maximum non-
clipped wavetorm. A clean 16 volts
p-p should be possible.

Sine shaping
Select and observe the SINE output.

www americanradiohistory com

When the sine-shaping adjustments
are completed, the sine wave’s ampli-
tude will be about half of that of the
triangle wave. Shaping trimmers R18
and R19 interact, so alternate between
the two until the scope displays the
best shape. Consider that a perfect
sine wave has equal areas above and
below the zero line, and both peaks
should have the same amount of
rounding. Low distortion is definitely
possible and if not attained, check
your circuit, especially tor improper
tnmmer values.

If you substitute a trimmer potenti-
ometer for attenuating resistors R26
and R27, make the adjustment this
way: With no attenuation, adjust the
front panel SINE-LEVEL control for an
output of precisely 8 volts p-p. Switch
the attenuation in and adjust the trim-
mer potentiometer for whatever loss
you want, up to —20 dB (10:1).

If you decided to use the fixed at-
tenuating resistors, then solder in a
value for R26 based on the following:
47K = —6dB(2:1), 10K = —12dB
(4:1), 27K = —20dB (10:1). Resistor
R27 is used as a fixed-value trimmer
to bring the attenuation more nearly
on target, and its value is either se-
lected by trial and error, or it is “‘em-
pirically’” selected, depending on
your particular view of reality. Start
with a value ten times that of R26.
The trimmer resistor must be tack sol-
dered in place when determining its
value to avoid introducing hum.

The ramp

The remaining task is to check out
the pulse/ramp circuit. Unplug the
unit’s power cord, insert [Cl and IC2,
and set all pulse/ramp controls to mid
range; then apply power.

View the pulse output at J2 with the
scope’s time-base initially at 20-ms/
division. The puisc amplitude should
be more than 3 volts p-p.

The pULSE-LEVEL control should al-
low varying the amplitude from near
zero to mote than 7 volts p-p. The
pULSE-TIME control should vary the
pulse width from | ms to more than 50
ms. The Ramp-TIME control determines
the pulsc’s off time.

Observe the ramp output at J1. The
RAMP LEVEL varies the ramp output
from zero to + 7 volts. The RAMP-TIME
control adjusts the duration of the

ramp, which is equal to the off-time of

pulse output. Switch S1, which is part
of the puLSE-LEVEL control should kill
both the pulse and ramp outputs. R-E

8861 AVN

+a
[f<]



BUIEDEIELS

REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month, we add
a way lo store your
programs and data.

P .E 4LAST TIME, WE
ar promised to
show you a battery back-up sys-
tem for the REACTS system.
Well we will—but not this
month! Instead, we will show
you a powerful high-speed sem-
iconductor-disk system for the
control computer. That module
will allow us to expand the size

of our disk storage from the 20K
provided by the CPU board to
virtually any size desired, and
to add read/write (RAM) stor-
age to the disk system. And best
of all, it will operate at speeds
that are up to 1000 times faster
than magnetic-disk systems.

Using semiconductor disks

To the computer programmer/user,
semiconductor disks are manipulated
in the same way as floppies or hard
drives. That is, all commands that are
used with floppies or hard drives (DIR,
ERA, etc.) work the same way with
semiconductor disks, only much
quicker.

For many reasons, semiconductor
memory is ideal for process-control
applications. It is low in cost com-
pared to magnetic storage, except for
applications requiring huge amounts
of memory. It is much more tolerant
of temperature and vibration extremes

H. EDWARD ROBERTS, M.D.

the disk is volatile; that means that it
must be powered continually. That’s
really not much of a problem, and it
can be made even simpler when you
build the battery-backed switching
power supply that will be discussed in
a future article. For now, it only
means that you will have to keep your
computer powered up if you want to

MC7 MCs MCS MC4 MC3 MC2 MC1 MmCo

[T AR

save the contents of the RAM
memory permanently.

The soft/hardware concept
that we previously introduced is
very evident in this module. For
instance, you can configure the
system to appear as | to 8 disk
drives by simply setting switch-
es on the back of the module.
Also, multiple modules may be
combined to increase the size of
a single disk to over 2 mega-
bytes. Any number of disks may
be added to the system. By leav-
ing out memory IC’s, the cost of
the disk system can be mini-
mized in cost-sensitive applica-
tions. Once the hardware is
customized as desired, the oper-
ating system can be changed
using a configuration utility
(more on that shortly). That will
provide a truly customized sys-
tem.

The REACTS drives

The PROM/RAM disk portion of
this month’s module provides 256K of
PROM and/or RAM space. It con-
tains 8 IC sockets into which either
32K RAM or PROM IC’s can be in-
serted; any 32K X 8-bit RAM or
PROM can be used. You let the sys-
tem know which type of memory each
socket location contains by setting a
DIP switch. As shown in Fig. 1, a
PROM/RAM location is configured
for a PROM if its corresponding
switch is up, and configured for a
RAM if the switch is down.

Throughout the rest of this article,

% | than magnetic memory. Power con- we will refer to the disk system as a
Z | sumption is only a fraction of what drive or drives. That allows us to fol-
SN oie: ie-disk ) 32K x 8 PROM IC [ he : d : :
& | typical magnetic-disk systems re ow the accepted convention used in
5 | quire. The size of a small semicon- most operating systems. For instance,
o L S1AR OF a e ] -sxxsramic . S e >
= ductor-disk system is much less than the first floppy in a conventional PC is
o that of a colnvcnllonal disk drive. The e 4 THE SYSTEM IS CONFIGURED for known as drive A: gmd the hard disk 1s
& | only real disadvantage of that type of  RAM, PROM, or a combination of memory  usually labeled drive C. Our system
& | disk is that the rcad/write portion of  IC’s using an 8-position DIP switch, S2. will support up to 16 drives, identificd
50
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PROM/RAM
[ sYSTEM ADDRESS of> 'gg&%ﬁ Gl ADDRESS [MEMORY ADDRESS
SELECT COUNTER
- 0 1 T
sistew PRG PRUG. SELEC
BYk WRITE ! 1
READ 256K f MEMORY
COUNTER COUNTER PROM/RAM CONFIGURATION
cLoCcK INITIALIZE SWITCHES
DATA PROM/RAM
< SUSTEN DATA D 7 > BUFFER | CONTROL PROM/RAM
A\
BUFFERED SYSTEM DATA >

PROM/RAM DISK
PROM PROGRAMMER

PROM PROGRAMMER
CONTROL
REGISTERS

PROM PROGRAMMER ADDRESS

OATA CONTROL (CS & OF) —————

PROM PROGRAMMER DATA

D

VOLTAGE CONTROL —#

=

PROM
VOLTAGE CONTROL

-—-PIN'l‘I

EPROM
SOCKET

+12.5VDC +5VDC

FIG. 2—THE PROM/RAM DISK and optional PROM Programmer are shown here in block-

diagram form.

as drives A:—P:. Further, the REACTS
operating system has been designed
to divide the PROM or RAM disks
into tracks and sectors, with each
track made up of 8 scctors of 128
bytes cach. That compares with the
tracks and sectors of a floppy or hard
disk.

Certain drives are reserved by the
system for special operations; specifi-
cally, drive P: is reserved as the boot
drive on the CPU. Future articles will
provide the information necessary to
add floppy and hard disk drives to the
system. Those drives will be labeled
in exactly the same manner. Indeed, a
random mixture of floppies, hard
disks, RAM and PROM disks is per-
fectly satistactory from the system’s
standpoint.

It is not necessary to have all of the
PROM or RAM space of a module
designated as one drive. Up to 8 sepa-
rate drives may be specified on one
module; the only constraint is that the
memory allocated to each drive must
be a multiple of 32K (the size of a
single memory IC). As an cxample,

you could configure the system to
have 128K of PROM memory set up
as drive A: and 128K memory set up
as drive B:. Another option would be
to have two 64K drives of PROM and
two 64K drives of RAM,; the tour
could be designated as drives Az, B:,
C:, and D:, where A: und B: would be

PIN 20

RAM drives and C: and D: PROM
drives.

It is even possible to have eight
different drives on one PROM/RAM

module, each containing 32K of

PROM or RAM memory. At the other
extreme it is possible to have more
than two megabytes of PROM or

Sources

The following items are available
from DataBlocks,Inc.,579 Snowhill
Road, Glenwood, GA. 30428; 800
652-1336 (in Georgia call 912
568-7101

DP-P/R/PP: Design package of
schematics and instructions; $10.00

PC-P/R/PP: PC Board for PROM/
RAM/PROM Programmer module,
includes design package; $37.00

PROM/RAM: Complete set of
parts, PC board, IC's for PROM/RAM
portion of module (excluding PROM
and RAM memory IC’s); $114.00

PROM PROG: Parts needed to
add PROM Programming ca-

www americanradiohictory com

pabilities to module; $59.95

MEMORY [C’s: 32K x 8 bit UV
EPROMS; $10.50. 32K x 8 bit RAM
IC’s $12.50.

SOFTWARE: Software is available
on UVEPROMSs as well as on 5Y%-
inch floppies for downloading from an
IBM PC, XT, AT or compatible.
Please call for prices on the different
software packages.

Other REACTS systems and com-
ponents are avaiiable; please call for
information and prices.

Piease add $10 shipping and han-
diing per order. Georgia Residents
must add sales tax.

8861 AVIN
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Parts List—PROM/RAM Drive

All resistors Y2 watt, 5% unless
otherwise noted

R3, R4, R23—10,000 ohms, 10-into-1
SIP

R7—470 ohms

Capacitors

C1-C11, C13-C17, C19-C21—0.47
nF, ceramic disc

C25—47 pF, 16 volts, electrolytic

C26—47 pF, 10 volts, electrolytic

Semiconductors

IC1-IC8—32K x 8 RAM or EPROM,
see text

IC9, 1IC19—74HC245 octal three-
state transceiver

IC10, IC11, IC20, IC21—Programma-
ble array logic IC's, custom compo-
nents, see text

IC13-1C16—74HC163 synchronous
binary counter

IC17—82C55 programmable pe-
ripheral interface

D2—Red LED, right-angle PC-
mount

Other components

S1—5-position DIP switch

S2—8-position DIP switch

502, SO3—60-pin male and female
bus connector set

Miscellaneous:PC board, IC sock-
ets, hardware, case, wire, solder,
etc.

RAM memory configured as one
drive. In that case, each module is
only % of the total drive (§ PROM/
RAM disk modules times 256K per
module = 2048K). The ability to
custom design the PROM/RAM con-
figuration of the disk drives fits in
nicely with the concept of soft-hard-
ware in that it allows the user to sclect
the optimum disk size for a particular
application.

(As discussed in the Feb. 1988 in-
stallment, soft-hardware is system
hardware that can be changed as easi-
ly as software.)

After setting the memory config-
uration switches and installing the
correct memory [C’s (RAM or
PROM) into their appropriate sock-
ets, the operating system must be
“told” about the current configura-
tion of disks. The REACTS operating
systemn handles that with a configura-
tion utility called CONFIG. If the new
configuration is to be permanent,
which will usually be the casc, it
should be *‘burned” onto a boot
PROM, using the PROM program-
mer, and that PROM then placed in
the appropriate socket on CPU-mod-
ule board.

PROM/RAM disk operation

Referring to Fig. 2, a block di-
agram of the PROM/RAM disk and
the optional PROM programmer, will
help in following the discussion of the
operation of the PROM/RAM portion
of the module. Complete circuit de-
tails are shown in Fig. 3.

The REACTS CPU communicates
with the PROM/RAM module via I/0O
ports. The system I/O ports used by
the PROM/RAM module are user-se-
lectable. The MODULE SELECT and
PROM/RAM CONTROL. blocks of Fig. 2 are
implemented using PAL (Program-
mable Array Logic) IC’s; those
custom components are available
from the supplier mentioned in the
Sources box. PAL’s arc used in the
PROM/RAM disk module, as they
were in the CPU module, to reduce
circuit cost and complexity. The I/O
address of the module can be changed
by resetting a 5-position DIP switch,
S1. That allows you to. usc multiple
PROM/RAM modules per system for
greater storage capacity.

Basic operation of the PROM/
RAM portion of the module calls for
reading or writing to the correct
PROM or RAM IC. That is done by
the PROM/RAM CONTROL block. After
sclecting the correct type of memory
IC (as determined by S2, the 8-posi-
tion DIP switch previously dis-
cussed), the PROM/RAM ADDRESS COUN-
TER 1s loaded with the starting
memory address of the file to be read,
or in the case of a write to a RAM
drive, the first unoccupied memory
location. As each memory byte is
read or written, the address counter is
incremented to point to the next byte
in memory so that that location can be
read from or written to.

The PROM programmer

If you are going to make full use of
PROM memory, you need some way
to get your programs into them. To
that ¢nd, we have included an PROM
programmer on the PROM/RAM disk
module. (In order to accommodate
cost-sensitive applications, the pro-
grammer has been made optional and
can be omitted where it is not
needed.)

In addition to being able to pro-
gram 32K UV EPROM’s (Ultra Violet
Lrasable Programmable Read Only
Memory), the programming socket
can be used as an independent disk
drive. To the REACTS operating sys-
tem, a PROM in the PROM program-

wwWwW americanradiohistorvy com

Parts List—PROM Programmer

All resistors Va-watt, 5%, unless
otherwise noted

R1, R5, R6, R8—10,000 ohms, 9-
into-1 SIP

R2, R18—10,000 ochms

R9, R10, R16—2200 ohms

R11, R12, R21, R22—4700 ohms

R13—470 ohms

R14, R15—1000 ohms

R17—220 ohms

R19—1000 ohms, potentiometer

R20—500 ohms, potentiometer

Capacitors

C12, C18—0.47 pF, ceramic disc

C22-C24—10 pF, 16 volts, tantalum

Semiconductors

IC12, iC18—82C55 programmable
peripheral interface

1C22—LM317 voltage regulator

Q1-Q3, Q5—2N3904 NPN transistor

Q4, Q6—2N3906 PNP transistor

D1—Green LED, right-angle PC
mount

Other components

SO1—28-pin ZIF socket

Miscelaneous:PC board, IC sock-
ets, 28-pin hi-rise socket, hard-
ware, wire, solder, etc.

mer’s easily accessible ZIF (Zero
Insertion Force) socket looks like a
32K disk drive. (The use of a ZIF
socket allows you to insert and re-
move IC’s many times without
damage.) You will find that attribute
to be a useful tool when developing
software.

PROM-programmer operation

The PROM programmer programs
EPROM’s one byte at a time. Refer-
ring to the PROM programmer
portion of Fig. 2, the address of the
memory location to be programmed is
placed on the PROM programmer’s
address bus and the data to be pro-
grammed is placed on the data bus. To
do the actual programming, 12 volts is
placed on pin | of the EPROM, 5 volts
on pin 28, and the EPROM’s cE (ctip
ENABLE) input is brought low for a
specified period of time. After a loca-
tion is programmed, the address is
incremented and the next byte to be
programmed is placed on the PROM
data bus.

Reading an EPROM (or PROM) is
essentially done in the same manner
as programming one, except that 5
volts are placed on both pin 1 and pin
28, and both the cE and OE (ouTpPUT
ENABLE) pins are brought low. Once
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FIG. 4—CONSTRUCTION OF THE MODULE is fairly straightforward. Use this Parts-
Piacement diagram when mounting the components.

again, to keep circuit complexity and
cost as low as possible, much of the
programmer’s circuitry is incorpo-
rated in a custom PAL. (That IC is
available from the supplier.)

The REACTS operating system
contains a utility called RBURN that
makes programming EPROM’s easy.
That utility uses prompts to allow the
user to select the file to be pro-
grammed, the drive that the file 1s
located on, and the number of kilo-
bytes to be programmed. In addition
to burning EPROM’s, the RBURN
utility can be used to check an
EPROM for complete erasure (i.¢. to
make absolutely sure that a PROM is
blank before programming).

Two LED’s are used by the module
to display the state (idle or busy) of
the PROM programmer. If the red
LED is illuminated, the EPROM is
either in the process of being burned
or read and should not be disturbed.
To avoid damaging the device,
EPROM’s should be placed in or re-
moved from the programming socket
only when the green LED is on.

When handling EPROM’s, rc-
member that they are CMOS compo-
nents and all of the usual precautions
regarding static electricity should be

followed to avoid inadvertently zap-
ping them. Also, be sure that any
EPROM’s are oriented correctly in the
socket before attempting to burn or
rcad them otherwise, the device may
be damaged.

Building the module

Building the combination PROM/
RAM disk and PROM programmer is
basically a straightforward operation.
Follow the parts-placement diagram
shown in Fig. 4 when mounting the
components. The pattern for that
board can be found in PC Service; a
pre-etched board is avatlable from the
supplier that is mentioned in the
Sources box.

THE FINISHED PROM/RAM DISK. Note the
ZIF socket near the center of the unit.

www americanradiohistorv com

Be sure to observe the cautions out-
lined last ttme when installing the two
60-pin PC-board connectors.
(Though they are rugged units once
assembled, they can be easily
damaged during assembly.) Also,
take the usual precautions when han-
dling the CMOS IC’s. Finally, be-
cause we are putting so much circuitry
in a small area, we have chosen to use
Single /nline Package (SIP) resistors
where applicable. Those are reason-
ably new components and you may
not have used them before. However,
SIP resistors are becoming more com-
monplace so they should not be to
difficult to locate.

Software
Although we have not yet built any
actual process-control modules, we
can now start program development.
We have a central processing unit, a
means of communicating with it (a
dedicated terminal or an IBM or com-
patible ~onfigured to act as a terminal;
see the April issue for more on that),
and at least one way of saving pro-
grams, that being the PROM-pro-
grarnmer/semiconductor-disk mod-
ule. In order to create any programs
continued on page 82
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COMPONENT SIDE for the REACTS RAM/PROM Disk and PROM Programmer. The solder
side will appear next time. See page 100 for more PC patterns.
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SUBWOOFER SIMULATOR

NORM HILL

R it E SUBWOOFER SIMULATOR

Build a subwoofer simulator and fill your living room with movie-theater sound

A MOVIE THEATER CREATES REALISM BY
projecting a large picture, using sur-
round sound, and by extending the
sound’s low-frequency response with
subwoolers so that the viewer can ac-
tually feel the speciual-effects. When a
movie contains explosions, jet rum-
ble, thunder, galloping horses, or
other heavy-duty action, the sub-
woofer adds realism by literally shak-
ing the floor.

Although 1t is generally accepted
that a healthy car can hear a frequency
range of 20 Hz to 20 kHz, in fact,
some of that range is not so much
heard. but sensed. For example,
many people cannot hear frequencics
higher than 15 kHz, although they can
scnsc that they exist. 1t°s the same

you can actually feel.

thing for frequencies in the deep-bass
range of 20-50 Hz; many persons
cannot hear frequencics within that
range, although they can tecl and
sense them as vibrations.

In a theater, special effects are often
exploited by enhancing the deep-bass
frequencies, so that when the jets
rumble, they rumble so powerfully
that you can actually feel the runway
vibrating under your feet. (And a flat
frequency response ceases to be desir-
able once your feet become the listen-
ing transducers.) Below 20 Hz, sound
is neither felt nor heard; at best there

is a strange sensation of changing air

pressure.
But although most people can per-
ceive sounds in the 20-50 Hz range,

www americanradiohistorv com

because conventional wooters, even
12-inch and larger, roll off below 50
Hz, deep bass sounds arc rarcly heard
unless some kind of deep-bass com-
pensation is provided. The usual solu-
tion to providing deep bass in both
theaters and the home is to add a

monaural subwoofer that is driven off

the front channels by an uctive filter
and a separate amplificr.

Not that perfect

Unfortunately, there are some
drawbacks to using 2 monaural sub-
woofer. It is commonly assumed that
decp-bass information has such a long
wavelength that it will be sumimed by
the room to a mono signal, and that
therefore o single transducer can be

8861 AVIN
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LOW-PASS FILTER

INPUT?%.

FIG. 1—TO ENSURE THAT ONLY THE DEEP-BASS FREQUENCIES are enhanced, the
simulator’s first stage amplifies the frequencies below 60 Hz before the low-pass filter

attenuates all signals above 50 Hz.
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FIG. 2—THE LEFT AND RIGHT CHANNELS ARE IDENTICAL. Switch S3 blends the two
channels when only mono deep-bass sounds are wanted. Switch S2 provides three levels

of deep-bass amplification.

used. A simple comparison of mono

and stereo bass-boosting calls that
into question. Jet rumble, such as in
the movie Top Gun, takes on a fatter,
quicter, less spactous sound when
boosted monaurally instead of ster-
cophonically. A quick check of the
low-frequency information (measured
using a dual-trace scope and active
50-Hz stereo filters) shows that the
two channels have little in common
during jet rumble or numerous other
situations. Only in music arc the two
channels similar.

Another concern is the type of filter
used to feed the subwooter. All filters
have substantial phase shitt at the roll-
off tfrequencies. It can casily turn out
that the high-band and low-band
speaker cones will end up out of phase
during the transition region, causing a
loss of response over, say 60-90 Hz,
which will produce a peculiar bass
quality. Tt is likely that many sub-
woofer systems suffer that problem,
especially those using simple passive
crossovers tor which 180° is a com-
mon roll-oft phase angle.

wWWw americanradiohistorv com

Price is another objection to a
mono-subwoofer system that includes
a filter and separate amplitier: You’ll
have to spend a lot before your floor
starts to shake, rattle, and roll.

A cheaper way

A less expensive way to simulate
the “feelie” cffect of the movie the-
ater’s deep-bass system is to simply
boost the bass signal delivered to your
existing front speakers. (Most home-
stereo systems are overbuilt, at Jeast
when listening to a video movice at the
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FIG. 3—MAXIMUM DEEP-BASS BOOST IS ATTAINED AT approximately 12 Hz. Note that
the curves shown are unattainable with conventional tone controls.

1 —R26—

—R25—

RIGHT  LEFT
INPUT INPUT

PLI
—F
—R21—
l l ci3 |
| bz CIB
—R29—
m Tk B
o7t
= c¢
Cid |
]
—R28— d
LEFT
OUTPUT
RIGHT
OUTPUT

L |
|2 2|4
|8 < s
] SR
_—
ic1 %

3 |
| a3 2|4
8|8 liks
| E’T

|2l
1 |
|
|
STEREQ
O
S3  MOND
A?AL?V +22dB
+19dB
525 L eas

FIG.4—THIS IS THE PARTS LAYOUT for the printed-circuit board. Take note that resistors
R15 and R16 are mounted on switch S2, not on the board.

usual living-room volume level.) Al-
though home-speaker systems having
a 10- or 12-inch woofer may be rolling
off between 20-50-Hz, that doesn’t
mean that they can’t radiate energy in
that range. We merely need to provide
compensation so that they get more
power in the deep-bass frequency
range. An analogy is hitting the loud-
ness switch or turning up the bass,

Figure | shows the block diagram
of a subwoofer simulator that can be
used for cither the left or right chan-
ncl. The first stage is a butter-ampli-
fier that provides gain below 60 Hz to
compensate for the fact that most
speakers roll off in that range. The
buifer is followed by an active low-
pass filter that rcmoves everything ex-
cept the decp-bass Irequencies. The

J
1000

PARTS LIST

All resistors are Va-watt, 5%.

R1, R2—47,000 ohms

R3, R4—56,000 ohms

R5, R6—270,000 ohms

R7, R8—11,000 ohms

R9, R10, R13, R14—68,000 ohms
R11, R12—36,000 ohms

R15, R16—680 ohms

R17, R18—1200 ohms

R19, R20—1600 ohms

R21-R24—10,000 ohms

R26, R26—360 ohms

R27, R28—100 ohms

R29—1000 ohms

Capacitors

C1, C2—0.33 wF, 100 volts

C3, C4—0.047 wF, 50 volts

Cs, C6, C9, C10—0.47 uF, 50 volts

C7,C8, C17, C18—0.1 nF, 50 volts

C11, C12—0.01 uF, 50 volts

C13-C16—330 wF, 35 volits, elec-
trolytic

Semiconductors

IC1, IC2—LF347N, Quad JFET op-
amp

D1, D2—1N4001 rectifier diode

D3—1N4735A, Zener diode, 6.2
volts,

LED1—Light-emitting diode

Other components

F1—Y2-amp slo-blo fuse

J1-J4—Phono jack

S1—Switch, DPDT

S2—Switch, DPDT, center off

S3—Switch, SPST

T1—Power transformer, 117 volt pri-
mary; 12.6-volt, 300-mA second-
ary.

Miscellaneous: PC-board mate-
rials, fuse clips, wire. linecord, sol-
der, enclosure, etc.

An etched and drilled PC board is
available for $10.25 postpaid from

o : Z
except that the boost must be more  output from the filter is summed with Fen-Tek, P.O. Box 5012, Babylon, =
selective to create the illusion of a its input so that the total bandwidth is ':Jdgmi,om-zieNY :’e5|:1ents must 2
subwoofer’s sound & feel. at a substantially higher level than it BRORES eSS ax @
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FIG. 5—TO AVOID NOISE PICKUP the simulator should be enclosed in a metal cabinet.
Cabinets that are partially metal and partially plastic aren’t suitable.

would be if only the decp-bass fre-
quencies were filtered.

Figure 2 shows how the block di-
agram becomes the schematic for our
stereo-subwoofer simulator.

How it works

Both channels are identical. Buffer
amplifier IC1-a has unity gain above
60 Hz, and a rising gain characteristic
below 60 Hz to compensate for the
speaker’s deficiency in the deep-bass
range. Active low-pass filters, ICI-b
and 1C2-a, pass the frequency compo-
nents below 50 Hz. Amplifier [C2-b
sums the input and output signals of
the filters. Switch S2-a provides three
levels of bass summation—a fancy
way of saying “‘bass boost.” The sub-
woofer simulator’s frequency-re-
sponse curves for the three switch
positions are shown in Fig. 3.

Construction

The project should use printed-cir-
cuit assembly to avoid introducing
noisc. A foil template for the PC
board is provided in PC Service.
You’ll find that the template has holes

to accommodate ecither a pigtail-lead
fuse (F1), or individual fuse clips
(which take two holes per clip) Use
whatever is most convenient for you.

The parts layout for the PC-board
and the connections for the pancl-
mounted components are shown in
Fig. 4. For simplicity, an on/off power
switch was not included so that the
unit would be switched on and oft by
the master power switch for the entire
system. If you want separatec power
control for the subwoofer simulator,
simply install a SPST switch in series
with one leg of the power cord.

Although the circuit will accept
conventional part tolerances for the
resistors and capacitors, for best re-
sults we suggest you use 5% capuci-
tors for the active-filter components.
As shown in Fig. 5, the prototype is
mounted in a metal enclosure: do not
use a cabinet that is part metal and
part plastic.

Hookup

If your sound system has a separate
pre-amp and powcr-amp, the sub-
woofer simulator connects imme-

wWwWw americanradiohistorv com

diately before your front power ampli-
fier—after any surround-sound de-
coder. If you have a receiver, your
only option is to connect the sim-
ulator before the receiver’s Aux input,
or within the tape-monitor loop
which isn’t quite ideal becuuse the
simulator will be receiving a line-
level 1-volt rms signal

Since the bass boost can exceed a
factor of 10, the subwoofer sim-
ulator may occasionally output
more than 10-volts rms, so to avoid
blowing out your speakers, be care-
ful when first trying the subwoofer
simulator.

Increase the amplifier’s gain slow-
ly. Back off the amplifier’s output
power if you hear distortion. The au-
thor developed the circuit using a 200-
watt-per-channel amplifier and speak-
ers rated for 250 watts. If your system
is more modestly powered, you may
not want to use S2’s higher boost posi-
tions. Also, if your amplificr is rated
for less than 60 watts per channel, or
i your woofers are smaller than 10-
inches, you may not attain sufficicnt
deep-bass output to create the sense of
feeling.

Clipping within the simulator is
possible, although we have seen no
problems because of the device’s rela-
tively high DC supply voltage. A big-
ger concern 1s an audio amplifier that
wasn’t built to handle an unusually
large deep-bass signal. For example,
one time we absent-mindedly in-
stalled the simulator between a VCR
and a Trinitron monitor, which has an
audio switching ftunction. It took
quite a while to figure out that the
sound’s distortion was caused by the
Trinitron monitor’s inability to handle
more than a few volts of input. Mov-
ing the simulator so that it was in-
stalled after the monitor, between the
TV and preamplifier, completely re-
solved the problem.

The payoff

Once your system is wired for sur-
round sound you’ll discover that some
movies have effects that you can liter-
ally feel, while others don’t. There is
a wide variation in the quality ot the
effects, usually from one studio to the
next, not from one movie to the next.
Some outfits put in plenty of enjoya-
ble, surround-sound and “‘feel-
ie”effects, while others put in few
sound effects. Unfortunately, the only
way to find which is which is through
trial and error. R-E
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SINCE THE LAST CENTURY WE'VE KNOWN\ Here’s a /OOk at Pe/ﬁef dev/‘ces__

that when you form a closed circuit of ) ]
two dissimilar metals and two junc- tiny solid-state heat pumps that can be used

tions, a current may flow between the  in a wide variety of cooling or heating applications.
junctions. That happens when there is
a temperature difterence between the
junctions, or when the metals have
different temperatures.

The phenomenon is known as the
Seebeck effecr, and is the fundamental
principal behind the thermocouple.
Generally speaking, the greater the
temperature differences, the higher
the current. Also, the combination of
metals that are used will affect the
current flow.

The reverse of the Seebeck effect
was discovered in 1834 by James C.
Pelticr. He found that passing an clec-
tric current through a junction formed
by certain types of dissimilar mate-
rials could causc an increase or de-
creasc in temperature. Pelticr also
found that the direction of current
flow dictated whether heating or cool-
ing occurred, and that the amount of
temperature change was determined
by the type of material and the size of
the junction. In his honor, that cffect
is called the Peltier effect, and it is the
fundamental principal behind Peltier
devices. In this article, we’ll examine
Peltier devices, and how they are
used, in more detail.

Semiconductor thermoelectric
devices

Since the discovery of the Seebeck
and Peltier cffects, we’ve discovered
that they are not nccessarily limited to
metals. In fact, they are seen strongly
in semiconductors. Figure 1 shows the
arrangement of a simple semiconduc-
tor Peltier device. It consists of two
picces of semiconductor material; one
is p-type, and the other is n-type.

When current is applied, charge
carriers move through the two mate-
rials; causing cooling of the top sur-
face and heating of the bottom
surface. That action is basically that

of a heat pump—heat is pumped from z
the top to the bottom of the device. If Z
the applied current is reversed, then 7
the top surface will be heated, and the &
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bottom surtace cooled. The device 1s
then a heater. Most practical ther-
moelectric devices, like the Marlow
(10351 Vista Park Road. Dallas, TX
75238) MI 1069 shown in Fig. 2. con-
sist of many such clements. In those,
the elements are connected in series
electrically, and in parallel thermally.

The tiny devices are capable of put-
ting out great quantities of cold and
heat, regardless of whether they are
used as a cooler or heater. Theretore,
a practical scmiconductor cooler or
heater absolutely requires a heat sink.
Otherwise, the device would overheat
and fail within seconds.

Applications

Onc of the most interesting ap-
plications, especially for the elec-
tronics experimenter, 1s localized
cooling ol clectronic components.
For that, the cold side of the Peltier
device 1s mounted directly to compo-
nent using thermal epoxy, solder, or
thermal grease. When power is ap-
plicd to the Peltier device, heat is
drawn away (rom the component
being protected. Those components
can include IC’s, power transistors,
laser diodes TR detectors, and solid-
state imaging devices.

Peltier devices can also be used to
cool moderate volumes of air or other
gasses. In that application, a finned
heat sink is attached to the cold side of
the Peltier device. That heat sink thus
becomes a cold sink. The Peltier de-
vice cools the cold sink; when air
passes over the cold sink, a small air
conditioner is created. The cold sink
serves the same function as the evap-
orator coil in a conventional air-con-
ditioner design.

Likewise, Peltier devices can be
used to cool liquids. In that applica-
tion, liquid 1s pumped through the
cold sink and is cooled to the desired
temperature.

Power generators

Once interesting, and little-dis-
cussed application of Peltier devices
I$ as power generators.

The circuit shown in Fig. | can be
used as a power generator by simply
replacing the DC power source with a
load and applying heat to the top sur-
face of the Peltier device. Note that
the delivered power will have a polar-
ity that’s the opposite of the battery
polarity shown.

One consideration when using a
Pelticr device as a power generator is

ELECTRICAL INSULATION
(GOOD HEAT CONDUCTGR)

BODY TG BE COOLED
{HEAT SOURCE)

T B
P-TYPE
ELECTRONIC CARRIERS I : ? SEMICONDUCTOR
MOVING HEAT TO THE I | ?
HEAT SINK 1— '1 ?
¥ | ? - N-TYPE
? j SEMICONDUCTOR
SIS, 7
t
HEAT SINK

2 .
-

DC SOURCE

FIG. 1—A BASIC THERMOELECTRIC COOLER. The action is similar to that of a heat
pump, conducting heat away from the cold side to the hot side.

FIG. 2—A COMMERCIAL PELTIER DEVICE. This single-stage unit is the Marlow MI 1069.

that the solders used in most devices
melt at about 138°C (although some
units usc solders that are designed to
withstand short term exposure to tem-
peratures as high as 200°). That limits
the maximum efficiency of Peltier de-
vices, but it is still possible to use a
solar collector to heat a Peltier device
and achieve outputs and efficiencies
that rival those of solar cells.

WwwWwW americanradiohistory com

Thermoelectric coolers are avail-
able in single-stage contigurations at
prices that range trom about $15 to
$50. For applications where a high
degree of cooling is required, single-
stage units can be ganged; that is the
hot side of onc unit is attached to the
cold side of the other. Commercial
units with up to six stages arc avail-
able. R-E
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RAY MARSTON

THERE ARE MANY DIFFERENT TYPES OF OP-
erational amplifiers in use today, but
an Operational Transconductance
Amplifier, or OTA, is one that you
may not be familiar with. This month
we'll introduce you to the CA3080
OTA.

Op-amps and OTA’s

Conventional op-amps are essen-
tially voltage-amplifying devices. As
figure I-a shows, a conventional op-
amp has differential input terminals
and produces an output voltage of Ay
X (V1 — V2), where A, is the open-
loop voltage gain (that gain is typ-
ically 100,000), V1 is the signal volt-
age at the non-inverting input, and V2
1s the signal voltage at the inverting
input. Also, a conventional op-amp
has a fixed open-loop voltage gain, a

put impedance.

Like a standard op-amp, an OTA
has differential input terminals, but,
as shown in figure 1-b it is a voltage-
to-current amplifier, as indicated by
the constant-current symbol at its out-
put. The input voltages produce an
output in the form of a high-imped-
ance current with a value of gm X (V1
— V2), where gm is the transconduc-
tance in mhos, or the voltage-to-ciir-
rent gain of the device. The
transconductance is directly propor-
tional to an external bias current
(Ig as) fed into the amplifier’s bias
input. In an OTA, that current can be

ITH OTA’s

How to use operational

high input impedance, and a low out-

transconductance

= amplifiers in your designs

“gmivi-v2) and projects.
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Fig. 2—THE PIN CONNECTIONS of the 8-pin dip version of the CA3080 are shown in (a),

and the internal circuitry is shown in (b).

varied from 0.1 pA to | mA, provid-
ing a 10,000:1 gain-control range.
An OTA can be mude to operate
like a conventional voltage-amplify-
ing op-amp by connecting a suitable
load resistance to its output terminal
so that its output current is converted
to a proportional voltage. The total
current consumed by an OTA is dou-
ble the value of I o5, which may be
as low as 0.1 wA. That means that the
device can be used in true micropower

www.americanradiohistorv.com

applications. The amount of Ig g
can be controlled easily using an ex-
ternal voltage and a series resistor. An
OTA can be used as a Volt-
age-Controlled Amplifier (VCA),
Voltage Controlled Oscillator (VCO),
or Voltage Controlled Filter (VCF).

One of the best known OTA’s is the
CA3080. Figure 2-a shows its pin
connections, and Fig. 2-b shows its
internal circuitry. Table | lists the
basic parameters of the device.
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FIG. 3—A DIFFERENTIAL AMPLIFIER is at
the heart of the CA3080.
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Fig. ——A CURRENT-MIRROR SINK (a) will
sink as much current as is applied to its
input, and a current-mirror source (b) will
supply as much current at its output, as is
applied to its input.
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FIG. 5—WHEN TWO CURRENT MIRRORS
are wired as shown, they generate a dif-
ferential current in an external load.
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FIG. 6—A SINK-TYPE CURRENT MIRROR
is made up of the circuitry shown here.

TABLE 1

CHARACTERISTIC

Supply Voltage Range

Max Ditferential Input Voltage
Power Dissipation

Input Signal Current

Amplifier Bias Current

Output Short-Circuit Duration
Forward Transconductance, gm
Open Loop Bandwidth
Unity-Gain Slew Rate
Common-Mode Rejection Ratio

CA3080 operation

The CA3080 consists of one dif-
ferential amplifier and four Current
Mirrors (CM). A current mirror is 4 3-
terminal circuit that, when an external
bias current is provided at its input
terminal, will produce an in-phase
current of identical value at its output
terminal.

The basic circuit and formulas for
the CA3080°s differential amplifier
arc shown in Fig. 3. The emitter cur-
rent (I~) of the amplifier is equal to
the sum of the two collector currents
(1, and I). When V, is zero, I, and
Iy, are equal and have a value of 1-/2.
When V, has a value other than zero
(*25mV maximum), I, and I; difter
and produce an I;; — I, value of V|
x gm. The transconductance value is
directly proportional to I, and at
25°C roughly equals 20 X .

By itself, the circuit in Fig. 3 is not
very useful. However, in an OTA such
as the CA3080, the circuit is useful
because by using a current mirror to
externally control I¢., the amplifier’s
transconductance can then be con-
trolled. By using three more current
mirrors. the difference current be-
tween 1, and I; can be made exter-
nally available.

There are two types of current mir-
rors. Some are current sinks, as
shown in Fig. 4-a, and others are cur-
rent sources, as shown in Fig. 4-b.
When a current mirror source and
current mirror sink are connected
as shown in Fig. 5, and powered from
a bi-polar power supply, they gener-
ate a differential current (Igeyrce —
I;ni) In any load that is connected
between the junction point and the
circuit ground.

Figure 6 shows the actual circuit of
a sinking-type current mirror. Tran-
sistor Q,, which operates like a di-
ode, is wired across the base-emitter
junction of a second, closely-matched
transistor. The mirror accuracy of that

WwwWwW americanradiohistory com

LIMITS
+4Vto +30V DCor =2Vto +15V
+15V
125 mW MAX
1 mA MAX
2 mA MAX
INDEFINITE
9600 umho typ
2 MHz
50 V/us
110 dB typ

circuit is less sensitive to the current
gains of the transistors, and has im-
proved (greater) output impedance
than in a more-simple circuit.

Figure 7 shows how the differential
amplifier and four current mirrors are
connected in the CA3080 to make a
practical OTA. Bias current (Igas)
controls the emitter current, and thus
the transconductance of the Q1/Q2
differential amplifier via current-mir-
ror C. The collector current of QI is
mirrored by current-mirror A and fed
to the bias terminal of current-mirror
D, and the collector current of Q2 is
mirrored by current-mirror B and fed
to the sink terminal of current-mirror
D, so that the externally available out-
put current 18 equal to I;; — I4.

If you refer back to Fig. 2-b., you
will notice that Q1 and Q2 form the
differential amplifier, DI and Q3
make up current-mirror C, and cur-
rent-mirror D is comprised of D6,
QI10, and QI1. Current-mirror A
(Q4-Q6, D2, and D3), and current-
mirror B (Q7-Q9, D4, and D5) are
slightly more complex than the
others, using Darlington pairs of tran-
sistors and speed-up diodes to im-
prove their performance.

Some finer points

All of the major operating param-
eters of the CA3080 are adjustable
and depend on the value of [ ;5. The
maximum output current is equal to
Ig1as, and the total operating current
of the IC is double the I, value.
The input bias currents drawn by pins
2 and 3 when the IC is operating in the
linear mode are each equal to approx-
imately I;;,4/200, with the actual
values depending on the current gains
of QI and Q2 within the chip.

The transconductance (Fig. 8-a)
and the input and output impedances
(Fig. 8-b) vary with ;.. Figure &
shows typical parameter values when
the IC is driven from a bi-polar |5-volt
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FIG. 9—THIS DIFFERENTIAL AMPLIFIER
has 40-dB voltage gain.

supply at an ambient temperature of
25°C. Theretore, at a bias current of
I10pA, gm is typically 200 pmho,
with an input resistance of 800K and
an output resistance of 700 megohms.
At I-mA bias current, those values
change to 20 mmho. 15K, and 7
megohms respectively.

The output voltage of the IC de-
pends on the values of I .5 and an
external load resistor connected to the
output (pin 6) of the device. If the

load impedance is infinite, the output
can swing to within 1.5 volts of the
positive supply and within 0.5 volt of
the negative supply. If the impedance
is not infinite, the peak output swing
1s limited to I;;45 X Ry Thus at a
10-w A bias with a 100K load, the out-
put swing is | volt.

The slew rate and bandwidth of the
IC depend on the value of Iy ¢ and
any external loading capacitor con-
nected to pin 6. The slew-rate value,

:RZT

> 10k OUT

FIG. 10—AN AC-COUPLED 40-dB invert-
ing amplifier.
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in V/ps, equals Ij;;44/Cp, where C
i1s the loading capacitance value in pF,
and Iy;a¢ 1 In WA, With no external
loading capacitor conncected, the
maximum slew rate of the CA3080 is
about 50V/us.

Basic circuits

The CA3080 is very easy to use. Its
I5iag terminal (pin 5) is internally
connected to the negative supply (pin
4) by a base-emitter junction, so the
biased voltage of the terminal is about
600 mV above that of pin 4. I;;; 44 can
be obtained by connecting pin 5 to
either the ground line or the positive
supply via a current-limiting resistor
of suitable value.

Figures 9 and 10 show two ways of
using the CA3080 as a linecar ampli-
fier with a voltage gain of about 40
dB. The circuit in Fig. 9 is a direct-
coupled differential amplifier, and
Fig. 10 shows an AC-coupled invert-
ing amplifier. Both designs operate
from bi-polar 9-volt supplics, so 17.4
volts is generated across bias-resistor
RI, which teeds about 500 wA into
pin 5 causing each IC to draw another
1 mA from their supply.

1004 | W
R2 Rl < 501A
100K 330K1'4 i
AAA

Ct m3 Wy

41 10K

IC1
CA3080

(=)
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=

——e—a=s
7 e ———
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=Y
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FIG. 11—THIS 20-dB MICRO-POWER in-
verting amplifier consumes very little
power.

At a bias current of 500 A, the
transconductance of the CA3080 is
approximately 10 mmho. The outputs
of Figs. 9 and 10 are loaded by a 10K
resistor (R2), and therefore provide an
overall voltage gain of 10 mmho X
10K = 100, or 40 dB. The peak cur-
rent that can flow into the 10K load is
500 A (equal to Iy ag), S0 the peak
output is 5 volts. The output is also
loaded by a 180-pF capacitor (Cl),
giving the circuit a slew-rate limit of
500 wA/I80pF = 2.8V/us. The out-
put impedance of each circuit equals
the R2 value of I0K. Note that in
those two circuits the IC is used in the
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FIG. 14—BOTH PHASE AND AMPLITUDE can be controlled by the modulation signal in

this ring modulator or 4-quadrant multiplier.

open-loop mode, and that if the slew
rate is not externally limited by Cl
the 1C will operate at its maximum
handwidth and slew rate. Under those
conditions the CA3080 may be exces-
sively noisy.

In the circuit in Fig. 9, the differen-
tial inputs arc applied via series re-
sistors R3 and R4, which help
cqualize the source impedances of the
two signals and maintain the DC bal-
ance of the IC. The circuit in Fig. 10
has both inputs tied to ground via 15K
resistors and the input signal applicd
to one terminal only. With the input

connected to pin 2, the circuit is a 40-
dB inverting amplificr.

The voltage gains in Figs. 9 and 10
depend on the value of I A, which
in turn depends on the value of the

supply voltage. The voltage gain of

the CA3080 can be made almost inde-
pendent of the Iy, ¢ and supply-volt-
age values by using conventional op-
amp techniques, as shown by the 20-
dB AC-coupled inverter circuit of Fig.
I1, which consumes a mere 150 pA
from its bi-polar 9-volt supply.

The circuit in Fig. 11 is wired like a
conventional inverting amplifier, with

WwwWwW americanradiohistory com

its voltage gain (A,) determined pri-
marily by the R2/R3 ratio (equal to
10, or 20-dB). The gain equation is
only valid when the value of an exter
nal load, R, is infinite. That’s be-
cause the output impedance is equal
to R2/Ay, or 10K, and any external
load lessens that value and reduces
the output of the circuit.

The main function of ;45 in the
circuit of Fig. Il is to determine the
total operating current of the circuit
and/or the maximum output swing.
With the component values shown,
Iisias has a value of 50 pA, causing
the circult to consume a total of 150
A, When R, 1s infinite, the output is
loaded only by R2, which has a value
of 100K, so the maximum output is 5
volts. If R has a valuc of 10K, the
maximum output voltage is limited to
0.5 volt. That circuit can therefore be
designed to have any desired voltage
gain and peak output, and since the IC
is used in the closed-loop mode, ex-
ternal slew-rate limiting is therefore
not required.

It the CA3080 is to be used as a
high-gain DC amplifier, or as a wide-
range variable-gain amplifier, input-
bias levels must be balanced to ensure
that the output correctly tracks the
input signals at all values of lg A5
Figure 12 shows how to bias an invert-
ing AC ampplifier in which the voltage
gain is variable from roughly X5 to
X 100 via R6, and the otfset balance
is pre-sct via R7. The circuit is set up
by adjusting R6 to its minimum value
(maximum gain) and then trimming
R7 to give zero DC output with no AC
input signal applicd.

Voltage-controlled gain

Some of the most usetul applica-
tions for the CA3080 are in truc mi-
cropower amplifier and oscillator cir-
cuits, and when important parameters
are controlled by an external voltage.
In the latter category, one major ap-
plication is as a VCA or amplitude
modulator, in which a carrier signal is
fed to the input of the amplificr, and
the output amplitude is controlled or
modulated by another signal fed to the
Igias terminal. Figure 13 shows a
practical version of such a circuit.

The circuit in Fig. 13 is a variable-
gain inverting amplifier. Input-bias
resistors Rl and R2 have low values to
minimize the noise levels of the IC
and eliminate the need for external
slew-rate limiting. Offsct biasing is
applied to the non-inverting input via
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FIG. 16—A NON-INVERTING micropower voitage comparator has inputs that are sensitive

to small changes.

FIG. 177—THIS SCHMITT-TRIGGER circuit
has programmable trigger-thresholds and
peak-output.

R3/R6. The carrier signal is applied to
the inverting pin of the CA3080 by
the voltage divider Rx/Rt. When Ry
has a value of 33K as shown, and the
modulation input terminal is tied to
ground, the circuit basically has unity
gain. The gain doubles when the
modulation terminal is tied to +9
volts (+ V), and when the modulation
terminal is tied to — 9 volts (— V) the
circuit has roughly 80 dB of signal
rejection.

The instantancous polarity of the
output signal-of the circuitin Fig. 13 is
determinced cntirely by the in-
stantaneous polarity of the input sig-

nal. The amplitude of the output

signal is determined by the product of

the input and the gain-control values.
That type of circuit is known as a 2-
quadrant multiplier.

Figure 14 shows how the circuit in
Fig. 13 can be modified so that it can
be used as a ring-modulator or 4-
quadrant multiplier, in which the out-
put-signal polarity depends on the po-
larities of both the input signal and the
modulation signal.

The circuits of Figs. 13 and 14 are
identical, except that in kg, 14, re-
sistor-network Ry 1s connected be-
tween the input and output terminals.
When the modulator input is tied to
ground, the inverted signal flowing
into RS from the OTA’s output is bal-
anced by the non-inverted signal How-
ing into RS {rom the input signal via
Ry. Therefore, zero volts is generated
across R5. If the modulation input
goes to + 'V, the output of the OTA
exceeds the current of the Ry net-
work, and an inverted gain-controlled
output is obtained. If the modulation
input 1s —V, on the other hand, the
output current of Ry exceeds that of
the OTA, and a non-inverted gain-
controlled output is obtained. So,
both the phase and the amplitude of
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the output signal of the 4-quadrant
multiplier circuit are controlled by the
modulation signal. The circuit can be
used as a ring modulator by feeding
independent AC signals to the two
inputs, or as a frequency doubler by
feeding identical sine-wave signals to
the two inputs.

Note that with the Ry and R, val-
ues shown in Fig. 14, the circuit has a
voltage gain of 0.5 when the modula-
tion terminal is tied to +V or —V.
The gain doubles if the values of Ry
and Ry, are halved. Also note that the
Fig. 13 and Fig. 14 circuits each have a
high output impedance, and that in
practice an output buffer must be add-
ed between the output terminal and
the outside world.

Comparator circuits

The CA3080 can easily be used as a
programmable or micropower voltage
comparator. Figure 15 shows the basic
circuit of a fast, programmable, inver-
ting comparator, in which a reference
voltage (Vgp) 1s applied to the non-
inverting terminal and the test input is
applied to the inverting terminal. The
circuit’s operation is such that the out-
put is driven high when the test input
is below Vg and is driven low
when the test input is above Vipg
The circuit can be used as a non-
inverting comparator by reversing the
input connections of the IC.

With the component values shown
in Fig. 15, the I;;, o current is several
hundred pA, so the device has a slew
rate of about 20V/ps, and operates as
a fast comparator. When the test volt-
age and Vg are almost identical,
the IC operates as a linear amplifier
with a voltage gain of gm X R2 or
about 200. When the two input volt-
ages are significantly different, the
output voltage ts limited to values de-
termined by the values of 1,45 and
R2. In Fig. 15, the output is limited to
about 7 volts when R2 has a value of
10K, or about 700 mV when R2 has a
value of IK.

The circuit in Fig. 15 can be modi-
fied so that it is an ultra-sensitive mi-
cropower comparator, as shown in
Fig. 16. That circuit typically con-
sumes only 50 wA but has an output
that fully swings between the +V
supply and the —V supply, and can
provide drive currents of several mA.
In Fig. 16 the CA3080 is biased at
about 18 pA via Ri but has its output
fed to the near-infinite input imped-
ance of a CMOS inverter stage. Thal
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FIG. 18—A MICRO-POWER Schmitt trigger is shown here.
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FIG. 19—A LOW-POWER astable multivibrator or square-wave generator.
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FIG. 20—THIS VARIABLE DUTY-CYCLE oscillator has an output that can be varied from

10:1t01:10. D

combination gives the circuit an over-
all voltage gain of about 130 dB, so
that input-voltage changes of only a
few pV are cnough to switch the out-
put from one supply level to the other.

Schmitt-trigger circuits

The voltage comparator circuit of

Fig. 15 cun be used as a programma-
ble Schmitt trigger by connecting the
‘non-inverting reference terminat di-
rectly to the output of the CA3080, as
shown in Fig. 17. In that case, when
the output is high, a positive reference
value of Ij;a¢ X R2 is generated.
When V, exceeds that value, the out-
put regencratively switches low and
generates a negative reference voltage

of T4 X R2, and when V  falls
below that value, the output is re-
generatively switched high and once
more generates a positive reference
voltage of Ij;; o X R2. Therefore, the
trigger thresholds, and also the peak
output voltages of the Schmitt circuit,
can be precisely controlled or pro-
grammed by changing the value of
cither I ;45 or R2.

Figure 18 shows an another type of
Schmitt trigger, in which the output
fully switches between the supply-
voltage values. The switching-thresh-
old values are determined by the R1/
R2 ratio and the supply-voltage val-
ues, and is ecqual to +V X
RI/(R1+R2).
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Astable circuits

The Schmitt-trigger ¢ircuit in Fig.
18 can be used as an astable multi-
vibrator or square-wave generator cir-
cuit by connecting its output to the
non-inverting input terminal via an
RC time-constant network, as shown
in Fig. 19. The output of that circuit
fully switches between the supply-
voltage values, is approximately sym-
metrical, and has a frequency that is
determined by the values of R3, Cl,
and the R1/R2 ratio. The operation is
such that, when the output is high, Cl
charges via R3 until the Cl voltage
reaches the positive reference-voltage
value determined by the RI/R2 ratio.
At that value the output switches low.
Capacitor CI then discharges via R3
until the Cl voltage reaches the nega-
tive refercnce-voltage value deter-
mined by the RI/R2 ratio. at that
value the output switches high again,
and the whole process then repeats.

Finally, Fig. 20 shows how the ctr-
cuit in Fig. 19 can be modified to have
an output waveform with a variable
duty cycle. In that case, Cl alternately
charges via DI, R3, and the left half
of RS, and discharges via D2, R3,
and the right half of RS, to provide a
duty-cycle ratio that is fully variable
from 10:1 to 1:10 via RS.

Note that in the two astable circuits
of Figs. 19 and 20, the CA3080 is
biased at only a few A, and the total
current consumption of cach design is
determined primarily by the series
values of Rl and R2, and by the value
of R3. In practice, total current con-
sumption of only a few tens of pA can
casily be achieved. R-E




HARDWARE
HACKER

Refilling toner cartridges, and more!

[ JUST GOT WIND OF A STUNNING NEW
mid-level hacker integrated circuit
that should cheaply and elegantly
solve a lot of sensing and analog
interface problems for you. That
IC is the new LTC1092A by Linear
Technology. While | don't yet have
any samples or even any complete
data, some preliminary technical
info did appear over in Electronic
Design for December 10, 1987.

That little $12, 8-pin mini-DIP
gem is a one-piece 10-bit low-level
and high-speed analog-to-digital
converter. What it does all by itself
is take a small analog signal sitting
on a large or even a slowly varying
offset voltage and convert it into
an 0.1-percent accurate 0-1023 dig-
ital numeric value.

The LTC1092A should serially in-
terface beautifully with most any
personal computer. It does appear
especially good for talking
through Apple’s game ports.

Unlike previous A/D converters,
that is a floating point unit that can
have its maximum full-scale value
set anywhere from 150 millivolts(!)
on up to 10 volts. Which gives you
a mind-numbing dynamic range of
nearly 97 decibels. The same IC
can measure anything from a mere
150 microvolts up to 10 volts.

The potential hacker uses bog-
gle the mind. A recent help-line
caller wanted an expanded scale
voltmeter. Another asked for away
to accurately measure the charg-
ing voltage of a large industrial bat-
tery, since you can detect the end
of charge when the voltage starts
to rise suddenly.

You are able to directly input
such things as “raw” data from a
strain gauge, pressure transducer,

thermocouple, or other tem-
perature sensor, and in one step
get a numeric result. No more in-
strument amplifiers, voltage refer-
ences, awkward board layouts,
precision resistors, and all of the
hassles that go with them.

And, yes, that IC is fast enough
for almost any high-quality audio
use. You can even digitize 19-kHz
audio at a 38-kHz sampling rate.

Operation could not be simpler.
There are two supply pins that can
work from a single +5- or a +10-
volt supply and ground. You have
two differential input pins and a
reference input that sets the full-
scale amplitude. A precision refer-
ence is not needed, since you can
get that signal from the same
source that is driving your sensor
or whatever.

The remaining three pins are

digital. You’ll find a clock input, a
“start-converting” input, and a se-
rial output. Which all should be
able to interface quite well with
just about anything.
- We'llbe seeing lots more on that
beauty here. Yes, there definitely
will be one of our usual contests.
To get a head start, just pick up
some data sheets, samples, and
“ap” notes, and see what you can
come up with.

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster

Synergetics

Box 809

Thatcher, AZ 85552

(602) 428-4073
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A new A/D converter 1‘
The PostScript language
Telephone ring detectors
Toner cartridge reloading

Replacement semiconductors ||
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DON LANCASTER

This is your column, and tech
help is available per the help line.
Let’s start off with a great business
idea...

Tell me all about toner cartridge
reloading

Toner cartridges, such as those
used in all of the Canon personal
copiers, in those Hewlett Packard
LaserJets or the Apple
LaserWriters, cost as much as $124
each and are good for only a max-
imum of 2500 or so copies.

Yet, with a simple two minute
operation, you can reload all those
empty cartridges three or more
times with new toner at a cost of
only $7.50. At the same time, you
will get better and blacker images,
since the rest of that cartridge
mechanism does not even begin
to get up to its maximum black-
ness until after its second reload,
and since the refill toner materials
are much blacker than the original
toner.

If you now own one of those
machines, you could dramatically
reduce your operating costs and
improve the quality of your output
by doing your own refilling. If you
do not, chances are others in your
neighborhood will be glad to pay
you as much as $24 for a local and
custom refilling.

One good source of refill toner
is Lazer Products, while one relia-
ble, independent, toner-refill test-
ing and reporting service is now
available through Thompson and
Thompson. Note that the refill
toner must be exactly matched to
its target cartridge. Copier toner
won’t work in a laser printer, and
vice versa.
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Letus look at how you can refill a
Canon CX cartridge. The details
will vary with other systems. You
can get your empty cartridges by
accepting exchanges or else by
putting an ad in the local paper.
The current street price of empty
but virgin cartridges is $5 in urban
areas and $10 in small towns.

In fact, there is never any point
at all in buying a brand new CX
cartridge. You might as well let
someone else condition the drum
and get rid of the less-than-perfect
factory toner for you.

There’s usually no good reason
to completely tear down a car-
tridge. All that does is introduce
more problems thanit solves. I will
show you the “punch and go”
method here, since thatis farmore
cost effective. However, if you ab-
solutely insist on tearing one
apart, the magic tamperproof Torx
bit is available as EVCO part
#945B700 from Jensen Tools.

With the punch-and-go meth-
od, you have to make two holes in
the cartridge, as shown in Figs. 1
and 2. The easiest way to make
those holes is to melt them using a

NEW FROM
DON LANCASTER

HANDS-ON BOOKS
Ask the Guru Reprints 24.50
CMOS Cookbook 15.50
TTL Cookbook 15.50
Active Filter Cookbook 15.50
Micro Cookbook vol | or Il 16.50
Enhancing your Apple vol | 15.50
Enhancing your Apple vol Il 15.50
Applewriter Cookbook 19.50
Apple Assembly Cookbook 21.50
Incredible Secret Money Machine  9.50
Postscript Ref. Man. (Adobe) 22.50
Postscript Cookbook (Adobe) 16.50

UNLOCKED SOFTWARE

Absolute Reset lle & lic 19.50
Applewriter/Laserwriter Utilities 49.50
Postscript Show & Tell (lle/Mac/PC) 39.50
Postscript Technical lllustrations  39.50
Intro to Postscript VHS Video 39.50
Postscript BBS stuff 19.50
Apple Ram Card Disassembly Script 24.50
Enhance vol | Companion Disk 19.50
Enhance vol Il Companion Disk 19.50
Assembly CB Companion Disk 19.50
Applewriter CB ProDOS C. Disk 24.50

FREE VOICE HELPLINE  VISA/MC
SYNERGETICS
Box 809-RE

Thatcher, AZ 85552
(602). 428-4073

T

FIG. 1—A CANNON CX TONER CARTRIDGE has to be modified before it can be refilled.
First, remove the large cardboard label (not shown here) by lifting it up from each end.
Then, melt a clean Y2-inch hole in the fresh-toner tank.

FIG. 2—CONTINUE MODIFYING THE CX CARTRIDGE by melting this Y-inch hole in the
spent-toner holding tank beneath the cartridge. When finished reloading, seal up both
holes with a very aggressive tape. Replace the cardboard label and the fuser wiper pad

after refilling.

small soldering iron. You can also
make them with a heated-up, spent
0.45-caliber cartridge shell or with
a special Unibit drill intended for
thin plastic.

One %-inch hole is placed in the
toner filling tank, and another -
inch one is placed in the spent-
toner holding tank, as shown. The
holes should both be trimmed
flush, being very careful to get no
scraps of plastic inside the tanks
themselves.

The toner filling tank is reached
by popping off the large cardboard
label. Do that from the ends, and
not from the sides.

Suitable tape, such as the metal
tape used in some floppy-disk
write-protect tabs, is used as a
seal. Itis of the utmost importance
that your sealing tape is both ag-
gressive and secure,

wWWw americanradiohistorv com

To actually refill a cartridge, first
open the holding tank hole and
drain out the old toner. Do that
outdoors and avoid breathing the
toner. Then reseal the holding
tank. Next, use a plastic funnel to
dump one bottle (typically 400
grams) of toner into the filling tank
via the Y2-inch hole. Then reseal.

Follow that up with a stick-on
label that holds the refilling history
of the cartridge. Finally, replace
the original cardboard label and
clean the corona wire with the
usual little green tool.

When you refill the cartridge,
you should also replace the wiper
pad that tracks the fusion rollers.
Those pads contain a small
amount of a special silicon oil, so
they must be replaced, rather than
just cleaned or recycled.

Wiper pads are usually included



free when you order toner. Simply
scrape the original pad out of its
holder and secure the new one
with a drop or two of glue.

Refilled cartridges must be hand
carried. They cannot be shipped
without adding an additional and
specialized sealing strip. Thus, car-
tridge reloading is best done as a
local service.

More details on doing cartridge
reloading appear in my Ask The
Guru reprints, while a step-by-
step toner-reloading demonstra-
tionisincluded in my Introduction
to Postscript video.

What is PostScript?
Several help-line callers have

Y/

FIG. 3—AN ORDINARY WORD PRO-
CESSOR is all that is needed with the
PostScript language to create graphics
that look this good. These examples show
you several of PostScript’s powerful curve
tracing and cubic spline abilities. Any per-
sonal computer can be used.

NAMES AND NUMBERS

Adobe Systems

1585 Charleston Rd.
Mountain, View, CA 94039
(415) 961-4400

Computer Shopper
Box F

Tutusville, FL 32781
(305) 269-3211

EGC

70 Empire Dr.

West Seneca, NY 14224
(716) 325-2620

EVCO

3451 Lorna Road
Birmingham, AL 35236
(205) 822-5381

General Electric
Electronics Park Bldg 7
Syracuse, NY 13221
(800) 626-2001

General Instruments
2355 W Chandler Blvd.
Chandler, AZ 85224
(602) 963-7373

Jensen Tools
7815 South 46th St.
Phoenix, AZ 85044
(602) 968-6231

Lazer Products

PO Box 4947
Englewood, CO 80155
(303) 721-9990

Linear Technology
1630 McCarthy Bivd.
Milpitas, CA 95035
(408) 432-1900

now complimented me on the
technical illustrations for this col-
umn and have wondered just who
the artist is. Well, the artistis not a
he or a she. Itis an it.

All of the artwork you see in this
column is prepared in camera-
ready form using nothing but the
AppleWriter word processor on a
lle, printing onto a LaserWriter
Plus. That is all made possible by a
unique graphics and typesetting
language that is known as
PostScript.

PostScript is new industry-stan-
dard page-description language
that is also making strong bids to
become a screen-description stan-

www.americanradiohistorv.com

Mini-Circuits

PO Box 350166
Brooklyn, NY 11235
(718) 934-4500

NTE

44 Farrand St.
Bloomfield, NJ 07003.
(201) 748-5089

PostScript BBS
2504 Sycamore
Bay City, TX 77414
(409) 244-4704

Speleonics

Box 5283
Bloomington, IN 47402
(812) 335-7305

Synergetics

Box 809

Thatcher, AZ 85552
(602) 428-4073

TecSpec

3 Mine Mountain Rd
Cornwall Bridge, CT 06754
(203) 672-0123

Texas instruments
Box 5012

Dallas, TX 75265
(214) 995-3821

Thompson & Thompson
23072 Mullin Dr.

El Toro, CA 92630

(714) 855-3838

Thomson Semiconducteurs
43, Avenue De L'europe
78140 Velizy-Villacoublay
FRANCE

(1) 3946-9719

dard, a fax standard, a BBS graph-
ics-interchange standard, a
signmaking and engraving stan-
dard, and even a printed-circuit
layout standard.

The good news about PostScript
is that you can simply and quickly
use any old world processor on
any old computer and create
graphics that can meet and often
ridiculously exceed the finest
graphics output available from the
most expensive custom programs
running on the fanciest of comput-
er systems.

The bad news is that PostScript
only works on premium printers
and typesetters that have
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PostScript capabilities already
built into them. Current examples
are the Apple LaserWriter and
LaserWriter Plus printers and the
Linotron 700 and 300 phototypeset-
ters. Those are still a tad on the
pricey side.

Some important advantages of
PostScript include its device inde-
pendence, which means that the
very same code and very same text
file can be used for 300 DPI per-
sonal laser printing or for 2560 DPI
commercial typesetting.

PostScript can be used to do
professional-quality typesetting,
and its fonts can be set to any size
from two points up to 40,000
points or even higher, and may be
independently rotated, translated,
scaled, or have any of hundreds of
other special treatments applied
to them.

Thousands of different
PostScript fonts are now available,
and each of these individual fonts
can be shown in a nearly infinite
number of variations.

Chemtronits

StatiC |

PROFESSIONAL

‘ Servicing electronic equipment isn't always
eagy, especially if you're doing it in the field.
At Chemtronics we can help with over 200

specially engineered products for the maintenance, repair and
production of high technology equipment. Call today for our
latest problem solving catalog.

E Chemtronics

Keeping pace with advanced technology-

Chemtronics Inc. 681 Old Willets Path Hauppauge, NY 11788 516-582-3322 Telex 968567

CIRCLE 54 ON FREE INFORMATION CARD
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Full page PostScript text and
graphics can be freely intermixed
in any combination in most any
direction in most any manner.

PostScript, like its second cous-
in (three times removed and five
times disowned) Forth, is a
threaded and extensible language.
Which means that you can add
anything you like to the language
anytime, creating custom and re-
usable code.

One of the neatest features of
PostScript is its ability to handle a
powerful means of drawing
smooth curves that go by the name
of cubic splines. Figure 3 shows a
few of the awesome things you can
do with PostScript’s cubic spline
capabilities.

And, yes, PostScript is incredi-
bly easy to learn. In fact, it be-
comes downright addictive. Off-
the-street students in my begin-
ning PostScript courses are doing
their own superb custom let-
terheads, business cards, badges,
forms, ads, line art, decals, and
bumper stickers after as little as
three hours of instruction.

Those of you hackers that have
also been following me over in
Computer Shopperknow that | am
into PostScript in a very big way.
You can get started in all this on
your own by calling our free
PostScript voice help line at (602)
428-4073, by calling our free
PostScript BBS at (409) 244-4704, by
getting a free subscription to the
Colophon magazine from Adobe
Systems, or by picking up any of
my other Postscript goodies that
are mentioned at the end of this
column.

Where can | get replacement
entertainment semiconductors?

While nearly all transistors and
integrated circuits are made in the
same way by the same people,
there are several different ways
those devices are sold. If you are a
manufacturer of, say, television
sets, you will buy them direct in
huge-quantity lots, already
custom numbered for you per
your own internal needs.

If you are a hacker, designer, or
developer, you won’t do that; in-
stead you'll buy your standard-
numbered parts from any of the
usual industrial or new-age dis-
tributors, including many of our
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FIG. 4—THIS TELEPHONE-RING DETECTOR might be used to light an LED, or to power an
LED optocoupler to create an isolated “the phone is ringing” optical signal.

Radio-Electronics advertisers.

Finally, you will find yet a third
distribution channel. That one is
intended specifically for technical
training, for maintenance ser-
vices, and consumer-electronics
repair. Those sources stock small
quantities of the house-numbered
devices specifically for service and
warranty-repair uses.

As a hacker, you’ll want to tune
into both of the standard-num-
bered parts sources as well as the
service and warranty-replacement
sources. More often than not,
what you get from one distribution
channel is totally unheard of by
the other.

Two of the leading sources of
replacement semiconductors are
the ECG people and the compet-
ing folks over at TCE. Both sources
have fat and low-cost technical
guide directions that list and then
cross reference zillions of house
part-numbers. Package details,
pin-outs, and limited technical
data is also included.

No hacker can afford to be with-
out current copies of those.

Show me a telephone-ring
detector.

A typical home-telephone line
normally consists of a 48-volt DC
supply that drops to half of that
when you are off-hook. That DC
supply is amplitude modulated in
order to provide voice or data
communications.

Ringing is separately done by
superimposing a very strong AC
ringing signal. That is typically a
sinewave of 40 to 150 volts rms at a
frequency of 16 to 68 Hz.

Traditionally, the ringing voltage
would be capacitor coupled to a
mechanical bell whose resonant
frequency matched that of the
ringing signal. Some older party
lines used several different reso-
nating frequencies for the bells, so
that each party could be selected
by changing the ring frequency.

You might like to build your own
ring detector, possibly as an aide

Feztures:
*Screw-On Accesso
«Data Hold

-

NN

¥orld’s First Pen-Style DMM
with Built-In IOMHz Logic Probe

for the deaf, for use as a modem or
answering-machine actuator, for
automated computer communica-
tions, or simply for an outside, a
remote, or asuper-loud or a super-
quiet way to tell when your phone
is ringing.

One way to do that is with a plain
old neon lamp. Take a NE-2 and put
itin series with a 470K resistor and
a 0.47-uF, 400-volt capacitor, and
hang in across the phone line. Or
use a neon night light instead. The
neon lamp lights whenever the
phone is ringing.

To get a safety isolated ringing
signal, just tape a photoconduc-
tive cell or phototransistor to the
neon lamp, and input the pho-
todetector into your whatever.

These days, though, you will
find simple, low cost, and sophis-
ticated integrated circuits that you
can use to detect ringing and di-
rectly drive a piezotransducer or a
speaker.

Many of those are described in
the new Telecommunications Data
Book by Texas Instruments. Let us
look at two different examples.

NNOVATION. NOT IMTATION

The AR-100 Maxi-Probe, Unheard-of features and perfor--

mance in one small package. Volts. Ohms. Audible continui-
ty. Data Hold.

Then add a tull-function, TTL/ICMOS logic probe. Screw-on

8301y tips. Diode Yest. Test Leads. And a storage case.

functions you need for both analog and digital

| package, at one law price.

Probe. All others pale by

_ AMERICAN RELIA

VALUE BEYOND MEASURE

(800) 654-9838

ARI manufactures a complete line of electronic test equipment, including EPROM, EEPROM. and PLD programmers,
IC testers, Cable testers, DPMs, DMMs, and Logic testing devices. Call or write today for your free catatog.

CIRCLE 187 ON FREE INFORMATION CARD
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FIG. 5—A COMBINED RING DETECTOR AND DRIVER that directly powers a
piezotransducer. Speakers or external amplifiers can be driven by transformer coupling.
Note that all of the needed power is derived directly from the AC ring signal. Use a 400-volt

input capacitor.

Figure 4 shows you a detect-only
circuit that uses a TCM1520A to
lightan LED or drive theinputofan
LED optocoupler. The output is a
pulsed DC signal that is present
when the phone is ringing and ab-
sent otherwise.

Figure 5 shows you a detect-and-
drive circuit that uses a TCM1532 to

directly drive a piezotransducer, or
elseletsyou transformer couple to
a speaker or an external and iso-
lated amplifier.

To get a decent-sounding ring,
you really want to pick a pair of
frequencies and warble between
them. Further, you will want to
match those frequencies to what-

ever you are driving. That is done
automatically for you inside the
IC. A number of different part
numbers are available that give
you various ring frequencies and
warble rates.

Note that the second circuit can
also drive an LED, and the LED will
even appear to light continuously
on a ring. But remember that the
actual waveform across the LED
will be a complex audio signal that
may need further treatment if you
optocouple it.

There’s other uses for those 1C’s
that include burglar and process
alarms, or even low-power, direct
line-operated power supplies. See
the data book for more details.

Any new tech lit this month?

Newsletters are often a very
high-energy source of hacker
ideas. One new one is called
TecSpec, and is quite strong on
lasers and optical communica-
tions. The coverage is all very
hacker oriented. The cost is $1.50
per issue.

My favorite technical newsletter
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CRAMOLIN

Even the finest equipment in the world cannot guarantee noise-free operation.
One “dirty’”* connection anywhere in the electrical path can cause unwanted
noise or signal loss.

“MORE THAN A CONTACT CLEANER”’

CRAMOLIN® s a fast-acting, anti-oxidizing lubricant that cleans and
preserves all metal surfaces, including gold.

When applied to metal contacts and connectors, CRAMOLIN® removes
reslstive oxides as it forms a protective molecular layer that adheres to the metal
surfaces and maintains maximum electrical conductivity.

Let DATAK be your designing partner. Use our dry transfer title sets to put
that finishing touch to your custom project. Over 2200 titles plus alphabets
and numbers insure that you'll have the words you need. Switch markings
and dial plate arcs are in a companion set. Use DATAKOAT spray for
complete protection. Sprays are not mailable

CRAMOLIN® - USED BY THOSE WHO DEMAND THE BEST: 948 Blk {949 Wht) 10 pt .105" Electronic Titles (24 sheets) . .. ... $11.95
Bell & Howell Hewlett Packard MCI(Sony} Nakamichi 9581 Blk (9591 Wht) 12 pt .125" Electronic Titles (24 sheets} .. ... 11.85
Boeing John Fluke Mig. Matoroia RCA 968 Blk, Wht, Red asst. Meter dial & Switch Markings (12 sheets) 11.95
Capilol Records Mclntosh Labs NASA Switchcraft 04177 DATAKOAT Gloss Spray(120z) .. ... ... ... .. ...... 575

04178 DATAKOAT Matte Spray {120z) ... ... .. .. . 575
Minimum order: $20.00 (add 7% shipping. NJ and CA also add sales tax)
WRITE FOR A FULL CATALOG AND SAMPLES TODAY
DATAK Corp. ¢ 3117 Paterson Plank Rd. « N. Bergen, NJ 07047
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of all, though, is Speleonics,
which weights in at a budget-
breaking $6 per year. That newslet-
teris written by and for spelunking
cavers who have a technical bent.
Topics of special interest to elec-
tronics hackers include under-
ground location finding, low-fre-
quency radio communications,
laser mapping and geophysical ex-
ploration, and innovations in light-
ing.

General Instrument Micro-
electronics has a short-form prod-
uct portfolio out. Among the
products included are sound gen-
eration integrated circuits,
character generators, some key-
board encoders, and even credit-
card size memory devices.

There is a new and free Triac Ap-
plications Handbook you can get
from Thomson Semiconductors.
While full of good ideas, it is
poorly written and the translation
is even worse. To this day, the best
reference book on power-control
semiconductors remains the an-
cient GE SCR Manual. I'm not even
sure that the book is still in print,
though.

The Mini-Circuits people have a
new how-to-use guide for their
MAR drop-in amplifiers. Those are
a series of very low-cost, ultra
high-frequency transistor-ampli-
fier IC’s that are usable as high as 2
GHz.

Turning to my own products, if
you want to know more about the
PostScript language, | have scads
of PostScript stuff for anyone from
a rank beginner on up through
some testing, development, and
leading-edge advisory services for
even the most gonzo of advanced
PostScript developers.

For beginners just getting start-
ed who do not yet own a Postscript
printer, | would suggest my new
Introduction to Postscript vid-
eotape and Adobe’s PostScript
Cookbook. If you already do own
a PostScript printer, there’'s my
PostScript Show and Tell, my
PostScript Technical llustrations,
and my PostScript BBS Stuff, avail-
able for all of the major personal
computers.

Write or call (see the box on the
first page of this article), and I'll be
most happy to send you a bro-
chure on all of this and lots more;
some free, and some not. R-E

New solid-state and digital
TV sets, stereos. and vid-

eorecorders are tougher to re-
pair than old-fashioned tube
type sets and require special
training for the service tech-
nician who works on them

Only a few states have laws
requiring competency tests
for licensing technicians who
repair consumer electronics,
but fifteen vears ago the In-
ternational Societv of Cer-
tified Electronic Technicians
(CET) began its own certifica-
tion program to qualify these
technicians and those in in-
dustry. To carry the CET des-
ignation. technicians must
have four yvears experience
and pass a rigid examination
on general electronics and a
specific area of expertise such
as audio or radio-TV.

Many consumers look for a
Certified Electronic Techni-
cian in the shop when they
need any electronic item re-
paired.

Free Consumer Checklist
A consumer checklist for
selecting a service shop is av-

Modern electronic equip-
ment such as digital TVs
or stereos should be re-
paired by specially trained
peoplie.

i

ailable free by sending a
stamped. self-addressed en-
velope to: Checklist, ISCET.
2708 West Berry, Fort Worth,
TX 76109. The list reminds
consumers to check such
items as "Does the business
have the parts for vour par- |
ticular brand?”, “Did vou get
an estimated price?”. and
“Did you check this company
with the Better Business
Bureau?”

\\ ‘:\ -‘\‘\
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Nine Test Probes
with only one difference
between them and your
scope’s original equipment

Coline/TPI
Equivalent

Manufacturers Original
Scope Probe

TEKTRONIX
2300 Senies

M12X1
M12x10
M12X10AP
P100
M15X10HFAP
M12X10AP
M12X10AP
M15X10HFAP
M12X10AP

P6101A
P6108A
P6121
P6122
P6131
P6133
P6105A
P6106A
P6130

2200 Seres
2400 Senes

400 Series

IWATSU
885321
SS-5711

LEADER
LBO-315
LB0-518

PHILIPS
PM3267
&

PM3256
PM3264

M12x10
M12X10

SS-0014
$S-0012

SP100
SP100

LP-060X
LP-100X

PM8924 M12X1

PM8926
PM8928

P100
M12X10

HITACHI
V-1100A
V670
V-509

AT-10AL15

HEWLETT PACKARD
1715A 10018A
17228 10017A
1725A 10017A
1740 Series 10041A
10021A

M20X10
M15X10HF
M15X10HF
P100

IP20

Take up the TPI challenge and compare our prices
with the probes you currently uge. In many cases you
can replace both probes on youf dual trace scope at
the cost of one probe from the scope manufacturer.
Plus, bandwidth and overall performance of the

TPI probe typically exceed that of the original
equipment. Satisfaction is guaranteed with

a ten day return privilege. TP Specialists

in probes for over 15 years. s

Available from your local distributor.

TOLL FREE INFORMATION LINE
1-800-368-57189,
1-800-643-8382 in California

TR

TEST
PROBES, INC.

9178 Brown Deer Road,
San Diego CA, 92121
Phone: (6191535 9292
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UPDATE

Some thoughts on predicting the audio future

BEFORE WE LOOK AHEAD AT THE.FUTURE
of audio, let’s finish up the back-
ward look that we began in last
month’s column.

By 1959 a new type of compo-
nent—the tuner-amplifier—had
appeared and was gaining popu-
larity; it would be several years be-
fore it was called a “receiver.”
Transistorized equipment also be-
gan to appear at that time. Au-
diophiles incautious enough to
invest in the new technology
found themselves with tuners hav-
ing front-end overload problems
and low sensitivity, and amplifiers
that suffered from crossover dis-
tortion, overload, and other re-
peated failures.

Although a few early starters
among the manufacturers had
dropped out, the total number of
audio manufacturers had grown
significantly over a 10-year period.
And, in fact, some of them were
beginning to make model changes
every couple of years.

The stereo sixties

| shouldn’t leave the 1950’s with-
out acknowledging the introduc-
tion of the first acoustic-suspen-
sion speaker in 1955. The develop-
ment by Edgar Villchur of a
speaker system with remarkable
bass and compact dimensions
would ultimately dovetail neatly
with stereo’s need for two speak-
ers. In the 1960’s, the company he
founded—Acoustic Research—
managed to take over a third of the
speaker market with various mod-
els that they were producing.

In 1963 Philips introduced their
Compact Cassette system. | don’t
think anybody (including Philips)
would have predicted that the
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FIG.1

book-size, low-fi portable unit in-
troduced as a “sound camera” 25
years ago would one day evolve
into a product that at its best
would provide performance
equivalent to that heard from the
finest LP’s—and that would vir-
tually wipe out the home open-
reel tape machine.

In 1967 the first Dolby-A master-
ed discs appeared. Several years
later, Advent incorporated a heav-
ily modified version of the studio A
system into a cassette machine.
Referred to as the B system, it ulti-
mately became a necessary part of
virtually every cassette machine.
But it didn’t happen instantly or
easily. Ray Dolby spent years in li-
censing negotiations with the Jap-
anese (and Philips, who weren‘t all
that sure that Dolby encoding

WwwWw americanradiohistory com

LARRY KLEIN,
AUDIO EDITOR

didn’t circumvent the com-
patibility requirement in the Phi-
lips licensing agreement). Philips
ultimately gave tacit approval, and
one by one the Japanese signed
up.

By now I've reached a time
period probably familiar to most of
my readers—and I’'m running out
of space. One final thought: In the
summer of 1970 | wrote a proph-
etically titled article “The Four-
Channel Follies.” A year later,
when | followed up with “The
Four-Channel Follies: Act 2", |
could see the handwriting on the
wall—all four of them. Quad-
raphonics was killed by a com-
bination of inept promotion and
marketing, the presence of three
competing incompatible systems,
and off-target engineering.
However, when writing about the
death of quad in early 1978, | pre-
dicted that multi-channel sound in
some format would one day reap-
pear. [tappears that that day is now
here with components such as the
new Dolby Stereo sound-track
processors and sound-field syn-
thesizers such as Yamaha’s DSP-1
digital processor. I'm looking for-
ward to reconverting my system to
the new formats.

Into the future

In the years that i've been play-
ing audio oracle, my crystal ball,
shown in Fig. 1, has usually
provided relatively clear recep-
tion, albeit with an occasional
glitch to remind me that market-
place prediction is a tricky busi-
ness. When | callawrongturnasa
journalist, I'm embarrassed; but
when a manufacturer misjudges
the potential demand for a prod-
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BP182—MID/ interfacing enables any so
equipped instruments, regardless of the
manufacturer, to be easily connected to-
gether and used as a system with easy com-
puter control of these music systems.
Combine a computer and some MIDI instru-
ments and you can have what is virtually a
programmable orchestra. To get your copy
send $6.95 plus $1.00 for shipping in the
U.S. to Electronic Technology Today Inc.,
P.0. Box 240, Massapequa Park, NY
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FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam. The NEW
EXAM covers updated marine and
aviation rules and regulations,
transistor and digital circuitry.

THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains the necessary preparation

for ONLY $25.00.
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uct, millions of dollars and many
people’s jobs may be at risk.

Why are the twists and turns of
the audio marketplace so hard to
anticipate even by experienced
marketeers? Probably because the
public’s reaction to a particular
new format or product is based on
a difficult-to-sort-out mix of ele-
ments. Those include satisfaction
of a real or imagined need, per-
sonal taste, and what | call the “oh-
wow!” factor. And we shouldn’t
overlook the importance of effec-
tive promotion and marketing
know-how.

Is it possible to tell in advance
what will be hot and what will not?
Not infallibly; but here are some
thoughts and case histories that
should provide insights into the
social, psychological, economic,
and technical factors that deter-
mine whether a particular audio
product will fly—or never get off
the ground.

Taste factors

Some audio features, such as
product cosmetics, are essentially
a matter of taste. About 10 years
ago, Yamaha bucked then-current
design trends by producing a line
of receivers with very clean, al-
most sterile looking, matte-silver

CIRCLE 179 ON FREE INFORMATION CARD

front panels. When they asked my
opinion of their new look, | said
that /liked it, but that | didn’t think
it would be attractive to an audio
public conditioned to visual
pizzazz. Not only was | wrong, but
Yamaha's cosmetic approach es-
tablished a styling trend that lasted
for years. Today, black is consid-
ered beautiful. Why? Your guess is
as good as mine.

Technological trends

Can an inside knowledge of up-
coming technical developments
be helpful in predicting product
trends? Sometimes, but not al-
ways. For example: Perhaps a doz-
en years ago | heard about Hall-
effect magnetic-sensing heads.
(Unlike conventional tape heads
that depend on tape movement to
generate a signal, Hall-effect
heads produce a signal propor-
tional to a stationary magnetic
field.) At the time, | wrote a short
piece extolling the virtues of Hall-
effect heads for wide-range slow-
speed recording, and predicted
that they would shortly be found
in a large variety of home record-
ers. In truth, Hall-effect heads did
become popular, but only for
credit-card readers and similar
non-audio applications. I’ve never

WWWwW.americanradiohistorv.com
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pursued the matter to find out
where I wentwrong, but | certainly
proved to myself that a /ittle tech-
nical knowledge can be terribly
misleading.

On the other hand, | correctly
predicted that the well-publicized
and well-promoted Elcassette-
tape format would fail. The proj-
ected audience were those who
found open-reel tapes too incon-
venient and regular cassettes too
low in fidelity. It was clear to me—
if not to the manufacturers—that
the targeted market was just too
small. The Elcassette turned out to
be a very expensive fiasco for a
number of major Japanese record-
er and tape manufacturers.

At the press conference where
Sony introduced their Walkman
format, | judged it an instant win-
ner based on the excited “Oh
wow!” reactions of the normally
blase magazine editors that were
present. And it didn’t hurt the
Walkman's sales that at about the
time it was introduced, pre-
recorded cassettes were on the
verge of outselling LP’s.

The Japanese influence

There are several factors, aside
from the particular technologies
involved, that make it difficult to
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predict the success or failure of
Japanese audio innovations. For
example, their marketing plans in
the U.S. are sometimes inap-
propriately based on early enthu-
siastic reactions in Japan. And
when things do not go according
to plan, Japanese companies will
usually persist in their marketing
efforts long after the usual U.S.
company would have thrown in
the towel. Sources of capital in Ja-
pan are much more supportive
than in the U.S., and the tendency
is to invest for the long haul rather
than fast return for stockholders.
In that regard, it’s instructive to
contrast RCA’s videodisc pullout
with JVC’s continuing support of
their VHD disc formatin Japan and
Pioneer’s ongoing backing of the
LaserDisc both here and in Japan.

The Japanese tendency to sup-
port a format or product, despite
disappointing initial sales, some-
times appears to be based on ego
or face-saving, and at other times
is the direct result of their en-
lightened business/social philoso-
phy. For example, when times are
rough, the upper executives of
major Japanese companies are
likely to take a salary cut and re-
duce profit margins—sometimes

to the break-even level or below—

in order to avoid layoffs and keep
the factory wheels turning. How
un-American can you get!

The CD situation

During a series of annual-trips to
Japan, | had an opportunity to
closely monitor the technical de-
velopment of the compact-disc
format from its very beginnings. |
was terribly impressed both by the
complexity of the technology and
by the sonic potential. But I felt
that the format was inherently too
expensive to be widely popular
and that the price of CD units
would not readily come down be-
cause of the astronomical de-
velopment costs.

| guessed that perhaps 50,000

machines would be snapped up by
those well-heeled first-on-the-
block U.S. buyers who will go for
any new and apparently improved

format. But after the supply caught.

up with the initial demand, | ex-
pected sales to plummet—and
then take considerable time to re-
cover. | was right about the

wWWw americanradiohistorv com

post-50,000 depression, but | was
very wrong about the recovery
time. | forgot that Japanese com-
panies are willing to go for the
long haul, operating from the sup-
portive ground rules previously
mentioned.

As soon as player sales began to
fall, so did the prices. And ob-
viously when a CD player is avail-
able for a price that’s the same or
lower than that of a reasonable
turntable and phono cartridge,
then a new and larger group of
mainstream audio consumers will
become instantly interested in the
product. However, after that new
group is saturated, and the initial
50,000 have traded in their first
players for new and improved
high-end models, | see another
slowdown in CD-player sales, per-
haps occurring as you read this.
CD sales are still being moderated
by the relatively high cost of discs,
and the hard-to-face fact that the
general public is not terribly con-
cerned with ultimate sonic quality.

Consider this: Several years
ago, prerecorded-cassette sales
for the first time exceeded those of
LP’s, even though most LP’s had
better fidelity and lower noise
than cassettes. To me that meant
that the major concern of the mass
consumers of music were con-
venience and durability, not
fidelity. If I'm right, that will cer-
tainly have bearing on the pro-
gress of the CD format. Auto-
mobile CD players won’t make it
since they are less convenientthan
cassettes, and the sonic virtues of
aCDwillalmost all be obscured by
road noise. In fact, the wide dy-
namic range of CD is an an-
noyance rather than an advantage
in a car. (Soft passages will be lost
in the road noise unless the vol-
ume is turned up, in which case
the loud passages will be much
too loud.) If I'm right about the
importance of the convenience
factor, cassettes will continue to
win out for car use.

The DAT dilemma

Here’s a chance to really stick my
neck out. It seems to me that the
new Digital Audio Tape (DAT) for-
mat is a technological tour-de-
force that is the answer to a ques-
tion no one has asked. When DAT
finally comes to market, 1 expect



that—at best—it will go through
the same 50,000 sales and subse-
quent plummet experienced by
CD’s. But unlike CD’s, | don’t ex-
pect a strong recovery even if the
price comes down, simply be-
cause the mainstream audio con-
sumers won't be sufficiently inter-
ested to stimulate demand.

And, if I'm right about con-
venience being a stronger buying
motivation for the mass market
than fidelity, DAT has no advantage
over cassettes except its near-in-
stant program access and a some-
what longer playing time. Offset-
ting that small advantage is the fact
that prerecorded DAT tapes in au-
tomobile use will suffer from the
same excessive dynamics as CD’s,
unless the player manufacturers
provide built-in switchable com-
pression circuits.

Today it's possible to copy a CD
with sufficient fidelity on a top-
model cassette deck that even an
audiophile would have difficulty
telling the dub from the original
during playback. Given that fact, |
think that it'’s going to be very diffi-
cult to convince even sound-con-
scious consumers that the extra
cost of the DAT format buys advan-
tages they simply must have. It
seems to me that the major accom-
plishment of the Japanese in intro-
ducing the DAT format has been to
confuse the high-end CD and cas-
sette marketplace. In light of all
that, the current brouhaha about
the installation of copy-prevention
circuits in DAT machines is pure
silliness.

A year from now, or less, we will
all know to what extent I'm right,
or wrong! R-E

LETTERS

continued from page 18

SPEAKER REPAIR

I’d like to pass along a tip on an
area of audio electronics thatis sel-
dom touched—fixing tears and
holes in old-fashioned paper-cone
speakers.

If the damage is on the flat area
of the cone, try coating the rip with
black nail polish about Y4 to 2 inch
to each side. Place a piece of sin-
gle-ply tissue, trimmed to size,
over the area. Then give another
coating of nail polish, extending at
least Y4 inch beyond the edges of
the tissue. Let it dry thoroughly
before sending the driver a signal.

Of course, if the corrugated sus-
pension has been torn, that won't
do, since it must remain flexible.
In that case, cover the damage
with a generous coating of rubber
cement. Again, let it dry com-
pletely before cranking the tunes.
MATT ION
Vancouver, BC

A WELCOME ADDITION

| am delighted to find that Don
Lancaster has become one of your
regular contributors. I've been a
fan of his since | discovered his
book The TTL Cookbook.

He manages to inject an invig-
orating irreverence into his work,
without the “here’s how to steal

from the phone company” stuff
that seems so prevalent today. I'm
glad to find Don among your edi-
torial ranks.

ART HANSEN

Oak Park, IL

SURFACE-MOUNT COMPONENTS
SERVICING

I've owned an electronics-ser-
vice business for many years, and
I've adjusted to the changes in
technelogy from the days of tube
sets to today’s microprocessors.
But there is one horror that | really
fear—the repair of circuits using
Surface Mount Components.

After some nightmare experi-
ences with products using that
technology, | refuse to service any-
thing that uses them anymore. If it
gets to the point where everything
is using them, I'll get out of the
business.

Those components have no lead
slack. They cannot tolerate circuit-
board flexing as lead components
can. That will lead to a new batch
of intermittent problems—the
worst type of service problem. I've
spent many hours trying to track
down intermittent problems
caused by those little monsters,
and, in every case, it was a separa-
tion—invisible to the naked eye—
of the end of the component from
its tab.

JOHN AUGUSTINE

Reading, PA R-E
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Scientific Atlanta.......... $120.00
Pioneer W/ Parental...... $105.00
Tocom.....cooeevvevennnis Call
QOak N-12 W/ Auto....... $140.00

Evaluator Tap Detector.. $495.00
ViewStar Volume+...... $129.95
Jerrold Starcom CSV.... $139.95
M.D. ELECTRONICS
5078 SO. 108th

SUITE 115MD

OMAHA, NE. 68137
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When a shield isn’t a shield

WHETHER WE'RE DEALING WITH DIGITAL
or analog circuits, shielding often
seems to resemble a kind of mag-
ical force that works in its own
mysterious way. Quite possibly,
had electronics existed back in the
days of the Salem witchcraft trials,
Cotton Mather would have con-
demned a piece of metal to be
dunked in the river until drowned.

My first introduction to the mys-
teries of shielding came about
with the introduction of the alumi-
num chassis and cabinet. Prior to
aluminum, all audio circuits were
assembled on and/or in an iron or
steel chassis or enclosure because
iron was a magnetic shield. It kept
the 60-Hz hum radiated by adja-
cent powerlines from entering the
unshielded wires that intercon-
nected the high-impedance vac-
uum-tube audio circuits. Quite
often, it was necessary to place an
iron shield between a power trans-
former and audio-circuit wiring in
order to “shield” the wiring from
the transformer’s radiated hum
field.

I have no idea how many Green-
lee punches | wore out punching
socket holes in No. 16- and 18-
gauge steel chassis and cabinets,
but | do remember much of my
allowance being spent on Green-
lee punches.

I think it was out of pure desper-
ation—meaning | had run out of
funds for Greenlee punches—that
| built a tubed dynamic noise sup-
pressor on an aluminum chassis
and used an aluminum cabinet (I
think it was a Budd Minibox). Won-
ders of wonders: the Sun did not
stand still, rivers did not stop flow-
ing, and the multi-tubed project (it

FIG. 1

FIG. 2

seemed more as if it were mega-
tubed) worked without any hum. |
don’t think | ever built another
project on, or in, iron or steel
again, although | have used iron as
transformer shields, just as | have
used aluminum for transformer
shields. But regardless what | used
for the chassis, the one thing | did
know was that the entire circuit
had to be shielded. If | left off a
chassis bottom plate, and the proj-
ect wasn't totally shielded, | was
just asking for hum or RF-radiation
problems.

Percentage shielding

On the other hand, | have had
more than my share of troubles
with “total’” transmission-line
shields that weren’t. When | first
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started out in electronics, the met-
al braid of any kind of shielded
wire—audio, RF, powerline, what-
ever—was wound so tightly
around the center conductor that |
remember having to pick away at
the shielding braid for what
seemed like hours in order to
make a “shield pigtail” for circuit
or socket connections. The magic
number that sticks in my mind was
95%. In other words, as | under-
stand it (and I'm certain someone
will write in with a college-level
thesis on why | am wrong), the
shield could reduce radiation into
or out of the center conductor by
95%. (As | recall, the surplus mili-
tary cables used by my first em-
ployers were rated at almost 100%
shielding; 95% was the minimum
acceptable value for non-military
industrial shielded cable.)

When | got into both SWL and
amateur radio | discovered that
some of my antenna systems were
fantastic, while others of the exact
same design suffered from local
noise pickup on reception, or ra-
diated RF from what was supposed
to be a “flat” (non-radiating) trans-
mission line.

In virtually every instance the
problem was traced to a manufac-
turer’s greed. In order to undersell
their competition, some manufac-
turers were reducing the number
of strands in the shield wrap, or
stretching the wrap, actually creat-
ing “holes” in the shield through
which energy could radiate into or
out of the center conductor. An
example of “stretched” shielding
is shown in Fig. 1. Use that stuff for
a high-impedance audio signal
running adjacent to, or through a



powerful 60-Hz field, and | will
guarantee the signal will pick up
hum. Similarly, if used as an anten-
na’s transmission line, and you run
the cable through a strong RFI or
EMI field, I'll give you an odds-on
bet that you'll hear interference
you never expected.

Keep it tight

In many instances, it doesn’t
matter what kind of metal the
braid is made of as long as it is
tightly wound. For example, Fig. 2
shows the new Radio Shack coax-
ial cable, which is rated for at least
95% shielding. Notice that you
cannot see the insulation under
the braid, which is probably the
best visual test you can make on
any kind of shielded cable. Com-
paring Fig. 2 with Fig. 1 gives you a
good idea of what to look for as far
as the shield itself is concerned.
(In fact, much professional
shielded audio cable no longer
uses braid at all. Instead, the
shield is actually a wrapped foil
with a drain wire running its entire

BeanFCC

A tight braid is particularly im-
portant when handling digital sig-
nals. You've probably experienced
the RF interference on a radio or
telephone that is in close prox-
imity to a personal computer.
Those of you who have a short-
wave receiver may have experi-
enced RFI from a computer in the
next house. Often, the inter-
ference is caused by RFI leaking ;
through “shielded” cables. e [

LICENSED

ELECTRONIC TECHNICIAN!

:

Earn up to i
$30 an hour |
§ and more!

f Learn at home in spare time.
L No previous experience needed.

1ERR%Y

ol. No commutin

The RFI is created because digi-
tal signals are squarewaves, and
squarewaves generate at least five
harmonics if they’re to retain their
square shape. Let’s assume that
you have an early computer having
a slow clock of approximately 2
MHz. Since the clock signal is a
square wave, you really are gener-
ating strong harmonics up to at
least 10 MHz. If any of it radiates
into a shielded wire that leads from
the computer to a peripheral, and
the shield isn’t too efficient or if
the braid is stretched, the RF is
going to radiate right through the

No costly scho g to class.
The Original Home-Study course pre-
pares you for the "FCC Commercial Radio-
telephone License™. This valuable license
is your “ticket” to thousands of exciting
jobs in Communications, Radio-TV. Micro-
wave. Computers. Radar. Avonics and
more! 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!

| gyl flylnnlnddeyiint |

commanbd PRODUCTIONS
FCC LICENSE TRAINING, Dept. 90
P.O. Box 2223, San Francisco, CA 94126

NAME

]
]
]
]
1| Please rush FREE details immediately!
]
]
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shield just as if it were broadcast ADDRESS

length.)

by an antenna.
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How to live
with someone
who’s living
with cancer.

When one person gets
cancer, evervone m the fiumih
suters

Nobody knows better than
we do how much help and
understanding is necded. Tha
why our service and rehabili
Lition progriams cmphasize
the whole fumily, not st the
cancer patient

Among our regular services
we provide mntormuation and
guidance to paticnts and familics
transport patients to and from
trearment, supply home care
items and assist patients i then
return to evervday lite

Life is what concerns us The
life of cancer patients The lives of
their families. S0 vou ¢un see we
are even more than the rescarch

Organizanon we dare so well
known to be
No one laces caneer alone

AMERKCAN CANCER SOCIETY

Technicians,
Get Serious

About Your
Profession

Being a certified electronics techni-
cian lets people know that you are

a professional in your field. it tells
them that you are serious about your
work and can perform up to CET
standards.

Now you can order the “Study
Guide for the Associate-Level CET
Test’”” from the International Society
of Certified Electronics Technicians.
It includes material covering the
most often missed questions on the
Associate CET exam. 8% x 11”,
paperback, 60 pages.

For More Information Contact:

ISCET, 2708 W. Berry, Fort Worth, TX
76109; {817} 921-9101

NAME — —
ADDRESS
CiTy_

2P

STATE

copies @ $5 {+ $1 postage.)

send material about ISCET
and becoming certifred.

At KELVIN...
Price, Service
& Quality for
over 42 years.

B & K- FLUKE - UNGAR
HITACHI - WELLER L
BECKMAN - DREMEL /G
STANLEY - MAKITA ‘
X-ACTO - KEPRO - XCELITE execonléveten

Ml METERS/OSCILLOSCOPES IR

B &K 2120 20Mhz Dual Trace $ 375*
Beckman 9020 20Mhz Dual Trace 425

Hitachi V212 20Mhz ~ $365 M

Fluke 73 3%2" Digit DMM =
Fluke 0/ 3%2" Digit DMM o
Fluke 77 3v2" Digit DMM oA

“PLUS Shipping & Insurance. Prices subject to change without notice.
WE HAVE ITALL. ..

+ COMPONENTS « TOOLS « KITS « SECURITY « SEMI-
CONDUCTORS « ELECTRICAL SUPPLIES » SOLDER EQUIP-
MENT « KELVIN KITS « TSM KITS « DRAFTING SUPPLIES

Volume Quotes, industrial & School Bids Welcome.
ORDER TOLL FREE FOR INQUIRES & N.Y.S.
1-800-645-9212 516-349-7620

KELVIN

ELECTRONICS

_ NEW ADDRESS:
7Fairchild Avenue * Plainview,NY 11803 * FAX:516-349-7830 .

VISA/MASTER CARD ACCEPTED ’
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REACTS

continued from page 55

though, we must have a programniing
language.

One of the simplest and most uni-
versal languages is BASIC. A version
of BASIC called ZBASIC is available
from the Supplier listed in the Sources
box. If you have programmed with
BASIC in the past, you’ll have no
trouble at all using ZBASIC. The
ZBASIC language is especially
geared for use in a process-control
environment.

For most applications, ZBASIC
should suffice; however, if more speed
is nceded, you may want to consider
purchasing a C compiler and/or Z80
assembler and linker for use with the
REACTS system. Those, too, are
available from supplicr listed in the
Sources box. If you are using an IBM
machine, or acompatible, you can get
the software on a 5V%-inch floppy and
download it from the computer to RE-
ACTS. If you do not have access to an
IBM PC (or compatible), you can pur-
chase the software on 32K PROM’s.
The PROM’s can either be loaded into
the PROM programmer, and the soft-
ware can be loaded from there, or they
can be mounted in the PROM/RAM
module and accessed. Because of the
much greater speed of the PROM/
RAM drives, even if you purchase
your software in tloppy format, you
may want to eventually burn the soft-
ware onto PROM’s and place them in
the PROM/RAM module as a PROM
drive.

Coming soon

Now that we have built the two
modules necessary for program de-
velopment, we are rcady to start
building more of the actual process-
control modules. The particular ap-
plication will determine the types of
process control modules you will
need. That is, not all of the modules
discussed and constructed in the
months to come will be required for
every application. You only build the
modules that you need. We’ll also be
building some support modules, in-
cluding a dedicated CRT-terminal/
printer-interface module, and the pre-
viously promised battery-backed-up
switching power supply.

Next time, we’ll look at a universal
input/output module. R-E
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DECODE NEARLY ANY SINGLE LEVEL
GATED PULSE SIGNAL. New circuit works
with Hamlin, Jerrold, Sylvania, and Eagle
systems. Decodes In-band, Qut-band, AM or
FM reference. Complete educational kit in-
cluding P.C. board, parts, case, and 40 page
gated pulse theory booklet is only $47.00
plus $3.00 shipping. Order no. 1PFD-1K.
ELEPHANT ELECTRONICS INC. P.O. Box
41865-R, Phoenix, AZ 85080. (602)

581-1973
CIRCLE 120 ON FREE INFORMATION CARD

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.

CIRCLE 127 ON FREE INFORMATION CARD

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, P.O. Box
789, Lombard, IL 60148. (312) 932-9550.

CIRCLE 84 ON FREE INFORMATION CARD

THERMOPROBE—QUICKLY IDENTIFIES
DEAD PC BOARD COMPONENTS. Locates
dead resistors, transistors, IC’s, diodes, and
transformers without direct contact, in sec-
onds. Operating active components radiate
head, dead components don't. Thermoprobe
is sensitive to ¥25°F change in temperature. A
must for your workbench or field service.
Order #209TM. ONLY $24.99+ $3.50 ship-
ping, NY Res. add tax (no COD’s). BUYUS,
INC., Dept. RE588 10 White Birch Dr., Os-
sining, NY 10562, Visa or Mastercard (914)
762-4799.

CIRCLE 194 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

® 6 x rate $815.00 per each insertion.

o Fast reader service cycle.

e Short lead time for the placement of
ads.

e 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 Blvd., Farmingdale, NY
11735.
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TRI-MODE DESCRAMBLER PARTS Origi-
nal parts as called up in Radio Electronics
Feb 1987 article on tri-mode descrambling.
Includes pc board, ac adaptor, resistors, ca-
pacitors, diodes, pots, transistors, IC’s,
LED’s, toko coil and Plessey SAW filler. Arti-
cle included. $59 plus $2.50 shipping. ELEC-
TRONIC PARTS, Box 276, Alburg, VT
05440 (514) 739-9328.

CIRCLE 80 ON FREE INFORMATION CARD

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. (502) 968-6231.

CIRCLE 115 ON FREE INFORMATION CARD

THE MODEL WTT-20 IS 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 ¥ 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.

CIRCLE 127 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

® 6 X rate $815.00 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 Blvd., Farmingdale, NY
11735.

ZENITH SSAV! UHF input from $169, ch. 3
input $229, reconditioned. UHF SSAVI proj-
ect handbook $6.50 ppd. Used Sylvania
4040s $169. N-12s & MLD-1200s. Convert-
ers, amplifiers & accessories. Satellite sys-
tems. Radar speed guns for car/boat racing,
bowling, skiing, baseball, etc., from $275
used. Professional police models. Multi-line
business telephone systems from $1395.
Catalog $1. AIS SATELLITE, INC., P.O. Box
1226-RE, Dublin, PA 18917. 215-453-1400 or
215-249-9411.

CIRCLE 81 ON FREE INFORMATION CARD

DEC. R-E ARTICLE ON MACRO SCRUB-
BER, the original parts as mentioned MAK-1.
All components shown on parts list and much
more. Silk screened and etched P.C. board,
power supply, IC sockets, precut jumpers,
power jack, plug and pre-drilled enclosure.
$52.95 & 3.00 S/H. Order today from: THE
HOBBY HELPER, P.O. Box 308,
Bridgewater, MA 02324, or call (617)
339-1026. Visa/MC accepted.

CIRCLE 70 ON FREE INFORMATION CARD

The 1988 General Catalog contains 116
pages of test instruments, precision hand
tools, tool cases, soldering equipment and
much more. Over 5,000 quality products for
testing, repairing and assembling electronic
equipment are shown in full color with de-
tailed descriptions, pricing and a 100% satis-
faction guarantee. CONTACT EAST, P.O.
Box 786, No. Andover, MA 01845. Call
(80C)-225-5370 or in MA (617)-782-2000.
CIRCLE 55 ON FREE INFORMATION CARD

PC-601 XT BUS EXTENDER BREAD-
BOARD LAB connects to any IBM PC com-
patible computer and extends all PC
electrical bus connections out to the PC-601
for easy circuit prototype connection, testing
and trouble-shooting. Includes large 3060 tie-
point breadboard, +5V and +12Vdc AC line
powered power supplies. Includes buffer
card, 2' ribbon cable & 1-Year warranty. Price:
$369.95 CHENESKO PRODUCTS, 21 Ma-
ple St., Centereach, NY 11720.
516-736-7977, Fax: 516-732-4650
CIRCLE 193 ON FREE INFORMATION CARD

PANASONIC CABLE CONVERTERS,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cable Converters in stock. Pan-
asonic model 140N 68 channel converter
$79.95, Panasonic Amplified Video Control
Switch Model VCS-1 $59.95. Scientific Atlan-
ta Brand new Model #8528 550MHZ 80
Channels Converter $89.95. Video Corrector
(MACRO, COPYGUARD, DIGITAL) EN-
HANCER $89.95. We ship to Puerto Rico,
Caribbean countries, & So. Amer. Write or call
BLUE STAR IND., 4712 AVE. N, Dept 105,
Brooklyn, NY 11234, Phone (718) 258-9495.

CIRCLE 85 ON FREE INFORMATION CARD

www americanradiohistorv com

8861 AVIN

=]
[A]



Rates: Ads are 214" x 274". One insertion $825. Six insertions $800 each. Twelve
insertions $775. each. Closing date same as regular rate card. Send order with
remittance to Service Admart, Radio-Electronics Magazine, 500-B Bi-County
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area
code-516-293-3000. Only 100% Service ads are accepted for this Admart.

R-E Service Admart

VCR MAINTENANCE AND
REPAIR ON VIDEO TAPE

POCKET
BATTERY
TESTER

ELEVEN-PIECE |
'RACHET
TOOL KIT

There is no other tape like
ours on the market.
Learn how to clean the entire

tape path as well as replace the belts in
any VCR. You need no special school- ‘
ing or tools to perform the simple task ‘
shown on our video. To save time and |
money on your VCR repairs, order

your tape NOW!

Price $32.95
Simply call:
(513) 548-6113
MASTER CARD
and VISA are
accepted.

UCANDO

D D

VCR EDUCATIONAL

Includes reversible ratchet handle, exten-
sion bar, six bits, two precision screw-
- drivers, and a cutter. Comes in fitted
case. Get one for your shop, another for
your car, another for your tool kit. To

. order send $10.00 plus $1.75 for ship-

pinginthe U.S. to Electronic Technology
' Today Inc., P.0. Box 240, Massapequa

Tests all 1.5-volt cells including A, AA,
AAA, C, and D. Also checks miniature
watch and calculator batteris. Special
side connector provides rapid check of
square 9-volt batteries. Positive meter
reading shows “GO0OD, LOW, RE-
PLACE”. $6.00 each. Two for $10.00.
Add $1.75 for UPS. Send check to Elec-

RROPICTSICO: Park, NY 11762-0240. tronic Technology Today Inc., P.0. Box

BOX 386
GREENVILLE, OHIO 45331

240, Massapequa Park, NY 11762.
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USING THE RE-BBS

To access the RE-BBS, you need a personal computer
and a modem capable of communicating at 300 or 1200
baud. Set the modem for 8 data bits, 1 stop bit, and no
parity. (Other formats will work, but you may be unable to
upload and download files.) You'll also need a communica-
tions program that runs on your computer and can control
your modem. If you have an IBM-PC and a modem, but no
communications program, get a friend to download the
QMODEM . ARC file for you. It contains a user-supported
communications program and complete documentation.

The BBS runs 24 hours a day, seven days a week. To sign
on the first time, dial 516-293-2283. If your system is work-
ing properly, you'll be presented with an identifying mes-
sage. Type in the requested information. At that point you'll
be able to access some, but not ail of the BBS. After the
Sysop verifies your account, you'll be able to access all
relevant areas of the BBS.

You can do several things on the RE-BBS: send and
receive messages, and upload and download files. Send-
ing messages is simpte, and only requires you to type at
your keyboard. Receiving messages is also simple, but to
save messages, your communications program must allow
you to set up a capture buffer.

Uploading and downloading files is easy after you get the
hang of it; just follow directions, and remember always to
start the transmitter before starting the receiver—which-
ever end is transmitting or receiving.

Because of our background and interests, the RE-BBS
will be oriented toward IBM-PC’s and compatibles. But you
can access the RE-BBS with any computer (or ASClHi termi-
nal) and modem, so if your interest lies in Apples, Ataris,
Commodores, Sinclairs, etc., feel free to participate. If you
have public-domain software of interest to other owners of
your type of machine, feel free to upload it. The contents of
the BBS will in large part be determined by what you post
there, so if you feel your machine is being neglected, do
something about it!

On the RE-BBS, any file whose name ends in the three
letters ARC is an archive file. An archive file is a group of
related files that are collected together and compressed in
order to save space and download time. Archive files are

useful only to owners of IBM-PC'’s or compatibles. You use
aprogram called ARC.EXE to add to, delete or extract from,
list the contents of, etc., an archive.

Similar to archive files are library files, which have the fite
type .LBR (e. g., HIDDEN.LBR). Like archive files, libraries
are also composed of compressed, inter-related programs
and data files, but they are incompatible with .ARC files. So
an additional utility is necessary to process library files; one
such utility is LSWEEF, for Library SWEEP. Library files are
used on both CP/M and IBM BBS’s, and versions of
LSWEEP are available for both types of system. And, al-
though you can unpack a CP/M library file on an IBM-PC,
you can't run the .COM files! Nor can you run .COM files
from a CP/M library on an IBM!

A method of compressing files is poputar on CP/M and
some IBM BBS's. On IBM BBS'’s the file-compression pro-
gram is usually called SQ.COM (for squeezing) or some-
thing similar, and the de-compression program is usually
USQ.EXE (for unsqueezing). SQ and USQ work only on
individual files; a squeezed file aiways has a Q in the
second position of the file type (e. g. RIDDLES.TQT). USQ
automatically restores the proper file name.

For maximum fiexibility, you'll need copies of ARC.EXE,
SQ.COM, USQ.EXE, and LSWEEP.EXE. A version of each
has been posted on the RE-BBS. If you can’t find programs
with those exact names, check the directory listing care-
fully; many of those programs also contain version num-
bers in their names (e. g., LSWP103.EXE).

A related utility for IBM's, which is based on a popular
public-domain CP/M utility, is called PCSWEEP. It aliows
multi-file copying, deleting, etc. In addition, it can squeeze
and unsqueeze files, and process library files. Its biggest
limitation is that it can't process archive files.

We've posted much public-domain and user-supported
software on the RE-BES. Feel free to download it and try it
out. If you use it, please send the requested donation to the
author of the program.

Don't hesitate to upioad your own programs, and don't
hesitate to participate in the various conferences we've set
up. If you're working on a project of general interest, share
your thoughts. If you need help—ask! RE-BBS

www americanradiohistory com
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Multi-tasking with DESQview,
TaskView, and OS/2

How do you do two things at once on
a PC? You don’t—not under DOS
anyway. Either get a second PC, or switch
to Unix or Xenix.

That used to be true, but not any more.
Now there are several ways to get multi-
tasking on a PC. DESQuview and TaskView
allow limited multi-tasking, along with
highly useful task swapping; OS/? allows
true multi-tasking.

DESQview and TaskView run on any
PC-compatible computer (PC, XT, AT,
80386, or compatible); OS/2 requires an
80286 or 80386 microprocessor that runs
in its own address space (i.e., it won'trun
on most accelerator cards, but see note
below), and it requires at least 1.5 mega-
bytes of extended RAM. DESQview and
TaskView also function much better with

Plain task swapping—wherein the
background task does no useful work,
and which requires the least hardware
investment—can also be highly useful.
Suppose you're writing a report and con-
stantly need to refer to data in a
spreadsheet. With task swapping, you
could switch between the two instantly,
without having to quit one application,
load the other, quit it, and re-load the first.

0s/2

For test purposes, IBM’s version of
QOS/2 was instalied on an AST Pre-
mium/286 (a 10-MHz O-wait state AT
compatible) with 640K of conventional
RAM, 1.5M of extended RAM, a 40M hard
disk, and @ NEC MultiSync monitor and
EGA adapter. The operating system was
supplied on four high-density (1.44M) 3

¢+ Home
+ Performance Review

- MName:

-~ Job Title:

-~ Review Date:

- Review period for:

+ Objectives Met/Mot Het
+ Objective 81:
+ Objective 82:

Cosmunication Skills:
- Delegation Skills:
Organization/Planning Skills:

% floppy disks; the Premium/286's BIOS
directly supports that format, so it was
simple to configure the micro disk drive
as drive A and run the installation there.

0OS/2 comes with an automated in-
stallation program that automatically
copies the appropriate files—about 2.5
megabytes worth—to your hard disk. In
doing so, some of your DOS system files
are overwritten, so to run your machine in
DOS mode, you'll have to boot from
floppy. (Other OEM versions of OS/2,
from AST and Zenith, for example, will
allow you to choose either DOS or OS/2
when booting.)

OS/2 runs in two modes: OS/2 and
DOS compatible. The latter is not an actu-
al copy of DOS, but a compatibility
mode, so software incompatibilities are
sure to surface. In fact, although we had

Personal Time Management Skills:

Team Player Skills:

extra RAM, either extended (AT) or ex- Hajor Accomplishments:
panded (EMS or EEMS). - gr:&; h;r llprov;-:v;t:.

What's so good about multi-tasking Lo Rt e~
and task swapping? With a large system, ployees Comments:

5]

Q  you could, for example, sort a database

5 or compile a program in the background copy clone wark gather promote hoist de-hoist options color date
T while you worked on a spreadsheet or in

= . . h h'_ 4 ak b { a [ e
Q  an editor in the foreground. T T T S T
7 With a small system, you could format

o disks or copy files in the background

é while you worked in your editor or

o Spreadsheet. FIG. 1
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no trouble running some fairly tough soft-
ware (Windows 2.0 and PageMaker,
among others) the DOS mode repeatedly
crashed when bringing up SideKick’s cal-
culator. In addition, even with 640K of
RAM allocated for the compatibility
mode, only about 520K is available for
running programs.

Those are not serious problems, be-
cause eventually, anyway, you won't run
OS/2 for the compatibility box, but for
0OS/2 applications. However currently
OS/?2 is more promise than presence. In
fact, as this is written {early February) only
one OS/2 application is actually ship-
ping: Living VideoText's excellent outline

processor, ThinkTank. The program is a
straight port of the DOS version, and in
fact operates identically to it. The OS/2
version doesr’t take advantage of any
OS5/2 features (other than the fact thatyou
can run more than one copy of it at a
time). Almost unbelievably, ThinkTank
comes with both DOS and OS/2 ver
sions—at no extra cost. See Fig. 1.

When you first start OS/2, you're pre-
sented with the Program Selector Screen.
There you can start @ program running,
switch to a currently running program (in-
cluding the DOS box, as well as one or
more copies of the OS/2 command line),
add a program to OS/2's list, and cotain

WWW.americanradiohistorv.com

help in the form of a simple tutorial. To
save disk space, the tutorial can be de-
leted later.

After starting a program, you can return
to the Program Selector at any time by
pressing Ctrl-Esc; you can cycle among
currently running programs without going
through the Program Selector by pressing
Alt-Esc.

At the command line, OS/2 is quite
similar to DOS. Nearly all commands
function the same in both environments,
except that many OS/2 commands
provide more powerful options (TYPE
* TXT, for example).

Both OS/2 and DOS device drivers are
specified in the same CONFIG.SYS file,
and many more options can be specified
in OS/2's CONFIG.SYS file than in DOS’s.
Many of those options will allow a great
deal of customizability for systems inte-
grators when real applications become
available.

You can’'t do much with OS/2 right
now. But all major software vendors are

scrambling both to port current DOS ap- .

plications and to write new ones specifi-
cally for OS/2. Complicating the scenario
(and delaying eventual applications) is
the fact that a Windows-like graphical
user interface is due to be released
sometime this fall. The so-called Presen-
tation Manager (which is reputedty iden-
tical to the user interface in Windows 2.0
and Windows/386) provides a com-
pletely different programming interface,
so it is highly unlikely that we'll see ports
of existing applications that run under the
Presentation Manager. In fact, new ap-
plications must be written from scratch,
which is a slow process, due to the com-
plexity of the interface.

IBM and Microsoft are to be com-
mended for introducing OS/2 at this time.
Compromises were made (the slow and
buggy DOS box, the 39-megabyte file
and disk size limit, no inherent 80386
support), but those compromises
provide an upgrade path so that current
users simply weren't abandoned. We ea-
gerly await the new applications that will
justify our patience, and that will, over the
next few years, make us regard DOS
much as we now regard CP/M: useful in its
day, but outmoded by advances in both
hardware and software.

As for running OS/2 on an accelerator
card, it is claimed that both SOTA Tech-
nology’s MotherCard 5.0 and Microsoft's
much-delayed Mach 20 will run QS/2. We
hope to be able to verify those claims
next time.

Multi-tasking today

Don't want to wait for OS/2? With DE-
SQuiew (shown in Fig. 2) or TaskView
(shown inFig. 3)you'll be able to achieve
one of the main benefits of a true multi-
tasking operating system: the ability to
run several programs simultaneously.
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Even without expensive hardware, you
can still do task swapping, which can
provide a tremendous boost in overall
productivity.

Your microprocessor, type(s) of mem-
ory, and control software will determine
your ability to multi-task and task swap.
On an 80386-based machine with sev-
eral megabytes of memory and a special
memory manager that takes advantage of
the 80386's ability to re-map physical
memory, You €an run several very large
programs (about 550K each) simulta-
neously. DESQview's 80386 memory
manager is called QEMM,; other compa-
nies market similar products.

On 80286 and lesser machines with
EEMS (Enhanced EMS) or EMS 4.0 mem-
ory, you can run several medium-sized
programs (about 400K, depending on
how your computer’s memory is config-
ured) simuitaneously.

On 80286 and lesser machines with
plain EMS (i.e., version 3.2) memory, ex-
tended memory, or no non-DOS memory
atall, you can multi-task whateveryou can
fit into the first 640K of memory. Inactive
tasks will be swapped to mass storage:
either directly to EMS memory, to a RAM
disk in EMS or extended memory; or, with
no extra memory, to disk, a relatively slow
process that negates most of the advan-
tage of the software.

That's not to imply that you need a
huge 80386 system to benefit from DE-
SQuiew or TaskView; if you can get by
with simple task swapping, an inexpen-
sive EMS board is sufficient.

To run either TaskView or DESQview,
you'll want to unload all but the basic
necessities from your AUTOEXEC.BAT
and CONFIG.SYS files. The reason is that
the larger the initial chunk of memory you
have available after loading DV or TV, the
larger will be the largest partition you can
allocate.

For example, on a standard IBM PC XT
(with a Hercules monochrome adapters)
that has about 590K of DOS memory after
booting and loading an EMS driver and a
mouse driver, the largest DOS partition
under DESQview is about 415K, Adding
the ability to display text and graphics
simultaneously drops that figure to about
400K. On an AT you can load part of
DESQview in extended memory and
save an additional 50K or so of memory.

On the other hand, in its default state
TaskView uses quite a bit less memory
than DESQview—about 100K, leaving
about 490K as the largest partition—but
TaskView unbundies some features that
are standard with DESQview (an auto-
dialer, a keyboard macro processor, and
better support for graphics programs.)
You can also load part of TaskView in
expanded memory, leaving a maximum
partition of almost 540K.

Both programs allow you to start pro-
grams running, switch among them, and

set up special parameters that determine
how each program runs (in graphics
mode, with direct screen writing, use of a
math Co-processor, etc.) using several
easy to navigate menus. In addition, you
can set up TaskView so that you can con-
trol operations at the command line,
rather than through the menus. On the test
system, that left a maximum partition of
about 510K

In a system without EMS memory,
you'd want to give serious consideration
to mastering command-line operation. At
the command line, you can open a pro-
gram (which loads it and makes it the
current program), spawn a program
(which loads it and leaves it in the back-
ground or swapped to mass storage),
and switch to a currently running program
using either hotkeys or an executable file.
The latter option allows you to use DOS
batch files for switching among tasks. The
only disadvantage to command-line op-
eration Is that you must master use of a
number of poorty documented “switch-
es” that specify how a program should
run.

TaskView comes with a powerful key-
board macro processor that, in addition
to allowing you to create macros, allows
you to cut and paste data among pro-
grams running in different partitions.
Also, a simple cut and paste program that
uses less RAM is included.

TaskView's main weakness is difficulty
in handling graphics programs. On an
EGA, colors aren’t always restored right,
and on a Hercules monochrome screen,
the program has trouble switching be-
tween text and graphics modes.
However, the company is aware of those
problems, and fixes are expected by the
time you read this. In addition, new ver-
sions of the program that make full use of
EMS 4.0 memory and the 386's hardware
address-mapping capabilities are also
due to be released before you read this.

DESQview

Quarterdeck Office Systems’ DE-
SQview has been on the market quite a
bit longer than TaskView, so the company
has already been able to meet some of
the challenges that TaskView still faces.
(Mainly, its graphics handling is impecca-
ble.) DESQview doesn’t include a com-
mand-line version, and, whereas Tas-
kView can load part of itself only in
expanded memory, DESQview can load
part of itself only in extended memory.
Therefore, an AT is required to get a RAM
partition greater than about 420K. On an
80386 system, by adding Quarterdeck’s
memory manager (QEMM), you can ob-
tain @ much larger partition.

In its default configuration, DESQview
uses more RAM than TaskView: There are
several reasons for that. One is a built-in
keyboard macro processor Also, DE-
SQview provides more of a Windows-
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PRODUCTS REVIEWED
® OS/2, Microsoft Corporation, 16011 NE
36th Way, Box 97017, Redmond, WA
98073-9717.
o DESQview ($130), Quarterdeck Office
Systems, 150 Pico Blvd., Santa Monica, CA
90405 (213) 392-9701.
® TaskView ($80), Sunny Hill Software, P.O.
Box 33711, Seattle, WA 98133-3711 (206)
367-0650.
® ThinkTank ($195), Living VideoText, 117
Easy Street, Mountain View, CA 94043 (415)
964-6300.

like environment than TaskView; that may
or may not be useful to you. For example,
you can define a “window” for running
each of your applications. As long as your
application uses the BIOS for display, it
can run in that window.

The problem is that the vast majority of
programs do write directly to video
memory, so DESQview’s windowing ca-
pability goes unused. However some
programs can be configured to use the
BIOS. WordStar 4.0, for example, can be
configured to use BIOS output routines,
and when it is, the program runs in a
DESQview window nicely. The problem
is less severe on 386 machines, again be-
cause of hardware re-addressing.

Both TaskView and DESQview contain
memory-status programs that show total,
used, and unused amounts of various
types of memory. DESQview’s program is
slightly better in that in runs in the back-
ground and constantly maintains up-
dated information.

DESQview also includes a DOS ser-
vices program that aids file and disk
maintenance, but it's no match for any
half-decent DOS shell. Other desktop ac-
cessories are available at extra cost.

Documentation for both products is
somewhat problematic; TaskView’s man-
ual is brief, and DESQview's manual is
poorly organized. To get either program
running with your applications, count on
spending some time reading and experi-
menting. As for on-line help, DESQview
has a definite advantage.

Conclusions

| like both programs,; choosing be-
tween them is difficult, especially be-
cause new versions of both will be
released soon. DESQview does more
hand holding, but uses more memory:;
TaskView uses less memory, but has
problems with graphics. TaskView's cost
Is about two-thirds that of DESQview, but
it only does 90% as much.

If you've run out of room trying to cram
RAM-resident programs (SideKick, CED,
etc.) in your machine, either TaskView or
DESQuview can help. You won't gain all
the advantages of a true multi-tasking op-
erating system, but both products offer a
good interim solution. pD4



DIGITAL
IC TESTER

An Accessory
For Your

Your Commodore C64 computer
can pretest digital components.

a n important part of building a digital project is to
ake sure that all the active components work prop-
erly before they're installed. That is even more critical
when you deal with sensitive devices like CMOS inte-
grated circuits. Unfortunately, few of us do pre-installation
tests because it's somewhat difficult to routinely test
digital devices of any kind. We simply solder the parts
nto the circuit, cross our fingers, and apply power. If the
circuit doesn’t work, we poke around until we find the
bad part. Then we replace it, hoping we don’t damasge
the PC board, or install another defective component.
Clearly, a better way is to test each part (especially 1C's)
before using it.

If you're fortunate enough to own a Commodore C64
computer you can easily and inexpensively assemble a
special kind of tester that will automatically perform up to
100 user-programmed tests on most TTL and CMOS 14-
and 16-pin digital IC’s; and it is also a simple matter to use
the tester to check the switching action of transistors and
diodes.

The tester whose schematic is shown in FIg. 1, is a
simple device that actually depends on special software
to run the tests. That software allows you to specify how
you want a specific TTL or CMOS device tested, and then
tests as many units of that device as you like, one after the
other with each complete test taking less than five sec-
onds. If the device doesn't function properly, the soft-
ware stops the test and telis you specifically how the
device failed.

To avoid creating damage where none existed before,
the DUT (Device Under Test) is installed in a ZIF (Zero
Insertion Force) socket; a special kind of IC socket that
applies virtually no strain or force to the pins of the DUT.

As an added bonus, the tester includes a hardware
reset switch (S1) that resets the computer at the push of a
button (no more powering down and then up again). No
external power supply is required to use the unit because
the tester gets its power directly from the computer’s
expansion port.

JIM BARBARELLO

The circuit

As shown in Fig, 1, the tester consists mainly of IC1, a
6821 PIA (Peripheral Interface Adaptor), two resistors, and
ZIF-socket SO3. In addition, two 16-pin DIP sockets (SO1
and SO2) are used as terminal blocks to apply power to
the DUT. Switch S1 connects between the computer’s
ReseT line and ground: pressing S1 brings the reset line low
and restarts the system without actually having to re-
power the computer.

PIAICT receives its power, timing, addressing, and data
from the computer’s expansion port. The sixteen individ-
ual peripheral lines are programmed as inputs or outputs
by software. IC1 is addressed at decimal memory loca-
tions 57100 to 57103. Output lines remain in the pre-
viously set state until changed. Input lines are not latched,
and therefore show the momentary status of any device
connected to them.

Two halves

Since the computer has an 8-bit data bus and the PIA
has 16 data lines, the PIA is divided into two halves: side A
with pao-pa7, and side B with peo-pe7. There are individual
control, data direction, and peripheral registers for each
side. The control registers allow you to select either the
data-direction register (for configuring the peripheral
lines as input or output), or the peripheral register (for
sending and receiving data). The peripheral registers
(when selected as data- direction registers) are located at
decimal memory locations 57100 (side A) and 57102
(side B). The control registers are located at 57101 (side A)
and 57103 (side B).

Construction

The tester is assembled on a Jameco JE4713 or similar
wiring board using wire-wrap connections. Because the
edge of the board also serves as plug P1, Fig. 1 shows the
connections to both sides of P1 as they actually appear on
the board. The half of P1 indicated as TOP are the gold-
plated finger connections on the component side of the

WWWw.americanradiohistorv.com
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FIG.1—THE SOCKET TERMINALS are specially wired to provide
almost automatic selection of the ground and power terminals.

FIG.2—THE PARTS WILL FIT WITHOUT CROWDING on a Jameco
JE413 board. Wire-wrap is used for all connections except those
soldered to the fingers.

board. The half of P1 indicated as BOTTOM are the gold-
plated finger connections on the wiring side of the board.

However, the connections to both sides of the board
are made from the bottom side. The bottom connections
have obvious solder pads that extend from the fingers.
The connections to the top fingers are made by passing
wires through the appropriate holes on the board. Al-
though wire-wrap connections are used to interconnect
the components, those to the fingers should be soldered;
don'’t use stake-on or wire-wrap terminals at the fingers.

The general parts layout isn't critical, although opera-
tion will be somewhat more convenient if you follow the
one shown in Fig. 2. Make certain you install SO3 sothat its
lever faces the back edge of the board. Drill two Ye-inch
holes near SO1 and SO? for the power leads.

Wire across

As shown in Fig. 1, the pins on SO1and SO? are wired
straight across: pin 1 connects to pin 16, pin 2 connects to
pin15, etc. That is done soyou don't have to figure out the
convolution of the pins when inserting the +V and
ground wires In SO1 and SO2. To determine the power
connections to the DUT, simpty count from 0-14 or 0-16
starting on either row of pins and you'll automatically end
up on the correct connections. (It might appear confusing

PARTS LIST

R1, R2—10,000-ohms, Ya-watt, 10%

IC1—6821 PIA {(Jameco 68B21)

SO1, SO2-—16 pin wire-wrap socket

S0O3—16 Pin ZIF socket

S1—Momentary N.Q. pushbutton switch

Miscellaneous: Wiring board Jameco JE413 , No. 24,
solid wire (black and red), wire-wrap wire, wire-wrap
tool, solder, etc.

NOTE: The following are available from J. J. Barba-
rello, RD#3, Box 241H, Tennent Road, Manalapan,
NJ 07726. IC Tester program (No. IC64) on Com-
modore C64 disk (IC64): $5.00. Enhanced pro-
gram (No. (TTLDB) with TTL library of the most
commonly used TTL IC’s on a Commodore C64
disk, along with instructions for use: $20.00. En-
hanced program (No. CMOSDB) with CMOS li-
brary of the most commonly used CMOS IC’s on
disk, along with instructions for use (CMOSDB):
$20.00. Enhanced program with both CMOS and
TTL libraries and instructions: $30.00. Please in-
clude $2.00 shipping with each order. New Jersey
residents must add appropriate sales tax.

WwwWwW americanradiohistory com



1 REM *

2 REM %% IC64 TESTING SOFTWARE £

3 REM ¥ NAME: ICB4 V870505 £

4 REM w& (C)} 1987, J.J. SARBARELLO % 5 REM #% MANALAPAN, NJ 07726
& NEM

8 GOSUB SPO0B:PRINTCHAS(147) :3CS=CHAS( 18} +CHRS{ 158 ) :NCS=CHRS( 146) +CHRS(S)

10 OIM I1(100),12(196),01(1e0),02(100),005(16),L5${16) :RCS=CHRS( 18) »CHAB( 158)
15 PRINTCHRE{ 147} :R0=4:C0=4:FORI=1TOB: T(1)=2"(1~1) :NEXT

16 T1$=" "sRC$+"  THE 1C64 INTEGRATED CIRCUIT ''+NC$

17 Tass" eRCE S AUTOMATED TEST SYSTEM "+NCS: PRINTT1$: PRINTT2S

18 GDSUBSESH:PRINTBLS: GOSUBSOSO: INPUT"WHICH SIZE 1€ (14 OR 16 PINS)"';IC

18 IF I1C<>14 AND IC<>16 THEN 18

20 PRINT™ WAIT., '":CMS=""+-NICE"+CHR${29)+CHR$( 157 ]

25 LOS="SETUP PHASC: DEFINE SOCKET PINS '

30 IFIC=16THENL1S="" PopPOPOOPBTYT LY "":60TO 40
35 LIg=" spopopDo oe18 11 ":6OT0 40

Aap IFIC=16THENL25="" 1234567890 123456 ":GOTO SO
4s Lag=" t234567NNB9D1234 N

50 L3s=" cceccceccccccececccecce *

60 GOSUBSESE: PRINTLDS: PRINTLIS: PRINTL2S : PRINTL IS
780 RO=161C0=4:G0SUBSESE: PAINT RC$;" SETUP COMMANDS: *f;NC$:PRINT

80 PRINT™ INPUT PIN';TaB{22);"0 = OUTPUT PIN"
90 PRINT™" = VSS (GNQ)'TAB[22);'"+ = vDO [PwWR)
100 PRINT™ NOY USEC"'TAB(22)"E = END DEFINE™:PRINT" "CHRS(60T"-";

118 PRINT"CRSR = LEFT""YAB{22)"~""CHR${62)"CASR = RIGHT™

1200 RO=9:C0=4:G0SUD 5050:S56=CM$: PT=1

130 GOSUB 5100:G0SUBEN0D

140 ON 55 GOSUB 1S90, 150,170,180, 190, 230, 210, 220 : GOSUBSHS0 : 6OTO130
150 PRINT+'*:DO$(PT)="+" :RETURN

160 PRIN 00${PT}="-* : RETURN

170 PRINT' 00s$({PT})= RETURN

188 PRINT'IM:00S(PT}="1":sRETURN

19@ PRINT'Q":DOS(PT)= $RETURN

210 IF PT=18 THEN RETURN

212 IF IC=14 AND PT=? THEN PT=9:C0=CO+4

215 PRINTCHR$(157) ;"' {55)":PT=PT+1:C0=C0+2: RETURN

220 IF PT=1 THEN RETURN

222 IF IC=14 AND PT=10 THEN PT=8:C0-C0-4

225 PRINTCHRS(157);"{SS}":PT=PT-1:C0=C0-2: RETURN

230 PRINTCHRS([157)"{SS}"

235 RO=10:C0=14:GOSUBSOSG: PRINTRCS" W A I T ..
236 FORI=1T016

237 1FDOS(1)<>" I ANDDOS(I)<>"0"ANDDOS( I} <O+ ANDOOS( 1) <> =" THENDDS (I )" 'ty
238 NEXT

240 FORI=1 TO 8:IF D0$(1)="I" THEN PA=PA+T(I)

245 IF 00$[1)="N"' THEN MA=MA+T{I)

250 NEXT:MA=2E5-MA

260 FORI=1 TO 8:1F 003(I+8)=""1" THEN PB=PB+T(I)

265 IF 003{I+8)="N" THEN M8=MB+T(I)

270 NEXT:MB=255-MB

280 POKE SA+1,0:POKE 5A,PA;POKE SA+1,4:POKE SB+1,8:POKE 58,PB:POKE SB+1,4
265 POKE 5A,0:POKE S8,0

290 RO=4:C0=4:GOSUBSHSD: PRINT 1.c.
300 RO=16:C0=2:GOSUBSUSD : PRINT'OIRECTIONS

<"NCS

INITIALIZATION o
MOVE CURSDR WITH LEFT/"

319 PRINTY RIGHT CURSOR KEY. CHANGE INPUTS

320 PRINT™ 8Y TYPING 1 OR @. BRING IC TO L

330 PRINT" INITIALIZED STATE, THEN PRESS ";RC$;" E ";NC$:PRINTBLS:PRINTELS
340 PRINT" STER: PTAB(22)"{MAX STEPS=10@)'":NS=1:PH=0

345 RO=9:C0=4:G0SUOSPS0: FORI=1TO16: PRINTOOS{ 1) (SS}"; :NEXT : PRINT : PRINT" L
350 FOR I=1T016:IF DOS(I)="I' THEN PRINT"Z ";:PU=1:GOTD 370

360 PRINT"{SS}{58)';

370 NEXT:CM3="D1E"+CHR$(29)+CHRS( 167 ) :RO=11:C0=3: GOSUBSDSD : PH=0

380 SS$=CM$: P N=PEEK({SA) AND MA:GOSUDIOO00:PRINTAS;:N=PEEK(SHE) AND M3
385 GOSUB 3000:PRINTAS

390 FORPT®1T016: IFOOS(PT} <> I THEN NEXT:GOTO 7000

400 CO=4+([PT-1)%2:605U8 505g:PX=PT

410 GOSUBE19E:GOSURGRNA: IF S5=@ THEN 418

420 ON SS GOSUB 430,440,530,450,460: GDSUBSOSR: GATDA19

430 PRINT™O™; :LS${PT)="0":GOTO 470

44D PRINT™"; :LS$(PT)="1":G0OTD 470

450 1F PT=PUTHENRETURN

453 PY=PT+1:IFDOS(PT}CO™I™ THEN 450

456 PRINTCHRS(157) ;7 {$5)" :CO=4+[PT~1}#2:RETURN

460 IFPT=PXTHENRE TURN

483 PT=PT-1:IF00§{PT])<>"I"THENAED

at first glance, but if you study Fig. 1 a few times you'll
understand how it works out automatically.)

Connect R1 and R? after all the wire-wrap connections
are made. Solder R1tolC1 pins 18 and 20. Similarly, solder
R? to pins 20 and 39. Cut 6-inch lengths of red and black
No. 24 solid wire. Solder one end of the black wire to S1.
Solder one end of the red wire to the junction of R1 and
R2. Bring each wire through the board to the component
side through drilled holes after first making a knot in each
wire to serve as a mechanical stop. Make two additional
stop-knots on the component side of the board, then
strip Va-inch of insulation from the end of each wire. The
uninsulated ends will remain free for later use in applying
power (red) and ground (black) to the DUT.

As with all wire-wrapped projects, check for wire nicks
or other faults. You may want to do a continuity check on
each connection to ensure proper wiring.

Using the tester
Insert the tester into the computer’s expansion port
oefore applying power to the computer. Enter the pro-

466
470
475
480
490
ags
500
505
507
510
520
530
535
S4a0
550
560
570
560
590
600
s1ip
820
630
640
650
660
67¢
-]
685
630
700
710
720
723
725
726
730
735
740
750
760
765
770
780
780
795
00
2998
3000
3010
3020
303¢
5000
5005
Sp08
5810
S020
5930
5040
5050
S068
6000
BRI
620
€030
6100
611g
512
6130
6140
7900
7010
7020

READ

PRINTCHRE{ 157) ;" {SS}'": CO=4+{PT~ 1} 22: RETURN

PRINTCHRS [ 157} ;CHRS{ 157 ) ;RCS'' >"NC: C=CO
N1=0:FORI=1T08: IFLS$(1}a" 1" THENN1=N1+T(1)

NEXT:N2=0:FORI=9T016: IFLSS{T])=""1"THENN2=N2«T(I-8)
NEXT:01{NS)=N1:02{NS)=N2:POKE SA,N1:POKE SB,N2:R0=11:C0=3

IF PH=0 THEN I1(N5)=999:12(NS5)=993

IF PH=1 THEN I1{NS]=PEEK(SA) AND MA:12{NS)=PEEK(SB] AND MB
GOSUB5S050: N=PEEK(SA) AND MA:BOSUB3OOO:PRINTAS; :N=PEEK{SB) AND MB
GOSUB I000: PRINTAS

1F NS=100 THEN SS$="'YN'':GOTO &70

RQ=22: CD=9: GOSURSDS0 : PRINTNS :R0=11: CO=C: GOSUBSHS0: NS=NS + 1: RETURN
IF PH=1 THEN S5§="YN":NS=NS.1:GOTO 570

PH=1:C=C0:AD=4:C0=4: GOSUBSDS0: PRINT' 1.C. TESTING PHASE
RO=15:£0=@: GOSUBSOS0: PRINTACS ; BLS ; NC$ : RD= 18: LO=23: GOSUBSOSR
PRINT'PRESS "RCS* E "NCS" TD END ';RC$;BLS;NCS
RD=11:C0=C:RETURN

PRINTCHRS( 147 ) :PRINTT1$:PRINTT2S : PRINT : PRINT"
GET A$:IF A$="" THEN 580

GOSUB 60RA:IF SS=0 THENSBQ

IF SS=2 THEN 900

RO=4:C0=4:G0SUBSO50: PRINT'* <<< TESTING PHASE >>>"
PRINT:PRINT'  INSERT NEXT DEVICE TO BE TESTED.'

PRINT:PRINT'  PRESS ";RC$" F1 "NC$" WHEN READY..."

GET A$:IF A$=""" THEN 640

IF ASC{A$)<>133 THEN 640
RO=4:€0=4:G0SUBSPSD: PRINTALS ;BLS;6LS; BLS :RD=4: CO=4 : GOSUBSOSQ
PRINT”TESTING. STEP:":CO=13

FORI=1TO NS:IF I4(I1}<>999 THEN 690

POKE SA,01(1):POKE SB,02(1}:GOSUB SOSA:PRINTL: NEXT

5=1:FORI=S TO NS:GOSUBS@S0:PRINTI:POKE SA,01(1):POKE SB,02(1)
IF{PEEK{SA) AND MA]<>I1(1) OR{PEEK(SB) AND MB}<3>I2(I1) THEN 730

TEST ANDTHER IC (Y/N}..';

NEXT

PRINT: PRINT" PASS. IC PERFORMS AS EXPECTED"
PRINT" PRESS ANY KEY..."

GEY AS$:IF A$=""' THEN 725

60T0 570

€O=4:605UB5050: F=1:PRINT" IC FAILS AT STEP';F

PRINT" PIN #{S5)}(1=1NPUT, D=0UTPUT)"

PRINTL1S: PRINTL2S: PRINTLIS: PRINT' ";1FOR Q=1T016:PRINTO0S{ Q)" {S5}""; : NEXT: PRINT
PRINT :PRINT EXPECTED RESPONSE™

N=11{F) :GOSUB 3000:PRINT" ";A$; :N=I2(F):G0OSUE 3000:PRINT AS

IF IC=14 THEN RO=14:C0=18:GOSUBSISN: PRINT

PRINT: PRINT" OBSERVED RESPONSE™

N=PEEK(SA) AND MA:GOSUB 30D00:PRINT'  ";AS;:N=PEEK(SB) AND MB

GOSUBI0R0 : PRINTAS: PRINT: IF IC=14 THENRD=17:C0=18:GOSUBS0SD: PRINT" Y PRINT
GoTo 723

PRINTAS:R0=12: C0=12: GOSUBSPSA: PRINT'PROGRAM ENOED,' :PRINT: PRINT: END

END

REM&* CONVERT TO BASE2

AS=""':FOR I=8 TO 1STER-1:IF T(I}>N THENASS" O"+A$:GOTO 3030
N=N-T{1):AS=" 17+A3%

NEXT:RETURN

REM# CURSOR CONTROL USING PLOT KERKEL [$FFFD)

SA=571D0: SBa5A+2: POKE SA+1,P:POKE SA,0:POKE SA+1,4:POKE 5B+1,0:POKE S8,0
POKE SB¢1,4

DATA 162,8,160,0,24,32,240, 255, 96,999

4=49300:SC=A

REAQ B:IF B<>399 THEN POKE A,B:4=A+1:60T0 5030

POKES3288, 6:POKES3281 ,6: RE TURN
POKE SC+3,C0L:POKE SC+1,RON:SYS SC
BLg="

REM#% INSTR ,SEARCH=SS$, IN=AS

FOR 5S=1 TO LEN{SS$)

1F A3=MID$(SS5,5S,1) THEN RETURN
NEXT S5:55=0:RETURN

REM## CURSOR DLINK
PRINTCHRE{157)'">";

GET A%:1F ag=""" THEN G140

RETURN

PRINTCHR3( 157} ;" *;:GOTO &110
REM¢% NO OSF INTTIONS
PRINTCHRS([147) : PRINT: PRINT

PRINT' NO OEFINITIONS MADE. PROGRAM ABORTED™:PRINT:PRINT:END

" :RETURAN

w7

gram shown in Table 1 (the program is available on disk
—see the Parts List) and save it using the filename “1C64."
Run the program by typing LOAD “IC64”", 8 (notice that the
comma is after the close-quotation mark), and then press
the reTURN key. Then type RUN and press ReTurN. Then install
the DUT in the ZIF socket.

As shown in Fig. 3, 16-pin IC’s just fit the ZIF socket.
However, 14-pin ICs must be positioned towards the
front of the socket because the rear two ZIF pins aren't
used when testing 14-pin 1Cs. Take particular note from
Fig. 3 how the pin numbering of the ZIF socket is modified
for 14-pin 1C’s. ,

The program begins by asking you to specify whether
the IC you'll be testing has 14 or 16 pins. Next, the program
enters the Setup Phase and displays the screen shown in
Fig. 4. Under the pin labeled 01 (meaning pin 1), is a
blinking cursor that resembles the greater-than (>) sym-
bol. (You can move the cursor with the right or left arrow
keys). Note from Fig. 4 that when a 14-pin test is selected
the two center positions are marked “N,” meaning that the
two lower pins in the ZIF socket (SO3) aren’t used. The
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cursor will automatically skip over the unused pins as the
data is entered.

The bottom of the Fig. 4 screen defines the setup
commands. As shown in Fig. 5, you identify each pin as an
input (1) to the IC, an output (O) from the IC, a ground pin
(=), or a voltage-supply pin (+). A pin that will not be
used, or a pin where you do not particularly care what
happens, I1s identified with an N or left blank. As an
example, the pin identification for a 7408 TTL quad 2-
input AND gate would be:

I110110— 01101+

For pins 1 through 7, pins 1 and 2 are identified as gate
inputs with pin 3 being an output; pins 4 and 5 are inputs
with pin 6 an output; pin 7 is ground ( — ). Similarly, we see
that pins 8 and 11 are outputs, pin 14 is where the power

IC PLACEMENT
IN S03

FIG. 3—ALTHOUGH A 16-PIN IC FITS the entire ZIF socket, a 13-
pin IC must be positioned forward, so that the rear two ZIF pins
aren’t used.

SETUP PHASE: DEFIME SOCKET PINS

:

FIG. 4—IF YOU SELECT 14-PIN IC’'S FOR TESTING the setup
screen will indicate an N for the two unused ZIF socketterminals.
The actual IC terminals are indicated as 01-14.

SOCKET PINS
8
9

1
2
r

1

()
InZ BN
I

Y Bl

FIG. 5—FIRST STEP IN ANY TEST is to define the function of
each socket pin, including the ground and + V connections.

I.C. INITIALIZATION

e} LD
Dot | Nk
DO | Whe

FIG. 6—THE FIRST TEST INITIALIZES each IC to a standara
setup. The N shown for pin 11 indicates we don’t care what the
result will be on that particular pin.

IC PERFORMS AS EXPECTED
KEM. -

FIG. 7—THE SCREEN INDICATES WHEN the IC PASSES all tests
that were established by the user.

(+V) is applied, and the remaining pins are inputs. The
space between the — and the O indicate that the two
lower pins in the ZIF socket are not used for the 14 pin
device. To make any corrections, position the cursor and
enter the desired data. Once the IC's I/O definition has
been completed, press € to end the setup phase.

The next screen, IC Initialization, shows the definitions
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IC FAILS AT STEP 7
PIN & (I=INPUT, O=0UTPUT)
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with each input pin marked with a diamond. During
initialization the cursor will only move to the defined
input pins. To illustrate the power of the tester we will
deliberately attempt to fool it by entering false data. As
shown in Fig. 6, the definition for a NAND gate, we have
defined output pin 11 with an N; meaning that we aren't
interested in its result. It automatically displays a 0 even
though its inputs, pins 12 and 13, should produce a high
output. If you haven’'t done so yet, insert a known-good
NAND GATE IC into the ZIF socket. Insert the black ground
wire into position 7 or 10 of SO1 to apply ground to pin 7
of the DUT. Insert the red power wire into position 1 or 16
of SO2 to apply power to pin 14 of the DUT.

You want to initialize the IC to insure that all DUT’s start
out in the same state. As shown in Fig. 6, we’ll change all
the inputs to a low (0): Start by positioning the cursor at
pin Tand enter 0; then move the cursor to pin 2 and press
0. Since both inputs to the Anp gate are now a 0, note that
pin 3 changes to 1.

Continue the procedure, changing all inputs to a 0. It is
important to note that you can initialize the IC in any way
youwant. For instance, you could have made pin1a 0, pin
2a1,pin4al, pin5a0,and soon. The only rule for a valid
test is to make sure your initialization values allow the test
for each IC to begin in the same condition. But notice that
pin 11, which we defined with an N, incorrectly indicates
0 because it's a “don’t care” value.

When you press £ to end the initialization phase, the
title changes tothe IC Testing Phase. As you did during the
initialization phase, change the outputs one at a time to
exercise all of the functions of the DUT. The number of test
steps that you have defined are shown at the bottom left
of the screen (you can define up to 100 steps, including
initialization). As you change each input you will see its
output change as per the IC’s logic.

After performing all the steps necessary to exercise the
IC, press e to end the testing phase. The program has now
stored all conditions and responses of how you expect
the IC to perform. The next screen, Auto Testing Phase,
allows you totest as many IC's of this type as you desire. In
answer to the question TEST ANOTHER DEVICE (Y/IN)?, press the v
(Yes) key. As requested by the next message to appear,
insert the next device to be tested into the ZIF sccket and

press any key to begin testing. The program will begin
counting through the test steps. If the device is gocd,
you'll see the screen display shown in Fig. 7. If the device
does not perform as expected, the sequence will stop,
and as shown in Fig. 8, the display will show what was
expected and what was actually observed. You can then
press a key to return to the auto-testing phase.

Additional capabilities

You can leave the tester connected when it's not being
used. During that time, if you need to perform a complete
(cold) reset of the computer, simply press the reset button
momentarily and then release it. As shown in Fig. 9, the
computer will reset as if you had powered down and
then up again.

e COMMODORE 64 BASIC V2 weww
64K RAM SYSTEM 38911 BASIC BYTES FREE
EADY.

FiIG. 9—THE RESET BUTTON ACCOMPLISHES THE SAME
THING as if the computer was powered down up again. It makes a
reset easier.

Since the tester can determine digital transitions of any
device, you can also test the switching action of diodes
and transistors. For example, place a 1,000-ohm resistor
between pins 1 and 3, a 10,000-ohm resistor between
pins 2 and the base of an NPN transistor, the collector of
the transistor to pin 3, and the base of the transistor to pin
4. To accomplish that, you may wish to use a 16 pin DIP
jumper cable with one end inserted into the ZIF socket
and the other end attached to a solderless breadboard
(Radio Shack parts 276-1976 and 276-175 respectively, or
their equivalents). You can then make the connections on
the breadboard.

Back on the tester, position the +V wire to pin 1and the
ground lead to pin 4. Using the program, define pin 1 as
+, pin 2as | (Input), pin 3 as O (Output) and pin 4 as —
(ground). Initialize by changing pin 2 to 0. For the test,
change pin 2 to 1, noting that pin 3 will change to 0.
Change pin 2 back to 0 and note that pin 3 changes back
to 1. That tests the digital switching action under a reason-
able load and ensures the device will switch properly ina
circuit. A similar setup can be used for a switching diodes
such as the IN914 and TN4148.

You can also expand the program to allow saving of
device setups and responses in a disk file, so you would
not have to set them up manually each time. You could
then build a library of files for devices. (ACMOS and a TTL
library, along with an enhanced program is available. See
the Parts List) pCD4
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BUILD
THE PT-68K

Troubleshooting hints, with a
step-by-step checklist
of everything installed so far.

PETER A. STARK,
STARK SOFTWARE SYSTEMS CORPORATICN

P t ¥ last time we stopped after instatling
ar & enough input/output circuitry to let us
communicate with the computer via keyboard and video
screen. This month we'll pause to learn some trou-
bleshooting tricks that you'll want to study even if your
system is working fine, because the tips we'll present will
deepen your understanding of how both the 68000 mi-
croprocessor and the PT-68K computer system work.

Step 17. Troubleshooting tricks

if your computer worked properly at the end of step 16,
you could skip this step, but it is recommended reading.
On the other hand, if your system isn't working properly,
this section will help you locate and fix the problem.

In the last installment, we covered the two ways of
talking to the PT-68K computer:
® [nStep 14, we discussed the serial RS-232C port, which
allows us to connect the PT-68K either to a serial terminal,
or to another computer with a serial port and a terminal-
emulation program. For the remainder of this article, we'll
refer to either option as serial terminal.
® |n Steps 15 and 16, we discussed the circuit that allows
us to connect a PC-compatible keyboard, and the inter-

Ordering Information

Complete details were given in part one (in the Dctober
issue). To summarize: The basic kit (PT1, $200) contains all
parts except power supply, case, and video terminal or
personal computer to get a small system (ROM manitor, 2K
RAM) up and running. The full basic system (PT68K, $460)
includes 512K of dynamic RAM, floppy-disk controllzr, paral-
lel port, battery-backed clock/calendar, and three PC-com-
patible expansion slots. To order, or for more infcrmation,
contact Peripheral Technology, 1480 Terrell Mill Road #870,
Marietta, GA 30067, (404) 984-0749.
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face connectors that allow us to plug in a PC-compatible
monochrome or color video adapter and matching
monitor (or possibly both simultaneously). :

Because the MC68681 DUART used in the serial port is
not used just for serial interfacing, but for other functions
as well (to generate the speaker tones, for example), the
serial port circuitry must be installed on every PT-68K
system. The PC interface circuitry, on the other hand, is an
option and may not be present on your board.

Before discussing troubleshooting techniques, first let’s
discuss what should happen when everything is working
correctly, and how the computer decides which /O
devices to use. To summarize, there are five basic ways of
talking to the PT-68K:
® \ith a serial terminal operating at any baud rate from
300 to 9600.
® With a PC-compatible keyboard, a monochrome or
color video adapter, and a matching monitor.
® With a serial keyboard (connected to the RS-232C
port) for input, but a video board and monitor for output.
® \With PC-compatible keyboard for input, but a serial
terminal for output (set to 2400 baud).
® Several of the above simultaneously.

When you turmn on the power (or short the reset pins at
J23), HUMBUG (the PT-68K's ROM-based monitor pro-
gram) tries to initialize the input and output ports, makes a
list of installed options, and sounds the “beep-boop”
from the speaker. If HUMBUG detects that a PC-compati-
ble video board is installed, it then displays the message
“‘Please press Enter” in the upper left comer of the screen.
HUMBUG does not, however, display that message on a
serial terminal, because it doesn't yet know what baud
rate to use.

Now HUMBUG monitors both the serial input and the
keyboard connector, waiting for you to press the Enter key
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TABLE 1—HUMBUG COMMANDS

LO — LOAD S1-S9
FORMAT

MC — Memory Compare

ME — Memory Examine

MO — MOve memory

MS — Memory Store

MT — Memory Test

AD — ASCII Dump

Al — ASCHl Input FCC

AO — ASCII Output

BA — BASIC

BP — Breakpoint Print

BR — BReakpoint set/
reset

CO — COntinue

CS — CheckSum

FD — Boot SK*DOS /
Floppy Disk

FI — Find 1-5 bytes

FM — Filt Memory ST — STart single-step

HA — Hex and ASCII WA — Boot SK*DOS /
dump Winchester WX1

HD — Hex memory Dump WB — Boot SK*DOS /

Winchester HDO

RC — Register Change
RD — Return to DOS
RE — Register Examine

SS — Single Step

HE — HEIp X1 — eXtra option 1

JS — Jump to System X2 — eXtra option 2
program

JU — Jump to User I — Force reset
program

(also called Return or CR), so it can determine (a) which
keyboard you are using, and (b) the baud rate if you're
using the serial keyboard. Both keyboards can be con-
nected electrically; whichever one receives a keypress
first will be chosen as the input device. (In order to make
sure the correct baud rate is chosen, you may have to
press Enter several times on a serial keyboard.)

After the Enter is received, HUMBUG displays its sign-
on message,

HUMBUG (R) Copyright (C) 1986, 1987 by Peter A. Stark,
the prompt (*), and a cursor.

Whichever keyooard you use, that message will 3o to
the video board(s), if any. If you use a serial keyboard,
then it will also go out the serial port to the terminal (at the
same baud rate as the keyboard). After the prompt is
displayed, you may type in and execute any of the 32
HUMBUG commands, shown in Table 1. We'll discuss
further use of them in @ moment. For now, try typing
anything to see whether it appears on your screen. If so,
then the computer is in working condition.

If your computer doesn’t function as described above,
then some troubleshooting is in order. We'll start with the
obwvious possibilities.

First, using a good magnifying glass, carefully examine
all solder joints to make sure all connections are soldered,
but no shorts exist between adjacent lands on the board.
Ensure that all IC socket pins reatly go through the board to
the bottom side—sometimes a pin bends under the
socket and never makes it through the board. Make sure
that all IC’s point in the same direction—pin 1 toward the
left rear corner of the board—and that each socket con-
tains the correct IC. Also make sure that all capacitors and
resistors are in the correct places. It may also be a good
idea to check power-supply voltages.

Speaking of power-supply voltages, note that the wide
copper strip around the edge on the bottom of the board
is electrical ground, but the strip on the top of the board is
+5 volts. If you mount the board with metal hard-

ware, you will short +5 volts to ground. You'll do
the same thing if you attach the ground clip of an
oscilloscope or voltmeter to the edge of the board.

Another warning: Some early PC boards were shipped
with a note regarding two possibly defective traces; if
you have an early board, make sure you followed the
directions to correct those problems.

Next, make sure that all the correct components are
installed, but no others. Table 2 lists all components
installed so far, in the order we installed them. it includes
all connections, including the two jumpers and Molex
pins installed in step 7 that were later removed in steps 9,
11, and 12; hence they should no longer be on your board.
Extra oscillators, resistors and capacitors can stay, but any
extra IC's (ie., those not listed in the Table) should be
removed during the following troubleshooting pro-
cedure, as they can cause undesirable results.

Also check all jumpers and other connections. The
speaker should be connected to the two outer pins of
J18; 195 should connect the center pin to pin 2; J24
should connect the center pin to pin 1; both J19 and J20
should connect the center pin to pin 2 for EPROM’s
shipped by Peripheral Technology (27256'). Incidentally,
should you want to re-program those EPROM’, they re-
quire 12.5 volts for programming, and—as | have dis-
covered—will be damaged at the more common 21 or 95
volts.

If all the simple tests reveai no problems, then it’s time
for more drastic action. Let’s break the situation down into
two types: either the speaker beeps or it doesn't.

If the speaker beeps

If the speaker does beep, then the system works, more
or less, so troubleshooting will be easier. Regardless of
which keyboard you ultimately intend to use, for now
connect a serial terminal to 122 and perform the tests in
Step 14 (see the last installment for details)—there are
very few things that can go wrong between the beep-
boop (Step 13) and the operation of the serial port (in
Step 14), so the serial port should be checked before
continuing with the PC-compatible keyboard and video
interfaces.

If the serial port works and a video board is installed,
output should goto both. If the HUMBUG messages 9o to
the serial port but not to the video board, then examine
the PC interface-connector circuitry closely One problem
that has shown up with some clone CGA color boards is a
slight amount of noise on the BRESET line, which prevents
the board from working. A simple fix is to place a 0.1 wF
disk capacitor right on the CGA board, from pin B? to pin
B1 (ground). Don't solder to the edge connector; find a
nearby solder pad or feedthrough. (The pins on the right
side of the connector are labeled A1-A31; the pins on the
left side are B1-B31; in both cases, pin 11s toward the rear
of the board.)

If both the serial board and the video board work
correctly, the last item to check is the PC-compatible
keyboard. Make sure you press Enter on this keyboard as
soon as the “Please press Enter” message appears, so that
HUMBUG uses the PC keyboard, rather than the serial
terminal. If the keyboard still does not work, make sure
that the XT/AT switch (present on the bottom of many
clone keyboards) is in the XT position, and try again. Then
borrow a keyboard from a friend’s PC or XT, and try it.
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TABLE 2—PARTS INSTALLED SO FAR

Step 3. The Power Connector

J10A, J10B Power connectors
C65 10 wF tantalum (near J9)
C3,C4,C5 47 pF
Ccé 0.1 uF
Step 4. LED Indicators
R14, R15, R16 320 ohms
R24 2200 ohms
C11 0.1 pF
IC32 7406
R25 33 ohms
J18 4-pin header
LED's J15, J16, and J17
Step 5. The Reset Circuit
R22, R23 1 megohm
R20, R21 2200 ohms
C57, C61, CB2, C64 0.1 uF
C63 1 wF, 16 volts, tantalum
1C91 555
IC22 7406
IC66 74L504
J23 Two-pin single header
unmarked Two 0.1 pF capacitors to the left of
1C66

Step 6. The Master Clock Circuit

IC78 16 MHz oscillator (no socket)
IC77 74ALS74

J24 3-pin header, jumper center to 1
C58, C59, C60 0.1 uF

Step 7. The 68000

IC47 68000

IC37 74L.510 triple 3-input NAND

IC89 741.5148 priority encoder

R19 10K SIP resistor (no socket)

C14, C48 0.1 pF

Jumper IC47-22 to IC47-14 to negate BERR

Jumper IC66-1 to IC166-14 to assert TACK

Sockets IC27 and IC21

Molex pins Short pins 9-17 of IC21 socket

Molex pins Short pins 11-19 of IC27 socket
Step 8. The MAP circuit

IC90 7415164

J25 Three-pin header, jumper center to

1

Step 9. The Bus Error Circuit

Remove jumper between IC47 pins 14 and 22
IC76 74L5175

Step 10. The Address Decoder.

IC63 16L8 PAL

R17, R18 33-ohm resistor packs (no sockets)
IC64 74L.S139 dual decoder

IC34 74L.S138 decoder

C13, C67, C70 0.1 uF

Jumper J25 center to pin 1

C68 33 pF, not 0.1 uF

Step 11. The DTACK Circuit

Remove jumper Between |C66 pins 1 and 14

IC33 74LS175
IC36 74LS30
Jumper J25 center to pin 2

Step 12. ROM and RAM
Remove Molex pins from the 1C21 and IC27 sockets

IC26 741.532

C12, C66 0.1 uF

IC20 EPROM marked “UPPER”
IC27 EPROM marked “LOWER”
IC21 6116 SRAM

IC28 6116 SRAM or MK48T02 clock
J19, J20 three-pin headers;

set both jumpers on position two
for 27256 EPROM’s.

Step 13. Running at Last!

IC3 3.6864-MHz oscillator (no socket)
IC10 MC68681 DUART
R9, R10, R12, R13 10K
Speaker To two outer pins of J18

Step 14. The Serial Ports
IC30 1488 TTL-to-RS232C converter
IC29 1489 RS232C-to-TTL converter
J21, J22 Six-pin header strips

Step 15. The PC-Compatible Keyboard

R7 47K

R8 10K

IC23 74574

IC24 74L.S175

IC25 7415322

IC17 74LS373

IC19 748373

C7,Cs, C9, C10 0.1 uF

C65 0.1 wF (near IC16)
J9 Keyboard connector

Step 16. The PC-compatible Bus Connectors

J1-J6 62-pin card edge connectors

IC18 74L5373

IC15 74LS00

IC14 74L.S32

IC1 7415245

IC48 74LS08

IC35 74LS00

IC51 740532

IC31 74L.5175

IC13 74L574

1C92 14.31818-MHz oscillator (no socket)
R26 2.2K

CH 0.1 uF

Jumper From IC15 pin 12 to pin 7

If you use a modern CGA board
(with surface-mounted components), then

IC65 74LS39C
Cut Trace Between IC76-9 and 1C47-20
Jumper IC65-9 to IC76-9.
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TABLE 3—ROM CONTENTS

Address Data
00000000 OOFFOFEA
00000004 00F800C0

If the Speaker Doesn’t Beep

If the speaker doesn't beep, then the going Is a bit
tougher. Still, start with the obvious: check the speaker
connections.

If you are using a color (CGA) video board, then note
that, as pointed out last time, some new CGA boards have
a very long wait period after some operations, and that
causes the Bus-Error timer to time out; the result is that the
system may not work at all, so the microprocessor will
halt, and the Hawr LED will light. Refer to Fig. 8 in the
February issue for a solution to that problem.

At this point, there are two ways to go. The brute-force
method is to retumn to Step 7 and try to retrace our steps.
But there is another more elegant method that lets us use
the 68000 itself to help us debug the problem.

Let’s review how the 68000 works. When it wants to
access memory or I/O, it outputs an address on the
address bus, along with the appropriate control signals
on UDg, 05, etc. When the memory or 1/O s finished with
the requested operation, it returns a DTACK (data transfer
acknowledge) signal, which tells the 68000 that the oper-
ation is finished. If, for any reason, an operation cannot be
completed within a specified time, then the bus error

circuit sends a Berr signal to the 68000, which attempts to
recover. If the recovery procedure results in another bus
error, then the 68000 simply halts and the Hawr LED goes
on.

To proceed, disable the Ber circuit by removing 1C76
and connecting a 10K resistor from pin 14 to pin 16 of the
vacant socket. Doing so forces Berk high, so the 68000 will
never receive a bus error. (Solder Molex pins to the leads
of the resistor; don't force the naked leads of the resistor
into the socket, because they could stretch the socket
pins.)

Next, disable the DTACK circuit by removing 1C36 and
connecting a 330-ohm resistor from pin 8 to pin 7 of the
socket. Because IC66 is still installed, the DTaCk input to the
68000 is forced high, so the microprocessor will never
receive a DIACK.

Now apply power. The first thing the 68000 tries to do
is to obtain two addresses (where to locate the stack and
where to start execution) from locations 000000 through
000007, which at power up are at the very bezinning of
the ROM. Their contents are shown in Table 3.

Some explanation is In order. Although addresses in-
sidle the 68000 consist of 32 bits, the actual address bus
consists of only 24 lines (counting A0, even though it only
exists internally within the 68000). Thus the first two hex
digits of any address in the PT-68K are generally 00.

Furthermore, the 32-bit address for the stack
(OOFFOFEA) can not fit into an eight-bit memory location.
Therefore, it is stored In four consecutive locations,
00000000-00000003. That explains why the second ad-
dress in Table 3 is 00000004.

TABLE 4—68000 SIGNALS WAITING FOR DTACK

RADIO-ELECTRONICS

w
-]

Pin State Signal
1-5 High D4-DO
6 Low AS”
7 Low ubDs”
8 Low LDS*
9 High R/W*
10 High DTACK*
11 High BG*
12 High BGACK*
13 High BR”
14 High Vee
15 Pulses CLK
16 Low GND
17 High HALT*
18 High RESET™
19 High VMA*
20 Pulses E
21 High VPA*
22 High BERR*
23 High IPL2*
24 High IPL1*
25 High |PLO*
26 High FC2
27 High FC1
28 Low FCO
29-48 Low A1-A20
49 High Vee
50-52 Low A21-A23
53 Low GND
54-61 Low D15-D8

62-64 High

D7-D5

Description Comment
Data bus FF

Address strobe On

Upper data strobe On

Lower data strobe On
Read/Write* Read

Data Xfer acknowledge Forced to off
Bus granted Off

BG acknowledge Off

Bus request Off

+ 5 volts

8 MHz clock Clock pulses
Ground

Halt Not halted
Reset Not reset
Valid Memory Address Off

E clock Clock pulses
Valid Peripheral addr Off

Bus Error

interrupt input 2
Interrupt input 1
Interrupt input O
Function Code 2
Function Code 1
Function Code 0

Forced to off
No interrupts
No interrupts
No interrupts
Currently in
supervisor

program mode

Address bus 000000
+5 volts

Address bus 000000
Ground

Data bus 00
Data bus FF
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Last, although a four-byte address is stored in four one-
byte locations, the 68000 can read or write two bytes at a
time via its sixteen-bit data bus. Therefore the micro-
processor must read the fourbyte address in two chunks.

In detail, what happens is this: when the 68000 tries to
read the stack address from memory, it outputs address
000000 on the address bus, asserts both Ubs and 5 to
signal that it is trying to access both an upper byte and a
lower byte, asserts As to activate the address decoder,
and releases rw to indicate that memory is being read.

The address decoder then decodes address 000000
and sends a low to both EPROM’s to enable them. The
EPROMS, in turn, output the contents of the first two bytes
(the number $00FF, the upper half of the $00FFOFEA stack
address) to the data bus, which sends this data to the
68000. The 68000 receives the data, and now waits for
DIACK SO it can continue.

But we've disabled DTack! So the microprocessor just
sits there. Take a scope or logic probe and examine some
of the important signals. You'll see address 000000 on the
address bus, O0FF on the data bus, both Ubs and s low, AS
low, and raw high. You will also see lows on the ZE and GF
pins of both EPROM', and a low on pin 4 of 1C64-a.

So, even with fairly simple test equipment, it's easy to
check the circuit and make sure the right signals are there.
Table 4 is a complete list of what you should find on every
pin of the 68000 at this point. Make sure they're all there at
the appropriate levels, and trace the signals if not. Re-
member, a high should be + 3 volts or more: a low should
0.4 volt or less. If you see any voltages between those
levels, suspect a short.

Here are several examples of how to interpret “strange”
results. Suppose all the signals on the 68000 are correct
except for the sixteen data-bus lines. If the data bus reads
$FFO0 instead of $00FF, are the EPROMS interchanged? Or
if the data bus is completely different than expected, are
the EPROM's selected (lows on their ©F and CE inputs)? If
yes, are they getting the correct address? Is pin 4 of 1C64
low? If not, are the select inputs (pins 1-3) of IC64 low?

If everything seems normal, the next step is to pulse
DTACK low s0 the 68000 will proceed to the next step. The
pulse must be wide enough so the 68000 will recognize
it, yet narrow enough so that the 68000 will only go
forward one step and no more. The timing is touchy, but |
have found that momentarily connecting a discharged
0.001 nF capacitor from pin 8 to pin 14 of (C36 works
quite well. Pin 8 is held low by the 330-ohm resistor
added above, but the 0.001 wF capacitor pulls it high for
about a quarter of a microsecond. That signal is inverted
by 1C66-a into a low BIACK pulse.

As a result, the 68000 now tries to read the next two
bytes of the stack address from memory, so the address
bus should contain 000002, and the data bus should have

FURTHER HELP

If you need further help, contact us through our BBS at (914)
241-3307. If thatis not possible, hardware questions can be
answered by Peripheral Technology, 1480 Terrell Mill Rd.,
No. 870, Marietta, GA 30067, (404) 984-0742. Software
questions dealing with HUMBUG or SK*DOS can be an-
swered by Star-K Software Systems Corp., P.O. Box 209,
Mt. Kisco, NY 10549, (914) 241-0287.

TABLE 5—ADDRESS AND DATA BUS CONTENTS
DURING THE FIRST FEW MEMORY ACCESSES

Address Data Explanation

000000 OOFF Initial stack address = $00FFOFEA

000002 OFEA

000004 QOF8 HUMBUG starting address =
$00F800CO

000006 00CO

F800C0O 4EF9 JUMP (op code 4EF9) to
$00F80126 instruction

F800C2 00F8

F800C4 0126

F80126 4239 A CLR.B instruction

F80128 OQOFF

F8012A 002D

F8012C 4239 Another CLR.B instruction

F8012E O0OFF

F80130 0C85

F80132 48F9 A MOVEM instruction

F80134 7FFF

F80136 OOFF

F80138 OCOE

OFEA—the lower half of stack address OOFFOFEA. It's pos-
sible that the pulse from the capacitor may be too wide
or too narrow, or that more than one pulse may be
generated, in which case you may either stay at the same
step, or may skip ahead several steps. In that case, refer to
Table 5, which is a list of the information on the address
and data busses during the first dozen or so steps.

Assuming nothing turns up from those tests, remove
the 330-ohm resistor, replace IC36, and restart the system.
The computer will now start executing at high speed the
steps we were just tracing one-by-one. However, when-
ever the 68000 tries to access a memory or 1/O address
that either doesn’t exist or that is not working properly, it
will fail to get DTACK. We're still forcing Berg high with a 10K
resistor, so the 68000 will stop and we can examine the
address bus to see where the 68000 got stuck.

HUMBUG tries to compile a fist of installed hardware,
s it intentionally tries to access addresses that may not
yet exist on your system. Those addresses include
$FE0089 (68230), $FEO00B (DUART1), $FE004B (DUARTY),
and either $C00001 or $D6000T (PC-compatible con-
nectors). So the first address you see on the bus should
be $FE0089. Of course, you cannot see A0. Instead, s
will be fow or on, and Ubs will be high or off, to signify that
the address is $FE0089 and not $FE0Q088. If there is any
other address on the address bus, the 68000 is trying to
access a location that does not work or does not exist.

Once you see the $FE0089 address of the 68230, you
may pulse Berr low once to get the 68000 to continue until
the next bus error. That can be done with the same
0.001-uF capacitor as before, except this time connect it
between pin 8 and pin 14 of IC76. As before, you may skip
ahead a few extra steps if the pulses introduced by the
capacitor are not quite right. In that case, to view each
step, just start over by resetting.

Note that your computer should not stop at address
$FEOOOB, because you have already installed DUART1 at
IC10. If it does stop, then there is something wrong with
the DUARTT circuit.

Next time we'll install the dynamic RAM.»D4
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re are the PC patterns for the cons

truction projects in this month’s issue
All patterns are right reading and full sized, unless otherwise noted.




MARKET CENTER

FOR SALE

TUBES. new, unused. Send self-addressed, stamp-
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

DESCRAMBLERS. All brands. Special combo Jer-
rold 400 and SB3 $165. Complete cable
descrambler kit $39. Complete satellite de-
scrambler kit $45.00. Free catalog. MJM INDUS-
TRY, Box 531, Bronx, NY 10461-0531.

COMMODORE Chips Or Repairs. C-64 repair
$39.95 includes parts/labor. We sell low cost Com-
modore chips—6526/6510-$8.95, 825100/
PLA-$11.95 and many others. HD/C 64 P.S. $27.95.
+PP. "Commodore Diagnostician,” a complete
chart for diagnosing faulty IC’s $6.95 + PP. Send for
complete catalog. VISA/MC. KASARA INC., 31
Murray Hill Drive, Spring Valley, NY 10977, 1-(800)
248-2983 (Nationwide) or (914) 356-3131.

SATELLITE & cable equipment. We have those
hard-to-find units ready to go. Tired of junk that
doesn't work properly? Try our 10 day satisfaction
guarantee & 90 day warranty (wholesale only). HI

ECH ELECTRONICS, PO Box 42423, Detroit, Mi
48242, (313) 722-9381.

MICROWAVE antennas, multichannel 1.9-2.7 Gh;
dual polarity. From only $49.95. “Best in the west!”
GALAXY ELECTRONICS. Call 1 (602) 939-1151.

TUBES, name brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

IS it true... Jeeps for $44 through the government?
Call for facts! 1-(312) 742-1142, ext. 4673.

LEADER LFC-945A signal level meter $395.00
(312) 771-4661.

SURPLUS Zenith Z100 computer motherboards.
No RAM/ROM, over 100 chips in sockets including
8088, 8085, 74LSxxx, 74LSxx, crystals and more,
$49.95. Boards without chips $12.95 shipping in-
cluded. Visa Master. LYNBAR INDUSTRIES, (616)
983-3389.

STEREO TV decoders: Canadian electronics dis-
tributor with inventory liquidation. Plug-in stereo TV
synthesizer with amplifier $49.95/with shielded
speakers + AN.R. $69.95 U.S. Fnt. ppd. Guaran-
teed satisfaction. Catalogue $2.00 send money
order to: MTS ELECTRONICS, P.O. Box 385—
Snowdon, Montreal, Canada H3X 3T6 FAX #(514)
481-3612.

LASER information - List of over 200 suppliers of
laser and laser- related equipment. Send $4.00 for
print, $6.00 for labels to PAUL PHRAMPUS, P.O.
Box 61913, Va Beach, VA 23462

FAIR prices, SB-3-$65. Tri Bi-$90, SA3-$95,
N-12VS-$85, MLD-1200-3 $85, Zenith $165 filters
for beeping any channel 2 to 22, converters all
types, hand remotes. No Michigan sales. BEN-
NY-(313) 979-8356. Note any order over $200 dol-
lars will get a six-outlet surge protector goes into
wall socket.

TV tunable notch filters, free brochure. D.K. VIDEO,
Box 63/6025, Margate, FL 33063 1-(305) 752-9202.

RUN three-phase motors on single phase, free bro-
chure. MOTORS, Box 63/6025, Margate, FL. 33063
1-(305) 752-9202.

RESTRICTED technical information: electronic
surveillance, schematics, locksmithing, covert sci-
ences, hacking, etc. Huge selection. Free bro-
chures. MENTOR-Z, 135-53 No. Bivd., Flushing,
NY 11354,

TUBES. “Oldest,” “latest.” Parts and schematics,
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
R.E. Hammond, IN 46324,

SOLAR battery chargers. Homes, RVs, boats.
From $30.00. Brochure. SUN POWER, Texas, Dept.
01B, P.O.B. 2788A, Freeport, TX 77544.

SALE! SCR, transistor, diode tester. Dropproof jew-
eled meter. $69.00 + UPS shipping. GALAXY,
1834 S.E. 22nd, Portland, OR 97214,

SAVE $'s! We will beat your best deal. Zenith Z-tac,
Ssavi, Jerrold, Oaks, Hamlins, Scientific Atlanta,
lots more. HOTRONICS, (313) 675-5834.

HACKER'S Handbook $12.95, $1.00 postage.
Computer Underground, $14.95, $1.00 postage.
CABLETRONICS, Box 30502R, Bethesda, MD
20814.

CREATE 1X or 2X PCB artwork with ease on your
IBM-PC or compatible. Requires 256K memory—
CGA card—IBM graphics or compatible printer.
Software $49.95 or $10.00 for demo disk. SHEA,
LTD., 2105 Waveland, Chicago, IL 60618.

ATTENTION laser holographic experimenters:
optical computer components, instructions. $22.95
postpaid. STELLAR TECHNOLOGIES, 4710 Uni-
versity Way N.E., #1003, Seattle, WA 98105.

CABLE TV Converters. Scientific Atlanta, Jerrold,
Oak, Zenith, Hamlin, Many others. “New” Video
Hopper “The Copy Killer.” Visa, M/C & Amex.
1(800) 826-7623. B&B Inc., 10517 Upton Circle,
Bloomington, MN 55431.

600 ohm Hybrid term sets complete, $22.50 pp with
full specs. R.E March, ‘88, 2G.H. point to point M. W.
systems 24+ channels including signaling.
S.AS.E. for details. B. McLain. R.R. 1 Box 165,
Colville, WA 99114.

PHOTOFACT folders, under #1400 $3.00. Others
$5.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554,

GREAT buys! Surplus prices, [Cs, linears, transfor-
mers, PS, stepping motors, vacuum pump, pho-
totransistor, meters, Isase, FERTIK'S, 5400 Ella,
Phila., PA 19120.

TWO-Way-Radio, Atari, Uniden service. General

Radiotelephone licensed technician. Cata-

gog-RAYS, 2025 Moline, Ft. Worth, TX 76117 (817)
31-7717.

¥ i i |

FAMOUS "“FIRESTIK” BRAND CB ANTENNAS
AND ACCESSORIES. QUALITY PRODUCTS
FOR THE SERIOUS CB’er. SINCE 1962

ANTENNA 0 P A
6514 AS ADA
PHO ARIZONA 85034

TI-99/4a software/hardware bargains. Hard-to-find
items. Huge selection. Fast service. Free catalog.
DYNA, Box 690, Hicksvilte, NY 11801.

“CB Trick of the Trade book.” Learn CB—rJair tricks
and transmitting theory. Send $19.95 to MEDICINE
MAN CB, P.O. Box 37, Clarksville, AR 72830.

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. Over 12 years of
satisfied customers! Catalog $2.
BC IN RNATIONAL
P.0. BOX 31500RE, PHOENIX, AZ 85046

CABLE-TV AT IT'S BEST

TESLA coils—Kirlian electrophotography—plas-
ma bulbs...Free 1988 science plan catalog! SCIEN-
TIFIC, Box 1054HRH, Duvall, WA 98019.

ELECTRONIC liquidators, thousands of parts, kits,
computers, hardware, send $3.50 for catalog. BOX
27656, Lansing, M| 48901.

COMPONENTS! IC's, capacitors, resistors, etc.
Lowest prices! Example: 10pf 25V Tantalum capaci-
tor—19 cents. Free catalog. CRC ELECTRONICS,
13547 S.E. 27th PI., Bellevue, WA 98005. (206}
747-9636.

CATV Descrambling manual. 220 + full pages witfi
schematics, $24.95. Others available. Catalog
$2.00. DATA DISTRIBUTORS, P.O. Box 5612
Springfield, VA 22150, C.0.D.'s welcome {703)
425-0652.

TUBES - 2000 TYPES
DISCOUNT PRICES!
Early, hard-to-find, and modern tubes.
Also transformers, capacitors and
parts for tube equipment. Send $2.00

for 20 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. Firsi St.sTempe. AZ 852812602/894-9503

TRANSISTORS-tubes: MRF421 $24.00, MRF454
$14.50, MRF455-MRF477 $11.75, MRF492 $16.00,
SRF2072 $12.75, SRF3800 $17.50, 25C2290
$16.75,25C2879 $22.00, 6LF6, 6LQ6, 6JS6, 8950,
etc.-call. New Ranger AR3500 all mode 10 Meter
transceiver $319.00. Quantity discounts! Best
prices on hard-to-find parts, antennas, mics, power
supplies, & equipment! Catalog $1.00 (refundable),
or free with order, RFPC, Box 700, San Marcos, CA
92069, For information or same day shipment—
(619) 744-0728 Visa/MC/C.O.D.

LASERE, components and accessories. Free cata-
log, M.J. NEAL COMPANY, 6672 Mallard Court,
Orient, OH 43146.

REPAIR your own TV...it's easy. Write RE-
SEARCH, Rt. 3, Box 601BR, Colville, WA 99114.

PICTURE flyer lists quality surplus electronics at
low prices. Since 1970. Send for the last 3 issues.
STAR-TRONICS, Box 683, McMinnville, OR 97128.

www americanradiohictory com

SCIENTIFIC Atlanta Models 8500—8550, remote
included...$240.00. SB-3's...$74.00. TRI-
Bl's...$95.00. SA-3's...$99.00. Zenith (Z-Tac) De-
scramblers...$169.00. N-12 (Vari-sync)...$89.00.
M-35 B (Vari-sync)...$99.00. Hamlin
MLD-1200's...$89.00. 80-Channel convert-
ers...$95.00. Dealer discounts on (5) units.
Call..N.A.S. INTERNATIONAL, (213) 631-3552.

THIS IS A BOLDFACE EXPANDED AD with a
tint background. . If you like this format,
request it. Your cost is $6.25 per word.

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.

=
(.0, Box 1111-E
Piacantia, ©TA ARE70
M A G A Zz i+ N E BEFRLERIIRN C o - otion Rotes

GIVE YOURSELF A BREAK — A PRICE BREAK|
NUTS & VOLTS WILL S84 YOU MONEY
ON ELECTRONIC PARTS & EQUIPMENT
Plis SHOW YOU WHERE TO FIND UNIGUE,
- UNUSUAL AND HARO-TO-FIND ITEMS.

| == susacriBE TODAY! |
! A

3rd Ciass Mail - USA

Yat Class Mail

Ae Mad

National Publication For The Buying And Selling OF Electranic Equipment

ROBOTIC SENSORS

TACTILE and pressure sensors, $5/element, sin-
gles and arrays available. For info, send address to:

ECEPTOR TECHNOLOGY INC., 2 Kenwood
Street, Somerville, MA 02144,

DESCRAMBLER MODULE

COMPLETE cable-TV decoder in a mini-module.
Latest technology upgrade for Jerrold SB-3 or Ra-
dio-Electronics Feb. 1984 project. Versatile, sophis-
ticated, and low cost. For literature, SOUTHTECH
DISTRIBUTING. (813) 527-2190.

8861 AVIN
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SING WITH THE WORLD'S BEST BANDS!

MICROPROFESSOR 8 bit trainer, Z-80 C.P.U., 158-
instruction set, 8K monitor ROM, enter programs in
assembly, machine, basic, or forth. ETRONIX,
5326—9th Ave. N.E., Seattle, WA 98105 1-(800)
426-1044.

MICROPROFESSOR 16 bit trainer, 8088 C.P.U., 8
bit data bus, 4.77MHz, 59-key, full-size keyboard,
Centronics parallel interface. Design, write, debug,
and execute assembly language programs.
ETRONIX, 5326—9th Ave. N.E., Seattle, WA 98105
1-(800) 426-1044.

Power transformers. Rewind them to your specs.
For instructions send $7.00 to Bross Electronics,
350 Tremont, Suite D51, Murfreesboro, TN 37130.

VOICE disguisers! FM bugs! Telephone transmit-
ters! Phone snoops! More! Catalog $1.00 (Refunda-
ble): XANDI ELECTRONICS, Box 25647, Dept.
60A, Tempe, AZ 85282.

BUILD this five-digit panel meter and square-wave
generator including an ohms, capacitance and fre-
quency meter. Detailed instructions $2.50. BAG-
NALL ELECTRONICS, 179 May, Fairfield, CT
06430.

TOP quality imported, domestic kits, surplus, dis-
count electronics, computer components. free cata-
log. TEKTRASONIX, 1120 Avenue of the Americas,
1/fl suite 4038, New York, NY 10036.

FINALLY!

Cable TV Converters
Why Pay A High Monthly Fee?

Jerrold Products include “New Jerrold
Tri-Mode,” SB-3. Hamlin, Oak VN-12,
M-35-B, Zenith, Magnavox, Scientific At-

An Unlimited supply of Backgrounds from standard
stereo records! Record with your voice or perform live
with the backgrounds. Used in Professional Performance
yet connects easily to a home component stereo. This
unique product is manufactured and sold Exclusively by
LT Sound - Not sold through dealers. Call or write for a

An interesting and worth-
while project. This EASY-T0-
BUILO circuit lets you use
any regular TV set as a sim-
ple OSCILLOSCOPE. Buiid
for less than $10. NO MOOI-

N
o

DETAILED PLANS: $4.95

Free Brochure and Demo Record. : V- FICATIO TV! Singl . .
LT Sound, Dept.RL-3,7980 LT Parkway IJE.NN SRESQAI;EH fud trace. Send o PREE lanta, and more. (Quantity discounts) 60
Lithonia, GA 30058 (404)482-4724 Box 3543 CATALOG of other plans and day warranty. For fast service C.0.D. or

Manufactured and Sold Exclusivel LT Sound
24 HOUR PHONE DEMO LINE: I454 82-24.

EDUCATION & INSTRUCTION

F.C.C. Commercial General Radiotelephone
license. Electronics home study. Fast, inexpensive!
“Free” details. COMMAND, D-176, Box 2223, San
Francisco, CA 94126.

SUPERFAST Morse Code supereasy. Subliminal
cassette. $10. Learn Morse Code in 1 hour. Amazing
new supereasy technique. $10. Both $17.
Moneyback guarantee. Free catalog: SASE.
BAHR, 2549-E3 Temple, Palmbay, FL 32905.

Williamsport, PA 17701 kits

PLANS AND KITS

HI-FI speaker systems, kits and speaker compo-
nents from the world’s finest manufacturers. For
beginners and audiophiles. Free literature. A&S
SPEAKERS, 3170 23rd Street, San Francisco, CA
94110. (415) 641-4573.

PROJECTION TV.. Convert your TV to project 7
foot picture. Results comparable to $2,500 proj-
ectors..total cost less than $30.00. Plans and 8" lens
$21.95...lllustrated information free...MAC-
ROCOMA-GI, Washington Crossing, PA 18977.
Creditcard orders 24hrs (215) 736-3979.

RADIO-ELECTRONICS

MOVING?

Don’'t miss a
single copy of
Radio - Elec-
tronics. Give us:

LABEL
HERE

Six weeks notice

Your old address
and zip code

Your new ad-
dress and zip

!
|
[
|
!
|
|
!
!
|
!
]
!
!
!
!
ATTACH |
i
1
!
!
!
!
!
|
!
!
1
!
|
!
code J

name {please print)

address

city state

zip code

Mail to: Radio-Electronics
SUBSCRIPTION DEPT,, P.O. BOX 51866,
BOULDER, COLO. 80321-1866

e
o

GET OUT
OFTH

DARK.

Open your eyes and see just how
many subjects are covered in the new
edition of the Consumer Information
Catalog. It's free just for the asking and
so are nearly half of the 200 federal
publications described inside. Book-
lets on subjects like financial and
career planning; eating right, exercis-
ing, and staying healthy; housing and
child care; federal benefit programs.
Just about everything you would need
to know. Write today. We'll send you the
latest edition of the Consumer Informa-
tion Catalog, which is updated and
published quarterly. It'll be a great
help, you'll see. Just write:

Consumer Information Center
Department TD, Pueblo, Colorado 81009

U.S. General Services Administration

www americanradiohistorv com

ders accepted. Send SASE (60 cents
postage) or call for info (312) 658-5320.
MIDWEST ELECTRONICS, INC., 5143-R |
W. Diversey, Chicago, 1L 60639. MC/Visa !
orders accepted. No lllinois orders ac-
cepted. Mon.-Fri. 8 A.M.-5 PM. CST

STRANGE stuff. Complete items, plans, kits. Laser
eavesdropping, hidden weapons, bugging and
countermeasure sources, adult toys. Informational
photo package $3.00 refundable. DIRIJO CORPO-
RATION, Box 212:R, Lowell, NC 28098. Information
(704) 868-3408.

COMPUTER owners Commodore and Atari. De-
sign your own custom circuits, oscillators, ampli-
fiers, layouts, and more! Just enter specifications
and the computer designs the circuit. Free informa-
tion! Send today! WEASELGRAPHICS, Dept. R57,
606 Thomasville, Pocahontas, AR 72455. Specify
computer.

FREE power supplz, connectors ($8.95 value)
with Assortment #103 (February 1984 article) has
printed circuit, TOKO coils, transistors, IC’s, di-
odes $25.00. Five/$112.50 shipping $2.00. JiM
RHODES, INC., P.O. Box 3421, Bristol, TN 37625.

R-DAP digital audio recorder/player. Record and
playback :10 seconds of audio on a self contained
256K Ram. Complete kit including microphone and
speaker. Detailed documentation $59.95 plus $1.00
postage. DJ INC., Suite 108, 217 East 85th Street,
New York, NY 10028.

VIDEOCIPHER |l technical manuats. 120 + pages.
Volume 1—hardware, Volume 2—software. Either
$29.95 both $49.95. Catalog—$3.00. MICRO-
TRONICS, Box 6426, Yuma, AZ 85364-0840.

FREE catalog 99-cents kits—audio, video, comput-
er parts. ALLKIT, 434 W. 4th St West Islip, NY
11795.

CHEMICAL magic. Those hard-to-find formulas.
Catalog $1. CFC, Box 30007 Des Moines, 1A 50310.

DECODING plans and theory booklets. Video tape
copy protection, removes flashing and jitter, 30
pages, $15.45. Jerrold DI and DIC decoder theory,
12 pages, $6.95. Gated pulse decoding plus new
universal single level suppression decoder, works
on Hamlin, Jerrold, Sylvania, Eagle, 39 pages,
$15.00. Video scrambling techniques, the original
secret manual. Sinewave and Zenith SSAVI, 57
pages, $14.95. Hidden signals on satellite TV, 178
pages, $16.95, P.C. board and kits available. ELE-
PHANT ELECTRONICS INC., P.O. Box 41865-J,
Phoenix, AZ 85080, {(602) 581-1973.

MAKE your light bulbs last 10 years. Free infor-
mation. INTERNATIONAL, 5425-E West Almeria,
Phoenix, AZ 85035.

THE decoder. National monthly technical newsietter
covering Satellite/Cable descrambling systems. In-
cludes: news, schematics, modifications, reviews,
4ips and more!!! $18.00 per year. Sample $2.00.
TELECODE, Box 6426, Yuma, AZ 85364-08740.




DESCRAMBLING. New secret manual. Build vour
own descramblers for Cable and Subscription TV,
Instructions, schematics for SSAVI, Gated Sync,
Sinewave. (HBO, Cinemax, Showtime, etc.) $8.95,
$1.00 postage. CABLETRONICS, Box 30502R,
Bethesda, MD 20814.

19-27GHz a:abollc Dish 40‘05 Gan

LIFETIME WARRANTY

Complete System $89.95 (Shipping Incl.)

Dealer Rates, Replacement Components
& Expert epairs Available

K &S ELECTRONICS Call now for same

S o sox a2
2 " PHOENIX. AZ 85067 [BOZ‘ZB({]BM%

VISA/MC/COND 82 credit on phone orders!

SCRAMBLING News. Simply the best monthly
source of articles, product reviews, news, turn-ons
etc. Back issues available. Samples $3.(refundable)
$24.95/yr.Box 1732, Niagara Falls, NY 14302.
CODs (716) 284-2163.

(EP)ROM Emulator/programmers. Develop ROMs
for your own microprocessor-based designs. Free
information sheet. SOLICON, 8825 E| Matador Dr.,
Gilroy, CA 95020.

CATALOG: Hobby/broadcasting/HAM/CB: Ca-
ble TV, transmitters, amplifiers, bugging devices,
computers, more! PANAXIS, Box 130-F5, Para-
dise, CA 95967

'VIDEO catalog, electronic kits, remote contro—l itern-s
much more. Write VIDEO VIBES, 670 Central Park
Ave., Yonkers, NY 10704. (914) 476-4864.

AWSOME light sequencer with unbelievable sound
sync. Plans, board, cpu $39.95; complete and test-
ed unit $199.95. DICK INDUSTRIES, 27 Linda,
Colonia, NJ 07067.

COMPLETE plans for three high voltage coils, in-
cluding a 300,000 volt Tesla coil. Send $5.00 to
ROBERT ANDERSEN, 1859 Prairie, Park Ridge, IL
60068.

SPECIALTY circuits/computer programs desgned
for your projects send $2.50 for details to DESIGN
SPECIALTIES, RD#1 Box 117-A, Weirton, WV
26062.

‘THE decoder. National monthy technical satellite/
cable descrambling newsletter. News-schematics-
modifications-reviews. $18.00 / year. Sample $3.00.
TELECODE, Box 6426, Yuma, AZ B5364-08740.

PROTECT your valuable equipment from burglar-y
and fire. Plans: $5.00. Free gift, D.J.AYERS, 179
Hoffman Avenue, Elmont, NY 11003.

PRINTED circuit boards, etched and drilled, free
shipping, lowest price. K&F ELECTRONICS,

ITEM

FCA 36 CHANNEL CONVERTER {Ch 3 output only)

| FANASONIC WQRELESS CONVERTER (our best buy)

[ 420 OR 450 CONVERTER (manual fine etune)

*JZRROLD 400 COMRC

| JERROLD 400 HAND REMOTE CONTROL

‘JSRROLD 450 COMBO

"JZRROLD 450 HAND REMOTE CONTROL

JZRROLD SB ADD-ON

*JZRROLD SB-ADD-ON WITH TRIMODE

“M-35 B COMBO UNIT (Ch 3 output only)

‘M-35 B COMBO UNIT WITH VARISYNC

“MINICODE (N-12)

‘MINICODE {N-12) WITH VARISYNC

‘N INICODE VARISYNC WITH AUTO ON-OFF

ECONOCODE (minicode substitute)

ECONQCODE WITH VARISYNC

“MLD-1200-3 (Ch. 3 output)

“NLD-1200-2 (Ch. 2 output)

"Z=NITH SSAVI CABLE READY

INTERFERENCE FILTERS (Ch 3 only)

"EAGLE PD-3 DESCRAMBLER (Ch. 3 output only)

_SZIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER

"CALL FOR AVAILABILITY

Quantity

! Output
Channil_ B

_Each

Price

Fraser, Ml (313) 294-8788.

COMPLETE digital dashboard plans: $14.45, free
details. MODERN LABS, 2900b Ruisseau, St. Elis-
abeth, QC, JOK2J0, Canada.

MAKE 2-sided PCB'’s at home with PC/XT/AT and
graphics printer. CAD software and detailed instruc-
tions $99.00. Demo disk $10.00. RAREFIND Mi-
CROSYSTMES, Box 429, Jefferson City, TN
37760.

DESOLDERING system for under $75.00. Easy as-
sembly plans $10.00. Write;: RON SULASKY, 2305 |
Stadium Drivg, Windber, PA 15963.

SCANNER (OMR,) for test-scoring and data entry.
Reviewed 2/88 rated #1. Name-brand electronics
co. ordered excess units w/ priv. label. Available now
at big savings. Serial cable, interface for MS-DOS &
Apple II family inct. Limited supply. 1 yr P&L fact.
warranty. Manual feed $550; automatic $950.
Quality software available. Details: SCANNERS,
109 Broadway (Dept.R), Normal, IL 61761, (309)
452-6388.

SURVEILLANCE circuts 50¢ these work! Transmit-
ters, phone devices, etc. $15.00 pp STE-
JOTRONIX, 1311 South Darlington, Tulsa, OK
74112.

SUBTOTA
Shtpplng Add
$3.00 per unit |
COD & Credit

Cards - Add 5% |
TOTAL i

California Penal Code #593-D forbids us
from shipping any cabte descrambling unit
to anyone residing in the state of California.

Prices subiect to change without notice

PLFASE PRINT

Name

Address

State Zip

[0 Cashier's Check €1 Money Order
Acct #

City.

Phone Number ( )
fJcob 0 visa
Fxp. Date

[1 Mastercard

Signature

FOR OUR RECORDS"
DECLARATION OF AUTHORIZED USE — |, the undersigned, do hereby declare under pena'ty of periury
that all products purchased. now and in the future, will only be used on cable TV systems with proper
authorization from local officials or cable company officials in accordance with all applicable federal and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL
PENALTIES FOR UNAUTHORIZED USE.

© Copyright 1987 PACIFIC CABLE CO., INC.

Dated:.

Pacific Cable Company, Inc.

7325 RESEDA BLVD., DEPT. #R-5 + RESEDA, CA 91335
(818) 716-5914 < No Collect Calls - (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please have the make and model # of the equipment used in your area. Thank You

Signed:__

SATELLITE TV

CABLE TV Secrets—the outlaw publication the ca- i
|
|

ble companies tried to ban. HBO, Movie Channel,
Showtime, descramblers, converters, etc. Sup-
plier's list included $8.95. CABLE FACTS, Box 711-
R, Pataskala, OH 43062.

www americanradiohistorv com

8861 AVIA

[=]
w



RADIO-ELECTRONICS

-
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****SCRAMBLING, NEWS** **
PAY TV AND SATELLITE DESCRAMBLING

| Schematics. theory. bypasses. 13 cable, 7 satellite. New SA turn-
on. MLD-1200-3 $14.95. Experiments With Videocipher. Clonin
musketeering. $14.95. Cable TV. Security. design §7z 95 MD

MMDS Handbook Microwave hacking $9 95 Build Sateilite Sys
tems Under 5600 $12.95. Any 3/527  Scrambling News Monthly
Feature articles. product reviews. law 0 enis $24.95/yr
Sampie §5. Cataton §1 PTV

Shojiki Electronics Corp, 1327A Niagara St.,
Niagara Falls, NY 14303. COD's 716-284-2163

TAKE the beep out and get a clear picture any
channel call now (313) 979-8356. BENNY.

SATELLITE system troubleshooting techniques ex-
cellent resource by experienced technician, send
address $7.95 to JIM BLACKFORD, 703 11th Ave.,
Evansville, IN 47712.

VIDEOCIPHER Ili descrambling manual sche-
matics, video and audio, DES, Cloning, Muskateer-
ing, Eprom Codes. (HBO, Cinemax, Showtime,
Adult channels) $12.95, $1.00 postage.
Cabletronics, Box 30502R, Bethesda, MD 20814.

SCRAMBLE FACTS
718-343-0130

PHONE TODAY for 3 minutes of
satellite TV industry news, technical
tips, and new product information.

SATELLITE TV receiver kits! Instruction manual,
boards, semiconductor parts! 59° LNA's! LNB's! Ku-
Band LNB's! Catalog $1.00 (refundable): XANDI
ELECTRONICS, Box 25647, Dept. 21EE, Tempe,
AZ 85282.

DESCRAMBLERS for movies, networks, $149. vid-
eo only. $390 complete. Catalog $4 SKYWATCH,
238 Davenport Road, Toronto, Ontario, Canada,
MSR-1J6.

DISHES systems upgrades, Chaparral, Drake,
Houston, etc. SAVE $$$3$$ Toll free, 800/ 334-6455
SKYVISION, 2066R Collegeway, Fergus Falls, MN
56537

CABLE TV.
“BOXES”

Converters—Descramblers
Remote Controls—Accessories

# Guaranteed Best Prices
# 1 Year Warranty—CO.Ds
* Immediate Shipping *
* FREE CATALOG #
Call or Write:
TRANS-WORLD CABLE CO.
HC 83, Box 531

Pequot Lakes, MN 58472
(218) 843-867

COMPUTER repairs. Flat rate. Commodore C64
$44.95, 1541 $49.95, 1571 $54.95, SX64 $64.95,
Atari 800XL $49.50, 130XE $65.00, 1050 $85.00,
810 $70.00. Includes most parts. ST's $89.95 plus
parts. $5.00 shipping. MIDTOWN, 27 Midway
Plaza, Tallmadge, OH 44278, (216) 633-0997.

WANTED excess inventories of 1.C.s, disk drives,
circuit boards, computers, etc. WESTERN TECH,
(818) 882-1355 (CA)

| BIG
pROFITS

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assem-
biing electronic devices. Sales handied by profes-
sionals. Unusual business opportunity

FREE: Complete illustrated literature
BARTA, RE-O Bux 248
Walnut Creek. Calif. 94597

ELECTRONIC

ASSEMBLY BUSINESS

BUSINESS OPPORTUNITIES

EARN thousands with your own part time elec-
tronics business. | do. Free proof, information.
INDUSTRY, Box 531, Bronx, NY 10461.

EASY, lucrative. One man CRT rebuilding machin-
ery. Free info: (815) 459-0666 CRT, 1909 Louise,
Crystalake, IL 60014.

WANTED

INVENTORS! AIM wants—ideas, inventions, new
products, improvements on existing products. We
present ideas to manufacturers. Confidentiality
guaranteed. Call toll free 1-(800) 225-5800 for infor-
mation kit.

INVENTIONS, ideas, new products wanted! Indus-
try presentation/national exposition. Call free
1-(800) 288-IDEA. Canada, 1-(800) 528-6060.
X831.

MECHANICALLY inclined individuals desiring
ownership of small electronics manufacturing busi-
ness—without investment. Write: BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11235.

PROJECTION TV..Make $$$'s assembling proj-
ectors...easy...results comparable to $2,500 proj-
ectors... Total cost less than $30.00. Plans, 8" lens
and dealers information $20.50... lllustrated infor-
mation free. MACROCOMA GIX, Washington
Crossing, PA 18977. Creditcard orders 24hrs (215)
736-2880.

JUST SIMPLY PUT .. ..

"When you're looking for a company that provides service and
up-to-date technical advances, call us.

That's what we're here for.
800-85-AMCOM

10" WOOFER
Heavy duty paper cone with 20 0z
magnet. 60 watts RMS. 90 watts
max Response 35-3500 Hz

#290-083 s1ge0  $1690
4-L

W PMIONEER

»

HORN TWEETER
3" wide dispersion horn tweeter.
1800-15,000 Hz response. 35 watts
RMS, 50 watts max 8 ohm
impedance.
#270-050 $590

5§50
1-9) (10-uP)

AL MOTOROLA

.

PIEZO TWEETER |
Mig #KSN1005A, 3" x 3% No
crossover required. 50 watts max-
mum input power.

#270-010 5495 $395
1-79) (80-UP)

8" POLY WOOFER
Clear ribbed polypropylene cone
60 watts RMS, 90 watts max
power 20 0z magnet 35-2500 Hz.
4-8 ohm compatible.

$1895

#290-055 $2050
(4-UP)

Call or write today for
your free catalog contain-
ing speakers. sem:-

W PIONEER
conductors, CATV

products, tools, hardware. 5!

TV-VCR parts. and more. =3
15" WOOFER
20 oz. magnet 60 watts RMS, 90
watts max 8 ohmimpedance. 1
voice coil 25-2300 Hz
#290-160 s30%  $2840
3 4-UP)

CROSSOVERS

CABLE EQUIPMENT

bt
gﬁeﬂ;& Super Z-TAC app-oN
“—w;‘* ELIMINATES LINE 20 FALSE FLASHING
AUTOMATICALLY HANDLES NORMAL &
INVERTED VIDEQ. NO SWITCHES.

TOCOM

\
pxt
%
THIS KIT WORKS ON ALL

TOCOM SYSTEMS,

CHANNEL #3 (N/CHANNEL #3 OUT.

$21 9.00 BUILD IT YOURSELF AND SAVE.

Assembled and tested $150.00

Standard SSAVI app-on Kit includes all parts 89.00

CH#3 IN  CH#3 OUT —

TEN-TEC DW-12 | "BLASTER" 52500
VHF TUNER $149.00 e Py ——
NO BLOCK CONVERTER - wet_al 1Ef)r:closure UHF PREAMP KIT
5 UNITS $130.00 10 UNITS $110.00 L - 10.25% $22 | 25 db gan with only 5 NF

50 UNITS $100.00 100 UNITS$ CALL | H . 450 loss when mass movnied

WITH HARDWARE

USES PHANTOM POWER
STRIPLINE CIRCUITRY

INTERFERENCE FILTERS $15.00
CHANNEL #2, 3, 8,9, 17 ONLY

WALL PWR SUPPLIES

ADVANCED TRIMODE ADD-ON
$99.00

24 VAC 525 Ma

12 VAC 600 MA W/C 2.00
12 VAC 265 MA W/C 1.75

UHF SSAVI UNIT

icy wo $40.00

wipower supply

ORIGINAL Z-TAC

TV TUNER VARACTORS

O PIONEER

2-Way, 30 watt
#260-190

3-Way. 60 watt
#260-200
3-way. 100 watt
#260-210

$395
$750
$4250

5% CUP MIDRANGE
Tuned cup Paper cone. 1” voice
coil 9.3 02 magnel 50 watts RMS,
70 watts max. Response: 320-6000
Hz 8 ohm impedance
#280-020 s11s0  $995

9) (10 UP}

CALL US!! " AND
VHF/MID/UHF  MITSUMI $25.00 WE BUY EXCESS SSAVI POWER SUPPLY
UHF ONLY MITSUMI $ 5.00 INVENTORY $15.00
LINEAR CMOS OTHER RARE IC CHIP
G m o weme u ] Gen B Cowe S| cosseo CAMERA SYNC CHIP
LMaz4 25 MC1350 125 | cDaz i: CDsody 4 0074‘5;? SUPPLIES ALL SYNC
Fas ] . Diors it ;
Ui 1 e b 2 Cpwes s | alsos AND COLOR INFO
31 40 LM1496 7% St 2)2 Cgmr o 74LS74 ONLY
s aw iwiems 100 7as123 <
(ses T 75 | cosn 0 cowan 5 MMS321 $10.50
o B T §é “n a0 oo o | ecoos

GREAT QUANTITY PRICES |

CALL TOLL FREE
1-800-338-0531
Local: (513) 222-0173

| » 15 day money back guarantee. * $16.00 minimum
order. « COD orders accepted. ¢ 24 hour shipping.
* Shipping charge - UPS chari rate ($2.50 min-
Irmum charge). Hours 8:30 am. - 6 p.m. EST M-F
PARTS EXPRESS INT'LINC.

340 East First St
Dayton, Ohio 45402

CIRCLE 56 ON FREE INFORMATION CARC

AMCOM

. O. Box 68391

UPS DAILY |

COD ACCEPTED

Virginia Beach, VA 23455 |

MINIML M ORDER $15.00

804-456-5505(TECHNICAL)
800-852-6266(0ORDERS ONLY)

CALL ANYDAY BIFORE 3 PM

|_ORDER WILL BI SHIPPED THAT DAY

NO INSTATL SALES

wWwWw americanradiohistorv com




| MARK V ELECTRONICS INC.,

I
VISA®

YOUR own radio station! AM, FM, TV, cable. Li-
censed/unlicensed. BROADCASTING, Box 130-
F(5), Paradise, CA 95967.

BURGLAR alarms—booming business. Get
started now. Information $2.00. DYNAMIC SE-
CURITY, P.O.B. 1456-B Grand Rapids, M| 49501.

PC board/circuit design, prototyping, and manufac-
ture. Plotting services; schema, smartwork, EE-
DESIGNER supported call (609) 586-4469.

ASSEMBLE digital car dashboards. Plans: $14.45,
free details, MODERN LABS, 2900c Ruisseau, St.
Elisabeth, QC, JOK2JO, Canada.

how would you like to earn $60,000 to $80,000 in
3yrs with potential for over $100,000 per year. Video
and electronics now payin%top salaries for technical
and nontechnical people. Some jobs work right from
home in your home town. Find out more in this New
Industry Report and Career Guide. Send check or
MO for $12.95 plus $1.25 shipping and handling to:
AMERICAN BUSINESS AND VENTURE PUB-
LISHINGS, 114-41 Queens Blvd., Suite 189-R, For-
est Hills, NY 11375. Hurry! Order today, limited
quantity in print.

NOTCH FILTERS

THE POSITRAP Cookbook: Build 50-60dB filters
for pennies. Construction, alignment, fixed, tunable,
trimable. Comprehensive Cable TV scrambling
and descrambling theory and practice. Identifying
various systems $9.95. CLEARVIEW CABLE
COMPANY, PO Box 207, Sterling Heights, MI
48311.

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.

BUY BONDS

DIGITAL CONTRC

DIGITAL CLOCK
&
APPLIANCE
F TIMER

$4.95

TURNS ON HOUSEHOLD LIGHTS,
COFFEE POTS, RADIOS, ETC.

Capable of switching up to 10 amps!
Operates from 120 vac, 60 Hz. Automatically
turns off after two hours or schematic avail-
able for bypassing automatic turn-off.

; Includes plastic mounting bezel, as pictured.
| MODEL #591F17 $4.95. Bare bones models
available in catalog.

—SEND FOR FREE CATALOG———

R&DELECTRONICS CATALOG INCLUDES: rechargeable batteries, cable, capac-
itors, connectors, converters, diodes, displays, fans, filters, hardware, heatsinks,
integrated circuts, LEDs, lights, motors (all kinds), MOVs, PMTs, pots, power
supplies, rectifiers, recorders, relays, resistors, SCR & TRIACS, switches, toroids,
transformers, transistors, and wire.

ALL AT DISCOUNT SURPLUS PRICES!
SATISFACTION GUARANTEED.

Brand new 40 page 1988 catalogs
AVAILABLE NOW!

(813) 772-1441
R&D Electronics is the mail order branch of ELECTRONIC SURPLUS of Cleveland, Ohio

cach, plus UPS
shipping, $10.
minimum order

. ELECTRONICS
1202H F Plne Island Road
Cape Coral, Florida 33909

CIRCLE 207 ON FREE INFORMATION CARD

8019, E SLAUSON AVE.
MONTEBELLO CAS0640
TELEX: 3716914 MARK 5

1.800-423-3483
; TOLL FREE

Only for orders paid by Master or Visacard

IN CAL.: 1-800-521-MARK
" INFORMATION: {213) 888-8988

300W HQ HI-FI POWER
AMPLIFIER (MONO)
TA-3600

QUASI-COMPLEMENTARY-SYMMETRY WITH

PARALLEL HIGH OUTPUT TRANSISTORS'

SPECIFICATIONS

*POWER QUTPUT 300W {RMS) tNTO 8 OHMS _°
2450W (P M P O.} INTO 8 OHMS
540w {MUSIC POWER) INTO 8 OHMS

*LOAD IMPEDANCE 4 OHMS OR 8 OHMS

'FREQUENCY RESPONSE © 10H2:200,00 Hz

*TOTAL HARMONIC DISTORTION LESS THAN 0.05

YINPUT SENSITIVITY AND IMPEDANCE AT 1KHz

&
L]

£

1v-1 4V 47K OHMS

"SUPPLY VOLTAGE DC + 75V OR AC53V x 2 BA
KIT;ASSM WITH TESTED $80/92
X'FORMER (WEIGHT: 15 b)) $38.00

120W MOSFET POWER
AMPLlFlER

A4TT DD
//—/EE?ONAL

-  STATE OF ARTS HQ FET ST. PRE—AMP

OFFICE HOURS: (PACIFIC TIME)
MON.—FR1. 9:30t0 5:00 SAT. 10:00 t0 5:00

= FREE BALL POINT-PEN

WITH ANY PURCHASE.

* FREE T-SHIRT

ONE SIZE FITS ALL) WITH EVERY PURCHASE OF $ 100 OR MORE
W AVAILABLE UNTIL STOCKS LAST)

TERMS $10 min order o $20 min charge card order o
ordes mccepted o We ship UPS Ground o Add
$hUpping. autsid

Check, money order or phane
10% of total order Imin $25 for
USA add 20% (min $5 00} » Transit Insurance add 5% of total loutsde
USA onlyl & CA resdents add sales 18x AH mer chand e xub|eu 10 prior sae e Prces
ae subject 15 change without notice o

ny goodt 0 be defective MUST BE
AETURNED IN ORIGINAL FORM wwm 7 0P TOF YOUR INVOICE WITHIN 30
DAYS FOR REPLACEMENT

FREE CATALOG

4%, HI-PRECISION D.P.M.
sM-a8a AN

Al

® This ?re-empiidies employs 18 pars of HIGH

TA -377A AAA

QUA .1TY N channet and P channel FET and SPECIFICATIONS
3% meal him resistor 16 form a stare of ank *4% digrt 14mm red large display with overioad flash
() T EaIiER) G7enillI Gy OfiE] “Muit-functions including BCD, BUSY, STROBE output, very

o uws RIAA EQ preamptier 10
minimize TIM distortion and 10 obtan bign
Lidehry

suitable for micro computer

"MEMORY STYSTEM CAN HOLD the input reading tor compa-

« The comer supply 13 besed on by pass coupling = rison and monitor.
DC matilizer which uses class A desgn 1@ ‘.,ﬁ *Range DC voltage OC+1mV - t2000A
obtain low internsl impedence 8 high fre - 'fu BC corrent DC21uA-+ 20A
quenty and 1o greatly reduce vansient distor. M Y o S /
: b b P DC56V at 200mA w4
Professional -alay delay circun prevents noise B pen s ower at ', i
ARIEN 114y DECUY during pawes On and off 3 5 OIMENSIONS 3 3/4" (W) x 1 7/8" [H) x 4 1/16” (D) N
FETs were 1ested and paired n the factary L ¥ {(MEET WITH DIN STANDARD OF W. GERMANY.) \1

s0 na oroblem i likely to occured duning bule

KIT/ASSM. WITH TESTED & CAL.

PROFESSIONAL
COLOR LIGHT

$41/51

s
)1 can he directly connected 10 any power am
plifie. The best partner s TA-477 120W MOS KIT/ASS WITH TESTED
FET power ampl tier & TA 3600 METAL CABINET

8 Digit 1 GHz

Multifunctional BBB—M ] CONTROLLER
Counter i alooals ] SM--328 pid

SM/FC—1000A

1o laDoratary bench digial cou
¥, PERIOD. UNIT

FEATURES

1 FOUR GRQOUPS OF INDEPENOENT OUTPUT SYSTEM 1000W/CH MAX
46BOW 1100 117V} 2 PROFESSIONAL COLOR CONTROL SYSTEM (KEY
BOARD TYPE) 3 INDEPENDENT INPUT SIGNAL ADJUSTMENT 4 FOUR
GROUPS OF INDEPENDENT DIMMER CONTROL 5 SPEED CONTROL
CHASER 6 AUTOMATIC CHASING CONTROL SYSTEM 7 FOUR KINDS
OF SPECIAL CHASING PROGRAM 8 COMBINATION OF PROGRAM AND
MUSIC CHASING EFFECT 9 FORWARD/ BACKWARD CHASING

DA LD - CONTROL SM.328 color hight controlller 15 specialized for ballroom, night club
OURSE LF eys) disco and advertisement lighting 11 COASOrs with seweral color control charact
. ttimo base accurecy stc . 1onal ¢ rogram
M \7 B/ )/ e el aelo Eutesy, W - erstics, which employ professional color control iystem and keyboard progra
A e 117V AC :10% 50 60Hz selection Theretore, it 15 capable of producing highting effects by using chasing
indicating wi X787 (01 X3 00

KT $6128
Metal Cabinet /X Former (Optional) $2600/% 1988

MULTIFUNCTIONAL LED D.P.M, AA R

MEASUREMENT RANGE
OC VOLTAGE 1mV - 100GV
AC VOLTAGE 1mV - 1000V
DIGITAL THERMOMETER 0
DC CURRENT 1uA - 2A
CAPACITOR METER 1pF - 2ufF
DIMENSIONS 33/4” x 1 7/8" x 4 1/18

ditficulty |

=

program and fluctuating music signal  There are two kinds of hghting effects

9 69
ASan WiTH TESTED
The 1131 type 15 controlied by ‘music’ signal In order 1o adyust the brightness of

DIGITAL MENG TA-28 A

four groups of hightings, each music signal will be separatedd nto high, medium
fow A and low B frequency range Furthermore, each groun af lightings s in
corporated with an independent signal adjustment The second *ind 1§ COMPOs
ed of electricsl circuits and this 15 the main part for creating a special ignting
etfect It has four chasing programme

xB15/16" x 33/16

$150.00
ELECTRONIC ECHO AND {:{
ed ) REVERBERATION

SPECIFICATHONS

‘1 16 SEC RECORD T1IME * LED FUNCTION INDICATOR - AMPL'FIER
tes 1} \AUTO RECORD CIRCUIT - INTERNAL 256K DRAM MEMORY

INTERNAL MIC AMPLIFIER * ONE PUSH ON/OFF POWER *

TWO RECORD FUNCTION TALK-BACK MODE & MESSAGE
MODE * LOW POWER CONSUMPTION " SUPPLY VOLTAGE
YV 20MAD C
Kl

Owmnensiont 14 5/16"
Ass  with tested

oVLY

$20 00 Ass with tested

CIRCLE 93 ON FREE INFORMATION CARD
wwWw americanradiohistorv com
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\Nhat's New at

AMERICAN DESIGN COMPONENTS?

““The Source’’ of the

electro-mechanical componénts
for the hobbyist.

e warehouse 60,000 items at

American Design Components -
expensive, often hard-to-find com-
ponents for sale at a fraction of their
original cost!

You'll find every part you need —
either brand new or removed from
equipment (RFE) in excellent condition.
But quantities are limited. Order from
this ad, or visit our retail showroom
and find exactly what you need from
the thousands of items on display.
OPEN MON. — SAT., 9-5

THERE’S NO RISK!

With our full 90-day warranty,
any purchase can be returned for
any reason for full credit or refund.
* KA Kk Kk Kk Kk *

TIMEX- SINCLAIR
2040 PRINTER

3%”, 20 Mb, HALF HT.
HARD DISK DRIVE

Fits standard 5%~ spacing. High
speed, low power, Comes w/both
full-ht. and half-ht, face plates.

5%"” FULL HEIGHT
DiSK DRIVES —

48 TPI (IBM® Compatible)
DS/DD, 40 Track
Tandon #TM100-2 or equiv.
item #7928 $79.00 New
210r $150.00 New
48 TPI (TRS80/Zenith/Xerox
800 Compat.) DS/DD, 40 Track
Shugart #450. Item #1892.
$79.00; 2 tor $150.00
48 TPI, SS/SD, 40 Track
Shugart #SA400. item #1895.
$3950, 2 for $75.00
96 TPI, DS/Quad Density

EXTERNAL
DISK DRIVE CHASSIS

L
i

With Q
60W

power
supply
i{fan cooled).
Can accommodate:

2 full ht. drives  ouritem #7928
2 floppy drives #1904
1 hard drive & 1 floppy #13250

Input: 116/230V, 50/60 Hz.
Originalty for Burroughs computer.

22" COMPOSITE
MONITOR

Black & White,
Raster

Standard
TV grade monitor,

originally used in arcade games, igni-
tion systems, etc. 115VAC, 60Hz

Mtr — Lapine #LT200/2000 e (G Dim.: 11"W x 8"H x 12" deep | Mfr — Wells Gardner 22V 1003A

ltem #15853 $199.00 New item #1893 $89.00 ttem #14541 $59.50| item #16579 $49.95 New

115 CFM MUFFIN® 27 CFM ANALOG to DIGITAL |LIGHT PEN

FANS .o .« IMINI CONVERTER IBM® PC Compatible. ..

- FANS -

50/60Hz.;
12‘W. ILOVT

115VAC i

g?\';'vz :no:ﬁgd fgr blowing or exhaust.

28A., 17 Thin — will

3100 RPM, §-blade model, alumin-
um housing. Can be mounted for
blowing or exhaust.

Dimensions: 4'%s"sq. x 1%:" deep

Contains 9 plastic blades.
Dimensions: 3'%" sq. x 1”
Mfr — Tobishi #U9201B

item #10960 $7.95 Rre

deep

Binary output: 12 bit; Conversion
time: 8 microseconds; Linearity:
8 ms. +1/2 Ibs. Parallel and
series outputs; internal reference.
Mfr — Datet ADC-HZ-12BGC

connect
to your EGA
or CGA card.
Has DB 9 -pin

item #12148 New — $19.95
DATED CIR
OTOR

ADAM COMPUTER

SINSOHRAHFHRHBEHIRINS VR,

{Less
printer)
No wiring
necessary

(just plugs together). Hook-up diagram incl.
Includes: Keyboard, 1 cassette digital data
drive, 2 game controllers, power supply & one
cassette. Capable of running CP/M, has built-
In word processor.

item #16585 $19.95
50 . DO
50 5
COMPUTER GRADE
POWER SUPPLY

Other uses—runs CB & car radios.
Comes ready to plug in!
OC Output: -5V @ .5 amp.
+5V @ 3 amp.
+12V @ 6 amp.
Input: 115V/60Hz. Dimensions:

High-Resolution
TTL MONITORS. . .
{Open Frame)

12 3
12VvDC, green phosphor. Sub-
assemblies, CRT, board, trans-
former & hook-up diagram inci.
ltem #6811 New — $19.95
15” Data Display/Monitor Kit
Alphanumeric & graphics dispiay.
Green phosphor. Input power reg.
24VDC. Bandwidth: 22-72Khz.
Consists of 2 subassemblies {moni-
tor & board). Hook-up diagram incl.

2/$59.50
Call or Write with
Your Requirements

VOICE-ACTIVATED
SWITCH

MO92-FT-402

“Activate
‘on’ or ‘off’
with the
sound of your voice,
a whistle or clap...””
Ideal for robotics, lights, etc. Turns
on with the first sound & off with
the secord. Solid-state units with
adjust. sensitivity control & pick-up
microphone attached to PC board.
Dim.: 2%" x 3'%e" x %"

VOX input: 6-9VDC; can be used

= imex-Sinclair | NEW — Mfr: IMC 1%" Standard — ltem #7052 (RFE-tested good!) congectonCyives
P o S LT, ems16a $9.95 | donint g s vty ST00 | gy o2 10 s
Uses standard 4" thermal paper USED - Mfr: Centaur/Howard Mfr — Rotron #SU2A1 riginally Originally used w/AT&T computers.
ttem #15851 New — $39.95 item #5345 $5.95 ftem #5970 $7.95 New Special — $39.95 item #16454  $39.95 New
PC8300 HOME COMPUTER | SWITCHING STEPPING MOTORS a1 shatt 1% Lx 7 de | GELL CELL/LEAD ACID
{Advanced version of the Timex 1000} POWER SUPPLY for ROBOTICS . .. - . ae: ol BATTERIES . . .
Precision steppers . v RECHARGEABLE — Used for solar
42-key o with increments 2 \ % energly storage, alarm systems,
mechan. o from 1 to 7.5°. i model boats,
keyboard . ‘[P' Speeds up to Fig. 1 I o " | planes, cars,
2K RAM. % |5.000 steps. \ ¢ | trains, etc
rd @ Rev. video, 3 Shaft 9" Lx ' dia Fig. 2 co®
- ZBOA, 6.5MHz | - e ltem Step V. >
o & p Volts Stall Torque X
8K BASIC. G,aph?ggi‘?;?;oﬁﬁ,'“ feirl ioirmans ©» | No. Angle DC  (oz/inl Type Mir. & PartNo. Fig Price
music, TV or monitor. Joystick input. 5431 1 5 17 PM N.A. Phillips 1 $9.95ea |6V @ 9.5AH i
116VAC. AC adapt, TV cable & cass. cables. | DC Output  +5V @ BA A82310-M2 2/$14.95 | Dim.: 5% "H x 4% w x 2%" o
Runis tapes for Sinclair/ Timex 1000-ZX86. +12V @ 500ma 5275 1.8 18 72 PM Superior Electric 2 $19.95 ea. | Mfr — Elpower
M aon 10338 “New” $29.95 125V @ oA A0 WOGTHLR eI PRy o) (10 CECe0 I IC A
* 16K RAMPACK upgrade Input: 116/230VAC, 50/60Hz, 16671 37 1.2 8 Mitsubishi 2 $9.95e |6V @ 4.0AH
ltem #10337 New — $9.95 | Dimensions: 8% " x 4%" x 2"H 42SH-32KOA 2/$14.95 | Dim.. a"H x 2% W x 1% "D
* 32K RAMPACK upgrade Mfr — Power Systems #PS1547 |7630 1.8 3.0 200 PM Superor Electric 2 $34.50 ea. { Major Manufacturers

item #15757 $7.95

ELECTRONIC
CASH REGISTER
DRAWER. . .
CAN BE
COMPUTER
OPERATED!

Fits right under your PC. Comes w/
removable cash drawer; & security
switch w/keys, which allows you to
open or lock the drawer manualty.
Brown cabinet; mtd. on rubber feet.

ltem #7410 Compiate — $99.00 | 9% "W x 3%"H. (Rubber ft. incl) | Mir — Wells Gardner #15v7025 | fan v Standard battery. OAdim.: 18%"W x 4"H x 15" deep
ADAM Accessories item #9501 $24.95 New | tem #16171 new — $24.95 3 switches/ $9.95 | item #12265 $59.50 New
e AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 MINIMUM
em #6641 $19.95 | YES! Please send me the following items: [J My check or money order is enclosed. OF;‘:EER
PRINTER POWER SUPPLY — Item How [J Charge my credit card. [
item #6642 $14.95 No. Ma"W Description Price T°‘il (O visa (0 Master Card [ Amex RE-588
ASCII KEYBOARD — _ Card No.
item #6643 $19.95 l’ T ———
%) CONTROLLERS — I b 200 —_—
O Setof4 item #7013 $9.95 Rre w Signature
2 ADAM CASSETTES — - P~ . - B
O ({Consisting of Smart Basic, Buck Rogers & [_ _ —m- Telephone: Area Code Rlumber
E blank cassette.) ltem #7786 Total | Narme
3 BAKER'S DOZEN — $19,95 Shipping & handling, we ship UPS uniess i e —=
Lt ADAM LINK MODEM — T otherwise specified. Add $3 plus 10% total. Address - B B
— Software included. Fa/ /?éi ~__Canadian: $3 plus P.0. cost. Charge only. )
U'J pemlF2358 $29 95 W/thls p/€ =S Sales Tax (N.J. residents only, City — S
@) DISK DRIVE POWER SUPPLY — Sver, Moy please add 6% of total) State _ Zip
9( item #14603 $14.95 o %e,- ORDER TOTAL | All mqumes and free catalog requests call 1201-939-2710.
ADAM DAISY PRINT WHEEL —
= rem #13305 $3.95 | For all phone orders, call TOLL-FREE 800 524-0809. /in New Jersey, 201-939-2710.
106 CIRCLE 106 ON FREE INFORMATION CARD
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LAk iLiE s

AERAIA

WARRANTY
TENMAR 35MHz Dual Trace TENMAR 20MHz Dual Trace
Oscilloscope Oscilloscope
= Two high quatity 10:1 probes included = Two high quality 10:1 probes included TENMAR 3% Digit LCD Multimeter

= For additional specification see MCM

u For additional specification see MCM ;
m Measures resistance, AC-DC voltage and

Catalog #17 Catalog # 17 ] >
#72-330 2 #72-320 2 current m Diode and hFe transistor tests
! = m Overload protection m 10Mohm input
LIMITED UMITED impedance m Carrying case included
WARRANTY WARRANTY ”72_050
T L Ty
# b L \
] -
N R
J = -
2 LIMITED L
YEAR WARRANTY -
LIMITED
WARRANTY o 1
-
YEAR
TENMAR b umiTeD
0-18V 3A ® e s
TENMAR® 30A Power Supply = Power Supply r
. [ e vz oo4c ]
m Output voltage: 1-15VDC m Lighted cross needle m Regulated outputs — constant volt or constant -
meter: Displays voltage, current and power current, both are continuously variable m Can be
simultaneously m Output current: 30A, 22A connected in series or parallel for more voltage or TENMAR Digital Capacitance Meter
continuous m Fan cooled current output m Reverse polarity and overload m Measurement range from 0.1pF to 19,999uF
#72-035 ; protected m Isolated output m Sampling time: .5 seconds m Accuracy: = 1%
#72-420 full scale @ Checks capacitors in or out of circuit
m Carrying case included

#72-040

TENMAR Frequency Counter

m 8 digit LED display m Measurement range:
1Hz-120MHz m High input sensitivity of 20mVv
RMS

#72-375

Be Sure To
Call For Your
FREE
Catalog!
Over 6,000

1
YEAR
L 4 !
st Items!
LIMITED
WARR e iz )
AT 3 5 . = 4 We also have . . . a fullline of test equip-
TENMAR — ; ment, computer accessories, telephone
TENMA g:g‘g;:gﬂ::c;uggﬂzz‘e?enerafor accessories, speakers, television parts,
. flybacks, yokes, switches, fuses, tamps,
MCM ELECTRONICS = 6 digit display m Output range: 2Hz-2MHz: seven capacitors, resistors, cartridges, styli, wire,
gga%gemfg%ﬁ;ﬁjgsa%7a ranges m Counter range: .1Hz-10MHz 8 5-15V TTL CATV equipment, the largest selection of
A PREM'/ER PR and CMOS output @ Wave forms: sine, triangle, original Japanese semi-conductors in the
220y, square, pulse, and ramp. country and more.
#72-380 S— - -
SOURCE NO. RE-44 © 1988 MCM ELECTRONICS

THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

CALL TOLL FREE 1-800-543-4330

In Ohio 1-800-762-4315 ® In Alaska and Hawaii 1-800-858-1849

107
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JDR

Complete customer satisfaction...superior service
quality merchandise. .. providing the best valuesi in leading edge technology.

STATIC RAMS

2112 256x4
2114 1024x4
2114L-2 1024x4
TMM2016-100 2048x8
HM6116-4 2048x8
HM6116-3 2048x8
HM6116LP-4 2048x8
HM6116LP-3 2048x8
HMB116LP-2 2048x8
HM6264LP-15 8192x8
HM6264LP-12 8192x8
HMA43256LP-15 32768x8
HMA43256LP-12 32768x8
HMA43256LP-10 32768x8

{450ns)
{450ns)

{200ns){LOW POWER)

{100ns}
(200nsHCMOS)
{150ns}{CMOS)
{200ns){CMOS){LP)
(150ns|{CMOS){1.P)
{120nsCMOSHLP}
{150ns){CMOS){LP}
{120ns}{CMOS){LP)
{150ns}{CMOS)H{LP)
{120ns}{CMOS}LP)
(100ns}{CMOSHLP)

DYNAMILC RAMS

4116-250 16384x1
4116-200 16384x1
4116-150 16384x1
4116-120 16384x1
MKAa332 32768x1
4164-150 65536x1
4164-120 65536x1
MCM6665 65536x 1
TMS4164 65536x1
4164-REFRESH 65536x1
TMS4416 16384x4
41128-150 131072x1
TMS4464-15 65536x4
41256-150 262144x1
41256-120 262144x1
41256-100 262144x1
HM51258-100 262144x1
1 MB-120 1048576x1
1 MB-100 1048576x1

{250ns)
{200ns)
{(150ns)
{120ns}
(200ns)
(150ns)
{120ns)
{200ns)
{150ns)

* % HIGH-TECH * %

8052AH WITH BASIC
L] 3495

* SINGLE CHIP MICRO-CONTROLLER WITH BASIC IN ROM

+ BUILT-IN SERIAL PORT, THREE 16 BIT TIMERS, FIVE
INTERRUPTS AND 256 BYTES OF RAM

* REQUIRES VERY FEW PARTS TO BUILD AND EASY-TO-
PROGRAM CONTROLLER

* BASIC INTERPRETER IS OPTIMIZED FOR CONTROL
APPLICATIONS

* x SPOTLIGHT X %

8000 8200

8203 14.95

(150ns)HPIN 1 REFRESH)Z 55

{150ns)
(150ns)
{150ns}
(150ns)
(120ns)
{100ns)
(100ns)(CMOS)
{120ns)
(100ns)

EPROMS

1024x8
2048x8
2048x8
4096x8
4096x8
4096x8
4096x8
8192x8
8192x8
8192x8
8192x8
MCME8766 8192x8
27128 16384x8
27C256 32768x8
27256 32768x8
27512 65536x8
27C512 65536x8

6500
1.0 MHz

6502 2.25
65C02 (CMOS) 7.95
6520 1.65

6522 295
6526 13.95
6532 5.95
6545 2.95
6551 295
2.0MHz
6502A 269
6520A 2.95
6522A 5.95
6532A 11.95
6545A 3.95
6551A 6.95
3.0MHz

65028 4.25

RADIO-ELECTRONICS

(450ns)(25V}
(450ns){25V)
(350ns){25V)
{450ns}{25V)
{450ns)(25V)
{250ns}{21V)
(200nsH21V}

{250ns)(12.5V CMOS)

(450ns)(12.5V)
{250n5){12.5V)
{200ns}{12.5V}

PANONDNOD

MATH COPROCESSORS

8087 5 MHz

8087-2 8 MHz $159.95
8087-1 10MHz $229.95
80287 6 MHz $17995
80287-8 8 MHz $249.95
80287-10 10 MHz $309.95
80387-16 16 MHz $499.95
80387-20 20 MHz $799.95

(350ns)(21V){24 PIN} 15.95 = J [}

{250ns)(12.5V)

{250ns}{12 5V CMOS)

1250ns)(12.5V)
(250ns){12.5V)

(250ns}{12.5V CMOS) 12 95
xxV=Program Voltage

2.5MHz
Z80.CPU

4.0MHz
ZB0A-CPU
Z80A-CTC
ZBOA-OART
Z80A.OMA
ZBOA-PIO
Z80A-SI0 0
Z80A-S10 1
Z80A-SI0 2

6.0 MHz
Z80B-CPU
Z80B-CTC
Z80B-PIO
Z80B-OART
280B-S10 0
2808-S10 2
78671 2ILOG

CIRCUITS

MM58167
MM58174
MSM5832

BIT RATE
GENERATORS

MC1a411 9.95
BR1941 4.95
4702 9.95
CcomMB116 895

INTERSIL

ICL7106 9.95
1ICL7107 10.95
ICL7660 199
ICLBO38 3.85
ICM7207A 5.95
1ICM7208 15.95

DISK
CONTROLLERS © 5MH:

B MHz
1771 4.95 © 10 MHz
1791 995 V30 8 MHz X
995 “Replaces 8088 to
12.95 speed up PC 10-40%
1295

e 74F/745

AY5.1013
AY3-1015
TR1602
2651
1M6402
IM6403
INSB8250
NS16450

ADC0804
ADCO0809
DAC0800
DAC0808
0AC1022
MC1408L8

pamoonaN:
NOoLogowao

2.9
AYS5- 3600 PRO 11 95

icrodevices

friendly, knowledgeable personnel

74LS00
74LS01
74L802
741503
74LS504
741,505
74LS08
74LS09
74LS810
74LS11
741512
741813
741814
741815
74LS20
74LS21
741822
74L827
741528
74LS830
74LS32
74L$33
74L837
741838
74L842
741547
741548
741851
74LS73
74L874
74LS75
741876
74LS83
74LS85
74LSB6
74LS90
74L892
74L593
74Ls895
74L5107
74LS$109

741500

7418112
74L8122
7415123
7415124
7418125
74L5126
7418132
74LS133
7418136
74LS138
74LS13%
7418145
7418147
7415148
74L5151
74L$153
74LS154
74L5155
74L5156
7415157
7415158
7415160
74LS161
74L5162
74L$163
74LS164
74LS165
74LS166
74L$169
74L$173
7418174
74L8175
74L8191
7415192
7415193
7415194
74LS195
7415196
74L5197
7415221
74L5240

NESSS
NES64
LM565
LM566
NES90

74LS241
7418242
7418243
7415244
7415245
74L8251
7418253
74L8257
74L8258
74LS25%
74LS260
74L5266
7418273
7418279
74L5280
7415283
74152380
74LS293
7415299
7415322
7418323
74L5365
7418367
7415368
74LS373
74L5374
74L8375
74LS8377
74L5390
74LS393
74LS8541
74LS8624
7415640
74LS645
74LS670
74L5682
74L5688
74LS783 22. 95
25152521 2.80
26LS31 1.95
261532 1.85

LINEAR

LM567
NES70
NE592
Lm723
LM733
tm741
Lmz47
MC1330
MC1350
LM1458

50 29
HTOSCAN KTO]TTOZZO

74HC151

74HCTO00
7aHCT02
74HCTO4
74HCTO8
74HCT32
7aHCT74
74HCT138
74HCT133
J4HCT16)
74HCT240
74HCT2a4
74HCT245
74HCT273
74HCT373
74HCT374
74HCT393

74HCTA060 1.39

JOR Microdevices and the JDOR Microdevices logo are registered trademarks of JOR:Microdevices. IBM, AT. PS/2 are trademarks of Internationai Business Machines. ,
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CAPALITORS BYPASS CAPACITORS SOLDER STATION WIREWRAP
TANTALUM 1 i CERam [ L APPROVE
15V 12 1.0/ 35V . 0114 MONOUTHIC - 100_530.00 [l - ADIUSTABLE MEAT PROTOTYPE CARDS
15v 42 22 35v . ] : SETTING W TIP TEMP -
1SV 45 4.7 35y (e RAMICID! SCRI0075 6750, READOUT FR-4 EPOXY GLASS LAMINATE
15v 98 10 35y .1 A MONOLITHIC 100.512.50 . QUICK HEATING GQLSD,F:ASYCE‘[;EEE%(ZED ZQZ[E) Fg\gGERS
& RECOVERY iL . N

> e . ————— | Uy M- : MOUNTING BRACKE
sov 05 005" sov - GENDER '
50V .05 50V CHANGERS

50V 12v

50V 05 S0V . $7.95

MONGLITHIC EXTENDER CAROS

0141 50v 14 14 50V
047,450V 15 47, SOV . . FOR IBM

ELECTROLYTIC EXT-8088 $29.95

RADIAL AXIAL EMI FILTER EXT-80286 $39.95 R -

25V 1 50V . FOR PS
50V .1 50V $4.95
50V . 16V JDR-PR3 $69.95 IBM-PR1 7.95
35V 50V . LINE EBRDS b 32 sn PROTOTYPE CARD WITH +5v AND GROUND PLANE
16V 35v 2 conductor 3YC g
oy Y Y e { JDR-PR16 549.95 IBM-PR2 529.95
359, . SOV o Baondictonds = 16 BITWITH 1,0 AS ABOVE WITH DECODING LAYOUT
oV o Gl SE DECODING CIRCUITRY
eVTVas e s1.49 JDR-PR16-PK $15.95

g PARTS KIT FOR ABOVE

JOR-PR16V s39.905 FOR AT
EXTENDED CONNECTORS

Rfizi:'vﬂﬂal:liﬂﬁ’glﬂ(s Rf!g)l‘ll_[//‘\flfns SHORTING FOR VIDEQ APPLICATIONS ORPRIO | comG Uxvousy:a.ss

8 7RESISTOR . 4 JDR-PR10-PK 295
16 ?'.'?J 8 RESISTOR - 1. 7805T 7812K 139 | le'lgl;’:,s PARTS KIT FOR ABOVE
16 PIN 15 RESISTOR 1. 78087 g 7905K 169 i
14PIN  7RESISTOR . 78127 d 7912K
14PIN 13 RESISTOR . 78157 d 78L05
79057 . 78L12 EnilEas
7908T . 73005 . , . . SOLD
79127 ]

T zh B Rl wHY THOUSANDS CHOOSE JDR SEEADDUANCS
IDCEN36  RIBBON CABLE 3.35 JBO5K 1. LM338K_6.95 * QUALITY MERCHANDISE wBU-D 100 TIE POINTS
CEN36 SOLDER CUP 185 COMPETITIVE PRICES wBU-T 630 TIE POINTS
IDCEN3G F RIBBON CABLE 495 DISCRETE MOST ORDERS SHIPPED IN 24 HOURS BT alRE e
CENIGPC Rt Angle PC Mount. 1.85 IN751 15 4N2B FRIENDLY, KNOWLEDGEABLE STAFF WBU-206 4390 TIE POINTS

s il B 30-DAY MONEY BACK GUARANTEE WBU-208___ 3220 TIE POINTS

EDGECARD IN5202 25 MCT2 TOLL FREE TECHNICAL SUPPORT
CONNECTORS e Moo I EXCELLENT CUSTOMER SERVICE PAGE WIRE WRAP WIRE

Pin ST $-100 125 0 ;”:‘lg;gg . 2N3936 PRECUT ASSORTMENT
Pin S$-100 125 X 1 2N440 .
Pin oMY B 5 2N3053 2n2a02 CALL FOR IN ASSORTED COLORS  $27.50
in o A . . 100ea: 5.5 .0
SRR R GE VOLUME QUOTES Sth’s s
; §PO0L5
I0DC CONNECTORS/RIBBON CABLE SPECTRONILCS coRPuRA"”O/\/ 100 feet  $4.30 250 feet $7.25

— T CONTACTS *‘ EPROM ERASERS 500 feet $13.25 1000 feet $21.95

DESCRIPTION | ORDER BY

[0 [ 20 [26 [ 34 [0 |50 Please specify color:

R 4 e e Ie, Black. Yellow or Red
SOLDER HEADER __| 1DHxxs 82 1 29 (168 [2.20 [2.58 [3.24 | Model |Timar | . ChP | Intensity | Unin St
— RIGHT ANGLE SOLDER HEADER IDHxxSR | 86 1.35 1.76 l2 312723 39 | |Capacity | (uUW Cm?) | Cost
WIREWRAP HEADER IDHxxW 1.86 |2.98 [3.84 [4.50 (5.28 [6.63 | PE-140 | NO 9 8,000 | s89 SOCKET-WRAP1.0™

RIGHT ANGLE WIREWRAP HEADEF | IDHxxWR | 2.05 [3.28 [4.22 [4.45 |4.80 [7.30 | PE-140T | YES 9 | Booo | si39
WET T 3 + SLIPS OVER WIRE WRAP PINS

RIBBON HEADER SOCKET | IDSxx | 63 ;_E’ 95 [1.29 [1.49 |1.69 | [l PE 2407 [ vES [ 12 3:600 M Ws189) - IDENTIFIES PIN NUMBERS ON WRAP
5.50 |6.25 |7.00 | 7.50 |8.50 SIDE OF BOARD
4 + CAN WRITE ON THE PLASTIC
SUCH AS AN IC #

M | den | DATARASE PINS PART%  PCK OF PRICE
FOR ORDERING INSTRUC TIONS SEE D-SUBMINIATURE CONNECTORS BELOW . ERASES 2 EPROMS IN 10 MINUTES 8 IDWRAP 08 10 195
+ VERY COMPACT, NO DRAWER tDWRAP 14 1o

« THIN METAL SHUTTER PREVENTS IDWRAP 16 10

0- SUBMINIATURE CONNECTORS ) UV LIGHT FROM ESCAPING IDWRAP 18

IDWRAP 20
$34.95 IDWRAP 22
DESCRIPTION | ORDER BY hﬁ 1 CONTACTS IDWRAP 24

9 (19 [ 25 [ 37 [s0 | Datarase BNIOWA RS2 d
1 EPR0M Emagen IDWRAP 4 5 Ud
SOLDER CuP e oore 159,89 169 135 185 s PLEASE ORDER BY NUMBER OF

FEMALE DBxxS 49 | .69 PACKAGES (PCK. OF)

RIBBON HEADER 1DMxx 25
"RIBBON EDGE CARD_ IDExx .85 [1.25 [1.35 [1.75 [2.05 [245
10’ GREY RIBBON CABLE [ RCxx 1,60 13.20 [4.10 |5 40 [6.40 (7.50

RIGHT ANGLE PC SOLDER FMEAI\:I-IEALE | g::::: 7-4% A — % B:; -
e MALE | DBxxPWW [1.69 256 | 3.89 [5.60 | SWITCHES
b FEMALE | DBxxSWW | .M.j»glg 84 [9.95 | LIGHT EMITTING DIODES MINI-TOGGLE ON-ON 125

2 27
| MALE iDBxxP 1.39 [1.99 2.25 [4.25 | MINI-TOGGLE ON-ON 1.50
IDC RIBBON CABLE | ronu e T ioBas o iasiatasyiem| LED DISPLAYS MINI TOGGLE ON-OFF-ON 175

0 25 [1.28 FND-357(359)  COM CATHODE | Beeae EONINION  [E32

- |
I [METar FMHG00x }'L FND-500(503)  COM CATHODE 5 . 0IP SWITCHES

HOODS !
| I— | GREV HOODxx [ 39 [ 39 | - | .39 |69 [ FND-507(510} COM ANODE
ORDERING INSTRUCTIONS: i COM ANODE .3 i dposition .85 7 position
INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED “xx OF THE “ORDER BY PART . COM CATHODE 3" . Sposition 90 B position
NUMBER LISTED EXAMPLE A 15 RN RIGHT ANGLE MALE PC SOLDER WOULD BE DB15PR COM CATHODE SER 6 positon 90 10 position

MOUNTING HARODWARE 59¢ R
IC SOCKETS/DIP CONNECTORS JUMBORED - T1% CMAKE ANY SIZE HEADER
| e | CONTACTS JUMBO YELLOW Tt% ALL WITH .1 CENTERS

| DESCRIPTION | ORDERBY 8 18 | 20 |22 | 2a | 28 | 40 MOUNTING HDW T E 1x40  STRAIGHT LEAD

- ot 24 55 x40 RIGHT ANGLE LEAD
[SOLDERTAIL SOCKETS] xxST 15 18 15 | .20 | .22 30 2x40 2 STRAIGHT LEADS

mnzel\;vggr:xﬁ;ns Z:wv £ 46995 46995 59 ;gz 139 1 49 169 (199 ol 5 me NG AT
xx g 5 1
TOOLED SOCKETS | AUGATxxST 6279 .89 (109 [1.29 1.39 [1. 69 | ] ; it :
OOLED WW SOCKETS | AUGATxxWW [1.30 [1.80 [2.10 |240 [2.50 [2.90 [3.15 |3.70 |5.40. ) ﬂ [ r; iy
F:_QMPONgN_T_CARmERs ICCxx 49 |65 | 69 | 99 | 99 | 99 [ .99 [1.09 (149
DIP PLUGS (IDC) IDPxx 195 | 49 [ 59 (129 [1.49 [ 85 [1.49 [159 i 1~
FOR ORDERING INSTRIICTIONS SEE D-SUBMINIATURE CONNEC TORS ABOVE ] ] [ m l‘ﬂ W

TERMS: MINIMUM ORDER $10.00 FOR SHIPPING AND HANDLING INCLUDE $2.50 FOR UPS
GROUND AND $3.50 UPS AiR, ORDERS OVER 1 LB. AND FOREIGN ORDERS MAY REQUIRE

JOR MICRODEVICES. 110 KNOWLES DRIVE. LOS GATOS, CA 95030 ADDITIONAL SHIPPING CHARGES—PLEASE CONTACT THE SALES DEPARTMENT FOR THE
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 AMOUNT. CA RESIDENTS MUST INCLUDE APPLICABLE SALES TAX. PRICES ARE SUBJECT

O CHANGE WITHOUT NOTICE. WE ARE NOT RESPONSIBLE FOR TYPOGRAPHICAL
ERRORS. WE RESERVE THE RIGHT TO LIMIT QUANTITIES AND TO SUBSTITUTE
RETAIL STORE: 1256.S0UTH BASCOM AVE., SAN JOSE, CA (408) 947-8881 yanuraCTURER, ALL MERCHANDISE SUBJECT TO PRIOR SALE. A FULL COPY OF OUR
HOURS: M—F 10--7 SAT. 9-5 SUN. 124 TERMS {S AVAILABLE UPON REQUEST. ITEMS PICTURED MAY ONLY BE REPRESENTATIVE.

ORDER TOLL FREFE 800-538-5000

COPYBiGHT 1988 JDR MIGRODEVICES CONTINENTAL U.S. AND CANADA

C'vaw americanradiohistorv. comN CARD
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JDR Microdevices*

Complete customer satisfaction...superior service...friendly, knowledgeable personnel
quality merchandise. .. providing.the best values in leading edge technology.

IT S TIME TO TRANE UR NAWy THAT INDR RRF AKS THE
PRICE RARRIER ON 2400 B2 1IN MONFMS

= AUTO DIAL ANSWER

® SELF TEST ON POWER P

® TOUCHTONE OR PU!LSF NIALING

» HAVES 8 BEL| SYSTFMS COMPAT'BLE

8 FUIL ORHALF DIIPLFY

® PC TALK Il INCLUDED WITH INTEANAI MONFMS

12H 1200 BAIID 1/2 CARD
EXTERNAL MODFMS

120 1200 BAUD
24D 2400 BAUD

$69 95

$119 95
$219 95

COMPUTER
CASES

ATTRACTIVE STURDY STYEFL CASFS FIT THF POPIN AR
SIZEN MOTHERRNAANS aND INC| UNDE SPFAKERS
FACEP| ATES, EXPANSION SLNTS FRONT PANEL
KEYLQCKS LED INDICATORS aND AL NFCFSSARY
HAQDWARF

XT STYLE FLIP.TOP
XTSTYLE S| IDE TNe
AT STYLE SLIDE-TOP
JR. AT STYLE FLIP-TOP
® INCLUDES 150 WATT ©OWER SIYPPLY

$30 95
$89 95
$149 95

SLUPPLIES

FOR IBM XT COMPATIBLE  $59 95
® UL 4PP 135 WATTS
v . 5VI5a .1V 42p

5V 5A 12V 5A

PS-135
PS-150 150W MODEL $649 95 .

FOR IBM AT COMPATIBLE $A9 95
& 200 WATTS
& . Ry 22A 12V 84
5V 54 1”2V 54
PS-200

DIABLO
PRINTER

$E7995

#» [ETTER QUALITY AT 20 CPS, 132 COLS

® 10 12 15PITCH & PROPORTIONAL SPaCING
® SERIAI & PARALLEL INTERFACE

& AUTO PAPER LOAD FRICTION FEED

# FULL XEROX WARRANTY

NFAR TYPFSFT QUALITY
AFFOROABLF AT LAST

# 8 PAGFS PER MINUTF & 200 NP RFSOI UTION!

2 | YEAH WARRANTY & CHO'CF OF EMUL ATION ROARD
MULTI-PRINTER EMUL ATINN BOARD

FPION FX 80 FMUI ATION. NNTHING EL SF RFQUIRF!
IRM PO GRAPHICS PROPRINTER & DIARLO 51

EMUI ATION REQUIRES aDDITINNA| FONT CARC

HP | J+ FMUI ATION BOARD-

HP (AQFRIFT FMULATION —3 RFSIDFNT FONTS §

2 OMTCHES ADDITIONAT FONT TARD AVA) ABLF
1.5MB PAM CARD

EXTRA FONT CARDS

TONER CARTRIDGES

PFS FIRST PUBLISHER

$139.9%
$199 95
$689 95
$99 9y

COMPATIBLE
KEYBOARDS

FULL ONF YEAR WARRANTY

IBM ENHANCED STYLE 1 aYOUT

® AUTOSENSF FOR XT OR a7 COMPATIBIES

» LED 'NDICATORS & AUTY RFPEAT FEATIRE

& SFPARATE CURSOR PAD

MCT-5339

IBM AT STYLE LAYQUT $59 05
# SOFTWARFE aLTOSENSE FOR X¥T IR 8T TOMPATIR FS
& LED INMICATORS 8 AT QFPFAT FFATURFE
MCT-5060

MAXI-SWITCH KEYBOARDS

ENHAMCED STYLE L AYOUT

# STANDARD FNHANCFD KEYBNARED | AYNI

= TACT1 F FFEDRAINK

& LIGHTED NUM CAPS AND SCROLL  D(w

2 NUMFERIC 8 CURSCR KEYPADS 12 F KFYS
MAX-5339

MAX-5060 MAXI-SWITCH AT STYLE %64 95

CIDI‘I £ 1727 AN EDI’:I’F IlEEf\nllATlf)N CARD
www americanradiohietory com

SAMSUNG
MONOCHROME
MONITOR

C ,Eggs

& (BM COMPATIRLE
TTNPUT

& 12" NON Gt ARE
LOW DISTORTION
AMBER SCREFN

= 720 X 350
RESDIUTHON

| # SWIVFI SasF

NEC MULTISYNC $599.95
® ORIGINAL CGAEGA PGA COMPATIBLF MONITOR

» AUTO FREQUENCY ADJUSTMENT

= RESOLUTION AS HIGH AS 800 X 560

CASPER EGA $399.95
® *57521 85 KHz SCANNING FREQUENCIES

# 840 X 200 350 RESOLUTION @ 31 MM DOT PITCH

® 14" BLACK MATRIX SCRFEN 16 COLORS

CASPER RGR $279.95
® COLOR GREEN aMRER SWITCH » 39MM NOT PITCH

# 640 X 240 RESQI UTION » 14 NON (31 ARF SCREEN

® RGE/IBM COMPATIBI E # CABLE INCLUDED

SAKATA
MONDCHROMF

» IBM COMPATIRIE TT: INPUT
& 12° NON-GI ARF SCOEEN
= TARLF FOR IRM PC INCLLDFD

$69.95

MONITOR STANDS
MODEL MS-100

® TILTS AND SWIVFLQ

* STURDY PLASTIC CONSTRUCTIAN

MODEL MS-210 $19 a5
e TITS AND SWIVELS ® RUILT IN SURGE SUPRESS OR
= INDEPFNDFENTLY CONTROI S LIP TQ 5 AC OUTLETS

LOGITECH ¢
MOUSE ‘

ALL MODFIE S HAVE SERIaL SUPPORT (COM1 COMZ

PC MAMRAZINE ' EDITORS CHQICE Y|

)Pt RFSOIUTION TJS 1 2 3SHELL SELFINSTALLIN
SOFTWARE AN POINT ENITOR

SERIAL MOUSE W PC PSINTRRUISH
BUS MOUSE W/PC PAINTBRIISH

8US MOUSE W/PC PAINTBRUSH/CAD

3.5 FLOPPY
DISK DRIVE

% ' 2995

& [BM COMPAT(RIF DRIVF & AT AND XT YFRSIONS
AVAILARIE ® FOBMATS TN 730K NS/QN UNDER PNS 3
* MEDIA COMPATIRIF WITH PSi2 3  APTOP Mai HINFS
r INCLUDES HARDWARF FOR MOUNTING IN e SLOT
® QUIET OPFRATION

FDD-3.5X (FOR XT)

FDD-3 54 (FOR AT)

$99.95
$09.95
$149 a5




&P seagate

/2 HEIGHT HARD
DISK SYSTEMS

20vB 5269 40 vB $4Eg

30mB $E.Qg

SYSTEMS INCLUOE SEAGATE Y2 HEIGHT
HARD ORIVE, ORIVE CONTROLLER,
CABLES & INSTRUCTIONS. ALL ORIVES
ARE PRE-TESTED & WARRANTEO FOR

1 YEAR.

Y= HEIGHT HARD
DISK DRIVES

60 vB $54.9

ORIVES ARE SEAGATE MDOELS ST-251
(40 MBY & ST-277 (60 MB RLL) 5Ya
HALF HEIGHTS

FAST 40MS ALLESS TIME!

INTERFACE CARDS FROM
MODUIAR CIRCUIT TECHNOLOGY

DISPLAY ADAPTORS

MONODCHROME GRAPHICS CARD %59.95
TRUE HERMUIES COMPATIBILITY SUPPQORTS LOTUS 123
= DRIVFR ALI OWS CQLOR GRAPHICS SOFTWARE TO
RUN DN & MONOCHROME MONITOR & PARALLEL
PRINTFR 20RT

MCT-MGP

ENHANCED GRAPHICS ADAPTOR $149.95
100°. IBM COMPATIBI E PASSES IBM EGA DIAGNOSTICS

® 256K OF VIDEQ RAM ALLOWS 64C X 350 IN 16 OF 64
COLORS & COMPATIBLE WITH COLOR AND

MONOCHROME ADAPTORS

MCT-EGA

01 IR GRAPHITrS ADAPTOR $49 95
COMPaTIBI E WITH IBM GRAPHICS STANDARDS

& SHPPORTS RGB. COILOR & COMPOSITE MONOCHROME
# 640 320 X 200 RESOLUTION, LIGHT PEN INTERFACE
MCT-CG

MULTIFUNCTION CARDS

MONODGRAPHICS MIILTI IO $119.75
TOTAL SYSTEM CONTROL FROM A SINGLE StOT!

» CTAL 2 FLOPPY'S. SERIAL, PARALLEL. GAME PORT
CLOCK CAL & RUN COLOR GRAPHICS SOFTWARE ON A
MONOCHROMF MONITOR

MCT-MGMIO

MIULTI VO FLOPPY CONTROLIFR %79.95
A PERFECT COMPANION FOR OUR MOTHERBOARDS

# SUPPORTS UP TO 2 360K FLOPPIES 720K WITH DOS 3.2
® SERIAL PARALLEL. GAME PORT CLOCK CALENDAR
MCT-MIO

MIO-SERIAL—2ND SERIAL PORT $15.95

MULTIIID CARD $59.95
JSE WITH MCT FH FOR 4 MINIMUM OF SLOTS USED

2 SFRIAL PORT CLOCK CAENDAR WITH BATTERY BACK
IP ® PARAI[El PRINTER PORT ADDRESSABLE AS (PT1

OR 1PT2

MCT-10

AT MU TIFUNCTION CARO %139 95
ADDS UP 10 3 MEGABYTES OF RAM TO THE a1

® USFR FXPANDABLE TO 1 5MB (ZERQ K INSTA( LED

* INCIUDES SERIAL PORT AND PARAI LEL PORT
MCT.ATMF

ATMF SER'AL —2ND SERIAL PORT
MCT-ATMF-MC —2IGGYBACK BOARD

(NO MEMORY)

$24.95
$29.95

AT MULTI 1/0 CARD $59.95
USE WITH MCT-ATFH FOR MINIMUM OF SLOTS USED

# SERIAL. *2ARALLEL AND GAME PORTS # USES 16450
SERIAL SU2PORT CHIPS FOR HIGH SPEED OPS
MCT-ATIO

ATIO-SERIAL—2ND SERIAL PORT

MEMORY CARDS

576K RAM CARO $59.95
A CONTIGLOIS MEMORY SOLUTION IN A SHORT SLOT

s USER SE_ECTABLE CONFIGURATION UP TO 576K

® USES 64K & 256K RAM CHIPS (ZERO K INSTALLED)
MCT-RAM

$24.95

EXPANBED MEMORY CARD %129.95
2 MB OF LCTUS INTEL MICROSOFT COMPATIBLE MEMORY
FOR AN XT ® CONFORMS TO LOTUS INTEL EMS ® USER
EXPANDAB _E TO 2 MB ® CAN BE USED AS EXPANDED OR
CONVENTIONAL MEMORY. RAMDISK AND SPOOLER
MCT-ATEMS
MCT-ATEMS-AT VERSION $139.95

DRIVE CONTROLLERS

FLOPPY OISK CONTROLLER %29 95
QUALITY D=SIGN FOR SINGLE SLOT CONTROL OF 4
FLOPPY'S @ INTERFACES UP TO 4 FDD'S TO AN IBM PC
OR COMPA™IBLE ® SUPPORTS BOTH DS DD AND DS-QD
WITH DOS 3 2

MCT-FDC

1.2 MB FLOPPY (ONTROLLER
ADD VERSETILITY AND CAPACITY TO YOUR XT
= SUPPOR™S 2 DRIVES. BCTH MAY BE 360K OR 1 2 MB
# ALLOWS DATA TO FLOW FREELY FROM XT'S TO AT'S
MCT-FDC-1.2

$59.95

FLOPPY/HARD CLONTROLLER %$139.95
XT SYSTEM STARVED FOR SLOTS? THIS CARD FREES ONE
UP » INTERFACES UP TO 2 FDD'S & 2 HDD'S. CABLING
FOR 2 FDD-1 HDD # SUPPORTS BOTH DS DD & DS QD
WITH DOS

MCT-FH

AT/FH LONTROLLER %5149.95

FLOPPY/HARD DISK CONTROL IN A TRUE AT DESIGN

® SUPPOR™S UP TO 2 360K 720K:1.2MB FDD'S AS WELL
AS 2HDD S USING STANDARD CONTROL TABLES
MCT-ATF}+

RLL DISK LONTROLLER

IMPROVE S>EED AND STORAGE OF YOUR AT
COMPATIBL= & SUPPORTS UP TO 2 RLL HARD DISCS AND
2 FLOPPY CRIVES & SUPPORTS 360720 1.2 MB
FLOPPIES IN525" &35

MCT-ATF+-RLL

$199.95

INBOARD 386/PC
$895.00

UPGRADE YOUR XT TO A 386 FOR LESS THAN $1000

# 16 MHZ PIOCESSOR REPLACES 8088 = 1 MB
NSTALLED & EXPAND TO 3MB WITH PIGGYBACK CARD
® 5 YR WAFRANTY

INBOARD 386/AT
ABOVE BOARD PS 286
ABOVE BOARD 286

$1199.95
$399.95
$369.95

JOR MICRODEVICES, 110 KNOWLES DRIVE, LOS GATOS, CA 95030
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110

ORDER TOLL FREE 800-538-5000

COPYRIGHT 1988 JDR MICRODEVICES

CIRCLE,, ~RD

WA americanradiohistor com

DISK DRIVES

5% SEAGATE HARD DISK DRIVES

ST-225 HALF HEIGHT 20MB 65MS $255.00
ST-238 HALF HEIGHT 30MB 65MS (RLL) $249.00
ST-4038 FULL HEIGHT 30MB 40 MS $559.00
ST-4096 FULL HEIGHT 80MB 28MS $895.00

/> HEIGHT FLOPPY DISK DRIVES

5" TEAC FD-558 DS/DD 360K $99.95
54" TEAC FD-55G DS/HD 1.2M $129.95
54 FUJITSU M2551A DS/DD 360K $89.95
54" FUJITSU M2553K DS/HD 1.2M $119.95
5% DS/DD 360K $69.95
54" DS/HD 1.2M $109.95
312" MITSUBISHI DS/DD (AT OR XT) $129.95

ARCHIVE XL

BACK UP 40 MB IN 40 MINUTES!
# EASY-TO-USE MENU DRIVEN
& USES STANDARD
QIC DATA FORMAT
# FULL & INCREMENTAL
* PARTIAL & FULL RESTORE
AR 5240 XT —~FORXTS&ATS
AR 5540 AT AT'S ONLY. 2X FASTER
TAPE CARTRIDGE—40 MB  $24.95
® SAVES SPACE AND REDUCES POWER CONSUMPTION,
# IDEAL FOR PC'S WITH FULL HEIGHT FLOPPIES
# LEAVES ROOM FOR A HALF LENGTH CARD IN

SOFTWARE \l
BACK-UP \-"

TAPE NOT INCLUDED
ADJACENT SLOT

I'M WRITING TO EXPRESS MY PLEASURE WiTH THE
PC-XT TYPE COMPUTERS BUILT FROM MCT COMPONENTS
THAT WE HAVE OBTAINED FROM YOUR COMPANY. AFTER
3 YEARS OF DAILY USAGE | AM EXTREMELY PLEASED
WITH THE LEVEL OF COMPATIBILITY AND PERFORMANCE.
iTH A RECENT PURCHASE. | WAS ELATED WITH
THE PROMPT MANNER IN WHICH OUR ORDER WAS
HANDLED. AFTER DEALING WITH OTHER MAIL ORDER
FIRMS, | HAVE FOUND ONLY JDR AND 2 OTHER SOFTWARE
VENDORS HELPFUL AND RELIABLE. KEEP UP THE
EXCELLENT WORK. ”

J.R.D.
OMAHA, NE.

CONTINENTAL U.S. AND CANADA
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OVER 20,000 JDR SYSTEMS
HAVE ALREADY BEEN BUILT.
EASY TO ASSEMBLE IN JUST 2
HOURS WITH A SCREWDRIVER.
SAVE MONEY AND LEARN
ABOUT YOUR COMPUTER AT
THE SAME TIME.

12 MHZ AT
COMPATIBLE

1034~

« 12 MHZ BABY AT MOTHERBOARD

« 256K RAM MEMORY

® MINI-AT CASE W POWER SUFPPLY

@ AT STYLE KEYBOARD

& 1.2 MB FLOPPY DRIVE

# FLOPPY/HARD DRIVE CONTROLLER
« MONOCHROME MONITOR

& GRAPHICS ADAPTOR

= E —
e IE——

: [T SN
gll‘lkbfhl
: (SR |9 L
| 2 BT A k¥
e

TR
=ik

tgd

TURBO 4.77/18 MHZ %$99.95 12 MHZ MINI 80286

BUILD YOUR OWN SYSTEM

£ SR CEhonm Ir7g 4, WRCHAS,

« 360K FLOPPY DRIVE Ex, J0p

« MONOGRAPHICS 1/0 CARD CLUS

= MONOCHROME MONITOR £Eqs r[)’l/E_l

16 MHZ 200,40 F0LL oy

1 MB 386 APE 51000 VH.

57 EP.Byow S Yoy,
‘2298 vosge
X7 2o
e oy STEn, PATIg,
= e STHOUT iy

MOTHERBOARDS

10 MHZ XT
COMPATIBLE

558900

INCLUDES SERJAL PORT. 2 PARALLEL
PORTS. CLOCK/CALENDAR AND GAME
ADAPTOR RUNS COLOR GRAPHICS ON
A MONOCHROME MONITOR

# MOTHERBOARD

& 256K RAM MEMORY

& 135 WATT POWER SUPPLY

ENHANCED AT STYLE KEYBOARD
1.2 MB FLOPPY DRIVE

AT FLOPPY/HARD CONTROLLER
MONOCHROME MONITOR
MONQGRAPHICS CARD

$399.95

® 4.77 OR 8 MHZ OPERATION WITH 8088-2 & OPTIONAL
8087-2 CO-PROCESSOR

# FRONT PANEL LED SPEED INDICATOR AND RESET
SWITCH SET SUPPORTED

= CHOICE OF NORMAL/TURBO MODE OR SOFTWARE
SELECT PROCESSOR SPEED

MCT-TURBO

MCT-XTMB STANDARD MOTHERBOARD $87.95

80286 6/8 MHZ $379.95

8 SLOT (2 EIGHT BIT. 6 SiXTEEN BIT) AT MOTHERBOARD
HARDWARE SELECTION OF 6 OR 8 MHZ

1 WAIT STATE

KEYLOCK SUPPQORTED. RESET SWITCH, FRONT PANEL
LED INDICATOR

SOCKETS FOR t MB OF RAM AND 80287

BATTERY BACKED CLOCK

MCT-ATMB

® 6 MHz, 10 MHz (0/1 WAIT STATE), 12 MHz (1 WAIT STATE)

@« USES ZYMOS ASIC'S FOR LESS CHIPS. GREATER
RELIABILITY

« SUPPORTS 256K-1024K MEMORY

« RE-CHARGEABLE HIGH CAPACITY NI-CAD BATTERY

= 6 16-BIT SLOTS. 2 8-BIT SLOTS

« MOUNTS IN STANDARD XT CASE

MCT-BATMB-12

MCT-BATMB 6/10 MHZ MINI 80286 BOARD  $389.95

16 MHz MYLEX 386 $1649.00

= 1 MB RAM ON BOARD

« 8 SLOTS. 28-BIT, 6 16-BIT

# SUPPORTS 80287 MATH CO-PROCESSOR

# SUPPORTS 80387 WADAPTOR

# 64 KB CACHE FOR NEAR 0 WAIT STATE

® USES AMI BIOS

MCT-386 MB

MCT-386 MB-4 4 MB MEMORY INSTALLED $2649.00
MCT-386 MB-MCB MATH CO-PROCESSOR
ADAPTOR BOARD $149.00

10 MHz SINGLE CHIP X

470 5 ¥ f

5,2 95

# SINGLE CHIP USES LESS POWER. IMPROVES RELIABILITY

& KEY SELECTABLE SPEED, 4.77 MHz OR 10 MHz

® 2.3 TIMES FASTER THAN A STANDARD

& RESET SWITCH. KEYLOCK AND SPEED/POWER
INDICATORS SUPPORTED

MCT-TURBO-10

DEVELOPMENT TOOLS

EPROM
PROGRAMMER

% 12995

PROGRAMS 27XX & 27XXX EPROMS UP TO 27512

« SUPPORTS VARIQUS PROGRAMMING FORMATS AND
VOLTAGES

@« SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS
OF DIFFERENT SIZES

= READ. WRITE, COPY. ERASE CHECK AND VERIFY

« SOFTWARE FOR HEX AND INTEL HEX FORMATS

MCT-EPROM

MCT-EPROM-4 4 GANG PROGRAMMER  $189.00

MCT-EPROM-10 10 GANG PROGRAMMER $299.95

MCT-PAL PAL PROGRAMMER $269.95

MCT-MP PROCESSOR PROG. $199.95

JDR Microdevices*

JDR MICRODEVICES. 110 KNOWLES DRIVE. LOS GATOS, CA 95030
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110

ER TOLL FREE 800-538-5000

MAY 1988

COPYRIGHT 1988 JDR MICRODEVICES

rons——.
£
= ]

CIRCLE 198 ON FREE INFORMATION CARD

www americanradiohistorv com

m 1 YEAR
WARRANTY ON
MCLCT PRODUCTS

2 30 DAY
MONEY BALCK
GUARANTEE

8 TOLL-FREE
TECHNICAL
SUPPORT

¥ NEXT DAY AIR
SHIP AVAILABLE

VISA

MasterCard

CONTINENTAL U.S AND CANADA



Radio fhaek Parts Plaee.

THE BUILDER'S STORE! OVER 1000 COMPONENTS IN STOCK

Our Finest Benchtop LCD Multimeter

99 |
Low As $15 .
Per Month «

& Manual or
Autoranging

& Min/Max Values
Can Be Stored

e i

A champion performer for lab or home shop. The 31-segment analog bar
graph display makes input peaks and trends easier to follow. Transistor
checker measures hg: (gain) and tests semiconductor junctions. Buzzer
continuity checker. Measures to 1000 VDC, 750 VAC, AC/DC current to 10
amps, resistance to 30 megohms. Fused, overload protected. #22-195

Sight'n Sound

(1) Ruby Red LED.

#276-066 ... ... ...... ... 1.19
(2) Jumbo Red LED.
#276-064 .. L . N 3.49
(3) Tri-Sound Siren.
#273-072 . .. .5.95
(4) IC Chime. #273-071 ..7.95

Builder Bargains
Fig

R

7

(5) 1.5-3 VDC Motor.
#273-223 ... ...
(6) 1:1 Audio Transformer. For
phone interconnects.

#273-1374 ... .. . 3.49
(7) Magnet Wire. Three-spool set—
22, 26, 30 gauge. #278-1345 .. 4.49

(5) |

Data-Connector Headquarters

4 ¢ s

d () =

(g) =T -

{11) I E— a (12)
Fig.i Type |Positions| Cat. No. |Each
8 | Male 9 276-1537 | 1.49
9 |Femaie 9 276-1538 | 2.49
10 | Hood 9 276-1539 | 1.99
— | Male 25 276-1547 [ 1.99
— |Female 25 276-1548 | 2.99
— | Hood 25 276-1549 | 1.99

-4 (10)‘ ‘[~1

LY —

-
% For Computers,
| Peripherals and
- Video Games

o Y

(11) Printer Connector. Solder
type, 36-position. For paralle!
printers. #276-1534 .. .. .. . 4.99
(12) RS-232 inline Tester. Diag-
nose interface problems without re-
pair calls. #276-1401 ....14.95

Coax Cable Tools

é_;E (15) |

(13) Cable Stripper. For all poputar sizes.
#278-240 o 11.95
(18) Coax Cable Cutter. Preserves cable |
impedance. #278-244 .. 4.95
{15) Professional Crimp Tool. For all
coax connectors. #278-243 . 12.95

{ poles/throws. #275-327

The Right Stuff

(16) *‘\, - (17) . =
h ’ O'If-;?
(18) 3
e (19)

—
16) Toggle Switch Set. One DPDT, two
PST. #275-322 Set of 3/2.59

{17) Slide Switch Kit. Assorted one or two
.. Set of 6/1.89

(18) Micromini Relay. #275-248
(19) Micro Clips. #270-373 .

2.79
10/1.59

Exciting New ICs
For Hobbyists

TDA7000 FM Receiver on a Chip.
Combines RF mixer, IF and demodu-
lator stages in one IC. Just what you
need to build a small, inexpensive
FM band receiver, repeater monitor
or public service band monitor. Mute
circuit reduces spurious reception.
Includes application notes.

#276-1304 .. ... ... .. ... 5.95
TDA1520A 20-Watt High-Power,
High-Fidelity Audio Power Amp.
Build your own quality audio ampli-
fier! Nine-pin single inline package.
Very low distortion. 20 to 20,000 Hz
response. Requires 15 to 50 VDC.
With data. #276-1305 5.99

Add Speech to
Your Computer

SPO256-AL2 Speech Synthesizer
IC. Cut 23%. Uses a stored program
to produce natural sounding speech.
Easy to interface with most comput-
ers. Requires 3.12 MHz crystal (spe-
cial order). 28-pin DIP. Includes data.
Reg. $12.95.

#276-1784 .. .. ... Sale 9.95
CTS256-AL2 Text-to-Speech IC.
30% Off. Preprogrammed 8-bit pro-
cessor translates ASCIl characters
into control data for #276-1784
above. With data and schematics.
Requires 10 MHz crystal (special or-
der). 40-pin DIP. Reg. $16.95.
#276-1786 . .. Sale 11.88

Finishing Touches
— (20)

(21)

{20) Experimenters’ Boxes. Plastic with
aluminum covers. Includes screws.,

6'ax 3%ax 2" #270-627 2.39
3Yax2ex 1'a" #270-230 ..1.59
4 x 2/a x 15/8". #270-231 . .. 169
73a x 438 x 298" #270-232 2.99
5116 x 25/6 x 15/6”. #270-233 1.99
(21) Dry-Label Transfers. Letters, sym-
bols, numbers, 4 sheets. #270-201 2.79

Hard-to-Find Ca?s

(22) g

1]

T

(22) CPU/RAM Backup. Backs up CMOS
microprocessors for brief AC failure. 0.1
farad, 5.5 VDC. #272-1440 .2.95
{(23) Dual-Ganged 335 pF Variable. PC-
mount. With knob. #272-1337 .. 4.95
(24) 6-50 pF Trimmers. PC/pertboard-
mount. #272-1340 . Set of 2/1.59

(23)

Dynamic RAM

4164-64K. Warrantied RAM chips are as
close as your neighborhood Radio Shack.
150 ns access. Uses single 5 VDC supply.
#276-2506 . . 3.95
TMS 4256-256K. 150 ns access. Low-
power design (230mV typical). Uses single
5 VDC supply. 16-pin DIP.

#276-1252 6.95

Line Driver ICs
For Data-Transfer

MC1488 RS-232 Quad Line Driver. Hook
up terminals and remote peripherals with a
simple “twisted pair’* cable. 14-pin DIP with
data. #276-2520 ... ... .. ... 1.29
MC1489 RS-232 Quad Line Receiver. For
use with above line driver.

#276-2521 . 1.29

Operational Amps

741. General-purpose, single channel.
Frequency-compensated, 8-pin DIP.
#276-007 .. 79¢
1458 Dual Op Amp. Internally compen-
sated. Low power consumption. Two inde-
pendent op amps in an 8-pin DIP Split
supply 5 to 16 VDC. #276-038 99¢
LM324 Quad Op Amp. Operates on 310 30
VDC or split 1.5 to 15 VDC supply. 14-pin
DIP. #276-1711 ... 129
TLO82 Dual High-Perfoarmance Op Amp.
Low-noise, high-Z biFET inputs. Low distor-
tion. Split 4 to 18 VDC supply. 8-pin DiP.

#276-1715 . . .. 1.89
LM339 Quad Comparator. Four indepen-
dent voltage comparators in a 14-pin DIP.
Single 2 to 32 VDC. #276-1712 .. 99c¢
LM567 Tone Detector. Touch-Tone, RC
and FSK decoding. Requires 4.75 to 9
VDC. 8-pin DIiP. #276-1721 1.99

Musical Chips

UMC 3482 12-Tune Melody Synthe-
sizer IC. 33% Off. Just the thing for
musical doorbells, clocks, games
and phone music-on-hold. Has an
on-chip audio preamp. Tunes include
Happy Birthday, Row-Row-Row Your
Boat and other all-time “camp” fa-
vorites. Operates on 1.5 VDC, 16-pin
DIP. With data and circuit examples.
Reg. $2.99. #276-1797 .. Sale 1.99

AY-3-8910A Frogrammable Sound
Generator. Cut 21%. Use with a
computer to provide an astonishing
variety and range of sounds! Three
independent outputs. Single 5 VDC
supply. 40-pin DIP. With data. Reg.
$9.95. #276-1787 . Sale 7.88

CMOS and TTL ICs

All are 100% prime and include pin-
out dnd specs.

Description Type Cat No _i_Each
Quad 2-Input NOR Gate | 4001 | 276-2400 | 99
Quad 2-Input NAND Gate | 4011 276-2411 99
Dual Type-D Flip Flap 4013 | 276-2413 l 119
Decade Counter/Divider | 4017 | 276-2417 | 149
Inverting Hex Bufter 4049 | 276-2449 119
Quad Bilatera! Switch 4066 | 276-2466 | 119

Description Type Cat No Each
Quad 2-Input NAND Gate | 7400 | 276-1801 89
Hex laverter 7404 | 276-1802 99
Quad 2-Input AND Gate | 7408 | 276-1822 129
BCD to 7-Seg. Driver | 7447 | 2761805 | 169
Div. by 2/5 BCD Counter | 7490 | 276-1808 119

Over 1000 items in stock: Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips,
Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Muititesters, PC Boards, Plugs,
Rectifiers, Resistors, Switches, Tools, Transformers, Wire, Zeners, Morp!

«Revolving credit from Radio Shack. Actual payment may vary depending on purchases.
Prices apply at participating Radio Shack stores and dealers

Radio fhaek

The Technology Store”

A DIVISION OF TANDY CORPORATION

CIRCLE 78 ON FREE INFORMATION CARD
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Mail Order Etectronics - Worldwide i

2AIME 0
ELECTRONICS

4

NEC V20 & V30 CHIPS

MICROPROCESSOR COMPONENTS

Replace the 8086 or 8088 in Your IBM-PC and
Part No, Increase its Speed by up to 0“1 !
UPD70108-5 (5MHz) V20 Chlp
UPD70108-8 (8MHz) V20 Chip. .
UPD70108-10 (10MHz) V20 Chip.
UPD70116-8 (BMHz) V30 Chip. .
UPD70116-10 (10MHz) V30 Chip. . . .

7400
-9 10+ | PartNo
29 190 | 7485

Price

.$21.95
.$11.95
$24.95

“MISCELLANEDUS GHIPS
Part No. Price
)765AC 495 395
695

8995 595

780. Z80A, 7808 SERIES
Z80 +25 99
Z80-CTC. +%a 99
Z80-DART 495
Z80-Pi0 +73 99
ZBOA 1.69
Z8OA-CTX 179
Z80A-DART. 495
ZBOA-PIO 169
ZB0A-SI0/0 SW5)
349
3.95
429 395

6500 /6800 /68000 SER

verl2 CMOS) 8'9577_,
195
6522

6500/6800/68000 Cont.
Pa: rice
T 895 205

195

1.49

MCB8000L 5. 11.95
MC88000L10 13.95
MC&8010L 10 4995
MCE8020RC 128 169.95
MCE8881RC12A 149.95

TN 8000 SERIES

80C31

8035

8073

8080A

8085A

8086

8086-2.

8087 (5MHz)
8087-1{10MHz)
8087-2{8MHz)

8000 SERIES Cont.
rt No.

rice

295
495 449
285 175

8228

8237-5

8243

8250A

82508 {For IBM)
A

DATA ACQUISITION
ADCO804LCN .3+3279
ADCOB808CCN .
ADCOBOICCN 885 3.6
ADCO816CCN

SPECIALS!

Prec. Sample & Hold Amp 7.95
Dual RS232 Rec /Trans. 519
Dual Comparator 79
16K CMOS SRAM (100ns} ... 3.95
27128-45 128K EPROM (450ns) 21V 495
7418612 Memory Mapper. Tri-State 11.95

Z4HCHI-SPEED CMOS

Part No. Part No.

74HCO0 74HC175.
74HCO02 74HC221

SMPB1FY
MAX232CPE
LM306P
6116P-1

74HC595,
74HC688.
74HC943

655 :
65C802 (CMOS)
6800 ADC1205CCU-1
DACOB08LCN
DAC1008LCN
AY-3-1015D.
AY 5-1013A

74HC4040
74HC4049.
74HCA4050.
74HCA4060.
74HC4511
74HC4514.
T4HC538.
74HC174, 74HCA4543.

Z4HCT — CMOS TTL

74HCT00 74HCT139
74HCTOZ2 74HCT157
74HCTO4 74HCT174

T08 74HCT175
74HCT10 74HCT240
74HCT32 74HCT244
74HCT74 74HCT245
74HCTB6 74HCT373
74HCT138 74HCT374

—CMOS

74C174.
74C175.
74C221

74C240

74C244.
74C373
74C3743.
74C812
74Ca15
74C920
74C921

74C922
74C923
74C925

LINEAR

DS0026CN LM1458N

TLO74CN L M1488N.

TLO84CN. DS14C88N (CMOS)
LM1489N.

AF100-1CN
DS 14C89N (CMOS
LM 1496N

LM307N.

MC1648P.
LM1871N.
LM1B72N
LM1896N-1

1

$$£$$$¢$$M%i$$$$d§$!ﬁtﬁ

4L5175
7415189
4L5191
4L5193
aL5221
415240,
415243
415244

1tisesets

Olsspbbiss

7a

00 00 00 €0

74C00
74CO2

74C04

COMMODDD RE CHIPS
Part No.

LAG570
WD1770
SI3052P
6502
6504A
6507
6510
6520
6522
6525
6526
6529
6532
6545
6551
6560
6567
6569
6572
6581 (12V)
6582 (9V)
8360

— DYNAMIC RAMS — —
Price
{150ns) 1.08
(200ns) tPiggyback) 325 275
{(120ns) 275
{150ns) 249
{200ns) 195
{120ns) 495
{120ns) 49 39
(100ns) 849
(120ns) 795
‘41256-150 262,144x 1 (150ns) 775
'50464-15 65536 x 4 (150ns} (4464) 595
*511000P-1Q0 1048576 x 1 (100ns) 1 Meg 4995
"514256P-10 262144 x4 {100ns) 1 Meg 8995

STATIC RAMS - —
2048x8 (120ns,
2048 x B8 (45ns}
1024 x 1 {250ns
1024 x4 (450ns)
1024 x 4 (200ns) Low Power.
1024 x 4 (200ns) (CMOS)
1024 x 4
256 x 4
2048 x 8
2048 x 8
8192 x8
8192 x 8
8192x8

Part No

~

Price

.48985 995
1195

249

265

195

439

995

195

395

495 3.49
44961295
295

649 549
496 325
449 295
10.95

14.95

24.95

895

14.95
+495 9.95
1495
10.95
7.95
15695
9.95
24.95
9.95
14.95
995
1095
995
1095
10.95
1095
1095
1495
1585
1195
11.95

4116-15
4128-20
‘4164-120
‘4164-150
*4164-200
‘TMS4416-12 16384 x 4
8118 16,384 x 1
“11256-100 262144 x 1
‘41256-120 262,144 x 1

16384 x 1
131072 x 1
65536 x 1
65.536 x 1
65536 x 1

9
9
9
9
5
5
5
o

2016-12
2018 45

74LS164

695
Low Powe

2114N
2114N-2L
21C14
2149

5101
6116P-3
6116LF-
6264LP-12
6264P 15
6264LP-15
6514
43256-15

74500

(150ns) CMOS

(1500s) LP CMOS
120ns) LP CMOS . 425
{150ns} CMOS

{150ns) LPCMOS 875
1024 x 4 (350ns) CMOS

32768 x 8 (150ns) Low Fower 1

EPRDMS -
450ns) 25V
{450ns) 25V,
(45005) 21V 8501
(450ns} 26V
450ns) 3 Voltage 995 6 8502
5o =2 8563
(450ns 8564
(450ns) 25V
{350ns) 25V 8566
{450ns) 25V (CMOS 8701
450ns} 25V
e 8721
8722

(200ns) 21V
Or 21\
(45() 5) 25V (CMOS) o
(200"“3 Y 251104-04
310654-05
318018-03
318019-03

(250ns) 21V
2764A.25 250ns) 125V

318020-04
325302-01

2764-45 (450ns) 21V
325572-01

54-1 {150ng) 21V (CMOS)
27128-20 (200ns} 21V.

“82S100PLA™"
901225-01

27128-25 16384 x 8 (250ns) 21V
901226-01

27128A-25 16384 x 8 (250ns) 12 5V
27C128-26 16384 x 8 (250ns) 21V (CMOS)
2725620  32.768x 8 (200ns) 125V

5 32,768 x 8 (250ns) 125V

901227-03 11.95
EEPROMS 1229, )
2048 x 8 (350ns) 5V Read/Write ] 90 229 05 e 24LP
048 x 8 (350ns) 5V Read/Write Specs. availaple 28LP. 2
2865A 8192 x 8 (250ns) 5V Read/Write “Note 825100PLA LF 29
U17 (C-64)

57N

M358N4
LM3EON.
LMB61TN.
LM380N-8
LM386N-3.
LM387N.
LM393N.
LM399H
LF411CN
TL4A97ACN
NE540H (C540H)
NEB55V
XRL555,
LMESEN
NESS8N.
LMSB5N.
LM5B7V
NES92N.
LM741CN.
M747CN.
MC1350P
MC1372P
MC1377P
MC1398P
LM1414N

TMS25
TMS2532
TMS2532A

2048 x 8
4096 x 8
4096 x 8
8192 x 8

3
7805K (LM340K-5)
7812K (LM340K-12)
7815K (LM340K- 1 5)
7805T (LM340T-5)
78127 (LM340T-12)
7815T (LM340T-15)
7905K (LM320K-5)
7905T (LM320T-5)
75472
75477
MC145106F
MC145406P

IC SOCKETS

Low Profile Wire Wrap (Goid) Level #3
8LP. 8WW. 59
14LP 2
18LP 3
5

F25

27256 25
27C256-25
27512-20

27512-25

68764

595
7.95
13.49
1195
1395

8192x 8 {450ns) 25V 14WW,

2816A
2817A

MC14411P
MC14190P

32,768 x 8 (250ns) 125V (CMOS)
52813 (2'V) 2048 x 8 {350ns) 5V Read Only Soldertail Standard (Gold & Tin] & Header Plug Sockets Aiso Availabie

65536 x 8 (200ns) 125V.
65536 x 8 (250ns) 125V

PARTIAL LISTING « OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! - CALL FOR QUANTITY DISCOUNTS

* DRAM'S SUBJECT TO FREQUENT PRICE CHANGES
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Now Available...Jameco’s NEW Wintér/Spring Flyer #1136
with 48 pages of Computer Peripherals, Components & More!

Mail Order Eiectronics - Worldwide

ELECTRONICS

“PROTOTYPING PRODUCTS;

Jameco Solderless
Breadboard Sockets

Contact  Binding
Posts

bEBhArWNOOOO

7'a x 712

Jameco’s
iIBM PC/XT/AT
Compatible @
Motherboards
- Award

BIOS ROMs

included JE1001

JE1000 4.77MHz (PC/XT)

JE1001 4.77/8MHz (PC/XT) . . . .
JE1002 4.77/10MHz (PC/XT) . . .
JE1007 6/8/10/12MHz (AT) . . . .

Jameco
Computer

Power %
Protection 1190

JE1190 Power Base

JE1191  6-Outlet Power Strip .

JE1192 300 watt Back-Up. . . .
JE1193 500 watt Back-Up. .

$119.95
$349.95

. $349.95

Zuckerboard

TANDY 1000
Expansion Memory
Haif Card

Expand the memory of your
Tandy 1000 (128K Version) to
as much as 640K. Aisoincludes
DMA coniroller chip.

TE512 Inciudes 512K RAM

TANC Plug-in Clock option chip (oniy} . . . .

30Meg Hard Disk Drive Board for Tandy 1000,
1000A 1000SX, 1200, 3000 and 3000HL

30MB Hard Disk Drive
T30MB  Board $599.95

DATA BOOKS

30005 Logic Data Book - Vol. Il {84)

30009 Intersil Data Book (87). . . . .......
21398 CMOS Cookbook (86)

210830 Intel Memory Handbook (87). . .. . . . &
230843 Intel Microsystem Hndbk. Set (87). ... $24.95

MUFFINISPRITE SWLEFAT

TA450S
Torin Industries (4.68" sq., 50 c(m)

EGSG Rotron (3 125" square, 34 ctm)

NEW!Turbo 10MHz PC/XT Compatible Kit!
FREE! PC Write Word Processing Software Included!
Jameco’s 4.77/10MHz Turbo
e IBM PC/XT Compatible Kit
an

KR4 JE1002 4.77/10MHz Turbo Motherboard

JE1059...$499.95
(EGA Monitor and
Card not included)

(Zero-K RAM —
BIOS ROMs)
Mini Turbo PC/XT

Compatible Case

XT/AT Comp.Keyboard $59.95
5%" DSDD Disk Drive
(Beige Bezel).

Mini 150W Turbo PC/XT
Comp. Power Supply . . .
360K/720K/1.2M Floppy
Controller Card

16K RAM (65,536x 1)

(2 Chips, 150ns). . ... . . $4.98
41256-150 512K RAM (262,144x1)
(18 Chips, 150ns) . .. . $139.50
112K RAM (65,536x4)
(4 Chips, 150ns)

- Regular List $627. 98

B3 il"‘b‘l .(‘) ] i‘a N “
M N % SAVE $128.03!
JE1006 1BM PC/XT Comp 10MHz Turbo Kit . . $499.95
IBM COMPATIBLE DJSPLAY MONITORS

12" Amber Monochrome —
TTL input, High Resoiution (PC/XT/AT)

$99.95

14" RGB Color — cGA Compatible
Amber/Green/Color Switchable, 640 x
200 Resolution (PC/XT/AT)

TTX1410 $279.95 o

14" EGA Color - EGA/CGA Compat., 720 x 350 (max ) resolution (PC/XT/AT)
TES5154 $399.95

14" Uitrascan Color — CGA/EGA/PGC/VGA Compatible, BOO x 560 (max.)
Resolution (PC/XT/AT)

Includes Award
$119.95
JE1014

JE1015
JE1021

JE1031
JE1043
4164-150

$69.95

50464-15

TTX1410

Graphic
Display
Cards

JE1050
JE1052

JE1055 $149.95
JE1071 $119.95
Multifunction, 170 and Expansion Cards

EGA Card
and Monitor
$499.95

Color Graphics Card w/Printer Port (PC/XT/AT)
EGA Card with 256K Video RAM

and Printer Port (PC/XT/AT)

Multi 170 with Drive Controller

and Mono Graphics (PC/XT)

1/0 Card with Seriat, Game, Parallel Printer
JE1060 Port and Real Time Clock (PC/XT)
JE1061 RS232 Serial Half Card (PC/XT/AT)
1/0 Card with Serial, Game and
JE1065  Paraliel Printer Port (AT)
Expand to 384K (incl. zero-K) Multifunction w/Seriai,

JE1078  Game, Parallel Printer Port & Real Time Clock (PC/XT) . . $79.95
Floppy and Hard Disk Controller Cards
JE1040 360KB Floppy Disk Drive Controller Card (PC/XT). . . . $29.95

JE1041
JE1043

20/40MB Hard Disk Controller Card (PC/XT)

360K/720K/1.2MB Floppy Disk Cont. Card (PC/XT/AT) $49 95

360K/720K/1.2MB Floppy/Hard Disk
JE1045 Controller Card (AT) . $159.95

Additional Add-Ons Available!

+“COMPUTER PERIPHERALS
Pl Seagate 20,30,
ﬁ@ 40 and 60MB

Half Height
Hard Disk
Drives
ST225K (Pictured)
20MB Drive only (PC/XT/AT). . ... $259.95
20MB w/Controller (PC/XT). $289.95
30MB Drive only (PC/XT/AT) $299.95
ST238K  30MB w/Cont. (PC/XT/AT). .. $329.95
ST251 40MB Drive only (PC/XT/AT) $439.95
ST251XT  40MB w/Cont. Card (PC/XT) $499.95
ST251AT 40MB w/Cont. Card (AT). . .. ... $539.95
ST277 60MB Drive only (PC/XT/AT) $549.95
ST277K  60MB w/Cont. Card (AT). . . .. .. $659.95

fﬁ% Jameco PC/XT
& AT Compatible
Disk Drives

“‘*‘"@ *@{" JE1022 (Prctured)

..$ 89.95
..$ 89.95
$109.95

ST225K
ST238

JE1 020 360K Black B2, (PC/XT/AT) .
JE1021 360k Beige B21. (PC/xXT/AT) .
JE1022 12m8 gege 821, (AT)

Datatronics
2400/1 200/300 Modems

+ Hayes command compat
ible - Bell 103/212A com-
patible - Auto-thal/autc
answer - FCC approved
1-year warranty - Includes
MaxiMite Communication
Software

$ 79.95
$174.95
$119.95
$219.95

1200/300 Baud Internal Modem. . . .
2400S  2400/1200/300 Internal Modem. . . .
1200C  1200/300 Baud External Modem. . . .
2400E  2400/1200/300 External Modem . . . .

Prometheus 1200B Internai Modem
PM1200B-2S (sotware incl ). $H49-95 $119.95 i

Jameco Extended 80-Column
Card for Apple lle

- 80 Col /64K RAM - Doubles
amount of data your Appie /e
can dlsp|ay as well as its mem-
ory capacity - Ideal for word

¥ processing + Complete with
instructions

JE864 $39.95

ADD1 2 (Disk Drive II, H+, e} $99-95
TEST EQUIPMENT
Kingdom and Metex

Dlgltal Multimeters

KD302*

+ Pocket Size in han Jy carry
case

+ 3"z Digit LCD

- Auto or manual ranging

< Audible continutly tester

- Tests AC/DC Voltage, Resis-
tance and Continuity

- One Year Warranty

- Size 4%"Lx 2'W ¥ 2'H

KD302 . . $27.95

M4650:
- Handheld, high accuracy
+4'2 Digit LCD
- Manual ranging with
Overload Protection
- Audible continuity tester
- Tests AC/DC voltage,
Resistance, Continuity
Capacttance and Frequency
- One Year Warranly
Size 7°Lx32'Wx 1'2'H

M4650 . . $79.95

U.S. Funds Only

Shipping: Add 5% plus $1.50 Insurance

/Ni ——— \
(MasterCard )

(May vary according to weight)

California Residents:
Add 6%, 6%2% or 7%
Sales Tax
FAX 415-592-2503
5/88

$20 Minimum Order

1BM is 3 i k of I ional Busi Machir

' Maii Order Eiectronics - Worldwide k04

ameco

e | ELECTRONICS |

Data Sheets — 50¢ each
Prices Subject to Change

— Send $1.00 Postage for a
_ FREE 1988 CATALOG

Telex: 176043

<1988 Jameco Electronics

1355 SHOREWAY RD., BELMONT, CA 94002 - FOR ORDERS ONLY 415-592-8097 » ALL OTHER INQUIRIES 415-592-8121
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siczi-ri = 7 //1-800-344-4539

K, Puerto Rico — 218-681-6674 Telox — 82827914 FAX — 218-681-3380 TWX — 9103508382 DIGI KEY CORP

The Do Kiny votame chscounts e service ¢harges ase smple (6 apply. Must tems sakd by Uigs Kay 1y be combined for ¢ volume discount ftems that are 6ot discountable are «dentified by the sutfix

'ND following the pant nummber. After winling your arder, total alt of the discountable iiems and appiy the appropriale discount. To this subloral, add the non-discountable items Then add the service SERVICE CHARGES VOLUME D'SCOUNT
charge. We pay all shipping aind insurance 10 addresses in the U.S.A,, Canada and MexiCo when check or money order accompanves order. Digi-Key only ships arders within the cannental U.S.. Alasks, . Add$2.00 ¢ 0.00-% 99.99....

Hawau, Canada and Mexica 0.00-4: 3

o
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i : Pricing s om0 s
@ o p B3 30 50
3 74500 TIL o s 5 0
Gan  bn 176 Watt Metal Fim 2 B
2 RS1X 29
406N 7] o fio 28] 2054 0
i as2x e e
i i ‘ asax S 196
o " & 7z
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Add$0.75 ¢ 100.00-9248.99 .
WHEN ORDERING BY PHONE. CALL 1-800-344 4533 (AK, call 218.681.6674). BY MAIL SEND YOUR DRDER TO: DIGI-KEY, P.0. Box 677, Thiet River Falls, MN 56701. - Add $0.50 . $ 250.00-3499.

Yau may pay by check, money arder, Master Charge. VISA or C.0.0 DIGH-KEY GUARANTEE: Any parts as products purchased from Digs Key that piove 16 be defective wil be replaced o refund A 9 Add $0.25 $ 500.00-4999.99 .
€03 returned within 30 days from receipt with a copy ot your mworce. "PRICES SUBJECT 1O CHANGE WITMOUT.NOYICE. ™ No Charge $1000& Up .
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Send for a FREE
copy of our NEW
52 page CATALOG

#QUALITY PARTS #DISCOUNT PRICES #FAST SHIPPING!

ALL ELECTRONICS CORP.

TRANSFORMERS

5.6 VOLT - 750ma
CAT# TX-56 $3.00

12V.C.T.-1amp
CAT# TX-121 $4.00

12V.C.T.-2amp
CAT# TX - 122 $485

12V.C.T-4 amp
CAT# TX-124 $7.00

18 VOLT - 650 ma
CAT# TX-186 $2.00
10for $17.50

24V.CT.-1amp
CAT# TX-241 $4.85

24V.C.T.-2amp
CAT# TX-242 $6.75

24 V.C.T.-3 amp
CAT# TX-243 $9.50

24 V.C.T-4 amp
CAT# TX-244 $11.00

A/B SWITCH
JVC# PU53593-2
High quality = =
A/B swilch.

75 OHMS INOQUT .LLQT
Measures: 3 3/4" X 1 7/16" X 1"
CAT# ABS-2 $3.50 each

LED'S FLASHING LED LED HOLDER
STANDARD JUMBOQ With built in fiashing circuit op»r- Two piece holder. &3 @
ates on 5 volts... - CAT# HLED
DIFFUSED 10 for 65¢
3 RED $1.00 each
U el CAT¥ LED4  1otorsoso CLIPLITE LED @
RED 10 for $1.50 - 100 for $13.00
GREEN 1.00 h
CAT# LED-1 1000 for $110.00: CAT# LED-4G ?O fo L3 HOLDER "
z r$9.50  Makes a L.E.D. iook like a fancy
GREEN 10 for $2.00 indicator. Fits T !-3/4 size LED.
CAT# LED-2 100 for $17.00 CLEAR CAT# HLDCL-C
1000 for $150 00 LBIh-tpROEll)-ARd LIED RED CAT# HLDCL-R
‘ghts (L3 CIIEEC, GREEN  CAT# HLDCL-G
YELLOW 10 for $2.00 GREEN the other. Two leads.
YELLOW CAT# HLDCL-Y
CAT# LED-3 100 for $17.00 CAT# LED-6 2 for $1.70 4 for $1.00
1000 for $150.00 )
13.8 VDC COMPUTER SWITCHING POWER
REGULATED GRADE SUPPLY
pOWER CAPACITORS Compact, well regulated switching
power supply designed to power Texas
SUPPLY

Solid state, fully regulated 13.8 Vdc
power supplies. Both feature 100%
solid state construction, fuse protection
and LED power indicator. UL listed.

2 AMP CONSTANT, 4 AMP SURGE
CAT# DVP-412 $22.50 each

3 AMP CONSTANT, 5 AMP SURGE
CAT# DVP-512  $30.00 each

1400 MFD 200 VDC
2" dia. X 3" high
CAT# CG-1420 $2.00

7500 MFD 200 vDC
3" dia. X 5 3/4" high
CAT# CG-75 $4.00

22000 MFD 25 VDC
2 dia. X 4 3/4° high

48 KEY
ASSEMBLY

NEW T.I. KEYBOARDS.
Originally used on computers.
these keyboards contain 48
S.P.S.T. mechanical switches.
Terminates o 15 pin connector.
Frame size 4" X 9".

CAT# KP-48 $3.50 each

BLACKLIGHT ASSEMBLY
Fe—=—xp

=

Complete, functioning assembly includ-
ing ballast, on-oft switch, power cord,
sockets and F4T5-BL blacklight.
Mounted on a 7 1/8" X 3 1/8" metal
plate. Use tor special effects lighting or
erasing EPROMS.

CAT# BLTA $10.00 each

CAT# CG-22 $250

instruments computer
equipment. INPUT:
14-25 Vac @ 1 amp
OUTPUT: +12 Vdc @

SWITCHES
MNIATURE TOGGLE
SWITCHES
all rated 5 Amps
S.P.D.T.(on-on)
Solder lug terminals.
CAT# MTS-4
$1.00 each
10 for $9.00

S.P.D.T.(on-on)
Non threaded bushing.
P.C. mount.

CAT# MTS-40PC

75¢ each
10 for $7.00

D.P.D.T.(on-on)
Solder lug terminals.
CAT# MTS-8

$2.00 each

10 for $19.00

350ma. +5Vvdc@1.2
amp -5 Vdc @ 200 ma.
SIZE: 4 3/4" square.
Includes 18 Vac @ t amp wall trans-
former designed for this power supply.
CAT# PS-TX $5.00 per set

10 for $45.00

RELAYS
12VDC 4PDT
P.C. mount
5 amp
contacts.
150 ohm
coil. Size:
11/4" X 13/4 X 7/8"
CAT# 4PRLY-12PC
$3.50 each

10 AMP SOLID

WALL
TRANSFORMER

11.5 Vde 1.95 AMP.
Input: 120 Vac
Size: 33/4" X
27/8"X258"
CAT# DCTX-11519
$6.50 each

POLARITY

SWITCH (o]
Designed to control —

an external coaxial relay on a satellite
t.v. system. Ideal for parts. Contains a 5
Vdc relay and many other parts on a
P.C. board. CAT# RDPS

$1.75 each - 10 for $15.00

STATE RELAY
Control:
3-32 Vde
212" X
3/4" X 7/8".
CAT# SSRLY-10A
$9.50 ea. 10 tor $85.00

MINI 12 VDC

4 Amp

SOUND & VIDEO
MODULATOR

Tl# UM1381-1.

Designed for use with

T.\. computers. Can be
used with video came-

ras, games, or other au- ¢-
dio/video sources. Built in A/B
switch enables user to switch from
T.V. antenna without disconnec-
tion. Operates on channel 3 or 4.
Requires 12 Vdc. Hook up dia-
gram included.

CAT# AVMOD $5.00 each

LOS ANGELE!
92055, VERMONT AVE.
LOS ANGELES, CA 90006
(213) 380-8000

LIGHT ACTIVATED
MOTION SENSOR

This device con-
tains a photocelt
which senses
sudden change in
ambient light.
Could be used as
a door annunciator or modified to trig-
ger other devices. 5 1/2" X 4" X 1°. Op-
erates on 6 Vdc. Requires 4 AA batter-
ies (not included).

CAT# LSMD $5.75 per unit:

S.P.D.T.
contacts

\
335 ohm coil #

617X 42" X 44" Fits

DIP socket, P.C. mount.
CAT # RLY-787

$1.50ea. - 10/$12.50

MINI PUSH BUTTON
S. P.S. T. momentary.

Push to make. 1/4"

threaded bushing.

Red button.

CAT# MPB-1

35¢ each - 10for $3.25

viC 20
MOTHERBOARD

26 IC's including 6520A and 6560. Not
guaranteed but great for replacement
parts or experimentation.

CAT# VIC-20 $15.00 each

SOUND EFFECTS

BATTERY AND
CHARGER SET

Two recharge
able 6 Volt 9.5
Amp / Hr. gel
cell batteries
and a charger to
charge both
batteries at the
same time. Batteries measure
23/4" X 5 1/2" nigh. ldeal as a6
or 12 Volt D.C.. back-up system.
CAT# AH-695 $35.00 per set

T

[,

BOARD

P C. board with 2 1/4"
speaker, 2 LED's, IC,
batiery snap, other com-
ponents 2 3/8" X 3". When switch is
pulied board beeps and LED's light.
Operates on a 9 volt battery (not
included). CAT# ST-3 $1.25 each

2

TRANSISTORS
2N2222A 3 for $1.00
PN2222A 10for $1.50
2N2904 3 for $1.00
2N2905 3 for $1.00
2N3055 $1.00 each
PN3569 10 for $1.00

STO ES:

6-12 VDC MOTOR

Mabuchi# RS-550S

Permanent magnet motor. {3)—_/“'._“5—
17/16" dia. X 2 1/4" long. = —s

2600 RPM @ 6 V 5300 RPM @ 12 Vdc
CAT# DCM-7 $3.00 each

(ALL ELECTRONIC) VISA
62288EQTLVEB§ . N—';ELECT;‘ON'CS CUSTOMERS 800-826-5432 ORDERS$10.00
VANNUYS, CA91411 vAﬁ‘ESYsS‘gA OUTSIDE OF THEUS. | INFO: (818)9040524 (" 5™

7. i SEND $1.50 POSTAGE |  FAX: (818) 781-2653 SHIPPING [ MasterCard

(BISIORlE00 91408 FOR CATALOG L) vo oo Y

MAIL ORDERS TO: |

2N4400 10 for $1.50

BRIDGE RECTIFIER
10 AMP 200 P.LV.
5/8" square. -
CAT#FWB-1020
$1.00 each + 10 for $9.00

NICKEL-CAD CHARGER/
TESTER

Wiil charge most

nickel-cad batteries
even button & N size.
CAT# UNCC-N $15.00

2]

PUSHBUTTON
PHONE

Spectra-phone Model# OP-1
1 piece telephone with rotary
{pulse) output. Operates on most
rotary or touch tone @
systems. Features N
last minute redial
and mute button
Includes coil cord
with standard mod-
ular plug. IVORY.
CAT# PHN-1 $8.50 each
2 for $15.00

RECHARGEABLE
NICKEL-CAD BATTERIES

TELEX §101010163

AAA SIZE 1.25V  180mAh $2.25
AASIZE 125V 500mAh $2.00
AA with solder tabs $2.20
CSIZE 12V  1200mAh  $4.25
SUB-C with solder tabs $4.25
DSIZE 1.2v 1200mAh $4.25
XENON FLASH TUBE
[ Sewr
3/4" X 1/8" dia.
CAT# FLT-1 2 for $1 00

| TOLL FREE

THIRD TAIL

LIGHT
Sleek high-tech
lamp assembly.
Could be used as a
third auto tail light,
emergency warning light, or spe-
cial effects lamp. Red reflective
lens is 2 3/4" X 5 1/2" is mounted
on a 4" high pedesta! with up-
down swivel adjustment. In-
cludes 12 V replaceable bulb.

CAT# TLB $3.95 each

)

GUANTITIES LIMITED
MINIMUM
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RADIO-ELECTRONICS

-
—

{MOTION CONTROL SYSTEM

5L
=

64K 1 EORED

DOsS
MCL

FLOPPY ORIVE NOT INCLUDED

MOTORS
OMPUTER-MONITOR-KEYBOARD
MOTOR CONTROLLER 00
FLOPPY CONTROLLER 1
MOTORS »s SOFTWARE

4

A.C. POWER SUPPLY ADD§12 FORFREIGHT
B GENERAL PURPOSE 64K SINGLE BOARD COMPUTER
HAS 2 SERIAL PORTS & 1 CENTRONICS PORT @ AMBER
MONITOR WITH 80 BY 24 LINES OF TEXT DISPLAY @
HIGH -QUALITY KEYBOARD THAT HAS = A SEPARATE
NUMERICAL KEYPAD® LIGHTED CAPS LOCK AND ENTER
KEYS+10 FUNCTION KEYS @ STEPPER MOTOR DRIVER
KIT WITH 4 OF QUR"EASY STEPPER"MOTORS @ PDS
DOS @ MICROSOFT BASIC @ PILOT LANGUAGE B MOTOR
CONTROL PROGRAM W1TH SOURCE LISTING ON DISK @
SCHEMATICS INCLUDED B JUST ABOUT EVERY THING
YOUR ROBOT WILL NEED FOR "BUILT IN " SMARTS!
® WE PROVIDE AN A. C. SUPPLY FOR BENCH TESTING,
OUT PUT YOLTAGES ARE +12YDC @ 2.5 AMPS,-12YDC
@ 5AMPS,+5YDC @ 5SAMPS, +24VYDC @ 1.5 AMPS
@ EXCEPT FOR THE STEPPER DRIVER KIT ALL BOARDS
ARE ASSEMBLED AND TESTED JUST WIRE THEM TO
TOGETHER. MSOLDERING IS REOUIRED M DISK STORAGE
(NOT INCLUDED) IS EXPANDABLE T0 3.2 MEG

o o &@
3 cpu’:?;eaee.a% k@ {
=—iveoako L Hia, @-i
L &

HAVE A COMPUTER 7 THEN DRDER JUST

® WORKS FROM YOUR CENTRONICS PORT

8 DEMO PROGRAM GETS YOU UP AND RUNNING $6
FASTE 1 00K OF SAMPLE PROGRAMS SHOW HOW TO GET

YOUR CUSTOM PROGRAM WORKING B INCLUDES 4 STEP-
PER MOTORS a2 AC POWER SUPPLIES aDEMO SOFTWARE
4DRIVER BOARD KIT 4 TERMINAL STRIPS FOR STEPPERS
AND COMPUTER B SPECIFY FORMAT IBM MORROW CPM

THE MOTORS AND DRIVER BOARD (S)/g

Callfor acoPy0f 15 day trial esreement. Tax &
freisht extre. COD ok just add 12.20 to freight
Price mas chanse Store Price may differ. While

‘r OPEN

ilicon allevSurplus 10sm- 6pm
415-261-4506 CLOSED

4401 OAKPORT OAKLAND CA. 94601 SUN &MON

{ supplies Jast. Mo POs, terms, or credit cards

CIRCLE 51 ON FREE INFORMATION CARD

SCIENTIFIC & ELECTRONIC
PRODUCTS

PLANS —8uiid Yourseli—All Parts Availabie In Stock
» LC7—BURNING CUTTING CO; LASER . $20.00
+ RUB4—PORTABLE LASER RAY PISTOL 20.00
+ TCC1—3 SEPARATE TESLA COIL
PLANSTO 1.5 MEV . 20.00
« 106 1—ION RAY GUN.. 10.00
« GRAT-GRAVITY GENERATOR 10.00
« EML1—ELECTRO MAGNET COIL GUN/LAUNCHER 6.00
KITS
o MFT3K-—F4 VOICE TRANSMITTER 3 Mi RANGE 4950
o VWPM7—TELEPHONE TRANSMITTER 3 MI RANGE. 3950
o BTC3K—250,00 VOLT 10-14” SPARK TESLA COIL 199,50
o LHC2K—SIMULATEO MULTICOLOR LASER 3950
« BLS1K~100,000 WATT BLASTER DEFENSE DEVICE 69.50
o [TM1K—100,000 VOLT 20° AFFECTIVE
RANGE INTIMIDATOR 69.50
+ PSP4K—TIME VARIANT SHOCK WAVE PISTOL 5950
« PTG1K—SPECTACULAR PLASMA
TORNADO GENERATOR 149.50
o MVPIK SEE IN DARK KIT 19350
ASSEMBLED
o PTW{K—SPECIAL EFFECT VISUAL PLASMA GENERATOR
FOR GLOBES/NEON TUBING ETC $50 50
# BTC10—50,000 VOU—WORLO'S SMALLEST
TESLA COIL 4950
o LGU40— 1MW HeNe VISIBLE RED LASER GUN. 2950
o TAT30 AUTO TELEPHONE RECORDING DEVICE 250
o GPVI0—SEE IN TOTAL DARKNESS IR VIEWER 49 50
« LISTI0— SNOOPER PHONE INFINITY TRANSMITTER 169 50
« 1PG70— INVISIBLE PAIN FIELD GENERATOR—
MULTI MODE 74.50

« CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS
HUNDREDS MORE AVAILABLE FOR $1.00 OR USE OUR
PHONE FOR “ORDERS ONLY' 603-673-4730

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS
PLANS ARE POSTAGE PAID, SEND CHECK, MO, VISA. MC N
US FUNDS

INFORMATION UNLIMITED
P.0.B0X 716 DEPT,RE, AMHERST, NH 03031

ADVERTISING INDEX

RADIO-ELECTRONICS does not assume any responsibilit\_( for errors that may appear
in the index below.

Free Information Number

81
108
107
103
208
106
187
84
202
77
194
190
85
109
60
50

113, 176
177. 178

198
14
115

117

71
72

ALLS. Satellite .
AMC Sales .
AMCOM

All Electronics
Allen. Wm B

Alpha Products
Amazing Devices
American Design Components
American Reliance
Appliance Service

B & C Microsystems

B&K Precision. . e

BUYUS

Banner Technical Books

Blue Star Industries

C & S Sales

CIE.

Caig Laboratories
Chemtronics

Chenesko Products .
Command Productions.
Computer Heroes .

Contact East

Cook’s Institute

Crystek . ..

Daetron

Deco Industries

Devtrontes ...
Digi-Key

Diskette Connection
Electronic Technology Today . .
Electronics Book Club
Elephant Electronies.

Fluke Manufacturing
Fordham Radio

Golden Bow Systems.
Grantham College of Engineering
Heath . ... ... .. .

ISCET

J&W

JDR Instruments.

JDR Microdevices.

JDR Microdevices. —— (1

JDR Microdevices .
Jameco .

Jensen Tools .
Joseph Electronics.
Kelvin .
Kikusui .
MCM Electronics

MD Eleetronics . . .
Mark V. Electronics .
McGraw 1ill Book Club

Microprocessors Unltd.

Mouser
NRI
New-Tone Electronics .

NuScope Associates.
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ELECTRONICS KITS | oo |
DISTRIBUTORS
HEADQUARTER - TSM IN AMERICA INC. 2065 BOSTON POST ROAD LARCHMONT N.Y. 10538 IN CANADA

ALBERTA, CALGARY T2A 5N1
I NBR 2-3220 5 TH AVE NE.
i3 TEL:(403) 235-5300
| FAX:(403)248-0750

GENERAL DISTRIBUTOR
PROSPECT ELECTRONICS
PO BOX 9144 ALLENTOWN, PA 18105
TEL: (215) 770 - 9029

| ALBERTA, EDMONTON T6H 4J8
15312 CALGARY TRAIL

[ TEL:(403) 438-5888

| FAX:(403) 434-0812

4| B.C. VANCOUVER V5R 5J7
1113070 KINGSWAY
TEL:(604) 433-3321

Lﬁg; 201 $26.77

DIGITAL CLOCK, 516" READ OUT; POWER
SUPPLY 12V D.C/0.2A WiTH HOUR AND

$17.50 X
TSM 2120w OPERATING VOLTAGE F:
SPOT TSM 220 AND TSM 221 COMPATIBL 3| MANITOBA, WINNIPEG R3H 0H8
CONTROLEL BY A MICROPHONE 4| 106 KING EDWARD ST E

MINUTE SETTING CONTRCLS POWER SUPPLY 12V/ 1. OUTPUT 05A. Fij| TEL:(204) 786 3075
e ] KAMODULATOR. SAFE 3-CHANNEL LIGHT
ONTARIO, MISSISSAUGA LAW 4M1
(TSM 157 $40.00 Y MATHESON CENTRE
B3 DIGITAL CLOCK AND UP TO 24 MN NBR 2-1350 MATHESON BLVD
(TSM 5A $26.30 Y fTSM 4 AL 1/100 S CHRONOMETER. COUNT DOWN TEL(416) 238-8825
AUDIO POWER MODULE 70W PEAK POWER AUDIO PREAMPLIMIER FOR GUITAR, INP JT: CAPABILITY FOR THE CLOCK .
1 35W AMS, INPUT SENSITIVY 47K/800mV SENSITIVY 47W/SmV, OUTPUTLEVEL ] | pOWER SUPPLY 12V D.C. OR AC. ) ONTARIO, DOWNSVIEW M3J 123
OUTPUT 4£/80. POWER SUPPLY 39V D.C. 471 5V, VOLUME CONTROL VARIABLE 's 333.20 TORONTO-DOWNSVIEW
5a L\powzn SUPPLY 25V D.C.7 0.4 3 TSM 177 : 86 ST REGIECR N
DIGITAL VOLTMETERS 0 V TO 999 V D.C. TEL:(416) 630-0400
" TSM 34 $9.18 Y N_POWER SUPPLY 12V D.C /0/5A FAX:(416) 638-2936
STEREO RIAA PREAMPLIFIER; INPUT r TSM 206 $10.15 ) N
SENSITIVY 47K/3mV, OUTPUT 700mV. METRONOME; POWER SUPPLY 9- 12V D.C. ?N“R'g' TonotgsNM:.c N3
POWER SUPPLY 12V D.C/ 0. 1A . . Pl = 7 ‘NOWLOMBDO”NARD o
> J T Tsm 210 st0.50 ) | TSM 214 R
. | TEL:(514) 367-2011
 TSM 35 $9.19 ) FULLY RANDOMISED ELECTRONIC DICE, 8-CHANNEL CATERPILAR. SAFELOW :
MICROPHONE STEREO PREAMPLIFIER: POWER SUPPLY 9 - 12V D.C./0.1A J VOLTAGE OPERATION USING TSM 220 i o, 1 o Trawa K12 646
INPUT SENSITIVY 5mW2000 OR MORE \, AND 221 S8POT. 9V D.C/ 0.5 A Bt MERIVAL ROAD
OUTPUT 700mV, POWER SUPPLY 12V D.CJ " TSM 54 $13.85 1 TEL4(613) 726.7900
A0 1A FM TRANSMITTER, POWER S UPPLY 9V :
= rTSM 122 s13.06 ) N DC /054 3| QUEBEC, MONTREAL-WEST H4P 1N
STEREO AMPLIFIER 2X40W PEAX POWER ALL-BAND FM/VHF/UHF ANTENNA. 2005 y TSM 150 $82.50 Y : T’_‘;i‘_ F::“‘i‘;‘s;‘“
SENSITIVY INPUT 47/300mV. OUTPUT AMPLIFIER-, POWER SUPPLY &/12V D.C / HOME PROGAMMER. 4 DEVICES CONTROL (51, .
2.9/80. VOLUME, BALANCE; BASS , \ o 158 A 20 PROGRAMS. OPERATION WITH RELAYS : )
TREBLE, CONTROLS. POWER SUPPLY. o POWER SUPPLY 12V D.C./0.8A. 4] QUEBEC, MONTREAL EAST H1S 149
: i TSM 31 & g N. < ] 6080 METROPOLITIAN BLVD E.
[2a0.C. 24 A FM STEREO DECODER, POWER SUPPLY y TSM 130 $26.77 A TEL(514) 256-7538

TS 48 sie.8s )

A\, 12V D.C.7 0.IA 24 TUNE DOOR CHIME, QUTPUT 3/4 WATTS

AUDIO POWER MODULE, 50W PEAK POWER TSM 62 $13.00 (1R BUPRAY R CES ALY ?:giaasgbf?gi?aési‘: 4K8
25W AMS, INPUT SENSITIVY B00mV/i47K CAR ANTENNA PREAMPLIFIER MwAW/FM, | ¥ TSM 123 $46.15 Nra
‘O;C'P[%',';:ED'NCE DGR NEPLY 126V DC/O 1A SOUND CONDITIONER, QUTPUT LEVEL 800mv | E FAX{(418) 682-8303

, Wi 2 [TsM 335 $15.65 Y | TOBE CONNECTED TO AMPLIFIER AUXILIA fTSM 220 $25.30 A@THVE

Y TSM 11 $15.50 Y | prvsioLosic ToNE conTRoL, STERES A\ RY INPUT. POWER SUPPLY 12V D.C. ) :
;:?ﬂ:::#‘2:::.?,:,:?;&2?::‘giw INPUT IMPEDANCE 150mV/160K, OUTPUT | I~ TSM 78 UNIVERSAL ALARMFOR ) H 64 LEDS SPOTFOR SAFE LIGHT MODUL- IN US.A

Y " HOME AND CAR, DELAYED EXIT TIME, AD- ATION. SUPPLIED WITHBOX. 4 MASS, BOSTON WESTBORO 01581

TO 802 OUTPUT, COMPLETE WITH VOLUME Ny
BASS, TREBLE CONTROL; POWER SUPPLY JUSTABLE SOUND ALARM TAMPERPROOF| R Arer orr, 6 st

e e s ) OPERATION WITH CONTACT SWITCHES. | | eI s

7 TSM 5B onn . . POWER SUPPLY 12V D.C/0,15A $33.23 | TSM 213 $16.20 ;
AUDIO POWER MODULE 90W PEAK POWER I Tsm 121 $17.54 ) | safELow voLTAGE2waY CATERPILAR [ wa. BELLEVUE SEATTLE 98005

45W RMS: INPUT SENSITIVY 47K/800mV . RANDOMLY FLASHING AND WINKING. TSM B 131967 NORTHUP WAY
OUTPUT 41780, POWER SUPPLY 39V D.C/3 :ﬁi?‘ﬁ?f:ﬂ?ﬁ:ﬂ SREMER) R DR 2] e G T B e
r T ! > .C /0. < A POWER SUPPLY 12V/0.5A. JE.qzoS) 881-8191 J
AUDIO AMPLIFIER 15W PEAK POWER,7.5W $15.15 -
AMS,INPUT SENSITIVY 47K/150mv, 2.5 TSM 105 [ TsM 221 31720 N O SOIND SYSTEM
TO 82 OUTPUT. COMPLETE WITH VOLUME ELECTRONIC ALARM SIREN, 80 IMPEDAN- 25LED'S SPOT FOR SAFE LIGHT MODUL- | 1269 EAST MAIN STREET
BASS, TREBLE CONTROL. POWER SUPPLY CE, 10 WATTS RATING. POWER SUPPLY | ATION. SUPPLIED WITH BOX. AL cason cag202t
A\ 1216V _D.C. /1.5A 7 A\, 12V D.C.  HORN SPEAKER NOT INCLQE< TEL:(619) 442-70-22
" TSM 19 s52,05 ) { ISM 146 1 [ TsM 85 $22.52 s 5 :
AUDIO 240W PEAK POWER, 120W AMS STEREO 2X5 BANDS EQUALIZER , SUPPLIEDY: TIME DELAY SYSTEM FROM 1SEC TO 15 ; ?&if:é‘?.?’:ﬁ‘é -
SENSITIVITY 47K/ 0.8 V.OUTPUT 4 Q. WITH 10 POTENTIOMETERS, FREQUENCY MINUTES. POWER SUPPLY 12V D.C :
THD 0.3 %, RESPONSE 15 HZ -100 KHZ, RESPONSE 50HZ TO 15 KHZ POWER SUP P < { LINDEN N
POWER SUPPLY 79V MAX. HEAT- X 12v D.C/0.2A ' TSM 69 $15.93 Y i ;(E;v.(;ggzsraaaa

TELEPHONE AMPLIFIER WITH INDUCTIVE

PICK-UP AND SPEAKER, ADJUSTABLE 2001 HARBOR BLUD

> SINKS NOT INCLUDED WITH THE KIT. :
TSM 66 $16.50

TSM 147 A VOLUME, POWER SUPPLY 9/12V D.C/0,1A £ COSTAMESA CA 92627

AUDIO POWER MODLLE 40W PEAK POWER MONO 5 BANDS EQUALIZER SUPPLIEDWIMTH | K ) :
20W RMS, INPUT SENSITIVY 47K/300mV 5 POTENTICMETERS. FREQUENCY RESPCNSE > k{8 ecTROCTY

AOUTPUT 2.5/800 POWER SUPPLY 12V D.C28/ | 50 Hz TO 15KHZ, POWER SUPPLY 2 X 12V TSM 168 $12.82 L 801 EAST BROADWAY

' TSM 68 $22.66 Y fp.cro.15a, MOSQUITO REPELLER. POWER SOURCE 3 ] TUCSON ARIZONA 85719
STEREO AMPLIFIER 2 X 20W. \- VDL ?
INPUT 47K/300mV, OUTPUT 2,5/80Q SUP- > < TSM 2 V2 $22.20 } ELECTRONIC OUTLET
PLIED WITH HEATSINK AND BALANCE, TSM 88 $38.77 : 2815F AONDREN
VOLUME, BASS, TREBLE, POWER SUPPLY FUNCTION GENERATOR, FREQUENCY RANGE w;:‘fts :L%IBDVSJOA'I;\ZEinLATED PO E nousTon TEX 77083

\12v D.C/2.50 < 8HZ TO 200KHZ PROVIDING SINE/TRIANGLE :

/TSM 1551 $48.50 p RANFORMER 1S NOT INCLUDED WITH THE | ¢ £ rponic wAREHOUSE
STEREO AMP. 2 X 50W 7] 2691 MAIN ST

SQUARE/SAW TOOTH WAWE FORMS, PO- \ KIT.
WE UP| 12V D.C/0.3.

R SUPPLY C/03A - -
TSM 58 s19.84 )

TWO-STATION INTERCOM WITH SPEAKER
VOLUME CONTROL, POWER SOURCE %12V

PEAK. INPUT SENSITIVY 47K/300mV
OUTPUT 4/802 . SUPPLIEDWITH HEATSINK J

RIVERSIDE CA92501
1 TEL:(714)686-61-86

AND BALANCE, VOLUME, BASS, TREBLE
\ CONTROLS POWER SUPPLY 40V D.C./2A3, 13 KELVIN ELECTRONICS

:3 7 FAIRCHILD AVE.

" TSM 118 $62.31 N \DC. / 04A p :
320W PEAK POWER AMPLIFIER MODULE . <  PLAINVIEW NY 11803
80 OUTPUT IMPEDANCE INPUT 47k/800mV | 57 = R [ TSM 160 $16.62 ] TEL:(516)349-7620
FREQUENCY RESPONSE 15HZ TO 60KHZ, TSM 61 $25.48 STEREO SIMULATOR, POWER SUPPLY 12V d Fax:(516)349-7830
POWER SUPPLY 2 X 40V D.C/6A FM RECEIVER. OUTPUT 1 WATT 4802, 13 D.C./0.1A. y :
A HEATSINKS NOT INCLUDED IN THE KIT. ) POWER SUPPLY 12/16V D.C. /0.2A. e < ; NUTRON COMPUTER BLECTRONKCS
Yy TSM 89 $30.38 O\ Ko & TSM 196 $19.71 4 821 E ROOSEVELT ROD LOMBARD
A e ST ST Ee A e 7 NPUT MIXER STEREO PREAMPLIFIER OR AL . 60148
R B GRS 160 (R T U YTSM 158 $27.42 7N 14 INPUT MONO WITHOUT ATTENUATION, | E& JTEL:(312)691-89-00
1Cz/1sv YA : FM RECEIVER, OUTPUT 20 WATTS/80 INPUT 47K/100 TO 700mV,OUTPUT 47K/ TSM 11€ V5 $11.50
N —— - < L"OWEH SUPPLY 12/16V D.C. /2A y 100 TO 750mV, POWER SUPPLY 24V D.C. REGULATED POWER SUPPLY 5V D.C. 4 MACS BLECTRONIC
TSM 102 $22.50 A = 10.1A SR T i 4 191 SOUTH E STREET
fTsm 211 $10.00 ) ER FORMERNOT NCLUDEDWITHEY (. \ BERNARDING CA 92401
18 LED OUTPUT POWER LEVEL METER, 2 THE KIT : TAN_ . 0 9
POWERED BY THE MOOULATION. MEDIUM WAVE RECEIVER. 1 W,0.5 W RMS 1 7 EL:(714)884-31-87
. < L;\umo POWER. POWER SUPPLY y ;
TSM 128 $20.31 912V DC/ 01 A ORVAC ELECTRONC
[ TTRTI. [ TSM 116 vi2 SRS T GRANGETHORPE
2 X6 LED OUTPUT LEVEL METER, STEREO TSM 205 . REGULATED POWER SUPPLY 12V DC. FULERTON
2 X 50W , POWER SUPPLY 15720V D.C. FM REC EIVER, HEADPHONE STEREG OUTPUT POWER TRANSFORMER IS NOT INCLUDED J A3 HeneE
\ POWER SUPPLY 12V D.C/0.1A ) A\ WITH THE KIT. TEL:(714)871-12-20
=
—_— —  TsM 163 $12.92
GENERAL DISTRIBUTOR POWER SUPPLIES 5 .75 . 9 . 12V/1A TRI-TEK ELECTRIC
PROSPECT ELECTRONICS POWER TRANSFORMER NOT INCLUDED 9014 NORTH 23 AVENUE PHOENIX
POBOX 9144 ALLENTOWN, PA 18105 |\ WITH THE KIT. ARIZONA 85021
JEL R216)77 0139029 TSM 99 $130.00 Y| f TSM 2 V4 $25.85 ;ELE:(EG:OEF’W.'C:B'G"
WELCO VEGAS KIT : FESTIVE LIGHT DISPLAY (LED! VARIABLE SOLID STATE REGULATED PO- 11645 HARBOR BLVD
DISTRIBUTORS - RETAILERS POWER SUPPLY 12V D.C./ 2.5A. WEP SUPPLY avNTTo |E4vr/T5Amm5FonMER e AT
e - INTH 3
WRITE FOR AN INTERESTING PROPOSAL e NIRRT RENEIN ] \NOT NCLUDED X ATEL(714)635-50.90

CIRCLE 77 = ~m=m oo it on e -2



measures up

Quality * Price * Delivery

NEW!

SCOPE Frequency Counters
* Bdigit LED » Compact ¢ lightweight
* High performance ¢ Automatic
range and Hold function ¢ High
stability in reference oscillator.

Model FC-7011

100 MHz our Pricd 16995

Model FC-7051
550 MHz our Pric§24995

Mini-Meters with Maxi-Specs

XL LIPS FRECUENCY COUN

FORDHAM Frequency
Counter

*10 Hz - 150 MHz Range * 7-digit
LED display * VHF/HF selection
» Gate time 1 sec., 5sec. ¢ +1 count
accuracy.

Model FC-150

o150 §13990

SCOPE 3% Digit

rent ¢ Resistance ¢ Diode
Test ¢ Battery Life 300 Hrs.
¢ Overioag Protection: DC
500V, AC 350V, ohms 250V

¢ 05% Accuracy ¢ Audible
continuity and diode test
¢« 10 Amp measurement
* Resistance ¢ DC/AC

NEW! SCOPE 31 Digit LCD
LCD Meter SCOPE 3%, Digit, LCD  with Autoranging

* 05% Accuracy * OC Vot 8 Function with » 0.5% Accuracy ¢ Auto/
age * AC Voltage * DC Cur-  Transistor Tester Manual range selection

* DC Voltage * AC Voltage
¢ AC Current ¢ DC Current
¢ Resistance.

NEW

| FORDHAM Function

| Generator

» 05 Hz- 500 KHz in 6 ranges ¢ Sine,
square & triangle wave forms ¢ VCA
and VCF inputs ¢ Accuracy +5% of
full scale.

Model FG-202

620284990

DC/AC.

FORDHAM Signal Tracer/
Injector

* Easy to operate ¢ VU meter ® Two
LED mode indicators ¢ 1 KHz test
tone ¢ 8 ohm speaker ¢ Tesl leads.

SCOPE Hand-Held Digital Multimeters

¢ Overload protection ¢ Auto-decimal LCD readout ¢ Polarity indication
* 300 hr. 9V battery life ¢ Low battery indicator.
* 8 Function, 37

* 11 Function, 38 |

Model s 9 5
VM- 49

Model giligee. gur Prir§e31 Model SE-610 s1 1 990

Model g Our Price
DVM-630 32995 DVM-632 Special
SudRice Reg. 560.00 34495

Our Price
GO sy MOl sasy T Caver Seds e FORDHAM LCR Bridge Meter

o Fully transistorized * 1 KHz signal
generator » Measures resistance
* [nductance ¢ High mechanical and
electrical stability « Battery operated.

Model LC-340

Our Prices1 4995

ranges inciuding ranges including Logic

Transistor and Levei Detector, Audible
Capacitance and Visual Continuity,
measurements Capacitance and

s Conductance
Model DVM-636 measurements

36750 Model DVM-638

Our Price

OOO!O

|~A-AA 4

CA-92 Deluxe Padded Case for DVM meters. $9.95
TL-216 Transistor and Capacitance Test Leads$9.90

SCOPE Digital

Capacitance Meter

* Digital LCD display ¢ LSl-circuit ¢ High
accuracy: 100 rpm 05% ¢ Broad test
range ¢ Fast sampling time ¢ Capacitor
discharge protection » Compact, light-
weight design * One-hand operation.
Model DCM-602 35995

Our Price

Telephone Orders Now! G &eia Bom Sé‘;#’%?{%am 3pm EsT

ASK FOR FREE CATALOG. Money orders, checks accepted. C.0.D.'s require 25% deposit Vm, st car)| AMAERICAN
_i! =

Fordham : 565951

260 Motor arkway, Hauppauge, NY 11788 in NY State 800-832-1446

www americanradiohistory com

Service & Shipping Charge Schedule
Continental U.S.A.

FOR ORDERS ADD
$25-100 $450
$101-250 . $600
$251-500 $800
$501-750 . . $1050
$7511.000 $1250
$100%-1500 $16.50
$1,501-2,000 . $2000
$2,001 and Up. . 52500




