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NOW GET SCOPE, COUNTER
AND DMM INPUT ALL AT ONCE
THROUGH ONE PROBE!

Gated frequency measurement, tlm measurement. Delay  Channel { dc volts measure-
B sweep Inggering during the t|rn rom the stan of A sweep to menl. The average dc compo-
Intensified portion of the A sweep  the start of the B sweep is mea- nent of a waveform ig measured
Intensilied porion frequency 1s sured wilh crystal accuracy. directly through channel 1 with

measured with the counter/timer/ direct thgttal fluorescent readout.
DMM.

The Tek 223 combines AN, .o o0 1%

100 MHz, dual timebase Em

scope capability with
countertimer/DMM
functions integrated into
its vertical, horizontal
and trigger systems. For
the same effort it takes to
display a waveform you
can obtain digital readout
of frequency, period,
width, totalized events,
delay time and a-time to

A built-in, auto-ranging
ohmmeter provides
resistance measurements
from 0.01 {} to 2G}l—as
well as audible continuity.
Automatic diodefjunction
detection and operator
prompts serve to simplify
set-up and enhance

confidence in your

measurements.
The 2236: scope,

accuracies of 0.001%. counter, timer, DMM
The same probe is e =" plusa 3-year warranty
used to provide input for I1he —all for just $2,650.
CRT display and the digital Bandwidth 100 MHz Contact your nearest dis-
measurement system. No of Channels 2+ Trig. View - tributor or call Tek toll-free.
resulting in easy set-up, Max. Sweep Speed 5 ns/div Technical personnel on our

greater measurement confi-

con Digital Diect Ch 1 Voltage Meas. 0.5% DC; 2.0% direct-line will answer your
dence and reduced CirCuit Readout AC AMS questions and expedite
loading. Probe tip volts can Features Resistance: .01{} 10 200 M@“ delivery. Orders include
also be measured through o T e i B probes, 30-day free trial and
1 anzing Counter:— 1 counts to 8.000,000 . .
the Ch 1input. Direct Freq. Meas: 100 MHZ to 0.001% acc. service worldwide.
Precision measurements Period. Width Meas: 10 ns with 10 ps max Cali Tek direct:
at the touch of a button. — resolution ;
Auto-ranging frequency, Trmng Meas. .001% (delay and A-fime wilh readout) 1_"800‘433‘_2323 for
period, width and gated Accuracy video tape or literature,
measurements are push- Trigger Modes P—F;:::géo. Nomm, TV Field, TV Line. Single 1-800-426-2200 for
bullon-SImp|e. And the 2236 _ - =3 apphcatlon ass'stance or
offers anindependent float. ~ Weight “7.3kg(16.21b) = orderng informalion.
ing 5000 count, auto-rang- Price $2650 -
ing multimeter with side Warranty 3-year including CAT {plus oplionai service tn Oregon, call collect:
inputs for DC voltage mea- _plans o § years): 1-627-2200
|
Tektronix
COMMTTED TO EXCELLEMCE

Copyright © 1966, Takirorsx, NS, All rights reserved TTATRT

CIRCLE 92 ON FREE INFORMATION CARD
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COVER 1

At one time or another, most of us have §
s'a:t tfback and rvondered abo;l what shape
the future will take. We at Radio-Electronics §77 1, |
are no different. To satisfy our curiosity, we ! :’"‘:"
asked experis in medical electronics, robotics, artificial intelligence,
energy, transportation, communications, semiconductors, and other
fields to share with us their visions of the vear 2001, This month, in
some of the most important artickes ‘ever pubiished in Radio-Elec-
tronics, we share those visions with you.

NEXT MONTH

THE JUNE ISSUE 1S

ON SALE MAY 3

BUILD A DIGITAL TACHOMETER
Digital circuits make it accurate and inex-
pensive.

ALL ABOUT FLIP-FLOPS
Bone up on basic digital logic.

VCR TAPE CALIBRATION
Locate your favorite selections easily.

TROUBLES WITH YOUR TV?
Case histories reveal troubleshooting
techniques.

NEW LIFE FOR OLD CAR RADIOS
Part 2. Adding a shortwave converter

AND MUCH MORE!

AS B SernC0 10 TRB0eTS. HA.DIOvELECTR)NCS publishes padabie Plans OF NormMation relaiing 10 Newsworthy products.
lechmaues and sceentrhc SR 10ChnolgIcal dentk 1. Because gl possble vanances in the Guality and m ol
malenaly 8 workmanstup used by readers. RADIO-ELECTRONICS disclaims any respon®billly for e sake 80 proper
funchomning of reade-telt projects based upon of Trom plans of ioMEtion Pub:shed i hus Magazine

Since some of the and dascribed i RADIO-ELECTRONICS may relate it of ba oovemd b palenis,

RADIKO-ELECTRONICS desclaums ary K tha inttngement of such patanis by (he makng. wing. of stling of any such
Bquipment O crouiry, 8nd Sugqgests that anyone ilafesied M SUCh promects CoNsut It paten attorey
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More Functions. Smaller Budget.

Beckman Industrial Civcuitmate” DMMs
put bFE, Logic, Capacitance, Frequency and
True RMS In Your Hand, For Less.

Get more, for less, It's a simple defi-
nition of value. For DMMs, value means
finding the combination of capabilities that
meets your needs 1 the right price Without
losing sight of accuracy and retiability
I[f you want more funictions at a kow price,
Beckman [ndustrial’s Circuitmate™ Digital
Multimeters are the best value around.

From the pocket-sized DM20L to the
DM850, with true RMS capabifity and accu-
racy 0 0.05% 1 digit, Circuitmate DMMs
give vou the functions you need

For Instance, the DM20L. puts both a
Logic Probe, a transistor gain function (hFE),
and a full range of DMM functions in the
palm of your hand. For only $69.95.

Then there’s the DM2SL. Where else
does $89.95 buy you a Logic Probe, capad-
tance measurement, transistor gain function
(hFE), and 24 DMM ranges including resist-
ance to 2000 megohms? Nowhere else.

When high accuracy counts, there's the
DMBO00 with 2 4 % digit disptay. The DMS00

| |
A REON

DM 20L Pocket-Size

wilogic $69.95°

TTLL Logic Probe: 20MHz
Ha/off ndcabons
Detects 25nS puise
wadths

WFE (WP o PNFY.
1 range {1000}

DM trput Impedance—
10 Megohms
DCAJACA-5 ranges
(2004 to 24)

Ohms-3 ranges {200 ohms
~io 2000 Megohms)

Contnurty beeper

also gives you frequency counting. A full-
function DMM, and more, doesnt have to
cost over $169.95, [ it's & Circuitmate
DMBO0C.

Or, for a few dolars more, get true RMS
(AC coupled) 1o let you accuraiely measure
non-sinusoidal AC waveforms, and all the
capability of the DM800, in the DM850.

Of course, there's a whole range of
Circuitmate DMMs and service test instru-
ments, including the DM78 autoranger that

DW25L
Capacitance, Logic,
hFE $89.95"

TTL Logic Probe: 20MH2
Ho/ot indications
Detects 2515 pylse
withs

Capacttance: 5 ranges
{2nF 10 AuF)

hFE {NPN or PP
1

I sozoer

[T ¢

e e I W N W N

DMB50

Truc RMS

414 Gons. DOV accuracy
is 5% +3 thoits

True RMS

Frequency counter to
200KHz

Data Hold dispizy
copalBin ¥ R B N
Contrwsy beeper
Buat-in basl

Arti-shod pads

\ DAMB0X) [Average)
$169.95"

fits In a shirt pocket, yet ghves you a full size
3% digit, % 7 readout. Not to mention a
complete line of acoessories like test leads,
current clzmps, even probes that can extend
your DMMSs range and sensitivity All
designed 1 work [lawlessly with your
Beckman industrial Circuitmate DMM.

e

See vour Beckaman Industrial disiribu-
tor and discover more DMM performance.
For less.

*Sugprswed Bl price {SUS) with batser dest leads and manual

L * L~ F 4 ¥ By L !}

’ﬂr'l s=t-wi—al"

r b Produscs Davision

(M) 6714800 « AR (TH) 671 4874 » TLL 42790
10198 Bechoman e stnad Corpormtion

CIRCLE 98 ON FREE INFORMATION CARD
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EDITORIAL

Welcome to the twenty-first century.

Welcome to this very special issue of Radio-
Electronics. We're taking you on a journey to the
year 2001 to show you how electronics will
dramatically change the way we live,

Although two of the world’s most notable science-
fiction writers—Arthur C. Clarke and Isaac
Asimov—have contributed to this special section,
we haven't cooked up a flight of

imagination. Instead, we offer a realistic vision of
the future—a vision based on what's happening in
the research and development labs today.

Do you ever wonder what kind of car you'll be
driving in 20012 Donald E. Petersen, the Chairman
and Chief Executive Officer of Ford Motor
Company has. He has been working along with
Ford engineers to determine how today’s new
developments—and tomorrow’s new technology—
will be used in the car of the the twenty-first
century. | can’t wait to test drive it.

Will advances in artificial intelligence give us
machines that truly think? We asked George H.
Heilmeier, a Senior Vice President and Chief
Technical Officer at Texas Instruments, what he
thought. And his experience leads him to some
interesting conclusions about the progress in
artificial intelligence we can expect.

How will that progress affect robots? Will human-
like robots take care of the everyday tasks we find
so tedious? The potential is certainly there but, as
Isaac Asimov points out, the impact on our society
could be devastating. On the other hand, robots
could and free us to be truly humanl

Advances in artificial-intelligence and robotics will
never come about without advances in
semiconductor technology. By the year 2001, we’ll
be producing three-dimensional integrated circuits,
according to Bob L. Gregory, the Director of
Microelectronics at Sandia National Labs.

All the technologies I've mentioned may seem a
little far from home, but in the twenty-first century,
they’ll be very close to home—in your Smart

House. Imagine never having to run exira wires to
distribute video and audio signals. Imagine a house
that adjusts automaticalty to the way you live.
Imagine being able to control any appliance from
anywhere in the house—or anywhere out of the
house. David ). MacFadyen, President of the NAHB
National Research Center tells us about the home
of the tuture. And he should know—he's working
today on a prototype for tomorrow.

Are you amazed at the way video has changed In
recent years? Products like VCR's and affordable
video cameras have transformed the way we view
and use video. Well, it will continue to change. The
Third Age of Videc—described by Charles N.
Judice, an engineer at Bell Communications
Research—will bring video power to the people.

The topic of energy hasn’t been making headlines
in recent times, but that will change as new,
exciting technologies are refined. Can you imagine
having an energy plant in your basement that
produces all the power you need and more? Dr.
Stephen Kuznetsoy, the Director of Engineering at
Power Silicon and Monolithic Technologies, can
imagine it. He’s been the Chairman of the IEEE
Committee on Energy Development since 1985 and
he's had his hands on some pretty exciting stuff.

As you can see, | wasn’t kidding when | said that
this is a very special issue. An issue like this one
doesn’t happen very often, and it doesn’t come
about without the help of a great many people. 'd
like to thank the authors for sharing their
experience and their visions. I'd like to thank some
of the people in the background who helped make
this possible: Bill Selover at Ford, Ken Geremia at
lhe National Association of Home Builders,
Stephanie Oliver and Teri Rolfes at Honeywell,
Chris Ford at Xerox, The Research and Public
Relations departments at NASA, Westinghouse,
Ceneral Electric and Hewlett Packard, Texas
Instruments, Bellcore, Fonar, the people at Mates
Graphics, and, of course, the editorial and
production staffs of Gernsback Publications.

'y\u

3T

BRIAN C. FENTON
Managing Editor
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An extensive line of capacitors for both
standard and high voltage applications from NTE Electronics.

NTE, the name you've come to trust for
all your replacement semiconductor
needs, now has allne of subminiature
aluminum etectrolylic capacitors.

LOOK FOR THE FULL LINE OF
QUALITY NTE REPLACEMENT
PARTS AND PRODUCTS:

These qualily capacitors are - ?L’;‘.f;ié?;’ . ;:::gr:aFl‘ fmu:ff:?
available with both radial and axial + Intagrated Chculs « Urilinaons
leads and are dependable over a broad + Rectifiers and Diodes - RF Transislors
temperature range. Ratings Include * High Yoltage Multipliers = Microwave Oven
capacitance of 0.1 wF to 10000 wF, and Drviders Ractifiers .
tolerance of +.‘i - 20% {— 10%)10 -g:rt‘o;;ectmmc Devices -gf;:nr:::;;;c;::::m
+ 50% for the high voltage line), and 4 %
voltage range of 6.3 to 100 volts {160 to e B = | ‘é‘:‘e’;r;;b L
450 for the high voltage line}, making «Memary (Cs = Siatic Corrol o,
them ideal for the most demanding

For more information or the name of you:

applications. local distributor, call or write NTE.

NTE ELECTRONICS, INC.

44 Farrand Sireel, Bioomfield, New Jersay 07003 (Oulside N.J.) -800-631-1250 *{N.J. only) 1-800-624-2624
CIRCLE 71 ON FREE INFORMATION CARO
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WHAT’S NEWS

FCC extends privileges of
Novice amateurs

The FCC (Federal Communica-
tions Commission) has moved to
greatly extend the opportunities of
radio amateurs {hams) in the
Novice class. A Novice ham is a
person who has learned to send
and receive 5 words per minute of
International Morse code, and has
passed an examination that con-
sisls of a code-proficiency test and
a series of questions dealing with
simple radio techniques and U.S.
radio laws and regulations.

In the past, Novices could com-
municate only in Morse code on
the HF (High Frequency) bands
and were limited to parts of four of
the main frequency bands allotied
to amateurs. The new regulaiions
permit voice communication on
additional bands, and all permit-
ted modes of communication (in-
cluding digital) in two of the VHF
(Very High frequency) bands. Un-
der the new rules, single-sideband
voice and digital communications
are permitted on the 28-MHz band
as well as all modes in parts of the
220-225-MHz VHF and the
1240-1300-UHF band.

This means that Novices will be
able to talk with their friends lo-
cally or use voice to communicate
with hams in distant countries.
Novices with computers will be
able to use their radios to commu-
nicale between computer-
equipped amateurs, instead of
having to use a modem and the
regular telephone lines. They can
even take parl in the increasingly
popular packel-radio activity, in
which numbers of messages are
collected and sent in batches from
one computer to another.

The new privileges will not only
give the Novice more scope within
which to work, but by increasing
the volume and complexity of his
activities, may motivate him to

study |0 go on to more-advanced
stages of amateur activity, which
he can do by taking more ad-
vanced examinations.

Improved semiconductors have
new silicon “skins”

A new approach in packaging
lhat can produce semiconductor
power devices that are smaller,
lighter, cheaper, and more effi-
cient is being pioneered by Gener-
al Electric scientists. The process,
now being applied to thyristors,
can equally be applied to other
semiconductor power devices, ac-
cording to Dr. C.A. Neugebauer,
manager of the Semiconductor
Packaging Program of the GE Re-
search Center at Schenectady, NY.

Thyristors are power semicon-
ductors that function as switches
controlling the flow of electric
power. They can be as large as a
sauceror as small as a shirt button.
They control the current in elec-
trical devices ranging from electric
locomotives lo the speakers in au-
tomobile audio systems.

The largest power semiconduc-
tor deviCes available today—which
measure roughly five inches in di-
ameter—are based on a thin layer
of silicon about 0.015-inch thick.
This wafer is tightly enclosed with-
in a "skin” of tungsten, molyb-
denum, or other refractory (high
melting temperature) metal,
which ensures good electrical and
thermal contact. The assembly is
then sealed airtight and watertight
within a large metal-and-ceramic
enclosure.

The GE process replaces the thy-
ristor’s refractory metal “skin” with
silicon, highly doped to maximize
its conductive properties. The
doped silicon “skin” is attached
lightly to the wafer by a low-pres-
sure, diffusion-bonding tech-
nique.

Once the wafer is processed, it

WWwWw americanradiohistorv comm

is packaged in another simple sil-
icon compound—glass—a male-
rial much less bulky, heavy, and
expensive than the ceramic en-
closures heretofore used.

Dr. Neugebauer believes that by
adding a metallization slep before
glass sealing the new technology
could be used in packaging con:
ventional integrated Circuit de-
vices—parlicularly for applica-
tions where size and weight must
be kept down.

Radar remole sensing

Erhan Kudecki, assistan| pro-
fessor in the Department of
Electrical and Computer Engineer-
ing at the University of lllinois, Ur-
bana-Champaign, is using radar
backscatter to study atmospheric
disturbances. The aimosphere is,
llke a vast ocean, in constant agita-
tion. Phenomena such as currenis,
waves, and turbulence are as com-
mon in the atmospheric fluid as
they are in ocean waters. lon, their
velocity can be deduced from the
frequency shift of the returned sig-
nal; a method similar to the way
police radar determines the
speeds of moving vehicles.

Since resolution is limited by
the radar antenna’s beam width,
atmospheric/ionospheric radar
studies require an extremely nar-
row beam, so the studies are made
using the radar al Jicamarca, Peru,
whose football-field size antenna
provides a beam width of aboul
onedegree. (It can resolve fluctua-
tions that are the equivalent of
whitecaps on the surface of an
ocean.

Using special high-resolution
radar techniques, Kudecki is now
studying the dynamic processes of
low-atmosphere narrow-turbulent
layers—the layers that are well
known to air travelers. Perhaps the
research will eventually lead to0 a
truly “smooth” flight. R-E
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the fourth law of robotics
Arobot shall make

learning fun for man

and thereby improve

the quality of life : : HERO 2000 is much more than a
for mankind. ‘ robot. It's a walking, talking 16-bit
somputer. With 64K ROM and 24K
~ AM expandable to more than haif
a megabyte, And a fully articulated arm with five
axes of motion. Yours to program. Command. Modify
and expand. Total system access and solderless
experimenter boards provide almost limitiess pos-
sibilities. Its remote RF console with ASCIl keyboard
gives total control. Avallable with three self-study
courses. Backed by Heath Company, world leader
in electronic kits.
Bulld your own
HERQ 2000. Or buy
it assembled. Have
fun learning skills
that transiate
directly 1o the
world of work.

HERQ

2000
the
HNowledoe
buillder

Mail coupon today to receive & FREE
Heathkit Catalog featuring HERO 2000.
Mall to: Heath Company

Dept. 020.538

Benton Harbor, Michlgan 49022

Heathkit
‘Heath
Company

of Zenatw £
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VIDEO
NEWS

DAVID LACHENBRUCH,

CONTRIBUTING EDITOR

¢ Buper VHS. A new home VCR system
capable of better-than-broadcast quality has been
developed by JVC. It is due to appear on the
Japanese market this summer, and possibly on
the American market shortly thereafter In a
surprise news conference in Tokyo, JVC
demonstrated a Super-VIi8 recorder with a high
quality monitor, playing back a picture with 430
lines of horizontal resolution. Compare that with
the 230—240 lines provided by today's home
VCR's and the 330 lines of resolution in an
optimum broadcast plcture.

JVC did not say how 1t achieved that picture
quality, but at least part of the improvement is
due t0 a wider bandwidth, using the “high-band
color” appreoach of broadcast VTH's. However, the
system 18 believed 10 use some special image
processing as well. The Super-VHS recorder is
not “backward compatible;” that 18, cassattes
recorded in Super VHS can't be played back on
standard VHS recorders, but the new-type
recorder can play back standard VHS cassettes,
and the Super YHS machine can be switched 10
record in the standard VHS format.

Super VHS uses a tape with a speclally
formulated oxide coating—not matal tape like the
8mm cassette. The new cassette shell is the same
size a8 a standard VHS cassette, but it contains
special notches to automatically adjust a Super-
VHS recorder. The Super-VHS recorder will sell
for 20 to 30 percent more than a comparable
standard VHS recorder, according 0 JVC, and the
cassettes are also expected to sell at some
premium. The final specifications for the Super-
VHS system had not been developed at press time,
but were gaid to be imminent. The new gystem is
not designed to replace the standard VHS8 format.
JVC gaid It was developed becausse of the
imminence of improved broadcasting systems,
such as Enhanced Definition TV (see the story in
“Video-News” in the April, 1987 issue of Radio-
Electronics)

¢ More glant tubes. The ranks of large-sized
direct-view tubes are swelling, toc. This column
has noted a number of new giant tubes in the
past, and now we can add a 31-inch size,

manufactured by Mataushita. That large tube will
be used in models of that company’s Panasonic
and Quasar color sets soon.

Suddenly the big-screen customer is faced with
a bewildering choice. Anyone who wants a
picture larger than 22 inches can consider tubes
measuring 25, 26, 27, 28, 30, 31, or 35 inches, not
to mention the super high-end, and super-high
cost, 41-inch picture tube described in this
column last January (Radio-Electronics,
January 1887).

¢ Biggest rear-projection TV. Kloss Video,
headed by Henry Kloss, the father of consumer
projection TV, has unveiled its flrst rear
projection system. That set, naturally enough, is
the largest shown to date. The new system has a
translucent screen with a diagonal measure of
five feat, yet it's only 30-inches deep (and six feet
highl) so that it can easily fit through a door. The
deluxe set features Dolby surround-sound, and is
gupplied with its own rear speakers. The unit's
electronics were bullt by ITT in Germany and
include the broadcast-type Faroudja image-
processing system. The tubes and optics, bullt by
Kloss Video, are the same type used In the
company's computer-monitor projection system.
The entire system, which includes a remote-
controlled cable tuner and MTS stereo, lists for
£4 285,

¢ Stereoc-TV's growth. According to EIA's
latest forecast, some 28 percent of color sets and
22 percent of VCR’s gold this year will have built-
in MTS stereo/multichannel sound., Of an
anticipated 18-million color sets sold this year,
the EIA believes that 8 million will have MTS and
that another 4 million will be stereoc adaptable. In
addition, 2.2 million of 12,450,000 table-model
VCR's will have MTS sound.

In 1986, according to ELA, Americans bought 3-
million MTS-stereo TV sets and 1.2-million MTS-
stereo VCR's. EIA also sess the sale of LCD color
gets increasing this year to 70,000 units, up from
14,000 sets 80ld in 1988, and monochrome LCD-
TV sales growling to 625,000, up from 85,000 in
1986. R-E
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NEW!

Turbo Scan”
Scanners

Communications Electronics;
the world's largest distributor of radio
scanners, introduces new lower prices
to celebrate our 16th anniversary.

NEW! Regency’ TS2-LA

Aflow 30120 days tor daivary aftar raceipt of
order gue 1o the high demand for this praduct
List price $499.95/CE price $319.85

12-Band, TS5 Channaf ® Cryetafiass » AC/DC
Fraquencymnge 29-54 188 175,406-512,806-950 MHZ.
The Regency TS2 scanner lets you monitor
MHitary, Space Satellites. Government, Railroad,
Justice Department. State Department, Fish &
Game. Immigration, Marine. Police and Fir Depan-
ments, Aergnautical AM band, Paramedics. Am-
ateur Radio. Plus thousands of other radio ire-
quencies most scanners can'l pick up, The Regency

NEW! Scanner Frequency Llstings
The new Fox scannsr [requancy directone s will heiD you find
all tha sction your scanner Can ibten [o. Tness new Iatings
nclude police, fire, ambulances & rescue squads. locel
governmenl. (VBT police a0enCies hoabilals, emergency
medCAt Channals, Niwy madil, 1Gresiry (adhd BHTviCR, riliF
roRGS wEllher stataona radio common CAFmers. ATAT mobile
lelwbhone ulinly Compames. Jenersd mobile radio ServiCe.
mirire rvdiQ service. 18af Cab COMPanIES, [ow bruGh com-
panies, lruchifng companies, busin®ss repeatamk business
radio (simpley) lederal government, lunarbl direClors, vet-
aNnarisna, buses. NrCralt, space satelifea. amateur radio.
brcadcasters and more. Fox frequency lu{ings fealure call
lette] croas relerence as well an alphabeficni finting by
lc@nsee name, polica coden Bnd BENRIS These Fox dir#é
torigs ara $ 14.95 each plus $3.00 sripping State ol Alnske-
ALO1%-1: Stata of Anzona-RLOZS-1; Baltimgre. MD/Wash-
ington, DC~RLO24-1; Butaio, NY/ Enw, PA-ALOOD-2: Chica:
o, IL-ALDT4-1: Cincinnaty’ Davlon, (JH-RLOOK-2. Claver
land, OH-RLD17-1: Columbus. OM-ALDO3-2. Dallas/FL
Worth. T&-RLO13-1; Denver/Colcrado Springs, CO-RLO2T-
1% Detrol, MY WIndsor, Oh-RLOOS-3, Forl Wayne. IN/Lima,
O ALDDT -1: HawauyGuam-RLB18-1: Haouaton, TX-
RLD23-1; indianapolia, 1v-ALD22-1; Kensas City, MOV K5
ALOY1-2, Long Inand. NY-RLO2B-1; Los AnGeles, TA-
RLO1B-1; Louisviile/Lexinglon, KY-ALDDT.1; Milwauhes,
WirNaukegan, IL-ALO21.1; Minneapolis/St. Paul, MN-
ALO10-2; Nevada/E Central CA-ALO28-1; Owanoma City!
Lawicn, OK-ALDDS-2, Orisndo/Daylona Baach, FL-
ALOY2-1; Pittaburgh. PA/fWheehng, Wy-RLO29-1; Rocnes-
rer/S¥racuse. NY-RLOZ0-1; San Dwgo, CA-RLOYS-1;
Tampa/S1. Petersburg. FL- ALOO4-Z: Totedo, OH-ALDO2-3,
Ragional direciones which cover police, fire smbulance &
rescue squads. kecal Jovemmant. torentry. marine radia,
mobile Phone. arcraft and NOAA weather are available for
$19.95 gach ADOOT-1 covers AL, AR, FL, GA, LA, M5, NC.
PR SC.TNAVI RDOO2-1 covers L, 1N, KV, M1 OH3 Wi New
editions & beind added monthty. Fof an g ea not shown

TS2 features new 40 channel per second-TUrb0—wiyove call Fox ot 800-543-7892 Trrin Onia BOO-621-2814,

Scan” 50 you wonl miss any of the aclion Model
TS1-LA isa35channel versian of this radio withoul
the 800 MHz band and coats only $239.85,

Regency® Z60-LA

List price $299.95/CE price 3184, 95/SPECIAL
8-Rand, 80 Channal ®* No-Crystal scanner
Bands 30-50, 88-108. 118-138, 144-174, 440-512 pyz
The Regancy Z60 covers all Inhe public service
band$ plus aircraft and FM music for a total of
eight bands. The Z60 also features an alarm
clock and pricvity cantrol as well as AC/DC
oparation. Order today.

Regency® Z45-LA

List price $259.85/CE price $150.85/5PECIAL
7-Band, 45 Channel ® Mo-cryatal sCannar
Bands T0-50. 118-135, 144-174. 440-512 MHL

The Regéncy Z45 i vary similar te the Z60 model
listed above however it does NOt have the commer
cial FM broadcast band. The Z45, now at 4
spacial price rom Communications Electromcs

Regency® RH250B-LA

List price $698.95/CE price $329.95/SPECIAL
10 Channael * 23 Wall Transcelver ® Priority
The Regency RH2508 is & ten-channe| VHF land
mobile transcewvar desgned to cover any frequency
between 150 to 182 MH2. Since this radio is
synthesized. no expansive crystals are neaded 1o
gtore up toten frequencies without battery backup.
Ali radios come with CTCSS tone and 3¢annipg
capabilities. A monitcr and night/day swilch is aiso
standard. Thi5 Lran3<Biver even has a priofity func-
ticn, The RH250 makes an ideal radiofor any police
orfire department volunteer because of S [Ow cost
and high pertormance. A 60 wat! VHF 150-162
MHZ. version called the AHB00B-LA i available
for $438.95, A UHF 15 watt version of this racio
called the RU1 S0B-LA 8 alsc available and covers
450-482 MHZ but the cost is 5439.95,

Bearcat® 50XL-LA

List price $199.95/CE price $114.85/SPECIAL
10-8Band, 10 Channel ® Hendheld scanne:
Bandx 20.7-54, 138-174, 408-512 MMz,

The Unrden Bearcat SQXL 15 an economical hand
held scanner with 10 channels coverning ten fre-
Quency bands. If teatures a keyboard lock swilch to
prevent accidental entry and more. AlSG Order par
# BP50 which is a rachargeable batlery pack Ior
£14.95 or the new double-long life battery pack
part # BPSS for $29.95. a PlugrinwallCharget. part
# AD100 tor $14.95. acamying case part # VC0OO1
for 514.95 and also order optional cigarette ighter
cabte part # PS001 lor $14.85%5,

ARegancy
AMH2SD

Regency® HX1500-LA

List price $369.95/CE price $224.95

11-Band, 55 Channel ® Handheld/Portabie
Sasrch » Lockout ® Priority » Bank 9elact
Sideiit liquid crystal display * EARO M Mamory
Direct Channel Access Faalura ® Scandslay
Hande 29-54, (18- 138, 1 44-1 74, 406-420. 440-512 MWL
The néw handheld Regency HX1500 scanner is
fully keyboard programmabie for the uitimale in
varsatility You can scan up to 55 channels at the
same time In¢luding the AM aircraft band. The LCD
display is even mdellt tor night use. Includes belt
clip, Nexible anténna and varphone. Operalesons
1.2 Volt rechargeatle Ni-cad baitéries (not induded)
Be sure to order batlenes and battery charger from
the accessary list in this ad.

Bearcat® 100 XL-LA

List price $349.95/CE prica $194.95/SPECIAL
#-Bend, 18 Channel ® Priority ® Scan Deley
Saarch 4 Limil ® Moid ® Lockout ® AC/DC
FrequencCy range 30-50, 118-174, 408-512 MM2
The workd & fit8t ne-crysial handheld scanner now has
& LCD channel dispiay with backlight (o low Ot use
and fircraft band coverage at the sam® low prece. Saze s
1% x 7W%" x 2%

Inciuded in our low CE price I8 a sturdy cafrying case.
aarPhone. battery charder/AC adapter. ix Ak ni-cad
battenas and flexibie antenni Order your scanner nOw.

w ki SPECIAL SAVINGS COUPON % %
Save even move with this special coupdn. As lonQ as
your arder i prepiid with & money Order, you'll get extm
spacial pricing on tems listed n this coupon. This
coupsn must be inCludad with your Ppfepaid order.
Cradit cards and quantity discaounits are exciuded om
this otles Qlier valid Only an prepai¢ orders mailed
directly to Commurscations Electronica Inc, P.O. Box
1045 - Dept R1, Ann Arbor, Mechigan 481081045
U.SA Coupcn expires June 15, 1987 Coupon may
nol be used in conjunction with any ciher otfes trom
Communications Ejeciionica Inc. Be sure 10 add ship
png & handiing leas iisted n thia ad

AHISO0B-R1 Regency 2% W, VHF Transcewer . $299.55
RHGOOB-R1 Regency 60 W. VHF Teanecevar. ... 318895
AL B0B-A1 Regency 18 W, UNF Transcaiver.... 538895
uC102-R1 Regency | W. VHF 2 channel trang_.. 511993
HX1500-R1 Regency 55 channael scanner,. $219.95
Z80-Rt Regency 60 channeé! scanner ... 5184 95
ZAS-R1 Regency 45 chanme| BCannes . 5149.95
BC100XL-R1 Srarcai 16 channel scanner. 179688
BCBOOXLT-R1 Searcat 40 channel scannes . $289.595
BCBOOXLT-R1 Super Speaisl...t oF more . $764 9%
BC210XW.R1 gearcat 20 Channe! scanner . $166.65
BCSOXL-A1 Bearcal 10 channel scanner $108 96
RODS5%-R1 Unsdan Radar Dewecior........ $57.05

ki SPECIAL SAVINGS COUPON * % %

t

T
MODEL HX 1500
CIRCLE 79 ON FREE INFORMATION CARD

WwWww americanradiohistorv comm

Bearcat® 800XLT-LA

List price $499 95/CE price $299.95/SPECIAL
12-8Band, 40 Channal ® Mo-Cryeral scennar
Priorit¥ control ® Ssarch/Scan * AC/DC
Bands: 29-54, 118-1 74, 408-512, 806-512 MMHZ
The Uniden BOOXLT receves 40 channels In two banks
Scans 15 channels per second Site 9%" x4W" x 12W."

OTMER RADIOS AND ACCESSORIES

Panasonic AF-2800-LA Shomsave reCandr . 317998
RDS55-LA Uniden Yiaor moun] Radar Detector, 5495
MEW! BC FOXLT-LA Bearcal 20 chann®l scanner. . . $169.95
BC 145XL Bearcal 18 chanael scanner $102.95
BC 140 Ssarcat 10 chinne) 3Canner . 59295
BC-wA-LA Baarcal Weather Alpri™ . 34995
PC22-LA Uniden remole mount C8 transcever. ., $D0.65
PCS5-LA Unicen mobile maunl CB Transcliver ., . 359,98
MEW! A1 080-LA Regency 10 Chann®lacsnner ... $129 95
MEW!R1090-LA Regency 45 chinnel sCanndr. .. 514995
NEW! INF3-LA Aegercy INformant SCanner, $249.95
UCT 02-LA Regency VHF 2 oh, | Watl lliansceiver ... 512295

P 405-LA Regency B xmpregulaled power WppDly .. 5§59 685

P1412-LA Regency 12 amp feg power aupply . $184.95
MASAD-LA Dropr M charger fof HX12008 HX1500 . 8§84 55
IMAS 1 8-LA Wail cha:get tor MX1500 scanner.. ... $14.95
MASSI-LA Carryeng case for HX 1500 scanner ... . 31495
MAZB7-LACIORre e mght® cord for HX12/1800.. .. 51993
MAS1T-LA NrCad batlery pack tor HX1200 . 23495
SMMXTOD0 LA Sve_man, for MXZ0004 MXSO00 $1285
B-4:LA 1.2 V AAA Nr-Caa battarias 13al of tourl. 1935
B-8-LA 1.2 V AA Ni-Cad batleries (3ol of sight)... . §I7 b5
FB-E-LA Frequency Direciory tor Easlesn LS A . 31495
FB-WeLA Froquency DirectOy for WesiemU.SA . 51495
ASD-LA Air Scan Dirpctory 1455
SAF- LA Surwval Aidwo Fraquency Directory . $14 95
TSG-LA“Tor Secrer” Regutryal US Gowt Frea ... $14.95
TIC-LA Techniques for Intercept!ng Comm.. 51493
ARF. LA Anilrnd lrealency direclony, 514 85
EEC-LAEMbansy A Enpionage Communicabons . 514 98
CIE-LA Covartl gart Eiect E Aroppeng $14 85
ABD-LA Magnat moun! mobie sCanner anteraa . 33595
a70-LA Baze sislion sCannes antennd . 33585
USAMM:- LA K 35 mown | VHFAUHF el w/ 12 cable ... $30.95
USAK-LAW" hobe mount VME/UME ant w/ 1T cable ... 53595
USATLM-LA Truak hpr mouni VHF/UHF antenna . 535 95

Ada 53 00 shipping for all accessanes ordered &1 the same time,
Add §12.00 shiPPing per Bhortwive receiver
Ada $7.00 shiprng per scinngr and $3 0O per antenns

BUY WITH CONFIDENCE

To get the faateardefivery from CE of any scanner,
send or Phon® your order directty 10 oW Scanner
Distribution Canter™ Michigan residents Dlease sdd 4%
sales ax of supply your lax LO. number Writteén pur-
Chaseé orders ara accepted rom appoved government
agenciss and most well rated fems st & 10% gurchamge
for nel 10 billing Al sales are subject 1o avanabity,
acceptance and venticallon. All sales on BCcessarkes
are final, Pnces, lerms and specihications are subiecl 10
change withaut notics. All prices are n U.S. doliars. Out
ol BIOCk item s wit ba Diaced on backorder automatically
unless CE Iy instrucied ditterenty. A $5.00 additional
handling ‘e will be charged jor all orders with &
marchandise totsl under $50.00. Shipmenrs are FO.B
Ann Arbor, Michigan No COD's. Most products that we
sell have & manulacturers warmanty. Free ¢OPes of
warfanties On these products sre avalabie prior 1o
purchase by wnting 1o GCE. Nor-certifisd checks reguire
bank Cleamnce Not responsible lor typographical arrons

Mail ordera ta; Communications Electron-
ics. Box 1045, Ann Arbor, Michigan 48106
U S A Add $7.00 per scanner for R P.5./U.P.S.
ground shipping and handling inthe conlinental
LLS A For Canada, Puerio RICO. Hawait, Alaska.
or APO/FPO delivery, Shipping charges are
thrée imes continental U. S. rates. if you have a
Otscover, Visa or Master Card, You may call and
place a credit card order. Order tolkfree in the
(.5, DigIB00-USA-SCAN, In Canada, order tolk
tree by caling B00-221-3475, FTCC Telex any-
time, dial 825333, It you are outside the U.S.
orin Michigan dial 31 3-97 3-8888. Order today.
Scanner Digtribution Center™ and CE 1090y are trade-
marks of Communitalions Etectiomocs ne.
| Acarcaris s regisiered iragdemprk of Uniden Corporation
tRegency and Turbo Scan are regisiared tacemarks of
Regency Eiecionits Ing AD 2010487-LNRY
Copyright © 1987 Communicationt Electronics Inc,

Forcreditcard orders call

1-800-USA-SCAN

A COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Division

P.O. Box 104% O Ann Arbor, MICHIGRn 48106 1045 US.A
CatBO0-US A SCAN oroutsids U. 5 A 313-87 3-B588
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ASK R-

NEEDS DC-TO-DC CONVERTER
I have a 1939 Pontiac sedan in which
I'd like to install a 12-volt air con-
ditioner, CB radio, and a stereo tape
system. To use those 12-volt accesso-
ries, | need a 6-volt to 12-volt con-
verter designed for a 30-amp load.
There are such converters available
on the market, but they deliver hard-
ly enough current to power a radio.
How can | add the accessories and
still retain the 6-volt electrical sys-
tem?—W. H., Venus, TX

Why not use the approach that
was used to operate 12-volt radios
and similar equipment in police,
fire, and other emergency vehicles
before 12-volt electricl systems be-
came the international standard?
Install a separate 12-volt electrical
system: alternator, regulator, and
battery. We’ll bet the parts can be
installed under the hood with
room to spare. And everything can
be purchased from a used-parts
dealer. If you're not sure what
you're doing, turn the job over to
an experienced automotive elec-
trician.

TIMING LIGHT
MODIFICATION

I have a high-quality ignition timing
light that must be connected direcily
to a sparkplug wire, How can | build
an inductive pickup to trigger the
light?—H. A., Glen Mills, PA.

Instrumens that require a direct
connection to the spark plug for
triggering tend to be fairly simple.
Figure 1-a shows the circuit of a
direct-trigger timing light. The
strobe tubes used fn timing lights,
electronic photoflash units, and
similar devices require several
thousand volts for triggering. In
the Fig. 1-a circuit, the trigger volt-
age is taken from the car's ignition
circuit by a direct connection to a
spark plug.
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FIG. 1

A circuit using an inductive pick-
up is a bit more complex, as shown
in Fig. 1-b. There a trigger trans-
former is used to develop the
high-voltage pulse for triggering.
The triggering circuit consists of
T1, C1, SCR1, inductive pickup coil
T2, and the waveshaping compo-
nents in the SCR’s gate circuit.

When the sparkplug fires, it in-
duces a pulse in pickup coil T2 that
triggers the S5CR gate. The SCR
fires and discharges C2 through
the primary of T1. The secondary of
T1feeds a high-voltage pulse to the
trigger electrode of the flash tube.
That pulse causes the gas—usually
neon or xenon—to ionize. The
ionized gas provides a low-resis-
tance path for C1 to discharge,
thereby creating a brilliant flash of
light. Resistor R1 limits current
from the supply as the tube fires.
When C1 is fully discharged, the
strobe tube cuts off and returns to
its “high-resistance” state. The
current through R2 is not enough
to sustain conduction through

WwWwWw americanradiohistorv comm

SCR1, so it cuts off and rematns off
untll it is re-triggered by a gate
pulse.

110-VOLT DEVICES ON 220?
Can you tell me how to modify elec-
tronic equipment (stereos, tape
recorders, turntables, and CB's) that
is designed for 117-volt, 60-Hz use so
that it can operate on 220-volt, 50-
Hz lines?—S. M., North Hollywood,
CA.

Most power transformers are
rated for 50/60 Hz operation, so
most can be used with either fre-
quency. However, domestic audio
gear uses motors designed for 60-
Hz operation only and will there-
fore run off-speed at 50 Hz. Some
manufacturers may be able to sup-
ply you with adapters or equip-
ment modifications for 50-Hz op-
eration; contact them directly.
Also, the transformer may run
somewhat hotter, so make sure
that there is ample ventilation.

Power transformers with a 2:1

continued on page 21
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Train at home for one
of these 38 Career Opportunities

GET A SPECIALIZED ASSDCIATE DEGREE OR CAREER DIPLOMA AT HOME IN SPARE TIME

Send for free facls and find oul what career Iraining in the field of
your choice could do lor you—ano obligalion to buy anything now or
@ver. Now al home In Spare time, you can train 10r a new career . €ven
'q_et our Specialized Associate Degree...10 heip you gel a better job.

ind out everylhing you need 0 know aboul any one of these career
programs—with no obtigation to buy anything and no salesman will
visi Just check the one program that interests you most You will
receive free facts, color brochure and information on employment
opportunities in the field you choose Send for free milormaton today.
See how easy il s to Iran at home Tor a new Career of advancement on

your present job.

Gel Your Degree at Home...

Wiihout Attendlng College

Now a Speciallzed Associate
Dergrée can be yours and you never
have to set oot inside_2 collgge
classroom! You 1earn at home, the
hours you choose, without inler-
rupting job or social life You study
the same subjecis taught In major
colleges and unvorsibes. And if you
have compleled COllege classes.
seminars. military or other trauning,
we may be able 10 s1ari you with
advanced standing toward your
degree tnternational Correspon-
dence Schools ks an accredlied
member of the National Home Study
Council. Washington. D.C. Many ICS
graduates have gone on 10 out-
slanchng careers,.as préswlenis ol
companwes. industry leaders. lamous

FIRST FOLD HERE P

mail this ENTIRE Postage-Paid ad

To Mall—Fold ad in following manner:

REMOVE IND MAIL ENTIRE PAGE o

1. Remove entire page—

3. Fold again on
tear or cut on dotted line 2nd tjélaﬁine,

- =

to left. 4, TaJ)e or glue the 3 open
2. Fold pal?e in halfon sides and drop in the
LL, 1st fold line. mailbox today.

Aush me free facts and full information on how | can study at home for the
career | have chosen | understand 1 am ynder no 0bhgalon and no Salesman
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scientists. ete. Yet evefy one ol them
siarted by dotng whal you can do
night now.. SENDING FOR INFOR-
MATIONI

Could a Career Diplama

€hange Your LHe?

The facts show that specilized
carear lraming has helped thou-
sands ol people make more money.
get botter jobs. even siarl new
caree™. And it's not (ust the moncy
alone. byt the tun of working al a |job
¥ou really like...wilh people you
really enfey A Career Diploma could
be your firs1 siep SEND FOR FREE
FACTS NOW.

Open Book Exams

Your ASB or AST Degree or Career
Diploma is glven fer what you
learn—not 1or whal you memotize
We send 1gssons and training male-
nals 1o your home You deqide when

NO POSTAGE NECESSARY when you Y

BUSINESS REPLY MAIL

FiRST CL.ASS Permit No. 1000 Scranton, PA

WWWW americanradiohistorv comm

you are réady 10 1ake each "open
book™” exam...then mail N 10 your
strucior. Complete evaluations
are relurned with your score plus
page referencas 10 look up
answers 10 the questions you
missed.

Ths method ol “open book
axams has proven 86 successtul
ihat it's now bexng used by major
colleges and universities all over
the country

An ideal Way 1o Leam

Our Graduates tell us they like
home study because it's 50 con-
venient and easy to do. You
choose your wn sludy hours...go
as last of 5low as You want You
waste no timé iraveling fo and
frorm class YOu never have 1o miss
a paychack. Ye! skilled instructors
are ready to help you whenever
yOu ask
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" TREMODE CABLE TV DESCRAMBLER PARTS

We stock the exact parts, PC board and AC adaptor for Radic Electronics February
1987 article on building your own TRI-MODE CABLE TV DESCRAMBLER.

#301 PARTS PACKAGE .........%39.%

Includes all the original resistors. capacitors. diodes. potentiometers,
transistors, integrated circuits. LED’s. Toko coil {E520HN-3000023)
and Plessey SAW filter {SY323)

#302 PCBOARD ..............%2%

Original 5 X 8.8 etched & drilled silk-screen PC board used in article.

#304 AC ADAPTOR ............%12%

Original (14 to 18 volt DC @ 200ma) AC adaptor used in article.

Add $2.50 shipping & handling — $4.50 for Canadian orders.
We also offer quantity discounts on § or more units.

BENEE%SO1 and #302 w 8. Lilas o 2Rl $49.%
ALL THREE #301, #302, and # 304

Reprint of Radio Electronics Article {February 1987) on building your own
TRI-MODE CABLE TV DESCRAMBLER.

60-CHANNEL SC-60R CONVERTER

CABLE CONVERTER ............%9.%

WITH INFRARED REMOTE CONTROL Thousands of these converters sold nationally for $119.95.
We offer you this same type of converter for only $69.95,

All convertars are NEW, with Full manufacturers WARRANTY.

= - = - FEATURES.
I —— - . B Full 60 Channed Capability M Cordless Infrared remote control
~ -.._,__!—:. H Uitra-Stable Synthesized tuning B Microprocessor controlled PLL

B Works on all TV models Specify channel 3 or channel 2 output.
B Standard/HRC Switch for cOompatibility with all Cable Systems
B Will work with all types of external descramblers

Add $3.50 Shipping and Handling
34 50 on Canadian Orders

?335 g2T708L5L25'J: = ) o W
B U Th e T ELECTROMICS,INC.

|
(S @ P.O.BOX 800 ® MANSFIELD, MA 02048
) — A

Mot avalable to Massachuselts residents due 10 state 13w,

© Copyright 1986 by J & W Elactronles, Ine.

CIRCLE 65 ON FREE INFORMATION CARD
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LETTER

DESCRAMBLING DIFFICULTIES

First of all, | would like to thank
you for being the best magazine of
its kind available.

1 have been following descram-
bling articles because~it's-gratify-
ing to “outsmart” the manufac-
turers in the cat-and-mouse game
of program and channel encoding.
The February 1987 issue came as a
Godsend because my cable com-
pany uses the Tri-mode system.

| had no problem building the
project, but it just doesn’t work on
my cable system.

Although the circuit appears to
be working correctly—because it
works on a friend’s system in an-
other cable company's area—on
my cable system the N/S LED stays

—lit on all scrambled channels, no
matter what adjustments are made
to R14 and L1. When | tune my con-
verter to ¢hannel 3, | can get LED1
and 2 to light al different times, but
channel 3 is non-scrambled.

A friend of mine asked an engi-
neer from my cable company
about the Radio-Electronics Tri-
mode article. The engineer said

-:rw ,-tp

27 .N» x |

LETTERS

RAD/O - EL ECTRONCS |
500-3 Ar-COUNTY BOULE VARD
FARMINGDILE, VY 71735

that they did, in fact, use a tri-
mode system, but that the Radio-
Eleclronics circuit won’t work be-
cause my Cable system doesn't
hide their syn¢ information where
your article says it is (65.75 MHz).
Therefore, the descrambler won't
work even though my cable sys-
tem uses a tri-mode system and
outputs on channel 3.

My desperate question is: How
can | figure out where the sync
information is hidden, and can |
modify the circuit or build a new
one to work on their system?

68 Testing ﬂne Solution
Prohlem

An AP Products™
brand &8 Pin Chlp Carrier Test Cl:p
* Allows sate, convenienl testing of Plastic
Leaded Chip Carrier (PLCC) style ICs.
» Allfoar sides of test clip open simultaneously
for fast and easy attachment to PLCC being tested.
= Stays securely ciamped to PLOC until removed
* Helical compression springs and insuiating
contact combs ensure contact integrity

= Permis testing of ICs with as littie as .200°
row 10 row spacing between devices.

» Probe access points are immediately visible
for fast and safe individual lead testing

= Slaggered contact rows on 00" centers
facilitale probe attachment and help prevent
accidertal shorting of adlacent probes.

 Industry standard .025° square contac! pins

on the .t00" centers easlly accept single

» Available with tin plated leads and gold
piated leads.

For information contacl a local authorized
A P Products Prototype & Test Devices dis-
tributor. For immediate response telephone
800-321-9668 or {216) 354-2101 in Ohio.

during testing. row female socket connectors. We Solve Problems. =

— - - - %
Associated Electronics/3M é
AP Products Prototype & Test Devices -
9325 Progress Parkway, PO. Box 540 13

Mentor, Ohio 44060 CIRCLE 76 ON FREE INFORMAYION CARD
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Please do not use my name or
city if you print this question.
NAME AND ADDRESS WITHHELD
We're looking into it. Stay tuned
for more information.—Editor

PC SERVICE

| have made several printed-cir-
cuit boards using the layouts in the
’C-service section of Radio-Elec-
tronics. The first attempts, using
oiled paper, produced a poor im-
age when using the photo pro-
cess, with sunlight as the light

source for making the exposure.

| realized later that by buying
3M’s PCC overhead projection
transparency material (available
from most stationary stores), and
putting it in an ordinary pho-
tocopier, the layout could be cop-
ied directly onto a clear sheet of
plastic. That produced much bet-
ter results in terms of time and im-
age clarity.

| have a question: |Is the layout
for the pulse descrambler that was
missing in the January 1987 issue

B&K-PRECISION SCOPE SAVINGS PLUS

FREE COBRA RADAR DETECTOR!
ONLY FROM JOSEPH ELECTRONICS

2120 20MHz DUAL-
TRACE OSCILLOSCOPE

Professional
graficuls. 2

Sale $438 Reg 5470
+ FREE COBRA RADAR DETECTOR

. 6" CRT with intemal

len ot @ breathrough

occelerating votiags mv sersivity; TV sync
coupting H ond ¥; add ond subtroet; X-¥ operation: CH1 oufput:
calibeation souice: selectoble +/
design. Comprate with probes.

- slope: compact Kew profil

1570A 80MHz QUAD-TRACE

d delayed
Model 1570 A

$ale $1308 Reg. 51464 Vs
+ FREE COBRA RADAR DETECTOR

OSCILLOSCOPE

lmvawng{muusouuzmmam 500 V sensmvity 10
40 MH2; ¢

nguiar CRT with internal graticuie and scabe

ilkminafion. 12 kY ocoeleraing votioge ¥ Mooe displays four
signals unreloted in fréquency. Alternale timebosa/calibrated

20 MH2 bandwidih imiter. Video sync

sepa-
rotors. Lighted pushbunen function swilching. Two probaes

- 2520 20MHz DIGITAL STORAGE/
2 ANALOG DUAL-TRACE SCOPE

The fedtures o1 digigl storoge and anglog opargtion In one
instirument. 20MHz2 real rims and storoge bondwidth: 2
MeQosOmMPsec SOMEPING rgw. squivakent ime summ

Quiput: pre-Triger,

frace hold; expansion of stored

Compiste wih probes.

Nodel 2520

Sale $1798 Reg. 51990
+ FREE COBRA RADAR DETECTOR

FULL TWO YEAR FACTORY
WARRANTY ON ALL

tr,\‘\; BIC PRECISION SCOPES

DuaL-TRACE

ADDITIONAL B&K-PRECISION SCOPES

AT SALE PRICES

PLUS FREE RADAR DETECTDRI
100 MH2z Model 15904 Rggslﬁaﬁ 00 SALE 1698.00
QUADINPUT, 8 TRACE, 6 CRT 1mV SEWS , WITM PROBES

20 MHz  Model 1524 Rmbzs}',oo SALE £88.00
. & CRT, Y my SENS.. ¥ MODE. WITH PROBES

BUY ANY B&K-PRECISION SCOPE ABOVE

AND GET A $99.95 COBRA
TRAPSHOOTER RADAR DETECTOR FREE!

Sentittvs surperhelodyns rodar delector. Compact Size-
37 x 1% x 4WD. Highwoy/Chty Swiich. Alorm Signl

indlomor. “No Falsa™ Cifcuiry. Dekuxs Mounting Bracket Sh(Sbra

for ¥isor of Dosh

TRARSHOOTEA

Frea radar oelector oifed volid oily O $COpes lsahsdg 0! prices shown

HURRY! QUANTITIES LIMITED AT ABOVE SALE PRICES!
ORDER TOLL-FREE 1-800-323-59
IN ILLINOIS: 312-297-4200

Crder Hondiing Chatges
990 $1000-2499 mUP

CSCOUNT prices

ingrumenicion

Whes i JOSEPH'S
TEST EQUIPMENT
CAIALOG.

WRITE FOR YOUR
FREE COPY TODAY,

Volue:

Add 1000 51500

SINCE 1947

l]nsa ph

alaztionics
8830 N. Milwaukee
Niles, IL 804848

VISA « MASTERCARD = DISCOVER * Phone Orders Weicomed!
Open Account to Roted Componies. Hilnos Resicients Add 7% fax.
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going to be presented in a future
issue?

BRIAN FENTIMAN

Nelson, BC Canada

The layout appeared with the next
part of the article. See PC Service
in the March 1987 issue.—Editor

SUPPLIER WANTED

Help! Help!

| have been building audio cir-
cuits from your magazine’s plans
for many years. Often, | buy just
the printed-circult boards, stuff-
Ing them with high-quality low-tol-
erance parts, and then designing
my own cabinet and panel layouts.

My problem is that | cannol find
a supplier for precision sealed-
type potentiometers. | have tried
all of the suppliers In my area,-and.
have written to many of the ones
listed in your magazine. Can you
help me find a supplier, or 2 man-
ufacturer, who will sell me those
parts in small quantities? (The type
of pots that I'm looking for appear
frequently in ads for Adcom and
Bryston preamps in audio maga-
zines.) Thank you very much for
vour help.
JOHN CARROLL
PO Box 67,
Haverford, PA 19041

ON PATENT APPLICATIONS

As a strong advocate of doing
patent work yourself, | commend
the article, “How to Apply for a
patent” in the january 1987 Radio-
Electronics. However, it contains
S0Me Serious errors.

First, the article states that “ap-
plying for a patent is a relatively
simple task.” Nothing could be far-
ther from the truth: The courts
have repeatedly stated that a pat-
ent application is one of the most
complex, demanding documents
that we can prepare. It takes a lot
of time and care if the job is to be
done correctly.

Second, be advised (hat the cor-
rect Zip Code of the Copyright Of-
fice is 20559, not 20540.

Third, the article implies that
patenls are arranged in the Patent
Depository Libraries by numerical
order only. However, in the Sun-
nyvale, CA Patent Desposil Library,
patents are also classified by sub-
ject matter. Also, the article

continued on page 20
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Increase your knowledge about all aspects of Clcclronics

An absolutely no-risk guarantee.

Sclect 5 Books for only $3% $u'75 3
and get a Free Gift!

Bubd  Betrer 7 4w |
L] 4
st PRINCIPLES
Synthestzer PRAglcr
= IMPEDANCE
2707 $24.95 'E—QTSS —|-|?.95 1777F  §18.95 T g 26538 01A9S
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n% _ TRANSDUCER.  Jppmeme | | AICROPHONES
i3 "%%EF PORTARLE ]
: [ BASTER b
lc \:;= -
H - . 4
e T :- A S e E
1216 §14.95 1HP 1ML8S 1909P 514.95 1992 §14.95 2710 E27.95 815 E21.95 1532P $14.95 1370 $26.05
e Countt o3 2
s:ilj:‘(,‘l'li.);l‘ll‘i (Publiahed' s Pradg Shown]
TNt Eﬂ_l'_nll“

ARFE 1 K 1 _2?51 £22.9% 15 1595 FLEL T PR L

I COMPACT
m-m DiSC PLAYCR
QORI AR | <y~

IIS? £21.9%

ELECTRONI‘C
PROJECTS

1 21.M Wi fines

Countd 8s 2

) 197 ELECTAONICS BOOK CLUB. Bios W Summa, PA 17214
ANl Bopks & hirdCover B L3S i by » ® ¥ pap {1

[IEEEEREERTERTRRRRREEEE L R RN RN E LN N AR N RN R]

Membership Benefits - Big Savings. In sdk$tion to this introductory
ofter, you keep saving Subsiantally with members’ prices of up to 50% oft the
publishers” prices. * Bonus Booka, Staring immeduitely, you will be sligiie for
our Bonue Book Plan, with savings of up to 80% off publishers” prices. « Club
News Buliatine, 14 times Per year you will recerve the Book Club News. gescrit-
ing all the current seections—rmung. altarnates. 8xiras—plus bonus offers and
special sales, with hundieds of litles to choose from. * Automatic Order. [f you
wani the Main Selection, do nothing anc & wil be sent t0 you automatcalty. I
yOu prefar anothar aslection, of no book at alt. SiIMply INdiCate your choics on the
reply toern provided ¢ Ironcled No-Risk Guarantee. I nol safshed with your
book®. return them within 10 deys without obligation! « Exceptionsl Qualily. All
books are qualty publishers’ edilions especially sol by our Edntorial Board.

FREE when youjoin [ T 1

A Handy, Pocket-Sized |
Resistor and Inductor
Color Code Calculator

AESIETOR COLOR CODE |

@ ErecTaomics Baas Cuue

P.O. Box 10, Blue Ridge Summit, PA 17214

Please accep! my membership i the Electrorecs Book Club and send the 5
volumes circied Delow, plus my FREE Resisicr & Inducior Color Code Calculator,
billing me $3.95 plus shipPing and handling eharges. If not satisfied. | may return
the books within 18n days wilhout otdigalion and have my membership canceled.
I agree (o purchase at least 3 books al regular Ciub prices [plus shipping/han-
dling) dufing the noxt 12 months. and may resign any lime thereatier.

2P 11999 1370 1503P 1532P 1538 16295 1663 1665F  177TP
1783 1905P 1957 1965 19TTP 1992 1996P 1998 2625 2648
2655P 2885 2875 arnr Faalil 2120 by 2753 2755 270
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Address
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State/Zip . Phone _ -
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CIE MAKES THE
WORLD OF
ELECTRONICS
YOURS.

To be part of it, you need the right kind of
training, the kind you get from Cleveland
Institute of Electronics, the kind that can take you
to a fast growing career in business, a€rospace,
medicine, science, government, communica-
tions, and more.

T oday’s world is the world of electronics.

Specialized training.

You learn best from a specialist, and that’s CIE.
We're the leader in teaching electronics through
independent study, we teach only electronics and
we’ve been doing it for over 50 years. You can put
that experience to work for you just like more than
25,000 CIE students are currently doing all
around the world.

Practical training.

You learn best with practical training, so CIE’s
Auto-Programmed® lessons are designed to take
you step-by-step, principle-by-principle. You also
get valuable hands-on experience at every stage
with sophisticated electronics tools CIE-designed
for teaching. Our 4K RAM Microprocessor
Training Laboratory, for example, trains you

to work with a broad range of computers in a

way that working with a single, stock computer
simply can’t.

Personalized training.
You learn best with flexible training, so we let you
choose from a broad range of courses. You start

with what you know, a little or alot, and you go
wherever you want, as far as you want. With CIE,
you can even earn your Associate in Applied
Science Degree in Electronics Engineering
Technology. Of course, you set your own pace,
and, if you ever have questions or problems, our
instructors are only a toll-free phone call away.

The first step is yours.

To find out more. mail in the coupon below. Or, if
you prefer, call toll-free 1-800-321-2155 (in Ohio,
1-800-523-9109). We'll send a copy of CIE’s
school catalog and a complete package of enroll-
‘ment information. For your convenience, we’ll
try to have a representative contact you (o answer
your questions.

' : l E Cleveland Institute of Electronics

1736 Fa« (Tth 1, Cleveland. Ohio 441k
YES! 1 want to get staried . Send me my C1E school catalog including
detaiis about the Associate Degree Program. Tam most interested in:

| computer repair television/high fidelity serviee
telecommunications medical electronics

robotics/aulomation broadcast enginecring
[ other
Primk Name
Auddress Apl.
Ciwy_ St
Age_ Avca Code/Phone No S
Check box for G.1. Bulletin on Educational Benefits ARE-60
Veteran Active Duty MAIL TODAY!

CIRCLE 60 ON FREE INFORMATION CARD
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continued from page 14

doesn’t mention lhat computer
searching is now widely available;
the system allows inventions to be
searched back for about 10 years
by key words, rendering the pat-
ent-classification system partly ir-
relevant.

Fourth, the article mentions that
in addition to design, plant, and

utility patents, there are “materials
patents” and “structure patents.”
Despite over twenty-five years ex-
perience as a patent examiner and
as a patent lawyer, |1 have never
heard of “materials” or “structure”
patents. Utility patenls can be
used to protect five statutory class-
es of inventions: compositions, ar-
ticles, machines, processes, and
new uses.

Fifth, the sample claims to the
circuit shown are highly improper
and would be instantly rejected by

—_——

CABLE TV
- SPECIALS *

CONVERTERS

JERROLD:

SB-3A-4 port

ZENITH:

I-TAC Cable Add-On

JAX-3 DIC—38 Channel Corded Remote. , ... *149.*°
J5X-3 DIC— 38 Channal Set Top
58-3— The Real Thing®

*129.%

i Jie L
399 %9

*199,

VIEW STAR: EVSC- 2010 —B0 Channel Wireless—

with Parantal Lockout

1 gg_sl

EYSC-2010 A-B —Same as aboye with

!1 Dg. sé

View Star 2501 — 60 Channel Wireless

with Yolume

Lo 1L

MISCELLANEOUS

H-12 Minl.Code
N-12 Minl-Code Varl-Sync
N-12 Minl-Code Vari-Sync Plus Auta On-Dft .. *165.°°

JERRDLD:

HAMLIN:

NEW ITEMS:

Sclentific Atlanta

1 ag. L 1]
.109_ L 1]

400 & 450 Handheld Transmitters

E-13 Mini-Code Substilute
E-13 Mini-Cade W/Vari-Syn

ALL UNITS GUARANTEED. GUANTITY PRICES AVAILABLE.

UNITED ELECTRONIC SUPPLY

P.0.BOX 1206 »

ELGIN, ILLINDIS 60121

+  312-597-0600

CIACLE 199 ON FREE INFORAMATION CARD
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any examiner. Claim 1 would be
rejected as “incomplete” because
it'’s simply a list of parts without the
necessary interconnections.
Claims 2 and 3 would be rejected
as "functional,” because they tell
what the invention does, rather
than what it is.

Sixth, the article states that ten
claims may be submitted in a pat-
ent application. Untrue; twenty
claims, including three indepen-
dent claims, may be submitted for
the $170 filing fee.

Sevenlh, the fees given are
wrong. The filing fee is now $170
{not $150); the issue fee is now
$280 {not $250); and the mainte-
nance fees are now $225, $445, and
$670 (rather than $200 each). Also,
the article fails to note that to be
entitled to pay those “small entity”
fees, the applicant must submit a
“Small Entity Declaration” when
the application is filed; otherwise,
an applicant would have to pay
double the above fees.

Last, but not least, the article
recommends my book, Patent it
Yourself, but the 1979 McGraw-Hill
version listed is now out of print.
Patent it Yourself, in a totally re-
vised and tripled-in-size version is
currently published by Nolo Press,
Berkeley, CA; if not available lo-
cally, call 800-992-6656 {800-
445-6656 in CA).

DAVID PRESSMAN,
Patent Lawyer,
San Francisco, CA

REVERSING MOTORS

| have some easy hints for C_S of
Ft. Worth, TX, who wanted to re-
verse a small AC motor. (See "Ask
R-E” in the Feb. 1987 issue of Radio-
Electronics.—Editor)

The type of motor that he proba-
bly has is an induction motor,
made with “shaded poles” in the
stator. Those are heavy-copper
“shorted turns” embedded in the
pole-pieces. The shorted turns
produce a “lagging” magnetic af-
fect, causing the induced current
in the armature to produce mag-
netic effects that result in its “rota-
tion” in a certain direction. You
might say that a “rotating magnetic
field” was set up in the stators.

A fan-motor of that type has a
shaft sticking out one end-bell, the
other end-bell is closed. All that

continued on page 22
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ASK-R-E
continued from page 10

step-down ratio are usually used
on foreign equipment brought to
this country, and, by hooking
them up backwards, to power 117-
volt equipment in areas where 220-
volt, 50-Hz is standard. One
source of converter transformers
is Signal Transformer Co., 500 Bay-
view Ave., Inwood, NY 11696. Ask
for data on their M4l-2 line of
power transformers.

WHAT'S A GATE-TURNOFF
RECTIFIER?

While browsing through a stack of
old magazines, | came across an arti-
le in the August 1964 issue of
Electronics World on gate-turnoff
controlled rectifiers. The article in-
cluded a circuit (shown in Fig. 2} to
demonstrate use of the device.
Where can | obtain additional infor-
mation on the device?¥—S. W. W,,
Pinehurst, GA.

Gate turn-off switches, called
GTO's, are SCR's that can be
turned on as well as off by an ap-

sl
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propriate gate signal. The turn-off
feature makes the devices par-
ticularly useful in DC dircuits.

For information on GTO's write
o Motorola, P.O. Box 20912, Phoe-
nix, AZ 85036. Ask for data sheets
and application notes on the
MGTO1000 series of devices. Also,
write to Amperex Electronics
Corp., Slatersville, R1 02876 and re-
quest copies of Technical Publica-
tion 004 (Basic GTO Drive Circuits)
and 005 (Understanding GTO Data
as an Aid to Circuit Design).  R-E

Now test and restore every CRT on the
market . . . without ever buying
another adaptor socket or coming up
embarrassingly shortin 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 whileon 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 n trademark of Sencors, Ine

Call Today Wats Free 1-800-843-3338

SENCORE
3200 Sencore Drive

Sioux Falls, SD 57107
605-339-0100 In SD Only
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LETTERS

continued from page 20

has to be done to reverse the di-
reclion’is to disassemble the
motor (don‘t disconnect any
wires), swap the end-bells around,
and turn the armature end-for-end
so that the shaft that stuck out on
the feft now sticks out on the right.

magnetic field now rolates in the
opposite direction with respect to
the armature, causing it {o rotate in
the opposite direction from what it
did originally.

GARDINER E. WYMAN

Malden, IL

THE WETNESS ALARM
“How to Apply for a Patent,” in
the January 1987 issue of Radio-
Electronics, was a very informative

RADIC-ELECTRONICS

M
M

article.
In the sample patent applica-

What is effectively done here’ is
that the stator is flip; ed 180°; its

—e

ELENCO PRODUCTS AT DISCOUNT PRICES! |
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Triple Power Supply XP-660
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Fully Regulated. Short Clreull Protected with 2
Umit Cont. 3 Saparste Supplies.

20 nec with mamory 2us pulse @ 1A

3 Amp Power Supply XP-650 [T DIGITAL LCR METER
o M5 "-::1 a i s1 1 950 :-oad;:rﬁ_:'lmclon 51 48
— S 040V @ 164 Capacitors, Realtons |
= Tee ; 0-20V @ 34 1 Inductors . 1:H 10 200 H
Full lated. short c;c t protecied il Fapsisior 3:‘ 1‘3 3
Iimﬂv c::n.?:’ot . o pre Eurgant = Ranges 81nd. 7 cap, 7 res

“C&S SALES INC., 5744 W. North Ter. Niles, IL 50548 Rl
B00-292. 7711 {(N12) 455-0040 z
2 Year Limited Guarentee! Add 5% for Posiege (§10 max), IL Hes.. 7% Tax

BACK GUARANTEE  asx FOA CATALOG
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15 DAY MONEY |

tion, the author used a circuit fora
battery-powered wetness alarm. |
am curious as to where he ob-
tained the information for that cir-
cuit, [ have used that same circuit
for the past several years in my
homemade moisture detectors,
and until | read Mr. Sweeney's arti-
cle | was contemplating manufac-
turing them on a small scale.

If the information is not con-
fidential, would you please let me
know who has the patent on that
crcuit and when it was applied
for? | have seen Japanese moisture
detectors using the same circuit. |
have never spoken to a patent at-
torney, but question whether it's
possible to patent so basic a cir-
cuit.

DANIEL K. ARNOLD

Glastonbury, CT

The circuit was provided only for
itlustration. As stated in the cap-
tion for circuil, it “...might be pat-
entable....” As for the circuit itself,
if you asked the average techni-
cian to design a "wetness alarm,”
that’s how he would do it—Editor

SEISMIC DISCUSSION NET

Southern California hams have
been active in every aspect of com-
munications with networks to han-
dle traffic and to exchange diverse
kinds of information. One re-
peater, W6FXN/R (145.460 nMHz),
near Covina, California, is again
generating new areas of interest by
being the host of an official SDN
(Seismic Discussion Net) at 10:30
r.m. (local time) on Fridays. It
brings together amateurs with var-
ied backgrounds, ranging from
seismic scientists to curious lis-
teners, and is monitored by scan-
ner enthusiasts, as well as by
amateur members of California’s
Office of Emergency Services.

The net collects and discusses
data derived from homebrew seis-
mic-motion detectors and from
the telemetry of the many low-
power 160-175 MHz VHF U.S. Geo-
logical Survey seismic detectors
located throughout Southern Cal-
ifornia. Those detectors, as well as
special laser devices, were seen in
1986 on KCET-TV, Channel 28, Los
Angeles, during a WNET-TV-pro-
duced educational broadcast se-
ries called fnnovation; and again
on KCET this month (January) on
The Nature of Things. The SDN un-
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officially convenes the remaining
six nights of the week as the Micro-
SDN with reduced levels of par-
ticipation.

Apart from SDN traffic, with 25
to 100 amateur stations reporting
perceived intensity and direction
of local quakes (whenever signifi-
cant quakes are felt), epicenters
and damaged areas have been esti-
mated or pinpointed long before
the commercial news media have
been able to report the quake lo-
cations.

SDN participation has come
from hams in San Diego, San Ber-
nardino, Riverside, Orange, and
Los Angeles counties, despite the
late hour of the night. Some of
those amateurs use personal com-

—puters.to process data about daily

seismic motion, and to report cal-
culated shift results on the air.
Even WAGWZO, the Southwestern
Division ARRL Director, has be-
come interested and involved in
that interesting application of a
ham net. The SDN was also the
topic of passing conversation at
the September ARRL National
Convention in San Diego.
Beyond that, the W6FXN/R ma-
chine (a repeater) automatically
transmits telemetry tones when ei-
ther local or distant seismic mo-
tion in excess of 3.5 on the Richter
scale is detected in the local area.
Thanks to that system, Southern
California hams (especially vet-
erans of the 1971 Sylmar disaster)
really know what’s shaking.
KEITH HIGGINS, WAGIYL
Lakewood, CA

CAMCORDER

Well, you've done it again, and
this time | had to write and tell you
about it. It was Friday evening
when my wife and | decided it was
time to buy our first camcorder.
Saturday afternoon the mMarch is-
sue arrived with that great Cam-
corder Buyer's G...de.

After poring over the features
model by model we came up with
a list of exactly what we really
needed and wanted, We went
shopping that same afternoon and
not only found what we wanted
but, by knowing specifically what
we needed, we got a great buy.
Thanks.

FRED JONES

Dyersburg, TN R-E

Walk “tough dog” troubles out of
any TV & VCR in half the
time ... or your money back

L] 1 - " T
el L L LT T T

with the exclusive, patented,
VA62 Universal Video Analyzer.. .33,295

Would you like to?

Reduce analyzing time: [solate any problem to one stage in any TV or
VCR in minutes, without breaking a circuit connection, using the tried
and proven signal substitution method of troubleshooting?

Cut costly callbacks and increase customer referrals by completely
performance testing TVs & VCRs before they leave your shop? Own the
only analyzer that equips you to check all standard and cable channels
with digital accuracy? Check complete, RF, IF, video and chroma response
of any chassis in minutes without taking the back off the receiver or
removing chassis plus set traps dynamically right on CRT too? Simplify
alignment with exclusive multiburst pattern?

Reduce costly inventory from stocking yokes, flybacks, and other
coils and transformers, for substitution only, with the patented Ring-
ing Test. Run dynamic proof positive test on any yoke, flyback, and inte-
grated high voltage transformer . . . in- or out-of-circuit?

Protect your future by servicing VCRs for your customers before they
go to your competition? Walk out “tough dog” troubles in any VCR chromi-
nance or luminance circuit — stage-by-stage — to isolate problems in
minutes? Have proof positive test of the video record/play heads before you
replace the entire mechanism?

Increase your business by meeting all TV and VCR manufacturers’
requirements for profitable warranty service work with this one universally
recommended analyzer?

To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338, for
a FREE Self Demo. .. or learn how the VAB62 works first by calling for

your free simplified operation and application instruction guide, worth
$10.00.

Call Today Wats Free 1-800-843-1338

SENCORE

3200 Sencore Drive

Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.

CIRCLE 156 ON FREE INFORMATION CARD
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EQUIPMENT REPORTS

Universal
Wireless Remote Control
and
Stereo TV Tuner

Get the latest television
features on any TV set!

CIRCLE 9 ON FREE INFORMATION CARO

STEREQ TELEVISION, OTHERWISE
known as MTS {Multichannel Tele-
vision Sound), is the hottest thing
to happen to the television indus-
try since the introduction of color..
Although stereo broadcasts have
been authorized for only aboul
three years, more than one third of
all TV sets sold this year will in-
clude built-in stereo decoders.
Wireless remote control is an-
other hot feature that has been
selling more and more TV sets re-
cently. The convenience of remote

ACHIEVE INSTANT SUPERTECH STATUS

THE PATENTED (pending) EDS-59C SEMIANALYZER® WILL CUT
YOUR TROUBLESHOOTING TIME DRAMATICALLY—GUARANTEED!*

CHECKS CONDITION, POLARITY,
AND NUMBER OF JUNCTIONS OF
SEMICONDUCTORS IN CIRCUIT.

ENGLISH ON BRIGHT LED DISPLAY.

BEEPS DIFFERENT TONES FOR
IMPORTANT CIRCUIT CONDITIONS.

CHECKS ZENER DIODES IN-CIRCUIT.

CHECKS CAPACITORS FOR LEAKAGE
AND VOLTAGE BREAKDOWN.

BUILT-IN AMPLIFIER FINDS NOISY
OR INTERMITTANT COMPONENTS.

TWO-YEAR LIMITED WARRANTY
ON PARTS AND LABOR.

MADE IN THE U.S.A.

Doen
DISPLAYS PARAMETERS IN PLAIN ' Leaky
Short

*
WE GUARANTEE THAT THE EDS-59C SEMIANALYZER
WILL MAKE YOU A FASTER, LESS-FRUSTRATED
“SUPERTECH", OR YOUR MONEY BACK. TRY ONE FOR
60 DAYS, AND IF IT DOESN'T EARN TS KEEP, SHIP IT
BACK FOR A FULL REFUND.

RADIO-ELECTRONICS

SPECIALISTS SC

vu 310 - '

!unel

E0s-saC 489

SEMANALYZER

ELECTRONIC DESIGN SPECIALISTS, INC.
P.O. Box 9609, Coral Springs, FL 33065

VISA/MASTER CARD ORDER LINE
TOLL-FREE 1-800-544-4150
Florida 305-726-7416

CIRCLE 202 ON FREE iINFORMATION CARD
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control is something that's be-
come commonplace in only a few
short years.

But what if you already own a
perfectly good TV that you bought
before MTS was approved by the
FCC? And what if you decided
against buying a remote-con-
trolled TV because you thought
the convenience wasn't worth the
cost? Are you destined to be frus-
trated and angry every time you
see the stereo logo on NBC, or
every time you have to get up from
your easy chair or sofa to change
channels?

Universal

You don‘t have to trash your
present TVto get stereo sound and
the convenience of wireless re-
mote control—you can add those
latest features to any TV set by
using an outboard unit such as the

‘

V7640 from Universal Security In- |

struments (10324 S. Dolfield Road,
Owings Mills, MD 21117).

The V-7640 has a 140-channel
tuner that can be used for either
standard TV or cable frequencies,
and you can easily switch back and
forth between the two. Well, not
really. The AnT/cABLE control
switches the input frequencies to
which the tuner will be sensitive,
but it doesn’t select a different set
of inputs. In other words, if you
want to watch both cable and stan-
dard VHF TV, you’ll need an exter-
nal A-B switch. However, the
antenna/cable inputs do include a
separate 300-ohm UHF antennain-
put, so you can switch between
cable and UHF without using an
external switch.

In most situations, the setup just
described shouldn’t cause too
many problems, because most ca-
ble systems carry afl standard VHF
stations, and the recent “Must Car-
ry” rules require your cable com-
pany to supply an A-B switch to

Exclusive, triple patented dynamic
cap and coil analyzing . . . guaranteed
to pinpoint your problem every time

or your money back

with the all new LC75 “Z METER 2"
Capacitor Inductor Analyzer

Patented $995

The “Z METER" ig the only LC tester that enables you to test all
capacitors and coils dynamically — plus, it's now faster, more
accurate, and checks Equivalent Series Resistance (ESR) plus
small wire high resistance coils.

Eliminate expensive part substitution and time-consuming shotgun-
ning with patented testa that give you resultas you can trust every time.
Test capacitor value, leakage, dielectric absorption, and ESR dynamically;
with up to 600 volts applied for guaranteed 100% reliable results — it's
exclusive — it's triple patented.

Save time and money with the only 100% reliable, in- or out-of-circuit
inductor tester available. Dynsmically test inductors for value, shorts, and
opens, automatically under “dynamic” circuit conditions.

Reduce costly parts inventory with patented tests you can trust. No
more need to stock a large inventory of caps, coils, flybacks, and IHVTs.
The “Z METER” eliminates time-consuming and expensive parts substitut-
ing with 100% reliable LC analyzing.

Turn chaos into cash by quickly locating transmission line distance to
opens and shorts to within feet, in any transmission line.

Test troublesome SCRs & TRIACs easily and automatically without

| investing in an expensive second tester. The patented “Z METER 2" even

tests SCRs, TRIACs, and High-Voltage Diodes dynamically with up to 600
volts applied by adding the new SCR250 SCR and TRIAC Test Accessory
for only $148 or FREE OF CHARGE on Kick Off promotion.

To try the world’s only Dynamic LC Tester for yourself, CALL TODAY,
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo.

Call Today Wats Free 1-800-843-3338

SENCORE
3200 Sencore Drive

Sioux Falls, SD 57107
605-339-0100 In SD Only

CIRCLE 197 ON FREE INFORMATION CARD

innovatively designed
~ with your time in mind.
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CRYSTEK

The pulse of dependable

communiocations

Reliabliity & Quality
From Start To Finished Product

)

QUARTZ
CRYSTALS/OSCILLATORS

FOR
ELECTRONIC — INOUSTRIAL

* Micro-Processar Control

" Computars/Modems

" Test/Measurement

* Medical
COMMUNICATIONS-REPLACEMENT

* Mobile/2-way/Channel El#ments
" Pagers

" Marine

" Aircraft

" Telemetry

* Monitors/Scanners

AMATEURS

*CB

* Hobbiest

" Expesim#niar

s COST EFFECTIVE

* MODERATE PRICING
s FAST DELIVERY

The
Pulse of
Dependable Communications
Crystek Crystais atters their new 16 page
FREE catalog of crystals and oscillators.
Offering state-of-iha-art cryslal
components manufactuered by the latest
automated technology. Custom designed or
"ot 1he shell” Crystek meets the need,
worldwlde. Write or caif today!

CRYSTEK CRYSTALS

235172371 Crystal Dr. » FL. Myers. FL 33907
P.0. Box 08135 » F1. Myers, FL. 33806-8135

TOLL FREE 1-800-237-3061

(813} 93562109 - TWX S1D-951-7448

you at cosl. We would like to have
seen two separate inputs,
though—if only for an easy way 1o
select another RF source, such asa
video game.

The V~7640 has an RF output that
is switch-selectable between
Channels 3 and 4, and avideo out-
pul for use with a monitorora Tv
with a video input jack. Speaker
outputs are also available on the
rear panel, but, unforiunately,
line-level audio outputs are not.
According to the manufacturer,
line-tevel outputs have been add-
ed to newer units. But the older
unit may still be on your dealers
shelves, so check before you buy!

A pair ot speakers, in die-cast
metal enclosures, is included with

fealure lets you teach the tuner
your favorite channels so you can
automatically skip blank chan-
nels—or channels you rarely
watch—when you scan.

Other functions on the remote
unit include: fine tuning, SAP
(Second Audio Program)/main
channel selection, MTS/syn-
thesized stereo selection, anten-
na/cable selection, volume up and
down, volume mute, and TV on/
off.

While it is nice to have 1hose
features included on the remote,
we think they should aiso be in-
cluded on the main unit. Unfor-
tunately SAP/main selection, chan-
nel scan, and a TV on/off are the
only functions offered there.

the V.7640. They are designed to——%he handheld infrared remot

be mounted on the sides of your
TV set—a set of velcro fasteners is
included for that purpose. The
speaker magnets are well
shielded, so they won't cause any
picture distortion or damage to
your picture tube. If you’re used to
listening to your TV set’s built-in
speaker, you're sure to be happy
with what you’'ll hear from the
V-7640. If you don’t want 1o give up
your set’s built-in speaker, you can
use It for “filling in,” because au-
dio is fed via the RF output to your
V.
Although the dbx logo is not on
the unit’s front panel, the dbx
noise-reduction systém that is part
of the MTS specification is used—
at least according to the manufac-
urer. The IC part numbers were
not readible in our unit. From our
test site, about 30 miles east of
New York City, we didn’t have any
complaints with noise on stereo
broadcasts. (We used a roof-
mounied antenna.)

A switched power outlet is avail-
able for remote on/off control of
your TV. That output has a hefty
500-watt Capacity, so you can use
the -7640 with even an “ancient”
tube-type TV!

Remote control features

If you don’t have a remote-con-
trolled TV, you’ll be happy with
many of the features of the V-7640.
The handheld infrared remote
control lets you either scan se-
quentially up and down through
the channels, or access a par-
ticular channel directly. A memory

Wwww americanradiohistorvy comm

control unit is high-powered, so it
doesn’t have to be aimed directly
at the base unit for it towork. It can
be operated comfortably with one
hand, but if we had our choice,
we'd be tempted to change the
keyboard layout somewhat. We
might be tempted to change the
buttons themselves—the 23 small
rubber keys provide poor tactile
feedback. Fortunately, a red LED
indicates when a button is
pushed.

The instruction manual that's
supplied with the v-6740 is more
than adequate in its descriptions
of the unit’s features and func-
tions. In addition, clear hookup
diagrams cover several installa-
tions that might confuse many
consumers—using your TV and
the V7640 along with a VCR that is
not cable-ready, for example.

The V-7640 completely lives up
to its manufacturer’s claims. That's
the good news. The bad news Is
that you hve to pay a rather steep
$399 for that performance.

The V.7640 probably is of most
value to owners of non-stereo
high-end monitors or projection
TV sets. For them, buying the
tuner is preferable to scrapping a
$700-54000 unit. But if you pres-
ently own a small-screen TV set or
are considering buying a new set
in the near future, we recommend
passing on the V-7640 and looking
tMo a stereo-equipped TV set in-
stead; with discounts, 19- or 20-
inch stereo TV sets often can be
purchased for only about $100 or
more. R-E


www.americanradiohistory.com

COMPUTER COMICS

COMPUTER
MAN WANTED

“Ger with it Dadt My generation will have
anificia) inselligence to back us.”

‘Hangnail. en? I switch you to d slide
rule for as day or two."'

Analyze defective waveforms
faster, more accurately, and
more confidently — every time
or your money back
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with the SC61 Waveform Analyzer
Patented $2,995

If you value your precious time, you will really want to check
out what the exclusively patented SC61 Waveform Analyzer can
do for you. 10 times faster, 10 times more accurate, with zero
chance of error.

End frustrating fiddling with confusing controls, Exclusive ultra solid
ECL balanced noise cancelling sync amplifiers, simplified controls, and
bright blue dual trace CRT help you measure signals to 100 MHz easier
than ever,

Accurately and confidently measure waveforms from a tiny 5 mV
all the way to a whopping 3,000 V without hesitation with patented
3,000 VPP input protection — eliminates expensive “front end” repairs
and costly equipment downtime.

Make only one circuit connection and push one button for each
circuit parameter test: You can instantly read out DC volts, peak-to-peak
volts and frequency 100% automatically with digital speed and accuracy.
It's a real troubleshooting confidence builder.

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion. Analyze
glitches, interference signals, rise or fall times or voltage equivalents be-
tween levels; direct in frequency or microseconds.

Speed your digital logic circuit testing. Analyzing troublesome divide
and multiply stages is quicker and error free — no time-consuming
graticule counting or calculations. Simply connect one test lead to any test
point, push a butten, for test of your choice, for ERROR FREE results.

To see what the SC61 can do for your troubleshooting personal productivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,

| for a FREE 15 day Self Demo.

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.

CIRCLE 198 ON FREE INFORMATION CARD
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SYSTEM TC A MORE
REWARDING FUTURE

A CAREER START FOR THE 21ST CEN-
TURY. Since 1805, National Technical
Schoots has helpaed people build successful
careers. Enler the 21sl Century through
home study courses In Robe ies. Computer
Technoiogy and Servicing, MiCroprocessors,
Video Technology, Basic Electronics. Trans-
portation Technology. Climate Controt Tech-
nology or TV and Radio Servicing. For a
FREE calalog, call 1-800-B-BETTER. Or |
wiite NTS/ANDEPENDENT TRAINING
GROUP, 456 West M. L. King Jr. Bivd. L.A., |
[ CA 90037. |
CIRCLE 186 ON FREE INFORMATION CARD |

THERMOPROBE—QUICKLY IDENTIFIES
DEAD PC BOARD COMPONENTS. Locates
dead resisiors. transistors. IC's. diodes, and
transformers withoul diregt contact, n sec-
onds. Operating active components radiate
heat. dead cOMponents dont. Thermoprobe
18 sensive lo Vas"F chang® in temperature A
must for your workbench or lieid service.
Order #208TM. ONLY $21.95 + $£3.00 ship-
ping. NY Res. add tax (no COD's). BUYUS,

sinlng, NY 10562, VIsa or Mastercard (914}
762-47499,
CIACLE 53 ON FREE INFORMATION CARD

INgADSHE

MICROPROCESSOR - TIMER KIT
(K1682R) for home and industry. Controls
lighling, heating, solar, hot water. eic. Has 4
oulpul relays. 29 program capacity. Fronl-
plate. quality components, and cadesign -
$165. Other kits: power supply. 0-24V ad-
Justable output (K2623R) §74. FM transmitter
| (K1771) $11.55. Three 1one chime (K2569)
$17.50. Add 5$3.00 for S&H. We have 95 more

. INC., Dept..RES87 10 White Birch Dr., Os- | kits. Send $3.00 for catalog: HOBBY ELEC-

TRONICS, P.O. Box 1339, Claremont, NH
03743. (603) 543-0033.
| CIRCLE 190 ON FREE INFORMATION CARD

THE MODEL WTT-201S ONLY THE SIZEOF [
A DIME, yet iransmits bolh sides of a tele-
phone conversalion to any FM radio with |
crystal clanty. Teleghone line powered - never
needs a batteryl Up 10 Ya mile range. Adjusta-
bie trom 70-130 MHZ. Complete kit $§29.95
+51.50 S+ M. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bediord
Hills, NY t0507. (914) 232-3878.

CABLE TV CONVERTERS AND DE-
SCRAMBLERS. Large selection of top
quality merchandise. Low prices. Quantity
discounts. We ship COD. Mos! orders are
shipped within 24 hrs. Send §$2.00 for calalog.
CABLETRONICS UNLIMITED, P.O. Box
266 Dept. R, S. Weymoulh, MA 02180 (617)
8435191

CIRCLE 189 ON FREE INFORMATION CARD
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RADAR SPEED GUNS. Professional (used
by pouce). From $275. Used for clocking
speeds in baseball. carboat racing. bowling,
skiing. etc. ZENITH SSAVI 5169+ . Recond:-
ticned, onginal UHMF equipment. Satellite
components. Surplus TV equlpment: N-12,
SB-3. Hamlin 1200, Ztac, etc. Converters,
amplifiers, TV acessones. Catalog & coupon
$1. SSAVI modlification/troubleshooling
handbook 56.50 ppd. AlS SATELLITE, INC.,
P.O. Box 1226-M, Dublin, P& 18917, 215-
249.-9411
CIRCLE B1 ON FREE INFORMATION CARD

LINE ZAPrPER

YD 1 G oyt

DECODE THE NEW VIOEO TAPE COPY

PROTECTION SCHEME. Bothered by.

brightness changes. vertical jumping and jil-
lenng while watchlng recent movie releases?
Stop it with the LINE ZAPPER. New kit de-
tecis and removes selected lines of video that
have been madified and ofien imerfere with
normal television operation. Order your KIT
today only $69.9% plus $2.00 S & H. ELE-
PHANT ELECTRONICS, Box 41865-L,
Phoenix, AZ 85080. Visa/MC orders (602)
581-1973. Allow 6 weeks lor delivery.
CIRCLE 120 ON FREE INFORMATION CARD

IF YOU'RE TIRED OF MONTHLY CABLE
BLLS $25.00-$100.00 a month or jusl want
more and better television then IY's time for a
Satellite Antenna Syslem from Advance Vid-
eo. Prices start al §795. + S/H with 2 yrs.
warranty. 200 channels available. Call
1800-223-1127 toll free. The best product, the
best prices. Visa/MasterCard accepted.
ADVANCE VIDEOQ, 10636 Main St. #111,
Bellevue, WA 98004.

CIRCLE 203 ON FREE INFORMATION CARD

“"SODDER™ WITH THE NEW BUTANE
POWERED PORTASOL. No matter how you
spell it Portasol is ihe handiest soldering iron
around. Seven inches long. Vanable power:
10 to 60 watts, 60 minules use per refill. Oniy
$31.95 + §2.00 P&H. Replacement tips: 1.2,
2.4 (standard), 3.2, 4.8mm, $8.50 + .50.
Butane: $3.50 + .50. VA add 4% tax. Quan-
lity discounis/dealers invited. Visa/MC or-
ders: (703} 323-8000. Mail Ck/Money-order
10: PORTASOL. 4358 Harvester Farm Lane,
Fairfax, VA 22032
CIRCLE 208 ON FREE INFORMATION CARD
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CABLE TELEVISION CONVERTER, de-
scrambler and wireless remote control video
equlpment accessories. Catalog free. CA-
BLE DISTRIBUTORS , 116 Maln Road,
Washington, AR 71862,

CIRCLE 209 DN FREE INFORMATION CARD

SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on lop ot a 9v batlery and
hear every sound i an entre house up to 1
mile away! Adjusiable trom 70-130 MHZ. Use
with any FM radio, Complete hut $29.95
$1.50 S + H. Free shipping on 2 or moret COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Badiord Hills, NY
10507. (914) 232-3878.

CIRCLE 129 ON FREE INFORMATION CARD

1N

FREE TOOL & INSTRUMENT CATALOG
packed with over 5,000 quality products for
testing, repairing and assembling elecironic
equipment. A full selection of lest instruments
plus precision hand tools, 100 cases, solder-
ing equipment and much more. Producis are
shown in full color with detaled descnptions.
pncing and a t00% satsfaction guarantee.
CONTACT EAST. PO Box 786, No. An-
dover, MA 01845, Call (B00) 225-5370 or in
MA (617} 682-2000.

CIRCLE 55 ON FREE INFORMATION CARD

—

SCIENTIFIC ATLANTA super Spning sale.
Now available Scientific Atanta B500 and
8550 cable converlers. Perfect reception on
all channels. Sale price 8500 or 8550
$225 00 Hand remotes $20.00. Call now to
insure your order. Sale ends May 31, 1987,
Also, brand new, “Key Circuits™ lor this equip-
ment. Dealers welcome. C.0.D. accepted.
V... ELECTRONICS, P.O. Box 628, For-
estdale, R.l. 02024, (617) 755-9778.
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TUNABLE NOTCH FILTER—for elimination
of any TV, FM, or VHF signal. Can be tuned
precisely to ANY Signal within 1hese ranges:
"MODEL 26-Ch’s. 2-6 plus FM [54-108 Mhz]
"MODEL 1422-Ch's. 14{A}-22(1) [120-174
Mhz] "MODEL 713-Ch's. 7-13 [174-215 Mhz]
Highly selective 60dB noich. Send $30 each.
CQuanlity prices as low as $14, STAR CIR-
CUITS, P.O. Box 8332, Pembroke Pines,
FL. 33084

CIRCLE 94 ON FREE INFORMATION CARD
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I NEW:PANASONIC VIDEOQ SWITCHER. Re-
cord a cable channel while viewing any one of
your 4 video options, anothef cable channel,
2nd VCR, TV games. video camera, etc. No
need o use your cable converler for channel
selection VCS-1 gives your cable ready TV or
VCR full control of your wiewing. Comaptable
with alt scrambled and one way addressable
systems. $85.00 Guaranteed. Free Catalog.
{402]) 331-4957 M.D, ELECTRONICS, 5078
Sa. 10Bth #115, Omaha, NE 68106, We ac-
cept MC. Visa. C.O.D.

CIRCLE 205 ON FAEE INFORMATION CARD
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MICROWAVE ANTENNAS $69.95 Now in
cluding shipping and Lifetime warranty. We
Repair all types ol Downconverters. Cable
Converters and equipment availablel Pan-
asonic 450 MHz wireless converter $79.95
plus shipping. Coax cable, T.\V. parls, ac-
cesscries, connectors, T.V. ampliliers. Wnte
for free information or call for prices. BLUE
STARIND., Dept. 105-RE 5-87, 4712 Ave. N,
Brooklyn, N.Y. 11234 (718} 258-9495 Ext.
RE
CIRCLE 85 ON FREE INFCAMATION CARD

APPLIANCE REPAIR HANDBOOKS—13
volumes by service experts; easy-lo-
understand disgrams. lllustrations, For major
appllances {ar conditioners, refrigerators,
washers, dryers, microwaves. etc.), elec.
housewares, personal-care appliances.
Basics of solid stale, setling up shop, test
instruments. $2.65 to $5.90 each. Free
brochure, APPLIANCE SERVICE, PO Box
789, Lombard, IL 60148. 1-{312) 932-9550.

CIRCLE 84 ON FREE INFORMATION CARD

SEE IN TOTAL DARKNESS - BUILD THIS
AMAZING IR VIEWER. Applications include:

Iracking, fibre oplic observations. h-lemp
thermal viewing, IR alamms, IR communica-
hions & controls, IR astronomy & microscopy.
document examination, pamnting & slamp au-
thenfication efc. Kit §189 delivered. (Dealers
wanted). Calalog $1. 514.739-9328. OCTE
ELECTRONICS, Box 840, Champlain, N.Y.
12919
CIRCLE 130 ON FREE INFORMATION CARD
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NEW PRODUCTS

same features as the model KPC-70
- “'_'--..‘—..-_—
g ’

plus more.
In addition, the systems’ motion
CIRCLE 30 ON FREE INFORMATION CARD

and shock sensors are able to de-
tect unauthorized use or break-ins
due to impact. Should a break-in
occur, the siren sounds, the park-
ing lights flash, and the starter cir-
cuit is disabled. The duration of
the alarm is automatically set for 30
seconds; however, a duration of :
minutes, 60 seconds, or 15 sec-
onds can be programmed by the
user, Once the alarm-cycle is com-

RADIO-ELECTRONICS
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CAR-SECURITY SYSTEMS, the Ken:
wood model KPC-70 (shown) and
the model KPC-50 are comprehen-
sive alarm systems.

The model KPC-70 consists of a
central processing module, a con-
trol/test module, a small remote-

control unit, shock and motion
sensors, and a 100-dB siren. With
that system, all doors, windows,
the hood, and the trunk are auto-
matically secured. With the excep-
tion of the control/test module,
the model KPC-50 includes the

plete, the system re-arms.

The model KPC-70 has a sug-
gested retail price of $549.00; the
model KPC-50 has a suggested re-
tail price of $349.00.—Kenwood
US.A., InC., P.O. Box 6213, Carson,
CA 90744

« Yolume control Programmable to go 00 a1
= 88 channals - partcular channel and off
+ Mule contro)

MODEL STARCOM-460

$999.,.\.m

= Il'lﬂlm channe: recall

beatty
Nibla wiih descrambiers

« Algmatic fine tuming = C

CONVERTER
MODEL DRX3-105/400

$6995

« 38 channels
= Remale channel changi
= Bamots onvol smtch

+ Remcte Mine tuning

JERROLD CORDLESS CABLE TV

5

JERROLD CORDED

. CABLE TV CONVERTER

MODEL JRX3-105

$49.95

= 38 channals
+ push button

“THE RABBIT”
TR-7000

IOED MULTIPLYING SYSTEM
%

" $59.95/5-11

S51 Qﬁi N )I $69.96/1-5

12 wp

B MASTER CARD
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s LIKE HiVING l
N EVERY

W VISA
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MODEL DRZ/45

= 58 channels
B Aulomabc ting b
AB swich opton

69.95/..

55 ea

N
ELECTRONICS
770 Amsterdom Ave., New York, NY 10025

SHIPPING CHARGES
For Ovoiers
$25-100
$100-500
$500- 750
$750 and up
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You say you’re already trained in electronics
but that you're 701 making enough money???
Well then, maybe you don’t have an accredited
bachelor’s degree to prove that your education
is up to snuff! Check out the Grantham Inde-
pendent-Study B. S. Degree Program. It could
make a dollars and sense difference in your
electronics career.

Grantham offers this program, complete but
without laboratory, to electronics technicians
whose objectives are to upgrade their level of
technical employment. Since the field of elec-
tronics is so enormous, opportunity for ad-
vancement is always present. Promotions and
natural turnover make desirable positions
available to the man who is ready to move up.

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California, 90720

This booklet

for
FREE! FREE
s Booklet
This free booklet e
explains the COUPON
Grantham B.S, and mail in
Degree Program. | envelope or
offered by inde- poste on
pendent siedy 1o pOSfd'
those who work
cord.

in eleciranics.

Do You REALLY Want to Make More Money?

Yes it does take work and a few sacrifices to
climb up the electronics ladder to where the bigger
money is. But, if that’s where you want to be, then
that's what you must do — work harder at learning
and getting the right credentials, even if it takes a
few sacrifices. A B. S. degree and the knowledge
that rightly goes along with it can give you powerful
ladder-climbing equipment in your search for suec-
cess in elecironics.

The accredited Grantham non-traditional B.S.
Degree Program is intended for mature. fully-
employed workers who want to upgrade their clec-
Lronics careers.

- ELECTRONICS

Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Independent Home Study

Study materiais, carefully written by the Grantham
College staff for independent study at home, are
supplied by the College. Your technical questions
related to these materials and the lesson tests are
promptly answered by the Grantham home-study
teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited by
the Accrediting Commission of the National Home
Study Council, as a degree-granting institution.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. Howcver, we have students in many
foreign countries; about 80% of our students live in the
United States of America.

Grantham College of Engineering R-5-87
10570 Humbolt Street, Los Alomites, CA 90720

Please mail me your free catalog which explains your
B.5. Degree independent-study program.

Name__ _Age_
Address
City_ _State_ e Tip

[ — — e ——
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Our

guaranteed

Fluke 70 Series Analog/Digital multi-
meters are like money in the bank. Buy
one, and youYe guaranteed to save both lime
and money.

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

1 year or less on others.

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

So before buying any meter. look beyond the
sticker price. And takea closer look at the new
jow-priced $79 Fluke 73, the $109 Fluke 75, and
the deluxe $145 Fluke 77, In the long run. they'll
cos! less. and give higher performance, 100.

And that, you can bank on.

For a free brochure, and your nearest distrib-
utor, call toll-free 1-800-227-3800, ext, 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE

© 1905 Pasee
CIRCLE 121 ON FREE INFORMATION CARD

savings plan. |

TVRO ELECTRONICS SYSTEM, the
Pico Products Little AMAC, is a no-
frills system consisting of the
HR-100 C/Ku-band satellite re-
ceiver and the MAC-T00K manual
actuatoricontroller.

CIRCLE 31 ON FREE INFORMATION CARD

The model HR-700 has a
950-1450-MHz block input, a vid-
eo-invert switch for complete Ku-
band function, an AFC tracking
range of =11 MHz, tunable audio
(single channel), detent channel
selection, defeatable AFC, a 70-
MHz IF loop, an <8-dB C/N thresh-
old, fine-tuning range of =4 MHz
from 70 MHz, an |IF bandwidth of
26 MHz (-2 dB), and a low dif-
ferential gain and phase for good
video and audio response. (The re-
ceiver can also operate as a slave
unit to Pico’s full-featured model
HR1000 stereo remote-control re-
ceiver, an added convenience.)

The MAC-100K manual actuator/
controller features a three-digit
LED display to indicate relative sat-
ellite position. Up and Down con-
trol-buttons allow users to easily
position the antenna to view all
the satellites in the Clarke Belt, in-
cluding the hybrid C/Ku-band sat-
ellites. The model MAC-100 also
has built-in overload safeguards
that prevent antenna wraparound.
There is a 36-volt DC power supply
available for easy and effective in-
stallation with most actuator
motors using either reed- or Hall-
effect position sensors.

The complete iittle MAC TVRO
electronics system is priced at
$700.00.—Pico Products, Inc., 103
Commerce Blvd., Liverpool, NY
13088.

HAND-HELD CB, the Midland
model 75-7900, is electronically
tuned, has 40 channels, and is
equipped with a dual-conversion
super-heterodyne receiver and a
transmitter with selectable RF-out-
put levels of one or five watts as
required.

The model 75-790 also has an ad-

WwWww americanradiohistorv comm
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justable squelch control, an autc
matic noise-limiter, separate LED's
for transmit and receive, and a
condenser microphone. An ana-
log meter measures received-sig-
nal strength, transmit power, and
battery condition. Instant Channel
9 selection is also provided.

The model 75-790 operates on
12- or 15-volts DC. A charger jack
for nicad batteries and a vinyl car-
rying case are included. The sug-
gested retail price is $149.95.—
Midland International, 1690 North
Topping, Kansas City, MQ.

CORDLESS HEADPHONE SYSTEM,
the Nady Systems cordless head-
phone system consists of a model
IRH-210 integral personal infrared

CIRCLE 33 ON FREE INFORMATION CARD

stereo headphone/receiver, and a
model {RT-520 infrared transmitter.
The transmitter plugs in to any
stereo-radio or tape-deck head-
phone jack. An infrared signal rep-
resenting the audio is then
transmitted to a sensor on top of
the personal receiver. The range is
about 35 feet, and any number of
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infrared receivers can be used in
the room. The suggested list price
for the system is $39.95, (The
model IRH-210, receiver is avail-
able separately at $59.95.)—Nady
Systems, 1145 65th Street, Oakland,
CA 94608.

CD CHANGER, the Disclockey,
model CDP-C5F, offers an alter-
native to magazine changer sys-
tems with a built-in 5-disc carousel
thal reduces disc-to-disc access
time and simplifies overall opera-
tion.

CIRCLE 34 ON FREE INFORMATION CARD

One to five discs can be loaded
in the front-loading carcusel draw-
er of the unit for up to six hours of
continuous music playback. Once
loaded, a disc-skip function allows
disc-to-disc changes in approx-
imately 2-3 seconds.

The model CDP-C5F has a sug-

gested retail price of $450.00.-
Sony Corporation of America, 9
West 57th St., New York, NY 10019,

OMNIDIRECTIONAL ANTENNA,
the model 7403-1, for FM use, in-
corporates aweighted base, which
provides stability and tip resis-
tance. The gain control is located
on the front and is easily accessi-
ble. The pilot light is in keeping
with the shape of the overall an-
tenna.

The model 7403-11 uses a sepa-
rate outboard 12-volt DC power
supply that is UL listed. That sup-
ply provides filtered DC for the an-
tenna’s amplifier. The power sup-
ply, which contains a transformer,
may be located some distance

from the-antenna, and an outlet

may be selected that will position
the power supply away from any
TV set, or other device that would
be adversely affected by proximity
to the transformer.

Due to its well-filtered power
supply, the antenna adds little 60-
Hz hum to received signals. There
are relatively uniform gain charac-
teristics over the 88- (o 108-MHz

CIRCLE 35 ON FREE INFORMATION CARD

band; with-no sharp peaks-or val-
leys in the response curve.

The omnidirectional charac-
teristics of the model 7403-/1 refer
to both lateral and vertical signal
orientation. The antenna provides
uniform sensitivity within +6 dB.

The model 7403-11 has a sug-
gested list price of $75.00.—Parsec
Electronics, Inc., 130 W. 42nd
Street, New York, NY 10036.

CONNECTION [la
PROTECTION

Sk,
)t‘/vﬁs- # R
<3

EDGE comnvecmpg

Video Cable )
Assembly Kit:

OPT 2r 10pcs 2t F to RCA Connector
ffor tv or video dubbing]
OPT3 10pes 3ft59UFtoF"
fideal length for VCR to TV monitor]
OPTE 10pcs 659U “FtoF”
| | fideallength for VCR to TV monitor] S$ 8 2.00
OPT 10 10 pcs 10 f.59U “F to F%WWV\

Even the Sneil pquipmert I The workd Cannct QUATRTISS NOWe-Hee SDENIion.
One "dirty” connection rmywhers N the sectrical path can cause urmwvnted
nodse OF pgnal oee

“"MORE THAN A CONTACT CLEANER"

CRAMOLIN® i a tas-acting. ariraxidlzing Wbncant that cieans and
proverves 8!l metsl surfaces, inciyding goki.

surtaces ond Maintelns maximom slectricel conducthvty.

CRAMOUN" - USED BY THOSE wHO DEMAND THE BEST
el & Howsd Hgwten Pacward G aphcle sty
Bosng Juhet. Fhulee by oirrriy PCA
Capacl Flecorde Mcinioah Labe LY uicrecraf

PLE 1058

[FNTILABORATORIES ..

PO il Ava, (P.O. B J) - Exconditn, CA SNR2S-0061 U S.A #19) T4 F143

Whan apphed to metsl contacts and conneciors, CR AMOLIN® removes |
reqathre oukiel B I 10rmy I Protectve mokeculer Leyer that s i The el |

OPT20 5pecs 20f.59U “FiloF"

OPT 50 5pcs 501t.59U “F to F~
ALl ASSEMBLIES DISPLAY PACKAGED!
50 pieces total! Packaged Kit!
MANY OTHER LINES AVAILABLE—62AU, 58U, 8U
ftelephone accessones, speaker wire, elc.|

CUSTOM LENGTHS BASED ON QUANTITY!!
CALL FOR LITERATURE & PRICINGI!

OPTIMA ELECTRONICS

2022 TIGERTAIL BLVD.

DANIA, FLORIDA 33004
Toll Free: 1-800-327-0224

CIRCLE 184 ON FAEE INFORMATION CARD

\Un Florida; 305-920-3550 -
CIRCLE 210 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 computers firmly estab-
lished in offices—and more and
more new applications being
developed for every facet of
business—the demand for
trained computer service tech-
nicians surges forward. The
Department of Labor estimates
that computer service jobs will
actually double in the next ten
years—a faster growth rate than
for any other occupation.

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

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.

As part of your training,
you'll build this highly-rated,
16-bit IBM compatible com-
puter system. You'll assemble
Sanyo's “intelligent” keyboard,
install the power supply and
disk drive, and interface the
high-resolution monitor.

The 880 Computer has two
operating speeds: standard
IBM speed of .77 MHz and a
remarkable turbo speed of 8
MHz. It's confidence-building,

real-world experience that in-
cludes training in programming,
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®,
professional digital multimeter,

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

ut ing NAl's wi@e Action Audio C“uu. ywou taad

h 1ha and p ol your
horu} dig 18! muRimetes— tha basic, indispansable
1004 for the COMpuier Specialist

You")l vl up and partorm ekectronica supenments and
demonsirations usg your NRL Discovery Lab. You'll even
intertace the lab with your computer to “3ee™ keyboard
genersied data.

Atter you Burild this digital probc.
oparation of the Smwdmu “intadh
ReFOPAOCRS 30T,

"Il e 1he
1™ heyboard
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¥our NRI 1otat 3ystems brlining
includes all ol this: NRI Discovery
Lab to design and modify circuits
Four-tunciion digial multimaisr with
willk.you through insiruction on sudio 1ape
+ Digelal logic probe 1of visual axaminalion
of computer ciwcuits » Sanyo 450 Series
Computer with “Intelligent™ heyboard

#nd 360K double-density, double sided
disk drive » High resolution monochrome
mondor » BK ROM. 256K RAM * Bundied software

Inciuding G'W BASIC. M5 DOS, WordStar. Cakc Slar » Relerence manuals, schematics,

and brie-sized e ssons,

and logic probe. Like your
computer, they're 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
training. Read detailed descrip-
tions of each lesson, each exper-
iment 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
Robetics, Data Communi-
cations, TV/Audio/Video
Servicing, and more.

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

”E’ SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue. NW

"
Washi . DC 20016 &)
ashington S
We'll Give You Tomorrow.
184 18 & Pag of
actune Comporation.

upy i 3538 mded in e miin unil ol the com-

Thwp power

[ puter You chach out keyboard conneclions and circuits with
the dGital multi dudhed fof Lraini waid use.
L

for g and Hiadd

Naut, yims InGLafl the disk vl You ledm Oisk e O alion
and adisiment. make § copy of MS-DOS opsrating dick and
bagin YOUT e phoration of the 8083 CPU.

Using the monitor, You focus On machi TURGE Progs
Ming, M indikpanisa bie !roublnh;ging tool lor 1he techas-
by be 9 BASIC langusge prog i

clan You coni
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Regency “Scanner Answer” leeaway

Here's your chance to win a complete monitoring
package from Regency Electronics and Lunar Antennas.
18 scanners in all will be awarded, including a grand
prize of the set-up you see above: the Regency HX1500
handheld, the Z60 hase station scanner, the R806 mobile
unit, and a Lunar GDX-4 Broadband monitoring/
reference antenna.

55 Channels to go!

When you're on the go, and you need to stay tuned into
the action, take along the Regency HX1500. It's got 55
channels, 4 independent scan banks, a top mounted
auxilliary scan control, liquid crystal display, rugged die-
cast aluminum chassis, covers ten public service bands
including aircraft, and, it's keyboard programmable.

Compact Mobile

With today's smaller cars and limited installation space
in mind, Regency has developed a new compact mobile
scanner, the R306. It’s the world's first microprocessor
controlled crystal scanner. In addition, the R806 features
8 channels, programmable priority, dual scan speed, and
bright LED channel indicators.

Base Station Plus!

Besides covering all the standard public service bands,
the Regency Z60 scanner receives FM broadcast,
aircraft transmissions, and has a built-in digital quartz
clock with an alarm. Other Z60 features mclude 60

this one of Mike
Nikolich and his

a free gift from
to include your

Send mn a photo (like
Regency monitoring
station) and receive
Regency. Be sure

narne, address and
phone number,

1
Lunar GDX-4

channels, keyboard programming, priority control, digital
display and permanent memory.

Lunar Antenna

Also included in the grand prize is a broadband
monitoring/reference antenna fram Lunar Electronics.
The GDX-4 covers 25 to 1300 MHz, and includes

a 6 foot tower
ELECTRONICS INC.
T707 Records Steeet

F\_ em
ndianapolis, IN 46226

e c e A e

(1 awarded)
1—Regency Z60 Base station scanner
1--Regency HX1500 Handheld scanner
1—Regency R806 Mobile scanner
1 —Lunar GDX-4 Antenna

(5 awarded)

1— Regency Z60 Base station scanner
1—Regency R806 Mobile scanner

(5 awarded)

1—Regency HX1500 scanner

Conteat rules; Just answer the questions on the coupon, (all answers are
in the ad copy) (il m your name and address and send the coupon 1o
Regency Electronics, Inc., 7707 Records Street, Indianapolis, IN 46226,
Winners will be ulededﬁ'malmedm One entry per parson. No
W necessary, Void where prohibited by Liw Contest ends June

1, The Regency Z60 is
O a digital alarm clock [0 an FM radio
(O a scanner  [J all of the above
2. The Regency R806 Is the world's first
controlled crystal scanner.
3. The Regency HX1500 features
O 55 channels  [J Bank scanning
O Liquid crystal display [0 all of the above

4, The Lunar GDX-4 antenna covers . to . MHz.
Name: .

Address:

City: State; Zipcode:
I currently own scanners.
Brands owned:

CIRCLE 194 ON FREE INFORMATION CARO
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BUllUoadells

PHONLINK

INTERACTIVE
REMOTE

 CONTROL

Rule the world by telephone!

GENE ROSETH

INITIALIZE
{F YOU'VE EVER WANTED TO CONTROL AN iy
electronic device, or monitor an elec- 1 ] up
trically mecasurable quantity from a re- | HANG P
mote location by telephone, you've
probably found that devices to do so are RESET
expensive and hard to come by. However, CSE L(:FE
we've got an in¢xpensive, casy-to-build, .
yet highly versatile device that both hob-
byists and professionals will find useful.
It allows you to control as many as eight
| devices, and it allows you to monitor as
many as eight analog or digital quantities, YES
including local temperature. A built-in
:apﬁ;ch synthesizer reports ail values au-
A few simple examples will show how
useful thc controller can be. Suppose GET ACCESS CODE
you're about to leave work and head home
for the day. You pick up the telephone,
dial your home. and wait for the controller
to respond by saying activared. After you
entcr the access code, the unit gives verbal
guidance as you: (1) disable the burglar YES
alarm, {2) wm on 1he hot tub, (3) enable
the garage-door opener, (4) check the odhoL
house temperature (with the built-in ther- FURCTION (3}
mometer), (5) wrn on the air con- n%iﬂi?‘z‘ﬁsﬂr
ditioning. and (6) obtain the state of I
charge of your solar-energy system. Fi- GET CODE
nally, you activate the built-in microphone
for a few seconds to listen for sirange e
sounds. l']"{',TD 600D N
. P : CANCEL
More technical applications might re-
quire iransmission of remetely genecrated
analog or digial data using the internat A/

D converter. Values are expressed via the
built-in speech synthesizer.

How it works

The flowcharts shown in Fig. 1, Fig. 2. RiG_ 1—FLOWCHART OF THE CONTROLLER'S MAIN LOOP: After Inltializalion. the program geis &
and Fig. 3 illustrate the overall function of user-entered code and then transmits data Lo the user or lurns the remote circuits on aor off.

8861 AVA
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Say "ENTER
FUNCTION
NUMBER"™

GET
FUNCTION
NUMBER

SAY
“ACTIVATE {2}
DEALTIVATE (31,
OR CANCEL (9}~

CANCEL

FIG. 2—THE QUTPUT.CONTROL (OOP: The program geis a function cholce from the user and

FROM

SAY
“DEACTIVATED™

YLS SAY SAY
- X “REPEAT (7)
{ACTWATED o END 18"
¥
YES 11 wanc up | farss 0

NO
NO
GET
FUNCTION
WUMBER
GET
FUNCTION
NUMBER

YES
YES
é_‘ CANCEL
NO
:YES

A/—— WAIT =

SAY
"HANG UPT
"DEACTIVATE"

HANG UP

performs Lhe desired aclion. Code 9 iniliates Lhe Cancel funttion.

the controller. In general, Fig. 1 shows the
initialization. get-access-code. and get-
function-code sequences. The valid func-
tion codes are 3 and 7; the functions initi-
ated by pressing those numberss are
illustrated in Fig. 2 and Fig. 3, respec-
tively. Code-3 functions atlow you to con-
trol the devices connecied o your
controller, Code-7 functions allow you to
monitor clectrical quantities. With that
overall breakdown in mind, let's examine
cach flowchart in sequence.

initializatlon

Referring back to Fig. |, after the mi-
croprocessor performs its power-up ini-
tialization routine. il ensures that the
phone is on-hook (hung-up). Then the
routine enters a loop in which it looks for a
succession of incoming rings. The
number of rings is detcrmined by a
juniper on the PC board {either 3 or 10).
Afier detectling the ring sequence. the unii
connects itself to the phene line and indi-
cates that il is working by speaking the
word activated. U then awaits the proper
access code. a three-digit code that the
caller must provide in order to gain eniry
1o the sysiem. It should be noied at this
poim that the controller will work only
with Tiwech-Tone phones.

If an improper access code is detected
or if an excessive delay is encounted. the
system hangs up and retums 1o the wait
loop. But if the caller is granted access.
the controller requests entry of a digit (3
or 7). [ the wser enters a 3. the controller
enters the loop outlined in Fig. 2.

SAY
“"ENYER
PARAMETER
NUMBER DR
9 T0 CANCEL™
GET
PARAMETER
NUMBER

T0

GET
] VALUE

REPEAT
SAY VALUE _,{ :)
AS PERCENTAGE

READ

TEMPERATURE

i mea SAY
TEMPERATURE

CANCEL

- TIME
ouT

FiG. 3—THE INPUT-CONTROL LOOP: A choice of Code 1-Code 7 causes the program to'moﬂ he
torresponding analog valuc as a pertentage of five volts. Local lemperalure will be reported when

Code B ia chasen. Code 9 canceals operalion,

Controller outputs

Functions 1-5 correspond to digital
outputs of the PIO {IC2), If the user press-
es the button corresponding to one of
those functions. then he must choose. by
pressing the appropriate button, to turn
that function on or off. The controller will
respond aciivated or deactivated as appro-
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priate. Then the user will be able 1o repeat
the sequence or hang up.

Function 6 corresponds to the built-in
microphone. and functions 7 and 8 corre-
spond to two “self-canceling™ functions.
Each of those functions is activated man-
ually. and de-activated when you hang wp
or after a period of about five minutes.
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All resistors are Ya-watt, 5% unless olh-
erwise noted.

R1—100,003 ohms

R2—250 ohms. 1%

R3—10,000 ohms, 1%

R4, R17, R24, R27, R32, R34, R3A5—
10,000 ohms

R5-RY, R19, A36, R40, R42. R44, R46,

R48, R50, R52, R55—33.000 ohms

R10, R15, R38—47,000 ochms

R11, R12. R14—1000 chms

R13, R20, R21—220,000 ohms

R16, R28, R54—1 megohm

R18. A25—22,000 ohms

R22—330,000 ohms

R23, R30, R31, R33-—100,000 ohms

R26—100 ohms

R29—150 ahms, Y%-watl, 5%

PARTS LIST

CS5, C11—10 uF, 16 voits, electrolytic

C7—2 2 uF, 16 volts, alecirolytic

€9, C26—33 uF, 16 volts, electrolylic

C12—0.1 uF, 200 voits, disc

C16—4700 iF, 16 volts, electrolytic

C23—470 pF, 16 volts, electroiyfic

C24, C25—22 pF, disc

Semiconductors

iC1—TMPZB4COOP, CMOS ZBO
{Toshiba)

IC2—825654, PIO

IC3—SP0256-AL2, speech synthesizer

IC4—74C04, hex CMOS inverter

1IC5—74C02, quad CMOS NOR

1C6—27C64, 6K CMOS EPROM

1IC7—74C32, quad CMOS OR gate

ICB—~ADCOB0OSCCN, A/D converter

IC9—LM2342Z. precision current relerence

R37—470 ohms IC10—M-956. DTMF decoder (Taltone)
R39, R41, R43, R45, R47, R49, R51— IC11, IC22—unused
51,000 ohms IC12, IC15—TLC271, op-amp
-A53—39,000 ohms. 1C13—LM324, quad op-amp
R56—150 ohms 1C14—4066, quad analog switch
Capacitors IC16-1C19—4N32A, oplto-isolator
C1, C6, C13-C15, C17-C21—0.1 uF, ce- IC20—LM7805CK, tfive-voll regulalor,
ramic disc TO3 case
C2. €8, C10—1 pF, 16 volis, electrolytic IC21—LM780SCT, five-voll regulator,
€3, C4—0.022 uF, ceramic disc TO220 case
o 1 MICROPHONE
-y
USER |-t A/D SPEELH m‘rlél:FEACE
SYNTHESIZER — =
B O FFTER oy | Loz iena. (cis-ici ul;
|/ RING
r 1— } SELF
e TANCEL
T INPUTS
TEMPERATURE DTMF
SENSOR DECODER
19 1€10
- -
EPAOM — | USER
lCDE L] ulcnuPnulcEssun Ipég OUTPUTS
= | i8)
i

FIG. 4—BLOCK DIAGRAM OF THE CONTROLLER: an analog swifch (IC14, not aown) Connécts the
Internal microphone. the speech synthesizen or ons of the self-cancel inguls lo the phone line.

{Another on-board jumper selects hang-
up or time-oul.) The aulomatic hang-up
feature would be useful, for example, if
you wanicd to listen to the sounds picked
up by the microphone and just hang up
when you were through. withour having to
explicitly deactivate the funciion and then
hang up. The Hang-up and Cancel rou-
tines indicated in Fig. 2 are implemcnted
as jumps o the similarly named routines
in Fig. 1.

Controller inputs

If the user had entered a Code 7 from
the main loop. he would then enier an-
other code to sclect the quantity (o be
reported by the controller. If the user en-
ters Code 1-Code 7, the controller states
the value as a percentage of 0-5 volis,
Obviously, you'll have to correlate 1hat

percenlage with the output of your device,
If the user enters Code 8, the controller
responds with the ambient tempeérature (in
degrees Celsius), Code-9 here (as in the
output-function loop) cancels the current
operation, retums to the main loop, and
altows the user 1o choose between inputs
and outputs (3 or 7).

Circuit overview

A block diagram of the system hard-
ware is shown in Fig. 4. The micro-
processor is a CMOS Z80; the program
code is stored in an 8K-byte EPROM (a
27C64). The PIO (Parallel fnput/Ouiput)
is an 8255A, which contains three 8-bit
ports that interface most of the remaining
circuits to the mieroprocessor. The A/D
converter (IC8, an ADCOB09) has eight
analog inpuls. Seven are available for use
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BR1—200 volls. ¥: amp
BR2—50 volts, ¥ amp
D1, D3-D5—1N914, swilching diode
DE-DB—1NS245B, 15-volt. o-want Zener
diode
(N1—2N2222, NPN smali-signal iransistor
Other componenls
F1—125 volts, & amp, pgtail leads
MIC1—Electrel microphone (Radio
Shack 270-0928 or equivalent)
RY1—Relay, ive volts, 70 mA. (Radio
Shack 275-243 or equivalent)
501—16-pin DIP socket
502—34-pin edge-card connector
T1—12,6 volts, 0.6 amp (Tna F-158XP)
XTAL1, XTAL2—3.58 MHz
Note: Tha foilowing items are avallable
from STG Associales, 2705-B Juan
Tabeo Bivd. N. E., #117, Albuquerque,
NM 87112: Complete kit of paris, in-
cluding cabinet, PC board, and pro-
-grammed EPROM. (KPL-1), 5195;
elched, drilled, and silk-screened PC
board (KPL-2), $36; programmed
EPROM (KPL-3), $19; prinlout of
source code (KPL4) $8, Add 5% for
postage and handling. New Mexico
residents add approprisle sales tax.

WARNING

PLEASE NOTE THAT, ALTHOUGH THE CON-
frotler presented here has been de-
signed 10 meael the inlerdace require-
ments of the telephone system, it is
not FCC type-approved. Connection
of such a device 10 your operating
company’s line is subject to the reg-
ulations of that company. It is your
responsibility 10 ascertain the perti-
nent regulations lor your area.

as desired; the eighth is connecled 1o the
built-in tempecrature-rcference, IC9 (an
LM334). The speech synthesizer (IC3. an
SP0256), the DTMF (Dual-Tone
Multi-Frequency) decoder (ICI10, an
M-956), and the built-in microphone all
interface to the wlephone line via an ana-
log switch (1C14, a 4066), several op-
amps and opto-isolators,

Software

As anyone who has ever designed a
microprocessor-based device is all oo
aware, the majority of work is embodied
in the software. The controller’s software
is written in Z80 assembly language, and,
due to space limitations. is not discussed
here in detail {there ape about 1800 lines of
source code). However, both object code
{contained in EPROM) and source code
are available from the source noted in the
Parts List,

That’s all the space we have now. Next
time, we'll present more complete circuit
details. We'll also show you how to build
the controllcr and offer some interfacing
tips. Until then. why not use the lime 10
gather parts or o order the kil offered by
the supplier? R-E
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NEW LIFE

FOR-OLD CAR RADIOS —

Heres how to convert a car radio into a high-quality receiver for your home.

You can add shortwave capabiiities too!

ARE YOU LOOKING FOR AN EXCELLENT RA-
dio receiver for your home, den, or dorm
room that outperforms the best table-type
radios in station-pulling power and sound
quality? Are you looking for a receiver
that doesn't cost a lot and that can be
customized to suil your needs and your
specific installation? Does finding such a
receiver sound too good to be true?

This month, we’'ll show you that it's not
too good to be true. We'll show you how
10 turn an wnused car radio into a high
performance receiver for your home. In
the second installment of this two-part
article, we'll show you how to build
| simple but excellent converter that will
open the world of shoriwave radio listen-
ing 10 you, and let you hear news, music,
and culiural events direct from Europe,
Asia, and other distant places!

Converting a car radio isquick and casy
to do. If you're a beginner at electronics
construction, then it makes for an excel-
lent first project. If you're an experienced

hobbyist. then youll enjoy using your ex-
‘ pericnce to build 2 truly customized re-
ceiver. When you're finished, you're sure
to wonder why you never tried before!

The skepiical reader will ask why any-
one would go through the bother of build-
ing a power supply and cabinct so he
could use a radio intended for automotive
use in his home. There are several good
reasons. Car radios are designed to get the
best possible reception on the crowded
AM and FM bands. They are also ex-
pected 1o provide quality sound from

_RADIO-_EL_ECTHONICS

GARY McCLELLAN

small speakers and work with poor anten-
nas. And to top that off they are expecied
to work for years without any repairs. Few
table radios ¢an meet those requirements!

So what kind of performance can you
expect to get by converting a car radio for
home use? First, because of the environ-
ment that such radios are built for, you'll
find that you have an incredibly rugged
radio. You'll probably notice belter sen-
sitivity and selectivity than you're used to
with an ordinary table radio. You'll also
notice that car radios are generally well-
shielded, which reduces interference.

Many car radios also have desirable
“extra” features that you'll probably not
find on any table radio you now own.
Auto-reverse cassclte players are commoen
and electronic tuning with memory pre-
sets and a digital clock are becoming stan-
dard on high-end models.

Choosling a radio

Perhaps the most difficult pan of con-
verting a car radio for home use is choos-
ing the radio you're going to use. The
chances are that you have a perfectly use-
able radio in your garage or under your
workbench right now! If you don’t, you
might want to visit some local garage
sales. Every year, a huge number of car
rudios are replaced with newer models—
especially after Christmas, Father's Day,
and Graduation Day. And most are re-
placed not because they don’t work, but
because they don’t have a casselie player,
clectronic tuning, etc.

WWWwW americanradiohistory comm

Since there is a glut of surplus car radi-
os, you can afford to be a bit fussy about
the set you choose for conversion. Here
are some suggestions worth keeping in
mind as you hunt:

First, choose a late model solid-staie
car radio. Old wbe-type sets and solid-
state sets from the 1960's may be good
collector’s items, but they're not good ra-
dios lo convert. They draw too much cur-
rent. and they'll probably need repairs.
Worse yel, if you can’t do the repairs
yoursclf, having someonc else do the job
could end up a costly proposition.

Imported models are best—ihey're
small and casy to mount in a cabinet.
Watch for pushbutton AM/FM sicreo re-
ceivers al the least, and don’t pass up any
AM/FM sterco clectronically tuned unit
with a cassette player, if the price is right.

1f you're interested more in shortwave
reception than FM stereo reception, pick
up a pushbutton-type AM radio with ana-
log tuning. Those radios are especially
inexpensive and will work well with the
shoniwave converter that we'll describe
next time.

Think twice before you buy a radio that
is damaged or doesn’t work. Repairing a
compact car radio can be a time consum-
ing job, and getling replacement parts can
be a nightmare! So stay away from "fixer
uppers” unless you have the technical
know-how.

Don’t worry about minor problems
such as missing knobs or broken plugs.
Those parts are casily replaced. il neces-
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sary. Try an auto supply store or strip the
pants from another radio that isn’t worth
fixing.

Now, how much should you pay for
your radio? That depends on its fcatures
and its condition. Here are some rough
guidelines: You should be abie to pick up
a pushbuttion AM car radio for $3 to 35
and a top-of-the-line receiver for about
$35, But prices vary from one pan of the
country 1o another. Be surc to shop around
al various garage sales, flea markets, etc,
to get a feel for the prices.

Afterall of that, you may be thinking of
buying a new car radio for converting. We
centainly undersiand the iemptation to do
so, but try to resist il. If you buy a high-

SR315 AM/FM sierco casselie receiver
shown at the beginning of this article—it
will certainly make an excellent home ra-
dio. But install it in your car. After all,
that’s what it was built for! Convert your
old radio for use in your home!

Identitying the connectlons

The first thing to do after finally choos-
ing the radio is to check it out by hooking
it up to a power source, speaker(s), and an
antenna. Before you can do that, of
course, you have to know the function of
each wire coming out of the radio and
where it should be connected. If you buy a
used radio, you’ll typically find a bundle
of unmarked, colored wires, hacked off a
few inches from the case. Or your radio
may have a connector block. If you're
lucky. there may be a chan pasted on top
of the receiver that identifies each colored
wire or connector pin, If you're not lucky,
you’ll have 1o do a little detective work.

You’ll need an ohmmeter, a pencil, and
some paper (o start. Write down the color
of each wire along the left margin of the
paper, or draw a skeich of the connector
and each pin. You'll first want to find the
ground connections: Turn the radio’s
power swilch off, set your chmmeter on
the lowest resistance range, and connect
the ground probe to the radio’s case.
Touch the other chmmeter probe to cach
of the leads or pins, and writ¢ down on
your charnt the ones that read zero ohms.
Those are the ground connections.

Next you’ll want 1o find the power con-
nection. That can be a bit tricky, so be
careful. Lcave the ground probe con-
nected to the case, and touch the other
probe to one of the non-ground connec-
tions. Turn the radio power swilch on and
off as you waich the chmmeter scale. If
the resistance reading drops cach time the
switch is wrned on, you found the power
connection. You probably won’t find the
power lead on the first try. so continue
until you do. When you find the proper

lead, leave the power switch on and'leave
the probe connecled to il. Then remove
the chmmeter’s ground lead from the case
and touch it 1o the other lcads or pins. If
there is one that reads zero, you have
found a hookup for a power antenna. Add
the identified connections to your chan.
Note that electronically wned radios
have an exira power lead that supplies
power to the radio’s preset-station memo-
ry and clock even when the receiver and
car power is turned off. If you have that
type of radio, here’s how to find that power
lead: Reconnect the ohmmeter’s ground
lead to the radio’s case and touch the other
probe to the remaining unidentified con-
nections. One of the connections will give

——quality car. radio—like the Sparkomatic_ a low value and then increase to a high

value. That is the memory power lead.
Disregard any connection that gives a low
value continuously, or that starts at a low
value and rises to infinity (over 20K
ohms). Add the proper lead te your list of
identified connections.

The final stcp is to locate the speaker
connections. That may also be tricky, so
be careful. On some radios it is easy lo
confuse the memoery power with a speaker
connection. On other radios, the internal
circuitry may confuse the unwary. If there
are just two connections left, you are in
tuck; these are most likely for (he speak-
ers. A quick check with your ohmmeter
should give a low reading that rises to
infinity (over 20K ohms). [n that case,
skip the rest of this discussion and go
directly to the construction section.
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Deluxe radios with fader controls and
high-powcr outputs have more compli-
cated speaker connections. Refer to Fig. I’
for the typical output circuitry of those
radios, THe chances are that if there is
nathing on the receiver Lo indicate a high-
pawer cutput, then the circuitry is similar
to that shown in Fig. i-a. [f a sticker on the
radlo siates "“Bridging output—do not
ground speakers,” its eircuit is probably
like that shown in Fig. 1-b. Use your ohm-
meter to measure between any two (as yet
unidentified) connections. Anytime you
measure 40 ohms, you have found a fader
control, so connect those Lwo points lo-
gether. The other speaker connections arc
either ground (as in Fig. |-a) or another
cutput (as in Fig. 1-b). Usually the wire for
the other output in a bridging configura-
tion is coded the same coloer, but with a
stripe added, or it's a pin on the opposite
side of the connector block.

Once you've identified all the connec-
tions, you can start to build the power
supply for your radio.

Buliding the power supply

Building a power supply lo eonverl
your car radio for home use is relatively
easy because few parts are required and
there is nothing critical about the con-
struction. Our supply dehvers about 14
volts at 1.5 amps, which should be enough
for just about any car radio. even a high-
powered electronically tuned receiver like
the Sparkomatic unit, Figure 2 shows:he.
power supply's sChematic.
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b + 4082
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RIBHT

SPEAKER
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POWER | , T0POWER
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POWER

i _ POWER
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o o MEMODRY

FMEHURY FOWER
GROBND

b

a
FIG. 1—TYPICAL CAR STEREO RADIGS have outputs Ik those shown here. In &, the speaker oulpuls
are single-ended. Bridging outpuls, llike those shown In b, are often tound on high-powered radios.
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FIG. 2—A SIMPLE POWER SUPPLY will glve excelient performance. This Is a perfect lime 10 use some
of Ihosa components you've been salvaging for years!

SPEAKER GROUNDF

POWER
CLDCK/MEMDRY
GROUND

F1G. 3—THE FINAL HOOKUP, Hote Thal the radic 3hown here uses single-ended Oulputs. It yours uses
a bridging culput, refer 10 Fig. 1-8 for 1he proper wirlng diagram.

One of the best things about the supply
is that it gives you the perfect oppontunity
1o raid your "'junkbox™ for components.
Don’t you have a 12.6-volt. 3-amp fila-
ment transformer lefl over from the jube
days? Don’t you hawve a spare bridge ree-
tificr and a supply of filter capacitors
handy? Don’t be afraid 10 make reason-
able pants substitutions in the supply.

There are many ways o build the sup-
ply. We built our unit into a small alumi-
num box and we suggest you do the same.
That waty, all wires cammying line voltages
are enclosed for safety. In addition, we
recommend you usc a three-wire line cord
to ground the Hox. Not only does this
provide extra safety from shock ., but it will
give you betler recepiion!

Drill all holes in the box o mount the
parts, then mount all components. Wire
them as in Fig. 2. and be sure to double
check your work so thal you ¢an comrect
any emors. Be sure 10 use fairly heavy
wire. like 18-gauge stranded, for the out-
put leads. When done instzll fuse F1.

After you ve wired the unit and are con-
fident of your visual troubleshooting, it's
lime to plug the supply into an AC outlet
and to measure the output voltage. It

should be in the 168 volt range. The
output will drop to a more acceptable
12-14 volts when the radio is connected.
Now, unplug the power supply so you
can hook up the radio.

Hooking up the radio

Connccting 1he radio o speakers. the
power supply. and the antenna is a rela-
tively easy task. Figure 3 is @ connection
diagram that shows all the details. Note,
however. that Fig. 3 shows speaker con-

PARTS LIST

Ct, C2—0.01 uF, 50V ceramic disc

C3, C4—4700 pF, 25V axial electrolytic
C5—82 pF, 500V ceramic disc
D1—D4—50 PIV, 6 amps, silieon

© BR1—50 PIV. 8 amps. brdge rectifier

£1—0.5 amp JAG last-blow tuse
PL1—tale Motorola type plug
S1—5PST rocker

T1—12.6V, 3 amps

MiSCELLANEOUS: three-wire ling cord
with plug. ajuminum box, 3 teet stranded
hookup wire for antenna, #18 siranded
hookup wire for connections, 6-32 mount-
ing hardware, calynel. speakers. eic.
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nections for radios with single-ended out-
puts. If your radio uses a bndging oulput,
conneel your speakers as shown in Fig.
I-b. For esting purposes. you ean use any
speakers you have handy. Afier you're
satisfied everything's working properly,
you ¢an splurge on high-qualily units.
Note that if your radio is not an elec-
tronically wned type. you can ignore the
MEMOry POWEr connection.

The lasi step is 1o assemble and install a
simple antenna. Cut a 3-foot length of
stranded hookup wire and sclder it, and
one lead of C5 (an 82-pF disc capacitor)
10 the center conductor of PLIL. a
Motorola-type plug. The other leg of C5
should be soldered to the shield of PLI.
Be sure to slip insulalcd tubing over the
leads of C5 so they don’t short the center
conductor and the shield. Finish by con-
necling the antenna to the radio.

Checkout and Installation

Now comes the big moment. Connect
the power ptug to an AC outlet and turn on
the radio power swilch. There should be &
soft thump from the speakers and you
should hear noise when the volume is
turned up. If you hear nothing. or smell
something, pull the power plug imme-
diately and check your work. Once you
hear noise, try tuning a station on your
newly converted car radio and enjoy!

If your car radio is analog tuned. it will
be nccessary to peak the antenna irimmer
for best AM reception. Usually that ad-
Justment will be found next lo the antenna
Jack, but some receivers hide it next o the
tuning knob or inside the cassette eom-
partment. To make this adjustment, une
in a weak station near 1400 kHz. then
peak the trimmer for maximum volume.

Once your radio passes checkout you
are ready to put it in a cabinet of your
choice! While the cabinet you use is en-
tirely up to you, here are some ideas 10 get
you started: We've used everything from a
junked cable TV converter to an old stereo
cabinet purchased at a garage sale. In an-
other conversion, 2 monaural receiver was
built directly into a small bookshelf
speaker. providing a nice table radio radio
for the kitehen. In yet another conversion,
the radio was buill into a room divider,
along with two Aush-mounted speakers.
Use your imagination and you ¢an make
soincthing that is truly unigue.

Once you have chosen your enclosure,
cut the mounting holes for the radio and
power supply, then mount them in place.
Extend the antenna wire (preferably ver-
tically) then staple in place. Finish up by
connecting the speakers. thén lurn on the
power and enjoy your handiwork!

Whiie you should be happy with the
resulls, you may still want someihing
more. Then watch for the next and final
installment of this article for step-by-step
nstructions on how to build a shottwave
converter to use with your radio. R-E
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BUIBDEIE S

Miniature
Wideband
Amplifier

From DC to 450 MHz, 20-dB gain
in the palm of your hand.

FROM DC THROUGH TO THE MOBILE RADIO
and TV frequencies, there's always need
for some amount of additional amplifica-
tion. In particular, when it comes to TV
reception just a smidgen extra gain can
make the difference between lecking at a
snowstorm or a decent picture having
ck-stable color.

Often, oblaining enough of a signal for
a good TV picture means using some kind
of deep-fringe antenna and a preamplifier.
The problem is, huwever, that srabile pre-
amplifiers don’t come cheap unless you
build them yoursell, and even then you
might spend countless days, nights, and
weekends getting one to work without
producing more spuri (spurious signals)
than it does TV signal.

Bul spurious signals are noncxistent in
the wideband high-frequency amplifier
shown in the photographs; yet il rivals
commercial units in both performance
and reliability-—but without their for-
midable price tags. While 2 commercial
counterpart might easily sell for $100 or
more, ouf version, shown in Fig. 1, can be
built for about $12. How can a commer-
cial-quality amplificr be built so inexpen-
sively? The answer o that question is
found in a new breed of integrated circuit,
the Signctics NE5205, a UHF amplifier
with a fixed gain of 20 dB.

FIG.1—EXCEPT FOR THE COUPLING and de-
couPling capacitors, IC1 is a complete wideband
amplifier having & fixed gain of 20 dB to 450
MHz. No external compensation Is required.

JOHN CLAWSON

Signetics offers the NE5S205 in two
kinds of housings: the TO-46 metal can
shown in Fig. 2-a, and the SO-8 DIP
shown in Fig. 2-b. Unhke earlicr mono-
lithic amplifiers. the NE5205 does its job
wilhout external compensation nctworks
and matching transformers. What's lefi is
an experimenter’s dream: an inexpensive
black-box amplifier that can be plugged
into practically any eircuit. Put into other
words, a gain-block.

FIG. 2—THE NES205 IS AVAILABLE in two con-
figuration$: & pinout for a conventional TO-46
metal ¢can whose tab provides the ground ton-
neclion ia shown In a An S0-8 DHP pinoul s
shown In b. The grounded motal cass of tha
TO-46 version extends the response from 450
MHz 1o 650 MMz

Before going into construction details.
let’s go over some of the NE5205's speci-
fications, because they will give you a
better feeling for the 1C und its perfor-
mance,

WwWww americanradiohistorv comm

Let’s start with amplification. because
how wetl the NE5205 does that job will
greatly influence how it is used. To begin
with, there's 20 dB of fixed insertion gain
that is essentially ruler-ilat to 450 MHz.
The grounded case of the TO-46 version
extends the response to —3 dB at 650
MHz. Unlike some theoretical or op-
timized values, 20 dB is a real-world fig-
ure that is not swamped in a sea of noise.
Forcxample. the NE5205 can be used as a
50- or 75-ohm line smplifier: yet even
with such a low impedance it preserves a
remarkably low +4.8 dB NF {Noisc Fig-
ure) at 75 ohms, +6.0 dB at 50 ohms.
Input and output VSWR (Voltage Stund-
ing Wave Ratio) for both impedances re-
mains below 1.5:1 10 450 MHz.

Twenty decibels is a helty boost, but as
Murphy’s Law would have it, with 20 dB
of gain available you will undoubtedly
need 21 dB. How, then, do you provide the
exita gain? As shown in Fig. 3, simply
cascade 1wo NES205s for a total gain of
40dB. Notice the conspicuous absence of
compensation. Although providing a total
of 40 dB gain, the amplifier is still our
basic wideband amplificr circuit: only an
extra IC, achoke. and two capacitors have
been added.

Also notice that again we are saved
from circuit complexitics by using only
AC coupling capacitors rather than reac-
tive networks. That is amazing, consider-
ing that chaining cven the most docile
conventional high-frequency amplifies
can often severely strain stability.

Circuit operation

Referring buck to Fig. 1. the widebhand
amplificr uses only live components. Ex-
ternal signals enter pin 3 of ICI via AC
coupling capacitor Cl. Following ampli-
fication, the bousted signals from IC1 pin |
are coupled to the output by capacitor C2.
Capacitor €3 decouples the DC power
supply. while RF current is isolated from
the power supply by RF choke LI.

FARL AYWN
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FIG. 3—STHCE THE NEB205 FUNCTIONS as a §aln biock, two or more can be easily cascaded lo
provide additional ampilfication. In this clrcuit, which uses two NE52058, the overall gain Is 40 dB.
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2, CHARACTERISTIC IMPEDA

L -
0020 0D4D 080
TRACE WIDTH-INCHES
F1G. 4—USE THIS CHART to delermined micro-
strip trace widih for varlous impedances and
thicknesses of G-10 epoXxy board.

0300

0.060

FIG. 5—THIS IS THE CORPONERT LAYOUT tor
lhe basic amplitier. All components are on the
soldering side of the board.

The NES205°s low current consump-
tion of 25 mA a1 6 volis DC makes battery-
powered operation a reality. (Although the
device is raled for a 6- to 8-volt power
supply, 6 volis is recommended for nor-
mal operation.) Six volis provides an in-
ternal bias of 3.3 volts, which permits a
1.4-volt peak-to-peak output swing for
video applications.

Construction

Below 150 MHz., just about any kind of
paint-to-point wiring assembly can be
used il the leads arc made as short as
possiblc, if you don’t tun the output and
input wires close together, and if you re-
member 10 ground the metal case.

»a
T
ANTENNA

|
1
!
1
1
(

strip are given in PC Service. The recom-
mended printed-circuit board material is
double-clad 0.060-inch G-10 epoxy
board. The pattern shown is intended for
75-ohm operation. For alternate imped-
ances (£g) or different thicknesses of
G-10 board, you will need to change both
the input und the output truce widihs: refer
to the chart shown in Fig. 4, which shows
the characteristic impedance vs. signal-
trace width required for various G-10
thicknesses. For example, a 50-ohm Z,
{characteristic impedance) and a 0.031-
inch G-10 board requires a signal (race
width of approximately 0.050-inch.

A

81
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% 22004
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FI1G. 6—IF THE POWER SUPPLY I8 fed through the signal-carrying coaxial cable, the amplilier can be
mounted In & weatherprool enclosure directly at the anlenna.

But the amplifier will perform better at
frequencies above 30 MHz, and most cer
tainly with fewer problcms above 150
MHz, if built on a2 microstrip. A micro-
strip is a microwave low-loss iransmission
line. It consists of a conductor above a
groundplane, analogous 0 a two-wire
line in which one of 1he lines is repre-
sented by the groundplane. Obviously,
primted-circuit board that is copperclad
on both surfaces will make an ideal medi-
um for a homebrew microstrip.

Full-scale PC patterns for the micro-

PARTS LIST

IC1—NES205EC wideband hugh trequen-
cy amplfer {Signetics)

C1, C2, C3—0.1 pF, multlayer ceramic
chip capacnor, 10%, 100-WVDC (Stel-
tner Electromcs KEFQ1210 or equiv-
alent)

L1—RF choke, 2200uF, 10%, Femte core
(Dngi-Key M8153 o1 equivalent)

dscellaneous: PC board and matenals,

case (when needed). etc.

Note. The following are avaitabl¢ from

John Clawson, P.O, Box 225,

Tillamook. OR 97141: NES205EC, 56;

set of three 0.1-wF Chip capacitors, $3.

Shipping and handling $3 per lolal

order. Foreign orders add $4.50. U.5.

funds only. Oregon residents add ap-

propriate sales tax. Check or M.O. only.

Since ICI's TO-46 case is grounded,
don’t be concerned about providing an
insulated hole through the groundplanc.
You can leave the underside copper com-
plete and simply drill a Ys-inch hole
through from the top side of the board.

I you wanl to expand the foil pattern to
include another NES205, keep all new
signal paths short and as straight as possi-
ble. The groundplane should be exicnded
beyond cach edge of any added traces by
no less than the trace width.

The parts-placcment pattern is shown
in Fig. 5. Prior 1o assembling the etched
and drilled PC board, be sure that all ¢ir-
cuil traces are free from residue, burrs,
and obstructions.

Except for one lead of RF choke L1, all
components are mounted directly on the
soldering side of the board. L1 is attached
by soldering one lead to the Voo plane
and the other lead to the power source.
The ¥ie-inch diameter hole is intended to
hold the NE5205 very snugly. If you expe-
rience a great deal of difficulty installing
ICI, skightly enlarge the hole using a small
round file or a slightly larger drill bit. Be
sure that the the metal Hlange on the TO-46
case doesn’t 1ouch the Vo plane, and
that 1C1 is properly criented. Afier you
have correctly positioned the IC, solderits
leads to their appropriate traces, keeping
lengih to an absolute minimum. Then
make a good elecirical connection be-

continued on page 69
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Soldering:
OLD TECHNIQUES & NEW TECHNOLOGY

it takes a more than just solder lo make reliable connections.

SOME CLAIM IT WAS GUGLIELMO MARCONI
himself who said “Soldering is an an”—
as he used a blowtorch and a five-pound
bar of lead toassemble the transmitter thai
finally broadcast a radio signal across the
big pond. While we no longer use a

VAUGHN D. MARTIN

retrofits. and upgrades have been directly
traced to poor solder connections: either
too much or too little solder, cold solder
joints. or simply the wrong kind of solder,
de-oxidizer, or wetting agent.

So it is in the spinit of ** Soldering is an

plumber’s blowtorch for precision solder= art™ that we’ll 1ake a close look at solder-

ing, it often appears that we haven’t pro-
gressed to anything that is significantly
betier. More times than we care (o re-
member, the causes of defects in projects,

ing techniques: everything from assem-
bling a simple “one-evening™ commer
cial kit to making repairs using
conductive plastic.

Conventional soldering techniques
Exactly what is soldering. anyway?
Conventional soldering is the bending to-
gether of two or more metal parts with a
tin-lead alloy (the solder itself). It is the
least expensive, yet most reliable method
of connecting electronic components. Ina
good solder joint, solder molecules actu-
ally mix with the molecules of the metal
being soldered—what is called wetting.
The tools for making solder connec-

PURE
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FIG. —ADJUSTABLE-HEAT soidering irons ak
low you lo adjust the tlp-temperalume adjust-
ment. Other soldering irons have 8 single
controlled lip-temperalung.

tions tO electronics equipment come in a

How to solder

How do you use those Lools 1o make a
guararnteed reliable connection—one that
will last forever and a day? Figure 3 shows
a foursicp approach to soldering wermi-
nals and printed-circuit boards.

Begin with a wer sponge. Heat the sol-
dering tip, wipe it off on the sponge, and
apply solder to the cleaned tip. That is
called "tinning™ the tip—it inhibits ox-
idation. For terminal lugs (Fig. 3-a) and
relatively thick or wide printed-circuit
foils (Fig. 3-b), place the soldering tip
igainst the foil or against the terminal,
ind against the component’s lead; then
4pply solder. Apply heat long enough o
allow the solder to flow evenly and uni-
formly over the joint. Then remove the
iron and be sure not 1o move the compo-
nent until the solder cools. For hairline
traces, the latest recommended technique

__varicty of_styles,_sizes, and_shapes of __ (Fig, 3-¢}is to place the soller against the

& RACIO-ELECTRONICS

guns, irons, and pencifs—a soldering
pencil being a low-wauage, usually pen-
cil-size soldering iron. Although most
have fixed tip-temperatures, some, such
as the unit shown in Fig. 1. have a means
whereby the tip-temperature can be ad-
justed or optimized for a panticular solder
or purpose,

In addition 1o controlled tip-tem-
perature, many irons allow the user to
substitute various shapes and types of tips:
everything from large tips for soldering to
a melal chassis to needle-point models for
heating a hairline printed-circuit trace,
Figure 2 shows several commonly avail-
able shapes and variations.

component Yead and the foil and then
squash the iron down on the solder until
there is a good flow. (That way there is less
chance of overheating causing a hairline
trace to lift off the PC-board )

When soldering conventional compo-
nents such as resistors and capacitors it's a
g00d idea to bend their leads t0 keep them
from moving when the soldering iron is
removed; you’ll find that it’s well worth
the extra time.

If you soldered the joint correctly, it
will be smooth and shiny like the joint on
the right in Fig. 4. If not, the joint will
resemble one of the “cold™ solder joints
shown in Fig. 5-¢ and Fg. 5-b. Cold

BASIC SHAPES|
|

VARIATIONS

CHISEL
(DR SPADE}

r—

SEMECHISEL ‘

LOMICAL l

PYRAMID

‘l )|

FIG. 2—SOLDERING-IRON TIPS are avallable in
8 wide veriety of sizes and shapes. They come
as complele 1p5, Interchangeable ¢lements, or
tips for interchangeabi¢ elementa.

joints are poor conductors. They ape
characterized by ¢ither a crystatline:
grainy texwre (Fig. 5-a), or by blobs and
uneven solder flow (Fig. 5-5).

Integrated circuits require extra care
when soldering. Typically, they have
closely spaced pins on 0.100" centers, and
it's easy 0 bridge across two (or more)
pins if just a bit of excess solder is ap-
plied, or if the tip of the soldering iron
spans two pins or traces. To awoid the
problem, use extra-thin solder {what is
usually called “ wire gauge™), a small sol-
dering pencil, and greal care.

Except for some specialized solders
that we'll get to later, one of the principle
ways to ensure a good connection is by

SOLDERING TO
TERMINALS

IR'DN_

SOLDERING
IRON

SOLDER

WIRE

SOLDER S"L,gg‘,“'""
i

. :

| SOLDERING ON

CIRCUIT BOARDS

SOLDERING
IRON
COMPONENT ("
LEAD's
FOIL 5 7

=

CIRCUIT BOARD

SOLOERING
IRON
SOLOER=Y, b
Fﬂ'll.\ W

e

SOLDERING
soLDER—Y, FON'SY

LTINS 2

SOLDERING ON
CIACUIT BOARDS

somenms
COMPONENT IRUN7

LE
mp&lﬁm Qm
CIRCUIT BOARD

\ l=—SOLOERING
SOLOER—4! J IRON
FOIL;
TORE=E — J
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FIG. 3—ALTHOUGH IT'S USUAL to heal the malerial o which aolder will be applied (# and b), ihe heat is

applied t0 the solder (¢} when soldaring hairling printed-circult rraces.

WwWwWw americanradiohistorv comm


www.americanradiohistory.com

NGF

FiG. 4—A PROPERLY-SOLDERED lerminal can-
nection looks like this.

FIG. 5—A COLD SOLOER JOINT may resemble &
of . One is as bad as Ihe Other.

FiG. 5—SOLDER-REMOVAL BRAID is available
in several wldths to accommodate everything
trom halrllne printed-clrcult traces lo
oldiashioned terminal luga.

FiG. ¥—A SOLDER-SUCKER removes solder
from & one-surface component-mounting hole
or a Plated-through connection
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FIG. 8—A SOLDER'S MELTING POINT is deter mined by Its composition. Euteclic solder goes from
solid to llquid wilhout passing through a plastic slate.

applying & " flux™ to the surfaces or wires
to be soldered either before or during the
application of heat.

Flux is a chemical that is used to re-
move surface oxides from metal before it
is soldered—because oxidation interferes
with the adhesion of solder. It is available
in powder. paste or liquid form. Many
solders contain a core of Mux so that the
flux is applied continuously during sol-
dering.

Occasionally, you will bridge a solder
gapof make a cold joint. Usually. it's next
to impossible 1o salvage the connection.
or even 10 avoid funther damage, unless
the solder is removed first.

Solder removal

There are two ways Lo remove unwanted
solder so that you can starl over. You can
use & product generically called solder-
removal braid—available under several
trade names—which is a resin-flux coated
braid that absorbs molien solder. As
shown in Fig. 6. it comes in differem
widths tailored for wicking everything
from hairline PC-board traces (o
oldfashioned terminzl lugs. Alternately.
you can use a “'solder sucker™ (Fig. 7), a
device that uses a vacuum to literally suck
solder off a connection.

Conventicnal solder

Asshown in Fig. 8, conventional solder
is an alloy of tin and lead that mehs at a
lower temperature than either tin or lead
by itself. The actual remperature at which
solder melts it depends on the relative
percentages of tin and lead in the solder.
Solder with 37% tin and 63% lead yields
the lowest melting point. but you will find
that most solder is 40% tin and 60% lead.

Incidentally, the term “cuteetic™ is
somelimes used 1o describe a particular
selder atloy. Eutectic simply means the
lowest possible melting point of an alloy.

WwWwWw americanradiohistorv comm

For example, the 37/63 solder previously
mentioned is eutectic tin-lead solder- no
solder can melt at a lower temperature.

Plastic solders

Now let's look at plastic selders. Some
require heating 10 make them hard;
others, the epoxies, generally do not.
They are hardened not by heat. but by
adding a eatalyst or a hardener—a great
advantage when you're working with
heat-sensitive semiconductors.

Many cpoxics have excellent strength
and wettability, even with non-metallic
substrates, and they are good conductors
of electricity. Emerson and Cumming’s
Econobond Solder $6C has a resistance of
2 X |04 ochms/cm; Aremco-Bond 556
has a resistance of 5 X 10-4 Ohms/cm.
The latter yields bonded shear strength of
3.000 to 4,000 psi within a temperature
range after curing of —60°C o + 200°C
(—76°F o +392°F).

TRA-CON. [nc. 55 Nonh St., Mecd-
ford. MA 02155. produces 56 different
kinds of premixed resins and hardeners.
Applications range from replacing eon-
ventional solder to repair of PC-board de-
laminations or blistering.

Indium solder

One of the most exeiting breakthroughs
in soldering technology is the use of indi-
um, a semi-precious, non-ferrous, silv-
ery-white metal having a brilliant luster. 1t
is sofler 1han lead—you can scrateh it
with your fingernail—and it is extremely
malleable and ductile. even at tem-
peratures approaching absolute zero. It
retains its shape when bent, and its solft-
ness and plastieity make it panicularly
suitable for gaskets. seals, and solders. In
particular. indium's ability to work into
the oxide skin of other metals improves
their electrieal and thermal conductivity
whiie inhibiting corrosion.

2861 AV
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Indium is often combined with other
metals to produce a " specialty solder™ for
joining and scaling applications where
conventional solders fail. Indium-based
solders are strong, thermally conductive,
clectrically conductive. easily bondable.
resistant to fatigue, resistant to leaching,
and resistant o acid and alkalinc corro-
sion.

Because indium solder’s melting point
is considerably less than that of con-
ventional solder (Indailoy #1356 melts at
136°F), it is particularly well-suited for
soldering hcat-sensitive components.

Also, indium solder’s low vaper pres-
surc ideally suits il to vacuum-soldering
cnvironments where high-vapor-pressure
solder could accumulite on, and thereby
ruin other componenis.

Indium solders are non-toxic, and
those with gold. or bismuth and tin are
pood candidates to replace potsonous lea
and cadmium solders in toys and cook-
wure.

Epoxy substitute

Because indium solder is easier to re-
move than epoxy and plastics, il is often
substituted when there’s a possibility that
repairs or design changes might have lobe
madc to joints and fabrications.

When indium is combined in an alloy, it
will wet glass, mica, quartz, gtazed ce-
ramics and certain mcetallic Oxides; and it
will form a sub-oxide layer that increases
its adhesion. To avoid interfering with the
sub-oxide layer, flux cannot be used with
indium solder. If you want to solder a
meiallic substance 10 a nonmetallic sub-
stunce. precoal the former with solder
containing Aux: then tompletely remove
the flux before soldering the metallic sub-
strate.

Indalloys #1 and #4 have the best wet-
ting quatities on non-metals, while Inda-
lloys #3 and #290 produce stronger
connections. However. because of the sil-
ver they contain. they have slightly less
wettability.

Bond strengths between 300 psi and
700 psi can be uttained with non-metallic
substances if they are properly prepared
for soldering. To solder the non-metallic
substrates, ¢lean them thoroughly with a
strong alkaline cleaner. rinse with dis-
tilled watcr, and again with an electronic
grade acetone or methanel. Heat glass,
quartz. or glazed cerumics to 350°C
(662°F) and cool. Heat one non-metallic
substrate and the solder to 20- to 30°C
higher than the solder’s melting point.
then gently rub the solder into the sub-
strat¢ with a nickel metallic felt, or a sim-
ilar applicator. Cool the coated substrate,
bring it into contact with the second. and
apply heat until the solder flows.

Incidentally, you will find that an ultra-
sonic soldering iron is somelimes effec-
live in wetting somc non-metallic
surfaces.

FIG. 9—THE HEAT FROM A MATCH is encugh io
melt & bar of indium tusible-ailoy soider

FIG 10—iNDIUm SOLDER CREAMS. teaturing
oxide-ires spherical powders, sre svallable In
varicua alloys thal an specllically packaged tor
dispensing. screening, and atenciling.

Fusible alloys of indium

A fusible alloy is an alloy of bismuth
that contains tin, lead, cadmium, gal-
lium. or indium. and which expands upon
solidification. Such alloys have low meli-
ing tcmperatures compared to most indi-
um alloys, but their poor wetlability keeps
them from being widely used as solders.
Normal meliing t¢émperamures of fusible
alloys range from 40°C 10 150°C (104°F 1o
302°F). This means that you can melt In-
daltoy fusible alloys. and keep them mol-
ten, on an ordinary hotplate. For special
applications. you can cven get Indalloys
that melt as low as 10.7°C (51.3°F). Figurc
9 shows an ordinary match mclting a bar
of Indalioy fusible alloy.

Surface-mounted devices

No discussion of soldering would be
complete without mentioning techniques
for soldering SMD’s {Surface-Mounted
Devices). SMD’s are not only much
smaller than conventional ones—they
don’t have wire leads. [nstead, they have
what appears to be a semiconductor sub-
strate with a small metal ridge along the
edges. Suface mounted devices are

WwWwWw americanradiohistorv comm

mounted (o a PC board by precise vacuum
placement. then robotically or vapor-sol-
dered in place.

Solder creams make precision, auto-
mated soldering possible by allowing pre-
cise placement of tiny, predetermined
amounts of solder and flux on the conduc-
tors of PC boards, thick- and thin-filtn
circuits, and flexible circuits. Or. as
shown in Fig. 10, solder creams can be
dispensed manually from a syringe on to a
substrate. The intended use of soldering
creams determinges their viscosity. powder
mesh size, metal content, and packaging.

FIG. 11—A COMBINED CREAM DISPFENSER and
vacuum-aperated componant-holding device
simpiifies the positioning and soldering of SmD
and ather mi¢ro-miniature components.

An altermative to the manual dispenser
shown in Fig. 10or automated techniques
is the Modcl 1000 DV manufactured by
EFD Inc., East Providence. R.1. 02914:
that unit is shown in Fig. 11. The instru-
ment provides both a cream dispenser and
& vacuum parts holder. Figure 12 shows
how the vacuum holder and cream dis-
penser are used to install an SMD.

FIG. 12—IT TARES TWO HANDS to position an

SMD devica on a PC-board: one for the ¢réam
dispenser. the other for the vacuum holder.

Before reflowing solder cream. be sure
to cure it to avoid spattering and solder-
balling. Substrate type, flux type, the
metal content of your solder. and the
amount of solder cream deposited on the
board will detcrmine the appropriate cur-
ing parameters,

Conclusion

Now that you know all the various pos-
sibilities available when soldering. your
only problem will be figuring out which
one is the best to use for a particular ap-
plication. R-E
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Learning About Loran

Though unseen, Loran has lit the way for travelers for 47 years. Now, thanks to improved
technology and dropping costs, even sportsmen and weekend sailors can use the system.

DURING WORLD WAR II, WHEN BAT-
tleships struggled with the gray Atlantic,
clouds usually blocked the sun and stars
and thereby hid thc navigator’s only refer-
ences for finding his position. If he had
one, he turned on his Lotan receiver and
watched two horizontal lines glow green
while the cathode ray tube warmed up. In
miputes he would synchronize his re-

—oeiver and know his position withinafew
miles. Then he might hold the bulkhead
for balance against the rolling sea and
refiect on his warm feelings for radio sig-
nals,

The signals originated on far-away solid
ground from Loran transmitters. Like
radar, another system developed during
the war, Loran correlates radio-wave trav-
¢l time with distance. Unlike radar, Loran
uses several remotely operated (ransmit-

DAVID J. SWEENEY

ters. The Lorap user measures the dif-
fercnce in time between pulses received
from those stations, then refers to a Loran
chart to plot his geographic position.
Loran is an acronym for LOng RAnge
Navigation. Needed for military shipping
and aircraft operations, Loran evolved
from requirements described by the Army
Signal Corps Technical Commiitee on

around the continenial United States. The
shading indicates areas of good reception;
in other areas, reception is unreliable or
inaccuratc. To close the mid-continental
gap, the 1986 House Committee on Ap-
propriations recommended $43 million
for five new Loran-C transmiuers to
provide nationwide signals for aircraft
and fresh-water navigation.

October™1771940. Now, some 47 yeal¥  Typical of just about everything else

later, Loran has developed into Loran-C,
which operates on 100 kHz—a frequency
that provides ground-wave coverage over
extremely long distances, thercby supply-
ing signals worldwidec so that ships and
aircraft can find their way to commercial
ponts and airfields, The worldwide system
is operated by the U.S. Coast Guard and
foreign governments.

Figure | shows the Loran-C coverage

WwWww americanradiohistorv comm

¢lectronic. prices for Loran receivers have
dropped sharply, so that both sportsmen
and weekend sailors have been able to join
the corps of Loran-C users. In fact, the
Loran-C accuracy now available to sport
fishermen so greatly surpasses that avail-
able during Loran’s early days it has dra-
matically changed the chanerfishing in-
dustry, A charter-boat captain often
maintains Loran-C data for specific loca-
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FIG, 2—LOCATION IS DETERMINED
ahd those from il associated slave station{s)

tions. called “waypoints,” where quan-
tities of fish, crubs, or lobster are known
10 forage. The ability to find *"hot spots™
within o few fecl in milcs of open sea was
impractical before Loran-C. Now it is a
marketing tool.

Besides fishermen. aircrafl pilots have
suecessfully used Loran-C, and 1he gov-
emment is currently approving it on a
selective basis for commercial aviatfon.
In November, 1985. the Federal Aviation
Administration approved the first Loran-
C approach at Hanscom Field in Bedford.
Massachusetts, and later approved a non-
precision Loran-C approach for Runway
IS at Burlingion. Vt. At the time this
anticle was prepared, the next Loran-C
approach was scheduled for Poniand,
Orcgon. In addition to guidance on ap-
proach, Loran-C aircraft receivers
equipped with computers and data bases
help pilots make decisions throughout a
flight.

The data bases built into some Loran-C
receivers contain the positions of all 6500
U.S. public airports. and many standard
aviation routes, The data might also in-

FIG, 1—USABLE LURAN SIGNALS cover much of the continguous U.S., but & broad srea In the
~midwest is outside the coverage provided by the coasial and Greal Lakes chains.

Ihe time diference between signals recelved from & master

clude the airport’s name, and the ¢ity and
stale where iUs located, and the radio fre-
quencies for the 1ower, approach conlrol,
and ground controller. To get a “fix" on
his position, all the pilot has to do is um
on the Loran-C receiver, which then deter-
mines his position and compares it with
the positions in the data base. Identifica-
tion of the closest airport, direction, and
estimated time of arrivat is available in-
stantly.

World War 1] equipment, based on vac-
uym tubes and primitive by today’s stan-
dards, validated the Loran technique for
navigation, and initiated development of
the system presently used. The eircuils in
modern equipment include conventional
RF and IF amplifiers as well ax digital
logic, thereby using computers with
Loran-C signals to calculate travel times,
ecking errors, and distances to prestored
waypoints.

Although it’s basically the samc meth-
od that began in 1940, the on-board com-
puter makes it automatic. accurate 10 50
feet, and inex pensive: prices start al about
$500 (1o $4000 for a top-of-the-line unit).

WwWww americanradiohistorv comm

LORAN HISTORY
LORAN DEVELORMENT PROGRESSED IN |
stages. By June, 1942, the first two high-
power (100-kW peak) transmitters had
been installed and tested n stations al
Montauk Point. Long Isiand, and Fenwick
Island. Deiaware. The system designers
established synchromzabon betwean the
two stabons by designating the station af |
Montauk as masier. Thal meani that any
drift in pulse-repitibon rate or trequency at
the masier would be tracked by the slave
stahon: it represenied one of the key oper-
ating charactensics of the Loran System.
On June 13, 1542, a Loran recerver flew in |
a Navy bimp trom Lakehurst. New Jersey
for a full-scale demonstrabion, Later that
month, the USS Manasquan, a Coast
Guard weather ship, carned another re- |
cever on an extended long-range obser-
vation thp. The frequencies 1.95 MHz and
7.5 Mhz were used. The tests were suc-
cessiui and the resuits reached high nlo
“Army and Navy command leveis. Loran |
had amved.

The introduction of Loran service oc:
curred during the summer of 1942 when
the mulitary decided 10 build chains in the
Norih Atlantic and the Ajeutian areas. The '
equipment cost was $1,250,000 (n 1942
dollars) 8y 1943, the use of sky waves
from Loran skgnals became established
as a leasible method for measunng posk
tion. “Sky-wave Synchronized Loran”
{usually calied 85 Loran), which was usa-
ble Only at night when the upper at-
moshpere provided the necessary reflec-
tions, enabied navigation over ranges on '
the order of 1200-1500 miles trom the
transmitling stations, With that range ca-
pability, navigahon deep into central Eu-
rope—deeper Into enemy 1emiofy than
possibie using any other existing sys-
tem—became feasible. Transmithng sta-
tlons In Norith Alrica and Scottand
provided navigation for bombers llying
into enemy temtory. Loran systems later
spread 10 the Paciflc coast and lo the
China-Burma-india theatre where they
helped pilots Yy over the Assam Hump
{the Himalayas) n late 1944, Loran chains
in the Pacilic were planned for covenng as
much of the advance to Japan as possi-
ble. They also covered the suppty routes
from Hawaui and the U.S.

The U.S. Coast Guaid, as an operating
agency for the Navy. constructed, in-
stalled, and ran the Loran stabons that
were under the cogmzance of the Chief of
Naval Operations. The Coast Guards as-
sociafion wath Loran begen in 1942, As
part ol s 1ask 0 build and operate the
ground stations, the Coast Guard began a
tralning program on ground -station equip-
rment and enough men wete tramed SO
that the stations could be taken over by
the Coasl Guard in January 1943, Training
and station manning were handled by the
Coast Guand throughout the war and afl-
terwards By November, 1945, about 70
million squang miles of the Earth’s surface
was served al night by Loran chains.
Since the war, Loran has continued to de-
velop and has moved to 100 kHz, where
it's called Loran-C.
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Loran

There are two kinds of modem Loran:
The Loran-A and ils replacement, Loran-
C. The primary difference between the
twu is the operating frequencies. Loran-A
operates in the |.8-2.0 MHz range, while
Loran-C operates at 100 kHz, . frequency
that suffers less (fom skywave inler-
ference and thereby provides more relia-
ble groundwave service. Henee, Loran-A
was gradually phased ocutl as coastal
Loran-C was phased in during the mid
1980°s.

Loran-A and C operalcs by measuring
the difference in arrival Hme between
pulses broadeast by at least two stations
located hundreds of miles apart. For ex-
ample. the Great Lakes Loran-C system
employs four transmitters located in Indi-
ana. Minnesota, New York, and Flonida.

A Loran receiver locks to the pulses
and converts them lo map coordinales.
Then the user simply correlates the coor
dinates with a map having the eoordinates
for various Loran systems.

Loran-C ground stations provide navi-
gation signals 24 hnurs & day, every day.
To use the signals. a navigator neceds a
Loran receiver and gharts (or a computer
data base) calibrated with Loran time-dif
ference lines. The receiver measures the
difference in arrival time between a radio-
frequency pulse from a master station and
onc from & slave station. The slave lrans-
mils afier it synchronizes with the mas-
ter’s signal: [ wails a preciscly fixed time
period called a coding delay and then
tracks any drift in both the master station’s
pulse-repetition rate and its frequency of
operation.

A Loran system—which is called a
“Loran chain” —consists of three to five
Jand-based transmitting stations that serve
a specific geographic area. Within a
chain, only one station is a master, the
others are slaves. but each master and
slave combination—called a ““pair”—
transmils a distinctive pulse rate,

In the carly Loran systems, the navi-
gator required data from two separate
master/slave Loran chains in order to de-
termine his precise localion. In the Loran-
C, system, only onc master station is re-
quired because it works in Conjunction
with two to four secondary (slave) sta-
tions.

Because the master and each slave gen-
craies a unique pulse-repelition rate. a
navigator can distinguish onc master/
slave pair from another. Often. the signals
from several chains can be received within
a given arca and the navigator must sclect
those being the most reliable at the time of
reception.

In most modem Loran receivers. a
computer compares Lhe received signals
with a prestored data base and automat-
ically selects the best chain for the anea.
So-cailed *"second-generation’ receivers
measure the signals from more than one

The NAVSTAR salellites are arranged as a constelistion around the Earth.

Although Loran-C is extremely elec-
tive, Il doesn't cover the entire world, Even
in the U.S. there are broad areas—such
as our Midwesi—ihat are not yel fully ser-
viced by Loran-C.

Bul if everything goes according lo
schedule, within & few years virtvally
every inch of tha globe will be serviced by
a satellile-generated GPS {Giobal
Fositioning Sysiem)

GPS, a spin-off from the NAYSTAR sat-
eilite-positioning system bemng deployed
by the Department of Defense, consisis o
18 satellites arranged as a consteliation
around the earth. Allhough the satellites
are intended for mililary appucations,
agach radiales a signal lhat will be made
avallable without charge tor ¢ivilian ap-
plcanons. It is those signals that are used
for the GPS neatwork,

Sirmlar 10 conventionat Loran-C, GPS
works by measunng the timing of signals.
Using spread-spectrum transmitting lech-
niques, each salellite broadcasts a signal
Ielling where it was al the time of transmus-
sign. (For more information on spread-
spectrum communications, see the April.
1987 Issue of Radlo-Electronics.) The
GPS recerver decodes the Signal lo deler-
mine the distance 1o the sateliite. By inte-
graling the data from two salelies the
recever knows il is on a particular great
circle. By integrating the signal from a
third salelite the recenver can calculate It's
exact location on the circle 1o better than
300 feet,

A major complication is that the recever
musi know the precise tme the signals
are received. because when dealing wilth
satellites on an /s-was basis the timing
accuracy must be better than a millionth of
a second. Since such accuracy is Simply
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nct economically feasible in civilian equip-
ment, the liming Signal is oblained by
measunng the distance to a lourth satel-
lite, and then having lhe mecever's com-
puter do the complex cakculations needed
to synchronize the recewver and salelite
clocks.

Although the receiver determines ils
postion In iatitude and longitude. the data
can be integrated with an electronic
map—a lecal area shown in delail on a
display device—ihat uses a block cursor
of other forrn of marker to indicate the
receivers posiion. In this way, either the
map, the marker. or both can scroll to indi-
cate the movemeant ol {be vehicle, ship, or
arcraft

A USER'S posltion ls indicated by a hlotk
cursar on thim electronic map.

It is concevable that waypoints could
be programmed inio the receiver o that
ETA and direction displays, or an alarm or
a synthesized vosce warning of an upcom-
ng tum, would be generated.

tn short, just about anything that can be
done using Loran-C can be done with
GPS—only more accurately.
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. T—A NAVIGATION CHART shows the Loran-C {E-diffsre& lInes Yo7 The chains that can be
mieived wilhin 8 localized area.

100 KHz PULSES

MASTER SLAVE 1 SLAVE-2
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SAMPLING STROBE PULSES

(o~ T a MASTER TO SLAVE-1——
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e T MEASURED FROM
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t=—PLS T MEASURED FROM
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FIG. 4—PULSES FROM A MASTER and Its siave statlon provide 8 Loran receiver with ihe dats needed
1o calculate the time ditference lines shown on 8 Loran chart.

chain and statistically cvaluate the results:
even accounting for varying propagation
delays over both land and water.

Figure 2-a and Fig. 2-& show how time-
difference measurements conven to geo-
graphic lines of position. In both figures a’
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shipboard recelver detects pulses from a
master and its slave (one secondary). In
Fg. 2-a, the ship is close to the slave
staiion and will receive a pulse from the
master, soon followed by a pulse from the
slave. The time measured between the re-
ceived pulses will be small, not much
more than the slave’s coding delay. be
cause the slave receives the master pulsc a
shont time (shown as t,) after the ship
receives it. On the other hand, when the
ship is close to the master (Fig. 2-b), the
ship receives the master signal, then waits
for a while. The master signal must wravel
all the way lo the slave; then the slave
transmits and the signal traveis back to the
ship. Again, the coding delay established
at the slave station is included in the mea-
sured time at the shipboard receiver. At
the ship, the mcasured time difference is
large, and will decrease as the ship travels
from the master to the slave.

Figure 3 shows a portion of an actual
chart uscd for Loran-C navigation. As you
can see, geographic lines exist for specific
time-difference measurements. A family
of lines forms a hyperbolic grid for @ mas-
ter/slave pair.

In the Loran system that evolved from
World War |1 (ithere was an even earlier
Loran system), separale master/slave
pairs used different pulse-repetition rates.
and the navigator changed the settings on
the reeciver 1© make scparatc measure-
ments—one for each time-difference line.
The point where the lines crossed on the
chart identified the navigator's position.
To conserve radio spectrum and to reduce
the number of ground stations. the Loran-
C system time-shares the pulse-transmis-
sion interval and allows one master to
operate wilh several secondary slave sla-
tions. The coding delay assigned to each
slave station ensures that the order of sig-
nal receplion anywhere in the service area
will always be: Master. Secondary-W.
Secondary-X. Secondary-Y, Secondary-
Z. It remains, then. for the receiver to
identify the master.

Figure 4 shows the pulses used in the
Loran-C system. During each pulse-re-
petition interval the master transmits not
one, but nine pulses: then, each of the
slaves transmits cight pulses. The ninth
pulse identifies the master on an os-
cilloscope (if used), but to ensure positive
identification. the signals from cach
ground station are phase coded. To detect
the phase coding, sampling gates in the
receiver compare the polarity of pulse sig-
nals at precise time intervals. As Fig. 4
shows, the relative phase relationship of
each master pulse can be either 0° (voltage
polarity equal to another pulse) or 180° out
of phase. The transmitting station comn-
trols the phase relationship of each pulse
within a group of eight and thus estab-
lishes a code.

The master station’s code differs from
the codes assigned to the secondaries.
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FIG. 5—A KEY TO THE ACCURACY of Loran is the receiver's abllily 1o track [1s locs| oscillator to that of
the master stallon through 8 100-kHz Cy<te Compare clrcult—actually 8 conventior.al phase-locked
leop.

Once the master is detected. the recciving
equipment establishes a zero reference for
time measurement and counts microsc-
conds until it receives each slave.

Rounded pulses

If @ Loran signal were suddenly broad-
cast as pulses of 100 LHz it would contain
a squarewave component. and the band-
width would spread into the fourth and
tifth harmonics of 100 kHz causing inier-
ference. Further. the uscable range of the
signals would be reduced. At the receiver,
the pulse’s rise time would be distorted
and the reference 10 specific 100 kHz cy-
cles would not be possible.

To obiain the precision necded in
Loran-C measurements, the transmitting
equipment shapes the 100-kHz pulse as
shown in Fig. 4. The rise time of a Loran-
C pulse increases gradually and results in
a precisely-defined envelope. Sampling
gates compare the phase of cach pulse by
sampling at a specific point along the
pulse’s leading edge. The sampling point,
derived from the shape of the pulse enve-
lope, occurs within the figst few cycles of
100 kHz and thus avoids the possibility of

FIG. 6—By ¢ombining 8 ¢Ompuler wilh user
programmed memaory. & relalively inexpensive
Laran receiver such &3 this Heath Modei 2980
Parsonal Loran ¢can display location, bearing
and time to waypoints. and even ofi-¢ourse di-
rection. .

sampling a sky wave that arrives at the
antenna some time later.

Because the pulse shape eliminates
high-frequency components in the trans-
mitted signai, the signal’s bandwidth is a
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relatively narmow 90-110 kHz. If a source
of radio energy near the receiver operates
on a frequency that would interfere, the
Loran-C’s narrow-band design allows
notch filtering (o eliminaie the interfering
frequency without filtering the navigation
signat. Since receivers can be made very
sensitive by msing narrow-band ampli-
fiers, the RF section of the Loran-C re-
ceiver is effective on ground-wave signals
otiginating thousands of mliles away, and
thus reduces the cost for servicing a great
portion of the carth.

Loran-C equlpment functions

A Loran-C receiver is analogous to an
array of cogged wheels and gears that
slowly tum and grind away at numbers
planned by the system designer. As one
wheel rotates, driven by some outside
force, all the wheels um as the entire
system adjusts.

Elsewhere in the system; additional
forces operate on a Subset of the wheels,
and the difference between those wheels,
and other wheels drive still more wheels,
and so on,

Fortunately, Loran-C is completely
clectronic. Instead of cogged wheels, a
Loran-C receiver contains complex arrays
of time-measuring circuits that comprise
a precise, automatic-tracking system.

Space prevents showing a complele
schematic of a Loran-C receiver. Instead,
Fig. 5 contains an overall functional block
diagram. The figure is adequate for under-
standing the functions of the nested
phase-lock loops and for appreciating
how reference signals, gate voltages, and
sampling strobe pulses lock to Loran-C
radio signals and measure the time dif-
ferences between groups of 100-kHz
pulses.

The tuner amplifies an input from an
antenna and usually contains notch filters
1o climinate unwanted signals close 1o the
frequency of the Loran-C signals. Al-
though the notch filters are shown as a
separate section, they are actvally inte-
grated with the tuner. The input to the
blocks labeled 100 kHz Cycle Compare
and Detectcd Envelope Sampling consists
of pulses from the Loran-C slations—
tirne-ordered Master, Secondary-X, Sec-
ondary-Y, etc. The receiver conwrols the
compare function with sampling gate
voltages that are coincident with a re-
ceived pulse group. Since the receiver de-
rives the timing of those gates from the
strobes that sample the pulse envelopes,
the sampling gate liming automatically
tracks the reception of the 100-kHz wrans-
missions.

The receiver develops its strobe and
gate voliages from a 100-kHz oscillator
that is phase and frequency locked to the
master station. To lock to the master, the
receiver performs 1he functions shown in
the top portion of Fig. 5, A 100-kHz Cycle

continued on puge 69
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P 4 THE NEXT SERIES OF
a rt scmiconductors we
will explore is a group of devices called
thyristors. Thynistors are multi-layer de-
vices used primarily for power control and
trigger applications. The thyristor family
includes the Diac. Shockley diode, SCR,
Triac. and the unijunction transistor.

Thyristors {ind wide application in 60-
Hz power control and DC powersupply
applications. Modem light dimmers, for
exampie. use thyristors as the active ¢on-
ol element. Let's begin our discussion
with the best known member of the thy-
ristor family, the SCR.

Silicon-controlled rectifier

The SCR is essentially a PNPN
Shockley diode with a control clement
added. It is a three-terminal device con-
sisting of a cathode. a control gate, and an
anode. A transistor analogy of the SCR is
| shawn in Fig. l-a and Fig. 1-b.

Figure l-a shows two (ransistors con-
necled in a loop. or feedback con-
fuguration: what happens 0 one affects
the other. [magine that a positive voltage

even their tests are refated.
TJ BYERS

is applied to the terminal labeied
“anode "and a negative voltage is applied
to the terminal labeled “cathode.™ There
is no ¢conduction from anode to cathode.

If a positive voltage (or current) is ap-
plicd to the “gate™ termimal. Q2 will
conduct. Q1's base will be pulled effec-
tively to the voltage on Q2's base. and Q1
will conduct. With Q! and Q2 con-
ducting, current lows from anode 1o cath-

ANDDE

I

P

GATEO—{ P

GATE © N

CATHODE CATHODE
? b

FIG. 1—THE 5CR IS AFOUR-LAYER device hav.
Ing the electrical #quivalent of two self-leeding
lransislors.
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Testing Semiconductors

Thyristors are basically a family of electronic switches and ltriggers;

ode. Even il the gate voltuge is removed.
the cument from Ql1's collector will be
applicd to Q2's base. thereby keeping Q2
“turned on,” which in wm keeps QI
tumed on through the Q2-collector/QI-
base conneciion. fience, anode to cath-
ode conduction is maintuined.

Figure 1-b shows the internal con-
struction of a four-luyer NPNP device, an
SCR, that will perform the same as the
two-transistor ¢ircuil shown in Fig. l-a.
When the SCR is forward-biased (the
anode voltage being positive with respect
o the cathode) the device acts as a switch.
With no voltage applied 10 the gate elec-
trode. the SCR remains in an off con-
dition; that is, no current flows. But apply
a smail current to the gate and the SCR
triggers: 1t now conducts current in a man-
ner similar to a bipolar diode. As long as
the SCR remains forward-biased, curment
will continue to Aow—even if the gate
current is removed. Current flow can only
be stopped by removing the cathode-to-
anode voliage or by reverse-biasing the
SCR. With the SCR conducting, the gate
cannot be used 1o control the SCR.
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The secret to the SCR’s success lies in
the ratio between the control cutrent and
forward conducting-current. An SCR
wilh an anode current of 100 amperes can
be controlled by a gate current as small as
S0 mA.

q--\‘"

FORWARD BLOCKING
VOLTAGE

Vnnn——l
el | -

REVERSE
— BLOLKING
VOLTAGE

Varm

FIG. 2—The CHARACTERISTIC SCR function
curve shows the forward blocking-voitage
(Vpea) limit.

INDICATOR
LAMP

VARIABLE
POWER
SuppPLY

| GATE

FIG. 3—THE IRDICATOR LAMP In 1his Vop,, tes!
configuration serves the dual role ol indicator
and load.

Breakdown voltage

There are four stanc paranicters very
basic to SCR applications. The first is the
forward blocking-voltage, or Vi, .. The
forward blocking-voltage determines how
much voltage can be applied in the for-
ward-biased mode without exceeding the
voltage limits of the SCR. If the Vg, of
the device is exceeded, the SCR conducts
just as if a trigger curvent had been applied
10 the gate. A typical SCR voltage to cur-
rent curve is plotted in Fig. 2.

A cireuit for testing Vo, is shown in
Fig. 3. Vg is tested by applying an
increasing voltage across the SCR in the
forward direction and noting the reading
on the meter. The voltage will continue to
rise until Vg is reached. At that point,
the gate junction goes into avalanche. the
current being generated by leakage flows
through the SCR.. and it fires.

You must wateh the meter carefully.
because after the SCR fires the reading
will ereep downward as the charge across
the capacitor bleeds off through the
meler’s resistance.

The reverse blocking voltage (Vgg,,) is
the amount of voltage the SCR can sustain
in the reverse-biased mode. Like its diode
counterpart, the SCR goes into avalanche
when Vgp., is exceeded. Since Vggyy
occurs on the Zener portion of the curve,

-

GATE CATHODE .
vuuuma
CONSTANT
CURRENT ANDBE A
SOURCE

FIG. 4—Vq .. IS MEASURED using a conslant-

curminl source.

excessive reverse voltage does not trigger
the SCR mechanism. The iest configura-
tion for Vgpa is shown in Fig. 4.

Leakage currents may, of course, be
taken during the test by inserting an ami-
meler in series with the anode lead. The
values of Iy 30 Ipgy can be mea-
sured. Typical lcakage higures fall within
the 10 uA to 200 uA range, depending on
the ambicnt temperature.

Some manufacturers list the values
Vprym 20d Vigy 35 Vg and Vesom»
respectvely. Those s afe laken (O
mean the highest repetitive voltages that
the SCR will sustain under 60-Hz operat-
ing conditions, and are the textbook defi-
nitions given to thynstor testing. They are
by no mcans standard, only vintage, and
not in common usage today. Absolute.
non-repetitive breakdown values are listed
separately. We mention them only he-
cause they might appear in application
notes and books presently in your refer-
ence library.

Gate control

The third SCR parameter is the galc-
control cumrent, or lgp The gate current
controls the forward-bias voliage at which
the SCR fires. As the anode-to-cathode
woltage across the device decrcases, a
larger lg is required to fire the SCR, as
shown in Fig. 2. The value of I is also
dependenton the value of [, . which is
govermned by the load. Consequently, dif-
ferent circuit configurations require dif-
ferent trigger currenis.

To test for Iy, simply insert a current
meter in series with the gate and increase
the gate current until the SCR triggers:
That is your lgy value. Manufacturers
most often speaify [gp with a resistive
load of 100 ohms and an anode vollage of
7

Although the criteria for tum-on have
been described in terms of current, it is
also important to consider the voltage as-
pect of SCR triggering. Basically, the gate
is a P-N silicon diode junetion and dis-
plays the same characteristie forward-
voltage drop. While the value of Vg (gaie
voltage for triggening) varies from device
1o device, it normally falls between 0.5
wolts and 1.0 volts. The gate also displays
the classic reverse breakdown charac-
lcrisliCS. VRGM' BDlh Vm Ell'll.l VRGM ane
measured using the methods we examined
last month for diodes.

Since the Junction leakage currents and
the current gain of the “transistor™ ele-
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ments within the SCR increase with tem-
perature, the magnitude of [y decreases
as temperature increases. Likewise, Vg
exhibits a voltage drop as temperature in-
creases. Consequently, measurements
takcn at a specific temperature don’t ne-
fiect the SCR’s paramcicrs at all em-
peratures, and it is important that SCR
gate drivers be enginecred to deliver suffi-
cient current and voltage to the gate at the
lowest anticipatcd ambient temperature.

Latch and hoid characteristics

Once the thyristor has fired, the control
voltage can be removed. Certain condi-
tions must cxist, however, if the SCR is 10
continue conducting alter the gaitc current
is reimoved.

It is necessary to have sufficient current
flowing through the four iayers to raise the
loop gain to unity: Referring to our analo-
gy in Fig. |, we can tuke that to mean that
the curremt flowing through the collector
of Q1 must be high enough to sustain the
saturation voltage of Q1. Otherwise. the
seif feeding process can't sustain itself,

In order for the SCR to tum off, the
anode-cathode current must be reduced
below the latch level. The current level at
which the SCR drops out of conduetion is
referred to as the "holding current,™ [},

I, is tested by first forcing the SCR into
conduction by applying gate current
while holding the ancde current {1, ..}
above the threshold level. The anode cur-
rent is then reduced until the SCR stops
conducting. The last I, valuc noted
just before conduction stops isequal to I ;.
Depending on the type of SCR under test,
l,, may vary from a few microamperes to
scveral milliamperes.

Trlacs

The Triac is a three-terminal multi- |
layer switch that operates much like an
SCR. Unlike the SCR, the Triac is
bidirectional and will conduct current in
either direction when triggered. The Triac
also differs from the SCR in that ¢ither a
positive or negative current al the gate can
trigger conduction, regardless of the po-
larity across the device.

Essentially. the Triac is two SCR’s
wired in inverse parallei (back o back).
Through a clever manipulation of silieon
geomelries, the two gates behave as one
and the anodes and eathodes share oppos-
ing terminations. That is, the cathode of
one isconnected to the anode of the other.

Because the Triac is a bilateral switch,
the terms anode and cathode have no
meaning. The Triac is symmetrical in all
respects and 1he terminals are simply as-
signed the labels MTI and MT2, meaning
Main Terminal 1 and Main Terminal 2.
The gate, designated G, is common lo
both main terminals and is used for trig-
gering the device. To avoid confusion, it
has become standard practice (o specify
all currents relative o MTI.
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NT1 GATE

FIG. 5—A TRIAC BASICALLY HAS » sym.
melrical structure.

g

I 1

MT2+
BLOCKING
STATE
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FiG;. &—THE SYMMETRY OF A TRIAC can be
seen In s function curve. Compare qusdrants |
and Il

The internal structure of a Triac is
shown in Fig. 5, and its voltage-current
characteristies (withoul any gate current)
are shown in Fig. 6. The first quadrant of
the graph. identified by 1, is the region
where MT2 and the gate are positive with
respect to MTI. Quadrant i1 shows MT2
and the gale negative with respect toMTI.

The rejative gate sensitivity of a Triac
gate depends on the physical structure of a
particular device.

Gate voltage, 100, is different for a Tri-
ac than for an SCR. Because the Triac is a
five-layer device as opposed to the SCR’s
four layers, the gate-region parameters
become very complex. As a rule of
thumb, gate voltages for a Triac range
from 2.5 to 3.5.

Testing Triacs
Testing of Triacs is done using the same
test circuits that are used for SCR's. In
fact, several of the terms used to describe
SCR characteristics are also used o define
Triac characteristics. Vg, for example,
is the forward blocking-voltage. The
holding current is labeled as 1, and the
triggering current is stll defined by Iq
_ Vppu is tested in both directions,
which eliminates the Vg, test al-
together. The test is performed using the
circuit shown in Fig. 3. Remember lo
Ieave the gate lead open and to take mea-
surements in both directions by reversing
the connections o the main terminals.
Should a discrepancy exist, the actual
Y prm Yoltage is the lower of the two mea-

sured values. Gate sensitivity is measured
in all four quadrants.

SCR switching characteristics

In addition to their traditional role of
power control, thyristors arc being used in
a wide variety of other applications where
the swilehing charactenstics of the device
are important. That includes both the
turn-on and tum-coff requirements of the
thyrisior.

While the criteria for tum-on has been
largely described in terms of current. we
must consider the thyrisior as being a
charge-controlled device. The gate-pulse
requirements depend on the time required
for the anode to reach the latching value, a
parameter known as the “tum-on time,”
and listed as t,. The tum-on time consists
of two stages: a delay time 1, and a
risetime t,, as shown in Fig. 7.

=
L g g 0

F1teillay

//"“ .

L'

Ie
HEAEL R
FIG. 7—AN SCR'S TURN-ON time is composad
of delay time t, and rise time 1.

\,

The risctime is the time interval re-
quired for the anode eurrent to reach 90
percent of its maximum value. [t is mea-
sured between the 10-percent and 90-per-
cent points. The risetime is influenced
primarily by the off-stalc voltages. The
greater the anode voltage, the larger the
regenerative gain within the thyristor, and
the faster the anodc current is achicved.

Delay time is the amount of time that
the anode current must be maintained be-
fore the gate signal can be removed. Delay
time increases slightly as the peak off-
state voltage increases. lts value is pri-
marily related to the magnitude of the
gale-trigger current and displays an in-
verse relationship. The greater the gate-
trigger current the shorter the delay time.

Unlike the previous tests in this series,
L, is a dynamic test that must be per-
ormed using an oscilloscope and a pulse
generator. The basic elemcnts of the test
circuit are shown in Fig. 8.

The cscilloscope is triggered by the
pulse generator as the pulse is applied to
the gate. The sweep is adjusted to display
the rise of the anode current and the trig-
ger pulse with respect to time. The total
tum-on time. Ly, is defined as the time
interval between the 50% point on the
leading edge of the trigger pulse and the
90% point of the anode current, as record-
ed in Fig. 7.
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FIG. 8-—AN OSCILLOSCOPE and a pulse gener-
stor are sl thal are needed for & t,, lest clrcuil.

dv/dt

A very special—and important—ihy-
ristor parameter is something called dv/
di. Simply stated, dvidt is a tumm-on effect
that is created when a voltage is applied
suddenly to the anode. The effect is the
result of intemal capacitance inherent in
the SCR’s design,

When applying a voltage to the anode
of an SCR, we are in effect charging the
int¢rnal capacitor that exists between the
anode and the gate. If the applied voltage
cxceeds the gate's trigger current. lgr
during the charging of the internal capuci-
tance, the SCR swilches on. The device
then conducts. and the gate has no control
over the eurrent flow.

The way to counteract the cffect is to
apply the voltage slowly enough so that
Igy is never exceeded. We do that by in-
creasing the rise time of the anode volt-
age. In other words, we slow down lhe
rate al which the voltage is applied.

Turn-off characteristics

SCR wrn-off is usually done through
interruption of the anode current. Once
the anode current ceases, a period of time
musl clapse before the SCR can again
block a forward voltage. Turm-off time, 1,
is governed by the amount of time it takes
for (he stored charge inside the SCR to
dissipate and re-estabiish forward block-
ing.

In actual practice, there can be a wide
difference in the stored charge berween
SCR’s with similar voltage and current
ralings because the charge is partially de-
pendent on the absolute vaiue of the ap-
plied voliage. For example. although an
SCR might be rated 1000 PRY, it can be
used in circuits where the applied voltage
is a small percentage of PRV, say 50
volts, or in circuits where the applied volt-
age is near the absolule maximum rating
of 1000 voits. Normally, variations in the
discharge time can be ignored.

So much for this session. Next time
we'll begin a study of dynamic measure-
ments. R-E
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An in-depth look at the

robots controf electronics.

P t THIS MONTH WE TURN
ar our attention 10 the
robot's control ctectronics. All of the
power and control circuits for the unit are
located on 4 single control PC board. That
includes the regulated power supplies, 4
“sleep” circult to periodically siart the
robot’s activities. a 16-channel 8-bit wna-
log-to-digital converter. digital [/O as re-
quircd. and the controllers for the 1wo
drive motors. The control board has a user
connector, PLI1, with 8 digital outputs. 4
digital inputs. and 8 analog inputs. A pi-
nout of the user connector is shown in
Table 1.

In addition. a simple 8-bit "RERBUS"™
(R-E Robot BUS) expansion bus. PL3,
provides 4 method of integrating more
claborate projects into the robot’s archi-
tecture. A pinout of the RERBUS con-
nector is shown in Table 2,

Control architecture

There is an old Chinese proverb that
says: “There are more ways than one to
skin acal...as long as you kill it first.” So
it is with the design of u sophisticated
clecironics project like the R-E Robol. We
know many of the capabilitics that we
would like in the linished uni, We may
even know the specific circuit-design ap-
proach that we will use. We also probably
have several “gray areas” where not
enough time has been spent at the test
bench to convince ourselves that our first
atteropt will work.

There is also the future to consider:
Hew are unforesecen changes in the design
of the robot or its applicatiens going (o be
accommodated? We are laced with a mul-
titude of design decisions that will deter-
mine the character of the electronics.

The architectural design of the clec-

tronics can be divided inlo swo philoso-
phies; One is to build it all on one board:
the other is to adopt a bus-oriented ap-
proach. The main advantage of the single-
board approach is minimized cost.
However, all risks are greater with that
approach. Errors in design us well as
adding future oplions or upgrades will all

TABLE 1—USER-CONNECTOR
PIN OUT (PLY)

Function
1 B volts
2 +5 volls
3 analog channel O
4 analog channei 7
) analog channei 1
[
7
8
9

Pin number

analog channel 3
analog channel &

analog channel &
analog channel 2

10 DO out

11 analog channel 4

12 D4 out

13 battery {unswitched)

14 D1 cut

15 robot awake

16 D2 out

17 D4 in

18 D3 out

18 D5 in

20 D5 out

21 D& In

22 D6 out

23 D7 in

24 D7 out

25 ground

26 ground

WwWwWw americanradiohistorv comm

STEVEN E. SARNS

TABLE 2—RERBUS PIN OUT (PL3)

Pin number Function
1 +5 volfs
2 +5 volis
3 WA
4 D7
5 AD
& D&
7 Al
8 D5
g AD
10 D4
11 A2
12 D3
13 A3
14 D2
15 analog channel 15
16 (3]
17 analcg channel 14
18 DO
19 ground
20 ground
21 high-current ground
{SPG)
22 high-current grournd
(SPG}
23 battery (swiched)
24 batlery swilched}

require a complete re-design. The bus ap-
proach will allow future expansion. but a1
an increascd toial system price (more
boards to build).

The design approach used in the robat
1s thercfore a combination of those two
approaches. A single conirol board has
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All resistors Ya-watt, 5%, unless other-
wise noted

R1, R4, R6. R7—not used

R2, R12, Rt6, R18-R20, R22, R23,
RA26-R28, R30, R34, R36, R37, R39,
R41, R44—10,000 chms

R3—62.000 ohms

RS, R9—15,000 ohms

R8—4700 ohms

R10—220 ohms

R11, B35, R42. R43—1000 chms i

R13. R14—1 magohm

R15. RA&—47 ohms

R17, R24, R40—100 ohms

H21, R28-—0.1 ohms, 5 watts, 1%

R25, A31t=-A33—100,000 phms

Capacitors

C1,C2.C4,C5, C13-19, C22, C25, C27,
C31~—-0.1 uF, mondtithic caramic

C3—100 pF, 50 volts, caramic disc
Cg, 10, C21, C30—2.2 pF, 50 volts,

caramic disc

C7—=0.002 pF, 50 wollS, caramic disc
8—330 pF, 50 volis, ceramuc disc

C3—0.047 uF, 50 vous. ceramic disc
Cu1, C12—2200 uF, 25 vols, elec-
trolytc

C20. C23, C24, C26—10 pF. 16 volts,
elactrolytc

C28, C29—not used

been designed thal provides (logether
with the RPC—Robotic Personal Com-
puter) all of the functions required by the
basic robot. The control board also
provides two casy cxpansion opportuni-
ties—the user and RERBUS connec-
tors—in addition to the RPC computer hus.

Before we get to the aclual consinaetion
of the control board, let’s look at some of
the conwol and power circuits in detail.
Refer to the schematic in Fig. | as we
proceed. Note that the power and ground
connections for the IC's are not shown in
the schematic;, where applicable, they are
listed in Table 3.

PARTS LIST

Semiconductors

ICA, 1C2—4051 muliplexer

IC3, 1IC6—74L 5541 octal butterMine driver

IC4—T4L 5377 octal D-tip-tiop

ICS—ADC0804 8-t A/D converter

IC7. ICB—74L 5374 octal D-fip-flop

IC9—1L 296 switching regutalor (SGS)

IC10—=74LS645 oclal three-state bus
lransCewver

IC11—74L 5125 quad three-state buffer

IC12—74L5266 quad 2-input exclusive
NOR gate

IC13, 1C14-—8253 programmable imenval
timer

IC15—74L 532 quad 2-nput oR gate

IC16—7T4AL SS520 B-bit comparator

IC17—T4L 5164 8-bit serial-in parallet-out
shift egister

IC18—74LS393 dual 4-bit binary ripple
countar

IC19-——74L5138 1-0i-8 decoder

IC20—LM358 dual op-amp

IC21—74L5259 g-be addressable latch

IC22—ULN2003 Darlington array

IC23, IC25—4046 PLL

IC24—74LS00 quad 24nput nanD gate

IC26=-4060 14-s1age rippie counter

IC27—4078 8- npu! moRvos gate

1C28, (C29—dual D-hp-fiop

IC30—LM340-12 12-voit reguiator

Power supplies

Power-supply considerations are one of
the toughest problems in robot design.
Questions like the following must be con-
sidered and answered: Should the battery
charger be onboard or remote? Should
multiple supplies be provided? What
range of DC inputs are to be accommo-
dated? Should the power supplies be on o
separaie board?

The design we have chosen is an ai-
tempt to provide maximum flexibility for
the user yet still use just a single. econom-
ical contral board.

The 5-volt DC supply is the first section

TABLE 3—IC POWER AND GROUND CONNECTIONS

IC number Device type
ICt, iC2 4051

IC3, IC6 74L5541
IC4 T4LS8377
IC5 ADCO804
IC7. 1C8 74L5374
IC10 74L5645
IC11 74L5125
IC12 74LS266
iC13, 1C14 8253
IC15 74L532
iC16 74ALS520
IC17 74LS164
IC18 74L5392
IC19 74L5138
IC20 LM358
121 741.5259
tC23, IC25 4046
IC24 74LS00
IC26 4060
1C27 4078
1IC28, 1IC29 74LS74

Power pin number

Ground pin number

16 8
20 10
20 10
20 10
20 10
20 10
14 7
14 7
12 24
14 i
20 10
14 T
14 7
16 8

8 4
16 8
16 8
14 7
16 8
14 7
14 7
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1, O5—2N3906 PNP fransistor

32, O6—TIP29A NPN frans:stor

Q3, Q7—2N3772 NPN transistor

Q4 2N3904 NPN transisior

SCRw==C106Y1 (GE) SCR

D1, D3, D4, D9, DI0—IN4001 rectifier

D2, D5, 1N5400 rectdiar

D6. O7—1N4148 switching diode

D8—1N754 6.8-volt Zener dide

D11—8R05 Schottky diede {SGS)

Other Componenis

L1—300 pH

RY1-RY5—DPST relay, 12-volt coil, Fujit-
su FBR-831D012 or equivalent

PL1, PL3—26-conductor plug, dual row,
0 025-inch spacirg

PL2, PL6—10-conductor plug, dual row,
0.025-inch spacing

PL4—60-conductor right-angle plug. dual
row, 0.025-inch spacing

PL5—2-conductor plug, single row,
0.025-inch spacing

TS1—6 connector terminal strip

Bl—see lax

Miscellaneous:PC board, IC sockets,

heal sinks (Thermalloy 601 of equivalent

for IC8, Thermalioy 286 or equivalent for

IC30), mounting hardware, nuts, bolls,

wire, solder, elc.

we will focus on. The expected current
draw is about 3 amperes. 1f we use a lincar
regulator, more battery power will be
wasted as dissipated heat than will be de-
livercd 1o the computer and control eir-
cuitry. efficicncy will be 21% a1 best! A
switching regulator is called for.

The new SGS L296 switching regulator
is ideal for our application; further. it is
casy to use. The input voltage range is 8-
to 50-volts DC, which allows us to use
either one. two, or three 12-volt auto bat-
teries in series 1o power the robot. The IC
is capablc of supplying a 5-amp output
with full short-circuit and crowbar protec-
tion, The crowbar feature provides peace
of mind. If anything in the power-supply
circuit should fail and put more than 5.5
volts on the S-volt DC bus, the SCR will
trigger, short eircuiting the bus to ground.,

Speaking of ground. our design re-
quires some special considerations, We
will be switching up to 30 amperes at the
motor controllers while trying to measure
analog inputs as low as 20 mV. Mcan-
while, our microprocessor system will be
cooking along at 8 MHz. As you can sec.
we have created an ideal breeding ground
for glitches, spikes, graund loops, cross
coupling, and other mysterious bugs that
can bring our system (o its knees, There-
fore, the concept of a Single Point
Ground™” {SPG) must be understood and
used in our design.

If we simiply conncet everything lu-
beled “ground” together on our PC
layout, we will have ignored the fact that
even the copper interconncetions have

L4861 AVYIN
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FIG. 1—THE A-E ROBOT'S CONTROL BOARD. Where applicable, power and ground connections far
the 1C's are tisted (n Yable 3
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some, albeil small, resistance. In a nor-
mal, all-digital system, a few hundreths of
a milliamp flowing through a resistance of
a few hundreths of a millichm will not
produce enough voltage drop to affect the
operation of the circuit. However, if we
are dealing with ampceres instead of milli-
amperes, the problem becomes much
more serious. We must identify the traces
thatcamry large currents and connect those
directly to some common point. That
point is the single point ground, noted as
SPG on the schematic. If we follow that
rule throughout the design, the oppor-
tunities for ground-related problems are
greatly decreased.

In our design. all of the points labeled
SPG are ticd together only at the single-
point ground and nowhere el.e. If in the
future you modify the circuit or add some
peripheral device or circuit to the system,
remember (o return all high-current

low. the or gate activates the main power
relay, RY1. Activating that relay connects
the batleries o the power converters and
encrgizes the robot's ¢lectronics and com-
puter system. When one or more of the
counler outputs are high, however, the or
gate de-activates the main power rclay.
During normal operation, IC16 contin-
uously resets the counter anylime the con-
trol board is addressed. That keeps the
counter outputs all at zero, and as a result
the main power relay is continuously acti-
vated. [F the reset signal is removed,
however, the counter advances, causing
the main power relay to be de-encrgized.
Therefore, the rabot can be put to “sleep™
simply by not addressing the control
board. Once asleep, the robot will awaken
when the counter outputs all return to
zero. Inthe interim. if the comrol board is
addressed by the RPC. a pulse will appear
at the base of Q4, reseting the counter. It is

grounds to the SPG. Frequently, 1T 18
tempting to do otherwise. For instance,
when mounting a regulator that uses a
TO-220 package, itis tempting to connect
the tab 10 the chassis and to connect the
chassis to ground al some other point.
Don’t do it! Insulate the tab and tie the
ground pin directly to the single point
ground.

A 12-volt DC linear regulator, 1C30, is
also provided to supply power for the op-
tional disk drives and as an independent
supply for the relays. Having an indepen-
dent supply for the relays prevents the
inductive kickback that occurs when the
relays are relcased from affeciing the oper-
ation of the computer system. If the reg-
ulator is used only to power the relays, it
cun be mounted on the PC board with
minimal heat sinking; if it will also power
disk drives, the regulator should be
mounted on the robot chassis to ensure
adequate heat dissipation. We'll look at
that again when we get to the actual con-
struction of the board.

The 12-volt regulator specified in the
Parts List is rated for a maximum input of
35 volts. If more than two 12-volt batteries
in series are used to power the robot, a
voltage-dropping resistor must be placed
in series with the regulator’s input to en-
sure that the rating is not exceeded.

Sleep clrcuit

To conserve batiery power. a sleep eir-
cuit has been added to the rabot that will
shut it down when cenain conditions are
met. The circuit includes & timing mecha-
nism to periodically wake up the robot,

The sieep ¢ircuitis buili around 1C26, a
4060 14-stage eounter. The counter is
clocked by its interna! oscillator, Resistor
R34 and ecapacitor C23 determine the
clock lmequency: with the values showtt in
Fig. I thai frequency is 10 Hz.

A 4078 B-inputr or gate, 1C27,
monitors the outputs of the 4060. Any
time that all of the counter's outputs are all

also possible (o exiernally awiken the
robot via the user connector, PLI. What-
ever method is used. when the robot is
awakened the RPC will load all of the
operaling software and execute a pre-de-
fined software routine.

You can adjust the duration of the slecp
period by increasing or decreasing the
clock frequency. The 10-Hz rate of the
circuit shown in the schematic will cause
the robol to be encrgized about once every
hour, using specified components.

During the sleecp mode, the main power
relay is de-energized and the only current
flowing from the battery is the power for
the sieep cireuit (a couple of milliamps)
arul leakage currents in the motor control-
lers (2 few microamps). Therefore, the
battery life during slecp is limited more by
the battery's internal leakage than by the
robot’s power drain.

The RPC interface

The RPC is clocked at 8 Mz, A typ-
ical HO access eycle at that clock rate will
take only 12 ns, which is far too fast for
many peripheral IC's to respond. A wait-
state gencrator therefore must be included
to slow the /O access cycle.

The wait-state generalor on the control
board consists of ICl6, a 74ALS520 de-
coder: IC17, a 74LS164 shift rcgister;
1C12, a 74L.85266 cxclusive NOR gate: and
ICI1. a 74LS125 three-state buffer. When
an address within its range is detected by
IC16. the wait-stat¢ generalor imme-
diatcly places a not-ready (RI3Y) signal on
the RPC bus. After about | us, the shift
register’s ouiput goes high. placing a
ready (kDY) signal on the bus. That |-ps
interval 15 now the access time for the
contrel board.

Digital /O

Digital [/O is the first requirement of
our robotic system. We will need digital
outputs lo e¢nable the two motor control-
lers, four more to sct forward or reverse
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SOURCES

The lollowing are available from Vesta
Technology, 7100 W 44th St., wheatridgs,
CO 80033 (303-422-8088): Bare RE-
Robot controller board, $41; assembted
and lested RE-Robot controlier board,
$200; bare RPC board, $41; assembied
and lested RPC, hlly populated for the
robot tunction, $294. Add $8.00 shipping
per board ordered. Colorado residents
add appropnate sales lax. Mastercard
adn Visa accepied.

direction of cach motor, and one for an
audio "beep.” Four more digital outputs
will be required 1o select the analog-mul-
tiplexer channel. Four digital tnputs will
be required to monitor the status of the
motor controller’s terminal-count out-
puts. Beyond that, additional digital in-
puts and outputs should be provided for
future applications.

It is vital that the direction-contral re-
lays, RY2-RYS, not be enabled on power-
up. Otherwise. the robot will set off on an
uncontrolied jaunt until the RPC com-
pletes its power-on initialization se-
quence, loads the application software,
and assumes control. That process could
take as long as 30 seconds. Thal means
that IC21, the latch used to store the direc-
tion data. must have a clear pin, The
7418259 used for that application meets
that criteria: it is an addressable latch with
clear. The reset output from the switching
regulator initializes all outputs to zero
upon power up. An added advantage of
the addressable lateh is that each data-bit
address is independent of the others. That
simplifics software because now a record
will not huwe to be kept of the state of the
lateh and a bit mask created to change
only one bit while leaving the other bits
unchanged.

The analog-multiplexer-address laich.
IC4, should operate on parallel data rather
than independent bits. A 74LS377 was
chosen for that application because its de-
sign allows for direct connection to the
data bus without additional gates. The
outputs of the latch are available at the
user connector. PLI. Note that the upper
four bits, Q4—g?, can be used without re-
striction. However, the state of the lower
four bits (Qo—Q3) will change anytime un
analog-to-digital conversion is made.

Digital inputs are implemented using
1C3. a 74LS541 bus buffer. That device
has two cnable pins, which allows for
direct connection to the RPC bus. One
enable pin is controlled by a chip-select
signal generated by the RPC, the other by
the R line.

When we continue next time. we’ll
look at the analog-to-digial converter, the
RERBUS interface. and more. R-E
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SERVICE

BECAUSE THE CIRCUIT BOARD FOR THE
robotics-control computer will not fit on the
pages of Radio-Elecironics, the compo-
nenl side is shown here hall sized. The
solder side of the board will be shown next
month. For those interested 1IN recemving
full-size photosiats of both sides of the
board, simply send a sell-addressed,
siamped envelope to:
Radio-Electronics
Cept PC
500-B Bi-County Boulevard
Farmingdale. NY 11735

THE S50LDER SIDE of \be robot compuler is
shown:hal! size. i1 is not & mirror image. The
component side was shown last month,

SOLDER.SIDE DIRECT-ETCH FOIL PATTERANfor
the widabang amplifier. The story begins on
page 4s.

|-1—1.2 INCHES—D-I

COMPONENT-SIOE OIRECT-ETCH FOIL PAT-
TERN for the wideband amplifier.
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3 INCHES "‘JI

COMPONENT-5IDE DIRECT-ETCH FOIL PATTERN for the C&4 Ar.
matron controller. Don’l farget 10 insiell tha jumperl
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SOLOER.S'DE DIRECT-ETCH FOIL PATTERN tor lhe C64 Armatron
controller. The $tory beging on page 144.
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WIDEBAND AMPLIFIER

LEARNING ABOUT LORAN

continued from page 46

continued from page 58

tween the NE5205 case and the
groundplance. If you prefer, electrically-
conductive epoxy may be used for that.

Capacitors Cl, C2, and C3 are 0.1-pF
surface-mounted high-frequency ceramic
chips. A small drop of quick-drying ad-
hesive such as Crazy Giue will hold them
stationary during soldering. Solder coup-
ling capacitors Cl and C2 10 their respec-
live pads on the input and oulpul signal
traces. Bridge the gap between Ve and
the smatl ground plane with decoupling
capacitor C3 and solder it into place.

The last siep in the assembly portion of
the projcct is 10 strap the wop and bottom
ground planes logether. Don’t run long
wires to do that, A beiter, and a far casier
way to accomplish the task is with inex-
pensive, self sticking Ya-inch copper tape;
the kind used in making stained-glass
windows. {The tape can be purchased at
most craft centers.) Wrap the tape around
the edge of the board 1o the top and bot-
tom ground planes and then flow-solder
the tape to the copper foils.

f1G. 7—THE AMPLIFIER CAN BE BUILT inlo ex-
isling squipment, or made part ol 8 stand-alone
device, such s thia CATY amplifier.

Applications

The amplifier can be used in a wide
variety of applications, such as a CATY
line amplifier, a 70-MHz satellite amplt-
ficr, or a compesite video amplitier. The
circuit can also improve the operation of
2- to 160-meler amateur radio cquipment;
AM. FM, CB, and shottwave radios; 50-
ohm test equipmient: frequency counters:
and oscilloscopes. By using a phantom
power source on the signal lead, it can
even be used as a rooflop antenna pre-
amplifier. such as shown in Fig. 6. Your
application will determine whether or not
a case is needed. The board either can be
incorporated in a picce of existing equip-
ment or mounted in an RF-light case (see
Fig. 7} for stand-alone use. R-E

Compare circuitl generates an error volt-
age when the phase of the receiver’s 100-
kHz signal is incommect relative to the
phase of the master 100-kHz sfgnal. The
error voliage causes a phase shift to occur
until the phase of the receiver’s 100-KHz
signal becomes comect relative 1o the
master, IT the master frequency drilis. the
error vollage becomes continuous in ong
direction and eventually a feedback 10 the
receiver’s oscillator will adjust the fre-
quency o match the masler. Locked Lo the
master, the 100 kHz becomes the refer
ence for the 1he strobe and the gate timing
throughout the receiver. In the Detected
Envelope Sampling circuit, an error voll-
age is generaled when the masler strobe
pulses domol occur at the correct time
relative to the received masicr pulses. The
error voltage is fed 10 the Phase Shilter
circuit in the loop and causes il to change
Lhe strobe timing until M Sirobes occur at
the correct time.

The master strobe pulses and the master
100-kHz signals are input o the slave
time-difference measuring cireuits where
similar phase-locked 100ps generate error
voltages and phase shifts 1o lock on o the
slave slations. Counters are used t0 mea-
sure the amount of phase shifting until the
signals lock to the slave and generate the
time difference measurement. The strobe-
pulse phase shift produces time difference
measurements down te 10 microseconds,
while the 100-kHz phase shift produces
the 0-10 microsecond measurement.

The receiver convetts the outputs from
Ihe Slave Time Difference Measurement
circuits for display, and for further pro-
cessing wilh geographic data bases

Programmable data integration
Because the Loran positioning is based
on itme intervals, a computerized receiver
can casily integrale user-input data to de-
termine virtually anything having to do
with time, location, and speed. For exam-
ples the new Heath model 298¢ Personal
Loran receiver {shown in Fig. 6) permits
the user to store predelermincd way-
points. Using the dia obtained from
Loran-C signals. the receiver will display
the distance betwecn waypoints. required
heading, and travel time. The display can
indicate the Loran chain number. the sig-
nal-strength status of the master and sec-
ondary stations in a chain, the boat's
speed, distance to home, bearing to way-
point. even which direction you might be
ofl course. While the data in Heath's
model 2980 is entered by the user, as
previously mentioned. there is nothing 1o
prevent waypoint data from being perma-
nently stored in the receiver’s memory for
instant recall whenever needed. R-E
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Join
the

Book
Club°

ADVANCED DIGITAL COMMUNI-
CATIONS: Systems and Slgnal
Processing. Edited by K. Feher. 768
pp.. 436 dius. Emphasizes the newest
advances angd developments in tele-
commupications sysiems and net-
works. Chaplers on subjects such as
1SDN. speech cading algorithms, digi-
ta| speech inlerpolation Systems and
interlerence are all written by interna
tional authorities to give you on-the-job
expertise.

583301-X Pub Pr, 35993 Ciub Pr. 34250

ELECTRONICS ENGINEERS' HAND-
BOOK. Second Ed. faited by D. G.
Fink & D. Chnstiansen. 2,272 pp.,
2,189 iftus. This updated and enlarged
edition covers all the latest knowledge
in the fieid. InCluding new advances n
inlegrated cwoyts, pulsed and logic
circuits, laser technology, telecom-
mumcalfons. and muCh more.

0992 Pub Pr. 30900 Chub Pr, 36150

DESIGNING ELECTRONIC CIR-
CUITS. By R. G. Middieton. 351 pp.,
192 ius. Covers virtuaur every cate-
gory of circuits commonly used. This
practvc manyal provides the basic de-
sign procedures. tables and formulas
vital to eftective electronic crcuit de-
$ign. Plus over 60 start-to-fimsh pro.
cedures are fedtured along with scores
of computer programs to help you de-
Sign and analyze electronic crcuilts,

5036734 Pub Pr, 33883 Ciub Pr, 32750

THE LASER GUIOE BOOK. By J. Hecht.
368 pp.. 109 dius. This book covers
the operating Principles, Character|s-
tics and applications of all commer-
cially available lasers. It will help you
tind the specific |aser that best meels
your réquwements

2117330 Peb Pr, 34850 Cuy Pr, $37.50

MICROPRDCESSOR HANOBOOK.
Edited by ). D. Greenfiekl. 656 pp., 222
thus. This first-ever handbock helps you
select the best micropfocessor, en-
ables you 1o undersiand the operation
of a mICTOprotessor you are NOW USIng
and provides easily ssed Coverage
of the most pepular B and 16-bit mi-
Croprocessors currently avalatie
583616 Pub Pr, 14495 Club Pr. 52050

SYSTEMS TROUBLESHOOTING
HANDBOOK. fdited by L. M. Faulk-
enberry. 415 pp., 282 Wus. Ten leading
experts share theg most effective fault:
isolation techniques as well as solu-
tions to problems they Commonly en-
¢ counter when Llroubleshooting micro-
processors, robotic control systems.
> PCs. fiber optics syslems and other
) tomplex elecironit systems and equip-
£ ment

5 5836%9-3 Pub Pr, 34495 Ciub Pr. 33273

L
d MICROCOMPUTER DESIGN. 8y M.
© Hotdeski. 406 pp., dius. Emphasizes
Q the most tufrent, cost effective meth-
O ods lor developing, debugging and test
Ing all types ol microprocessor prod-
ucts, inCluding softwarg and hardware.
705!35!“ Pub. Pr. 52995 Cizh Pr. $20 95

Electronics and
Gontrol Engineers’

Get the competitive edge with.
the newest and the best information
in your field . . . with books from
all the leading publishers

New Members!
Take any one of these great

professional
books
for only

S22

as a premium with your
tirst selection!

Spectacular values up to $110.00

ANTENNA ENGINEERING HAND-
BOOK, Second Ed. fuailed by R. C.
Johnson and H. Jasik, with contribu-
tions by 57 recogmied aulhorities.
1,408 pp., 946 Jius. This widely ac-
claimed Handbook gives you the guid-
ance you need to solve problems In an-
tenna design and apphtation.

322910 Pub Pr.311000  Ciub Pr 56600

CONTEMPORARY ELECTRONICS
CIRCUITS DESKBOOK Compiied By
H. Helms. 272 pp.. 442 circwit dia-
Brams. Packed with Clearty reproduced
cicurt diagrams, all proven-in-actidn,
covering the entire spectrum of elec-
tronics lechnology. Each diagram -
cludes a title, & brief description, type
numbers of values for significant com.
ponents and a citation of the original

source.
27082  Pub P3N0 Ciob Pr.323.50

POWER INTECRATED CIRCUITS:
Physlcs, Deslgn, and ApPPlica-
tlons, Echited by B Antognetth, 544 oo,
410 ifus. This comprehensive book of-
ters an exceptionally thorough overview
of the state of the art in design and
technology—Including the l1atesl de-
sign advances in voitage regulators, au-
dio amplifiers, power MOS deviges.
BiMOS power ICs, and improved iran-

S18tor $lruCiures
0217795 Pub Pr.$43.54  Ciub Pred3550

AUTOMATIC CONTRDL SYSTEMS.
Flfth Ed. 8y B. C. Kuo. 736 pp.. rllus.
Provides an overview of automatiC con
trol systems. inclucing in-depth Cover-
age ol classical Control techmiQues, op-
timal conteol 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 systerms and as components of such
systems

583706-4 Pub. Pr. $44.95 Club P, 53254

OP-AMP HANDEOOK, Second Ed
By F. W. Hughes. 320 pp., 231 dius.
Orgamzed for on-the-job reference, this
handbook covers all facets of op-amps,
from stability and protecton to signal
Processing using Op-amps. InCludes &
callechon of ower 60 practical cvcuits
for a variety of apphcations. proce-
dures, and expefiments

583651-3 Pub, Pr. 33385 Ciub Pr. $24.15

CHOOSING AND USING CMOS. Oy
M. ). waish. 2048 pp., 155 s, Otfers
A comPrehensive overview of the semi-
conductor lechnology used .. gives
practicdl agvice on cwcuit techniques
to make your j0b easier. Specifications,
charactenstics and applications are in-
cluded.

§79°576  Pub. Pr. $35.50  Club Pr, $24.95
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MEGRAW-HILL CONCISE ENCY-
CLOPEDIA OF SCIENCE AND TECH-
NOLOGY. Fditor-in-Chwetf 5. P Parker
and the Staff of the McGraw-Hili En-
cyckopedia of Science and Technology.
2,065 pp., 1,60G Mus. This volume
serves every nesd for understanding to-
day's stience and techntlogy. Writlen
by over 3,000 of the world’s topmost
experts, including 19 Nobel Prlze win-
ners, il covers 75 disciplines from
Acoustics to Zooiogy.

454825  Pwb Pr.39850  Cheb Pr 54925

MICROPROCESSORS IN INSTRU-
MENTATION AND CONTROL. By 5.
A Money. 246 pp., 148 iius. Provides
the design pFoCedures and applications
data you need to create effective, high
?ualllr microprocessor-based Systems.
hefe is thorough coverage of program-
ming, &rithmeti¢ and logiC Oparations.
parailel input-output. serial input-gut-
put. hardware design, analog/digital
conversion and much more.

4277070 Pub Pr$3850  Ciub Pr.529.50

MOOERN COMMUNICATION CIR-
CUITS. 8y ). Smith. 557 pp., 434 4-
fus. Using realistic exampies. this book
presenis time-saving approximation
techniques for analyZing and cesigning
virtualty every kind of commumications
circuit imagmable. Includes particu-
larly 1horough coverage of the phase-
10CK 160D,

501743 Pub Pr, $4395  CLwh Pr. 53230

HANDEOOK OF MACGNETIC PHE-
NOMENA. By H, E. Burke. 423 pp.,
221 ilus. A straghtforward guede to over
60 magnetic p ena. Topics In-
Clude Ampere's Law, Biot-Savart and
toroidal fields, spineing alectric charges,
magnetic hySteresy, magnetic fieid
measurement, magnetic resonance,
galvanomagnetit effecis, and more.

583760-9 Pwb. Pr. $49.50 Ciub Pr, 537 50

MODERN ELECTRONIC CIRCUITS
REFERENCE MAMNUAL. 8y, Markus,
1.264 pp, 1666 circuil diagrams.
Compiete with values of components and
Suggestions {or revisions—plus the
original source of each CirCuit In Case
you want addiinal performance or
construction delals.

4047467 Pub. Pr.58250  Clb Pr. 56150
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TELEVISION ENGINEERING HAND-
BOOQK.— 8y K. B. Benson. 1.478 pp.,
1.091 ilus Packed with the technical
information and know how you need to
design, operate and maintam every type
of TV equipment in current use.

047/TM  Pub. Pr, $89.50 Club Pr.. 562.50

DPERATIONAL AMPLIFIERS AND
LINEAR INTEGRATED CIRCUITS
Third €d. By R. K Coughiin and F. F
Driscol. 450 pe., #ius. A detailed prac.
tica! guide to the op amp ang s suc-
ces50n the linear IC. A vanety of appli-
cations and design procedures ae
Covered

S83754-4 Pub Pr, $34.95 Club Py $25.9%

THE ENCYCLOPEDIA OF ELEC-
TRONIC CIRCUITS. By B. Gral. 760
op.. 1256 iius. This large volume pro-
vides circuits for virtually every type of
application in 98 different categones.
Each has a Clear and ¢concise explana-
tory text acCompanying it.

5B3265-8 Pub Pr. $5000 Ciuk Py, $29.95

CONTROL SYSTEM DESICN: AN In-
troduction to State-Space
Methods. 8. Friediand. 513 pp.,
Hius, Covers feedback control, dynam-
ics of inear systems, -domain
analysis. linear obyservers. linear, quad-
ralic optimum control, randOm proc-
esses, and many olher tOpres,

24112 Pub Py 34495  Club Pr. 33350

INTRODUCTION TO RADAR SYS-
TEMS By M. 1. Skolnik. 2nd £d., 698
op.. ‘L‘dd’ us. Covering every radar
fundamental and all important chanpes.
this EE text exposes yous fully to the Sys-
tems themselves—and lo their appf-
cations! Topics inciude radar eqyation.
CW and Frequency-medulated radar,
MTI, pulse-doppler, tracking radar, re-
Cevers, displays, duplexers, noise. and
more,

ST9091  Pub, Pr. 55195  Club Pr. $3895

TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA By R. G. Middleton. 303 pp.,
162 iflus. and tables. Packed with
Charts, diagrams, and case histories,
this practical handbook shows You how
1o pinpeint defective electronic circui-
try when no service data 15 awailable.

SEIM-1 Pub. Pr. $279% Cib Pr. $1995

STANDARD HANDBOOQK OF ENCI-
NEERING CALCULATIONS T. G,
Hicks, Editor in Cruef. 2nd Ed., 1.468

., 1,292 dius, and tables. Now re-
vised, updated, and considerably ex-
panded, thes huge handbook provides
more than 5,100 step-by-step proce-
dures for salving the kunds of engmeer-
& pProblems you encounter most fre-
quently i your work,

8735K  Pub. Pr.364.50  Ciub Pr.49.%0
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Be sure to
consider these
important
titles as well!

FUNCAMENTALS OF LOGIC DESIGN
& SWITCHING THEQRY. By A D
Frwedman

s31601-7 Pl P sHiy e il M

68000 MICROPROCESSOR: ARCHI-
TECTURE, SOFTWARE & INTER-
FACE TECHNIQUES.. By W. A. Triebet
& A Singh

SO3610-2 Peh pr 5393wl Ps2E9y

DESIGNING DICITAL FILTERS. By C.
S. Wilfiams.
SA%Z1-0 Pel iy, 33693 Cowb Pr, 52793

APPLICATIONS IN ARTIFICIAL IN.
TELLICENCE. 8y 5. J. andriole
SONS1 Pl P M3 Cea iy S35
THE FOURIER TRANSFORM AND ITS
APPLICATIONS. Sacand Ed.. Re-
vised. By R. N Bracewsil

WSS Pebpc 34095 Ceb PrATISS
CICITAL FILTERS AND SIGHAL
PROCESSING. By L 6. Jacksen.
382 el pv. $329% O L SN0

MICROPROCESSOR SUPPORT CHIPS,
By TJ Byers
BT P MM B NS

INDUSTRIAL ROBOTICS. By M. P
Groowery R, N, Nagel ard N. &, Odrey
MEIE P M ATRSS Db P SHES

THE MCGRAW-HILL COMPUTER
HANDBOOK. By H Halms.

281N P P HAN Ol P3N0

MICROLITHOGRAPHY: PROCESS
TECMNOLOGY FOR IC FARRICA.
TION. By D. ERiti.

1900 Peb P 320 G P STO59

RC ACTIVE FILTER DESICN HAND-
BOOK. By F W Stephenson,
S50 Peb P M D P SHITS

wmema MAIL THIS COUPON TODAY = e e
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MeGraw. UHill Book Cluha '
Blecironics and Control Bngineers’

P.O. Box 382, |lighisiown, New Jersey: D8520-9958 I

Please enroll me as 4 member and send me the two
books indicaled, billing me for 1he$2 83 premium and
my first selection a1 1he discounled member's price.
plus local tax, shipping. and handling Charges 1agree
10 purchase & minkmum of two addilional books dur
ng my first vear of membership as oulined under 1the
Club plan described In this ad. A shipping and han.
dling charge is added s all shipmenls

Why YOU should join now!

# UBSTAND NBWEREST B(}OKS IN YOUR FIBLIY — Books are selected from a wide ‘
range of publishers by expert edbors and consuttants to ghw you conlinuing accesa
1o the best and latest books n your field.

B BIG SAVINGS — Build your library and save meney too! Savings ranging up 10
40% or more ofl publishers’ lisl prices — usually 20% to 30%.

write Code No, of
$2.89 selection here

write Code No. of
firs1 selection here

BONUS BOOKS —You will immediately begin 1o participae in our Bonus
Book Plap that mllows you savings up to 70% ofl the publishers' prices of
many professional and general inlerest books! I

B CONVENTENCE—12-14 times a year (about once every 3-4 weeks) you receive 1
the Club Bulletin FREE. It fully describes the Maln Selectlon and Alternate Selec- SlEnaipe e —_—
tions. Adated Reply Card is included. If you want the Main Select ion. you simply do |
nothlnﬁ— I1 il be sldpped automatically. if you want an Alternate Selection —or Name
no book at all —vou slmply indicate It on the Reply Card and return 11 by the date I
specified. You will have al least 10 days o decide. If, because of late delivery of the
Bulletin you recelve a Main Seleciion you do net want. you may rewurn it for credis
at the Club’s expense

Address/Apl. # _—

As a Club member you agree only 1o the purchase of three books lincluding your Ciy e e e e
firs1 selection| during your first year of membership. Membership may be discon-
tinued by either you or the Club a1 any tiine afler you have purchased Lhe first
selection plus two additlonal books. state — -op
=

O1her McGraw-Hill Book {ubs: This order aubject 10 acceptance by MoGraw-THll All :
Architects’ Book Club « Byie Book Club « Chemical Engineers’ Book Club prices subjeci to change wlihoul notice, Offer good -
+ Chvil Engineers’ Book (lub * Mechanical Engineera’ Book (lub only 10 new members. 8
For more information. wrile to; E33844 ~
MeGravw-Hill Book Clubae, P.O. Box S42, Higluatown, New Jersey (R320-9959 L—— r r = |
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AUDIO

UPDATE

The Resurgence of surround sound, Part 2

-t il

AG. 1

EVEN THE BEST HIGH-FIOELITY SYSTEMS
seldom achieve a level of sonic re-
alism that would convince a critical
listener thar he was hearing a live
performance. The heart of the
problem is the acoustic dif-
ferences between live sound and
sound that is reproduced in a liv-
ing room.

There are few sonic similarities
between the two listening en-
vironments. The sheer size of
most live-performance venues
means that the musical sounds re-
flected and re-reflected from the
walls, floor, and ceiling reach a lis-
tener’s ears substantially later than
the sounds coming directly from
the performers. Time delays of
more than 50 milliseconds be-
tween the direct and the reflected
sounds are no! uncommon. And
when the performing environ-
ment is both large and hard-sur-
faced, the reflections multiply,
blend, and can take up to several
seconds lo die away. Furthermore,
all that reflected, reverberant en-
ergy—which can account for more
than 80 percent of the total sound
impinging on the audience—
strikes the listener from many dif-
ferent directions.

In a home listening room, the

sound originates from a more-or-
less flat plane whose width is
roughly defined by the location of
the two speakers. Of course, sonic
reflections also occur within a
home listening room, but the
nearness of the walls means that
most reflections have a fairly short
delay time, and that the recorded
reverberant sounds—which under
live conditions would normally be
heard from the sides and rear—all
come from the front. It is this dis-
parity beiween the large-hall am-
bience in the recording and the
relatively small acoustic environ-
ment of the listening room that
causes contradictory (and there-
fore unrealistic) information to be
delivered to our ears.

In addition, the brain constructs
an image of an acoustic environ-
ment based on similarities and dif-
ferences in phase, timing, ampli-
tude, and frequency that occur
among the sounds reaching our
two ears. Those factors must have
a “natural” relationship among
one another in order for the re-
produced sound to seem real.

Recreating hall ambience
Late last year | was approached
by Yamaha to help introduce their

WWWwW americanradiohistory comm

LARRY KLEIN,
AUDIO EDITOR

DsP-1 Digltal Sound Field Pro-
cessor; hat unit is shown in Fig. 1.
After hours of listening to the
D5P-1and study of its technical lit-
erature, | told Yamaha that | would
be pleased to participate. To my
ears, the DSP-1 appeared to be a
genuine advance in the science
and art of recreating conceri-hall
realism in the home.

Yamabha's approach to elfminat-
ing contradictory and unrealistic
sonic messages first Involved an
acoustic analysis of a large number
of live-music acoustic environ-
ments. An analysis system was de-
veloped based on a critically con-
figured and closely spaced array of
four microphones feeding a spe-
cially programmed computer. To
produce the required data the mi-
crophone cluster was located in a
typical or prefered listening loca-
tion in the environment under
analysis, and a sonic impulse test
signal was provided by a starter’s
pistol fired from the stage.

The four microphones cap-
tured—each from its own slightly
different perspective—the initial
direct impulse and the subse-
quent complex array of early and
late-arriving reflections impinging
from all directions. The individual
signals picked up by each of the
four microphones were computer
analyzed for their relative
strength, timing, and frequency at-
tenuation, and the data that was
gathered was stored for subse-
quent use. In order to encompass
a wide range of performing ven-
ues, Yamaha's engineering team
recorded the acoustic charac-
teristics of humerous large and
smalil performing environments in
the U. S., Europe, and Japan.
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Packaging the data

Yamaha ultimately embodied:

their accumulated data (which in-
cludes as many as 88 early reflec-
tions for each quadrant} in the
DSP-1 Digital Sound Fleld Pro-
cessor. The infra-red remote mod-
ule of the DSP-7 allows the user to
choose—while seated in his favor-
ite listening chair—any of twelve
different fixed acoustic environ-
ments, including three concert
halls, two churches of different
sizes, a recital chamber with a
high-ceiling, a jazz club, a rock-
concert environment. a disco, a
stadium, a warehouse loft, and a
pavilion like a large sports center.

The data, which is stored digi-
tally, is called up and processed by
three Yamaha-designed VL5I-IC's.
With the same sampling rate (44
kHz) and quantization (16-bit lin-
ear) as a CD player, the )SP-1 has a
dynamic range of 94 dB and 0.006
percent distortion.

Each of the fixed environments
can have its major acoustic charac-
teristics individually varied within
wide limits by the DSP-15 remote.
Once an optimum modified set-
ting is found for a particular re-
cording, the new program can be
placed in one of sixteen non-
volatile memories and recalled at
will by pushing a button on the
remote. The chosen programs—
and the precise degree of their
modifications—are all dispalyed
on the DSP-15 front-panel readout

Setting up the DSP-1

In addition to the normal stereo
amplifier and front speakers
(whose signal is unaffected by the
processing), four additional chan-
nels of amplication and four addi-
tional speakers are required for
the full DSP-1 setup. The new
speakers can be small bookshelf
units, but should have a reason-
ably full-range response. The two
additional front speakers are usu-
allv located above and flanking the
normal front systems. The two rear
speakers should be located at or
near the rear of the room and also
somewhat above ear level.

Each of the new speakersisfeda
basically full-range signal sepa-
rately modified by digital process-
ing to have the sonic charac-
tenstics typical of that heard from
its respeclive room quadrant in

the chosen performance environ-
ment. For example, the signals fed
to the rear speakers have been in-
dividually processed to include
the delays, reverberation density,
liveness, etc. appropriate to reflec-
tions from the rear of the hall.
Keep in mind also that process-
ing in the digital domain ensures
that the noise and distortion of a
conventional processor are nota-
bly absent from the DSP1. In fact,
the sound provided by any one of
the DSP-15 four channels by itself
will appear balanced and clean.

Final thoughts

What you’ve just read is at best a
once-over-lightly description of
the DSP-1%s signal-treatment tech-
niques and capabilities. Space lim-
itations prevent me from discuss-
ing the three video surround-
sound functions {one of which has
the Dolby decoding parameters)
that work sonic wonders for stereo
video tapes and taserVision video
disks. i've also not mentioned the
DSP-1's sixteen digital special-
effects facilities with front-panel
recording inputs. These include
echo, chorusing, flanging, pitch
change, panning, phasing, and
tremelo effects, all of which
should be of interest to small re-
cording studios and those making
their own studio demo tapes.

I've heard the DSP-1in action in
five different environments in-
cluding my own home. [t seemed
to work marginally better in some
environments than in others, but
in every case it was able 1o make a
decided improvement in the re-
production realism of some al-
ready excellent audio systems. |
was not surprised to find that it is
possible to produce unnatural
effects by choosing an inappropri-
ate environment for a perfor-
mance; say, a small jazz ensemble
in alarge church. This is not a flaw
In the DSP-1; allve jazz group play-
ing in that type of environment
would sound echoey and blurred.

Purists may object to adding a
synihesized acoustic environment
to a recorded performance—
which already has its own built-in
acoustics—and playing it in a live
listening room. However,
Yamaha's use of four additional
speakers, and the carefully con-

continued on page 126
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SATELLITETY

Zombies, zits, and zoweee!

MORE AND MORE STATIONS ARE
scrambling their signals all the
time {as shown in Table 1), and an
entire new language is building up
round the fast-moving world-of
satellite descrambling. IC creators
are coining new words and adapl-
ing old, often unused words to de-
scribe their products and to stay
up to date and be conversant in
the rapldly emerging technology.
One needs a daily-updated dic-
tionary in one’s word processor.
Zombie is a case in point. Many
experimenters digging into their
Videocipher 2000 descrambling
modules have experienced an un-
fortunate accident; they have
“zapped” (in the traditional sense
of zapping) their boards either by
accidentally unhooking the bat-
tery that retains factory-inserted
memory or by shorting the battery
line. when either happens, the
master microprocessor {U7) for-
gets everything the factory taught
it, so you have a “brain dead” unit.
A Zombie update takes a brain-
dead unit and corrects the error. It
restores the VC2000 to its original
operational state, even with its
original authorization number
{provided the original factory
sticker is still on the descrambler
module). This means that those
who worry about zapping their
modules now have a way to recre-
ate the original factory authoriza-
tion. From that point on, the
restored-as-factory-new module
can be recreated by cloning, mus-
keteering, or whatever process
the user wishes. The cost is around
$200, through a Canadian compa-
ny that specializes in bringing
brain dead units back to life. That's
where the term ‘Zombie’ comes
from.

% !

B

4

BOB COOPER, |R.,
SATELLITE-TV EDITOR

A
@
>

TABLE 1—VIDECCIPHER-SCRAMBLED STATIONS

Date
Scrambled since November 1985
Scrambled since November 1985
Scrambled since January 15, 1986

Scrambied since January 15, 1986
Scrambled since March 1986
Scrambied since May 27, 1986
Scrambled since July 1986
Scrambied since July 1986

Scrambled since July 1986
Scrambled since August 1986
Scrambied since October 1986
Dacembar 1986

February 1987

April 1987

April 1987

Aprnil 1987

Early 1987

Early 1987

Juty 1987

Pracise date not set
Precise date not set
Precise date nol set
Precise dale not set
Precise date nol set
Precise dale not sel
Precise date nol set
Precise date not set
Prectse date nol sel
Precise date not set
Precise dale nol sel

ZITS is an acronym for Zero
information Turn-on System; it is
the creation of a European anti-
scrambling consortium. It sprang
upon the U.S. descrambling in-
dustry as a surprise in mid-January.
Z|TS upset some applecarts; to
see why, let’s review other de-
scrambling schemes.

i. Clone IC’s depend upon
someone’s unil being authorized

WWwWw americanradiohistorv comm

Station-Network

Viewers Choice {F3-T5, G1-T16)-

Request TV {G1-T12)

Home Box Otfice (G1-T1,G1-T23.F3-

T13)

Cinemax {G1-T19.F3-T13)

WOR Superstation {G1-T15)

Showtime {G1-T5,F3-T10,G1-T14)

The Movie Channel (G1-T10, G1-T14)

Cable News Network {(G1-T7, W4~

T-16.W3-T5)

Headling News {G1-T8)

American Bxxxtasy (51-T3)

SelecTV {(St-T13}

WGN-Chicago (G1-T3)

KTVT-Dallas {T303-722)

CBN Cable Network {G1-T11,F3-T8)

USA Network {G1-T21,F3-T9)

ESPN {G1-T9}

Satellne Broadcast Networks {Prmetime

24)

Netlink USA: KUSA - Denver (ABC)
KMGH - Denver {CBS)
KCNC - Denver {NBC)
KRMA - Denver (PBS)
KWGN - Denver {Ind )

Lietime (F3-T17}

The Disney Channel {(G1-T4,81-T24)

Tempo (F3-T8)

VH-1 Video Hits (F3-T15)

MTV (F3-T11)

Nickeiodeon (F3-T1,F4-T4)

Nashville Network {G1-T2)

Arts & Enlertainment {(F3-T24)

WTBS Superstation (G1-T8)

Playboy Channel (F4-T24)

Amencan Movie Classics (F4-T10}

Bravo (F4:.T2)

for some group of services. Its in-
ternal D number is then copied
and used to clone additional units.
They all work off the same ID
number. This is a form of program-
mer-billing-dilution. The primary
danger of cloning is that if any unit
in the clone-family is compro-
mised {i. e., detected), all units in
that same family can be turned off.

2. Musketeer IC's violate the ad-
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dressing security of Videocipher
for program “tiers.” If a musketeer
IC is inseried into a Videocipher
that has been legally authorized
for a service {CNN, for example),
the musketeer 1C causes the unit
to receive all home-authorized
services, without additional pay-
ments. The danger in musketeer
IC’s is that if many people use thal
approach, their single-service-
subscriptions will stand out in a
computer search of home-dish
subscribers like red flags. Un-

doubtedly, many will be ferreted
out and possibly turned off.

ZITS is a unique, new approach
that sends software writers scurry-
ing for their textbooks. It's a two-
IC operation. First a technician re-
moves the U30 Gl IC {which is sol-
dered to the board) and replaces it
with a socket. Next he plugs in a
master authorization IC for several
seconds. That IC |oads into the cir-
cuitry the current month’s autho-
rization key. That IC is then
removed and a ZITS IC is inserled

RADIO-ELECTRONICS

-
-]
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into the socket. That’s it; from then
on, the descrambler receives all
home-directed services (they
come on ‘instantly’) and some of
the cable-only services such as
WOR (G, TR15).

ZITS works by copying a data-
stream authorization number. [f
you call up the ZITS IC on-screen
number, it has none; it says it is
unit number 0000. Internally, it has
keyed off of the data stream and a
number it has captured. If the par-
ticular ID number it first captured
later becomes inoperative, the
ZITS IC then searches for and
grabs a new authorization number
from the current data siream.

The user of a ZITS IC has several
advantages that musketeer and

cloners do not. The IC purportsio_______

stand outside of the authorization
stream; it is not on record with any
program supplier and it has no ID
number that can be isolated.
Therefore the unit cannot be
turned off, except by accident and
then only for as long as it takes the
ZITS 1C to locate and capture a
new authorization number.

That's the good news. The bad
news is that the European creators
of the ZITS IC will not allow their
1C’s to be sold or used inside the
United States. (There is a very
open and above-ground de-
scrambler piracy problem in Eu-
rope.)

But the IC’s are sold elsewhere
in lots of 100, with an authorization
key for the current month and one
for the coming month. This means
that the dealer has two months or
less in which to sell, install and
self-authorize his 100 1C’s. Addi-
tional-month authorization I1C’s
are also available for a fee.

Buyers to date have had to pro-
duce iron-clad proof that they are
neither cilizens nor residents of
the U. S. Early sales activity has
been in the Caribbean and Central
America, with a few groups going
into Canada.

Sellers of competitive IC’s, mus-
keteers in particular, have cried
foul. They maintain that the indi-
vidual unit |C's are clone-able, and
that, although master authoriza-
tion IC’s may not be copied (they
are good for amonth at a time and
then expire), a person who pur-
chases a set of 100 user ZITS IC's

continued on page 132
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81 LOOKING INTO THE FUTURE

A tradition started by Hugo Gernsback lives on.
Arthur C. Clarke

85 THE FUTURE OF ARTIFICIAL INTELLIGENCE
Computers that reason like humans are on the horizon.
George H, Heilmeier
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99 THE ROBOT IN THE 21st CENTURY
Robots and society.
Isaac Asimov
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THE THIRD AGE OF VIDEO
New technologies will let us watch what we want. when we want it.
Charles N, Judice
Manager. Wideband Services Division
Bell Communications Research

107 ENERGY TECHNOLOGY IN THE 21st CENTURY
New technologies will bring us new ways of obtaining electric
power.
Stephen Kuznetsov
Director of Engineering
Power Silicon and Monolithic Technologies Corporation.

112 MEDICAL TECHNOLOGY IN THE 21st CENTURY
Dramatic new diagnostic and treatment techniques.
Ray Fish, Ph.D., M.D.
University of Illinois, Urbana

115 THE HOME OF THE FUTURE
Calling it a "Smart'’ house will be an understatement.
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Hugo Gernsback had a
special talent for anticipating
forthcoming technology. This
special section, written by
todays experts, pays tribute
to that talent, as we
anticipate the role electronics
will play in our lives as the
next century begins.

‘RTHUR C. CLARKE

Tms SPECIAL ISSUE OF THE MAGAZINE
he founded gives me a chance to pay
tribute to the memory of Hugo
Gernsback, who was a major influence in
shaping my life. And not only mine—
there must be thousands of engineers and
scientists all over the Western world
whose careers he boosted into orbit.

The very first science-fiction magazine
| ever saw was the November 1928 issue of
Gemnsback’s Amazing Stories, and the
magnificent cover by Frank R. Paul has
haunted me cver since. |t shows the planet
Jupiter, dominating the sky of its largest
satellitc, Ganymede, The main feature
was the Great Red Spot, but what was
truly amazing about that painting was the
depiction of minor atmospheric details—
eddies and cyclonic storms—which no
Earth-based telescope could have shown
in 1928. They were revealed almost 50
years later by an almost miraculous feat of
electronics, when the Voyager spacecraft
radioed back the first detailed images of
Jupiter and its satellites. Gernsback would
have been delighted. but not surprised,

It is difficult 10 think of any 1ech-
nological development in the field of elec-
trical or electronic engineering that he did
not anticipate. in countless articles, but
above all in his serial Ralph 124C41+ .
This story of “Thrilling Adventures in the
Year 2660" ran from the April 1911 to
March 1912 issue of Mortern Electrics, a
remote ancestor of this journal, and the
neat pun in the title applies perfectly to
Gernsback himself.

The tale's most remarkable forecasts is
this careful description of radar:

It has long been known that a pulsat-
ing pelarized ether wave, if directed
on a metal object. could be reflected
in the same fashion as a light ray. ...
If, therefore, a polarized wave gener-
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alor were trained towards the open
space. the waves would take a direc-
tion as shown in the diagram, provid-
ing the parabolic wave reflecior was
used. By manipulating the entire ap-
paratus like a searchlight. waves
could be sent over a large area .

fromn the intensity and the clapsed
time of the reflecled impulses, the
distance between the Earth and the
Ryer is then accurately calculaied..

As the diagram referred to makes per-
fectly clear, Gemsback had leaped nver
the whole 1935-40 era of meler-wave
radar, going straight .0 today’s micro-
waves! No wonder that my Profiles of the
Fisture bears the dedication ™ To my col-
leagues in the Institute of Twenty-first
Century Siudies. and especially to the
memory of Hugo Gcrnsback-——who
thoughi of everything. ™

Well, alimosl everything. | am ¥ littlc
surpnscd that he did not invent communi-
cations satellites, though | am sure that he
touchcd on them somewhere—perhaps in
the delightful mini-magazine Chnistmas
cards he sent out every year to his friends.
Hc certainly had a considerable influence
on Bell Lab’s John R. Pierce, the father of
ECHO and TELSTAR. As John records
in his memoir The Beginnings of Sarel-
lites Communicarions (San Francisco
Press, 1968):

In my teens | plunged into spice
when | turmed from Tom Swift 10 the
scicnce fiction stories that Hugo
Gernsback puhlished in Science and
Inventipn, and later in Amazing Sro-
ries. the first scicnce fiction maga-
zine... | became so involved ... that |
wrol¢ a lew stonies myself. The first,
*“The Reltes from Earth™ won second
prize in a cover illustration story con-
test: it was published in Science
Wonder Stories in March [930.

Gernshack was already 21 when his
hero. Jules Verne. died; they had both
been lucky in their times of birth. Verne
was the prophet of the Mechanical Age.
and brilliantly extrapolated its dawning
technologics (o predict aircraft, sub-
marines, and space-guns. But Gernsback
was just in time 10 take advantage of the
newly discovered electron, radio waves.
and the energies of the atomic nucleus.
He had a far wider stage—with far more
props—ithan Vernc. and he used it to the
ful.

According 1o his biographer and one-
time cditor Sam Moskowiiz. Gemnsback's
Rulph 124C41+ contains references to
fluorescent lighting. radio direction-find-
ers. juke boxes, tape recorders, loud
speakers, television, radio networks, a
device for teaching while the user is
asleep. solar energy. as well as countless
othcr ideas in fields not directly associated

wilh electricity or radio. Except for the
“slcep teacher”—which still is a long-fel
want—all those are now commonplace.
So what would Gemsback predict if he
was living today? Well, there is ene ilem
from Ruiph 124C4f which is notl yel
here—the “*Menograph” or mind-writer:

He attached a double leather head-
band to his head. At each end of the
band was attached a round mictal disc
that pressed ¢losely on the temples.
The Menograph hud entirely super-
seded pen and paper. [t was only nec-
essary lo press the batlon when an
idea was 1o be recorded and to release
the button when ane reflected and did
not wish the thoughi-words record-
d... Twenty times as much work
couid be done by means of the Men-
ograph as could be done by the old-
fashioned writing, which required

alized the output of the Menowriter as a
paper lape covered with wavering lines
like a scismograph or EEG record which
“could be read by anyone-—children
being taught it at an early age.” Why not
plain text. which to us would seem ob-
vious and far casier?

The answer is thai between us and the
1911 Gemnsback lies the computet, which
alone would have the processing power to
turn the Menograph’s squiggles into
printcd words. He can hardly be blamed
for missing that—but it is quite surprising
that he imagined the final product being
delivered by postman (in the year 26601),
not by telecommunications.

In one other respect, he was dead
right—except in the matter of timing. We
won't have 10 wait half a millennium for
the typewriter to disappear, it will be
lucky to last out this century. (Last week |
found two forgotten electric portables in a

considerable physical effort. Type=——cupboard, and sold them for junk...)

writers soon disappeared after its in-
vention. Nor was there any use for
stenographers, as the thoughts were
wrirten down direct on the lape.
which was sent out as a letter was sent
centuries ago.

rRiCE [0 CenTS JURE 18H

MODERN
ELECTF“CS

THE HYPNO-BIOSCOPE was Introduced in the
June 1911 issue of Modern Electrics. Invented by
Ralph 124C 41 + ,1he machine worked [lhe 8 Men.
ograph In reverse. It [Tenamitied words directly
to the sleeping brein In 3uCh B manper Tha! av-
wrything could be remembensd In detail the next
mofning. In fe<t, it was proven thal 8 Slory
“read” by means of a Hipnobiograph left amuch
stronger impreasion than if Ihe same alory had
been read while conCious

That passage is a fascinating mixture of
foresight and naivete, for Gemsback visu-
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Already. in the combination of word-
precessor plus modem, we have surpassed
Gemsback's vision. and | rather feel that a
Menograph would be an ¢lectronic Edsel.
[ am fairly sure that my mental processes
will never be sufficiently organized to per-
mit direct brain-to-floppy-disk communi-
cation. But | have no doubi whatsoever
that it will be feasible if desired. Mental
control of simple operations has already
been demonstrated in the laboratory.

Virtwally all the devices in gencral use
by the year 2001 will be little more than
extensions or refinements of today s tech-
nology—which. admitiedly, can now do
almost anything we can conccive in the
fields of communication, information
handling, and entertainment. Any limita-
tions that still exist by then will be due to
econodmic, legal, or political factors—not
technical oncs. (Witness the current de-
bate in many piaces: should the public be
allowed to receive private broadcasts from
satellites?)

There are two distinct ways of looking
at future possibilitics, and it may seem
paradoxical 1o call Gemnsback s (and Ver-
ne’s) approach the conservative, down-to-
carth one. Their method requires a good
understanding of scientific principles and
the latest discoveries, and the ¢lear-sight-
ed ability to extrapolate from them. [t
does not rely on new powers or forces
beyond the boundaries of known science.

The secend method might be called the
Baconian one, afier Friar Roger Bacon
(circa 1214-1292). Roger (not to be con-
fused with the much later Francis. who
also dabbied in scienee-fiction) visualized
flying machines. telescopes. auto-
mobiles, submarines—all at a time when
there was no theoretical basis for their
achievement.

Gemsback said: This i1s what we'll be
able o do with what we’ve already gol.
Bacon asked the open-ended question:
What would we like to do?, confident that
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eventually the technology would come
along : Both approaches are valuable. but
the Baconians usually have to wail a few
centuries for vindication. | have slated
their position in my well-known Third
Law: “‘Any sufficiently advanced lech-
nology is indistinguishabte from magic.™

Arc there any new “‘magics” lying
beyond the scientilic horizon. as unim-
aginable 1o us as radio waves and elec-
trons would have been (o the founders of
the Republic? 1t seems very unlikely that
we are the lucky gencration o which
Nature has revealed her last secrels. Per
haps the current turmoil in panicle phys-
ics and cosmology hints at fantastic future
technologies which will, once again,
transform human civilization.

But it is very hard to imagine them. for
surcly we are reaching the peint of dimin-
ishing retums. From no TV at all 1o our
present color sets is an unparalleled quan-

—tum-jump in human commuaications.

Afier that. high definition and 3-D are
merely marginal “fine-tuning™ improve-
ments—nice to have, hut nol essential.
Much the same is true i our icchnologies
of transportatfon and cntertainment.
Frankly. 1 don't want to travel faster than
the Concorde—and have defected back to
the jumbao jets now that they have scats |
can sleep in. And ! still haven’t made up
my mind about compact discs—though
doubtless 1'li capitulate eventually.

But there is, perhaps. one awesomely
important technology which still lies
ahead of us. We now have virtually com-
pletc command of information and ener-
gy. they can be¢ stored, converted,
transmitted or maniputated in €very con-
ceivable way, as a few minutes of any
music video channel will amply demon-
strate. Yet we are still no betier than primi-
tive savages in our ability to handle the
olher member of the vital triad—matrer
[ndced. most of our manufacturing wch-
niques are no more than refinements of
Stone Age operations—scraping, drill-
ing, culting..

We need the equivalent, in the universe
of solid. ponderable mater. of the pho-
tocopict or the videodisc, so that any de-
sired object can be created from a suitable
bank of ruw muicrials. That is an old sci-
cnce-fiction idea, of course, and has ap-
peared under many names: Replicator and
Sunta Claus machine are perhaps the best
known among them.

We have 10 go back to the invention of
the printing press to find anything that
would have a comparable impact on so-
ciety, Our world was created by the infor-
mition explosion that resulied when
monastic scribes. aking years lo copy sin-
gle books. were superseded by moveable
type. [t will be destroyed—and. we hope.
re-created—when the Replicator makes
our present social and economic systems
not so much obsolete as imelevant.

Will that happen by 20017 Noj; but |

WORK AND LEARN
WHILE YOU SLEEP

See Page 714

subscriber automalically.

suspect that the technology will be on the
orizon by then. It may be based on the
new discoveries in genetics and biological
engincering. After all. living creaiures
have been doing that sort of thing for a few
billion years. and are getting guite good at
it at lasi.

Or the Replicator may operate on prin-
ciples that were demonstrated in the labo-
ratory more than a decade ago. My
random access information retrieval sys-
tem has just unearthed this item from the
London Financial Times for 14 September
1977:

3-D COPY IDEA A MAJOR
ADVANCE

Predicted in 1963 by Arthur €

Clarke. but not expected by him to be

feasible for many decades. eguip-

ment with abilily to reproduce the
mosl complex three-dimensional
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GERNSBACK'S VISION OF A SLEEP-LEARNING MACHINE is one ol the tew thal have nol come (o
pass—at least it hasn't been perfected yet. Records, kept In a central cxchange could be deliverd to the

shapes simply. quickly uand with high
accuracy is the subject of a patent
granted very recently in the U.S,
The equipment uses a system ol
steered laser beams ina block of pho-
to-resist material. which afier ex-
posurc will resist the action of
solvents... The key is that the pholo-
resist is not affecled by one laser
beam. only the combination of the
twoe al their point of intersection. ..
An Amcrican, Wyn Kelly Swainson.
began working on the idea in 1968
and the patent (US 4.041.476) has
been assigned to Formigraphic Engi-
necring Corp. Licensing is in the
hands of Omiec Replication.
Berkeley.

Hugo would have loved that. But hurry
up. Wyn—we're more than balfway 10
200t...
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Dear Sue,

I'm sure glad I ran away from the Back to Basics commune—why did our parents raise
us in that relic of the past? This world of the 218t century i8 far more challenging. Today
I went to the Office Training Center. When I told the job counselor that I had secretarial
experience, she laughed and said, "That's all done by expert gystems in workstations.

Your entry-level job these days 1s learning to manage an electronic office!”

-~ _The counsselor sent me 1o a trainer, who handed me my next surprise—an electronic
notebook-It-looks like a pocket calculator but instead of a numeric keypad, it has a
speaker, a microphone, aTr}two keys, ON/OFF and COMMAND. You do everything using
your volce and the notebook's electronic memory. Before I could try it out, the trainer
dragged me 10 the workstation and showed me where the nbtebook hooks up. At first
glance, that workgtation looked much like those stations back at our commune. It had a
monitor screen. MICroprocessor, copler, and laser printer. But I saw no alphanumeric
keyboard—just a keypad with control keys. Then [ noticed that the telephons, the
rolodex files, and the dictionaries were missing. As I should have guessed, everything's
electronically integrated into the workstation. A phone call s made simply by request.
There's no telephone headset, but privacy's no problem because phased-array speakers
focus the sound. An eavesdropper would have o lean right next to you o hear the
conversation.

You've probably guessed that speech-recognition systems and natural-language
programs have progressed far beyond the limited-vocabulary models we had at the
commune, You can Carry on a natural conversation with this workstation—no
memorized commands. I could have simply dictated this letter and the system would
have automatically sent it to you via electronic mail—that is, if you were linked to the
electronic-mail network. It's just as well, though; I'm still fond of this old typewriter, and
it look's like I won't have many more chafices (o use it.

I stil] wondered how people write long reports without a standard keybeard. The trainer
explained that the expert report gensrator and expert writer make it easy. Most of the
data you need is already in memory. You tell the report generator who you need to write
to and what about. It a8ks you questions, you answer, and it generates your report for
you. The only people who still use kdqyboards, the trainer said, are professional writers
and editors, who polish and tailor documents for special audiences.

After seeing how much the workstation could do, I asked what they needed an office
manager for. The trainer told me that. In spite of all the advances in expert systems, the
brainy workstation of 2001 is stlll dumb when compared to a human. The office
manager must review the reports that the expert system churns oOut, answer the eéxpert-
system qQueries, and make the decisions that only humans can make—decisions
requiring judgment,creativity, and empathy. I learned o operate the workstation in a
day. The hard part will be learning to think like & manager. But aren'. challenges what
lifa’s all about? Why hide back at that commune, Sue? Come joln me in the 21st century.

Love,

Wwww americanradiohietory comm
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as many people as a rock concert, you've
got 1o belfeve it's real,

Given the broad base of applications
already in everyday use in forward-look-
ing organizations, given the powerful
hardware and software already available
from substantial companies. and glven
the potenitial of the Al technologies to
influence many aspects of our society, we
can be safe in extrapotating our experi-
ence of recent years. Just allow me alotof
blank space for uses yet undreamed of.
I've often wondered whether the initial
developers of lasers predieted that more
lasers would be built for entertainment
purposes than for all other applications
combined,

But first, let’s examine the current state
of Al. As you'll see, it’s as though we had
been using thar family helicopicr 1o com-
mute during the last few years, and now
we only have lo devise ways to go more
places. farther and faster.

Defining the indefinable

Because Al is cnjoying headlong
growth and is branching out in many di-
rections simulianeously, a good and last-
ing definition is not yet possible. As a
science, Al is the understanding of the
mechunisms of intelligence. As engincer-
ing. it’s building sysicms that exhibit in-
telligent behavior. One wag has called Al
*what we give computers so they won’t
make dumb mistakes like people do.”

Here's a useful working definitfon: Al
is a 100l ehest full of technologies that inay
be used singly or in combination; it will
evenlually include expert sysiems. natu-
ral-language speech and image under-
standing, intelligent planning systems.
automared knowledge-acquisition sys-
tems, and robotics.

Each of the sub-lechnologics listed in
that definition has been used in conjunc-
tion with conventional computers, but Al
brings dramatic new levels of capability.
Since expert sysiems are the most highly
developed of the tools at this time. let's
focus on them.,

Conventional hardware,
unconventional software

Computers thay arc used today to de-
velop or deliver expent sysiems aren’t g~
markably different in appearance from
conventional computers: they have a key-
board and a display. and black boxes in
between. They use hard disks and flop-
pies, RAM and ROM. In fact, if you have
a fairly powerful personal computer, you
can probably find software, like Personal
Consudtant from Texas Instruments, that
will le1 you both develop and deliver ex-
pert systems on your PC, You'll need at
least 756K of RAM, and the RAM is
eontrolled and organized in a non-con-
ventional way, but no special hardware is
required,

The big differences are in the software.

Tesam BT sy
Erperwe

L) e oa, O‘.

Here are three essential differences be-
tween conventional data-processing soft-
ware and the sofiware of expent sysiems:
® Conventional software represents and
manipulates data, but knowledge-based
software represents and manjpulates
knowledge .

For our purpose here, *'data™ arc iso-
lated symbols whose retationships to cach
other and 10 the real world are not known.
*Knowledge,” on the other hand. con-
sists of facts that are related 1o each other
and to the **real world” well enough to
serve as a basis for intelligent action.

[n a eonventional eompuler, for exam-
ple, 914" might represent a home ad-
dress. But it carries no characteristics of a
home, In an expert system, the symbol
“home"" represents a home and every-
thing that the computer operator says il
stands for. The concept “home™ will be
manipulated through processes of sym-
bolie logic. along with other facts, to pro-
duee logical inferences and interrela-
tionships about the “home.”™
® Conventional software can use only al-
gorithms, but expert-system software can
wse both algorithims and heuristics.

An algorithm is a rigid mathematical
relationship or equation. Here's a simple
algorithm: X + Y = Z. On the other
hand, a heuristic is best thought of as a
rule-of-thumb. Here’s a simple heuristic
that might be used by acarpenter: X and a

WwWwWw americanradiohistorv comm
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FOR SOPHISTICATED USERS. Personal Conaultant tor the Explorer Lakes advantage of the extenslve
commaon Lisp environment of the Explorer woekstation for extremely complex problem solving and
rapid protolyping capabillties,

lfule bit + Y and a litile bit = Z and a
littie bit, because | can always sand them
down 1o fit, but  can’t sand them up to fit.

Heuristic knowledge, which is gained
largely through thoughtful analysis of ex-
perience, is what distinguishes the experi-
enced and effective human expert from
the beginner with a head full of theory. At
long last, the technology of expent sys-
tems allows us o capture and use that
invaluable heuristic knowledge.

o Convemntional sofrware uses repetitive
processes, but expert-system software
uses inferential processes,

Ask & conventional computer to add 3
and 2, and you'll get 5 as the answer every
time; a million times a second, if you like.
Now, ask an expert system to add 3 lions
to 2 fambs. and. assuming you've told it
something about the habits of lions. you'll
get "3 animals,” Or the answer might be
"2 animais.” if you've told.the expert
sysiem aboul cach lion's hunger thresh-
olds, fighting abilities, and the like. Ex-
pert sysiems already have the ability to
carry out long chains of inferential reason-
ing. and that capacity is growing fast.

Other traits of expert systems

Those three differences are the essence
of an expert system. In addition, however,
mosl €Xpert systems have other charac-
teristics In common. It is these ca-
pabilities that make expeft sysiems seem
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less like mindless number crunchers, and
more like helpful colleagues:

Explanation facility: Most expen sys-
tems can explain how they arrived a1 their
conclusions, either by citing the rules they
used, or by displaying & part of the in-
feremial chain. or both. During the de-
velopmem of a system, that gives the
developers a quick and easy way to detect
and correct faults. When a system is in
opecration, it Eives users greaier con-
fidence in the results by clarifying the
rationale behind the recommendation.

Mera-knowledge: Mastering words like
that can make you rich and famous.
"Meta-knowledge™ simply means the
knowledge a system has about its knowl-
edge. Such knowledge, in expent sysiems
now in development, allows them to ad-
Just their explanations to the interest or
level of knowledge of the uscr, to correct
and amplify their own rules as more is
learned, or 10 rank diagnoses in ordeér of
probability when more than one diagnosis
fits the available facts.

Assistance in formulating problems:
Much of the value of a human expert lies
in helping clients to "ask the right ques-
tions.”” A system designed to assess the
impact of the 1986 Tax Reform law on a
company’s depreciation, for example,
might accept inputs about the class of
property, its cost, end-of-life value. and
the like, then offer the optional treatments
under the new code, and run cut year-by-
year dollar figures for comparisen.

Access to databases: Many expert sys-
tems are still limited to the relatively small
daiabases that are programmed into them,
but that will change. Texas [nsiruments,
for example, was the first to introduce a
system that incorporates both a numeric
processor (a conventional computer) and
a symbolic processor (an Al computer) in
one integrated machine, the Explorer LX
compuler system.

The near future will certainly see ex-
pert-system compulers tied into world-
wide corporatc compuler systiems, to give
the user quick aceess to information
throughout the organization.

Multiple representations of data: That
is a “'near future’ capability now in the
works. Conventional database sysiems
don’t deal well with data represented in
maps, X-rays, photographs, diagrams,
and the like. Yet a physician, for example,
may need to read a patient’s history. study
his chest X-ray, and relate that informa-
tion to his electrocardiogram. We're
working on object-oriented database
management systems that will help solve
that problem.

Dynamic environmenits: Expernt sys-
tems work beautifully on problems that
“hold still”' for at least a few minutes, bul
they don’t comprehend dynamic environ-
ments. Yet some of thc most promising
areas of application, like emergency pro-
cedures in aircraft, and dynamic indus-
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THE EMERGENCY PROCEDURES EXPERT SYSTEM. developed by Tl, can enher interact with the pitot
#nd perform low-level flight operations or assume control of the aircraft and communicate direclly

.wiih Its automatic control systems unlll the pllol can regain control of \he piane. Here. & simulated F-16

panel [ shown on the screen of an Explorer computer. [t is lypical of the type of Informstion 1hat could

be provided in an emergency aituation.

trial automation. demand facile "quick
thinking” as conditions change in sec-
onds. We're working on expert-system
tootkits that accommodate such dynamic
environments.

The past is a prelude

Now that you're armed with a bit of
background about what expert sysiems
are. you're in a good position o under-
stand what they 're doing in the workaday
world. More important, you're primed to
extrapolate from today’s systems and their
uses, to the incredibly capable systems we
will have in 2001,

In general, today’s expert systems can
do the following: diagnosing, monitoring,
interpreting, cenrolling, predicting, se-
lecting, designing, training, planning,
testing. and dispaiching.

Today’s systems are al work in almost
every field of endeavor: diagnosing bacte-
rial infections and controlling treatment
of patients in intensive care for Stanford;
interpreting hydrophone data to identify
ship types for the Navy: prediciing airline
seals sales for Northwest Orient Airlines;
designing computer-system configura-
tions for DEC; planning bombing mis-
sions for the Air Force: monitoring 1he
Space Shuttle’s computers for NASA; se-
lecting among capitlal-investment pro-
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posals, training sales engineers in
selecting metailurgical materials, testing
electronic circuit boards at Texas [nstru-
ments; and scheduling manufacturing at
Weslinghouse.

That’s a very small sample. It's safe to
predict that the expert systems of the fu-
ure will find potential applications any-
where that human thought is required.

That includes cars and homes. Quite
powcrful expert-sysicm development
tools are already well within the cconomic
reach of home-PC owners. | wasn't
among the cnthusiasts who predicted "u
PC in every home by 1985, and | don’t
expect more than a few percent of homes
to get imvolved in developing expert sys-
tems. What [ do loresee, however, 15 the
widespread imbedding of expert sysiems
in automotive systems and home ap-
pliances, just as microprocessors are al-
ready widely imbedded in 2 wide varicty
of products.

Today’s applications

To challenge your imaginations.. I'll
describe what a few expert sysicms have
been doing for the last year or more. Later,
I’ll describe a few systems that we're de-
veloping for the Department of Defense:
they |l be ready for field trials within a few
years.
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& Campbell Soup Company is using an
cxpert system to help dizgnose and cor-
rect mal functions in their hydrostatic ster-
ilizers (otherwise known as soup
cookers”). A typical cooker is a gadget
seven-stories high, crowded with intricate
can convcyors and heaters, capable of
turning out 700 cuns of perfecily sier-
ilized. cooked soup every minute, Camp-
bell has cookers at its plants a1l over the
world. Local maintenance people can cor
rect minor malfunctions. but on occasien
a knotty problem requires calling in their
one real expert, a man who had helped
design the cookers ycars ago. Unfor-
tunately, his future availability to Camp-
bell is questionablc as e is close to
retirement age.

Texas Instrument’s knowledge engi-
neers worked with the cxpert o identify
the clues. irnpressions, and thought pro-
cesses he uses in diagnosis. Together.
they converted all of that (o a sysiem of
rules, using a Texas Instruments PC to
develop the expert system.

Now. instead of sending a human ex-
pert, Campbell sends a floppy disk to cach
plant with a cooker, long before trouble
occurs. When it does occur, local mainte-
nance people sit down at their PC, spend o
few minutes in dialogue with the expernt
syslem1, and gel the system's recommen-
dation for corrective action faster than
they could have placed @ long-distance
phone call.
® The University of [llinois uses #n ¢x-
pert system called PLANT/cd 10 predict
inscet damage 1o crops for furmers
throughout the Midwest. It takes into ac-
count the insect populations of prior
years, winter iemperatures, rainfall
amounts and timing, and other breeding
aml survival factors. Then, interrclating
those facts much as a human entomologist

would, by applying both theory and
heuristics, the system recommends spray-
ing schedules that will achieve oplimum
results. Scveral pecian growers in Texas
use a sirmbar expert system.
& Decision Focus Inc. has developed an
expert sysiem, now in use at several elec-
tric utilities, © aid long-range planning
by calculating the probable cffects of
many different scenarios involving
changes in fuel costs, changes in demand,
and changes in efficiency. Multi-variable
problems like that can be solved using
decision-tree analysis, an operations-re-
scarch technique taught in MBA courses,
but little-used because it's socumbersome
and time-consuming. With just a few vari-
ables, the many combinations of possible
fulures soon create trees with hundreds or
thousands of branches, cach the outcome
of a specific scenario. The probability of
cach scenario must be caleulated, from
the probabilities assigned o eachi branch-
ing point along the route o cach final
twig. Done manually, it's & nightmare.
Using Arborisi decision-iree software
from Texas Instruments, the system con-
strucis the tree and calculates all the prob-
abilities without difficulty.

From cocking 1o entomology to fi-
nance, those three examples only begin to
suggest the vast scope of applications.

The near future

In 1983, the Defense Advanced Re-
search Projects Agency {DARPA) recog-
nized that Al technologics could improve
the effectiveness of many military sys-
tems while making them safer. DARPA
has chosen the Al Lab of Texas Instru-
ments’ Defense System & Electronies
Group to pursuc a number of ongoing Al
projects. Among them are:
& Pilor’s Associate: We'te developing an

[oes your pest look silmilar to the ssail in the pletors?
MOTE( A s2ad] looks like & slug witk @ spiral shell o3 its back,

r

EXPERT SYSTEMS are widely used in agriculture, by commerclal growers and amateurs alike. Here, a

pesl.ldentification system takes Ihe firs! step loward ldentifying a snall species.
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Al systiem that will tie into an aircrafi’'s
operating and control systems, as well as
its radar and weapons systems, Lo help the
pilot gather information, evaluate it, and
make fast decisions. Advanced versions
will perform complex tasks beyond the
capabilitics of a human pilot. like the in-
stant planning of the best tactics for at-
tacking several enemy planes tha are
threats. even though some of them are
beyond his visual range.

There’s no necd to wonder aboul how
we're going to jam a large computer into
the cockpit alongside the pilol. We're de-
signing a VLS| device that is capable of
performing all of the functions of a large
32-bit computer running LISP; LISP is a
compuler language that was designed spe-
cifically for Al applications. We believe
that device to be the most complex inte-
grated circuit cver designed,

& Enhanced Terrain Masking Penetra-
fion: Several cxpert systems will be tied
into the aircraft’s systems 1o help guide it
in low-level Night and to select the safest
flight paths. The systems will take full
advantage of the masking effect of hills
and buildings to avoid enemy-radar track-
ing, will avoid known anti-aircraft missile
taunching sites and other threats, will
provide for safe clearance of obstructions.,
and will still get the aircraft to the right
target at the right time, The systems will
also be able to re-pian the flight en route,
control radar power 10 minimize encmy
detection, position the radar antenna for
safe remain avoidance, monitor fuel con-
sumption, and perform other vial func-
tions on demand.

& Force Requirements Expers System:
Less glamorous than their use in combat
aircraft, expert systems are also at the
heart of systems for the Baule Manage-
ment Program. The Phase-1 system were
completing for the Navy will be one of the
largest cxpent systems designed to date.
The system will deteet changes in the
readiness of an entire fleet of ships, help
assign replacement ships, and help mili-
tary operations staffs 1o determine a fleet’s
capability to underiske various opera-
tions, comsidering curment battle opera-
tions and ship types available.

& Autoromous Vehicle: A military vehi-
cle without 2 human a2board, and without
2 human operator back at base, could ob-
viously perform many important func-
lions in combat without risking troops.
DARPA is devcloping expen systems 1o
conlrol such a vehicle, When develop-
ment reaches an advanced phase, the ve-
hicle will be able to decide its own routes,
drive down roads. cut across fields, hide
from the enemy, carry out ils missions at
the right time, and return to base.

Let me say tt again: Those last four
examples are not “Blue-Sky ™ projects on
some futuristic wish list. They're & sam-
ple of several projeets that are undergoing
development foday.
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Streamlining the interfaces

The Autonomous-Vehicle program ob-
viously depends on development of a
powerful expen system, but it depends on
even greater breakthroughs in three other
sub-technologies of antificial intelligence:
machine vision, patem recognition, and
robotics. Most of that work depends on
creating software to help 2 computer un-
derstand the unfamiliar things that it's
looking at.

We've already had considerable suc-
cess in helping computers to understand
familiar objects. For example, for several
years, vision-aided robois in Texas Instru.
ments' calCulator-manufacturing opera-
tions have watched calculators come
down a conveyor belt, have picked them
up after orienting their robotic fingers 10
the random placemcnts of the calculators,
and have oriented the calculators properly
for the next operation. :

In the nstallation of surface-mounted
integratcd circuits, and other devices, on
printed-circuit boards, we'ne using vi-
sion-aided robots to sce the oricntation of
the board. to rotate the device to the cor-
rect oricntation, and then to place the de-
vice accurately on the board.

It's cenainly a long leap from today's
machine vision and patiern recognition to
the recognition of unfamiliar and uncx-
pected objects like roads, rocks, and
cliffs, but we’re progressing nicely.

In addition to those “worid-machine
interfaces,’” we’ve made progress in casi-
ng man-machine interfaces. In plain lan-
guage, we're helping computers (o
understand and speak plain language.

Most readers are already familiar with
speech synthesizing devices that have
made possible “talking cars,” “talking
microwave ovens,” and Texas Instru-
ments’ talking leaming aids that drill chil-
dren in spelling, math, and mustc. The
integrated ¢ircuitry is already remarkably
dependable and inexpensive. Expert sys-
tems that speak English (or Swahili, Tag-
alog, or Esperanto) are just a short chip-
shot away.

Natural-speech input is a bit more com-
plex. however. For several years, Texas
[nstruments has offered a speech-recogni-
tion sysiem that can be trained to respond
to nine groups of 50 words or phrases.
That 450-word vocabulary is more than
enough for the speclalized applications
that the sysicm is used for today:
® Anexecutive who doesn't care to lcam
how te type, retrieves information from a
personal computer just by speaking into
its microphone.
® A quadraplegic operates his ham radio,
dials a tetephone. types letters, and is
training himself to do a paying job.
® An inspector of printed-circuit boards.
though both hands are occupicd, records
the location and nature of defects without
touching a keyboard.
® Aninspector of carpeting observes it as
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WITH THE AID OF A VOICE-RECOGNITION SYSTEM, Jim ickes ol Redondo Beach CA, can handle
word Processor. & teiephcone, and his ham radia.

it comes from the machine in thousand-
foou lengths, detects defects, and verbally
notifies a computer so il can decide whene
to cut to greate smaller rolls.

® An inspector of integrated circuits ma-
neuvers the slice with one hand, adjusts
the microscope with the other. and rec-
ords lot numbers and types of defects and
their locations, by speaking.

Those examples may sound like some-
thing out of Buck Rogers. but they're
commonplace today. Just two primary
abstacles prevent today s speech-recogni-
ticn sysiems from finding widespread.
generalized use: They're speaker depen-
dcnt, and they handle small vocabularies.
“*Speaker dependent” means thal the
speiker must teach the computer cach
word and phrase that will be used by
speaking it several tlimes. and then the
computer will respond only to Ihe speech
of that person. Such is the wide variabfliry
of human speech that it may take many
years to solve thal problem. Vocabulary
size, like the power of algorithms and
heurislics, is largely dependent on the
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power, speed. and price of existing inte-
graled circuits. And that brings us 10 the
driving power behind developments in all
the fields of artificial intelligence: inte-
grated circuits.

Computational plenty

In 1960. Texas Instruments supplied
transistors for the first solid-state comput-
ers, al roughly $16.00 per transistor. Al
that price. just the transistors to build a
256K RAM toduy would cosl more than
$4 million. Instcad, a 256K RAM, ready
to plug in, sells for a few dollars.

The fabled ability of the semieonductor
indusiry 10 jam more and more computing
power onto a liny chip of silicon, is the
key, not only to the ever-increasing power
of expen systems. but (o thc simplicity
with which they communicate with us.

Here's why: When you type the word
“integrated” into your computer, it takes
just a few dozen bits of RAM memory to
translate those keystrokes inlg computer-
digestible data. But when you speak ~in-
tegrated” into the computer’s micro-
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phone. converting those sound waves inlo
computer-digestible data. and then recog-
nizing the word by comparing il with
stored vocabularies and by considering it
in the context of words thar come before
and afier, can 1ake tens of thousands of
bits of RAM.

Fortunately, we've entered the era of
“compuiational plenty.” Back in the
1960's. we had to devote almost 100% of
our computational resources just to do the
number crunching. By the 1990's, per-
haps 10% will be devoted 1o that. 90% will
handle the interfacing.

Earlier. I mentioned thal we're de-
veloping a single IC thal will perform the
essential funclions of an Al computer
(called a Lisp machinc). In 1986, Texas
Instruments announced the world's first 4-
megabit IC—an IC that can hold and ma-
nipulate four million bits of information.

— Thoseof those 1C's can be placed side-by-

side on a dime without covering all of it.

That's the kind of computing power—
complex, compact, dependable, and in-
expensive—that we have at our disposal
today to create expert syslems as casy 1o
deal with as human expents.

Think of itz No more " computerese™ 1o
master. no more frusirating protocols, no
more wading through incomprehensible
operating manuals. Just sil down and stan
talking. then sit back and listen. Imagine
having a computer tell you ~You don't
have to do it my way. 1'll be glad to do Qt
your way. " By the year 2001 [ think it will
come about.

Then, Arthur €. Clarke’s dream of
HAL the Compuler will be a working
reality—minus, of course, HAL's one se-
rious flaw.

Toward the unknown

Alan Turing, the great computer pi-
oncer, was once asked whether computers
wuuld ever be able 1o think. He answered
1 compule s0.”

My answer is different “Absolutely
not; bui they’ll be so clever you'll think
they're thinking. "

In truth, whether computers will ever
be able to think is a philosophical debate,
nol a scientific one. The important thing is
that we have already conclusively demon-
strated—in hundreds of applications—
that compulers can help humans think
more effectively.

Antificial intelligence is helping us
break out of the namrowly restricied world
of convenlional computing. Conventional
compulers are really giant calculatoes thal
solve problems with blazing speed,
provided that humans have thoroughly
siructured the approache¢s to the prob-
lems, have provided unambiguous rules,
and hawve input precise and centain data,
Conventional compulers deal wreichedly
with unstructured problems, ambiguity,
and uncertainty. A conventional computer
can be thrown into chaos if you tell it
“maybe.” "‘probably,” “my besl esli-
mate is...." or maybe “1°1] supply that bit
of data later.”

Yei most of the important thinking hu-
mans do is based on imperfect struclures,
ambiguity. and uncertainty. Clearly. all
planning for the future is beset by those
characieristics. Expert systems are al-
ready helping us handle such problems
with great power. Other facets of Al, such
as natural-speech input and output. will
soon make that powerful help available 1o
everyone.

It has been estimated that conventiona)
computers are presently doing the work of
five-trillion people. Since the population
of the world is about § billion. each of us
has an average of a thousand servants
working for us somewhere. If you've ever
had hassles aboul a miscalculated bill.
you'we probably concluded that a few of
your servanis are idiols, bul that's a small
price to pay for all the other good, low-
priced help.

Al compuiters, including millions of
small ones imbedded in useful products.
may never Supply that quantity of help.
but they'll supply help of a much higher
quality. Conventional computers made us
more cfficient, bul Al computers will
make us more effective.

1t's the fashion, in articles like this, lo
end with a detailed picture of the future
wonders that will arise from the new tech-
nologies. I'm pot going to do that. Ir
stead, | would like you to spend some time
dreaming of the possible wonders that Al
might bring. Those future wonders will
take many forms and shapes, each of
which will be tailored and adapted to the
user’s level of intelligence. knowledge,
needs. and wants. If you would like. you
can consider this & challenge, or pethaps a
thought experiment.

Most of the building blocks are avail-
able today. Some of those are embryonic.
a few are awaiting birth. and others are in
their adolescence. Your challenge is to
exirapolate the power of those tech-
nologies into the future, add your own
vision, and assemble your own wondrous
intelligent colleagues.

After all. it will remain forever the
province of humankind to dream greater
and grealer dreams.

An epllogue

Years ago, when people still'felt it their
duty to illustratc the computer’s lack of
common sense, the following slory made
the rounds:

A new user told the computer: *'1 have
two watches. One is ematic. and nups as
much as a minute last or slow. The other
won't run at all. Which should | use?”

The computer answered *The one that
is stopped. ™

Puzzled at that answer, the user asked a
human expert the grounds for the comput-
er’s decision.

“Obvicusly,* said the ¢xpert, “you can
never be sure the emmatic watch is correct,
but the stopped watch is precisely correct
twice a day.”

In a few years. if you give the same
problem to an Al system, it will give you
the better answer. explain its rationale,
offer to fix the stopped waich and adjust
the other, and suggest six improvemenis
in their designs.

The new age has already dawned. [
hope you look forward to it as enthusi-
astically as I do. R-E

THE EXPLORER “MEGACHIP" —arguably the mosl ¢complex IC sver developeéd—replaces several
cubic feet of Lisp maching Circuiiry. 1t's the key development 1hat will permit the use ol expaer! syslems
whereves they re needed. including in jet and helicopter Cockplis.
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For the driver, those technologies
would mean on-board, direct-to-satellite
communications links with dealer service
departments zllowing automatic diag-
nosis of any developing problems: high-
cfficiency airpurification systems: autos
matic passive-restraint sysiems; elec-
trunic light-emitting surfaces; auxilliary
electrical power systems using pho-
tovoltaic cells integrated into the roof; and
special glass coatings that reduce vision
distortion from rain, repel dust, and retard
formation of condensation.

Our vision of the future featurcs modu-
lar construction of the automobile—using
modules that can be ecasily reconfigured
for urban use, for family vacatbons. or for
long-distance travel.

But rather than just listing the features
of the fulure car. let me invite you to
imagine what it would be like to enter the
showroom of a Ford dealer featuring cie
newly introduced 2001 model.

A future vislon

As you enter the showroom, your firs,
glimpse of the car conveys its sirikingly
ascrodynamic appearance. As you move
¢loser. you notice that its appearance re-
sults from more than just the “clean™
basic shape. There are po apparent door
handles, rear-view mimmors or znlennas.
The glass, which comprises all of the ve-
hicle above the belt line, is flush with the
lower body and shaped with compound
curves 1o conform to the car’s smooth
acrodynamic form,

A Customcr Information Specialist
(C18) introduces herself and explains the
vehicle’s overall Airflow Management
Systenr—which includes such automatic
fcatures as variable ride-height control,
vanable skirts and spoilers that cancel all
induced lift, and variable air inlet/outlet
ducts—all under the coordinated control
of a central clectronic command system.

She points out the wide tires that blend
into smooth, disc-like, body-colored
whcels and explains how the tire-reinforc-
ing cords are continuous with, and flow
into the molded plastic wheels, resulting
in a perfectly balanced, light-weight,
high-performance integral element.

As you stroll around the car. you won-
der al the apparent lack of tum-signal in-
dicators, side markcr lamps, or tail‘brake
lights. The C1S expiains thar all of those
functions are now accomplished by elec-
tronic light-emitting surfaces, which have
been integrated into the glass and selected
body areas, and are almost invisible un-
less they are lighted.

When lighted, the areas become highly
visible and vary in intensity, color, and
shape to clearly communicate the driver's
intent and the vehicle’s operating con-
dition, such as its rate of deceleration or
acceleration. She illustrates her explana-
tion by activating the left turn signal. In-
stamly, you see a large, bright, flashing

yellow arrow appear on the bottom left
region of the rear window anca.

To open the car door, the CIS demon-
strates the Keyless Entry feature, which is
activated by a coded sequence of touches
10 sensilive arcas on the side window. In
respoise to the proper code, the door au-
tormatically opens: an exterior handle is no
longer needed.

Now that the door is open, the CIS
inviles you to slide Into the driver’s seat.
The seat momentanly feels alive as it au-
tomatically adjusts to conform lo your
body, like a fluid-filled bean-bag chair.

She continues by explasining that the
Automatic Total Contour Seat is part of an
overall Individual Occupant Accom-
modation package that also provides indi-
vidually selectable climate control and
audio programming for each occupant,

The CIS points out that in place of rear-
view mirrors, there are multiple electronic
cameras that are individually programma-
ble for the best direction and size of field.
Those cameras are stnall and look out™
through the glass, so icy are almost im-
possible 10 Jdetect.

They display on a 3-segment screen lo-
cated on the upper rim of the Driver Infor-
mation Module and poftray the environ-
menl behind and to both sides of the car.
There are absoluteiy no blind spots. and
the system senses non-visible infrared ra-
dimion: it works equally well at night and
during inclement weather.

She points out that the same technology
also operates a forward-looking infrared
system that provides driver vision during
heavy fog, rain, or snow conditions in the
form of a heads-up display on the wind-
shield where driver attention focuses.

The CIS now fnvites you to watch &
short video presentation that illustrates
some of the car’s construction details.

Modular consiruciion

The holographic video show introduces
the automobile as a breakthrough in the
development of modular construction.
You watch as 3-D representations of the
vehicle's basic building blocks appear out
of nowhere and slowiy rotate into cormect
positions, while 1 voice explains the ad-
vamages of that modular assembly.

You learn that the basic vehicle module
is an Occupant-protecting “cage™ con-
structed of heat-treated alloy steel pre-
forms that are bonded together with struc-
tural adhesives to form an incredibly
strong and resillant structure. The nar-
rator stalcs that two-_ four-. and six-pas-
senger modules are available.

Front and rear-cd modules attach 1o
the cemtral occupant cocoon with what
appear to be about a dozen bolis. The
integrated engine/transmission power-
traln is itself a sub module that can be
installed in ¢ither a front or rear module.
For applications where 4wheel drive s
required, or where “dual power” is con-
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sidered in asset, a powertrain module may
optionally be installed in both the front
and the rear.

Required tailoring of parameters such
as suspension rates, damping charac-
teristics, und brake proportioning is ac-
complished by appropriate progrmamming
of the central electronic control system,

The steering is also under electronic
control—which automatically orehes-
traies complex 4-wheel steering re-
sponses to completely normal driver
inputs. That effectively exiends the per-
formance range of the vehicle during any
radical mancuvers.

The video show concludes by showing
how the completed assembly of mod-
ules—which is basically u drivable vehi-
cle—is skinned by large plastic panels
which are corrosion-proof, damage-resis-
tant, and easily replaced if required. A
full-length, smooth_plasi>g_underpan re-
duces air turbulence under the vehicle and
provides some drag-free ~ground cffects”
road handling.

The CIS points out that additional rod-
ules will be introduced from time 10 time
as market research uncovers new consum-
er needs. She emphasizes that all modules
will be readily intcrchangable, and it is
cven possible to rent a module and tem-
porarily reconfigure the vehicle for short-
tcrm purposes such as vacations.

Flying 1he simulaior

The CIS suggests that you spend a few
minutes fn the dealer’s vehicle simulator
which will demonsurate the operation of
various features. She explains that the
simulator is based on acrospace flight-
simulator wechnology.

Upon entering it and closing the door
you are amazed al how life-like the experis
ence is. The CIS joins you on the pas-
senger side and gives you an operator
authonzation code that’s needed to acti-
vate the simulator.

Of course, the conformable seat has
already adjusted to you, but you've expe-
rienced that earlier. You adjust the Adap-
tive Periphera! Vision sensors and the
sound system 10 your preference. You
notice that the sound system couples low-
frequency response to your body directy
through your seat, greatly enhancing the
realism.

The CIS explains that you can now
make several more personal-preference
adjustments. The first is Climate Centrol.
You select a temperature of 68° F, where-
upon she reaches for her individual Occu-
pant Accommodation control pad and
selects atemperature of 72° F for her side.

Now you begin to “dnve” the sim-
uiator while the CIS uses a special control
to czll up u range of road surfaces. As you
begin to acquire a fcel for the ~vehicle,”
she suggests thal you experiment with the
driver-preference controls which deter-
mine effective suspension-spring raies
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and damping characteristics. Also. you
experiment with the controls that program
the steering effort, sieering sensitivity,
and simulated road-feel feedback. You
converge on a combination of settings
which feels best for you.

Since you are now “driving” the sim-
ulator in a more spirited fashion, the CIS
asks if you would like to experiment with
the instrument format. You sequentially
review each of the 12 basic pre-pro-
grammed information fermats as they ap-
pear on the colored flai-panel display of
the Driver Information Module. Ul-
timately, you opt for an electronic repre-
sentation of a few basic analog gauges
augmenied by a variable color bar-charnt
which graphically displays that all of the
vehicle’s critical systems are operaling
within their normal range.

As you really extend yourself at simu-
lated high speed along a twisting road.
u feel-the conformable-seat grip yo
lighter. Also. the instrumentation display
simplifies to an easier-to-read, less-dis-

tracting format.

After several minutes of that, you do
manage to find the limit and spin-out. You
shut off the simulator and remark to the
C1S how useful that experience was to
you. You had no previous idea that a
“road car” could be stably controlled at
such high rates of latcral acceleration.
You mention that you will probably now
be a better driver should an emergency
situation arise. She agrees and explains
that the simulater has been used effec-
tively for advanced driver training. But
now it's time 10 try the real thing.

21stcentury automotive serivce

On your way to the parking area where
thc demonstrator vehicle is parked, you
pass by the dealer’s service arca and the
CIS introduces you to the service man-
ager. He describes the recent changes that
have occurred in his department,

First. the new vehicle’s central control-
system contains a self-diagnostic feature
that pinpoints the source of virtually all
problems. Because of the car'’s highly
modular construction, the preferred repair
technigue is to replace the offending mod-
ule. In most ¢ases. thal can be accom-
plished in a couple of hours. The modules
that are removed will be repaired either at
the dealer’s facility or at regional service
centers. or they will be retumed to a facto-
ry where they will be compleiely re-
manufactured and rcissued.

Continuing his explanation, the Ser-
vice Manager informs you that redundant
systems and “limp home" fealures make
it highly unlikely that the vehicle would
ever break down on the road. If it should
occur, however. its on-board dircct-to-sat-
ellite, two-way communication system
will automatically contact the ncarest
dealer. The dealer system will analyze
failure data and determine whether the
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telephone hookupa will put you In touch with the outside world from the start to linlsh of every journey.

problem can be fixed in the field using
replacement modules in inventory.

If the problem is not fieldcomeciable,
a service van will drop 01f a loaner vehicle
and transport your car back to the dealer’s
service department for repair.

When the Service Manager finishes his
explanation, you ask about the *"1wo-way
satellite communication systiem’™ and
**on-board navigation system”—iwo fea-
tures you had not heard about before. The
CIS ussures you that the demonsirator
contains both systems and that they will
be explained during the test drive.

Driving the demonstration vehicle

As you slide into the driver’s seat in the
demonstrator, the C1S hands you the driv-
er ID card that she programmed in the
simulator. That card also contains the au-
thotization code for this vehicle. [nserting
the ¢ard in a slot in the Driver Information
Module, you start the engine while all
driver-adjustable systems automatically
adjust to your prefercnee.
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Ii's acold fall day—well below the 68°F
seiting of your Individual Occupani Ac-
comodation control, and you're aware
that you are being bathed by a gentle
stream of warm air. The CIS explains that
that is a Quick Heat feature, which uses
energy from an auxilliary electrical power
system that generates ¢leetricity using
photovoltaic eells integrated into the roofl
glass. [t stores that power in a high-encr-
gy-density solid-¢lectrolyte battery.

As you pull out of the dealer's lot, the
CI1S begins to explain the communication
and navigation systems. She informs you
that the demonstrator you are driving has
automatically established contact with a
geosyncronous oOrbiting satellite.

She switches on the navigation sysiem,
and a map of the dealer’s ncighborhood
appears on a flat-pancl display on the right
side of the Driver Information Module. A
flashing dot indicates the exaci location of
your car. As she dials-down the resolu-
tion. the neighborhood map “zooms™ o a
full-city map; but the position of your car
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is still rcadity apparent. She points te the
map and suggests that you head for a near-
by frecway.

She then programs the navigation sys-
tewn to guide you to the freeway cnirance
by using audible commands, and a pleas-
anl woice instructs you: “Turn right at the
next inlersection and move into the lef-
twm lane for access 1o the freeway en-
trance ramp.* The same instructions ap-
pear on the screen, superimposed over the
map dispiay.

You also leam that navigation is only
one function provided by ihe satellite link.
She pushes another bulton and the map is
replaced by a display of local information
topics including: hotelsymotels, restau-
rants. rouie selectivn, amusements, mu-
seums, and local events.

The CIS continues by explaining the
Securily Alen fcature. You leamn that sen-
sors inlegrated into the window glass and
in other K&y locations can detect any 8-
ternpt to break into or sieal the car. When
the sensofs are stimulaied, the communi-
cation and navigation sysiems will auto-
matically link up with a central Customer
Security Services facility operaled as a
customer service. The pollce depantment
closest to the car will be notified and given
the car's exact jocation. The sysiem can
also be activated manually for any neces-
sary enwrgency assistance.

By now you have reached the freeway-
entrance ramp. As you accelerate to the 76
mph speed limit, the C1S introduces you
to the Automatic Guidance feature. You
leam that this eature uscs the navigation
sysiem in conjunction with data from on-
board sensors to provide totally automatic
vehicle guidance on certain of our inter-
siate highways.

This particular highway has been
“mapped.” so the CIS shows you how to
engage the guidance feature while con-
tinuing 10 explain that within a few years,
a complete injerstate “grid* of highways
will be ““mapped” and reserved ex-
clusively for aviomatic-guidance-
equipped vehicles.

As the automatie sysiem lakes over, you
release the controls and observe ihat Lhe
demonstrator vehicle tracks smoothly
down the center of the Jane al a constant
70 mph. As you gradually close in on a
slower-moving car ahead in your lane, the
demonsirator automatically signals for a
lane change and pulls smoothly to the left.
passing the slower vehicle,

The CIS explains that even when the
vehicle is not being automatically guided.
constantly operating features of the guid-
ance system will prevent unsafc lane
changes and passing mancuvers. The sys-
tem will also detect upcoming road haz-
ards, such as an ice patch. and help the
driver to respond appropriately. Is an
cmergency, that constantly operating sys-
tem will take over so that il is almeost
impossible for the car so equipped to hit
another object.

Your demonstrator completes its pass,
signals fora lane change and pulls intgihe
right lane while smoothly avoiding a piece
of truck-itre tread lying in the road be-
tween lanes, The CIS suggests that you
take the upcoming exit ramp, so you
switch off the automatic guidance systcm
and netice that it does not relinguish con-
trol until you conclusively demonstrate
that you are back in command.

The road back to the dealership is
lightly traveled and twisting so you cn-
gage in a mild version of the performance
driving you enjoyed in the simulator. The
demonstrator confirms all of your sim-
ulator impressions. You try 1o skid o a
stop. but your car refuses o lock its
wheels. It just stops rapidly, but smoothly,
while maimaining your full steering con-
wrol. You try to spin the wheels on gravel
when accelerating away from com-
struction al an intersection, butl you can’t
do it. The ear just accelerates smoothly,
autornatically determining the maximum
raie il can attain.

Nearing the dealership, you pass a
road-repair crew generating a cloud of
dust and spreading hot Lar on the road’s
shoulder. As you pass this scene, you real-

MODULAR CONSTRUCTION will atlow your £ar to be custom bullt and upgraded as new moduies are
introduced. You'll a1sc be able la rent modules to temporarily reconfigure you car—lo take a familly
vacation. lor example.
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ize that you did not deteet the expected
odor of 1ar. “*The air-purification system
fillered itout, ™ the CIS explains. You also
remark that no dust stuek to the wind-
shield even when you stopped momen-
tarily in the dust cloud. *‘It’s clec-
trostatically repelled.” she explains. and
she also mentions that the windshicld has
a speeial coating inside and out which
reduces vision distontion from rain and
greatly retards the formation of any con-
densation on the glass surfaces.

As you necar the dealership, the CIS
explains thal this car ean electronically
eommunicate with others. Soon, all new
vehicles on the road will have that feature.
That capability also functions as an ad
junct to audible horns and sirens. and is a
panticularly useful way for emergency ve-
hicles to warn ncar-by drivers, par-
ticularly in urban arcas where sirens are
used less ofien.

Placing your order

As you retum to the showroom, the CIS
accompanies you to an interactive Vehicle
Specification Sclection and Onder Coor-
dinating Terminal whete you work out the
exicl combination of features and options
you wish to order.

She helps you to consider the relative
virues of the various powertrain options.
You select a higher horsepower unit for
rear module/rear drive installation. That
basic engine adapts to various fuels—in-
cluding gasoline and alcohol. You select
gasoline, since that's the prevalent fuel in
your area.

The CIS mentions that a hydrogen-fu-
cled powertrain with high-performance
capabilities is in the final stages of de-
velopment and supgests that you may be
interested in trading in your gasoline-fu-
cled powertrain and upgrading to the hy-
drogen unit in @ couple of years,

When you finish the specification pro-
cess, the C1S explains that your order is
now being entered, analyzed, and sched-
uled at the factory. Just as she finishes her
explanation. the terminal displays 2 mes-
sage that your order has been placed and
your car will be delivered Lo your dealer—
exaclly 15 days from now.

After thanking the CIS for her help, she
invites you to tour the manufacturing
complex where your car will be con-
structed. The comptex is only about 120
miles away, ard a tour takes abowt half a
day. That sounds great to you, and it is
conveniently arranged.

21st-century manufacturing

The first stop on your tour of the min-
ufacturing complex is a small auditorium
where your tour guide explains that you
will see a shont film that explains some of
what you'il see later. You learn that all
engineering and manufacturing process-
ing is now accomplished on an integrated,
computer-driven engincering. design.
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processing and testing network that ties
together all design and production cen-
ters. Even key suppliers are tied into se-
fected parts of this network.

The film presents an overview of the
manufacturing complex. You learn that
the central Vehicle Final Assembly facili-
by is responsible for assembling com-
pleted modules and sub-assemblies into &
finished sutomobile. Those modules arc
supplied on a just-in-time basis from a
ring of surrounding plants which use
highly automated but flexible processes to
manufacture, and remanufactuse. a vari-
ety of components. Those factories are
operated by a highly trained staff,

Not all manufacturing operalions are
represented at the complex you will tour.
Engine blocks. steel struciural pre-forms
and major glass components are all sup-
plied to the module-fabrication plants
fromcentral facilities. The film concludes
Ly presenting those operations.

You see one-picce aluminum engine
block/cylinder headftransmission case
casting with ceramic inserts being pro-
cessed by evaporative~casting technigues.
You watch large pieces of thin glass being
laminated lo transparent ptastic and moid-
ed into complex shapes which are light-
weight but shatterproof

The film's concluding sequence shows
steelmaking in which plasma melting
techniques are used lo produce carcfuily
controlled, high-purity alloy steel, which
is cast into a thin slab requiring minimum
hot rolling before il is cold-rotled into a
finished sheet. Some of (he sheet steel is
¢electrolytically coated with a nickel alloy
for outstanding corrosion resistance and is
supplied in that form to other Ford man-
ufacturing locations. Other sheet material
is roll-formed into a structural preform
which is cut to length, stretch-formed and
selectively heal-treated by lasers.

The real tour starts in the Powertrain
Module Factory. There you watch as
robots that, in your guide’s words, can
“see,” “learn” and *‘think for them-
selves,” perform the complex task of as-
sembling a high specific cutput. high

it
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THE ALL-GLASS TOP OF FORD'S 2001 MODEL is Nush with the body. giving the car execellent

aerodynsmic Performance.

RPM, internal combustion engine within
a “‘monoblock” casting which also
houses the integral Continuously Variable
Ratio wransmission.

The highly automated assembly pro-
cess makes it difficult for you (o see all of
the operations, but you are able to visually
confirm your wour guide’s claim that many
of the engine’s intcrnal components are
fabricated from high performance plastic
composite materials.

The guide also points out that the en-
gine’s various covers and “pans” are in-
stalled with structural adhesives and are
not removable in the fieid.

As you sludy the finished powertrain
modules at the end of the assembly line,
you notice that they arc all fully tntegrated
units, devoid of any *“hung-on™ accesso-
ries. For contyol purposes, a single clec-
trical umbilica! is provided to plug into
the vehicle’s central control-system.

Your next stop is the Greenhouse Fab-
rication Factory where you watch large
formed-glass picces being unloaded from
trucks onto a line for Magnetic Vacuum
Sputter Deposition. That process, your
guide cxplains, is uscd to deposit multiple
thin films of exotic materials to insulate
the car’s interior from the sun.

That, you are told, allows smallers
lighter air conditioning systems and pre-
venls degradation of the car's interior ma-

THE INTERIOR OF FORD'S FUTURISTIC automobile is revealed in this photo by the removal of the

glass lop.
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terials from ultraviolet radiation. The
coatings also impart cosmetic color to the
glass, control glare, and reduce the tend-
ency to fog. In other operations, varicus
sensors and antennas required for features
such as keyless entry, intrusion detection
and satellite communication are intc-
grated ino the greenhouse strueture.

You next visit the Exterior Panel Fab-
rication Factory where large panels are
injection-molded from high performance
thermoplastics or formed from reinforeed
thermoset plastic composites with
finished color gel coals in large presses.

Your tour also includes stops at the Sus-
pension Module Assembly plant and the
various structural module fabricalion
plants where you watch robots apply fast-
curing structural adhesives to bond cle-
ments into an inlegral structure.

All modules leave their various assem-
bly plants complete with all sensors, actu-
ators aml control €lectronics and a single
electrical power-distribution bus.

Your tour ¢nds at the Final Vehicle As-
sembly plant where all modules arrive on
4 coordinated. just-in-time basis and arc
assembled by robots, with minimum
human assistance, into a completed vehi-
cle. A comprehensive computer-directed
final checkout procedure compleles the
manufacluring process.

On your drive home from the plant 1our,
you think about the seven days remaining
uniil you take delivery. You can hardly
wait! A-E

Well, there you have it. A look at 21st
century iransporiation reclnology. mete-
rials, and manufacturing processes as we
at Ford Motor Company row aniicipaie
them to be. To me. it's a fuscinating pros:
pect. But gerting from here to there will be
even more jascinating. While I expect to
be happily retired and playing golf in
Palm Springs when 200! comes around.
whar we do for the remainder of this de-
cade and into the 1990's will determine
whether or not this scenario comes any-
where near reafity. And, as | nored at the
outser, how we frear our customers and
how we treat our own people witl make all
the difference.—Donald E. Petersen
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Apr, 4, 2001
Dear Sue,

I'm still glad I left the Back to Basitcs commune, but I admit that being ratsed there does
have some advantages. Although I may struggle with today's technology, at least I know
how to read and writel That, along with my experience on the commune newsletter, got
me my new Job: researcher for Telscommute, an electronic magazine.

When I say I'm a researcher, I don't mean I run around town viaiting libraries. I sit at
my office workstation, tell the expert-systém researcher what information I heed, and
let it dig out the data from the online databanks we subscribe to.

Although Telecommute is transmitted electronically, the editor designs it to be read as
hardcopy rather than videotex. Subscribers scan the magazine on thelr home terminals
and print out only the articles they want to read more closely.

Such on-demand printing 1A commom. In fact, books printed on printing pressas.ate
considered antique curios, of interest mainly to rare-book volltectors, (That library of
books at the commune may be worth a lot of money some day!) High-speed laser
printers can print out full-color illustrations and double-sided copy, thon adhesive-bind
the pages.

The editor told me that when high-resolution screens displayed type as clear as print on
glossy magazine stock, many people said that paper books and magazines would vanish
altogether, That still has not happened —certain typses of communication, such as those
requiring analysis, can be more easily read and understood &s hardcopy. Even for casual
reading, many prefer it to book disks that are read on portable book screens.

My first research assignment was to dig up background for an article on bootleg TV-art.
8ubscription TV-art displayed on high-resolution flat-screen TV'8 has become popular. A
TV-art reproduction—French impressionist—hangs on my wall at home. The quality
doesn't match that of the original, of course, but it's about the same as the print
reproduction; it doesn't need to be mounted or framed, and I can change it whenever I
want o just by requesting another selection from the catalog. Video artists found & new
market selling to the subscription art serviges. But now, because hackers have
downloaded popular srtworks onto optical disk and sold bootlegd coples, some artists are
demanding improved safeguards.

Doing research on that article gave me my first taste of how the expert-system
researcher works. One feature I particularly like is the databank guide. I request
information from the guide, and give it search parameters, and it becomes an instant
librarian: It designs a search pattern, then collects, catalogs, and electrondcally “shelves’
the results. It can search international foreign-language sources and run them through
its translater. I found that sources criginally writien in Japanese, Russian, Chinese,
Arabic, and Swahili can give a broad perspective.

I can learn more in one week researching electrondcally than in months researching in
library books. Sometimes I complain about information overload, but then I remind
myself what life was like back home. With electronic research, printing on- demand, and
art broadcast on TV, 2001 offers plenty of mental stimulation. Sue, admit it—don’t you
find life in your Back to Basics commune just a little dull®?

Love,

WWWW americanradiohistorv comm
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SOLID STATE
TECHNOLOGY

IN THE

e 1st CENTURY

One gigabit in three dimensions.

B L. GREGORY

OURTGEN YLCARS AGO TIIG INTE-

grated-circuit industry introduced the
I-kilobit MOS Dynamic RAM (DR AM).
Although the DRAM has reached the |
megabit level—a tenfold increase—il
took live generations of development
since 1973 to get there. In retrospect, cach
step in the development of 1-megabit
DRAM’s is obvious, yet few people in
1973 would have been able to chast the
advances in both the processing and the
equipment that made the progress of the
last 14 years possible.

What made it difficult, back in 1973, to
see 14 years into the future is that prog-
nostications are really limited by what we
already know. It's relatively easy to pre-
dict the next generation of technology be-
cause it's usually based on existing
knowledge and production eguipment:
The problem of getting there is largely
one of execution. IU’s predicting the third
generation that becomes difficult because
key pieces of technology or equipmem
normatly do not exist. or at best we sur-
misc what direction technology will 1ake
based on what is already known. Beyond
the third generation. predictions become
very inexact; al their best they are giessii-
mares that must be solely based on extrap-
olations of past rates of progress.

What does the extrapolation process
show us about the fuure? Between the
late 1950°s and early 1970's. chip com-
plexity doubled every year; a pace that was
difficult to sustain. In the carly seventies it
slowed to a factor of four increases every
three years. Indications are that. as we
appreach the existing technical limits. the
rate of change will slow even further in the
decade of the nineties. But even with
slower progress. cxtrapolation predicts
that in the year 2001 it will be possible to
fabricate a l-gigabit chip (1000 million
bits) having a minimum feature size of

less than 0.25 micron and an area approx-
imalely ten times larger than today's
largest chips.

Another approach to prediction is to
identify fundamental limits. This can take
the form of limits in feature size due to
lithographi¢ or other patterning con-
straints. [t can take the form of practical
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limits on the thinness of gate oxides nec-
essary for high reliabilicy. The limit can
become even more fundamental and relaie
the energy involved in a semiconducior
device's swilching action. or the charge
stored on a slorage capacilor, to the funda-
mental thermal noise present in the de-
vice's clemenis: or the energy might be
related to the charge produced spon-
tan¢ously in a device when it is transisted
by a high-energy panticle. For example.
without the shielding cffect of the Eanth's
aimosphere on cosmic rays. we would not
be able (o use our present complex inte-
graied circuits because of induced logic
and memory upsets.

We can atiemp to predict the evolution-
ary equipment that will set the major lim-
tts in future manufucturing processes. If,
for cxample, we knew the capability and
availability of future generations of op-
tical lithographic {photographic) equip-
ment we would c¢liminate a major
unknown in our predictions—assuming
that optical systems will still be used for
manufacturing chips.

But there is hazard in that Kind of thiok -
ing. because it is based on the existing
technology that uses an optical process to
improve rwo-dimensional (2-D) chip den-
sity by making the features smaller. The
existing 2-D technology might casily be
superseded in two generations. For exam-
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FIG. 1=THE PROJECTED EVOLUTION OF ORAM 10 the year 2001. The major breakihrough in expected

to occur when the chip structure can be made three-dimensional.
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ple, the introduction of three-dimensional
(3-D) technology would aliow us to work
within the depth of a chip (in connected
layers, so to speak) so that the overall
active density of the chip would be in-
creased without requiring smaller feu-
tures. Or, the chip might contain its own
lesting sysicm capable of bypassing faulty
mMCMOory circuiiry. thereby permitting
larger chips to be built &t greater yields—
meaning fewer and fewer rejects caused
by faulty memory.

But enough said about the diffi-
cultics—on to the predictions! The most
complex chips in 2001 will be DRAM's,
NMQS (ncgative-channel MMS) tech-
nology. which is used for both DRAM’s
and CPU’s, will have given away to
CMOS for a varicty of reasons, among the
most important being lower power re-
quirements and improved submicron per-

formance. Although new architcctures

will reduce CMQS power to minuscule
levels, 1he higher density of the 1-gigabit
chip will nevertheless concentrate what
little hicat there is per individual cell, so
new, more cfficient. concentraied cooling
techniques will be employed (o provide
for the power dissipation required in 2 |-
gigabit chip.

The chip itself will have 3-D circuitry,
employing both horizontal (2-D) and ver-
tical {3-D) devices, multilevel 3-D de-
vices, and several layers of electrical and
opiical interconnections. In a sense, the
chip will resemble 2 modemn commercial
building having some office complexes on
a single floor (2-D), others occupying sev-
eral Noors (3-D), horizontal raceways for
communication wiring (2-D), and vertical
raceways or the elevator shaft (3-D) for
interfloor wiring. To the process engineer
of 200I, the processes of 1987 probably
will appear as primitive as a 10-micron
metal gate and a high-threshold PMQS
appears to us today.

Referring to Fig. 1, from what it is pos-
sible to conceive from present technology,
we have extrapolated the limits, pro-
cesses, and equipment that are likely in
the evolution of DRAM’s from the present
to the 1-gigabit chip of 2001. Because it is
a densicy-related 3-D system, we expect
that X-ray lithography (synchroton
source) will be required in the Late 1990's
in order 0 continue DRAM evolution.

Other sllicon products

The DRAM is a high-volume, cost-
sensitive product. Decisions made con-
ceming its technology are not automat-
ically relevant to low-volume. high-value
ASIC (Application-Specific IC) chips. An
ASIC chip is an ulira-high-density device
containing a complete sysiem made lo
order for a specific application. Strerching
the imagination, one ASIC chip might
comprise ail the electronics of a personal
computer system: the CPU, DRAM, and
support systems. More likely, an ASIC
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might contiin the entire electronic system
for an automcebile: Everything from a
volce synthesizer waming that the doors
aren’t closed to the computerized ignition
system. Similarly, one or two ASIC's
might comprise a complete cellular tele-
phone, something that presently takes a
bagful of components, of which many are
already multi-function integrated circuits.

Even today a schism is developing be-
tween the technologies used to manufac-
ture DRAM's and ASICs. Although the
DRAM process is continuing on an op-
tical-lithography path, high-performance
high-density ASIC's, called VHSIC's, are
being produced by direct-write E-beam
lithography. Other technigues for man-
ufacturing ASIC's and VHSIC's that are
still in the carly stages of development
include laser-assisted deposition/etching,
and focused-ion beams. The advanced
ASIC line of 2001:

a) will not use any form of mask or
relicule.

b} will use a combination of E-beam,
laser and ion-beam processing.

¢) will depend on extensive computer
resourees for design, simulation, process-
ing and testing.

d) will be designed using innovative
techniques to achieve high levels of toler
ance against both hard and soft faults.

New materials

Because compound semiconductors
provide greater speed, and because speed
is the key to performance in VLSI (Very
Large Scale Integration) circuits, it is
more than likely that 2001 won't be i
silicon world. Right now, new classes of
synthetic compound semiconductors are
being developed in research tabs and uni-
versities around the world. In particutar,
there is a greal deal of effort going into
improving the materials-technology of

WWWW americanradiohistorv. comm

gallium arsenide (GaAs), which is con-
sidered by many to be the most mature of
the compound semiconductors. By 2001,
the compound semiconductors will be ex-
tremely fast. and single-gare switching in
just a few picoseconds will be possible.

Although it weuld normally be difficult
to take advantage of such speed in com-
plex IC's duc 10 the parasitic resistances
and capacitances present in large chips,
the shorter paths of three-dimensional
structures will maintain the higher speed
by reducing the signal delay between dec-
vices (because they will be within the
same struclure).

In 2001, the major impact of high-
speed compound semiconductors will be
in devices that successfully combine op-
tical and electronic signal processing; de-
vices that combine ultra-fast analog-to-
digital conversion with digital signal-pro-
cessing to make possible digital video
transmission and reconstruction at greatly
reduced bandwidth. Also, compound
semiconductor devices will be standard in
monolithic circuits, in integrated optical
arrays of various sorts, and in high-perfor-
mance communications. However, com-
pound semiconductors will not have
succeeded in the semiconductor memory
market. There, silicon wilt continue to be
the unquestioned leader, although the cur-
rent wasteful approach to memory fab-
rication will be eliminated in 200l—we
thow away approximately onc-nalf the
silicon we make due to defects. In 2001,
on-chip fault-compensation will allow us
to use all the chips.

Although we anticipate that silicon will
still be the material of choice for memory,
the search for different, higher-density
memory materials will continue. Should a
new memory material be ereated, the pre-
dicticns in this articte will most likcly
provc to be (oo conservative. R-E
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poison gases or radioactive con-
laminations arc & possiblility. They can
also do work thal is too filthy or unpieas-
ant to be popular with human beings.

Then, loo, they can do some kinds of
work more efficiently than human beings
can. When properly powered and main-
tained, robots do not get tired. do not get
bored. do not 1ake dislikes to other work-
ers of to supervisors, and do not need lo
1zke coffce-hreaks, visit the bathroom, or
stop for lunch. They work with greatcr
meticulousness and reproducibility.

All that is obvious, but there is anoher
poinl that is, perhaps. casy lo miss,

Throughout histery, human beings have
sought help in doing the heavy labor that
nceds to be done. Animals were hitched to
the plough or set to ruming millstones,
dragging carts or chariots, and carrying
human beings. Levers, wheels. inelined
planes, and ever more complex combina-
tions of those simplc devices were devised
to do work more ¢asily. Sources of energy
other than human and animal muscle were
looked for—the wind, Nowing water, and,
maost of all, burming fuel.

However, when all that could be done in
the way of the use of animals and ma-
chines was done, there still remained jobs
that, because of their complexity, had to
be done by human beings. Yet a greal
many of those jobs, although (00 complex
for animals and machines, were far too
simple to make use of the full potentizl of
even ordinary human brains.

The repetitious work done in factories
and offices, the endless tightening of bolts
or filing of papers, the alphabetizations
and hammerings, had to be done by
human beings under conditions that did
not engage the hrain excepr to a mosl
limited extent. The brain, largely unused.
loses much of its capacity. as unused mus-
cles will. A brain that has no occasion lo
think, becomes unused to thinking, and
ends by being unable 1o think.

It was cusiomary in pre-industrial times
to think of the peasants and serfs, who
madc up at least 50 percent of the human
race, as sub-human and brutish. little bet-
ter than the animals they lived and worked
with. To some cxtent. that was justified—
but the serfs were not born so: they were
made so by the nature of the work they did
ail their lives, work that neverengaged the
mind.

In today’s industrial time—in the
United Siates, for instance—we are far
less inclined to despise the "lower class-
es.” We attempt o educate everyone to
some €xlent, and we maintain the belief
that since all human beings are human
beings then everyone has an opinion that
ought to be considered. It follows that
oplnion polls mercly present numbers and
have nothing 10 say about the guality of
thaught behind the opinions. It also fol-
lows that we allow every human being an
equal vote in political contests.

Yer most people, even in the United
States, are condemned to those re-
petitious, stultifying, non-mind-engaging
jobs that leave them largely unable to
think. They are casily swayed by slogans,
by illogic, and by distorted appeals 1o
prejudice and emotion—all of which
weakens our democracy.

The potcruial for change came in the
mid-1970's, with the developmenis that
led to small, cheap. yet enormously capa-
ble computers. Thal meant that comput-
erized machines could be made suffi-
ciently compact and affordable. and wer
suflicently capahle (0 be profitably used
n industry. The robots had come!

That meant that, for the first time in
human history. there cxisted a machine
that could perform the dull and reptitious
tasks (hat hitherto only human beings
could do. For the first time. the possibility
arose that human beings might be freed
from the necessity of doing work that siul-
tified the human brain and mixde it so
much less useful than it could be.

After all, is it not plain that work which
is so dull and repetitive thal a robot can do
it is beneath the dignity of human erxleav-
or? If a human being is forced to do it, you
make a robot out of him or her. Robots,
then, can free human beings to be human.

Put that way, it sounds very good-—but
it is not that easy. Those human beings
who are replaced by robots are precisely
those whose brains have been rendered
Haccid by unuse; and they may have lost
the capacity to wm their brains again to
use. What are we 0 do with them?

We might argue, of course, that ad-
vances in technology that wipe out jobs
have always created new jobs in numbers
far greater than those that had been wiped
out. There’s no reason to suppose that that
won't be 1rue of the coming of robot tech-
nology too. The work involved in design-
ing. manufacluring. maintaining, and
coordinating robots will require vast num-
bers of qualified people.

Re-educating socletly

The key word, however. 1s “qualified. "’
It will be insufficient to tell those who
have lost their jobs to robots simply to
take one of the new jobs that have become
available. They are not qualified. There
will arise the absolute necessity of an ex-
pensive program of retraining and re-edu-
catien. And for those who are 100 old or
too damaged by the life-work that has
been forced on them, there must be the
task of finding work they can do or of
giving them financial assistance.

The age of robots, which will be well
along in the year 2001, will therefore, as a
direct result, be also an age of huge educa-
tional projects designed to correct the
harm done human beings by a non-robotic
economy and to creale the people who can
fill the jobs that have been opened by the
robotic economy.
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It is clear, however, thal that problem is
& transitional one. [t belongs only to the
period of the change-over from a non-
robotic economy to a robotic one.

Presumably, the new generation born 1o
a robotic economy will, from the slart, do
only work that robots cannoet do, work that
engages the human brain much more fully
than hitherto. [t should be a thinking gen-
eration. fich in creadvity.

But is that possible? Might it not be that
cleverness, ingenuity. and creativity ane
hul rare properties and that most human
beings are, after all, only fil for the kind of
dull jobs a non-robotic economy would
afford them? We can't tell uniil we try, but
at least there Is historical precedent in
favor of the fact that we may be under-
estimating the capacity of human beings
generally,

In ancient and medieval times. the abil-
ity to read and writc belonged only to a
very few people—philosophers, scribes,
merchants, and so on. Most people did
not have the opportunity to tearn how to
read and write and it was generally
thought that they could not do so, even if
one atiempted to icach them. Literacy was
a rare faculty.

But as the world grew industrialized, it
became more and more important for peo-
ple. generally, 1o be literate. Industrial
nations cstablished the principle of uni-
versal education, and built free public
schools for the purpose and, behold, most
people in such nations are literate as a
result. Almaost all of us can read and write
with some facility. Those of us who can-
not suffer more from an imperfect educa-
tion than from innate lack of sbility.

50 it may well be that the generations
brought up in the 2Ist Century into a
robot-economy will display widespread
creativity, more widespread than we, with
our experience of a non-robot economy
only, are likely to credit.

To be sure, it means that in the year
2001, we will be struggling with the estab-
lishment of an entirely new philosophy of
education. Uniil now, the notion of mass
educaticn has mcant one teacher for many
students (since it is all 100 difficult to find
capable teachers), 1t has also meant a stan-
dandized curriculum in which everyone
leamns in the same way at the same speed.
No allowance is made for individual dif-
ferences, with the result that most stu-
dents are either confused, bored, or
resentful of the learning that is forced on
them.

Fortunately, the coming of a robotic
econemy means the coming of a gencrally
compulerized economy, for robots them-
selves are the products of computers. Li-
braries will be computerized and the
compuler outlet, which may be present in
nearly every home by 2001, will make it
possible for pcople generally (adults as
well as children) to satisfy their curiosity
in any feld.
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We all love to leamn, if we are given a
chance, provided that the leaming is in a
field in which we are interested. Afier all,
the human brain is panticularly proficient
in learning, and anything for which an
organism is well adapted is pleasant 1o do.

Therefore, in addition © school where
basics are learned, and where students
lcam how to deal with human intcractions
and those subjects that require such inter-
action, there will also be time at home
where youngsters can pursue their own
inquires and explore his or her own inter-
ests and potentialities. In a sense, cach
child (and adult, too) will have a private
tutor in the form of an advanced and inter-
active computer that can guide curi-
osities, supply answers, and even suggest
new avenues of questioning.

In 2001, then. we will be looking for-
ward to a world in which human beings
will, almost automatically, find them-
selves delightful ways of lifc, some™i
science, some in art, or music, or liter-
ature, or governmenl, or industry. or show
business.

We will be looking forward to a far
richer and happicr world. and we will be
learning to be grateful to the faithful,
hard-working robots who will have Laken
the weight of all the dreadful hack-work
from our shoulders and our minds, and
will be doing the dull work of the world in
order that we might do the interesting
work .

Humans vs. Robots

But will the robots stay where they are
put? Surely, they (and eomputers in gener-
af) will continue to be improved, will con-
tinue to be made more versatile, and given
additional powers. They will be able to
take over more complex jobs.

Will humanity be engaged in a hopeless
race; climbing the mountains of complex-
ity and creativity, with the inexorable
robots always close behind, until we de-
spairingly reach the highest peak of all,
only to be pushed off by the robots? In
other words, will robots and computers
finally replace human beings allogether,
simply because they will become more
intelligent and capable than humans?

| don’t think so. Such fears are based on
the assumnption that intelligence Is a rather
simple thing, a unilary phenomenon; that
all objects that show intelligence show an
identical kind of jntelligence, so that di-
rect comparison is possible.

That can’t be so. Intelligence comes in
various vari¢ties and the greatest geni-
uses, transcendent in one way (Einstein in
physical concepts, Mozan in music,
Shakespeare in writing) may be quite ig-
norant. or even foolish in other fields. It is
not ¢nough. then, to say “intelligent,”
one must say “intelligent in this or that
way, "’

It seems to me, then, that robotic intel-
ligence is widely gifferent from human

ELECTRONICS IN

PERHAPS THE WORLD'S MOST FAMOUS ROBOT. The Space Shutile's remote manipulalor system
holds 8 monitor 1o detect contaminants sround the orbiter's cargo bay.

intelligence. [f we measure intelligence
simply by the ease with which we solve
mathematical problems, then the simplest
pocket commputer is already far more in-
telligent than we,

But, then, the human brain is not adapt-
ed for number crunching. We can’t possi-

THE TROIKABOT can casTy out comphen three-
dimensionsl ussembly tanks. We might ses this
Westinghouse robot In w juture space wistion.
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bly do any but the simplest arithmetical
operations in our head. For anything ¢lse.
we use our fingers, or an abacus, of Ara-
bic numerals writlen on paper, or a slide-
rule, or a computer.

What the human brain is good at are
such things as insight, fantasy, imagina-
tion, and €reativity. The human brain has
the abllity to look at a problem as a whole
and guess the answer. It can 1ake insufh-
cient data and work out the probable re-
sult, (I can write an essay such as this one
at top speed withoutl cver stopping for
conscious thought over the problem of
which word comes after which word. or
how (o structure a paragraph.}

Can we teach robots those human ways
of thought? Probably we can’t, because
we don’t know how we think. (I dom't
know how an essay comes out of me with-
out conscious thought, so I ¢can’t program
a robot to do it. What directions can [
possibly give it?)

Even if we leammed how to program
robots to think humanly, why should we?
We have humans to think humanty. What
we want are robots who think robotically,
who have capacities that we don’t have.

In short, in 2001, we will be looking
forward to a world in which robois and
humans, two different varicties of imel-
ligence. will cooperate, rather than com-
pete. Together we will advance far more
rapidly, than either of us could, sepa-
rately. R-E
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THE ¥IDEQ RESOURCE MANAGER (VRM) was instalied In ihe Buthor's home jor three months lor
lesiing. N allowed uB 1O share vided resources smong lour TV sets vid remole control. The remole
conirollers were besed on Touch- Tone-line keypade.

;}modtlntd.msru to Fesepdt ®

e aEnt vaRe.
a wlaw.
“ " P for dessrivtion. B
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FIG. 5 -DEMOCRATIC TV (DTY}MUST BE EASY TO USE, unlike current Videolsx syslems. Developers
are working on new ways of getting Information from the sysiem. including the Macintosh-liks

inlriace shown here. THE VRM COMBINED VIDEOTEX-LIKE SER-

VICES with remole-VCR comirol. From any locs-

; I a , R thon war could. using on-screen guides. choose
production as an elective along with pho-  ants. general inlerest/education. health!  one of several felevision services {a), obtain a

tography. Special-effects processors thal  science, instruction/how-10, movies/en-  Usting of current shows (), set up for delayed

mix multiple video streams are being re-  tertainment and sports/recreation. The m'“&“" aodiobtsiplsliiztinglolicument

scarched at Betlcore. to determine the ex-  Third Age of Video will change our habits ot

tent to which microelectronics can reduce  from shopping for one title out of several

the cost of such componcnls. thousand in the local video store to re-  head-end. The emsuing dialogue would
For example under study is an RGB  questing that onc of several hundred thow-  depend on the sophistication of 1he ser-

vidco-image combiner (hat can 1ake four  sand titles be downloaded 1o your VCR. vice offered. It might proceed as follows:

NTSC or RGB inpuls and combine them  The 1cchnology is available today and DTV System: Thanks for calling. Select

¢y into a single high-definitinn or 525-line  could compete as an altemative 1o video-  a subjecr category.

g RGB composite-video output. Withsuffi-  store shopping. Subscriber: Baseball.

O cicnl demandl. Cost could be reduced to DTV System: Select an event.

E the point where the equipment would be Demccratle TV Subscriber: Last night's linle-league
8 affordable by semi-prolessionals Consider 8 new service that we call game.

1l In the fourth edition of the Videe  Democratic TV (DTV). How would it DTV Systens: Currently being offered nos
& Sonrce Book. there are more than 35000  work? You tum the TV seton and selecte  later tfian 10 pm on Friday ai 33 50 to 17
g listings of video maicrial categorized by DTV service, Your videolew controller  other subscribers. We do not expect suffi-
«  business/indusiey. children/jusenile. fine connects you 10 a compuier in the cablc  cient interest to permii earlicr broadcast.
104
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STILL-IMAGE vIDEQ EDITING Is snother ap-
plication of third-age video lechnology. For ex-
ampie. varicus images can be superimposed (&)
on gne another. A standard video terminal can
be used to browse through an electronic “'book™
of video “snapshots” {b). Semi-protessional TV
producilon using equlpment like Ihat shown
here {c) can be ysed 10 combine several video
Signals Inlo a single cutput {d). The input slg-
nalc may be either NTSC or RGE; tha culput may
be in either the standard S25-line or the upcom-
ing high-delimlion lormat

Do you sull wish to subscribe?
Subscriber: If by Wednesday. yes. If not,
any baseball game will do.
DTY System: Conditional arder 1aken.
Anything else?
Subscriber: Display movie listings.

The basic idea is to use software and

ELECTRONICS IN

hardware technologies to take maximum
advantage of existing limited-distribution
networks. Maovies would be distributed on
the CATV network: control signals would
be transported on the 1elephone network .
A key element of the architeciure is the
VCR. Itis important becausc the capacity
of CATY networks is limited, and more so
if you attempted to provide video-on-de-
mand service to a typical system of 5000
subscribers. The reason is that most peo-
ple waich TV at the same time {7-10 pm).
and if half of & 35-chunnel CATY system
were devoted 1o DTV service. only 18
people would get to watch what they want-
ed. However. with intelligent VCR's (1o
which programs could be down-loaded
during off-pcak hours} 180 people could
watch their program choice with at worst a
one-day wait from the lime it was ordered.

DTV technology

Exactly what do we mean by Demo-
cratic TVY? To begin with. your TV set
would be interfaced to a controller that
makes using the service easy for the sub-
scriber and manages all the electrical sig-
nals needed to make it work. We believe
that earlier attempls at a service like that
failed because the user interface was poor.

Furthermore. electronic home informa-
tion (videotex) experiments in this coun-
try have been generally unsuccessful. At
home. people will not pay much for infor-
mation—they’rc used lo getting it free.
However, people will and do pay for enter-
tainmenl, as evidenced by the popularity
of VCR’s, cable TV. and stereo equip-
ment ankl programming. Democratic TV
couples videotex with an gniertainment
service 0 give people more control over
their viewing choices. That conirol is the
key te launching the Third Age of Vid-
eo—and in a sense it has already begun:
Impulse Pay-Per-View schemes are under
trial nationally.

After a delivery system for still-image
and full-motion video is made available at
the community level, morc people will
have the opportunity lo produce video
programming. including, for example,
the fiftcen-minute sermon by a local rabbi
or minister, excerpts from the town-coun-
¢il meeting discussing hazardous waste
sites, a visit to the high school by one of
NASA's astronauts. and a walk through a
local park. The difference between the
scenarios described and today's cable sys-
tems is in the scale of viewer options and
their eontrol over them.

The technology for the Third Age of
Video exists and awaits deployment—ad-
mitiedly a large task, But il seems over
whelmingly likely that, by 2001, the
strikingly superior quantity and quality of
audio and video transmissions available
through fiber-optic cuble will have gener-
ated so great a demand that the Third Age
will not only be upon us, it already will
have become commonplace. R-E
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As the preceding article makes
clear. the way we use video commu-
nicanons in the twenty-first century
will be quite ditferent from the way we
use it today. Technology will aiso dra-
matically change the video we watch
and the way we view It. What are
some of the possibilities?

Large hang-on-the -wail screens
will tnally become a reality. We'll see
multi-image projection rooms with
360-deqgres viewing screens and ho-
lographic displays. We'll alse have
spherncal viewing rooms that will let
us experience video like we never
have before. They will take advar-
tage of new video tape that contains
computenzed codes for the rooms
master cenirol System—10 vary room
temperature, aromas. vibration, etc.
t0 enhance the realsm of what we
view.
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July 4, 2010
Dear 8ue,

Your letter posed a tough question: How has the technology I've been deseribing affected
people's lives? I know you feared the worst—I remember those horror stories we were
ralsed on in the Back to Basics comrnune, about individual 1iberty being destroyed by
computer integration. You thought that my enthusiastic lettérs meant I had been
brainwashed. right? I admit the technology of the 21st centruy dazzled me. I saw
instant-information, and it seemed that instant information meant ingtant solutions.

T——%no longer expect instant solutions. But I still believe that the technologdles I've written
you about—integrated electronic offices and electronic information access—offer the
average person increased opportunities. Here's what I've discovered.

First, the Integrated electronic office: Office automation shifted people's attitudes Loward
work in several ways. Back in the early 1990's, automation caused rough times for
white-collar workers, with massive layoffs, similar Lo the blue-collar layoffs of the
1980's. Public pressure forcad government and industry to establish free retraining
centers, liks the one I trained at when I firat left the commune. Today, people and
companies plan on changes in jobs and careers. Such changes often demand continuing
education. Industry leaders increased support to community colleges and continuing
education programs. Tax laws now allow deductions for any education expenses.

Next. electronic access to information: Ease of access poses a subtle danger because now
pecple are more easlly informed. but not necessarily more knowledgeable. With
information so easy to get, people take 1is accuracy for granted. Hand someon# a copy of
Meln Kampf with a tlography of Hitler om the back cover and they'll HXely take one look,
then toss it in the garbage. Theay can ses from the context the writer's prejudices. Bhow
that same person an out-of-context extract from the book in a databank-—how are they
to guess the author was & deranged fanatic?

But people are finding answars to that problem, to¢. 8chools now train students to.
analyze data for the degree of accuracy. And 1o discourage those who might deliberately
plant lies in databanks, a new law requires databank publishers to disclose the source
and entry date for all information.

The henefits of electronic information access dutweigh the hazards. Bolentific and
technological research is thriving. Geography is no longer a barrier. Becaus¢ peopie can
access translations from all over the world, they learn to understand other cultures
better. Will we someday understand each gther enough to solve our disagreements with
reason instead of forca? On a personal level, when people get the information thay want
faster, they think faster, make decisions faster, and act faster. People flnd fewer barriers
between their dreams and their goals.

Speaking of which. I've got to go now. My home workstation just arrived and my
neighbors have gathered to welcome me o the ranks of telecommuters with a terminal-
warming party. Bue, I think you really wanted to ask, "Have the new technologies
isolated and diminished peoplé or made them mere chiunks of data in gigantie databanks.
as our parents feared?" I hope I've shown you that, instead, people have found new ways
to come together, Lo broaden thelr interests and skills, and to better understand each
other and their world.

Love,

WwWwwW americanradiohistorv comm
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try every year; and if cument trends con-
tinue, that rate is likety 1o triple by 2001.
Unlike traditional energy-cquipment
manufacturers, which have cuncentrated
on large-scale power gencration ex-
clusively, the new manulaciurers are con-
centrating on lecchnologies that are
suitable for small-seale applications.
Muny are apprupriate for use by individu-
al hame owners.

One key 1o making hone power-gener-
ation practical is (0 make the technulogy
less mtimidating. That ¢an be done in
part, by using microprocessors. With mi-
croprocessor-controlled sysicms, you
wun 't need 1o be an engincer 10 maintain
small gencrating unit. Instead, a micro-
processor—perhaps aided by voice-rec-
ognition and speech-synthesis sysiems—
can guide you through most maintenance
and repair operations.

Many consumers already have lumed
over the operation of sorme home energy-
gencraling equipment 10 Microproces-
sors, That equipment ranges from hots
water boilers to automatic fireplace light-
ers. In most installations, however, all
equipment is controlled by a single, cen-
tral processor—that is. the personat com-
puter.

By 2001, we will be in the midst of
what Is called the DIRAC {Decentralized
indirect-Radiated Automatic Control)
era. Then. each piecc of energy-produc-
ing equipment, be il a rooftop generator, a
basement storage-unil, or a hidden power-
conditioner, will be controlied by iis own
microprocessor. No fiber-optic or hard-
wing link will be nceded for coordination.
because euch piece of equipment will be
able 10 react autonomously 1o conditions
for peak performance. Some have even
speculated that, by 2001, each wall socket
in the homie will be equipped with micm-
processors that will monitor all ap-
pliances and control the distribution of
power in the room following voice in-
struciions and sensor information.

A new vocabulary

Main has always speculated about the
future. In past centuries it was fashionable
among scientists and others © consider
the changes that might come about in 100
years. As the pace of leehnological ad-
vince quickened. pereeptions altercd and
visionaries began thinking in terms of 50
years for significant changes in Iifestylcs
1o be realized. Now, 15 years. or less.
seems safer.

With the dramatic changes n energy
technology will come i new language of
sorts. [n panicular. live new " words™ will
become lamiliar to everyone from age 2 10
92 (the anticipated life expeclancy in
2001). Those words will be:
¢ LIMPET—Linear fnduction Afuchine
Programmed Electric Turhine
¢ SUPERSEA—SUPERconducting
Setf-Excited Armature

® CAVET—Closed-cycle Advanced
Vapor Eleciro- Turbogencrator
& FC—Fucl Cell
® PC—Power Conditioncer

If you doubd that 1o be true, 1hink abow
the blank stares that the terms micro-
proccessor, personal computer, RAM,
ROM., or even LCD would have drimwn
from many in 1972. and the knowing
smiles they now generate.

LIMPET—a linear generator

Roughly 15 years ago the Lincar fnduc-
tion Motor (LIM) was introduced as a
replacement for conventional eleciric
motors in high-speed mass transit. LIM-
powered (rains built in the U.S. achieved
record-breaking ground-(ransponation
speeds of over 250 miles-pet-hour in
1974. At present. tix world record is 320
miles-per-hour for a linear-induction levi-
tated train. However, it is predicted that by,
2001, the greatest use of lincar induction
may be for clectric-power generation for
homes and farms.

‘The LIMPET is arelative of the LIM of
the 19707, although the mechanics be-
hind the technique originally were con-
ceived by Leonardo da Vinci in the 14th
eentury. The device uses wind enecrgy. a
classic renewable-encrgy source. o gen-
erate continuous AC electric power at 60
hertz in 2 way that's dramatically different
from current conventional wind-¢nergy
systems. Currently, wind-encrgy systems
all use rotary-turbine motion and a rotary
gencrator in one form or another. Two
schemes are commonly used: Either the
gencrator is directly attached to the pro-
peller, or altemately, it is geared to the
blading through a long shaft, allowing the
generator 1o be mounted on the ground.
The resutt is the windmiill, long a fixturc in
rural America.

By 2001 those windmills will have vir-
wally disappearcd. In their place will be

one or more LIMPET's. like the one
shown in Fig. |, mounted on the roof of a
barn of &n cstalc house,

The LIMPET has a number of sitractive
eharacterisiics. For example. its low pro-
file (6 inches or Iess) micans that it is
unobtrusive and environmentally benign:
as o other dimensions, the unil shown
measures roughly 38 inches wide and 20
inches deep. Other advantages are its use
of a rencwable encrgy source and the
climination of the gyroscopic forces asso-
ciated with large rotary turbines.

The principals behind the LIMPET are
shown in Fig. 2. [t gencrates clectricity
using a bladed **venctian blind™ sysiem
mountcd on a conductive movable belt.
The armature consists of an array of cop-
per coils wound on a steel eore. Wind
strikIng the blades causes 1he belt to move
and 60-Hz electricity to be generated in a
manncr analogous to the way electricity is |
generated in a rolary sysiem. The elec-
tricity is generated anytime the beh is
moving al & speed between 1 and 25 fect-
per-second.

Current prototype LIMPET's have a
power density of about 50 watis/pound.
That means that a unit capable of produc-
ing 10 killowatts will weigh 200 pounds.
Mounting a 200-pound unit on your roof
is not a particularly easy task. but by 2001
lighter unils, perhaps using aluminum
belts and blades, will be available. While
those units will have Jower power outputs,
on the order of 2 kilowatts or so, for many
applications that is all that is needed. If
highcr capacity is required, two or more
units can be used.

A sea of energy

The LIMPET is just one of several
power-generation technologies currently
under investigation;, we'll examine two
others, the CAVET and he fuel celt, later
on in this anicle. However. no matter what

FIG. 1—THIS PROTOTYPE LIMPET GENERATOR, insialled on a rooltopR in Maryland, is but six inches

high.

WwWwWw americanradiohistorv comm


www.americanradiohistory.com

generaling technology is used, one of the
most slgnificant problems in making de-
centralized power-produciion praciical is
encrgy slorage.

An answer [0 that problem may lie in
the use of the ¢lement niobium—or. more
precisely. a wire made of a miobium-tin
alloy. That's because that wire has an ex-
traordinary property: lts electrical resis-
tance drops to near zero at the lower
remperatures.

Over the past twenty years. scientists al
the United Staies National Labs have ex-
perimented with niobium-tin wire.
Among other things, they have found that
a supercooled clectromagnetic coil made
of that wire can be used to “store™ a DC
current for up to several days. That discow-
ery is al the heart of a technology dubbed
SUPERSEA. A cross section of a super-
conducting armature is shown in Fig. 3.
Primarily. it consists of a2 magnetic coil
ant a miniature refrgerator; there are no
moving pars.

Currently. several U.S. and Canadisan
companies are investigating the use of
superconductive energy-storage coils for
residential use. Niobium-tin wire. which
previously was expensive and difficult 10
obtain. has becn produced recently in
larger quaniities—though s still only
appropriate for winding miniature elec-
tromagnets. Such electromagnets are of
limited utility; a 2-x-3-foo elec-
tromagnet, for instance. would be capable
of storing 4000 kilojoules of en¢rgy. In
practical terms. that is enough cnergy to
power an appliance that draws 1l kilo-
wilts, such as a large electric range. for
one hour. A practical superconducting ar-
mature for a typical home is expected to
weigh 250-300 pounds. However, by
2001, the price of niobium-tin wire is ex-
pected to drop dramatically. If that hap-
pens. household units could cost as little
as $3000-$5000.

Some have pointed out that SUPER-
SEA is an appropriaic name for the cch-
nology as it provides for u ~sea of reserve
energy” sitting (in the basement of 1he
house) and ready to leap imo action when
called for. When the technology is matu-
re. the owner of 2 large roof-lop solar
array will no longer be concerned about
using the energy at mid-day. Instead. 95%
of the energy generated at mid-day will be
available at 6 P.M. 10 cook. light, or enter-
tain with. The availability of SUPERSEA
technology will greatly increase the prac-
ticality of using climate dependent solar
and wind technologies.

SUPERSEA has only onc apparent
drawback: It is capable of storing energy
in the form of direct current (DC) only. In
the presence of AC, the wire loses ils
superconducting properties. That prob-
lem can be solved through the use of a
power conditioner, which can convent DC
10 60-Hz AC to power all of the applicnces
in your home.

CONDUCTIVE
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FIG, 2—ALTHOUGH LEONARDO QA VINCI firsl proposed the concepl behind the LIMPET In the 14ih
century. it Is expecied that those devices wlll become an Impartant source of energy by 2001.
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FIG. 3—SUPERSEA AAMATURE. Armature shield (0): armature conductors (1); rolor damper shieids

{2); ambienl lemperature damper {3); comp

ion spacers {4); vacuum {5); heat shield (6); liquid-

helium containment vessela (T); rotor-\ourque franster banding (8): N&-TI field winding (9); cooling
ducts {10): field-windIng contalnment block {11} rotor torque transter coupling (12).

Power conditioner

All the power technologies now under
investigation seem (o share one common
fecature: they all secm to operate best at
some [requency other than 60 1z, The
tash of translating frequencies produced
by home generating or storage equipment

WWWwW americanradiohistorv comm

to 60 Hz. which will likely still be the
standard for home appliances. will be
handled by a PC (Fower Conditioner).
The PC of the year 200) will be ablc o
handle three tasks elficiemly and quictly:
® conversion from DC power to 60-hertz
AC.
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& nversion from low-frequency AC to
60-hertz AC,

& cycloconversion from high-frequency
AC 10 60-henz AC.

In contrast (o the power ¢lectronies of
1987, which requires completely separaie
units o perform each of those tasks, by
2001 it is expected that integrated power
conditioners capable of performing all
three tasks will become available. Ad-
vances in semiconductor technology will
play a large role in making thal possible.

Currently, it is possible 10 obtain power-
handling components such as MOSFET's
and thyristors in IC form. However, it is
not possible o ohtain different types of
devices on a single substrat~. That will
soon change: Manufaciurers are closing
in on producing arrays of 6 or |2 power-
handling devices of differem 1ype on a
singlc substrate. When that has been ac-

——complished. a complete, versatile 20-kW
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power conditioner may be avaitable on a
single 4-by-6-inch board. That board
should retail in the $100-$150 range and
be, at first glance. almost indistinguisha-
ble from a plug-in computer board. Of
course, the power conditioner will handle
about 000 times more power.

By the year 2001, it is also speculated
that home power-conditioner 1C’s will use
somcthing other than a silicon or gallium-
arsenide substrate. Newer subsirute mate-
rials. such as indium-phosphaie. may
dominate the IC industry by then. Polen-
tial advantages in using other substrates
for power devices is faster power-cons
ditioning speeds and lighter appliances.

The CAVET

These duys. roof-mounied arrays of
photovoliaic cells are beeoming com-
monplace. Bul by 2001, owners of such
tnstallstions will have discovered one of
their key drawhacks: The crystalline and
amorphous silicon materials that make up
those cells degrade somewhat under con-
stanl exposure Lo the sun. Fuwre repair,
mainienance, or replacement costs ¢an
greatly offset any economic advantages
offered by photovoltaic cells.

Howeves, another solar technology.
called CAVET, that may be less cxpensive
in the long run for residential applications
is under investigation. In that technology.
4 solar-thermal heat exchanger is coupled
o a closed-cycle vapor wrbine that di-
rectly drives & miniature alternator.
CAVET offers the added advantage of
producing high-frequency AC rather than
DC. The system is shown in Fig. 4.

The CAVET of 2001 will be acombina-
tion heat exchanger, bladed twrbine, and
hrushless aliwritor. Aside from the roof-
top heat exchanger residentiul units capa-
ble of generating about 20 kW will mea-
sure around 10 cubic feet: that’s no lurger
thin & standard room uir eonditioner. The
analogy to an uair conditioner can ve car-
ried one step further. since the two share
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FIG. 4—LIKE SOLAR CELLS, Ine CAVET uses solar energy Lo provide [ow-cost electric energy. Aside
trom the rool-mounted heat exchanger. all of ihe compenents can be mounied within & cabinet no

larger than @ standard room 8ir condilioner,

many features. However, in essence, all of
the funetions arc reversed.

Like a photovoltuic solumoel| array, the
CAVET s heat exchanger is located on the
roof of a house or other structure to collect
solar energy. lts advantage over pho-
1ovoltaic cells is that the exchanger is built
from u corrosion-resistant nietal, such as
aluminum.

One manufaciurer of roof viles, in antic-
ipation of CAVET technology. has al-
ready started producing roof-installation
kits for new construction. The aesthet-
icully designed house of the year 2001
could have a grid-like hcai-exchanger
placed on the roofl suppon structure,
above the truss layout. Above thar array.
specisl opaque interlocking roof tiles are
installed as the final surface. To the easual
observer, it would be impossible to deter-
mine if the house ineorporated a CAVET
system because the heat exchanger is hid-
den from sight under the roof. The vapor
turbine and the aliernator are located in-
side the atic.

Though the turbine is designed to tum
at a constant rate of 7200 rpm. it is ex-
pected that it will be nearly silent. That's
because, by the turn of the century, mag-
netic levitation bearings will be siandard
in all home appliances. including 1he
CAVET. Through the use of such bear-
ings. the shafts will be supported by a
cushion of magnetic Nux. Further. moving
pans within the generator will be main-
tained in a vacuum 10 €liminatc the fric-
tion losses caused by air.

The electrical portion of the system is i
synchronous induciion generator de-
signed to output 120-Hz AC. While de-

WWWwW americanradiohistory comm

signed to be synchronous at 7200 rpm, on
days of reduced sunlight, power genera-
tion is possible ut specds as low as 6500
pm. A line frequency of (20-Hz was
chosen because it allows for generating
equipment that is significantly lighter in
weight than 60-Hz equipment. A power
conditioner can be used to drop the fre-
quency 1o 60 Hz.

The CAVET of the year 2001 will use
vanadium-cobolt magnetic steel and an
inconel rotor; it is expected to have a
power density of 4-kW/pound. Currently,
one experimental CAVET has achieved o
power density of 5-kW/pound, but at a
speed of 26,000 rpm. Its rotor has no
mechanical contact with bearings.
brushes, etc; all linkages are magnetic.

A number of university research groups
have built prototype CAVET systems. In
the case of one prototype, the absence of a
large roof arca led to the use of sidewalk
heat as the source for the solar thermal
encrgy. Consequently, the heal exchanger
wis cast in the conerete, about Y-inch
below the top surface. As you can sce,
with a little ingenuity, ¢ndless variations
are possible.

Advanced fuel cells

High-temperature Solid-Oxide Fuel
Cell (SOFC) systems show great promise
for the economical production of elec-
tricity and heat ina variety of commercial,
residential, and industrial applications. [T
that promise is fulfilled. the misconcep-
tion that fuel cells are suitable only for
space or miliwary applications will be per-
manently dispelted.

Relying on a readily available source of
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heat, such as natural gas. SOFC lech-
nology is based upon the ability of a sta-
bilized element, such as zirconia, to
operate as a solid clectrolyte at high tem-
peratures. The operation of an SOFC is
shownin Fig. 5. The cell conducts oxygen
ions from an air electrode (cathode) where
they are formed through a zirconia-based
electrolyte to a fuel elecirode (anode) At
the anode. the ions react with fucl gas
(CO. H,. or any mixture, such as steam-
reformcd natural gas) and deliver elec-
trons 1o an extérnal circuit to produce
electricity. The fuel cell operates at tem-
peratures near 1000°C and is a highly offi-
cicnt source of both heat and electric
power that does not require the presence
of a turbine or rotating generator,

Some of the advantages of fuel cells
over batiery- or solar- powered systems are
that they are:
® air cooled—ihey require no cooling,
waler,

o' adaptable—gascous or liquid fuels can
be used.

® simplc—lthey can be instalied quickly.
® quict and reliable—there are no mov-
ing pans o create noise or wear oul.

® modular—efficiency can be realized in
small as well as large units.

® readily sited—they can be located in
populated areas. eliminating added trans-
mission costs.

While the above advantages are gener-
ally available from all types of fuel cctls,
the solid-oxide fuel cell, a key contender
for prominence in the ycar 2001, has a
number of additional advaniages over
other fuel-cell systems. For instance, op-
erating at temperatures of 1000°C, it
shows promise of attaining higher overall
system efficiency than other fuel cell sys-
tems. Funthcrmore, the solid-oxide fuel
cell produces higher quality exhaust heat.
At temperatures of about 600°C 1o
1000°C. that exhaust can be used 1o pre-
heat incoming air and fuel, to gencrate
steam that can be used to drive a tarbine
and produce yet more electric power, or 10
provide heating for a plant or a factory.

The high operating iemperature of the
SOFC makes catalysts unnecessary, sime-
plifying fuel processing and system de-
sign. Equally important, the use of a
solid-state electrolyle eliminates material
cotrosion and electrol yte loss.

The technology is apt to sec use in areas
from Alaska to Arizona for underground,
rocf-top, or surface-mounted systems.
With added benefits of the ruggedness of
the technology and the low cost of mate-
rials, the SOFC systems, when fully com-
mercialized. could serve in a wide range
of power and heat applications.

A number of U.S. finms have staned
investigating the commercial applications
of solid-oxide technology for electric-
power generation systems. Widespread
commercialization will depend on de-
veloping robotic manufacturing plants

FUEL
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Ft. 5—IN THE SOLID-OXIDE FUEL CELL a con-

tinuous chemicsl reaclion I$ used to produce
electrical energy.

INTERCONNECTIDN
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FIG, 6—STATE-OF -THE-ART FUEL CELL. De.
veloped by Westinghouse, this call has pro-
duted power outlpuls a3 high ss 32 watis. For
higher outputs. c&lls can be bundled In s varisty
of configurations.

that can produce relatively small size cells
rapidly and at low cost. The objective is
the introduction of readily-alfordable resi-
dential products by the mid 1990%. Those
could range from a small 1-kW energy
system to a 200-kW home plant.

The siructure of a statc-of-the-an solid-
oxide clectrolyte fucl cell developed by
Westinghouse is shown in Fig. 6. It fea-
tures a porous, zirconia 12-mm Q.D. sup-
port tube overlaid with a porous air
electrode of modified lanthanum
maganite {about 1.0-mm thick). A gas-
tight electrolyte of ytiria-stabilized zir-
conia, about $0-microns thick. covers the
air electrode. ¢xcepl in an area about 9-
mm wide along the entire active ccll
Iength. That strip of exposed air electrode
is covered by a thick (30 microns), dense
layer of lanthanum chromite. That layer
serves as the electric conacting area to an
adjacent cell and is calied the cell inter-
connection. The fuel electrode. a nickel-
zirconia cermet, is about 150-microns
thick and covers all the electrolyte surface
cxcepl for a gap aboutl I-mm wide along
the interconnection in order to prevent
internal cell shorting.

With state-ofthe-an units like the one
shown. a peak power of about (0.2 walts
per square centimeter of cell surface area
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can be obtained. The theoretical open—cell
voltage at 1000°C is about 1 woit. Thou-
sands of the cells have been built and
tesied in single-. double-. and triple-cell
configurations. Testing has been done at
temperatures ranging from 700-1100°C.
at fuel efficicncies of $5% to 85% . and air
and purc oxygen efficiencics of 25%.
With air, a typical output is 0.63-volt at 26
amps: peak power 1s 16.4 watts. With pure
oxygen. peak-powcr levels of over 32
walts have been obtained.

Also. a 24-cell SOFC generator has
been designed. built. and tested. Peak-
power levels of 384 walts and peak-cur-
rent levels of 80 amps were obtained rom
that unit, The cfficiency was 45%. The
insulation package was capable of holding
the average cell operating emperature
above 1000°C for currents of as much as
50 amps or morc: that is, the unit is ther
mally setf-sustaining.

Weslinghouse is actively engaged in
designing, building. and testing a 5-kW
generator. Thal unit contains 324 cclls
and will include design features of much
larger-size generatoes. Over the next fif-
teen years, 4 standard fucl-cell gencrator
will be developed that is expected to con-
tain 500-1000 cclls, with a cost ol ap-
proximately $5.00 per ceH.

Small experimental units are being sold
to a number of customers around the
world. A host of U.S. high-tech firms are
curtently pursuing inexpensive, larger
umts. Those larger units will be used for
continuous power production and be
custom enginecred for various applica-
tions from 50-200 kW. Natural gas s
expected (o be the fuel of choice for most
residential und commercial customers.

Widespread use of the fuel-cell units is
cxpected to begin in the mid 1990%s. A
study by the |IEEE Power Generation
Committee estimates that 150.000—
300.000 residential and light commercial
fuel-cell units. using both solid-oxide and
phosphoric acid, will be instalicd in
homes and businesses by 2001,

In conclusion

In this anicle, we've explored somc
promising power-generation t¢ch-
nologies. The LIMPET and the CAVET
use classic renewable-cnergy sources and
can be installed. opcrated. and main-
tained by the average homeowner. Cou-
pled with a power conditioner and 2
SUPERSEA powcr-storage armature, €i-
ther technology could completely fulfill
its owner's electric-power requircments.
Natural-gas-fed fuel cells could be used
where higher generating capacitics are
needed 10 provide power for individual
residences. factorics. or even ¢ntire com-
munitics. They also can provide a relia-
ble, efficient source of heat. Whenused in
larger-scale applications. fuel cells offer
an attractive aliernative lo more costly and
more dangerous technologies, R-E
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By 2001, the advances discussed here will dramatically affect
the ways in which doctors examine, diagnose,
and treat patients.

RAY FISH, Ph.D., M.D.

F(JR ALMOST THE ENTIRE HISTURY OF
modemn medicing, the focus has been
on diagnosing and fighting disease.
Whether il was Dr. Ignatz Semmelweis
trying with little success to persuadce his
peers to wash their hands before examin-
ing patients, or Sir Alexander Fleming
using penicillin mold to fight the “wee
beasties.™ the ubject was to keep disease
out of the body, or 1o correct by surgery
the medical misfortunes of fate.

Modern seience. in particular. elec-
tronics. gives us the added tools Lo fight
the afflicitions that slip by our defenses:
those that do not respond to natural or
chemically-derived drugs: those that at
present cannol be diagnosed through the
sensitive fingers and knowledge of a phy-
sician: those which destroy body iissuc
and pars.

With ever-increasing frequency we see
diagnostic and surgieal technigues re-
cently thought to be impossible-te-atiain

become commonplace. For example,
using a device known as a CAT or CT
(Computerized Axial Tomography) scan-
ner, we can now look deep inside body
tissues without inlrusion—meaning there
is no surgical procedure. Also, thousands
of pcoplc who just a few short years ago
would die from the complications caused
by defective heart valves are now liierally
ticking away because of a mechanieal
hear valve that looks not much different
from a small door.

It’s only 4 little more than 10 years since
diagnostic devices such as the CAT scan-
ner. and mechanical body-pant replace-
menis such as the heant valve. have
become commonplace. Bul we expect
progress will continue at an even faster
pace—some say a logarithmic pace—and
medical practices in the year 2001 will be
quite different from those of today. And
that will be due mainly to the advances in
medical elecironics.

WwWww americanradiohistorv comm

A larger role

The steadily increasing and aging pop-
ulation has caused an increased demand
for medical services of every kind. Com-
plicating he delivery of those services.,
medical care providers must deal with a
highly mobile population. For example. it
is nol uncommon for an elderly person
with chest pain to be thousands of miles
awiy from home, or from the hospital
where he or she was last treated. The doc-
tor treating the patient for the chest pain
might find abnormalities on his or her
ECG (ElcctroCardioGraphic repont) and
chest X-ray, but oftcn no previous ECG's
or X-rays are available for comparison.

In the year 2001, electronically-stored
records will provide the information
needed for optimum care. X-rays, elec-
trocardiograms, wltrasound and sonar im-
ages, and cven simple pen-and-ink
medical records will routinely be stored as.
digitized records, making their access via
telephone . radiophone, or satellite as easy
as ordering a large pie from the local pizza

o1,

Some people will carry copies of their
mecdical records on wallct-size digital
discs having a standard format readable
by any hospital computer. Others will
have their entise medical history stored on
a programmable pinhead-size optical
memory chip that is concealed under a
dental filling. In the event of an accident.
a laserscanner aimed at a bicuspid. an
incisor, or even dentures will spew oul the
paticnt’s medical history.

Increased abilities

If opiicai memories implanted in a
tooth seems like the swif of Star Wars.,
bear in mind that almost anything the
brain can conjure is now technically feasi-
ble: In general. only excessive cosis stand
in their way. Often, an idea must be tem-
oprarily set aside because iis cost, or what
the paticnt must pay for its use, will be so
greal that agencies that conirol which hos-
pital can have what equipment will simply
not authorize its use, or its coverage by
health-maintenance plans. However. as
the average paticnt becomes more aware
of the life-giving value of the high-tech-
nology devices, even high costs will no
longer restrain their uwse in generally-
available medical care. beeause once the
value of a technological advance is
proven, ft is demanded. For example, the
CAT scanner did not exist outsile the lab-
oraiory before 1973, Although physicians
were quick 10 see the value of these mil-
lion-dollar machines. government cost-
containment regulations prevented many
haspitals from buying them. Now the
technology is expected and demunded by
both doctor and patient. Thus, the exis-
tence of new technology creates a demand
for its use. regardless of cost, if the teeh-
nology is truly useful and can help save
lives.
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Mending a broken heart

About 1.5 million Amerieans have a
heart attack €very year; more than a third
of those dic. By the year 2001. that figure
will decrease dramatically..

A heart attack occurs when one of the
anerics that supplies the biood to the heart
muscle becomes blocked. Actually. the
blockage of the inside of the arterial wall
builds up over many years. When the
blockage is nearly complete a blood clot
can casily form. which resulis in a sudden
total blockage. With its blood supply cut
off. the hean muscle supplied by the ar-
tery dies in a few hours.

Al present. except for a new electronic
imaging technique cailed DSA (Digital
Subtraction Angiography). we getl anerial
information through cathererization, a
procedure whereby a tube is actually
passed into the artertal system and the
heart. While catheterization is a common
procedure. there 1s still a small—though
generally insignificant—element of risk.
Unfortunately. it is not insignificant 1o the
allected person. To totally eliminate lhe
element of risk to the patient, by 2001 all
arterial examinations will be eclectronic
and non-intrusive, thercfore risk-free.

Because arterial €xaminations will be
non-intrusive, it will be possible to screen
the population early in life—bcfore hean
problems develop—to determine those
most at risk. and thercby take preventive
measures—such as a special or modified
diet—before hean illness strikes.

Medical imaging

When the CAT scanner was first intro-
duced some 12 yeurs ago, some vocal and
well-publicized people said it was an ex-
travagant plaything. In the 12 years since
its introduction, it has become a necessary
pan of medical practice.

A conventionul X-ray is literaliy a
“shadowgraph™ that gives prominance to
the densesi structures. such as bones. It is
made by passing an X-ray beam through a
body to a sheet of ilm on the opposite
side. Softer tissues in front of, or behind a
bone are overwhelmed by the image from
the bone. Also, small variations in tissue
density are often lost because of the
amount of radiation needed to penetrate
the the body and expose the X-ray film.
CAT (and CT) scanners overcome the
shadowing and definition problems by
using a pinpoint-fecused X-ray beam that
rotates once around the body. Rather than
exposing a tim, the energy that passes
through Lhe body is electronically de-
tected as individual bursts of exposure,
called **points,” by a detector that tracks
along with the source of the X-ray emis-
sions. A typical scan might consist of data
representing 150.000 or more points. A
computer assembles the point data into an
image suitable for display ona TV screen.
The softer tissée is no longer shadowed.
and cven minor variations in tissue density

can be seen.

CAT scanning detects tumors at an ear-
ly stage. often when they can be suc-
cessfully removed through surgery. On
the other hand. CAT scanning also pre-
vents unnecded surgery in cases where the
indications for surgery would be unsure
without the scan. For example. a person
whn has received a head injury in an auto-
mibile accident may have physicul signs
that suggest bleeding in the head, which
requires immediate surgery. But the phys-
ical signs may really be due to the effects
of drug ingestion (which also caused the
accident). A CAT scan will prevent un-
necessary surgery by showing there is no
bleeding in the head.

In the year 2001 there will be additional
imaging technologics and technigues that
will detect and evaluate the medical and
surgfcal treatment of many conditions
which are now diagnosed and managed
only with great difficulty.

One new technology sure to be in com-
mon use in 2001, but which is now in its
infuncy and not gencrally available, is
MRI (Magentic .Resonance /maging).
MRI has been called NMR (Nuclear Mag-
netic Resonance), but many people prefer
to use the term MRI because it does not
suggest the presence of nuclear radiation.
Actually MRI (or NMR) places the per
son in mixed magnetic and radio wave
fields; no ionizing or nuclear radiation is
used. The magnetic- and radio-wave
fields cause spinning of nuclei in the body
being scanncd. When a ficld is removed,
the nuclei stop spinning and emit detecta-
ble radio waves. From those emissions
both tissue density and the presence of
tissues of cenain chemical compositions
can be determined.

In contrast, conventional X-ray devices
and CAT scanners arc sensitive o only the
density of tissues. Thus, MRI is useful for
detecting differences in chemical com-
position that would not show up on con-
ventional X-rays or CAT scans. For
example, the demyelination present in
multiple sclerosis can be imaged by MRI.

Standard X-ray studies will still be per-
formed in the year 2001, but thcy will be
improved in two ways. First, the images
will not be stored on bulky film negatives
or miceofilm. In 200l. the image hiself
will originate as a digital TV or a comput-
er fmage and will be stored digitally, with
theusands of images occupying less space
than a single conventional X-ray fitm.
Second. the image will be super-high res-
olution; essentially, digitally-enhanced.
The detail will make today’s X-rays look
as if they were developed in pea soup

Artificial organs

Although the development of arificial
organs is in its infancy now, by 2001 we
expect that artificial organs not presently
avitilable will prolong and greatly improve
the quality of lifc for many individuals.
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Such devices will include the internal ar-
tificial heart. kidney. car. and pancreas.
among others.

Because many organ functions such as
the heart and pancreas are limcd or quan-
tified. they are likely be under electronic
rather than chemical control, requiring
some form of power thai will be gencrared
by implamed ultra-tong-life batteries or
rechargeable energy cclls. Rechargeable
intermal batteries will be recharged
through the skin itself by induction.

In the year 2001, elecirical stimulation
of various body pans will restore or im-
prove lost functions. For example. stim-
ulation of the diaphragm will improve
breathing in persons with paralysis of the
diaphragm, and many persons will regain
the use of weak and paralyzed arms and
legs through electronic stimulation of
damaged muscles.

Computer-processed signals from in-
tact muscles and the brain. as well as
voice commands, will stimulate whai
were previously paratyzed limbs. In the
case of brain waves, computers will camry
the electrical brain waves around
damaged nerves 1o muscle tissue. and
even (g anificial limbs which will be.
themselves, operated by computers.

In instances where it will be impossible
to stimulate unresponsive or atrophied
muscles, voice commands amd other ac-
tions of the severely physically handicap-
ped will program internal computers.
which will, in turn, control external and
internal bionic devices (urtificial limbs
and organs that can “think, “or which re-
spond to natural stimuli.)

Personal robotic devices in the year
2001 will understand and perform com-
plex functions such as “open the door.™
The person will not have to give a series of
commands such as “approach the door.
take out the key. move the key upward.
* A single voicecommand. the Hex
of a healthy muscle, perhaps the quiver of
a finger, oreven a brain wave generated by
the thought, will initiate a complex serics
of muscle stimull and robotics that will
result in a series of pre-programimed me-
chanical movemients by anificial limbs,
whether it be extraciing a key from a
pocket and opening a door, or opening i
frozen dinner for the microwave oven. In
shont. mcdical electronics will enable
what we presently think of as totally phys-
ically handicapped persons to care for
themsclves, and to perform useful work.

More accurate dlagnosis

Although brain waves, artifieial
organs, robetic limbs, and elecironic
muscles are spectacular and attention-
grabbing. the real nitty-gritty of medicine
remains diagrosis: the sifting and focus-
ing of hundreds, possibly thousands of
bits and pieces of information.

In the year 2001, using data gathered
from a world-wide network. local on-line
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diagnostic computers will help physicians
diagnose and treat patients. For example,
it is often difficult for a doctor who has
never treated nor seen malaria make the
diagnosis. A computer. however. can rec-
ognize the disease in possibly minutes if it
can automatically search throughout the
world for matching symptoms. In 2001, a
touch of a button will be all that’s needed
to initiate a world-wide search on all
forms of disease and illness.

Because computers can correlate infor-
mation from X-rays, CAT and MRI scans,
surgical treatment involving the precise
localization of tumors and other struc-
tures, or cven laser-scalpel "bloodless
surgery,” will be computer-aided.

The computer will even be used for
conventional illnesses and treaiment. In
the yeur 2001, a typical serious illness
such as a heart attack might be computer-
aided from diagnosis to treatment,

While walking on a country road you
feel a severe, heavy chest pain. Before
losing consciousness you arc able 1o press
the medical emergency buttun on your
personal transmitter. A satellite in space
relays your location and your medical rec-
ords 10 the nearest available ambulanee.
Within minutes, a paramedic starts CPR
while another conneets sensing electrodes
to vour chest. No heanbeal is seen on a

monitor, s0 pacing electrodes arc placed-

on the front and back of your chest. Mild
pacemaker shocks cause your heart to
start beating again.

The paramedics start an I-line (intra-
veneous) for medication, and a non-intru-
sive A-line (anerial) sensor for computer
aided diagnosis and observation. In the
event your personal security transmitter is
not programmed with your medical histo-
ry. a laser-scanner aimed at your teeth by
the ambulance’s computer will read your
medical records from the implanted op-
tical memory. lis information, your clec-
trocardiogram, and A-line blood chemis-
try data is telemeétered to the hospital.

You are brought to the Emergency De-
partment where a diagram of your heart's
circulation is obtained non-inirusively
through a cardiac imager.

As you awake, the physician tells you
not to worry. You have started to have a
hcart attack. but the process can probably
be reversed. A clot has formed in enc of
your coronary arteries. However. the clot
may dissolve with suitable chemical treat-
ment. If not, it will probably be in posi-
lion to be burned clear with a laser scalpel
later on.

Meanwhile, he reassures you about the
twitching and pain in your chest. As soon
as the blood supply is returned to your
heart museic the pacemaker will no lon-
ger be necded.

The computer display above your bed
shows a continuous stream of data derived
from automatic blood sampling, as well
the medical history that was transmitted

il :
CANNING system combines an sdvanced X-ray scanfing sysiem
with a powerful computer to allow doctors to study simost any struciure within the human body. {ta

use often permils patients (o svoid exploralory surgery or other painful dlagnostic chniques.

by your personal-security transmitter. or
which was read from the optical memory
concealed in your tooth. On inspecting
the data, the physician says that it will not
be possible to dissolve the clot beeause he
sees on the monitor that you had gallblad-
der surgery a few weeks before, and the
healing tissues at the surgery site are still
partially held together by clotied bload. It
would be too risky 10 put a substance
which dissolves clots into your system.

The diagram of your coronary circula-
tion showing the blockage is transmitted
by computer or fax machine 1o a car-
diologist several miles away, who deter-
mines that even a laser-bore cannot clear
the clot, and that bypass surgery is
needed.

In surgery, electronic monitors con-
tinually sense through your intact skin the
amourt of oxygen, sugar. and carbon di-
oxide in your blood. The electrical ac-
tivity of your heart and your blood
pressure are continuously recorded.

The electrical activity of your brain
which results from stimuli upplied to your
legs is monitored 1o help determine the
depth of ancsthesia. Because you are par-
alyzed as well as asleep, a respirator con-
trols your breathing. The funciion of the
respiraior is guided in part by the blood
levels of oxygen and carbon dioxide mea-
sured through your intact skin.

A segment of vein from your leg, or its
plastic equivalent, is used to bypass the
blocked segment of your coronary artery.
The blood Now through the bypass graft is
measured with an ultrasound or sonar
imaging, which displays a cross-sectional
image of the graft. The velocity and tur-
bulence of blood flow at cach point in the
graft is indicated.

The blocked coronary artery has been
successfully bypassed. Only slight
damage has been suffered. Your heart at-
tack has been undone. The pacemaker is
no longer needed.
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After surgery you are taken to the Inten-
sive Care Unit. Automated monitoring of
your blood pressure, respiralory rate,
electrocardiogram, and mental function
continues. [n addition, your blood sugar,
electrolytes, oxygen, and carbon dioxide
are monitored. Those parameters are used
to control the amounts of oxygen, fluid,
and respiratory support given to you. Ab-
normal heart rhythms are detected and
treated with drugs and electrical shocks
applicd to your chesi. The protocol for
such treatment is decided by a computer..

After a few days in Iniensive Care you
are ready for ielemetry monitoring. Car
diac arrhythmias (fibrillation) are consid-
ered much less likely, but it is wise 10
provide monitoring for several more days.
A few days after your surgery, you are
transferred to a portion of the hospital,
where you receive more intensive phys-
ical and psychological rchabilitation.

All during your hospital stay, & sysiem
of interconnecied computers has kept
track of your vital functions, body ¢chem-
istries. medication intake, and your respi-
ratory and physical conditions. Your
psychological condition has been judged
and recorded in the computer system by
nurses and physicians. Your respiratory
function has been evaluated by automated
spirometers and respiratory therapists.
Your physical condition has been judged
by physical therapists. The compuier sys-
tem has watched for deterioration of your
condition on a minute-by-minute basis,
has scheduled your treatments and evalua-
tions, has prevenied drug inleractions,
and has charted your progress.

A month later you are walking on the
same Couniry road you were on when you
had your heart aitack. Your chest is sore
from the surgery, paccmaker. and clec-
trical shocks. You wonder how much fur-
ther into the future it will be before
science finds a way 10 treat heart attacks
without so much pain. R-E
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venience that elecironic mail has elearly
cstablished.

In 1987, we 're still waiting for the infor-
malion age to come into our homes. It
hasn’t yet because much of the technology
we'll necd is loo new. And o get it into
our homes. we have to contend with the
regulatory environment and the disaggre-
gate nature of the building indusry.
However. the NAHB Research Founda-
tion. asubsidiary of the National Associa-
tion of Home Builders, has come up with
a realistic plan for the fulure that allows
new homes to fully accommodate the
coming information age. Its Smart House
project demonstrates how new technology
can be used in our homes in the 21st cen-
tury. Let’s see what we can expect.

A Smari House will have three systems
that will make its appliances—and the
bhouse itself—more "user-riendly™ and
efficient; a closed-loop power system, a
high-speed data-transmission system,
ard a logical central control system. A
Smarr House will provide DC power as
well as AC, so that new motor-driven ap-
pliances can be designed for more effi-
cient and effective operation.

The concept of closed-loop power is
not new but, until recently, we didn’t have
the technology to implement it. The home
of the future will use it exiensively. Ap-
pliances will indicate, via a communica-
tions link, how much energy they need.
For instance, an electric range will tell the
central controller how much current it
needs to heat a burner. When the energy is
supplicd. the appliance must confirm. via
the communications link. that the comect
amount of energy is being received.

Closed-loop power sysiems will benefi
us in three ways:
® [Human elecirocurion will be climi-
nated. If an appliance cannot signal for
energy, none will be provided. A finger in
an electrical socket has no way of sending
the clectronic signal that’s needed 1o start
power flow.
® llouse fires caused by electrical faults
and gas lcaks will be eliminated. [f an
appliance requests a specific amount of
encrgy. and the central controller detects
that a different amount is being supplied
{because of leakage between the control-
ler and the appliance), the controller will
act 1o ensure safety.
® Appliances can be monitored and con-
trolicd from any point in the house. A
simple interlace will let you do the same
thing from a remote location. over the
ielephone lines,

The ability to control any powered ap-
pliance at any poini in the signal path will
allow for logical rontrof insicad of the
iraditional hard contrel of devices. Wall
switches will no longer physically openor
close a circuit path 1o contrel the power
flow to an outlet or an overhead light.
Insicad. they will send signals to a central
controller for action. The central control-
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UNRECOGNIZED

DEVICE.

SMART HOUSE OUTLETS ARE SAFE. In & closed-loop power systermn. no electrical power |g delivered

1o BN outlet upiess i is requesied by an appilance.

ler will act based on your previously pro-
grammed instructions. For example. you
can tell your central controller not 1o tum
on any lights unless it is dark in the room,
the room is occupied. and the wall switch
is tumed on. As vou can see, we won't be
using only wall switches. Other devices—
such as occupancy dJetectors. photocells.
temperature transducers. etc.—will be
used throughout the house to let the cen-
tral controller know what's going on.

The high-speed data-communication
capability in the Smart Hoise will make it
casy to distribute audio. video. and con-
trol signals. And instead of incrcasing the
complexity of your home, ft will make
many things much simpler.

For example. it will be much easier to
deal with portable devices. A single plug
configuration will be used by all ap-
pliances. You'll be able to plug your ele-
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phone into any outler. When you plug in
your lelevision set, you won't have to wor-
1y about the antenna or cable connec-
tions—they'll be made automatically
through the same outlet. You'll be able to
put speakers anywhere in the house and
usc them with a sierco. radio. television,
or other audio equipment without several
separate runs of speaker wire.

Using DC power

We now usc alternating current in our
homes, even though the vast majority of
products that we use necd direct current to
operate. There is a good reason for using
AC—it’s the only cconomical way to
transmil electric power over long dis-
tances. Unfortunately, it means that many
products—radios. elevisions, compul-
ers. etc.—require separate power supplies
10 convert AC 10 DC.
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DC POWER WILL BE USED IN A SMART HOUSE afong with AC. That will sllow many spplisnces to be

designed for more efficient and relisble operation.

THE S:GNALING LOOF Is used to conlinually
monitor the appliance interface. If sny problem
I3 detecied. (such as Ihe device drawing too
much Curment), power 10 the appllance will be cut
Immedialely.

A SMART HOUSE POWER QUTLET will siso be
used for distributing video. sudio, power. and
more. There wlll never be 8 need lo run addi-
tional wiringl

When you use DC in your home. your
light bulbs will last five 1o twenty times
longer. You won’t need different-wattage
bulbs. You'll be able to vary the light
outpul easily—and without flicker. The
switch from AC induction motors to
brushless DC motors will make your ap-
pliances more efficient and retiable, and
and provide variable speed with case.

QOur heating and cooling systems will
be matched to how we actually live in our
homes. The Smart House won'l use em-
perature sensors alone (0 determine how
1o heat and cool itself. It will know when
the first person wakes up in the morming.
when everyone has gone 1o bed at night, or
if no one is in the house at all! [f you go
out of own for a few days. it will set back
the water heater, and lower the tem-
peratures to a safe level—and reset every-
thing to normal in time for your expected
return. Of course, if you're going Lo ex-
tend your vacation, you can simply phone
ahead (o let your house know!

You'll be able to use your TV set to
display the status of any or ull ap-
ptiances—it will look at the signal patb to
determine that & light is on in the base-
ment, that the washing machine is on its
final rinse eycle. or that there is movement
in the baby’s room
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If you choose to add an eleciricai rear-
door lock, you could use the TV o tell you
whether the back door is open or closed.,
locked or unlocked. If you add a Smart-
House compatible ouch screen or hand-
held remote control to your TV set. you'll
be able 10 send commands to the lights.
the washing machine. or the rear door to
control them from any location where that
TV set is plugged in.

Even the lowly vacuum cleaner will be
redesigned to take advantage of access to
the Srmart House communications path. If
the telephone or doorbell rings while
you're vacuming your rugs. the vacuum
cleaner will shut jtself off so that you can
hear. And like most other appliances. the
vacuum ¢leaner will be designed to run on
a DC hrushless motor that could match
the power supplied 10 the cleaning ne-
quircmient. It will ¢lean better. and like
other Smart House appliances. it will cost
less o operale. last longer. and need less
yimcnuncc thian what you use today.

Vinually every product that attaches to
the various wiring systems of a home to-
day will be changed o ke advantage ol
the Smart House wechnology. which will
offer a vastly improved array of home
products and a better way of living lur afl
of us. R-E
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ARTHUR C. CLARKE

Anhur C. Clarke, bom in Minehead, En-
gland in 1917, displayed an early fascina-
hon with science, writing. and astronomy.
As a youth he wrolte for his school's maga-
Zine, studied and charted the MOON using
atelescope he built from a cardboard tube
and old lenses, and was an avid sci-hi buff,
Clarks transiormed those chikdhood inter
ests into a career as one of the world's
foremast sCence-hchon whers

Clarke was first published prolession-
ally whike senang in the Royal Aif Force in
the earty 19405 In an articie published in
1945, he predicted a globa! salellite com-
municalions system based upon thiee
satetite stations In synchronous orbit
around the Earth. Atthough his idea was
met with skepticism by the scientific com-
munity Of the ima. the orbit path be de-
scribed—now Kknown as the “Clarke
Beit"—is the one currently used jor com-
mumcatons salellnes

Attendlng college on an ex-sar-
wceman's grani. Ctarke received a Bach-
elor of Science degree In physics and
apphed and pure mathemabcs In 1948, A
prolific witer, he is ughly regarded for
scwentific accuracy as well iderary style.
His science-ficlion wriling Includes
Prelude to Space. Earthiight, Childhoods
Eng. and severai short stofy coilections,
Ciarke’s non-fiction works on space and
undersea exploranon are well-respected
n scientfic oircles. He has won several
prestgious witing awards, iIncluding a
Hugo—the science-fiction wiiting award
named lor Hugo Garnsback

Clarke is best known, however, for
*2001: A Space Odyssey” and 2010 Od-
yssey Two.” Both films, on whch he col-
laborated with Stanley Kubnck, were
inspired by Clarke’s short siory “The Sen-
finel

Inteteshngly, stnce the mid-1950% Ciar-
ke has chosen 10 make hus home In the
fechnologically hackward ropcal country
of Sn Lanka, Seidom leaving that trogucal
1siand. he koeps up with the latest in 5Cr-
enca through journais. and dopends
largely upon letter-wnling and shortwave
radic ot commumnicalions with the waeld at
large.

ISAAC ASIMOV

Bom in Petrovichi, Fussia in 1920, Is-
aac Asmov emigrated 1o New York with
tus parents i 1923, and conswders mmset
“Brookiyn -tved.” He was accepted to Co-
luma Unoversity at the age of 15 and
earned his Bacheior of Soence degree in
1939 and hts Ph D. in chemsiry in 1948,

Dv. Asimxw began writing science-fic-
fion at the age ot eteven and had his fisst
shart slory published In Hugo
Gernsback's Amazing Slones in 1938, His
flrst science-fichon novel, Febdle 1n the
Sky, was published in 1950, Since then,
ne’s gone on 1o wrie abou! almost every
subject under the sun, ranging from math
and physics o the Bible and Shake-
speare.

B % .
DAVID J. MacFADYEN,
Presigenl, NAHB Research
Foundation, Inc

Mr. MacFadyen jomed the NAHB Re-
sgarch Foundation, in January of 1983,
He has more than 20 years expenence in
building lechnology. naw-product do-
velopmenl. coges and standards, energy
consenalon, and research managemenl

Mr. MacFadyen has held many other
high-tevel posts ang has published a
numbe: Of papers. He has degress from
Northwestern University and 1the Mas-
sachusetts institute of Technology.
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DONALD E. PEYTERSEN

Chairman of :he Board
and

Chiel Executive Otficer,

Ford Motor Company

When Donald E Petersen was elected
president and chief operating officer o
Ford Motgr Company on March 13, 1980,
the New York Thmes noted that. “Not smee
the founder. Henry Ford. has the company
had Btop managei with an axtensive tech-
nical background in product develop-
ment.” The Times also refarred to him as
“the first of & new wave of top auto ex-
ecutives who are more concerned about
products and production systems than f-
nancial anatysis.”

It was, perhaps, an educational back-
ground that combined business admin-
istrabon with engineenng that helped sel
him apart. Ater graduating magna oum
laude and a member of Ph Bela Kappa.
Tau Beta Pi {honorary engineering so-
ciety} and Sigma Xi Scienific Research
Socety (hatural scences) from the Uni-
versity of Washington i 1946 with a de-
gree In mechanical engineenng. he went
on to Standord Unnersity whem he re-
cewed his MBA in 1949_

When he firsl apphed for a job at Fordin
1949, he expressed a pomary inlerest in
whal he called “product planning = At that
time the auto Industry had not yel for-
malized that funchon. In his early years
with Ihe company, Mr Pefersen helped
esiablish the product-planning office.

Since becoming chairman, Mr. Pe-
lersen has devoted considerable ener-
ghos foward oefinng the corporate culture
at Foerd in ways that enhance the crealive
process, teamwork. trust, infovabon and
personal futfsiment

In the 21st ceniury scenano that fol-
Iows, Mr, Petersen draws upon the cre-
ative ideas of a number of Foeds planners,
thinkets and visionanes who have ¢on-
structed a hypothetical automotive work],
based on a projection of today's lech.
notogies imo the haure. It incofporates
wheas trom Fords Project “T-2008," a team
ettorl designed to anticipate the edements
of 21sl camury transportation.
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GEORGE H. HEILMEIER
Senior Vice President
and
Chiel Technical Officer
Texas Instrurnenls

George H. Haillmeter received the B.S.
degree in Etectrical Engineering with dis-
bnguished honots from the University of
Pennsylvania, Phifadelphia, and the
M.SE., MAA., and Ph.D. degrees in solid-
stale materials and electronics from
Princeton Unrwarsiy.

Dr. Hellmeser has recenved many majar
awards, induding the IEEE Dawvd Samoff
Award, the IEEE Frodenk Phiips Award.
the Secretary of Detense Distinguished
Civilian Service Medal {twice), the Eta Ka-
ppa Nu Award as the Outstanding Young
Electncal Engineer in the U.S , the 26th
Arthar Flemmung Award as the Owtstand-
ing Young Man n Government. and the
IEEE Founders Medal in 1385

Amang Dx, Helmaier's numerous pro-
fessional achevemunts. he hoids 15 U.S.
patents

f

¢

STEPHEN KUZNETSOV
Director ot Engineering
Power Silicon and Monotithic
Technologies Corp.

Prior 1o his curreat pasition, O, Stephen
Kuznetsov served as the Washington
D.C. represenlative for Research and De-
velgpment for the YWesnnghouse Corpora-
fion.

In 1984 De Kuznetsov served as the
Science and Technology Adwisor fo the
Senate Subcomnmuttee on Energy Re-
search and Development. Since 1985, ha
has been Chairman of the IEEE Commit-
iee on Energy Development.

Dr. Kuznetsov holds Electrical Engi-
neering degreas from Carnegie-Melion
Universily and the University of London.

CHARLES N. JUDICE
Bell Commumcalions Research, inc.

Charles Judice is Currently division
manager of tha Wideband Services Re-
soarch Division at Bell Communicanons
Research Inc. {(Beiicore)l His diwision s
respansibia for deveioping New telecom-
micatons gervices. iIncluding mutti-media
teleconterencing, information and wdeo
browsing expert syslems. mtegrated vid-
€0 services, and visual commumcahons
processing. among cthers

The Wideband Services Division builds
prolotypes of advanced semnces and sys-
tems using state-of-the-art software and
viden technologies. Those prototypes wilf
be used in feld trials.

Mz, Judice holds eight patents in mage
processing and wmage retneval and has
written more than 30 papers and technical
articles on those subjects. He did fus un-
dergraduate work in physics at Manhattan
College, and received masters and doc-
torate degrees trom Stevens Inshtnte.

RAY FISH Ph.D. M.D.
University of Hllinois, Urbana

Dr. Ray Fish, a frequent contnbuter 1o
Radio-Electronics, 15 an Adjunct As-
ststant Professor of Biomedical and Elec-
trical Engineesing at the University of
Hinois at Urbana He is aiso a Chnwcal
Instructor at that university's Medical
School and an Emergency Physician af
the Burmham Hospial Trauma Cenlar at
Champaign IL.

Dr. Fish received his B.S. and M.S. de-
grees in electncal engineening from Ihe
University of lllinois at Urbana He re-
ceived a Ph.D. in biomedical engineenng
from Worcester Polytechnit Institute and
Clark University and his M.D. trom the
Unlversity of Chicago.
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BOB L.GREGORY
Director of Microelectionics
Sandia National Laboratory

Dr. Bob Lee Gregory joined Sandia Na-
lional Laboratones in 1963 as a stalf mem-
ber i the Radiation- Physics Department.
He Is a Fellow in the IEEE and has been
an acthwe participant i the annual (EEE
Nuclgar and Space-Radwalion Ellects
Conterence. During 1973-1974, he senved
as Member-at-Large tor the IEEE Radia-
tion-Eftects Commentee. He has served on
the IEEE Sold-State Circuits Council and
5 @ past Associale Edidor of the IEEE
Journal of Soid-State Circuits and of
Sohd-State Electronics. He 15 currently an
Associate Editor of the IEEE Circuits and
Devices Magazine and on the Board of
ihe IEEE Spectrum.

Di. Gmgory receved his B.8.,M S, and
Ph.D. degrees in Electrical Engineering
from Carnegee institute of Technology n
1960, 1961 and 1963 respectively.

HEDY OLIVER

Winner, Honeywell
Fulurist Awards Competition

Hedy Oliver was a lechnical communica-
fions magor at Cabtorrua State University-
Northndge when she won Honeywell's Fu-
turist Award for 1986, The Futunst Awards
Competibon ks held annually o discover
how college students think technology will
advance, and how those advances will
affect society,

Olrver & currently a Product Inkorma-
tiohs Analyst al Unisys Inc., specializing
in office automaton. Oliver has resumed
her studies at Noihiidge on a part-time
basis. and plans to graduale this spring.
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THE FOLLOWING I$ A LIST OF RADIO CLUES, COURTESY OF ANTIouE Rapio Crassirieo (9511
Suntise Blvd., J-23, Cleveland, OH 44133}, forthose interestedin Ihe history of radio, or
in the collecting of antique radio or radio-related equipment. Most of the clubs publish
thelr own bulletins or newsletters, and many sponsor conventions and fiea markets in
thelr areas throughout the year. Those clubs are a good way to meet fellow collectors
who share your antique-radio interests.

Most clubs invite out-of-state membership. Most clubs have some dues or mem-
bership requirments; contact the individual clubs for more information on that. Also,
while the information presented here is as accurate as possible, several of the clubs
have not provided their current status. When writing to any of the clubs, please mention
that you saw its name in Radio-Electronics.

Antique Wireless Association,
Inc.—C/0 Bruce Roloson, Box 212,
Penn Yan, NY 14527. Publishes The
Oid Timer's Bulletin on a quarterly
basis. Sponsors regional con-
ventions as well as an annual con-
ference in September at Canan-
daigua, New York.

Antlque Radio Club of America,
Inc.—C/O William Denk, 81 Stee-
plechase Rd., Devon, PA 19333.
Publishes The Antigue Radio Ga-
Zette on aquarterly basis. Sponsors
several regional chapters of
AR.C A. as well as an annual con-
vention, usually in June, in a dif-
ferent part of the country éach year.

Antique Radio Club of liinois—
C/0 Randy Renne, 1020 Idlewild
Dr., Dixon, IL 61021, Publishes ARCI
News on a quarterly basis. Spon-
sors meets throughout the year in
addition to the large “Radio-Fest”
meet in August of each year.

Antique Radlo Club of Sche-
nectady—C/Q Jack Nelson, 915
Sherman St.. Schenectady, NY
12303.

Arizona Antique Radio Club—
C/0O Lee Sharpe, 2224 West Desert
Cove Rd., No. 205, Phoenix, AZ
85029. Publishes Radio News on a
quarterly basis.

Arkansas Radio Club—P.O. Box
4403, Little Rock, AR 72214.

British Vintage Wireless So-
ciety—C/O Robert Hawes, 63 Man-
or Rd., Tottenham N17. London
QJH, England. Publishes Vinlage
Wireless on a monthly basis.

Buckeye Antique Radio and
Phonograph Club—C/Q Steve
Dando, 627 Deering Dr., Akron, OH
44313. Publishes Its Soundings
newsletter on a quarterly basis.

Sponsors several informal meets at
collector's homes throughout the
year, plus exhibits at area shopping
malls.

California Historical Radio So-
ciety—CHRS, P.O. Box 1147,
Mountain View, CA 94041. Pub-
lishes the CHRS Qfficial Journal
and the CHRS Newsletter, both ap-
pear four times a year. Sponsors
conventions and flea markets.

Houston Vintage Radio Asso-
ciatlon—C/O Ron Taylor, 12407
Muliins, Houston, TX 77035. Pub-
lishes the Houslon Vintage Radio
News and also the Grid Leak on a
frequent basis. Yearly activities in-
ciude a Spring show and pubiic auc-
tion, swapfests, a picnic, and a
banquet.

Indiana Historical Radio So-
ciety—C/QO E.E. Taylor, 245 N.
QOakland Ave., Indianapolis, IN
46201. Publishes the IHRS Bulfetin
on a quarterly basis. Sponsors at
least four swap meets per year in
various areas of Indiana, including
the well-attended Auburn, indiana
meet, held in the Fall.

Long Island Antique Radio So-
ciety—160 S. Country Rd., East
Patchogue, NY 11772

Michigan Antique Radio Club—
C/Q Jim Clark, 1006 Pendieton Dr.,
Lansing, MI 48917. Sponsors two
swap meets in the Lansing, Michi-
gan area.

Mid-America Radio Club—C/O
Robert Lane, 1444 E. 8th, Kansas
City, MO 64106,

Mid-Atlantic Antique Radio
Club—C/O Joe Koester, 249 Spring
Gap Soulh, Laurel, MD 20707. Pub-
lishes a newsietter for members.
Sponsors monthly meets.
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Niagara Frontier Wireless As-
soclatlon—C/Q Larry Babcoc!
8095 Centre Lane, E. Amherst, NY
14051. Publishes the NFWA Chroni-
cle on a quarterly basis. Conducts
swap meets and meetings four
times a year in the Buffalo, New York
area.

Northwest Vintage Radio So-
ciety—Box 02379, Portland, OR
97202

Puget Sound Antique Radio
Association—C/O N.S. Braith-
waite, 4415 Greenwood Ave. N.,
Seattle, WA 98103. Publishes the
Hom of Plenty monthly. Holds swap
meets and meetings in the Seattle,
Washington area.

Rocky Mountain Wireless As-
sociation—16500 W. 12th Dr.,
Golden, CO 80401.

Sacramento Historical Radio
Society—5724 Gibbons Dr., Sacra-
mento, CA 95608,

Southern California Antique
Radio Society—C/O Floyd Paul,
1545 Raymond Ave., Glendale, CA
91201. Publishes the Califomia An-
tique Radio Gazette on a quarterly
basis. Holds four swap meets and
meetings at various locations in
Southern Califorma.

Society of Wireless Pioneers—
P.O. Box 530, Santa Rosa, CA
95402. Publishes the Sparks Jour-
nal on a quarterly basis.

Vintage Radio and Phonograph
Society—P.O. Box 165345, Irving,
TX 75016. Publishes The Re-
producer approximately six times a
year. Sponsors radio meets in
Dallas, Texas area.

Whippany Vintage Radio
Club—217 Ridge Wale Ave., Flo-
rham Park, NJ 07932, R-E
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DESICNER’S
NOTEBOOK

Trigger pulses

SEE IF THIS SOUNDS FAMILIAR: YOU
have put a circuit design on paper
and have made a working bread-
board. But as soon as you assem-
ble the final version of the circuit
the only thing it does is drain the

L
RESEY FULSE
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FIG. 2

battery. There are many reasons
for that kind of problem, among
them are wiring errors, bad
printed-Circuit traces, and inter-
mittent components—and they
should be the first things you
check when things go wrong.

If those seem okay, the next
thing you should check out is

W

something that's often over-
looked: the state of the circuit
when the power is first applied.

ROBERT GROSSBLATT,
CIRCUITS EDITOR

way it will resemble the shape
shown in Fig. 1.

But suppose you need a pulse

The more complex a circuit'is; the that resembles a clean squarewave

more critical it is to make sure ev-
erything is set lo a known state at
power up. The parts needed to do
that can be anything from a simple
RC network to a separate active
circuit designed to insure a specif-
ic start-up condition.

Most digital circuits need a
pulse of predetermined length to
set all the clocks, counters,
latches, and so forth to a known
state. The most basic way to gener-
ate a pulse is to use the circuit
shown in Fig. 1, which consists of
resistor R1, capacitor Cl, and nor-
mally-open momentary-switch $1.

When the power is applied, ca-
pacitor C1 charges, and then dis-
charges through resistor R1. As
shown, the circuil produces a
positive-going pulse. A negalive-
going pulse is attained by simply
reversing Lhe power connections.
The circuit is reset Closing $1.

The simple RC pulse-generator
shown in Fig. 1will be adequate for
designs that aren’t particularly
fussy about the shape or height of
the reset pulse. Although the exact
shape of the pulse will depend on
the specific RC values, in some

PULSE # 1

el

l' - PULSE # 2

TN

R1 R2

1 —AWr—

[l

FIG:3
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with a wider width. The easiest
way to generate such a pulse is to
add a gate to the circuit of Fig. 1
and build a half-monostable; such
a circuit is shown in Fig. 2. Al-
though an inverter is shown in
Fig.2, you can use any kind of gate
if you connect the inputs together.
when the power is first applied to
the half-monostable, it will change
state and stay that way untfl the
vollage at its input falls below the
threshold voltage for the logic
family. If you're using a CMOS de-
vice, that would be half of the
power supply voltage. Then the
half-monostable changes state
again. The result is a clean pulse,
whose width is determined by the
value of R1and Cl. A close approx-
imation of the pulse width is:

Pulse Width = 77RC

You can use almost any kind of
gate (it can be inverting or non-
inverting) but Schmitt triggers are
the best. They have considerable
gain, and their hysteresis will guar-
antee a squarewave. A hex inverter
is also a good choice for the circuit
because it will make six half-
monostables. That isn’t as silly as it
sounds because you can daisy-
chain the individual circuils 10 get
delayed pulses. Use the circuit
shown in Fig. 3 if you need a series
of pulses in a particular sequence
and you have to be able to set dif-
terent widths for each pulse.

Half-monostables are edge-trig-
gered devices, so if you plan on
daisy-chaining several circuits

Continued on page 128
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To access the RE-BBS, you need a por-
sonal computer and 8 modem capable of
cOmmunicating at 300 or 1200 baud. Set
the modem for 8 dala bas, 1 stop tet. and
no party, (Other ormats will work, but you
may be unable 10 upioad and download
files } voull also need a cOMmMumcations
program 1hal runs o0 your computer and
can control your modem, it you have an
IBM-PC and a modem. but no communi-
cabons program, get a friend 10 downioad
the GMODEM.ARC file for you, It contains
a user-supported communicalions pro-
gram and complete documentation.

The BBS runs 24 hours 8 day. seven
days a week. To sign on the first time, dial
516-293-22B3. # your sysiem 15 working
properly, you'll be presénted with an iden-
lifying message Type in the requested
information. At that pownt you'll be abia to
access some, but nol all of the BBS. Atler
the Sysop venfies your account, you'l be
able to access all relevant areas of the
BBS.

" You can do several things on the RE-

BBS: send and receive massages, and
upload and downioad files. Sending mes-
sages Is simple, and onty requires you lo
type at your keyboard. Recening mes-
sagaes is also simple, but 1o save mes-
sages. your communicahons program
must alkow you to sel up & capture butter.

Upioading and downloading files is
aasy after you gat the hang of it; just tollow
directions, and remember ahways 1o siart
the transmitier belore starting the re-
caivar.

USING THE RE-BBS

Because ol our background and inter-
asts, the RE-BBS wil be odented 1oward
IBM-PCs and compalibles. But you can
access the RE-BBS with any computer (or
ASCI terminaf) and modem, so i your
interest lies in Apples, Ataris. Com-
modores, Sinclairs, elc., ieel free lo par-
ticipate. i you have public-domain
soliware of Interest to other owners of your
type of machine, lesl ree to upioad 1. The
contents of the BBS will in large part be
determined by what you post there, so if
you lee| your machine is being negiected.
do something about it!

On the RE-BBS, any file whose name
gnds In the three letters ARC (like
QMODEM ARC] is an archive file. An ar-
¢hive hie is a group of related fikes that are
collected fogether and compressed in
order 10 save space and downioad Sme.
Archive hies are usetul only to owners of
IBM-PC's of compatibles. You use a pro-
gram called ARC.EXE 1o add 10, delete or
extract irom. list the contents of, etc., an
archive.

Simllar to archive files are Iibrary files,
which have the file type .LBR (e. g.. HID-
DEN.LBR). Like archive files, libraries are
also composed of compressed, inter-re-
lated programs an< data hles, but they are
mcompatibie with ARC files. So an addi-
Honal utibty 15 necessary 10 process li-
brary fhtes; one such utility is LSWEEP, for
Library SWEEP. Libsary fies are used on
both CP/M and IBM BBSY. and versions
of LSWEEP are availabie for both typas of
system. And, although you ¢an unpack &

CP/M library fila on an IBM-FPC, you can
run the .COM files| Nor can you un .COM
files from & CP/MW library on an IBMI

A method of compressing and de-com-
pressing files is popular on CP'M and
some IBM BBSs. On IBM BBSY the file-
compression program s usually called
SQ.COM (for squeezing) or somsething
similar, and the de-compression program
is usually USG.EXE {for unsqueezing).
50 and USC work only on indvidual fles,
a squeezed file always has a Q in 1he
second position of the fila type {e. g. RID-
DLES.TQT)L USQ automarcally restores
the proper lile name.

For maximum flexiddity, you'll need cop-
les of ARC EXE, SQ.COM, USQ.EXE,
and LSWEEP.EXE. A version of each has
been posted on the RE-BBS. 1f you can't
find programs with those exact names,
check the direclory histing caretully; many
of those programs also confain version
numbers in their names {(e. g..
LSWP103.EXE).

A refated utility for IBM'S, which is based”™
on a popular public-domain CP/M utility, 1s
called PCSWEEP. It allows multi-file
copying, deleting, etc. In addmion, &t can
squeeze ang unsqueeze files, and pro-
cess library files. t'% tvggest imration is
that it can't process archive files.

Don't hesitate 10 upioad your own pro-
grams, and don't hesitate to parhcipate in
the vanous conferences we've sel up If
you're working on a project of general in-
terest. Share your thoughts. ¥ you need
help—ask. Somebody's bound to help.
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DRAWING

BOARD

Which memory?

WE RECENTLY SPENT A LOT OF TIME TALK-
ing about the different kinds of
memory: what they were, how
they worked—and how to—use
them. The two basic types of RAM,
static and dynamic, each have
characteristics that are particularly
useful for specific applications.
Which type of memory you should
use depends on the kind of cCircuit
that you want to put together. As
with most things in life, theres a
trade-off involved; you have to
weigh the amount of memory you
need against the amount effort
you will have to put Into the design
of the circuit,

There’s no getting around the
fact that static RAM is a whole lot
easier to use than dynamic RAM,
When you put datain a static RAM,
you can forget about it. Just about
the only thing you have to do to
guarantee that the data will be
there when you want it is to keep
the power turned on; and if you
refer to our previous discussion of
low-power CMOS memory (see
Drawing Board in the July 1985 is-
sue of Radio-Electronics), you'll see
that there are ways of making sure
your data is there even when the
power is turned off.

One of the oldest rules of circuit
design is summed up very neatly in
Grossblatt's fifth law: “Always keep
brain damage to a minimum.” But
you’ll occasionally run afoul of
Grossblatt's twelfth law, which is:
“There’s no such thing as too
much memory.” It's sad, but true,
that there comes a time in the life
of every circuit designer when
they’re forced by circumstances to
turn away from the relatively has-
sle-free world of static RAM and
enter the hassle-full world of dy-

| BAS1C

STATIC
RAM STORAGE
LELL

BASIC
0 DYNAMIC RAM
o STORAGE GELL

4
———

FiG. 1

namic RAM. If your circuit needs
megabytes of memory, if your
power supply starts heating up, or
if you’re just running out of board
space, you’'ll find it impossible to
meet all of your storage require-
ments with static RAM.

The characteristic that makes dy-
namic RAM such a hassle to use is
also the same one that makes it so
attractive. Of course, I'm talking
about refreshing. Before we get
into the nuts and bolts of circuit
design, let's spend a bit of time
examining the anatomy of a stan-
dard dynamic RAM.

The basic memory cells in a dy-
nami¢ RAM are much smaller and
less complex than those of a static
RAM, which results in more stor-
age for the same size package.
Since it’s one thing to describe the
difference between the two of
them, but another thing to actually
see them side by side, Fig. 1 shows
how the complexity of a typical
static RAM cell compares with that
of a dynamic RAM cell. Whereas
the static RAM usually consists of
two cross-coupled inverters, the
dynamic RAM, as you can see from
Fig. 1, is nothing more than a small
capacitor directly on the IC’s sub-
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strate. (By using techniques such
as address multiplexing, we can in-
crease the number of directly-ad-

—dressable cells without increasing

the size of the IC's package. We'll
get to that subject later.)

When a chip designer sits down
to work out the internal circuitry of
an IC, there are a few basic rules
he follows, and one of them is to
minimize the number of passive
components. The space on an IC’s
substrate is limited, and passive
components take up a lot of room.
It's true that a small capacitor takes
up less room on the substrate than
the transistors needed to make the
two inverters found in a static RAM
cell, but the operative word there
is “small.”

Small means short

We have all used capacitors for
temporary storage, but if you look
over your old designs you'll notice
that most stand-alone storage ca-
pacitors have values in the micro-
farad range; they are usually the
electrolytic type. The reason for
using large-value capacitors is sim-
ple—you want the longest time
constant you can possible get. Al-
though the exact value of the ca-
pacitors used for dynamic RAM
varies from |C to IC, you can get an
approximate idea of that value by
considering that the integrity of
the data stored there can only be
guaranteed for 2 milliseconds!

Since the data will disappear in 2
milliseconds, the circuit-designer
must provide memory-support cir-
cuitry that will periodically read
out the data in every single cell and
write it back in. That process,
known as refresh, is a basic fact of
dynamic RAM life, and any circuit

LB61L AVIN
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that makes use of dynamic RAM
has to deal with it.

A more-general fact of elec-
tronic life is that you can‘t do real-
istic design work without paper-
work, and that’s especially true
with dynamic RAM since the tim-
Ing requirements are very strict. If
you don't have any data books or
sheets for dynamic memory it's a
good idea to get some before you
follow this discussion any further.
The dynamic RAM manufacturers
listed in Table 1 fs a good start,
They all have a variety of dynamic
RAM types in their semiconductor
stable, and if you call or write
they’ll tell you how to get their
data sheels.

When we talked about memory
the last time, we went-into consid-
erable detail about RAM anatomy
{see Drawing Board, August 1985).
we found out everything there
was to know about RAM theory,
but never took the practical side of
things past a demonstrator circuit.
In a later column we covered
memory organization and bank
switching (August 1986, page 73). If
you've kept those issues it would

TABLE 1-—RAM MANUFACTURERS

National Semiconductor
2900 Semiconductor Drive
Santa Clara. CA 95051
408-721-5000

NEC Electronics LUSA. Inc.
Communications Depl.
Microcomputer Div.

One Natick Executive Park
Natick, MA 01760

Mostek Corp.

1215 west Crosby Road
Carroliton, TX 75006
214-466-6000

help to reread them, because
there isn’t enough room in this
column to review the material.
The-more you search, the more
benefits you'll find there are for
using dynamic RAM. At present,
you can get 256k % 1 RAM for un-
der $2 each, and that means a
quarter megabyte of storage is
going to cost you less than $16—an
outstanding value for you cost-
conscious folk. Since there’s no
doubt that the 1-megabyte IC's will
eventually show up in the mail
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order houses, if you know how to
design around them you can save
both money and board space.

Over the next few months we’ll
put together a memory system
using dynamic RAM. Since every-
body has their own applications
for memory, we’ll keep the system
as general as possible. Once we
get it up and working, we’ll talk
about customizing it for particular
uses. If you have questions about
the circuit or ideas for it's use,
drop me a note and I'll get back to
you. If your idea has a broad ap-
peal, we'll spend some time talk-
ing about it in the column. Now,
let’s get to work.

Designing RAM

As you probably know by now,——
the first step in any design is to
make a list of the design goals. You
can't start wiring up stuft withnut a
clear idea of what you want, so
here’s what we’re aiming at:

1. Our memory system will have
64k of storage.

2. The storage will be in 4164 dy-
namic RAMs.

3. The system will be expanda-
ble beyond 64k.

4, The system will be indepen-
dent of the host circuit.

If you go through the mail order
ads, you'll see that 64k RAM’'s
come in several types. The dif-
ferences have to do with the ac-
cess speed, packaging, tem-
perature range, and so on. The
design we’'ll be putting together is
geared to 150-nanosecond RAM,
and that's the only consideration
you have to keep in mind. Mil-
spec stuff is great, but there’s no
sense in paying for something
you're not going to use.

Figure 2 shows the pinouts of a
standard 4164 dynamic RAM.
Notice that there Is no indication
for the function of pin 1. Most
4164's have no connection to pin 1,
others have a RrsH input on pin 1,
which is connected to an internal
counter that is used for increment-
ing refresh addresses. Mostek in-
troduced the refresh feature in
1980; some manufacturers
adopted it and some didn't. We
won't be using it, but if you hap-
pen to have a device with a RFsH
input on pin 1, tie pin 1 high to
disable the refresh.

continued on page 131
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Funny pictures

EVERY ONCE IN WHILE, WE GET A SET
with some very peculiar symp-
toms. One classic case was a set

——with avery unusuat picture: Taking——

acloser look at it, it appeared to be
negative! See Fig. 1.

That gave me an idea, and one
look at the video-detector diode
told me that | was on the right
track. The soldering job on that
component was not up to “profes-
sional standards.” The joints were
dull and “blobby;” in other words,
they were a mess.

Encouraged, | checked the de-
tector diode against the sche-
matic. Sure enough, it had been
installed backwards. The video
signal coming from the detector
was inverted; (hat fact was quickly
confirmed using an oscilloscope.
Removing, reversing, and re-in-
stalling the diode corrected the
polarity problem.

However, things still did not
look quite right. On a hunch, |
decided to check the video align-
ment. Hooking the set up lo a
sweep generator and examining
the response curve with an os-
cilloscope yielded an interesting
result: The video-IF amplifier was
as out-of-alignment as it could be.
The response curve resembled
nothing that | had ever seen be-
fore.

The reason for that soon be-
came apparent. Just about every
tunable component in the video IF
had been "diddled” with. Some
slugs were perfectly aligned with
the tops of the cans; others were
screwed down as far as they could
go. Once the set was aligned to
the manufacturer’s specifications,
everything worked fine.

Generally, a full sweep align-
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ment of a set is not needed and
most of the time your sweep gen-
erator just sits on the bench. But
every once in a while it becomes
indispensable. If a set with signs of
diddling comes across your
bench, one of the first things you
should do is check the alignment.
It only takes a few minutes, but
often it can lead you right to the
cause of the problem.

A lot of weird effects and funny
pictures can be caused by mis-
alignment. In one case that | recall
vividly, a set with no picture came
into the shop. After opening the
back of the set, it soon became
obvious that someone with little
expertise had been there first. Out
came the trusty sweep generator
and soon the reason for the miss-
ing picture was reveated. The vid-
eo-carrier frequency had been
”adjusted” so that it fell com-
pletely outside the video pass-
band. After things were set right,
the set worked perfectly; at least it
did until the next time that the did-
dler got inside of it!

Intermitients

Now it’'s time for me to hold
forth once again on a subject that
s "dear to my heart"—the inter-
mittent TV set. Actually, "bane of
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JACK DARR,
SERVICE EDITOR

my existence” would be a more
apt description! Though | have 1o
admit that they serve a purpose:
'hey give me plenfy of material for
this column.

Intermittents come in all
shapes, sizes and colors; they can
crop up in the picture, the sweep,
the color, or any other section of
the TV set. There are as many kinds
of intermittents as there are beans
in a beanbag. Therefore, the mosi
important tool you can have when
dealing with intermittenis is pa-
tience.

First of all, really look at the
symptoms and figure out where in
the TV set the problems lie. Sec-
ond, always suspect solder joints,
no matter how “good” they look
upon first inspection.

Here’s one classic that points
out what | mean: Troubleshooting
an intermittent in a set eventually
led me to a terminal strip that
served as the main distribution
point for the B+ . But the joints
there seemed o be perfect; they
were shiny, clean, iexibook-like
examples of proper soldering
technique. There was no way that
those joints could be the cause of
the problem.

want to bet?

Continuing, all indications
eventually led me back to the ter-
minal strip. ! finally decided to
stop being lazy and resolder the
connections. As soon as | siarted
melting the first joint, a siream of
smoke appeared. That beautiful
solder joint was made using a non-
conductive “liquid solder!” Clean-
Ing, tinning, and soldering the
connections properly restored op-
eration o normal.

Of course, solder joints are the
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only cause of intermiitents. Capac-
itors and resistors can do their part
to make you crazy, 1oo.

wWith capacitors, the older wax
types, the kind with the brown-
paper cases, should be especially
suspect. The connections to the
leads on those have a tendency 1o
become intermittent with age. |
have a soldering tool with a slotted
end on my workbench that comes
in very handy in spolting capaci-
tors with that problem. Slipping
the slot over the leads of the capac-
itor and twisting it almost always
causes the intermittent to appear,
usually at the moment the leads
are moved even slightly.

With resistors, look for signs of

overload. A sure giveaway is a uni- |
form grayish color. Resistors that

bear thai coloration have been
subjected to adrastic overload and
no longer have a value that bears
any resemblance to the original.
In some of the more severe
cases, burned resistors will even
break in two or disintegrate com-
pletely. The good point to that, |
quess, is that then the problem is
no longer intermittent!
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AUDO UPDATE
continued from page 75

trolled signals sent to them, ap-
pears to mostly “swamp out” the
contribution of the listening
room, and the control flexibility
built into the DSP-1 can adjus! for
the normal range of recorded pro-
gram acoustics.

After one listens lo the DSP1for
a time, switching it out is almost a
painful experience. The sound
field collapses into the noraml
front speakers with a distressing
loss of depth and liveness.

| don’t know how many of my
readers are prepared to spend the
$1,500 or 3o that a four-channel
power amplifier, four good small
speakers, and the DSP-1 would
cost, but for those dedicated to
the search for sonic realism It is
money well spent. For more infor-
mation on the D5P-7 and its associ-
ated equipment, write lo Yamaha
Electronics Corp., Dept. RE, 6660
Orangethorpe Ave, Buena Park,
CA 90622. R-E
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Think ferrite

THE MOST DEVILISH FORM OF RFI (RA-
dio frequency interference) is not
what we do (o others, bul what we
io to ourselves. | have probably
spent more time filtering my own
transmitter out of my own receiv-
ing and high-fidelity equipment
than | have spent filtering RF from
an FM-broadcast transmitter out of
the local hospital’s EKG machine. |
have also spent, and wasted, many
an hour trying to get my comput-
er's bleeps and bloops out of my
telephone.

The problem itself has avery rea-
sonable explanation: Each wire ex-
ternal to the shielding of a metal
equipment cabinet or a chassis
functions as an antenna. If the lo-
cal transmitter is a low-power unit
in your backyard, every wire in the
house, even shielded wires, will
receive some part of the radiated
signal. If anything causes the RF to
be detected, you have RF inter-
ference.

Shielded wires in themselves
are often no solution because
rarely is the shield totally effective
at RF frequencies. Depending on
the overall length of the wire, one
end of the shield might be
grounded for RF while the op-
posite end, which indicates
ground when checked with an
ohmmeter, is actually “hot” to RF.
we'll show you why that s so in a
future column.

Move the same transmitter and
fts antenna a few hundred feet
away and the RFfI is eliminated be-
cause the signal received by the
wiring is simply too weak to do any
damage. On the other hand, a
50,000-watt broadcast station a
mile or so away can radiate so
much RF into the wiring that we

can consider the station to be a
local transmitter, capable of inter-
fering with receivers, high-fidelitv
gear, telephones, and even com-
puters. As a general rule, the four
consumer-equipment wires most
sensitive to RFl from local trans-
mitlers are the AC line cord, coax-
ial-cable antenna connections,
microphone cable, and audio and
video line-level cables.

The ferrite ring

Virtually any external wire,
shielded or not, can be RFl sup-
pressed by using a ferrite choke;
all that's required is to loop the
wire around a ferrite ring.

Perhaps the easiest filter to
make, yet one of the most effec-
tive, is the line-cord filter shown in
Fig. 1. It is simply a ferrite ring

AECEIVER

FERARITE LINE CORD
RING OR COAX
CABLE

FG. 1

through which the line cord is
wrapped as many as seven times.
The filter is equally effective with
either conventional two-wire zip
cord or three-wire-with-ground
line. To provide clearance for the
seven lurns of line cord, as well as
for heat dissipation, the ring must
be almost 2.5 inches in diameter,
and a littie more than 0.5-inch
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thick. It must also be effective over
a rather broad frequency range.
An Amidon type FT-240-75 ring
meets those requirements. The
240 part of the specification means
the ring is 2.4 inches in diameter.
The 75 means that the ring is made
of a type 75 material; the charac-
teristics of that material allow the
resulting filter to have maximum
effect over a 1-MHz through 50-
MHz range, but the filter will at-
tenuate noise to 200 MHz.

To prevent capacitive coupling
between the input and output
leads, push the wurns close to-
gether sothere is as much space as
is possible between the first and
last turns. Then tape the lurns
down with common plastic tape so
they can’t change position.

The scheme can also be used
with coax antenna lead, or even a
shielded microphone lead. Simply
wrap seven turns around an
FT-240-75 ring and (ape the turns to
keep the input and output sepa-
rated. The ferrite choke will keep
RF| from traveling down the shield
of the coax or microphone cable
into the receiving or the amnlify-
ing equipment.

If the interference comes from
radio frequencies below 1 MHz it
might be necessary to use two
chokes in series. As thal arrange-
ment can get very bulky, first try
adding two turns per ring, for a
total of nine.

When dealing with audio cables
and thin microphone wire, it isn't
necessary to use a large ring be-
cause there's no dissipation to
worry aboul; all you need is a ring
large encugh to allow you to wind
up to seven wurns. For con-
ventional microphone and audio

1
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cables, you could try a ring with a
1.4-inch diameter.

Actually, for audio circuits you
might even get by with a single
turn, as shown in Fig. 2. But it pays
to use extra turns. If a single turn

LOGQPED

_SHIELOED
MICHOPHONE
WIRE

FERRITE
AING

F1G. 2

| suppresses, but doesn’t eliminate

—

the interference, keep adding
turns. Just keep-in mind that-there
must be some separation between
the input and output eads.
Ferrite rings are reasonably
priced. The FT-240 is $8, while the
FT-140 is only $3. You can get a
complete price list along with a
ferrite coil-form calalog by writing
to Amidon Associates, Inc., 12033
Otsego St., North Hollywood, CA
91607. R-E

DESIGNER’'S NOTEBOOK

continued from page 121

you'll have to pay attention to the
polarity of the pulses. If necessary,
you can use a small-signal tran-
sistor as a flip-flop to convert
positive pulses to negative.

when you’re working with a
complex design, you should pay
as much attention to the reset as
you do to any other part of the
circuit. Its timing can be very crit-
ical, and if it’s off the mark you may
get intermittent operation.

More complex reset problems
require more complex solutions.
You can find dedicated IC’s thal
are designed specifically to gener-
ate pulses of one kind or another,
but they are often expensive, hard
to find, and difficult to use. Half-
monostables are simple, cheap,
and easy to use. The next time you
find yourself looking for some way
of generating a variety of pulses,
use a hex inverter and wire up a
couple of half-monostables.
Chances are they’ll do the job with
a minimum of fuss and bother. R-E
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STATE OF
SOLID STATE

Long-time timer

FOR MOST OF THE PAST DECADE, THE
mention of a monolithic timer im-
mediately brought to mind the
555; the best-known and -most
widely produced timer IC. Al-
though the 555 is a practical device
for delay times ranging from a few
milliseconds o several minutes, it
becomes less reliable as the delay
interval is increased. That's be-
cause the time interval is deter-
mined by an RC product, and long
time intervals can require a very
large-value capacitor, which usu-
ally means an electrolytic type.
But when accuracy is required
you cannot use an electrolytic ca-
pacitor. For one thing, elec-
trolytics are low precision devices;
their value can drift with time. Fi-
nally, an electrolytic capacitor’s in-
herent high leakage-current
makes it impossible to use a high
value of resistance in the circuit.
But, though not as wellknown, a
timer ICthatis especially designed
for long-time applications has
been around since the early 1970%;
it is the ZN1034E from Ferranti Elec-
tronics. When used as a stand-
alone device, that IC can provide
timed intervals ranging from 1sec-
ond to 19 days, although the RC
time conslant is only 220 seconds.
The ZN1034E includes an inter-
nal voltage regulator, an oscillator,
and a 12-stage binary counter. The
total delay time provided by the
counter is 4095 times the period of
the oscillator. Therefore, we can
use moderate values of resistance
and capacitance in the RC timing
network and oblain periods that
are many times longer than those
possible with just the basic os-
cillator. With precision compo-
nents with low temperature coeffi-

e
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cients, the repeatability of timed
periods Is accurate to within 0.01%
and the temperature drift in the
timed period can be held to within
0.01% per degree Centigrade.

The ZN1034E comes in a 14-pin
DIP package. A pinout and block
diagram of the IC are shownin Fig.
1. Figure 2 shows a basic circuit for
the device that is suitable for prac-
tical experimentation. Note that
when you use a 5-volt power sup-
ply, only pin 4 is tied to the positive
rail; pin 5 should not be con-
nected. For supplies of from 6450
volts DC, pins 4 and 5 are tied to
the positive rail through dropping
resistor R, as shown. The internal
5-volt regulator connected to pin 5
insures that +5 volts is supplied
to the internal circuitry. Resistor
Rp must drop a voltage equal to
Viupply Minus 5 volts. Its value is
derived from (V ., - 5)+
where | Is the lpad current plus the
current drawn from either of the
outputs.
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The control logic times-out after
4095 cycles of the oscillator and
delivers high and low outpul
pulses at pins 2 and 3. The output
at pin 3 is normally high and goes

A= +Y
R
_8 7 el
9] 6 =z
_10] g (Al
A
1] zwin34e |4
(] 3
—  —
13 2 }uuwurs
— -
14 I
F ot

RG. 2

low at the end of the timed inter-
val. The complementary output at
pin 2 is normally low and goes high
at the end of the timed interval.
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gether only an internal resistance
of 100K is across those pins and the
value of K is 2736. Connecting a
SOK, 150K, or 300K resistor across
those pins will provide multiplica-
tion factors of 2500, 4100, or 7500
respectively.

Resistor Ry can range from 5K to
5 megohms, but its value should
be kept between 50K and 1
megohm for best performance
and linearity. For best perfor-
mance the value of C; should be
greater than 0.01 pF, but smaller
values can be used when the
timed interval must be short. With
values below 0.01 uF, the timed in-
terval is not linear with respect to
the RC time constant. The man-
ufacturer suggests 3900 pF as the
minimum value for C.. Table 1
shows convenient Ry and C; val-
ues for timed periods ranging
from 1 second to 19 days.

The timing period is initiated by
momentarily grounding pin 1, In
Fig. 2, that is done using a momen-
tary pushbutton switch, 51. Alter-
nately, if pin 1 is grounded, the
timing period can be initiated by
applying power to the CirCuit.

Figure 3 shows how the ZN1034E
can be used as an interval timer

WwWwWw americanradiohistorv comm

A} Ping 11 and 12 tied logether
B) 300K resistor connected between pins:
11 and {2

providing delays of 1to 11 minutes.
Timing resistor Ry consists of two
resistors, R1 and R2, in series. Be-
cause Rl is a fixed value of 100K,
the total range of Ry is 100K to 1.1
megohms. Timing starts when 51is
pressed. The alarm sounds at the
end of the timed interval and con-
tinues until $2 is opened. Tran-
sistor Q2, a Ferranti ZTX450, is an
NPN medium-power (1 watt) sil-
icon transistor with a Vg of 60
volts and an .., of 1 ampere.
The ZN1034tE's data sheet has cir-
cuits for a number of other ap-
plications, gives interfacing ideas,
and shows how to cascade two
ttmers to provide delays up to 1
year with an accuracy of 6 minutes.
(Such long-timed periods can be
used for lime-lapse photography
and for controlling automatic wa-
tering systems for lawns and
greenhouses.) Data sheets and
further details on the ZN1034E can
be obtained from Ferranti Electric
Inc., 87 Modular Ave., Commack,
NY 11725. R-E
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DRAWING BOARD

continued from page 124

If you're used to dealing with

static memory, the first feature of

the 4164 you should notice is that
there are only 8 address pins, A@

t LS 16
] see Text vss[]
2 -
] o cas ]
3 — 14
] we Dour |-
i 13
1 Ras Ac ]
s 12
A 1
] A2 A+ 1
] 10
q Al as ]
a 9
) Vee AT
AG.2

through A7. Ordinarily, this
wouldn’t be enough for decoding
the 65,536 memory cells on the
substrate, but you'll remember
that | had mentioned the notion of
“address multiplexing” earlier in
this column. The address pins are
used in conjunction with ras,
(Row Address Strobe) and cas,
(Column Address Sttrobe) to
provide a complete address.
When you want to access a par
ticular location in the IC, the row
address is presented to the ad-
dress pins and the RAs pin is
strobed, which causes the partial
address to be internally latched in
the IC. The column address is then
presented to the same address
pins and the CAS pin is strobed to
internally latch the remainder of
the complete address.

And if all that wasn’t enough,
the issue of refresh has to be dealt
with as well. And there are other,
well, peculiarities, of dynamic
RAM that | haven’t even men-
tioned.

The logical glue that has to be
added to the board before it can
be used for anything is what made
me call our project a “system.” But
the complications don’t really
make anything any harder, only
more interesting.

Next month we’ll start to get our
hands dirty. R-E
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SATELLITE TV
continued from page 78

plus the master authorization IC’s
could copy an additional 100, 1,000
or any number of additional user
IC’s. The ZITS people say “Yes,
but. . .” The “but” means they
would have to sell the copies in a
month. And the “but” also means
they are working on making their
custamer IC’s copy-proof.

The ZITS approach was appar-
ently first developed by European
software people who were work-
ing on breaking both $/A-B-MAC
and Oak Orion technology. The
Qak Orion system is in use by Eu-
rope’s Sky Channel service on Ku
band. The B-MAC or a variation of
it {C-MAC, etc.) is thought to be
pending by several programmers
in Europe, and B-MAC is also in
use in Australia. The ZITS ap-
pearance in the North American
market caught US software enthu-
siasts by surprise. It could signal
the star! of a software-technology
exchange on a worldwide basis.

Those who have seen the ZITS
IC work have observed that a
stand-alone descrambler, one cre-
ated outside of the Gl factory, can-
not now be long in coming.
Indeed, in Europe, a consumer de-
scrambler has been on the market
for several months. Il has a moth-
erboard and a master housing; in-
side are five slots that will accom-
modate up to five totally unrelated
descrambling circuits. The units
now being offered, openly, in Eu-
rope are equipped with a pair of
plug-in boards to decade the two
systems now used there.

In the last 90 days, the focus of
scrambling has changed from
scrambling to descrambling. The
makers of Videacipher continue,
as this is written, to maintain that,
through software and hardware
changes, the holes in the inftial
version of Videocipher can be
closed. Those who have broken
into Videocipher have new con-
fidence with each passing day that
nothing done by the operators of
Gl is beyond their decoding abil-
ities. There is no foreseeable end
to this game yet, but the battle
seems 1o reach impossible new
heights with each passing day. R-E
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EDITOR’S

WORK-
BENCH

dtor’s Workloench is the place where
set to try out the [atest hardvware and
software, and where we have occasion to
wax philsophical, This month we examine a
high-quality qraphics board, a circuit de-
sign program, and a thought-proveking
novel by John Updike.

TSENG LABS® EVA/480

Every time IBM introcduces a new display
aciapter, the R & D 1abs of the companies
that supply IBM-compatible equipment go
inta high gear in order to find out how IBM
twilt theirs, and how it can be improved
upon. Of course, the first major success in
this regard was the Hercules company,
whose monochrome display adapter was
compatible with IBMS onginal model,
However, no one (including [BMm) be-
lieved at first that “seniocus” users of PCS
would want 10 work on color displays,
mainly because quality color monitors Cost
three or more times what a good Mono-
chrome monitor cost. But it tums that there
are many legitimate uses for a high-quality
color display, and that many PC users are
willing ta pay for it So, in the fail of 1984,
BM introduced the Enhanced Graphics *
Adapter (EGA), which finally brought a
more-or-less reasonably priced high-
quality colorgraphics system to the IBM-PC
Since then, dozens of companies, Amer-
ican and foreign, have introduced EGA
clones. By shopping around, you can pur-
chase an EGA, monitor-and-card combing-
tion for about $600—that is about 3400 less

than 1BMm5 oniginal price for the EGA card
SO

What does an EGA card have to offer?
The most important benefit, as shown in
Table 1, 15 that vertical resolution, in modes
15 and 16, is almost twice that of the old
Color/Graphics Adapter (CGA). This means
that, connected to an appropnate monitor,
You now get resolution near that of Her-
cules’ monochrome card. Finally you can
read text in color without going blind.

In addition, the EGA has provision for as
many as four RAM-ased character sets that
programs like Microsoft Word and Lotus
Manuscnpt wse to display boldface and
italic characters, and other special effects.

But the EGA 15 not called an enhanced
graphics adapter for nothing. Where it really
shines is in graphics modes when working
with programs like AutoCAD and Dr. Halo Il
with the ald CGA, higher-resolution modes
meant fewer on-screen colors, For exam-
ple, you ¢an get 16 colors on a standard
color monitor, but only in text modes 0,1, 2,
and 3. You get only four colors {or four
shacles of gray) on the screen in graphics

WwWww americanradiohistorv comm

modes 4 and 5, whose resolutions are lim-
ited to 320 %X 900. At the highest CGA
resclution (640 X 200) you get only two
colors (in mode 6).

On the ather hand, with an EGA card and
an appropriate monitor, you can get 16 {out
of 64 total) colors on screen simultaneousty,
at a resolution of 640 x 350, Thats about
90% of the resolution of the Hercules
monochrome card.

The EVA/480

In order to provide not merely lower
cost, but also added value, several EGA
manufacturers have introduced EGA cards
with all the standard |BM features, plus
some of their own. One of the best such
cards, the EVAJ480, is made by Tseng Labo-
ratories, Inc, (10 Pheasant Run, Newtown,
PA 18940). Its name comes from Tsengs
view of the card as an Ephanced Video
Adapter; the 480 refers 10 the maximum
number of scan lines available from the
card. Note that 480 lines 15 more than pwice
that of the standard CGA, and more than
that of a Hercuies mono card In fact, total
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FIG. 1

resolution is about 22% greater than the
Hercules card

What good are those extra lines? For one,
they can be used to produce high-quality
graphiC images, like the ones shown on our
cover, Further they make working with Au-
toAD in color a joy In addition, in text
modes, they allow you to get more informa-
tion on the screen. How would you like to
work with Lotus 1-2-3 or Symphony and
have 132 columns of text on the screen? In
fact, the board supports a number of text
formats: B0 x 25, 132 x 25, 132 x R8,
139 x 44, 80 x 43, and even 80 x 60. Patcha-
ble programs (like WordiStar) can be modi-
fied easily to take advantage of the denser
formats; however, most programs will use
only the upper left comer of the screen in
those formats.

An optional plug-in daughterboard
provides complete downward com-
patibility with both CGA and Hercules
monochrome standards, A parallel port is
included with the board, as is print spool-
ng software,

The EVA/480 can work with a number of
dispigy adapters—in fact, just about any
IBM-compatible display adapter, color or
monoChrome. To take advantage of the EGA
modes, of Course, an EGA-COmpatible
monitor {like Amdek’s excellent Cofor 792}
must be used. To take actvantage of the 480~
ling graphics modes or text displays with
maore than 43 lines, 8 NEC Muitisync or com-
pauble monitor must be used.

Tseng Labs includes some very useful
software with the package: the MacPaint-
like drawmg/painting program, Dr Halo 1i;
drivers for Lotus 1-2-3 and Symphony; a font
editor, 50 you Can Create and use YOur own
custom-Character sets; a replacement for
ANSIL5YS that allows you 1o take advantege

of the EVA/4B0s enhanced video modes;
and a program for setting the video mode.
A custom driver that allows AutoCAD to use
the 480-line mode is also available, and
works fairty well.

Hardware zoom and pan

One feature of the EVA/4B80 that is new to
the world of moderately pficed PC-based
graphics design is its hardware zoom and
pan features. You'll be completely amazed
at how fast those features work if you've
ever seen them implemented n software.
The photos (Fig. 1-a fig. 1-b, and Fig. 1-¢)
indicate the thvee levels of zoom (2x, 4 x,
8 x )avarlable at the push of a button. Figure
1-d shows Dr Hato 115 bit-mapped edit
mode. Both zoom and pan ocCur in-
stantaneously We hope that Autodesk (or
someone else) will write a complete drver
for AutoCAD that takes full acivantage of the
EVA/480.

In conclusion, if you're in the market for 8
high-quality, yet reasonably priced graphics
system for the IBM-PC, the combination of
an EVAJ480 and a NEC Multisync monitor is
simply the best you can get for under
$1500. We found no compatibility prob-
lems and recommend it highty

we 'd ke to offer our sincere thanks to the
foliowing compantes, without whose as-
sistance this review would have been im-
possible: Tseng Labs for the EVAM480
($680), NEC Home Electronlcs {1255
Michael Drive, Wood Date, It 60191) for a
Multisync monitor {$899), Amdek Corpora-
tion (2201 Lively Bivd,, Elk Grove Village, i
6007, for a Color 792 monitor ($799), Or-
chid Technology (45365 Northport Loop
West, Fremont, CA ©4538) for a TinyTurbo
accelerator board ($695), and JDR MiCro-
devices (110 Knowies Drive, Los Gatos, CA
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95030) for an 80287 math co-processor
($199.95). Incidentally, NEC 15 marketing the
EVA/4BO separately as the Multisync GB-1
($649). Prices quoted are current list; often
they're heawvily discounted. Shogp around

CompDes—Computer-aided circuit
design

imost any kind of electronics calcula-

on or circuit design can be worked
out using a sclentlfic calculatar Unfe
tunately if you want to try many different
combinations of component values, the
job can become a tedious, time-consum-
ing chore as you keep punching in new
dlata.

A faster and @ more comvenient way to
handle both calculations and Circuit design
1swith CompDes, aogram that runs on the
1BM-PC and compatibles, from Esoft Soft-
ware, PO, Box 072134, Columbus, OH
43207. Aithoush CompDes is described as
8 “Computer-aided circuit-design pro-
gram,” in actual fact it corsists of seven
more-or-less independent functions:

1. A caiculator for basic electncal quan-
tities (resistance, current, voltage, and
power),

2. A calculator for electronic Circuits (in-
ductive and capacitve reactance, parallel
and senal impedance Comversions, reso-
nant frequency pérameters, Dypass Capaci-
tor values).

3. Acircurt designer for seif-tuasing Class
A transistor amplifiers, a transistor Schmitt
trigger, and several DC power supplies.

4. A desigrer for passive and active (op-
erational-ampfifier) pl- and T-filter: low
pass, high pass, band pass, band-elimina-
tion, variable band pass, Wien-Bridge
notch, and fwn-Tee notch.

5. A communications calculator for mi-
crostripy, VSWR, &F air-core inductors, deci-
bel Auos, and stnp-lines

6. A calculator for balanced, T, H, lattice,
pi, and bndged-T attenuators.,

7. Alist of definitions and the non-graoh-
ic SYmbols of various electrical, electronic,
transistor, and integrated Circuit quantities.

All functions are selected throush man
and sub-menus. For example, if the Filter
Design function is selected from the main
menu, the screen then displays 8 sub-menu
allowing you 1o choose passive or active
filters. A sub-sub-menu allows you to
choose one of eight passive of six active
filters.

Some of the functions, such as the basic
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electncity calculations, could probably be
done faster and more conveniently in your
head; however, a major Convenience of the
basic electncity calculations is a function
that instantly Calculates the value of any
numiber {within reason) of parallel resistors.

Mo Graphics

Whether working a simple Ohm’s Law
calculation or designing a band-elimination
filter or a microwave stripling, only the cal-
culated values are displayed; there are no
graphics, such as a screen representation of
an ampilifier or a reguilated three-terminal
power supply The displayed values must
be referenced tailtustrations In the 42-page
user’s manual.

If you should want to work a problem or
design using several different parameters,
it's possible 1o make a “hardcopy” 50 that
the vanous calculabions and designs can be
compared. Also, 8 hardcopy makes it €asy
to correlate the screen-displayed values
wath the circuit(s) in the user’s manual,

You can print at the completion of each
calculation or design either the input data,
the resuitant data, or design values. They are
then used with the approprate schematic
shown in the manual.

INPUT
=

For example, Fig 2 is a Wien-Bridge filter
as shown in the user’s manual. Calculated
values shown on the screen of hardcopry are
simply correlated with the Circuit shown in
the manual

Depending on the particular kind of cal-
culation or design, if there Can be some
doubt a5 to the available value to use, the
program walk calCulate ether the value with
up 1o three-decimal acCurdCy, or suggest a
“rearest commaon value

Often, the user Can select some param-
eters in acvance, thereby enabilng the cal-
culation or design to be *juggled” so that a
commonly-available Capacitor value can
be used The suggestion(s) are based on
the assumption that it 1s easier to work wath
stanclard resistor than Capacitor values

Limitations

There are limitations on the range of cal-
Culations that may e entered. For example,
capacitor and inductor iInout values are lim-
ited to seven places, iInCluding the decimal
point. Capacitors may range from 0000001

pF 1o 1000000 pE while inductors may
range from is 000001 hennes to 1000000
henries. The frequency range is 1 to
99000000 Hz Calculated values can, of
course, exceed the hmitations on the input
data

CompDes obviously is not the type of
program that will be found in everyone’s
software Ilorary But for what it is, it works
well, and 15 Certainly worth the 349.95
(postage Included) prce, But we must call
your attention 10 two things that can be
confusing if you don't know what's going
on. The Arst concems the cCalculaton for
“wire s1ze” vs. the ampacity of various size
wires. The Calculated wire size was greater
than the National Electrical Code’s recom-
mended ampac ity In the category generally
used for “home™ wanng. Under the code, 15
amperes {maximum} calls for #14 copper
wire: CompDes suggested #12 wire—

somewhat overly conservative. (We under-

stand that that will be corrected, but if you
get a version that calls for a "conservative”
wire size you know why).

The second confusion is Caused by
those who Delieve that there is such a thing
as 100% IBM-compatibility. CompDes is in-
tended for the IBM-PCXT/AT/PCjr and their
true Clones—those using the 8088 CPU. It
did not work with 8 V20 CPU, which has
been touted as & faster substitute for the
B088. (Only heaven knows what other soft-
ware isn't V20-compatible )

ROGER'S YERSION BY JOHN UPDIKE

o special issue on Technoicgy in the
Year 2001 would be complete wathout
some discussion of the effect that tech-
nology has on those who use it. And one
book that i$ sure to get you thinking about
numerous topics ranging from computers
toreligion is called Rogers Viersion, by John
Undike (Alfred A. Knopf, New York 1986).
The hero of the book, Roger Lambert, Ts a
prafessor of danity and a former nunister.
One day he is accosted by a young bom-
again computer-science student, Dale
Kohier, who wants to prove the existence of
God using computers Dale wants the Di-
vinity School 1o underarite the project.
Roger is challenged by the fervent young
man, and their discussions range from early
Chnistian history to astrophysics to number
systems to social-weifare programs

For example, the Lamberts have Dale to
Thanksgiving dinner In the course of ther
conversation, Roger’s wafe Esther asks Dale
to explain his work inComputer science He
discusses the basic differences between
raster and vector displays, and goes on (o
discuss one of the bigger problemns con-
fronting computer science these days: You
ook at this table now in front of you, there's
a remendous amount of visual information,
| mean, 8 temifying amount, if you take into
account, say, the sheen on that turkey skin,
and the way it's folded, and the way the
water in the glass refracts that bowd, and the
way the onions are a different kind of shiny
from the bowd, . . . The Japanese do an
amazing job wath that sort of thing—=alass
balls Aoating arcund in front of checker
boards and translucent cylinders and 5o
forth. It means you have to calculate through
the pixel . .°

Dale is not afraid to tackle cosmology,
either: “The total energy . .. and the expan-
sion rate of the Big Bang had to be initially in
precise balance . . . For galaxies lasting bil-
lions of years ta exist at aif is statistically very
strange . .. Energy density at the time of the
Big Bang had 10 equal the expansion sate to
one part In ten to the Afty-fifth power .
Now if that’s not a miracle, what is?”

Roger is less than enamored both with
Dale’s zealous religious beliefs and his al-
most compulsive theonzing about the uni-
verse, its ongin, howv it works, and why it
ousts at all. The drama of the book centers
around the contrast between Dale’s enthu-
siasm, on the cne hand, and Roger’s self-
centered, almaost cynical complacency, on
the other

Dale and Roger (and most of the subsidi-
ary characters) are interesting because Up-
dike does not make stereatypes of them.
You might expect, for example, 8 drinity
professor to have a *religious” attitude to-
ward life, mankind, and his work But Roger’s
attitude’s toward all thwee is about as dry as
that of any bookkeeper Yet there is a human
side to him, s0 you're really unable simply
to dismiss him.

The book contalns long stretches of the-
oretical argumentation about many topICs,
But balancing them are the interactions be-
tween Roger’s wafe and Dale, Roger and his
niece (Dale’s frend), Dale and Roger's son,
etc The counterpeint thus Produced keeps
you from getting bogged down

Updike is a novelist, of course, but he
shows a surpasing grasp of many of the
topics discussed. He acknowiedges recen-
ng help from several leading computer Sci-
entists.

Undoubtedhy specialists wall find ponts
for debate. But Updike must be admired for
being able to encompass so wide a range
of subject matters In addition, the charac-
ters ane 50 real that occasionally you feel fike
Stopping an argument to participate.

If you're Interested in technology and In
how effects us, Check out Roger s Viersion—
you won't be disappointed $ M 4é
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The
MC 68000

Part 2

Hardware highlights of
the MC 68000 computer.

TIM AND HANS SCHRADER,
- ‘MANFRED KOENIG;
HAGEN VOELZKE

I ast time (in the March i55ue) we gave an
of the hardware and software
that are available for the mC 68000 This
time we ' discuss the overall function of the
cincuits on the motherboard, and, due 1o
lack of space, focus our attention on one of
the more innavative of those circuits, the
programmable address decoder
for those of you just joining us, heres a
bnef synopsis of what the MC68000 com.
puter is and what it can do. As its name
suggests, the computer is based on the
68000 microprocessor The computer can
run several operating systems, including CP/
M-68K, O5-9, and others. The computer has
an EPROM-based system monitor so it can
e booted, and programs Can be run, with-
out a disk drive or formal operaung systemn.
The motherboard can bold 128k or 512k
of memory, eight expansion slots allow
mernory expansion almost to the himit of the
68000—16 megabytest The mothertboard

SASI
INTERFACE

FLOPPY.0ISK
INTEAFACE * |

1 PROGARAMMABLE

ADORESS 0
raom mam |
DECODER : I 1'

EPROM
FIRMWARE
4 = 27284

contains a butlt-in disk controlier for 8-inch,
SYe-inch, and 3%-inch disk dnves, and a
SAS| port for @ hard disk drive. It also con-
tains a CRT controller (the 6845) and ports
for several types of keyboards. In addition, serial, parallel (user),
and parallel {printer} ports are built-in.

To keep cost down, you can use nexpensve 1Bm-PC clone
components for most major system devices: Case, power supply,
keytoard, monitor, disk drives. [n fact, a usable system can be put
together for about $1500. In additfon, you can purchase, separately
o in combination, a blank motherboard (with BIOS EPROMS), a
thick manual (with complete schematics, parts-list, assembly in-
structions, BIOS listing, troubieshooting hints, etc ), and much ex-
pansion software, as well as applications programs and
programming languages. See the Sources box for more information.

In addition, for those who want to see what they're getting into
before making any significant cash outley, ComputerDigest wall
provice, at nominal cost, a packet of information conslsting of
schematics, parts list, and circuit description. \Watch these pages
{and our BBS) for more Information.

Speaking of the BBS, which now has a section dedicated 1o the

ML 68000, we've posted a number of public domain (CPIM-68K)
programs there that will allow you 1o start leaming 68000 program-
ming. Call 516-293-2283 with your modem set for 1 start bit, 8 data
bits, and 1 stop bit, at 300 or 1200 baud.

Circuit overview

As you <an see in the block diagram shown above, the mother-
board contains most of the interface Circuitry that personal-com-
puter buffs are used to adding via peripheral interface cards,
including serial and parallel ports, SAS! hard-dlisk interface, flopoy-
chisk interface, CRT controiler, etc.

Not shown in the block-diagram are the details of how all the
subsections fit together. In fact, it would take all the space oc-
cupied by this issue of ComputerDigest just to present schematics,
not to mention circuit descnptiont However, if yvou're interested in
all the gory details, see the Sources box for information on the MC
68000 handbook

WWWW americanradiohistorv. comm
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Buses

The MC 68000 has three buses: address, data, and control. The
address and contral lines from the miCroprocessor are buffered by
two sets of IC%s, one feeding all an-board ICY, the other feeding the
expansion slots. In & like manner, the data bus Is fed to vanous
circuits v four sets of buffers One set drives the on-board chynam-
iC RAM, one drves the majar LS| components (senal- and paraliel-
interface (s, CRT contolier, and BIOS EPROMS), one drives the
expansion bus, and the last drives all remaining circuitry

Address decoder

One of the chief attractions of the 680xx family is the set of 32-bit
address and data registers shared by all members of that family. The
68000 in particular has 24 external address lines that allow access
10 924 {16 megatytes) of memaory. As shown in Fig 1, the MC 68000
computer uses only three ICs to decode the entine address space:
two 74181385 (IC49, and 1C50) and one 2149 static RAMIC52). The
address-decoder RAM has a very fast acCess time (less than 50 ms)
and is orqanized as 1024 four-bit nibbles,

Dividing 224 by 1024 yrelds 16,384, the size of each "segment” of
memory. Each segment is defined by one four-bit location in the

segment are indicated in Table 1,

There are several acvantages to that design: {1) Bus contention
due 10 simultanecus decoding of several devices is avoided eastly;
{2) Specific memory segments can be “write-protected” or forced
to generate a ser {Bus Ervor; (3) Unpopulated memory locations
can be forced o generate 8 BEm if accessed, thereby allowing
appropriate microprocessor/penpheral handshaking; (4) The ad-
dress decoder can be programmed dunng power-up 1o aCCcomo-
date varying amounts of RAM automatically; (5) Memory locations
can be shifted or made to appear at several places in the address
space of the microprocessor; that feature is necessary during the
power-up stage, when the address-decoder RAM Contains random
data—but more on that below; (6) Great flexibilty is achieved at

FIG. 1—THE MCEB000's programmable address decoder,

loww CcOst, minimal harchware, and minimal PC-board real estate
Additionat 10gic combines select outputs and contrad signals to
generate the Control-Dus SEGNAs VA, EXT, YPA, DIACK and BERR.

'O addressing

Unlike the 80xx famiby, which has an /O space that is separate
from the regular address space, the 68 family divides one space
for both 11O and memory. In the MC 68000 camputer, that space
begins at $FEC000; it is dwvded into five main 16k sections, begin-

_ adidress-decoder RAM, the select signals that correspond toeach  ning at $FEC000,_$FE4000, $FES000, $FESO0C, and . $FE7000.

The first block ($FE0000) is dedicated to the SASI hard-clisk
controlier In addition, KO expansion 1s addressed at addresses
$FEQD07, $FEOOCE $FEQ017, etc.

The second block (SFE4000) is used by the CRT controller, its
color look-up table, and the RS-232 interface, 8 2661 Enharced
Programmable Communications Interface (EPCI).

The two eight-bit VIA'S (65295) are addressed at alternate ad-
dresses beginning at SFESO00. In general the A" ports are dedi-
cated for system use; the "B” ports are availatle for the user

The FDC (flopoy-clisk controlier), a Westem Digital 1793, 1s ad-
dressed at $FEGOD0. Its five registers (Status, Track, Sector, Data, and
Harctware } are acdressed at even adidresses ($FE600C, $SFESO0R,
$FES004, $FEGD0G, and $FEGOOB, respectively).

3333333
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Computer Express {687 S.W. 15th, Corvallis, OR
97330) 503-757-2983 is the major supplier of hardware
and software for this machine In this country.

For those Interested In running the multl-user, multi-
tasking operating system 0S-9 (whose most famous
incarnation ts on Radio Shack’s Coior Computer), the
05-9 Users Group. 1715 East Fowler Ave., Suite R-237,
Tampa, FL 33612 has an interesting monthly newsletter

TABLE 2—1'0 SPACE

Address Function

SFEOQO1 SASI data port
SFEQOO3 SASI status port
$SFE0005 SAS) select strobe
SFEQOO7 O expansion O
SFEQOOF 'O expansion 1
SFEOOY7 110 expanSion 2
SFEQO1F VO expansion 3
$FE0027- 1D expansion 4 -
$FEQOZF 1’0 expanshon 5
$FE0037 120 expaneson &
SFEQO3F 10 expansion 7
SFEA000 CRTC address register
SFE4002 CRTC data register
$FE4011 EPCI daia register
SFE4013 EPCI status register
SFE4015 EPCI mode reqister
SFE4017 EPC1 command regisier

Note: Each logical color can be mapped lo one of sixteen
physical colors.

$SFE4001 Color 0
$FE4003 Color 1
SFEA005 Color 2
$FE4007 Color 3
$FE4009 Color 4
SFE4008 Color 5
SFE400D Calkor 6
SFE400F Color 7

Note: The foliowing locatons indicate the conlents of the upper
ViA. Odd-numbered addressed {nol shown) conlam corre-
sponding registers in the lower VIA.

SFES5000 Dala reguster B

$FES002 Data register A

SFES004 Direction reqiSter B
$FE5006 Data regisier A

SFES008 Timer 1 low counter byte
SFES00A Timer 1 high counter byte
SFES00C Timer 1 lower lalch
$FESOOE Twner 1 high latch
SFE5010 Timer 2 low counter byte
SFE5012 Tiner 2 high counter byle
SFES5014 Shift regisler

SFE5016 Auxihary contrgl regisier
SFES5018 Penpheral control regisier
SFESO1A Interrupt tlag reqister
$FE501C Interrupt release register
SFESO1E Data regisier A (no handshake)
SFE6000 FDC stalus regesier
SFE&002 FDC Irack regster
SFEG004 FDC sector register
SFEG006 FDC daa reqister
$FEG008 FDC hardware register
$FE7000 Prinler output port
SFE7000 Keyboard input port
$FE7002 Sound output port
SFE7002 Activate address decoder

as well as many volumes of public-domain software.

Last, as we go to press, it is unclear who will be
handling the licensing arrangements for 0S-9. In any
case, if you're interested in OS-9, you should contact the
company that wrote it, Microware {1866 N. W, 114th
Street, Des Moines, |1A 50322, 515-224-1929). They sell
a number of applications and systems software pack-
ages, including compiiers, screen editors, etc.

Several latches occupy the space beginning at $FE700C. The
Centronics-compatible parallel port is written to at $FEF000; the
keyboard 1s read from that ocation. The sound output port resiges
at $FET002; a read to that location tnggers the mode that allows the
programmable address decoder to De programmed. Programming
can: onty be done from the EPROM system monitorn, not from RAM;
atherwise the system wall Crash

I1C space usage 1s summanzed In Tabie 2.

Address decodling hardware

Referring back to fig. 1, you can see how the harchware impler
ments the decoding discussed above, One of the 74151385 (KC50)
generates Slot Select signals 0-7; the other (IC49) provides vanous
decoding signals, including that for the hard disk In addition, a
7415139 provides further decoding for many of the VO functions
discussed above (keyboard, sound, et )

As stated earlier, the address-decoder RAM cannot be used for
its normal purpose directly after power up, because the contents of
the RAM cannot be predicted beforehand. Therefore the address
decoder is switched out of circuit at power up and during a Reset
operation. That is accomplished through the two D flip-flops con-
tained in IC74, and the 8007 signal, which Is generated at power up
or by pressing the Reset switch,

The BGoT signal clears the two flip-flops (IC46-a and IC46-b), 50
al! select signals remain high, as do the enable [ines of the two
74151385 (IC49 and 1C50). In addition, the write-enable (we) signal
of the 2149 is disabled. Eventually a select signal is generated that
enables the monitor EPROMS. Two EPROMS are used; one for the
upper eight bits (IC13), and one for the lower (IC11). The EPROM's
are Nt shown here,

Mow the microprocessor is free to fetch its stack pointer and
resel vectors (from locations 0-3 and 4—7) in the usual manner Later
the address-decoder RAM is programmed 50 that access to all
pages will generate a seme signal. Next, the hargware (on-board
RAM, 110, EPROMS, disk interfaces, etc.) is configured Then, when a
write occurs to an even address, IC46-a js set, and that sets 1C46-b,
which enables the decoders {(IC49, IC50) and RAM (IC52). Now the
EPROMS are no longer active, and curing the next bus cycle, the
address decoder RAM is used A special EPROM-monitor sub-
routine is supplied that allows programming the address-decocier
RAM.

Data acknowledge

Half of a 556 dual imer (IC47-8) is used to generate @ imed DIACK
puise, should a peripheral be addressed and not respond. In that
way the microprocessor will not lock up waiting for an acknow-
edge pulse. The bmed signal is used, for example, to determine the
presence of autostart EPROMS, and when an unused expansion slot
is addressed

Conclusions

That’s all we have space for this time. Where we g0 from here IS
largety up to you. If there is significant reader interest, we will
publish additicnal articies on the MC 68000, inCluding one dedi-
cated 10 a discussion of the BICS and system-monitor EPROM's.
The important point: If you build a system, want more informa-
tion, or get involved with one in any other way—let us kmow about
it, by mail or on the BRS. There's nothing we'd like better than o
promote this machine—so show us you're interestedip D4
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In the begnning was the 8030, and it wasnt bad—but T was
epensive Enter the 4502 and a single-board computer called the
Appie |. Then enter the Commaodone PET, the Kim-1 (and its cous-
ins) then enter the Appie . They 8if used the 65082, with its 8-bit
clata bus and its 16-bit ackress bus, in the iale 19705, the 650% was
alnve and aoing well,

Ther came the 8088 (heart of the IBM-PC). It has 90 sacdress lines,
50 it can ackdness a megabyte of memory; and it has 8 16-bit internal
dlata bus. Its g brothers have 16-bit external data buses, and the
ability 10 ackess even More Memory

The 6502 crowd saw ail thal power and wanted it Rumor
follawed rumor sbout the new 16-bit 6509, called the 6516, But
year atter yedr the 6516 was not released, even though ¢ magazine
articie pubished complete pre-production soecifications for itf
NO one knew for sure whether aryone was even workong on it!

At long last, in 1989, 8 CMOS version of the 4502 was released. In
truth, haowevey not one but three COmpanies each rereased its own
version of the 65C0F: a fourth would Soon join the fray Aithough the
four versions are 8l based on the venerable 6502, they're siightly
Incompantbie with each other Anty program thal uses only the basic
6509 irstruction set should nn on any of the CAMOS versions; but
Ay DrOYam that takes achvantage of the enhancernents offered by
one CMOS version may or may nol un on the others.

Eventually a 16-bit version of the 4502 was reicased Actually
(things ane never simve ) there are two versions. the 65816 and the
65802 The ‘802 15 pin-forpin compat:ble with the ongmal 6509;
the 815 15 not, but aliows access 10 15 megabytes of memory Both
ae CMOS IS, and both have emuiation modes that are totally
compatibie with the 6502

in this articie our author Qelineates the differences between the
4502 anct the vanous CMOS versions of the 1C: we e aiso added
same material to show how the 16-bit versions of the processor
compdre with the 8-bir versions —Editor

The evoiution of the 6502 microprocessor
mirrors 15 years of microcomputer history.

LES SOLOMON

T»e 65C02 microprocessor used in the Appie Jic microcomputer
is identified & if it were just 8 CMOS version of the 6502 used In
the Apple I, ## +, and e computers. However, investigation reveals
that four different versions of the 65C02 are manufactured; each
version 15 enhanced in a different way than the others.

All are hardware-interchangeable, in their conventional 40-pin
packages; the differences are In ther instruction sets. The instruc-
tion set of each 15 a superset of the onginal 6502 nstruction set.
This means that software witten for one processor may—or may
not—work wath another version

How it started

The original 6502 was created by the Westemn Design Center, who
s0ld the design to several semiconductor houses (Rockwetl, Com-
modeore, GTE, and NCR). Each company now owned its own
version of the 65C02, so each could enhance it or not as desired.
Each chose to keep the 40-pin OIP configuration and to enhance
the mstruction set, €ach in its own way.

There are 56 instructions and 161 op codes In the basic 6502
Those instructions aré not stared In the mICTOPIoCessor In 8 ROM,
but in an instruction-cecoding matrix that can hold as mary as 256
(16 x 16) 8-bit op codes. When the matnix recemves a particular
combination of binary data{1’s and @'s), it "steers” the signals to the
correct portion of the processor In that way, each op code can
perform its unique function. However when a semiconductor as
complex as a miCroprocessor 1§ designed, the instruction-set ma-
tnix has a number of unused positions. Those unused (and unidenti-
fiedt} positions in the matrix are usually ignored by the conventional
user—but not by others
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Undocumented op codes

All op codes are stored in a PLA (Programmable Loglc Array) that

is 15 microprogrammed dunng manufacture. The PLA ensures that
instructions are fetched from memory via the data bus, latched into
the instruction register; and then decoded (along wath timing and
interrupt signals) to generate controt signals for the various regesters.
So, from a functional standpoint, the instruction register is where
the software meets the harcdhware; in essence, it runs the whole
show,
As previously mentioned, the instnction register can have as
many as 256 different 8-bit COMBinations. However note that the
NAOS 6502 and Commodone s bare-bones §5C02 use only 151 of
the 256 possible slots. But what happens to the other, unused, 105
slots?

When a manufacturer GESINS & MICrOpIOCessor, he makes sure
that everything Covered by the pertinent specifications is included
in the 1C. That includes microprogramming the instruction decoder
to accept the ICs standard wnstruction set.

THE 65816

In many ways, the 65816 stands in relation lo the 6502 as the 8088

“stands 10 the BO8O, First, 1t has a 18-bn internal data bus, but an 8-
bit internal data bus. This means that all 16-bit memory acoesses
1ake hwo clock cycles, effectively reducing ns potental speed by a
factor of two. Second, the reqiste: structure of the 65816 closely
eapands upon that of the 6502, in that all the B-bif registers have
been extended to 16 bits. in addition, a new register, called the
direct-page register {D), has been added; i allows quick access (as
to page zerp) to any 256-byta page in the firs! 64K of the address
space

One big improvement In 1he register structure 15 that the stack
pointer 15 now sixteen bits, so the stack can be located anywherain
the firs! 64K of the acdress space, rather than being stuck on page
one ($000-$0FF). as with the 6502, And, of course, it can have a
depth greater than 256 bytes.

The mode (native or 6502 emulanon) s set by & new bit (M) inthe
processor status registet. Several new instructions (SEP and REP)
allow you to manipulate ndvidual bits in the stalus register.

Address modes available include all the original 6502 modes,
the NCR 65C02 modes. and Rockwell's additional 65C02 mode,
as well as eght new 65816 modes.

The 65816 has the three hardware interrupis of the 6507 (Reset,
NM. and IRQ). and a new one. called Abort, which may be used to
implement a wirtual-memory system. As in the 6502, the interrupt
vectors are located in the highest locations of the first 64# of
MEmory.

Software iierrupts include the okd BRK nstruction, as well as a
new COP instruchon. used for interfacing a ¢o-processor IC. In
addibion. two instruchons adapted trom tho 6800 family, WAI (wait)
and STP (siop), hafl the processor until a hardware iInlermupt occurs
(NMI o IRQ), or unlil the Processor i8S resel, respecively

For mote information on the 65816 and the 65802 (as well as the
6502 and the vanous 65C02%), an excellent starting point is
65816 65802 Assembly Language FProgramming, written by
Michasl Fischer. and published by Osbome McGraw-Hill {1986).

But what about the unused slots n the matrix? Often, because
they're not specified for use by any particular instruction, those
portions of the matrix are fabncated at random, so they may or may
not contain data that Can function as an op code.

The bulk of those undocumented op codes will be useless.
However, it likely that one of more of the unused stots contains a
workable op code. But its impossible to predict where in the
matrix it might be found {i. e, no one inows its bexadecimal code),
what it is, Of what it does.

Hacking the 6502

Since the first mICroprocessor was used In the first microcom-
puter, there has been a software underground whose prime objec-
tive is to try to find updocumented yet useful op codes in the
unusea portion of the instruction-decoding matrix. Because the
codes in the unused decoding-matrix slots are essentially random,

they may or may not appear in all microprocessors of a given
type—even those made by the same manufacturer

Finding undocumented op codes 15 not easy Hackers write
reams of machine-language software and use specid) harchware and
software techniques to try to discover them. And, atthough their
suCCess rate has not beer high, hackers did find a number of new
and useful op codes in the 6502 (and in other microprocessors),
The problem is, of course, that you could only be sune that a
program using undocumented op Codes would run on one ma-
chine—your gwnl

Even 50, some of the useful undocumented op codes were used
in private software to save many lines of programming code
However those unique programs nmught not run on a different
computer—even with one that used the Same MUICIOEIOCESSOr
from the same manufacturer For that reason some manufacturers
include a waming n their documentation that they're “not responsi-
ble for undocumented op codes.”

When a microprocessor was second-sourced by a different
manufacturer, marry undocumented Op codes SIMply didn't make
the manufactunng transition and disappeared But there are com-
panies that specialize in second-sourcing a device, “warts and all,”
to maintain the undocumented op Codes

In any case, several very handy undocumented Op COOES were
discovered. Some of the “new” op codes dreatly reduced the
number of ines of code required, and increased system speed
Others aliowed various forms of bit manipulation that made graph-
ics faster, However, since the processor was already in production,
those op codes remained “underground” and were unused by the
generdl programming pubiic.

‘The point is that semiconductor manufacturers maintain a log of
undocumented op codes and what each does. S0 it's possible
that, in creating 8 CWMO'S 6502, 8 manufac turer saw awady toenhance
its version of the miCroprOCessor by incorporating one ¢of more
undocumented op Codes.

The new 65C02's

One manufacturer, Commodore Semiconductor, diffuses a“plain
vanilla™ 65C02 which 15 just 8 CWMOS version of the 6502 1t runs all
the conventional 6502 op codes.

GTE's version adds eight new Instructions to the 56 of the original
6502, for a total of 64 instructions and 178 op codes. The NCR
version inCludes GTES new instnuction set, but adds two of its own
(for & total of 66 instuctions and 178 op codes). Rockwell's 65C02
has not onty GTE's and NCR's new instructions, but four more. The
new instructions of all manufacturers are shown in Table 1; Table ¢
compares the number of instructions and op codes of each man-
ufacturer’s version of the 65C02.

New address modes

It should be obvious that Rockwells §5C02 is the most enhanced
of the 65C02%: it has 12 more instructions and 49 more op codes
than the onginal 6502. It has so many more op codes than the
origindl because Rockwell also added three new addressing
modes to the 65C02.

The first of the new modes is Called Indexed Absolute Direct
{ABS,X). The contents of the second and third instruction bytes are
addea to the X register The 16-bit result is @ memory address
contaning the effective address. The only instruction to use this
mode is 8 JIMP instruction (MPCABS X0).

The second new addressing mode is Called Zero Page Relative
Addressing (ZRREL). It's used for Dit-testing a zevo-page location
wath & mask value specified as part of the instruction. The op codes
$OF ST $2F . . SET $FF use the ZPREL mode.

The third addressing mode is called Indirect (IND). The second
byte of the instruction contalns a zero-page address serving as the
indirect pointer This mode is not used By &y new Instructions, Hut
by several old ones, mciuching ADC, AND, CMP EOR, LDA, ORA,
S8C, and 5TA. Table 1 contains a complete chart of all op codes for
all versions (to date} of the 6502 and 65C02 Thanks goes to
Rockwell for permission to adapt and print it here.
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TABLE 1—6502 OP CODES

0 1 2 4 & [ 7 [] # A B c D E F
I ] i | I AsL [ aBro

BRK | ORA 788 | ora | As. | AMBa | PHP [ ORA | ASL TSB | ORA

imphed | (IND, X} r b ZP Zr Imphld[ MM | Agcum | ABS | ABS | ABS ZP 0
17|28 25023225813 |22|12 38| 34|38 ]3s
erL | onn | Oma TR8 | ORA | ast | AMBI| cLC | ORA | INC IRBE| ORA | ASL NS
Relative [(IND), ¥ | [IND) zr | zp.x | ZP.x | ZP | impued | ABS. Y | Accum ABS | ABS. X (ABS. x| 2P |1
2 7|25 28 268124 286f25]12|3¢]12 as|a3elazrfas
JSR | AND BT | anp | ROL |PAmBz| PLP | anD | ROL | BT | AND | ROL | BBRZ
ABS [(ND. X) b ZP zP ZP | imphed | mam | Accum ABS | ABS | ABS | z2¢ |2
38| 268 23|23 |25 [N20s8) 14 |22 |2 34 34 | 38 J3 5
Ml | anp | AND ot | anp | RoL [ AmBI | sec ‘ AND | DEC Bt | anp | Rou [ BBR:
Relative | IND), ¥ | (IND} x| ze. x| 2. x| zP |imoues | ABS. Y | Accum ABS, X| ABS. X ABS. X | 2P |3
22|25 J25s 24| 24| 2c [ANSH] 1 2 |3 & 12 SO ERARRES 00
RTI | EOR Eon | L5A |RwmB4 | PHa | EOR | LSR MP | EOR | LSA | BBR4
Impked | (IND, X) Zr | zF ZP | imphed | IMM | Accum ABS | ABS | ABS » |a
1 8 28 2 3| 25 2 5113 22 |1 2 3 3 3 4 3 8 |3 5§
BvC | eon | eon "eoR | LeA [rMBS| CLl | EOR | PHY EOR | LSA [ BGRS
Relative | (INDY. ¥ | (IND) Ze.x | Ze.x | ZP | impled |ABS, ¥ ] impled ABS X |ABS. M| 2P 5
22|25 [25s 24 |26 [NONSH 12 3¢ |13 KAEESE
RTS | ADC s1z | aoc | mom | AmBs | PLa ! ADC | ROR P | ADC | ROR | BBRe
|maud|[IND. x) zZp zP ZP ZP | Impied | i | Accum (ABS) | ABS | aBS ZP |6
16 | 2 6t 2322325 20814 |2 2412 36| 3 4|36 f3 s
BvS | ADC | ADC g1z | aoc | rom [Amer | sei | abc | Puy JMP | ADC | ROR | BBR?
Retatrve | (ND), Y | (D) 2. x| Zp.% | ZP.x | ZP | \mphea | ABS, ¥ | implied kABS, X] ABS.)(lABS.J( zZP 7
2 |2 5 |2 5t 2 424 26)25]12([34r]1 4 383 4t 37 s
BAA | sTA sty | sTA | stx | smeo| pev [ Bir | Txa sTY | sta | stx | BBSo
Relative | (ND. ) zr P zp 2P | impked | i | imphea ABS | aBS | aps | z¢p e
28|28 23| 23|23 [NENEN 1 2 PR 1 2 3 4| 3 &'} 3 « JEESE
BCC | sta | 8TA sty | STA | st [smBi | Tya | sTAa | TS s1z | sta | sz | sas
Retatve | (IND). ¥ | OND) ZP.X | Zp.X | 2p.v | ZP | impied |ABS. Y |imphed ABS | ags. x|aBs. X[ ¢ |
22| 26 |28 24 | 24|24 2512_1»35112 3 4)3s]as|as
LDY | DA | LDX oY | oA | Lox |smB2| Tay | oA | Tax by | DA | Lox [ BBs2
MM ((ND, X | MM 2P b P ZP | imoves | IMM | impked ABS | ABS | aBS | z¢ | a
22|28 |22 23|23 B ¢ 2 |22 |12 KEREES
BCS | oA | LDA oY | woa | tox [smea| cuv | Loa | TSX | ov 1o | L0x [eass
Relatve | (IND), ¥ | (IND} P.x | 2p.x | 2p.v | 2P |imowed | ABS. ¥ |impbed ABS. x| aBs. x ABS.Y| Z2¢ (B
2 20|25 {28 | 2 4 | 2 4 | 2 a |[B2050] 1 2 /3 & [ 1 2 3 403 & |3 4 [l3hs

+ ' —t = I
CPY | CMP cPy | cmP | pec | SMB4 | INY | cmP | DEX cPy | omP | oEc | sBss
IMM | (IND, X) | z» | 2 zP 2P | imphed | IMM | imoked A8s | a5 | a8s | zp | c
22268 l23j2a!l25 112 |22 12 34| 3 4|3 s |30
eNe | cvp [ owP I cup | pec |smBs | clo | cwe | Prx " cmp | oec [ eess
Relatve | (IND), ¥ | (IND} ZP. X | ZP.X Ze | Impied | ABS. ¥ | imphed ABS. X | ABS, X || 2P D
22|25 |2s8 24 ;26 |020s] 12 |3 4|13 |3 & | 3 7 [SNSE
cPx | sec cex | sac | mc [swBs| wx | sec | nor cex | sec | nC | e8ss
MM | (IND, X) e | zp zP 2P | impied | MM imphed | ABS  aBs | aBs | z¢ |E
22| 2 e 23 |23t )25 IEEEEM 12 |22 |12 '3 4 34|36 |3 s
BEO | sBC | $BC | sec | nc |smez| seo | ssc [ eux | sec | w~nc | e8s7 |
n-laml(mo;.v (tND} ZP.X | ZP.x | ZP | imphed | ABS. ¥ | kmpled | ABS, X [ABs x| z¢p | F
2 272 st f2 5t |2 & 2628512 31|14 ERIEES
) 1 2 4 5 ) 7 ) 9 A B c o) E F
m?;::’d-i-.._ MNEMONIC NCR | ROCKWELL 1Aad T1aN I in decimal mods.
) BNLY . t crossed
nO@EWELL L Agd 1 10 N f page boundary &

'_J

1 7w~ ADDAESSING MODE
""‘EUL%:K CYCLES

BER OF BYTES

Incompatible compatibles

The prroliferation of 6502 "clones™ (cloning realty began in 1975

when IMSAl "cloned” their version of the Altalr 8800) can iead to
confusion and incompatibitity For example, a program written
using Rockwell's enhanced branching instructions is guaranteed not
10 work on an Apple Hic, which uses the NCR IC

50 programmers and systems developers are faced with a

choice: Stick to the onginal 6502 instruction set and maintain
compatibility at the expense of performance, of use the enhanced
instructions, knowing that programs may not run on all machines.

“*Add | 1o N it branch OGCurs 10 SAME page.
Agd 2 to N 4 branch ooours to diffecen] page

b ]

The bottom line is that the only way to guarantee compatibility is
to stlék 1o the manufacturer’s specified hardware. Anything else 15 a
gamble

In this article we have examined the 6502 famity of micro-
processors. The original 6502 was used In numerous machines from
Apple, Commodore, Atan, and many others In spite of many
predictions of its early demise, it and its descendants are still being
used in many personal compiuters and dedicated controllers We
hope this article has heiped you understand the major differences
between the vanous members oOf the 6502 familypD ¢
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those of us interested In expenment-
ing with robotics, the Armatron from
Rachio Shack was both agony and ecstasy,
Sull availatble, Armatron 1s a low-cost, fully
functioning robot arm wath six degrees of
freedom {meaning there are six different
portions of the amn whose movement can
be controlled}:. For robotics expenmenta-
ton, its sencus Shoncomings inClude the
inability to kft anythung of sigmificant weight
and its totally mechanical controls. While
many different articles have described
modifications that allow computer control
of the Armatron, all required 8 substantial
amount of mechanical skill.

Many of those shortcor .ings have been
eliminated 1n a new version of that device
called the Mobil Armation; that new version
easily lends itself 10 computer control. In
this article, we'll descnbe a simple com-

___ puter interface for the roloot am, as well as

a comprehensive controller program for the
Commodore 64

The interface

The Mobile Armatron s movement i5 con-
trolled using a series Of switches, Those
switches are used to direct the motion of
the wnit'’s base {forward, back, left, and
right), and to control the positioning and
maokion of the arm (arm up, arm dowmn, wrist
up, wist down, wrist tum, and fingers
open/clamp). Four D cells are used to provide =3 voits for the
urit’s motors By changing the polanty of the applied voltage, the
motors Can be reversed, therefore 0btalming complimentary func-
tions such as arm up and arm down, One motor each 15 used 1o
control the left wheel, the nght wheel, the movernent of the arm, the
movement of the wrist, and the wrist-tum/fingerpositon. Seven
control wares run from the switches, which are located Ina control
module, to the motors: one wire each for positive Or negative
voltage, plus a retum (ground) wire from each motor,

Because of its design, 1t is 8 relatively simple matter to.control the
Mobile Armatron using a personal computer All that 1s required Ts
to replace the control module switChes with a simple interface. An
appropriate circuit, designed for use with a Commodore 64, is
shown mn Fig. 1.

In that circuit, the switches are replaced by low-current relays,
Those relays are activated by seven ransistors, which are in tum
controiked by seven of the eight availlable Commodore 64 user-port
lines. Use of low-current relays ensures that the 100-mA maximum
allowable Current draw from the user port is not exceeded.

Construction

While the circuit is simple, we still recommenct using a PC board
Asuitable pattem for a double-sided board is shawn in PC Service
The corresponding parts-placement diagram 1s shown in fig 2
Once the board is etched, inspect it carefully for shorted or open
traces, etc.

The main reason for using a double-sided board 1s mechanical
ngidity. Once assembled, the PC-board i$ mounted on 8 card-edge
socket and soldered in place. With 8 doubie-sided board, solder
connections can be made on both sides; with a single-sided
board, connections can be madie only on one side.

If you find the thought of etching a double-sided board intim-
idating, the component-side patterm can be eliminated. Then, you
will need to add a jumper between pad A and edge-connector
pad €. Remember that you will iose the rigidity offered by the
double-sided design, sO extra care must be taken when handling
the unit

COMPUTER-
CONTROLLED
ROBOT

An easy-to-build interface that lets you use your
Commodore 64 computer to control a popular robot arm,

JIM-BARBARELLO

Mount the components on the PC board as shown ir fig. 2. If
using a double-sided board, install a feedthrough at pad »; if using
a single-sided board, install a jumper as previousty discussed.
Follow proper Construction technigues.

Once the board is complete, insert it into 5O1, a 12-pasition
card-edge socket with 0.156-inCh spacing. If you are only abie 1o
obtain 8 longer connector, for Instance 22-paosition, it can be cut
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FIG. 1—YQU CAN ADD COMPUTER CONTROL to a Radic-Shack
Mobite Armatron with this simple interface. It replaces the robot

am’s control modute.
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FIG. 2—ONCE ALL PARTS ARE MOUNTED, this doubte-sided PC
board is inserted into a 12-position card-edge connector and the
circult is connected to the Armairon.

] reun tredrshnrnn s bR R d b TRt s b ey
2 rem ** mobile srmatron software **
3 rem ** pave;  robot oTd
4 rem ** [y 1986, §ib L
5 rem ** manalapan, n§ (#7726 o
6 rem ** o 062928 ol
T fofn ®ttesttestasibtonn bbbttt Rcbaataty

19 dim all12),b1259,1} :gosub 3080: gosub 580Q: poke
56579,25%% . poke 56577,0
a{l}=38:a2{2)=70:a(3)=36:a(4}=34: a{5)=33: a(6)=65
a|Ty=40:a(B)=72:a2(2)=4B:a {10} 280 :8(1]1) =66 a(12)=68
58537123156 7890+=":rcSachrS (S} 4chr5{18)

gosub 3J2:ro=b:co-1@:g0sub 5850:
inttc$:"®Main menu”
print:printtaby(12) ;"¢ f1 >:
learn™:printipeinttab{12}:"¢< (3 >:
70 print:orinttab(12);%<C FS >:

20
30
¢
5

14
do"*
save™:print:printtan{l2y;

"¢ 17 38  retrieve®
80 print:peinttab (L@} ¢ctrl> q: quit {end)
50 ro=19:cos1@:q08ub 5050:print"“which.,. "

1M get sr$:if se5="" then 1po
118 ar=asc{sr$}-132:if sr=-115 then sr=5

120 if sr<l or 3e>5 then W

139 on sr gomub 200,300,4p0,600,808

159 goto 59

280 gosub 12Ad: J=b(R,0):x+0:rem*** learn mode ***
ZIT gey as:if aS="* then 210

220 if asc(aS)=133 then return

230 gosub 2909:1Ff i=0 then poke 56577,d:goto 218

249 poke 56577,ali}

259 gat aS:if aS="* then x=x+l:goto 250

260 poke 56577,0

279 J=fel:b{g,O)=i:b (], l}=x:x=0:b(0,8}=]

280 ro=i.l0:comS3gasub S850:print midSisss,i,l);:qgoto 219
39 rem** do procedure

10 peintchr${147):printbls:

pint™ do procedure”:printhi$:print
if b{0,0}=0 then print"nc procedure in mamory.':
goto 375

print=press any key to tegin procedure.”

get aS:if as="" then 342

rint"provedure execution In progress®

for iwl to bl,¢):poke 56577, aibii,0)}

for §=1 o bii.1}

get a5:if as="" then x=x+l:next j

poke S6577,0:for j=1 to 508:next i:

next f:peint*procedure done."

ro=18:c0%0: gosub5@50:

peint"peess any key to feturn ©o the menu.“

get aS:if a$="" then 384

return

rem** save procedure

pintchr$ (147} :printbl$:

print* save procedure":printbl$:prine
if B{@,0)=0 then print™no procedure in memory.™:
goto 489

inputTenter file name to save®; (s

open 1,8,15:0pem 2,8,2,"R0:"+f5sY, 5, 2"
inpuedl @, 0dS,tn,bl:Close 1iclose 2

if e=62 then 589

peint*file exists. continue {y/n...";:gosub 1504
i age™y* then 500

print™abort. press any key..."

get a%:§f a$="" then 490

rwturn

open 2,8,2,"8: "+ f5+" g, Wi ink;

priant®ssving procedure. wit.”

for i=d o b{0,@):printd2,b(i, 0} :printe2,bii,1):
mext f:close 2:cloms 1S
528 print:print®procedure saved.

326

338
M
50

355
360

365
379

3715

384
390
409
410

438
440

452
463
470
4230
198
495
500

S

press any key.":goto 199

down to the proper length That’s what was done In the authors
prototype. (See Fig. 3.) Solder each edge-connector pad to the
corresponding terminal on the socket For double-sided boards,
remember to solder on both sides.

Connecting the interface

Place the Mobile Armatron’s controlier moduie face down and
remove the six screws that hold the unit together When you remove
the rear half of the case you will see a PC board that is held in pliace
with just & single screw: Remove that screw and the board
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608 rem®* retrieve procedure
619 printches 147) :pr intbl$:
pint® retrieve Procedure’:printhl§:print
§20 if b1,0)-9 then §50
43 print"procedure in mamory. continue (zfn)?"; igooauh: 1500
640 if aS5«"n" them print™sbort. “j:goto 798
659 inputTenter file name to retrieve™;f5
660 open 1,8,15:0pen 2,8,2,"80: " 05+% 5, 1%
inputel ,@,eds,tn,bl:close l:¢lome 2
570 if e=d then 729
£80 if @=t2 then peint*file doesn't exist. ;
69 prinmt™prosns smy key,”
789 got aS:if aS="" then 700
710 return
720 print*retrieving procedure. wit.”:
apen 2,8,2,%80: % 5", 8, r*
739 inputd2,bi0,0) :nputs2, bia,1)
T40 for =1 to b(0,0):inputd2,bii ) :
inpute2,bii.l) :next:close 2
759 pint"retrieval complete. ®;igoto 690
830 rem*” end
819 ro=5:comld.gosub %453: for gvl to 16:
print tab{16);b$:next
820 rowld:co=d:jomib W5:¢losel iClonal
820 mint"projran ended, to re—enter, type goto 59";
840 print:end
1800 pemt® Jearn mode scteen
1208 printchr$ (147} :printbls

1996 print™ moblile armatron robot learn mode M
printbls:print

1387 print® presa key to do function. press any other
key Lo stop.™;

1088 print™ press <fl> to return to menu. ":print
1099 print” key tunction”:

orint™ —_— "
1019 minttab(51;"1 = forward":printtab($)j"2 = backward"
1920 printtab(S);") = right forwmrd turn®:

printtah(5):"4 = left forwsmrd turn”
1939 printtab{s};"5 = arm up*:printtab(5);"6 = arm down™
1349 printtab(5):"7 » wriat up":
L}

printtab(5))"8 = wriat down”
1852 printtab{S):™% = hand tom":
printtab(5);"? « fingers move in/out™
1060 printtab(S):*e = right reverse turn”
1870 printtab{5];"- = left re.erse turn”
1980 peturn
1580 qet a$:if as="* then 1%aa
1519 aswchrs${asc{as) and 223}
1529 if aO%y" and a$O™n" then 150¢
1530 mint asireturn
2600 rem™® poxition in string
2019 for fel to 12:1if aS-mid5(ssS,i,1} then 2930
2320 taxt:i=0:return
2030 rosi+l@:con5:g08ub 5850 printred;as: return
3680 reev** format acreen=
1019 poke 5128J,6:poke 53281,6:printchr§{ld?):
bSachr§ (S} echr$ (18)
3929 blSehSe™ -

mint bls
3830 print BS;" wmobile armatron robot controller e
3840 printbls
WSE bE-" .
69 wturn

420 remt* ouxeor control using plot

SI18 dara 162,9,160,0,24,32,259,255,96,999
S329 aviF30:aCc=a

5038 read brif OS99 then poke ash:a=a+tl:iqoto 503¢
5348 return

5058 poke movd.col:poke movl,row:sys so

6@ retuem

kernel {(Sfffe}

Examining the Circuit you will see that seven wires are terminated
at one edge of the board. Orenting the board so that that edae Is at
the top, fromt feft 1o nght those wires are colored black, brown, red,
pink, veliow, green, and blue. Unsolder the wires from the PC board
and connect them to the nterface as shown In Fig. 2.

Using the interface

Install four D cells in the Mobde Armatron. Plug SO1 and the
interface board into the 64% user port (rear left of the computer) so
that the interface board circuit faces upward. Power up the com-
puter and enter the program shown in the listing; save the program
under the name ROBOT.

PARTS LIST

R1-R7—10.000 ohms. 1/4 watt. 5%

Q1-07—2N2222 NFPN transistor

RY1-RY7-reed relay, SPST, 5-voil, 250-0hm coll, Radio- -
Shack 272-232 or equivalant

SO1—12-position card-edge socket. 0.156-Inch spacing

Miscellancous:Motrie Armatron robot arm {Radio-Shack), PC

board, wire, solder, four D cells. etc.

The program shown in Lisling t and a series of demonstra-

tion procedures in svaiiable on 8 Commodore 64 disk lor

$6.00 (U.S. funds only) postpaid from BABTC, RD 1, Box

241H, Tennent Road, Manalapan, NJ 07726, New Jersey

residents. please add $0.36 for s8les tax.

FiG. 3—THE AUTHOR'S PROTOTYPE. Nole that it uses a singie-
sided board {as indicated by the jumper) and that SO1 has been
cul down from a larger sockel.

When you ruN the program, 8 menu with five options will appear
on the screen. Those options are LEARN, DOy SAVE, RETREVE and cuir
{enp). To better understand what each of those options do and
how the program operates, lets discuss each option separately

LEARN allows you to "teach” the robot to perform a senmes of
functions in a specific manner. Together those functions form a
procedure, Once Created, the procedure can be saved, retneved,
added 10, and executed at any time. Select Learn Dy pressing key f.
The (eamv sCreen defines the keys to select the twelve possible
movement functions. To perform one of the functions described,
press the associated key To end movermnent, press any key The
program remembers each function selected and the length of time
the function 15 performed. To end the teaching session, press the f1
key 1 retumn to the maln menu.

DO executes a procedure resident in memory Select oo by
pressing key 3. If 8 procedure 1s resident in memory, you will be
advised Lo press any key to begin execution. Otherwase youwill be
informed that there is no procedure In memory and asked to press
any key to retum 1o the main meny.

save allows you to transfer a procedure in memory to a disk file
using a name that You specify Select save by pressing key rs. If there
is no procedure In memory, you are so informed and asked to press
any key 1o return to the main menu, I you specify the narme of a file
that already exists, you are asked if you want to continue, Continuing
erases the oid disk file and replaces it with the current contents Of
memory.

RETREVE COPIes the contents of a disk file Inte memory, erasing any
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Rates: Ads are 2¥4” x 274" One insertion $825. Sixinsertions $800 each. Twelve
Insertions $779. each. Closing date same as regular rate card. Send order with
remittance {0 Computer Admart, Radio Flectronics Magazine. 500-B Bi-Gounty
Bivd., Farmingdale, NY 11735, Direct telephone inquirtes to Arline Fishman, area
code-515-293-3000. Only 100% Computer ads are accepted lor this Adman.’
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et 150 ns 2.8
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o o (918) 267-4961
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d crvardropp EMPEST, mathode;
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201k CRESCENT DR. P.0. DRAWER 537
A AMOGORDO. NM 88310

e
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CIRCLE 61 ON FREE INFORMATION CARD

CIRCLE 201 OH FREE INFORMATION CARD

DISK SERVICE MA_NUNL $15

C A L L N OW COMPUTER GETTING GotinsThe
AN D ASSEMBLY THE MOST  Printer
MANUALS FROM YOUR -—
RESERVE Eliminate Guesswork! PRINTER
YOUR SPACE Buitd with Confidence! ' .
BIG BLUE SEED for IBM* BUILDERS

¢ § x rate $800.00 per each insertion.

* Reaches 23%.312 readers.

# Fast reader service cycie,

# Short lead time for the placement ol
ads.

Call 516-293-3000 to reserve space. Ask
for Arine Fishman. Limited number of
pages available. Mail materials to

Computer Admart, RADIO-ELEC-
TRONICS, 500-8 Bi-County Bivd., Farm-

ingdale. NY 11735. P.O. Box 790 -

. [ean. if Aamem gy T o Wik

Parts st placemeni diagrams & instruchions 1

tar assembling over 75 |BM-compatible *
bare cards. Latest version includes guides
tor 840K, Turbo. & AT MihBds

APPLE SEED |l for APPLE™ BUILDERS
Instruchons for assembling over 85 Apple-
compatible bare cards ncluding 1+ & lla
MthBds. For all Appte enthusiasts _$14.95
Both for $30.00! Aiso bare cards in elock!
Check/money-ordet, VISA/MasterCard 0
NuScope Associates®, Dept RE
Lewston. NY » 14092

.$17.95
BP181—1it is probable that 80% of dot-ma-
trix printer users only ever use 20% of the
features otfered by their printers. This book
will help you unlock the special features and
capabilities that you probably don't even
know exist. To order your copy send $6.95
plus $1.50 lor shipping in the U.S. to Elec-
tronic Technology Today Inc., P.O. Box
240, Massapequa Park. NY 11762-0240.

CIRCLE 200 ON FREE INFORMATION CARD

procedure that is stored in memory at the time. Select RETHEVE by
pressing key /7. If you specify the name of a file that doesn't exist,
you will be so informed and asked to press any key tO returm to the
main menu. If memory aiready contains a procedure you will be so
acvised and asked if you want to continue. Continuing erases the
current contents of memory and replaces it with the procedure
saved on disk.

curt is selected by pressing both the ar and @ keys. That ends
the program, ensures all files are Closed, and pnnts 8 message “To
re-enter, type oo 50°, If you end prematurely without saving a
procedure In memory; executing 8 6ore 50 allows you to re-enter
the program with memory intact. You can then save memory Con-
tents to 8 disk file

Tips for experimenters

Each movement you specify is called a step. After loading a
procedure from disk, you ¢an add steps o it in the team mode
That allows you to bulld a procedune one part &t a time, add to it,
test it, and save the revised procedure if it proves acCeptable. You

can aiso have standard procedures on file rather than having to
buiid them manudlty each time

You should atways start a procedure with the robot in the same
intial position. To do that, save the procedure inmemory and enter
the 1easn mode. Perform the functions necessary 10 get the robot 1o
the initial position. Then retrieve the procedure you wish to per-
form

Each procedure step Is saved as 8 movement-Runction number
and a time count. The maovement function is specified by a number
between one and twelve {corresponding to the twetve function-
definition hstings on the Eas screen). The time count 15 a number
that indicates how long the function should be performed. As the
robot’s battenes drain, the time count may produce slightly dif-
ferent results since the robot will move at a slower speed. There-
fore, for precise procedures it is recommended that you ahways use
a fresh set of batteries.

If your procedures will be longer than the currentty aliowabtle
250 steps, modify the piension statement in program hine 10 to
increase the size of the B arrayp D4
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MARKET CENTER

FOR SALE

RESTRICTED lechnical Information: Elactrons
survllance. schamabics, , covert se1-

ences, hacking, alc. Ht;ge selection. Free bro-
chure MENTOR-Z, 135-53 No. Bivd., Flushing. NY
11354,

TV \unable nolch hilers. Iree brochure DK, ¥IDEOQ,
Box 636025, Margate. FL 33063. (205) 752-9202.
FREE power supply with Assortment #103
{February '84 article, has PCB, TOKO
tolis{4), 2N3904(2). BFQ85. 7812, 74123,
MG1330. 1N914, 1N5231B. Only $25.00.
Flve/$112.50. Shipping $3.00.
1-800-821-5226 Ext. 426. (orders). MC/
VISA, COD, check or M.O. JIM RHO-
DES INC., RO, Box 3421, Bristol, TN
37625.

TUBES, name brands. new, 80% off 151. KIRBY,
298 Wast Carmel Drive. Carmel. IN 46032,

INDIVIDUAL Phototaci-lokiers #1 to #1400, $3 .00
fpasd. LOER, 414 Chestnut Lans, East Meadow,
11554,

WHOLESALE car-radw computer tnloghone audio
wvideC acessones anianna catalog Nr‘? B97-0509
D&WR. 68-12 1101h St., Flushing. 11375.

A SINGER’'S DREAM!

f'ﬂ_‘-_-___

% -

= Bl

REMOVES VOCALS FROM RECORDS!
Mow You can sing with the world's best bands!
The thompson Vocal Ellminsior can remove
most of virlually all of & kead vocal lrom a standard
stereo recard and leave the background!
Wiite or call for a free brochasre and dema record.
LY Svund. Depl. R-1. P.O. Box 338,
Stone Mountain. QA 30086 {404)493-1258

TUNABLE ;\olc'h filters. Channals 2, 3, and 4 awail-
able. Send $15 for sample. ty channel Money
back Quarantee. DB ELE%THJNICS. P.O. Box
BE44, broke Pines, FL 33084,

NEW 12-channal microwsve T.V. anlennal Com-
e $104.95. Standard 2-channel emn 584 .95,
me warranty Dealer pricing. COD-Mastercand-
Visa. $3.00 credit 8 orders. PHILLIPS-TECH
ELECTRONICS. PO, Box 8533, Scohsdale, AZ
85252, (602) 547-7700.

INTEL, RCA, National, OKI, 5G5S, and mon, Fac-
IOU prime ang surplus parts catalog. LYNBAR IN-
OUSTRIES. 205 Man, Box 822, St Joseph, ML
49085-0822.

TEST equipment. reconditionad. For sale. §1 25 lor
catalog. WALTER'S, 2697 Wickel, San Pabio, CA
S4B0E. (415) T24-0587.

BRAND new Oak vari-sync descrambiers $4500
each: Oak avtomabic on'olf §75.00; SB-3 S89.00;
Tr-moce $125.00; Bi-S1ate 5125.00; Scentilic Atlan-
ta $125.00; Hambn $75.00; Zenith cable $175.00;
Starcom VI $125.00; Oak Sgma $175.00, also
schemalies, service manuals, descrambier infor-
mation booklets, catalog $3.00: call us. we ship
units UPS COD. PONDEROSA COMPANY, (303)
634-6666

VIDEQ copier {$69.95} connecis between two
VCRS (510700 and makas cOpos as as the
onginal For infovorder write or cak VIDEO VIBES,
657 Allerton Ave., Bronx, NY 10467, Tel (212)
8534644,

O_LF ragio Wschemahcs. Send $1.00. make,
m.}.HADIO MAPS, P.O.Box 791, Unson City, CA

NOTICE! light controliers, rope fights. etc. Flyer
$1.00 DESIGN SPECIALTY. 2213 Chesley Or. San
Jose, CA 95130,

CLASSIFIED AD ORDER FORM
To run your own classified ad, put one word on asch of the Lines Balow and 3end this form AICNG with your chaeck to:
Radio-Electronics Classifled Ads, 500-B Bi-County Boulevard. Farmingdale, NY 11735

PLEASE INDICATE in which category of classified adverlising you wish your ad tg appear. For
special headings, Ihere is a surcharge of $23.00.

Plans/Kits ) Business Oppartunilies & ) For Sale

Educatlon/Instruction { ) Wanted { ) Satellite Televislon

Special Category: $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERE:
{No refunds or credis for lypesetling errors can be made uniess rOu clearly print or your
copy.) Rates indicated are for slandard siyle classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 4 5

6 7 8 9 10

1 12 13 14 15 ($42.75)
16 {$45.60) 17 (548.45) 18 (851.30) 19 ($54.15) 20 ($57.00)
21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71.25)
26 (574.10) 27 (576.95) 28 ($79.80) 29 ($82.65) 30 (385.50)
31 ($88.35) 32 (§91.10) 33 (594.05) 34 (596.90) 35 ($99.75)

We accepl MasierCard and Visa for paymeni of orders, I! you wish to use your creds cand to pay for your ad fill
in tha foliowing additional information (Sofry, no telephone orgers can be accepled.):

Card Number Expiration Date

/

Please Prinl Name Sghature

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL MOT BE ACCEPTED.

CLASSIFIEO COMMERCIAL RATE: (for irms of indnaduals oh‘enna commerctal Products of senvices)
$2 85 per word prepaid (no charge for 2ip codel. MINIMUM 15 WORDS, 5% discount for same ad In 6
1ssues; 10% discount K same ad in 12 issues within one year, if prepasd. NON-.COMMERCIAL RATE : (lor
indivicuals who want 1o of sell a personal item) $2.30 per word, prepasd . ..no mindmum. ONLY FIRST
WORD AND NAME setin caps at no axtra charge Additional bold face (not avaable as all caps} 50¢
per word additional (20% Rmmm)' Entre 8d in boldiace. add 20% premium to tolal price. TINT
SCREEN BEHIND ENTIRE AD: add 28% premium io total pnce. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% lum 10 total . EXPANDED TYPE AD: 54.30 per word
Engaid. All olher ilems same as lor STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE

XPANDED TYPE AD: add 25% premlum to iolal pnce. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLO FACE AD: add 45% premium to total pice. DISPLAY ADS: 17 x 2v"—
$320.00; 2° ® 2via"—8$64000; 3" ® 2v"—5960.00. General Information: Frequancy rates and prapay-
ment discounis are avalable. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands ¢n tha 121h of 1he third
monih preceding the date of the issue. {l.a, 5t 1S5US SOPY MUS! ba recerved by May 121h}. When normal
closing date falis on Satueday. Sunday or Holkay, 1ssue closes on preceding working day.
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WE'LL MATCH OR BEAT ANYONE'S
ADVERTISED RETAIL OR WHOLESALE PRICES!

_i_ R e

ITEM ioits
E PRICE
RCA 36 CHANNEL CONVERTER (CH. 3 QUTPUT ONLY) 18.00 ea.
PIONEER WIRELESS CONVEARTER {OUR BEST BUY) 7200 ea |
4 LCC-58 WIRELESS CONVERTER 76.00 ea.
JERROLD 450 WIRELESS CONVERTER {CH 3 QUTPUT ONLY) 90.00 ea.
{ SB AOD-ON UNIT i 58.00 ea.
' BRAND NEW — UNIT FOR SCIENTIFIC ATLANTA Cali lor specihcs
MINICODE (N-12) 109.95 | 58.00 ea|
MINICODE (N-12) VARISYNC | 11995 [ 6200 ea|
| MINICODE VARISYNC W/AUTO ON-OFF 17995 (11500 ea |
[ M-35 B (CH_3 OUTPUT ONLY)
[ M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY)
MLD-1200-3 (CALL IF CH. 2 OUTPUT)
INTERFERENCE FILTERS — CH. 3
JERROLD 400 OR 450 REMOTE CONTROLLER 23.95 | 18.00 ea.
| ZENITH SSAVI CABLE AEADY (DEALER PRICE BASED ON 5 UNITS) | 22500 |185.00 ea.
| SPECIFY CHANNEL 2 or 3 QUTPUT Other peoducts avaiisbie — Plesse Coll |

PR I CES Caiformia Penal Code #593-D forbids s S_E?E%T%’-d_

from shipping any cable descrambiing uni t
HiEty Ll $3.00 per unit

1o anyone résiding in the stale of Caldornia — L
| Prices subject 10 change withoul nofice Cfrguo s E!d:ldg%
s PLEASE PRINT TOTAL

Name
Address Cay
State 2. Phone Number {
O Cashier's Check 1 Money Drder Ocoo Mastercard
Accl ® Exp. Date _
Signature
FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE — |, the undersigned, do heraby declare under
penalty ol perjury ihal ait Products Purchased. ndow and in the lutura, will Only be used on cabie
TV systems with proper suthorization irom |oCal officias or cabie company officiais in
accordance with all apDicable lederal and state (aws

Diatad: Signed

Pacific Cable Company, Inc.

7325% RESEDA BLVD., DEPT. R-05 « RESEDA, CA 91335
(818) 716-5914 - No Collect Cails « (818) 716-5140

I IMPORTANT: WHEN CALLING FOR INFORMATION |
Please have the make and model # of the eq_uiment used in your area. Thank You
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CAPLIS A
SUPPLY K

32 IMPUl
P EbED % 192K BAUD WITH DBZY
su%“?x'““&r?é'émmu
b Ttk
meE%.a CRAPHICS
GRAPHILS
rmc: AND mn" Lm:

LND GlAPIl Ic srum

21 FUNCTIDN KEYS

TELIVIEDD OR MORROW

B0 BY 24 LINE DISPLAY

9 BY 5 INCH AMBIR TUBL

VISUAL ATTRIBUTES

REVIRSE +UNDIRLINE 1/2

INTENSITY . COMBINATIONS

MONLTOR MODE

CAUSES TPRM INAL TO SHOW
ALL 32CONTROL CODES

SCREEN SAVER

TURHS DEE V"Iﬂ'g%{

H]NUTE PLA\"

ETU' NS WITHOUT

DATA VHEN ARY :I'f IS H]T

PROGRAMABLE KEYCLICK

= R RAMMABLE TO ROLL
BONUS OR VEAP AT M4TH L1
CLICK / BELL sg'b
TULL

oo | LoV RO
e 35_ iow LEYE cAbS :ﬁ:{:"l%'u
i b Hm‘ VT L,
POWER REGLIRE
S12Y0C 12

A
A
8
55
it

RE ADDTOR DETALS

frol!hl t:ltrl Scnd cbnk of vid COoD.
Price u*{ :hm Stars Prica m‘ duftar Whils
gurrliss last. Me PQs; {ermy, o1 ¢
v DPEN
Sihcon allevSurplus 10am- 6pm
ln? 06 CLOSED
4401 DAKPORT mxuun 94501 SUN &MUN

CALLOUR BBS 415-261-4513
CIRCLE 192 ON FREE INFORMATION CARD

RECHARGEABLE “AA" nicads S00mAh 1.2volt
ten tor $11.00 Plus shipPing. RAYMOND
RICHARD. 26557 Hess, Deerborn Heights, M|
48127,

ZENITH, SSAVI, $100.00 plus shipping,
order C.0.D. 1{30%) 752-9202.

ROBOTI kits. Books and Plansi Learn 10 build

own robols Free catalogs contain hundreds of af-

fordable robot sysiems Explore the world ol
tod : CEARGS-ROBOTS!, POB

458, Pe1erb0tou9h. 03458. {603) 924-3843.

AMPLIFIER breakthrough—Tha current amplifier
drivers loads push-pull withou! internal voltage gain.
Fastest. Qtiatast cHcuit in ransistor elecironics. Op
amps now drive speakers. Plans for quieter, easier
o construct audio amplhers, all wattages. $15, AM-
PLIFIERS UNLIMITED, Rt 2, Box 139, Highmors,
S0 57345,

500 parts $12.00. Mixed resisiors. capacitons, di-
odes. nduciors. elc Good swit. No junk. 5 free
power transistors with each $24.00 order. We pay
sw in U.S A add $2 00 d C.OD. BARGAIN
O. Box 121, Glen, MS 330846

PROTECT your delcate equipment wilh. non-toxic,
non-corrgsiva, Halon Flre exlinggmhet 220z.
$29.95, 115 Gm. $14.95 1 onch $39.95, plus $3.00 P
& H per order. DAKOTA ENTERPRISES, P.O. Box
3432-RE, Rapid City, 50 57709.

STEREQ sound simutalor Connec r TV and
stereo. Great bor VCRS. Send $15.00. SHEPHERO.
8125 Sunset Ave.. Sute 163, Farcaks, CA 95628,

CB Tune-up manual Yolume |l. Spechc ust-
ments, modiications lor pealong all popuilar CB'S
Covers over 1300 radios. $19.95, Visa, MaslerCard
10; THOMAS PUBLISHING, 127-R Wesiwood,
Paris, IL 61544,

TRIPLE mguialed. metered benchitop power sup-
ies. Fixed = SVDC. two vanable = 15VDC, 1 amp.
1mum short and overicad Protected, current lim:
ited. Supplies stackable 1o 2 35VDC, $119.95
waranty. UJS). Box XI2R, Ywaiogue. CT
{203 -4318.
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OSCILLOSCOPES and mcondhoned 1851 equip-
ment. letetronix, H.P.. elc., Free list. CAL-SCOPES.
983D Ponderosa Ave., Sunnyvale. CA 94086 {408)
730-4573

WANTED: Wesiem Electric. Mcintosh, Maraniz.
RCA. Dynaco. AHec, Telelunken. JBL, tubes,
aspeakers, amplifiers, (713) 728.4343. MAURY,
11122 Atwell. Houslon, TX 77006,

ELECTRONIC equip. freGuancy counters, pre-
amps, RF nnal amptifiers and more al bedow whaole-

sake Send $2,00 for cat rekmdable with
purchase. Dealar inquiries invited. DIGITREX
DIST., 1948 Coventry, sand Oaks. CA 91362

DESCRAMBLER catalog, Special combo Jerrokd
400 and SB3 $165. New cable descrambler kil
$49.00 (assemble in hall hour) Much moe. Send
$1.00. MJ INDUSTRY, Box 531, Bronz, NY 10461

TUBES! 59¢. Year quarantee. Frae catal 'l'ube
tester $8.95 CORN LL, 4215 Unnersity,
ego, CA 52105,

11-99MA solfware/hardware bargains. Hard-to-find
iams. Huge selection. Fast service. Free calalog
DYNA, Bax 620, Hicksvilie, NY 11801,

VIDEO scrambling techniques. The onginal “secret
manual” covers Sinewave, galedpulse. and SSAVE
#ysdems 56 pages of solid, usetul, legible iniorma-
jon. Only $14.95. ELEPHANT ELECTRONICS,
INC., Box 41885-J. Phoenix, AZ B5080. {602)
3811973,

IS i true._Jeeps for $44 through the govemment?
Call tor tacts] 1 {312) 742-1142, axt. 4673

OLD11ME radio on high quallll

edy! Adventure! Music! Free catakog ARLF,
FROEL!CH Heritage Farm, New Freedom, PA
17348.

LINEAR PARTS—transistors: MRF454 $15,
MRF455 512, MRFAY7 311, MRF492 $16.75,
MRAF421 $22.50, SRF2072 $13, SRF3I662 $25,
3800 $18.75, 25C2290 $19.75. 25C2879 $25.
Tubes: 6KDE $10 50, 6LO6 $9.75, ELF6 $9.75,
8950 $16.75. Best prices on Palomar road noise
s, Ran?a( ARBI00. New 16-page cat listy
rad/amplihar ricks—channel mg)%mc:g% PLT
sliders, peaking ior range. hard-lo-find linear

il $1.0010. RFPC, Box 700. San Marcos,
?A 92025.? For same day parts shwpment, call (619)
44-0728.

CHANNEL 3—60db nolch filter, 63.5MHz. $18.95.
All other channels $29.95. Cable converter lind ac-
cessolry catalog $1. (514) 736-9328, CROSLEY{A),
Box 8§40, Champlain, NY 12918,

THE BEST MLACE to BUY. SELL or
TRADE NEW st USED |
HUTS & YOLTS MAGAZINE [
BOX 1HHVE = PLACENTIA, CA %1470
[LARHIS F2 e ]
Jain Thowiands of Aeadens MNetonwde
Every Miwsh
OME YILAR U%. SUBSCRFTIONS
$1000 - Jed Ol = 31500 ¢ Im Ol

:“nm » Ltakeves + ey Clum zl

=

ATTENTION looking for sumus test equigment
nal generalor wllmeter osalioscope. J.B. ELE
TRONICS, 9518 Grand, Franklin Park, IL 60131,

DECDDE nearly any gated pulse with our
new Super simple circuit. Works on In-band, Out-

band. AM or FM palot lone—use with Hamiin. Jer-
rold, Sylvania Complete plans and theory only
$13.50 plus $1.50 P&H. ELEPHANT ELEC-
TRONICS INC., Box 41865-J, Phoenix, AZ BS080.
[602) 583-1973.

BUILD trom our quality diagrams; ajarm. audio,
anomotve. power supply, emancamental. gic,... and
related Circuits. Wiite for free details hist Special
requests invited. CAN-PLAN, 4690 Clark,
Montreat.Cusbec Canada H2T2T4.

FREE semiconductors . gifl with purchasa.
C.M. ELECTRONIQUE, Depl. RE, P.O. Bax 243,
Lagwairie, Cuebec, Canada JSRIY3

STRANGE stulf. Ptans, kits. new fems Build satei-
lte dish $69.00. Descramblers. bugs, adull toys
informational photo pack. £2.00 relundabdle. DI-
RO CORPORATION, Box 212, Lowell. NC 28098,

TUBES: "OLDEST", "LATEST . Parts and sche-
matics. SASE for list. Stelnmetz, 7518 Maplewood
Ave., RE. Hammond, Ind., 46324

WwWww americanradiohistorv comm

CB RADIO OWNERS!

We specialize in a wide variety of technical infor-

mabon, parts and seraces lor CB radios. 10M-

FM conversions, repairs, books, plans. kits,
-parformance

accessones. Our $lth year!

: PO 80X 11SHRE
i 1\285048

PROPAGANDA BROADCAST TAPES! Authentic,
rame recordings of WW-Il shorwave broadcast

T Rose’. Axis Sally", othars. Casselle $9.95.
D-W Resesrch, 4548 Aubum Bivd., #231-C. Sac:
ramento, CA 95841

LOW noise gﬂmp Great microphoné booster.
guitar diract . Many otner uses. $29.95. Wired
and tesled. C.M. Baker, P.O. Box 186, Leola. PA
17540

Cebils Telewvision Converter. Descrambier and wire-
less Remote conirol video EQus 1 ACCHSS0Mies
calalog FREE. CABLE DISTRIBUTORS UN-
Lllll D 116-Main Read, Washinglon. AR 71862

CABLE-TV converters and descramblers, Low
prices, qualty mevchandisa. we ship C.0.D. Send
$2 00 for catalog CABLETRONICS LINLIMITED.
P.O. Box 266. South Weymouth, MA 02190, (617}
843-5191.

U.L. APPROVED VIDEQ D/A's

THE VDA-601 Dietributlon Ampilfier faatures six
short Circus aﬁoteclmn D.C. coupled putputs. A

user salec of terminated input with ad-
|ustable leved control, Fof details please send SASE
1o: D &S ENGINEERING, P.O. Box 4426, Orange.

CA 92613-4426 DEALERS WANTEDIH

PLANS AND KITS

BUILD thys five-cigit panel meter and squang warve
generator INCluding an ohms, capacitance and fre-
Quency metes. Detaled instructions $2 50. BAG-
NALL ELECTRONECS 179 May, Fairlield, CT
064230.

DESCRAMBLE 1ha lates! vided cassene copy [Wo-

tection schome. Our simple Line Zapper circuit

takes the jitler out of gour pecture. Complete

and theory only $13.95 plus $1.50 posiage and han-

dllulg PC board and complete Kits also avalabie
PHANT ELECTRONICS, INC.. Box 41865-4

Phoanix, AZ 85080. (602) 581-1973.

HI-F1 speaker eyslems, kils and speaker compo-
nents from the workds linest manufacturers. For be-
gn;gers and avdiophiles. Free lnerature. ALS

AKERS, Bax 7462R, Denver, CO 80207. (303)

VOICE d unsersl FM | SWL actve anlennal
Recevers! 1 Catalog $1.00 !reiundabi-e!r

Dl ELECTRONICS. Box 25647. Dept. 60L, err\pe,
A2 95282,

JERROLD gated pulse t . Toeelve m"\anon-
packed pages covening DI & DIC converter

9
lus $1.5 osla and handling sESLEI“'I-I»\N'I'
LECTFI CS [ C Box 41865-J, Phoenix, A2

B5080. (602) 5A1-1873.

f WRITE FOR
S MeGEE'S
SPEAKER & ELECTRONICS CATALOG

1004 BARGAINS IN SPEAKERS
toll free 1-800-346- 2433 tor ordering only.
1904 MOGEE STREET KANSAS CITY, MO, 44108

DIGITAL audio recorda: Commaodore-64. Excellent
Sound! Plans. PC.B., & dnam software: $19.95_ K
£49 95 Postpawd, order nowl! TAD PAINTER, PO,
Baox 166055, Irmng. TX 75016.
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PROJECTION TY...Convert your TV o project ¥
foot picture. Results comparable to $2.500

eclors  Total cost less Ihan S0 00 5 and
lens $21.95.. lnustrated imormanon FREE...MAC-
ROCOMA-Gl, Washington Crossing. PA 1B977.

Cradricard orders 24hrs {215} 736-3879

TOP QUALITY Imported domestic kits, surplua
chscount electronics, compPUter components FREE

. TEKTRASONIX, 1120 Avenue of The Amer-
scas, 1/ suite 4038, New York, NY 10036.

TV-STEREQ kit—easity converts your TVVCR 1o
receive the new MTS stereo sound True sterso not
simulaion, $43.95 information—SASE 0Pt Box
150, Eimont. NY 11003,

SATELLITE descrambiing manual, Video Cyphar
It. Schematics and thorough explanaton of d?nuﬂ
audio encoding (HBO, Cinemax. Showtimae,
tas Exlas ] sto 95 +51.00 post F?a Catalog

NICS, Box 30502H, Bethesda,
MD 20814

CRYSTAL radio sets, plans. parts, Kits, cataiog
$1.00. MIDC D, 860 North Dixie Highway, Hol-
lywood. FL 33020.

CORDLESS phane monitor. Simplé mstruclions to
modity cheap AM radio to recerve entire 1.7 Mhz
cordiess phone band No parts required, only a
screwdriver  Also instructions how 10 monitor 1he
new 46.49 Mhz frequencies. Onty $5.95 compiste.
ADVANTAGE INC., Box 1086, Edgewater, FL
32032,

MOBILE tele ghone using your 2-way radic, Plans
£9.95, with PCbeds 524 95 Countdown timer hrs/
min or min'sac. LED dsplay, for lab. dark room, elr.
Plans 57.95 with PC/eds $16.95, Paging'control-
loru r 2-way racdw, plans $9.95 with PC/brds
519 95 CURRENT DEVELOPMENT CORP., Box
384, Westmoreland, NY 13490.

UPGRADE kit for line zappers $19.95. Stops nega-
trvg piciures, Improves clanty. Complele with add-on
board. Ct)mplew kits available. C & C SPE-
CIALTIES, 1432 Heim, Orange, CA 92665. (714)
998-5866.

Cable TV Converters

| Tr-Mode,” SB-3, Hamlln Oak VN2,
M-35-B, Zemth, Magnavox. Smenmlc
Atlanta, and more. {Quantity dis-
counts) 60 day warranty. For fast ser-
vice C.0.D. orders accepted. Send
SASE (60 cents postage) or call for Info
{312) 658-5320. Midwest Eleclronics,
Inc./, HIGGINS ELECTRONICS, 5143-R
W. Diversey, Chicago, IL 60639. MC/
Visa orders accepted. No lllinois orders

accepted. Mon.-Fri.-9 A.M_-6 PM.CST

SCHEMATIC and Iheory for third brake ight. Send
82_9%%10 BILL SHAFFER. Box t07, Gas City, IN
4 .

SAVE 75% bulid your own 68000 or 1BM itle
computer—easy. Free delails. DIGATEK CORPO-
RATION, Suite 175, 2723 West Butler Drive. Phoe-
nix, AZ BSO51..

DESCRAMBLING, new secret manual. Byikd wour
own descrambilers for Cable and Subscription TY.
Instructions, schemancs for SSAVI, galed sync,
sinewave. (HBO, Cinemax. Showlime, et ) $8.95
+$1.00 postage CABLETRONICS, Box
30502A, Bethesda, MD 14.

COMMODORE 64/128 owners. Dasign r own
custom CIFCUIRS. Just enler specicabons and the
compuler desigssihe circuit. Frea informationl
Send 1oday! W ELGRAPHICS, Dept. RE 487,
606 Thomasville, Pocahonias, AR 72455

BUG shaped bug $19.95. Shipping $5.00 security
mﬂ.t marine edectronics, Many kiis catal 3500
, PO. Bax 644, Matluchu, FL

SA tum on kit $40.00. Videodechiper stand alone kit
$75.00; tnmode board power pac cod, filter $22 .00,
Call John {419 243-7856.

CATALDG: hobby/broadcasting 1750 me!mmw
CB: transmiiars. anlennas, scrambles mg
dawvces, more! PANAXIS, Box l:!-o-Fs 'Par
CA 95967,

FREE catalog 99-cent Rits—audio, video, TV,
(h:‘ompu;gg parts. ALLKIT, 434 W. 4th 51, West Islip,
Y 11

LOGIC PROBE KIT- Steady stale and pulse traln
indicator with TTL and CMOS level detec-
flon. All componenis and nstructions. $15,00
postage nchuded. Tektron. 530 Grand Island Bivd.
Tonarwanda, MY, 14150,

Cable Tetavision Convarier. Descrambler and wire-
less Remote control video Equipment accessornkes
catalog FREE. CABLE DISTRIBUTORS UN-
] Di 116-P Main Roag, Washinglon, AR 11862

BUSINESS OPPORTUNITIES

MECHANICALLY intlined individuals desiting
ownership ol small electromcs manufactunng busi-
ress—wilhout investmenk. Write: BUSINESSES.
42-R, Bnghion 1tth, Brooktyn, NY 11235

PROJECTION TV _Make $5$% assemdli 538 H

octors. _easy.. results comparable to 32,

ectors. Total ©os! less than $30.00. PLAN
LENS and dealers information 20 S0 lllusirated
information tree. MACROCOMA-GIX. Washmgi
Crossing. PA 18977. Creditcard orders 24hrs. (215)
736-2880

HOW to build 1.000 walt cas stereo amplfiers. Send
$6.00. MESCO, 233 West North SL. Fayetteville. AR
.

EASY, lucrative. One man CAT rebuliding machin-
ery. Free info: (B15) 450-0666 CHT, 1905 Louise,
Crystalake. IL 60014

MARK V ELECTRONICS INC.,
N

— O

TOLL FREE
1-800-423-3483
o Orcher Paid bY Master or

IN CAL.: 1-800 521-MARK

Visacarg iuumsed

INFORMATION: 1-818-282-1196
MAIL ORDER: P.0.BOX 6610
ALHAMBRA,

CA91802

Crrsa P som

:_:mo 0|W2Anl:€.uu'lln0'tvmnww KvAm 450 BOED 30
AAMES  BATTIRY FLUOPESCINT LIGHT Kit 1199
Ta-00t W Mime gt i 0 TV.} ELECTROMIC TCUCH SWITCH L] 45 50
::g ??w.::.-:?wha ::: :g 1114 MULFLFUNCTIONAL CONTAOL MELAY Kn 199
v Bocane Ty.12 DiGITAL I TH TWO TIME Kot o
1 aH08 AC/DC SHOULDER AMPLFIER @A) An 34k 00 w13 COLOR Lf;?uulm‘rzn e Ki :H&U
TA.10 STERED PAL AMPLIFIER Wi TH MAGNLTIC sic AWP Kit 6 00 Y. ELECTROMIC SHOCK Xn 0
TAS0 A 8 WULTIFURFOSE MELOOY GENERAYDA Kig s Tval HIGH PRECISION SOUND £ ONTROL $WiTCH Kn -
TAAX PURE CLASS™A" Mah POWER auPLIFIER i $28.00 -0 sUrER SEASTev L COLOR POVWER LEVIL INOICATDR Ky 1980
AT 12w ACIDC STEREQ AMPLIFIER nATH B0 mIKLA} ™ 36000 Y- COLOR LIGHT CONTROLLIA waiam  $0500/7500
T4-300 00 M 111 Furpoes Sermple Chavinel S, Kit $11.07 >wan SPLARER pROTICTOR [T 1100
T2 SOV S1e0 Fowar Bosien KivAn  fhc ool Tyl FMWIRELLSS mCROFHONE Ky 78
TAITIA  reogn Onsglivg DOW - 30w Syueva Armplifae K 24 65 TV AL/DC OUARTE DIGITAL £LOCK i s
TA T BOW IC Slires Pee-Aorpiiont B Porawr Arvgl:Tu Kh 50 ™ SOUND O TOUCH CONTROL Swi TCH Ky $+10.00
TA-AD0 S0 TrandS TORIZIO FA AMPLIEIER it $1184 TY-A1 MK INFRARED AIMOTE CONTROL UNIT L
TAA7? 120wy MOSFET FPOWER AMPFLIFILA Kit 5128 T4} BARDOT LIVEL MITER K 42 0
T4 900 SO DC LOW Tia PRE AMPLIFIER & FOWER AMP. KN $5523 TY &5 SARDOT AUDIC LEVEL OiSPLAY [ A4 4
Ta802 WO BOW PURE OC STIALO POWER Amk. WSrEAKIAL Kb " Va7 SUPERIDR [LICTRONK ACULETTE iy 59
TANIDA  BOW-B0W OCL OC PAE Mall A STERLD AuWPLFIER K 43 VaMaTO 4001 IR OIGITAL MULTIMETER L& % 330
TAI0008 100N DYNAMIC CLASS A" MA N FOWER AMP (MONOI Kt 51 r LED THEAMOMI TER CLOCK WhN/QUT DOCH SLMECA "HT 12000
Ta b0 100W=] NEW CLASS A~ DC STERED FALMAN Aty iy 700 LED THE RMOME TER £LOCK vm MEASURING SYET 00
T4 29004  ELECTRONIC ECHG AND REVERBERATION AP Eifpha  199.00/ 30 85
TAZM0  MiGH QUALITY MUL TEPURPOSE PRE.&MFLIEILRA ey 5590 90 NEW F@R 87
TA-7200 oc;s R.luztn ct‘m‘ar"mml?wnnmu: e i £M.00
TA.ZNO0  NFCRBLFET PREAMP WITH TWAY TON TROLY  Kit 44 50 (LT
TAJ00  STERED SMULATOR Kivan  SBONO00 o) TALKING ELOGK KCOKATOO! oilr  Ew
Al I MULTILFUNCTIONAL LID D P KivAn R 230500
5343 & 172 NIPRECISION Do, KiAm 118 Doneagp  B04 TALKING CLOCK 1My NAN, GOLDEN O0R BLACK) e3kr Mg
a0 BOIGIT 1% FREQUINEY COUNTIR Au 599 0 WO, B30 COADLESS SOLDERING IRON AECHAROE ABLE L3 3 =1 3
TY4) "'ROEEI“L FANEL METLR i 8400 34 550 PROF[SHIONAL COLORA LIGHT CONTROLLER 12000
TRA% A, § 384 AEGULATED OC POWE R SUPPLY KR 068
TR0 " SALY/IA PONER SUPPLY VTN SwORT CRCUIT BREAK :u‘f?‘,;‘“"‘;ifg;‘w'"‘““ EabEL o (o
5 OVEALOAD pROTECTORN i $1230 et il 8T 2w
LGI924 LR a X1E o B5ET 3400
LG9S . s h 5 ST £2¢ 0

WE CAN SUPPLY HIGH POWER TRANSFORMERS FOR OUR KITS. PLEASE REFER TD DUR CATALOGH

TEAMS - Minimum order: $10.00, Charge card order $20 00 C.0.D.. check, money order & phone order accept. CA  residents must include
6.5% sales tax. Prices are subiett 10 change wilhoul notice. Al merchandise subject 10 Prior sale Shipping & handling: inside L.A. 5% o! to1al
order (Min. §160). Dutside L.A 10% of total orde IMin. $2 501, Dutside U.S A. 20% of 1otal order IMin. $5.00). Shipped Dy UPS ground
HOURS: Mon.Frl 8;30 to 5:00, Sat 9:30 to 1:00 [PACIFIC TIME}

NATION-WIDE DISTRIBUTORS WANTED FOR OUR PROOUCTS. OUANTITY DISCOUNTS AVAILABLEI

e i

=
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RADIO-ELECTRONICS

-
(4]

CRT equipment rebuilds Sony/color tubes/ther.
CAT SYSTEMS, 633 North Semoran, Orlando, FL
32807, Call (305] 2759543,

YOUR own radio sistlon! AM_FM, cable Leensed

or uniicensed BROADCASTING, Bon 130-F5, Par-
adise, CA 95967

BIG
ASSEMBLY BUSINESS

Slart home spare tIme In
supartence unnecessary Bl
bing slecinonic devwces

ELECTRONIC

Irman] ssomledge or

DEMAND assem-
et nandled Dy Profes-
S0NBIS Unusual Dusingss 0pportunty,

FREE- Complnte lllusirated |itersture
-0 Bux 248

BARTA. AE
Crook Cal 94597
WANTED

INVENTORS! AlM wants—deas, imenhons, new
products. improvements on axisung products. We
present deas lo manufacwurers. Confidentality
guaranleed. Call toll Iree 1 (800) 225-5800 for inlkor-
mabon kit

INVENT!ONS ldeas. new products wanted! Indus-
seniation/natonal expasiion. Call free 1 (800)
50 Canada, 1 (B00) 528-6060. X833.

wnN'n-:o Surplus invenlones of JCs, ransistors atc.
uanthéoo small or lar e Call WESTERN
TEC ¥, (303) 444

EDUCATION & INSTRUCTION

TRAINING In cable television techno&cg Prapare
for the future, CABELE CORRES ‘DENCE
COURSES INC., Pos1 Otfice Box 1319, 5t. Chartes,
MO 53302

FCC commercial genesal radioielephone license
corme noe course. 60 ndmidual lessons for
$89 Paz‘mentplan Resuls guaranteed! Detals
free. AMERICAN TECHNICAL INSTITUTE, Box
201, Cedar Mountan, NC 28718,

SUPERFAST morse code supereas
cassette. Mongyback guarantee.
2549E Ternple, Paimbay. FL 32905,

F.C.C. commerCisl general radiotelaphons Ji-
tense. Eloctronics home study. Fast, inexpensivel
'Free" details. COMMAND, D-176, Box 2223, San
Francisco, CA 94126,

. Sublwminal
10. BAHR,

SATELLITE TV

CABLE TV Secrels— the outlaw publication the
cable companles tned 1o ban HBO. Mowe Channel,
Showtime. desclamblers, converters. et¢. Sup-
rars list incluced 3895 CABLE FACTS, Box 711-

. Palaskala, OH 43082,

SATELLITE sysiems 5349 u VISAME available
$3.00. STARLINK, INC., 2603-16R Artie,
Huntsv;lle AL 35805,

SATELLITE TV receiver lts! insiructions. scha-
matics] LNAS! Catalog $1.00 (refundable): XANDI
ELECTRADNICS, Box 25647, Dept. 21N, Tempe, AZ
85282,

Mul 1- Bnanne. Micrawave TV Aecelyers

oy ™ 1827GH; Parabolic ish a0 ¢B Gan
commt&lsfssnm‘m\!‘ggum
1&m Shppl

Dealer Rates, R werrm!n mnml I::?u’
& ars Availabl

K & § ELECTROMICE Caii now for tame

PO A3 s

PHUElIi_ AZ B50NT ﬁ.ﬂ m

$2 creit on phone orders!

VISA/ME/COD

Pay TV and Sateilile Descrambiing
All New Bth Edition!

120 Ay WE2E Hew Sprng coees §1

5hoji Electronics Corp, 1327R Miagara 51
NiaQara Falle. NY 14303 COOs 7116-284-2163

PRINTED CIRCUIT BOARDS

CIRTECH of Colorade delwers quality PC'B design.
layout al atfordable pnces. Prototypes welcome,
Single or double sided, Send for quole ta
1330 Riverside Ava . Boulter. CO 80302 or call
(303) 449-1307 (home).

DO IT YOURSELF TV REPAIRS

NEW...REPAIR ANY TV.._EASY. Retired ser-
VICeMAn reveals secrets. Yite RESEARCH. Rt 3,
Box 6018, Colville, WA 99114,

VIDEOCIPHER I, descrambling manual $10.00:
offset printed sel of schamatics $10.00; free set of
De mombars "special” wdeo and audic “work -
mg with $20.00 ordar, PONDEROSA
CUMPANY, {303) 6348666,

DESCRAMBLER build Qur low cost satelite TV
video OW descrambier for all major mowies and
sports. Uses all Radio Shack parts. Order P.C.
board and insthuctions by sending cheque, money
order. o Visa for $3500 US. [unds to: VALLEY
MICROWAVE ELECTRONICS, Bear River, Mova
Scotia, Canada. BOS-1BO {902) 467-3577.

ASSORTMENT #301 has Printed Circud. all 1T,
fransistors, diodes ior TELEASE-MAST project
[Ociober arlicle) $25.00. Shupping £2.00. Canl
1-800-821-5226 Ext, 426 (orders) Jim Rhodes.
Inc. Box 3421, Bristol, TN 37625,

EPROM PROGRAMMING

FREE catalog. Your sotiwams/data Installed In
EPRAOM of your choice, Fast, low COS1 Service.
Wrilewcall: Romulus Microcontrol, Dept A, Box
8669, Rockvitle. Maryland 20856; (301} 540-3863

CABLE TV DESCRAMBLERS

Cable Telewsion Converter, Descrambilor and wire-
less Remole control wdeo Equi t accassones
catal FREE. CABLE DISTRIBUTORS UN-
LIMITED, 118-C Main Road, Washington, AR
T1B62.

INVENTORS

INVENTORS! Can you pateni and Profil from your
wea? Call AMERICAN INVENTORS CORPORA-
TION for free information. Over a decade of service.
1 (800) 338-5656. In Massachusetts of Canada call
{413) 5568-3753.

CASSETTE recorded homae study lor new general
class FCC icense examinanions. Also Devadcast
and cablewysion courses. BOB JOHNSON TELE-
COMMUNICATIONS, 1201 Ninth, Manhattan
Beach. CA 90266,

| have The [dea; do you have the scientific knowt-
edge In AudioVideo field? If you aje inerested in
foll'lll'\g forces with me to convert 1his potentialty very
ucratrve des 1o reabity and shanng the msuits,
please contact” ANTOINE RISTAKIAN, 2 Overlea
CL. Massapequa Park, NY 11762

.~ Start Your Own TV/VCR |
< Repair Business -

Ow you tan Irat at home in mnmehrlrrw
Nmmum&nawm:n Sn-nulonrm

expenence necessary N need fo quit your job or school Every:
thing 5 e n easy-to-und 2 Linguage with ol |

driwings. SLugrms ang phitas. We Show you how 1o 1Tt
Shool and repast videocassette recorders and TV seis, how To
hangle houss cals ang FEQHNTS tot 2IMOST 2y miake ol tee.
vmnm\ﬂ:a Tools are with your course so you can get
" prachice B8 you folknk yOul lessons step m
Send h‘éreew]ms haﬂl:ul ihe ucmnn oppostunrties in
] oul $iarl making money in FOMI
quml MALC couPrgN QN TODAY! 3

SCHUDLOFWNBH REPAIR. Depl DEQ4T
|-.—-""“" Pannayhvaras 185

Husewmfudumatmmmmummi'
| can leasn TWACR Repaw 2l home i my spire bme | under-

St thert & no dbIGILION and NG S3MeSTan will viit me [
|Name . Age

— AL # .
|I:smsm-rm

l
ET_;___::;__J

2

PHONE RECORDER CONTROL
* Aulomaticakty mcords phone QoM sations
whin recenaer il fhed
# Inleriaces your phone 10 8Ty LADS McOnder
* Meots ol FOO mauremens.
# Guaranteed to work.
S 19,85 plus 300 shipping & handing w VISA,
MASTERA CHARGE.or COD 0:ELECTRONIC DEVICES,

2429 Central Ave. 51. Petersburg, FLA. 373,
L= kil

SCIENTIFIC ATLANTA & TOCOM

SCIENTIFIC Allsnts cable converters {origlnal
units), models—8500 and B550, remole con-
trol.. 5250.00. Tocom and Zenlth descramblers
$225.00. Guaranteed. N.A.S., (213) 631-3552

DESCRAMBLER MODULE

COMPLETE cabia-TV decoder in a miny-moduie.
Latest lechniogy upgrade for Jerrold SB-3 or Ra-
dio Electrorcs Feb. 1964 projecl. Available at

low cost For Iiterature, SOUTHTECH DISTRIB
ING, 1(800) 821-5226 Ext. 130.

S$B-3TRI-BLZENITH

SB-3's...567.00. Tri-Bl's ..$79.00. Zenilh {Ta
onsh..$152.00. N-12 {VarmyncL $75.00. NASG
{21 }631 -3552

WwWww americanradiohistory comm

HOT BOOKS FOR HOBBYISTS

TTNIT_s2 WOME REMDTE
COMTROL AND AiffDEATION

MITV—BUILD & MEMDTE.
COnTROLLEC mOBOT FOR
UMOEn T S Feu- PROMECTE .. . HE 98, A ln-
Proof evitructemy for puling oG colechon of proscty
opether tour own hupsuy LLUTR N
ot comrmmyt, el mon gl

BUILD A REMOTE-CONTROLLED
ROBOT.....FOR UNDER $300

[ 2617T—H you're tascinated by the home [obots m-
creasingly xvadable on todays markel ... but are
stopped by their pric tags . here' your solution Buikd
youue QW home rabol—and 4 full $cre ypit at thal—ror
less than §300. No advanced electronics or COMpater
skilts are noaded 0 pul Ingether “Quesion™, a robol burier
especialty oesxined o be both affordabie and easy-to-
buid. — Order your copy (or 33 95 Dhis §1.75 shipping.

62 HOME REMOTE CONTROL AND
AUTOMATION PROJECTS

[ Z7I5T—A dewice (hat automancally dims the hghls
when you turn on yOur stereo ... an automaliic Guest
greeler, umsmikeenyourammdul
levels amornahcaify . vonce-0Operated transmitiers. dood
and window controders and move Compiele instruc-
tons, wiring dagrams, and show-how illustrating for
exch gevice $12 95 plus 52 75 shppeng

(7] Send 40-page calabog—FREE with grder
[ 'vw included $2 00 Send catalog and coupon good
for $2 00 on first arder

Electronic Technolo ‘lj;y Today
P.0D. Box 24
Massapequa Park, NY 11762
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ALL SALES SUBJECT TD THE TERMS OF OUR 90 DAY LIMITED WARRANTY.FREE COPY UPON REQUEST.

Copies of articles from this

publication are now available from
the UMI Article Clearinghouse.

For more information about the Clearinghouse, please fill

out and mail back the coupon below.

Yes{ | would fike to know more about UM] Article
Cleardnighouse. | am interested in electronic orde
through the following system(s)

] MALOGDialorder
O OnTyme

O Other (please specify). e
|1 am interested in sending my order by mail.

] Please send me your current catalog and user
Instructions for the system(s [ checked above.

1ITT Dialcom
| OCLC ILL Subsystem

UM
(

Wi
Tlﬂo

‘I‘é}'iaf%%g)house

Institution/Campany

Department

Addresc

City

Slate Zip.

Phone ( )

Mail to: University Microfilms International

300 North Zeeb Road. Box 91  Ann Arbor, M] 48106

CALL FOR FREE CaTALOG

TEXT TO SPEECH BOARD! ]

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK! |
A vERY POWERFUL AND AMAIING SPEECH CARD USES THE NEW GENERAL
INSTRUMENTS SPO258. A1 2 SPEECH CHIP AND THE CTS 2584 ALZ TEXT TO SPEECH
CONVERTER
THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD ANDC REQUIRER A& COM 2
SERIAL PORT. BOARD MAY ALSD BE USEQIN A L
STAND ALONE ENVIRONMENT WITH ALMOST .
ANY COMPUTER THAT MAS A AS212 SERIAL I =
POAT, FEATURES ON BOARD AUCIO AMP OR
MAY BE USED WITH EXTEANAL AMPE,
DEMONSTRATION SOFTWARE AND A LIBRARY L =
BUILCING PROGRAM ARE INCLUDED GN A B%

INCH PCAT DISKETTE FULL DOCUMENTA.
TION AND SCHEMATICS ARE ALRO INCLUOED

NEW!

589'95

ASSEMBLED
4 TEATED

CANON 80 COLUMN PRINTER - §39.95

ORIGINALLY MAMUFAC TURED FOR THE PC JR BUT WITH OPTIONAL CONNECTOR
WILL WORK WITH PC.XT, OR AT, REQUIRES SERIAL /0. THIS THERMAL PRINTER 1S
QUIET AND USES EABY TO GET 8% IN. ROLLS OF PAPER 50 CPS. UPPER AND
LOWER CASE. PLUS GRAPHICS. ORIGINAL LisT PRICE 5199 00. ADD %300 FOR
PC/XT CONNECTORM, ADD $5.00 UPS

-

PC/XT EPROM
PROGRAMMER

73
$199 "

» LATEST DESIGN » PAOGAAME UPTO 4 OEVICES AT ONE TIME « FEATURES EASY
TO USE MENLU DRWWEN SOFTWARE THAT AUNS UNDER PC OR M3-D0S » LUSES AN
INTELLIGENT PRAOGRAMMING ALGORITHM FOR SUPERr FAST (sx) EPAOM
BURNING + THIS PLUG.IN BOARD AﬂACNES TO AN EXTEANAL MINI CHASSIS
CONTAIMNING 4 TEXTOOL ZLEF CRETS. +» NO PERSOMALITY MOOULES
REQUIRED » AUTOMATIC ¥PP IILECTIOK 125¥. 21V, OR 25V, « EPROM D ATA CAM
ALSO BE LO!DEDFROMORMUEDTOAOISKIT‘TI * PAOGRAMMING 3OFTWARE
SUPPORTS: 2716 2732 ITYRA. 2 27544, 2TA20. IT128A, 27254, 2TI546A, 2IT511. AMD

2H|MAEASSEMMED AND TESTED. BURNED. IN wiTH MANUAL uw WITH |

" TEAMS: Add $3.00 poriage. We pay balance Grders under 515 add Tag hending Mo

:l'
Digital Reseoarch Computers
F TEXAS
P. O. BOX 3814508 « DUN[CAN\FILLE ,"I"k 75138 = (214) 2252209

CO0 We accepl Viea and MasterCerd Tends Res. scd 8-1/4% TR Foretgn Orgers |
loncept Canada) add 20 P & K Ordens over 350 add B5¢ hov insurence.

WWWwW americanradiohistorv comm

Part
Xpress

CHECK OUT OUR

| HARDWARE SELECTIOMN

G.X
NG

bt ol B, o e wew Iy et

REPLACEMENT
POWER CORDS

* 1l Qe I Comaator # b loot
[T

S110-0%8 (W)
S1 - (ewn|
#118-030 (acu|

W

n M

HARDWARE AND ELECTRONICS

9 o U Dionsbur Satea

et e $1%0
W 127 Dion oy Sacked
oia 3 $395

RS-232 DATA SWITCH

* 7 puniin, rolpry troor + Fully
Wrapithad, FOC app-gemd
s

Fa-a

<

12° PIONEER WOOFER
» Pomr dw NS ¢ 11 AR magre
» 500 7500 HE risunten « 19

wwar ool
PR R T T 31395
na

FREE CATALOG

O rerer 56 pisge calakog CONtaws
1housandt of Hems thatl you nesd
Hrary QY bor ol yoursa|

| s00 piece
| RESISTOR KIT

==

P gt PODuREr rAlaeca
i raeg hom ] P oreg ] 3

g nbeny
1208

-

©ye-0ve

1
| OUTLET STRIP

+ Fimrey Sty doue oot L = AR
Ot pehCiup] AL Ol EvE.

* LA e

CALL TOLL FREE
1-800-255-3525

In Ohio: 1-800-322-3525
Local (513} 222-0173

FARTE EXFRELS T
30 Ean

it 51

LN

Dayton. Oty 4500 —

CIRCLE 204 ON FREE INFORMATION CARD

1

2861 AYW
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12008 MODEM $9995 ‘Sirwin’ 24008 MODEM $11995

szuncnms % v % % HIBH-TECH % % * % EPROMS
o NEC V20 UPD70108 $11%5 @l i~ Touma  (430emisw)

25604 |4%0naliEMOE]
1040a8

102451
REPLACES 60868 T0 SPEED UP 1AM PC 10-40% et 40988

409638 "“"R&m PGM)
£l
» :‘I\IIGHH.&%‘I;E\%.ER%DDRESS CALCULATION oy .::3::,3_:‘0‘;?"'
+ PIN COMPATIBLE WITH BOBB “mts:
» SUPERSEY OF 3088 INSTAUCTION SET a4 200 328 mm""‘"
+ LOW POWER CMOS ML 7SS m::'uz. L]

1

OMHz V20 UPD70108-8  $13.95
8MHz V30 UPD7D116-8  $18.85

Y % % X SPOTLIBHT % % % %

§¥is

-
o
w

1200na L]0 5}
1150l CMOS)
(20D E MO SIILF
1150w EMO SILM
all ) 20 CRNOS LMY
Ny (150naH  CAOS]
192l [150naICMOE} L
4152xl  (120mHTMOSHLM

i3a3uebeh

L3zusesselenizaiay

b GRS R b ok el ek ok

=g [J25ECTRONICS EPROM ERASERS

ORDER TOLL FREE -
800-538-5000

DYNAMIC RAMS

1638401 | 250m
16304001 200nwt
1838401 | 150na
11.20r
1200na)
(200n}(Sv)
(150r]t 5wl
11200471 5w}
1200 v}
11507 [5v)
(1 50m) ISVIREFRESH)
1150nm){Sv}
11505}
1950w (5wl B.O60 [Ty
[ 200raSv} i
I58- 20204407 (150mwbiny) e e
Su argle § Vol Suppty REFRE SH-Fis | Mafrash 100

okt
PR Y 11

;m“
AR

XY
bk &1

CRY CRYSTALS HIGH SPEED CMDS
18432 Schorr
;-‘:'7152
24578

74HC00

TAHC Crawute ol EMDS Dgc lvels s soe chesl
o v, W CMOS desgen

FaHC ) TamL1a8
TAHLOZ FAHE151
TAHC 04 FARC T
74HCOR FARCIS?
TAHC 14 Fanc168
TAHC1 4 T4RC 183
TAHE2G b T4HETTY
TAnC 2T F4AHCI40
FAnC 30 TAHCIda
TaRL 2 - ] TAHC24%
TARLS TaHCIET
FARLC T4 a TAHL 259
TAHLES TAMC 273
FAMCRS TAMCZ9Y
TAHLEYS T4H

FAHEC107 TaH 3
FAHE10% TAHCITL
FAHEC112 TAHL 190

TMESTT A

Rishbihs

2.0 MHz
$302A c
84324 CONTROLLERS

85324 :
ERTEA ; 1™ 455

595
5514 -

3.0 MHz 1235

-
~

-
=3
b

-

]

i
i FE

: 3
$3zsssess
&8s

-
bk b ok ok ko ok ko ko okl ok s kA

E3LeIEEL R0 LR IR SRR Y

H VST TS B T R ]

E 20 W e 1 FanC193 i%
AMC1 1
AR ] B B
;:: = 030".'.“'0"3 = I:chs TAHC 050 ”"n
[ &)
. 5w iy 74HCT00
1.9% :2 195 TAHCT: Duact dompdn placermmnt, bor LS TTL
m ﬂ“ “T[ :” f.:: ::ﬂ;:;;m:«m u:.:;:::‘mwm’“
[ 2 ) BE. EllT[llS 4 :: n TFAHCTO2 FAHET174 1.09
was W L am Ll T4MCTOL FAHCTAYY 11
VEfs aR1541 A NS 3 TAMCTOE TAHCT 19
4 4707 a8 g TaHCT10 - FAHCT a0
113 I comsis 4 . o W i rancT2a)
2295 [ WM307 = 7 B BERE ;::%;g
2.0 MKz I i -= 112 7ANCTZVD
T Pl i 3 v Woeena o mena
1 s28 i avsion L 70 » W NEHA ¥ JancTire
Has 98 -l’g d g FARCTI57 TAHLTI%)
.38 495 - TAMC T1SE TAHCTa017
189 9% b4 ‘2 TAHCTISL FAHCT4040
-t 798 4 % 20 TAHCT184
598 " 3 130
595 : ;: 1.40
SOUND CHIPS | s
circuITs [§ 3700 WWTO 2 3 B TR
M55 195 76409 ”» 2 T4F12E 169 74F2%7 1.0
sk B, % F: s
MMSEIT 1y ¥ AN ENI2 B 1] 46240 19 F4EIFI 429
MEMSEIZ 2 W SE000 - 4 FF24 12V TaFITA A9
w . .
g Visit our retail store located al 1256 S. Bascom Ave. In San Jose, (408) 947-8881
o) = = PLEASE USE YOUR CUSTOMER NUIBER WHEN ORDERING
: JDR Microdevices — ioiconioninmen it
N v A3 M0 o Ag Oaery geer 1 IS ord) MONVIGY Grcierey iy e
E_..‘.’ 110 Knowles Drive, Los Gatos, CA 95030 st e i it s s e e €
srnacierds L w --.h'
u.-' TO" Free 800'538'5000 L (408) 866'6200 e ...-:u qﬂ:‘::‘ :‘-:u o n:?';-:.: n::- Wy
“w‘ﬂf Lasay il e el naraiier and b
g ;éi‘“’ FAX (408) 378-8927 ® Telex 171-110 wlREA b AR s A WO | T e e
P N COPYRIGHT 1987 JOR MICRODEVICES
THE JOA MICRDDEWCES LOGO 15 A MEGHRTERLD FRADE WAL OF JDA MICRODEVICE & JON (NSTAUMENTS ARD J0% MICRODE VICES ANE 1AADEM $4a3 L8 S ML v
BN R A TRACE MARR {8 (P TERRNA TIONAL BULAESS MACHRES APPLE 15 A FRADEMARR OF APFLE COMPLE R
154

CIRCLE 113 ON FREE iINFORMATION CARD
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DISK DRIVES
FOR APPLE COMPUTERS

i ~

AP-150 —
« Y HT, DIRECT DANVE

= 100% APPLE COMP aTIBLE

= i MOMTH Wa RRANTY

AP-135 E*—'!*
$12995. ° |

« FULL HT SHUGANT MECHANISM

« DIAECT AEPLACEMENT FOR APPLE
oisK

= 51X MOMTH WaRRANTY

i
MAC535 | = =

$249.95 |2

« 15" a000ON DisK DRIVE
= 100% MACINTOSH COMPaTaBLE

» DOUHLE SIDED 800K BYTE STORAGE |
+ HIGH RELIABILITY DRiVE

HAS aUTO-EJECT MECHANISM

= FULL OME YEAR wanRANTY

j *

AD3C e —

3139 95 e il

T

ONNECTD
. FDQST MEUABLE SLIMLINE DIRECT

= 51 MONTH WaRRLANTY

DISK DRIVE ACCESSORIES
FOD CONTROLLENA CARD #4995
N ADAPTOR CABLE
ADAPTS STANOARD APPLE DRIVES
FOR USE WiTH APPLE B¢

KB-1000 $79.95

CASE WITH KEYBDARD
FOR APPLE TYPE MOTHERBOARD
» USEp DEFINED FUNCION KEYS
=« HUMERIC MEYFa D WITH
CURSOR CONTROL
CAFE LOCK « AUTD.REPEAT

KEYBOARD-AP $49.95

* REFLACEMENT FOR APPLE It
YEOARD

K
K MEY. RUTO.REPEAT
gﬂl KEY ENTAY OF BASI
i CF M COMMANDS

JOYSTICK ce1n $19.85

« SET K.Y AXIS FOR aLITO CENTER OR
FREE MOVEMENT
« FIRE BUTTON FOR USE WITH GAME

SOFTWA RE
« ATTRACTTIVE. £OLID. PLASTIC CASE
« INCLUDES aDAPTOR CARLE s OR
TR, APPLE 01, N, ) c, ATAR
AND VIC 20/ 84 n

POWER STRIP

= UL APPROVED $12.95

* 15A CIRCLNT
BREANER

CALL FOR VOLUME QUOTES

) MONITOR NOW ONLY $569!

CRT MONITORS FOR ALL APPLICATIONS

F

GASPER
EGA MONITOR
£GA & COA COMPaTIBLE
SCANNING FREQUENCIES

i DOTY ﬂ"lC”L 25 M
18 COLOAS OUT OF
147 BLACK MATRIX SCHEEH

$399.95

RGE MONITOR
- 001.0!1 GH((H!AM!(H
WITCH ON R
- l:ll(il‘m. RGE |!MCOMM11-.E
- 147 HON GLARE SCREEN
= RESOLUTION B40H & 240V
» Fmm DOT TOH
. QILE FOR 1880 PCINCLUDED

$299.95

TILT & SWIVEL MONITOR STAND $1295

= 17 NON GLARE

R d

EPROM PROGARMMER
« DARPUICATE OR SURN ANYT
7Tus SEMIES EFOM
QT8 TOI71281
= MENU DRIVEN SOFTWARE
= WGH SPEED WRITE ALGO

RP-525 85818

MOLDED INTERFACE CABLES

& FOOT. 100% SHIELDED, MEETS FCC

10M PaRALLEL PRINTER CaBLE
CENTROMICE (MALE TO FEMALE!
CEMTAOMICS (MALE TO MALE:
MWOCEM CABLE (FOR 1M1

RE232 SERIAL IMALE TO FEAMME]
RE232 SEMLAL (MALE TO May )
KEYBOARD EXTENDER {COaLED]
APPLE Il JOYBTICK EXTENDER

SWITCH BDXES

ALL LiNES SWITCHED, GOLD MATED
CONNECTORS, QUAL!ITY SWITCHES

2WAY  §39.85

= COMMECTS 2 PRINTERS TO 1
COMPUTER OR VICE VERSa,
AD-P (CENTROMICS PARALLEL)
AB-3 (RASZI2 SEANAL |

3 WAY $89.95
. CONNECTS 3 PRINTERS TO 1
COMPUTER OR VICE VERSA
SWITCH-3P (CENTARONICS PARALLEL)
SWITCH-35 FRS232 SEAAL)

3008 MDDEM $49.95

FOR APPLE OR 1BM
5 ASCIH #R0-ET SOFTWANE
» $CC APPADVED
= BELL SYETEMS 10 COMPaATIBLE
« INCLUDES A ADAFTOR
« AUTO-DIAL = DIRECT CONNECT

CABLE FOR APPLE 1ic 014,95

18K RAMCARD

« FULL 2 YEAR WARRANTY

= TEPAND YO S MAC HINE
TO & FULL 645 OF MEMOAY

= CAN BE USED N PLACE DF
THE APPLE LANGUAOE CARD

RAM-CARD

IC TEST CARD

= DARCELY TES1S MANY
COMMON K8

= DASPLAYS PASS OR Fai

= TEST 4000 & 74HC SERIES
CMOS 7400 7415 740

Fam & ra5
3399 |C-TESTER 31287

C. ITOH RITEMAN, 1| PRINTER

180 CPS ORAFT. 12 CPS NLOD

« $23 00T MATHIX

» SUPPORTS EFSON 1EM Glnrmcs

» FRICTHON AMD MM FEE

» VARIABLE LINE tncmﬂ AMO MTCH

$219.95

(B0 PRINTER CABLE 5993
REPLACEMENT 01BBON CARTRIDEE 7.8

NASHUA DISKETTES

NASHLIA OMSAETTES WERE JUDGED TO mAVE
THE HIGMEST POLISH ANC AECORDED
APy OF Ay OGSKETTES TESTED
ICOWP ARG FLOMPY DiSKS, Sy TE D)
N-MD2D DS/D0 54 SOFT  89.50
N-MD2F  05/QUAD B'4” 50FT 81395
N-MDO2ZH DS HD5%"FORAT $24.95
N-FD1 $5.00 8" SOFT #2795
MN.FD2D OS/D0 I S0FT 53495

BULK DISKETTE SALE

SW"” SOFT SECTOR, 08/DD
W TYVEC SLEEVES & HUB RINGS

$9% §9C. 59Cs

BORDF 10 BULE OTT 50 JULE 81T 158

DISKETTE FILES

SWDISKALE 3%~ DISNFILE
HOLDS 70 HOLDS 40
$0.95 $9.95

CIACLE 180 ON FREE INFORMATION CARD

WWWW.americanradiohistorv.comm

SOHOGHEO&E

- I COMPaTIBLE T mPUi
AMBE
LOW IRETORTION scn(tn
LTI

SE
» Ol YEAR WARRANTY

$119.95

WITH POWER CENTER $39¢S

polbiny

= 188 COMPATRELE
= 13" MOMN GLARE ScaEEN
« VERY HIGH RESOLUT
1100 LNES ll:!'ﬂllll
= 25 MHr BANT#DTH
= CaBLE FOR (Bm PCINCLUDED

AMBEN DR QSTEN A THILADLE

$99.95

&P seagate

5‘!4 HARD Di3K DRIVES

HALF W 000 SErrm 2275
HALF Wit MR 35w (RLL) 9299
HALF HY 40ME 40ma 599
HALE MT S0ME S0ma (RLL) CALL
FULL T 30mp Sy 559
FURL 41T ROME Jieew 51194

¥ HEIGHT FLOPPY DISK ORIVES

5" TEAC FDO.558 DS 0O 5109.9%
$'A” TEAC FD.55F O5 - 0UALD $5124 98
%" TEAC FD-S5GFV D8 -HD 8154.9%
54" MITSUBISHI DS /HD 12398
" TOSHIBAKITDS DD 514298

WY INCLUDES TiNG HARDWARE TO
FIf 4" 8 £aCEPLA FOR AT XT

DISK DRIVE ACCESSORIES

TEAC SPECIFICATHON MANUAL ».00
TEaC MAINTENANCE MaNLIaL w2500
T HT MNTG HARDWARE FOR1BM 32 %8
MOUNTIMG RAILS FOR 18M aT Y
¥~ POWER CABLE FOR 54" FOMe 4208
84" FOD POWER CONMECTORS 1.8

DISK DRIVE ENCLOSURES
WITH POWER SUPPLIES

CA-23¥3 DuAL SLIMLINE Sy~ 480
CAB- IFi5 FULL HT 5%" gom
CAB-28¥0 DuAL SLIMLINE 8~ 209"
CAB-2FHA  DUAL FULL HY g~ 121gn

BUILD STEVE CIARCIA'S

INTELLIGENT

EPROM PROGRAMMER

AS SEEM N BYTE OCT. i

= STAND ALONE CR RS 232 SEAlAL
OPERATION

= MENL SELECTARLE EFACM TYMES .-
N0 CONFIGURATION JUMPERS

= FRAOGRAMS ALL 5¥ 27X0(% EPROMS
ROMITIETO 27512

= RERD. COPY OR VERIFY EPROM

« UPLOAD DOWNLOAD 1MTEL HEX FLES

» PAOGRAMMER DRIVER USER
MOOIFLABLE

ONLY$199

T INCLUDES PCB AND ALL
COMPOMNENTS EXCEPT CASE &
POWER SUPPLY

COPYRIGHT 1987 JOR MICRODEVICES

1
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QUALITY IBM COMPATIBLE MOTHERBOARDS

FROM MODULAR CIRCUIT TECHNOLOGY
TURHD 4.77 / 8 MHZ $129.85

JOR PART & MCT-TURBO

=& TFOR B My OFERATION W1 Tr BOBE 2

& OFTHONAL 80T.2 CO.PROCESSOR
= DYMNAMMALL

¥ ADJUSTE SPEED DURING
DiARETTE OPERATION FOR MA XIMUM

THROUGHPUT AND RELLARILITY

+ CHOICE OF NORMAL / TURSD MODE OR
SOFTWARE SELECT pROCESSOR SPEED

STANDARD 4.77 MHz $109.95

JOR PART #: MCT-XTMB

« $0Z8 CPU. OPFTIONAL B087 £O PROCESSOR

= BEXPFANSION 3LOTE
" EXPFANPABLE TD &40K ON.ROARD
MEMORY (DK RAM 1nETALLED]

sALLICa SOCHETED MIGHEST QOUALITY PCB

= ACCEPTA 2784 OR 27178 ROMS

BOTH WITH FREE MCT BIOS!

FARADAY
FDD CONTROLLER

JOR PART & FAR-FDA

« BUPPOAFS UF TO 4 INTERNALLY
MOUNTED FDDw

= 1B COMPATHBLE.
ISOK OR T2OK USING

= INCLUDES CABLE FOR ! DISK ORIVES

$24.95

IBM STYLE
COMPUTER GASE

AN ATTRACTIVE 5 TEEL CASE wiTh
A RNGED LID. FiTS THE POPULAR POIXT
COMPATIBLE MO THERBCARDS

\.

IN?( RFACE' 1o

= $WITCH CUT.OUT ON S10E FOR PC/XT
SYYLE POWER SUPPLY

= CUT-OUT FOR BEXFANSION SLOTE

= ALL HARDWARE INCLUDED

$34.95

SLIDE TYPE CASE $39.95

IBM COMPATIBLE
FLOPPY DISK DRIVE

JDA PAAT & FOD-200
GO0 QUALITY DRIVES
BY MAIOR MANUFAC TURERS SUCH AS
QUME. TARDOM B COC
8" HALF HEIGHT D5 00
= J60K STORAGE CAFACTTY - 40 TR

MON

IBM COMPATIBLE KEYBOARDS

I
P

ﬁ‘u:b:nnuu l'hu:l-'

E:I ..,

MCT-5150

= "BVl BTYLE REYEBOARD

+ FUMLY 1BM COMPATIBLE

= LED BTATUS INDICATORS FOR CAPE &
MNUMBEN LOCK

= LARGE. EARY VO REACN SMIFT &
METURN HEYE

= 8T KEY TYPEWRITER LAYOUT

MCT-5151 $79.95

* REPLACEMENT FOR REY TRONIC™
KB 5151 KEYROARD
= SEFARATE CURSON k NUMERIC REYPAD
= CAPS LOCA & NUMBER LOCK
INDICATORSE
= IMPROVED REYSOAAD LAYOUT

MCT-5060 $59.95

= 10M AT STYLE LAYOUT

- SOFTWARE AUTOSENSE FOR XT OR AT
COMPATIBLER

+ EXTAA LAARGE SHIFT b AETUAN REYS

= LED INDICATORS FOR SCROLL CAPS &
NUMBER LOCK

+ AUTO REPEAT FEATURE

MC'I'-5339 $069.95

SUT

- SOITWAI.( AUTOSENSE m XT OR AT
COMPATIOLES

= 12 FUNCTION XEYS

= EXTRA LARGE SHIFT & RETURN REYE

= LED INCHWCATORS FOR SCROLL. CAPS &
NUMBER LOCK

= AUTO REPEAT FEATURE

= SEFARATE CUASOR PAD

EASYDATA MODEMS

AN rmodeis lesture sulg-chal! answer/regial O buty, Hayes compaibie. power up seff
test. Ipuchtone o puise dising, bus-in speaker. PC Tamx HiI Communicancns
software. Beil Systems 1053 & 2124 il or haif duplex and more.

INTERNAL

EASYDATA-12H  $99.95

1200 BUAD HALF CARD
EISYDITI 1A%B &31 19.95

HSYIJHI-ZdB $199.95

2400 BUAD FULL CARD

EXTERNAL

NO SOFTWARE INCLUDED

EASYDATA-120  §119.95

1200 BUAD

EASYDATA-24D $219.85
2400 BUAD

'
g1t
gapts=="

DISPLAY CARDS

FROM MODULAR CIRCUIT TECHNOLOGY

MCT-EGA $179.95

100% 1BM COMPA TIBLE. PASSES 18M EGA OMGNOSTICS
« COMPATIBLE WETH 18M EGA, COLOR GRAFHICS
AND MONOGCHAGME ADAFTORS ]
« TAIPLE SCAMNING FACOUCNCY FOR DISPLAY
ON EQA. STAMDARD AGE OA HIGH RES-
OLUTION MONOCHRAOME MONITOR
= FULL 2580 OF VIDEC RAM ALLOWSE 540 £ 3150
PMXELS IN 15 OF B4 COLORS

$49.95

= UGHT PEN INTERFACE
MCT-CGP $49.95

INSUNE RELLABLITY
+ PARALLEL FRINTEA ¢ORT. CONFIGURABLE AS

LPT1 OR LPT2
= SUPPORTE AGE. COMPOSITE MONDCHROME

& COLOR AND AN AF MODULATOR QUTPUT

COMPATIBLE WITH 18M MONOCHROME AND HERUULES GRAPHICS STMDARDS

= SHORT SLOT CARD USES VLM CHIPSE TD I

rMEURE RELIARILITY N
« PARALLEL FAINTEA FORT. CONFIGURABLE a8

LPTY DN LPT2
+ 720 & JAF QRAPHICS MODE
« LOTUS COMPATIBLE ‘m‘
« CAM AUN WITH COLOA GRAPHICS CARD IN |

THE SAME SYSTEM p—

COMPATIBLE wITH IBM MONOCHROME AND HERCULES GRAPHICS STANMRDS

= 720 348 GLAPHICS MODE
- 80 025 TEXT MODE
« LOTUS COMPATIRLE
= SELECTARE TO AUN ALOMG WITH COLOR

GRAPHICE CARD IN THE SAME SYSTEM

ANOTHER FANTASTIC VALUE ﬁRO.u JOR!
= 188 COMPATIBLE TTY IMPUT » ME FXEL DISPLAT
PLEASE NOTE THES CARD mwrmwmcm
AND DOES NOT NCLUDE & pARALLEL PORT

COMPATIBLE wiTH IBM COLOR GRAPHICS STANDARD
« 120 2 200 COLOA GRAPMICS MODIL
» SERLAL POAT OPTION
MB-SEAIAL oeTionaL SERIAL PORT 51813
FROM MODULAR CIRCUIT TECHNOLOGY

= BHOAT MOT CARD LHEES VLS CHIPS TO
* 840 3 200 MOMNOGRAPHICS MO DE -
» FARALLEL PRINTER PORT

MCT-MONO

MCT-EPROM $129.95

PROGRAMS 27xx ANO 27xxx SERIES EPROMS UP TD 27512

= SUPPROTS VARIVOE MANUFACTURERS
FORMATS WITH 125, 21 AND 28 VOLT
PROGRAMMIMG

« MENU-DRIVEN SOFTWARE ALLOWSE
EARY MANIPULATION OF DATA FILES

= BT OR COMBINE THE COMTENTE OF
SEVERAL EPROMS OF DIFFE RENT SiZES

= AEAD. WRITE. COPY. ERASE CHECK AND
VERIFY WiTH EABY ONEREYSELECTION

= INCLUDES SCFTWARE FOR STANDARD
HEX AND INTIL MEX FOAMATS

4 GANG PROGRAMMER 189%
10 BANG PROGRAMMER 12999

CIRCLE 181 DN FREE INFORMATION CARD
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12008 MODEM $9995
MULTIFUNGTION CARDS

FROM MODULAR CIRCUIT TECHNOLOGY

MCT-MF $84.95

ALL THE FEATURES OF ASTS 5IX PACK PLUS AT MALF THE PRICE!
J-JARK DY NAMIC AAM ULING §18da
NCLUCES SERIAL PORT, PANALLEL RRINTER
POAT, GAME COMTROLLER PORT AND
CLOCK/CALENDAR
SOF TWARE FOR A RAMDISK. PRINT SPODLER
AND CLOCK  CALENDAR

MCT-ATMF

$139.95

ADDS URB TO 3 MB OF 1 BiT RAM TO THE AT
JAER EXPANDABLE TO 1.5 MB OF ON.BOARD Ea.

WEMORY N0 ME MOR Y INSTALLED]
EKIBLE ADDRESS COMFROURATION
NCLUDES SERIAL PORT, PARALLEL PORT AND
CLOCK /CALEN
AIFTIONAL PIGGY BACK BOARD PERMITE
IRFANTON TC ) MB

12495

‘MF-SEMAL  2nd SERIAL PORY
MCT-ATMF-ME 290

PIGGYBACK BOARD (ZERO & INSTALLED)

MCT-MID $79.95

A PERFECT COMPAMNION FOA OUR MOYHERBOARD

tDRIVE FLOPPY Dy CONTROLLER
NCLUDES SERIAL FORT, pmu.n PORT,
QAME POAT AND CLOCK  CALENDAR
MITH BATTERY BACK.UP

SOFTWARE FOR A RAMDISN. PRINT SPOOLER
AND CL CALENDAN
I0-8ERIAL v sEmiaLPoRT  $150

MCT-10 $59.95

USE WITH MCT-FH FOR A MINIMUM DF SLOTS USED

IERIAL PORT ADDRESSASLE AS COM1. COM2,
COmMI OR COMA
MARALLEL PRINTER PORY ADDRESSAGLE AR
LPT1 OF LFTZ (s 378 O 8278
JAME PORT AND cwcmcnuumn WITH A
BATTERY BACK .UM

31505

~SERIAL 2nd SERIAL PORT

MCT-ATIO $59.95

USE WITH MCT-aTFH FOR A MINIMUM OF SLOTS USED
SERIAL PORT ADDRESSABLE A% COML, £OM2.
COMI OR COM4
PARALLEL PRINTER PORT ADDRESSANLE AS
LPFTA OR LPTE (378 ON o2 78|
GAME PORT

JSES 10450 RERIAL SUPPORT CHIPE FOR HIGH
SPEEC OPERATION IN AN AT
2495

[I0-SERIAL  2nd SERIAL PORT

FROM MODULAR CIRCUIT TECHNOLOGY

MCT-RAM $69.95

uot

A CONTIGUOUS MEMORY SOLUTION FOR yOUR SHORT OA REGULAR 5LOT

SHORT BLOT, LOW POWER PC COMPATIBLE
DESION

CAN GFFEAUPTO 5766 OF ADDITIONAL
MEMORY

USER SELECTABLE CONFIGURATION
AMOUNTS CF 192, 354, 512, 256 & 27K,

URING COMBINATIONE OF 84 & 258K FLAM E‘i :'3 i i :::\E

MCT-ATRAM $148.95

A POWER USER'S DREAM, 4MB OF MEMORY FOR THE AT
URER EXPANCABLE TO 2MB OF ON-BOARD
MEMORY

UBES FULL 18 T pARITY CHEC XED MEMORY,
GAK OR 256K OYNAMIC RAM

FLEXIBLE STARTING ADDRESE ROUND OUT
CONVENTONAL MEMDRY TO 640K & ADD
EXTENOED MEMOAY ABOVE 1MB

MCT-ATRAM-MC 13ges

MA PIGOYBACK BOARD (ZERQ W INSTALLED)

MGT-EMS $128.95

208 OF LO TUS/INTELIMICROSOFT COMPATIBLE MEMORY FOR THE AT

CONFOAMS TD Lorusnu'rs LEMS

USER EXPANDABLE TO I M

USES 84X DR 258K mmnc RAM

MO ME MORY 1NTTALLE D)

USE A$ EXPANDED OA couvsunoum.
WMEMORY RAMOISH 08 BPOOLER
SCFTWARE INCLUDES W3 DEVICE DRIVERS.
PRAINT 3poOLER AND RAMO K

MCT-ATEMS AT VERSION OF THE MCT-EMS

#JDR Microdevices

xR
A |

$13985

FOR IBM W/
SOFTWARE

24008 moDEM $11995

&P seagate

HARD DISK SYSTEMS

20MB 30 MB
5339 3399

Systems inciude half height hard disk drive. hard disk drive controlisr,
cabies and instructions, Drives are pre-tested and warranied for one year.

& Seagate 40 MB AT DRIVE

i” | | ‘ I FAST40ms ACCESS TIME

DISK GONTROLLER GARDS

FROM MODULAR CIRCUIT TECHNOLOGY

MCT-FDC $34.95

QUALITY DESIGN DFFERS 4 FLOPPY CONTROL IN A SJNGLE SLoT
. 'gg‘t‘aucu UP TG 4 FODs TO AN IBM PC OR

“ INCLUDES CABLING FOR 2 INTEAMAL ORIVES
« WIES STANDARD DEYY cONNECTON FOR
XTERNAL ORIVEL
« BUPPORTS BOTH DR DD AND 03 QD WHEN
LVEED WITH DOS 3.2 OR JFORMAT

MCT-HDG $89.95
HARD DISK CONTROL FOR WHAT OTHERS CHARGE FOR FLOPPY CONTROL
« 1BM KT COMPATIOLE CONTROLLEA SUPROATS
14 DIFFENENT DRIVE SIZES. sWCLUDHNG 5B, 14,
20. 30 & ADME
+ OFTIONS INCLUDE THE & BILITY TO DIVIDE 1
;nn&!soalw INTO 2 SMALLER, LOGICAL
e
« INELUDES CABLING FOR 1 INTEANAL DNIVE
MCT-RLL $119.95
GET UP TO 80% MORE STORAGE SPACE ON YOUR MARD CHSK
« INCREASES THE CAPACITY OF PLATED mECIA

ORIVES BY
« RLL 2.7 ENCOOING FOR MORE RELIABLE ‘

STOAAGE
+ TRANSFER RaTE 15 ALBO BO% FASTER, “E“

TROK naet. vi SOON. bt ]
«USEWITH 8T z:unmv! TOACHIEVE 30: ME IN

A MALF HEIGHT SLOT

MCT-FH $139.95
STARVED FOR SLOTS? SATISFY IT WITH THIS TIMELY DESIGN

« INTERFACES UP T0 7 FOOu & 2 HDDs
« CABLING FOR 2 FDO & 1 HOD
« ELOPEY INTERFACE SUPPORTS BOTH DS DDA

Pd-OD WHEN USEQ w pODS 3.2 ON JEDAMAT
+ ALL POPULAR HOO SIZES ARE SUPPORTED,

INCLUGING 8. 10, 20. 10 & 40M8
+ CAN MVIDE Y LARGE DRIVE INTD 2 SMALLER,

LOGICAL DRIVES !

MCT-ATFH $169.95
FLOPPY AND HARD DISK CONTROL IN A TRUE AT DESIAN

« ATCOMPATIBLE CONTROL UPTO 2 360K/ T20K .

ORY ZME FDDWAS WELL AS 2 HDD USINGTHE

AT STANOARD CONTROL TABLER
« SUPPORTE AT STYLE FRONT PANEL LRD TO

INDICATE HD ACTIVITY
* 18 BIT BUSS PROVIDES RAFD DATA

TRAMBFERE
2 FULLY SUPPGATED BY AT BiO%

110 Knowles Drive, Los Gatos, CA 95030

Tolt Free BOO-538-5000 » (408} 856-6200 ' FAX (400) 378-8927 » Telex 171-110

1861 AV

THE J0OH MICRODENCES LOGO 15 AMEGISTERED THADE MAHK OF JDR MICRODEVICES JOR INSTHLMAENTS ANC J0W MRCROOE veCES ANE THADE AR S OF JDA isr MODE VICES
1BM 1S A TRADE MARK OF INTERNATICINAL BIISINFSS MACHINES

COPYRIGHT 1947 JOR MICRODEVICES
CIRCLE 162 DN FREE INFORMATION CARD
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12008 mMoDEM 5999 "fiwn’ 24008 MODEM $11995

PABE WIRE WRAF WIRE
PRECUT ASSORTMENT
N ASSDRTED COLORS #27.50

WIRE WRAP PROTOTYPE CAROS

FR-4 EPOXY GLASS LAMINATE
WITH GOLD-PLATED EDGE-CARD FINGERS

100ax: 5.3, 8.0, 4.6, 7.0~
Z30es 15", 43", B0~
uo—: 107 45 40"
SPOOLS

100 fed gl B0 250 1991 0725
SO0 feet 0 L2%E 1000 faar B21 95
Fiaass Spacily color:

Bive. Biack, Yeliow or Red

EXTEMOER CAROS v IBM

- BOTN CARDS HAVE SILx SCAEENED LEGEMNDS
'B: :C :gggg AN INCLUDES MOUNTING BRACKET
I1BM- 1‘ g 1BMPR1 WITH «5% AND GrOUND PLANE [Fi8 . ]
3 1M FAZ AL ABDVE WITH DECODING LAYOQUT ¥

$-100

»100-1 BARE - NO FOIL PADE 1IN ]
ri100-2 HORIZONTAL BUS . .. ... »21.00
P100-3 VEATICAL Bus

P04 SINGLE FOIL PADS PER HOLE . 82278

APPLE

BARE . MO FOUL PADS |
HORIZONTAL BUS . .
SINGLE FOIL PADS PER WOLE
FOR APPLE llx AUK SLOT |

SOCKET-WRAPI.O™ FRAME STYLE
« BLIPS OVER WIRE WRAP FINS

SWITCHING POWER SUPPLIES
~ IDENTIFIES PN MUMBERS ON waar |7 TRANSFORMERS PS.IBM

e 'S
SIDE OF BOARD [ 13 2 AMP 59 335‘95 b 4
+ CANWRITE ON PLASTIC. BUCH ASIC ¥ (8= 4 AMPF T8y + FORIOM PC.XT COMPATIALE
9 amP 1098 + 135 walTS
2 AMPF 7.4 BV PASA 1TV S AN
Ay BA TV D A
+ ONE YELAR wa RRANTY

25 PIN 0-SUB PS-A/150
GEMDER PS-IBM-150  $79.95

»n E 3 3 .
- s 5 : CHANBERS v S SopiE YC xR Qper A e
s Sl $7.95 e e .

AIVE A BV E B4
CAPACITORS

. ONE YEAR WARRANTY
TANTALUM
WM Ay BV

Q

]
]
L]
]
]

DATARASE EPROM ERASER  $34.95 e

< EMASES 2 1N 10 MINUTES P$-130 £69.85
+ COMPACT NO DRAWER — : 130 WATTS
+ THIN METAL SHUTTER 5
PREVENTS UV LickT ‘_ 5 g e
TYPE MACHINED

+ B0 DAY WARRANTY

Ya WATT RESISTORS

5% CARBON FILM ALL STANDARD VALUES n A ug‘gs
FROM 1 OHM 70 10 MEG. Oum a3 BIIOIEOWERIAREUEATRE
1O PCH serw b OB 100 PCE wre wiw 02 SYSTEME 795 waTTS
) ACE wre e 026 1000 PCE wrw am D19 + BV TA ATV A

e BAIVP Sa
= 4 PPFLE POWER COMMNMEC TOR
RESISTOR METWORKS s P
10 eIN 9 RESISTOR . . :
JMONOUTHIC 8PN 7RESISTOR + 7B WATIS, UL APPROVED  ps 1550
Bl sy 16 PIN 8 RESISTOR CEVOIA TV @ 28
16 PIN 15 RESISTOR 12V @ 280ma, -5V @ 300ma

ELECTHOLY‘I’IC 14 PIN 7 RESISTOR
AAOIAL Al 14 PIN 13 RESISTOR

R PR : BOOKS ey STEVECIARGIA
HLAD Y OU R OWN

SPECIALS OM BYPASS CAPACITORS 20 COMPUTER eesas

r
01 ;4 CERAMIC DISC 100/95.00 ll concuetuanvoLs 1298 : 6 lL".E c,unus
)
'?1 :: ggﬂ?ﬂoh:fé'.gﬁ;c 1?36::2‘23 CIRCWUNT CELLAR v L 3 .:a L L] 3 conuuctin w fermade bochat

1 A MONOUITHIC CIncun CELLAR VOLS  S1398 EMI FILTER $4.95

100/812.50 B CRCUIT CELLARAVOLS  s139s
WISH SOLOERLESS BREADBOARDS LITHIUM BATTERY
PART mumsP‘ mBUTION| TIE |TRAMONAL | TE A T X 2 VOLUME SET
NuseTA STRIFIS]  POINTS
LI:N.U& Ty e
(wmuy 133 28 80"
l’mm (382900

1986
IC MASTER

THE INDUSTRY STANDARD

(w208 8.25 905" BATTRNY HOLDER  41.03 $129.95
1{y]
% Visit our retail store located at 1256 S. Bascom Ave. in San Jose, {408) 947-8881
Q = 2 PLEASE USE YOUR CUSTOMER NULIBER WHEN ORDERING
: JDR Microdevices oo
o _ 110 Knowles Drive, Los Gatos, CA 95030 A Oy e e ger Cordic1ow ary Pt o g Co
g Wiz~ Toll Free 800-538-5000 o (408) 866-6200 ke Bl oo o e Cor el i Y]
o 2= = FAX {408) 378-8927 * Telex 171-110 R g by e 4 g Ty
& COPYRIGHT 1387 JOR MICROOEVICES

P o 0 e B ok i oSS Ao A 5« koo i o - onemoom et
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Radio fhaek Parts Plaee’

PARTS FOR YOUR PROJECTS... NEIGHBORHOOD CLOSE

High-Tech |Cs at Low Prices!

: @)

Neat Sound EFX
To Your Computer
{1) SPO258-AL2 Speech Synihesizer. This MOS/LS) dewce with a built+n
program is very easy o inleriace with most computers. Includes deiailed dﬂa
and Circuit examples. Requires 3.12 MHz crystal {special-order. see "Hotline”

Panel switches

"W

Unusual LEDs

0 5;? - (6) g

/ 5

4) Wow! SupenHig MLED' E.: e 2?5-300 o:%
pes J‘s :’OF‘;"‘?'T’:' 5 99¢ 11| oeDTPecer  |275401| 248

um L] n ol"lﬂ [] 5PST Pugh ZTED N
housing. F276-065 . . 1.18 = RAomantary m«u 2:_2
{8) Blinking Red. #276-036 ....1.19 W] SPSTuToggee 2754241 128

5 T pt 275625

(1) Dlinking Green. 4276000 .. 118 | [ 2| roT iegas |s7oese| ) 9

) |F‘
D L | == 2y

Hobby Lamps Bet on a FET
Y

info. balow). 28-pin OIP. ¥#276-1784 12.95 Z (13)
{2) CTS256-AL2 Text-to-Speech IC. Proprogrammaed B-bil Pprocassor rans- "’
lates ASCII characters into control data for Fig. 1. With detailed data, schemat- . {11} IRF511 Power MOSFET. Han.
ica, Requires 10 MHz crystal (spacial-Order). 40-pin OIP #276-1786, 18.95 dies 80 VDC, 3 amps.
(3) AY-3.8910A Sound Generstor IC. Only your imaginabion will limit the | 12.Volt Blinking Lampa. 85 méA. s2re-2072 1.99
amazing varigly of sound eftects this chip can pr uce Features [hree | 4" wire laads 92 BS170 MOSFET. Handles 60
independantly programmabie audia outputs. Two B-bit /D pocts and singie 5 |  #272:1097 | - Prg. of 3/99¢ . 0.5 amps. #276-2074 . 1.19
VO supply operation make it easy to interface with most MICroprocessors Colored Minl Lamps ... .. I/69¢ {13) MPF102 . The "old wark.
40-pin OIP with delailed data. #276-1787 ................. .9.95 B-Volt. #272-1096 12-Vol. #272-1089 horse”. ¥276-2082 . T9e¢
va-Watt, 5% Resistors Low-Cost Relays i Let's
Pya. 39c e u Cool Itl
- (u) (15) {16} B (8
Onwrs | Cat Mo, | | Gpmp [ Cst o | f Onme | Gat N, | LOna 1 Got No v (17) 3° DC Fan. 27 CFM, For hum-
10 |2ra301| (300 |271ans| [ o | 2719300 13 g:::ﬁ ,, o7 5 m;% sensilive circuits or portable de-
100 (2791311 | 470 [@1a7] | 10k | 2111336 | | ol |57 ines 18| apDT |12 vDE|2z7e2r4 e “;_?;2':33-9 voc &
: [ : 78 | GPEY Rewd | S VK (27522 [148] | * & 14.
150 | 2711312 1K | 271132t 150 | 2711337 ATON | 271-1354 T | 5pS7 ress | 12 v 2238 :“ (18) 3° 120 VAC Fan, Just right for
20 | 271313 205 | 2711325 2 | 2711339 1 Mg | 271-1256 — 1 Sockel o —rr many computers. 32 CFM
21 |2Tade 33k |2rianem| |3 271130 10 Mg 2?14305‘ Fig 15 ogrized. #273.242 . .. 14.9%
Hi-Q Ceramic pisc Capaci Knobs for 14~ Shafts Sound Off

tors
/‘

w3

‘“’@‘”’O""O ‘B n

Communlclllons he” dia

pF _iwWvDC| Cal No |2-Pack pF _ |WvDC C:l_ No. |2-Pack Phg. of 2148 | (22) Tri-Sound Siren. Wiring op-

47| 50 | 272120 | 39 001 | 500 | 272126 | a8 e Red et 12 = :

o | 50 | 272021 | 39 0047| 500 | 272130 | 49 || § % St S I B L e
100 50 272-123 39 Rl 500 27213 49 21) Bm. Insert. Matches our #273072 ... .. 595
220 | 50 | 272v2a | 39 047 | S0 | 272134 | .49 7 (il
ml 8 g 8] [0n] 8|5 8] Emaereorge . | Ehmrpoes s it

Computer Interfacmg items (28) PC-Board PoOts === Project Box
. 59c | Bargains

Each Plastic housing

~- X i 3

-4’ (25) '\_/ (26) (27} (29) L “U.IW'I?O‘:'I 260 suminum <oy
Solderiess aszaz Connectorns. {(28) RB232 Ribbon C.lbl. & el arg. hardware.
[Fig Cal Mo {Each Lngit [Comcuat Cat Mo | Prca Oohra | Cal Mo Ohma | Cad Mo e ot Fio T Exch
24| DS bzsume 2761559 | 399 5 Fewt 25 276772 | 359
2% [0-5ub 25 Femate| 2761585 | 3 99 SFeer| 38 276:774 | 469 -"“:k :;:g: 13 g:'g;: BN | o0 T
{26} 36-Position Mais Prinler Connec- S i ) SiexPex 1% | 270233 | 199
{26) 30-pout e o B, STin DN Pug, #274020 ... 129 s | 271217 | [V meg | 21220 Slnsdena | 270827 |23
27} Fomply Cosmnctor, #276-152) . 5.99  4-Pin DI Plug. 274007 . . ... 1.49 10x_| 271-218 = = Tiax abex 2Ma | 270232 | 209

Fast "Hotline"” Service

Radio Shack Cam Raplace Almost
Any Popular IC or Semiconductar

I the device you need ks not part of our
regular stock. wo'll special-order it
from pur warehpuse. And there's NO
posiage chwe of minimum Order re-
quirement! We also offer Hotline Ser- >
vice on selected lubes, crystals, phono Y7
cartridges and more. Try us todayl f

(ndepandent Or
“Slave" Operation

5995

Quality and performante you wouldn'l ex-
pect 1o find at this kow price—check these
features: 0 to 15 VDC cutput. Seres mode
lor up to 30 VYDC. Swilched YIA meter, luse
proteclion, venled steel cabinel. Maximum
output | amp per side. L listed AC, #2212

Over 1000 ilems in M ock: Binding posta, Books. Breadbosrds, Buzzers, Capschors, Chokes, Clips,
Coax, Connectors. Fuses, Hardware, ICs, Jelks, Knobs, Lamps, Multitésters, PC Boards. Plugs,
Rectifiers, Relays, Resistors, Switches, Tools, Transtormers, Trensistora, Wire, Zanars, morgl

Radio fhaek

A DIVISION OF TANDY CORPORATION
Pricas apply Jt participabing Ao Shack siones and deaks
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Mal Crger €lmxtronics - Waerldwics

ELECTRONICS

Mail-Order Electronics
415-592-8097

V30 CHiI COMMODORE cmps mm
RW.WBMmMMhMrINNM Pari Mn Price | Parl No. Price: Prics D CHIP.
Spesd bY up to 40%1 e nemad TaEmey T JNMakor SeNigRed In
Port M. Prica WOITTODRK st . . 19.95 | B339 AT [T éﬁu‘-‘éwm a9 g g e, Sy i g el
UPDTO108-S (sMravzocnp......§ 9.95 | PHgzomee | SOV taes | dvsersessemmti, ] e o e A St d e e car
UPDTO108-8 (BMH) V20 Chip. . .. . . $11.85 6507\ wht Cnch ... 238 | BSERVCPAL .. 1498 ;m!mmac&., et ALLOW COLOR OPERATION
UPD70116-8 (BMH2) VIO Chip. ... .. $14.95 B804A CAL 10 | OSTIVCRu N 1895 | 32630201 b A br MM5321IN. . .......... 811985
UPDTOT16-10 (10MHY) ¥33 Chip. . . . $34.95 807N . A9 | sanic 1498 A0 1541 % [TY 1} 1
8100, RIS | D0 Mlotog 1088 | -325572.01 Lagc Aray. .. ... 288 INTERSIL Also Available!
Zﬂoo s | eson 1095 | “BIS100MLA ADEAOU™. LD 1308
s wy E
Parl Mo ta Pari Na. 18 10+ SSITWA L. 295 | 207wy IS 3!3:”.3%&':% et 28 Hil-
7400, 29 m =y s = Pari Mo P ™y Pie
a8 88 23 TI | AION Co VWS | gy qyyr el R ROl ... 1100 oriMo _
TAC2 M 19 | TeBG. 45 25 5104, o talS | SV RS | g 20008 e BOM FAHCO0, |7 )
’ﬁ g g ;m 208 ‘g [T W FErrT L T g Fook St vt 155 ARG I8 | TAHCEN %
o T = B e 0437 8l WL L Ty S4B | BTD1 Cora Crop. o i, S FANCO | ¥ | ranCaan . »
7407, % 20 |re121 . T #5451 [XTL. . 249 | SThma “How §25100LA = LT IC-04 B = o -
408 s S a2 o TAHC 14, 2 | 74rC2ad | %
74 38 25 |T4125 . 86 4 _ﬁg AN . 29 | ranCe s
T et i | E ) MISCELLANEDUS CINPS S500/0000/ 90080 Cast ] FAHCTD | 20 | 7amcars 70
TAI8 A% 35 74143, e Porl i Prca | st Mo wioe | ranCra » |77 ™
417 FLLER B pmE 2s JaMCTS | » | raniive e
7420 8 26 | Ta15d. 138 123 a4 | o8e0 ass | ezm EY N e T E
7430, 2 3% 74188 15 189 WO . 1908 oy 298 BXSTA . 498 T | 7anCosn. P 4
7432 ¥ 29 |TOTA. B8 75 2081 . . A0d G845 208 Wl .. 2% y » | rucom b
7438 2% 2 |re178 65 5 WO Laoh o0 140 B2, | ) a2 2 | rancacw o
e Lode® | LCE EO R e 184, 7804 7800 SERMS. £asz 398 Formmn....608 | 744C128 A | 7anCaien e
Faal TR | TaTe N - 0, [ LE ] B231A, . 175 FAHC132. 49 | 7arCaonc 9
TNl ) TE | TA18L. 195 as 780410 11.98 YA 104 F4HCT |7 100
il D0 — 9| T4 B rrrryrr 206 108 A {58 ~| MACOBOOCLIG.. 1896 | goma . 205 b nrcid g ey i
Ta48, -206 193 | 74180 n o~ el % P08 SEAIES KI84A. 18 | 7anC1Ba 19 | 7aHC4514 in
7472 75 08| 74108 1.8 175 Fraa 0 Lo v 208 e i
77 a8 33| rezz1 o = G DCHE.... a9 | Dol e | len ey X
7474, a8 3 | Ta3nd 208 108 | NSy ‘ﬁ f08 Ak | BB
7475, A 3% | raes " % ZB0A P Sa e | =7es éﬁ - ot
7476 . A8 25 | 74507 8 3% | Zagssowo Mn AL v 41, 1
- " Zeom . 4 v am ﬁg 198 TaNCTDO 2| raNCTiOn | ]
> 74LS i | zeomcre S | s s . TanCTIC 2 | TengTiA? ]
o0, . 429 il g.}gl ey TAMCTOM 2 | TarETiTy 59
74500 20 a9 [ 78164 m A8 BOB7 (Bhirz}. .. 12800 i g b | rencire. £
TALBO2 20 a9 | Tal5i08 = M 4500/ 000/ 00E0E TR w—am 180.96 ATA TION TAGTIO 70 | raHcT29g 3
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 QUALITY COMPONENTS » COMPETITIVE PRICING

« PROMPT DELIVERY

o e v
4ameco

‘COMMODORE " counmaus
ACCESSORIES

HESWARE 300 Baud Modem
For VIC-20 and C-64
wmbmm Il-lnuaihnl\uﬂ"
Dl.ll kayn o
Mkl T A
uﬂwm
CM:1 forvcowacen 63486 $24.95

External Power Supply g
CPS-10 porcaat. ... $39.95

Parallel Printer lnterlace
2K Auttes Expandsbile o
MW.350 porvc20.casscazsl. 554 95

TRS-60/TANDY" COMPATIBLE
ACCESSORIES

[E-XP-AN-D TRS-80 MEMORY
ms 20 unnu Y i'ab'wulm EXPANSION

TRI-B4K-2. . , BTAS
Expands Mol § rom 18K u&uml rc-uqu
Version), 4P and 40 trom K- 1

....... $14.95

TRE-S4K-2PAL.
E.Pangy Madel 4 fHon-Gess mnmmwmm

TRS-8D HOIJEL 100 8K EXPANSION
MT00BK ... . - 11005 en ov 3 for 35495

_U( KERBSARD
TANDY 1000

s, Cobrralipd Chigy

TAN-EM256K Inchudes 2580 RAML . . ... .. § 9995

TANEMS 12K iciudes S0 RAM. .. 1595
for TAN-EM256K/5125%

TAN-C Pusg-n Clock ophon chip joniy), - - - - - . $39.95

TAN-D R Divk Prinksr Spcokr Sofverrs (oY) $39.95
NEW! Expansion Memory

NEWI
Hatf Cerd for TANDY 1000SX

TSX256 K nciudes 256K Rast. . . . $119.85

TANDY 1000
Multitunction
Board with
Clock Calendar

Expand tha mupnory on your Tency 1000 {1 28x, verpon} o 81
CAOCH/Cakrin,

WTAN.256K inchades 736K RAM. $179.95
WMTANS 12K wonces SIZKAAM, ... ... . $199.95

NEW/! Multifunction NEW!
Board for TANDY 10008X

M 256K inciudes 256K AAML . . .. $189.95%
~ UV.EPROM ERASER

UNV-EPROM Erttar.

UVS 1EL wﬂub . §19. 95
MM-\IM:‘M-. $ B95

Cliads

AT
! Style
new! B,

NWYOU CAN BUILD AN IBM PC/XT COMPAT)
IBM Compatible Kit

TBM-BAKIT)  Sam s Coige (19} . § 19.90
10 Ky .$ 2995

§ IBM-FCC  Flopey Conroter Card B 34.95
1BM-Casa Coss . .$ 39895

- Power Bupnly. ... .. 9

h[f-l FDS5R Dvah Drive. , ., .2 . $108.85
S IBM-MON  Monochrome lewiw § 9995
IBM-ME8 Motharboard. - - ... $109.95

-,

FREE! QUICKSOFT PC
WRITE WORD PROCESSING
SOFTWARE INCLUDED)

Regular List $574.50
IBM-Special (includes 9 items abovey . .. . $499.95

IBM Special No. 2

InCludes IBM AT style keyboard with tactile
touch (KB5160. see below) and all the above

| tems {except KB83) Reguiar List 3604.50
IBMSP2I AR e r s o i $529.95
ADDITIONAL ADD-ONS AVANLABLE!

IBM-KB B3-Kary Wiy bowrd. '« oy wian g 58 B BB S 5995
IBM-ENH Enhanced Keyboard. . . . oo oo i i e 5 7955
IBM-ICB integrated Color Board w/Printer Port. . . ... $ 99.95
IBM-EGA Enhsnced Graphics 258K AAM . . 520995 $229.95
IBM-20MBK  20ME Hord Disk Drivn, Controtier § Cabie. . . . $429.95
IMFC Wultifunction D-384K RAM [without RAM). . . . $109.85
EM-100 Expansion Memory Hatf Card (without LAM) . . § 5995
RS232HC RS232 Serieb HatH Cord. . . ... coinen s

TT®1410 14" RGB Cobor Monttor, . . . . .. S5299:95 5289.95
PMI200B-2  1200/300 Bt Hatt Card Modem nithout softwars. - - 312995

PM1200B-28 1m:ool-mc-1uoo-n-w-uwm . 815985
YT

NEW PRODUCTS!

Turbo 4.77/8MHz Motherboard

IBM PC/XT Compatible
+75% laster than the 1BM PC whlle
in the turbo mode - Turbo Mode
selectable through either sottware
of hardware - Expandable to 640K
{comes with zero-Kj

NEWIr s =thue L $129.95
l‘l l-l

BTy

» Tacthe bouch keyswiches - AT sfyle layou! - Switch seleclabie between PCAXT
or AT * lumindted Caps Lotk Num LOCR and Scroll Lock indicators = Low
protiie design - 8% 100l cord + Manuli inCluded

KB5160. .

TUCKENBGAD Monochrome Graphics Half Card

with Printer Port for IBM PC/XT/AT
and Compatible Computers

= Full Hercules™ compaldyity « Prime: port

2depier = Hagh resoiution Drabhics 720 x 148

pixsls = Chagnostica wogrism included - Fast

reiresh rae » 2-yv. warranly - Manual inclucded

MG201... new! ... $89.95

1BM PC/XT/AT

Compatible
Keyboard

APPLE COMPATIELE
ACCESSODRIES

J‘ﬁﬁf‘ Paraflel Printer Card

mErTEy for Apple I, 11+ and He
- & - Inlefligen! imertace %

mosl GOt matrix grphice
prnters
A » Contronicy standard
L) » Advanced tast Prinbng
JEBBO  pease e cars. .. ... $4995

JEBB3  wuxoww i arase $69:95 555 95
JESBOT mano e sesnd $HO9-98 $9995

Jamess Extended 80-Column
[TLECTRC#CY |

Card for Apple /e

- 00 Col /K RAM : Doubles
smount of cats your Apple Be
CAN rdiay 43wl 23 I

Sy Capaciy  Kigel for word
processng ' Campinte with
Ao

JE864 $59.95
Apple I I+ and He
Compatible Products

APE-1  Costmpfam........ $ 29.95
KHPA007 putcting Porwr 300 . . S 34.95

JEBBO  xmucasmansowy $ 39.95
JES?S Dok Controler Card, o o v o 5 4955
JEST7  Demencomaco05 § 49.95
AMON honochrome Moakx « . . 5 99,95

SMARTERM Il wcoicors. . .. $139.95
Big Board-256K e nam cos $189.95
Big Board-512K g2 mam caw $219.95

Big Board-1M s mep mamicard $289.95
(23] JE450 Soiderless
Jg@mg Proto-Type Bullder

WiTE (eads Con D Quickly
Inserted and ramoved
without sokdering oF de-
solaring 3 regulated
poOwer supplbes: 5V @ 14,
By S5V o + 15V @ BA, -5V
w —15¢ B 54 - Fower:
§ 120VAC, 60Hz tused

ieM

, Compatibiel

¢ DISK DRIVES
D iepraiplert

FDS55B  Teec 5% D wif gaw Peuany . .. 5109.95
JU-455 menssonic i’ DS w-naaal i) $109.95
JU-A75 panascric fn D n-Himuan, . $5119.95

DATA BOOKS
byl Dol Bl 19461, .
Do Dats Book [35). .

MUFFIN/SPRITE-STYLE FANS

MUESD. $9.95
Torin Fduaiens (480 oG 0 cle

SU2AT. . 3895
EGLG Rodron (L 1237 aceary. 30:«5}

$20 Minimum Order — U.S. Funds Only

Shipping: Add 5% plus 51.50 Insurance

Send stamped.
self-addressed envelope
to receive 8
Sales Fiyer — FREE!
5/87

J ELECTRONICS

California Residents: Add 6%, 6%% or 7% Sales Tax

Spec. Sheets — 50¢ each
Prices Subject to Change

Send £1.00 Postage for a
FREE
1887 JAMECCO
CATALOG

1987 Jameco Ewclronics

1355 SHOREWAY ROAD, BELMONT, CA 84002 - PHONE ORDERS WELCOME 415-592-8097 Telex: 176043
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* QUALITY PARTS «DISCOUNT PRICES * FAST SHIPPING!

LIGHT ACTIVATED xsbg.k::ftznszelgts ac{mo MICRO-CASSETTE MECHANISM
220 VaC MOTION SENSOR ¥ LEDS. IC. Mttlr; ILP;? S Migfo-cassutia ta trany [ { B
COOLING FAN guhes components 3 3/a°x 3. | standers uceg'v;%." MCad
i eg] This device board beeps and leds Lighe [ Containa. arve motor. bl eas.
R PO | i ::::;";::1' Operates on 9. battery E r'o Capilan: DIREh whei and oteee
Wt XL @ N e {not included) et oompondnls 3 1/2° X 2 147 X 5
220 vae o0 e e Experimenter's delight= L CATs MCMEC  $3.00 vach 10 tor $27.50
O e e ient ligne.,  |EATh sT-3 $1.25 ea. i 5
- When on object or parson COMMODORE ITER| EDGE 2K 10 TURN
CATS CF.120 3 PRINTER PLOTTER
T ior $40 00 ¢ |0¢l:¢.t’5%o.;o 3':::-'1:&3?-? ::'Il:." & inch G Comnodony Mode 8 1520 CONNECTORS MULTLTURN pOT
for sevarml weconds than reaata.| PApSr TN oo WY EDME SusdawAC | 1) aRe.1sessPACiNG. | MPTRETT 4000 she e
FUSES E Could bw uted as 8 doOr RNOGR- IICHMUMWH::L‘ Ty
o clator or modifisd to trigder i Sl m $3 B0 RACH
mfﬁb.! L6 AMe otharl davl.cls.w: I.f;; x‘l' x l..A.A \ __...-a\ s L o " RELAYS
Optratadl on & . quirea & EDGE CONNECTOR
1.2 35,5:!5“. i~ batteries Inot included]. ""j CAL:;:;J:::N T g Bryle w.o,‘:":;: 10 AMP SOLID STATE
5of any ONE amperage 75¢ | CATa LSMD  35.7% par unie N =" EXTRA pan vets $1.30 per st 22164 EOGE COMNECTOR
- 32.00 a0 PCbIYe 10 f0r $12.00 m;ﬁ‘f‘m.t 2
PHOTO-FLASH| MINIATURE TOGGLE SWITCHES | .S T LIGHTED oot comecton |t N L))
CAPACITORS ALL ARE RATED § AMPS & 125 vAC AOCKER SWITCH Mol 8250 ween | y
;: e T el 115 vne g1 rocher, 2u/88 £0GE conmIcTOn | ) 3930 EACK 10 FOR $90.00
LK cATi ric-170 | S.PD.T. S.PD.T, iy Pe. s (2 ULTRA-MINIATURE
L “¥ic esern | {on-on) (on-alt-on} Orange ions. 16 amp 30172 EDGE COMMECTOA 5 ¥DC RELAY
400 KFD 330 Volt il e Er] n‘m BLE000ch | AT iMED00N0
ey ..
CATH PPC-200 51.00 eal busmg 51 00 eath MINI-PUSH BUTTON e v ae e | 1o vormvey
T54 ench 10 for ¥4 00 S.PET momaniary 5 PC vire 84.50 such |ﬂeh:u
COM R A 10 for ST 100 for $30- 00 oy opn WALL mu‘h"‘.“'!.g
PUTER GRADE S 354 wach $1.23 ach wier 330,00
CAPACITORS S D.PD.T. Reatasin  Jiweties |  TRANSFORMER
{on-oti-on} {on-an) e MINIATURE
1 mid 200 vdc] PC.uye Sousw kg 1nsy 6 VDC RELAY
1" % 2" dfa. $2_g0] nontreaded gR tegriang sulspw1chT:|o“ \ 195 ng‘::.so«lv
6,400 mid 80 Vdc e -:.Ea“ ig* :gchc'ﬁ.?" . Amp. S50 T vy ﬁ
5 = 1 7 1 il #E-21 N O or M coman
7,500 mid 200 Vae £t SR o | TN o | e e
L) o orhar 1w
538" 1 3% aia. 54.00 | gpgp  CARLING STMD‘;E&’BMBO o 3y x 27 x o | TRlancidee potish 120 ahe
12,000 mfd 40 Vdc | TOGGLE oiroo. | DIFFUSED T 1-3/4 sdeEACH J0rgage 2 ol Lot AP 2T LS T
81747 x 27 dla. 37 50 | SWITCH 10 amp RED  loker3ido WALL 1an g2y 050 31200
#12% Vec.
22000 mta a5 Vdc | ), piliic ey | omen jemizs g | TRANSFORMERS | roansFORMERS | 1avocaeiar
- 52, d teqyle. .
4B.000 mtd 10 Vdc | pry reny veow rene || | Sim" ) | e g
37 % 2 1/2% dda. 82.50 $1.50 ea. FUASHER LED - o A
10 for 58.5%8 T4 42.08 L vaite # Pl ma .1 ] a 17wd8 650 oiwreg
66,000 mtd 15 Vde | 100 ror §7.50 ] :% m-:'. 3350 | 03 vak 9 0 ma $:.7%
1 8/4* x 37 dia. 53.50 [LARGE QUANTITIES A e | SVDE @750 ma saie | \recr wmees LA SFECIAL PRICE $1 80 sach
72,000 mid 15 Voc [ XENON FLASH TUBE carremps nioe | PG @rime G300 | Nieroiee  fim | |, POTRELAY (LN
i SO HEW GREEN FLASKER | '8 0 & 18 o VLY. @ 2 amp ags | JepmRMie. .
100,000 mfd 10 Vdc 5~ CAT #LEDAG 140 CQiome 00 | Bemr et e | Utbuahe
- - vipng X 18" & Fiash o TIvOLTAG \ : irted . 51 TWaach
7% 2 1/2" ata 8200 | S5 008 e i use m BIPOLAR "TRItise] Samaraer dvne prso | 2 UET ST his | seoncoiaiiien
flash unis
Ird TAIL o~ e e LEDHOLDERS o, MINI-BOX BT | LARGE QUANTITIES AaLabLe
LIGHT ? CATE FLT-1 2100 $1.00 | Two @mos foide: a ey BOCKETS FON RH REL AT
S BN oemessoe """“""’"“ IS8 anch
high-tech 88 BACH
Yap ‘:‘ 48 KEY ASSEMBLY |  CLEAR CLIPLITE S et | TISWITCHING POWER SUPPLY
aanembly. R ——
Coula b 4 & | FORCOMPUTEROR | ugeie0arsncy N O cover | e et s b o
wet an e L5 HOBBYIST e e :E. et corer SPECIAL
Lhord (auto e =1 TRANSISTOR .t
tail l.;qh:. apargency G e s S il me  PRICE
urui.nq I:qm.. or TerYA: TELEPHONE - nam :::}: i .s:;: B o o
apaclal-affecta lamp. = & £ . el
l: "f'“cu" }tnl : ) gg:;l:::nueﬂ m,“' =‘.: :a BIZE. AR o« 19" High ect
ie 2 34" x 8 3/2° - i 13.8 VDC REGULATED POWER SUPPLY
in mounted on & NEW T 1 KEYBOARDS uivig IMIDOE T f1.00 :
47 high pedestal um: SOMputers, ln?s?*- .m:nm: m =:= " mm'ﬁmm&'.ﬁ.
with up-down awivel boarcls contan 44 SPST. W00 oA gl a WO O £t D 1ON40 1100 / o construchon, Tuse PROABCION and i E O pove
adjuatmant. Includes arscal swtchas Terminates o PG bowrd Mo ™1 T ncec ot UL &3
L3v replaceadls bulb. |15 00 COMEr. Fiame 4 x 9] M orsm oM i T84 20MP cOnt1ANt. 4 3mB BUITS 520 00 sach
CATE TLE $3.9% wach. | CAT #KP48 3380 wich 28 anch ' -ROMD Iurge L3750 akch
= =
SPRING LEVER SOU‘:igDﬁrgT\ggeo fiz RECHARGEABLE cN=CAD.  [o” 15 warT SpEAKER
-CA € T 5 Mode! $B3079 e
TER Tiagmi3El-l Dasisned for ose with ] "ﬁ,"“ Ll D/BRINERIE TESTER Full (angs Sk \?\
L t.1. computers. Can bs used with = @ Will charge 100-10.000Me. g i
o ¥, 1 |video caseras, qames or othar oy mORL every Kinad 1or PA symorms 1 |
ot on o |o EQ - avdio/video sources. muilt in AJR & siTe W [ ddounteng hoiss for L
o0 shurty 29« awitch enablas user to switech from w’?gt Ilz“;mm‘""'.s Hi-cad v PChang TinEorTr i
O h;.bﬂm 2 s 12.v. antenna wSthout disconnection. AR with ‘:e ”:;:z battery 2
2 | B [ S Do B Ry | SR ey B | ST iy
;cc’ 75¢ EACH 10 for 36.00 CAT4 AvMoD $5.00 wech. i ! | DS 1 v 1200man $350 | Cate UNCC-N $12.30
=
8 POLARITY SWITCH
I.I_.‘I STORES W AL ORDERS TC: GUANTITRS tnnlv‘l.l:f“ TOLL FREE ORDER litern;‘:rmmd reiny on &
L LOS ANGELES, Ca VI OROERS 5 satenite TV system DEAL F e
& [905 S, Varmont Ave TEENED ‘L".,EOLEEI?‘,?‘:,‘,'CS (L o SO e B0 EAS432 E EXPERIMENTOR AS PARTS
Q Bl KIBA: 83 00 SHIPPING IN CaA (B00-258-8408) Heavychasus box containing & gre=1
& 212 3800000 Lon Angaise, CA 20008 "0 6.0.0 vdc relay.CA 358 | Be |
< fJuannurs, ca ! romtan onotns  INFO ¢ (213) 360.0000 Sivdcigay) il
6228 Sepulveds Bivd. | ' TWX . 101010182 mONOE RGN Ly and other pars. Cataleq ¢ RoPs
18 997.1806 ) ALL ELECTRONIC Surte 213] 3e9-7073 31.75 wach )g for $35.00
162
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gl £ A 4 M & € & & 4 6 o A o &
Now! Choose between AT and XT compatibles! ‘

AT Turbo Computer System XT Compahble Computer

wrd Jull IBM AT com- Essy o

mt.m n I.u Ih.n l\llfu By Blmwmm-uvh siiambie
tut 10rm wath ComDiels matuciions me‘“bmomm'd feRLen] “;382
30260 AT Saby Motherboma 4/ 10MN;  (X1050] 349800 s 84K RAM X118 1138 s
29 758K Upgrade Kit X-1190, 53 30 Monnchrome Graphecs Cand xviguz B9 25
el Floppy Dhak Controher Card 1052 199 00 Degn Controlber -1 34 95
1.2 M@ Floppy Dan Dy 3502 115 00 13 N Power SupDhy n-t11 89 95
Z00W Powe: s:;m :: :H :g t;g X-1152 ln:-mhmtm x-;1 15.95 X-1150

hay Kavbow Hait-haig & Ovrn X-1506 B9 .95
Huswy-duty Steel Cese X-1120 319495 8‘ VE 2125 18- ¢ M. [ I:_" 12 99 55 Mﬂwm ,

aiF Precau 84-wey Kayvoowrd -1122 59 85 L

inttivido st Components Total $1101.80

indredus; Companenis Totar §655 8%

All DSE computer products carry a 1 year warranty!
80285 AT Baby Motherboord 84-key Keytoard X1 Compatible Motherboard
# Intel BO2AB CPU.Yzl,M ackdrermng. 18 ba ‘499 # 1BM AT/UAT compatible 59“ + 0083 n-ucp:;u:um CPU 18.bt 4 TFMHZ 31
daty VB tervsd iidrupes, 7 channel DMA 1050 * Kavbosrd angle dhusts from 7-18° X-1122 & A0BT soch sl for SDtiongl Coprocey s X-1001
. 802 mll'l‘nlh cot;rn:;;'uam pochat - &.Dch:;‘d by lmt::;:ﬂ:!.:mh rate 20 myleon : g:‘!:s%oﬂr ] o1 1B PE/XT
of o 1o hows walt power L
: 3'1-0&13:& Borwats onichible . Ergartarnts dastond sdidnatis) hatnntacts fedl byt e e ‘
cl mm“
& Starwidrd spadig s bevbosd B powst connacinds 100- K oard Mon raphics Curd
& 7 qupitimen ;:ou {4 I:dud 082738 pn for . g:?q:‘vba:m,u. B ‘?ng‘u IBMOA?/KT?’C 8 T
5 bt 0 Y e shoey wath ; o
& B105 mace Im USA - legel and B0 AT COMONT b Kol S 0y Pepiter v 5“'2“Imm A : gg:lsl!r;:"m 20 5 Ju8 graphx mode x-1012
256K Upgrade Kit
& 18M AT compatibls 8 120 nsec 334” ‘mw Power SUDDW 69“ Foppy Disk Conlroller Card 334“
@ commni® & 266k O/RAM (Z-9315) %1190 @ IBMXT ® SUPPONs 2 witgrnel 547 hplt-hatt dy/od drrvs
& V115,230V dudmwro EMI hiter ®-1110 & Doutile de sy mem s rcoded %1009
Hard/Floppy Drive Controller Card ;] 99 ® Owivload, shon orourt B surge protecton - xanmm phase lock lop deta seperdror
e - - 3 & Friow drran wl L] (=l el
:"f&mfm%un drrvey X1052 200w Power Supply ,99 {optona
4 Supports two 1.7 MB Ropoy draves B AT )
. in:n 1TV AL, 5OH: xi1111 360 KB Floppy Disk Drive ;Bgu
340 KB/ 1.2 MB Foppy Drive ;79 * Ouiput 200W OC # 1B BC/XT competible @ Aecoeds $878 8P
Controlier Card J2  X-styie Case 30 o i
SRESIA o cecls € B8 XT/AT gaby Bosrd Compatibie Yo Green Monitor Qe
Ay nbee COFLy
VO Card 579 @ \nchudes hardwsrs o aapenaion siors B powalr supply MOUNing AT e X-1132
& M AT compatible . Vdegghl ap{foxsmately 1
® RS 212 & Pacallel Gorme porte X-1060 e auibein ‘79 .Ar:lb:r Monltor s] 1 9
-style 1AM AU compatithe
1.2 MB Floppy Disk Drive ;1 35 4 1BM AT companbie e x1133
® IBM AT compatible Powet Mo r
® 15 sectorn/trach X7502 PEPswilch rOm ELECTRONIC PRINTERS ;1 29 & 3807 ,Ejrﬂ'nﬂ,n%, nitor Stand ’39”
M 'I‘":;-nmn.mun Iur .ummrl [ ] Bt - mrc‘mn! t:'c:mnm monnorn, [ b, X-1128
your hevboerd " command 4 ; pu o Rghied CONMIO Fwits Rad o rront
ahfsi ﬂemo?bfxponSIOn Cord 51 39 wguance! OF wilh & muchamses| Swich an Tha # Surge B soe proeectaon @ EMI fltermg o T
oF G 1 hack x-1058 . Cormrone 3 LOMGED
s:m:“:mqmcu Wity p-nw < o0 @ pended M ; m‘.m’? many 13 & priters on ona PC [umng mulicle Color Graphics Adaptor Cord ’69“
. Ues up 80 & cords for up o %A nunmn mamocy & 1BM AT/ZXT compatibls @ 40/80 col 1 25 rows
& Inciuvdes 1ofwi 10 enhancs 1yEtem DRACImANcS IBM Parallel Interface Cables 4 320 $ 200 mad rwy color; 640 3 200 he e plaw - %1007
IMB Multitunciion Card 51 59'95 & langth, 143y AFLE& EMI shsided {%-35901 me 3-pin AC Cord 1
10 longnh, tully BF1 & EMD sheided  (%-3891) s11.98 31 s
& VAN AT com{mnble Phug/3-pn Ining
: ;Ulr‘i:"h;ild :nomof\r vuh Pty Chieh X-1058 SR e e Sl B AE5TO
e T archetectune
) e ) m*&ﬁm* AT ':E':'..S:LL"LLT?&' el Cabl“{x-sun sge Mk post #5252 Gender Changs:' s 1w
25 pen Make/Femal 107 wngth IX-3593) [X-4003]

Hobbyists! DSE makes any project easier & better! ‘

Sroret m BERKELEY, CAF4T5! 486 0755, REDWODD CITY, CAA TS 368 B844: SAN JOSE CAfof: 2412268

e Order Toll Free
MAIL onnsns 1-800-332-5373

DSE P.O. BOX 8021, Redwood City, CA 94083  monfi Tam « épm pocitc Time

PROIO-EICR™ pRINTEC CiRCLIT KIT ;3700 Variable Power Supply ,1 49“ Graphit 33 9
At Ihl Mus PR LRATY 10 Mk VY CHTAR up Leb stenderds o lmsuﬂ Verasble Coliowial graphts Bpeey Credtel conductivg
to 57 s 8 - rom u‘-g;nll or magetne Mt (For M-5700 udup e Juipast weth panel maiers Tor pach. MB548 Wyars of ththneys o0 gllu olaate B other N-105F
Wrger CHTANE, cONLUN DU catalog of call to Wguivel Cosrte i Wit voltage cONroti M/Tow omp wralss smooth surfeces. Gais nd of state charge
c ramm. Pos M : proce: ;@ O30V OC suply @ 084 o0ipt @ BEm Y npple
iy APt e TP b ef o0 .um:'““ . eguinon 8 081K 2V e € 031 Imy load Sub-C size Fast-Charge NICad 53324 $3.95
biank copper QTN bosrd concentraiad sichant. | 1
iy ke o o “ SconRecord 7.2V NiCad Batery Pack {s-3328) ,24.5
TME Drocaut 7 gunes aspeturs e+ iy OSEw $-3908 T11 95 s e bevang scaoner s s ‘g‘ogol" Graal %or ra-control & o1ne: sppRcatss. Moles conr
Economy Solder Station s Qe o e
& Adpstabie seranivity 8 Cormmets audio 10 propse recordeng el y =
aF 1 # UL pated
4 72',“';‘;,“‘?,5:;‘;;‘;'5""“”:,, o Shnaie 10900 12300 8 3X ohme mui mped :3-;::0-:. ZrA e 78 A Sein R-E Reader’'s Specials
® Avad »nd *C @ Grounded ti =
AT H el or Borteri]e o ncaioh e e ok AAA-size ll..::a‘urg'.lﬂmnn;‘."{!t:lc.itIr
ar ner Boar or on
Deluxe Solder/ Desolder Station 3399 Mz‘, o mg ae Timpk wAn these high Quskly plasts Z:L?uﬂ',“:':.“m‘:m'w. ¢
:-.umm m-mmzummhmfh u?m.m i s e m:" %o"ﬂ"' g5y Lt gl Sunr Pl 35 Tt RS it Sk ]
SOkderng Hac manth watranly 4 Hole 2 W accept ttandard DIP packages snd et aiphs ol "' JO‘I'
m rohaes R mr::;‘v‘%xm lw.:::r anuihcaton Esch bosd o includes & B (ot L it O $330%
ustpbly, Temer controlied Qrounded t BV Dace
SR TE ottt B rempaira o W g e A Borg ot ® 174 14 pn i o 12Q% | Unbelievabie AH/FM Amp/Tuner!
g.l..(u “haatrg incdicatol 8 Lockable control knob @ 2410 vapowts & B 9,78 OB mag1? Compiaty AM/FM yiergs ruoer wih bud-in S
nolcedng Teotures SOl SUAISTY grerga WUR [for Turn. s] 4 5
@ Raped demage e desckiering of siae joim b o Ch deck} Compln
- Aam:mll term b sSrN nl:?b:';-onn readout Heavy-duly Instrument Cases t:vllho?:l oo:;m:\.m 40 you up.:ucg:‘;:z
¢ +1040
@ Grounded i & LED “fwating  anch sior High gualiry DITC PIOMCT cates with PCB Mounting skots 14 957; st hook up 3peshars phug B m,
@ Fingenid control vecuum gauge 1iHered vicuum kg 1IDW THO = 3% H H-2807) .95 wnd you' re ready for mus!
# Egay W0 Clsan A WU DuH'H M-2 505 T %5
Ser our CORIOR fie & W EAgE o 1T 0 M IRig SWIV IR LT N FWsK'De2W'N H-2508 R

W shap UPS Ground ctherwirs eguested Add 8% of grder 1ctal |min b

3180 ke snoiog Ourasde USA a5 2% fmn 54 il ol i In Cofilomia coll 413-348-1 EVERYTHING FOR THE ELECTRONICS ENTHUSIAST ‘
:usnmmn.::mcr ol 320,00 R To receive your copy of oul colortyl 148 pogs cotalog. chcCie Reoder Service
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éThe First Source’’— for electromechanical & electronic
equipment and components — AMERICAN DESIGN COMPONENTS!

Insides of the 190W DISK DRIVE  |HI-POWER SWITCHING [INTEGRATED LM747CN ¢ B3
COMMODORE COMPUTER |POWER SUPPLY POWER SUPPLY CIRCUITS . . | Ié'gg#gg: 1-2%
By— iingar. . . LM1456Y 1.76
“" '3 = LHOOO2CN $G:as | LMI4BEN -44
Supiua ) : LM14BEN .62
: 10CLH 2.85 M oy
y 20
§H00 79.0n 383 LM1899N 1.43
TLO72CP 131 UepEbTme 20
Output +8.18V @ 704 LM30IN 82 . . DEIELENTN 188
Input; 118Y *12v LM307N 41 e ‘23
Outpu: « 12V @ } +32v LM310N 1.18 M2901 2
+8. w@ « 5.2V @ 5/ LM311N 41 LM2903N .53
, ettt b RS B dEm B
- 1 cont, H o
Commoaore viC 20 CPU bosrd & uaummcﬁwﬂ chhmcmhomnnz A [T 82 [M2917.1aN 138
macharscsl keyhoerd. Guarantssd not to for tha AT & T computer. P15TW 2 2% “H = 6”7 deep, LM317T ‘3 LM2931CT 1.07
work. {Fer party ondy | Din.: 11°W x 4% “Hx 7"deep Mfr = Todd Prod. #4XS815614 LM31 gN 1'03 MC3346P a0
tem #12144 $14.95 FE | tem #10008 $59.95 New| 1o #9745 $29 .95 new| 13198 1,07  MC3ane 1.34
ADAM ACCESSORIES. .. |COMPUTER GRADE |NICKEL CADMIUM | LM324N .35 MO3ae? T
POWER SUPPLY "D CELLS — Dual Pack | [M334Z 197§ a3
PRINTER POWER SUPPLY ual Pack | | a43362 ‘a8 LM390QN 53
itom #6842 $14.95 3; per LM337MP Ul Laanigy 1.78
ASCIl KEYBOARD e ED ey 358 RCal1BING 90
fen #6642 $19.95 LM339N ‘44  RCA193NBIDE)  2.86
CONTROLLERS (sat of 4 Eacs afj 3 EenD e itsicnd 5 | UF 347 S8 JEER e
nem #7013 $9.95 | Saghcomneciol Loumesewithy | [N JARN BRI 121
10GIC BOARD o Ican oae vy i nH 355818k r21
0GIC B Othar usen—runs CB & car rechas, | 5908 {Co0 sasity be ganged o | LE363IN 53 ~818k :
ttem #7231 $9.95 | Comer resdy to plug inf wtripa for carrying purposes). e | LE3BBN 80 TJHZAK 1.21 |
GAME BOARD DE Output: 6V & .8 amp. charga in 12 to 14 hours. LM35AN a4 78057 44
+8Y & 3 amp, Call size: Stendmrd ‘D’ LM3BON 80 768127 44
hem #7679 $6.95 +12y @Bamp  |Overshdim: 1% da. x 4%°L | L M3B0N-B ‘ag 7H16T 44
AQAM CASSETTES {Asstd.} Input 118V/B0H_ Chm : 9% ~W x| Malot mits, ltem #12142 LM38 1N 1.18 78187 A4
. tem #7780 3% “H. {Aubber #1. incl.| {Pack of 21 $5.95 are | LM3B3T 134 ;gus 1-;;
Baker's Dozen — $19.95 | nem 19501 $24.95 hew S pecks = $25.00 arc tmgggﬁ-a 1;8 793‘;" 13
COLECOVISION MECHANICAL ADAM COMPUTER | LM383N 30 7908k 1.21
to ADAM KEYBOARDS . . . TAPE DRIVE LM303N 241 7918k 147
EXPANSION KIT (LE LT L 5 7918K 1.21
L8 LF411CN 7
— a TLED4ACN 1.76 7924K 1.21
79057 .53
TLA98CP 1.34
TL4S7ACN 1,97 ARy -53
NEBE5V 28 LAl -53
XR-L558 82 7924{. gg
ekl 183 79i12ac 53
48-KEY — Timex 261/1000 NESBAN 138 7BL15AC 53
Thia sxpansion module just plugs N your itom #6712 $5.95 New | Sariat jormat, Susrch BOPS — LMEB5N .80 LF13201N 233
ColecoVmion, With printer power suoply | 88-KEY — Commodors C-16 | Resd/Write 20iPS 12V mwotor, 5v | LMSBBCN 1.25 tmgggﬂﬂ }-gg
and data drrve [both Inchuded). you will ttem e3354 55,96 New |00 8 8 D pn connector cabies. | LMBB TV .80 75107N ‘30
have & Working Adsm Computer, Adsm 75-KEY — Ti d Qriginaly designed for tha Adam. | NEB70ON 2.24 75108N '90
ktryboard, one Smart basle. cassette and mex Of Adém | oem: "W x IX“Hx 4" deep | NEGZIN 1.76 -
hook.u hageem sio nchuded. For computar upgride tern 70641 NESI2N 80 751104 1.34
9915 e #7429 $5,95 New LMTO9N 44 ;g];gN e
COMPUTER & GAME EQUIPMENT — ACCESSORIES MODULES M2 80 7s12an 134
ELECTRONIC COMPONENTS - INTEGRATEO CIRCUITS  TELEPHONES  [IEAKLN 92 JBi3aN 282
STEPPING MOTORS Fg.2  |LM72BCN 234 © TSN o
. LM733CN .8z 5451CN .
for ROBOTICS %~ ceen— LM733N 2730 75452CN A4
a Fig. 1 LM741CN 28 76453CN A4
steboers with t Im741GH ‘53 765463N .53
Increments from i ) 75472 .80
LM741-1aN 53
110 7.5 degraea o = 7649 2N |
Speeds up to = Z8000 Sares. . . 76477 356
i C %gg CTC .:Il'g: g .-
i Z80-DART a.4s g;gg Og-gz
hem Step Volts Tosgue 4 RB0IDMA 485 2732m4 298
_No. Angls DC ozfin Type Mir. & PariNo. Fg  Price §‘381§}8” l-gg 576426 598
san 18 17 PM NLAL Philips 1 #9956 |ZEDA 1.68 88701 9.96
A2310-M2 2/$14.96 | ZBOA-DART 472 es7es 18.25
7630 1.8 3.0 200 PM Swperior Electric 2 $34.50 . Egg::%ﬁ ?gg 8800 Sarias
: o mo92FT402 2/853.50 | 3444 358 6800 +2.12
diagrac Included, ncludess Keybosrd, 1 527% 1.8 16 72 PM SupsnorBlectric 2 $19.95 . | 2808-CTC 4.45 8021 272
chssatte Gigital data drive. 2 GIME £ON- 2@ MOB1-FF-820%8  2/$37.50 | ZHOB-PD 4.45 BHAOSEP 5.96
e o e o e, | AMERICAN DESIGN COMPONENTS. 62 JOSEPH STREET. MOONACHIE. N.J. 07074 MINIMUM
has builtdn word procassor iem #2410, | YES) Please send me the following frems: [ My check of money order is enclosed. OR.[:EEH
Comglate — $99.00 om How [ Charge my credit card. -
ADAM PRINTER - —? Bescrip L L [ visa [ Master Card [ Amex RE-527
| = . Csrd Na. 4
[} r i 1 - - Eup. Date
O 1 ‘\ -
z | —=—— \ +_ 1: Swgrwtwe il
£ | \ ——— - L 1 Tesohony: Arss Cocs_Sumbe -—
— = ——ak Teat Hame
Q & handiing, wa stup UPS unless =
5] . otherwise spoc;f::' Ada 43 ok 10% sk Address
w o e s casl. Charge
o} c:%' o’(??i“ Sows Tax I, residents onky, Oy
= e : o Wi sont ploase of totah Stete o =
g At T ::.m.?;:p.p:'é'w x11°, ' Ordige. ORDER YOTAL Al incperias ard free collog requesis cad 201.939.27 10,
Yo "“"I":f‘:'::':ag Q;"G'SI.SI(]J For ali phone orders. cali TOLL-FREE 800-524-0809. in New Jersey, 201-939-2710.
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\Nhat's New at
AMERICAN DESIGN COMPONENTS.

e warehouse 60,000

iterns at American
Deasign Components — ax-
pensive. often hard-to-find
components for Sale at 8
fraction of their original cost!

You'll find every part you

need — oithar brand new.
or removed from equipment
{RFE) in excallent 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.
OpenMon. - Sat.,9-5

THERE'S MO RISK.
With our full 90 day warranty,
any purchase can be returned lor
any reason for fult credil of refund

PC 8300 HOME COMPUTER
{Advenced version of tha Timex 1000)

_ICZanm
kmdlnum
bransl. Contsins 2K of RAM " * Reverse
video, 2804, B5 MHZ processor. ROM BK
BASIC. G—ﬂmww s,
TV or -
118 VAC. includes. AC ndapw TV cable
and par of cassetie cables. Wil run a8

3%, 10Mb
HARD DISK DRIVE
1IBM* Compatibisl

5%, 1.2 Mb. AT
HALF HT. DISK DRIVE

5%~
FULL
HT.
DISK
DRIVES

4B TP IBM* Compat.)

NS 87P50D-11

MICROCOMPUTER
wit. Emudates

wtion.

sprovns: 2786, 2116, and 2732,

Foatuves: XWOS, BY, 8.18 Bit, 4K
Owect pooms MEmory. 256 bite on
chip ROM. 19 MHz max freg.

item 78899 $24.95 Now

Alldws you 10 use your PC 8300
Computer with a color TV o
monitor Pugs drectly into hack
ol Comgater And has CONNECITONS

DOS 3.2 Compatitie
96 TP, DS/QUAD OENSITY
Tandon TMS5D- 4

hooht ve. 46.1.P1 80 wacka: | MCROCOMPUTER
Fils StarRiasd G " WSS 4B/96 TP Mir — MP1.52S with EPROM
mwtﬁﬂ:-a pESad. oy {1IBM* Compstible) I!om-'.'szsz s:gg.gg :_-c“e:mhmammw
power, Mi: = Aodime Double sided, singla/double : cacabiifiee
hem £10161 $ 179,00 Now | cansiry; E’S‘i“.m‘_"‘ 96 TPt os;{f{,,d Qensity mmwﬁﬁaw
ControHer Card for sbove | Mir = Pensscnic 2JU-478 Mir — CDC #9409T MCroprocesscs, FUNCHOnS &8 &
iterm #9984 $99.00 | rem 110005 $129.00 how nem #1833 $92.00 o o AR e
PC 8300 5% " 1/2 HT. JOYSTICK wpace, TTL comp. Pea. 1 + 8V
Accessories . . . DISK CONTROLLERS g LN
DRIVE g &s msggovm 1022:»“..
RAMPACK UPGRADES S S patel 1O g
item 210337 $9.95 new tom #9438 $9.96 (house
* 2% ANALOG to DIGITAL
o #12148  $19.98 now CONVERTER
COLOR PACK Binary output 12 bit; Conversion

Fits Atan, Apple, C o
and pur #10338 PCAIDO Com-
puter. His &~ cord with plug.

Mir — Datel ADC-HZ- 12BGC
tem #7052 (RFE. tested goodr

I additional Pampach tem #1904  $T79.00 | own: 3% wa. x1%" H. Originalty $ -
item 212147 $719.95 o 2tor $150.00 nen 912143 $5.95 new Specist — $39,95
115 QF MUFFIN® 12124 VDC 12VDC SPRINT® FAN | 115 VAC .
FAN = Sl | MUFFIN. 27CFm 27 CFM g

TYPE MINI

FANS FANS

'?gfo CFM (

N\ 4 A2, Lo noloa

B 'W. Can be mounted for blow. lrvel lang. can ba

e Hens T
SPECIAL! 1% Thin: 5 et taces w! Bl el o
:'I;:gmwaw'lnmfs:u. J;‘M&m‘:mz“‘wll Mir — Toblehs sUS2018

Polanty protecied Can be

hem 010880 $7.95 New

rechnd |ast roamber
disted recall. Comen
wiith sttachments
for both typas of

prermoorced 1apes 1or SinclaeTimex minum housing, Can b mourtes | tem 78541 $719.95 New | mounted for cooling or sxh 1%* Standerd. contsing 7
1000-ZX6 1. Mir = Powar 3000, for blawing of axhsust. 1% " Standard: B plastc hiades | Dim.: S'ﬁ'n:‘l\t deep m.nlblun
tern #10338 529 95 jew Dim.: 474, "8q. x 1H “desp Mit — Contpwr FCNDCZ4K4-801 |Mir — Rotron - DAYNA — Rotron #FSU2A1
lnong.boxes) | hem #5345 $5.95 pre| tem #12109 $14.95 Are | tew #9218 $12 96 naw |  nem #5970 $7.95 new
Composite Videc Mondtors. . . |[-SUBMINIATURE SOLDERLESS CONNECTORS, Fig.A
CRIMP TERMINALS (Mfr — TRW!
| T [_o#n [ t18#n [ 2600 [ 37w |
| Doscription |5_.|h|ml' Frice |lam# Price | ham#  Prics | tem @ Priom
Hood w/Metsl Mae A (10998 $1.29{11001 #1.33| /5 #1.69,11002 9209
Hood weiMatal Famaie A |10999 1.43(11000 ve9| o5 7911003 218 w
Hood w/Plastic Male A (11004 149 Ors 12911007 15911005 199
Fiod w/Plasu; Femals A| o5 139| o5 ta9|11ip08  179|11008 219 Ra.C
Chasss mount. Mols! Make* B | 10747 7910745  .e%|10735 11316752 1869 ]
Chissis mourn, Metal Femaie 8 (10748 8910734 99]|10711 1.20|10Bam 168 m
Chassis mount, Plastic Maje * C {10880 .69(10910 .79|16732 1.09}10891 1.49
Chassa mount, Plastsc Famale C | 10728 J78 10731 8910724 11810728 159 E
12* Monitor QC Hood w/hatsl Mala D (11025 139 (10029 14911033 1.78 (11037 299
(Controls front pansl mounted} | G Hood Rt Argie wikete Meie | E (11028 13911030 1.49(11034 179 (11038 2.19 Fo.0
2,?‘“ gentp 12 | 9 Hood witaral Femme O (11027 18911031 18911035 199 [11028 239
R T GC Haod, Rt, Angle wikdetsl Femate | E [ 11028 1,58 (11032 1.89 (11036 1.9% 11040 2.39
centert and bandwidth om 10H2 10 | 1 ooy wiPlastc Male O [11009 12911013 13911017 1.5 [11021 209
30Hz 2 3dB Op.vol: 120/240VAC. 50/ | C oo, Rt Anglo wiPiessc Mele | E | 11071 1.28 (11015  1.39|11018 168 [11022 2.08 . E
EOHz., BEVA max. e trontpenal mid. | or pood w/Plastic Fomale D [11010 a9 {1104 15911018 185 (11023 2.29
bt SiMotorc - e OC Hood. AL AN, wPisste: Femais | £ (11012 1.49 111018 15911020 1.88|11024 229 | -
item 10043 529_95 new |- GC = Chuick connact, * Withoul mounting vice; * *Can be used with quick connect hoode
16° Monitor 1-PIECE TELEPHONE |RECORDING TAPE |EMI FILTER MINI
185 sowani. Same spece 3 abova 7% " Reel, 2400 ft. 6 Amp T MICRO- ;
1o _£10044 $34.95 New COMPUTER & [
CORDLESS TELEPHONE 240 Volt {g / REGULATOR m
|
700 ft. Ranga m_,_ ﬁ i
Wall or Base 140 vA
Mount
votiape regulstion snd
Full duplex: tak & . uitrg-smoiation far
aten smult. Auto SQUpMENt. Cortang loss

Provades the mogt olfectve
attenuation of Teto-ground”
and “hoe-to-le’ noae scioss the

0 HBGUENCY Lange. - 98 — 130V. BOH
mitg ; nel. AC power | . P | o T Oim.: 2,627 = 1.95" x 81, "Q""'m"n, e
-k ld ' W oo .1 | Ampex, Scote B Mhe — SAE lsquiv. 1o Dineny : 1 1'138 p &!iﬂ;ﬁ'w
inchcator light. M7 . Spacu , Modsl OF-1 X . otg. Corcom typa BECH Mtd on matsl bews wrth rubber It
Color: brown wictesm. Famous make mir, | tem £10748  $10.95 e, jltom #6711 = % M e 210868 $4.95 | Mt — Sols 2#63.13114

nem 29997 $29.95 new 21+ 520,00 79¢ w0 3 for $2.00 2100 $9.00 | hom 29999 $99.00 now
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Tenma 434" Digit Multimeter

a Trug RMS AC voltage and current
functions a Built-n frequency counter,
20KHz and 200KHz range a Data hold
feature a Carrying case included

a Measures AC and DC voltage/current,
resistance and frequency a For additionat
information see MCM Catalog #14

#72-430
One ¥
len:; We:r:inty S 1 5 9?0
LN

Tenma LCR Meler

a Measures inductance from 1pH-200H in
six ranges a Measures capacliance from
JApF-200uF in seven ranges a Measures
resistance from .010hm-20Mohm in
seven ranges a Carrying case Included

a For addittonal information see MCM
Catalog #14

#72-370

One Year s
Limited Warranity 1 4 9
{oa)

The Name You Can

Trust In Electronic Test Equipment

Tenma Anfi-Static Work Mat
a A must for the modern service shop

a Used in conjuenction with our #21-660
wrist strap to help eliminate static retated
problems a 187 x 26"

#21-655 s 3 3
’37?41- (5-up)
Tenma Anti-Static Wrist Strap

a Siiver-plated monofilament fibers are
woven Ipto a comiortable elastic wrist

strap, that gently conforms to the user's
wrist for reliable contact to ground

#21.660 9
1108, (10-m)

Tenma Soldering Station

a Adjustable temperature range of 150°-
420° (300°-790°F) a Grounded tip for
soldering static sensitive devices aLED
power. heater and temperalure indicators
a See MCM Catalog #14 for additionai
information

#21-1a7 $ 4 4
’4911-31 (4-un)

Call Toll Free 1-800-543-4330 [in aias

in Ohie 1-800-7624315
ka and Hawali 1-300-858-1849

R o

Tenma Regulated Power Supply

a Output: Reguiated 13.8V a Input:
120VAC a Fuse protected a With easily
accessible tuse holder a Neon light
indicator a Heavy duty binding posts
a Effective heat sinks 1or more power
dissipation a 90 day warranty a For
additional information see MCM
Catalog #14

3.5 Amp

{5 Amp Surge) 52995
7 Amp

(10 Amp Surge) 559
#72-290 .. &

Tenma Resistance Selector Box
a This device allows the user to quickly

-substltute a resistor in a circuit with any

value between 1ohm and 11Mohm

a Construcied entirely of % watt resistors
with 1% tolerance ratings a 90 day
warramy

#72-405

$2850

Tenma Logic Probe

a Working voltage: 4-16¥DC a Frequency
response. Maximum 20MHz a Detectabie
pulse width: Longer than 25nsec a Input
impedance: 1Mohm minimum a Input
overioad protection; £250¥ DC/AC a 80
day warranty a For additional information
see MCM Catalog #14

#72-415

1495

Tenma RS-232 Break Out Box
aMonitors individual communication
interface lines a Detects the presence or
absence of aclivity a Rewire RS-232
Interfaces a Line powered a Dual-siate
LEDs monitor both positive and negative
signal levels a 48 test points a For
additional information see MCM

Catalog #14

#72-440
442

3995

Terms: E E

+$10 rovwmasm oraer §400 charpe iy omien
under £¥0.

Mmmmw.
+Ordmry whappad S COD.

+hAr1 oroers B wapin 24 honary.
aSalah oimon open 530 pm i TAD pm

Saturdeys 10:00 s b 300 pm EST
»For prapik] orcens sdd £2.75 ko supping
e

Ranghng
-srunnﬁummm
wocend £2. 75, the balance dus will be wani

R o 2

MCM ELECTRONICS 8¢ Sure To Lall For

858 E. CONGRESS PARK DR.
CENTERVILLE. OH 45459
A PRENMIER Company
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» Over 20,000 Electronic Hems In siock RADIO-ELECTRONICS does not assume any responsibility for errors that may appear
* TOLL—FREE "800" Phones in the index below.
* 24 hour hot line automatic order taker Free Information Number Page
* Same day arder processing & shipping 81 T Yl NTS 2
* YISA & MASTER CARD accepted R .
108 AMC Sales. 3 nh MNew-Tone Flectronics . 3
SANYD 1 -
ORIGINAI L YRACKS 6 AF Producis Brand of 371 . 13 200 NuScope Associales. 147
6004 895 03 Advanced Yideo. 38 1™ OCTE Fiectronics. .29
48500, ... 895 F
13600 9% 167 All Electroakes . 162 110 Omndiron. k1]
:02;;: | :;s"g —_ Amaring Oevices 168 210 Optima . 13
nay.. 1.
FOL924 1375 mi Amevican Design Components . . 164, 165  — Pacific Cabie 149
:g% ::‘953 84 Appliance Service . w4 Parts Express. 153
SANYO ORIGINAL 87 B N F Emicrprises . 130 208 Portasod . 2B
F?CUS DIVIDERS 5 BLYUS. .. 8 T Radio Shack 159
70064 ?3;; 214 fanner Technical Books. 132 194 Regeney .38
20040 1095 98 Beckman Industrial 185 Satelllte TV Week Magatine . . 7%
HOR‘I[ZRR:;;\‘!.ISRI;‘IM .13 Blue Star Industries . o) 195,196 Sencore . . . 21.23
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R 800) 221-8424
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gmo N8 1152700 ss Contact Exst . % 199 United Electronic Supply 20
o New York State T Ny
deaiers call collect 183 Cook s Institule 12 207 YIP Electronics . 29
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BROOKLYN. NEW YORK 11230 2 Crystek. 26 103 WmB Allen. 122
{RCLE 206 ON FREE INFORMATION CARD irr 1
palr s v 1 Germsback Publicatiom, Inc.
122 Deco Indusiries 8.9 $00.B Bi-County Bhvd,
k-] Dick Smith Electrondes 163 Farmingdale, NY 11735
. (516) 293.3000
52 Digi-Key . 167 Presidenl: Lamry Steckber
_— Digital Reseaech Computers 153 vice President: Calhy Steckler
SCIENTIFIC & ELECTRONIC L Eleftromia Besiga)Spautstd 3 For Advertising ONLY 516-293.3000
PRODUCTS —_ Elecironic Technology Today . 152 Larry Sleckier
176 Edecironics Rook Club . s publisher
PLAHS —Buld Yourseli— Al Parts Avaiatas bn Stock i w Arline Fishman
0 1N 0 LASER § gg l 206 Flectronics Warchouse Corp 168 advertising director
| .%gﬁmg TESA COL & 120 Flephani Electronics. 28 5":1:“?":’::‘;';:::““““
« 10GT—0M RAY GLM 1000 100 Firestik 11 132 Lisa Strassman
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| KITS A VOKE TRANATTER 3 M RAMEE P =1 P dRariadt: 126 :;v::“r:isin'g assistant
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| » m.‘aﬂ“& SHOOK WAYE PSTOL ?ﬁ — ISCET 130 taslern Sales Manager
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2065 bopon podl road larchmont n.y.10538 914-834-7190 3

Thank you for visiting us at the Summer C.E.S. in
Chicago (Saturday, May 30 thru Tuesday, June 2. 1987).
3 See show directory for our booth number.

Welcome agaln!

T3SM _KITS - A LIBRARY O KITS AND ELECTRONIC
APPLICATIONS.

# 1 in Europe since 1966.

presented in a unique, appealing video-1ype packaging
covering various subjecis such as

amplificrs, alarms, pre-amplifiers. color organs.

power supplies, measurement, car appliances. home appliances,
receivers, et . More than 60 kits avajlable and more to come.

Y Photo-engravirig method

Transfer symbols for divrect etching.
SIEBER SCIENTIFIC

¥ Double-sided bread board fur easy

y assembly - no soldering required
professionnal heavy-duty maodels

for tcaching, design and guick evaluation.
LA TOLERIE PLASTIQUE

\ ‘wide range of tooled plastic
boxes
flexiblc custom-design

PP

casy assembl
CIF LE CIRCUIT IMPRIME FRANCAIS
quick, professional eiching machine
TSM ELECTRONIC COMPONENTS
impory/export
large variety of brands
full range of components

CEL B Gl LR

TSM in America INC

2065 Boston Post Road

Larchmont NEW YORK
10538

SIS
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81 DR INSTRUMENTS

“E A R PY

tH1I0R WS TRUMENTS  cnv o8

¥
45 DiGIT PROBE TYPE DMM
» Lab quality compenyated 10x pﬂ*ﬂ— ""“'—""'«5| :uuu of . C':;lﬂo:h“:) pin lel:':hm t:‘hhln-. N);‘.:
.mmtm- contiruaty lostor s data hold taatum jor sdded
o k- 5= CRT =« TV Sync fitor Casa, mit lads and barteney Inchaded \
* Basc DC scuracy. o rrinus 1%

MODEL 3500  $499.95 A

* 35 MHz DUAL TRACE OSCILLOSCOPE Rery, —vpm 75 ur
wmbuznmm-dnmmnmvmwm “AnnA"Tv ] el

e o s, Ouleyad ipssn vt o ON ALL

p-ummo"mniofmtnh:llﬂm.dm-mmdod‘:: g — _
mmof:mﬁuwwkrm MonELs MaslerCard ‘ VIsA
« Lot quality compensated 10X probes included i AR |
e oty ]

* Dupbaync) pnd 1ingle
+ Bnght 5" CRY = TV Syrc fiar

ORDER TOLL FREE
JDR INSTRUMENTS 800-538-5000

110 Knowles Drive, Los Gatos, CA 95030
(408) 866-6200 ¢ FAX (408) 378-8927 ® Telex171-110  OR vISIT OUR RETAIL STORE
COPYRIGHT 1988 JDR WICAODEVICES 1256 SOUTH BASCOM AVE.
T e enumazns TE o R omiia s G IRI A1 ey o an SAN JOSE, CA. (408) 847-8881
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