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FLUKE PHILIP!

High Resolution Digital Meter:
4000 countdigitalreadout; 20,000

count mode(Fluke87)for 4'12
digit resolution

Recorder: records minimumsand
maximums, plustrue arithmetic
average; audibleMinMax Alert;
selectableresponsetimes-

1second and 100ms (al l models)
plus1msPeakMinMax

(Fluke 87)

Frequency counter: Accurate
downto0,5Hz;also measures

duty cycle

Analog Meter: High-speed
analogdisplayupdates 40 times!
second - as fast as theeye can

follow; Xl0 Zoom bargraphmode
(Fluke 83 and85)makeshigh
resolution offsetmeasurements

asnap.

Capacitancemeter:
Autoranging, withmanual ranging

at the touchof abutton

Highresolution
ana1oopointer
Irue-rmsac
1ms PEAK MIN MAX
4lh digitmode
Backlit display
Threeyearwarranly

$289'

FLUKE 87

0.1%basicdcaccuracy
20kHzaeV

Three year warranty

Analogbargraph
and zoom

0.1%basicdcaccuracy
20kHzacV

FLUKE 85

8229'

Holster withFlex Stand ,. :
Protectsmeter and providestest
leadstorage. Flexible leg allows

meter tobehungfrom peg,
bentaroundapipe, or used

almost anywhere.

Backlit display: Makes it easy to
readtheDMM indark, cramped
quarters. Automaticallyshuts

offafter68seconds to --- - - --''';;--
save thebattery.

'Suggested U5.listprice

Threeyearwarranty

Analog bargraph
and zoom

$199'

FLUKE 83

0.3%basic deaccuracy
5kHzacV

Meet the meter that brings an entire
test bench toyour job. The versatile
Fluke 80 Series do-just-about
everything "Multi" Meter.
It offers everything you'd expect from an
advancedhandheld DMM, plusalot you'd
find only in dedicated instruments,Plus
Fluke-exclusivefeaturesyoucan't buy any
where else, All builtwith the most advanced
surface mount design and single-chipASIC
technologyfor athinner, tougher, more reli
able package,

There'safully annunciated display for clear
operation, Duty cycle function,High-speed
analog indicator. Aprotectiveholster with
innovative Flex-Stand™for easy,adaptable
operation, Audible Input Alert™to reduce
theriskof damageto the meter, the user,
and theunit being tested, Plusthestrongest
warranty in the business,
All goodreasons to moveupto thetruly
multi Fluke 80 Series today, You'll find 80
Series DMMsat yourFlukedistributor. For
immediate, off-the-shelf delivery, Call
CIRCLE 121 ON FREE INFORMATION CARD

1-800-44-FLUKE, ext, 33 for the name
of yournearest distributor,
JOOn FlukeMfg. Co" loc. PO. Box 9090 MIS 25OC,
Everett, WA 98206 U.S: {206l 347'5400 CANADA: 416,890-7600
OTHER COUNTRIES: (2(6) 356,5500
:l Copyrighl l989, JOOn Fluke Mig.Co., Inc. All rights reserVlid
Prices and specifications sOOject tochange wilhool notice.
Ad no 0102-F80

FROM THEWORLD LEADER
IN DIGITAL MULTIMETERS.
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31 VIDEO FRAME GRABBER
Add a vision system to your PC!
Gene Toner

41 DIGITAL PRESSURE GAUGE
Build a solid-state portable electronic pressure gauge.
Anthony J. Caristi

45 THE LAWN RANGER: PART 3
Build the motherboard and the motor-control board.
Raymond Rafaels

73 BUILD A SOLID-STATE DISK DRIVE
Construction details on the battery-backed RAM disk
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If the idea of captur ing video im
ages on a computer grabs you, take a
look at our Video Frame Grabber.
The inexpensive, half-length card
plugs into any PC expans ion slot,
and accepts standard NTSC black
and-white or co lor input. Once
you've captured the shot from your
video camera, you can manipulate
the image-to create line drawings
or negative images, for example
and store or print it. Put actual pho
tographic images in your desktop
published newsletters or brochures,
or use the frame grabber for elec
tronic photography, security sys
tems, computer " slide" presenta
tions, or automatic inspectio n. For
all the deta ils, turn to page 31.
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BUILD R-E's DIGITAL DASHBOARD
Part 2 will return with complete construction details.

RADIO-ELECTRONICS, (ISSN0033-7862)August 1990. Published monthlybyGernsback Publications, Inc.. 5OO-B Bi-County
Boulevard, Farmingdale, NY 11735Second-Class Postage paid at Farmingdale, NY and additionalmailing offices. Second-Class
mail registrati on No . 9242 authorized at Toronto. Canada. One-year subscr ipt ion rate U.S.A. and possessions $17.97. Canada
$23.97, allother countries $26.97.Allsubscription orders payable in U.S.A. funds only, via international postal money order or
checkdrawnon a U.S.A.bank. Single copies$2.50. @ 1990 byGernsbackPublications, Inc.Allriqht s reserved. Printed inU.S.A.

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

THE SEPTEMBER ISSUE
GOES ON SALE

AUGUST 2.

BUILD A 100-MHz FREQUENCY COUNTER
Based on the Intersil 7216, it's accurate and easy to build.

THE AGONY OF AM
What does the future hold for the AM band?

BUILD THE LAWN RANGER
Ourconcluding installment.

R-E's VOCAL ZAPPER
Filter out the vocal tracks from recordings-then dub in your own voice!
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No Better Probe Ever
at This Price!

CIRCLE 225 ON FREE INFORMATION CARD

COAX ADAPTER KIT
• Create any adapter in seconds .
• Make all combinations of BNC, TNC, SMA,

N, UHF, Mini-UHF, F and RCA

The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter
faces. Simply screw any combination of 24 con
nectors to one of the interfaces to create the
desired adapter. $150.
TEST PROBES INC. 9178 Brown Deer, San
Diego, California 92121. Call toll-free for cata
log: 1-800-368-5719.

CIRCLE 180 ON FREE INFORMATION CARD

Shown here
Model SPl50 $49
Switchable l x-lOx ....

BNC ATTENUATOR KIT
Contains 4 attenuator s - 3dB, 6dB, !OdB,
20<1B; I feedthrough and I termination. Thick
film circuitry for low reactances. Rugged de
sign resists shock and lasts longer. Rectangular
shape stays put on the bench. Impedance: 50n
Frequency: 10Hz. Max imum Power: IkW
peak, IW avg. VSWR 1.2: I. Attenuator
Accuracy:±O.2dB. Terminations Resistance
Tolerance: ±I%. $150.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.
CIRCLE 227 ON FREE INFORMATION CARD

DELUXE TEST LEAD KIT
Users call TPI test leads The Absolute Best. The
TLS2000 features the highest quality cable in the
industry - with spring-loaded safety-sleeved
plugs. U.L.listed (file E7958I). Kit: $29. Leads
& probes only : $ 19. Satisfaction guaranteed.
TEST PROBES INC . Call toll-free for catalog:
1-800-368-5719.

CIRCL E 226 ON FREE INFORMATION CARD

9178 Brown Deer Road
San Diego, CA 92121

Toll Free 1·800·368·5719

T EST
PROBES, INC.
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• 10 day return policy 
performance and satisfaction
guaranteed

• Universal - works with all
oscilloscopes

• Removable Ground Lead
• Excludes External

Interference - even on
scope 's most sensitive range

• Rugged - withstands harsh
environments including high
temperature and humidity

• Adva nced Stra in Relief 
cables last longer

• Available in lOx, I x and
switchable l x-lOx

Call for free catalog and Distributor in your area

Risetime less than 1.5 nsec.

ECONOMICAL SILICON
RUBBER TEST LEADS
Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accept s push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TLI 000 $14. Satisfac tion guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.

CIRCLE 228 ON FREE INFORMATION CARD CIRCLE 123 ON FREE INFORMATION CARD
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WHAT'S NEWS
Individual atoms as building
blocks

Scientists at IBM 's Almaden Re
search Center (San Jose, CAl have
managed to position individua l
atoms on a surface, and have used
that tech nique to bu ild structures
one atom at a time. Besides helping
scientists to better understand the
fundamental behavior of atoms on
surfaces-knowledge that is crucial
to many industr ial processes--the
achievement ope ns the door for a
broad range of future app licatio ns.
Some of the possibi lit ies are build
ing custom molecules, mak ing ul
tra-smail elect rical circuits, storing
data on an atom ic scale at densities
more than a million times greater
than is now possib le, and perhaps
even duplicating structures ato m
for-ato m. The tech nique might one
day be adapted to reduce the size of
semiconductor chips by a factor of
more than 500.

The process, which demonstrates
that atoms can be moved across a
surface and accurate ly positioned
w here des ired, was first used to
create the letters "IBM" in xenon '
atoms. Next, a chain of seven xenon
atoms bo und together-the fir st
atomic cluster built one atom at a
time-was created. Both demon
strations requ ired the atoms to be
cooled to - 269°C ( -453°F), w hich
is on ly slightly higher than absolute
zero .

Physicists Dona ld M. Eigler and
Erhard K. Schweizer (avisiting scien
t ist at Almaden, on leave from the
Fritz-Haber-Inst itu t in Berl in) used a
special scann ing tunne ling mi cro
scope (STM) to move the atoms into
place and to view their progress .
STM's can image individua l ato ms

CfJ
Uz lightning forecaster
~ A system that predicts lightn ing
t) before it strikes was developed by
~ Dimens ions , a French firm, in the
wo course of research conducted at the
o French Matinal Insti tu te of Aero«a: space Research. It is hoped that the
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" IBM" IS SPELLED OUT IN INDIVIDUAL
atoms. IBM scienti sts used a scanni ng
tunneling micros co pe to move single
xenon atoms across a surface and pre
cisel y position them one at a t ime to form
the letters. The dista nce between th e
atoms in the pattern is about 50 billionths
of an inch; the image has been magnif ied
approximately 2.9 million times.

on a metal or semiconductor sur
face by scanning the t ip of a needle
over the surface at a height of only a
few atomic diameters. To study how
atoms and molecules interact with
surfaces, Eigler built an STM that
cou ld operate w ith ext raord ina ry
sensitivity and precision. He placed
the STM in a high vacuum, cooled it
with liq uid helium , and isolated it
from vibrations.

In a process similar to using the
motion of a nearby magnet to move
another magnet, a xenon atom can
be "d ragged" across a surface by
placing the STM's need le t ip close to
the atom and moving the tip paralle l
to the surface . At the desired posi
tion, t he tip is lifted , leaving the
atom fixed in its new location . The
exacting process-atoms are moved
at a rate of16 billionths of an inch per
second-requires the STM operator
to maintai n a de licate balance of
several attract ive fo rces between
the atoms. It took 22 hours to move
the xenon atoms to form the letters
" IBM."

new lightning-detection system will
help to eliminate lightning-caused
damage and related fatalit ies. The
SAFIR system-which has been suc
cessfully tested at several sites, in
cl ud ing the Kennedy Space Cen
ter-monitors sto rm activ it ies in

THE SAFIR SYSTEM MAPS STORMS IN
REAL TIME AND FORECASTS LIGHT
NING danger zones up to a half hour be
fore it str ikes.

real t ime and issues lightning warn
ings thro ugh the use of radioelectr ic
inter ferom etry. Potential applica
t ions for the lightning-detection sys
tem are at rocket-laun ch ing sites,
f light-testing centers, air bases, ci
vilian airports, and ai r-navigati on
centers .

As soon as it begins developing, a
thunderstorm produ ces changes in
the atmosp heric electric fie ld. The
SAFIR syste m mo nito rs t hose
changes at the ir in ception. O ne
type of sensor detects and traces
high- frequ ency radiating sources
fro m the heart of a cloud to light
n i ng discha rges th at st r i ke th e
ground, and a second sensor mea
sures the elect rostatic f ield on the
ground. Together, the two sensors
detect the phenomena that precede
a strike.

A typ ical SAFIR installation con
sists of three detection statio ns, lo
cated 12-62 mil es apart, that feed
data to a central statio n where it is
processed and d ispl ayed in real
time. That setup covers 186 square
miles, w ith a locating accuracy rang-

, ing fro m a few hundred yards to
three mi les. The system can mo nito r
storms as they develop, producing
maps that indi cate "l ig htni ng dis
ch arge danger zo nes" o n t he
grou nd and in the air. Danger zones
are detected and located up to 30
min utes before the fi rst ligh tning
bo lts stri ke the gro un d lessening
the chances of a strike . R-E
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Feature

Digits
Resolution
Accuracy
Automatic Reading Hold
Analog Bar Graph
BatteryLife
10A Range
Protective Holster
3 Year Warranty
True RMS
Auto MinMax""
Relative Mode
Self-Resetting Fuse

Price

Fluke
Model 77

3-112 Digits
3,200Counts

0.3%
Touch Hold!!>
31 Segments

2,000Hrs
./ (Fused)

$159*

Beckman Industrial
RMS225

4 Digits
10,000 Counts

0.25%
Probe Hold""
41 Segments

1,000 Hrs
./ (Unfused)

./ (40mA Input)

$149

Made in the U.S.A. ~ Touch Holdisaregistered trademarkof the John Fluke Mfg. Co., Inc. • 1900 Fluke and Philips Catalog

BecknJan Industrial'"

other multimeters we've built over the
years, it's designed for longlastingand

trouble-free use. So, go '

·fc:io DCi~~ visit your local dis
4-~I ~l ~l :I AM tributor today and
gh....:H......:.d_:........_~ check out the new

RMS225 digital
multimeter. Once you compare
it to the others, the choice
will be obvious. p-"

Your best auto-ranging multimeter for
the money. It doesnt happen by accident.
It takes expertise,painstaking ..--------.
R&D, and a solid commit
ment to provide you with
the features you'veasked for
ata price you can afford.

I
When you add itall up, the new Beckman
Industrial RMS225 simply outperforms
any meter in its class. And Jikeall the

An Affiliate of Emerson Electric Co.

Instrumentation Products Division
3883 Ruffin Road, San Diego, CA92123-1898

(619) 495-3200 • FAX (619) 268-0172 • TLX 249031
Outside California1-800-854-2708 Within California1-800-227-9781
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© 1990 BeckmanIndustrial Corporation. Specifications subject to change withoutnotice. Flukeisa registered trademarkofjohn Fluke Mfg. Co., Inc.
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VIDEO NEWS

• NEC "shakes out." Plagued with chronic
overproductions and cutthroat competition that
are bringing prices below the profit level in many
instances, the consumer-electronics industry saw
the first victim of a widely anticipated "shakeout
of the '90's" in NEC, the American subsidiary of

• Video goes ''wireless.'' In a little-noted
change in its "part 15" rules on RF interference,
the FCClast year voted to allow wireless
electronic products with increased frequencies
and no restrictions on usage, bandwidth, or type
of modulation, as long as the uses are non
interfering. That will permit such limited-area
uses as wireless loudspeakers. One of the most
interesting new products permitted under the
new regulations is the "h ome TV station." The
first such station actually to be tested and
approved by the FCC is the Videocaster by
accessory manufacturer Gemini Industries.

The Videocaster consists of a small transmitter
and receiver, and its principal purpose will be to
connect such devices as VCR's to TV's without
using cables. Thus one VCR can feed all the TV's
in a home, as long as each TV is equipped with a
receiver. Another suggested use is monitoring a
baby-sitting camera while visiting next-door
neighbors. Transmissions are in the 900-MHz
frequencies. The Videocaster will sell for about
$100, including one transmitter and one receiver.
Approvals of competing systems are expected
soon.

• Cardboard cassette. Video junk mail has
arrived-in the form of the throw-away cassette.
The VHS-compatible ( thou gh riot approved)
cassette is made of cardboard, and in large
quantities can sell for about $1.00, including tape,
duplicating, and four-color label. Developed by
Philmax, a Baltimore company, it's designed for
premium, catalog, and give-away uses where
durability isn't required. The tape is designed to
be played five to ten times, although tested copies
have lasted for as many as 150 plays. The
developers satY that the throw-away tapes won't
damage VCR's. The tape stops playing when it no

~ longer tracks correctly.
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DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

Japan's Nippon Electric Company. NEC,which
has been offering televisions, VCR's, and audio
systems on the American market for nine years,

.has decided to abandon those traditional
consumer-electronics lines. Instead, it will
concentrate on such things as its sophisticated
TurboGrafx video-game system, personal
computers, and custom "h om e theaters,"
including the Improved-Definition-TV (IDTV)
two-piece projection system it has developed. Its
color-television factory in McDonough, GA, is
being converted to the production of laptop
computers and monitors.

In a move also related to the worldwide
competitive situation in consumer electronics,
the European giant Philips (wh ich produces
Philips, Magnavox, Sylvania, and Philco products
in the United States ) is buying a 25% interest in
the audio-video operations of Denmark's Bang &
Olufsen, noted for its high-styled ( an d high
priced) audio and video components. Both
companies that are involved said the move would
help them compete in the high-priced high-end
market.

• 8mm. winning camcorder war. Sony,
whose Beta system lost the competition for home
VCR's to JVC 's VHS, is winning a victory in the
struggle for format supremacy in mini
camcorders, as more brands begin to move to
Sony's 8mm format over JVC's VHS-C (for
"compact") system. The first major consumer
electronics brand name in the VHS camp to move
to 8mm will be Zenith, which will add an 8mm
camcorder to their line this fall. The fact that
Zenith is defecting is particularly significant.
Zenith was the first traditional American brand
to enter the VCR market, in 1977, when it chose
the Beta format ( its recorders were made by
Sony). As Beta lost the race, Zenith switched to
VHS machines ( supplied by JVC ). Zenith's new
8mm camcorder will be made by Sanyo.

Full-size VHS is still the leading camcorder
format in the United States. In the first quarter of
1990,57.5% of camcorders sold here used
standard VHS cassettes. For all of 1989, the figure
for VHS was 63% . R-E
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D 20MHz
Frequency
Counter

o Capacitance
Meter

o Logic Probe
o Transistor

'Jester
o Continuity

'Jester
o LED 'Jester
o DkJde Check
o lOA Ammeter
o Voltmeter
o Ohmmeter

A FistfUl Of
Functions.

With more uses and features than most
other hand-held multimeters, the DM27XL
and DM25XL really pack a punch; especially
when you've got to troubleshoot or analyze
a variety ofcomponents and circuits.

Standard functions include capacitance
measurement to 20/Lf, logic probe to 20MHz,
transistor tester and resistance ranges to
2000MO. The DM27XL further adds 20MHz
frequency counting capability with selectable

trigger sensitivity, plus anLED tester. Both
meters feature anenhanced display, including
a large, easy-to-read LCD, a full set of function
annunciators and a battery-saving Auto
Power Off.

Grab a DM25xL for just $109.95 , ora
DM27XL for just $129.95(suggested retail
price) atyour local Beckman Industrial dis
tributor. After usingone, you won't be able to
function without it.

BecklTlan Industrial TlI

An Affiliat e of Emerson Electric Co.

InstrumentationProducts Division
3883 Ruffin Road, San Diego, CA 92123-1898

(619) 495-3200 • FAX (619) 268-0172 • TLX 249031
Outside Calitornia1-800-854-2708 Within California 1-800-227-9781

© 1990BeckmanIndustrial Corporation All specificationssubject tochange without notice.
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REASONS FOR
SELECTING CIE

• Upon graduation, CIEoffers
you free preparation to
pass the Certified Elec
tronics Technician Exam.

• Approved for educational
benefits under the G.I. Bill
for Veterans and other
e ligible persons.

• CIEprovides printed job
resumes, letters of recom
mendation, and lifetime
Employment Service for all
graduates at no extra
charge.

• State-of-the-Art laborc tory
eq uipment is yours to keep
and it comes assembled,
ready for hands-on
experiments.

(f) • Only CIE offers an
o Associate Degree program
Z based on actual study
a? time used. The faster you
I- complete your degree, the
&l lessyour overall tuit ion.
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w
6
o
-c
cr:

8

CIE
CLEVELAND INSTITUTE OF ELECTRONICS 1n6 East 17th Street • Cleveland Ohio 44114
PHONE TOLL FREE 1-800-321-2155/ln Ohio 1-800-523-9109



LEARNING...

A CAREER IN ELECTRONICS STARTS WITH CIE.

MAIL TODAY!

PERSONAUZED
TRAINING While some of our

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

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

Age __ Area Code/Phone No. _

Check box for G.1. Bulletinon Educational Benefits
o Veteran 0 Active Duty

Address _

City State Zip _

Print Name _

---------,
YESII want to get started. Send me I

my CIE school catalog inclUding details I
about the Associate Degree program. I

I
I

Apt.__ I
I
I
I
I
I
I
I »
I c

G)

C IE CLEVELAND INSTITUTE OF ELECTRONICS : ~
1776 East 17th Street, Cleveland, Ohio 44114 I ~

I ARE-172 ~
L ~
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PRACTICAL
TRAINING CIE students learn

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

Wecombine that valuable hands
on training with our unique Auto
Programmed<!lliessons. designed to
teach you step-by-step and prln
clple-bv-prtnclpla The result Is
practical training ... the kind of
experience you can put to work In
the marketplace.

Accredited by the Accredfflng Commission of the
Notional Home Study Council, Washington, D.C

SPECIAUZED
TRAINING CIE Isn't just

another be-everything-to-everybody
correspondence school. We're
accredited by the National Home

StudyCouncil. And with more than
1100 graduates each year, we're

the largest independent home
study school specializing

exclusively in electronics. CIE
has been training career

minded students like your
self for over 50 years and

we know the business
inside and out.

F
or the last few years, the elec
tronics field and related Indus
tries have been growing at an

Incredible pace. And today, a
career In electronics offers more
opportunities and greater rewards
than ever before.

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

Some courses feature the elfMicroprocessor
Training laboratory, an Integral part of com
puters. You'llgain all the practical experience
needed to work with state-of-the-art equip
ment of today and tomorrow.
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DTMF CONTROllER
I'm trying to build a circuit that uses

the telephone DTMF(Dual Tone Multi
Frequency) tones as the basis to con
trol several different devices. My
problem is that I'm having a hard time
finding out exactly what frequencies
are used for all the rows and columns.
The books I've looked through list only
the twelve telephone keys, but I
thought there were more that. Could
you tell me how many there are?-F.
Geof, Hunter, NY

You're right that there are mo re
than twelve standard DTMF tone
combination s available, and I'm sur
pr ised how few people are aware of
that. Most of the books t hat talk
about telephones only refer to th e
tones p roduced by t he standard
keypad , but that's because th ey're
only dealing with telephones, not
DTMF in general.

Even t ho ugh the standard tele
phone uses only twelve ton e com
binations, there are really sixt een
available. There are actually eight of
fici al DTMF ton es, o rganize d as
shown in Table1. Seven of them are
in ever yday use with tel ephones,
but the eighth one, the last memb er
of the high group, isn't used in any
of th e co m mo n co nsumer t ele
phone devices although I've heard
that it has some applications in mili 
tary and industrial equipment.

It used to be a real pain in the
neck to build a DTMF receiver be
cause it had to be don e with lots of
filters, decoders, and so on . These
days, th e decoding methods have
becom e almo st completely digital

13 (as has just about everything else),
z and semiconducto r manufacturers
~ have produced a w id e variety of
(:) chips to both generate and decod e
~ the toneswith an accuracy that's way
ur6 beyond th e earl ie r circuit s mad e
o with acres of discre et components.
~ The official list of tone combina-
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tions is shown in Table 2, and you
can see that the last four digits all
use the 1633-Hzton e as one of their
components. Most of the available
lC's that produce and read DTMF
tones will let you handl e all sixteen
tones but, if you want to do that,
you won't be able to use a regular
te lephone keypad in th e desi gn .
That shouldn't be much of a prob
lem since just about all the lC's that
generate DTMF wi ll accept either a

. row-and-column or binary input.
That means you can use anyone of
the commercially available matrix
keyboards-or even make yo u r
own .

If yo u r circuit can d eal w ith
straight binary, the design is even
easier because chips lik e National

Semiconductor 's 5088 converts bin
ary directly to DTMF and hasan out
put level that w ill direct ly drive the
telephone lin e. How things have
changed !

DI Y VOR GENERATOR
We would like to build a VOR gen

erator in order for us to test IN-38
course indicators, part of the naviga
tion system in Cessna aircraft. Accord
ing to the service manual, a standard
VOR input is defined as an audio sig
nal consisting of 30 Hz and 9960 Hz at
0.5-VRMS ± 0.05 VRMS. Can you of
fer any help?-P. Jamison, Sutter
Creek, CA

Your letter isn't really clear about
the form of the output signal but it
seems to me that you're looking for
a pair of simple oscillato rs. If that's
the case, there's a wide variety of
ci rcuits you can use to get the job
done.

Probably the easiest way to gener
ate the frequencies you need at the
required level and degree of ac
curacy is to bu ild the circuit with a
pair of 555 timers. The design is
shown in Fig. 1. There's not much to
explain about the circuit since it's
one of the simp lest 555 layouts you
can build. Because you' re looking
for a pair of parti cular frequ encies,
the trimmers will let you tweak the
output to get to the exact values you
need.

The 555 is extremely stable and
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#304 AC Adaptor ........7.95
Orlglnlll I B Volt DC @ 200ma .

#302 PC Board 7.95
Origlnlll 5 )(8 e t c hed, drilled
a nd SIlk-screened pc board .
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Ca.ble TV
'We slock lhe exact par-t s, PC Board and AC Adaptor

for two articles published in Radio-Electronics maqaztne
on building your own CABLE TV OESCRAMBLER

February 1984 issue Februar y 1987 issu e
#701 Parts 19.00 #301 Parts 29.00

Inclul1es 1111 orlglnlll perts. rnciudes 1111 originol ports .

Snooper Stopper.......39.00 Macrovision Kit.. ..........29.00
Coble TV descrllmblers can be Macrovlslon..now you see it , now
l1etectel1, protect your prtvecq you nnnt with our mecruscrunner
with the Snooper Stopper ki t. Articl e was publishel11 n
Free ert tcre on tllble Snooping. Rol1io Electronics 1987 issue .

#702 PC Board 7.95
Originlll Jx4 etched, drillel1
lind silk-screened pc board .

#704 AC Adaptor........7.95
Originol 16 Volt DC @II 200mll .

1#701, 702 8t 704........29.00 I 1#301,302 8t 304........39.00 I
Free article reprint WIth purchase.

,CAL L TOLL FREE 1-800 - 33 2-3 :5 ) 7
Out side USA }-508-699-6935
Visa, Master Card and C.O.D.
Add $3.50 S &: H. $6 .00 outside USA.
0& D Electronics Inc . PO Box 3310 N Attleboro Mll .02761
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still a good idea, however, to stay
away from ceramic disc capacitors;
use something like mica or tan
talum . The actual value of a ceramic
disc can be as much as100%off, and
even though the circuit is tol erant,
there are limits to everything. R-E

FIG . 1

L R1 [8 14 R5
30K 600n7 3

30Hz
R2 6 555

l .5K r 2 ~
+ C1
*4.7IlF 1

1

-:lo-
+V+ R7

GND L 18 14
5K

R3
30K

7 u., R8

R4

~
5K

1.5K 555 R6
3 600n

9600Hz'* C2
1
1.05IlF

-.

+V

the output frequency is relatively
immune to changes in voltage . Un
fortunately, the output voltage is go
ing to depend on the supply voltage
so it's a good idea to use a regu lated
suppl y. You can either buy one
ready made or, since you're going to
be laying out the circuit anyway, it's
not much more work to add a three
terminal voltage regulator and pair
of capacitors to the board. That w ill
give you a stable supply voltage and
peace of mind as well.

Sounds like a good deal to me .
I don't know if the two frequen

cies have to be mixed together and,
if so, whether they have to be of
equal amplitude. In any case, you
can use the simple resisto r sum 
ming circuit shown in the schematic
to combine the two frequencies or
add a mixing amplifier. If you do
decide to use an amp, be careful
about the one you use since adding
more electronics to a circuit always
introduces the possibility of more
distortion.

As for th e circuit itself, you don't
have to make a PC board to do the
job. A breadboard can be used as a
temporary so lut io n, or you can
build it on a piece of perforated con
struction board and wirewrap the
connections between components.

The re's nothing cr iti cal abou t the
parts layout and, since t here are
trimmers to adjust both the output
frequencies and the amplitude, you
can get the exact signal you want
with standard-to le rance parts . It 's
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• 100% IBM compatible.
• 80386SX-16 /8 MHz speed, upgradab le
to 20 MHz.

• One 3-1/2" 1.44 MB floppy disk drive.
• One 5-1/4" 1.2 MB floppy disk drive.
• 40 MB hard drive/28 millisecond access

time. • 1 MB RAM on motherboard,
expandable to 8 MB.

• Expansion slots: three IBM AT com
patible accessory slots ; one IBM PCIXT
compatible accessory slot.

• Three 1/2" peripheral bay.
• Built-in VGA video support.
• Battery backed real time clock/calendar .
• One serial port. • One parallel port.
• 80387SX-16 math co-processo r socket.
• 101 key detachable IBM style keyboard.
• Zero wait state.• Phoenix BIOS.
• Included MS-DOS 4.4.
• Dim.: 16"Wx18"Dx5"H.
• Model # CPC8248.
• One Year Warranty through Cordata.
• Fact ory New! Factory Perfect!
VGA monitor:
·14" non-glare color monitor .
• 100% IBM compatible .
• .42 mm dot pitch. Mfr. Sugg .:

• 256 colors. $2 968 .00
• Resolution: '

640x480.

• Dim.: $149999
14.72"W

x 12.40"H Item No. B-2150-143S78
x 15.64"D. Insured Ship/Hand.: $49.00

FOR FASTEST SERVICE
CALL TOLL FREE

1-800-729-9000
I VISA I [ill]
•••••••••

DAMARK INTERNATIONAL, INC.
6707 Shingle Creek Parkway , Minneapolis. MN 55430

Customer Service · 612-566-4940

Please rush me:__ Cordata Computer(s)
@$1499.9geach, plus $49.00 sIh each.

Item No.B-2150-143578
MN res . add 6% sales tax .

City ,Slate ,Zip _

o CheckJMO 0 VISA 0 Master Card 0 Discover
Card No. _

Exp. Date_---L__

Signature _

POWER SUPPLY BOARDS
For those interested in build

ing our "Generic Linear Power
Supply," (Radio-Electronics, june
1990): Etched and drilled PC
boards are available from the au
thor. Two boards cost $12.50
postpaid. Orders from Canada
should incl ude an additional
$.25, and orders from South Car
ol ina shou ld include 5% salestax.
Write to john Wanamaker, Rt. 4,
Box 550, Orangeburg, SC 29115.

TAKING IT TO THE LIMiT
I'm writing to thank you for an

exce llent magazine. Radio-Elec
tronics always presents the latest in
technology, such as your coverage
in Whats News (May 1990) of the
world's fi rst true digital optical pro
cessor.

In particular, I enjoyed Don Lan
caster's Hardware Hacker. His arti
cle on op-amp noise is the first I
have seen in any magazine that ex
plains what those parameters (cur
rent noise and voltage noise) are,
and how to optimize a circuit for
them . I have been an electronics
engineer for nine years, and they
don't teach those detai ls in schoo l. I
recent ly went through several days
of optimiz ing a ci rcuit for drift in
which I learned a lot about a simi lar
set of parameters involving offset
current drift and offset voltage drift.
It isn't often that you have to push a
part to the edge of its specifications,
but when you do, there aren't many
good placesto turn to forthe neces
sary information . I would really en
joy a tutorial series by Don
Lancaster on op amps that exam
ined those parameters used when
pushing the edge of technology.

On another note, I was equally'
unimpressed with the article in the
same issue concerning how to
choose the right transistor for your
next design . In that article, josef
Bernard explained that as long as
your design does not "push the lim
its," and "sticks to middle ground,"
it's hard to go wrong ! Of cou rse it is!
I read the article in the f irst place to
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learn what types were best for high
power, high-frequency (RF) ampli-

_ fier, and other specialized applica
tions . We know how to use a
general-purpose switching tran
sistor-now show us how to use a
transistor to build a UHF amp lifier.
JOHN BURGAN
NORTH PALM BEACH, FL

DON'T ARGUE WITH NYQUIST!
The excellent article "Inside Dig

ital Oscilloscopes," which appeared
in the May 1990 issue of Radio-Elec
tronics, presented some interesting
and useful information about os
cilloscope technology. While I en
joyed the article, I must quibble on
one point. The article states : "...
sampling rate must be at least do u
ble the bandwidth ... " of t he
sampled signal . The term "band
width" is a bit vague. As I recall, the
correct application of the do ub le
frequency law for sampled signals
requires sampling at double the
highest frequency component in
the signal. That distinction is impor
tant. For example, a pure sine wave,
say1 MHz, has a very narrow band 
width, although the sampling rate
must be twice the frequency (not
bandwidth) , or 2 MHz, to recon
stitute the 1-MHz signal.

That requirement is easily under
stood in consideration of, first, the
need to detect both positive and
negative signal excursions and, sec
ond, the assumption that the signal
is a perfect sine wave.

Given the sine-wave definition,
and given (as Fourier proved) that
any complex wave is composed of
sine waves, then the sampling rate
of twice the highest component fre-
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1-800-955-2527 (for catalog requests
only) and ask for our " degree catalog."

An important part of being pre
pared to move up is holding the
right college degree, and the abso
lutely necessary part is knowing
your field. Grantham can help you
both ways-to learn more and to
earn your degree in the process.

Grantham offer s two degree pro
grams-one with major emphasis
in electronics, the other with major
emphasis in computers. Associate
and bachelor degree s are awarded
in each program, and both pro
grams are available completely
by correspondence.

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

Put Professional Knowledge and a
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HOME ~ ~l
STUDY ~l,: lS2J

~~~~~I

HOT INPUT
ACCESSORY
+12VFROM

BATTERY

OFF

HOT INPUT
ACCESSORY

+12VOC FROM_-.......- - - - --'
BATTERY

+12- 14VDC

02
1N914

ri ence in a subject not covered
elsewhere. Keep 'em coming!
DAVID G. BURD
MIAMI, FL

DRAMA ON THE AIRWAVES
Radio-Electronics readers might

want to tune into a high-tech, futur
istic techno-drama, RUBY 3, that is
being produced for radio bytheZBS
Foundation. The story, set in the 21st
century, follows the adventures of
two women: Ruby is a tough, witty
detective who is hired to find the
source that is cau sing a buying
frenzy in the City of Malls on the
planet Summa Nulla and Inana is on
a spiritual mission in which she
faces a se ries of life-threatening
tests. The two characters create a
drama that is at once comic, action
packed , mythical , and spiritual. The
series of 20 self-contained half-hour
shows will be broadcast on various
public-radio stations beginning on
October 1, 1990.
KATHY GRONAU
ZBS FOUNDATION
FORT EDWARD, NY

In our "Solid State Wiper Control"
construct ion article (Rad io-Elec 
tronics, April 1990), we regret that
there were several editorial errors
that need correcting:
• In Fig. 1 on page 47, Zener diode
01 is backward. Also, RY1 should be
connectedas shownin the partial re
printof Fig. 1shownhere. The center
terminal of the switch in RY1 goes
jointly to the LON side of the motor
(MOT) and the LOW terminal on S2.
The lett terminalof the switchon RY1
goesjointly to the poleterminalon S2
and the hot input accessory
+12VOC from the battery.
• In Fig. 2on page47, RY1 shouldbe
connected as shown in the reprintof
Fig. 2 shownhere. Also, the lastsen
tence of the original caption is incor
rect. SWITCH 1of RY1 goes in parallel
across S2-b; the center terminal of
SWITCH 1 goes to the PULSE terminal
on S2-b, while the top terminal of
SWITCH 1goesto the pole terminalon
S2-b.
• The parts-placement diagram of
Fig.3 on page48 wasimproperlyreg
istered, andwasreprintedonpage35
of the May 1990 issue. However, the
power and ground leads need to be
revised.

CORRECTION

quency provides information suffi
cient to reconstitute the signal.
DAVE SWEENEY
SOMERS POINT, NJ

KEEP 'EM COMING!
I'm writing to show my support

for Robert Grossblatt's Drawing
Board series dealing with th e gener
ation of video signals . I am a student
at the University of Miami, studying
electrical engineering. After being
inspired by the first article in the
series, I went to the library to get
more information on the subj ect.
Although those sources covered the
video signal , timing, etc., none of
them discussed the hardware
needed to create those signals. I
would like to compliment Radio
Electronics on doing just that
enabling me to get first-hand expe-

You are, of course, quite right.
The article should have said either
"absolute bandwidth " or " max
imum bandwidth, " instead of sim
ply "bandwidth." Thanks for the
clarification.-Editor

15
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AS M UCH AS WE APPRECIATETHE STRIDES

that manufacturers have mad e in
packing more and more featu res
into handheld multimeters, we real
ize that it 's not always appreciated
by the professional user. If your job
calls for making accu rate vo ltage
measurement s, then a meter's abil
ity to measure capacitance, for ex
ampl e, is just excess baggage.

That seems to be the philosophy
behind th e RM S225, the newest ad
dition to th e prof essional line of
Beckm an Industrial Corpo ration
(Instrumentati on Products Division ,
3883 Ruffin Road, San Di ego , CA
92123-1898)

The RMS225 measures resistance,
and DC and AC voltage and current.
It can also test cont inuity and di ode
jun ction s. A host of special features
add versati lity to the meter w itho ut
making it more difficult to use.

The RMS225 offers f ive DC vo lt
age ranges (1.0-1000 vol ts full scale)
w it h a rat ed accu racy of 0.25%.
Three AC vo ltage ranges (10, 100,
and 750 volts) offer a rated accuracy
of1.0% for sinewaves fro m 45 Hz to 2
kHz. The accuracy for the tr ue RMS
measurem ents dec reases slig ht ly
fo r other waveforms. Six resistance
ranges (1K-40 megoh ms) and three
AC and DC current ranges (10 mA,
40 mA, and 10 amps) are also of
fered.

The meter is hou sed in a gray,

Beckman Industrial
RMS225 Professional
Digital Multimeter

A feature-packed true-RMS
meter that's easy to use.

CIRCLE 35 ON FREE INFORMATION CARD

high-impact thermo plastic case that
m easure s ab o u t 63/4 x2% x 1y4
in ch es and wei gh s less than 12
ounces. The front panel spo rts a 4
digit LCD readout w ith analog bar
graph, three pushbu tton s, a rotary
fun cti on selecto r, and fo ur input
jacks. The meter f its easily in one
hand , and all cont rols can be oper
ated by the t hum b of th at one
hand-som ething that can't be said
fo r many other "handhelds."

Menu-selected features
Three pu shbu tton s bel ow th e

LCD readout are used to access the
meter's special f unctions. Hi tting
the MENU button calls up the menu ,
and allows you to scroll through th e
selections.

Range lock is the first feature that
is menu selectab le . Al th ou gh the
meter is in an auto-ranging mode
when it is f irst powered up, it is pos
sib le to lock the meter scale to a
given range. Like all other menu se
lected features, range lock can be
de-selected w ith the C LEAR button .

Probe Hold is a convenience fea
ture that allows the user to take a
read ing wi th ou t look in g at t he
meter's display-a stable readi ng is
held in the disp lay for later viewing.
The meter beeps to indicate that it
has captured a stable reading.

A relative mode is also accessed
from the menu . That mod e allows

the user to set a reference value,
and all other readings display with
respect to that reference.

Auto Min Max is a mod e in which
the meter measures and sto res the
minimum and maximum valu es,
while displaying real-tim e readings.
It's ideal for unattended monitoring.

Using the meter
The RMS225 is very easy to use.

Altho ugh we were ini tially skeptical
abo ut the presence of a menu on a
DMM, we were happy to find that
Beckman's implementation was in
tuit ively easy to use--even withou t
reading the manual. Of course, we
do encourage users to read operat
ing manual s; thi s meter 's manual
was well written .

Unlike many oth er 4-digit multi
meters, the RMS225 offe rs a 10,000
count resolutio n- in other words,
it's maximum reading is 9999, which
results in a higher measurement res
olution. For example, you can re
solve 0.1-volt changes even when
measuring a 500-volt signal. A 3Y2
digit meter would be able to resolve
changes of1volt on the same signal.

We didn't have the opportunity to
overload the meter, but we know
th at accidents can happ en . That's
wh y we like the self-resett ing fuse
that protects th e low-current (40
mAl input jack. We also liked th e
continuou s ton e that warn s wh en
measurement s exceed the meter's
input ratings, and the lightning-bolt
annunciato r that warns the user of a
potenti al hazard wh en measured
signals exceed 25 volts.

We also did not have the oppo r
tun ity to try the protective hol ster
w ith Flex Strap that is normally sup
plied w ith the meter. (Ours was an
early produ ction model.) Besidesof
fering protection, the hol ster, with
its probe holders and st rap, can
make many measurem ents more
convenient.

The RMS225 carries a suggested
retail pric e of $149. That compet it ive
pricing should get th e meter into a
lot of hands rather qui ckly. R-E
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Now you can create daring experiments as fast
as you think of them... store them indefinite ly...

_,••,.~ expand or modify them as
needed. Best of all, you
don 't have to be a pro
grammer, because you
get an unlimited data
window with Global 's
menu-driven software
package .. .the power
of a programmable
package, without the
hassle ... simpl ified

operation with every
thing you ever need to know right
there on the screen in pop-up menu
formats. Plus, on-line help, with
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or analysis programs ...with just a single
keystroke.
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'I,~11rnkeY Protokey" 8-channel
data acquisition system ... the accu
rate, low cost solution to real time
data collection from your IBM
compatible PC...with user
friendly software included.

Sophisticated , without being
frightening. Truly functional.
Amazing accuracy. More than
mere hardware. Requires
no programming ' .:; 0

skills. And , truly
affordable at only $395.
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transducers - plus , operating software and a
complete users manual.

~~'Nl#r

d"!nJcali loll-freefor details
1-800-572-1028



DRAWING
BOARD
Video-scrambling techniques

18

TRUST ME, PEOPLE, T H IS IS THE LAST

thing I'm going to have to sayabout
video-at least for a whi le . You
know eno ugh now to make a pil
grimage to your local library and get
a lot more information than I can
squeeze into this col umn . And, in
any event, my bench has been cov
ered with video junk for a few
months now and I'm getting the itch
to start messing around w ith some
thing else.

Vi deo-sig na l scra mb li ng is the
on ly basic subject we haven't really
looked at.

Scramb ling meth ods go from the
simp le to the ridiculous, and the
ones you're likely to encounter lo
cally depend entirely on who you
happen to be getting the signal
f rom. Small cable companies use
relatively simple methods, but the
people run nin g the satell ite systems
go mu ch further because they have
less control over who can get the
signal. Last I heard , there's no law
against owning a satellite dish, but
hook into the cable without autho
rization and you 're in really deep...
trouble.

Most of the cu rrent scrambling
methods fall into one or more of the
fo llowing fo ur categories:
1. Screwing around with the sync
signals.
2. Screwing around w ith the picture.
3. Screwing around with everything.
4. Screwing around with something
else.

Wh iIe I'm the fi rst to admit that it 's
not the most informative list in the
wo rld, it's really what's goin g on . It's
also impossible to describe every
method there is because new ones
are being devised as fast as old on es
get beaten . But let's look at a few of
them.

Screwing up the sync
The most common meth od of

scrambling, and one of the oldest, is
to mess up th e horizontal sync. If
your TV can't find it , there's no way
for it to lock its horizontal osci llato r
to the beginning of each line of vid
eo . The result will be a weirdly col
ored , wavy bar somew here in the
middle of th e screen and a totally
unwatchable picture. As you proba
bly realize, the vert ical bar is the
sync portion of each line that really
belongs off to the right and left of
the screen. A line of video using this
method looks something like Fig. 1.

It takes only a simple twist of a
knob for the broadcaster to remove
the horizontal signal but, since he
wants to put it back in later, there
has to be some way to put it back
at the right tim e and the right level.
The information used to be buried
in the IF but that 's been largely re
placed with encoding the informa
tion and stickin g it in the vert ical
interval. Since the FCC eased their
control of wh at can and can't be
done during vert ical retrace, people
have found all sorts of uses fo r it.
On e of the newer w rink les in the
wonderful world of sync suppres
sion is to change the transmitted
sync level in each field of vid eo. The
amount of gain needed to pu t
things back is encoded in th e ver
tical interval. The descram bler hard
w are k nows how t o ge t t hat
informati on and, co nseq ue nt ly,
how much gain to use to restore
ho rizontal sync.

Screwing up the picture
On e method that my cable com

pany is start ing to use now messes
up both sync and picture. The basic
scrambling technique is simple and

makes the picture even wors e than
just suppressing sync. What's also
interesting is that , even though it's
newer, it's theoretically much easier
to beat than suppressed sync.

All that's done is to inver the en
tire vid eo line using 0 IRE as the
center point. As you can see in Fig.
2, horizontal sync gets stuck in th e
picture area (posit ive IRE numbers)
and picture informati on winds up in
the control-signal area (negative IRE
numbers). The TV can't find th e
hor izontal sync and, since picture
luminance and chroma are upside
down, the colors are backward .

You might think that all that hasto
be done to clean everyt hing up is to
pu t t he wh ol e sig na l through a
wideband, invertin g amp-and you
would be right-except for one
thing. If you look carefully at Fig. 2,
you' ll see a positive-going pul se im
mediately following the sync area. If
you invert the line, that spike will be
negati ve-goin g, and look some
thing like a delayed version of hori
zontal sync. The bottom line is that
it 's going to confuse the horizontal
circuitry in the TV and the picture
will still be messed up.

The way to beat the system is to
invert the picture and then run it
throu gh a circuit that does two
things: First it watches for horizon
ta l sync , and th en, du rin g th e
period that the spike is being trans
mitted, it adds a version of th e spike
that's180 degrees out of phase. That
wi ll null out the spike and leave a
restored picture.

The circ uitry needed to beat this
is simple. As a matter of fact, you
already know eno ugh to design it.
You 'll need an amp that can handl e
video frequ encies (top around 6
MHz), a sync separator, a counte r,
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I , I
frequency 100MHz

The degree of match between a 50
n source and an antenna is
obtained with the set-up illustrated
in fig. 9.The tuning , Q , and reflection
loss are available. The CPL output
with either an open or direct short on
IN is plotted as the fwd line in fig. 10.
Then the cable to the antenna is
attached, and the scope photo of fig.
10 results. The difference between
these lines is desired. The scope
indication of "37 dB" forward , " 12
dB" reverse, indicates the reflected
loss is down 25 dB at 68 MHz; (1.1
VSWR) 1/320=0.3% of the applied
power is reflected or about 99.7% of
the available power is radiated (or at
least absorbed) by the antenna .
Conversely , 99.7% of the received
power is applied to a 50 n receiver.
Since the probe can "see" a low
level, only a low radiated signal is
required. The discrete lines are
signals received by the antenna.
The logarithm ic response allows
evaluation of good matches.

circuitry to decode scrambled sig
nals is to look at th e waveform. Be
cause there are so many ways that
the signal can be screwed up, the
only piece of advice I can give you is
to use a dual-trace scope. Put a line
of plain video on one channel and
the scrambled signal on the other.
Bytrigge ring off real video , you may
be able to see a pattern.

Breaking scrambled video is not
something you can toss off between
breakfast and lunch. It takes a lot of
analysisand design. And , of course,
depe nd ing on w hat you do with
your new knowledge, you may be
risking a paid vacation in the slam
mer. That isn't to say that digging
into a scrambling technique is not
fun to do-I 'm a f irm believer in
having a good time at the bench. If
you do have an urge to try it, re
member that there's always some
patte rn to the scramb led signal.
Keep an eye out for a horizontal and
vertica l interval. A good rule of
thumb is that no matter what's do ne
to the signal, it has to be put back
toget her, and the numbers we
worked out a few months ago re
garding f ield- and frame-repetition
rates sho uld give yo u a sta rt ing
point. R-E

FIG. 2
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Screwing up everything else
All th e methods we've looked at

so far are the kinds of things you
fi nd don e by cab le companies .
They're all fairly easy to implement,
and th e circuitry to do the job (on
both ends) can be produ ced at man
ageable economic levels.

Satellite systems don't have the
luxury of an exclus ive cl ient list.
Anyone who has a dish can get their
signal so they need some sort of
scrambling that's going to be more
difficult to beat. M ost of these guys
use scrambling methods that really
tear the video apart. A system like
this is much more diff icult to break.
It's not impossible, just much more
diffi cult.

If you look at some of them on a
scope, you' ll see things that do n't
even look like video. Sync (both
hori zontal and vert ical) seems to be
non existent and the video is strange
as we ll. That's unde rstandable since
a lot of satellite scramblers change
the order of lines and somet imes
even superimpose miscell aneou s
waveforms on to p of the w ho le
mess.

The initi al stage of designin g any
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ble from 0.001 Hz to 200 kHz.
The f ilter boxes, which have
diffe rential o r single-ended
inputs, separately adjustable
input-output gains of up to
10,000, and outp ut gain ad
justable in 0.1-dB steps, can
be f ine-tu ned to su it the
user'sappli cation . Addit ional
features incl ude up to two
osc illato r o utputs, batte ry
power, and IEEE-488 control
of all paramete rs.

The 3000 Series filter-sub
stitution boxes range in pr ice
fro m $1995.00 to $3600.00.
Kro hn-H ite Corporati on,
Avon Industri al Park, Bod
well Street, Avon, MA 02322;
Tel. 508-580-1660, ext. 31.

THREADED BANANA JACKS.
To solve the problem of " not
eno ugh hands" w hi le han
dl ing tes t eq uipme nt and
makin g mult iple test contact
poin ts on te rminal bl ock s

Fl l TE R-S U BSTITUTI 0 N
BOXES. With the Kro hn-Hi te
3000 Series Flexi-Fil ters, the
respon se can be changed to
fit many applications-with
out purchasing additional fi l
ter cards. As many as four
filte r channels have indepen
dentl y variable parametersto
allow tailo ring of th eir re
spo nse. With the push of a
button , the user selects But
te rwort h, Besse l iCheby
shev, or RC responses with
attenuation slopes from 6-48
dB/octave in 6-dB/octave
steps. Each channel can be
independently set to be low
pass, high-pass, band- pass,
band-reject, amplifier only,
or any comb ination (such as
low- pass with band-reject).
Cutoff frequencies are tuna-
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gro u nd is acc u rate . Two
hi ghl y visib le lED's allow
quick ve rification of surge
protection and ground suit 
ability. The monitor also pro 
vides a plu g-in ground point
for a standard 0.175-inch ba
nana plu g that is grounded
fo r safety thro ug h a one
megohm resisto r.

The model SP-0301 spike
and-g ro u nd-a lert o ut le t
costs $29.50.- Plast ic Sys
tem s, Inc., 261 Cedar Hill
Street, Marlb oro, MA 01752;
Tel. 508-485-7390.

an-IBM PE,- XT, AT, or com 
patibl e computer,which also
serves as the host comp uter
fo r th e CDSBl05. PC inter
connect software and a mac
ro assembler/l inke r are in
clud ed w ith th e soft ware.
The interface features sym
bol ic debu ggin g of assem
b ly - la ng uage p rogra ms,
macro def in iti on and state
collection, help screens and
escape to DOS.

The CDSBI05 development
syste m cos ts $2950.00.
Motorola In c. , M i cr o 
processor Products Gro up,
6501 William Canno n Drive
West, Austin, TX 78735-8598;
Tel. 512-891 -3184.

SURGE-PROTECTED TRIPLE
OUTlET. Designed fo r situa
t ions w here electrostatic dis
charge (ESD) is a concern,
Pl as t i c Syste ms ' m o d el
SP-0301 has three surge-pro 
tected out lets conf igured in
on e unit , and also provid es
assurance that the electr ical

pe ri p he ra l c h i ps, th e
CDSBI05 takes advantage of
the 32-bit microcontroll er 's
advanced integration .

To make it completely por
table, the CDSBI05 was de
signed with alternate power
sources: eit her a universal
85-265-vo lts AC, 50-60-Hz
power supply or a 9-18-volts
DC co nve rte r. The syste m
also features a bus analyzer
th at co ntains an 8K-by-80
real-tim e tra ce buffer. The
bus analyzer can connect to
on-board non-v ol atil e RAM
that stores macros loaded in
the lab for use in the fie ld.

The included software-de
velopm ent package runs on

bri ght , stable displ ay,even of
complex signals. TV-V1 , TV
V2, and TV-H sync-separator
circuits allow optimum tri g
gering of video signals, and
alternate timebase allows si
multaneou s observat io n of
vertical and horizon tal TV
signals.

Th e m od el 1100 os 
cillosco pe costs $1545 .00.
leader Instruments Corpora
tion , 380 Oser Ave nue,
Haupp auge, NY 11788; Tel.
800-645 -5104 ( i n N Y,
516-231-6900).
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THREE-CHANNEL OS 
CillOSCOPE. For easy analy
sis of low-level and high
speed signals, Leade r Instru
men t 's model 1100 100-MHz,
three-ch ann el , du al-t im e
base osci lloscop e featu res
six -t race cap ability w i th
500-fLV maximum sensit ivity
and 5-n s maximum sweep
spee d . Other featu res in
clud e alternate trigge ring, al
ternate time base, and varia
ble holdoff. The 1100's high
intensity CRT and extensive
triggering controls provide a

signers who are developing
systems based on M otorola 's
popular family of 6BHC05
Custo me r Sp ec if ie d
Integrated Circui t (CSIC) mi
croco nt ro l le rs can d ebu g
hardware and software faster
and easier than ever before,
using the CDSBI05 develop
ment system. The first entry
in Motorola's " lewelbox Fam
ily," the afford able CDSBl05
prov ides a complete profes
sional development environ
ment in a portable 11 x 12 x 2
inch package.

The system provides real
time, non-invasive emula
tion of the microcontroller.
Time-saving features include
a window-oriented user in
terface, menu-driven com
mand s, sing le-s te p exec u
ti on , symbolic debu ggin g,
software breakpoints, con
tinuou s run mod e, and
mem ory mappin g. As th e
system is the f irst commer
cia l prod u ct ba sed o n
Motorola's 68332, which re
places the equivalent of nin e

DEVElOPMENTSYSTEM. De-
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and strips, ITT Pomona Elec
tronics ha s introdu ced a
threaded banana jack. Avail
able in three standard thread
sizes, each unit is an inte
grally machined banana-jack
receptacle and screw, with
an insulated hex-head hou s
ing. The termi nal strip jacks
thread directly into indu stry
standard barrier and termi
nal st rips.

The integral thread ed
st uds, whi ch are n ick el 
plat ed for co rros io n resis
tance and low contact resis
tance, meet or exceed th e
torque specifi cation s for th e
screws that they rep lace in
the terminal strips. The insu
lated heads are 'Y16 hex, to
match t he most co mmon
hex drivers.

Mod els 5699, 5700, and
57()7 are 6-32, 8-32, and 10-32
thread, respectively. Each is
available in seven co lo rs for
easy recogni ti on . Th e li st
pri ce is $2.75 eac h, with
qu antity d isco un ts ava i l
abl e .-ITT Pomona Elec
tron ics , 1500 East Ninth
St ree t, P. O. Bo x 27 67 ,
Pomon a, CA 91769; Tel .
714-623-3463.

TElEPHONE-NETWORK SIM
ULATORS. Tw o ad d i t io ns
have been made to Telecom
A na lys is Sys te ms ' popul ar
TAS 100 fami ly of telep hon e
network sim u lato rs. De
signed for testing modems,
fax machines, voice/data ter
mi na ls , tran smi ssio n t est
sets , and teleph on e sets,
models TAS 121 and TAS 122
are compact -too ls fo r de-
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velopme nt, reli ab ility test
ing, manu facturing, field
suppo rt , and maintenance.

The TAS 122 provid es si
mu ltan eou s bi-directi on al
simulations of trun k impair
ments, and the TAS 121 pro
vides uni-d irectional impair
ments. O n both units, im
pairmen t featu res in clude
attenuation and noi se; gain
and group-delay distorti on ;
phase jitter and frequ ency
offset ; non lin ear distortion ;
gain hit s, phase hits, and im
pul ses; and sate l l ite delay
and echo. Simulation of cen
tral offi ce (exchange) varia
bles is also provided, includ
ing loop current , ring vo lt
age, rin g fr equency, and
signaling frequenciesand ca
dences. Both models simu
late 4- and 2-w i re private
lin es and 2-w i re sw itche d
lines. Autom atic calibration
and di agnostics assure test
integrity. Standard CPIB and
RS-232C remote-co ntrol in
ter faces are provided .

Prices for the TAS 121 and
TAS 122 te lephone-network
simu lators start at

$11,950.00.-Telecom Analy
sisSystems, Inc., 34 Industrial
Way East , Eatontown , NJ
07724; Tel. 201 -544-8700.

ELECTROMAGNATIC-RADI
ATION MONITOR. Designed
to meet the rising concern
about the pot entia l hazards
of low-level electromagnetic
radiati on, Walk er Scientific's
ELF-SOD fie ld monitor is a
hand-held instrument that
provides accurate readings
instantly on a digital display.
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The ELF-SOD measu res th e
ex t ra- low - fre q uency (ELF)
electromagnetic radiat ion
that is generated fro m power
lin es, TV's, video displays,
home app liances, and ot her

Toll Free Order Line:1-800-327-5912 FU 3051771-2050 • FAX(305 1771-2052 •

Mod el UTC3000 2600 H 22 10:\ 1300ll1A

Freq . P eri o d

Function Ratio.In terval . Frequency Fre q u e n c y Fr equ ency
Avg. Prcscale

»c
G)
c
~

P rofess ional s and Hobbyist s a ll over
th e world h av e chos en DE I for 16

ye a rs ! S hou ld n 't YO U?

HANDI -COUNTERS ! ...Only from OEI!
Choose the model that fit s you r necd s..
and you r budget ! CAL L NOW!

0' __

_ I OPTOELECTRONICS
The only name in HANDI-COUNTERS

Check These Incredible Features
On The All New UTC3000
• 10Hz t o 2.4GHz R ange.

Simply am azing!
• 10 Digit LCD Displa y .

1H z res olutio n to ove r 150 MHz direct.
Read ab le in brigh t sunlight.

• R F S ignal St ren gth Bar-gr-aph.
16 Segm ent . Zero. & Full Sca le adjustment.

SEE th e input signal!
• Su per Se nsit iv ity. c lmv 1O-200l\.lHz .

<SmV to 2GHz for efficient an tenna pick up.
• 6 Funct io ns. Frequency. Peri od . Ratio

Tim e Interval, Averag e. & Prcscale .
• Hold B u tton .

"Locks in" you r exac t Measu rement FAST!
• Extr u ded Al um inum E n cl o s u re.

Designed to fit every hand.
• Priced Right! Only $3 75.

Inclu des Nicnds. AC Charge r/Ada pte r.
Or Se lect Our Most Popul ar
HANDI-CO U NTER, the mode122 lOA
tha t set the standard in han dh eld

fr equ ency cou nter technology!
Va lue Pric ed a t o n ly $2 39.

n l Hz
1.:3GH1

5179 .

HDiKit
LED

8239.

10 Di gi t X Digit
LCD LED

16 Sej.,'mt·nt
Adju stable
Ba rgraph

8325.

lO"-IHz- 10H7.·
2.4GHz :! ·Il:It ,

8375.

Sensit ivity: < 1 to <10 m\' typical . Time Ha l'lt·: =. l .ppm .: =. - ppm dd $ 75 
LED Model s: ~ .2ppm add SXO. - LCD .\ Ind(·l:<. Xicnd-, & L\ C ch:UJ:" Tf
ada pte r incl ude d . Ca r ry Case. Anten nas a nd Pr
extra" On e year pa rts & labor war ran ty 0 " II produ ts .

Price

Range loHz-
2.4GHz

RF Sig n a l 16 Segm ent
St r e ngth Adju stable
Indicat o r Bargraph

10 Dlgit
• Disp lay LCD

w/Functiou
Annunciators

5R21 NE 14th Avonuc « Ft. La uderdale . FL 3:3334
Visa , "-Ie.COD. Ca sh . ) l.O"m"('l·ptt·d . Por -ona l Ch ..ck :1111/\\ :3weeks . fl' ; .shipplll~ . Ha nd ling, t M u x i m u m S WI G.S"& Canada . 1;" , out s i d r- cnntin(·nlal l :.S .A.

In F I. add 6' . ~: lI t':; tax . Fu ll -li nt- P rod uct and Acct'~~(}ry Cat al og nvailubh- on reques t .
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eq u i p me n t. By s i m p ly
switchi ng th e un it on and
holding it where radiation is
suspected, a readi ng is in 
stant ly provided on th e 3Y2
digit di splay.

The ELF-SOD is calibrated
to measure with ± 1% ac
curacy the electromagnetic
rad iatio n generated from any
50- or 60-Hz device. It has
two sw itc h-selecta ble mea
su re me nt ra nges: a low
range from 1 milligauss to 2
Gauss, and a high range up
to 20 Gauss.

The ELF-SOD elect romag
netic-radiati on monitor has a
sugge ste d li st p ri ce o f
$225.00.- Walker Scientific,
Inc. , Rockdal e St reet, Wor
ces te r, MA 0160 6 ; Tel .
800-962-4638.

CAPACITANCE METER.
Boonton Electronics' model
7200 capacitance meter accu
rate ly measures 1-MHz ca
pacitan ce in th e presence of
loss--and measures the par
alle l cond uc tance lo ss as
well . The unit w ill compute
and display on command th e
parallel resistance, di ssipa-
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tion , quality factor (Q), the
eq u iva le nt ser ies capac i
tance and resistance, ~C,
and ~%. It features a 0-2000
pF capacitance range and a
conductance range of 0 to
2000 J.!.S . Test levels are pro
grammable from 15 to 100
mV.

Th e 7200 acce pts, mea
sures, and displays external
bias vo ltages to ± 200 V. an
optional in ternal supply pro
v ides pro grammabl e bi as
voltages to ± 1ooV. That, to 
gether w ith fast analog C, G,
and V outputs, make th e in
strument useful fo r C-V and
G-V plots of semiconducto r
devices. Wh en operated on
the GPIB bus, the C, G, and V
information is available si
multaneou sly fo r rapid data

transfer.
The mod el 7200 capaci 

t an c e m e t er costs
$4,495.00 .- Boo nton Elec
tronics Corp., 791 Rou te 10,
Rand ol ph , N] 07869; Tel.
201 -584-1077.

PORTABLE FUNCTION GEN
ERATOR. A versatile general
purp o se sig nal so u rce,
Beckman Industrial 's model
FC2A f unct io n ge ne rator
performs ove r seve n f re
qu en cy ra nges (0 .2 H z
through 2 MHz) and a very
large array of signal outputs,
includin g both TTL pul se
outputs and adjustable low
distortion sine-, square- o r
tr iangle-wave signals. The in
st ru me nt o ffe rs th e co n
veni enc e of pu sh- bu tton
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select ion of power, frequen
cy range, and wave form. It is
housed in adurable case that
has a cushioned handl e/t il t
stand and recessed areas in
the top cover fo r easy stack
in g of multip le units. Ap 
pli cati on s for th e portable
f ield-test instrum ent include
such things as testing vibra
tion , servo syste ms, audio
systems, and ultrasoni c de
vices, as well as in R&D and
in teaching electronics.

Vario us co nt rols provid e
f lex ib i l ity . The duty-cycl e
co n t ro l al lows user s to
change th e nomin al 50%
duty cycle of the signal to any
desired value, and th e DC
off set control adds a variable
DC-off set voltage to the sig
nal. The VCF inp ut, w hich
permi ts the frequency to be
contro lled w ith an exte rnal
DC control voltage, is useful
fo r ge ne rat i ng 1000 .1 or
1.1000 sweep signals.

The model FC2A fun ction
generator has a suggested
list pri ce of $215.00.- Beck
man Industrial Corporation ,
Industrial Produ cts Divi sion ,
3883 Ruffin Road, San Diego,

KENWOOD
OSCILLOSCOPES

I10DEl CS-402 5
2011Hz, Dua1 Channel
Osc il loscope .
REG . $495. 00

SALE $349.95

~!!e~n~~.
8931 8rookvi11 e Rd.
Silver Spring. NO 20910
(800)638-2020 (301)587-7824
FAXI 301-585-5402
EASY ORDER FAX LINE (800}545-0058

800-638-2020

IIlOEL C5-513O
4011Hz , Dual Channel .
4-Trace , Delayed Sweep .
REG . Sl 095.0 0 SALE $899.95

IUlEl C5-5170
100 11Hz , Dual Channel.
4- Trace . Delayed Sweep.
REG . $1695. 00 SALE $1399.95

IUlEL CS-6010
IDO 11Hz. 4 Channel,
10· lra« . Dela yed Sweep.
REG . S1995.0 0 SALE $1699.95

IIlOEL CS-602O
ISO HIlz• • Channel ,
lO-T r ace , De l eyed Sweep.
REG . S239' . 0,) SALE $1999.9 S

IUlALOG osc ILLOSCOPES WID REAOOlIT

IIlOEL CS-S13S
4011Hz, Dual Channel.
Oela yed Sweep.
REG . $895.0 0 SALE $719.9 S

IIlOEL CS-5155
50 HIlz. 3 Channel ,
6- Tra ce , Delayed Sweep.
REG. S995.0 0 SALE $819.95

IUIEL CS-5165
60 HIlz, 3 Channel,
6- Trac e , Delayed Sweep.
REG . $1095. 00 SALE $899.95

IIlOEL CS-215O
I SO HIlz, 4 Channel,
8- Tra ce. Dela yed Sweep.
REG. S2395. 00 SALE $1495.9S

IUlALOG OSCILLOSCOPES 1I/REA1lOOT/tURSORS

TUNING FOR
SHI PPI NGMODEl RA NGE CHA NNELS PASSaAHO PRICE

23H 50-66MHz 2.3 lor 6 meter ham! 50-300MHz "n NO
46FM 66·106MHz ~. 5 , 6 or anv FM 50·300MHz "n SHIPPING
1417 120·144 MHz ! 41A115/Bl 16IC117lDl 50·400 MHz l30 or

1822 18(E) I 9(F) 20(G) 21(H ) 22 (I)
C.O.D.

144·174 MHz 50-400 MHz $30 CHARGES

713 174·216 MHz 7.6.9.10.11.12.13 50-400 MHz $30

star Circuits
P. O. Box 94917

Las Vegas , NV 89193-4917

1 -800-433-6319

3 for $75 • 10 for $200 • mix or match
CALLTOLL FREE FOR C.O.D.OR SEND CHECK TO ORDER

FAST DELIVERY
30 DAY MONEY BACK GUARANTEE (3 FILTERLIMIT)

• ATTENU ATION· 45 dB TYPIC AL
• BANDW IDTH · 4 MHz AT 5 dB POINTS
• INSERTION LOSS· 2 dB
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CA 92123 -1898 ; Tel .
619-495-3240.

NTSC-PAL-SEC AM TV /
MONITORIVCR. Incompati
bl e TV-bro ad cast in g sys
tems-NTSC, PAL, SECAM
have created probl ems in in
ternational communications
for years. The M ulticombo
and Supe r Multicombo TV/
monitorlVHS VCR's all ow
PAL tapes to be enjoyed with
no loss of qu alit y. Ten-Lab
describes th e units as the
f i rst " b u i lt - i n, up -d at ed
American (NTSC) vid eo cen
ters th at have fo reign sys
tems capabilities."

CIRCLE 19 ON FREE
INFORMATION CARD

Both cable-ready sets are
available in either 20- or 27
inch sizes, and feature 155
channels, w i re less remote
controls, double multi-fun c
tion on-screen colo r display,
h i- f i ste reo so u nd, MTS
broadcast stereo decod er,
and two buil t- in full -range
speakers. The M ulticombos
provide play-b ack of NTSC
and PAL vid eotapes in color,
and SECAM pl ayback in
black-and-white. The Super
M ult icombos also allow PAL
and SECAM recordin g (in full
color), as well as PAL and
SECAM monitoring (pAL in
color, SECAM in B&W). For
the proper colo r,video quali
ty, sound linearity, and syn
chro nism, the sets provid e
525 lines, 60 Hz fo r NTSC and
625 lines, 50 Hz fo r PAL.

Th e 20- a n d 27 - i nc h
Multicombos cost $1345.00
and $2495.00 and the 20- and
27-inch Super Multicombos
cost $2100.00 and $3200.00,
respectively.-Ten-Lab Multi
system Video Products, 11064
Mi ssissippi Avenue, Los An
ge l e s, CA 90025 ; ·Te l.
213-473-66551.
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SYNTHESIZER/CLOCK GEN
ERATOR. Designed for engi
neers who require an affo rd
ab le , ba si c fr equ en cy
sou rce , N ovatech 's 290JA
synthesizer/clock generato r
offe rs 10-ppm accuracy, sta
bility, good spectral purity,
and low harmoni c di stor
tion. The instrument's out
put frequ ency is adju stable
from 200 kHz to over 32 MHz
with 5-digit resolution. Sine
wave and TTL-co mpat ib le
outputs are available on the
fro nt pan el. The sinewave
output ampli tud e is adjusta
ble from 100 mV to 1.1 volts
peak-to-peak. The 2901A also
has an auxili ary sinewave
tracking output on the rear
panel that is eq ual to th e
fro nt-panel sinewave output
plu s 128 M Hz. The un it is
hou sed in a co nve n ie nt

bench-to p case with t ilt- up
bail.

The Novatech 2901A f re
quency synthesize r/cl ock
generato r co sts $750.00. 
Novatech Instrument s, lnc. ,
1530 Eastlake Avenue East,
Suite 303, Seattle, WA 98102;
Tel. 206-328-6902.

THREE-WIRE CIRCUIT ANA
LYZER. A. \t\I. Sperry's easy-to
use, hand-held circuit ana
lyzer, mod el CA-300A, .warns
against faulty w iring in 3-w ire
receptacles. As soon as the

::'. 000
:::.... 0 00
lI!t · .... OOO
=_00
=_0 0
",,·,<t 000
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Cut Your Video
Servicing Time

by 54%*

$3,495
Patented

With The Market Proven VA62A Universal Video AnalyzerTIf

»
co
c
tn
-i
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You can prove it to yourself, in your shop, absolutely risk free
and share in the profits successful video servicing can bring. Call
1·BOO·SENCORE (736.2673} and ask about ourexclusive
VA62Ainstrument evaluationprogram. Tech-Tape Video Preview
and FREE full line color catalog are also available.

SeNCORe®
3200 Sencore Drive, Sioux Falls, SD 57107
100% American Made

CIRCLE 185 ON FREE INFORMATION CARD

Are you finding it tough to service today's hi-tech VCR and TV
circuits? Successful video servicers have toldusthat, to them, the
new technology meant lostprofitand troubleshooting grief until
they tried the VA62A's timetested, functionalanalyzing methods.
The VA62A cuts servicing time and increases profits . . .'

' Basedona nationwide survey of users who reported an averagetime
savings of 54% compared to theirpreviou~ test equipment.
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can be used manuall y or re
motel y to co ntro l o n/off
fun ctions as well as to dim
lights.

A keychain -size tr ansmit
ter cont rols both funct io ns
from a dstance of up to 50
feet away.

Th e tran smitter, wh ich
uses UHF radio techno logy
on coded channels, can han
dle up to 400-watt incandes
ce nt bulbs i n indo o r o r
outdoor setti ngs. (For exam
ple, a porch or garage light
can be contro lled from with
in a car.)

All kinds of hou sehold de
vices can also be manually
turned on and off, and lights
dimmed, using th e perm a
nentl y installed wall swi tch.

The model 72-320 remote
control/wall switch wi th the
included light-dimmer func
tion fits in a standard-sized
electrical box. It has a sug
geste d r e t a il pri c e of
$39 .95 .- M id land Interna
tio nal Corporation, Consum
er Communi cations Di vi 
sio n, 1690 North Topp ing,
Kansas City, MO 64120; Tel.
816-241-8500.
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un it is plu gged in , a succes
sion of yellow and red indica
tors signal exactly w hich wire
in the receptacle is the defec
tive one.

The CA-300A will not nor
mally trip a GFCI (Ground
Fau lt Circui t Interrupter). It is
int end ed for use on 110- to
125-VAC circuits.

The CA-300A3-wi re circuit
analyze r costs $4.50.- A.W.
Sperry Instruments, Inc., 245
Marcus Blvd., Hauppauge,
NY 11788; Tel. 516-231-7050.

REMOTEIWALl SWITCH ON/
OFF CONTROL For security
purposes, or just for th e sake
of conv en ience, the versatile
model 72-320 from Midland

800-638-2020

mDEL 2522
Osci1 l os cope , 20 HHz.
10 HS /s . Dual Trace . DSO.
OLO LIST $1495. NEW LIST $995.

~!!e~~~.
8931 Brookville Rd.
Silver Spring, III 20910
(800)638-2020 (301)587-7824
FAX (301)585-5402
E l Order Fax Line 1-800-545 -0058

ONLY $83595

IlOOEL 560
Prog rafll11able In/Out
of Circuit IC Tes t er .
REG . $3500.00 SALE $2940. 95
FREE AK-560 SOFTllARE! !!
FREE 1541A or 2520 Scope!! !

COHPLETE B5!: LINE AVAI LABLE
"CALL FOR YOUR PRICE QUOTES·

MOOEL 2120
Osc i 11oscope , 20 MHz.
Dua 1 Trace .
REG. $549.00 SALE $374.95

MOOEL 154lA
Osci 11oscope, 40 HHz .
Oua1 Trace .
REG. $845. 00 SALE $597.95

MOOEL 2160
Osci 11os cope • 60 HHz. Dua1
Tra ce w/Delayed Sweep.
REG . $1099. 00 SALE $874.95

IIlOEL 388-H11
"Tes t Bench," 41 Rance , 3~

Digi t. Mul ti f unct i on- DMM.
REG. H29 .0 0 SALE $99.95!
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EQUIPMENT, TOOLS & SUP
PLIES FOR ElECTRONIC
MAINTENANCE AND SER
VICE 1990 (Volume On PRint
Products International Inc. ,
8931 Brookvill e Road, Silver
Spr ing, M D 20910; Tel .
800-638-2020; $2.00

~__~ 1990

e.MClufl'ooIl,..."-"t
EQUIPMENT, TOOLS I MIl.l'ft,I,/G " emOF STAn:
SUPPLIES FOR ELECTRONIC ~nD

MAINTENANCE & SEIlVIC E LOCAL tU

.~:~..;..:;.;~ '=--:-;:_ 511.'''4 ::;:~N

:~E'ft~.;.~~r:;..":,~ I :: ~f.'" 1OO.s:::~:

--=-....::-.::.=......--=-- ...
M8 1·25O
Ttl. N.rt a.n.r. rion
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PRint Produ cts' 1990 cata
log contains a w ide select ion
of produ cts fo r elec t ro nic
tro ub les hoot ing, main te
nance , and repair. Several
maj o r man ufactu rers are
rep rese nted. Some of th e

. items featured in the 64-page
brochure are Pace desolder
ing and PC-bo ard rep air
p ro d ucts; Leader, Hitac h i,
B&K, Kenwood , Simpson,
Beckman, and Hameg test
inst ruments; too ls and sup 
plies from Coo per,Crescent,
We lle r, and Xce li te; and
PRi nt's own line of tool cases.

COOL-AMP/CODUCTO
LUBE BROCHURES. TheCool
Amp Conducto-Lube Co. ,
8603 S.W. 17th Avenue, Port
l and , O R 97219 ; Tel .
503-244-2230.

These two booklets high-

CIRClE 25 ON FREE
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light th e uses of Conducto
Lub e, an elect rica l ly co n
du ctive lubri cant , and Cool
Amp , a product developed
fo r si lve r-p lati ng hi gh- am
perage connectio ns on the
job . O rig inally developed fo r
high- speed air-blast break
ers, Conducto-Lube is highly
conduct ive because it con
tain s pu re si lver, Power

losses and overheat ing can
be reduced using Cool-Amp,
whi ch deposits a coat of sil
ver that provid es lasting pro
tection against ox idat ion. It
is w idely used in rad io and
TV stations.

HIGH DEFINITION SUR
ROUND SOUND; by Herbert
I. Gefvert. Audio Video Tech
nolog ies, Inc., 60 East Ida,
Antioch , IL 60002;
312-395-6 321; $6.00,
postpaid; $10.00 with room
templates.

This fact-f illed guide, w rit
ten to help those wh o plan to
install a surround-sound sys
tem to select the best fo rmat
fo r th eir li st enin g room s,
covers all aspects of sound
theory. All of th e various sur
ro und-so und fo rmats are
discussed, including Dolby,

24
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Sony SRS, Lucas THX, and
Audio Video Technolo gies'
own O mnisound. Dispelling
the idea that surround so und
re quires spe ndi ng a lot o f
mon e y a nd so ph ist ica te d
e lectronic compo ne nts, the
bookl et explains how effec
tive surround so und can be
accompli shed withou t using
decoders and black-box am
plifiers. To help the reade r
custo mize a syste m to his en
vironment, roo m te mplates
are available .

THE ABC's OF DMMs. John
Fluke Mfg. Co., Inc., P.O. Box
909 0, Everett, WA 98 206;
1-800-44-FLUKE; free.

Offe ring a sho rt co urse o n
the o pe ratio n, capabilities,
and selection of a digital rnul
ti me te r, t hi s 16-p age br o
chure can also be used as a
q uick-refere nce gu ide . It
fe at u re s sect io ns o n th e
common uses of the instru
men t-AC- and DC-voltage

F L U KE

CIRClE 27 ON FREE
INFORMATION CARD

mea surem ents; resistance,
co ntinuity, and diode tests;
and DC- and AC-current
measurem e nts. In add ition,
multim e ter safety is d is
cusse d , and accessories are
descr ibed. Each section of
the bo oklet is clearly illus
trated and includ es a glos
sary of electronic and multi
meter-related term s.

THERMAL MANAGEMENT
SOLUTIONS: HIGH POWER
FABRICATED EXTRUSIONS.
Aavid Engineering, Inc., One
Kool Path, P.O. Box 400, Lac
onia, NH 0 3247;
603-528-3400; free.

This so lut ion-o riented il
lustrated catalog describes
Aavid's full line of fabricated
extrusio ns for cooling high
p ower se m ico n d uc to rs .
Standa rd and customized ex
trusions are offered for vir
tually all medium- and high
power d ev ice s , includin g
powe r modules and stud
mount devices, tran sistor s,
rectifiers, GTO's, and SCR's .
Extru sions for cooling DC
to-DC co nverte rs and press
pack (hoc key puck) devices

AAVID ENGINEERING. INC.
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are also covered. The catalog
includ es detail ed dimen sion
drawin g s , perform ance
curves, and.mounting speci
fications. The extrusions are
ava ilabl e in a vari ety of
a no d ize d and chromate
finishes.

1990 DATA ACQUISITION
AND CONTROL CATALOG.
Analo g Devices, Literature
Center, 70 Shawmut Road,
Canton, MA 02021; 1-800-4
ANALOG; free.

In its 258 pages, this cata-

THE HOUSE SITTER THAT
DOESN'T NEED A KEY

Use the keyboard to set
emergency phone numbers. high
and low temperatures. listen-in __
time and more I
ALERT/CANCEL key
cancels automatic dial-out.
allows you to answer phone ,

WHAT IS key lets you
listen to f unction
settings and dial-out

numbers ------~;I;iiiiiiiliiiiili

Use the keyboard to
___ask for information

SET key allows you
to change previous

, settings

SENSOR ON/OFF key
chooses the functions

,- - _ to report

ONLY
$129.95

Dials Out In Alert Conditions
Set the unit to call out to your office, neighbors' and rela
tives' to announce any alert conditions that are outside
preset limits. Up to four numb ers can be programmed.

Order Toll Free 1-800-253-0570
The SD-623 0 House Sitter is yours for only $ 129.95*. To
order , call toll-free 1-800-253-0570. VISA, MasterCard,
American Express or your Heath Revolving Charge card
accepted. Use order code 601·015 .

" T his is 555- 3210. Alert condition is OK. Temp erature
is 65°. Electricity is on. Sound level is OK." Monitorin g
your home from work or a vacation spot is made easy
with the Heath/Zeni th Hou se Sitter Security Monitor/
Dialer.

M onitors You r Ho me
When you call, the House Sitter will report on the AC
electric power, the room tem perature - compari ng it
with high and low limits you've already set, loud noises
such as burglar alarms and fire alarms, the unit' s own
battery backup condition, and an additional alert condi
tion. You can even listen to the sounds in the room
using the built in microphone.
0 1990. Heath Company
Subsidiary of Bull Data Systems. Inc.

See our full line of electronic products for
your home in the Hea thkit catalog - call
1-800·44·HEATH for your FREE copy.

"Price does not include shipping and handling. or applicable sales tax.

Benton' Harbor , MI
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DATA CO NVERSIO N PROD
UCTS SHORT FORM CATA
LOG 1990. Micro Networks/
Un itrode, 324 Clar k Street,
Worcester, MA 016 06;
508-852-5400; free.

This 12-page booklet pro
vides an overview of data
co nvers ion p ro d ucts f or
high-end-industr ial and mili
tary /aerospace app lications.
It co ntains more than 75
product groups, organ ized

,.. t-Irr........A.nItf /

log provides complete prod
uct descriptions, co nfigura
tion charts, b lock diagrams,
specifications, and p r ici ng
for se nsor-to- host su b 
systems . Featured are prod 
ucts such as modular signa l
contro lle rs, PC-compatibl e
data-acq u is itio n adapte r
boa rds, distributed data-ac
qu isition and -con t rol hard
wa re, and a va riety of
applicat io ns software. A
he lpfu l t utorial and refer
ence section gu ides use rs
through the selection and
co nfiguration process.

lL.- ·~iilP-· ;j " :.e ...·~,.. . - I

~ .~ .' .J ..

CIRCLE 127 ON FREE INFORMATION CARD
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CABLE TV CONVERTERS AND DE
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD -$79 .00 M3 5B $69.00 DRZ -DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
otherproducts. Dealerswanted. FREECATA
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.
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SIMPLYSNAP THE WAT-50 MINIATUREFM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away!Adjustable from 70-130MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S+H. Freeshippingon 2 or more!COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914)232-3878.

A VIDEOPHONE CHIP, DRAM, NO etc. (6
chips & discretes), capture any NTSC video
picture and sends it over the phone in 12
secon ds . It displays on any com pos ite
monitor or TV (VIA VCR). It is offered, pres
ently in KIT form. The CONTROL chip ONLY,
and schematic are available for $59.95. from:
PMC ELECTRONICS, Box 11148, Marina
Del Rey, Calif. 90292.
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LOW COST PC LOGIC ANALYZER. De
signed for students and hobbyists working
with 5V TTl/CMOS signals in the Khz range.
36" data cab le-eight channels, exte rnal
clock, ground. Selectable trigger & clock
edge, internal clock (1Hz-100Khz). Full-fea
tured software, state table graphics, file/print
utilities, etc. Over100,000 samples/sec on 12
Mhz AT. LA1-$99.95. PHOTRONICS, INC.
109 Camille si., Amite, LA 70422 (504)
222-4146.
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THE MODEL WTT-20ISONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with
crystal clarity. Telephone line powered- never
needs a battery! Up to V. mile range.Adjusta
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S + H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $940.00 per each insertion.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

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

.:..".,6
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into easy-to-rea d specif ica
tions tabl es. It includes d ig
ita l -to -a na log co nverters,
analog-to-digita l-incl ud ing
samp ling and m ul t i-ch an
ne l-converters, and data 
acqu isition systems. A broad
selection of track/hold ampli
fiers is h igh lig hted. R-E
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Goon-line with
the exclusive NRI
network

your modem, and
you're ready to put
your system on-line
with a world of elec
tronic information.

FREE 100-page catalog tells more

Your NRI training
continues by giving
you excitingreal
world experience in
data communications.

Having completed your data communications
system, you actually take it on-line to "talk"
to your instructor and other NRI students,
complete a finalproject by computer link, and
leave messages on the NRI Bulletin Board.

Step by step, NRI gives you a complete
hands-on understanding of the technology
that's powering today's booming electronic
information industry. Step by step, you get
what it takes to start a high-paying career as
today's in-demand data communications
technician!

Send today for NRI 's big, 100-page, full-color
catalogdescribingevery aspectofNRI's
hands-on training in data communications,
as well as at-home training in other fast
growing, high-tech career fields.

If the coupon is missing, write to NRI
School of Electronics, McGraw-HillContinuing
Education Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

I----------------~

I ..~.School of For eareer courses I'-I'f/IC. Elect ronics approved under GI bill
I McGraw-HilI Continuing Education Center 0 check for details I
I

4401 ConnecticutAvenue, NW ~',~ I
Washington, DC20008 I~nl.

I ~ Checkone catalog only 0 Computer Programming I
I

0 Electronic Music Technology I
o Data Communications 0 Cellular Telephone Servicing

I 0 Computers and Microprocessors 0 Securi ty Electronics I
o Robotics 0 Digital ElectronicsServicingI 0 TVN ideo/Audio Servicing 0 Basic Electronics I

I Nam e (ple ase print ) Age: I
I Address I
I . . I
Lcny~t2t~~_~rOO~~ Me~er NOO~I ~~ &U~ COO~_~~~

At this point in your training, you're sent the
new IBM PC/XT compatible Packard Bell
VX88computer. Following NRI's clearcut in
structions, you easilymaster your computer's
powerful operating functions, then move on
to build your own complete data communica
tions system.

Youbegin by programming the RS-232C
communications interface built into your
computer , givingthe Packard Bell the power
to transmit data over serial lines. Next you
construct a high-quality
breakout panel, an indis
pensable diagnostic tool
you use to examine and
test the internal workings
of your interface.

Then, completing your
state-of-the-art system, you
power up the 2400 baud
modem included in your
course and take it through
a series of comprehensive
tests and demonstrations.
In no time, you have a firm
understanding of the data
conversion system built into

Discovery Lab- circuits just like
those in today's data communications
equipment .

And that's just the beginning. With a
solid foundation in electronics behind you,
you're ready to build your own powerful data
communications system.

Breakthrough trainingincludes
512K computer, 2400 baud modem,
communications software, breakout
panel, muchmore

Your NRI training starts with the electronics
fundamentals you need to understand and
serviceall data communications equipment.
As you assemble your NRI DiscoveryLab@, a
complete breadboarding system included in
your course, you perform experiments and
demonstrations that show you electronics
principlesat work firsthand.

Quicklymoving on, you use NRI 's pro
fessional digital multimeter to take voltage,
current, and resistance measurements, testing
a varietyof circuits you build on your

It's a fact: The hot jobs in electronics today
are in the electronic information industry.
An explosion in new technologies is turning
desktop computers into high-powered, high
speed data communications systems-making
it possiblefor computers to talk to computers
the world over.

Already, electronics technicians trained
to install and service the new data com
munications equipment demand and get
525,000, 530,000, 535,000 a year and more.

Now with NRI, you get hands-on data
communications know-how, so you too can
cash in on today's multibillion-dollar elec
tronic information industry. NRI's ready to
help you succeed now with new at-home
training featuring a powerful data com
munications system you build, program,
operate, and keep!

NRI trainsyoufromthe basicsonup
giving youeverything youneedto geta
faststart in datacommunications

NRI's newData
Communications
traininggivesyouthe
high-tech, hands-on
skills indemand in
today's explosive new
electronic information
industry. Nowwith NRI,
youactuallybuildand
goon-linewith your
ownpowerful data
communications
system, complete with
IBM PC/Xl-compatible
computer, 2400 baudmodem,
communications software, breakout
panel, test instruments, andmore!

Get hands-on training for a high-paying
career in teday's booming electronic
information industry as you build
your own complete data
communications system



YOUR NEARBY SOURCE FOR HOBBY AND REPAIR ELECTRONICS
Over 7000 Locations in the USA-NOBODY COMPARES!

Try Our Special-Order "Hotline" Battery special-Order Service

ICs, Crystals, Tubes , Lots More

Your Radio Shack store manag er can spec ial
order a wide variety of parts and accessori es
from our warehouse-vacuum tubes, ICs, mi
croprocessors , phono cartridges and styli,
crystals, even SAMS Photofacts'" manuals.
There are no handling charges or minimum
order requirements-just fast delivery to our
store near you.

Quiet and
Efficient

Protect your equipment! This 4" fan oper
ates on 120VAC and provides about 65 cu
bic feet per minute airflow. It's easy to
mount and rated 11 watts. *273-241

Hundreds of Types
Available Now

In addition to our large in-store
stock , Radio Shack can now
suppl y alm ost any currently
manuf actur ed batte ry-even
special communications bat
teries for walkle-talkies and
pagers. Batteries are sent from
our main warehouse to the
Radio Shack near you . Never a
postage charge!

(1) o-sue Pin Crimper. Crimps *20. *2 4
and *2 8 pins. *2 76-1595 9.95
(2) IDC Tool. Attaches IDC-type plugs to
flat cables. *2 76-1596 . . . ... 12.95

r(2)

(1) Therm istor. N271-110 1.99
(2) 0.1W Trimmers. l k. N271-280; 4.7k.
*271-281; 10k. *271-282; 47k, *2 71-283;
lOOk, *2 71-284 . . . . . . . Each 49c
(3) Color -Code Decod er. N271-1210. 69C

(2)
(1)

(1) 72·Posilion Board. Great for a variety
of projects. Popular .100" contact centers.
4'/2x 5" h .7 *276-192 4.99
(2) Socket for Above. N276-1452 4.59

Car Connectors Tran and Choke project Box Security Switches

TransmiUer Case. Ideai for an RF or infra
red control. beeper or portabie device. Du
rable molded case has a removable end
panel and compartment for 9V battery.
3"1, x 251, . x 1:' *2 70-293

(3)

(2)

(1)

UL Listed

(1) Normally Closed , N49-513 .. . 1.29
(2) Tamper Switch. For alarm panel or si-
ren. Normally open. N49-528 1.59
(3) Panic Switch. N.O. N49-517 1.49

. - -~----

Only

399

(1) 899

(2) 99<: ....i!iiiii
(1) Powe r Transformer. 120VAC primary.
Secondary is 18VAC. 2.0 amps. center
tapped. 2"1, x 2'/, x 27 N273-1515
(2) 0.1 mH RF Choke. N273-102

(1) 139

(2) 139

(3) 199

(1) Solderless Motorola-Type Plug . Fits
car radios and many scanners. *2 74-709
(2) Solderless Jack. N274-710
(3) Lighter Outlet DC Plug . *2 74-335

prewired Temperature Module Connectors for Test Equipment

(7)

(6) _

(5) & " -

(4) FlexBanana Plugs. H274-730. Set Df2/1.69
(5) 'GatDr Adapters. H270-354 . . . Pair/1.B9
(6) Mlnl·Hook Adap ters . Fit test probe
tips. H270-334 . . . Palr/2.59
(7) Micro Ftat Test Clips. 1 red, 1 black.
H270-336 . . . Set of 2/1.19

4-in-1 SOldering TOol

(i)

A lIafl,e.llIaek
M E R ICA'S

'FECHNOLOGV
S'FOREsM

Provides up to 60 minutes of operation and refills with
butane lighter fuel. N64-2161 29.95
2.4 mm Replacemen t Tip. H64-2162 9.95
1.0 mm Replacement Tip. N64-2163 9.95
Blow Torch Tip, H64-2168, Heat Blower Tip, H64-2169. and
Hot Knife Tip, H64-2170 are available on special CMC
order Each 9.95

(3)

(4) ......~a.

(1) Sold erless Male BNC. For RG·58 ca-
ble. *2 78-185 3.59
(2) 90· BNC Adapter. N278-116 3.99
(3) Stackable Banana Plugs. Built-in jack
for "c hain" hookups. Solder type. One red.
one black. N274-734 ... Set of 2/1.59

(1)

Great for Tight Spaces

Data-hold button freezes display and lets you re
move teste r for easy readi ng . Has conti nuity
sounder, low-battery ind icator and overload pro
tection. Measures to 400 volts ACIDC and resist
ance. Includ es batteries. manual . case . #22-165

Autoranging Probe DVM

3995

You can use it "as-is" for a thermom
eter. Or, add switc hes to select F or C
disp lay and simple circ uits to control
a buzze r, LED, fan or heater at preset
temperatures . Automati c att ic ex
haust fan cont roller is just one possi
ble application. 1/2" digits. Range;
-40 to +1 20° F. 2"11ax ,ole x 1'/e:'
Requires " AA" battery. Low current
drain . With complete data. #277-123

. - ..

Pas. Type Cat. No. Each

25 Male 276-1 429 2.49
25 Female 276-1430 2.99

Just Add
Battery

---Gold-Plated Contacts

Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Corporation.

Over 1000 items in st ock ! Binding Posts, Books, Breadboards , Buzzers, Capacitors, Chokes,
Clips, Coa x, Connectors, Fuses, Hardware , ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Recti f ie rs , Resistor s, Switches, Too ls , Transformers, Transistors, Wire , Zeners, More!

CIRCLE 78 ON FREE INFORMATION CARD

Pas. Type Cat. No. Each

Male 276-1427 .99
Female 276-1 428 1.19

Crimp D-sub Connect ors

CfJ
~
z
oa:
f0
G
w
...J
W

o
o
-ca:
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scan lines a re d isplayed, the
other in which the odd scan lines
are displayed. Our board ca p
tu res the even field.

Fi gure 1 s h ows a block di
agram . The video signal is ap
plied to a differential video ampli
fier (lCll that serves two pur
pos es : signal gain and noise
rejection. The video a m pli fie r
must have sufficient bandwidth
for the application. We chose an
LF353 dual-FET input op-amp; it
has a 4-MHz bandwidth, which is
en ough for our application. The
output of the video amp drives
the sync separator (lC2) and the
video DC restoration block (lC3
and IC4).

A National LM1881 is the hub
of the sync separator. (see Fig. 2).
That IC is a video engineer's de 
light, as it provides composite
sync, vertical sync , odd/even
frame detection, and burst-gate/
b lack-level timing in form a ti on .
The odd/even fra m e signal is
used to detect and capture the
even frame, since this frame has
a full line of video on line one. The
black-level timing signal is used
by an LM398 sample-and-hold
amplifier (lC3) to sample the vid
eo for its black-level reference .
This level is later subtracted from
the amplified video to fix the ref
erence level at ground for subse-

I quent digittzation.
The subtraction process leaves

us with a ground-referenced vid
eo signal with an amplitude of
about 3. 3 volt s at the white level,
just right for digittzatton by NO
converter ICI 3.

To digitize the incoming video
at the frame rate, a flash NO con
ver ter must be used. Other typ es
of NO converters (such as the
com mon successive-approxima
tion type) are too slow to digitize
s ix bi ts of informa tion in the 200
ns required by th is applicat ion . A
flash A/D converter has 2 n m i 1

comparators s o that a conversion
can be done in one clock cycle.
The low phase of the clock initi-

1:3 a tes convers ion, a n d the high
~ phase transfers the data to the
a: capture memory. In our case ,
tl n = 6.
w
u:J The dt gittzatron hardware is
o controlled by software; the two
o com mu n icate via a two-b it com-c
a: mand latch that together with
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the si x data bits occu py several
addresses in the PC's I/O s pace.
The two command-latch bits are
con nected to data-bus lines DO
an d 01. To av oid co n flic t with
other boards, the I/O address is
configu rab le vi a a pair of a d 
dress -s election jumpers (JU6
an d JU7) that allow you to select
one of four base addresses (02EO,
02FO, 03EO, and 03FO). The cir
cuit occupies four addresses in
the I/O space, but only two a re
actually used.

The software checks for th e
presence of the image-capture
board in a PC as follows : First it
writes to the command latch
(sets DO and 01 high) and then
reads back the data port (lCI6 )
and checks the two h igh bits (D6
and 07). That bit displacement
ensures that the software finds
our card and not any others.

The decoding s ch eme is imple
mented by ICI7 , an eig h t -b i t
magnitude comparator
(74HC688 J, and ICI8 , a triple
three-input OR gate (74HC40 75 ).
The la tter provides three out
puts: WRO, which is used to clock
the command latch ; WRl, which is
used to reset the pixel counters;
and ROO, which is used to read
captured data into the host PC.

The command latch consists of
both halves of IC19, a dual-D flip
flop (74 LS 74 ). The two bits of
this latch control the two operat
in g modes of the card: capture
and read. We'll discuss each in
turn.

Capture mode
To initiate a capture, the soft

ware first reset s the pixel cou n
ters and th e line c o u n te r s
(IC9-12) by writing to the base
address plus one. After reset, the
board is ready to take a picture.
To do so, a capture request an d
the start of an even frame must
be synchronized .

Synchronization is accom 
plished by writing ones to the
com man d latch. Doing so dr ives
the Q output of ICI 9- a high,
which in turn clocks a capture
reques t into IC8-a , a dual-D flip
flop. Its output en ables the ou t
put of the gated os cillator an d di 
vid e-by-four circuit (XTALl , IC6,
an d IC7) , which ' clocks the N O
co nve r ter (lCI 3) . Th e en ab led

Resistors _

A ll resi stors a re Ifl-w a tt. 5% u nless
otherw ise noted .
RI 75 oh ms

R2, R3 5 11 ohms. 1%
R4 , R 5 2:300 ohms, 1%

R6 390 ohms

R7 150 ohms
R8 680.000 ohms

R9, Rl4 1000 oh ms
RIO--Rl3 10.000 oh ms . 1%

R15, Rl6 330 oh ms
Rl7 2200 oh ms
Rl8 220 oh ms . %

wall
R19, R20 5 100 oh ms

Capacitors _

CI, C2 150 pF

C3, C8 0 .22 f.l.F. metal
jilm

C4, C5 0 .1 fll': m etalfilm

C7 68 pI-:disk

CIO O.lfll': disk
C6, C9, CII 1 IJ.F
C12 -C22 0.01 }JF. d isk

C23 22 pF

Semiconductors _

ICI,IC4 LF353N d ual bi-
FBT op -a tnp

IC2 LM1881N vIdeo
sync separa tor

IC3 LF,'398N FET
sa mp lel1lOld a mp lifier

IC5 74L804 hex
inverter

IC6 74LS OOquad
two -inpu t NAND gate

IC7,ICI9 74LS74 duai-D
j lip:11op (National S emiconductor)

IC8 74HC74 dual·J)
.flip j lop

IC9-ICI2 74L5193
synch ronous upldown binary cou nter

ICI3 MP7682JN 6-btt
fl asi: AID converter

ICI4,ICI5 .4,'3256-15 32K x
8 static RAM. 150 ns

ICI6 74L5244 tri-st ate
octai bt!fJer

ICl7 74liC688 8 -b it
m agnitude comparator

ICI8 74liC4075 triple
three-i nput OR gate

DI, D2 .1N4148 switch ing
d iode

D3 1N5226B. 8 .3-voll
Ze ner diode

Other components _
JI PC· mo u nt RCA

video con nector
JUI, JU2 not used
JU3-JU8 sing le-row 2 -p tn

header
XTALI 20-MHz crystal
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Fig. 1. BWCK DIAGRAM. Theframe grabb er cons ists ofa vi d eo c ircu it . a clock /cou nter
c ircu it. a bus in terfa ce , the A /D conv erter, a nd 64 K ofstatic RAM .

clock s ignal (via p in 6 of IC6) also
dri ve s t he pi x el co u n te rs
(IC9-ICI 2 ) when the secon d bi t
(pin 9 of lC19) of the command
latch is high.

At this point , the N O convert
er's outpu t is enab led a n d the
ou tputs of the capture memories
are disabled, there by giving the
O/A conver te r control of the local
dat a bus . When a high from the
pixel clock is presented to the N O
con verter, a con version is com
pleted . Then , whe n the pixel
clock goes low, the data is trans
fer red to the output buffers of the
N O an d presented to the captu re
memories . When the p ixel clock
again goes high , the rising edge
of that signal strobes the data on
the local bus into the captu re '
memories , and s imultaneously
s tarts another convers ion.

That cycle proceeds u n til 256
sam ples h ave been taken. Then
the output of the secon d pi xel
cou nter (pin 13 of lClO) goe s low,
an d that s ig nal res e ts lC 8-b ,
which cau ses the gated oscillator

to stop. The circ u it remains di s
abled until the black-level refer
ence s ign al (at the s tar t of the
n ext horizontal scan line) goes
low and then high, which clocks
a high into flip-flop lC8-b, an d
t he re by allows t he gated os
cillator to resume.

The ou tput of the pixel cou nter
is di fferentia ted by the n etwork
consisting of 02, C8 , an d R17 .

Ordering Information
The following are available from

IDEe. Inc,
P.O. Box 69

Fountainville. PA 18923
(215) 249-0673

Assembled and tested board. software.
and User's Ma nual with one- ye a r war-
ran ty $ 19 9
Com p le te kit includ ing PC board. all
p a r ts. software. and User 's M anual
.. . ...... . . .... ... . . . .... .. . .. .. . $140

Partia l ki t including PC board. IC2. IC6 .
I C? IC8 . IC13 . IC19 . JI. XTALI. D3 .
brackets . sc rews. Jumpers . software.
and User's Ma nua l. $75

Otherwi s e a continuous low
wou ld be presented to the reset
input of lC8-b, thus caus ing con
tin u ous reset and system lockup
after one video line h ad been cap
tured . The diode prevents the
voltage at pin 10 of lC8 from ex
ceed ing Vcc + 0 .7 . The lC spec
ified for lC8 is a 74HC74 , wh ich
ca n take a voltage exceeding Vee
by 1.5 volts , a s op posed to a
74LS74, which can on ly take Vee
+ 0.5 volts .

When the next black-level refer
ence puls e is encou n te re d, the
line- cap ture cycle is repea ted .
The cycle rep eats until 256 lines
h ave b een cap tured, at which
point the output of the secon d
line cou nter (pin 13 of lC12) goes
low.

That action resets the enab le
captu re flip-flop (IC8-a ) as well as
the co m man d la t ch (l CI 9-a, :x>
lCI 9-b). The software can read c
th e co n tents of the co m man d ~

(f)
la tch, so that res et provides a -i

conven ient means of s ignalling <0
(0

end-of-captu re . 0
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15U
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1%

~~
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RII
10K
I'll.
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51111
15%
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51011

VIDEO
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r.!'C
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O~

ICI6·.
00 2 1 ~/4LS~~0 1-'1L-__~......~
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Fig. 2. COMPLETE SCHEMATIC . Thefu ll ci rcu it is sho w n h ere.



Read mode
The n ext s tep is for the soft

ware to read the captured data
into main memory. This is done
by setting b it 0 of the command
la tch low, which enables the cap
ture memories and di s ables the
N O converter. The counters are
again reset by a write to base plus
one, and the data read at the data
port. On ly the lower s ix b its of the
data port a re of interes t , as the
upper two bi ts reflect the con 
ten ts of the command latch , and
must be masked off by the soft
ware . The pixel counters are ad
vanced t o t he n ex t pixel by
s trobing bit two of the com mand
latch fir st low a n d then high.
That sequence mus t be repeated
u ntil a ll pixels h ave been read
into m emory, fro m where they
can be processed, saved to disk,
etc.

_ ._-~----_..._.~.~._._- - -- --- .._---_. -_._--- -----.~----- - -------- -------. ------ --------- - .- -----_.-_ .._._--

Fig. 3. PARTS LAYOUT. Mount a ll comp one nts as shown h ere. Note th e connectionsjor
C23.

>c
G)
c
(J)
-;

Construction
Due to the high frequencies in

volved , we recommend that you
build the fr ame grabber on a PC
board . Patterns a re sh own in PC
Service; if you make you r own PC
boa rd , remember that you 'll have
to so lde r many lands on both
s ides of the PC board. As an alter
native, you may want t o pur
ch ase a PC board fro m the source
mentioned in the parts lis t. Kits
an d assembled versions are also
av a ilab le.

Cons truction of the b oard is
s tr a igh tforward an d s h ou ld pres
en t no problems. Figure 3 shows
whe re a ll pa r ts a re moun ted.
When mounting parts, observe
the polarities of all diodes , IC's,
an d electrolytic capacitors.

On the PC board, pads for C23
a re shown just above IC7. Mou nt
the capacitor ins tead b etween
the pad above pi n I and directly
to pin 3 ofIC 7, as s hown in Fig. 4 .
Doing so lets C23 p rovide a s table
load for t he crystal osc illator.
Check a ll so lde r j o in t s after
m ounting the com ponents, and
then remove all flux residu e.

Installation
Firs t ins tall ju mpers as follows :

• J U3 : If ins talled, the computer
is the las t device on the video ca
bl e. Normally ins talled .
• JU4/JU5 : Set bothjumpers the
s a me way, installed for so u rces

Fig. 4. C23 MOUNTING . Connect one leg
oj C23 to the pad di rect ly above p in 1 oj
IC? a nd the oth er leg d i rectl y to p in 3 oj
IC?

with a strong video carr ier, u n in
stalled for normal so u rces . Nor
mally unins talled .
• J U6/J U7: S elects I/O port ad
dress accord ing to Table 1.
• JU8 : In s tall to grou nd input
cable shield . Normally installed.

Then ins tall the board in an
em pty 8- or 16-bit expansion slot.
Copy the software to a su bdirec
tory of your working d is k and
then run VSETUP. The program
asks you to specify your PC 's vid
eo adapter and pri n ter. Then you
can ru n t he mai n prog r am ,
VGRAB.

TABLE 1-1/0 PORT SETTINGS
I/O Port JU6 JU7

03FO Off On
03EO On Off
02FO Off Off
02EO On On

In bringing up the board for
the firs t t ime, feed a good , clean
RS-170 vide o signal to the ca rd
not a s ignal from an inexpensive
video modulato r.

If you h ave a problem, be su re
that there is valid output from
pin 1 ofIC4, especially if you have
to reset the compu te r to regain
con trol. Th e s ignal there sh ou ld
resemble a stan dard video s ignal,
with the en d of the horizontal
syn c puls e at gro u n d an d the
wh ite level at about 3 .3 volts.

The LM1881 is very sensit ive to
the value of R8 (680K). If solder
with water-solu ble flux is used ,
be su re that the area arou n d this
resi stor is clean, as the flux is
co n d uctive a n d m ay alter the
effective value of the resistor.

Using VGRAB
As shown in Fig. 5 , the soft

ware h as a fr ien dly u ser interface
with drop-down menus an d sta
tus panels. The software is avail
a b le on t he R E -BBS (5 16)
293-2 283; d ownload the fil e
called VGRAB.ARC. Going from U;

<0
left to right , the firs t menu allows 0
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283 1P $15.95

2867P $18.95

3258 $27.95
Counts as 2

2883P $17 .95

314 5 $19.95

1367P $24.95

AUTOMATIC ORDER: If you
want the Main Selection , do nothing
and it will be sent to you auto
mat ically. If you prefer another

SHOP·AT·HOME CONVENIENCE:
Every 3-4 weeks, you will receive the
Book Club News , describing the
Main Selections and Alternates, as
well as bonus offe rs and spec ial
sales, with scores of titles to choose
from .

BONUS BOOKS: Starting imme
diately, you will be eligible for our
Bonus Book Plan, with savings of up
to 80% off publishers' prices .

BIG SAVINGS: In addition to this
introductory offer, you keep saving
substantially with members' pr ices
of up to 50% off the publishers'
prices.

3275 $22.95

2880P $14.95

2972 $23.95

2996P $13 .95

2800P $16.95

3268 $19.95

ElEGTFU1~K~S BmlK ~lUB 8M

when you join the

3265 $22.95

294 1P $15.95

2707 $26 .95
Counts as 2

For 25 years, your most complete source
for electronics books.

2613P 517.95

2724P $16.95

9290 $36 .00
Counts as 2

3383 $14 .95

BEGINNING
TECHNICAL
MATHEMATICS

Made Easy

SELECT 5 BOOKS
for $495
only -

1625P $22 .95

3165 $17 .95

1599P $17.95

2925P $9.95

3260 $22.95

2960 $27.95
Counts as 2

3270 $32.95
Counts as 2

3157 $25.95
Counts as 2

Camcorder

~
_.. :

J~ ~
. I. t

804P $21 .95
Counts as 2

3226 $22.95

~sur lUdGok of

~OO~
MORE

3185 $34.95
Counts as 2

If card is missing, write to: Electronics Book Club. Blue Rid~e Summit, PA 17294-0810.
All books are hardcover unless number is followed by a " P' for paperback. (Publishers' Prices Shown)
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the club that suits your needs . . .
Electronics Engineers & Designers . . .

Take
any 3 PROFESSIONA L BOOKS for

only 5495

w hen you join the ELECTRONICS ENGINEERS & DESIGNERS BOOK CLUB sM

3241P $16 .95

1938 P $2 9.95

3375 $29 .959305 $59.50
Counts as 2

3037 $24 .95

3098 $44. 50
Counts as 2

9825 $49.95

' .

""""'"'1'UaI00K1m
....".. .........
'"'=-~

9244 P $18 .95

3131 $26 .95

978 1 $68.95

8225 P $19 .95

9243P $12 .95

3199 $52 .00
Counts as 2

2672 $49 .50

3279 $36.95
Counts as 2

2988 $42 .95
Counts as 2

WORK FOR YOU!

Your source for quality, affordable, and timely authoritative engineering books.

9773 $44.95

selection, or no book at all, simply
indicate your choice on the reply
form provided.You will have at least
10 days to decide. As a member,
you agree to purchase at least 3
books within the next 2 years and
may resign at any time thereafter .
Books purchased for professional
purposes may be a tax-deductible
expense.

101
SOLDERLESS

BREADBOARDING
PROJECTS

2985 $24 .95 2962 P $17.95 3203 $44.50
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THESE SCREEN SHOTS HINT at the versatili ty of the VGRAB software.
Clockwise from the top left, the same image is shown in: VGA mode with 64
shades of gray ; EGA mode with 4 gray levels; CGA mode with 2 gray levels; a
negative image ; a line drawing; and a horizontally flippe d image with a black!
white threshold condition applied .-----

(J)
o
Z
o
cr:o Fig . 5 . VGRAB SOFTWARE . Th e menu bar a cross th e top line provides access to th e
~ cap tu re . fi le. image-manipulation. and printjunction s .

6 you to cap tu re the currently di s- (save, load , etc.). The third menu
o played image from the board. The co nta ins fun cti ons for man ip -
~ next men u contains file util iti es ul ati ng the image . You can re-

vers e it h orizon tall y and ver
tically, turn it into a negative or
line drawing , adjust con tras t and
brightness , change the display
res olution , etc. (The box.above
shows some exam ples .) The last
menu a llows you to set print pa
rameters and print the image.

Images a re saved in the TIFF
file format, which is just right for
impo rting into d esktop pub
lishers (Ven tura , PageMa ker ),
and modern word processors
(Word. WordS tar, etc .) that su p
port the format.

Idee h a s d eveloped software
th a t interacts with database pro
grams s uc h as Ashton -Tate's
dBASE III. These programs allow
dBASE III to ca p ture, display, and
prin t im a g e s f ro m n orm al
dBASE III record fields , a llowing
the cons t r uc ti on a n d main te
nance of im age databases. Con
tact Ide e a t the add ress in the
"Order ing Information" bo x for
more information. R-E
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DIGITAL
PRESSURE

GAUGE
Now you can take pressure

readings the modern way using

our electronic pressure gauge.

ANTHONY J. CARISTI

MOST OF US ARE FAMILIAR WITH AN ORDI

nary pressure gauge, such as that used
for tires that measures pressure in
pounds per square inch (psi). They are
usuall y analo g devices with an indica
tor bar or a moving needle whose
movements depend on the specific
pressure . However, with the advance
of solid- state technology, it is possible
to con struct an accurate electronic
pressure gauge with a resolution as
low as 0 .1 psi.

Our digital pressure gauge operates
from a 9-volt battery, so it is com
pletel y portable. The circuit uses only
4 milliamperes , so battery life will be
extremely long . A large two -dig it
LCD is used to display pressure read
ings , but we 'll also show you how to
build it with a 3Yz-digit display.

The full -scale range of the pressure
gauge is determined by the selection
of the pressure sensor; in this case we
have used a 0-100 psi semiconductor
sensor, manufactured by Sensym
(125S Reamwood Ave, Sunn yvale CA
94089). Other sensors are available in
full-scale ranges of 1,5 , 15, 30, 100,
and 150 psi. Using a IS-psi sensor, for
example , would. result in a display
resolution of 0 .1 psi 'with a two-digit
readout .

Pressure is measured by connecting
a flexibl e hose between the sensor and
source of pressure . If the project is to
be used for differenti al pressure mea
surements, two hoses must be con
nected to the sensor and the device
under test. Vacuum measurements re
quire only one hose connection. :

The circu it
The sensor is a differe ntial device ,

which allows two pressure conn ec
tions, and it measures the difference
between the two . The sensor also per
mits vacuum measurements when one
side of the sensor is exposed to the
atmo sphere and vacuum applied to
the other. Pressure and vacuum mea
surements may be taken on any non
corrosive and non-toxic media such as
air, dr y gases, e tc. Th e portabl e
nature of the unit allows it to be used
almost anywhere, such as for check
ing tire pressure or a compressed air
tank .

The heart of this project is a dif
ferential piezoresistive pressure sen
sor which is constructed using
integrated-circuit technology. It con
sists of four resistors connected in a
Wheat stone bridge con figuration ,
which are deposited on a silicon di
aphr agm that separates two chambers
of the sensor housing . Each side of
the diaphragm can be exposed to a
pressure source by means of " ports"
called PI and P2 . Any pressure dif
ference between port P I and port P2
will be detected by the sensor, provid
ing a differential pressure reading .
Figure I shows a closeup of the sen
sor.

The common pressure gauge which
many people are famili ar with is, in
reality, a differenti al pressure gauge,
with atmospheric pressure (14.7 psi)
being the reference pressure . Thus,
when no pressure is applied to the
sensing port of the common gauge,

the reading is zero. The same goes for
our gauge; pressure is applied to P2
while PI is exposed to the atmo 
sphere.

When the pressure sensor is at rest,
there is no stress on the silicon di
aphragm and the values of the re
sis tors are essentia lly eq ua l . Th e
Wheatstone bridge is thus balanced
and its output voltag e is virtua lly
zero . Durin g a pressure measure
ment , any difference in pressure be
tween the two ports of the sensor
result in mechanical stress of the sil
icon diaphragm and a change in the
values of the four resistors. Two re
sistors increase in value and two de-

-- ....,-- .. -- ...
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FIG. 1-HERE IS A CLOSEUP of the semi
conductor pressure sensor.
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FIG. 2-SCHEMATIC DIAGRAM of the electronic pressure gauge . It uses a Sensym
semiconductor pressure sensor.
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crease. That causes the Wheatstone
bridge to become unbalanced , pro
ducing an outpu t voltage which is pro
portional to the difference in pressure
between the two ports of the sensor.
That voltage, which in the millivolt
range , is amplified and used to pro
vide the drive signal to the display
section of the circuit.

The schematic diagram is shown in
Fig . 2 . In order to preserve the ac
curacy of the pressure measurement
with respect to variations in battery
termin al voltage , IC3, a fixed 5-volt
regulator, maintains a constant power
source which feeds the sensor bridge.
A set of four s ilico n di odes , 0 1
through 04, has been placed in the
circuit to temperature compensate the
bridge . That eliminates changes in
calibration of the circuit due to am
bient temperature effects.

Three sections of ICI , an LM324N
quad op-amp, amplify the milli volt
output of the bridge to a useful level
for the analog-to-digital (A ID) con
verter circuit that follows.

When there is no pressure applied
to the sensor, the voltage between ter
minals 2 and 4 of the sensor is essen
tially zero ; however, there may be a
small output voltage, called zero off
set. To com pensate for that error, po
tentiometer RI6 allows a small DC
voltage to be fed to the amplifier cir-

cuit which negates the offset voltage
of the sensor.

When the sensor is exposed to 100
psi, the output of the bridge circuit
will generate approximately 34 milli
volts. However, there may be varia
tions in output voltage of as much as
30% between different sensors. To
compensate for any given sensor, the
amplifier gain is adjustable by means
of potentiometer R6 .

The display section consists IC2 ,
which is a combination AID convert
ern -segment decoderldisplay driver,
capable of driving a 3V2-digit LCD
(we've used only a two-digit display,
DSPI ). It is driven by the voltage be
tween pins 7 and 8 of op-amp ICI.
The sensitivity of the AID converter is
set by the reference voltage applied
between pins 35 and 36. The refer
ence voltage, which is about 238 mil
livolts, is set by the divider composed
of R2, R3, and R4.

In this project only two digits are
requ ired since the resolution of the
project is I psi and full scale is 100
psi . However, note that if you measure
exactly 100 psi , the readout will dis
play 00, since the hundreds digit is
not present.

Note that for read ings greater than
99 psi , or for 0 .1 psi resolution, the
circuit can modified to use the most
significant and least significant digits

of the A to 0 chip. In this case you'd
need to use a 3V2-digit readout , and its
decimal place would be illuminated as
required . If you wish to use a 3V2
digit LCD , Fig. 3 shows the addi
tional connection s to the AID con
verter that are required. However, note
that the 3Y2-digit display is a 40-pin
device that won' t fit on the provided
PC board . You must either hardwire it
or design your own board .

Because of the characteristics of
the pressure sensor, the display will
read up-scale regardless of which port
of the sensor is pressurized . However,
you should use the same port for
which the project was calibrated . If
the project is to be used for vacuum or
differential pressure measurements ,
the display will indicate the pressure
difference in psi, with no polarity in
dication . The A to 0 converter used in
this circuit does have an output termi
nal to indicate polarity, but it i ~ not
used .

Construction
The project is construc ted on a sin

gle-sided PC board . A foil pattern is
provided in PC Serv ice. The circuit
can also be hard wired on a perforated
construction board if you wish. The
parts-placement diagram is shown in
Fig. 4. Note that the LCD readout is
mounted on the copper side of the



31/2-DIGIT DISPLAY
PARTS LIST

FIG. 4-PARTS-PLACEMENT DIAGRAM. Note that the LCD readout is mounted on the
copper side of the board.

FIG. 3-HERE ARE THE ADDITIONAL CONNECTIONS to the AID converter that are
required for a 3V2-digit display. Notethat the 40-pin display won't fit on the PCboard
yOu'll haveto hardwlre It or design your own board.

All resistors are %-watt, 5%, car
bon , unless otherwise indicated.

R1- 51 ohms
R2, R4, R8- R10, R1 2-100 ,OOO

ohms, 1% metal film
R3, R15, R1 7-fO,OOO ohms, 1%

metal film
R5-100,000 ohms
R6-200,000 ohms, PC-mount po

tentiometer
R7, R1 4-41,200 ohms, 1% metal

film
R11-1 megohm
R13-221 ohms, 1% metal film
R16-100,OOO ohms, PC-mount po-

tentiometer
R18-47,OOO ohms
Capacitors
C1--G3, C5-0.1 JiF, ceramic disc
C4-100 pF, ceramic disc
C6-0.01 JiF, ceramic disc
C7--Q.47 JiF, ceramic disc
Ca--o.22 JiF, ceramic disc
Semiconductors
IC1-LM324N quad op-amp
IC2-ICL7106CPL 3V2-digit ND con-

verter (Intersil)
IC3-AN78L05 5-volt regulator
IC4-differentia l semiconductor

pressure sensor,
SX01 DN for 1 psi full scale
SX05DN for 5 psi full scale
SX15DN for 15 psi full scale
SX30DN for 30 psi full scale
SX100DN for 100 psi full scale
SX150DN for 150 psi full scale
(Sensym, 1255 Reamwood Ave,

Sunnyvale CA 94089)
D1-D4-1N4148 silicon diode
DSP1-two-dig it LCD modu le (Di-

giKey LCD001) .
Optional-3V2-digit module (Digikey

LCD002)
Other components
S1-SPST toggle or sli de switch ,

N.O.
B1---:-9-volt battery
Miscellaneous: battery clip, en

closure, IC sockets, hose w/fitting,
clamps, wire, solder, etc.

Note: A PC board is available for
$14.95 and a pressure sensor for
$35.00 from A. Caristi, 69 White
Pond Road, Waldwick, NJ 07463.
Add $2.50 postage and handling
per order.

of the sensor is marked with a small
dot. That is pin I, so be sure to mount
it as shown in Fig. 4 . The four termi
nals of the sensor are very fragile , and
must be carefully bent into position
using a needle-nose pliers to support
the leads next to the body of the part.
If you attempt to bend the leads with-
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calibration to remain stable with vary
ing temperature , you should not sub
stitute other types of resistor s.

The LCD and the pressure sensor
are fragile and must be handled care
fully to avo id breakage. It is sug
gested that the readout be mounted to
the board last. You may wish to use a
socket for the readout , and you can
make one by takin g an ordinary 18
pin DIP socket and cutting it in half
lengthwise. Rem ember, the socket
(and readout) will be placed on the
copper side of the board , so you must
allow some space between the plastic
of the socke t and the board itself to
allow room for soldering.

Before mounting the LCD , take
note of where pin I is. If you look at
Fig . 5 , the black border around it has a
marking on one side . Looking at that
marking , pin I is where you'd nor
mally see it on any ordinary IC.

The pressure sensor may be fas
tened to the board using two #4 ma
chine screws and nuts, but be very
careful not to over-tighten them; it
could result in a cracked plastic as
sembly. Note that one of the terminals

IC2
ICL 7106 CPL

HALF
DIGIT

3
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board . That allows the relatively flat
side of the PC board to be mounted
next to the side of a suitable enclosure
containing a cutout or window to ex
pose the readout for viewing.

You should use sockets for both of
the Ie's. Especially for IC2, which is
a 40-pin chip and not inexpen sive.
The cost of a socket is minor com
pared to the IC itself, and you can
never predict when an IC will have to
be removed from a PC board . Once
the sockets are in place, continue in
stalling components, but do not insert
the IC 's yet.

The 5-volt regulator, IC3 , look s
like a small transistor; simply solder it
directly to the board , and be sure to
watch its orientation . Also be sure
that the diodes are properly oriented .

The circuit require s four jumpers;
the short jumper wire between pins 2
and 6 of the LCD can be a piece of
bare wire, but the other three should
be insulated to avoid shorts .

Many of the resistors specified in
the parts list are met al-film types
which exhibit excellent temperature
stability. Since we want the project's

4
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FIG. 5-THE BLACK BORDER around the
display has a marking on one side. Using
the marking as a reference, pin 1 is where
you 'd normally see it on any ordinary IC.

out such support, you risk breaking
the wires .

A suitab le pressure hose mus t be
connected to port P2 of the sensor,
and secured with a sma ll metal clamp
that has been des igned to handle high
press ures. Such clamps can be ob
tained from automot ive supply out
lets . It cannot be over-stressed that
pressures greater than 10 psi are sub
stantia l, and the hose and clamp must
be able to withstand suc h force .

I[ you want to use the project to
measure tire pressure , you need a
hose from a bicycle shop with a fitting
at the end that depresses the valve
stem during a pressure measurem ent.
You might be able to take an old tire
pressure gauge and modi fy it for use
with our digital pressure gauge . As
with the pressure-sensor connec tion,
you will need to clamp the valve fit
ting to the hose .

You may wis h to use a normally
open pushbutton switch for your proj 
ec t. Tha t will prevent accidenta lly

leaving the power on and deplet ing
the battery.

Be sure to use a con nec tor cl ip for
the battery to ease rep laceme nt when
necessary. The battery should be se
curely mounted in the project 's en
closure so that it does not rattle
around and break anything.

When you have completed asse m
bly, exami ne the circuit board very
carefully for bad so lder co nnec tions
and inadvertent sho rt c ircuits, es 
pecia lly between adjacent IC termi
nals. Bad so lder joints ofte n are dull ,
rough blobs of solder. COITect any
pro ble ms that yo u find . Fig ure 6
shows both sides of the completed
unit.

Checkout
To check out the project you will

need a DC voltmeter, as well as a
source of air pressure such as a porta
bleair tank. Be sure tank pressure is
not over 100 psi. For the preliminary
checkout it is not necessary to know
the precise pressure of the source, but
it should be in the range near the
maximum measurement capability of
the project.

Before putting ICI and IC2 in their
sockets, set the ca libration potenti
omete rs to mid-position . Co nnec t a 9
volt battery, and turn on power.

Meas ure the voltage across C2; you
should obtain a reading between 4 .8
and 5.2 volts DC. If you do not obtain
the correct reading, do not proceed
with the ch eckout until you trou 
bleshoot the probl em. Check IC3 for
proper orientation . Check the terrni
nal voltage of the battery to verify that
it is de livering at least 7 volts . Discon
nect the battery and measure the resis
tance across C2 to verify that you do
not have a short c ircuit between the 5
volt bus and gro und.

When you are satisfied that the 5
volt regulator is operating properly,
disconnect the battery from the proj
ect and insert the Ie's into their sock
ets. Be sure to follow the orient ation
as indica ted in Fig. 4 .

Recon nect the battery to the project
and turn the power sw itch on . No
pressure is to be applied to the sensor
at this time . The display should indi
cate a two digit readin g , and adju st
ment of RI6 should allow you to set
the readin g to 00 .

If you don 't get any display, check
that the LCD is properly mounted on
the copper side of the board. Check
IC2 to be sure that it is properly ori
ented in its socket. Check the 5-vo lt
regulator to verify that power is being
appli ed the circuit. If your meter is
capable of measuring DC current, you
can check the current draw from the
battery to determine if it is approxi
mately 4 milli amp eres, which is the
normal current draw of the project.

If you obtain a display but the il
lumin ated seg ments of the digits are
not entirely correct, the most likel y
cause is ope n or short circuits at the
output co nne ctio ns of IC2 which
drive the readout. Disconnect IC2 and
the battery from the project and locate
the fault using an ohmmeter.

Note that the display may, on occ a
sion, indic ate 01 instead of 00 . This is
not to be con strued as a defect in the
circuit ; it merel y mean s that your zero
adju stment is not centered exact ly.

When you are satisfied that the zero
adju stment of the disp lay is correct ,
you may apply full pressure to the P2
port of the sensor. When that is done ,
th e re adout will indicate so me
numb er. Adjust R6 for a display equal
to th e pre ssure of the so urce, if
known .

continued 0 11page 83
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~ FIG. 6-HERE ARE BOTH SIDES of the completed unit. notice how the display goes on the
a: foil side.
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LAST MONTH WE DIDN''f GET A CHANCE TO FINISH THE MOTHERBOARD

and the motor-controller board . So let's finish up those two
boards no~, and then -continue with the story.

This month
,we discuss the

motor-controller board.



FIG.1-ALL OF THE INTER-BOARD CONNECTIONS are made via the motherboard.

rr: .,.- L. FOR 2 ....---,-- START/STOP PROG
2 2 BOl 2 BOl
3 3 B02 3 B02
4 4 B03 4 B03
5 5 B04 5 B04
6 6 B05 6 B05
7 7 B06 7 B06
8 8 B07 8 B07
9 9 B08 9 B08
10 10 B09 10 B09
11 11 BOlO 11 BOlO
12 12 BOll 12 BOll
13 13 B012 13 B012
14 14 B013 14 B013
15 15 B014 15 B014
16 16 B015 16 B015
17 17 STOP 17 L.TACH
18 + 10V 18 + 10V 18 STOP
19 + 5V 19 + 5V 19 + 5V
20 + 5V 20 + 5V 20 + 5V

_21 --- ----- - 21 --- OAO _ --': - 21- - - OAO_ -
22 22 OAl 22 OAl
23 GNO 23 GNO 23 GNO
24 GNO 24 GNO 24 GND
25 L. FOR 25 L. FOR 25
26 L. REV 26 L. REV 26 OA8
27 R. FOR 27 R. FOR 27 OA9
28 R. REV 28 R. REV 28 OAlO
29 FULL STO P 29 OA2 29 OA2
30 - 10V 30 - lOV 30 OA5
31 + 40V 31 DA3 31 OA3
32 + 24V 32 + 24V 32 OM
33 FULL STOP 33 L. REV 2 33 + 10V
34 L. FOR 2 34 GATE PULSE 34 GATE PULSE
35 L. REV 2 35 35 L. TURN
36 R. FOR2 36 START 36 START
37 R. REV 2 37 MON SIG 37 FULL STOP
38 LC+ 38 LC+ 38 OA11
39 LC - 39 LC- 39 CUT SIGNAL
40 CUT SIGNAL 40 STO P MOVE 40 STOP MOVE
41 POWER ON/OFF 41 L.TACH 41 POWER ON /OFF
42 RC + 42 RC + 42 KILL
43 RC- 43 R. FOR 2 43 MON SIG
44 POWER START 44 R. REV 2 44 POWER START

45 RC-
46 + 40V
47 L. TURN
48
49 OM
50 OA5

BUS

P22 MOTOR CONTROLLER
BOARO
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P21 POWER
BOARO

PC board is disconnected from the
motherboard. The same D/A inputs
could be es tablished by temporarily
blocking (with electrical tape) grass
sensors 1-8 after the Lawn Ranger is
completely assembled .

Motor controller test
The best way to test the motor-con

troller board is after the Lawn Ranger
is com pletely assembled. By block
ing grass sensors with your fingers or
electrical tape , you can 'sim ulate a
grass border that the Lawn Ranger
can track . As you block different

P230lGITAL
BOARO

grass sensors, you can verify that the.
motor controller is working properly
by observing the drive wheels as they
change speed and direction.

However, that will have to wait until
next month, when we will discuss the
construction and operation of the
power board . We'll also discuss the
manual controller and mechanical
frame . Start building your own Lawn
Ranger now so you can have fun
learning valuable electronic skills
and, at the same time , produce a per
sonal robot that can perform useful
work whi le amazing your friends

Power board
The power board is responsible for

providing regulated DC voltages,
controlling the power on/off function,
switching + 24 -volts DC to the
motors (for forward and reverse rota
tion), and stopping the cutting motors
after power is turned off. Figure 3
shows a photograph of an assem bled
power board .

Figure 4 shows the block diagram
of the power board. The +24-volt DC
input power is supplied by two 12-volt
lead-acid batteries that are connected
in series . The batteries are rechargea
ble and can be purchased from sup
pliers of electric wheel chair batteries
for about $35-$45 a piece.

Three DC/DC converters are used
to efficiently convert the + 24-volt in
put to ± 10-, +5-,and··+ -30-volts
DC. The DC/DC converters can be
purchased from Power General di
rectly (see parts list).

The left and right motor power
drive circuits energize the drive
motors. The circuitry contains a se
ries of power MOSFET's that act as
low-resistance (0 .035 ohm) switches.
The MOSFET switc hes can turn the
motors on and off, as well as apply a
reverse voltage to make the drive
wheels spin in reverse .

The cutting-motor drive circu itry
controls the rate at which the cutti ng
disks spin when they are initially
turned on . The amount of curre nt that
is sent to the cutting motors is
monitored and limited to 15 amps
(peak) or approx imately 10 am ps
(average). The circuitry is also used to
quick ly stop the cutting motors when
power is turned off by shorting the
motor leads together. That techniq ue
is typically referred to as dynamic
braking . The shorting of the motor
leads causes a reverse magnetic field
to be generated ins ide the motors
causing the cutt ing blades to stop
within 3 seconds. A O.OI-ohm re
sistor (R32) is used to limit the motor
current to a safe level during dynamic
braking.

Circu it description
Figure 5 shows a detailed sche

matic of the power board . The +24
volt battery power is routed through
Jll pins 4 and 5 and fuse Fl. Relay
RYI is used to connect and disconnect
power from the entire robot. Power is
switched on by the operator when the
ignition key is turned. The momen
tary ignition switch grounds 121 pin
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FIG. 2-PARTS-PLACEMENT DIAGRAM for the motor-controller board.

FIG. 3-AN ASSEMBLED POWER BOARD should look similar to this one.

44 and energizes the relay. When the
relay switches, the three Dc/DC con
verters will begin to produce the ap
propriate voltages and the CPU board

will come alive. The CPU board will
begin to run diagnostic checks and
then place + .5 volts on 121 pin 41 in
order to turn QIl on; that keeps the

relay energized after the operator re
moves the key.

Forward/reverse motor driye
Transistors Q3-Q6 and Q7-QlO

are power MOSFET's that are used to
control the left and right drive motors,
respecti vely. When the left drive
motor spins in the forward direction ,
Q3 and Q5 are turned on and Q4 and
Q6 are turned off. Figure 6-a shows
the path that current follows when the
left drive motor is going forward. On
the other hand , if Q3 and Q5 are
turned off and Q4 and Q6 are turned
on, the current will flow through the
motor in the opposite direction caus
ing the motor to spin in reverse (see
Fig. 6-b).

Cutting-motor control
The cutting motor circuitry con

tain s power MOSFET's (Q13 and
Q14) for switching, as well as a feed
back control system for current limit
ing . Current limiting all ows the E:
cutting motors to come up to speed in o

ca controlled manner by limiting large ~

current spikes when the CUT button is ......
CDpushed . Th e MOSFET's are con- 8
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FIG. 4-HERE IS A BLOCK DIAGRAM of the power board .

PARTS LIST-CONTROL PANEL
Sl -S4-momentary push button

switch
S5--SPoT switch
LEol-red light-emitting diode
Wire and sheet metal for the panel

itself
Note: The following equipment

can be purchased from Tech
nical Solutions, Inc., P.O. Box
284 , Damascus , MD 20872
(301-253-4933): etched and
drilled PC boards for CPU
Board, Motor Controller Board ,
Power Board, and Motherboard,
$39 each; programmed EPROM,
$39; grass sensors, $8.99 each ;
hand-held manual controller kit,
$39; full kit for CPU Board, $129
(PC board, EPROM, all parts);
fu II kit for Motor Controller
Board, $169 (PC board and all
parts); full kit for Motherboard,
$69 (PC board and all parts);
Power Board kit (PC board, and
all parts except DC/DC convert
ers), $149 ; Detai led drawing
package, $59; Lawn Ranger
demo videotape and information
package, $19; complete elec
tronic kit with everything men
tioned above , $757. Please add
$8.00 for S/H. Maryland res i
dents add sales tax.

nected in parallel in order to share the
switching load . They are turn ed on by
pull-up resistor R42 and turned off by
Q16.

After the MOSFET's are turned on,
the + 24-volt power supply will be
routed to throu gh R32 to pin 5 of relay
RY2. As the operator presses the cut
button , +5 volts will be applied to
121 pin 41 and Q I5 will tum on; that
grounds pin 4 of RY2 causing it to
switch the + 24-volt batte ry power to
the c utt i ng mot o rs . The c utting
motors will begi n to spin, and as they
begi n to , the current through resistor
R32 will rise sharply; R32 is used as a
current monitor and the voltage across
it will rise in proport ion to the current
flow.

Different ial amplifier IC3-a ampli
fies the voltage drop across R32 and
feeds it to pin 5 of IC3-b , which is a
compa rator circuit that compares the
current flow with a preset value of 15
amps. Whe n the current through R32
reaches 15 amps, the comparator out
put (lC3-b pin 7) will swing positive
and Q I6 wi ll turn on . The power
MOSFET's will turn off and the cur
rent will stop flowing through the cut-

Miscellaneous: 3AG fuse holder,
2AG fuse holder, solder posts for
the "E" terminals, 18-gauge solid
insulated wire, 18-gauge stranded
insulated wire, solder, etc.

Other components
Jl 1-terminal strip
RY1 - T90NlD12-24 relay (Potter

Brumfield)
RY2-68P-ll1P-US-oC24 re lay

(Omron)
Fl-3AG 30-amp fast-blow fuse
F2-2AG O.S-amp fast-blow fuse
MOol-Model OC2-2-24/12, ::t 12-

volt DC converter (Power General)
M002-Model oC2-2-24/1S, ::t is

volt DC converter (Power General)
MOol-Model 710, S-volt DC con

verter (Power General)

CUTTING
MOTOR
DRIVE

+ 5V
DCfDC

+ 10VCONVERTERS
(3) - l OV

+30V

RIGHT MOTOR
POWER DRIVE

l2V
BATTERY

#2 LEFT MOTOR
POWER DRIVE

Semiconductors
IC1 , IC2-not used
IC3-LF412N op amp

Capacitors
Cl-C5 , C7-C13 , C16, C17-not

used
C6-1000 fJ-F, 3S volts, axial

electrolytic
C14, C15, C23-C26-0.1 fJ-F, SO volts
C18, C21-100 fJ-F, 50 volts, radial

electrolytic
C19, C20-100 fJ-F, 16 volts, radial

electrolytic
C22-220 fJ-F, 16 volts, radial

electrolytic

PARTS LIST-POWER BOARD

All resistors are Va-watt, 5%, un- 01, 02, 011-013, 030, o31-not
less otherwise ind icated. used

03 , 04, 0 16 , 017 , 020-024 ,
033-038-1 N4001 diode

OS, 014, 018, 019, o32-1N4148
diode

06 , 015--1 NS402 diode
o7-o10-1NS2S6B 30-volt Zener

diode
o25-o29-1N4740 la-volt Zener

diode
01, 02, 012-not used
03-010 , 013 , 014-IRFZ42

MOSFET
011, 01S, 016-293904 NPN

transistor

Rl -Rl0, R13 -R1S, R17 , R18 ,
R20-R28, R45-R49-notused

Rll , R44, RS0-3300 ohms
R12--680,000 ohms, s-pin, Y4-watt,

SIP resistor network
R16, R19, R32, R43-0.01 ohm,

S watts
R29-150,000 ohms
R30, R31 , R34, R35--270,000 ohms
R33, R36-1 megohm
R37-147,000 ohms, Y4-watt, 1%
R38-10,000 ohms, potentiometer
R39-82,000 ohms
R40-100,000 ohms
R41-27,000 ohms
R42- 22,000 ohms
RS1-R54-S60,000 ohms

FRONT PANEL
CONTROLS

STOP RUN

•••CUT

1?J
POWER

en
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o
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FIG, 5-DETAILED SCHEMATIC of the power board. High-current jumpers have to be
installed on the solder side of this board.
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FIG. 8-HERE'S THE SCHEMATIC DIAGRAM of the hand-held controller.

+24V

s

1
o

+ 24V L..-;-'-.....I

POWER

FIG. 6-LOOKING ATa, YOUCAN SEE the
path that current follows when the left
drive motor is going forward. However, in
order for the motor to spin in reverse, b
shows the path that the current must take.

FIG. 9-THE ELECTRONIC CONTROL PANEL must be wired as shown.

CIJ
oz
o
cc
Io
W
-.J
W

o FIG. 7-THE HAND-HELD CONTROLLER
o allows you to "walk" the mower around
C2 the yard to cut a perimeter for it to follow.

PARTS LIST
HAND CONTROLLER

Rl-240,OOO-ohm resistor
R2- 56,OOO-ohm resistor
R3-10,OOO-ohm potentiometer
C1-47 J-lF electrolytic
Sl-SPDT switch
S2-DPDT slide switch
S3-momentary pushbutton switch
Male and female DB-25 connectors,

ribbon cable, suitable enclosure

ting motors and R32 . That causes the
comparator output to swing negative
and the MOSFET's will aga in turn on
causing the current to be applied to
the cutting motors. The process is re
peated until the cutting motors have
reached their maximum velocity. Be
cause the MOSFET 's are turn ing on
and off, instead of supplyi ng full
power all at once, the cutting motors
will slowly come up to speed in a
well-controlled manner.

(Continued on page 80)
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Learn the principles of measuring power.

HARRY L. TRIETLEY

AC POWER ME AS UREM ENT : YOU PRO BABLY

don't think abo ut it very much . Most
engineers and technicians normally
don't even give it a second thought.
Nonetheless, it's an extremely impor
tant and pervasive area of electronics,
used in a wide variety of fields, in
clude determin ing RF tran smitter
power and field strength, radar, motor
and generator testing, sonar, stereo,
and acoustics, and one area that af
fects all our daily lives , commercial
AC power distribution .

We're all billed using a kilowatt 
hour (kWh) meter, and obviously
want it to be accurate . Utilities need to
measure true usage, because it affects
generator loading and fue l consump
tion . Consumers lik ewi se need to
control op erating efficien cy, peak
load usage , and billing. With rising
fue l costs and the need for con
servation, the subject has become in
creasin gly relevant. AC power isn 't
a lways easy to measure, because it's
affected by such factors as phase shift
and waveform distort ion . This article
discusses techniques of mea suring

AC power, using some special IC's
designed for this purpose .

True power and RMS voltage
Let's review DC power; the 'power

law, P=E xI, and Ohm's law,
E = I x R, produce the 12 equations in
Fig . I. They 're for DC only, andomit
capacitive and inductive reactances .
They're valid for AC if the load is

FIG. 1-0HM'S LAW AND THE POWER
EQUATION combine to form 12 basic
equat ions for resistive circuits.

purely resistive (causing no ph ase
shift), and if E and I are true Root
Mean Square (RMS) values . RMS
mean s the square root of the average
of the squares of a series of voltages or
currents . The RMS concept is neces
sary, because the time -average value
of a sinusoidal voltage or current with
no DC component is zero . Let 's see
why, and how this relates to power.

Figure 2-a shows a sinusoidal volt
age sampled 16 times , applied across
RI in Fig. 2-b. As each sample varies ,
the dissipated power is pet) = e2(t)/
RI . To find the approximate RMS co
effic ient for" time-average power, the
power is found for each sample, and
the averag e of the values is deter
mined . Increasing the numb er of in
terval s increase s reso lut io n, and
improves accuracy.

Table I shows the calculations; the
average sampled instant aneous power

}>
i s P = 0 . 5 0 3 x V 2 p K / R I = c
(0.709 x VPK)2/RI. The letters A- P §
in Fig . 2 correspond to the same let- ~
ters in parentheses in the left-hand CD

column of Table I. The RMS value for ~
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value of the samples in Table I (the
f u l l - w ave r e ctifi ed c a se ) i s
0 .643 x VPK' The correct value is
0 .6 366 xY p K , an er ro r of o nly
1.01% . Fig . 3 shows the peak, RMS ,
and average values for several wave
forms, with sketches of each .

One of the more difficult conc epts
to understand about power is that
there are reall y two separate types of
power, instantaneous and time-aver
age . Since DC values are time-invar
iant , instantaneous and time-average
DC powe rs are alway s equal. The
term used when referring to an RMS
value is that of " equivalency." RMS
power, in an AC context, is consid
ered " equivalent" to DC power. The
major factor for judging this equiv
alency is what is referred to as the
" I2R" effect, from the power for
mula .

RMS power yields the same heat
dissipation in a resistive load as an
equal value of DC power. Reactive
loads (those with inductance or ca
pacitance) cause a phase angle dif
ference between voltage and current
equal to the phase angle of the load
impedance. Such a load may have
both resistive (real) and reactive
(imaginary) components ; real " I2R"
power (heat) dissipation occurs only
in the real part, never the imaginary
part. The imaginary part refers to the
energy stored in capacitive electric
fields , and inductive magnetic fields .

You should know the meaning of
the word "imaginary" in thi s context;
it refers only to the phase difference
between voltage and current, never
that these quantities aren' t physically
pre sent. As you' ve probably heard
before, "imaginary" voltages and
currents are quite capable of causing
real shocks.

a

Table 1- DETERMINING THE AVERAGE AND RMS CONVERSION
FACTORS

0° A B

sln(33.75°):;0.556
1

sin{11.25°l=0.195- :
I •

Average conversion factor: 10.292/16 =0.643.
RMS conversion factor: 8.044116 =0.503, \ / 0.503 == 0.709.

Sample Sample Sample Square of
Angle, deg Value Absolute Value Sample Value

11.25 (A) 0.195 0.195 0.038
33.75 (B) 0.566 0.566 0.320
56.25 (C) 0.831 0.831 0.691
78.75 (0) 0.981 0.981 0.962

112.25 (E) 0.981 0.981 0.962
134.75 (F) 0.831 0.831 0.691
146.25 (G) 0.566 0.566 0.320
168.75 (H) 0.195 0.195 0.038
191.25 (I) -0.195 0.195 0.038
213.75 (J) -0.566 0.566 0.320
225.25 (K) -0.831 0.831 0.691
247.75 (L) -0.981 0.981 0.962
281.25 (M) -0.981 0.981 0.962
303.75 (N) -0.831 0.831 0.691
326.25 (0) -0.566 0.566 0.320
348.75 (P) -0.195 0.195 0.038

Sums: ozoc -- - 10.292 8-:044-- --

FIG.2-A SINUSOID SAMPLED IN16 EQUISPACEDlocations in (a) is applied across R1 in
(b). This is the first step in the approximate calculation of the RMS conversion factor.

=0.7071 X Yp K , an erro r of onl y
0 .27461% .

The average or mean value isn't
ju st the average of the actua l sin
usoidal samples , since this is 0 volts ,
as mentioned earlier. To find the aver
age value , the average of the absolute

(/)
o
Z
oa:
to
W
...J
W

o
o
-ca:

<5
e{tl=VpKxsine

=VpKxsin(2XltXfxtl

9

sinusoidal current is found similarly.
If the RMS value for a different wave
shape were desi red , th e process
would be repeated using new sam
ples . This crude approximation gives
an RMS value of 0 .709 x YPK ' versus
a co rr e c t va l u e 0 f V PK1v~

b

R1 P{tl=e'{tl
R1

Measuring true RMS voltage
You may have heard of "average

respo nding " and " true RMS" AC
meters. Average-responding meters ,
shown in Fig. 4 , are simpler; they
recti fy and filter AC to give the aver
age value as a DC voltage , that's then
scaled to display RMS . Thu s, a sine
wave with VPK = I volt produces
0 .6366 volt going into the display, but
the display is calibrated to read 0 .7071
volt. Bec ause the relationship be
tween RMS and average depends on
the waveform , the reading is accurate
only for sinu soids .

For example , avera ge-responding
meter s aren 't useful for measuring
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FIG. 4-AN "AVERAGE RESPONDING" AC POWER meter is calibrated to display the
equivalent RMS voltage of a sinusoid only.

FIG. 3-PEAK, RMS, AND AVERAGE VALUESOF typical waveforms. Listed are a simple
square wave (50% duty cycle, 0 volts DC), a periodic pulse train (25% duty cycle, positive
only), a triangle wave (0 volts DC), a sawtooth wave (pos itive-only), a sinusoid (0 volts
DC), and a 50%-sine wave used in light dimmers.

+ 1 +1 INTEGRATOR

L\ . .oLV"":\ • R1
0 '.... :1 .. 0.6366VDC\.J t FULL-WAVE t

lffi'

Gl~ !- 1 RECTIFIER
MEASURED
WAVEFORM RMS

SCALING/CALIBRATION .,- , -,,-, -,
'-' . , L' ,

(0
(0

' 0

_ R1=R2
T1 ,T2:THERMOCOUPLES

FIG. 5-THERMAL RMS VOLTAGE MEA
SUREMENTby the power dissipated by R1
and R2. Here, R1 = R2; matched tempera
ture sensors contact R1 and R2, and A2 E:
responds to the temperature difference. If G>
R1 is hotter than R2, the A2 output in- 55
creases until the resistor temperatures --i
are equal, and the DC voltage across R1
equals the RMS voltage across R2.

WAVEFORM PEAK RMS AVERAGE
VOLTAGE VOLTAGE VALUE

SQUARE o-F1=t VPK VpKWAVE VpK
0 T T

I "2

25% DUTY ll-lCYCLE
0 VpK O.5xVpK O.25xVPKPULSE 0 T T

"4

ffilANGLE 0 A ,,
TVT VPKWAVE 0 O.5774xVPK O.5xVpK
"2

SAWTOOTH ~ O.5xVPKWAVE o0 T 2T
VPK O.5774xVpK

- -

SINE 0 C""'\
WAVE 0 T'C7T VPK O.7071 xVPK 0.6366xVpK

"2

50%SINE 0 ~(LIGHT D VpK O.5xVPK O.3138xVpKDIMMER) 0 T T 3T T
424

Direct RMS computation
Direct or explic it RMS computa

tion so lves th e prob lem of RM S
power me asureme nt elec tronica lly.
As shown in Fig. 7, the amplified or
buffered AC is recti fied , squared ,
averaged , and presented to a circuit
that determin es the square root of the
average, giving the RMS level. The
problem here is the dynamic range of
the squared signal.

The squaring multip lier produ ces
full-scale output with both X and Y at
full scale . Thus , 100% inputs prod uce
100% output , 10% input s produ ce 1%

factors (pe ak-to-RMS ratio) up to
50:I, makin g this method high ly suit
able for RF RMS measurement.

RMS power in most modern circuits,
since non sinusoidal waveforms are
very often used in SCR co ntrollers
and variable-speed motor dri ves, nec
essitating true RMS measurements .
The most common met hods are ther
mal , direct (ex plic it) co mp utation ,
and impli cit computation. In imple 
menting these approaches , we' ll also
examine two RMS -to-DC converter
IC 's that take the work out of true
RMS measurem ent.

Thermal RMS measurement
Thermal techniques find RMS volt

age by exploiting the fact that the real
componen t of power is dissipated as
heat in a resistor, as mentioned ear
lier. In Fig . 5 , RI = R2 ; the measured
voltage is amplified , buffered and/or
scaled by AI, and passed to RI. Sim 
ilarly, R2 is connected to A2, a high
ga in differential amplifier producing
DC. Matc hed se ries -oppos ing tem
perature sensors , usually thermoco u
ples, are in physical contact with RI
and R2, and A2 responds to their tem
perature di fferen ce . If R I is hotter
than R2, the output of A2 increases
until the temp eratures of RI and R2
are equal. The two temp eratures will
be equal when the DC output of A2
equals the RMS output of AI.

Although this is a simple approach,
ac curate mea su rements us ing thi s
method are difficult. The main prob
lem is the need for highly accurate
therma l matching. Any difference in
s ize , sha pe, contact , or insu lation
ca uses erro rs . Also , therm al inert ia
has to be optimized . It has to be slow,
to average the AC waveform over its
whole cycle . However, excessive iner
tia causes slugg ish measurement s.

The Linear Technology LTI088
RMS-to-D C converter has matched
pairs of 50- and 250-ohm resistors
and diod e sensors in a thermal pack
age . The diod e has a for ward -b ias
voltage drop temperature coeffic ient
of - 1.75 mY perC, and the two sets
of intern al resistors provide flexib ility.

Figure 6. shows the LTI0 88 in a
practical circuit. YIN comes from an
amp lifier stage, heatin g the 50-ohm
AC resistor while A I heats the 50
ohm DC resis tor via emitter-follower
Q I. The level at pin 9 is I volt DC per
volt of RMS input, while A2 provides
ga in adjustment. The maximum input
is 4.25 volts for 50 ohms, and 9 .5
volts for 250 ohms . Accuracy is 1%
up to 50 MH z, with a 3-dB bandwidth
for Al of 300 MHz, and input crest
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discussion will dea l only with pure
sinusoids. The concept of phase shift
has mean ing for sinuso ids as well as
other periodic waveforms of the gen
era l form:
Vet) = VPK x sin[(2 x rt x ]»: t) + 8].

Phase shifts are caused by capaci
tive or inductive reactances. In a pure
capaci tance, voltage lags current by
90 degrees, while in a pure induc
tance , current lags voltage 90 de
grees . RC or RL circuits produ ce
phase shifts other than 0 degrees or 90
degrees , while pure resis tances cause
no phase shift at all .

In Fig . lO-a, a cha rg ing current
starts to flow into the capacitor as the
voltage rises , stops when the voltage
reaches its peak, and reverses as the
voltage falls. If there were no resis-
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FIG.B-IMPLICIT RMSCOMPUTATION; it may seem less direct than Fig. 7, but it's simpler,
as no square-root is needed, and has better dynamic range. Analog Devices makes
several IC's for this role; the general-purpose AD536A, the low-power/low-Ievel AD636,
the high-performance AD637, and the low-cost/low-power AD736.

Power and phase shifts
Up to this point, we've considered

only true RMS measurement. Next,
we' ll examine the effect of phase
shifts on power measurement. Our

FIG. 7-DIRECT RMS computation; Amplified AC is rectified, squared, and integrated;
taking the square root gives true RMS.The squaring multiplier gives full-scale output with
both X and Y at full scale.

ren t transformers reduce such high
currents to practical levels, using a
sing le winding of N turns on a
toroidal core.

The wire carryi ng the current is
threaded through the center of the
toroid and becomes a single-turn pri
mary. The secondary current is liN
times the primary current, and is
passed through a dropping resis tor to
create the proportional voltage . Cur
rent transformers generally produce 5
amps out at full -scale primary cur
rent.

FIG. 6-A PRACTICAL RMS-TO-DCCONVERTERusing an LT1088. VIN heats the 50-ohm
AC resis tor while A1and 01 heat the 50-ohm DC resistor. The level at pin 9 is 1volt DC per
volt of RMS input, and A2 provides gain adjustment. Accuracy is 1% up to 50 MHz, 3-dB
bandwidth is 300 MHz for A1, and input crest factors reach 50:1.

Implicit computation
Implicit co mputation as shown in

Fig. 8 may seem less direct than ex
plicit computat ion, but it 's simpler.
There 's no square-root needed , and
th is approach has better dynamic
range than is the case in direct RMS
computation. Here, A and B in the
multiplier/divider are VA' and C is
VOU T ' Thus VI = (VIN ) 2/VOUT' This
voltage is filtered (averaged) to be
come the output . so

VO UT = Avg[(V1N)2/VOUT],

VOUT = VAvg[(V1N)2].

Analog Devices makes several Ie's
for implicit RMS-to-DC conversion,
s uc h as the ge nera l-p urpose
AD536A, the low-power/low-level
AD636, the high -pe rformance
AD63 7, and the low-cost/low-power
AD73617, all used by several man
ufacturers of true- RMS DVM 's. For
an in-depth study of RMS-to-DC con
version, you can get a free copy of the
RMS-to-DC Conversion Application
Guide (see the box on page 57).

Figure 9 shows a practical circuit
for a low-cost true -RMS meter using
an AD536A as ICI . The input is
sca led for 200 millivolts RMS at full
scale, appl ied to a buffer amp lifier on
pin 7 (BUF IN) of IC I, and fed from pin
6 (BUFOUT) to an abso lute value preci
sion recti fier on pin I (V IN ) ' It then
passes through a squarer/div ider that
provides a log output sca led in dB on
pin 5.

The final output comes from a cur
rent mirror that produces a current of
40 fLA DC per RMS volt of input.
This current passes through an inter
nal 25K resistor, to produce I volt DC/
RMS volt of input. There 's no offset
or gain adjustment, since the AD2026
Digital P anel Meter (DPM) module
includes them . If you use your own
meter, you can add an output amp li
fier with gain and offset adjustments .

output, and 5% inputs produce 0 .25 %
outp ut, and so on . Thus, this method
isn't suited to voltages varying over a
wide range, or waveforms with high
crest factors.

or

~ Current transformers
z Electronic current measurement
a? usually begins by passing a currento through a dropping resistor to create a
~ proportional voltage. For currents of
UJo tens, hundreds , or thousa nds of amps,
o this is impractical , requir ing resistors
<a:: in the milli ohm range, or be low. Cur-
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Measuring true AC power
Now that we've covered true RMS

measurement and pha se shifts , we
could consider a computational cir
cuit for E X I X cos(S), but that would
be complex, and inaccurate for non
sinusoida l waveforms . It' s easier to go
back to the basic definition of power;
at any given ins tant, power is
P = E X I . Power is found by integrat-
ing (averag ing) the E X I product over
one or more cycles , as shown in Fig.
12-a.

Figure l2-a shows what takes place
in an elec tromecha nical wattmeter cD
movement , while Fig. l2-b shows the ~

tioned ear lier, the imaginary compo
nent of a joint resistive-reactive load
corresponds to the reactive part . The
fraction of the total power going into
the reactive part of the load is mea
sured in Volt-Amps Reactive (VAR),
given by VAR = E X I X sin(S). Also,
at S =0 degrees, VAR=O VA, while
at S = 90 degrees , the VAR is max
imized , with no power is being re
sistively dissipated as heat.

Measuring phase shift
Phase shift provides a measure of

the time difference between two
waveforms, by detecting the time be
tween zero crossings; Fig . II gives the
general layout of a circuit that can be
used to measure a time difference.
Each comparator flips when its input
crosses 0 volts; their polaritie s are op
posite one anoth er. Comparator B sets
the flip-flop, while comparator A re
sets it , both on positive-going transi
tions.

If the voltage and current are in
phase , the transitions will be Y2-cycle
apart, and the flip-flop will be set 50%
of the time. Lagging current delays
the set , producing longer low and
shorter high interval s , while leading
current does the oppo site. The filter
averages the flip-flop output, produc
ing a voltage proportional to phase
shift , and rises or falls indicatin g lead
or lag. .

This isn't a complete working cir
cuit , as component values depend on
input levels, supply voltages, and de
sired output. Gain and offset adjust
ments will be needed for calibration;
the output stage is a good place to add
them. One or both inputs should be
transformer-coupled for safety, but re
member that transformers add phase
shift. Also, the output represents
theta, not sin(8).

C6
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'--- - ----..4+~
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Bu rl ington , Ontario , Canada ,
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power, but they increase total current
drawn from a source , caus ing extra
loss in the resistance of generators,
transform ers and power lines. Phase
shifts are minimized by addin g capac
itan ce to bal an ce inducti ve load s
(motors and transformers). As men-
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20V
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90K
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10K

0 1
1N4148

tances and thus no power loss , the
capacitor would store energy from the
inductor part of each cycle , and feed it
back the rest of each cycle, the gener
ator acting like a motor. Looking at
the waveforms, instantan eous power
E X I is positive for half a cycle and
negative the other half, so no net
power is ga ined or lost.

Figure lO-b illustrates pure induc
tance . Any change in inductor current
ind uces an EMF o ppos ing th e
change, so current lags voltage by
90°. Energy is alternate ly stored in the
magnetic field and fed back to the AC
source . As in the case of the capacitor,
no net power is gai ned or lost in an
ideal inductive circuit with no resis
tance .

Resistances convert electrical cur
rent to heat ; Fig . lO-e shows a pure
resistance , and Fig. lO-dan RL circuit
of under 90° phase shift. In general,
power usage for purely sinuso idal cir
cuits is P = E X I X costfl), where E
and I are RMS voltage and current, S
is the relative phase , costfl) is the
Power Factor (PF) , and E X I is mea
sured in Volt-Amps (VA). Also, at
S = 0 deg rees, PF = I, while at S = 90
degrees, PF = O.

Ideal react ive loads don ' t consume

FIG. 9-A CIRCUIT FOR A LOW-COSTTRUE-RMS meter using an AD536A. The current
mirror sources 40 fJ.A DC per RMSvolt of input through an internal25K resistor, producing
1 volt DC per RMS volt of input. There's no offset or gain adjustment, since the AD2026 D
igital Panel Meter (DPM) module includes them.
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FIG. 12-TRUE POWER MEASUREMENT,
UNAFFECTED by phase shifts and wave
form . distortions, is found by averaging
e(t) x i(t). In (a) appears a sketch of the
prin ciple, while (b) displays a diagram of
an electromechanical wattmeter move
ment.

Three types of electronic multi 
pliers are used; log/antilog ampli
fi ers, duty-cycle (pulse-width) modu
lators, and Hall-effect devices. Figure
13 shows the fi rst , that performs mul
tiplica tio n by addi ng logarithms ,
10g(E x I) = log(E) + logrl ), and then
t a k e s th e an t i log. an ti-
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FIG. 1o-A PRESENTATION OF VOLTAGE, CURRENT, and power waveforms, for capaci
tive, inductive, RC, and RL loads (a-d). With a 90° phase shift as in (a) and (b), average
power consumption over a complete line cycle is zero. Voltage and current in phase, as in
(c), produces max imum power. A 45° phase sh ift as in (d) reduces average power.
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movement itself. In the meter, one
field is created by E, the other by I,
and the attractive force between them
is proport ional to E x I. Filtering is

achieved by the inertia of the meter
movement plus mechanical damping;
otherwise, the pointer would vibrate
rapidly with each cycle .

logllog(E x I)] = E x I. The fi nal re
sult is integrated to find average
power.

The object here isn' t to discuss log/
antilog amplifiers; that's an article in
itself. They all use the log relation
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width modul ator produces a 50% dut y
cycle ; its output co ntrols an analog
switch that alternately connects non
inverted or inverted inputs to the filter.
At 50 % dut y cycle, the signal fed to
the filter spends equal times positi ve
and negative, so the filtered output is
ovolts regardless of the CU1Tent input.

As the input goe s positi ve , the duty
cyc le ex ceeds 50% . Th e s wi tc h
spends more time in the norma l posi
tion and less in the inverted , so the
filtered output polarity is the same as
that of the input current. Similarly,
when the input voltage goes negative ,
the switch spends more time in the .
inverted position and the output polar
ity becomes opposite to that of the
input current. The higher the voltage ,
the higher the duty cycle , and the
higher the filtered output. The output
is proportional to the product of dut y
cycle x I, or e(t) X i(t).

Unlike the log/antil og circuit, this
one isn 't available as an off-the-shelf
IC , and is more complex to design
and build . It' s frequency response is
also lower, since the duty cycle fre
quen cy must be many times higher
than that of the inputs. Properly de
signed, however, it' s capable of ac
curacies lower than 0 .1%, limited
more by the ability to obtain preci se
AC calibration sources than the cir
cuitry itself.

Finally, we' ll examine Hall effec t
multiplier s , as shown in Fig. 15. A
Hall- effect device uses a shaped and
doped semiconductor in a magnetic
field. As the holes or electrons flow at
right 'angles to the field, they 're de
flected in a cur ved path toward the
se mico nduc to r ed ges , inducing an
EMF between two edges proportional
to the product of flux density Band
current i(t); reversing either reverse s
the EMF.

In AC power measurem ent , the
power current controls the magnetic
field , and the power voltage controls
the semiconductor current. The in
duced EMF is amplified by a differen
tial amplifier, filt ered , and sca le d.
Hall effect devices are very linear, and
have a wide band width . Their main
dr awb ack is the y need temper ature
com pensation to achieve high sta 
bility. Cl early, AC power measure
ment in vol ve s mu ch more th an
multiplying voltage and current. The
techniques shown here make possible
precise measurement of RMS voltage /
current, phase shift, and true power in
elec tronic circuits . R-E

vIti

s implic ity, typical frequ ency response
of 400 kHz or higher, accuracy of
0 .25-1.0%, and temperature stability
of 0 .02-O .05%/deg C.

When extrem e accuracy is needed
at low frequencies such as 50-60 Hz,
the duty-cycle (pulse- width) mod u
lator shown in Fig . 14 gives superior
performance . At 0 volts in, the pulse-

BULK
SEMICONDUCTOR_Z ANE

ANALOG v(tl HIGH" NORMAL
SWITCH l OW=INVERT

INVERT

k~~OUTPUT
IE-V·~=EXI

t/TC1

INTEGRATOR -=

DUTY-CYCLE
0- (PULSE-WIDTH)

MODULATOR

iftl ~ R1

e(t}

between voltage and current in the
Base-Emitter (BE) junction of a bi
po lar tr ansi stor. IC multi pl ier s are
available that perform the co mplete
log-su m- an tilog func t ion internall y.
Examples include the Analog Devices
A D530 /630 /S3 0 , Burr-Bro wn
MP YIOO and 4203 , and Rayth eon
RC4200. Their prime advantages arc

1m

FIG.15-A HALL-EFFECT DEVICE USED TO PERFORM multiplication, producing an EMF
proportional to the product of the semiconductor's current times the magnetic flux
density.

FIG.14-AN INCOMPLETE DUTY-CYCLE (PULSE-WIDTH) modulator. The voltage input is
converted to a duty cycle, modulating the current input to perform modulation.

FIG. 13-MULTIPLICATION USING LOG/ANTILOG amplifiers. This circuit is also in
complete, but the log /antilog amplifier exploits the log relation between current through
and voltage across the Base-Emitter (BE) junction of a bipolar transistor to find average
power.
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TABLE 1-0LD U.S. MILITARY MICROWAVE FREQUENCY BANDS

TABLE 2-NEW U.S. MILITARY MICROWAVE FREQUENCY BANDS

TABLE 3-IEEE/INDUSTRY STANDARD MICROWAVE
FREQUENCY BANDS

the original World War II band desig
nations, and then add their own letter
ing. They maintain the HF, VHF, and
UHF designations, but above that,
use the designations L, S, C, X, Ku,
K, Ka, Millimeter, and Sub 
millimeter.

For purposes of this series, the high
end of the UHF region will be consid
ered part of the microwave region,
since there's no sharp ' transition in
properties from the shortest non-mi
crowave UHF wavelengths to the lon
gest microwave wavelengths. Also,
certain applications usually consid
ered strictly in the microwave region
sometimes also use UHF (such as
long-range radar). For present pur
poses, our definition includes all fre
quencies above 500 MHz but below
the IR region.

No doubt you're wondering how
microwaves differ sufficiently from
other frequency ranges of electromag
netic waves to warrant a separate se
ries of articles . .Microwave wave
lengths approximate the physical size
of ordinary electronic components, so
components tend to behave dif
ferently when this is the case. Atmi
crowave frequencies, a half-watt
metal film resistor is a complex RLC
network with distributed inductance
and capacitance, and a much different
resistance . Certain characteristics ir
relevant at lower frequencies become
significant in the microwave region .
Components and conductors act in
creasingly like transmission lines,
with reflection, transmission, and
cross-talk becoming critical to circuit
function.

Microwave history
Microwave technology was rela

tively undeveloped until World War
II, when huge investments in research
and development led to rapid develop
ments in radar and other electronics
technologies used in the war. Vacuum
tubes of the 1920's and 1930's
wouldn't work at the UHF or micro
wave frequency ranges. The main
problems were interelectrode capaci
tance and electron transit time from
cathode to anode. Attempts to reduce
electrode size and spacing caused
other problems that proved unaccep
table in practical circuits .

Interelectrode capacitance was re
duced using clever geometries and
closer interelectrode spacing (also a
factor in transit time). By World War
II, operation at 200 MHz was possi-

BAND DESIGNATION

P
L
S
C
X
K
Q
V
W

BAND DESIGNATION

A
B
C
D
E
F
G
H
I
J
K
L
M

BAND DESIGNATION

HF
VHF
UHF

L
S
C
X

Ku
K

Ka
Millimeter

SubmHlimetar

ble , 500-800 MHz was achieved by
the end of the war, and 800 MHz by
the early 1950's. In 1920, Barkhausen
and Kurz of Germany achieved os
cillation at 700 MHz by manipulating
electron transit time. Although the
Barkhausen-Kurz Oscillator achieved
UHF/microwave oscillations, it was
inefficient. Overheating was also a
problem, because the grid glowed
white hot at high power.

FREQUENCY RANGE

225 MHz-390 MHz
390 MHz-1 .55 GHz
1.55 GHz-3.9 GHz
3.9 GHz-6.2 GHz
6.2 GHz-10.9 GHz
10.9 GHz-36 GHz
36 GHz-46 GHz
46 GHz-56 GHz
56 GHz-100 GHz

FREQUENCY RANGE

100 MHz-250 MHz
250 MHz-500 MHz
500 MHz-1 GHz
1 GHz-2 GHz
2 GHz-3 GHz
3 GHz-4 GHz
4 GHz-6 GHz
6 GHz-8 GHz
8 GHz-10 GHz
10 GHz-20 GHz
20 GHz-40 GHz
40 GHz-60 GHz
60 GHz-100 GHz

FREQUENCY RANGE

3 MHz-30 MHz
30 MHz-300 MHz
300 MHz-1 GHz
1 GHz-2 GHz
2 GHz-4 GHz
4 GHz-8 GHz
8 GHz-12 GHz
12 GHz-18 GHz
18 GHz-27 GHz
27 GHz-40 GHz
40 GHz-300 GHz
> 300 GHz

One solution in 1921 by A. W. Hull
replaced the grid with a magnetic
field, which later evolved into the
magnetron, the first practical high
power microwave generator, still used
in some radars and microwave ovens »today. Unfortunately, it's a narrow- c
band device, often requiring the de- §?
signer to make a trade-off, regarding ~
available output power versus fre- (0

quency agility. ~
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prod uce about 13-20 dB of gain for
about $ 1. Other solid-state mi~rowave
devices ope rate at 20 GH z or more .
All such mic rowave so lid-s tate de
vices exploit negati ve resistance for
osci llation and amp lification.

Mod ern e lectronics designer s have
a wide variety of so l id-s tate~dev ices to
se lec t from . and mi crowave tech
nology is no longer the poor orphan of
electronics . ' Radar, co mmunications,
e lectronic navigat ion , and sa te ll ite
TV links all operate at microwave fre
quencies . Also , mod ern medi cal di 
athermy, or tissue heating , long ago
moved from the II-meter band to mi
crowave frequenci es .

Wavelength and frequency
Microwaves , like all other e lec

tr om agn eti c waves , ex h ibit th e
characteristics of amplitude , propaga
tion at the speed of light in free space,
freque ncy, wave length , period , and
phase (see Fig. 2). Am plitude is the
measure of inten sit y, expressed in
electric or magnetic field (volts/meter
or amps/meter ). The speed of light in
free space is c = 3 X 108 meters/sec 
ond = 186 ,200 miles/second .

Frequency is the number of indi 
vidual osc illations per unit time , as
measured in Hert z (Hz), or cycles per
second . Figure 2 shows a cycle as one
complete reversal of the waveform ,
e .g ., e ithe r TI-T3 or T3 -T5 . The
GH z, or 109 Hz , is the frequency unit
most co mmo nly used in microwaves.

Wavelength is the interval in dis
tanc e between identical points on suc
cessive cyc les of a wave (see Fig . 2).
It 's measured between identical peak s
or zero cross ings in a given direction .
For all propagating waves, the prod 
uct of frequency and wavelen gth is the
propagation speed, or v = A. x fYE;.

Here , A. is th e wave len gth in
meters/cycle , f is the frequency in Hz ,
Er is the magnitude of the complex
relat ive permittivity or dielectric con
stant of the propagat ion medium rela 
tive to vacuum (unitles s), and v is the
propagation speed.

So lving for wavelength:
A. = c!fYE

or frequency:
f= cl ):YE.

For microwave signals in air, wave
length s vary from 10 centimeters at 3
GHz to I millimeter at 300 GHz. Mi
crowave frequencies above 20 GH z
are also ca lled millimeter waves due
to their extremely short wavelengths
(under 1.5 ce ntime ters ). In media

In the 1950's vacuum tubes began
to be rep laced with bipolar tran
sistors . Although P-N junction semi
conductor diodes like the IN23 were
made for low-frequency microwaves
duri ng World War II , other so lid-state
devices simply refu sed to function at
these frequenci e s . Se micond uctor
materials exhibit a phenomenon anal
ogous to vacuum tub e transit time ,
call ed electron satura tio n veloc ity.

B .K . Ridley and T.B . Watkin s in
1961 and e. Hilsum in 1962 indepen
dentl y predi cted that ga llimum-arse
nide (G aA s) wo u ld ex h ib it th e
transferred-electron effect. In 1963 ,
John B . Gunn of IBM experime nted
w i t h N - t y p e ga l l i u m -a rse n ide
(GaAs), and noted current instability
that was due to negative resistance .
That observation evolve d into the
Transferred-Electron Devic e , or
Gunn diode .

Other solid-state microwave de 
vices soon follow ed. You can now buy
DC-to -2-GHz Monolithic Microwave
Integrated Circuits (MMIe's) that
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FIG. 1-THE ELECTROMAGNETIC SPECTRUM; the upper end of UHF is considered
microwave. Both regions have common properties, and certain microwave applications,
like long-range radar, are often UHF. Here, microwaves include all frequencies above 500
MHz and below IR.

The power-vs -frequency dilemma
seemed inso luble unti l 1935, when
W W Han sen of Stanford Uni v. , and
A.A . Heil and O. Heil exploited tran
sit time by velocity modulatin g an
electron beam. In 1939 , We. Hahn
and G .F. Metcalf prop osed the theory
of velocity modulation for microwave
tubes . A few months later, Russell H.
and Si gurd F. Vari an ext ended Dr.
Han sen 's work, producing the first
two- cavit y microwave vac uum tube
using velocity modulation , known as
a reflex klystron . And, in 1944, R .
Komp fner invented the helical Travel
ing- Wave Tube.

Much of the reall y critica l micro
wave development work during World
War II was performed at the Massa
chusetts 'Institute ofTechnology Radi 
ation Laboratory, known as the
Radl.ab . Their reports are still ac
tively used today by many working
microwave engineers as references ,
and can be found-over 45 year s
later-as standa rd items in man y
technical bookstores .

FIG. 2-THE RELEVANT PARAMETERS IN A sinusoidal wave. Microwaves, like all elec
tromagneti c waves, exhib it the characteristics of amplitude, propagation in free space at
the speed of light, frequency, wavelength, period, and phase.

if)
u
Z
oa:
~
u
W
.....J
W

o
o«a:

62



»
c
G)
c
(j)
-l
~

CD
CD
a

I

I--r---l
b

s.rad

beco me significant here . Finally ,
there 's the skin effect, which occurs
when AC tends to flow on the surface
of a conductor.

While DC flows throughout the en-
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FIG. 4-RELATIVE PHASE ANGLE REFERS TO the phase angle between two signals,
whether two voltage signals, two current signals, or voltage and current signals. Here,
waveform A is a cosine function, while waveform B is a sine function. They have the same
freq uency, but are 90° out of phase, called a quadrature phase relationship.

well at microwave frequencies . As
mentioned earlier, component size
and lead lengths approximate micro
wave wavelengths. Also, distributed
values of inductance and capacitance

FIG. 3-WAVEFORMS ARE DESCRIBED EITHERtemporally or angularly. In (a), the Abso
lute Phase Angle at A' is 90° or rc/2 rads. In (b), a radius bent to fit on its circle subtends a
57.3° angle, so 6.28 radii fit in all. Or 2 x rc rads =360°=6.28 rads , rt rads =3.14rads =180°,
or 1 rad = 57.3°, the most basic angular unit.

Skin effect
There are several reasons why ordi 

nary lumped components don' t work

oth er than dry air or vacuum, propa
gation spee d decreases . To maintain
con st ant pr opagation spee d, th e
wavelength must dec rease if frequen
cy is held constant.

The only characteristic quantity that
remains perfectly constant in a propaga
ting wave is frequency. When micro
wave energy passes through a piece of
plastic, for example, its speed decreases
because E> I, but X. must also decrease
to produce the same number of cycles
in a given time interval.

A;}y waveform can be described ei
ther temp ora lly (in time) or angu larly.
As is shown in Fig. 3-a, period is
shown to be the reciprocal of frequen
cy T = Iff , where T is the period (in sl
eye), and f is frequency (in Hz).

The angular description of a sin
usoid stems from th e fact that it's
mathematic ally generated from a cir
cle , arbitra rily defined as containing
360°. The true , non-arbitrary angular
unit is the radian (or rad ); to define it,
consider a circle . If, as is shown in
Fig. 3-b, you bend a line segment one
radiu s long to fit along a sector of the
correspond ing circle , it subtends a
57 .3° ang le. If you repeat thi s as
many times as possible over the entire
circumference, you' ll fit 6.28 radii on
the circle in all , or 3 .14 radii along a
semicircle.

By definition , the numb er 6 .28 is
tw ice the constant pi (n) , or 2 X rt
radi ans = 6 .28 rad, so rt = 3 .14 . Since
2 x n radi an s = 360°, then rr radi 
ans=1 80°, or I radian =57.3°. The
term phase denotes either Absolute or
Relative Phase Angle (APA or RPA).
The APA refers to the number of de
gree s or radians into a given cycle
where the instantaneous point of inter
est is located. In Fig . 3-a, for exam
pie , point A' has an APA of nl2
radi ans or 90°:

Relative phase angle (RPA) refers
to the phase angle between two sig
nal s , whe the r two vo ltage signa ls,
two curren t signals, or voltage and
curre nt s igna ls . The waveforms of
Fig . 4 aren' t coincident (phase angle
8 isn 't 0°). In this example waveform
A is a cos ine function , while wave
for m B is a sine function ). These
waveforms are of the same frequency,
but 90° out of phase with each other.
Thi s condition is called a quadrature
phase relationship.
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FIG. 5-THE SKIN EFFECT CAUSES AC
TO flow near the surface of a conductor.
While DCflows through the cross-section,
AC flows only in a narrow band near the
surface (a). Current density falls off expo
nentially toward the center; at the critical
(skin) depth 8, the current density is 1/
e = 36.8%, of that of the surface (b).

tire cross-section of a conductor, AC
flows on ly near the surface, in a nar
row cross -sectio na l ban d that ge ts
thinner as frequency increases . Cur
rent den sity falls off ex pone ntia lly
from the surface of the conductor to
wards the center, as shown in Fig . 5 .
At the critical depth 0, ca lled the skin
dep th , th e c urre n t dens ity is 1/

FIG. 6-MICROWAVE CIRCUIT DESIGN
MUST consider distributed resistance, in
ductance, and capacitance of compo
nents. Also, special lumped-parameter
parts are used, like thin-film inductors,
and chip resistors and capacitors. Here's
how an inductor might appear in a micro
wave circuit on a PCboard. Capacitors are
similar, but the conductors are separated
from one another.

migh t be formed in a microwave cir
cuit built onto a PC board. Capacitors
are also made similarly, but with the
conductors separa ted fro m one an
other.

In our next insta llment, we' ll con
sider tradi tional meth ods of generat
ing RF power. Whil e not spec ifically
microwave techn ology, that little his
tory lesson will set the stage for your
understanding of wh y vacuum tubes
and other ea rly generators fared so
poorly at microwaves . R-E

e = 1/2.718 = 0 .368 = 36 .8%, that of
the surface.

Sk in depth is defined as

8= I/Vn xf x uo ,

where 0 is skin depth (in meters),fis
frequency (in Hz) , !-L is permeability
(in henri es/rn), a is co nductiv ity (in
siemens/meter).

Microwave components
Because current only flows in a

sma ll part of the cross-sec tion of a
m ic rowave co nd uc tor, instead of
through its ent ire cross-sec tion as at
lower frequencies, the AC resis tance
of a microwave conductor is consider
ably higher than its DC resistance.
Beca use sk in effect is a function of
frequency, conductors wi ll perform as
they do at DC for very low frequency
AC, but may be useless in the micro 
wave range .

For these reason s , microwave cir
cuit design mu st consider the di s
tributed resistance, inductance, and
capacitance for components . In addi
tion , specially designed lum ped con
stant components like th in-film in
du ctors, a nd chi p resis tors a nd
capac itors, are necessary. For exam
ple , Fig . 6 shows how an inductor

b
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HERE'S THE SOLDER SIDE of the RAM disk at half the actual size.

-------------12% INCHES------------
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-t
I·

1--------------510/16 INCHES
USE THIS PATTERNfor the pressure gauge.

»
co
c
~
......
(0
(0
o

65



1-·------------6 INCHES------------. I
THIS IS THE SOLDER SIDE of the frame grabber.
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DON LANCASTER

THERE' S A PAIR OF STU PEN DOUS NEW

high-end compact ion break 
through s for thi s month , so I
thought it might be a good time to
go over some of the fundamentals
of...

Data and image compression
You can compact dataor an image

whenever you want to store it in less
spaceor else transmit it in less time.
The processof compactio n is some
times called compression, while the
reverseprocess iscalled restoration,
expansion, or regeneration .

A c o m p ress i o n sc he me i s
noiseless if it does not add anything
in the way of art ifacts to th e output
data strin g. A scheme is lossless if
nothing gets removed and if the re
covered data is exactly the same as
th e input data. Being both lossless
and noiseless is obviously impor
tant if you 're dealin g with elect ronic
funds tran sfer. On th e other hand ,
slight vid eo-image quali ty variat ions
to that tapi oca pudding scene in
Codzilla versus the Night Nu rses
will usually not be not iceable. Even
to the cri ti cal reviewersof this cross
genre classic.

A data compressio n scheme func
tions in real time if it keeps up with
TV frames or movie film , or else if
less than one seco nd of delay is
needed for a user interaction . The
compression is symmetric if th e
same amo unt of t ime and hardware
is needed fo r either data compac
t ion or regenerati on .

The comp ressio n ratio is simply
how much compact ion you gain. If
you redu ce a 100K textfil e to 12.5K,
your compression ratio is a big 8:1.
Similarly, a 20 percent compression
reduces your fil e size by 5:4.

As you might suspect, a modest

amount of compaction, say 30 per
cent, is easy to do. Things get sticky
fast after that. The higher the com
pression ratio, the more time and
effo rt that is required to do the job.

Naturally, there is a fundamental
limit to the ultimate achievable com
pression , based upon information
theory and on ent ropy constraints .
Because both the English language
and typical pictures are extremely
redundant, these limits are often
surprisingly generous.

But do note that the less redun
dant your information, the more in
tol erable any errors will become.
Further, any simple errors tend to
become far more destructive.

For instance, any uncompressed
erro r that misspells a single word
can instead totally trash the entire
message in your compacted file .
This error intolerance, along with
the long processing times, are the
two serious tradeoffs that get in
volved in extreme compaction.

Compression schemes which are
content dependent are often (but
not always) more effective than
schemes that can accept anything as
an input. In general , the more you
know about what you want to com
press, the more you can squash it.
For instance, the compacted data
st r ing alincgburgadd should not

NEED HELP?

Phone or write your Hardware
Hacker questions directly to :

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

take you four score and seven years
to expand into its full text version,
especially if you have got a library
handy.

Or, as a second example, you
could use acity, state, and azip cod e
consisting of the single digit 0 for
your own town in a local mailing list.

Several popular areasof compres
sion interest include ASCII text
strings , fax printouts, delta modula
tion, disk data formats and full color
HDTV video images.

Text compression
Eight-bit bytes of 256 states are a

wasteful way of showing ASCII text
letters, which at the most needs127
characters, and often require only
26. Early Infocom text adventures
used a scheme that crammed three
ASCII characters into a pair of 8-bit
bytes, a compression to 67 percent.
Which also made snooping for hints
real tough. The Adams adventures
instead used character pairs. The
most commonly used occurrences
of two characters got placed in un
used code slots, again giving you
something like a 3:2 compression
on the average.

In spelling checkers , the words
are usually arranged alphabetically.
Since each new word will share
many of the in itial characters with a
previous one, you can provide a
leading number instead. For in
stance , to get from fixation to
fixative, the second word could be
coded as 6ve. You can also use
character pairs as well as a trailing
byte that could represent the 256 ~

mo st popular combined ways of §
ending words, S, ing, Iy, ed, and so c

C/)
on. When all is said and done, it -i

takes only slightly over 9 bits to rep- ~

resent an average English word in a 0
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buried in a sea of white. Obviously,
a bitmap that sets aside one bit for
each black or white dot is horren
dously inefficient most of the time.

One popular way around that
which works exceptionally well with
black-and-white images is called
run length encoding. With run
length encoding, each successive
byte represents how many black
dots or how many white dots are to
follow. For instance, four bytes in a
bitmap could only represent 32 pix
els. But those same four bytes co
ded -18- -56- -9- -143- could now
represent a string of 226pixels, a 7:1
compaction . In this case, the first18
pixels would be black, followed by
56 white ones, followed by 9 black
ones, and a final 143 white ones .
Figure 2 shows you a simple exam
ple of run length encoding.

Should you have lots of picture
detail, popular run length encoding
schemes will automatically switch
back to a bitmap whenever bitmaps
are more efficient. The code can
also be extended to allow for identi
cal sequential lines.

In PostScript, the first time your
descriptive font character is used,
that character gets converted into a
bitmap and placed into a font cache.
Repeated use of the same character
becomes much faster, since you are
now only moving a bitmap using a
BitBlt operator, rather than generat
ing fancy paths. On up to a certain
size, "real " bitmaps are used. Above
that size, run length encoding is
used to minimize the storage
needs. While run length encoding
in PostScript is typically six times
slower than using a real bitmap, the
method is still many hundreds of
times faster than using the original
character description .

Most modern fax machines use
what is known as a Group III com
pression, which is based largely
upon run length encoding. One
source of circuits and information
on Group III compression is
American Micro Devices, especially
their AM95C71 video compression
expansion chip set.

But the best way to compress a fax
image is to flush it and use
PostScript instead. Besides offering
you a ridiculously better image
quality, most PostScript superfax im
ages transmit in one-tenth the time
and will store in one-tenth the
space.

Symbol "F" thai IS 6% likely codes as 0101 .
Symbol "G" that is 6% like ly codes as 00100.
Symbo l " H" that IS 4% likely cocas as 00101 .
Symbo l "1" mat IS 4% like ly codes as 01000 .
Symbol "J" that IS 4% like ly codes as 01001 .

FIG. 1-A HUFFMAN COMPRESSION
USES SHORT CODES for often-occurring
letters or symbols, and longer codes for
those less often used. On the average,
your overall message will end up shorter.
Here's a simple example code which in
volves thirteen symbols.

Fax and the printed page
Most fax images and most printer

output consists of little bits of black

Syrnool " K" that is 4% likely codes as 00110 .
Symbol "L" mat IS 3% like ly codes as 001110 .
Symbol "M" that is 1% likely codes as 001111.

Symbol " AU that is 20% likely codes as 10.
Symbol " S" tha t IS 18% likely codes as 000 .
Symbol "C'' that is l 0% likely codes as 011.
Symbol "0 " that is 10% likely codes as 110
sym bo: "E" that IS 10% likely codes as 111 .

the average, all of your text mes
sages will end up somewhat shorter.

Such a scheme is called Huffman
coding. The original horse's mouth
document is A Method for the Con
struction of Minimum-Redundancy
codes, as found in the September
1952 Proceedings of the IRE. An ex
ample of a Huffman code appears in
Fig. 1.

Huffman codes are based upon
making the length of a character
code inversely proportional to the
popularity of that character's use.
The good news here is that a
Huffman coding is fairly fast and
simple , and often can be applied in
combination with other compaction
techniques. The bad news is that a
variable bit length word can be awk
ward to handle in an 8-bit or 16-bit
micro, and that the total compaction
you get is often rather modest and
typically in the 20-percent range.
Worse, errors under a Huffman cod
ing do tend to trash the entire mes
sage, rather than a single word or
two.

Variations and improvements on
this scheme are known as modified
Huffman codes . These are in no way
limited to ASCII . Any place you have
symbols with different probabilities,
you can use variable-length codes
to your advantage . Often, your mes
sagewill first get analyzed, and a set
of rules in dictionary form will get
sent as a prolog. Matching the cod
ing to the message usually gives you
the optimum compaction.

HANDS-ON BOOKS

Hardware Hacker Reprints II 24.50
Ask The Guru Reprints I or II 24.50
CMOS Cookbook 18.50
TTL Cookbook 16.50
Active Filter Cookbook 15.50
Micro Cookbook vol I or II 16.50
Ennancing your Apple I or II 17.50
AppleWnter Cookbook 19.50
Apple Assembly Cookbook . 21.50
Incredible Secret Money Machine 10.50
LaserWriter Reference (Apple) 19.50
PostScript Cookbook (Adobe) 16.50
PostScript Ref. Man. (Adobe) 22.50
PostScript Prog. Design (Adobe) 22.50
Type I Font Format (Adobe) 15.50
Real World Postscript (Roth) 22.50

spelling checker.
Advanced data compaction

schemes often are first described in
th e Communications of the ACM
from the Association for Computer
Machinery.

Going to a non-ASCII interpretive
code can also help you bunches.
For instance, to describe a single
curved portion of a PostScript
character, six signed integers, seven
spaces, and the word curveto get
involved. For a total of around 42
characters.

In Adobe's Type I Fonts, a special
character string code gets used, of
which 32 entries are commands,
and the rest signed numerics of one
or two self-spacing bytes. Typically,
only six bytes will be needed for the
same curveto example, giving you a
compaction of 6:1 or so. There are
more details in Adobe's Type I Font
black book. I do have a few of these
in stock .

The ASCII letter "e" usually needs
eight bytes for transmission. So
does an ASCII "z." But the "e" gets
used far more often . So, why not set
up a code where an "e" needs four
bits, while a "z" needs fourteen? On

LaserWnter Secrets (lie Mac PC) 29.50
PostScript Show & Tell 39.50
Intro to PostScript VHS Video 39.50
PostScript Beginner Stuff 39.50
PostScript Perspective Draw 39.50
PostScript Technica l lI iustrations 39.50
PostScript BBS stuff 19.50
Abso lute Reset lie & lie 19.50

(J) App lewrtter-Laserwrtter Utilities 49.50
o Enhance I or II Companion Disk 19.50
~ AppleWriter CB or Assy CB Disk 24.50
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FIG. 2-RUN LENGTH ENCODING IS AN EFFECTIVE compression scheme for black-and
white images. In this example, four-bit bytes representing how many white or black pixels
replace the bitmap for a ;1:1 compaction.

HORIZONTAL BITMAP CODING:

00 07 FO 00 00 OF F O 0 0 00 I F FO 00 00 IF FO 00
00 3F FO 00 00 7F FO 00 00 FF CO 00 00 FF CO 00
01 F7 CO 00 03 E7 CO 00 07 C7 CO 00 07 C7 CO 00
OF 87 CO 00 IF 07 CO 00 3E 07 CO 00 3E 07 CO 00
7C 07 CO 00 FF FF FF CO FF FF FF 80 FF FF FF 80
7F FF FF 00 00 07 FO 00 00 07 FO 00 00 07 FO 00
00 7F FE 00 00 7F FE 00 00 7F FE 00 00 7F FE 00

RUN LENGTH ENCODING:

D7 cc 8C B9 CA 9C 8A C9 BC 8C C8 CC 75 17 C6 52
7C 55 37 C5 53 7C 45 47 C3 55 7C 26 57 C2 65 7C
15 77 CO FO A6 OF 09 70 FO 97 01 FO 78 D8 CD 8C
D8 C9 DB 9D B9 DB 9D BO

(A zero value means "don', change" unless at the line end.)

......
CD
CDo

>co
c
~
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VLA Astronomy Site
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NasaTech Briefs
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The disk breakthrough
Most floppy- and hard-disk for

mats are surprisingly wasteful of
space. So there are lots of pos
sibilities here, over and above the
obvious of trying to increase the
number of tracks or the number of
bytes per track .

Knowing exactly how your disk
space is organized can often save

This is known as linear predictive
coding, and the sound toolkits on
the Macintosh and the Apple IIgs
include lots more detail. A typical
compression is 2:1 or 8:3, depend
ing on the acceptable quality.

I use an even sneakier form of
delta modulation to speed up
PostScript. Sayyou have a shipping
label or a business letterwith a fancy
letterhead and a digitized ,signature.

~ Instead of retransmitting the entire
image each time, you simply place
the total image into your PostScript
printer once and then print the first
name and address. You then erase
only the name and address, and
then print up your second name
and address, repeating the process
until your entire mail list or what
ever is finished . The same idea
works well with forms, or anywhere
else a long makeready time can be
shared among many different out-
put copies. .

Astrophysical Journal
PO Box 37005
Chicago, IL 60637
(317) 753-3347
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Jeff Lichtman
1425 Parkmont Drive
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(404) 992-4959
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Bob's Electronic Service
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Amateur Radio Astronomers
247 North Linden Street
Massapequa, NY 11758
(516) 798-8459
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only the difference between the
predicted and exact value.

Doing the obvious
One obvious way to compress

files is to not send what you don't
need. Eliminating all comments and
REM statements from programs at
run time is a typical example. So is
getting rid of any extra spaces used
for pretty printing. In PostScr ipt,
careful use of persistent downloads
and common dictionaries will very
much reduce your individual file
sizes.

Another way to really compact
certain types of images goes by the
name of delta modulation. With de
lta modulation, you transmit only
the changes between what you have
now and what went by previously.

Animation is one obvious exam
ple. I've had one of my students do
some incredible 4-stroke engine an
imation on the Apple lie simply by
brute force coding only frame-by
frame changes in successive pic
tures .

Butdelta modulation really shines
in sound synthes izers. To compact
voice or music, you try to anticipate
where the so und is going to be in
the next sample, and then transmit
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you bunches of room . As one an
cient examp le, leaving off those last
eight invi sibl e bytes of an Apple II
HIRES image saved you an enti re
DOS di sk secto r per picture.

In ProDOS, a 511-character textfile
needs only one secto r, w hile a 513
character one needs three secto rs;
one for the first 512 characters , a
second for t he new index blo ck now
required in your sw itch f ro m a
seedling to a sapling file, and a third
for the final data byte.

In fact , you can save at least on e
sector anyt ime you can get your fi le
size just under a multiple of 512. Full
details in the ' Beneath Apple Pro
DOS from Quality Software.

On the Mac, removing unused re
sources from your System fil es can
often free up surprising amounts of
disk space. Thi s becomes especially
critical on earli er Mac version s with
limited RAM.

Similarly, knowing how your disk
files are arranged and sto red on any
system can some t imes save yo u
quite a bit of space. Especially on a
disk that is nearly full and needs
room for one or two more sho rt
files.

Our f irst major compression chip
breakthrough for thi s month is the
IC-105 co-processor from Infochip
Systems. This one is initially intend
ed for the MS/DOS world and gives
you an average of a 3:1 or higher
compaction of disk files. And do es
so while remaining full y noi seless
and lossless, and still allowing a full
random access. Compression is real
tim e up to 2 megabytes per second,
and the decompression bl azes
along at a 5-megabyte per second
rate.

An adaptive algorithm is used that
senses the type of data and creates
optimum data dictionaries fo r each
type. A Markoff scheme is used.

Interestingly enough, you do not
have to sto re th ese data di cti on 
aries. They will automatically build
t he ms e lves up durin g th e d e
compressio n process. Image com
pression can go as high as15:1. The
initial cost is in the $200 range.

The obviou s first use fo r th is chip
is fo r t ripling th e amount of disk
sto rage space on any laptop com
puter. It will be interesting to see
how error-tolerable thi s new tech
nique is. It should be a real winner if
it works reliably enough und er real
world noi se condit ions.
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FIG.3-THE CORRECT WAY TO CONNECT several video monitors to a single source is to
daisy chain them . Only the last monitor input should be terminated with a 75-ohm
resistor. Never connect cables in parallel!
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WARNING:
SCQ
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to duplicate
rental movies
or copyrighted
video tapes.
RXII is in
tended to stabi
lize and restore
crystal clear
picture quality
for private
home use only.
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Please have make and model number of the
equipment used in your area ready.

No Florida Sales!
It's not the intent of US Cable TV Inc. to
defraud any pay TV operator and we will not
assist any company or individual in doing so.
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Whil e watchi n g re ntal
movies, you will notice an
noying pe riodic c o l o r
darkenlna t color shift, un
wanted lines, flashing or
j ag g ed edges. Th i s is
caused by the copy protec
tion Jamming signa ls em
bedded in the VIdeo tapa,
such as Macrovision copy
pro tecti on . Digital Video
Stabilizer. RXII co mpl etely
eliminates all copy protec 
tion s and jamming signals
and brlng s you crystal clear
pictures.

FEATURES:
• Easy to use and a sna p

to Install
• State-of-the·arl in

tegrated circuit technol·

•~ automatic · no
need for any
troublesome adjust
ments

• Com patible to all types
of VCRs and TVs

• The best and most excit
ing Video Stabilizer in
the market

• Ught weight (8 ounces)
and Com pact (1x3.5x51

:~:~~~\~~~~~~ ~IC~X
batte ry which will last 1
2 years.
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1Unit 10+
Jerrold S.B. $74 $55
Jerrold SB w/Irimode $90 $70
Oak N-12 (wNS) $89 $65
Scientific Atlanta $109 $75
Pioneer $109 $75
Panasonic converter $98 $79
73 channel converter $79 $59

We Beat Anyone's Price!
30 Days Money Back Quaranty

Free Catalog
Visa, MIC, COD or send money order to:

US Cable TV Inc. Dept. KCT8
4100 N.Poweriine Rd., Suite F-4

Pompano Beach, Fl 33073

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COpy
PROTECTIONS

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

1-800-445-9285 or 516-694-1240
Visa, MlC, COD M·F: 9·6 (battery not Included)

seo ELECTRONICS INC.
Dept. CB48 581 W. Merrick Rd. Valley Stream NY 11580

Unconditional 30 days Money Back Guarantee
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75 Ohm
Termination

might lik e to drive more than one
video monitor from a sing le source.
Unl ess you are very careful, you wi ll
get d isappo int ing res u lt s. For
tunately, there's a brand-n ew low
cost M AX457 chip from Max im
which greatly simplif ies this task.

Video is normally routed th rough
shielded cables wi th a characteristic
imp edance, of 75 ohms or so.

If you do intenti onall y ope n or
sho rt -c ircu it a cable, whenever a
pul se or other signal gets to the end ,
it will refl ect and bounce back to the
source and cause standing waves-
unless the cable is term inated at
both ends by a load equ al to its
characterist ic impedance .

At baseband vid eo frequ encies,
reflecti on s off a short cable may not
be all that bad. As a crude rul e, if the
cable is ten feet long or less, you can
ofte n get away w itho ut terminatin g
it. Lon ger than that, and you will
want resistive te rminatio ns at bot h
ends, o r yo u will get characte r
smearing and other loss of quality.

Figure 3 shows you the correct
way to tie several monitors to a sin
gle source . You can use a daisy
chain connection . The mon itors in
side th e chain sho uld all be set to
th eir high impedance terminat io n
stage. The last monito r in the string
sho uld get load te rminated .

Note that you cannot simply put a
bun ch of monitors in parallel , since
all the ir loads w ill gang up and
swamp your source, leavin g you
with a very washed out pi ctu re,
poor sync, o r even nothing at all.

Figure 4 shows you a dual video
driver using the MAX457. Each out-

Open Circuit
Termination

Open Circuit
Termination

'-----_J

Video distribution amplifiers
There are lots of times wh en you

The image breakthrough
But the reall y big development

th is month is the Cl550A chi p by C
Cube. Thi s beauty does a fu ll-co lor
video com pression from any source
to 33:1 and beyond in real time, up
to and including 60-frame-per-sec
o nd HDTV! A massive 300:1 parallel
pipelining is provid ed through an
unusual architecture. The action in
this chip takes place at a previously
unheard of ten billion o perat io ns
per second .

The compression is don e by mak
ing what are known as Discrete Cos
ine Transforms, that involve blocks
of 64 pixels. It turns out that certain
spatial frequencies and some color
shifts are nearly invisib le to th e
human eye, so a carefu l filtering
throws out anything that you aren't
go ing to be able to see anyway.

Best of .all, thi s chip implements
what is soon to be an international
JPEG (joint Photographic Experts
Croup) image standard, so it is in no
way proprietary.

The obvious uses include gen
uine multimedia on personal com
puters, compact full animati on on
CD-ROM and for squash ing th e
bandwidth s need ed fo r HDTV
broadcasts to well under those cur
rentl y bein g used fo r plain old TV.

C-Cube does have afree technical
in formation packet fo r you on their
products, along with demo boards
and software emulators. Projected
pricing of their chip is in th e $95
range.



New tech literature
Useful new data books for this

month include a Voice Synthesis LSI
and Telecom LSlvolumes from OKI;
Microwave Transistors from Phillips,
High Speed CMOS Logic from
Samsung; Optoelectronics and Im
age Sensors from Texas Instru
ments; and NO & O/A Converters
from Sony.

Toni Patti of the Cryptosystems
journal offers some newly revised
free Lorenz attractor "Owl's Mask"
chaos theory programs when you
send him a formatted IBM disk. In
cluded is a powerful set of new 3-D
graphics routines. Other free soft
ware includes a Selectrim trimpot
selector from Bourns, and a

continued on page 90

Radio Astronomy Handbook, his
Solar Radio Astronomy, and his
Microwave Radio Astronomy.

A leading amateur astronomy
club isapparently the Society ofAm
ateur Radio Astronomers. Their $20
yearly membership includes a
newsletter.

Publications providing radio as
tronomy information in them in
clude Science, the Astrophysical
journal, NASA TechBriefs, and their
discontinued IEEE Transactions on
Radio Astronomy.

Two radio astronomy sites which
welcome visitors are the NRAO ob
servatory located in Greenbank,
West Virginia, and that VLA site in
New Mexico.

video
input ~

I' :"r H I'
·5V

+5V

Radio astronomy resources
For our resource sidebar this

month, I have chosen to round up
some stuff for amateur radio astron
omers.

Two of the foremost resources are
Bob Sickels and Jeff Lichtman. Bob
runs Bob's Electronic Service and
publishes the Radio Observer mag
azine. He also stocks parts and kits
for low-noise amplifiers, microwave
electronics, chart recorders, and
lots of similar stuff. His free catalog
also has a good no-nonsense intro.

Jeff haspublished three classics in
the field which include his fine

put is an independent 75-ohm
source. You can cascade as many of
these as you need to .

To make up for the drop across
the 75-ohm source resistance, the
video gain is set to precisely two.
Half of that develops across the
source, and half across your termi
nating load. At a gain of two, the
bandwidth is around 30 megahertz,
so high-definition stuff can be han
dled as well as ordinary video.

A split +5, - 5 supply is required.
Sorry about that, but you do have to
somehow suck out current on all
your grounded sync tips. Supply
current is under 40 mils for the pair
of drivers. The normal output level
is adjusted to a white level of 2 volts
and grounded sync tips. That be
comes a standard one-volt video
signal after the drop across the
source resistor.

FIG. 4-THIS DUAL VIDEO DRIVER is handy any time you want to use more than one
monitor with a VCR or a computer, especially with long cables.

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools,and are familiar with basic electronics (l.e.able
to use voltmeter, understand DC electronics). . . .
IFyou possess average mechanical ability, and have a
VCR onwhich topractice and learn. .. .then we can
teach YOU VCR maintenance and repair!
FACT: upto90% ofALLVCR malfunctions are due to
simple MECHANICAL or ELECTRO-MECHAN ICAL
breakdowns!
FACT: over 77million VCRs inuse today nationwide!
Averagp VCR needs service or repair every 12to18
months!
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho
tos and illustrations) and AWARD·WINNING VIDEO
TRAINING TAPE reveals theSECRETS ofVCR mainte
nance and repair-Ureal world" information that is
NOT available elsewhere!
Also includes all the infoYOU'll need regarding the
BUSINESS-SIDE of running asuccessful service op-
eration! FREE INFORMATION

CAll TOll·FREE 1·800·537·0589
Orwriteto: Viejo Publications Inc.

3540 Wilshire BL. STE. 310
Los Angeles, CA 90010 Dept. RE

CIRCLE 182 ON FREE INFORMATION CARD

@ III. ...op:=~~.,

~
~ 0010 AI=.p... ~J9P :=-\\

.:~~ , Learn at home in spare time.. ...-/-:f?JH~ No previous experience needed!

No costly School. No commuting to class.
The Original Home-Study course pre
pares you for the' 'FCC Commercial Radio
telephone License". This valuable license
is your "ticket" to thousands of excit ing
jobs in Communications, Radio-TV, Micro 
wave, Computers, Radar, Avionics and
more! You don't need a college degree to

.qu a lify, but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cost! GUARANTEED PASS - You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!r----------------------,
I commdnD PRODUCTiOnS I
I FCC LICENSE TRAINING, Dept. 90 I
I P.O. Box 2824, San Francisco, CA 94126 :
: Please rush FRE E details immediately! I
I NAME I
I ADDRESS I
I CITY STATE__ ZIP__ IL J

CJ)

o
Z
o
CC

o
UJ
...J
UJ

o
o
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CC
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L a s t time we ou tlined the
hardware and software com

p r is ing the static RAM di sk. Un
lik e a RAM disk allocated from
system memory (whether con
ven t ion a l, exte n ded, or ex
panded), our RAM di sk occupies
only a few 110port addresses. And
because it contains its own
CMOS memory subsystem, our
RAM disk can be immunized
against power failures .

Now let's talk about how the cir
cuit works, and about how to
build and use the SRAM disk.

Hardware details
The circuit consists of three

main sect ions : a bus interface, a
battery backup circuit, and the
static RAM array. Figure 1 shows
the complete schematic diagram.

The PC bus interface consists
of IC3, IC4, and IC5. The latter
are a pair of 74LS244's (three
state octal bus drivers) that buff
er the address lines. A bi-direc
tional three-state octal buffer

(lC3, a 74 LS245) buffers the data
lin es .

The lOR (110 Read) line from the
expansion bus dr ives the data di
rec tion inpu t of IC3 ; the decod
in g circu itry d is cus sed below
drives IC3 's gate in pu t (pin 19).

The decoding circuitry con
s ists of IC6, IC7, and several
gates in IC9 and IClO. Two out
puts from IC6, a 74LSI38 3-to-8
line decoder, drive the cs inputs
of the parallel ports (lCI and IC2).
In a multi-board system, the first
board uses the two low-order out
puts (Yo.yl) oflC6; subsequent
boards use h igher-order outputs.
Address lines AO and Al select
one of four registers (three data
ports and one control port) in the
selected port (lCI or IC2). Address
linesA2-A4 drive IC6, which pro
vides an output select every four
addresses.

For IC6 to be enabled , its G2A

must be driven low For that to
happen, several conditions must
be met. First, AEN from the bus

EDITOR'S
WORK,S·BJ •
BENCH ® -=:__.......

I Low-cost Logic Analyzer I

Log ic analyzers can inspire
fear. They're usually expen

sive, conceptually difficult, and
hard to use. To counteract that
trend, Photronics has intro
duced the LAI Logic Analyzer, a
$100 device that plugs into your
PC. The LAI is not going to put
Tektronix out of business, but it's
not even trying to compete. The
LAI is really an educational tool
that provides a low-cost, easy-to
u s e introduction to logic ana
lyzers. It keeps cost down by lim
iting operating speed to about
100 kHz, and by relying on the PC
for its intelligence.

The LAI consists of a half
length card that plugs into any 8
or 16-bit slot. As shown in Fig. 1,
A connector is accessible to the
user through the rear bracket; a
supplied ten-conductor ribbon
cable plugs into the connector.
The cable is terminated with
color-coded mini-clips that you
attach to the circuit under test.
Eight lines are for data, one is
ground, and the other is for an
external clock.

(Continued on page 78)
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must be low. Ifitisnotlow, aDMA
operation is taking place. Sec
ond. either lOR or lOW must be ac-

. tive (low). When those conditions
are met, pin 3 of IClO will go
high.

Another necessary condition is
that the A =B output of IC7 be
high. That IC is a four-bit magni
tude comparator; it has three
outputs that reflect the state of
two four-bitsets of inputs. If the
binary-weighted A inputs are less
than the binary-weighted B in
puts. the A =B output goes high.
The A =B and AB outputs function
similarly. To compare more than
four bits, you can cascade IC's by
connecting outputs of one stage
to corresponding inputs of the
next. The lowest-order stage re
quires its A =B input to be high.

In our circuit. A9 from the bus
drives the A =B input, and A5-A8
drive the comparison inputs. DIP
switch S 1 is connected to the
other group of comparison in
puts. The AS and A8 address
lines actually drive the A3 and AD

inputs, and A6 and A7 drive the
B2 and BI inputs respectively. The
other A and B inputs are con
nected to the poles of S1. The net
effect is that pin 6 goes high
whenA9 is high and whenA5-A8
match the DIP-switch settings.

Table 1 shows the switch set
tings for various I/O port ad
dresses. In each line of the table.
the address shown is 512 more
than the sum of the binary
switch weights. The reason is
that A9 is also decoded, so the
minimum address is 512 .

When pin 6 of IC7 and pin 3 of
IClO go high, pin 8 of IC9 goes
low. thus enabling IC6-d. one of
the port Ie's . In addition, after
inversion by IClO-b, the pin-8
output also enables IC3 , the
data-bus buffer. At that point a
byte will be read or written (de
pending on the states of lOR and
lOW) to the appropriate port of the
selected port IC.

I

SRAM array
Each SRAM has fifteen address

lines, eight data lines, an output
enable (OE) line . a write-enable
(WE) line. and a read/write (RJW)
line. Part A of ICI drives the low
order address lines of all SRAM's;
the lower seven hi.ts of port B

»c
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c
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TABLE 1-1/0 PORT ADDRESSES

S1-d S1-c S1-a S1-b Address
(256) (128) (64) (32) (decimal)

ON ON ON ON 512
ON ON ON OFF 544
ON ON OFF ON 576
ON ON OFF OFF 608
ON OFF ON ON 640
ON OFF ON OFF 672
ON OFF OFF ON 704
ON OFF OFF OFF 736
OFF ON ON ON 768
OFF ON ON OFF 800
OFF ON OFF ON 832
OFF ON OFF OFF 864
OFF OFF ON ON 896
OFF OFF ON OFF 928
OFF OFF OFF ON 960
OFF OFF OFF OFF 992

TABLE 2-BOARD SELECT

The board is a little too tall to fit
in an XT-style case. Either use an
AT case, or trim the board to a
height of about four inches .
Doing so will cut through several
traces, which can then be re 
placed by jumper wires. Make
sure you don't remove any more
than the top eight traces to keep
the additional jumpers to a mini
mum.

Ifyou trim the board, the addi
tional jumpers should be added
between the correspondingly
numbered pads Jl.. .J8. For ex-

side of the board install all re
sistors, then IC sockets, then ca
pacitors, then the DIP switch and
the two header blocks for th e
backup battery and the decoding
block. Then, on the back side of
the board, install the six jumpers
shown in Fig. 2. Connect a pair of
wire-wrap wires to each pin of a
two-pin female header; connect
the other ends of the two wires to
the pads by the cs inputs of ICI
and IC2 (pin 6). Then connect the
female header to the desired pair
of pins on PI. Choose A + B,
C+O, E+F, or G+h, and make
sure that the wire from IC2 goes
to the lower-order pin (A, C, E,
or G). In a multi-board system,
use the jumper; settings shown in
Table 2.

IC1, Pin6
B
D
F
H

IC2, Pin 6
A
C
E
G

Board
1
2
3
4

Construction
You can build the circuit on a

prototype board with an XT-type
bus interface, or you can build it
on a PC board. Foil patterns are
shown in PC Service; a drilled
and etched board with plated
through holes is also available
from the source mentioned in the
parts list.

As shown in Fig. 2, on the front

up battery feeds the SRAM's and
pull-ups via 02.

The author successfully used
several types of batteries for
backup, including a a .l-Farad ca
pacitor formerly sold by Radio
Shack, four AA cells, and a re
chargeable cordless phone bat
tery (Radio Shack number
32-173). Ifyou use a rechargeable
battery, install a jumper in 02's
position.

Data retention
The battery-backup circuitry is

quite s imple. Five volts from the
bus feeds all of the logic and par
allel ports. In addition, bus
power also feeds the SRAM's and
associated chip-select pull-up re
sistors (R6-R2l) via diode 01.
When bus power is off, the back-

drive the high-order address
lines; and port C drives the data
lines. The high bitofportB (PB7)
functions as a pseudo read/write
line that drives the OE lines, and,
after inversion by IC8-a and IC8
b, also the WE lines. Last, the A
and B ports of IC2 drive the chip
select inputs of the SRAM's, one
bit per SRAM. Port C of IC2 is not
used in the present design; you
could modify our circuit to de
code an additional 8 SRAM's or
use the port for other things.

-

eno
Z
oa::
o
w
..J
W
o FIG. 2. MOUNT ALL PARTS AS SHOWN HERE.
o MAKE SURE THE FOLWWING VERSION OF THE PARTS
Cf LIST RUNS. THERE ARE A FEW DIFFERENCES FROM PART 1.
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Parts List
All resistors are 1/4·wa tt . 5% unless
otherwise noted.
RI-R5 4700 ohms
R6-R21 22.000 ohms

Capacitors _

CI-C16 0 .01 f.IF po ly ester
Cl7 .10 t-tF. 10 volts .

electrolytic

Semiconductors _
Dl. D2 l N914 switching

diode
ICl, IC2 8255

Programmable peripheral Interface
IC3 74LS245

Bi directiona l bus buffer
IC4,IC5 74LS244 Octal

bus d rtver
IC6 74LS138 Three-

to-eight linea ecoaer
IC7 74LS85 Four-bit

compara tor
IC8 74LS04Hex

inverter
IC9 74LSOOQuad

NAND gate
ICIO 74LS08 Quad

AND gate
ICll-IC26 .43256-10 Stati c

RAM

5 CLS
10 PRINT H *** ** ****************** ********** *****************"
20 PRIN T"* * "
30 PRINT "* SRAM I NITIALI ZATI ON PROGRAM *"
40 PRINT" * *"
50 PRINT" * COPYRI GHT HATRONICS *"
60 PRINT"* *"
70 PRINT"********** ******** *********************** ********* "
80 PRINT " THIS PROGRAM WILL INI TIALIZE THE FI RST 3 2K "
90 PRINT" THI S WI LL SET UP THE FAT AND DI RECTORY AREAS "
95 PRINT
97 I NPUT" WHAT PORT ADDRESS " ; PO%
99 IF PO%=O THEN GOTO 130
100 PRINT" ARE YOU 5URE YOU WANT TO DO THIS 77? Y or N "
110 A$=INKEY$: IF A$="Y" OR A$="y" THEN GOTO 140
120 IF A$=·..• GOTO 110
130 PRINT" ABORTED ! ! !": END
140 DIM 52(16 )
150 S2(1) =254:52 (2 ) =25 3:52 (3 )=251:52 (4)=247
160 S2 (5 ) =239:S2(6 ) =223: S2 (7 )=191:52 (8 ) =127
170 P1A=PO%:P2A=PO%+16: P1B=PO%+ I:P2B=PO%+17
17 5 P1C=PO%+2:P2C=-PO%+18:P1D=PO%+3: P2D=PO%+ 19
180 OUT P1D, 128

__190_0UT P.2D, 128
200 OUT P2B,255
210 OUT P2A,255
220 P% =P2A
230 PRINT" INITIALIZING FIRST 32K"
240 IF BA =2 THEN P%=P2B
250 FOR S = 0 TO 127
260 FOR T = 0 TO 255
270 OUT P1A,T:OUT P1B,S+128
280 OUT P1C,0
290 OUT P%,S2 (S3):OUT P%,255
300 NEXT T
310 NEXT 5
320 PRINT" END INITIALIZATION":END

Other Components _
SWI Four-pos ition DIP

switch
Bl Four AA cells

(With holder) (optional)
Jl 2-posltlon . single'

row. O. l"j ema le header
J2 2-posltlon. singl e'

row. O.l"j emale header
PI 8-position . Single-

row. 0.1" male header
P2 2-positlon. si ngle-

row. 0.1" male header

Ordering Information
The following are available from

Hatronics
145 Lincoln Street

Montclair, NJ 07042
(201) 783-7264

(201)245-6614 (BBS. j oin the
Hatronics conference)

Bare PCboard $50
Kit with OKRAM $90
Kit with 128K RAM $I55
K it w ith 256K RAM $220
Kit with.512K RAM $322
Assembled and
tested un it . OK $135
Assembled and
tested .unit . 256K $255
Assemb led and
tested unit. 512K $395
All orders add $10.00
for shipping and handli ng.
New Jersey orders
add sales tax (6 % ).

ample, run a jumper from Jl un
der the DIP switch to Jl by C9,
from J2 under the DIP switch to
J2 by ClO, etc.

If you're not going to in s tall all
sixteen SRAM's, install the
SRAM's in part-number order
(lCll, ICI2 ,.. .IC26).

Check your work carefully for
solder bridges and cold solder
joints . Fix any problems, and
then set S 1 to a value unused by
any other adapter in your system.
Try 768 if you're not sure; that
address is reserved by IBM for
prototype boards.

Then power down your PC and
insert the board into a vacant ex
pansion slot.

Initialization
Power your PC up; if it doesn't

boot normally, power down
quickly check the board again,
an d cor rect any mistakes.

Before you can use the board,
you must initialize it. Run the
BASIC program shown in Listing
1; that program performs a func
tion similar to DOS's FORMAT
command. If you don't keep a
battery attached to the board,

you'll have to run the BASIC pro
gram each time you boot. In that
case, you may want to modify the
program so that it automatically
uses the correct port address and
so that it returns to DOS after it
finishes executing . In other
words, change all END state
ments to SYSTEM statements.
Then you could execute the pro
gram from your AUTOEXEC.BAT
like this : GWBASIC SFORMAT.

The author is working on an
enhancement that will allow the
driver to optionally initialize the
board each time you boot. Both
the initialization program and
the device driver are available
from theRE-BBS, 516-293-2283,
300/1200, 8Nl. The file called
SRAMDISK.EXE is a self-extrac
ting ZIP file that contains the
BASIC program, the executable
version of the device driver, and
the sou rce for the device' driver.
Run SRAMDISK.EXE on a disk
with at least 150K of free disk
space. Check with the author at
the address given in the parts list
for the latest version of the ini
tialization program and device

(Continued on page 80)
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The LAI also h as a specia l "Log
ic Probe" mode, in wh tch a bi t
mapped display is constan tly up
dated to reflect the s ta te of the
input probes . For dem ons tration
purposes . you ca n run the soft
ware without the ca rd in a ran
dom mode. in wh ich da ta is not
captured but created by a ran
dom-number generator.

Documentation cons ists of a
20-page pamphlet that does a
good job of explaining how to se t
up and use the LAl , but is weak
on background information an d

examples . That's a weakness. be
cau se I doubt that anyon e famil
iar with logic-analyzer operation
would be interested in a product
like this. Its low speed and 8-bit
operation s imply aren't su fficien t
for real-world use.

For educational u se, the easy
to-use interface has a distinct ad
vantage, but the documentation
shou ld have some sort of tutorial
information. All in all . though,
the LAI would be valuable in con
junction with a beginning course
in digital electronics. tal.

I' II .I· •

FIG. 3

FIG. 2
" .II ' f . I I

(Continuedfrom page 73)

EDITOR'S WORKBENCH

The card has several jumper
blocks for specifying the l/O ad
dress through which data is
passed to the host PC. and for
selecting the clock type and rate
of the clock. If you use the inter
nal clock. you can specify a clock
frequency of 1, 10. 100. 1.000.
10,000. or 100.000 Hz. The board
is laid out well. has a solder mask
and a silk screen indicating all
component positions. and all IC's
are installed using socketed con
nectors.

The software consists of a sin
gle executable file that uses a
drop-down menu system for load
ing and saving files. configuring
defaults. capturing data. print
ing the results. etc. To capture
data. you first specify capture pa
rameters using the dialog box
shown in Fig. 2 . The trigger byte
lets you specify the byte with
which capture will begin. You can
specify O. 1. or X for each bit. For
capture to begin. you must re
ceive a byte that matches the pat
tern of Ls and a's in the trigger
byte. (X matches either a 1or a 0.)

The Edge Select field in the di
alog box allows you to specify
whether each byte will be cap
tured on the leading (+) or the
trailing (-) edge of the clock.
Sampling Count specifies the
number of bytes to capture: 16,
32. 64. 128. or 256.

Timeout specifies the max
imum period of time to wait for
the trigger byte. If it is not re
ceived in that amount of time,
the capture process terminates.
You can specify an infinite wait
by specifying a value of 0; how
ever. your computer will lock up if
the desired byte is not received.

After capturing data. you can
view a graph of the state of each of
the eight captured bits at each
clock cycle. The software switch
es to a graphics mode for this dis-

~ play; all s tandard IBM adap ters
z (CGA, EGA. VGA, 8514, 3270) are
~ supported, as are several others.
t; The program will also print the
wrrJ graph; most common dot-matrix
a and laser printers are supported.
~ Figure 3 shows a LaserJet II
ex: printout of one sample run.
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R-E Computer Admart
Rates: Ads are2114" x 2%" . One insertion$950. Sixinsertions S925.each.Twelve
insertions $895. each . Closing date same as regular rate card. Send order with
remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd ., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman , area
code-516-293-3000. Only 100%Computer ads areaccepted for thisAdmart. .

BP181-lt is probable that 80% of dot-ma
trix printerusers only ever use 20% of the
featuresofferedby their printers. Thisbook
willhelp you unlockthe special features and
capabilities that you probably don't even
know exist. To order your copy send$6.95
plus$1.50 for shipping in the U.S. toElec
tronic Technology Today Inc. , P.O. Box
240, Massapequa Park, NY 11762-0240.

. . . . .

PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUAlly)
OOANTITY ONE PRICES SHOWN tor MAY 27, 1_

BP135-A beginners guide
to the Commodore 64 pre
sents masses ofuseful data
and programming tips, as ' .
well as describing how to
get the best from the
powerful sound and graph- '-- ....I

ics facilities. We lookathowthe memory is
organized, random numbers and ways of
generating them, graphics-color-and sim
pleanimation, and even a chapter on ma
chine code. Get your copy today. Send
$5.00 plus$1.25 forshipping inthe U.S.
to Electronic Techology TodayInc., P.O.
Box 240, Massapequa Park, NY
11762-0240.

SECRETS OF THE
COMMODORE 64

Seo,.. t. of~

COMMODORE 64

GeUingThe
Most From Your
Printer

GETTING
THE MOST
FROM YOUR
PRINTER
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current settings are always visi
ble. For example, if you wonder
whether that plotter requires a
high on RTS , press F4 to make it
high, and then send some data. If
that doesn't work, press F4 to
turn it back off, and try again.
You can follow the same pro
cedure with DTR. The states of
the receive signals (CTS, DSR,
CD, RI) are constantly displayed
as well.

The central portion of the
screen contains the Communica
tion Display, in which all sent
and received characters are dis
played. Each character is dis
played according to the current
display mode (ASCII, hex, deci
mal, binary), which you set with
F6 . Unfortunately, th e numeric
display modes are a little raw,
with no spaces between adjacent
characters , which makes the val
ues difficult to read. I'd like to see
the display formatted in a DE
BUG style, with numbers on the
left and ASCII on the right. A
"ch at" mode, in which keyboard
characters (BaclcSpace. Tab, etc.)
were interpreted in telligen tl y
would also be nice.

The program currently sup
ports COMl and COM2; it would
be nice If the user could specify a
port address, because the "stan
dards" for COM3 and COM4 are

sPORTt is a software-only serial
port tester that aids determining
correct port settings for PC com
patibles. It provides an interac
tive screen, shown in Fig . 4 , in
which you can change settings at
will, as well as send and receive
data. Whatever you type at the
keyboard is sent out the current
port at the current settings . You
can also send a disk file, and re
ceive to a disk file.

The nice things about sPORTt
are that you can quickly and east
ly change settings, and that the
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Y OU can never have enough
weapons in the never-ending

battle with RS -232 in ter faces .

ISerial port setup with sPORT! I
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not universally adhered to, and
multi-port serial boards use al
together different addresses .

Using the program is easy, be
cause the single screen is self-ex
planatory. Printed documenta
tion includes a 40-page three
ring notebook with background
information on serial communi
cations, 9-pin, 25-pin, and null
modem wiring diagrams, etc.

At bottom, sPORTt is a handy,
easy-to-use diagnostic for PC's. It
won't substitute for a fancy exter
n al serial-port analyzer, but at
$90, it costs 10% of one of those
devices·trn.

C: The Complete Reference

C-Ia n g u a ge aftcioriados will
appreciate McGraw-Hill's

comprehensive new reference by
the prolific Herbert Schildt. The
book is divided into five parts.
Part one includes an introduc
tion to C that is as good as some
textbooks . Part two includes
complete descriptions of all stan
dard library functions. Part three
discusses data structures and al
gorithms common to all types of
programming (searching and
sorting; stacks , queues, and
linked lists; arrays; etc.). Part
four discusses programming
problems from a higher level, and
includes discussions of interfac
ing with assembly language;
porting and debugging, and soft
ware engineering. Part five dis
cusses C++, ANSI C, and how
the latter differs from the classic
K&R version of the language. At
800 pages, the book is about two
inches thick, and it's filled with
code examples, all of which are
available on-disk directly from
the author for about $25. If
you're thinking about switching
to C, this book will help you get
up to speed quickly If you're al
ready there, it will serve as a valu
able reference.trn.

ITEMS DISCUSSED
• LAI Logic Analyzer ($99.95),
Photrontcs , Inc., 109 Camille
St., Amite, LA 70422 . (504)
748-7090.
CIRCLE 260 ON FREE INFORMATION CARD

• sPORTt ($90), Western Hy-
drologtc Systems, 3037 Grass
Valley Hwy., #8201, Auburn, CA
95603. (916) 885-2480.
CIRCLE 261 ON FREE INFORMATION CARD

• C: The Complete Reference,
2nd ed . ($28.95), Herbert
Schildt, Osborne McGraw-Hill,
2600 Tenth Street, Berkeley, CA
94710.
CIRCLE 262 ON FREE INFORMATION CARD

RAM DISK DRIVE

continuedJrom page 77

driver.
The next task is to add the de

vice driver to your CONFIG.SYS
file. Until you are sure things are
working the way you want, you
may want to boot from floppy, not
your hard disk. Later, after you
arrive at the correct configura
tion, copy the device driver to
your hard disk and edit its CON
FIG.SYS.

The device driver line in CON
FIG.SYS takes the form:
device = a:ramdev.sys /768 #16

$016 %2
The first parameter specifies the
board's base address, in this case
768. Next comes the number of
SRAM's installed (16), followed by
the number of directory entries
(016), and last by the number of
sectors per allocation unit (2).
Each parameter must contain
the number of digits shown
(three, two, three, and one, re
spectively). Add a leading zero (or
leading zeros) if necessary. In ad
dition, you must prefix the base
address with a slash, the number
of Ie's with a pound sign, the
number of directory ent-ries with
a dollar sign, and sector number
with a percent sign.

Edit the CONFIG.SYS of your
boot disk to add the appropriate
values, and then reboot. If all is
working well, you should be able
to use the static ram diskjust like
any other kind of drive in your
computer. to>.

LAWN RANGER

continued from page 50

Hand-held controller
The hand-held controller allows the

operator to manually steer the robot
forward and backward. It contains a
potentiometer and switches that inter
face with the electronic control sys
tem. The cable from the controller
plugs into the electronic control panel
located at the rear of the Lawn
Ranger. Figure 7 shows a photograph
of the hand-held controller, and Fig. 8
shows the schematic diagram .

Potentiometer R3 is used to steer
the robot to the left or right. Micro
switch S I is hand -activated and stops
and starts the forward motion of the
Lawn Ranger. As the operator
squeezes the hand control, S I closes
and allows the robot to move . If the
operator opens his hand or drops the
controller, the robot will automat
ically turn itself off. Switch S3 is a
momentary pushbutton that is used to
activate the cutting motors . An RC
delay circuit formed by R2 and CI
slows the Lawn Ranger down before it
goes into reverse after the operator
pushes the REVERSE button . OPOT
slide switch S2 allows the operator to
choose either a slow or fast driving
speed. As far as the contruction of the
controller goes, simply install the
components as shown in Fig. 8 in a
suitable enclosure .

Electronic control panel
The electronic control panel is lo

cated at the rear of the Lawn Ranger.
The control panel consists of a OB-25
female connector (for the manual
controller), three momentary push
button switches, a POWER switch (ig
nition), and a flashing power-on LED
indicator. The schematic diagram of
the control panel is shown in Fig. 9.
The POWER switch is a key-operated
ignition switch that supplies power to
the robot. The STOP button cuts the
power and stops the cutting blades .
The CUT button is used to energize the
cutting motors. The START button is
used to start the automatic cutting op
eration after the hand-held controller
is disconnected.

Next month the Lawn Ranger story
will continue. We will be covering the
power board and the mechanical as
sembly. We'll also show you how to
thoroughly test each section of the
mower. R-E



AUDIO
UPDATE
The High End Hi-Fi Show

LARRY KLEIN,
AUDIO EDITOR
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MY BIG EVENT OF THE SEASON IN THE

late1950's was the annual Institute of
High Fidelity Music Show at the
New Yorker Hotel. Along with hun
dreds of other early audiophiles, I
elbowed my way through crowded
corridors for the chance to meet
face-to-face such audio luminaries
as Vic Brociner, Sol Marantz, Avery
Fisher, Rudy Bozak, Gilbert Briggs,
and Paul Klipsch. I remember a fel
low audiophile who, impressed by
the imposing physical and sonic
presence of a dozen Klipschorns,
asked timidly, "Mr. Klipsh, what
would happen if you turned up all
these speakers to full volume?"
Without missing a beat, Klipsch re
plied in his characteristic drawl, "My
boy, it would permanently damage
the structure of the building!"

I encountered no such claims at
the recent High End Hi-Fi Show
sponsored by Stereophile maga
zine, a publication that caters to the
needs, rational and otherwise, of
dedicated audiophiles. What I did
hear at the High End Show was ex
cellent sound produced by the
products of scores of high-end man
ufacturers.

Touring the show
A $25 admission fee covered all

three days of the High End Show
and included admission to the vari
ous panels, discussions, demon
strations, and live music events. I
must admit that my tour of the show
was far from definitive. Other com
mitments had limited the time I had
available, but part of the blame has
to be placed on the show's sprawl
ing layout. Manufacturers' displays
were scattered throughout two

TWO B&W MATRIX 800 SPEAKER sys
tems are shown side by side, with and
without their grill covers. Their brilliant
sound, impressive size, and distinctive
shape are matched only by their $18,000
price tag.

floors and two mezzanines, and
close study of the show directory
was required to locate the ex
hibitors of interest. It turned out
that the show organizers had delib
erately spaced the exhibitor's rooms
both to expedite traffic flow and to
prevent sonic conflicts.

The products
Near the entrance to the show

floor was the B&W room, featuring
their new Matrix 800speaker system
pictured elsewhere on this page.
Note that the photo shows two com
plete systems side by side, one with
its grille cloth on, the other with it
off. I was rather startled by the ap
pearance of the speakers, each of

which stands more than 6-feet tall.
But I have enough confidence in
B&W's engineering integrity to
know that the design configuration
was neither arbitrary nor specifically
designed to impress by its sheer size
and strange shape.

How did it sound? In a word:
magnificent! Small musical groups
came across with a natural quality
and balance and an impressive
sense of depth and space around

1
the performers. Large orchestral
performances were handle'd at real
istic (loud!) concert-hall volumes
with no sense of strain and a
substantial bottom end. The free
field frequency-response ~peci f ica

tions of the system are given as 23
Hz to 20 kHz ±2 dB, an~ I don't
doubt it for a minute. Few of us
would be willing to fit apair, of Matrix
8OO's into our listening rooms (or to
accommodate their $18,0001cost) but
they're a good example of ~ow good
a speaker can be when its manu
facturer makes an all-out effort.

An interesting contrast to the
enormous and expensive B&W Ma-
trix 800was provided by the dimin
utive Atlantic Technology Pattern
woofer/satellite speaker system.
The Pattern system has separate 15
watt amplifiers for each of its two
satellites and a single 30-watt ampli-
fier for the dual bass drivers. Each
satellite measures 4 inches square
and 7 inches high, and consists of
two black cubes joined together by
a pivot that allows one cube to be
rotated 360 degrees relative to the ~
other. The amplifiers are housed in- ~
side the bass module, which mea- ~
sures 19 inches long, 12Y2 inches <0

high, and 8% inches deeR; ~

I



Get A Complete Course In

ELECTRONIC
ENGINEERING

8 volumes, over 2000 pages,
including all necessarymath and
physics. 29 examinations to help
you gauge your personal pro
gress. A truly great learning
experience.

Prepare now to take advan
tage of the growing demand for
people able to work at the engine
eering level.

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

Banner
Technical
Books, Inc.
1203Grant Ave.
Rockford, IL 61103
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The Pattern's amplifiers do more
than simply feed a chosen signal to
its drivers . The bass amplifier in
cludes a dynamic equalizer that en
hances the low-base output at
reasonable volume levels, but turns
it down about 5 dB when acombina
tion of low bass and high volume
would tax the 6Y2-inch woofers' ex
cursion capabilities. The Pattern 's
highly flexible input arrangement
accepts connections from up to
three stereo program sources plus
wires from the speaker outputs of a
separate amplifier or receiver. The
sound from the Pattern system was
very good, although not quite up to
the standard set by B&W's $18,000
Matrix 800. But for $500-built-in
amplifiers and all -most people
would probably consider the Pat
tern a better buy.

Accessories
In the past decade, the audio

business has been "accessorized"
to a fare-thee-well. For the dealer,
accessories answer the question of
what to sell the audio consumer
once he's bought his basic compo
nents; for the audiophile, accesso
ries provide an opportunity to be
consistently involved in what he
perceives asan evolving system. For
example, for quite a while it has
been possible to buy shock mounts

. for every component in your sys
tem-even the amplifier. Following
an opposing theory, "spiking" de
vices are also available to ensure a
firm connection between the com
ponents and the surface they are
resting upon.

I don't know how many au
diophiles are losing sleep over the
question of whether to shock
mount or to spike, or whether to
apply the various clamps, weights,
preservatives, and enhancing fluids,
but there is one category of accesso
ry seen at the High End Show that I
can heartily endorse. Several man
ufacturers are selling gold-plated
RCA-type phono plugs that have
been redesigned and machined to
provide a constant ground during
insertion and withdrawal and to
have a clamping action once in
stalled. A great idea. Over the years
I've probably blown hundreds of
dollars worth of midranges and
tweeters because of carelessness
and cable problems that would have
been prevented by proper plugs .

Very expensive special speaker
leads and interconnect cables (we
used to call them "phono" cables)
were seen in profusion at the show.
The manufacturer's claims and
quasi-technical explanations for the
superior performance of thei r prod
ucts ranged from the vaguely possi
ble to the definitely ridiculous-as
did the prices. I was told of one
speaker cable that sells for approxi
mately $200 per foot!

I didn't get a chance to check out
the Wadia line of outboard digital
decoders meant to be connected to
CO and OATplayers with digital out
puts . I must admit that the technical
content of the impressive Wadia lit
erature lost me in the section about
LaGrangian and Spline decoding
polynomials, but their basic claim is
simple enough : Critical amounts of
information are lost (and displeas
ing artifacts added) in the O/A-con
version sections of all current CD
and OAT players. The Wadia 2000
decoding computer purports to re
store the sound to the quality in
tended by the recording engineers.
It's possible, but my CD players
sound just fine to me as is. It would
seem that I lack both the aural sen
sitivity and financial wherewithal
($7,700) to ever be a customer for
their top-of-the-Iine decoder.

The final word
Consumer hi-fi shows have ap

parently fallen out of favor in the
past decade. Whether the reason is
lack of manufacturer support or loss
of public interest I can't say, but the
Stereophile Show is the only one
currently scheduled. Perhaps it's
just aswell, because the hi-fi shows
generally had deteriorated to SPL
(Sound-Pressure Level) contests
where it was difficult to find anyone
really knowledgeable about the
products shown and impossible to
make critical sonic judgments be
cause of the noise leakage from ad
jacent rooms.

I would guess that the 7,000-or-so
attendees at the High End Show
were mostly critical music listeners,
and the exhibito rs, by and large, re
spected their serious interest both
by the choices of the program mate
rial and the reasonable levels at
which it was played. I regret that I
didn't get a chance to cover all the
products played and displayed .
Maybe next time. R-E



Our New and Highly Effective Advanced- Place
ment Program for expe rienced Electro nic Tech
nicians grants credit for previous Schooling and
Professional Experience, and can great ly re 
duce the time required to complete Program and
reac h graduation. No residence schooling re
quired for qualified Electronic Tec hnicians.
Through this Spec ial Program you can puil ail of
the loose ends of you r elect ronics backg round
together and earn your B.S.E.E. Degree. Up
grade your status and pay to the Engineering
Leve l. Adva nce Rapidly ! Many finish in 1 2
months or less. Students and graduates in aliSO
States and throughout the Wor ld. Established
Ove r 40 Years! Write for free Desc riptive Lit
erature .
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FIG.7-TO CALIBRATE THE GAUGE, use th is setup. Rememberthat all hose connections
must be securely clamped.
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~IE 4251 CYPRESS DRIVE
~ E JACKSON, MISSISSIPPI 39212

ORDER
FROM
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FOR
CRYSTAL

CLEAR .~ :

COMMUNICATION
• YOUR RELIABLE SOURCE

SINCE 1965
• QUICK DELIVERY
• PRICED RIGHT
• EMERGENCY ORDER

SERVICE AVAILABLE
FOR FREE CATALOG,

CALL OR WRITE:

JAN CRYSTALS

TOLL-FREE: 1-800-JAN-XTAL
(526-9825) g

c

FAX ORDERS: 1·813-936·3750

P.O. BOX 06017I IFORT MYERS, FL 33906. )
~ (813) 936-2397 . .. 2
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COOK'S INSTITUTE
OF ELECTRONICS ENGINEERING
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Assembly
Power!

Heath
1-800-753-5454

(M-F, 8:00 a.m. - 4:30 p.m., EST)

Heath provides an alternative for
computer buyers who want to do more
than just plug in a ready-made computer.
Heath computer kits offer superior per
formance - and the satisfaction and pride
of building a high-powe r laptop or
desktop computer yourself.

Our expert team of computer sales
consultants will give you a special price
that' s sure to fit your budget. Simply call
1-800-753-5454 and ask about any of
these unbeatabl e systems:

• HS-3286 SupersPort 386 SX laptop
• HS-2862 12 MHz 80286 laptop
• HS-3629 32-bit, 25 MHz 80386 desktop
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tent ly. The display will change in ap
pearance when the battery needs to be
replaced, and it will disappear al
together when the battery is tota lly
exhausted . R-E

ARE YOU IN DEFAULT
on a student loan?

If you're in default on a guaranteed
student loan (FISL, GSL, Stafford,
SLS, or PLUS loan), you may be
eligib le to pay it back without penalty
or collection charges. For information
about this special program, call the
guarantee agency that holds your loan,
or call the U.S. Department of
Education's toll-free number:

(800) 333 -INFO

Final calibration
The best way to calibrate your pres 

sure gauge is to compare it to the
reading of a known, accurate gauge .
Additionally, if you plan to use the
gauge to measure pressure which is
normally less than full -scale ca 
pability, it would be prudent to ca li
brate it at this pressure level rather
than at full scale. Use the setup in Fig.
7, remembering that all hose connec
tions must be securely clamped. The
setup allows the pressure source to be
applied simultaneously to both
gauges .

Adjust R6 so that the digital read
out agrees with the reference gauge .
After adjustment of R6, remove the
pressure from the sensor and check
the display, which should read zero . If
there is some offset from zero , repeat
the adjustment for Rl6 and R6 .

Battery life should be as long as I or
2 years if the project is used intermit-.

CIRCLE 104 ON FREE INFO RMATION CARD



MARI{ET CENTER

CLASSIFIED AD ORDER FORM

FOR SALE
GREAT buys! Surplus prices , ICs, linears, transfor
mers, PS, stepping motors, vacuum pump,
phototransistor, meters , LSASE , FERTIK'S, 5400
Ella , Phila. , PA 19120.

ZENITH descrambler test device. Autho rizes all
channels for full service. Sold as test aid only!
$69.95 each for info call (407) 768-0278.

DESCRAMBLERS: dealers! We have new Z-Tac
descramblers, only $185.00 in 10 lots, with other
systems available. 1 (800) 695-CABL.

BARGAIN HEADQUARTERS!
2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46.50)

16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)

21 ($65.10) 22 ($68.20) 23 ($71 .30) 24 ($74.40) 25 ($77.50)

26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00)

31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted .):

Special Category: $25.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETIERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or typ e your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard , Farmingdale, NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $25.00.
(- ) Plans/K its () Business Opportunities () For Sale
( ) Education/Instruction () Wanted () Satellite Television
( )------------------------

To run your own classified ad, put one word on each of the lines below and send th is fo rm along with your check to:

ENGINEERING software, PC/MSDOS. Hob
byists - students - engineers . Circuit de
sign $49.00, PCB layout $99.00, Logic
simulation $29.00, FFT analysis $69 .00,
Mathematics $39.00, Circuit analysis
$29.00. Call or write for free catalog . (614)
491 -0832, 8S0FT SOFTWARE, 444 Colton
Rd ., Columbus, OH 43207.

• JERROLD • TOCOM • HAMUN
• SCIENTIFIC ATlANTA • ZENITH

OIlk M35B ONLY$60
6 month walnntyl Wa ahip C.O.D.I

la_at retaUtwt>olesaJe prices I
FREE CATALOG:

Global Cable Networte
1032 Irving St . SUite 1011

S .F. , CA 1M122
• I • : ,.

RESTRICTED technical information : Electronic sur
veil lance, schematics, locksmithing, covert sci
ences, hacking , etc . Huge selection . Free
brochures. MENTOR-Z, Draw er 1549 , Asbury
Park, NJ 07712.

TUBES: "oldest," "latest. " Parts components sche
matics . SASE for l is t. S TEINMETZ, 7519
Maplewood Ave., RE, Hammond, IN 46324 .

DESCRAMBLERS. All brands. Special : Combo
Jerrold 400 and SB3 $165.00. Complete cable de
scrambler kit $39.00 . Complete satell it e de
scramb ler kit $4 5 .00 . Free catalog . MJM
INDUSTRY, Box 531, Bronx, NY 10461-0208 .

T.V. notch filters , surveillance equipment, brochure
$1.00. O.K . VIDEO, Box 63/6025, Margate, FL
33063 . (305) 752-9202 .

RENTAL movie stabilizer. Connect between VCRs
or to monitor. Satisfaction guaranteed. $69.95,
$4.00 handling. 1 (800) 367-7909.

Card Number Expiration Date

---------'---_/_---------

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid . NON·COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.50 per word, prepaid....no minimum . ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 55¢
per word additional. Entire ad in boldface, $3.70 per word. TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per word prepaid. Entire ad in boldface,$5.60 per word.TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 2V4"-$410.00; 2" x 21/4'-$820.00; 3" x
2V4"-$1230.00. General Information: Frequency rates and prepayment discounts are available. ALL
COpy SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O.BOX ADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 10th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 10th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Informati on Card.

SignaturePlease Print Name

LOTTERY - IBM computer disk for all lotteries
$10.00. ROBERTS, Box 63/6025, Margate, FL
33063.

MAGNET wire 18-38 gauge solderable. Send SASE
to'SMW DIST., PO Box 1015, Huntington, IN 46750.

CATALOGS you can get free over 200. Send $3.50
to ERIC LIVELY, 3982 Stuart , Bossier, LA 7111 2.

I . I ••

WIRELESS CABLE-l .9to2.7Ghz.40dbGain( +)
36-Channel System Complete $149.95
12-Channel System Complete $114.95
Call or Write for "FREE" Catalog

Phillips-Tech Electronics
p.o. Box B533 • Scottsdale, AI.85252

LIFETIME (602)947-7700 IUlIO Credit, " phone orders!1
WARRANTY MasterCard. Visa • COD's Quantity Pr ic i ll~

LASERS. 1mw to 2kw, worlds largest selection of
new & used surplus. Free catalog. MWK INDUS
TRIES, 1269 Pomona Road, Corona, CA 91720.
(714) 278-0563.
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HAMLIN Mec 3000 36 CO RDED HEMO TE CONV ERTER ret l :i only !

'SCIENTI FIC ATLANT A ADO·ON REPLAC EMENT DESCRAMBLE R

JERROLD 400 HAND REMOTE CON TROL

1 100R
UNIT MORE

29 00 18 00

9B 00 7900

BB00 6900
16900 >19 00

2900 1800
19900 13900

29 00 l B OO

9900 6300
109 00 7500

9900 7000

10900 75 00

99 00 6200
10900 65 00
14500 105 00
6900 4200
7900 46 00

9900 62 00

9900 62 00
1i500 12500
2400 1400

11900 65 00
11900 8500

Price TOTAL
Each PRICE

Output
Channel

'C ALl FOR AVAILABILITY

ItemQuanti ty

"EAGLE PD·3 DESCRAMBLER ,Ch 3 output ()Il ly .
INTERFERENC E FILTERS ICh 3 only.

'M INICO OE IN·12, WITH VARISYNC

' ZENITH SSAVI CABLE READ Y

JERROLD SB-ADD-O N

'M-35 B COMBO UNI T WITH VARISYNC

ECONOCOOE WITH VARISYNC
ECONOCOOE trmmcooe substi tuter

' MINICOOE VARISYNC WITH AUT O ON·OF F

STAR GATE2000

'JERROLD SB-ADD-O N WITH TRIM ODE

PANASO NIC WIRELESS CONVER TER tour bes t buyl

' MINICOOE IN· 121

°Ml D- 1200·3 ICh a outouu
"MlD-1200 -2 ICh z outoun

' JERROLD 400 COMBO

°M·3 5 B COMBO UNIT ,C h aootput onlYI

.JERROLD 450 COMBO

.JERROL D 450 HAND REMOTE CO NTROL

TJ SERVICES is here to serve you! Our quality
products, quick courteous service, knowledgeab le
sales people and rock botto m prices prove it! Not
sure what you need? Call (313) 979·8356 we'll help!
We specia lize in Jerrold, Hamlin, interferance fil ·
ters and most SA equipment.

I
30CHPARABOLICDISHSYSTEM
30CHRODANTENNA SYSTEM SI93.90
30CHCRYSTAL CONTROLLEDSYSTEMS294.95

SUN MICROWAVE INn. INC. SENDS1.00 FOR
P. O. BOX#34522 CATALOG ON THESE
PIlOEHIX,IJ..85067 ANDlJ7HERFINE
(602) 2311-0640 VIDEOPRODUCTS
QUANIDYDISCOUNTS UFETIMEWARRANTY

MEMBEROFTHE BEr TERBUSiNESS BUREAU

CABLE TV converte rs: Jerro ld, Oak, Scientific At
lantic , Zenith & many others. " New MTS" stereo
add-on: mute & volume . Ideal for 400 and 450
owners! 1 (800) 826-7623 , Am ex, Visa, M/C accept 
ed. B & B INC. , 4030 Beau-D-Rue Drive, Eagan,
MN 55122.

TUBES, new, up to 90% off , SASE , KIRBY, 298
West Carmel Drive, Carmel, IN 46032 .

CABLE TV converters descramblers, remote con
trol Toco m $199.00 new, RTC-56 with remote
$150.00, Jerrold with remote $125.00, SA-3 - Tri-Bi
$89 .95, Ze nith Z-Tac $22 5.00, Hamlin MLD-1200
$4 5.00, Ham lin 6600 $150 .00 , M35 -B $45.00,
quantity price available, COD ok. MOUNT HOOD
ELECTRONICS (206) 896-6837.

SURVEILLANCE privacy- control-debug ging-p ro
tection. (Kits assembled). Large new catalog $5.00.
TRI·TRON, 2209F Lapalco , Harvey, LA 70058.

~
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TOTAL

Shipping Add
$3.00 per un it

SUBTOTAL

COD & Credit
Card s - Add 5%

______ Zip _

o Mon ey Ord er

Cal ifornia Penal Code #593-D forbids us
from shipping any cable descrambling unit
to anyone residing in the state of California.

Prices subject to change without notice.

FOR OUR RECORDS:
DECIJ.RATIOH OF AUTHORIZED USE - I, the undersigned. do hereby declare under penally 01 perjury
that all products purchased, now and in the future, will only be used on cable TV systems with proper !
aulhorization from local oIficials or cable company oIficials in accordance w.ith all applicable federal and ~

state laws. FEDERAL AND VARIOUS STATEIJ.WS PRCMDE FOR SUBSTANTIAL CRIM NAL AND CMl 1:
PENALn ES FOR UNAUTHOflIZED USE. !

PLEASE PRINT

STUN guns : The ultimate self protection device for
non-violent people. Low prices. Write: PROTEC·
TION, Box 24762-RE, Nashville, TN 37202-4 762.
(615) 226-893 0.

PROGRAMMABLE stepper motor drive & control
for under $100, IBM PC/XT com patible , Com
modore 64, or other with 25 pin parallel port. PCB,
interlace, & software. Send for detail ed literature to:
MASE, R.D. # 2 Box 166, Mohrsville, PA 19541.

COMMUNICATIONS/electronic equipment,
sales, service, FCC licensed, free catalog,
RAYS, PO Box 14862, Fort Worth, TX 76117-0862.

PRINTED circuit boards etc hed & dr illed. Free deliv
ery. K & F ELECTRONICS, INC., 33041 Groesbeck,
Fraser, MI 48026. (313) 294-8720.

FREE catalog. Interlaces for IBM compatibles . Dig
ital I/O and ana log input. Control relays, motors ,
lights , measure temperat ure, voltage . JOHN BELL
ENGINEERING, INC. , 400 Oxford Way, Belmont,
CA 94002 . (415) 592-8411.

CABLE desc ramb lers (Jerro ld) from $40.00 . Tocom
VIP test chip. Fully activates unit. $50.00. Call (213)
867-0081.

CABLE-TV Scientific Atlanta 8580 QTY/pri ce
each 1/289 5/249 10/239 6PM to WPM EDT week
days (301) 791-5019 . No Maryland orders accepted.



TOCOM 5503 V.I.P. shutdown? Descramble "all
channels" perfectly with deluxe "turnon" module.
Easy hookup. $39.00. MIKE, Box 743, Oldsmar, FL
34677.

OAK Sigma descrambler, channel 3 output, rare
hard-to-find factory equipment, with free documen
tation, $150.00. Oak Sigma modification documen
tation $20.00 postpaid. Oak VN12-4 (or Hamlin)
descramblers with free remote control converter,
$85.00. Eagle remote control conve rter de
scramb ler combos, $100.00. Send moneyorder,
ship postpaid within 3 days. SURPLUS ELEC
TRONICS . POS 10009, Colorado Springs, CO
80932.

T.V.cable descramblers convertors. Zenith. Tocom,
SA-3, Tri-Bi, Jerrold-400. Hamlin, Oak, wholesale
prices to all, examples Tocom $125.00, Oak RTC-56
with remote $150.00, COD orders ok, no catalog just
great prices. S.A.C., information (702) 647-3799,
orders only 1 (800) 622-3799.

STOP the electronic thievesl Techniques. equip
ment, laws. Free information. SVS, 198 N. 2nd St.,
Suite 6, Porterville. CA 93257. (209) 781-2834.

TEST equipment pre-owned now at affordable
pri ces. Signa l gene rators from $50.00. Os
cilloscopes from $50.00. Other equipment. includ
ing manuals available. Send $1.00 for catalog,
refund on 1st order.J.B. ELECTRONICS, 3446 De
mpster, Skokie. IL 60076. (708) 982-1973.

SURVEILLANCE countersurveillance equipment
catalog $5.00. EAVESDROPPING DETECTION
EQUIPMENT, PO Box 1087 , Willi amsvil le. NY
14231.

TROUBLESHOOT Solid-state relays . Easy to un
derstand guide with diag rams and instruction s.
Send $3.00 to: REMCO TECHNOLOGIES, PO
BOX 428, Henrietta. NY 14467.

NINTENDO service manuals. Schematics, wave
forms, parts lists. troubleshooting tips. Untapped
mark et s nat ionwid e. $30 .00. SPIEL ELEC 
TRONICS, PO Box 50941, Amarillo, TX 79159.

PHOTOFACT folders, under # 1400 $4.00. Others
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow. NY 11554.

M.e.
VISA

CIRCLE 53 ON FREE INFORMATION CARD

1-$89.00 10-$69.00 1oo-Call
Last channel recall-Favorite channel select
75 channel-Channel scan-Manual fine tune-
One year warranty-surge protection-HRC & Stand
ard switchable- and much more. I

*NEW STARGATE 2000
CABLE CONVERTER

INFORMATION(402)554-0417
Orders Call Toll Free

1-800-624-1150
M.D. ELECTRONIC S
115 NEW YORK MALL
SUITE 133E
OMAHA NE. 68114

10 Lot
JERROLD"" Tn·Bi Mode. SI05 .00 S85.00
JERROLD"" SB-3 OR 2 $89.00 S65.00
HamiinMLD -I200.. ..... S99.95 S62.00
OakN-12W/V.s.......... S99.95 $62.00
Oak-M-35·B W/V.s. ..... S99.00 $78.00
OAK B-IL.... ......... S99.95 S58.00
Zenith SSAVI............. SI85.00 SI45.00
Eagle PO-L............. . SI20.00 S85.00
Scientific Atlanta.......... SI29.95 SI05.00
SA·Combo'. .............. CALL SCali
Tocom..................... S350.00 S295.00
Oak N-l2 WI Auto....... SI40 .00 SI05.00
Jerrold Starcom CSV.... S139.95 Call

CABLE TV
DESCRAMBLERS

CABLE TV
T8-3 (Tri-Bi) or SA-3

Quantity Prices
10 20

$48.
Each

$43.
Each

One tree can make
3,000,000 matches.

PLANS AND KITS
BUILD this five-digit panel meter and square-wave
generator including an ohms, capacitance and fre
quency meter. Detailed instructions $2.50. BAG
NALL ELECTRONICS, 179 May, Fairfi eld , CT
06430.

MINIATURE FM transmitters! Tracking transmitters!
Voice disguisers! Bug detectors! Phone Devices!
More!Available in kits or assembled! Catalog $2.00:
XANDI ELECTRONICS, Box 25647, Dept. 60G,
Tempe, AZ 85285-5647.

CATALOG: hobby/broadcasting/HAM/CB: Cable
TV, transmitters, amplifiers, surveillance devices,
compute rs, more! PANAXIS, Box 130-F8, Para
dise, CA 95967.

$39. $35.,
Each Each

50 100
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Hours open 10:00 am to 4:00 pm Eastern ti me
Minimum order 5 uni ts 55.00 ea.
Dealers wanted. We sh ip COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King's prices!"

DESCRAMBLERS

One match can bum
3,000,00o trees. SURVEILLANCE transmitter kits! Four models of

each; telephone, room, combination telephone/
room transmitters tune from 65 to 305 MHz. Catalog
with Popular Communicat ions book review of
" Elect ronics Eavesd ropp ing Equ ipment De
sign," $1.00. SHEFFIELD ELECTRONICS, 7223
Stony Island Ave., Chicago, IL 60649-2806.

INVESTIGATORS, experimenters - Quality plans.
Micro and restricted devices. Free catalog. Self ad
dressed stamped envelope required KELLEY SE
CURITY INC., Suite 90. 2531 Saw1elle Blvd., Los
Angeles, CA 90064.

CB Tricks II book. Power amplifier design and theo
ry,UHF CB tune ups. Send $19.95 MEDICINE MAN
CB, PO Box 37, Clarksville, AR 72830.
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C opturo s a n y T V C alTle r s . C amcorder
VCR . N TSC V ideo output a n d holds
tho display a n d sen ds on command

V Isa and FAX Ordar (213) 827-1852

PM C ~:~~~n~:1 Rey.B~~ ~6~~~

FM transm itter 88 -108 MH Z kit $12 .95; Flyba ck test
er assembled $95.99; S & H 4% , SIERRA ELEC
TRONICS, Box 70 9, Elfers, FL 34680-0709 .

Plionvu o/iaeopfione in a Cfiip
STILL FRAME TV PICTURE TELEPHONE

TRANCEIVER KIT
S onds Slo"N Scan TV pictures over
The phono line In T'Nolv& Second s

Auto Mode allovvs hands fre e sen d
a n d re c e i v e. Disp lays on any TV

I IC Ch ip Replacos 150 551 Dips I
151050 Levels 1- J-
of Grey Scale !

Serves as : '

TV FAX Ii ' ....J

a: 0 • I
~~~ !

'------;-, Videophone Chip 48P DIP
and Schematic $56.95
AID, DRAM,D·Reg. $21.00
PC Board (BARE) $18.95
50 Res. Cap. Diode $28.75
Cabinet(unc~t) $12.75
Power Pack $ 8.75
TV Camera $189.50
Monitor $118.75

RECEIVE all co rd less telephones on your po lice
sca nner. $5 .00 and SA SE ge ts frequencies. FRE
QUENCIES, PO Box 550, Tivert on , RI 02878 .

VCR amplifier. Tran smits to any TV in the house.
Comple te unit only $4 9.95 . Miniature FM transm it
ter-s iz e of postage st amp, up to 1 m ile ranlle .
$29 .95. Free info. CAS ELECTRONICS, 1525 AVia
tion Blvd .. Suit e 136, Redond o Beach, CA 90278.

8028 6 -1 2~h l. 1.2 or 1,.44 Flopp y.
101 Keyboa rd. 5 12k. Mono ""a nite r.
Para llel Port, 5 Dri...e Cc se. 200 Wall
Powe r Supp ly, 'recr Warron l) . 100-; ,
lSI,! Compatible. f ree S of"t ~ re .

I=ree Cahllog-
G e n e r a l T e c hni cs
Quolity Computer S ystems
P o s t O ff i c e B o x 2676~~";::"""::=:==!'

(5" ~o5 k o9"81°~ ~y4'7!i9/;

ETCH your own pri nted circuit boards using the
photographic meth od . Th e only inexpen sive ste p
by -step process that guarantees professional re
sults . A book that eve ry serious elec tronics hobbi est
shou ld have . Send $12.95 to ETCHING INFO, PO
Bo x 8064, Westfield , MA 01086-8064.

TRANSFORMERS. Learn to build your own. Easy.
S ma rt. Sen d $1.00 (refundabl e). W. CHARLES
TECHNO LOGIES, 28 740 S.W. Par kway # A1,
Wilson ville , OR 97070 .

FLUKE-BECKMAN-SIMPSON-ETC.
u.s. MADE ONLY.QUOTATION PRIORTOWORK. FAST
SERVICE.90 DAY WARRANTY. STANDARDS
TRACEABLETO NBS. SINCE 1948. CALIBRATION
CERTIFICATE AVAILABLE.

INDUSTRIAL INSTRUMENTWKS.INC.
5745 SALMEN. HARAHAN, LA70123 5041733-8355

DIGITAL V.O.M.lD.P.M.
SALES-SERVICE-PARTS

BUILD working 68000 sing le board computer under
$100 .00! Complete step -by-ste p manua l incl udes
sc hematic , c ircuit board , layout, part s list. Plans
incorporate same CPU chip as Macintosh, Amiga,
A1ari ST ; $24.95. Catalog of robotic and var ied CPU
proj ec ts, $1.00. HTC T ECHNO LO GIES, 9 Union
Squar e, Ste. 129 , Southbury, CT 06488 . (203)
26 3-39 58.

DESCRAMBLlNG, new secret manu al. Build your
own descramblers for c ab le and subscription TV.
In stru ctions, schema tics for SSAVI, ga te d sync ,
sinewave , (HBO , Cinemax, Showtime, UHF, adult)
$8 .95 , $ 2. 0 0 po s ta g e . CAB LETR ON ICS , Bo x
30502 R, Bet hesd a , MD 20 824 .

NEWHE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS: 6403 N. 59th Ave.

Glendale, AZ 85301 • (602) 934-9387
"Th e Source for Laser Surplus"

B UILD robot from out er space! Plans $11.95, de
ta ils free. ROB OT WORK S, Box 1979, Co lorado
Springs, CO 80901.

L ASER light ing enter tain me nt systems . Create
your own 3-d imensiona l laser ligh t shows. Deta iled
me chanical and elec trical sche matics, scanning
and co ntrol operations. $20 .00. MILLENNIUM, 877
Saint Charles # 5, Thousand Oaks, CA 91360 .

DE T ECTION - Surveill an ce , debugging , plan s ,
k its , assembled dev ices. Latest high-tech catalog
$5 . DETECTION SYSTEMS, 2515 E. Th omas ,
# 16-864F, Phoen ix, AZ 8 50 16.

FM wireless microphone, 3 mile ra nge, plans
$4 .00. FM , PO B ox 4383, Bl oomington, IL
617 02-4383.

STRANGE stuff. Get th e advantage! Laser list ener,
surveillance, des crambling, underground inform a
t ion . Plans, kit s, complet e items. Informational
package $3. 00 refundable . DI RIJO/BOND, Bo x
212 , Lowell , N .C. 28098 .

LASERS Bui ld gunsights , po in te rs , liteshow,
nite lite , lab . Blu ep rint s and instruction s $9.00 each,
3 for $20.00 . Free list. NIGHTWRITER, POB 44188,
Phoenix, AZ 8506 4.

• Output: 5 mW (max.)
• Current: 20 mA
• Operating Voltage : 2.2-3.0V
• Wavelength: 665nm
STOCK# PRICE

<D
<D
o

>c
(j)
c
en
-l

'II
EPROMS

STOCK' PINS OESCRIPTION 1·24 25 99 100_

1702 24 256 x 4 tu s 3.99 3.79 3.41
2708 24 1024x 8 450ns 6.49 6.17 5.55
2758 24 1024 x 8 450ns 3.99 3.79 3.41
2716 24 2048x 8 450ns (25v) 3.29 3.13 2.82
2716-1 24 2048x 8 350ns (25v) 3.79 3.60 3.24
TMS2716 24 2048x 8 450ns 6.29 5.98 5.38
27C16 24 2048x 8 450ns(25v-CMOS) 3.99 3.79 3.41
2732 24 4096x 8 450ns(25v) 3.79 3.60 3.24
2732A·2 24 4096x 8 200ns (21v) 3.79 3.60 3.24
2732A 24 4096x 8 250ns(21v) 3.69 3.51 3.16
2732A-4 24 4096x 8 450ns (21 v) 3.19 3.03 2.73
TMS2532 24 4096 x 8 450ns (25v) 5.79 5.50 4.95
TMS2532P 24 4096 x 8 450ns(25v-One TimeProgrammable) 1.99 1.89 1.70
27C32 24 4096 x 8 450ns (25v-CMOS) 4.19 3.98 3.58
2764-20 28 8192 x 8 200ns (21v) 3.99 3.79 3.41
2764 28 8192 x 8 250ns (21v) 3.79 3.60 3.24
2764A-20 28 8192x 8 200ns(12.5v) 3.99 3.79 3.41
2764A 28 8192 x 8 250ns (12.5v) 3.29 3.13 2.82
TMS2564 28 8192 x 8 250ns(25v) 6.79 6.45 5.81
27C64 28 8192 x 8 250ns(21v-CMOS) 4.19 3.98 3.58
27128·20 28 16.384x 8 200ns (21v) 5.79 5.50 4.95
27128 28 16.384 x8 250ns (21v) 5.09 4.84 4.35
27128A 28 16,384x 8 250ns (21v) 5.79 5.50 4.95
27C128 28 16,384x 8 250ns (21v) 5.79 5.50 4.95
27256-20 28 32.728x 8 200ns(12.5v) 5.29 5.03 4.53
27256 28 32.768x 8 250ns (12.5v) 4.79 4.55 4.09
27C256 28 32.768 x 8 250ns (12.5v-CMOS) 5.29 5.03 4.53
27512·20 28 65,536x 8 200ns (12.5v) 7.49 7.12 6.41
27512 28 65,536x 8 250ns(12.5v) 6.99 6.84 5.98
27C51 2 28 65,536 x 8 250ns (12.5v-CMOS) 6.99 6.64 5.98
27Cl024 32 131,072x 8 200ns (12.5v-CMOS) 17.99 17.09 15.38
68764 24 8192 x 8 450ns 13.99 13.29 11 .96
68766 24 8192x8 450ns 14.99 14.24 12.82.... UNICORN

r=-o

.OJ: EL E( T RON I ( 5

10010 Canoga Ave.. Unit B-8' Chatsworth. CA 91311• OUTSIDE CALIFORNIA: (800) 824-3432 (Orders On ly)
; .. IN CALIFO RNIA: (818) 341·8833

ORDER BY FAX: (818) 998-7975
Minimum Order: $15.00

· YOU I.C. SOU

$129 .99

$19.99

$9.99

PRICE

$39.99

LS3200

LS022

• Output: 5 mW (max.)
• Current: 65-100 rnA
• Operating Voltage : 1.75-2.2V
• Wavelength: 780nm
STOCK# PRICE

S81053

• Output: 10 mW (max.)
• Current: 90-150 rnA
• Operat ing Voltage : 2.2-2.5V
• Wavelength : 820nm
STOCK# PRICE

STOCK#

S8 1052

• Output: 2.5 mW (max.)
• Current: 90-150 rnA
• Operating Voltage: 2.2-2.5V
• Wavelength: 820nm
• Collimation: .18mrad (typ.)
• Size : 11mm diameter

LASER DIODE
(VISIBLE-RED)

~

LASER DIODE
(VISIBLE-RED)

LASER DIODE
(INFRA-RED)

COLLIMATOR PEN
(INFRA·RED)

CIRCLE 181 ON FREE INFORMATION CARD
87



1 10 20
89.00 56.00 48.00

119.00 69.00 65.00
129.00 80.00 75.00
99.00 59.00 45.00
99.00 59.00 58.00
99.00 75.00 68.00

COMPUTERS FOR LE$$

10 MHz 8088 System $369
. 4.77/10 MHz 8088 Motherboard
• 256 KB RAM (640KB max)
• 150Watt Power Supply
• Roppy Disk Controller
• One 5.25" 360 KB Roppy Drive
• MonoGraphics Card wi Parallel Port
• 101 Key Enhanced Keyboard
• Case (3 LEOs ,2 Buttons ,Key-Lock)
• 12" Amber Monochrome Monitor

12 MHz 80286 System $669
• 12 MHz 80286 Motherboard
• 0 Wait State
• 512 KB RAM (4 MB max)
• 200 Watt Power Supp ly
• Roppy Disk Controller
• One 5.25" 1.2 MB Floppy Drive
• MonoGraphics Card wi Parallel Port
• 101 Key Enhanced Keyboard
• Case (3 LEDs ,2 Buttons ,Key-Lock)
• 12" Amber Monochrome Monitor

_ _On!! Year Parts & Labor Warranty .
30 Day Satisfact ion Guarantee

Shipping & Handling Extra
VISA & MIC add 3% Amex add 4%

Price & Availability subject to change
without prior notice

QTY
Jerro ld (Type) SB-3
Jerrold (Type) Tri-Bi
Scientific Atl anta SA-3
Ham lin MLD-1200
Oak N-12 Vari-Sync
Jerro ld 550 Conv erte r
Jerrold 400 DRX-3D IC
(With Built in SB-3) 169.00 109.00 100.00

PLANS! Remote control tester $9.95. Zener diode
tester (plug into DMM) $ 9 .9 5 . El ect ron ic
Stethoscope $9.95. D.E . STENGER, Box 1136,
Brooks, Alberta TOJ OJO.

IMAGINE That, is a collection of new ideas and
product concepts that have been only partially de·
veloped. Innovative, thought-provoking. For design
ers and hobbyists alike. $5.35. NIFFTY CON
CEPTS, Box 1323, ShebOygan, WI 53082·1323. .

GARAGE alarm system. AC or battery operated.
Detailed insta llation instructions contro l panel, key
pad, siren, switch, wire $135.00. Write to: JM IN
DUSTRIES, 2840 W. Southland Drive, Franklin , WI
53154.

LEARN to clean/repair fax machines. Huge new
market! Earn $85/hour. No experience necessary.
Free details call 1 (800) 537·0589 or write to: VIEJO
PUBLICATIONS, 3540 Wilshire Blvd. # 310, Dept.
FX200, LA, CA 90010.

INVENTORS: We submit ideas to industry. Find out
what we can do for you. Call 1 (800) 288·IDEA.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600. (KS1).

WANTED
INVENTIONS/new products/ideas wanted : Call
TLCI for free information 1(800) 468-7200 24 hours/
day - USA/Canada.

ANTIQUE RADIO CLASSIFIED
Free Sample!~

Antique Radio's
Largest Circulation Monthly. ~ 0

Articles, Ads & Classifieds. • -
6·Month Trial : $13. l -Yr: $24 ($36-1st Class).
A.R.C., P.O. Box 802-L6, Carlisle, MA 01741

INVENTORS! Confused? Need help? Cal! IMPAC
for free information package . In US and Canada:
1 (800) 225-5800.

JINCO COMPUTERS INC.
5122 Walnut Grove Avenue

San Gabriel , CA 91776
Tel: (818) 309-1108

BUSINESS OPPORTUNITIES
EASY work! Excellent pay! Assemble products at
home. Call for information. (504) 641-8003 Ext.
5192.

INVENTORS
INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA 
TION for free information. Over a decade of service
1 (800) 338-5656 . In Massachusetts or Canada call
(413) 568-3753.

SATELLITE TV

MASTERCARD AND VISA are now accepted
for payment of your advertising . Simply
complete the form on the first page of the
Market Center and we will bill.

FREE CATALOG!
1-800-648-7938

For all informati on 1-702-362-9026

JERROLD HAMLIN OAK ETC.

CABLE TV
DESCRAMBLERS
• Compare our low Low Retail Prices!

• Guaranteed Prices & Warranties!
• Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS INC.
4080 Paradise Rd . #15 Dept. RE-90

Z Las Vegas, NV 89109

LOW cost oscilloscope probes, mu lti meter test
leads. Save over 50%. 1 (800) 772-1519free cata
log. PROBEMASTER INC., 4898 Ronson Court,
San Diego, CA 92111·5000.

TEST EQUIPMENT
ACCESSORIES

VIDEOCIPHER II manuals. Volume 1 - hardware,
Volume 2 - software. Either $34.95. Volume 3 
projects/software, Volume 5 Documentation or Vol
ume 6 - Experimentation $44.95 each. Volume 4
- Repair $99.95. Cable Hacker's Bible - $34.95.
Clone Hacker's Bib le - $34.95. Catalog - $3.00.
CODs: (602) 782-2316. TELECODE, PO Box 6426·
RE, Yuma, AZ 85366·6426.

EASY! Moneymaking one man CRT rebui lding
machinery. $6,500.00 - $11,900.00. CRT, 1909
Louise, Crystalake, IL 60014. (815) 459·0666.

EARN $1000's extra as a part-time computer
dealer.Where to buy products at big discounts . Who
to sell to. Financing without cash. Obtaining free
software. Exclusive dealer trade shows. Step-by
step check list. Industry inside knowledge. Written
by industry pioneer. Order now, only $24.95 plus
$4.00 shipping/handling , CA residents add $1.81
sales tax. CORNERSTONE PUBLICATIONS, Dept
BD, PO Box 5151, San Jose, CA 95150. Allow 2-4
weeks.

FREE INFO
CALL 1-800-537-0589

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461.

YOUR own radio station! AM, FM, TV, cable. li
censed /unlicensed . BROADCASTING, Box 130
F8, Paradise, CA 95967 .

MAKE $75.000 to $250,000 yearly or more fixing
IBM color monitors (and most brands). No invest
ment. Start doing it from your home. (A telephone
required.) Information, USA, Canada $1.00 cash.
US funds. other countries $8.00 RANDALL DIS
PLAY, Box 2168-R, Van Nuys, CA 91404 USA.

Sta te Zip _

Name, _

Addre.., _

City

Order your 260 Jlllll" catalog and price JIlt with over
14,000 money la ving electronic patti and equipment!
Send $3.00 in a check or money order, or call
1-800-543-3568 today and useyour Mal tercard or Vila.
Censolldated EJectroniCl,Incorporate d
706Watervliet Ave., Dayton, Ohio 45420-2599

THE ULTIMATE
ELECrrRONICS

CATALOG
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............... PRESENTING ...............

CABLE TV
DESCRAMBLERS
............... STARRING ...............

.JERROLD, HAMUN, OAK
AN D OTHER FAMOUS MAN UFACTURERS

• FINESTWARRANTY PROGRAMAVAIlABLE
• LOWESTRETAlL.,tWHOLESALE PRK:ES IN us,
• ORDERSSHIPPEe FROMSTOCK\MTHIN24 HOURS

FOR FREE CATALOG ONLY 1.800.:145-8927
FORAll INFO RMATION J-8 J8-7J6 -59 14

$44 ea. (Min. 5)
$40 ea. (Min. 5)
$60 ea. (Min. 5)

• Major Makes & Models!
• Will match or beat anyone's prices!
• Dealer discounts at 5 units!
• Examples:

HAMLIN COMBOS .
OAK ADD/ON
OAK M35B

DIGITAL ODOMETER REPAIR
DIGITAL Odometer: Replacem ent chips for
damaged odom eters easy to insta ll in GM, Ford, &
Chrysler. All you need is year, model, & last known
mile age. (Caution) You wi ll break the law using this
product to falsify odom eter readings, this produ ct is
for repair only! For order ing information send $2.00
to CHIP, PO Box 3302, Sagin aw, MI 48605 .

K.U. band satellit e sys tem. Perfect for R.V. or patio
use. For information ca ll (317) 742-6346 or write to
NEW HORIZON EL ECT RONICS, 345 Burn ett
Road, West Lafayette, IN 47906 .

CABLE TV secrets - the outlaw publication the
cab le companies tried to ban . HBO, Movie Chann el,
Sho wtime, descrambler s, co nverte rs, etc . Sup
pliers list included . $9 .95. CABLE FACTS, Box 711
R, Pataska la, OH 43062.

5114 Balcones Wood Dr.#307 DepL298
Austin 'IX. 78759

FREE cata log - Lowest prices worldwide , save 40
- 60% . Syste ms, upgrades, parts , all major brands
factor'6 fresh and warra ntied. SKYVISION, INC .,
2009 ollegeway, Fergu s Falls. MN 56537 . 1 (800)
334-6455. MN & International (218) 739-52 31.

VIDEOCYPHER II descrambling manual. Sche
mati cs, video and audio. Expla ins DES, EPROM ,
CloneMaste r,3M usketee r, pay-per-view (HBO , Cin
emax, Showtime, adu lt, etc.)$13.95, $2.00 postage .
Collection of software to copy and alter EPROM
cod es, $25. CABLETRONICS, Box 30502R, Beth 
esda, MD 20824.

JERROLD-OAK-SCIENTIFIC ATLANTA-HAMLIN
ZENITH MANY MORE CALL TODAYl

~ Only quality produ cts sold ~ Easy to use
~Satisfaetion guaranteed ..} Knowledgeabl e sales staff

~ Most orders shipped within 24 hours
CALL FOR YOUR FREE CATALOG

• 1-800-228-7404~
MAKE THE CONNEC TION

WITH
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MARK V ELECTRONICS, INC. - 8019 E. Slauson Ave, Montebello, CA 90640 1!.;-;~fi1~a

POWER TRANSFORMF.RS

H" x W" x D" MATCHIN G PRICE
3" 12- 7" TA-28oo,TA·377A .. $ 20.16
4" 16" 8" TA-322i. TA·323A, TA·377A 24.64
4" 19" 1m TA-802, TA-820A, TA·15 00. TA-120MK2. TA-8oo, 30.00
5" 19" 11\0 TA-477, TA-800. TA-1500, TA-10ooA...... .... .... 33.00
2\\ 19" 8- TA-377A, TA-28oo, TA-2200. TA-120MK2 .... ......... 26.50

CD
CD
o

:J>
C
G)
C
(J)
--i

$ 74.50
18.88

25.20

35.00

38.00
46.14
27.24
38.80

150.00
83.00
34.00

KIT ASSM8.
SM-333

, '... '-:"11
: : ' :•••• . /"I ./"I~(, : :

MATCHING PRICE
TA-800, TA-802. TA-820A, TA·10ooA, TA-1500 $ 26.00
TA-322i, TR-503, TA-323A, TA·400 ..... . 21.00
TA-477 27.00
TR -120 MK2 .. 21.00
TR -355B 15.00
TR-355A . 14.50
TA 3600 4200

MISCELLANEOUS

SM-1oo SM-49

DESCRIPTION
58VCT . 60VCT 6A
72VCT3A
80VCT6A
48VCT 6A
52VCT 3A
36VCT 5A
112VCT 8A

METAL CABINETS WITH ALUMINUM PANEL

DESCRIPT ION
3 Channel Color Light Controll er AAA.. .. . $ 56.04

~~r~r~~~~se,r;;~~h~~~~o.r .~: . : : : : :: : :: : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : :1 ~ :~~
AC/DC Quartz Digital Clock A 18.00
SoundfTouch Control Switch A. .... 12.00
Infared Remote Control Unit w/case AAA. ... 20.00
Bar/Dot Level Meter AA. ... 24.15
31 /2 Digital Panel Meter A. .. 29.00
20 Steps BarlDot Audio t.evel Display AA. . 38.45
S'fa:rlor Electronic Roulene AA. .. 19.46

~ c~~~n~II~~~~~~~~~'I;~~~.~ig*h~to~ir~ii~;* :: : 2680
AudioNideo Surround Sound Proce ssor AAA. . ....... .... 62.00
Dynamic Noise Reduction A ... 26.00

MODEL
00 1
002
003
004
005
006
007

MODEL
LG-1273
LG-1684
LG-1924
LG-1925
LG-1983

MODEL
TY-23B
TY-25
TY-35
TY-36 .
TY-38
TY-41M KV
TY-42
TY-43
TY-45
TY-47
SM-222
SM-328
SM-333
SM-666

ASSM8 ,

ASSM8.

$ 69.50
20.76
20.76
22.65

$ 43.00
48.00
52.00
44.50
90.00

179 00

$ 16.58
17.71
38.81
29.00
70.00
38.35
75.00
34.93
85.00
79.20
59.72
49.37
80.58
95.81
58.2 4

116.80
90.80
63.57
41.38

103.00

0 -15V 2A Regulated DC Power Supply (clS eltr ansfmerj ,A;A A.
O- 15V 5A Regulated DC Power Supply A. ..... .. 14.55
O-30V 3A Regulated DC Power Supply A . .. .. 14.55
O -50V 3A RegUlated DC Power Supply A A . 15.75

INSTRUMENTS KIT

POWER SUPPLIES KIT

3 1/2 Mult,·Funclio nal LeaD.p .M. (wIABS plaslic case) AA $ 34.50
4 1/2 Hi-Precislon D.P.M.AAA 38.00
41/2 Hi-Prescis ion D.P.M. w/ABS plastic case AAA 41.20
3 1/2 Multi-Functional LCD D.P.M. (wlho ld funct ion) A A . .... 36 .00
150 MC Digital Frequency Counter AAA. .. 79.00
1 GH F nc C t .

DES CRIPTION
Digital Voice Recorder AA $ 30.00
Multi-Purpose Melody Generator A 11.84

~5uJn~'fs'~:-'t.;'~~~~:~~t..\'b%~nip··AA:· : : : ::: :: : : ::: : : : : : : : : : : : ::: :: : ~m
30 W Multi-Purpose Single Channel Amp A 20.00
60W Stereo Power Booster (w/case) A A 50.00
30Wx2 Stereo Pre-main Amp A . 29.50
Hi-Quality FET Stereo Pre-Amp A A A . .. 59.95
40W Solid State Mono Amp A 28.00
120W Mosfet Power Mono Amp A A 68.00
80W +80W DC Pre-Main & Power Amp A A 60.92
80W+80W DC Stereo Main Power Amp AA 45.94
60W+80W OCL DC Pre-Main Stereo Amp AA 40.39
100W Dynami c Class ' A"Main Power Mono Amp A A 59.69
,ooWx2 Class "A' DC Stereo Pre-Main Amp A A A 73.70
FET Super class "A" DC Pre-Amp A A A 47.70
Elect ronic Echo & Reverberation Amp * .
~~1E'rtcmtrj,:"~~p~r;g ~:~~~:~~~~:a~rl'..: : : : : : : : : : : : : 4890
Ste reo Simulator (mono TV I any monosource) AA 30.20
300W HQ Hi-Fl Power Mono Amp AAA 79.00

SM-43
SM-48
SM-48A
SM-49
SM-100
FC 1000A

MODEL
TA-28MK2
TA-50AlB
TA-50C
TA-120MK2
TA-3oo
TA-302
TA-323A
TA-377A
TA-400
TA-477
TA-800
TA-802
TA-820A
TA-1OOOA
TA-1500
TA-2200
TA-24ooA
TA-2500
TA-2800
TA-3000
TA-3800

TR-,ooA
TR-355A
TR·355B
TR·50 3
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Be a TV/VCR
Repair Specialist

Nowyou can train athomeinsparetimeforamoney-making
career as a TVtVCR Repair Specialist. No previous experi

ence necessary. No need to qurt you r job or school. Everything
isexpla ined in easy-to-understand language withplentyofdraw
ings. diagrams and photos. We show you how to trou bleshoot
andrepair video-cassette recorders andTVsets. how to handle
house calls and shop repairsforalmost anymake oftelevision or
VCR. Tools are included with your courseso you can get
"hands-on" practice as you follow your lessons step by step.
Send for free facts about the exciting opportunities in TVtVCR
Repair and find out how"OU can start making money in this
great career. MAIL C OUPON TODAY "03C

r CS SCHOOlOF TVNCR REPAiR;DePi."DE070'I SOHC' "to 925Oak Street. Scranton. PA 18515 I
I

Pleasesend mefull informationandcolorbrochure onhowI can I
learn TVtVCR Repair at home in myspare time. I understandI thereisno obligationand nosalesmanwill visit me. I
Name Age_ _ 1

I Address Apt. # _ _
ICity/State zip 1
~~L_) ~

EDUCATION & INSTRUCTION
____ MAGIC! Fgur illustratedlessons plus inside infor

mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
You get a binder to keep the materials in, and a one
year membership in the International Performing
Magicians with a plastic membership card that has
your name gold-embosse d. You get a one-year sub
scription to our quarter ly newsletter "IT's MAGIC!"
Order now! $29.95 for each course +$3.50 postage
and handling. (New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500-B BiCounty Boulevard, Farmingdale, NY
11735.

BASIC video cleaning and maintenance. T'V one
half hour, VCR one hour. $38 .00 each . JAMES
BRADFORD, PO Box 38359, Detroit, MI 48238 .

ELECTRONIC review Detailed electronics review
ing for bettering grades, interviews, and promotions.
Over 300 pages $39.95 include $4.25 shipping.
USER-GRAPHICS, Education Department, 7136
Everett, Boise, 10 83704-7415.

LEARN IBM PC assembly language . 80 pro
grams . Disk $5.00. Book $18.00. ZIPFAST, Box
12238, Lexington, KY 40581-2238.

All Jerro ld, Oak, Hamlin, Zen ith, Scientifi c
Atlanta, Magnavo x and all specialized cable
equipment available for shipment w ithi n 24 
hours. Fo r fast service MC / VISA o r C.O.D.
telephone o rd ers accepted (800) 648-3030
60 Day Gu arantee (Quantity Discounts)
8 A.M. to 5 P.M. C.S.T. CLOSED WEEK
ENDS. Send sel f-addressed Stamped enve
lope (60¢ postage) for Catalog.

HARDWARE HACKER

continued from page 72

PowerMOS power transistor d isk
from Phillips.

A free samp le from Tektro nix?
Welcome to the nineties. They'll be
happy to send you a f ree sample of
their new SMT grabbers .

Round ing out the free samp les
for today are those Bend-Flex flex i
ble printed circu its fro m Rogers and
the Conpad elastomeric battery cl ip
replacements fro m Stockwell .

A High Current Transistor Design
Cuide wall chart isavailable throu gh
PowerTech , w hile Rochester Elec
tro nics offe rs an inventory guide to
discontinued semiconducto rs.

Tec Spec isan outstariding hacker
newslett er chock full of easy-to 
build and hands-on stuff, inclu ding
Van De Graff generators, visib le
lasers, and do-it-yourse lf vacuum
pumps. A free sample copy of the
newsletter is available. Another spe
cial-interest newsletter is the Tesla
Coil Builder's Association quarterly.
This one is $20 per year. R-E

$24.80
(lO-up)

$98.90 $89.50
(l-3) (4-up)#290-200

18" EMINENCE WOOFER

TITANIUM COMPOSITE
TWEETER

$8.50
(l-9)

@PIONEEn'

@ MOTOROLA Poiydax

# 260-333

# 290-180

12" SUB WOOFER
Dual voice co il sub woofer.
30 oz. maenet, 2" voice
coils. 100 watts RMS, 145
watts max. fs= 25Hz. 6 ohm
(4and8 ohm compatible).
5PL= 89 dBIW/IM.
Response: 25-700 Hz.
0'1'5 = .31,VAS= 10.3cu. ft..
Pioneer" A3OGU3O-55D.
Net weight: 6 lbs,

# 290-145 ft~i80

GRILL FRAME KIT

$5.90
(lO-up)

$21 90

(6-up)

$6.50
(l-9)

#291-155 $2310

(1-5)

OriginalSanyo
woofer. Paper
conewithvented
dustcapand
treatedcloth ~
surround. 12 oz. (
magnet. 60watts
RMS, 85watts ,
max. 8 ohm.
Resonance:26Hz.
Response: 25-
2,500 Hz.

# 270-050

PIONEER HORN
TWEETER
Mylar dome. 2.93 oz.
barium ferrite maQI\et. 8
ohm. Response: 1800
20000 Hz. 35W RMS,
SOW max. Is =2000 liz,
SPL= 106 dB. Pioneer
" AHESO-5IF

• 15 day money back guarantee .$15.00~ ordoc ·We aocept
Most..-c:oro. v....I>soc-.oo:,.,-d C.OD. olden '24 h=shi_
*Shipping charge - UPS chart rate +$1.00($3.00 minimwn charge)
*Hours: 8:30 am - 6:00 pm EST, Monday - Friday *Mail order
customers, please call {or shipping estimate on orders exceeding
SIb s.
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$12.90
(6-up)

$34.50
(4-up)

$9.95
(l-9) (lO-up)
$12.50

,£parts EMINENCE R

'XP(f!.~ 1.800.338.0531

$36.80
(l-3)

frParls
'l:xpr.!!!.~

340E. Fin:t St , Daytol\ Ohio (MOO
Local : 1-513-222-0113
FAX: 513·222-4644

#290-125

# 260-235

12 dBIoctave rolloff.
800Hz, 5000Hz
crossove r points . 8
ohm. 100watts RMS.

SPEAKER CONTROL
PANEL

3-WAY lOOW CROSSOVER 15" WOOFER

Super duty, 40 oz. magnet.
100 watts RMS, 145 watts
max. 4 and 8 ohm compat
ible(6 ohm). 2" voice coil.
1s =2SHz. 0'1'5 = .166,
VAS= 10.8 cu ft.
Response: 25-1500 Hz. Net
weight: 9 lbs. Pioneer
..A3OGU4O-SID

Panel with SO waltL-pacls
Cor tweeter and midrance
and built-in LEDpower
meter. S"x 2 JI.!" 100
watt version availab le

$14.50
(l-5)

12" POLY WOOFER

# 260-210

MlUJE IN USA

100oz. magnet, 3" voice
coil. 2SO watts RMS,3SO
watts max. 8 ohm, 30 Hz
resonant frequency. 22
2700 Hz response.!-------------....,r-- - ---------- ....,r-- - ------------I Efficiency: 95 dBIW/IM.
Pape r co ne, treated
acc ordian surr ound. Net
weight:29 lbs,
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13TH ANNIVERSARY SEMICONDUCTOR SALE
Since 1977 we have been supplying Finest Quality components to thousands of satisfied customers worldwide. To celebrate our lucky
13th Anniversary in our new 36,000 square feet facilities, we are offer ing you one of the broadest lines of Semiconductor products at
unbelievably low prices. All items listed below are PRIME First Run products (many with 1990 Date Codes,) obtained directly from
respective manufacturers. No 'Seconds', 'Pulls' or 'Rejects' . All ICs listed are in stock, but some quantities are limited .

This sale wiII Absolutely end on August 31st, 1990.
74LSxxx Series 74LS 174 0.24 20.80 4022B 0.33 29.10 40103B 0.48 41.60 74HC242 0.29 25.00 74HCTxxx Series 74HCT367 0.30 26.40

Device 1- Per 74LS175 0.18 15.80 4023B 0.15 12.SO 40105B 0.52 45 .70 74HC243 0.29 25.00 Device 1- Per 74HCT368 0.30 26.40
Type 99 1 00 74LS190 0.27 23.60 4024B 0.24 20.80 40106B 0.24 20.80 74HC244 0.30 26.40 Type 99 100 74HCT373 0.30 26.40

74LS191 0.27 23.60 4025B 0.15 12.50 40107B 0.24 20.60 74HC245 0.32 27.70 74HCT374 0.29 25.00
74LSOO $0.12 $10 .20 74LS192 0.27 23.60 4026B 0.54 47. 10 40109B 0.37 31.90 74HC251 0.27 23.60 74HCTOO $0.12 $10.00 74HCT377 0.30 26.40
74LSOl 0.15 13.20 74LS193 0.27 23.60 4027B 0.21 18.00 40 110B 0.58 51.20 74HC253 0.26 22.20 74HCT02 0.14 11.80 74HCT390 0.27 23.60
74LS02 0.15 13.20 74LSl94 0.27 23.60 4028 B 0.29 25.00 40147B 0.40 34.60 74HC257 0.24 20.80 74HCT03 0.14 11.80 74HCT393 0.27 23.60
74LS03 0.15 13.20 74LS195 0.27 23.60 4029B 0.37 31.90 401608 0.40 34.60 74HC258 0.27 23.60 74HCT04 0.14 11.80 74HCT423 0.29 25.00
74LS04 0.15 13.20 74LS196 0.27 23.60 4030B 0.24 20.80 40161B 0.40 34.60 74HC259 0.29 25.00 74HCT08 0.14 11.80 74HCT533 0.40 34.60
74LS05 0.15 13.20 74LS197 0.27 23.60 4031B G.71 62.30 40162B 0.40 34.60 74HC266 0.22 19.50 74HCT10 0.14 11.80 74HCT534 0.32 27.7074LS08 0.15 13.20 74LS221 0.32 27.70 4033B 0.60 52.60 40163B 0.40 34.60 74HC273 0.30 26.40 74HCT11 0.14 11.80 74HCT540 0.30 26.4074LS09 0.15 13.20 74LS240 0.30 26.40 4034B 1.02 90.00 40174B 0.29 25.00 74HC280 0.29 25.00 74HCT14 0.18 15.20 74HCT541 0.32 27.70
74LS1 0 0.15 13.20 74LS241 0.30 26.40 4035 B 0.38 33.20 401758 0.29 25.00 74HC283 0.29 25.00 74HCT20 0.14 11.80 74HCT563 0.33 29.1074LS11 0.15 13.20 74LS242 0.29 25.00 40408 0.37 31.90 401928 0.41 36.00 74HC297 0.66 58.20 74HCT21 0.14 11.80 74HCT564 0.37 31.90
74LS12 0.15 13.20 74LS243 0.29 25.00 4041UB 0.41 36.00 401938 0.41 36.00 74HC299 0.41 36.00 74HCT27 0.14 11.80 74HCT573 0.33 29.1074LS13 0.17 14.20 74LS244 0.30 26.40 40428 0.29 25.00 401948 0.41 36.00 74HC354 0.38 33.20 74HCT30 0.14 11.80 74HCT574 0.37 31.9074LS14 0.18 15.20 74LS245 0.30 26.40 40438 0.32 27.70 402578 0.48 40 .20 74HC356 0.33 29.10 74HCT32 0.14 11.80 74HCT583 0.30 26.4074LS15 0.15 13.20 74LS247 0.28 24.SO 4044 8 0.27 23.60 74HC365 0.30 26.40 74HCT42 0.26 22.20 74HCT597 0.30 26.4074LS20 0.15 13.20 74LS248 0.28 24.50 40458 0.40 34.60 74HCxxx Series 74HC366 0.30 26.40 74HCT73 0.19 16.60 74HCT640 0.40 34.6074LS21 0.15 13.20 74LS251 0.21 18.00 40468 0.40 34.60 Device 1· Per 74HC367 0.30 26.40 74HCT74 0.19 16.60 74HCT643 0.40 34.6074LS22 0.15 13.20 74LS253 0.22 19.50 4047 8 0.35 30.50 Type 99 100 74HC368 0.30 26.40 74HCT75 0.19 16.60 74HCT646 1.10 97.0074LS26 0.17 14.20 74LS257 0.22 19.50 40488 0.32 27.70 74HC373 0.30 26.40 74HCT85 0.29 25.00 . 74HCT648 1.10 97.0074LS27 0.15 13.20 74LS258 0.27 23.60 40498 0.19 16.60 74HCOO $0.14 $11.80 74HC374 0.29 25.00 74HCT86 0.19 16.60 74HCT670 0.37 31.9074LS28 0.17 14.20 74LS259 0.27 23.60 40SOB 0.15 12.50 74HC02 0.14 11.80 74HC377 0.30 26.40 74HCT93 0.27 23.60 74HCT688 0.33 29.1074LS30 0.15 13.20 74LS260 0.19 16.60 4051 B 0.32 27.70 74HC03 0.14 11.80 74HC390 0.27 23.60 74HCT107 0.21 18.00 74HCT4002 0.14 11.8074LS32 0.12 10.20 74LS266 0.19 16.60 4052B 0.2 1 18.00 74HC04 0.14 11.80 74HC393 0.27 23.60 74HCT109 0.21 18.00 74HCT40 15 0.33 29.1074LS33 0.15 13.20 74LS273 0.30 26.40 4053B 0.32 27.70 74HCU04 0.14 11.80 74HC423 0.29 25.00 74HCT112 0.24 20.80 74HCT4016 0.26 22.2074LS37 0.15 13.20 74LS279 0.21 18.00 4054B 0.48 41.60 74HC08 0.14 11.80 74HC533 0.40 34.60 74HCT123 0.26 22.20 74HCT4017 0.30 26.4074LS38 0.15 13.20 74LS280 0.38 33.20 40558 0.38 33.20 74HC10 0.14 11.80 74HC534 0.32 27.70 74HCT125 0.22 19.50 74HCT402O 0.29 25.0074LS40 0.15 13.20 74LS283 0.26 22.20 4056B 0.48 41.60 74HCll 0.14 11.80 74HC540 0.30 26.40 74HCT126 0.24 20.80 74HCT4024 0.24 20.8074LS42 0.19 16.60 74LS290 0.22 19.20 4060B 0.35 30.50 74HC14 0.18 15.20 74HC541 0.32 27.70 74HCT132 0.22 19.50 74HCT4040 0.29 25.0074LS47 0.35 30.50 74LS293 0.22 19.20 4063 B 0.43 37.SO 74HC20 0.14 11.80 74HC563 0.33 29.10 74HCT137 0.26 22.20 74HCT4048 0.54 47.1074LS48 0.35 30.50 74LS295 0.30 26.40 4066B 0.19 16.60 74HC21 0.14 11.80 74HC564 0.37 31.90 74HCT138 0.21 18.00 74HCT4051 0.33 29.1074LS51 0.15 13.20 74LS298 0.33 28.SO 40678 0.82 72.00 74HC27 0.14 11.80 74HC573 0.33 29.10 74HCT139 0.21 18.00 74HCT4052 0.35 30.5074LS54 0.15 13.20 74LS299 0.74 65.10 40688 0.15 12.50 74HC30 0.14 11.80 74HC574 0.37 31.90 74HCT147 0.32 27.70 74HCT4053 0.33 29.1074LS55 0.15 13.20 74LS352 0.31 26.50 4069UB 0.12 10.00 74HC32 0.14 11.80 74HC583 0.30 26.40 74HCT151 0.24 20.80 74HCT4059 0.95 83.1074LS73 0.18 15.20 74LS353 0.31 26.50 4070B 0.12 10.00 74HC42 0.26 22.20 74HC597 0.30 26.40 74HCT153 0.24 20.80 74HCT4060 0.30 26.4074LS74 0.15 13.20 74LS365 0.24 20.80 4071B 0.15 12.50 74HC73 0.19 16.60 74HC640 0.40 34.60 74HCTl54 0.77 67.80 74HCT4066 0.29 25.0074LS75 0.19 16.60 74LS366 0.24 20.80 4072 B 0.15 12.50 74HC74 0.19 16.60 74HC643 0.40 34.60 74HCT157 0.22 19.50 74HCT4067 0.95 83.1074LS76 0.19 16.60 74LS367 0.22 19.50 4073B 0.15 12.SO 74HC75 0.19 16.60 74HC646 1.10 97.00 74HCT158 0.24 20.80 74HCT4075 0.14 11.8074LS78 0.19 16.60 74LS368 0.22 19.50 40758 0.15 12.50 74HC85 0.29 25.00 74HC648 1.10 97.00 74HCT160 0.29 25.00 74HCT4094 0.29 25.0074LS85 0.19 16.60 74LS373 0.30 26.40 4076B 0.27 23.60 74HC86 0.19 16.60 74HC670 0.37 31.90 74HCT161 0.29 25.00 74HCT4316 0.35 30.5074LS86 0.19 16.60 74LS374 0.30 26.40 4077B 0.15 12.50 74HC93 0.27 23.60 74HC688 0.33 29.10 74HCT162 0.29 25.00 74HCT4351 0.40 34.6074LS90 0.24 20 .80 74LS375 0.30 26.40 40788 0.15 12.50 74HC107 0.21 18.00 74HC4002 0.14 11.80 74HCT163 0.29 25.00 74HCT4352 0.40 34.6074LS91 0.28 24.00 74LS377 0.30 26.40 408 18 0. 15 12.50 74HC109 0.21 18.00 74HC4015 0.33 29. 10 74HCTl64 0.24 20.80 74HCT4353 0.40 34.6074LS92 0.22 19.50 74LS378 0.30 26.40 4082 B 0.15 12.50 74HCl12 0.24 20.80 74HC4016 0.26 22.20 74HCT165 0.24 20.80 74HCT4510 0.35 30.5074LS93 0.24 20.80 74LS379 0.30 26.40 4085 B 0.19 16.60 74HC123 0.26 22.20 74HC4017 0.30 26.40 74HCT166 0.26 22.20 74HCT4511 0.29 25.0074LS96 0.28 24.50 74LS386 0.24 20.80 40868 0.19 16.60 74HC125 0.22 19.5O 74HC402O 0.29 25.00 74HCT173 0.32 27.70 74HCT4514 0.84 73.5074LS107 0.19 16.60 74LS390 0.32 27.70 4089 B 0.43 37.50 74HC126 0.24 20.80 74HC4024 0.24 20.80 74HCT174 0.26 22.20 74HCT4515 0.84 73.5074LS109 0.19 16.60 74LS393 0.22 19.50 40938 0.21 18.00 74HC132 0.22 19.50 74HC4040 0.29 25.00 74HCT175 0.24 20.80 74HCT4516 0.35 30.5074LS11 2 0.19 16.60 74LS395 0.32 27.70 4094 B 0.37 31.90 74HC137 0.26 22.20 74HC4048 0.54 47.10 74HCT181 0.77 67.80 74HCT4518 0.33 29.1074LSl13 0.19 16.60 74LS447 0.32 27.70 4095B 0.26 22.20 74HC138 0.21 18.00 74HC4049 0.24 20.80 74HCT182 0.27 23.60 74HCT452O 0.33 29.1074LS114 0.19 16.60 74LS540 0.37 31.90 4096B 0.26 22.20 74HC139 0.21 18.00 74HC40SO 0.24 20.80 74HCTl90 0.29 25.00 74HCT4538 0.33 29.1074LS122 0.19 16.60 74LS541 0.37 31.90 4097B 0.80 70.60 74HC147 0.32 27.70 74HC4051 0.33 29.10 74HCT191 0.29 25.00 74HCT4543 0.29 25.0074LS123 0.19 16.60 74LS640 0.54 47.10 4098B 0.37 31.90 74HC151 0.24 20.80 74HC4052 0.35 30.50 74HCT192 0.29 25.00 74HCT40102 0.35 30.SO74LS125 0.12 10.20 74LS641 0.54 47.10 4099 B 0.37 31.90 74HC153 0.24 20.80 74HC4053 0.33 29.10 74HCT193 0.29 25.00 74HCT40103 0.35 30.5074LS 126 0.19 16.60 74LS643 0.43 37.50 45028 0.37 31.90 74HC l54 0.77 67.80 74HC4059 0.95 83.10 74HCTl94 0.26 22.20 74HCT40104 0.29 25.0074LS132 0.21 18.00 74LS645 0.43 37.SO 4S03B 0.27 23.60 74HC157 0.22 19.50 74HC4060 0.30 26.40 74HCT195 0.26 22.20 74 HCT40105 0.43 37.5074LS133 0.15 13.20 74LS670 0.37 31.90 4S08B 0.84 73.SO 74HC158 0.24 20.80 74HC4066 0.29 25.00 74HCT221 0.30 26.4074LS136 0.21 18.00 4510B 0.38 33.20 74HC160 0.29 25.00 74HC4067 0.95 83.10 74HCT237 0.29 25.00 Z80AlB Series74LS138 0.22 19.50 4xxx CMOSSeries 4511B 0.40 34.60 74HC161 0.29 25.00 74HC4075 0. 14 11.80 74HCT238 0.24 20.80 Device 1· Per74LS139 0.22 19.5O Device 1· Per 4512 B 0.30 26.40 74HC162 0.29 25.00 74HC4094 0.29 25.00 74HCT240 0.30 26.40 Type 9 1074LS145 0.27 23.60 Type 99 100 4514 8 0.74 65.10 74HC163 0.29 25.00 74HC4316 0.35 3O.SO 74HCT241 0.30 26.4074LS148 0.41 36.00 4515 B 0.74 65.10 74HCl64 0.24 20.80 74HC4351 0.40 34.60 74HCT242 0.29 25.00 Z80A·CPU $0.85 $7.5074LS151 0.22 19.50 4001 B $0.12 $10.00 4516 B 0.35 30.50 74HC165 0.24 20.80 74HC4352 0.40 34.60 74HCT243 0.29 25.00 Z80A-DMA 1.70 15.0074LS152 0.23 19.50 40028 0.15 12.SO 45178 0.66 58.20 74HC166 0.26 22.20 74HC4353 0.40 34.60 74HCT244 0.30 26.40 Z80A-P10 0.85 7.5074LS153 0.22 19.50 4006B 0.38 33.20 4518 B 0.37 31.90 74HC173 0.32 27.70 74HC4510 0.35 30.SO 74HCT245 0.32 27.70 Z80A-CTC 0.85 7.5074LS 155 0.22 19.50 4007U8 0.15 12.50 4519 B 0 .24 20.80 74HC174 0.26 22.20 74HC45 11 0.29 25.00 74HCT251 0.27 23.60 Z80A-S10 10 1.99 17.5074LS 156 0.23 19.50 4008 8 0.33 29.10 4520 B 0 .33 29.10 74HC175 0.26 22.20 74HC45 14 0.84 73.SO 74HC1253 0.26 22.20 Z80A-SI0/l 1.99 17.5074LS 157 0.21 18.00 4009UB 0.27 23.60 4527B 0.40 34.60 74HC181 0.77 67.80 74HC4515 0.84 73.50 74HCT257 0.24 20.80 Z80A-S10 /2 1.99 17.5074LS15 8 0.22 19.5O 4010UB 0.27 23.60 4529B 0.43 37.50 74HC182 0.27 23.60 74HC4516 0.35 30.SO 74HCT258 0.27 23.60 Z80A-S10/9 1.70 15.0074LS16 0 0.24 20.80 4011B 0.15 12.SO 45328 0.35 30.50 74HC190 0.29 25.00 74HC4518 0.33 29.10 74HCT259 0.29 25.00 Z80A-DART 1.14 10.0074LS161 0.24 20.80 40128 0.15 12.50 4536B 0.58 51.20 74HC191 0.29 25.00 74HC452O 0.33 29.10 74HCT266 0.22 19.5O74LS 162 0.24 20.80 4013B 0.19 16.60 4538B 0.35 30.50 74HC192 0.29 25.00 74HC4538 0.33 29.10 74HCT273 0.30 26.40 Z80B-CPU 1.70 15.0074LS1 63 0.24 20.80 40 14B 0.33 29.10 454 1B 0 .33 29.10 74HC193 0.29 25.00 74HC4543 0.29 25.00 74HCT280 0.29 25.00 Z80B-P10 1.70 15.0074LSl64 0.26 22.20 4015B 0.33 29.10 4543B 0.33 29.10 74HC l94 0.26 22.20 74HC40102 0.35 30.SO 74HCT283 0.29 25.00 Z80B-CTC 1.70 15.0074LS165 0.24 20.80 4016B 0.21 18.00 4555B 0 .30 26.40 74HC195 0.26 22.20 74HC40103 0.35 30.50 74HCT297 0.66 58.20 Z80B-S1010 2.84 25.0074LS166 0.38 33.20 4017B 0.33 29.10 45568 0 .30 26.40 74HC221 0.30 26.40 74HC40104 0.29 25.00 74HCT299 0.41 36.00 Z80B-S10/ l 2.84 25.0074LS168 0.44 38.80 40 18B 0.33 29.10 4585B 0 .35 3O.SO 74HC237 0.29 25.00 74HC40105 0.43 37.SO 74HCT354 0.38 33.20 Z80B-SI0/2 2.84 25.0074LS 169 0.44 38.80 40 19B 0.21 18.00 4724 B 0 .41 36.00 74HC238 0.27 23.60 74HCT356 0.33 29.10 Z80B-DART 3.40 30.0074LS 170 0.40 35.00 4020 B 0.33 29.10 40 1008 0.48 41.60 74HC240 0.30 26.40 74HCT365 0.30 26.4074LS173 0.26 22.20 4021 B 0.33 29.10 40102 B 0.48 4 1.60 74HC241 0.30 26.40 74HCT366 0.30 26.40

International
For a FREE copy of our New Catalog (Availab le Mid October), [ZJplease circle Reader Service Card.

Components 1803 N.W. Lincoln Way • Toledo, OR 97391

•Corporation
PHONE (All 50 States & Canada): 1-800-325-0101

FAX: (503) 336:4400 • Hours: 6:00 AM - 6:00 PM PST
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XY999

• 5 .25" need le nose pliers
• 6 piece precision

sc rew drive r se t
• Brush
• 10 piece scr ewdriver set:

5 Slotte d & 5 Philli ps
• Flat nose pli ers
• Ca rry ing case :

17.63"W x 12.5"0 x 3.5"H

UVP EPROM Eraser

.,-.- -
r~-. % r j

WM2

• Stainless stee l scissors
• Utili ty components bo x
• 8 pes. hex key wrench
• Digital Multime ter
• Ro und need le file
• Flat needle fil e
• 6" adjus table w rench
• Utility knife with extra blade
• Bent needl e nos e pliers
• Diagonal cutting pl iers

Tool s Incl ude d in Kit

Prototype
Design Stations

A.R.T. EPROM Programmer

10 ' measuring tape
Ele ctri c tap e
6" long tweezers
7" b rush and scrap er

• 7" fine po int probe
• 7" slotted probe
• Rosin core so lde r
• 30 wa tt solde ring iron
• Desoldering pump
• Soldering stand

51-Piece Electronic Tool Kit

The MS305 pro vide s the too ls needed l or bull dfng,

repai ring and general maint enance 01 most electronic

equipment . A convenient and du rable carry- atong

combination lock case sale ly protects and secures

this st-pleee tool kit. From the dig ital multi meter to

the desoldering pump this kit is the perlect Item lor

technicians and electronic enthusiasts.

60 Watt Digital Display Soldering Station • Electronic temperature
control from 200° to 878°F, Temperature displayed on easy to
read .560·H 3-digit LED readout • Nichrome heating element

XY960 $99.95

30 Watt Electronic Temperature Controlled Desoldering Station
• Electronic temperature control from 212° to 842°F' Self-contained
high rotary vacuum pump

XY999 $279.95

WMI Special Featu res : • 4 potentiometers' Built-in speaker

WM2 Special Features: • Pulse Generator • Binary coded
decimal (BCD) to 7-segment decoder/driver' DB25 connector
• Frequency counter (1Hz to 1MHz)

WM1 Analog Prototype Station $199.95

WM2 Digital Prototype Station $24 9 .9 5

Soldering and Desoldering Stations

60 Watt Analog Display Scldering Station • Electronic temperature
control from 200° to 878°F , Cartridge heating element for a longer
life of the soldering tip

XY1683 $59.95
60 Watt Analog Display Scldering Station ' Electronic temperature
control from 200° to 878°F , Ceramic heating element for a steady
temperature and long life

XY2660 $89.95

• Programs all current EPROMs in the 2716 to • Erases all EPR OM 's ' Erases 1 chip in 15
27 5 12 range plus th e X2 86 4 EEPROM Min. and 8 Ch?S in 21 min. • UV intensity:
• RS 232 port · Softwar e i nc luded 6800 UW/CM

EPP $179.95 DE4 $69.95

MS305 $119.95

WMI & WM2 Features : • Removable solderless breadboard
• Variable and fixed DC power supply ' MUlti-frequency sig
nal generator ' Analog multi meter • 8 bicolor LEOs (red &
green) • 8 logic switches ' Logic prob e ' Lighted power
switch • Fuse overload prot ected • Sturdy ruggedized
case

24 Hour Order Hotline (415) 592-8097
QUALI TY PRODUCTS • COMPETITIVE PRICING • PROMPT DELIVERY

PROTOTYPING PRODUCTS
Jameco Solderless Breadboards

\ __.-..~
• Large 6" rectangular display
• High sensitivity: 1 mV/div

GS7020 Ostilloscope $399.95
• Wide measuring range
• Measured value hold function

FC7102 FrequencyCounter....... $299.95

M3610 3.5Oigit Mullimeter $49.95
M3650 3.5Oigit Mu~meler wlFrequency &

Capadtance $69.95
M3650B Same asM3650 wl8argrapll $74.95
M4650 4.5Digit wlFrequency. Capadlanceand

OalaHold Switch $99.95

GS7020

M80:
• AC/DC voltage , AC/DC current, resista nce.
diodes , continuity & frequency • Full auto 
ranging on DC voltage· High/low semi
autoranging for ACtDC current and ohms
• Data hold switch • Extra-large display

Mao 3.75Digil Mult.meter $59.95

M3900:
• AC/DC voltage , AC/DC cu rrent , resis tance ,
diodes, continuity, dwell angle and engine
RPM · HiQh surge voltage protection

M3900 3.5Oigll Multimeter $59.95

Multimeter Specials

GoldStar 20MHz Oscilloscope and
lGHz Frequency Counter

Metex Digital

Multimeters
General Specs:
• Handheld. high
accuracy· AC/DC
voltage. AC/DC
current, resistance ,
diodes , continuity ,
transistor hFE

• Manual ranging wi
ove rload pro tecti on

M3650, 36508 & M4650 only:
• Also measure frequency and capacita nce

M4650 only: • Data hold switch ' 4.5 digit

Part Dim. Contact Binding
No. L" xW" Points Posts Price

JE21 3.25X2.125 400 $4.95
JE23 6.5X2.125 830 $6.95
JE24 6.5X3.125 1,360 $12.95
JE25 6.5X4.25 1,660 $17.95
JE26 6.875X5.75 2,390 $22.95
JE27 7.25X7.5 3.220 $32.95

Oscilloscope Probes

·Attenuation: xl / xl0 e
• Capacitance -" _ ::,.

(LF180): 180PF ~
/ 22pF; (LF210): ~w... .... __

40pF / 17pF o '

LF180 40MHz Oscilloscope
Probe $19.95

LF210 1OOMHz Oscilloscope
Probe $29 .95

$2.25
$2.00
$1.49
$1.09
$.89

$2.75
$2.39
$2.15
$1.75
$5.25
$3.75
$3.15
$2.95
$2.59
$5.95
$4.95
$3.95
$3.59

$13.95
$12.95
$12.35
$13.45
$12.95

120ns. 16Kx4
150ns. 16Kx4
120ns. 16Kxl
150ns.16Kxl
200ns. 16Kxl
lOOns.64Kxl
120ns. 64Kxl
150ns.64Kxl
zoens,64Kxl
sons, 256Kxl
sons,256Kxl
i cons,256Kxl
120ns. 256Kxl
150ns. 256Kxl
80ns.64Kx4
l OOns. 64Kx4
120ns. 64Kx4
150ns. 64Kx4
70ns. 1Mxl
80ns.1Mxl
100ns.1Mxl
sons. 256Kx4
tcons, 256Kx4

TMS4416-12
TMS4416-15
4116-12
4116-15
4116-20
4164·100
4164·120
4164·150
4164·200
41256-80
41256-80
41256-100
41256-120
41256-150
41464·80
41464-10
41464·12
41464-15
511000P·70
511 000P-80
511000P·l 0
514256P-80
514256p·l0

Static RAMs

6116P·3 150ns. 16Kx l (CMOS) $2.79
6264Lp·l0 l OOns. 64Kx l (CMOS) $6.95
6264Lp·15 150ns. 64Kxl (CMOS) $4.95
43256-10L l OOns. 256Kxl $10.95
43256-15L 150ns. 256Kxl $9.95
62256Lp·15 150ns. 256Kx1 (CMCS)$10.95

Partial Listing • Over 4 0 0 0 C o m pon e nts and A c c e s sor i e s in Sto c k ! • Call fo r Q uantity D isc o unts

CIRCLE 11 4 ON FREE INFORMATI ON CARD

Dynamic RAMs

NEC V20 & V30 Chips

UP070108-5 5MHz. V20 Chip $5.25
UPD70108-8 8MHz. V20 Chip $6.95
UPD70108-1 0 10MHz. V20Chip $10.95
UPD70116-8 8MHz. V30Chip $7.95
UPD70116-10 10MHz.V30Chip $13.49

SIP Modules
41256A9A-80 80ns.256Kx9 $54.95
41256A9A·10 lOOns. 256Kx9 $44.95
421000A9A·70 70ns.1Mx9 $169.95
421000A9A-80 BOns.1Mx9 $124.95
421000A9A·l0 lOOns. 1Mx9 $116.95
94oooL-80 sons, 4Mx9 $499.95
94000L·l0 l OOns. 4Mx9 $499.95

SIMM Modules

41256A9B·80 80ns.256Kx9 $49.95
41256A9B·l0 l OOns. 256Kx9 $39.95
421000A8B·l0 loons.1M,8 $109.95
421000A9B·70 70ns. 1Mx9 $139.95
421000A9B·80 80ns. 1Mx9 $119.95
421000A9B·l0 lOOns.1M'9 $113.95
940005-80 80ns. 4Mx9 $499.95
940005-10 100ns.4Mx9 $499.95

Intel Math Coprocessors

8088 o r 8086 Systems
8087 5MHz $89.95
8087·2 8MHz $129. 95
8087·1 10MHz $169. 95

80286 Systems
80287 6MHz $ 139. 95
80287·8 8MH z $209.95
80287·10 10MHz $239.95

80386 Systems
80387·16 16MHz $349.95
80387-20 20 M Hz $399.95
80387·25 25M Hz $499.95
80387·33 33M Hz $649.95
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$249.95
$299.95
$389.95
$329.95
$369.95
$429.95

Please

refer to

Mall Key 2

when

ordering

MFM
M8425 20MB(68ms)3.S"HH $229.95
M8425XT 20MB(68ms)3.S·HH(Kit) $289.95
M8425AT 2OM8 (68ms)3.S·HH(Kn) $339 .95

RLL
M8438 30M8 (68ms)3.S·HH
M8438XT 30MB(68ms) 3.S·HH(Kit)
M8438AT 30M8 (68ms)3.S·HH(Kit)
M8450 40MB 146ms) 3.S·HH
M8450XT 40MB(46ms) 3.S·HH(Kit)
M8450AT 40MB146ms) 3.S·HH(Kit)

(Kit) includes Hard Disk Drive, Controller & Cables

Colorado
Memory
Systems
40MB Tape
Back-Up

• IBM PC/XT/AT/386 Compatible' Back-up
40MB in 40 minutes' Back-up 60 to 120MB
with extended tapes and data compression
software ' Includes 40MB tape cartridge

1355 Shoreway Road, Belmont, CA 94002

24 Hour Order Hotline
(415) 592-8097

$50.00 Minimum Order

FAX's (415) 592-2503 or (415) 595-2664
Telex 176043 - Ans. Back: Jameco Blmt
Data Sheets - 50~ each
For a FREE48-Page Flier send $2.00 to covar
First Class Postage and Handling
<0 1990 Jamaco Electronics 8/90
CA Residents Add

6.25%,6.75% or 7.25% Sales Tax
Shipping - Add 5% plus $1.50 Insurance
(May vary according to weigh t and shipping method)

Terms: Prices subject to change without notice.
Items subject to availability and prior sale.
Complete list of lermslwarranties is ava~able upon request.
IBM is a regiSl&l'ed trademar\( of International Business Machine s

DJ10 40MBTap. Back-Up... ..... $329.95
KE10 External Enclosure Kit •••••••••••••$149.95

TB40 40MBTapeCartridg $24.95
T860 60MBTapeCartridg $32.95

Mltsublshl
MF353B 3.5' 720KBInternalDriv. ..... $99.95

Toshiba
356KU 3.5' 1.44MBlntemal Driv. .. $109.95

Teae
FD55B 5.25' 360KB IntarnalDr ive $89.95
FD55G 5.25'1.2MBIntamalDriv $99.95

FlOPPY .Disk
Drives

MF353B

Jameco®
~

9600E
Pictured

JE201 2

Modems

Mouse wlBus Board & Mouse

War. Software ..... $99.95
PS/2 Mouse & MouseWare

Software $79.95

Serial Mouse & MouseWare

Software $89.95

JE1030

IBM
Compatible
Cases and
Power
Supplies

External Modems
1200C Oatatronics1200 Baud $89.95
2400C Oatatronics2400 Baud $149.95
9600E Prometheus 9600 Baud $699.95

Internal Modems
1200B Jameco 1200 Baud $49.95
2400B Jameco 2400 Baud $99.95
Modems I ~ted above IncludeProComm Software

• AutoCAD 10 template and four
bullon puck • Resolution: up to
1016 lines per inch • Accuracy :
±.025" • Emulates three of the
worlds most popular formats :
Summagraphics MM, Summa
graphics Bit Pad One, Calcomp
2000 • EEPROM allows custom
configuration

JCAD Digitizer Tablet $199.95
Stylus Two8utton Stylus .... $39.95

Jameco
Digitizer Tablet

Logitech
Mice

MSER

MBUS

MPS2

• IBM PC/XT/AT
Compatible

• 4" Scanning
Window

• 400 dpi

SCANP $219.95

. Logitech ScanMan Plus
Scanner

JE2061

Request Jameco's 1990 Catalog for a Complete
Listing of Components, Test/Measurement Equipment

and Computer Products

ME1100-Key
Mlcrotype Keyboard

FKB4700

360KBI720KB/1.2MB/1.44MB Floppy Disk Controller Card (PC/XT/AT) .. $49.95
Mono chrome Graphics Card w/Parallel Printer Port (PC/XT/AT) $49.95
Color Graphics Card wi Parallel Print er Port (PC/XT/AT) $49.95
EGA Card wi 256KB Video RAM (PC/XT/AT) $139.95
8/16-Bit VGA Card wi 256KB Video RAM (PC/XT/AT) $199.95
1/0 Card wi Serial, Gam e, Printer Port & Real Time Clock (PC/XT) $59.95
RS232 Serial Half Card (PC/XT/AT) $29.95
1/0 Card wi Serial , Game and Parallel Print er Port (AT) $59.95
Multi 1/0 Card wi360KBI720KB/1.2MB/1.44MB Floppy Controller (AT) .. $99.95

JE1057

IBM PC/XT/AT
Compatible Keyboards

Fully IBM Compatib le
Free! Concurrent 386 (Disk Operating System)

Software Includ ed
4MB RAM Included, Expandable to 8MB on board,
16MB with optional expansion board
8/ 16/20MHz Keybo ard Switchable Operation
AMI BIOS ROMs Included
Fliptop Case w/200 Wall Power Supply
Conner High-Performance IDE 3.5" 40MB
Hard Disk Drive
Teac 1.2MB Floppy DSHD Disk Drive
Multi 1/0 Card with Universal Flopp y Controller
Fujitsu 101- Key (Enh anced) Keyboard

Jameco 20MHz 80386 Desktop Computer Kit

lameco IBM
'C/XT/AT
~ompatible

~ards

JE1010 Flp-TopSlarodNdPCf;(TCase $39.95
JE1011 SIde _ PCf;(T Case $39.95
JE1030 1SO waUPCf;(T Power &.Wi $59.95

• IBM PCIXT/AT1386 Compatible JE1032 200 wallB;i>y ATPower &.Wi $89.95
• Saves an amazing 60% of the desk JE1035 $13995JE2015 84-Key Standard AT Style JOO wallAT Power &.Wi .

Layout $59.95 space used by equivalent standard JE2011 Ve<tt:alCasewroNl Pwr.&.Wi $269.95
keyboards

:KB4700 101-Key Enhanced Layout JE2012 Mn-VO<ticaICasewl2OOWPwr.&.Wi$169.95
with 12 Function Keys $69.95 MIRU $129.95 JE2019 Flp-TopB;i>yATCase $69.95

Shown with VGA Option (not included)
JE2059 Multiscan Monitor and VGA

Card $669 .90 (5•• Below)

IE3551 20M Hz 80 38 6 Compatible Kit " $1949.95

lelisys 14 " VGA monitor and 16-bit VGA card package

640 x 480 ma x. resolution)

IE2061 VGA Monitor & VGA Card $629.90

IE1043
IE1050
IE1052
IE1055
IE1057
IE1060
IE1062
IE1065
IE1077

lelisys 14" Multiscan monitor and 16-bit VG A card

lackage (640 x 480 max. reso lution )

IE2059 Multiscan Monitor & VGA Card $669.90

:GA, VGA & Multiscan Monitor Packages
lelisys 14" EGA monitor and EGA card package

640 x 350 max. resolution)

IE1059 EGA Monitor & EGA Card $509.90

Customer Service -Technlcal Assistance - Credit Department - All Other Inquiries- (415) 592-8097
CIRCLE 114 ON FREE INFORMATION CARD

- 7AM - 4PM P.S.T.
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JIM'S BARGAIN
HUNTERS CORNER

DYNAMIC RAMS
$1%1:" SPEED PINS

SS536xl lSOns 16
262144., 150/1$ 16
2lit144'1 12Ono 16
262144xl lOOns 16
2621.... 1 BOns 16
1046576., SOnS 18

2400 BAUD MODEM $89.95
·2 400112001300 BAUD HAYES COMPATIBLE
· CONFIGURE AS COM1,2,3 OR 4
' BUILT-IN SPEAKER · PROCOMM
COMMUNICATIONS SOFTWARE

M CT-24 I
MCT·121 1200 BAUD INTERNAL MODEM

· 720 X 540 MAX RESOLUTION,
640 X 460 IN 16 COLORS, 526 X 460
RESOLUTION IN 256 COLORS

· IBM STYLE MONITOR
· VGA, EGA, CGA, AND MGA COMPATIBLE
VGA·PKG (INCLUDES VGA CARD AND MONITOR)

JDR-RGB 14" RGB MONITOR $239. 95
JDR-AMBER 12" TTL MONOCHROME-AMBER $69.9 5

16-BIT VGA DISPLAY ADAPTOR $199.95
•640 X 460 RESOLUTION
· 256K VIDEO RAM, EXPANDABLE TO 512K
' 64 LEVELS OF GREY SCALE
MCT-VGA·16
MC T-EGA ENHANCED GRAPHICS ADAPTOR
MCT-MGMIO MONOGRAPHICS MULTI 110

$39.95

35MHZ DUAL TRACE OSCILLOSCOPE

$49995

• WIDE BAND WIDTH
• VARIABLE HOLDOFF
• l )(fl0X PROBES
• FULL 2 YEAR WARRANTY
MODEL-3500

MODEL-2000
20MHZ VERSION $389 .9 5

65MS AVG. ACCESSORY KIT INCLUOES
INSTRUCTIONS, Xl-COMPA TlBLE CONTROLLER A ND CABL ES,
CALL FOR PRICES ON OTHER SEAGATE DRIVES

BUILD YOUR OWN 286 SYSTEM FOR UNDER $650
Irs A GREAT WA Y TO LEARN AND A GREAT WAY TO SAVEl
HERE'S JUST ONE OF OUR MOST POPULAR CONFIGURA TlONS,

•ULTRA HIGH DENSITY
•READIWRITE 720K DISKS TOO
•BLACK OR BEIGE
FDD·l.44X BLACK FDD-l.44A BEIGE
FDD-l.2 5-1/4" DSIHD 1.2MB FLOPpy $95 .95

OPTIONAL COMPONENTS

SEAGATE HARD DRIVES

21.4MB KIT $249

32.1MB KIT $279

MOTHERBOARDS
MCT-TURBO-10 4.7711OMHZ SINGLE CHIP 6066 ..... $99. 95
MCT·M286·16N 6116MHZ 266 WINEAT CHIPSET , $2 89 .95
MCT-M286 -20N 10120MHZ 266 WINEAT CHIPSET $389.9 5

Uttlefoof''' •
UPRIGHT CASE $249.95 -
SPACE SAVING DESIGN HOLDS ALL SIZES
OF MOTHERBOARDS AND INCLUDES A
250 WATT POWER SUPPLY
' MOUNTS FOR 3 FLOPPY AND
4 HARD DRIVES

•TURBO & RESET SWITCH
· LED SPEED DISPLAY
CASE-l00
CASE·FLlP FLIP TOP CASE FOR 6066 MB'S

POWER SUPPUES
P5-150 150 WATT SUPPLY FOR 8088'S $59 .95
P5-200X 200 WATT SUPPLY FOR 6066'S $89 .95
PS ·200 200 WATT SUPPLY FOR 2661366'S $89.95

KEYBOARDS
BTC-5339 101 KEY ENHANCED KEYBOARD $69 .95
MAX-5339 101 KEY WITACTILE FEEDBACK (266) $69.95

DRIVE CONTROLLERS
MCT·FDC·HD4 4-FLOPPY DISK CONTROLLER ..... . $59 .95
MCT·HDC HARD DISK CONTROLLER . . $79. 95
MCT-AFH 2661366 FLOPPYIHARD CONTROL .. $149 .95

MEMORY/MULTIFUNCTION CARDS
MCT·RAM 576K RAM CARD (OK) . .. $4 9.9 5
MCT·I O MULTI 1/0 CARD , $ 59.95

MCT-M286-12 6112MHZ MINI 266 MOTHERBOARD $199 .95

MCT-MGP MONOCHROME GRAPHICS ADAPT $4 9 .95

MCT-FDC-HD 360K-l.44MB FLOPPY CONTROLLER $49.95

CASE-JR MINI FLIP-TOP CASE W /150W P.S. $149 .95

FDD-360 360K 5·1/4" FLOPPY DISK DRIVE $69. 95

J DR· MO NO MONOCHROME MONITOR (GREEN) $69. 95

BTC-5060 STANDARD 64-KEY KEYBOARD $59 .95

TOT AL S YST EM (OK INSTALLED) $649.65

FORXT
WITH _5V AND GROUND PLANE .._....... 27.95
ABOVE WITH 110 DECODING LAYOUT .. 29.95
PARTS KIT FOR JDR·PR2 ABOVE 6.95

FOR AT
16-BIT WITH 110 DECODING LAYOUT 34.95
PARTS KIT FORJDR ·PR10 ABOVE 12.95

T .. ...-

JDR-PR10
JDR·PRID-P K

JDR·PRI
JDR-PR2
JDR-PR2·PK

PROTOTYPE CARDS
FR-4 EPOX Y GLASS LAMINATE WITH GOLD PLATED

EDGECARD FINGERS AND SILK SCREENED LEGENDS

27126 16364,6 250ns 12.5V 26 4,25
27126A-200 16364, 6 200ns 12.5V 26 5.95

PARTIAL LISTINGS ONL Y - MANY OTHERS AVA ILABLEI

EPROM ERASERS
DATARASE II $39.95
• SHIRT POCKET SIZE!
• ALL SIZES UP TO 4 AT A TIME
• ERASES MOST EPROMS IN 3 MINUTES
D AT ARASE II

P E-140 T SPECTRONICS 9 CHIP ERASER WITIMER

EXTENDER CARDS
SIMPLIFY PROTOTYPING AND TESTING

EXT-8088 6-BIT FOR 6066 MOTHERBOARDS 29.95
EXT-80286 16-BIT FOR 2661366 MOTHERBOARDS .. 39.95

UNIVERSAL MODUL E $499.95
• PROGRAMS EPROMS, EEPROMS, PALS, BI-POLAR PROMS,
6746 & 6751 SERIES DEVICES; 16V6 AND 20V6 GALS {GENERIC
ARRAY LOGIC)FROM LATTICE, NS, SGS • TESTS TTL, CMOS,
DYNAMIC & STATIC RAMS' LOAD DISK, SAVE DISK, EDIT,
BLANK CHECK, PROGRAM, AUTO, READ MASTER, VERIFY AND
COMPARE • TEXTOOL SOCKET FOR .3" -6"W. IC'S ( 6-40 PINS)
MO D·MUP

MOD·MPL · SO FT CUPL SOFTWARE $99.95

EPROM MODULE $119.95
• PROGRAMS 24-32 PIN EPROMS, CMOS EPROMS & EEPROMS
FROM 16K TO 1024K • HEX TOOBJ CONVERTER • AUTO,
BLANK CHECKIPROGRAMN ERIFY • VPP 5, 12.5, 12.75, 13,21
& 25 VOLTS · NORMAL, INTELLIGENT, INTERACTIVE & QUICK
PULSE PROGRAMMING ALGORITHMS
MOD-MEP

OTHER MODULES, PAL PROGRAMMER, DIGITAL TESTER,
BI-POLAR PROGRAMMER, MICROPROCESSOR PROGRAMMER ·
FROM $129.95 TO$259.9~ CALL FOR INFORMA TlON

EPROM PROGRAMMER
• PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512
• SUPPORTS VARIOUS PROGRAMMING FORMATS & VOLTAGES
• SPLIT OR COMBINE
CONTENTS OF
SEVERAL EPROMS OF
DIFFERENT SIZES
" READ. WRITE. COPY,
BLANK CHECK & VERIFY
" SOFTWARE FOR HEX
AND INTEL HEX FORMATS
M O D· EP ROM

MODULAR PROGRAMMING SYSTEM
MODULES USE A COMMON HOST ADAPTOR CARD·
1 SLO T PROGRAMS EPROMS, PROMS, PALS, MOREl

HOST ADAPTOR CARD $29.95
• UNIVERSAL INTERFACE FOR ALL
PROGRAMMING MODULES!
• SELECTABLE ADDRESSES
PREVENTS CONFLICTS
• MOLDED CABLE
MO D·MAC

.---e:t JDR caters to the developer
L~ with a full line of prototypingWORLD & programming products . Request

our catalog for the complete linel
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QUALITY PARTS • DISCOUNT PRICES • FAST SHIPPING

P.O. Box 567 • Van Nuys, CA • 91408

PC board wlh elec1nst mike respond.
to sounds in immediate Yicinity. Originally
part 01sound activated light organ.Shuts
off when .ound is not present. Includes

hook-up diagram.
CAT.SAB·2 $2.50 each

ii~r-~"'-
and 10 po'-- ) Eo .... -~. n - - ·~or front and rear sub panels . AIIanclosures are

mon ~. ...., ~,IO measu'u. ~Incfnu'~d'" s . - • -IIUI]I==.31' wide X .20" high X .78' deep. End plates ... __ . . 6" wide X6114' 0Np. Cholce c( thrH heights.
can be added to lorm a .94' high bezel. 75 ohm terminalor and F-61 opficer on one Includes non·skld rubber fHt and hardwara.

CATI SWTH·9 $1.25 each end . N_c8b1es manufactured lor IBM PC :::::~ 1~~:r'Ivory, black, and blue.
10 for $10.00 networks. IBMPIN lSOl908 COM/SCOPE. 2114" CATlMIl-A 57.50.c:I1 10lor565.00

ENDPLATES.CATlSW-9EC CAT#RG-11-1 100Itroll$15.oo 23;'8" ~:~::~ ~:~:::: :g::~~~
$1.00 per set CAT,RG-11-2 200lt.roll$27.50 Pleasespoclfycolor.

n[J

Two L E.D:. llash in 11
unison when. 9 voft ...~\ / -,\I ~
battery is attached.
This k~ includes a
p.e, board, .. the parts
and instruc1ions to make a si"1'le ftashar
circu~. A quick and easy project lor any
one with basic soldering skills.
CAli LEDKlT 51 .75 k~

LEDHOLDER a
~~:~E~~'fore5t e

LED GRAB BAG

500.- ~LE.O:. Dn'~
Mony_1 JI II
shapM, colors,e.1I. Round,

.-r>gulor, ....ed, ..,.
CATIORLED

$4.00 ._onl

U shaped package
withmounting ears. ,
118' opening.
314"mounting ears.
CAnOSIU
50eeach
10Ior54.50'loolor$40.00

STANDARD JUMBO
DIFFUSED 11·314 oi••

==-RED CATHEl).l .
10lorS1.50 ·100forS13.00

GREEN CATILED-2
10 lor52.00' 100forS17.00

Y£UOW CAT.LED-3

10 br52.00 ' 100 forS17.00 1!!!!!!ji.i~~~l.i.!~.",,!!!!!!!4

FLASHING LED

:;::U~:'.;~::'.~l ,~
RED S1.00.c:I1 ~
CAT.LEll-4 10br S~.50

GREEN Sl.00eac:l1
CAn~ 10 forSV.50

BI·POLAR LED ~
Ughts RED on. cirec:tion,
GREEN lI1e oll1or. TwoI..do.
CATU.£D-6 2 br S1.70

eliiliiililiillilililiiil~
.156" pin spacing, 0.200" betwHn double

rows, gold contact., P.C. mounting.
SPECIAL Sama as AMPt 2-5306~.

CAn ESC·1G 51.00 each '1010r58.oo

The Inner workingsof an ellictronlcScrabble
gama . Cparates on 6 Vdc. 8 dlgrtalpha.

numertcreadout. 45 button kejp8d, 14 trans!
loB, 2 1.0:.. 1 plezo elemant and other good
.... Top and bottom row of kejp8d buttons

are funC1lOn keys, _ 3 rowsa.. alphabet
Ic. No InstruC1lOns available. 6" X 4.45'.
CAnST.. 51 .7Seach 1010r515.00

:~~OO~J~~~l!.l;I~:m~~~~::

MJItiProduel.lntemationalll ~
A1VN-HO-1D11 Primary:600ohrn
Sacondary: 600'600 ohm
0.77' X0.61' X0.63" high.6 p.c.
pin. on 0.18r centara.Primary
inductance: 300 mHmin.. at 1kHz,1 volt.
CAUTCTX-l 51.25 ... '101or511.oo

TO·l a case wtlh window.
Infr.ed emittingphoto dod.. ~
CAUTlL-3111 51.00eL ' 10lotW.50

SERVO,MOTORt,:,
3 Vdc 18M> withpotentiomolOr. ~
Id..l for robotics a remoe.
conltc/ modolexperimentlllion.
Rota... 1pIll'O><. 140 deV....
Pot connecl«l to mala yori..
from 500 to 3000 ohms.
1.53' XO.ll5'X 1.65". 0.87' diamotor rubbot
whHf altaa..d to motorshall can be UMd
u a cspstan a can be ealily ,....,..d.
Preppod withcspaeitors, chokes and wire
lead.. CATI SV002 2 fa $1.00

~~~;:W"!!!!!!1JI
~.~.';'l'.~~.~I~~ (~ ~ I ~~~~:~~~ated ~
tecloM.RATED:O.la"1'.witc:lling. ...... ID ~ 2Oamps@l25Vac.Tum .~,::"
0.25 e

T"1''':rz
current P.C. mount.56 AMSIZE 51.SOeach knob to desi<edtime. '

CA • P..... 65e e.ch ' 10 for .00 Includes hardware, beige / ' .
100 for SSO.OO 1.2voftsl80mAh wa~ta,andknob. UL •

SPOT PUSHBUTTON CATt NCB-AU. and CSA listed.CATt~
Marquardtlll843 ~ AASIZE 52.ooaach S5.75each ' 10IorS50.00
Rated 6 _ 0 1251250Vee. ~ 1.25 vofts SOO mAh

~~~:=:~~~'X .65'. AA~=~~::ach :::::ii::i:i:::i::!~~:'ill1W.iM~~~~~ni::::i:i:I::::i:
cm PB·18 51.65 ea . '10 for 515.00 W'~~i~~ IJ~.ffi),TP.flt.A$f.f¢Ap.Ae.lto.a)i
PUSHBUTTON SWITCH, C SIZE ·'.25 each R b' CE ho n h .
GCIT1oomMn'35-420 1.2 volts-1200 mAh u ocon p to as capacrtor.
S PST Ily nt 0.79" dia. X1.1' high. The.. ara 1j
~j,~~=tch'=:::ary CATt NCB-C new capacitors that haw baen
.eluater 0.5r diameter. Chroma D SIZE $4.50 each prepped with 1.4' black and red
bezal 0.68' diameter. Threaded bushing 1.2 volts 1200 mAh wife leads soldered to the terminal..
mou'nt. in.5O"diameter hole. Raled CAn NCB·D CATt PPC-210 $2 .50 each
3a"1' @250Vee.SoIderlooptenni..le. 1010r522.50 ' 100 lor 5200.00
CAn PB·20 51.00 eech t ttJ<ENON:J.UBEt:t/ La e uantrties ayailable. Ca. for rid

't:WAlt:TRANSF.ORMERS::::~:

~
AU PlUG

l DIRECTLY
INTOl20VAC

OUTLET
12VdcO 500 maoCATI DCTX·l25 $4.50

VVdcOlomp CATlDCXT-4l51 $5.00 1~~~~~==~~1~~;i!~~~;;~~~~!!!~1124 Vee 1/11625 maoCATI ACTX·2462 53.25

»
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C6442 $19.95

Viejo Publications 72, 88

WPT Publications 64

U.S. Cable 71

Smith Design 19

Synergetics _. _ 68

Star Circuits 22

SCO Electronics _71

Sencore __ 23

ADVERTISING SALES OFFICE

Gemsback Publ ications. Inc.
500·B Bi·County B lvd.
Farmingdale. NY 11735
1,(516) 293,3000
President: Larry Steckler
Vice President: Cathy Steckler

For Advertising ONLY
516-293·3000
Fax 1-516-293-3115
Larry Steckler

publisher
Arline Fishman

advertising director
Denise Haven

advertising assistant
Christina Estrada

advertising assoc iate
Kelly McQuade

credit manager

Subscriber Customer Service
1-800,288·0652
Order Entry for New Subscribers
1·800·999·7139
7:00 AM • 6:00 PM M·F MST

SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan. Eastern Sales Manager
Hadlo-Electronics
259 -23 57th Avenue
Little Neck. NY 11362
1-718-428-6037, 1-516-293-3000
Fax 1·718·225-8594

MIDWESTrTexas/Arkansas/Okla.
Ralph Bergen. Midwest Sale s Manager
Radio-Electronics
540 Frontage Road-Suite 339
Northfield , IL 60093
1·708·446-1444
Fax 1-708-446-8451

PACIFIC COAST/ Mountain States
Marvin Green. Pacif ic Sales Manager
Hadio-Electronica
5430 Van Nuys Blvd . Sui te 316
Van Nuys , CA 91401
1·818-986 -2001
Fax 1·818-986·2009

181 Unicorn 87

197

182

183

123,180 Test Probes 3

225-228 Test Probes 3

190 TECI 64

196

185

193

83

Page

Cook 's Institute _ 83

Communications Specialists . . . . . 64

Command Productions 72

NRI Schools 29, 55

188 Global Specialties 17

Grantham College 15

86,199 Heathkit .. _ 25, 83

191 ICS Computer, Training 13

178 International Components Corp . 91

113,170 JDR Microdevices _94

114 Jameco 92, 93

104 Jan Cry stals 83

179 Jinco Computers _88

King Wholesale .. _ _ 86

202 MD Electronics 86

61 Microprocessors Unltd , . . _. . _. . . 79

187 Optoelectronics 21

184 PMC Electronics _26, 87

Pacific Cable 85, 89

56 Parts Express 90

201 Photronics, Inc 26

93 Mark V. Electronics 89

177 Electronic Goldmine . . _... _. . _. 96

RADIO·ELECTRONICS does not assume any responsibility for errors that may appear in
the index below.

127 Deco Industries _.. _26

192,200 Print Products 22, 24

78 Radio Shack 30

ADVERTISING INDEX

Damark International 14

121 Fluke Manufacturing CV2

Electronics Book Club 36

186 D&D Electronics 13

176

58

70 CEI 88

CIE 8

98,195 Beckman Industrial. _ 5, 7

109 C&S Sales CV3

Amazing Concepts 96

77 B&K Precis ion CV4

67 Banner Technical Books 82

107 All Electronics _ _95

75 Ace Products _. . _.. _ 26

Free Information Number

108 AMC Sales . . _ 82

BATTERY OPERATED BLACK UQKT KIT* De:!ds I rMsi~, f_ Inics. f\.lnlc<rI Miretals, el:.

* : LMoe Ur/illtied USI'<\led Ba:t< LIlItM.'

iIi" I* Comes with PC Boa1I, Pats. Tuoo m Insln.doos* Opera:es lrom Arri IN B.1te!y Sou,," ("" Incl.) * Size ofBoa1I: r ' 1$'
C6356 $13.95

MINI GEIGER COUNTER Kpl;T

i
; =* Detects AU. T~s 01 lQfolion* Uses sero!iIt AipII1 \\1i'OOw Ttile* Oper.lles lrom W Ballo'y(rol lrol.) -* Comes ,,;111 PC Boa1I, Pats. -o~ rt1BII

Ttile ar<I lro""'ioro _ L&J rJ* Size~PC_ 3"' 1.9' 0~B~O-o-.
C6430 $59.95 =- -=- .ltO.

~~~~~~= KIT r---- - - - --a
(TVtICR Remoies. LEOs)* _ SClI'dm
BIigt Red l£D nApul* Oper.leson'NBalIo'y(rollncl.)* Co..,";IhPC~PiYIs
ar<IlnstlUliOllS* Size ~ PC Boa1I: 2S,1,4"

THE ELECTRONIC GOLDMINE

INFRARED MDDULE

~
Small irirated l'tceivermoou!e is sensitive10 almost all

• ' / infrnd "rrce lXll1JOlle" m lr3LnS hql gail Has on~ 3
/ hoo~ ~ro.OperaIesllrrn!MlCmisvtry senslilO(!";1I

/ 1;I1i"LEDor_.klw"IaQe"lay lrom",~l(JI...-;).
Module m hoo~ d9pn only-)OJ iIO"<le ClJ!iX/ de-.ilz

G514 $1.29 ~ LED orrmy. Size ofPC Boa1I: .9"d ' '.4' .

GRA1 - ANTI GRAVITY GENERAlOR . . . • . . • . . •. •... $10.00
w lC1- 40WAnBURNING CUTIINGLASER ...... .. $20.00
~~RUB4 - HIPCM'ER PULSEDDRILLINGLASER ••• .. .. $20.00
~ '"' B1C5 - 1MILLION \\:lLTTESLA COIL $20.00
Ii: In MCP1 - HIVELOCITY COIL GUN .. .$15.00
~:!! LlS1- LASER LIGHT SHOW 3METHODS . . . S2ll.00
U) EH1- ELECTRONICHYPNOTISM TECHNIOUES .SB.OO
Z EML1 - LONER PCM'ERED COILGUNLAUNCHER . . . .. $BOO
ec JLJ- JACOBLADOER3 MODELS .. $10.00
-I 505- SEE INTHEDARK .. ". .. $10.00
Q. LEV1 - LEVITATION DEVICE .• __. _. . . . .510.00

i! FMV1K - 3MILEFM\\:lICETRANSMinER . . .534.50
:s PFS1K - HANDCONTROLLEDPLASMAFIRE SABER . .$49.50
C NIG7K - HI FWXNEGATIVEIONGENERATOR .. _. . . . .534.50

~ iil! PG5K - PLASMALIGHTNING GLOBE . .. __ $49.50
z ~ LHC2K - VISIBLESIMULATED3COLOR LASER $44.50
~ II: H001K - HOMINGfTRACKING BEEPER TRANSMln ER.. $44.50
c;;g LGU6K - 2.5 MWHAND-HELD VISIBLE LASER GUN $249.50
~ If BTC3K - 250.000 \\:lLT TABLE lOPTESLA COIL $249.50
U) IOG2K- IONRAYGUN, projectenergy without wires 5129.95
..... TKE1K - TELEKINETIC ENHANCER/ELECTRIC MAN $19.50
i2 VWPM7K - 3MILE AUTO TELEPHONETRANSMinER . .$49.50

_ CI ASSEMBLED INDUR LABS
W UST10 - INFINITYXMTRListeninviaphone lines..... 5199.50
...J IPG70 - INVISIBLE PAIN FIELDBLAST WAVE GENERATORS74.50
CClITM10- 100,000 \\:lLT INTIMIDATORUP 1020' . . . . . .$99.50
::E TAT30 - AUTOMATIC TELEPHONE RECORDINGDEVICE .$24.50
W PSP40 - PHASQR SONIC BLAST WIWEPISTOL SB9.50
U) DNE10 - ALLNEW 26"VIVIDCOLOREDNEONSTICK $74.50
U) LGU20 - .5101MWVISIBLERED HeNe LASERGUN . .$199.50< BLS10 - 100,00WAn BLASTER DEFENSE WAND . . . _.SB9.50

EASY ORDERING PROCEDURE - lOLLFREE 1-800·221·1705
or24HRS ON1~-4730 orFAX ITTO 1-liOO-072-5406

VISA,MC,CHECK.MOIN US FUNDS.INCWDE 10%SHIPPING.ORDERS
5100.00&UPONLYADO 510.00.CATALOG $1.00DR FREE WITH ORDER.

CIRCLE 1n ON FREE INFORMATION CARD

C6441 $5.95

II Itl

MINIMUM ORDER: $10 00 plJs S300 s/JWUl9 and handl<lg
We accep< Me. vee and Money Orders

SEND ORDERS TO: The EleclIonoc Goldmone
PO Box 5408 Sconsdale. AZ 85261
PHONE ORDERS: (6021 45' -7454
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ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

DelayedSweep
Lightweight (13Ibs)
2mVSens
3 Yr Warranty

Compact Series Scopes

Model V-I065
Shown

This seriesprovides many new functions such asCRT
Readout, Cursor measurements (V- l 085/1065/665) ,
Frequency Ctr (V-l085), Sweeptime Autoranging and
Trigger Lock using a 6-inch CRT. You don't feel the ·
compactness in terms of performance and operation.

V·660 60MHzDuaiTrace $1,195
V-665 60MHz Dual Trace w/Cursor $1,345
V·1060 100MHzDuaiTrace $1,425
V-1065 1OOMHz Dual Trace w/Cursor $1,695
V-1085 1OOMHz Quad Trace w/Cursor $2,045
V-1100A 100MHz Quad Trace w/Cursor $2,295
V-1150 150MHz Quad Trace w/Cursor $2,775

$ 3,049.00
$ 2,295.00

VC·6045
VC·6025

V·212 Hitachi Portable Scopes
$435 DC to 50MHz, 2-Channel, DC offset

DC to20MHz function, Alternate magnifier function
Dual Channel V-525CRTReadout, CursorMeas. $1,025

V-523 DelayedSweep $995

V-522Basic Model S895

RSOs (Real-Time & Storage Oscilloscopes) From HITACHI ~
The RSO • its fhe new solution ~~/

View, Acquire, Test, Transfer and Document Your Waveform Data

Low Cost/High Value Models

4-Channel. IOOMS/s Madel Introductory Price

Compact. Full Feature Models

, .'. . ... ,..,
: Ii ",'if; '"I ,~, --,

C~~iil&'~I.'iild.'riJ ,I
V-422 40MHz Dual Trace $795

20MHz Elenco Oscilloscope Elenco 35MHz Dual Trace $495
$3 Good to 50MHz

75 MO-1252
MO-1251 • High luminance 6"CRT

• DualTrace • lmV Sensitivity
• ComponentTester SCOPE PROBES • 6KV Acceleration Vo~age
• 6" CRT • IOns Rise Time
• X-YOperation P-1 65MHz. lx. lOx $19.95 • X-VOperation. ZAxis
• TVSync P-2 lOOMHz. lx. lOx $23.95 • Delayed TriggeringSweep
. 2p-t Probes • • i [j • Includes 2 P·l Probes

All scopes include probes, schematics, operatorsmanual, and3 year (2yrsforElenco scopes) worldwide warranty onparts& labor. Many accessoriesavailable forall
Hitachi scopes. Call orwrite for complete specifications on these and many other fine oscilloscopes.

l00M5Is (251.1 5/5 on 4 channels simultaneously), 100MHz, 4kwx tcn., 2kw x zch., lkwx 4Ch. VC·6145 $ 4,695.00

40M5Is, 100MHz, 4kwx ten, 2kwx2ch.
20M5/s, 50MHz, 2kw x2ch.

201.15/5,50MHz, 2kwx zen. VC·6024 $ 2,049.00
201.15/5, 20MHz, 2kw x zen, VC·6023 $1 ,749.00
RSOsfrom Hilachifeaturesuchfunctionsas roll mode,averaging, save memory,smoothing,interpolation, pretriggering ,
cursor measurements, plotter interface, and RS-232C interface. Wilhthe comfort of analogand the powerofdigilal.

Measures:
Coils 1uH·2ooH
Caps .lpf-2oouf

Res.01-20M

Wide Band Signal Generators
SG-9000

$129
RF Freq looK·450MHz

AM Modulation of 1KHz
Variable RF output

SG·9500w Digital Displayand 150MHz bullt·ln Counter $249

LEARN TO BUILD AND PROGRAM
COMPUTERS WITH THIS KIT!

INCLUDES: All Paris, Assembly and Lesson Manual

Model
MM-8000

$129.00

Startin9 from scratch youbuild a complete system. Our Micro-Master
trainerteachesyou towrite intoRAMs,ROMs andruna8085 microproces
sor, which uses similar machinelanguage as IBM PC. You will writethe
initialinstructions toten the8085 processor to[lftstarted andstore lhese
instructions in pennanent memory ina 2816E PROM. Teaches you all
about input andoutputports, computertimers. Buildyourown ke yboard
and learn how to scan keyboard and display. No previous computer
knowledge required. Simpleeasy tounderstandinstructionteaches you
to write in machine langu age.

ROBOTICSKIT FORABOVE (1.11.1-&010) $71.95

Digital Capacitance Meter

CM-1550

$58.95
9 Ranges

.lpf-20,Oooufd
.5%basic accy

Zero control
withcase

10 Function
Multlmeter

CM-365

$65
AC + DC Vo~age & Amps

Resistance to2oo0Mn
Diode, Logic, & Trans test

Capacitance to200uF

GF-8016 Function Generator
with Freq. Counter

$249

Quad Power Supply XP-580

$59.95
2-20V at2A

12Vat lA
SVat3A

·SVat .SA

Triple Power Supply XP-620
Assembled $65

Kit $45
2 to 15V at lA,

'·2 to-ISV at lA
(or4 to30V at lA)

andSVat 3A
Contains allthe desired features for doing experiments.

Features shortcircuitprotection, all supplies.

True RMS4 1/2
Digit Multimetet'

M-7000

$135
.05%DC Accuracy

.1%Resistance
withFreq . Counter

anddeluxecase

Decade Blox

-.:.:.-....~:: ..... I.19610 or

~!:: j ~~ i 19620
.., ~.:: :$18.95

19610 ResistorBlox
47ohmto1M& lOOKpot

'9620 Oapacitor Blox
47pfto 10M FD

Provides sine, triangle, square
wavefrom \Hzto 1MHz

AM or FM capability

1000Amps
Data& Peak hold

8 Functions
DeluxeCase

AC Current Meter

ST·l0l0

$69.95

Digital Triple Power Supply XP-765

$249
0-20V at lA
0-20Vat lA

SVat 5A

Fuly regulated,Short circuitprotected with
2 limit control, 3 separate supplies

XP·660 with Analog Mete.rs..$i11111!!75,...~..~

• •

WE NOW
CARRY

COMPLETE LINE
OF

FLUKE
MULTIMETERS

Models
21F 83
23F 85
25F 87
27F 8050A
73 8060A
75 8062A
nF +More

CALL FOR
SPECIAL PRICING

CIRCLE 109 ON FREE INFORMATION CARD



LIVEACTION

/

STOP ACTION,
INSTANT REPLAY

COUPliNG SOVACE

'" 0<.

Catch all the actionwith the new I&K·PRECISION
2522 Digital/Analog oscilloscope.

The new B&K-PRECISION Mcx:lel 2522 is a
full-feature analog scope for live action and a DSO
for stop action.

Atouch ofa button switches the 2522 from analog to
digital operation. It's an easy-to-operate scope with the
performance you need, ata price you'll like.

Don't let the action pass you by. The 2522 will put
you on the fast track for performance and results.
for immediate delivery or complete specifications,
contact your local B&K-PRECISION distributor.

~8K
~r~~••

~ r ......~2U1r.
~., MAXTEC IN T E R N A T IO N A L CORP.
~ Domest ic and InternationalSales

6470 W. Cortland St .. Chicago, IL 60635
3 12-889-1448 • FAX:312-794 -9740

CIRCLE 77 ON FREE INFORMATION CARD Canadian Sales, At las Electronics. Ontar io

• full analog and digital operation.
• 20MHz.analog operation.
• 10 MS/seconc:l-sampling rate on 1 or 2 channels.
• Equivalent time sampling to'20MHz.
• 2k memoryper channel.
• Pre-trigger capture.

NOW$995

_ _ -.l _


