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Better resolutionand accuracy
canchange the whole picture.

Clear up the uncertainty in your
test measurements with these three
versatile Fluke multimeters.

When you need performancethat leaves
no room for doubt, focus on theFluke25,
27and 37Analog/Digital Multimeters.
With thei r patented AIDconverters, they
deliver DC voltsaccuracy within 0.1 %.An
easy-to-view displayalso provides afull
4digitsof resolutionfor readingsup to
3200counts.

Fullysealed, dropproof cases protect
the handheld Fluke25and 27 from abuse
on the jobsite.The unique design of the
Fluke37 is well suited for benchtop and
portable use, and includes aconvenient
storage compartment for test leads and
small accessories.

The circuitry in each model isshielded
to eliminate interference - even near

motors, radar, or other transmi tters. And
thirty-six components are dedicated to
high-energy overload protection, for you
andthe meter.

All three instrumentsoffer simplicity of
operation. Select functi onswith onerotary
dial. Don't worry about range se lection
- it'sautomatic. Plus, the auto-polarity
digital readout andanalogbar graphgive
you two ways to lookat thesignal.The27
and 37also addextra features like MIN/
MAX Recordingand Relative mode.

Next timeyoumake ameasurement,
think about whatyou're missing.Then call
us tol l-free1-800-44-FLUKE,ext. 33
and ask about theFluke 25,27 and 37
meters.You'll get thepicture.

FROMTHE WORLDLEADER
IN DIGITALMULTIMETERS

FLUKE 25, 27, &37
0.1%basicdeaccuracy
Analog/ Digital Display
Volts.ohms. amps.diode test
D.l "A tolDA.all fused
3DkHz acbandwidth
lDD"VtolDDDVac and de
Touch Ho ld~ function
Reiative(difference)mode and MIN/ MAXrecordingmode127&
Integralhandle.storage compartment (37).
Three-yearwarranty125.27).Twoyearwarranty(371

John FlukeMfg.Co..Inc..P. O.BoxC9090.MIS250C,Everelf,WA 98206.Sales:12061 356,5400,Other: \2061347·6100.
'9 Copyright 1988John FlukeMfg.Cu.Inc. All rightsreserved. Ad No.0200-F20
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BUILD THIS
31 R-E-'s DIGITAL DASHBOARD

Give your dashboard a facelift with.six attractive, and
accurate new gauges.
Ross Ortman

41 SUPER-DIRECTIONAL MICROPHONE
Our build-it-yourself model outperforms many store-bought models!
Dale B. Blackwell

45 THE LAWN RANGER: PART 2
A look at the robotic lawn mower's motor control board.
Raymond Rafaels
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ON THE COVER
If your car 's " inst rument cluster"

(commonly known as a dashboard),
consists primarily of idiot lights that
don't provide all the information you
want, take a look at our digital
dashboard. We show you how to put
together six digital gauges: voltage,
oil pressure, water temperature, fuel
level, vacuum, and an auxiliary dis­
play whose function you can choose.
Not only do these gauges give accu­
rate, detailed level readings, they
also look good. To give your
dashboard an updated, high-tech
look wort hy ofthe name " inst rument
cluster," turn to page 31.

THE AUGUST ISSUE
GOES O N SALE

J ULY 3.

BUILD A VIDEO GRABBER
Capture a frame of video and manipulate it on your computer.

BUILD A 100·MHz FREQUENCY COUNTER
An easy-to-build, accurate instrument based on the lntersil 7216.

AC POWER MEASUREMENT
A refresher course.

MICROWAVES
A look at the many uses of microwaves in the past. present , and future.

BUILD A TELEPHONE-LINE CONTROLLER
A programmable card th at lets your computer control incoming and
outgoing calls.

As a service to readers . RADIO· ELECTRONICS publishes avai lable plans or informat ion relati ng to news wort hy produ ct s.
techniques and sci ent ific and technological developments. Because of possible varia nces in the quality and condit ion of
materials and workmanship used by readers . RADIO-ELECTRO NICS discla ims any respon sibili ty fo r the safe and proper
fun ct ioni ng of reade r-built pro je cts base d upo n or f rom plans or infor mat ion publi shed in thi s mag azine.

Since some of th e equipment and ci rcuitry descr ibed in RADIO-ELECTRONICS may relate to or be covered by U.S. patents.
RADIO·ELECTRONICS discl aims any liabili ty for th e infrin gement of such patents by the making . using. or selli ng of any such
equipment or ci rcuitry . and suggests that anyone interested in such projects consult a patent att orney.

RADIO·ELECTRONICS. IISSN0033-7862) June 1990. published monthly by Gemsback Publications. Inc.. 5OO-B Bi-County
Boulevard. Farmingdale. NY 11735 Second-Class Postage paid at Farmingdale. NY and additional mailin g off ices . Second -Class
mail registrati on No . 9242 authorized at Toronto. Canada. One-year subsc ription rate U.S.A. and possessions $17.97. Canada
$23.97. all other countr ies $26.97. All subsc ript ion orders payable in U.S.A. funds only. via interna t ional posta l money order or
check drawn on a U.S.A. bank. Single copies $2.50. c 1990 by Gernsback Publi cations. Inc .All righ ts reserved. Print ed in U.S.A.

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

A stamped self -addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is
desired should th ey be rejected. We discl aim any responsibili ty for the loss or damage of manuscr ipt s and/ or artwork or
photograp hs whil e in our possession or otherw ise.
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PLUG IN.
TURN ON.
GET DATA.

FASl:
FREE SOFTWARE.

NO PROGRAMMING.
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Global Specialties. An Interplex Electronics Company.
70 Fulton Terrace. New Haven. CT 065 12.
Telephone: (203) 624-3 103 . c Interplex Electron ics 1989.
All Glob al Specialties breadboardin g produ cts made in USA.

A0012

Now you can create daring experiments as fast
as you think of them .. .store them indefinitely...

--;:::~ 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 ...simplified

operation with every­
thing you ever need to know right
there on the screen in pop-up menu
formats. Plus , on-line help, with
interfaces to popular spreadsheet

or analysis programs.. .with just a single
keystroke.

Get the facts today.
Just say,
"Data... fast!"
We'll understand.S That's ProtoKey!

GLOBAL
SPECIALTIES

Call toll-free for details

1-800-572-1028

• '~'!rnkeY ProloKey'· 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. Requ ires
no programming ' .::; ".J ' .'

skills. And , truly
affordable at only $395.

All describe the hot, new Global Specialties
American-made Protokey" 8-channel data K~
acquisition system, which includes - 8 AID input
channels with 12 Bit resolution - selectable con­
version times of 7 Hz or 30 Hz - 3 input ranges
from 5 Volts to 50mV - 100 uv resolution - ther­
mocouple linearization - interfaces to a variety of
transducers - plus, operating software and a
complete users manual.



WHAT'S NEWS

A FUTURE FULL-SCALE EARTH-TO-ORBIT electromagnetic launch system might look
like this. The flyway, consisting of hundreds of stages, is built up the side of a hill to
present a 3D-degree launch angle.

--..----

4.5 km/sec, to achieve orbit velocity.
The combination of electromag­
netic and rocket techniques re­
duces costs and risks for the
electromagnetic launch .

Still in the exploratory develop­
ment phase, the work has achieved
a record velocity for contactless
electromagnetic launchers of 1 kilo­
meter per second with a 160-gram
projectile. Experiments are now un­
derway with a larger, six-stage
launcher that fires a 4-kilogram (10­
pound) projectile that is 5Y2 inches
in diameter. Subsequent develop­
ment stages will focus first on still
larger launchers. After that, the con­
cept would be scaled up further by
adding more stages to the launcher,
increasing the length of the flyway
along which the launch mass is ac­
celerated. For earth-to-orbit launch,
the flyway would consist of multiple
stages, each powered by its own ca­
pacitor bank, and elevated at'a 30­
degree angle. The technology
seems especially promising for the
economical launching of large num­
bers of relatively small objects into
earth orbit. R-E

The electromagnetic launcher
would provide enough velocity­
about 4.5 kilometers per second at
the end of the flyway-to send the
main part above the earth's atmo­
sphere (the armature would drop
away shortly after launch). Once the
projectile was above the atmo­
sphere, the aeroshell would drop
away and the rocket motor would
step up the velocity about another

ASSaAlllY IlUlG.
• STAGiNG

/

• STOAAGE
• ASS8I81Y

-'-'
SANDIA EXPERIMENTERRonald Kaye in-
serts a projectile into the breech of a six­
stage electromagnetic launcher, which is
being developed as a possible alternative
to rockets for frequent launches of small
payloads.

New earth-to-orbit launcher will
use electromagnetism

A new technology that might be
used to launch small satellites from
earth to orbit, currently being de­
veloped by Sandia National Labora­
tories (Albuquerque, NM), uses
electromagnetic induction and in­
volves no sliding electrical contact
between the "projectile and the bar­
rel. Providing an alternative method
to rockets for the launching of satel­
lites up to 1,000 pounds, it could
have potential military and commer­
cial applications.

In the new launcher, the proj­
ectile passesthrough a series of cyl­
indrical coils that form a contactless
barrel. Just before firing, a pneu­
matic device sets the projectile spin­
ning, for aerodynamic stability. The
firing is under electronic control:
One after another, coils are ener­
gized by a heavy capacitor d is­
charge, accelerating the armature
forward down the length of the
flyway. Between each coil, a high­
speed optical-fiber sensor mea­
sures the precise position and ve­
locity of the projectile and instructs
the computer to fire the next coil at
the right instant to provide max­
imum effect. The launch mass for a
full-scale earth-to-orbit projectile
would include an iron or other mag­
netizable armatu re, a removable
aeroshell, small rocket motor, and
the payload. An existing mockup re­
sembles a small rocket or a very
large artillery shell, with the tapered
aeroshell streamlined to reduce at­
mospheric friction.

A sophisticated code called
"WARP 10" has been used to sup­

Q port the experiments. The code has
z successfully predicted th e results of
~ all of the experiments made so far.
t; Its predictions for scaled-up ver­
~ sions of the electromagnetic launch
a system are making scientists ex­
Ci tremely optimistic that the larger«
a: systems will also be successful.

4



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

(1)

(2)
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. 8273-241

Hundreds of Types
Available Now

In addit ion to our large in -store
stock, Radio Shack can now
supply almost any current ly
manufac tured battery-even
special communications bat­
ter ies for walkie-talkies and
pagers. Batteries are sent from
our main warehouse to the
Radio Shack near you. Never a
postage charge!

(1) D-Sub Pin Crimper. Crimps #20. 824
and #28 pins. #276-1595 . 9.95
(2) IDC Tool. Attaches IDC-type plugs to
flat cables. #276-1596 12.95

(1) Thermi stor. #271-110 1.99
(2) O.lW Trimmers. l k. #271-280; 4.7k,
#271-281; 10k, #271-282; 47k. #271-283;
lOOk, #271-284 Each 49~

(3) Color-Code Decod er. #271-1210, 69~

Your Radio Shack store mana ger can special­
order a wide variety of parts and accessories
from our warehouse- vacuum tubes, ICs, mi­
croprocessors, phono car tridges and styli ,
crystals, even SAMS Photo tacts" manuals.
There are no handling charges or min imu m
order requirements-just fast delivery to our
store near you.

ICs, Crystals, Tubes, Lots More

(2)
(1)

(1) 72-Posllion Board . Great for a variety
of projects. Popular .100" contact centers.
4Ik x5"/, .~' #276-192 4.99
(2) Socket lor Above. #276-1452 4.59

Car Connectors Tran and Choke project Box security Switches

(3)

(2)

(1)

UL Listed

(1) Normall y Closed. #49-513 . . . . . 1.29
(2) Tamper Switch. For alarm panel or si-
ren. Normally open. #49-528 1.59
(3) Panic Swi tch. N.O. #49-517 1.49

-
----_.. _--

Only

399

Transmi tter Case. Ideal for an RF or infra­
red control, beeper or portable device. Du­
rable molded case has a removable end
panel and compartment for 9V battery.
331. x 2'1,. x 1 ~ #270-293

(2) 99¢

(1) 899

(1) Power Translormer. 120VAC primary.
Secondary is 18VAC, 2.0 amps, center­
tapped. 231. x 2'1. x 2~' 8273-1515
(2) 0.1 mH RF Choke. 8273-102

(1) 139

(2) 139

(3) 199

(1) Solderless MotorOla-Type Plug. Fits
car radios and many scanners. 8274-709
(2) Solderless Jack . #274-710
(3) Lighter Outlet DC Plug. #274-335

prewired Temperature Module Connectors for Test Equipment
(7)

(6) _

(5) 1iiip .

(4) FlexBanana Plugs. #274-730. Set of 2/1.69
(5) 'Gator Adapters. #270-354 . . . . Pair/1.B9
(6) Mini -Hoo k Adapte rs. Fit test probe
tips. #270-334 Pair/2,59
(7) Micro Flat Test Clips . 1 red, 1 black.
8270-336 Set 01 2/1 .19

(3)

(4) ......~~=

(1) Solder less Male BNC. For RG-58 ca-
ble. #278-185 3.59
(2) 90· BNC Adapter . #278-116 3_99
(3) Stackable Banana Plugs. Built-in jack

~o~~'g~:~~:' ~~~~l3~ Solder~~~ '09~~~~~9

You can use it " as-is" for a thermom­
eter. Or, add switches to select F or C
display and simple circuits to control
a buzzer, LED, fan or heater at preset
temperatures. Automatic att ic ex­
haust fan controller is just one possi­
ble application. 1/2" digits. Range:
-40 to +120° F. 2" !1 e x 13/a x 1' /a:'
Requires " AA" battery. Low current
drain. With compl ete data. #277-123

Just Add
Battery

----::--. _' - ~-;'':..1

-. ,= ~ ~ ~ [-

Crimp D-sub Connectors 4-in-1 SOldering TOol

Provides up to 60 minutes of operation and refills with
butane lighter fuel. #64-2161 29.95
2.4 mm Replacement TIp . #64-2162 9.95
1.0 mm Replacement Tip . #64-2163 . . . 9.95
Blow Torch Tip, #64-2168, Heat Blower TIp, #64-2169, and
Hot Knife Tip, #64-2170 are available on special CMC
order Each 9.95

Grea t for Tigllt Spaces

Data-h old button freezes displ ay and lets you re­
mov e tester for easy reading. Has continuity
sounder, low-battery ind icator and overload pro­
tection. Measures to 400 volts ACIDC and resist­
ance. Includes batte ries , manual, case. #22-165

Autoranging Probe DVM

3995

Pos. Type Cat. No. Each

25 Male 276-1429 2.49
25 Female 276-1430 2.99

-­Gold-Plated Contacts

Pas. Type Cat. No. Each

9 Male 276-1427 .99
9 Female 276-1428 1.19

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers , Capac itors, Cho kes ,
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectifiers, Res istors , Switches, Tools, Transformers , Transistors, Wire , Zeners, More!

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

®
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VIDEO
NEWS
• Ghostbuster tests. The first major

American test of automatic ghost cancelling was
pronounced a rousing success, and there were
predictions that anti-gnost t echnology could be
put into the FCC's broadcast standards before th e
year is out. The exorcism occurred in Atlanta, the
site of the 1990 convention of the National
Association of Broadcasters, where six television
stations used the ghostbusting system
developed-and now in use-in Japan. As
reported here ( Radio-El e ctr onics, November
1989) , the system employs a "training pulse,"
broadcast in the vertical interval ( in Atlanta it
was line 18 ) , which instructs specially equipped
TV sets co remove ghosts and accept the true
image. Observers of the demonstrations at the
convention were impressed with its performance.
Set-top tuners equipped with ghostbusters are
currently selling in Japan for $700-$1,000 , but
more-integrated, chip-based systems built into
television sets are expected to be much cheaper.
Although other ghost-canceling syst em s have
been proposed-notably by AT&T, Zenith, and the
David Sarnoff Research Center-the Japanese
system now has the inside track because of the
successful Atlanta tests and its proven quality in
everyday use in Japan.

• Laserdisc shortage. When laser optical
videodiscs' popularity slumped almost to nothing
a few years ago, who would have thought they
would become so popular in 1990 that there
would be a severe shortage of programs? Thanks
to the influence of the compact disc , the laserdisc
now has become the preferred playback medium
of videophiles. With about 10 brands of players
either on the U'S. market or about to enter it, and
player sales expected to double this year to
250,000, disc manufacturers are hurrying to try

~ to relieve the shortage. The latest to go into
z videodisc pressing in the United States is Sony,
~ whose Digital Audio Disc Co. plant in Terre
o Haute, IN, is adding videodiscs to its compact-disc
~ manufacturing ability.
w6 The videodisc's comeback started, ironically,
o with the ballyhoo for an unsuccessful product­
«a: Compact Disc-Video-a name coined by Philips

6

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

and its affiliate Polygram in hopes that the magic
of the CD boom would rub off on videodiscs. The
two companies retreated in early 1990, and the
name reverted to laserdisc. But today's players
take advantage of most recent laserdisc's
compatibility with audio CD's , and almost all of
the new players can play CD's as well as LD's. The
new laserdisc players also have copied from
Super VHS, by using Y/C (luminance and
chrominance) outputs to plug directly into "S­
connectors" on high-resolution TV sets.

• Full-Motion CD-I. The Compact Disc­
Interactive ( CD-I) system has added something
new that makes it far more significant as a
consumer product: full motion. The system
espoused by Philips and Sony has suffered in the
past in comparison with Intel's Digital Video
Interactive ( DVI) system. The addition of full
motion to the digital CD-I system makes it a very
potent potential product of the 1990's . A standard
5-inch compact disc recorded in the CD-I mode
now can provide up to 72 minutes of full-motion
digital video plus digital audio. As demonstrated
recently by Philips, the picture quality of the CD-I
disc was virtually indistinguishable from
videotape. The system is scheduled for marketing
next year in the U.S. and Europe. It also has the
potential to become an important movie-carrying
medium. As a digital-video system, the same disc
can be played on the American and Japanese
NTSC system, the European PAL system, or any
other color TV system.

While the Intel DVI system is designed for
playback using a computer ( an d isn't intended to
be aconsumer product) , CD-I uses a player that
resembles an audio CD player, Philips says that
DVI takes several hours to record an hour of
video, but CD-I can record in real time-requiring
only an hour to record an hour of video. Philips'
enthusiasm about CD-I is best summarized by a
quotation from a company official: "CD-I is what
publishers have been waiting for since the 1450's ,
when Johann Gutenberg produced the first
printed version of the Bible. We have pushed CD-I
full-motion video far beyond DVI. There is no
discussion any more." R-E
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Electronic Projects
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FREE when you join!
15 Easy Electroni c
Projects From Delton T. Horn
Projects you can build-some unique,
some old favorites-from the author's
vast treasury of electronics know-how.

"-_--'--- 1_1
50% MONEY-S AVIN G OPTION : I also Wish '0order my first Club I I
Selection at 50% off the Publishers ' price (plus shipping/handling). I then need
to purchase only 2 or more books within the next 12 months . ' ,

Membership Benefits • Big Savings. In addition to this introductory
offer, you keep saving substantially with members ' prices of up to 50% off the
publishers ' prices.• Bonus Books. Starting immediately, you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers' prices.• Club
News Bulletins . 15 times per year you will receive the Book Club News, describ­
ing all the current selections-mains. alternates, extras-pius bonus offers and
special sales, with scores of titles to choose from. • Automatic Order. If you want
the Main Selection. do nothing and it will be sent to you automatically. If you prefer
another selection . or no book at all , simply indicate your choice on the reply form
provided. You will always have at least 10 days to decide. As a member, you agree
to purchase at least 3 books within the next 12 months and may resign at any
time thereafte r. • Ironclad No-Risk Guaran tee. If not satisfied with your books,
return them within 10 days without obligation I • Exceptional Quality. All books
are quality publishers' editions especially selected by our Editorial Board.

Add ress

Please accept my membership in the Electron ics Book Club and send the 5 volumes listed
below, plus my FREE copy of Delton T. Horn 's All-Time Favorite E/ectronic Projec ts (3105P) ,
billing me $4.95 . If not satisfied , Imay return the books within ten days without obligation and
have my membership cancelled . I agree to purchase at least 3 books at rsqutar Club prices
during the next 12 months and may resig n any time thereafter. A shipping/handling charge
and sales tax will be added to all orders .

Signature _

Name

Valid for new members only. Foreign appfic ants will receive spec ial orde ring instructions. Canada must remit
in U.S. currency, This order SUbject to acceptance by the Electronics Book Club. RE790

Call Toll-Free 1-800-233-1128 to join Now!

For 2S years, your most complete source for electronics books.
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Farmingdale, NY 11735
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O nce upon a time, doing some­
thing like that was a real pain in the
neck, since you had to do analog
decoding of the frequencies in the
high and low groups used fo r DTMF
(Dual Tone M ulti Frequency) tones.
Fort unate ly, this is Ame rica, and
capita lism usually fi lls any consum­
er needs that show up in the mar­
ketplace-and that is even tr ue in
the wo rld of semiconducto rs.

Seve ra l m anu f acturers mak e
DTM F decoders, including suc h
well -known nam es as Nat io na l,
AMI, and Mostek. I'm not listin g any
of the chip numbers because each
of those companies have several of
them and which one you use de­
pend s ent irely on wh at you want to
do . Call or w rite them and get your­
self a handfu l of data sheets.

What all of the decoders have in
common , tho ugh, is that they de­
code only the incoming freque ncy
and put out a bi nary equivalent. If
you want to build something that
can display a dialed number, you' re
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TOUCH TONE DECODER
I've been trying to design a circuit

that would decode Touch Tone fre­
quencies and display them on LED's.
So far, the best I've been able to do is
less than what I want. Can you point
me in the right direction ?-W. Brown,
Golden CO

ta Clara, CA 95051 (408) 246-0330).
The chip you need is thei r S2S61-a
dedicated teleph one-ringer IC that
can be powered di rectly off the
phon e line. You can use a battery if
you' re afraid of loadin g the line.

The chip does n't need much sup­
port to make it wo rk, and everything
you could want to know about it is
descr ibed in th e data sheet . The cir­
cuit in Fig. 1 shows you wh at has to
be don e to put the IC to wor k. You
can use it to drive a small speaker,
since the chip puts out up to 50
milli watts when you power it off 10
volts. As an alternative, you can feed
the output to an amp lif ier and get
even mo re gain.

RING MY PHONE
There is not enough line current to

ring the telephone bells in our house.
Either we're too far out or there are
too many phones on the line. Is there
any other way I can get the phones to

-ring?-G. Myers, Meridian MS
Before we start on this, and by the

way the answer isyes, let me tell you
that I haven't heard of a problem like
thi s in a long time. In these post­
divestiture days, most phones have
gone a lon g way from the original
Western Electri c 2500 series. CMOS
has replaced most of the circuitry in
the old ph ones and I haven't seen a
real carbon granule in years.

The popular lore and certain leg­
ends have it that the telephone line
voltage is fixed at a value written in
sto ne . Noth in g co uld be furthe r
from the t ruth. It has never been
promised by the telephone compa­
ny that you' ll f ind 50-volts DC on­
hook , 5-volts DC off-h ook, and a90­
volt AC ringing voltage.

All the phone company guaran­
tees is that the phon e circuit is a 20­
milliamp line. As a historical note,
that's in terest in g because 20-mi ll i­
am p cu rren t lo o ps have bee n
around fo r a long tim e. But th is isn't
helping you solve your probl ems.

Th e devel opm en t of CM O S­
based telephon e parts has resulted
in a sort of revolut ion in telephone
design. Given a 20-mi ll iamp limi t,
most pho ne manufacturers have
been able to design mul ti-featured
te lephones that draw their power
directly off the ph on e line. Just
about the only use for batteries is to
preserve memory in phones that let
you store numbers.

Several semiconductor manufac­
tu rers make chips that are designed
w it h yo ur spec ific application in
mind. An example of those is made
by AMI (3800Hom estead Road , San-
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NRI gives you two unbeatable
opportunities for top pay, security,

even abusiness of your own.

Name Age _

Street _
~

c.o
c.o
o

c....
c
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o Data Communications
o lndustrial Eiectronics
o Computer Programming
o Electronic Design Technology
o Cellular Telephone
o Digital Electronics Servicing
o Basic Electronics

NRI training so complete,
professional tools even included.
NRItrains you for this lucrative field, gets
you ready to land a good paying job , pick
up extra income in your spar e time, even
start a business of your own . You're ready
to jump right in because NRI includes the
tools you need: system analyzer, leak
detector, tubbing and joint tools , a top­
quality vacuum pump for purging systems,
plus demonstration panel units for hands­
on sys tems training. Graduates of our
Master Course also get optional free
residential training at the world-famous
York Institute in York, PA.

Go after high earnings, pay increases,
a business of your own.
Send for NRI's free catalog. Find out what
hands-on proj ects you do , the profes ­
siona l tools you train with , and the future
that can be yours . Act today.

the steady demand for your skills in this
field, the U.S. Department ofLabor scores
a solid hit...high ear nings and good job
prospects attract many individuals...
because peopl e in business depend on
their air conditioning, heating, and refrig ­
eration systems, the need for skilled tech­
nicians to do maintenance work has to be
met regardl ess ofswings in the economy.
Add millions of window units in older
homes requiring maintenance and repair;
heat pumps so popular they're now as
common as furnaces; comm ercial
refrigeration alone calling for skilled tech­
nicians to install and service walk-in cool­
ers, freezers, ice makers, and food cases.
Wherever you look , there's tremendous
oppo rtunities for the trained air
conditioning, refrigeration, and heating
technician.

ForCareer courses
approved under GIbill

D check lor details.

..e • .. ee

NRlsCHOOLS
McGraw-HillContinuing Education Center
4401ConnecticutAvenue, NW,Washington, DC 20008-/',r- We'll give you tomorrow.

"~nI.IE' CHECK ONE FREE CATALOG ONLY
o Electrici an 0 Automotive Servicing
o Air Conditioning Heating 0 Bookkeeping & Accounting

& Refrigeration 0 Photography
o Small Engine Repair 0 Computer Electronics
o Appliance Servicing 0 TV/AudiolVideo Servicing
o Locksmithing 0 Telecommunications
o Build ing Construction 0 Robot ics
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I City/Stale/Zip I
L Accredited Member National Home Study Council 3·070 I
-----------------------------~

Be an Air Conditioning,
Refiigeration,Heating

Technician.
When it co mes to targeting the goo d
payin g jobs, regular pay increas es , an d

Everybody wants to get ahead, but most
people wan t assurance they're making the
right job choice. According to the U.S.
Department of Labor, jobs for electricians
and air conditioning, heating and refrigera­
tion technicians offer high earnings and
good job prospects. Now NRI can show you
how to go after the high earnings, the steady
pay increases, even how to be your own
boss in a business of your own . You'll get
all the skills to get there. No night school,
no need to quit your job until you're ready
to make yo ur move . NRItrains you right at
home in your spare time .
No Experience Needed.
NRIstarts you with the basics, then builds
your knowledge and skill a step at a time ,
all the while adding practical know-how
through hands-on training. You even get
tools you need on the job or in a business
ofyour own . Over a million and a half stu­
dents have trained the NRIway since 1914.

Be an Eleetriclan.
Each year, the demand for skilled
construction , maintenance, commercial
and utility electricians continues to grow.
The U.S. Department of Labor estimates
that close to 100,000new jobs will open up
in the next ten years - a conservative
estimate compared to industry and union
predictions.
And few jobs can match the mon ey-making
potential of the qualified electric ian. You
can earn a salary in excess of $25,000 or
be your own boss with your own electrical
contracting business.

Only NRI gives you this kind of practi­
cal, job-oriented, hands-on training.
You master practical skillslike this with the
equipme nt, test instrume nts, and training
materials included in your course . . .you
duplicate on-the-job wir ing with your NRI
Residential Wiring Practical Lab®.. .you
learn professional troubleshootin g using
your Volt-Ohmmeter and Clamp-On
Ammeter to test the circuits yo u build up
on your NRI Circuit Dem onstrator . . .and
by installing and testing an electronic­
programmable thermostat and a micro­
processor-eontrolled remote power
control, you come to und erstand today's
electronics as it applies to the latest
devices electricians install and repair.
Training in the latest need-to-know
electronics required of today's
electrician.
NRI created th is new course so you can
move from the simplest fundamentals of
electricity, through professional wiring and
trouble-shooting techniques, all the way up
to masteri ng the practical field skills you
need to become today's electronic-smart
electrician. Be an electrician. It could be
the bestan d las t job choice you' llever have
to make.
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TELLING SCR'S FROM TRIACS
I recently bought a bag of mixed

SCR'sand Triacs.Sincethe partsaren't
easily marked, I'm having a hard time
telling the SCR's from the Triacs. Do
you have some simple circuit I can
use?-D. Koett ing, St. Louis, MO.

The foll owing meth od is an easy
way to solve your probl em : An SCR
is a DC device, and a Triac is an AC
device. The former conducts one
way only, w hi le the latte r cond ucts
both ways. A batt ery and bulb let
you find out w hich are w hich. Put
th e bul b in series with the battery
and connect th e two leads to the
large legs of the device.

Use a piece of wi re to mo mentari­
ly connect the thi rd leg to each large
leg, one at a time. If the bu lb doesn't
light , reverse the batte ry po lar ity
and do it again. If you can' t get th e
bul b to light at all, th e part is either
dead or another kind of device. If it
ligh ts one way only, it 's. an SCR,
w hereas if it lights both ways, it 's a
Triac. R-E

own a good CGA monitor, it seems a
shame to haveto junk it and spend the
money necessar y t o get a VGA
monitor. Isn't there something simple I
could do to my CGA monitor to make
it compatible with my VGA card?-F.
Ischer, New York, NY

Bel ieve it or not, there's a simple
way you can do that. It takes some
wor k bu t it can be don e. Remove
th e power co rd fr om yo ur CGA
monitor and attac h it to a VGA
monitor. Wh en you' re f inished, th e
new monitor will wo rk pe rfect ly.

But se rious ly fo l ks, th ere's no
other way.

I suppose it 's possibl e to modify
all of th e ci rcu it ry in t he CGA
monitor to handl e VGA, b ut I'm
sure it 's not an easy thing to do . And

- even ifyouwere able to do it; I'm
not sure the phospho r in th e picture
tube has a lon g enough persistence
to be usable for VGA. A safe bet
would be no.

VGA scan frequ encies are abo ut
doubl e th ose of CG A, and yo u
would have replace so many parts in
the CGA mon itor th at you'd more
than likely have nothing of th e old
one in use except the case. Nobod y
likes saving a bu ck more than I do,
but this is definite ly one of those
times w hen it's better to rob th e pig­
gy bank than warm up th e soldering
iro n.

CGATOVGA
I have an IBM-compatible comput­

er and have just upgraded my display
from CGA to VGA. Since I already

go ing to have to work out a circuit
that can sto re th e number bein g de­
coded and th en be able to di splay at
least te n digits--more if you use ac­
cess codes.

Several of these circuits have ap­
peared on th e pages of Radio-Elec­
tronicsover th e years and , of course,
there are some chips, such as Na­
t iona l's MM74C9X X se r ies , th at
make th e job really simple. It 's pos­
sible to design a circuit to do th e job
with two o r three [Cs , a handful of
pass ive pa rts, and th e di splays
themselves.

50-Hz TAPE SPEED
I havea Europeancassetterecorder

that was designedto run at the correct
speed with 50-Hz AC. Is there any
way, without changing the pulleysand
belts,to havethe machine run correct­
ly in the USA?-F. Peterson,Brampton
ONT

There's a way to do anything, but
that do esn't make everything worth
doin g. You could have th e machine
run at th e correct speed by building
a 50-Hz AC gene rato r capabl e of
pu ttin g out as mu ch power as is re,
quired by th e reco rder. But that is
not a tri vial task.

Some m achin es hav e a du al­
pull ey syste m, so that the speed can
be adj usted by moving th e belt from
one groove to another. If that isn't
tru e in your case, th e next ste p
would be to contact th e manufac­
ture r and see if th ey can sell you a
repl acem ent pulley fo r 60-Hz opera­
tion . The volta ge can be taken care
of w ith a small t ransfo rmer, as I'm
sure the mach ine does n' t use a great
deal of power.

I know you're really looking for a
different kind of answe r but, beli eve
me, this is the best way to do it . You
may th ink of havin g to cha nge
pulleys as a pain in the neck, but it 's
a piece of cake compared to th e
brain damage involved in design ing
circuits from th e gro und up. And , in
any event, opening up th e machine
and changi ng a pulley isn't really
that big a job. It 's easy, someti mes,
to get so in vol ved in something
you're try ing to do that you forget
w hat you we re try ing to accomplish
w hen yo u f irst started .

ITT Pomona

Pomona's
Boxes Are
Everything
ButWrred.

When you're lookingfor just the right
box for yourconnections, we've probably
got it. Good chance it's even in stock. Ther­
moplastic, Phenolic, Extruded Aluminumor
Die-CastAluminum.Plainorwithconnectors;
BNC, UHF, Type N, Binding Posts, Banana
Plugs, or anycombinationof the same.

Dependable Choices. All you need to
worry about isyourcircuit. There aredozens

of standardchoices
including rugged

connectorized boxes
that won't let you down.

Lids andscrews areincluded.
See yournearest Authorized

Distributoror contact
POMONA ELECTRONICS,

1500 E. Ninth St., f." ,

p.D. Box 2767, !IJfPf-+/f.-
Pomona, CA 91769 .'.' t:,. t ""'c"«co
(714) 623-3463 I- . . - . • 'l» •

FAX (714) 629-3317 Po .~

.'I11ona=CATALOG!~feslectronic
Ibousands cftes: ~
~Mw~a~ ~
accessones ttl m
tbis neu; 138-page . ..~~
handbook 0/qualityproducts.

i3 It'sFree! Call or write today
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§ AN ITT EMC WORLDWIDE COMPANY
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([ Discover our strengths.
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SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipping on 2 or more! COD

- add $4. Call or send VISA, MC,-MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

-CABL E TV C O NV ERT ERS AND DE-
SCRAMBLERS SB-3 $79 .00 TR I-BI $95.00
M LD-$ 7 9 .00 M35B $69 .00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA­
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-.
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.

CIRCLE 75 ON FREE INFORMATION CARD

FREE CATALOG OF HAR D-TO-FI ND
TOOLS is packed with more than 2000
quality items. Your single source for precision
tools used by electronic technicians, engi­
neers, instrument mechanics, schools, labo­
ratories and government age ncies . Also
contains Jensen's line of more than 40 tool

. kits. Send for your free copy today ! JENSEN
TOOLS INC., 7815 46th St., Phoen ix, AZ
85044 . (602) 968-6231.

CIRCLE 115 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

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

ads.
• We typeset and layout the ad at no

additional cha rge.

Call 516-293-3000 to reserve space. Ask
for Ar line Fish man. Limited number of
pages available. Mail materials to:
mini-ADS , RADIO-ELECTRONICS, 500­
B Bi-Cou nty Blv d., Fa rmi ngdale , NY
11735.

APPLIANCE REPA IR HANDBOOKS-13
volum es by serv ice experts ; easy-to ­
under stand diag rams, illustrations. For major
applia nces (air condltioners , refrigerators,
was hers, dryers, microwaves, etc.), elec.
hou sew ares , pe rso na l-care app lia nces .
Basics of solid state, setting up shop, test
inst rume nts . $2 .65 to $7 .90 each. Free
brochure. APP LIANCE SERVICE, P.O. Box
789, Lombard, IL 60148. (312) 932-9550.
CIRCLE 84 ON FREE INFORMATION CARD

EL EV EN- PI EC E RACHET TOOL KIT
Includes reversible ratchet hand le, extension
bar, six bits , two precis ion screwdrivers, and a
cutter. Comes in fitted case. Get one for your
shop, another for your car, another for your
tool kit. To order send $11.75 USA shipping
only. ELECTRONIC TECHNOLOGY TODAY
INC., PO Box 240, Massapequa Park, NY
11762-0240.

I , ~. ~

\·T~ ·~~;-.~ .'.~ ''';'~g?':
GET YOUR RECHARGE CATA LO G
FREE... EARN BIG $$ IN YOUR SPARE
TIME-All supplies and Do- lt-Yourself kits
with complete instr uctions availab le. Sup­
plies cost from $9.95 in qty and you can sell
rech arged ton er cartridges for $40.00 to
$55.00 each. Printers include HP LaserJet
and Series II, App le LaserWriter, QMS, etc.
Canon PC-25 Copie r also. CHENESKO
PRODUCTS, 62 N Coleman Rd ., Cen­
tereach, NY 11720, 51 6 -7 36-7 977,
800-221-3516, Fax : 516-732-465 0

CIRCLE 183 ON FREE INFORMATION CARD

THE MODEL WTT-20 IS ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery ! Up to Y4 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, Bedfo rd
Hills, NY 10507. (914) 232-3878 .

CIRCLE 127 ON FREE INFORMATION CARD
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AMATEUR SCIENTIST'S WISH
This is just a qui ck note to let you

know how much I enjoy Don Lan­
caster's "Hardware Hack er " co l­
umn . Th e topics presented are
ext remely interesting and diverse. I
only w ish more such information ,
art icles, and pubtlcattonswere avail­
able to the amateur scienti st, inven­
tor, and ge ne ral tinkerer. M any
years ago-well before my time-a
number of publication s existed fo r
the amateur experimenter. But to­
day, unfortunately, only two really
useful regular columns (that cov er
fields other than computers and
electronics) exist that I know of: Ra­
dio-Electronics' " Hardware Hacker"
and Scientific Am erican's"The Ama­
teur Scienti st."

On another note, the gremlins at­
tacked your April column by sub­
st itut ing iridium (sic) for indium in
the117 alloy I volunteerto purchase
all the 20% iridium alloy anyone will
sell me at $78.00 per pound, and I'll
retire rather qui ckly!
ROBERT N. WILLIS
Stone Mountain, GA

Your wish has come true. This
September, the magazine you have
been asking for will be available. It 's
called Science Probe, The Amateur
Scientists journal, and it does exactly
what you 're looking for. Just scan
the titles on the first issue (its cover
is shown aboveJ-"Lightning-How
to Capture it With Your Camera; "
"Killer Bee Identification-An Elec­
tronic Device that Makes Iden tifica­
tion a Snap; " "M iniature Tracking
Transmitters-Two Tested Rad io

~ Tran smi tters tha t A nyon e Can
z Build; If and "Ae r ial Photograp hy
~ from Kites-Tips and Gadgets that
o Make it Possible. " And then there's a
~ wide range of special departmen ts
6 to grab your interest. They include
o "Science Fair News," "Co mmunica­
«a: tions Facts, " "Field Reports, " "Co m-
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puters, ' "The Scientist" and much,
much more.

They w ill be sending out sub­
sc r iption m aterial s as soon as
they're available. But if you want to
st ar t today, you can b ecom e a
Charter Subscriber right now. It will
be start ing wi th four issues a year.
The cover p rice in the U.S. will be
$3.50 per issue, and you can order
your 4-issue subscrip tio n for only
$9.95. Wr ite to Scie nce Probe! ,
Subscription Dep t., P. O. Box 54098,
Boulder, CO 80321-4098. Be one of
the fi rst to enjoy this un iqu e pub­
lication !-Editor

PROPER STORAGE PROCEDURES
Each mon th w hen I receive my

copy of Radio-Electronics, I look for­
ward to seeing what new toys and
sweets Don Lancaste r has in hi s
"Hardware Hacker" co lumn. I'm al­
ways looking for new information or
a d iffere nt view o n how to do
th ings, and he always has some
great input !

I was disturbed by something in
th e Ap ril "Hardware Hacker." O n
page 59 , we are to l d t o u se

Tupperware to sto re ammo nium­
persulfate. Nothing was mentioned
abo ut labelin g th e co nta i ne r !
Chemicals should never be sto red
in unmarked containers, and in the
caseof Tupperware, both the lid and
the container sho uld be labeled. Re­
member, s'omeo ii e else co m ing
upon the container doesn't have the
knowl edge of what's inside.
PHILL LEYVA
Hollister, CA

POLARITY POINTERS
Like many peopl e, I tend to get

behind in my reading, and just re­
cently had the opportunity to catch
up on the January 1990 issue of Ra­
dio-Electronics. I enjoyed the articl e
entit led "Telephone Mute Switch,"
the device that's used to turn off the
stereo or lV wh en the phone rin gs.
How ever, there was one point that I
feel sho uld have been emphasized
to the readers constructing the proj­
ecl.

Tip and rin g are very important ,
but the articl e failed to mention that
th e proj ect ispolarity sensit ive. If tip
and ring are wired backward s in the
user's hou se, which isvery commo n
in older homes, the phone will re­
main off-hook fo reve r. To avoid that,
check the line for polarity. If no dial
to ne is heard when the project is
connected, simply reverse tip and
ring, th e red and green wires men- '
t ioned in the articl e.
ERNEST SCHM ELTZER
PCU, Inc.
Midland, TX

IN PRAISE OF THE MAC
The article concerning Microsoft

Window s in Decem ber 's Edito r 's
Workbench was interestin g in its
di scussion of the graphic interface.
Alth ough I've never used Windows,
I'm an old window-hacker on my
Mac. It surprises me that after four
yea rs of developm ent th e DO S



Ca.ble TV
We stock the exact parts, PC Board and AC Adaptor

for two articles published in Radio-Electronics maqeztne
on building your own CABLE TV OESCRAMBLER
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#304 AC Adaptor........7.95
Originol I B Volt DC U 200mo.

#302 PC Board 7.95
Originol 5xB etched, drilled
ond silk-screened pc boord .

Macrovision Kit.. 29.00
Mocrovision..now you see it, now
you unnt wi th our macrnscrunnar
kit. Article WIIS published in
Rodio Electronics 191'17 issue.

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools, and arefamiliar with basic electronics(i.e.able
to use voltmeter, understand DC electronics). . . .
IFyou possess average mechanical ability, and have a
VCR onwhich to practice and learn. . . .then we can
teach YOU VCR maintenance and repair!
FACT: upto90% ofALLVCR malfunctions are due to
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77million VCRs in usetoday nationwide!
Averagp VCR needs service or repair every 12to 18
months!
Viejo's400 PAGE TRAINING MANUAL (over 500 pho­
tosand illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE revealstheSECRETS ofVCR mainte­
nance and repair-Ureal world" informafion that is
NOT available elsewhere!
Also includes all the info you 'lI need regarding the
BUSINESS·SIDEof running asuccessful service op-
eration! FREE INFORMATION

CALL TOLL·FREE 1-800-537-0589
Or write to: Viejo Publications Inc.

3540 Wilshire BL. STE. 310
Los Ange!es, CA 90010Dept. RE

CIRCLE 179 ON FREE INFORMATION CARD

CALL TOLL FREE 1-800-332-3557
Ou t side USA 1-508-699-6935
Visa. Master Card and C.O.D. IVis a I I MC I
Add 13.50 S lie H. $6 .00 outside USA.
o & 0 Electronics Inc. PO Box 3310 N. Attleboro Ma.0276 1

CIRCLE 196 ON FREE INFORMATION CARD

February 1984 issue February 1987 issue
#70 1 Parts 19.00 #301 Parts 29.00

In c l ude s 011 orlglnol ports. Includes oil originol port s .

Snooper Stopper.......39.00
Cllbl e TV uascrambters con be
de t ec t e d, protect your prtvecq
wi t h t he Snooper Stopper
Fr e e ortlcle on Coble Snooping.

#702 PC Board 7.95
Originlll 3x4 etched, drilled
and si I k -screened pc bneru .

#704 AC Adaptor 7.95
Or i gi nlll 1B Volt DC (0 200mll.

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

world has yet to implement a con­
sistent, high-qu ality graphic inter­
face for its machin es.

The co mmand line interface is
clearly obso lete, a holdover from
the days when personal computers
had 64K (or less) of memory. Even
the or igina l 128K Mac successfully
demonstrated the graphic interface.
Practically all new software is menu­
driven, but the blank screen of DOS
is always wait ing.

As stated in the art icle , the Mac is
a fine ly crafted piece of eq uipment.
When I launch a new program, I feel
confident that it wi ll run on my ma­
chine w ith no need for tinkering,
and that the basic menu commands
will loo k as I expect them to look
and be where I expect them to be.
That standardizatio n means that a
tota l novice can do usefu l work with
an afternoon's trai n ing . I co nsult
docu mentatio n on ly w hen usin g
the more esoteric features of an ap­
plicatio n. Usually, the on- line help is
mo re than sufficient. A great deal of
the pleasure that I derive from work­
ing with the Mac is in appreciation
of the elegance of the "overall archi­
tecture" of the ent ire integrated
software/hardware system.

I really do n't understand the mix­
ture of patro niz ing amusemen t and
grudgi ng respect that the Mac com­
mands from DOS users. The article
opens with a reference to "toys like
the early Macintosh"; Iater, it offers
considerable praise for that "toy." I
th ink that since the Mac is simp le
and fun to use, and DOSisdema nd­
ing of the user, that the Macintosh is
not taken serious ly: "No pain, no
gain. "

I can attest to the Mac's power. I
recent ly attended a sem inar t hat
demo nstrated a new instrumenta­
t io n software package called Lab­
View. An app l icat io n that fu lly
imp lemented the standard Mac in­
terface communicated with an os­
cilloscope,a microphone, a thermal
sensor, Q uickBASIC, and the Excel
spreads heet- no surprises there.
The bo nus was in the interface: An
on-screen image of a custom con­
trol panel was draw n by the user,
with togg le switches, slide controls,
rotary knobs, etc. Those controls ac­
tually operated the program. Data
was d isp layed in a user-designed
graphic format. W hat's more, not
one line of code was typed! All pro ­
gramm ing was done by selecting



7. Video d isc players offer co nsu me rs tw o
d ifferent formats: one wi th few spe cial
effects. and ano the r that allows such added
features as frame search. freeze- frame . and
mult i-speed play. Those for ma ts are :

(a) ClV and CAV
(b) DBA and DBD
(c) CNV and CVA
(d) SlO and FAS

Electronic Industries Association
Consumer Electronics Group

8. How man y projection televisions we re
sold in 19897

(a) 50 .000
(b) 110.000
(c) 265.000
(d) 1.000.000

9. True or false: Sur ro und sound de cod ers
m us t be incorpo rat ed in a home thea te r
sys tem for th e sys tem to wor k p rop erly.

10. How many spea kers are requ ired for
surrou nd so und?

(a) 2
(b ) 5
(c)-t
(d ) I

hardware compatibility, etc. I feel
safe buying a second-hand M ac be­
cause th e prob abi lity t hat anyone
has opened the case and touched
the hardware is very small .

As far as tinke ring goes, if I want
to mod ify hardware, I' ll use an inex­
pensive "classic computer." If I want
to sit right dow n and get to wo rk, I'll
use the M ac.

I'd like to bu ild some stuff to at­
tach to my SCSI port , but hobbyists
and hacker s are ser io us ly ne­
glected . It would be a great service
to a sizable (and growing) popula­
t io n of user s if Radio-Elect roni cs
woul d address that issue occasion ­
ally. Connectivity is a hot issue. Ex­
pand our horizon s!
MI CHAEL J. SCHENK

--Baltimore, MO

4. W hich of the foll owing ar e ne cessar y to
ex perience su rro und sou nd ?

(a) A un iversal rem ot e co ntrol
(b) A surroun d so und p rocessor
(c) Two ex tra spea ke rs
(d) No ne of the above

5" Vide odi sc playe rs th at play all si zes of
video discs and co mpact discs a re ca lled

(a) Ail-in -one players
(b) Mult i-players
(c) Co nt inuation playe rs
(d) Co mbi nation players

1" Tru e or false: On ly large sc ree n
televisions can be use d in hom e theat er
systems.

2. W hich of the foll owing are typ es of
tele visions us ed in home th eat er systems ?

(a) Rear pr oject ion .
(b) Direct view
(c) Front pro j ect ion
(d) Co mbina tion television /mon itor s
(e ) Virt ually an y type o f television can be

used in a home th eater syste m

3. Tr~e or false: Television pr ogr am s have
never been bro ad cast in Dol by su rro und
sou nd .

6. What is a televi sion set withou t a tuner
th at accepts in pu t fro m such sou rces as a
VCR. video d isc player, ho me compu te r. and a
video gam e?

(a) Mon ito r
(b) large sc ree n televisio n
(c) View er
(d) All the above
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If you' re looking to recreat e th e movie theat er exper ien ce a t hom e, home thea ter is jus t what you're
looking fo r. The integra tion of large screen televisions, videodisc playe rs. VCRs an d surround soun d
processo rs is one of th e mos t exc iting trends in today's consume r elect ron ics world . Th e foll owing

qui z will tell yo u how much yo u kno w about hom e theater. Score 10 points for each qu est ion
you answer correctly

Do You Know the ABC's
of HomeTheater?

icon s t hat represent ed fu nct io ns,
dev ices, and sub ro u t ines , and
draw ing lines between them. Labels
and f uncti o n p aramet e rs w ere
typed. In the space of ten minutes,
we had run data acq uisition and
spectrum analysis on a sound sam­
ple, crunc hed a selection of t he
analysis in Excel, and displayed a
co lo r bar cha rt. And t he co m­
patibil ity was excellent . The seminar
was conducted on Ma cintosh II 's
w it h large, high-resoluti on co lo r
mon itors. The demo di sk ran equal­
ly well w itho ut any tinkering on a
low-end MacPlus.

App le is thi ck-h eaded in its pri c­
ing and marketing practi ces. The
M ac is not cheap, but it does avoid
the hid de n costs associat ed w ith
open architecture-i-biiy ing boards ,

111/1111/11/111/11

"HOW TO BUILD YOUROWN IBM
286 / 388 AT CLONECOMPUTER"
Easy to do in a couple of evenings
ofworkwith just a screwdriver.A real
money-saver!
60 MINUTES VHS $39.95

"HOWTO UPGRADE YOUR PC OR
xr COMPUTERTO ANAT FORUN­
DER$200". All in one evening with
only a screwdriver. Com plete step­
by-step guide , an yone can do it!
30 MINUTES VHS $24.95

"HP LASEFUETSERIES II PRIMER".
The most complete video ava ilable
on las er printing, featuring the Las­
erJet II printer, desktop pub lishlnq ,
fonts, hardware and so ftware acces­
so ries. 60 MINUTESVHS $49.95

"SHAKE HANDS WITH YOUR PCI
xr/AT COMPUTER". A complete
new-user's hardware and software
iearning guide. Everything from
powering up, to the directo ry
structure. 60 MINUTES VHS $29.95

FREE OFFER!
SAVE$40 NOWbyorde ring the complete set of allfour
tilles at the ridiculously LOW PRICE of $100, and re­
ceive , absolutely FREE, -After Ho urs" >a software pro­
gram to turn yo ur PC into an unattended Message
Cen te r!

(~) ORDER ( VISA)
~ NOWI

TOLL FREE: 1-800-PC-BUYER
Customer Service or CA, Call (714) 898-4055

"Video Tape Is A Great Teacher"

Name _-;-,---- -------- - - -
Street Address _
City,State , Zip _
Telephone

FRIENDLY VIDEOS
'The Pioneer In AT Clone Videos'

COMPUTER
HOW-TOVIDEOS

Friendly Videos RE07

PO Box 5684
Garden Grove, CA92645 (714) 898-4055
Pleas e rush me the foliowing VHSfo rmat tilles:

§"Clone Assy"@ $39 .95 g"Shake" @ $29.95
"PC Upgrade"@ $24.95 "LaserJet"@$49.95
Co mplete Se t including F Esoftware @ $100

(Add $1 S&H pervideo, and sa les tax if CAaddress)
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No other training-in school, on the job,
anywhere-shows you how to troubleshoot and

service computers like NRI

co
CO
o

c...
C

~

DICITAL LOCIC
PROBE
Simplifies analyZ­
Ing digital circuit
operation.

TECHNICAL MANUALS
With protesslonai programs

and comp let e specs on
your computer.

DISCOVERY LAB
COmp lete breadboarding
system t o let you deslgn and
mOdifY circuits , diagnose and
repair faults.

MONITOR
High-resolution, non-glare. 12" TIl
mo nochrome mo nito r with ti lt and
swive l base.

NEWlAT-COMPATIBLE COMPUTER
High-speed 80286 CPU112MHzClOCk, 0 walt
statesi. t meg RAM, 1.2 meg, 514"high-
density fl oppy disk drtve.

AT is a registered trademark of Interna tional Business Machines Corporation

moving from the fundamentals to
sophisticated computer servicing
techniques. Step by easystep, you
get the kindofpractical hands-on
experience thatmakes you unique­
Iy prepared to takeadvantage of
everyopporturtity in today's top­
growthfield of computer service.

What's more-you learn at
your own pace in your own home.
Noclassroom pressures, no night
school, no need to quityour pre­

sent job untilyou're ready to makeyour move. And all throughout your training,
you have the fullsupport of your personal NRI instructor and the NRI technicalstaff
always ready to answeryour questions and giveyou help whenever you need it.

Your FREE NRI catalogtells more
Send today foryourfreefull-color catalogdescribing everyaspect of NRI's innovative
computer training, aswellashands-on training in robotics, video!audioservicing,
electrortic music technology, securityelectrortics, telecommurtications, and other
growing high-techcareerfields.

If thecoupon ismissing, write to NRI SChoolof EIeetrortics, McGraw-Hill
ContinuingEducation Center, 440I ConnecticutAvenue, W-lshington, DC20008.

r----- - - - ------,
I 1/AI,4!!!!S. School of • ,~ . IIWIW". Electronics ~,! for caree r co urses

I
_-:-n II approved under (; I hill I

:'IcGr:1W-Hill Co nt inui ng Educat ion Cente r 0 I k f d '1I 4401Connecticut Avenue. Washington. DC 2(X}()S Cl eT ' o r C""' I

I
BChe ck one FREE catalog only

o Co mputers and Microprocessors 0 Security Electronics I
I 0 Robotic' 0 Electronic Music Tech nology I
I 0 TVI\ 'ideo/Audio Scr\' ici n~ 0 Basic Electronics I

o Computer Pn >gr.llllming 0 Telecommunications

I I
I N';mll.' <.p lc::.l...c: pri nt ) A~l' I
I A~~ I
I City /State /Zip I
L Accredited Member, National Home Study Coun cil 4219·070 I--- - - - - - - - ----'--'

J '

HARD DISK
20 megabyte hard disk drtve you Install
Internally fOr greater data storage
capacity and data accesssPeed,

DICITALMULTIMETER
professlonal test Instrument fOr
Quickand easy measurements.

SOFTWARE
Including MS-DOS, GWBASIC, word
processlng, database and spreadSheet
programs.

LESSONS
CJearcut, Illustrated texts build
your understanding Of com puters
step by step .

Only NRIwalks you through the
step-by-step assemblyof a powerful
AT·compatible computer system you
keep-giving you the hands-onex­
perienceyou needto work with,
troubleshoot, and serviceall of today's
most widely usedcomputer systems.You get
all it takes to start a money-making career, even
a businessof your own in computer service.
Nodoubtabout it: The best way to learnto service computersis to actually
build a state-of-the-art computer fromthe keyboard on up. As you put the
machine together, performingkey testsanddemonstrationsat each stage of
assembly, you seefor yourselfhow each part of it works, whatcango wrong,
andhow you canfix it.

Only NRI-the leader in career-building, at-homeelectronics training for more
than75 years-gives you such practical, real-worldcomputer servicingexperience.
Indeed, no other training-in school, on the job,anywhere- showsyou how to
troubleshoot and service computerslike NRI.

You get in-demand computerservicing skills asyou
train with yoiJr own AT-compatible system-now

with 20megharddrive
With NRI's exclusive hands-on training, you actually buildand keepthepowerful
new AT-compatible West Coast 1010 ES computer, complete with I megRAM and
20 megharddiskdrive,

Youstartby assemblingand testing the IOI-key "intelligent" keyhoard,move
on to testthecircuitryon themainlogicboard, install thepowersupplyand 1.2meg
5\4" floppy diskdrive, then interface yourhigh-resolution monitor. But that'snot all.

Only NRIgivesyou a top-rated microwith complete
. training built into the assemblyprocess

Your NRI hands-ontraining continues asyou installthe powerful 20 megabyte hard
diskdrive-today's most wanted computer peripheral-included in your courseto
dramatically increase your computer's storagecapacity while givingyou lightning­
quick data access.

Having fully assembledyourWest Coast 1010 ES, you take it throughacomplete
seriesof diagnostictests, masteringprofessionalcomputerservicing techniques asyou
takecommandof thefullpowerofyour computer's high-speed80286microprocessor.

Inno timeat all, you havetheconfidence andthe know-how to workwi th ,
troubleshoot, and service everycomputer on themarket today, Indeedyou have
whatit takes to step into a full-time, money-making careerasan industrytechnician,
evenstarta computer service businessof your own.

No experience needed, NRIbuilds it in
You needno previousexperience in computersor electronicsto succeed with NRI.
Youstartwith the basics, following easy-to-read instructionsand diagrams, quickly
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EOUIPMENT REPORTS
excellent tool in electromechanical
and process-con t rol app licat io ns,
fo r which it was designed .

O ne of th e interesting features
worth noting is that the scope can
operate at a w ide variety of speeds.
Its roll mode can be used to slow ly
display up to 500 seconds of on­
scree n data . Such a di spl ay Can
ofte n make the data easier to com­
prehend . Altern ately, th e digitizer
can be clo cked fro m an exte rna l
source at any rate from DC to 8
MHz.

The 2214's hor izontal tim ebase is
variable even in the sto rage mod e.
Waveforms--even frozen captured
signals, which consist of 16K data
samples-can be expanded by up to
a factor of 50 to let you zoom in for
close examination. All 16K samp le
points are visible on the screen in
the expanded mode. Ali four chan­
nels, and all 64K samples, can be
displayed simultaneously.

You can freeze and store the sig­
nals fro m any or all channels and
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Fig. 1

nector and its related paramete r-s~~;
lection switches are also located on '
the side panel.

Special features
The basic spec if icatio ns of t he

2214may not seem too impressive at
firs t: an analog bandwidth of 20
M Hz, a bandwidth in digital-storage
mode of 8 M Hz . Suc h specifica­
tions, however, tell only part of the
story. The 2214 offe rs a number of
features that make it stand out asan

Tektronix 2214
Digital/Analog
Oscilloscope

A unique combination of
features makes this scope

_i_de_a{;;~~fu7i~~ktrst_em {.;~::~~~~~~~~
CIRCLE 28 ON FREE INFORMATION CARD

WHAT DO YOU GET WHEN YOU CRO SS A

20-M Hz, 4-channe l osci lloscope
with fo ur digitizers and an RS-232
interface? You get the 2214 Digital/
Analog osci lloscope fro m Tektroni x
(P.O. Box 500, Beaverto n, O R97077).

At f irst glance, the 2214 does n't
appear any di fferent from astandard
analog scope . The front-panel con­
tro ls are laid out in an intuitively
easy-to -use format . Above each
BNC input connector is its cor re­
spo nding input-cou pl ing switch, at­
te nuat ion se lector o r VO LTS/D IV

switch, position contro l, and x 10
selecto r. To the right of the fo ur ver­
tical-ampli f ier controls are the t ime­
base controls. The tr igger cont ro ls
are grouped together at the top
right of the front panel, next to an­
other group of contro ls for storage
functions .

The fro nt-panel layout is kept un­
cluttered in part by using a single
push-b utton where you might ex­
pect more. For examp le, to select
one of six possibl e tri gger sources, a
sing le push-b utton is used . Each
time the button is pressed, acall-out
above the button is back-lighted to
indicate the cho ice.

Connectors that are used less fre­
quent ly are relegated to the side
panel. They include external-trigger
and Z-axis inputs, and a trigger- level
output. The Z-axis input do ub les as
an external-clock in put when the
scope is in its digital-sto rage mod e.
The hardcopy serial interface con-
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ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

4-Channel, IOOMS/s Model Introductory Price

1OO'-4Sis (25M5/s on 4 channels simultaneously), 100MHz, 4kw x 1cn., 2kwx 2ch., 1kwx 4ch. VC·6145 $ 4,695.00

Delayed Sweep
Lightweight (13100)
2mVSens
3VrWarranty

Model V·l065
Shown

This series provides many new functions such as CRT
Readout, Cursor measurements (V-1085/1 065/665) ,
Frequency Ctr (V-1085), 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 DualTrace w/Cursor $1,345
v-iceo 100MHz Dual Trace $1,425
V-l065 100MHz Dual Trace w/Cursor $1,695
V-1Oa5 100MHz Quad Trace w/Cursor $2,045
V-l100A 100MHz QuadTrace w/Cursor $2,295
V-1 150 l50MHz Quad Trace w/Cursor $:2,nS

Compact Series Scopes

$ 3,049.00
$ 2,295.00

VC·6045
VC·6025

V·212 Hitachi Portable Scopes
$435 DC to 50MHz, 2 -Channel, DC offset

DCto20MHz function, Alternate magnifier function
DualChannel Y'525CRTReadout, Cursor"l eas. $1,025

- Y-523DelayedSweep $995

V-422 40MHz Dual Trace $795 Y-522 Basic Model S895

RSOs (Real ·Time & Storage Oscilloscopes) From HITACHI ~
The RSO - its the new solution ~~

View, Acquire, Test, Transfer and Document Your Waveform Data

Low Cost/High Value Models

Compact. Full Feature Models

40'-4S1s, 100MHz,4kwx tch., 2kwx 2ch.

20'-45/s, 50MHz, 2kw x 2ch.

20MSls,50MHz, 2kwx 2ch. VC·6024 $ 2,049.00

20MSis, 20MHz, 2kw x 2ch. VC·6023 $1 ,749.00

RSOsfromHltachl featuresuchfunctionsasrollmode,averaging, savememory, smoothing,interpolation,pretriggering,
cursormeasurements, plotter interface, and RS-232Cinterface.W~h thecomfort of analog andthe power of dig~al.

20MHz Elenco Oscilloscope Elenco 35MHz Dual Trace $495
$ Good to 50MHz
37.S MO-1252

MO·1251 0Highluminance6' CRT
o DualTrace .,., - 0 lmVSensitivity
o Component Tester SCOPE PROBES 06KVAcceleration Vohage
06' CRT 0 10ns RiseTime
o X-VOperation P-I65MHz.1 x. lOx 519.95 o X·VOperation 0 ZAxis
o TVSync P-2 l OOMHz. Ix. lOx 523.95 0 DelayedTriggeringSweep
02p-t Probes 0 Includes2 P·l Probes

All scopes include probes, schematics, operators manual, and 3 year (2yrs for Elencoscopes) world wide warranty on parts & labor. Many accessoriesavailablefor all
Hitachi scopes. Call or write for complete specifications on these and many other f ine oscilloscopes.

Measures:
Coils 1uH·2ooH
Caps .l pf-2oouf

Res .01-20M

Wide Band Signal Generators
SG-9000

$129
RF Freql OOK-450MHz

AM Modulationof1KHz
Variable RF output

SG·9500 w Digital Display and 150MHzbullt·ln Counter$249

LEARN TO BUILD AND PROGRAM
COMPUTERS WITH THIS KIT!

INCLUDES: All Parts, Assembly and Lesson Manual

Model

MM-8000

$129.00

Slarling from scratch youbuild a complete syslBm.Our Micro-Masl9f
trainerteachesyoutowriteinto RAMs, ROMs andrun a8085microproces­
sor,which usessimilarmachine language asIBM PC. Youwinwri1e the
initial instructionsto 1911 the 8085 processor to !lit SIar1ed and store1hese
instructions in permanent m9l11Of}' ina 2816 E PROM. Teachesyou all
about input and output ports , compuler timers. Build your own keyboa rd
and leam how to scan keyboard and display. No previous compul9f .
knowledge required. Simpleeasy to understand instructionteachesyou
to write in mach ine language.

RO BO TICS KIT FOR ABOVE (MM-llOl0) $71.95

Digital Capacitance Meter

CM-1550

$58.95
9 Ranges

.l pf-20,Oooufd
.5%basic accy

Zerocontrol
withcase

10 Function
Multlmeter

CM·365

$65
AC + DC Vohage& Amps

Resistance to2oo0MQ
Diode, Logic, &Trans test

Capacitance to200uF

GF·80 16 Function Generator
with Freq. Counter

$249
Sine, Square, Triangle

Pulse, Ramp, .2 to 2MHz
FreqCounter .1- 10MHz

Quad Power Supply XP'~80

$59.95
2-2OVat 2A

12V atlA
5Vat 3A

·5Vat .5A

Fully regulatedan shortcircuit protected

XP·575 without meters $39.95

Triple Power Supply XP·620
Assembled $65

Kit $45
2to 15V at l A,

-2to-15V at l A
(or4to30V at l A)

and 5Vat3A
Contains all the desiredfeatures fordoing experiments.

Featuresshortcircuit protection, all supplies.

True IlMS 4 1/2
Digit Multimeter

M-7ODO

$135
.05% DCAccuracy

.1%Resistance
withFreq. Counter

and deluxecase

Decade Blox

-::_~ :.~~.:........ ~ 1961 0 or

=i'~ j =t2 ' #9620
'.:~ .....,~.. ~.::: :$18.95

19610 ResistOf Blox
47ohmto 1M& lOOKpot

#9620CapacitorBlox
47pf to 10MFD

Provides sine, triangle, square
wave from \Hzto 1MHz

AM orFM capability

1000 Amps
Data & Peakhold

8 Functions
DeluxeCase

AC Current Meter

5T-1010

$69.95

Digital Triple Power Supply XP·765

$249
D-20V atlA
0-20VatlA

5Vat5A

Fuly regulated, Short circuit protectedwith
2 limh control, 3 separatesupplies

XP·660 with Analog Meters $175
• W!I.I!JI~II!W~

WE NOW
CARRY

COMPLETE LINE
OF

FLUKE
MULTIMETERS

Models
21F 83
23F 85
25F 87
27F 8050A
73 8060A
75 8062A
77F +More

CALL FOil
SPECIAL PIlICING

CIRCLE 109 ON FREE INFORMATION CARD



can view both " live" and sto red sig­
nals at th e same tim e. For example,
a reference signal can be sto red on
sc ree n whil e live inputs a re
monitored .

Any of th e fo ur input chann els
can serve as a tri gger source, as can
a signal at the exte rnal tri gger input.
Positive- and negative-slop e tri gger­
ing is availab le, as is a " BiSlo pe"
mode that can obtain stable tri ggers
fo r both positive and negative sig­
nals. That's useful if you cannot pre-
dict the polarity of signals you wi sh
to acquire. The tri gger level you se­
lect is available at an output jack for
di splay on either a DMM or on on e
of th e scope channels itself.

Hardcopy output
An RS-232 interface is built into

th e 2214. You can o utput sto red
waveforms directly to plotters that
suppo rt the HPGL (Hew lett -Packard
Graphics Language) o r,alternatively,
an Epson-compat ibl e dot-m atri x
prin ter. A sampl e printout is shown
in Fig. 1. The printer can easily be
used to emulate a chart record er. In
that mod e, acquired signals are con­
tinuou sly output to the pr inter, re­
su lt ing in a four-chann el cha rt-

I .

record er-like output. Speeds from
10 s/cm to 2500 s/cm are available,
making th is mod e ideal for record­
ing transient events.

Since th e interface is RS-232-com­
patibl e, you can, as you might ex­
pect, tran sfer data and waveforms to
your Pc. Waveform-transfer sof t­
ware, Grabber II, is included with
th e scope .

A flexible assortment of di fferen­
tial measurement capabi lit ies add to
th e value of th e scope. Signals can
be inverte d and added to gether to
cance l un want ed co mmon-mode
noise and offsets.

The 2214 isn't a mass-mark et os­
cilloscope. If yo u' re looking for a
digital oscilloscop e that offers th e
analog op eration wi th which you 're
famil iar, you'd be better served by
one of th e other, less expe nsive,
scopes in Tek tron ix's 2200 series.
However, if yo u have specia l ap­
pl ications that requi re du al di fferen­
tial measurement capability, or if full
fo ur-channel capability is important
to you, th en th e 2214 becom es th e
obvious choice. The scope is pri ced
at $3995, including th e RS-232 inter­
face, waveform-grabbing software,
and two 10x prob es. R-E

<Connnuous
coverage

(except UHF TV
600-805)

• AM . FM and Wide
band FM tunmg modes

-10 Scan Banks , 10 Searc h Banks
«Selectable Pn onry Channel
«Selectable Search Increments.

5-955KHz.
• Permanent mem ory bac kup
· 25 Day Satisfaction Guarantee .

Full refund If nat Satisfied.
• No Freque ncies cut out.
• All normal accessories included.
• Size: 6 7/8 ' H x 1 3/4' D x Zl/Z'W

Wt , 12 oz.

COMMUNICATION S

10701 E. 106th St. Indpls., IN 46256
Toll Free 800-445-7717
~ Visa and Mastercard S3
..-I (COD shgh tly hiqher) ­

FAX (317) 849-8794

Banner
Technical
Books, Inc.
1203 Grant Ave.
Rockford. IL 61103

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 eng in­
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 Inc luded. Satisfact ion
guaranteed or money refunded.

CIRCLE 67 ON FREE INFORMATION CARD

ELECTRONIC
ENGINEERING

Get A Complete Course In

AR1000
Total Pu ce . FreIg ht Prepa id
(Express Sfuppmq Opnonall

$499
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\ ~v
B.S.E.E. \ "S
DEGREE

THROUGH HOME STUDY

20 CIRCLE 117 ON FREE INFORMATION CARD

Our New and Highly Effective Advanced-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Professional Experience, and can greatiy re­
duce the time required to complete Program and
reach graduation. No residence schooling re­
quired for qualified Electronic Technicians.
Through this Special Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engineering
Level. Advance Rapidly ! Many finish in 12
months or less. Students and graduatesin all 50
States and throughout the World. Established
Over 40 Years ! Write for free Descriptive Lit­
erature .
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INDUSTRIAL SECURIT Y
CAMERA. Small enough to
be hidd en in a standard elec­
t ri c al r e c ept acl e b o x ,
Chinon's CX-101 camera is
also vers ati le eno ug h t o
meet a w ide variety of securi­
ty needs. Combining ultra­
co mpact ness, w id e-an gl e
viewing , and th e abi l ity to
view even under near-dark
conditio ns, th e CC1V cam­
era can be posi ti on ed in
many locat io ns, incl ud ing
doors. Suitable for industrial
or hom e security systems, it
features a 4.5mm lens with a
fi xed iri s and elect ronic shut­
ter th at allows viewin g in
suc h diver se locat io ns as
load ing docks, sto res, and
hot el or apartment lobbies.
Measurin g just 113/1 6 x 2314 x t
inches, and weighing only
6.3 o unces, th e came ra is
easy to place for robotic vi­
sion and inspection appli ca­
tion s in qu ality co nt ro l,
manufacturing, and produ c­
tion . Its fn.8lens and Y3-inch
MOS-type imaging chip pro-

FREQU ENCY COUNTER. De­
signed to provide an unusual
number of convenience fea­
tures and to operate over a
bro ad f re q ue ncy ran g e,
Beckman Industrial 's FC130A
mi croprocessor- control led
frequ ency counte r measures
frequency, period , and RPM
from 0.01 Hz to 1.3 GHz. Its
standa rd feat u res include
very high resolution (as low
as10 nHz for a1-Hz input); a
bright, 8-d igit LEDfrequ ency
readout with fl oatin g po int
and overf low; 10-mV input
sensit ivity (typical); continu­
ously variable gate t ime se­
lection ; switchable AC or DC
coupling; a built-in self-d iag­
nosis routine; and a switcha­
ble x 20 input attenuato r and
low-pass fi lter. Two separate
channels are used to achieve
high measurem ent ranges:
Channel A covers frequency
measurements fro m 0.01 Hz

vide light sensitiv ity as low as
2 lu x- candle-ligh t co nd i­
tions-and sharp resolution
of 230 x 240 TV l i nes, o r
80,000pixels. In additio n, th e
CX-101 run s composite vid eo
leads, allowing direct cab le
conn ect ion to a tel evi sion
monitor. Th e came ra re­
qu ires only 0.8 watts from a
standard 12-volt DC powe r

CIRCLE 12 ON FREE
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to 120 MHz, and Channe l B
covers50MHz t01.3GHz. lts
w ide range, combined w ith
its heavy-du ty design, makes
the FC130A suitable for both
bench and field use in a vari­
ety of app lications rangin g
fro m amateur and business
radi o , co rd less -pho ne re­
pairs, and computer service.
The inst rument can be used
in R&D , fo r t roubleshooting
and repa ir, and to check

supply, and has an operating
t emp e ratur e r an g e of
0-40°c. A metal housing with
Y4-inch-20 mounting is also
available.

The CX-101 costs $550.­
Chinon America, Inc., Indus­
trial Products Div ision , 1065
Bristol Road, P.O . Box 1248,
M ount ain sid e , NJ
07092-1248; Tel. 201-654-0404.

equipment calibrat ion.
Th e FC130A fr equ en cy

co u nter-com p le te with
power cord, operator 's man­
ual, two BNC-to-alligato r-c1 ip
t est cab les, and a spa re
fu se-has a suggested list
pri ce of $595.00.-Beckman
Industr ial Corporation , 3883
Ruffin Road, San Diego, CA
92123-1898; Tel. 619-495-3200.

WAVEFORM GENERATOR.
Rapid Systems' R4010 wave­
fo rm-creat io n and -genera­
t ion instrument lets you use
a mou se to visually create
any wavefo rm and then out­
put the elect rical wavefor m
with a 10-MHz, 12-bit , arbi­
t rary wavefo rm gene rator.
Th e advanc ed PC-b ased
produ ct easily accomplishes
waveform creat ion and real­
izati on fun cti on s wh ere
stand-alone function gener-

ators, synthesizers, and sig­
nal so urces canno t graph­
ically create electrical wave­
form s. The R4010 also makes
it easy to edit any digit ized
real -world sig nal o n a PC
screen and output th e same
signal. Spec ial features in­
clude co lo r wavefo rm-crea­
tion software (w i t h fr ee
demo di sk ) ; 16,000 -p oint
wavefo rm memory; continu­
ous, sweep, and burst out­
pu t mod es; programmable
output vo ltage to 10 volts p­
p; and a bui lt-in l ib rary of
wave fo rms th at i nc ludes
sine, square, trian gle, ramp,
pu lse, noi se, and teleph one
waves.

CIRCLE 13 ON FREE
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Th e R4010 wav ef orm
c reator/g en erator cos ts
$2995.00.- Rapid Systems,
Inc., 433 North 34th Street,
Sea tt l e , W A 98103; Tel.
206-547-8311 .

SOLDERING STATION. De­
signed to meet hand-solder­
ing needs of the 1990's, The
SA-570 Series soldering sta­
tion from OK Industries pro ­
videscost-effective flexibi lity
and consistent performance.
Offerin g both durabili ty and
qui ck recovery, it features a
powerfu l 70-watt heating ele­
ment w ith precise RTD tem­
perature control that allows
excel le nt sta b i l ity and re­
peatabili ty, as we ll as qui ck
recovery on "h eavy joints."
The SA-570 Series' operating
ran ge of 600-800°F offe rs
high power for a variety of
applicati on s, includin g on

'­c
~

<0
<0
o

21



CIRClE 14 ON FREE
INFORMATION CARD

bo ard s with exce pt io na l
th erm al dem and s. Its d i­
re ct ly gro unded t ip meets
MIL-STD-2000 resistan ce and
vo ltag e requirem ents. The
so lderi ng stat ion's low-p ro­
file, small-footprint hou sing
takes up litt le ben ch space,
and th e iron 's ligh t-weigh t
handpi e ce pr ovid e s max­
imum o pe rato r co mfor t and
safety. The stat ion uses high­
mass so ldering tips that are
availab le in a wid e range of
profi les.

The SA-570 Series sold er­
ing station has a list price of
$86.90.-OK Industries, lnc.,
4 Executi ve Plaza , Yonker s,
NY 10701 ; Tel.1-800-523-0667.

RAM-RESIDENT ElEC ­
TRONIC MAIL. Offering the
distinct advan tage of not re­
q uiring the user to leave his
a p p l ica t io n pro gr am ,
Notework is a RAM-resident
e lectro nic-mail program that
uses o nly5Kof RAM o n eac h
Pc. It allows users to pop up
a n ot e , fil e-tran sf er, o r
ph on e-m essage form with­
ou t interrupting his work on
a wo rd - p rocess ing o r
spreads heet program . Even
non-t e chni cal users ca n
learn to se nd , receive , and
forward notes and ph on e
messages right away, learn ­
in g as t hey go fro m th e
Notework 's menu . N o te­
work also allows scree n sam­
pl e s to be attac hed to a
me ssage , a nd files to be "

CIRClE 15 ON FREE
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transferred between directo­
ries and fro m disk to d isk
without leaving the o riginal
application program . Ot her
capabilities includ e prin ting
hard co pies of any message,
impo rting messages to text
files in word-processing and
d e sk top-pu bli shin g p ro­
grams to keep a mail log, and
se nd ing "Urgent" messages.
The origina l installatio n disk
authorizes e ight users; more
users can be easi ly installed
with add itiona l user-autho­
rization disks.

The Notework e ight-use r
in st allati on d isk cos ts
$495.00; add itio na l 2-, 10-,
and 50-use r author izat io n
disks cos t $99.00, $399.00,
and $1499.00, resp ectively.
Additiona l-discounts-are -of;­
fe red o n larger netwo rks.­
Professional Productivity Cor­
pora tion , 72 Kent St ree t,
Bro ok lin e , MA 02146; Te l
1-800-767-6683.

RADIO- FREQU ENCY FIND­
ER. A handh eld frequency
co unte r from Optoelectron ­
ics detects and displays two
o ve r la p p ing frequ en c y

CIRClE 16 ON FREE
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ranges, from 10 Hz to 12 MHz
and from 10 MHz to 2.4 GHz,
with 1-Hz and 100-Hz reso lu­
tion , respect ive ly. The mod el
221O-A person al frequen cy
finder/co unter's exceptional
ran ge is accomplishe d by
usin g a uniqu e input-pre ­
scaling technique similar to
tel evision-re ceiv er design .
Rather th an dividing the in­
co ming signal by a decade
number, the instrument di­
vide s it by 256, whi ch ex­
tends th e uppe r range--and ,
in the pro cess, uses low-cost
lV parts. Because of the bin-

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

ALERT/CANCEL key
cancels automatic dial-out,
allows you to answer phon e _

WHAT IS key lets you
listen to f unction
sett ings and dial-out
numbers

,!!!!! use the keyboard tor ask fo r information

SET key allows you
to change previous

_ _ _ settings

SENSOR ON/OFF key
chooses the fun ctions

- --to report

ONLY
$129.95

Dials Out In Alert Conditions
Set the unit to call out to your office, ne ighbors' and rela­
tives ' to announce any alert conditions that areoutside
preset limits. Up to four numbers can be programm ed.

Order Toll Free 1-800-253-0570
The SD-6230 Hou se Sitter is yours for onl y $ 129.95*. To
order, ca ll toll-free 1-800-253-057 0. VIS A, MasterCard,
American Express or your Heath Revolving Charge card
acce pted. Use order code 620-012
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"T his is 555-3210. Alert condition is OK . Tempera ture
is 65°. Electricity is on. Sound level is OK. " Mon itorin g
your hom e from work or a vaca tion spot is made easy
with the Heath/Zenith Hou se Sitter Security Monitor/
Dialer.

Monitors Your Home
When you ca ll, the House Sitter will report on the AC
electric power, the room temp erature - comparing it
with high and low limits you've already set, loud noises
such as burglar alarms and fire alarms, the unit ' s own
battery backup condition , and an additional alert condi­
tion. You can even listen to the sounds in the room
using the built in microphone.
0 1990, Heath Company
Subsid iary of Bull D3.13 Sy stems. Inc.

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

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

Benton Harbor, MI
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ary scheme, the intern al tim e
base is referenced to a popu­
lar 3.90625 -M Hz c rys ta l,
w hich is th e correct freque n­
cy to divide by 256. That ap­
proach reducesthe prescaler
time base to just four parts,
and affo rds it a 10-mV input
sensit ivity. At th e low-fre­
quency ran ge, th e 2210-A
uses a 10-MHz crystal and a
divide-by-d ecade technique
to get down to as low as sub­
audio 10 Hz .

Front-panel features in­
clud e an eight-place l ED dis­
pla y, ran ge-sel ect sw i tc h,
power-sel ect sw itch (exter­
na l 9- 12 VDC o r fou r re­
chargeabl e Ni-Cd batteries) ,
and a gate -co nt ro l sw itc h
and lED indicator for lon g or

-short sampling tim es. Avail­
able options include f ive dif­
ferent antennas, a probe for
PC-board work, and a high­
accuracy time base for better

. th an ± l -PPM accuracy.
Housed in a high-impact alu­
min um ho using for years of
durabi lity and ma ximum
EMI/RFI sh ield ing, t he fr e­
qu ency finder measures an
easi ly portabl e 4 x 3Y2xl

inch es and weigh s on ly 9
ounces.

The mod el 221O-A hand­
held frequency finder/coun­
ter cos t s $ 219 .00. - 0 p­
toelectronics Inc. , 5821 NE
14th Avenue, Fort lauder­
d al e , Fl 33334 ; Tel.
800-32 7-59 12 ( i n FL ,
305-771-2050).
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REMOTE AC-POWER CON­
TROLSYSTEM. A compact re­
mote-control sw itch that can
be used to turn on and off
any AC-powered dev ice ,
Midland I n t e rn at i o n al 's
mod el 72-300, con sists of a
compact transmitter and a
small modu le that plugs an

AC outlet. Electrica l items
that are plugged into th e
module can be controlled by
the transmitter from as far as
50 feet away. The 72-300 can
handle up to 1000-watt loads
and can be used to contro l
such things as television s,
lamp s, ste reo s, appl iances,
fans, and most other elec­
tr ical appliances. It operates
on the UHF radio band and is
powered by an o rd inary 9­
volt battery.

Th e 72 -300 remot e AC
power switch system has a
sugges te d li st pr ic e of
$39 .95 .- M id land Int ern a­
tional Corporatio n, Con sum­
er Co mm unicat io ns Divi ­
sio n, 1690 North Topping ,
Kansas City, MO 64120; Tel.
816-241·8500.- -- -

POR TABLE WAVEFORM
MON ITOR. An upgraded
EFP/ENG waveform monitor
from Leader In struments,
model 5864A, offers stud io­
qual ity moni toring for on-lo­
cat ion shoot in g, and the
co nvenience of dual-input
capab i l ity for signal co m­
pari son and timing adjust-
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ments. The battery-powered
un it, which weighs less than
thr ee pound s, provid es
2H /2V MAG and 2H /2V
sweep rates. It offe rs f lat and
IRE filters as well asa4 x ver­
t ical magn if ier that simplifies
set-up level and black-bal­
ance checks. Design ed for
use wi th-Leader-s-c ompact
vect orscope (mode l 5854)
and SID sig na l gen erator
(model LCC-413) , the 5864-A
is portable, rugged, and easy
to use.

The 5864-A portab le wave­
for m m o n i t o r c o sts
$1,395.00 .-Leader Instru­
ments Corporat ion, 380 Oser
Avenue , Hauppauge, NY
11788; Tel. 1-800-~5-51 04 .

r:

Cut Your Video
Servicing Time

byS4%*

$3,495
Patented

With The Market Proven VA62A Universal Video Analyzer™
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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
1·800·SENCORE (736.26731 and ask about ourexclusive
VA62Ainstrument evaluation program. Tech-Tape Video Preview
and FREEfull line color catalog are also available.

SENCOAE®
3200 Sencore Drive, Sioux Falls, SD 57107
100% American Made
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Are you finding it tough to service today's hi-tech VCR and TV
circuits?Successful video servicers have told usthat, to them, the
new technology meant lostprofitand troubleshooting grief unti l
they tried the VA62A's time tested , functional analyzing methods.
"The VA62A cutsservicing time andincreases profits. . ."

•Based on anationwide survey of users who reported an averagetime
savings of 54% compared to their previous test equipment.
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ANALOG CHART RECORD­
ER. Combining both XY and
strip-chart modes, Fluke's
PM 8278 dua l-pen analog
chart record er also adds dig­
ital enhancements, such as
bui lt-in facilit ies fo r auto mat­
ic chart annotation and pen­
offset compensation . O p­
tional IEEE-488 o r RS-232 in­
ter faces are avai lab le fo r
co mplete rem ote cont ro l
and data transfer in instru­
ment systems or fo r use as a
hard-copy output device for
a digital sto rage scope.

The PM 8278 is easyto use.
At the push of one button,
time, date, and instrum ent
sett ings- includi ng channel

number, span, zero-supp res­
sio n, and chart speed-are
printed on the chart output .
User-defined text can also be
added th rough the optio nal
interfaces. The chart record­
e r accepts 8-1/2 x 11 and
11 x 17-inch paper, as we ll as
Z-fold paper for cont inuo us
charts. It features automatic
paper-ed ge detect ion and
sheet positioning and an op­
tical pen-positioning system
for reliabl e operatio n.

As an XY recorder, the PM
8278 has 25 calib rated input
ranges on both X and Ychan­
nels, with a sensit ivity range
of 40 /LV/cm to 2 V/cm. Fast
dynamic respon se of 100 cm/
sand 10-G acceleration en­
sure that even fast-changing
signals are accurately traced.
In strip-chart mod e, the re­
corder has 24 tim ebase set­
ti ngs, incl udi ng 10 user­
programmable lines, varying
fro m 10 mm /h to 120 mm /
min . Step respon se is 0.25
seconds full scale.

The PM 2878 du al-pen ana­
log chart record er has a U.S.
list pr ice of $3360.00. (A sin­
g le -pe n ch art record er,

mod el PM 2877, has a list
p ri ce of $2340.00)-John
FlukeMfg. Co., Inc., P.O. Box
9090, Everett, WA 98026; Tel.
800-443-5853, ext. 77.

VACUUM flUORESCENT
DIGITAL DASHBOARD.
Breaking away f rom tradi­
tion al LED displays, Dakota
Digital's vacuum-fluorescent
digital dashboard provides a
bri ght-blu e fluo rescent read­
outs w ith supe rio r pe rfo r­
mance and visual appea l.
The displays are readable in
direct sunlight, and the sys­
tem automatically dims for
ni ght-tim e drivin g . Th e
dashbo ard uses a mi cr o­
processor syste m to mea­
sure, calculate, and aisplay
speed, RPM, mil eage, volt­
age, oil pressure, water tem­
perature, and fuel level. If a
read in g shou ld vary fro m
normal limi ts, an " id iot light "
system causes the gauge di s­
p lay to f lash. A resett abl e
"trip meter" is included. Ve­
hicle mil eage is sto red in a
nonvol at il e mem o ry t hat
does not loose its inform a-
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tion even when the battery is
di sconnected. Intend ed to
hobbyi st s, car buffs, and
st reet -rod ent husiasts , the
dashboard systems can be
custom-b uilt to vi rtually any
user-specif ied arrangement,
and can be easily installed in
any t ruck, car, or boat.

The vacuum -fluorescent
- digital dashboard is avaflable
asa complete set w ith alumi­
num insert (as pictured) fo r
$499.95. Alte rnately, if you
send in your dashboard, the
display can be mounted in it
(w itho ut th e alumi num in­
se r t) for ap p roxi mate ly
$420.00.- Dakota Di gital ,
11301 Ku h le D rive, Sio ux
Fall s , SD 57 107 ; Tel.
1-800-852-3228. R-E

T UNING 'OR
SHIPP INGMODEl RANGE CHANNELS PASSBAND PRICE

23H 50-66 MHz 2.3 lor 6 meierhaml SO·3OO MHz S' " NO
46FM 66·106 MHz 4.56 lor an FMI SO·3OO MHz "" SHIPPING
1417 120·144 MHz HIAI 1518116eCI17101 SO~OO MHz S30 or

1822 16(E) 19(F)201G) 21(H) 22 (I)
C.O.D.

144·174 MHz SO~OO MHz 530 CHARGES

713 174·216 MHz 7.6.9.10.11.12.13 50·400MHz 530

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

star Circuits
P. O . Box 94917

Las Vegas, NV 89193-4917

1-800-433-6319

• ATTEN UATION - 45 dB TY PICAL
• BANDW IDTH - 4 MHz AT 5 dB POINTS
• INSER TION LOSS - 2 dB

CALL TOLL FREE FOR C.O.D. OR SEND CHECK TO ORDER
FAST DELIVERY

30 DAY MONEY BACKGUARANTEE (3 FILTE R LIMIT)

800-638-2020

~!!.~n~~.
8931 Brookvill e Rd.
Silver Spr i nq, /fl 209 10
(ljOO)638- 2020 (301)587-7824
FAX (301 )585-5402
Easy Order Fax Line 1-800- 545- 00 58

"We Hake Order i ng Easy"

COMPLETE BAK LINE AVA ILABLE
"CALL FOR YOOR PRICE QUOTES"

l«JDEL 2120
Osc ill oscope , 20 MHz.
Oua1 Tr ace .
REG. $549. 00 SALE $374.95

IllDEL 1541A
Oscilloscope , 40 MHz,
Dual Trace .
REG. $845.00 SALE $597 .95

/flDEL 2160
Osc i 11osco pe , 60 MHz, Oua1­
Tr ace . wi De1aye d Sweep .
REG . $1099 .00 SALE $874.95

IllDEL 2501
Di gita1 Storage Adapto r .
Conver t s Your Ana log Scope
To Digita l Sto rage!
REG . $795 .00 SALE $299.95

IIlOEL 2832
3- 1/2 Digit flu1timeterl
Capaci tance Meter .
REG. $175.00 SALE $124.95

I VIS~
'--==--=--'

~BK
...,r~.~.•

, r"..;"hZs"",,,
~ MAXTEC INTERNATIONAL CORP.

~~)~~ n l .;'.'
~
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'Economiul/lonllallin~

• Ozone Safe Propellents
-Operlln inA n'J Posilion
o Conllnts Complete l'JDispensed
o Unilorm Sprl 'J Plnern

solde ring iron s and a wi de
selectio n of tip s are featured
in this 8-page catalog . Ac­
cessories for elect ronics as­
semb ly, f ie ld serv ice, and
ge ne ra l use are also in ­
cluded . In addition , the bro­
chu re describ es a heavy­
duty, 60-watt solde ring iron ;
t emperature-contro l sta ­
tions; a universal power-sup­
ply unit ; a portable, 12-volt
soldering iro n ; and a 'selec­
tio n of soldering- iron stands.
Specificat ions fo r each type
of iron are provided, along
w ith a co rrespondi ng tip-se­
lection chart and illu stration s
of the vario us tip shapes, in ­
clud ing spade, chisel, nee­
dl e, pyramid , and ho t-knife
tips . All kinds of so lde ring
equipme nt is in cluded, so
cho osing the right iron for
your next project is easy. R-E

Sifl(e 1956

P. O.BoxJ· Escm,CA 92025-0051
(619) 743-71 43• FAX:(619)743-2460

IDEAL FOR:
• Switches &Reloys • Connecting Cobles &Adoptors ~

• EdgeConnectors • TerminolStrips • Plugs &Sorkets
• Gold Ploted Connectors • Potentiometers • BotteryContocts

CRAMOLIN®DeOxidizer

USED BY THOSE WHO DEMAND THEBEST;
• Bell &Howell • Copitol Records • Dolbyloborotories
• HewlettPocKord • John FlUKe Mfg. • Mcintoshlobs
• MCI(Sony) • Motoro lo • NASA• NOKomichi
• RCA • SWitchcroft

When op~ied to melnl (onlncls, (oonectors
ond other melnl surfaces, CRAMOLlN'"
DeOxidizer removes resis . eoxides ond
forms apratective olecular layer that
adheres to metolsurfaces, preventing futureoxi­
dation. CRAMOLlW~ DeOxidizer maintains
moximum electrical conductivity, reduces wear,
andhas excellent migration properties.

DEOXIDIZES • (LEANS • PRESERVES • LUBRI(ATES • IMPROVES (ONDUalVITY
fOl AH4.ltois. Including GOIrJ!

CIRCLE 27 ON FREE
IN FO RM ATIO N CARD

SOLDERING IRONS CATA­
lOG. M.M. Newman Corpo­
ration, 24 Tioga Way, P.O. Box
615, Marblehead, MA 01945;
617-631-7100; free.

The complete lin e of Antex
min iature and standard-size

value of a current- limiti ng re­
sistor?- that know ledge be­
comes a powerful skill th at
can be app lied to designing
and bu ilding your own cir­
cuits. In his usual easy-go ­
in g , easy- to - u n de rs ta n d
sty le, th e aut ho r takes th e
mystery out of electronics by
clear ly explaining how al l
those laws and formulas re­
late to the real wo rld, and
how yo u can pu t the m to
work for you.

CIRCLE 26 ON FREE
INFORMATION CARD

1990 flU KE DISTRIB UTOR
PRODUCTS CATALOG. John
Fluke Mfg. Co., Inc., P.O. Box
9090, Everett, WA 98206;
1-800-443-5853; free.

Featuring analog and dig­
ital mult imete rs, di gital ther­
mom et ers, and mult ifunc­
tion co unte rs, thi s 20-page
catalog also includes an ex­
panded section of new leads,
prob es, and clips fo r avariety
of app lications. The versatile
Fluke 80 Series of handheld
mul ti meters, which offer a
co m b i nat ion of m easure­
ment funct ions and special
feat u re s fo r au to motive,
elect rical, and elect ronic test
app lication s, is highl ighted.
Also hi ghl ight ed is the Fluk e
45 du al-display multimeter,
w h ic h allows th e u ser to
make two di fferent measure­
ments of Signal parameters
simultaneo usly.

CIRCLE 25 ON FREE
IN FORMATIO N CARD

JOSEF BERNARD

THE ELECTRONIC PROJECT
BUILDER'S BOOK: DESIGN­
ING AND MODIFYING CIR­
CUITS; by Josef Bernard. TAB
Books, Inc., Blue Ridge Sum­
mit, PA 17294 -0850;
1-800-822-8158 (in PAand AK,
717 -794-2191); softcover;
$14.95.

If , l ike many e lec t ronics
hobbyists, you've ever fo und
yourself stumped-stuck at a
dead- end while building a
project , or unable to answe r
a deceptively simp le ques­
tion-and had no pl ace to
turn fo r help, you' ll appreci­
ate thi s book. In it , former
Radio-Electronics techn ical
ed ito r Joe Bern ard has com­
pil ed a treasury of practical
advice and information that
wil l go a long way toward
eliminat ing that kind of frus­
tr ation . Along th e way, he
gives yo u tips and pointers
and shows you how to de­
sig n, build , and t ro uble ­
shoot your ow n, customized
electronics projects.

Wh at sets thi s book apart
f ro m th e cro w d is t hat it
focuses not only on wh at to
do, bu t on why and how to
do it. A practi cal understand­
ing of basic co ncepts is em­
ph asi zed throu gh out th e
book . Wh en combined w ith
th e answers to doze ns of
commo nly asked electronics
qu estion s-Why are there so
many d ifferent kinds of tran­
sistor s?How do I choose th e

CIRCLE 50 ON FREE INFORMATION CARD



• your one source for-engineering booKs
from over 100 different publishers

• the latest and best information in your field
• discounts of up to 40% off

publishers' listprices

PROGRAMMABLE LOGIC DE·
SIGNER'S GUIDE. By R.C. Alfo rd. 304
pp. , iIIus., sottcover. This practicalguide­
book shows you how to design devices
thatprovideallthe logicfunctionsacircuit
requires and avoid the compromises in­
herent in conventional methods. Covers
design philosophy, PLD fami lies, hard­
ware, software, and programming lan­
guages.
585141-5 Pub. Pr., $29.95 Club Pr., $22.95

SURFACE-MOUNTTECHNOLOGY
FOR PCBOARD DESIGN. By J.K. Hol­
lomon, Jr.504pp., iIIus., softcover. Get a
real working understanding of SMT. This
up-to-dateguideprovides a proven, step­
by-stepapproachtoSMT designasit thor­
oughly coverscomponents, methods, and
techniques for maximizing quality, re­
liability, and profitability.
585235-7Pub. Pr., 549.95 ClubPr., $36.50

TRANSFORMER AND INDUCTOR
DESIGN HANDBOOK, Second Edl·
tlon, By Col. W.T. McLyman. 440 pp.,
illus. All the information you need to
design today's lighter, smaller transform­
ers andinductors, without relying on out­
moded approximation methods. In ready­
referencetabular format, this new edition
covers thelatest equationsin transformer
and gapped designapplications.
584646-2Pub. Pr., 555.00 Club Pr., 538.50

ENCYCLOPEDIA OF TELECOM­
MUNICATIONS. Edited by R. Meyers.
575 pp., iIIus. The expertiseof 40 recog­
nized leadersinthefield iscapturedinthis
AtoZreference. Areas covered rangefrom
fiberoptics, intelligent systems, and net­
working, to signal processing, mathe­
matical relationships, andtheory.
584897-X Pub. Pr. $49.95 Club Pr. , $37.50

MOBILE CELLULAR TELECOM­
MUNICATIONS SYSTEMS. By W. C.Y.
Lee. 442pp., 215iIIus. AtoZcoverage of
state-of-the-artcellular systems, fromde­
signto implementationand troubleshoot­
ing. Clearly explains spectrum efficiency,
propagation models and prediction, inter­
ference treatment, and more.
370/303 Pub. Pr., $62.95Club Pr., 544.50

DESIGNING WITH FIELD·EFFECT
TRANSISTORS, Second Ed. By
Siliconix Inc., Revised by E. Oxner. 320
pp., iIIus. This on-the-job guideprovides
page after page of practical data, tables,
examples, and design and specification
strategiesto help you capitalize onrecent
breakthroughs in MOSFET design. Cover­
age includes FET operatingprinciples and
procedures step-by-step fabrication
methods howtobias FETsfordesired
performance . .. and much more.
575/371 Pub. Pr., $39.95 Club Pr., $29.95

CIARCIA'S CIRCUITCELLAR, vor ­
ume VII. By S. Ciarcia. 256 pp., 100
iIIus., softcover. Moredo-it-yourself cir­
cuits from the master-Steve Ciarcia.
Step-by-stepguidance onprojectsrang­
ing from a gray-scale videodigitizerand
the CircuitCellar AT Computer to parallel
interfacing and theNeighborhood Strate­
gic Defense Initiative.
109/699 Pub. Pr., $19.95 Club Pr., $15.95

THECOMPACT DISC: A Handbook
of Theory and Use . By K. C.
Pohlmann. 288pp., iIIus. sottcover. The
most readable andcomprehensive guide
toCDtechnologyoffers clear descriptions
of disc design and manufacturing . . .
player circuitry ... and comparisons of
different types of players-a ll without
complicated theoreticalor mathematical
discussions.
585096-6 Pub. Pr., 529.95 Club Pr. $22.50

New Members!
Take anyone of these great

professional 528 9books
for only -

as a premium with your
first selection!

Spectacular values up to $204.95
HANDBOOK OF TRANSDUCERS.
By H.N. Norton. 554pp., iIIus. Get fast
answers to all of your questions about
commercially available transducers. This
up-to-datereferenceexplainshowthey op­
erate, how to select the right transducer
foragiven measurement, andthecharac­
teristics and relative merits of each cate­
gory of transducer.
585142-3 Pub. Pr., $44.00Club Pr., $34.50

Electronics and
Control Engineers'
Book
Club®

,

PORTABLE
ELECTRONICS
DATA BOOK
360 pp., 6 x 9, iIIus., softcover 585390-6
A-to-Z coverage of all the essential
facts, figures, and formulas you need,
in a format that's easy to use and easy
to carry. John Douglas-Young has
filled this handy on-the-job companion
with equations, algorithms, calculus
formulas, and BASIC programs in
areas rangingfrom alternating current
and amplifiers to transducers and
waveguides . . . and they're all yours
ABSOLUTELYFREE!

Join
the

McGRAW·HILL ENCYCLOPEDIA OF
ELECTRONICS AND COMPUTERS,
Second Edition_S. Parker, Editor-in­
Chief. I,047pp., 1,250illus. Featuring160
new and revised articles, this new edition
treats theentirespectrumof applications,
devices , systems, and theory in areas
ranging from the flow of electricity to
hardware , software, robotics, and IC
fabrication.
454/99X Pub. Pr., $79.50 Club Pr., $54.95

COMMUNICATIONS RECEIVERS:
Principles and Design. By Ulrich L.
Rohde and T.T. N. Bucher. 60B pp., 402
iIIus. Everything you need to know if you
design or work 'with communications
receivers, from theory to practical design
approaches . Coverage includes all types
of receivers:shortwave, broadcast, radar,
military, marine, aeronautical, andmore.
535/701 Pub. Pr. , $64.95 Club Pr., $44.50

TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA, Second Edition. By R.G.
Middleton. 320 pp., iIIus. This indispen­
sable new edition features alltheinforma­
tion that made the first edition so suc­
cessful, plus the latest developments in
digital testing , phase checks, IC
trouleshooting, and repair of VCRs, ste­
reos , TVs, tape recorders, and much ,
much more.
585092-3 Pub. Pr., $30.00 Club Pr. , $22.50

SOUND SYSTEM ENGINEERING,
Second Edition. By D. Davis and
C. Davis. 665 pp., iIIus. The definitive
source for all professionals responsible
foraudio system design , covering every­
thing from concert halls to virtually every
oscillator in use today. Packed with
proven strategies for solving design and
engineering problems and cutting your
clients' costs.
584657-8 Pub. Pr. , $39.95 Club Pr., $31.50

PRINTED CIRCUITS HANDBOOK,
Third Edition. By C.F. Coombs, Jr, 960

' pp~, 556 iI/us. Here in one handyvolume
is all theinformationyou need to design,
manufacture, test, and repair printed wir­
ing boards and assemblies. This new
edition features ten all-new chapters,
includingthreeonSMT.
126/097 Pub. Pr., $64.95 Club Pr., $45.50
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Write Code No. for th e
First selection here

AUTOMATIC CONTROL SYSTEMS, Fifth Ed.
BYB.C. KuO.
583706·4 Pub. Pr., $57.40 ClubPr., $43.50

MICROCOMPUTER TROUBLESHOOTING
AND REPAIR. By J.G. Stephenson and B.
Cahill.
585106-7 Pub. Pr., $24.95 Club Pr., $18.95

DIGITAL AND MICROPROCESSORTECH·
NOLOGY, Second Ed. By P. J. O'Connor.
585184-9 Pub. Pr., $42.00 Club Pr.,$33.511

INTRODUCING PC·DOS AND MS·DOS,
Second Ed. By T. Sheldon.
565/651 Pub. Pr., $29.95 Club Pr., $19.95

ENGINEERING FUNDAMENTALS FORTHE
PROFESSIONAL ENGINEERS' EXAM, Third
Ed . By L.M. Polentz.
503/931 Pub. Pr., $39.50 Club Pr., $27.95

Be sure to
consider these
important
titles as well!

MICROELECTRONICS, Second Ed. By J. Mill­
manandA. Grabel.
423/30X Pub. Pr., $56.95 Club Pr., $41.511

BUCHSBAUM'SCOMPLETE HANDBOOK
OF PRACTICAL ELECTRONICREFERENCE
DATA, Third Ed. By W.H. Buchsbaum.
583880-X Pub. Pr., $34.95 Club Pr.. $26.511

INTRODUCTIONTODIGITAL SIGNALPRO·
CESSING. ByJ.G. ProakisandD. G. Manolakis.
584954·2 Pub. Pr., $50.00 Club Pr.,$37.511

ON ·LINE ELECTRICAL TROUBL E·

~~~~NGp~l. ~.~~.~sl. Club Pr., $26.511

ESSENTIAL CIRCUITS REFERENCE GUIDE.
By J. Markus & C. Weston.
404/623 Pub. Pr., $59.95 ClubPr., $47.50

Write Code No, of the
$Z.89 selection here

Name _

Sta te Zip _

This order subject to acceptance by McGraw-Hill. All
prices subjec t to change without notice . Offer good
only to n ew members. Fore ign member accep tance
sub ject to special conditions.

___11 _

City _

Plea se enroll me as a m em be r a nd se n d me the two
books in d ica ted , plus th e PORTABLE ELECT RONICS
DAli\ BOOK. I am to receive one book for just $Z.89, th e
other at the di scounted member's price, plus local tax ,
sh ipp ing and handling charges. I agree to purchase a
minimum of one ad d itiona l book during my first ye ar of
membership as outlined under the Clu b plan d e­
sc r ibe d in th is ad . I underst a nd th at a sh ipping and
handling charge is ad de d to all sh ipmen ts .

Signature _

Address/Apt. # _

ECGA~
L ~

FOR FASTER SERVICE IN ENROLLING
CALL TOLL-FREE 1-800-2-MCGRAW
r---_MAILTHI8 COUPON TODAY ,

Mc Graw-Hill Book Clubs
Electronics and Control Engineers'
Book Club '"
P.O, Box 58Z, Hightstown, NJ 08520·9959

AUDIO ENCiINEERINCi HANDBOOK.
Edited byK. B. Benson. 1056 pp., 722 i/­
Ius.The ideal on-the-job referenceforpro­
fessionals who design, operate, andser­
viceaudio equipment. It's a one-volume
source offundamental audioacoustics en­
gineering informationandpracticalhow-to
source book covering generation , trans­
mission , storage, and reproductionof the
audio signal.
047ln4 Pub. Pr., $86.95 Club Pr., $59.95

ANTENNA APPUCATIONS REFER·
ENCECiUIDE. Edited by R. C. Johnson
and H. Jasik. 496 pp., 368 iJlus. and
tables. Covers the major applications of
antennatechnoloQY inallareas ofcommu­
nications and their design methods. Em­
phasizes importantnewapplicationssuch
asearth station, satellite, seeker, aircraft,
and microwave-relay antennas.
322/848 Pub. Pr., $59.95'Club Pr., $42.50

RADIO HANDBOOK, Twenty·Thlrd
Ed. Edited by W. I. Orr. 667 pp., 1,073
iJlus. andtables. The latest editionof the
most complete, current resource onradio
technology and its applications. Expert
contributors showyouhow to select, de­
sign, build , test and operate all kinds of
equipment.
584638·1 Pub. Pr., $29.95ClubPr., $23.95

SWITCHCiEAR A ND CONT RO L
HANDBOOK, Second Ed. Edited by
R. W. Smeaton. 1,056pp., 789 iJlus. The
only handbook that treats all aspects of
switchgear control, including design, ap­
plications, safety, and maintenance. Up­
dated to reflectthechangesbrought about
by the use of computers , solid-state
devices, and programmablecontrols.
584/494 Pub. Pr. , $85.00 Club Pr., $59.95

DIGITALFILTERS AND SICiNAL PRO­
CESSINCi, Second Ed. By L.B. Jack­
son. 410 pp., iJlus. An acclaimed guideto
signal processing theory, design
methods, and implementationstrategies.
Using an intuitive approach , the author
covers state-space representation, AID
and D/A conversion, the OFT, FFT, and
much more.
585269·1 Pub. Pr., $52.50Club Pr. $39.50

• IMPORTANT INFORMATION ••• WE MAKE IT EASY T O GET!
In our rap idly changing world, those who p erform best are those who are best
Informed. Design ed exclusi vely forthe p racti cing engtneen the Elec tronics and
Control Engineers' Book Club provides yo u with information that is r elevan t ,
reliable, an d specific enoug h to m eet your needs. Eac h Club bulletin comes your
way 14-16 times a year and offers you more than 30 boo ks to choose fr om - the
best and newest books fr om all p ublishers !
• DEPENDABLE SERVICE. _. WE 'RE HERE TO HELP!
Whether yo u want information abou t a book or h ave a question about your
m embership,our qualified staff is h ere to h elp. Just call u s toll-free or write to our
Cus tomer Service. We also make sure you get only the bo oks yo u want. Allyo u do
is simply tell us yo u r ch oice on th e Reply Card an d return it to us by the specified
date. If yo u wan t th e Main Selec tion, do n othing - it will be sent to yo u
automat ically. (Asmall sh ipping an d handling charge is adde d to each shipment.)
• CLUB CONVENIENCE _••WE DO THE WORK!
Beyond the benefit of timely Info r-ma tion, Club m embership offers many other
ben efit s. For examp le , yo u get a wide choice of bo oks that cann ot be match ed by
any bookstore - anywhere. And all yo ur bo oks are convenien tly delivered r igh t to
your door. You also get the luxury of 10 full days to decid e whether yo u want th e
Main Selection . If you should eve r receive a Main Selection you don 't want because
th e Club bulletin came la te, just return it for credit a t our expense.
• SUBSTANT IAL SAVINGS •• •AND A BONUS PROGRAM TOO!
In keepi ng with our goal to provide you with the best in format ion at th e greatest
possible savings, yo u will enjoy substantiahdiscounts - up to 4O%!- on every book
you buy. Plus , yo u 're au tomatically eligible for our Bonu s Book Plan which allows
you savings up to 70% on a wi de selection of books. .
• EASY MEMBERSHIP TERMS ••• IT'S WORTHWHILE TO BELONG!
Your only obli gation is to purchase one more book - at a handsome discount ­
during the next 12 months, after wh ich you enjoy the ben efit s of m embership with
no further obligation. Either yo u or the Club may cancel m embership anytime
thereafter.

Here's how the Club works to
serve YOU:

INDUSTRIAL ELECTRONICS, Third
Ed. ByJ.T. Humphries and L.P. Sheets.
651 pp., iJlus. Aclear,convenientguideto
the components and systems used in
modern industry. Included is an extensive
collection of manufacturers' data sheets,
alongwith many quick-access tablesand
charts.
585226·8 Pub. Pr., $41 .95Club Pr., $31.95

BUILD YOUR OWN UNIVERSAL
COMPUTER INTERFACE. By B.
Chubb. 309fJp., iJlus., sottcover. Guiding
youfrom theorytostep-by-step assembly
Instructions, this lively manual shows you
how toconstructacomputer interfaceand
hookit uptovirtuallyany IBM or IBM corn­
patible personal computer, including the
XT, XT-286, AT, and System/2 Model30.
585080·X Pub. Pr., $19.95 Club Pr., $15.95
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HANnI-COUNTERS! ...Only from OEI!
Choose the model that fits your needs ...
and your budget! CALL NOW!

Professional s and Hobbyists all over
the world have chosen OEI for 16

yea rs ! Shouldn't YOU?

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

Simply amazing !
• 10 Digit LCD Display.

1Hz resolu tion to over 150 MHz direct .
Read able in bright sunlight.

• RF Signal Strength Bargraph,
16 Segment, Zero, & Full Scale adjustment .
SEE the input signal!

• Super Sensitivity. dmV 10-200MHz,
<5mV to 2GHz for efficient antenna pickup.

- - • 6 Functions. Frequency, Period- Ratio
Time Interv al , Average, & Prescale.

• Hold Button.
"Locks in" your exact Measure ment FAST !
• Extruded Aluminum Enclosure.

Designed to fit every hand.
• Priced Right! Only $375.

Includes Nicad s, AC Charger/Ada pter .

Or Select Our Most Popul ar
HANnI-COUNTER, the model 2210
that set the standa rd in handheld
fre quency counter technology!

Value Priced at only $239.

The only name in
HANnI-COUNTERS

OPTOELECTRONICS

Sens itivity: <1 to <lOmV typical. Time Base: ± 1.ppm.; ± .5ppm. add $75 - LED Models; ±.2ppm add
$80. - LCD Models. Nicads & AC cha rge r/ada pte r included. (9v Alkalin e - CCB.) Carry Case. Ant en nas
and P robes extra. One yea r parts & labor warranty on all products .

Model UTC3000 2600 8 2210 1300HlA 24008 CCA CCB

Freq, Peri od RF
Function Ratio,In terv al , F requ en cy F re quency Frequ ency Frequency Frequency Ind icator

Avg , P rescal e

Range lOHz- 10MH z- 10Hz- IMH z- 10MHz- 10MH z- 10MHz-
2.4GHz 2.4GHz 2.2GHz 1.3GH z 2.4GH z 550MHz 1.8GHz

10 Digit
Display LCD 10 Digit 8 Digit 8Digit 8 Digit 8 Digit

wIFunct ion LCD LED LED LED LED
Annunciators

RF Signal 16 Segm ent 16 Segment LED with 10 Segm ent
Strength Adjust a ble Adju st able Adjusta ble Adjustable
Indicator Bar graph Bargraph Thresh old Ba rgraph

Price 5375. 5325. 5239. 5179. 5189. 5299. 5119.

5821 NE 14th Avenu e · Ft . Laud erdale. FL 33334

Toll Free Order Line:
1-800-327-5912
FL(305)771-2050 • FAX(305)771-2052

Visa, MC, COD, Cash, M.O accepted. Personal
Check allow 3 weeks. 5% Shipping. Handling.
(Maximum SIO) U.S. & Canada. 15% outside
continental U.S.A. In FL add 6%sales tax.

OPTOELECTRONICS

'-I '-I:J B9 1 :.3. ..
- -

CIRCLE 185 ON FREE INFORMATION CARD

JfUlDnI'fMll14l'1t11'(M, .-..aJIIIStAUIIWIMiQ: A' •

B.B.B.B.B.B.B.B.B.B.i
til II tI •• _ _ lUI If;

UTC3000

Display Showing All Annunciators

Period Average Mode

J"





r-------------------- ------------ --- -------T---------------,
I I I
I I I: S + 5 VOLT > : II + 13.8V REGULATOR I I
I + 5V I I
I _ I I

I : :
: l I ·
I I I

: : I
I SENDER 1
I I
I I I
I I I
: I I
L ~~t:!.1H!.~L L_.91~MyJ!'O~f!~ __J
FIG. 1-BLOCK DIAGRAM COMMON to all of the gauges. The central component of each
digital gauge is the AID converter.

gauge is the AID converter. Because it
is common to all of the gauges , it
deserves a thorough explanation . The
C.A3162E AID converter and the
CA3161E display driver form an accu ­
rate, low-cost, three-digit ana log to
digital converter system that can oper­
ate from a single 5-volt supply.

The basic operation of the AID
converter is based on the dua l slope
system. Here , an integrating capaci­
tor is charged to a level determined by
the input voltage. That is accom­
plished by converting the input volt­
age to a relative current and using that
current to charge the integrating ca­
paci tor for a predetermined time.
After that charge time, the voltage-to­
curren t converter is removed and a
current source of opposite polarity is
connected to the capacitor. The time
required to disc harge the capacitor to
its orig inal value is measured to deter-

mine the original input voltage level.
The CA3161E has a differential in­

put which 'greatly simplifies circuit
design. The full -scale input is 0 .999
volts which results in a reading of
"999" on a three-digit disp lay. The
resolution, or smallest change the A/
D converter can show, is I mV.

The CA3162E also controls the dis­
play multiplexing and updating .
Using multiplexing , the parts count is
greatly reduced, and , although only
one dig it is lighted at a time , it ap­
pears that all the digits are on all the
time .

The Binary Coded Decimal (BCD)
output of the CA3 162E is sent to the
CA316 lE display decoder/driver,
which suppl ies segment current to
each of the displays. Because the dis­
play driver contains internal current
limiting, external current-limiting re­
sistors are not needed.

Let's take a closer look at each indi­
vidual gauge. The gauges are very
similar to each other, so we will not
repeat descriptions for similar sec­
tions. The same goes for the display
boards .

Voltage gauge
The voltage gauge displays the volt­

age of the automobile's electrical sys­
tem on a three-digit readout with 0.1­
volt resolution . The gauge will dis­
play voltages from 8 to 19.9 volts.
Because the input of the AID convert­
er has a maximum input of 0 .999
volts , the input voltage to the meter
must be divided by 100. That way, the
A/D's actua l input voltage ranges
from 0 .080 to 0 .199. That results in a
reading of "080" to " 199," and by
fixing the decimal point to the second
digit, a resu lting display of " 08.0" to
" 19.9" is obtained .

The voltage gauge schematic is
shown in Fig. 2. Power is supp lied to
the voltmeter through Pl. The unit is
protected from excessive current by
fuse Fl. Diode D2 assists in protect­
ing from reverse battery connection,
and also clamps any momentary
nega tive spikes on the automobile's
electrical system. Diode D2 allows
only positive voltage to reach the 5­
volt regu lator, IC l, that reduces the
vehicle's 12 to 13.8 volts to the 5-volt
level needed by the gauge 's circuitry.
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FIG. 2-THE DIGITAL VOLTAGE GAUGE displays the voltage level of your automobile's
electrical system.



VOLTAGE GAUGE
All resistors are %-watt, 5%, un­
less otherwise indicated.

R1-R10, R12-R14-not used
R11-10.000 ohms, PC- mounted

trimmer potentiometer
R15--100,OOO ohms
R16-1000 ohms
R17-50.000 ohms, PC-mounted

trimmer potentiometer
Capacitors
C1-47 jJ.F. 25 volts, electrolytic
C2, C5--10 jJ.F, 35 volts, electrolytic
C3, C4-not used
C6-0.33 jJ.F, 50 volts, stacked film
Semiconductors
IC1-LM340T-5, 5-volt regulator
IC2-GA3132E, AID converter
01, 02-1N4002 diode
Mi scellane ous: 43821 main PC

board, 3-digit display board, in-line
fuse holder, t-amp fuse, four 6·32
x 0.625" standoffs, eight 5lis- inch
#6 screws, bronze or red plex­
iglass, mounting hardware,hookup
wire

Capacitors CI and C2 help redu ce
voltage trans ient s and fluctuations.

The AID converter (IC2) converts
the input voltage to a relative digital
value, and C6 is the integrating capac­
itor that was discu ssed earlier. A di­
vide-by-lOO network , th at provides
the proper input voltage for the AID
converter, is formed by Rl5 and R16.
Capacitor C4 filters the AID input

voltage to ensure stable readings. A
zero-adju st is provided by R17 and a
gain-adjust by RII.

Onc e the input voltage has been
converted , its digital value is sent to
the display section. There , ICI of the
display board receives multiplexed
BCD informati on and outputs that in­
formation to the three seven-seg ment
displays , one at a time . The multi­
plexing is controlled by IC2. Current
to each displ ay is switched by QI, Q2,
and Q3 . Forexainple, when QI is on,
current is deli vered to DISPI , the
most significant digit of the display.
To display a " 138 , " th e CA 3162E
would send a binary 0001 to the
CA3161E, which would then tum on
the necessary segments to displ ay a
"I " on the first digit. After a predeter­
mined time, the sys tem moves on to
the second and third digits and finally
repeats itself. Because the voltmeter is
designed to display 0 .1-volt incre­
ments, the decimal point on DISP2 is
kept on all of the time by R3 . A
"VOLTS " annunciator is formed by
LEDl, which is a pre-formed module
containing two LED 's, and limiting
resist ors RI and R2. The module has a
plastic " lens" over it that is all black
except for the clear letters V-O-L-T-S .

Oil pressure
The oil-pressure gauge , shown in

Fig . 3 , displays engine oil pressure

OIL-PRESSURE GAUGE
All resistors are Y4-watt, 5%, un­
less otherwise indicated.

R1-470ohms
R2-R8, R10, R12- R16-not used
R9--100,000 ohms
R11-10,000 ohms, PC-mounted

trimmer potentiometer
R17-50,OOO ohms, PC-mounted

trimmer potentiometer
Capacitors
C1-47 !J..F, 25 volts, electrolytic
C2, C3, C4-10 jJ.F, 35 volts, elec-

trolytic
C5-not used
C6-0.33 jJ.F, 50 volts, stacked film
Semiconductors
IC1-LM340T-5, 5-volt regulator
IC2-GA3132E, NO converter
01, 02-1N4002 diode
Miscellaneous: 43821 main PC

board,15G5oil-pressuresender,2­
digit disp lay board , in-line fuse
holder, t-amp fuse, four 6-32 x
0.625/1 standoffs, eight o/16-inch #6
screws, bronze or red plexiglass,
mounting hardware, hookup wire

from 0 to 80 psi (pounds per square
inch) with l-psi resolution . The inpu'
voltage to the AID converter mus
therefore range from 0 to 0.80 volts
The oil pressure is sensed by the oil
pressure sending unit which convert
pressure to electrical resistance. II
the case of the sending unit used here
pre ssure is converted to resistanc
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with an approximate I:I ratio . That is,
with 60 pounds of oil pressure , the
sender's resistance is approximately
60 ohms, with a 0 .6-volt drop across
it. With no oil pressure , the sender's
resistance is zero ohm s. The voltage
drop across the sending unit is then
filtered and read directly by the AID
converter. The regulator and AID con ­
verter sections are similar to the volt­
meter, and th e di spl ay sec t ion is
identical except for one less digit.

The sending unit and RI on the
main board form a resistive divider.
The voltage drop across the sending
unit equates to 0 .01 volt/psi . That is,
for every psi of oil pressure, the volt­
age across the sender increases by ap­
proximately 10millivolts . The relative
voltage across the sender is then fil­
tered by C3, R9 , and C4 to maintain a
more stable reading. An "OIL" an­
nunciator (LED I) specifies the read­
ing of the gauge.

Water
The water-temperature gauge,

shown in Fig . 4 , displays the auto­
mobile 's coolant-system temperature
on a three-digit readout with I-degree
resolution . The actual temperature is
obtained by measuring the resistance
acros s a standard automotive temper-

ature sending unit , which is essen­
tiality a thermi stor co nta ined in a
brass encl osure. Becau se the se nding
unit's resi stance is inversely propor­
tional to temperature (the greater the
temperature , the lower th e resi s­
tance), the differenti al input of the AI
D converter is used . That means that
the AID converterCA3161E measures
the difference betw een its positi ve
and negati ve inputs (pins II and 10,
respecti vely).

A reference voltage , set by R6 , R7,
and R8 is applied to the positive input
at pin II. The negati ve input (pin 10)
is connected to the temp erature- send­
ing unit via a resistor network . As the
temperature of the sending unit in­
creases , its resistanc e will decrease ,
lowering the voltage acro ss it. When
the lower voltage is seen at the nega­
tive input of the AID converter, and
compared to the level set at the
positive input, the temperature read­
ing will rise. The oppos ite happen s as
the sending unit cool s ; its resistance
becomes greater and more voltage is
applied to the negative input. The
temperature reading then decreases as
the negative input gets clo ser in po­
tential to the positive input. A reading
of 0 will result when the positive and
negative inputs are equ al. Note that

WATER-TEMPERATURE GAUGE
All resistors are Y4-watt, 5%, un­
less otherwise indicated.

R1-100 ohms, Y2-watt
R2-430,OOO ohms
R3, R7-10,OOO ohms, PC-mounted

trimmer potentiometer
R4, R8-22,000 ohms
R5, R9, R11-R16-not used
R6-470.000 ohms
R1G-2200 ohms
R17-50,000 ohms , PC-mou nted

trimmer potentiometer
Capacitors
C1-47 Jl.F, 25 volts, electrolytic
C2, C5-10 Jl.F, 35 volts, electrolytic
C3, C4-not used
C6-0.33 !J..F, 50 volts, stacked film
Semiconductors
01, 02-1 N4002 diode
IC1- LM340T-5, 5-volt regulator
IC2-CA3132E, NO converter
Miscellaneous: 43821 main PC

board , 14G11 water-temperatu re
sender, 3-digit display board, in­
line fuse holder, 1-amp fuse, four
6-32 x 0.625" standoffs, eight 5116­

inch # 6 screws,bronzeor red plex­
iglass, mounting hardware,hookup
wire.

the negative input is limited to a max­
imum of I.2 volts.

The regulator and display sec tions

FIG. 4-THE WATER-TEMPERATURE GAUGE displays the automobile's coolant-system
temperature on a three-digit readout with 1-degree resolution.
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FIG. 5-THE FUEL GAUGE displays the level of fuel in your gas tank on a two-digit
readout, which is interpreted as percentage of the fuel remaining.

are aga in similar to that of the volt­
meter's . Lookin g at the AID convert­
er's input circuitry, note that RI and
the temperature sending unit form a
resis tive di vid er netw ork with the
sending unit co nnected through P2 .
The relative voltage at that point is
then divided down by R2, R3, and
R4 . Poten tiometer R3 provides the
low-temper ature ca libra tion adjus t­
ment , and C5 filters the input voltage
for stable readin gs. That voltage is
then sent to the negative input of the
AID con verter, IC2 . Resistors R6 ,
R7, and R8 form a resistive divider
that sets the upper reference voltage ,
the high-t emperature cal ibration is set
by R7 , and the AI D co nverte r zero
adjust is set by R17. A "WATER"
annunciator is formed using LEDI,
RI , and R2.

Fuel
The fuel gauge dis plays the level of

fuel in your gas tank on a two-digit
readout (see Fig. 5). The readout's
range is from 0 to 99, and is inter-

preted as percentage of the fuel re­
mainin g. The fue l gauge senses the
resistance of the fuel sending unit lo­
cated in the gas tank. Typical sending
units consist of a potenti ometer with
its wiper connected to a float. As the
fuel level rises and falls , the resistance
of the potentiom eter cha nges . Al­
though sending un its are not com­
ple te ly lin ear, d ue in part to the
irreg ular shape of most gas tan ks ,
their output resistance doe s go con­
sistently from low to high . So me
sending units have a high resis tance
when empty and a low res istance
when full , as with most Ford, AMC ,
marine , and aftermarket senders, and
some go from a low resistance when
empty to a high resistance when full ,
as is the case with mos t GM sending
units. By having two range settings ,
the fuel gauge can handle both kinds
of sending unit s . The range settings
(A and B) are shown in Fig. 5.

Current for the sending unit is de­
rived from RI , which forms a voltage
divider with the sending uni t. The

voltage developed across the sending
unit proport ional to the fuel level . For
sending unit s that increase in resis­
tance as the tank is filled, the R5 path
is taken . Because the volt age in­
creases as the fuel level rises , we off­
set the empty reading and adjust the
top scale for a "full" reading .

Because the gauge works from a
single supply, and the AID compares
its pos itive input to its negative , we
need to be able to reach zero volts in
order to display a zero (0% fuel left).
Most op-amps will work very close to
their negative supply, which in this
case is ground, but not compl etely.
By bias ing the negative input of the
AID co nve rter to 0 .2 1 vo lts, th e
grou nd reference for th e op-amp
" zero" level becomes 0 .2 1 volts. The
op-amp output can then easi ly reach
the " ground" reference level to obtain
a "00" on the disp lay. All other volt-
age values are then referenced to the E
0 .2 1 volt "ground. " Poten tiom eter S(
R7, along with R6, is used to offset to

the output of IC2 (pin 8) to 0.21 volts . ~
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FIG. 6-THE MISCELLANEOUS TEMPERATURE GAUGE displays temperature by mea­
suring the voltage drop across a typical silicon diode.

After the zero offset is adjusted, the
next step is to adjust for the "full"
reading. That is accomplis hed by
changing the gain of IC2, by placing a

jumper in the "A" posi tion.
When using a sendi ng unit that de­

creases in resis tance as the tank is
filled , the " B" jumper is used. Tha t

way, after passing through R2 and an
inverting amplifier, the higher send ­
ing-un it voltage fro m an "empty"

continued on page 40

FIG. 7-THE VACUUM GAUGE uses a Sensym SX30DN solid-state vacuum /pressure
sensor to monitor the intake-manifold vacuum during engine operation. Between 0 and
30 inches of mercury can be displayed.
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Send For Your
Catalog Todayl

Practical Training...
AtYour Own Pace.

Through CI E, you can train for your
new career while you keep your pres­
ent job. Each course allows a gener­
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CIEoffers
several courses which start at the

"--intermediate level. "

"State-Of-The-Art"
Facilities & Equipment.
In1969, CIE pioneered the first elec­

tronics laboratory course, and in1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE's state-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge-it'syours to use while
you study at home and on the job after
you complete your course!

Earn Your Degree To
Become A Professional

In Electronics!
Every CI Ecourse you take earns you

credit towards the completion ofyour
Associate inApplied Science Degree, so
you can work towards your degree in

stages. And CI Eisthe only school that awards you
for fast study, which can save you thousands of
dollars inobtaining the same electronics education
found in four-year Bachelor's Degree programs!
Write for details today!
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Personal Training From A
Renowned FaCUlty.

Unlike the impersonal approach of largeclass­
room study, CIE offers you one-on-one instructional
help 6 days aweek, toll-free. Each CI Elesson is
authored by an independent specialist, backed by
CI Einstructors who work directly with you to
answer your questions and provide technical assis­

tance when you need it.

If you'reanxious to get ahead ...and
build a real career...you owe it to

yourself to find out about the Cleveland
Instituteof Electronics!

CI Ecan help you discover your
career potential inthe fast growing
field of high-tech electronics. A career
that will challenge and excite you
every day...reward you with a powerful
feeling of personal accomplishment...
and deliver a'ievelof financialsecurity
you may have only dreamed of before!

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

A Growing Need For
Trained Professionals!

Thecareer opportunities shown here
are only a few of thechallenging, high­
paying careers you could enjoyas an
electronics technician.

You could be the"brains"behind the
scenes of an exciting TV broadcast...
trouble-shoot life-saving medical equip­
menLdesign exotic new aeronautics
systems...CIE'sjob-oriented programs
offer you the quickest possible path to
the career of your dreams! And CIE also features
military and union re-training, tobuild on what
you already know.

Dozens Of Fascinating
Careers To Choose From!

Even if you aren't surewhich career is best for
you, CIE can getyou started with core lessons
applicable to allareas of electronics. As you
advance, CI Emakes job opportunities available
toyou through thebimonthly school paper,
The Electron.



Note: The following items are
available from Dakota Digital ,
11301 Kuhle Drive , Sioux Falls,
SD 57107 (605) 332-6513: a PC­
board set for each gauge (in­
cludes main PC board and dis­
play board) is $6.95. A parts kit
for each gauge (includes PC
boards, components, and man­
ual) is $29.95. Each gauge as­
sembled and tested is $39 .95.
Stock numbers are as follows:
voltage-gauge kit # 2005-KIT,as­
sembled and tested # 3005­
UNIT; oil-pressure gauge kit
# 2006-KIT, assembled and test­
ed # 3006-UNIT (order oil -pres­
sure sender sepa rately); water­
temperature gauge kit #2007­
KIT, assembled and tested
# 3007-UNIT (order water-tem-

- perat u re-sender s eparafely ) ;
m iscellaneous temperature
gauge kit # 2008-KIT, assembled
and tested # 3008-UNIT; fuel­
gauge kit # 2009-KIT, assembled
and tested # 3009-UNIT; vac­
uum-gauge kit # 2010-KIT, as­
sembled and tested # 3010-UNIT
(order vacuum sensor sepa­
rately). Oil-pressure sender
(#15G5), $15.50; water-tempera­
ture sender (#14Gll), $5.50; vac­
uum sensor (#69G18), $19.95;
RCA CA3161E dr iver (#69G16),
$1.95; RCA CA3162 AID convert­
er (#69G15), $7.95 . All orders
add 4% shipping and handling
($1.50.minimum), Visa and Mas­
tercard accepted.

reading is offset by R8 to produce an
output at pin 14 of IC2 that is near
0.41 volts . Divided down to 0 .21 volts
by RI 4 and R15, the output at pin I of
IC 2 is at the proper 0 .21-volt zero
reference. The "empty" voltage is ad­
ju sted by R19. Components R20 and
C3 are used to average the input volt­
age to avoid erratic readings caused
by the sloshing of gasoli ne in the fuel
tank . The zero adj ustment of the AID
converter is set by R17, and LED I ,
with an appropriate lens, is used as a
" FUEL" annunciat or.

Temperature
Th e miscell aneou s temperature

~ gauge, shown in Fig. 6, di spl ays tem­
z perature by measur ing the voltage
~ drop across a typical si licon diode,o which is determined by the formula
~ V 0 = 2mV per degree Celsi us, where
6 V 0 is the voltage drop. Because the
(5 temp erature gauge is cal ibrated to
C? read out in degrees Fahrenheit , the

40

input, the reading will rise. Just the
opposite happens as the diode cools.

Resistors RI3 and RI4 form a volt ­
age-divider network that provides a
reference of 0 .9 volts for the second

MISCELLANEOUS
TEMPERATURE GAUGE

All resistors are %-watt , 5%, un­
less otherwise ind icated.

R1-R4, R9,R10, R15, R1 6--not used
R5--2200 ohms
R6--6800 ohms
R7-1000 ohms, PC-mounted trim­

mer potentiometer
R8-470 ohms
R11- 10,000 ohms, PC-mo unted

trimmer potentiometer
R12-10,000 ohms
R13-1000 ohms
R14-220 ohms
R17-50,000 ohms , PC-mounted

trimmer potentiometer
Capacitors
C1-47 IJ.F, 25 volts, electrolytic
C2, C5--10 IJ.F, 35 volts, electrolytiC
C3, C4-not used
C6--0.33 IJ.F, 50 volts, stacked film
Semiconductors
IC1-LM340T-5, 5-volt regulator
IC2- CA3132E, AID converter
01, D2-1N4002 diode
Miscellaneous: 43821 main PC

board, 1N41 48 diode for tempera­
ture probe, 3-digit display board,
coax cable, in-line fuse holder, 1­
amp fuse , four 6-32 x 0.625 "
standoffs , e ight SAG- in ch # 6
screws, bronze or red plexiglass,
mounting hardware, hookup wire.

full 180 mill ivol ts lower than at 32
degrees, the gain control of the AID
converter compensates for that. The
compensatio n also allows the con­
verter to have an adjustment window
so tolerance effects can be cal ibrated
out. Looking at the remaining circuit­
ry, C5 isused to fi lter the input voltage
for stable readings. Resistors R6, R7,

continued on page 6/



DIRECTIONAL
MICROPHONE

TH ERE A RE SEVERAL WAYS TO CA PTURE

and listen to sounds at a distance .
Obviously, you could always set mi­
crophones at a location of interest ,
and transmit the sounds by wire or
radio to your position . However, that's
not always convenient or practical in
certain cases of surve illance, or when
dealin g with bird ca lls or anima l
sounds .

Another option is to use a sensitive,
directional micr ophone s imilar to
those used in network TV broadc asts
of football or other sporting events.
Such microphones typically have par­
abolic reflectors for focusing sound
onto them . The microphone we'll de­
scribe here uses a different approach ,
yet is perfect fo r lon g-distance
monitoring or surveillance.

- -- -

Theory
The major criteria that determ ine

microphone performance are direc­
tional sensitivity and frequency re­
sponse (bandwidth). Just as frequency
respon se and directional sensitivity in
antennas are changed by varying the
lengths , diameters , and relative an­
gles of metal radi ators or reflectors ,
the analogous characteristics of mi­
crophones can be adjusted by similar
geometric variations . On e les ser
known antenna type , normally used in
microwave applic ation s, is the horn
antenn a. The horn microph one pre­
sented in this articl e is designed using
analogous principles which could, in­
cidentally, also be applied with equal
validity to the design of a loud­
speaker, for reason s discu ssed below.

A very helpful concept in either
acoustic or electromagnetic design is
to think of a microphon e , loud­
speaker, or antenn a, as just a trans­
ducer. This concept can be extended
still further; if you consider a trans­
ducer of wave-propagated energy that
focuses such energy onto a receptor to
be a lens. Consider the similarities,
taking the antenna first, since it 's the
more obv ious . Both antennas and
lenses focus and collect electromag­
netic en ergy, th e onl y differen ce
being that light is at a much higher
frequency range , and obeys the laws
of optics. (Actually, microwave an­
tenn as al so ex hibit qu asi -optical
physical phenomena .)

Consider for a moment ; don 't both
e lectromagnetic radiati on and ligh t
exhibit the same phenomena of reflec­
tion, refraction, absorption or at ­
tenuation , and polarization? And in

!iUPER

like fashion, acoust ic energy also ex­
hibit s the same phenomena. Just as
antennas are electromagnetic lenses ,
so too are microphones and lou d­
speakers acoustic lenses.

Not only are microph on es and
loudspeakers acoustic transducers or
lenses , but also acoustic filters . Just as
all filters have frequency and phase
response , so too do microphones and
loudspeakers. However, here , as with
antennas, two types of filtering occur:
directional and frequency.

Another term for directional sen­
sitivity is direct ivity, often a desirable
trait, since it prevents spurious sound
from entering from undesired direc­
tions. A microphone with uniform di­
rect ivity is termed omnidirectional;
however, flat directional response
doesn ' t im pl y flat frequency re­
sponse . A microphone can either have
a flat response over the audio spec­
trum (20 Hz-20 kHz) , or be tailored
for greater sensitivity over specific au­
dio bands . The acoustic horn pre ­
sented here has very high directivity
over the entire audio spectrum.

The last property microphones and
speakers have in common is re-

DALE B. BLACKWELL

A novel
super-directional
microphone that

outperforms many
costly commercial

designs.

ciprocity, which lets a mic roph one
work equa lly well as a loud speaker of
identical de sign, both direct ion all y
and in frequency respo nse; this prop­
erty also holds true for antennas .

Different microphone types
Most microphones are omnidirec­

tional , as shown in Fig. I. Figure I-a
shows the basic shape of an om­
nidirectional micropho ne wi th the
main axis, while Fig. I-b shows a
linear polar plot of relative sensitivity
P(S) (dynes/c m-) as a function of an­
gie S about the main axis; all curves
are normalized to I at the peak of the
main beam. The main bea m can be at
any angle, although it's normally de­
picted at 0°. If several peopl e sit
around a tab le, an omnidirectional
microp hone at the center will pick
them all up equally well. Any plane
that passes through the main axis will
exhibit this sensitivity respo nse.

The second most common micro­
phone type is the cardioid , shown in
Fig. 2-a, which has greater directivity ~

toward the front over most of the audio ~

range. The sensit ivity pattern shown cD
in Fig. 2-b looks like the mathemati- ~
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phone; all para lle l rays , wherever they
strike the curve , are reflected to the
foca l poin t , where the microphone is
located . Paraboli c mic rophones are
also especially di rect ive at higher au­
dio frequen cies, as shown in the sen­
sitivity pattern s of Fig. 4-b .

As shown in Fig . S-a , the lin e
(sho tgun) mic rop hon e is a no the r
co mmerc ial directi ve vers ion, albe it
not quite as focu sed as a parabol ic
reflector. The line microphon e has ei­
ther a single long tube with space d
openings , or severa l tubes of increas­
ing length , in front of the microphone
eleme nt. The sens itivity pattern s in
Fig. S-b aren ' t for d iffering freq uen­
cies , but for different tube length s ,
bei ng integral mult iples of A/2, or half
a wavelength.

FIG. 4- THE DIRECTIVITY OF A parabolic
reflector microphone increases with fre­
quency. In (a), the incident parallel rays
converge to the microphone at the focal
point. In (b) are shown linear polar plots of
acoustic power at fou r frequencies.

b

FIG. 5-A LINE (SHOTGUN) microphone
becomes more directive as the length of
its tubes increase. It's not as directive as a
parabolic ref lector, and either has one
long tube with spaced openings, or sev­
eral tubes of increasing length each with
one opening, right in front of the di­
aphragm.

180?

a

Increasing directiv ity
Experime nting with basic micro­

phone directivity patterns yield more
specialize d desi gn s that are much
more sens itive from the front. Figure
4-a shows a paraboli c reflector micro-

0'

from the audience . The power func­
tion is of the form :

P(8) = Pref[1 +cas(8)],
= 2 x Prefcas2(8/2).

At e= 0°, the sensitiv ity is max­
imized . The sens itivity goes to zero (a
null ) at e= 180°.

The ribbon e le me nt microphon e
shown in Fig . 3-a is the indu str y stan­
dard , well-know n from all the photos
of radio stars in front of them . It 's
se nsit ive fro m both front and rear,
producing the figure -8 pattern show n
in Fig . 3-b. A micro phone that pick s
up equally well in oppos ite directi on s
is advantageous in a talk show where
the gue st sits oppos ite the host.

FIG. 3-A BIDIRECTIONAL microphone,
shown in (a), is un iformly sen siti ve to
sound from fro nt and rear, but less sen­
sitive from the side; the main axis is the
same as that for a cardioid microphone.
Note , however, that P(fl) in (b ) has two
lobes, not one , with two maxi ma and two
minima (zeros, or nulls).

0'

,.~

'\...'80'a

FIG . 2-A CARDIOID MICROPHONE,
shown in (a) , has greater sensitivity from
the tront ithan the rear. The 00 and 1800

directions are along its main axis, point­
ing through the main face. The so und
pressure sensitivity P(fl) show n in (b) was
taken through a plane normal to the main
axis.

ca l cur ve ca lled a cardioid (heart­
shaped) , hen ce the name . An or­
ches tra in a night clu b might use a
ca rd io id mic ro pho ne so th at only
thei r music is picked up, not sounds

180'
b

FIG. 1-AN OMNIDIRECTIONAL mic ro­
phone, shown in (a), has uniform direc­
tional sensitivity to sound pressure P(fl);
the main axis is out the indicated. In (b) is
shown a polar plot of direct ional sen ­
sitivity; the response is identical in any
plane through the main axis.
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MICR0Pl10NE

FIG. 10-THE PROTOTYPE HORN WAS
made from corrugated cardboard; a re­
movable extension with larger mouth and
a carrying handle was added . At high au­
dio frequencies, the walls ref lect short
wavelengths of a few inches or less to the
diaphragm, to optimize directivity.
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FIG. 9-RELATIVE ACOUSTIC resistance
for several horn microphones of size and
bandwidth similar to Fig. 6. Each works
just as well as a loudspeaker by re­
ciprocity, with the exponential, hyper­
bolic, and conical the most common.
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Construction
The horn presented here can be

made using low-cost material s and a
little time . Because sound pressure
waves exert low force, light -weight
materi al s can be used . Figure 10
shows the prototype , made from cor-
OPEN MOUTH BASIC

OF HORN HORN HAN OLE

formation curve as cutof f frequency is
approac hed, with a smoo th transition
from a high-direct ivity pattern to one
of lower di rectivity. Such smoo th
transitions are more desirable than the
abrupt low-frequency cutoff of both
expone ntial and hyperbolic horns.

In the hom of Fig . 6-a, the transi­
tion from square horn to receptor is
smoo thed into a cone using modeling
clay. At the higher audio frequen cies,
the co nica l walls refl ect the short
wavelengt hs (a few inches or less)
down to the microphone diaphragm , '
helpin g to optimize high-end audio
directivity for a narrower beamwidth .

FIG. 7-AS HORN MOUTH SIZE increases
rel ati ve to wavelength, direct ivity in­
creases, si nce aud io wavelength is com­
p arabl e t o mouth size . Shown are
directional patterns of decreasing beam­
width, for four horn diameters relative to
A.

HORN DIAMETER

•• ii

FIG. 8-ANOTHER WAY TO ACHIEVE di­
rect ivity in a horn microphone is to in­
crease length versus mouth size , requir­
ing that horn ang le a be reduced.

Horn s of different shapes are com­
monly used as loud speakers , with the
exponential, hyperb olic, and conic al
version s the most common , in that
order. Horns are uniquely able to
transform and match acoustic imped­
ances . The horn loud speaker is an
acoustic tran sform er, changing large
pressures and small volume currents
in the thro at to small pressures and
large volum e current s in its mouth ;
horn microphones do the reverse.

As shown in Fig . 9, the conic al
horn has a gradual impedance-trans-

Hz to a few hund red Hz, the wave­
le n g t h s are ove r a fo ot. A t
f = 1.115483 kHz, then X. = I ft, so the
l-foot diameter horn presented here
should be qu ite directive at that fre­
quency. Figure 7 shows additional di­
recti vity patterns , but not for explicit
frequencies. Note that those patterns
are for various mouth sizes relati ve to
wavel ength . As the ratio of mouth
size to wavelength increases , so does
directi vity. Anothe r way to achieve
higher directivity is to increase horn
length for a gi ven mouth size . As
shown in Fig . 8, to achieve this , the
hom angle a must be reduced .

r'
180' t
-~~:::::::---~

t

a

Horn microphone
The high directivity of all horn mi­

crophones stems from phasing and
pressure effects, making the volume
at the receptor greater from the front,
than from the sides or rear. The
mouth, length , shape , and frequency
range to be recei ved , all determine the
directivity. One reason for the high
directivity is that audio wavelengths
are made comparable to the mouth
size. The relation is X. = Cl], where X­
is wavelength (em), C is speed of
sound (340 m/s), andfis frequency in
Hz .

Since I ft = 30.48 em, then from 20

12"----l

•••1 kH z 4 kHz 7 kHz

b

Both the reflector and line micro ­
phones are directive, but neither com­
pares with the narrow beam of the
horn shown in Fig. 6. Figure 6-a
shows the geometry of the basic horn
she ll for the horn microphone pro­
totype, without the screw-on exten­
sion piece , whil e Fig 6-b shows the
direc tivity patterns for different fre­
quencies .

All microphones, of whatever type,
work equally well when the same
basic shape is used in a loudspeaker
due to reciprocity. The narrow beam
of a horn stems from the ability to
matc h the impedance between a small
micro phone diaphragm and free air,
mak ing the sma ll microphone di­
aphragm (or receptor) seem as large
as the mo uth of the horn.

FIG.6-HORN MICROPHONES ARE VERY
direct ive; they match acoust ic impedance
from diaphragm to open air. In (a) are the
prototype dimensions; the narrow beam­
width makes the recepto r act as large as
the mouth, due to phasing and pressure
effects, so the incident vol ume is greater
from the front, than sides or rear. In (b) are
di rectivity plots fo r 1, 4, and 7 kHz.
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FIG. 12-WHEN MOUNT ING THE mic ro­
phone in the horn, the washer aperture
should be at least 75% of the diaphragm
diameter. The modeling cla y sm oot hed
the transit ion from the square ho rn to the
washer opening, so that the so und wasn't
restricted from reaching the diaphragm.

BASE DF HORN

STIFFENING RIBS
;/ \I T

24" 11"

1 1

I" 24" .. I
CUT 4 PIECES

(DIRECTION OF
CORETUBES)

FIG. 14-HORN EXTENSION CUTOUT; the
ribs stiffen the cardboard . The ext ension
slips over the horn, extending its length
and expanding its mouth, and two 1/4-20
screws with washers hold both together.
The mouth is now 2 x 2 ft, one wavelength
across at f = 557.742 Hz, matching wave­
lengths down to lower audio freque ncies,
improving directivity, raising the pressure
level by 3 dB , and prov iding better low­
frequency pick-up, since imped ance
matching is improved.

Testing
The preliminary tests were con­

ducted at a large parkin g lot at a local
beach . In actual use , aim the horn in
the direction of the desired sound, and
plug the microphone into a tape re­
corder, allowing playback later on. In
evaluating the prototype, all test s
were recorded to allow detailed sound
pressure evaluatio n of an individual

(Continued on page 52)

DUCT TAPE

FIG. 13-A CLOSE-UP VIEW OF THE EXTERIOR of the neck. The carboard is tapered,
producing an opening of proper size for the microphone, and the microphone is inserted.
Note the silvery ring at the base of the horn, just behind the base of the horn. The bottom
of the microphone protrudes from the base of the horn, and was sealed mechanically and
acoust ically wi th duct tape , while the base of the horn was sti ff ened with electrical tape.

square horn to the round washer open­
ing, so the sound wasn't prevented
from reac hing the dia phragm . The
washer needs an opening at least 75%
of the microphone diameter. Figure 13
shows a close-up view of the exterior
of the neck of the horn . You can see
how the cardboard is tapered to pro­
duce an opening of the proper size for
the microphone , and how the micro­
phone is inserted.

Note the silvery ring at the base of
the horn in Fig . 13, just in front of
where the microph one apparent ly
ends . The base of the microph one
protrudes from the base of the horn ,
and is sealed mechanically and acous­
tically with duct tape . The extension
in Figs. 14 and 15 slips over the front
of the basic horn , to extend the length
and expand the mouth, and two 1/4-20
screws with washers hold both sec­
tions together.

By adding the extension, the mouth
was increased in size from I X I ft to
2 X 2 ft, quadrupling the area. Also,
the new size is one wavelength across
at f = 557 .742 Hz, matching wave­
lengths down to lower audio frequen­
cies and increasing directivity beyond
that of the basic horn alone . The
larger diameter and greater total area
improves pick-up, rai sing the the­
oretical pressure level by 3 dB . In
practice, the horn picks up more at
lower frequencies because the imped­
ance matching at those frequenc ies is
improved .

j
I

MICROPHONE

HORN

FACE OF
MICROPHONE

CORRUGATED
CARDBOARD

OF HORN

MODELING CLAY WASHER

\\

FIG. 11-HERE'S THE CUTOUT FOR ONE
side of the basic horn; note the di recti on
of the corrugated ribs. The edges have
slight curvature so the sides have added
strength, and don't resonate easily. The
edges were taped, and paper glue was
used on the inner and outer corners. The
small end was cut to a 1-inch dia meter, and
the microphone slides in and is held by
the four sides. A metal washer slipped
into the throat face acts as a stop, yet lets
the sound reach the diaphragm.

rugated cardboard , cut to the correct
size and glued together, with a carry­
ing handl e added . The horn was con­
structed, assembled, and tested; then ,
a removable extension was added to
gauge the benefits of a larger mouth .

The basic horn was built with four
sides from the pattern in Fig. II. The
edges have slight curvature for addi­
tional strength, so they won 't resonate
easily. The edges were taped eriough
to hold them in place , and simple
white paper glue was applied to both
the outside and inside corners. The
small end was cut to a 1-inch diameter,
lettin g the microphone slide in and be
held by the four cardboard sides . A
metal washer slipped into the throat
against the microphone face acts as a
position stop, while letting the sound
reach the diaphragm.

As Fig. 12 shows, modeling clay
smo othed the tr ansition from the
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LAST MONTH WE INTRODUCED YOU TO THE LAWN RANGER , THE

world's first personalrobotic lawn mower. For those of you who
missed last month 's issue , the Lawn Ranger is a computerized
robot that can cut grass by itself. All you have to do is cut a
boundary around the perimeter of your yard and around any
obstacles using the manual controller, switch the mower to
automatic, and watch in amazement as it completes the job.

This month
we discuss the

motor-controller board.

uild
the ·L a 1Nn

_ Control system
',' . Let :~. quickly review the block diagram of the electronic
" control system shown 'in fig . 1. The grass-sensor as­

sembly is used to detect the position of cut and
ttncut grass that lies beneath.the.Lawn.Ranger. _ ""-F-~_'"

.That information is amplified on the motor-
controller board and tHen forwarded to the
Centril1 Processing , Unit (CPU). The
GP.U will calculate the steering direc-

.:tion.and send it to the motor-control­
-. , ler board . The motor-controller and

power- switch ing ci rc uit ry wi ll
steer the robot in the direc tion
defined by the CPU by varying
the speed of the rear dri ve
wheels. If the right wheel is
made to spin faster than the left

. -, heel , the robot will steer to
tne leff- just as a ta~k works .
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fast , the velocity-feedback signal will
cause the error voltage to decrease and
less power will be delivered to the
drive motors .

The PWM circuitry is used to

PARTS LIST

MOTOR-CONTROLLER
All resistors are Y4-watt, 5%, un­
less otherwise indicated.

Rl , R93-two 16-ohm , t-watt re­
sistors in parallel

R2, R16, R28, R41-22,000 ohms
R3, R17, R21, R25, R43, R55, R56,

R59, R60, R73, R83, R86, R90-­
100,000 ohms

R4, R5, RiB, R19-2200 ohms
R6, R30, R38, R39, R44, R45, R47,

R50, R108, Rl.10, R112, R115-1
megohm .

R7-806,OOO ohms, 1%
R8-402,OOO ohms, 1%
R9, R26, R27, R52-200,OOO ohms,

1%
R10--150 ,OOO ohms
Rll , R23, R46, R53, R54, R62, R65,

R69, R72, R75, R78, R79, R84,
R89--10 ,OOO ohms

R12-499,000 ohms, 1%
Rls-:-..180,OOO ohms
R14-604,000 ohms, 1%
R15-4500 ohms, 1%

achieve high-efficiency power ampli ­
fication. The technique allows the
+ 24-volt supply to be switched (ap­
plied and then removed) from the
drive motors for the sake of increased

R20--2.7 megohms
R22, R36, R48-220,OOO ohms
R24-82,OOO ohms
R29--680,OOO ohms
R31-R35 , R37 , R104-R106,

R117-R200-not used
R40, R42-68,OOOohms
R49-820,OOO ohms
R51 , R57, Rl09 , R111, Rl13, Rl14,

R116-8200 ohms
R58, R61-39,OOOohms
R63, R64, R81, R82, R94-1000

ohms, 1%
R66, R68, R74, R87-270 ohms
R67, R70, R77, R80--3300 ohms
R71 , R76, R85, R88-2700 ohms

(with 0.1 p,F capacitor in parallel,
see text)

R91 , R92, R107-jumper
R95, R98, R102-3900 ohms, 8-pin

SIP resistor network
R96, R97, R99-Rl01 , R103-2200

ohms, 8-pin SIP resistor network
R201, R202-2000 ohms,

potentiometer
~203-10,OOO ohms, potentiometer

efficiency. The"on" and" off" times
are precisely controlled and the effect
on the motors is the same as if a lower
voltage were continuously applied to
them .

Capacitors
ct.C5, C7, Cl0, en,C16,C18-C21,

C26, C42, C47-C51-Q.l p,F, 50
volts

C2, C4,ca.C15,C43-C45-0.01p,F,
25 volts, disc

C3, C9, C27-C4l-l p,F, 35 volts,
electrolytic

C6, C17, C46-100 p,F, 35 volts, elec­
trolytic

C12-C14, C22-o.002 p,F, 25 volts
C23-C25-10 p,F, 16 volts,

electrolytic

Semiconductors
IC1, IC12-IC14-74LS14N hex

inverter
IC2-74LS74N D-type latch
lC3, IC11-not used
IC4, lC7-LM324 op amp
lC5, lC6-LM2907N-8 frequency-to­

voltage converter
IC8-LF13202 analog switch
IC9, lC10-UC3637N pulse-width

modulator
IC15, ICl8-LM339 comparator



FIG. 2- THE MOTOR-CONTROLLER BOARD is used to control the speed of each drive
whee l and to amplify the grass-sensor signals.

IC16, IC1 7-ULN2081A transistor
array

IC19, IC20- 0 PB822S dual opto
module

01-03, 0 6-011, D13, 0 15, 0 17,
02Q-022-1N4148 diode

04, OS, 012, 014, D16, 018, 019­
not used

Q2, Q3, Q5, Q6, Q8, Q9, Q11-Q16-
2N3904 transistor

Q1 , Q4, Q7, Q1D-2N3906 transistor
Other components
J1-20-pin 10C connector
J2-notused
J3- 10-pin 10C connector
J4-16-pin 10C connector
Miscellaneous: PC board, IC sock-

ets (two 8-pin, nine14-pin, three 16­
pin, and two 18-pin), jumper wire,
solder, etc.

MOTHERBOARD
PC board; P21 , P23--44-pin edge
connector; P22- 50-pin edge con­
nector

Note : The following items can be
purchased from Technical Solu­
tions , Inc., P.O. Box 284 ,
Damascus, MD 20872 (301)
253-4933: PC boards for the
CPU, motor-controller, power
board, and motherboard, $39
each; programmed EPROM, $39
(contains computer program
and firmware license) ; grass
sensors, $8.99 each; hand-held
manual contro ller kit, $39; full
CPU-board kit, $129 (includes
EPROM, PC board, and all
parts); full kit for motherboard,
$69 (contains PC board and all
parts); kit for power board, $149
(contains PC board and all parts
except DC/DC converters) ; full
kit for motor-controller board,
$169 (contains PC board and all
parts); Lawn Ranger demo VHS
tape, $19 (refundable for orders
of $100 or more). Please add $8
for 5 /H (U.S. orders). Maryland
residents add sales tax.

0 /A converter
Figure 3 shows a detailed sche ­

matic diagram of the motor-controller
board . The O/A circuit uses op-amp
IC4-b , which is basically an inverting
summing amplifier that adds the volt­
ages from data bits OAO-OA5 . The
lower the ampli fier input resistance,
the higher the ga in for that particular
data bit line . The resistance (and ga in)
used to couple the six data lines to the
input of the summing amplifier will
vary by a factor of two. For instance ,
the resistance at OAO (R12 and R20 )
will be twice as large as the resistance
at OAI (R6 and RI4), which will be
twice as large as OA2 (R7), etc . That
allows the magnitudes of each binary
number to be properly weig hted with
respect to each other. A sma ll bias
voltage is applied through Rl 3 and
R203 into the summing junct ion to
force the 0 /A output to swing both c:
positive and negative. Potent iometer ~

R203 will adju st the level of the 0 /A <0

Text continued on page 71 s
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The days of LED indicators and segmented displays are
numbered. Now you can add an alpha-numeric LCD to your home project

easily and inexpensively.

STEVEN AVRITCH

print. We have therefore put Listing 6
in this seco nd half of the article,
shown below.

Hardware interface
There are a variety of ways to inter­

face an LCD module to a host pro­
cessor or microcontroller. A micro­
co ntro ller suc h as a M oto rol a
MC68705 (see Radio-Electronics ,
September 1989, for information on
the MC68705) is easy to inter face
with because it has port pins that can
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LAST MONTH WE BEGAN OUR DISCUSS ION

on alpha-numeric LCD 's, and showed
you how to use them in your own
designs. We showed you how they can
eliminate components and intercon­
nections when used instead of 7-seg­
ment displays. Let's finish up now, so
that you can actually use one in your
next project.

Last month
Before we begin , though, there is

something from the first half of this
article (Ra d io-Elect r on ics, June
1990), that should be pointed out. At
the end of the story, we had said that
once the display has been proper ly
initialized, the ASCII codes must be
written to the display with a series of
Data Write operations. We told you
thatthe "SET DD RAM ADDRESS"
command must precede the data oper­
ations to ensure that the data goes to
DD RAM and not CG RAM, and that
data writes to CG RAM must be pre­
ceded by a "SET CG RAM AD­
DRESS" command. As an example,
we said that the routine in Listing 6
wo uld display the message
" PLANE," assuming that the user­
defined Character Generator RAM
was set up as defined in Listing 5.
Well, List ing 5 did appear in that arti­
cle, but Listing 6 never made it to

JSR
LDA
JSR
LDA
JSR
LDA
JSR
LDA
JSR
LDA
JSR
LDA
JSR
LDA
J SR
LDA
JSR
LOA
JSR
LDA
JSR
LOA
JSR

INIT
#$80
CONTROL
#$02
CONTROL
'P'
DISLET
'L'
OISLET
'A'
DISLET
' N'
DISLET
'E'
DISLET

OISLET
#$02
DISLET
#$01
DISLET
#$00
DISLET

be dedicated to the LCD module. A
processor that does not have dedi­
ca ted port pin s requ ires a small
amount of additional decode logic in
order to establish the LCD module as
an I/O device.

LCD mod ules with an on-board
HD44780 LCD contro ller chip have
two hardware interface modes: a 4-bit
mode and an 8-bit mode. In the 4-bit
mode, each data byte is transferred to
the LCD module with two write oper­
ations. Thed-bit mode utilizes only

LISTING 6

INITIALIZE DISPLAY
SET UP FOR DO RAM WRITES

RETURN OIPLAY TO HOME POSITION

\
\

\
\

\
\ LOAD AND DISPLAY EACH LETTER
/ OF THE WORD 'PLANE'

/
I

I
/

I
ASCII CODE FOR AIRPLANE TAIL SECTION

ASCII CODE FOR AIRPLANE BODY SECTION

ASCII CODE FOR AIRPLANE NOSE SECTION
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FIG. 5-TO INTERFACE A MICRO­
CONTROLLER to a HD44780-based LCD
module, simply connect the control and
data lines of the module directly to the
port pins of the microcontroller.

b

FIG. 4-THE TIMING REQUIREMENTSfor the a-bit mode (a) and the 4-bit mode (b).

the upper four dat a -bus lines saving of four data-bus lines. The 8-
(OB4-0B7). In the 8-bit mode, data bit mode is slightly easier to interface
bytes are transferred with a single with (with respect to software), so you
write operation which saves time by should therefore use the 8-bit mode
usin g a ll e ig ht data-bu s lin es unless the proj ect that you ' ve de-
(OBO-OB7). The only advantage to signed uses a microcontroller that has
using the 4-bit interface mode is a a limited number of available port

pins. Figure 4 shows the timing re­
quirements for both the 8- and 4-bit

ORDERING INFORMATION mode.
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The following items are available
from Simple Design Implementations
(SOl), P.O. Box 9303 , Forestville , CT
06010 (203 ) 582·8526 : Ex per i ­
menter'skit (contains 16x 1OPTREX
LCD modu le , programmed
MC68705P3, cont rast-control poten­
tiometer, PC board, IC socket, soft­
ware listings, schematic, and instruc­
tions) , $29.95 + $3 8 tH ; Same
experimenter's kit with 40 x 1 display,
$39 .95 + $ 3 S/H ; Programmed
MC68705P3 and ins t ructi ons,
$15.95 + $2.50 8tH.

IE' lAS- IH- SAME AS 8 BIT MODE

Microcontroller interface
Interfacin g a microcontroller to a

H044780-based LCD module is as
simple as connecting the control and
data lines of the modul e directly to the
por t pin s of the microcon troll er as
shown in Fig. 5. Note that Rl is the
contrast-control potentiometer for the
display.

Microprocessor interface
Interfacing the H044780-b ased

LCD module to a processor (such as
the Zilog Z80 8-bit CPU) requires

some additio nal logic as shown in
Fig. 6 . That logic establishes the LCD
module as being an 110 device in ad­
dition to providing the required setup
time on the RS line (The RS line must
be stable for 140 nanosecond s before
the ENABLE line is strobed). In that
configuration , the LCD module is ac­
cessed using "IN" and "OUT" in­
struction s for reads and writes
respectively. Data operations are dis­
tingui shed from control operations by
the address of the 110 operation with
address 00 (hex) being a control oper­
ation and address 01 (hex) being a
data operation. The 110address of the
LCD module can be changed very
easily by changing the chip-select de­
code logic .

Sample project
The prototype display module has

been incorporated into an automated
check list for airplane pilots. The
c heck - l i s t p r oj ec t u s e s a n
MC 6 8HC701 (si mi lar t o th e
MC 68705 ) for th e host mi c ro­
controller, a se ries of pushbutton
switches for scrolling up and down
the check lists , and a small beeper
that sounds every time a button is
pressed . The LCD is 16 characters E
wide by 2 lines for a total of 32 ~

characters. Since the current draw of co

the LCD was less than the load ca- ~
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FIG. 6-INTERFACING THE HD44780-BASED LCD module to a microprocessor requires
some additional logic.

MICROPHONE

continued fro m page 44

speaking, in a nor mal voice , 100 ft
from the mo uth . The resultant record­
ing was quite intelli gible even above
seag ulls sq uawki ng overhead , the
surf, and ca r noises 500 ft away.

Th e high er aud io frequenc ies so
necessar y for speech inte ll ig ibi li ty
tend to be very directi ve. No ticeable
roll-off occur red 5° away from th e
main axis of the horn ; in fact , speech
wasn 't understandable when the horn
micropho ne wasn 't pointed di rectly at
so meone . Beyond 10-15° off-ax is, a
voice vanished completely into back­
gro und noi se . However, seag ulls and
birds 75-100 ft away so unded like
they Were 2 ft in front of a- regula r
microphon e .

BASIC
HORN MICRO PHONE HANDLE

STIFFEN ERS HORN
EXTENSION

Surprising ly, the extens ion didn 't
reall y improve direct ivity, and appar­
ently wasn' t worth the effort, given
the tim e and effort needed , as we ll as
its size. Frequency respo nse tes ts wit h
polar pattern measurements would be
needed for verification of this , and to
optimize the extension performance.
However, recording bird ca lls and ani­
mal so unds is a perfect applicatio n for
thi s horn, since both the horn and
exten sion are sma ll enough for field
use , and give excellent per form ance
over the full audio range . R-E

FIG. 15-HERE'S THE COMPLETED
HORN MICROPHONE. At the top is the
receptor microphone, then comes the
basic horn, and lastly, the horn extension
is shown with its support ribs.

+5V

THE TEMPERATURE IN
STEVE'S ROOM IS75°

LCD DISPLAY MODULE

As a sugg estion for your ow n proj­
ect using an LCD module , why don 't
you try to bu ild a multi-zon e ther­
mo meter that di spl ays temper atures
throughout your hou se with simple ,
non-cryptic mess age s. For example,
you could d ispl ay " THE TEMPERA­
TURE IN STEVE' S ROOM IS 72°."
A blo ck diagram of such a proj ect is
show n in Fig . 7. R-E

ADDRESS BUS

TEMPERATURE __----~
SENSOR

TEMPERATURE .._- - ---.j
SENSOR

A152-

A1 4~ ~ Voo
A13 ,.L

R1 ~ Vo
A12 ,.L 10K- 20K

A11u, ~ Vss
A10 r1Q- -=
A9~ I/OADDR (00HEX) - INSTR.

A8~ I/OAoDR (01 HEX) - DiVA

A7R- CHIP SELECT
a, LOGIC

A6

A5~ /~34 (A1- A7) LCD SELECT
A4

~C LCD
A3~ MODU LE

zao CPU A2.R-
A1~

AO 30 AO 4 RS
07 13 14 DB7

- -
06 10 _. ._- - --- --- - ---13

DB6
05 9 12 DB5
04 7 -- 11 DB4
D3 8 10 DB3

D212 9. DB2
D1 15

8 DB1
DO 14 7 DBO

-11 WAiT M1$L
~ MREOua, [LJINT --..-E NMI IORO~
~ RESET RDa.... - ) 5 fWJ
~ 22 4r-'"'+5VBUSRO WR 2
-...§.. t>CLK RFSHa 1 0 PR

O~Er1&- CLHALT
I--

BUSAK~ 74LS74

3 C at-

pability of the port pin s of the micro­
contro lle r, the LCD is powered di­
rec t ly f rom a po rt pin o f th e
microcontroller. That allows the con­
venient feature of letting the micro­
controller power down th e di splay
when it 's not needed in orde r to con­
serve ba ttery power. It sho ul d be
noted that the entire design uses fewer
than th irty interconnect ing wires .

FIG. 7-TRY USING AN LCD MODULE to build a multi-zone thermometer that displays
temperatures throughout your house with your own custom messages.
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International radio
in the U.S.:
The shortwave ban s
preach religion, pol ti
and rook"n"roll to ­
the world.

ROC,
RELIGI

PRIVATE U.S. SHORTWAVE BROADCASTERS

are a pretty select group. Out of a total
of over 10,000 private broadcasters
under FCC control, only about 15 of
them use shortwave, or the High Fre­
quency (HF) range from 2 MHz-30
MHz . However, while this overall
number may seem small, the 1980 's
witnessed a 500% increase in U.S.
shortwave stations, which is an out ­
standing growth rate .

In the 1930's, when radio had the
potential and excitement that cable
and satellite TV offer today, many
U.S. broadcasters like GE, West­
inghouse , and the major radio net­
works tried shortwave HF, in addition
to AM. The potential U. S. audience
was sizable because many old floor­
standing living-room radios included
shortwave bands . As shortwave radio
developed, so did the potential au­
dience for it.

Then, however, came World War
II. The government soon recognized
the obvious need for an international
voice to combat Axis propaganda.
There was no time to wait for facilities
to be built, so the government nation­
alized private shortwave stations for
the first Voice Of America (VOA)
broadcasts .

In 1948, a new law governing U.S .
shortwave broadcasting made the
VOA a permanent government entity,
but encouraged private broadcasting
by forbidding a government monopo­
lyon radio, and particularly short­
wave . The law let the VOA lease
private shortwave stations from NBC
and Crosley Broadcasting; this prac­
tice continued until about 1960, when
the VOA shortwave station in Green ­
ville, NC was finished . As private
leases expired, however, nearly all
private firms opted to get out of the
shortwave broadcasting business .

The postwar U .S. shortwave au­
dience dropped drastically, mainly
due to the popularity of television ,
and the elimination of shortwave
bands on postwar home receivers . By
1960 , the only two remaining private
broadcasters were WRUL and KGEI,
although WINB was added in 1963.
That year, the FCC froze further ap­
plications for shortwave station li­
censes, until new rules could be
written to account for changes in in­
ternational shortwave broadcasting

. regulations .
That took 10 years, but afterward,

four years elap sed before KTWR be­
gan broadcasting from Guam , which

S R

GERRY L. DEXTER

went unnoticed . The first major
change came in 1982, when WRNO
Worldwide , of New Orleans, LA, be­
gan broadcasting , after which the
FCC found itself granting licenses at
an increasing rate fast. Here's a cap­
sule look at the current private U.S .
shortwave broadcasters :
• KGEI, of Redwood City, San
Francisco , CA, was owned by GE for
several years, then sold to Far East
Broadcasting Company, a worldwide
religious group. KGEI, "The Voice of
Friendship," transmits mainly in
Spanish to Latin America. It runs 50
and 250 kilowatts on 6.010, 6 .075,
6 .095, 6 .150, 7 .365, 9.615 and
15.280 Megahertz .
• WYFR, owned by Family Sta­
tions , Inc., of Oakland, CA, a large
religious group, can trace its history
back to WRUL of Massachusetts in
the 1930's . The " Voice of Freedom"
for the VOA in World War II , it moved
to NY City and worked with the anti­
Castro movement in the early 1960's .
It was owned by CBS, the Mormon
Church, and was WNYW (Radio NY
Worldwide) for years . Fami ly Sta- E
tions bought it in 1972, changed to ~

WYFR (Your Family Radio) , closed <D
WRUL, moved to Okeechobee, FL, ~
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FIG. 1-KNLS OPERATES FROM THIS BUILDING at Anchor Point, AK.

Greetings fromKNLS, theNewUfe Station. P.O. Box 473.
Anchor Point. Alaska 99556. United States of America

aired 24-hour "Super Rock" music to
, Japan, was announced in Japanese ,

and was programmed in Los Angeles,
CA . However, despite shortwave sets
being fairly common in Japan , it lost
money and was sold to Herald Broad ­
casting (WCSN). KYOI uses 100kilo­
watts in English on main frequencies
9. 670, 11.900 , 15.405 and 17.780
MH z.
• ,KFBS, the seco nd shortwave sta­
tion owned by the FarEast Broadcast­
ing Company (FEBC), whose main
shortwave station is 'KGEl , reaches
As ia with reli giou s progr am min g .
KFBS has three 100-kilowatt trans­
mitters, one formerly used by VOA,
and airs in Bu rm ese , Indonesian,
Mandarin , Malay and Vietn amese .
Main frequ encies are 7 .365 , 9 .465,
9.575,9.830,9.840 , 11.980 , 12.025,
15 .305 , and 15.375 MHz. FEBC also
has other large shortwave stations in
the Philippines and Seychelle Island s.
• KSDA, on Gu am , is owned by
Adventist World Radio, anoth er re­
ligious broadcaster. It uses two 100­
kilowatt transmitters , aimed at Asia in
several languages about 20 hours a
day on main English frequencies of
11.965 , 15.125 and 17.685 MH z .
There are smaller shortwave stat ions
in Italy, Guatemala, and Costa Rica .
• KNLS (New Life Station) , owned
by World Chri stian Broadc asting , of
Texas, started in 1983 from Anchor
Point , AK, after two staff memb ers
were killed in a plane crash, and an
arsonist burn ed down the 100-kilowatt
tr an smitter . Main frequenci es are
6 .095 , 7 .355 , 9 .535, 9 .750, 9 .870,
11.700, 11 ,820 , 11.960 , 11.930 and
II. 980 MH z. KNLS airs to Asia in
Chin ese, Japanese , Eng lish and Rus­
sian, but hasn 't reached Europe due to
severe HF absorption and refraction at
the North Pole . This occurs during
solar events like aurora , sunspots,
proton events, or geo mag netic' sub­
s to r ms , w h ic h ex pa n ds th e
ionosphere . The bottom moves closer
to the Earth , the top elevates, and the
cha rged particle den s ity increases ,
degradin g HF propagation. A picture
of the station from a listener-con­
firmation ca rd is shown in Fig . I.
• WMLK is run by the Assemblies
of Yaweh , Bethel , PA , a re lig ious
group that took two years to convert
an old 50-kilowatt AM transmitter to
shortwave. They transmit a few hours
a day on 9 .455 MHz from a converted
gas station. Programming focu ses on
the premi se that salvation awaits only

6. 185, 9 .495, 11.965 , 13.760 and
15.420 MH z.
• KYOI , owned by Marcom , Inc. ,
on Saipan in the U .S . Northern Mar­
ianas Islands , wasn 't as success ful. It

,
FIG. 3-A CONTROL ROOM OPERATOR
INSPECTING broadcast equ ipment at
KUSW, in Salt Lake City, UT.

FIG. 2-PART OF THE TRANSMITTING FA­
CILITY at WHRI in Nobelsville, IN.

and added several 100-kilowatt trans­
mitters . Besides religious programs,
WYFR work s with Taiwan as VOFC
(Voice of Free China), heard in the
U.S . and Asia. Broadcasts go around
the clock in many languages, on over
50 frequencies .
• WINB , ow ned by World Inti .
Broadcasters , of Red Lion , PA, is a
religious shortwave station. It uses 50
kilowatts, covering North Africa, Lat­
in America, Western Europe, and the
Med iterranean , in several languages ,
and broadcasts run 11 hours a day on
15.145 ,15.150 and 15.185 MHz, and
other frequencies .
• KTWR , on Guam, is run by Trans
World Radio, a worldwide religious
organization started in the 1950's . It
has four 100-kilowatt tr an smitters
covering Chin a , Indonesia , India , Ja­
pan , SE Asia, and parts of the USSR.
Tran s World also has shortwave sta­
tions in Mon aco , Swaziland , and Bo­
naire in the Dutch Antilles . KTWR
air s in Engli sh and 10 other lan ­
guages ; English frequ encies include
9.590 and 11.805 MH z.
• WRNO (Rock of New Orleans) is
owned by Joseph Costello III , of New
Orleans , LA , who also owns affiliated
AM/ FM stations there . Its early pro­
gra ms had FM simulcasts , but it's
separate now and has some 40 re-

~ ligi ou s pro gram s , including roc k,
z pop, New Orleans Saints football , and
~ other sports. WRNO showed up in
o audie nce surveys halfway across the
~ U.S ., too far away to have been the
6 AM station . It uses two 100-kilowatt
is tran smitters, programs are nearl y all
-<ex: Engli sh , and the main frequencies are
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FIG . 4- TRANSMITTING TOWERS AT
KUSW, IN Salt Lake City, UT.

broadcast station licenses unless ap­
plicants can prove there's a real need ,
that they have the technical, program­
ming, and financia l capability, and
will serve the "public interest , con­
venience and necessity."

A key item in the FCC rules says
that "any program solely intended for
and directed to the U.S. does n't meet
the requirements for this service ."
Thus, these shortwave stations aren' t
supposed to broadcast to the U.S. , but
many obviously do . The key appears
to lie in the use of the word "solely,"
which apparently allows a U.S . au­
dience to listen in, so long as the
program ming is officia lly aimed
elsewhere. Also, the physics of short­
wave propagat ion make preventing

those who worship God by the Old
Testament name , Yaweh . TI1e stat ion
call sign is a contraction of "Malek, "
or "Messenger."
• WHR I (World Harvest Radio) , of
South Bend, IN, is owned by LeSea
Broadcasting , part of Lester Sumrall
ministries. They also have AM/FM
and TV operations, and were badly
damaged by fire last year. However,
WHRI missed minimal air time , as
broadcasts were switched to a standby
transmitter in Nobelsville , IN. There
are two ·100-kilowatt tra nsmitter s
aimed at Latin America , the Middle
East , and North Afr ica, on 6 . 100,
6.155, 7.355 , 7.400 , 9 .455, 9.745 ,
9 .765,9 .770 , 11.770, 11.790, 11.980,
15.105 and 17.830 MHz. LeSea has
several TV stations and a satellite up­
fink tra-nsmltter. Figure 2 shows" an
opera tor working on part of the trans­
mitting facility at the station.
• KVOH (Voice of Hope), in Chris­
tian Southern Lebanon, is owned by
High Adventure Ministries in Califor­
nia , and got started literally under the
gun. Broadcasting has continued for
several years , despite a rocket attack
that destroyed the studios . They re­
cently started KVOH from Rancho
Simi, CA , in English and Spanish for
the Americas using 50 kilowatts on
9.495 or 17.775 MHz . Thei r next
project is to transmit from the Phi­
lIipines to China .
• KUSW, of Sa lt Lake City, UT, is
one of on ly two co mmercial u .S.
shortwave broadcasters. It' s part of
Ca rlso n Co mmunicatio ns , wh ich
owns an AM/FM outlet there , and
several others in the western U.S.
KUSW runs a pop format , and runs
several commercials, thou gh really
big accounts like Coca-Cola haven ' t
yet been obt ained . KU SW airs 18
hours a day on 5 .980,6 .010, 6 .185 ,
9.852 , 11.980 , 15. 225 , 15 .5 80 and
17.715 MHz. Figure 3 shows a control
room operator inspecting broad cast
equipm ent at the station, and Fig. 4
shows the transmitting towers there .
• WC SN (Christian Sc ience Net ­
work) , of Scotts Corne r, M E, is
owned by Herald Broadcasting , part
of Christian Science Mon itor. It airs a
two-hour English news/features seg­
ment several times a day around the
world. On weeke nds, the program is
the " Herald of Christian Science" in
Eng lish, French and Germ an. WCSN
runs 500 kilowatts on 7. 365, 9 .465 ,
9 .8 52 , 15 .280, 17.640 and 21.5 15
MH z. As no ted ea rl ier , W CS N

bou ght KYOI , which now ca rr ies U.S . listeners from listening to the
WCSN via satell ite . Next year, broadcasts impossible .
WCSN will add WSHB in South Car- The FCC sets a minimum power
olina, with a pair of 500 -kilowatt level of 50 kilowatts as its require-
transmitters aimed at Latin America. men ts for inte rna tio nal shortwave ,
• WWCR (Worldwide Chri stian Ra- whereas on AM, 50 kilowatts is the
dio), of Nashville, TN, is a new re- maximum; however, that' s still small
ligi ous broadcaster that may be potatoes. WCSN is just one of many
starting up any time , perhaps by the worldw ide shortwave stations that
time you read this . WWCR will be now uses 500 kilowatts, and even 2.5
part of a multi-station group of AM/ megawatt shortwave stations are com-
FM outlets in the south, and will have mo n o The shortwave broadcaster
a 100- kilowatt transmitter, and se ll needs com plex directional HF anten-
program time to churches , other re- nas aimed at the desired area, along
ligious groups , and maybe even polit- with requirements like minimum an-
ical groups or othe r stations that can' t tenna gain, HF signal launch angle,
reach North America . bandw idth, and site selection. Once

In contrast with AM/FM stations , runnin g, the right frequency has to be
shortwave stations are much more adjusted to reach a specific area, at a
complex and expens ive . The FCC specific season and time of day. It's
won't grant inte-rnationals hortwave- -n o"Cjust "a"c ase of neeCIing only one

transmitter, antenna pattern, and fre­
quency, all the time.

An ordinary AM/FM station is ex­
pensive , but not when compared with
a shortwave station. George Jacobs is
a former official of VOA and Radio
Free Europe (RFE), who now heads
his own highly regarded broadc ast­
engineering firm , which acts as tech­
nica l consultant to several U.S. short­
wave broadcasters . According to him,
a 50-kilowatt site with suitable anten-
nas goes for about $400, 000, while a
500-kilowatt version can easily run
$2.5 million . And that's exclud ing
the land , studio, and buildings , which
can eas ily double the overall cost. He
estimates the power cost for a 500­
kilowatt site 18 hours a day for a year
at over $53, 000 .

So far, programming formats have
been mostly of two types, and one has
to wonder how much more audience
potential exists for religious program­
ming. Pop and rock formats , already
filling AM/FM bands, are also heard
on many foreign stations, both AM/
FM and shortwave . The curtain hasn 't
fallen on this play yet, though . There
a!"e still a few more actors yet to ar­
n ve .

The old est and largest reli gious
shortwave broadcaster of all, HCJB of
Quito , Ecuador, is planning a facility
on Hawaii to better reach Asia and the
Pacific . Other companies are report­
edly considering shortwave stations
Ca lifornia, Kentucky, and Florida .
Beyond that , whether that stra nge
world above AM, still alien to most in ~

North America, will prove a good ~

place for broadcasters in the 1990's, is ~

yet to be seen. R-E ~
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We continue our survey of home-security system principles

by looking at sirens, and various types

of "fault-indicator" alarms.

SECURITY-CI RCU IT
COOKBOOK

RAY MARSTON

Electronic siren circuits
A siren can be a bell, siren, buzzer,

or other sound siren, whether electro­
mech ani cal or electro nic . In some
cases, two sirens, connected either in
parallel or via dual-contact relay may
be a good idea. For example , an elec­
tronic siren cou ld be used inside a
house , whi le a bell sounds outside .
Electronic sirens can take a number of
differe nt forms, and can generate very

alarm occurs , but then automat ically
turns off and disables the siren after
some preset per iod if manual reset
hasn' t occurred, typically 5- 15 min­
utes maxim um . The circuit of Fig. 3
shows how to interconnect the three
units when a single supply battery is
used, and the circuit of Fig. 4 shows
how to accomplish the same for dual
supplies .

The circuit of Fig. 5 shows a prac­
tical auto-tum-off circuit with a basic
timing period of about 8 minutes. The
period is proportional to C I, and can
be doubled, for examp le; by using:
Cl = 0 .2 I-lE Here , ICI is a 17-Hz 555
astab le multivibrator that feeds clock
pulses to lC2 , a 14-stage binary cou n­
ter that changes state on the 8192nd
clock pulse.

When power is first applied , the
output of IC2 is set low via C2 . As the
output goes low, RYI is driven on via
Ql , closing the cont act. That turns on
ICl , which starts operating and feed­
ing pulses to the input of IC2 . When
the 8192nd clock pulse arrives after
about 8 minutes , the output of IC2
flips high and turns relay RYI off via
Q I, shutting off ICI and the siren,
completing operation.

The 8-minute period of the circuit
shown in Fig. 5 is fairly long , but is
acco mplished without resorting to
large elec trolytic capacitors or re­
sistors . The period is determined by
time constant R2 x C I, and has excel­
lent repeatabi lity and thermal sta­
bility. Note that LED I is a visual
intrusion indicator that lights as long
as voltage is present , and it continues
to glow even after the siren shuts off. It
alerts the owner to the presence of an
intruder after the fact, even if no overt
disturbance occurred to cause one to
take notice durin g the incident.

SIREN

SELF-LATCHING
SENSOR

NETWORK

J OUTPUTSELF-LATCHING
SENSOR (N.O. RELAY

.g NETWORK CONTACTS)

I

181 SIRENI

T I

+
r
181

..!..

FIG. 2.-HOW TO CONNECT A SIREN to a
burglar alarm , with double supplies.

the siren until it's reset manually, or
the supply is cut off. The main pur­
pose of a siren is to scare off intrud­
ers, while alerting the owner and/or
neighbors . If that isn' t achieved in a
few minutes after activation', there 's
clearly no point in letting the siren to
continue to op erate . Thus , simple
self-latching action tend s to be rather
ineffic ient.

A far more efficient type of siren
can be obtained by interpo sing an au­
tomatic turn-off timer between the
sensor system and siren, as shown in
Figs. 3 and 4. Both versio ns incorpo­
rate a relay that closes as soon as an

FIG. 1-HOW TO CONNECT A SIREN to a
relay-output burglar alarm, with a single
supply.

Auto-tum-off alarm system
Once a self-latching sensor system

is activated , it automatically sounds

Siren configurations
A siren can use the same supply as

the actu al se nsor sys tem it 's used
with, or each may need se parate
power. All home-security sys tems
should have battery backup for power
outages . If the sensor system and si­
ren use similar voltages , and the sen­
sor system self-latches via relay, both
can run off of the same supply, as
shown in Fig. 1.

If, however, the sensor system and
siren need different supplies or the
sensor system doesn' t self-latch, they
absolutely must have separate sup­
plies , as shown in Fig . 2. A siren
induces considerable noise on its sup­
ply, whic h can cause a non- latching
alarm to malfunction with one supply.

IN OUR MAY ISS UE WE REVIEW ED TH E

basic operating theory and installa­
tion principles of home-security sys­
tems, and exami ned several practical
sec urity-a larm ci rcuits tha t give a
high degree of protection against fire,
burglary, or intruders. All of them had
a relay output that can activate an ex­
ternal siren via a pair of relay con­
tacts .

In practice , the siren can also be a
bell or buzzer, either electro-mechan­
ical or elec tronic . The first half of this
article describes ways of connecti ng
sensor systems and sirens , and de­
scribes some practical circuits, while
the second ha lf describ es various
types of "fault-indicator " alarms .

(j)
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o
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FIG. 5.-AN AUTO-TURN-OFF UNIT with 8-minute delay.

FIG. 3.-CONNECT A SIREN to a burglar alarm via auto-turn-off, with a single supply.

Touch- and proximity-alarms E
A commonly-used hom e-security ~

technique is that of arranging baited ~

"traps," like door handles, clocks, ~
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You can greatly increase the max­
imum supply voltage and available
output power by modifying the design
to limit the supply to ICI to 12 volts
DC with a 12-volt zener diode while
increasing the speaker supply to 30
volts DC. The version shown in Fig. 6
generates a " dee-dab" warble tone ,
similar to that of a British police car
siren. It generates a maximum of 18
watts into an 8-ohm speaker using 24
volts De.

The frequency-shift" symmetry"
of the circuit shown in Fig. 7 depends
somewhat on the individual perfor­
mance characteristics of ICI. The cir­
cuit of Fig . 7 shows an alternate
warble-tone generator that doesn't
suffer-from thisdefecCThe mODula­
tion frequency is varied via R2, and
the tone frequency via R5. It uses a
pair of 555 's , rather than a single
CMOS ic.

Here , ICI is a I-kHz astable multi­
vibrator, and IC2 is a somewhat high­
er-frequency astable multivibrator,
around a few kHz. Note that this de­
sign is based on the use of a pair of
555 timers, rather than on a single
CMOS IC. Here, ICI is used as a 1­
kHz astable multivibrator, while IC2
is used as a higher-frequency astable
multivibrator, around a couple of
kHz. Astable multivibrator ICI fre­
quency- shifts IC2 by feeding a
square-wave to the pin-S modulation
terminal.

You can generate a variation on that
theme, creating a " wailing" tone, al­
ternately rising and falling like that of
an American police siren, by using an
emitter follower to buffer the I-Hz
"sawtoo th " sig nal of ICI. The
sawtooth signal is then fed to pin 5 of
IC2 , the modul ation terminal of the
hi gher-frequency astable multi­
vibrator.

The circuit shown in Fig. 8 gener­
ates a " zeep-zeep" tone similar to the
"Red Alert " signal on "Star Trek ."
The period is varied via R2, and the
tone via R6; this is an ideal hobby
project. Here , 01 and C2 are used to
ensure that the astable multivibrator
isn' t adversely affecte d by voltage
transient s resulting from the inductive
characteristics of the SPKR.

+

~KR~8U

D

\\
LEOl ',,~

INTRUOE~~
INDICATOR

03
1N4001

02
J~ 1N4001

R5
4700

01
1N4001

Hz astable multivibrator, that alter­
nately gates the I-kHz astable multi­
vibrator made from [Cl -c and ICl -d
on and off via pin 8. The resulting
warble- to ne is am pli f ied b y a
VN67AFVMOS output stage to gen­
erate 6 watts in an 8-ohm speaker.

+ 12VOC ....,.-- --+- - -..-----,
/i?I Q1

R3(tr-- - - - -+-t\!::::,(-i12N3906

6.8K 3 .-----.16
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:;f' .1

(MYLAR)
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o

+12VOC

2

~ -l OUTPUT2
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SELF-LATCHING ~ OUTPUT2 82:
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FIG. 6.-WARBlE-TONE 6-WATTSIREN with VMOS output.

distinct ive and easily recognizab le
sounds. The circ uits of Figs. 6-8
show three useful versions .

The circuit shown in Fig. 6 gener­
ates a warble tone siren. Here, IC I is a
quad CMOS NAND gate, and ICl -a
and ICl-b are used to make a simple 1-

FIG. 4.-CONNECT A SIREN to a burglar alarm via auto-turn-off, with double supplies.



04
1N4001

A5
4.7MEG

3

5.6.7.8.
9.12.13

02
1N4001

01
1H4148

(INPUT
FAOM o---=::.:..:..:.~---'

METAL
OBJECn

FIG. 9.-"HUM-DETECTING" TOUCH sen­
sor system.

types use the same princip le , as
shown in the block diagram shown in
Fig. 12. In this case, a microphone or
other kind of similar transducer picks

.up the basic noise or vibration, which
is then amplified and rectified, and
the resulting DC is used to sound an

A1
10K

+12- 15VOC

A1 A4
10K 10K 4 8

7 7
A2 A5 3

68K IC1 220K
555 IC2

555
A3 03

3 10K 1N4001
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l0I-lF .01
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I 470I-lF
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,..---"---'--i ':' 4.7K

IC1 Q2
555 A3 2N~3;;;.90;..;4~_-+...-.:"-I

3 12K

FIG. 8.-"RED-ALERT" SIREN simulating " Star Trek" alarm signal.

FIG. 7.-ALTERNATE WARBLE-TONE siren like that of a British police car.

+ 12- 15VOC

Sound- and vibration-alarms
So und -acti vated alarms can be

made to activate when an intruder en­
ters a protected area and creates noise.
Vibratio n-activated ala rms can be
made to activate when a drawer or
cabinet is opened, inducing a small
vibration in a protected object. Both

off RYI. When the antenna created by
the external metal objec t is touched or
additionally loaded , QI cuts off, cut­
tin g off Q3. In th at case , Q4 is
positively biased via R8, turning RYI
on and sounding an alarm. Note that
transistors Q I and Q2 are fed using 6
volts DC via 03 , ensuring good os­
cillator stability.

The circuit of Fig. II shows an alter­
nate output stage for the circuit shown
in Fig. 10, for direct activation of a
self-interrupting 12-volt bell or buzzer
with a current rating or 2 amps or less
via SCRI. Either version is very sim­
ple to set up. Connect a suitable an­
tenn a, and adjust R9 until RYI turns
on. Back off slightly on R9 so RYI
turns off, then check that the alarm is
sounded when the antenna is touched
or approached , and off when contact
or proximi ty stops. If necessary, ad­
j ust R9 agai n for maximum sen­
sitivity.

metal trays, etc ., in such a way that
they sound an alarm whenever they're
touched. If the bait is a small metal
object , one way of achieving this
effect is to use a " hum-detecting"
tou ch senso r system, of th e type
shown in the circuit shown in Fig . 9 .

The circuit shown in Fig. 9 detects
the AC hum that 's picked up by an
electrical contact when it's touched
by a human finger, when the individu­
al in proximity to an AC power line.
Here , one of the gates of a CD400lB
is used as a simple pulse-in verting
amplifier, and has its input terminal
connected to the external metal object
via RI . This gate is powered by 5 volts
DC, derived from 12 volts DC via R2
and R3 , and biased via R5 so that its
output is norm ally low.

When a pick-up signal with apeak
ampl itude greater than a couple of
volts appears at the input, the gate
output is a 5-volt , 60-Hz square wave,
that activates RYI via QI-Q2 and 01­
CI-R4 . Sensitivity-control R5 is ad­
ju sted so that RYI turns on and sounds
an alarm when the object is touched ,
and shuts off when the object is re­
leased . Note that the low side of the
12-volt DC supply must be properly
grounded. The circuit draws a quies­
cent current of I milli amp. If the ob­
ject is placed more than 10 em from
the input, the connections to it must
use shielded leads , to prevent stray
signal pickup.

The circuit of Fig. 10shows another
version; in that case, the objec t is part
of the antenna of an RF oscillator. The
circuit uses capacitive-loading, where
the gain of the RF oscillator is ad­
ju sted so that oscillation is barely sus­
tained , and the antenna is part of the
tank circuit; as before , the low end of
th e s u p ply mu st be prop erl y
gro unded . Consequentl y, an y in­
crease in the antenna-to-ground ca­
p ac itan c e , li ke th at cause d by
touching or approaching the antenna,
causes enough damping of the tank
circuit to reduc e the oscillator gain
below critical level , cutting off the
oscillator, and turn ing on the siren.

In this case, QI is a Colpitts os-
cillator running at about 300 kHz,

B with the gain adjusted by R9, and the
z antenn a coupled to the tank circuit via
a? C5. The output of the osci llator is
I-o buffered via Q2 and rectified via 0 1­
illill D2, to produce a positive bias that's
o fed to the base of Q3. When Q I is
~ operating norm ally, Q3 is driven to
a: saturation and Q4 is cut off, turning
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FIG. 14.-SPEECH-FREQUENCY AMPLI­
fier used in conjunction with the circuit of
Fig: 16 to make a sound-activated sensor
system.

FIG.13.-SIMPLE RELAY-OUTPUT sound­
or vibra tion-sensor system .

Flood-alarm systems
One of the many dangers facing the

house owner is flooding, like occurs
when a water cis tern overflows, a
water pipe breaks, or rain leaks into a
cellar. Fortunately, those dangers can
be greatly reduced with the aid of a
simple water-activated sensor system,
of which the circuits shown in Figs. 15
and 16 are practical versio ns. Each of
the two circuits uses the same basic
operating principle , which involves
using a pair of metal probes to re­
sistively detect the presence or ab­
sence of liquid.

In the absence of liquid , the probes
see near-infinite resistance, but when
liquid appears across both probes si­
mu ltaneous ly, the probe res ista nce
falls to a low value , sounding an
alarm . For rain or tap water, the resis­
tance may be less than a few kilohms,
but steam or oil may exhibit a higher

03
1N4001

R8
4.7K

+12VOC
TOR6 ---...------~~....,

alarm .
The circ uit of Fig. 13 shows a sim­

ple sensor system, that needs about 1­
volt RMS to tum on RYI . The circ uit
action is suc h tha t RYI tu rn s on
rapidly when a suitable input signal
appears, but turns off slowly when the
signal is removed . The turn- off time is
determined by time constan t RI x C2,
which is most easi ly changed by vary­
ing C2 .

That version ca n be made self­
latching by using additional contacts
for RYI, placed across Q2 as shown.
It can be used as a sound- or vibra­
tion-activated sensor system by feed­
ing AC from a pickup transducer, via
a suitable amplifier. In vibration­
alarms, the amplifier should have a
low-pass response, while sound­
alarms must operate with a band-pass
response .

FIG.10 .-RELAY-OUTPUT " PROXIMITY" sensor system.

The circuit of Fig. 14 shows a prac­
tical speech-amplifier circuit to be
used in conjunction with the circuit
shown in Fig. 13 to make a sensitive
so und-activated alarm. The RCA
CA3035 IC is an ultra-h igh-gain
wide-band am plifier array, wit h a
voltage gain of 120 dB between pins I
and 7. In that circuit , RI and CI per­
form biasing, R5 controls gain, and
the ot her components determine
bandwidth.

FIG. 11.-ALTERNATE DIRECT OUTPUT
stage for the circuit shown in Fig. 13.

FIG. 15.-SENSITIVE FLOOD-ALARM sys­
tem with relay output.

:J-- SELECTIVE I----- SIGNAL r--- RELAY ~ SIREN
AMPLIFIER DETECTOR

1 1 1 I
..l-

FIG. 12.-BLOCK DIAGRAM OF TYPICAL SOUND- or vibration-sensor system.
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The more you use it the more
useful it becomes.
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FIG. 16.- SENSITIVE PULSED-TONE flood-alarm system.
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Communicate with other R-E
readers.

We support 300 and 1200 baud
operation.

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or7E1 (7 data
bits, even parity, 1 stop bit).

Add yourself to ouruser filesto
increase your access.

leave your comments on R-E with
the SYSOP. FIG. 17.-BELUBUZZER POWER-FAILURE ALARM system.

used. When 120 VAC is applied , RYI
turns on, the N .C. co ntacts open, and
the sire n stays off; when power cut
off, RYI turns off and the contacts
close, sounding an alarm. Here, RYI
can be any 12-volt type with a coi l
resistance of at least 120 ohms, with
one or more N .C . contacts; trans­
former Tl needs a current rati ng of at
least 100 milliamps .

The secondary winding of trans­
former TI is rectified and smoothed
by D I-C I to 12-vo lts DC at the junc­
tions of D1-D2 and D2-D3. The siren
is a self-interrupting bell or buzzer
wit h current rat ing of 2 amps or less ,
and is the anode lo ad of SCR I ,
powered by BI.

Normally, when 12-vo lts DC ap­
pears at the junctions of DI -D2 and
D2-D3 , Ql saturates via R I, and the
junction of R2-R3 junction goes to
ground . In that case, no dr ive is ap­
plied to the gate of SCR I, so the siren
is off, D3 is reverse-biased, so no cur­
rent is drawn from B I. When the
power cuts off during a fai lure, the
junction of D1-D2 goes to ground,
cutting off Q I. That feeds current to
the SCR gate from BI via D3-R2-R3,
turning on SCRI and so unding an
alarm. Next month , we'll conclude
this look at security devices, by exam ­
ining some practical smoke and heat
alarms, a nd several d iffe ren t car
alarms. R-E

resi stance of as much as severa l
megohms.

The operation of the circuit show n
in Fig . 15 is very simple . In the ab ­
sence of liquid, QI is held cutoff via
RI -R 2, so Q2 and RYI are off also. In
the presence of liqu id , QI turns on,
biasing Darlington pair Q I-Q2 on via
R3 and turn ing on RYl , soundi ng an
alarm. It turn s on when the resistance
between the probes is under about
SOaK, and has a sensitivity of abo ut
10 megohms , by using a Darl ington
pair in place of QI. Finally, the circuit
show n in Fig. 16 ge nerates a pu lsed­
ton e alarm when ac tivated, w ith a
sens itiv ity of ab ou t 20 megoh ms ,
consumes about I j.1A of quiescen t
cu rrent , and ge nerates an 800-Hz tone
that's pulsed on and off at a rate of 6
Hz.

Power-failure alarm systems
Electrical-power failure alarms can

be made to activate when power is
removed from an electric major appli­
ance like a freezer, either due to a
down ed power line , or when fuse
blows . The circuit shown in Fig . 17
shows a version tha t trips an alarm via
RY I. The output winding of trans­
former TI is 12-vo lts RMS, which is
hal f-wave rectified by D1, smoothed
by C l, and fed directly to RYI.

The contac ts of RYI ca n sound an
alarm if Normally-Closed (N .C .) are
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Put Professional Knowledge and a

•

Write for our free catalog (see address
below), or phone us a t toll-free
1-800 -955-2527 (for catalog requests
only) and ask for our "degree catalog. "

GRANTHAM
College ojEngineering 2:
10570 Humbolt Street ~

<D

Los Alamitos, CA 90720s

Accredited by
the Accrediting Commission of the

Nationa l Home St udy Co uncil

Add prestige and earning po wer to
your technical ca reer by earning
your A ssociate or Bachelor degree
through directed home study.

Grantham College of Engineering
---awards accredited- degrees in - -

electronics and computers.

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

Grantham offers two degree pro­
grams-one with major emphasis
in electronics, the othe r with maj or
emphasis in computers. Associa te
and bachelor degrees a re a warded
in each program, a nd both pro­
grams are a vailable completely
by correspondence.

No commuting to class. Study at
your own pace, while continuing
on yo ur present job. Learn fro m
easy-to-understand lessons, wit h
help from yo ur Grantham in struc­
tors when you need it.

3-DIGIT DISPLAY BOARD
All resistors are Y4-watt , 5%, un­
less otherwise indicated.

R1, R2-220 ohms
R3-220 ohms (voltmeter only)
Semiconductors
IC1-CA3161E, Display driver
DISP1-DISP3-0.43" 7-segment

C.A . LED display (Panason ic
LN514RA)

01-Q3-2N3906 PNP transistor
LED1-5- x 15-mm LED , (Pan­

asonic LN0202RP)

GAUGES

continued fro m page 40

VACUUM GAUGE
All resistors are V4-watt , 5%, un­
less otherwise indicated.

R1, R2-10,000 ohms
R3, R8-100,000 ohms
R4-22,000 ohms
R5--1000 ohms
R6-680,000 ohms
R7 , R10-200 ,000 ohms PC

mounted trimmer potentiometer 2-DIGIT DISPLAY BOARD
R9--82,000 ohms All resistors are V4-watt , 5%, un-
R11-50 ,000 ohms PC mounted less otherwise indicated.

trimmer potentiometer R1 , R2-220 ohms
R12-2200 ohms Semiconductors
Capacitors IC1-CA3161E, display driver
C1-47 jl.F, 25 volts, electrolytic DISP1, DISP2-0.43" 7-segment

- 6 2;-03-10 jl.F,-35 volts,electrolytic-r - i-- C.A- LEO disp lay (P-anaso nic
C4-Q.33 jl.F, 50 volts, stacked film LN514RA)
Semiconductors 01, 02-2N3906 PNP transistor
IC1-Sensym SX30DN vacuum sen- LED1-5- x 15-mm LED, (Pan-

sor (Dakota Digita l # 69G18 in- asonic LN0202RP)
cludes mounting bracket)

IC2- LM324, quad op-amp
IC3-LM340T-5, S-volt regulator
IC4-CA3132E, ND converter
D1 , 02-1 N4002 diode
Miscellaneous: 43B17 main PC

board, 2-digit display board, in-line
fuse holder, t-amp fuse, four 6-32
x 0.625" standoffs, eight s/16-inch
#6 screws, bronze or red plex­
iglass, mounting hardware, hookup
wire.

is esse ntially a bridge circuit with its
outputs at pins 2 and 4 . Becau se it is a
bridge, its outputs change .propor­
tionall y to one another when vacuum
or pre ssure is applied . When both
port s have the same pressure , the out ­
puts at pins 2 and 4 are identical. As
vacuum is applied to port 2, the out­
put at pin 2 rises while pin 4 is re­
duced . There is now a difference
between the two outputs of the bridge ,

and R8 form a resistive di vider that and that difference represents how
sets the upper reference vo ltage, with much vacuum is present.
a range of 0 .284 to 0.889 volts . The The first two sections of IC2 are
low-temperature calibration is ad- used as buffers to isolate the bridge
ju sted via R7 , while the high-temper- circuit of ICI . IC2-a is used as a dif-
ature cal ibration is adjusted via RI I. ferenti al amplifi er, and RI-R3 and R8
A three-d igit displ ay is used , and the determine the gain. Resistors R6 and
annunc iator ca n be any thing yo u R7 are used to offset the differenti al
" OIL," etc .. amplifier so that its normal "zero"

The vacuum gauge, shown in Fig. output is 0 .21 volts above ground . The
7 , uses a solid-state vacuum/pressure gain of the differenti al amplifier is set
se nsor (l CI , Sen sym SX30DN) to to give an output approximately 60%
monitor the intake-manifold vacuum higher than that needed by the A/D
durin g engine operation. Between 0 convert er, The voltage level is then
and 30 inches (in .) of mercury (Hg. ) reduced by R9 and RIO, which is also
can be displayed with I in. Hg . resolu -» used to set the full scale of the gauge .
tion . The sensor con sists of a piezo The input voltage to the A/D convert-
resisti ve eleme nt hou sed in a dual er is averaged by C3 for stable read-
ported plast ic enclosure . The piezo ings . Resistors R4 and R5 set the
element changes its resistance as it is 0 .21-volt " ground" reference which
flexe d or bent. Because a spec ific is buffere d at the output ofIC2, pin 7.
amount of flexing is caused by a spe- The vacuum value is displayed on a
cific force -or pressure , tne va ue 0 - - two digit readout. A " VAC " annun-
that pressure ca n- be determ ined by ciator on the display board indicates
measuring the se nsor's resistanc e . the readin g of the gauge .
Vacuum has the same effect as it pulls That 's all we have room for this
the element instead of pushin g it. mont h. Next month we 'll build and

The pressure/vacuum sensor (lCI) install the gauges. R-E

61



HARDWARE
HACKER
Power-control fundamentals

DON LANCASTER

AS WE'VE SEEN IN PAST COLUMNS, W ITH-

in a decade we ju st may reasonabl y A very interestin g report titled as user's hand s?
expect electronic hardware havin g Electr icity by Serendip ity appea red O r d ialp lates, dri lli ng templates,
co mputation ab il it ies that are as in th e March 2, 1990 i ssu e of deta iled test and debug info, soft-

_ complex_as_t hose-of_the_human__SeienEe;-lt_describes_a_new-type -of- -ware list ings-or most-any other tec h
brain. Driven primaril y by ul tra- fu el ce l l whi ch p e rmit s th e w rit ing o r tech illustration s?
cheap and ult ra-d en se dynami c premixing of th e hydrogen and oxy- Putting any of those in the maga-
RAM techn ology. gen gases, somethi ng pr eviou sly zine does take up valuable space,

Now, ad mitted ly, my t imi ng on tho ug ht to be utt erl y im possibl e. and t he t h i rd-generat ion ph o-
this might be off by as mu ch as These cells also involve hydrogen tocop ies or li th o negati ves yo u
twe nty minutes in, either direction. being abso rbed o r adsorbed into somet imes end up wi th are often of
But, things seem to be go ing even palladium , in cells remarkably sim- low accuracy and quality. And it sure
faster now than they we re even a ilar to th e co ld-fusio n setups. gets hard to make a correctio n three
few issues ago. The obvious un answered qu es- mon th s later on 360,000 already

Several Japanese outfits have now tion is "how mu ch of cold fusion's printed pages, some of whi ch are
actually firmly scheduled thei r fu- excess heat is really thi s previou sly buried in a lesser-known suburb of
ture product ion of new 256 M eg x unknown type of fu el cel l?" And Moose Jaw, Montana.
17 SIMM chips. And it appears an- vice versa. O n t he other hand , the BBS
other level of thresho ld effect just Our usual re mi nde r her e t hat downloading will wo rk only if the
might have been crossed wi th th e mo st of th e resources mention ed sende r and sendee do have full y
concept of OOPS or object oriented have been gathered together in to compatib le hardware and softwa re.
programming w hich is spreadi ng the Names and N umbers or the W hat to do?
li ke w ildfi re. Unusual Book Resources sidebars. I wo uld like to suggest an obvious

So how can you tu ne yourself in to You can contact all the listees di- solution. It is called an EPS file, and
and profit fro m this near-term inev- rectly for more info. is sho rt for Encapsulated PostScrip t.
itabili ty of human brain compute r Let's start w ith a lively topi c.. . An EPS fi le can easily handl e any
funct io nality? prin ted-circuit board layou t, sche-

As usual, those free industry t rade Printed circuit standard mati c, isom etr ic or perspect ive
journals are the answer. In thi s case, The edito rs at Popular Electronics, drawing, dialplate, or text or graph-
the E.E. Times is a very good cho ice. Radio-Electronics, Probe, Midnigh t ics of any sort to any arb itrarily high
They are very big on dynamic RAM Eng ineering, Comp ute r Shopper, resolution .
deve lopments, on neuron comp ut- Nuts and Volts, Byte, Audio Ama- The EPS files are extremely device
ing, and on "fuzzy logic" in general. teut; and Circuit Cellar Ink have all independent . Since an EPS fi le is an

Co ld fusion. This is bei ng w ritte n bee n separate ly grapp ling w ith a o rdinary ASCII text fi le, it could easi-
on co ld fusion's f irst birthday. Ac- common probl em: How can clean Iy be used with any word processor
cord ing to today's Wall Street jour- and accurate pr in ted-circuit layou ts or any editor w ith any brand of per-
nal (Apri l 3,1990, page B4), "a small get easily and cheap ly put in the end sonal computer of anyageand CPU.
but growing number of scient ists At the output end, an EPS file can
believe they are seeing an ent ire ly NEED HELP? be used direct ly on a laser printer,
new phe nomenon," and "The re is by a typesetter, or by a photoplotter.

(J) now a growing co nsensus that yo u Phone or write your Hardwa re With simple and crude emulators
~ can't explain the excess ene rgy by Hacker questions to: such as Freedom of the Press, Co-
~ errors ." It appears, in fact, that sev- Don Lancaster Script, and UltraScrip t, you can also
G era l d ist inct and valid co ld -fusio n Synergetics pri nt your results on ord inary dot-
~ mechanisms might be involved. Six- Box 809- RE matrix or ink-jet printers, albe it to a
W tee n labor atories have recently re- Thatcher, AZ, 85552 lower resolu tion . The latest of faxoo ported f res h an d posi tive new (602) 428-4073 machines are set up to directly han-
Cf results. d ie EPS fi les, some to device-inde-
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pendent resoluti on s th at can ex­
ceed 2650 DPI. There is no high-end
limit to print quality.

Better yet, practica lly all of those
CAD/CAM and illustrat ion packages
eit her now use PostScript internally
o r at the very least are capable of
generating EPS output files.

The EPS fil es can also be ex­
t remely com pact. For instance, a
fancy circuit schematic should need
no more than a 10K textfile max­
imum. So, EPS sto res cheap and
downloads fast .

But w hat if you are using an ex­
pensive or prop rietary CAD/CAM or
layout package? Surely you could
not provide a free copy of these to
every reader in the country, could
yo u? Especially if you are on a Mac
and they are on a Pc.

There is a simple little tri ck you
can pull that is called pseudo-com ­
piling. With pseud o-compiling, you
mi ght co nve rt any so u rce of
PostScript code into a just the facts,
Ma 'am form that uses no thing ex­
cept the simplest of put-and-place
PostScript commands. Anyon e can
run a pseudo-compiled EPSfil e, and
ab solutel y nothing will rema in of
the orig inal code or the way it was
generated.

Better yet, that pseudo-compiled
PostScript often w ill run ridiculou sly
f as te r t han th e o r ig i na l. And
pseudo-compilin g is eas i ly and
quickly done by using Ado be Sys­
tem 's brand n ew and cheap
D istillery program, by one of my
gonzo justification routines, or your
own custom code .

What abou t screen images? In any
broad based user interchange stan­
dard , you certain ly would not want
to use any screen images if they hurt
the devi ce independence in any
way.

Fortunately, systems using di splay
PostScript or the display PostScript
emulation are now becoming read­
ily available, as is softwa re that re­
turns printer bitmaps for screen
di splay. So are program s and ap­
pli cation s that in ternall y captu re
and di splay EPS.

How does an EPS fi le d iffer fro m
an ord inary PostScript textfile list­
ing?Act ually by very little. There are
a few required remarksat the start of
yo ur f ile plus a few opt io nal ones.
And a very few Po stScript co m­
mands (such as initgraphics) are not
allowed if they would somehow cor-

rupt the program or system that the
EPS fi le is being imported into. Sev­
eral other obscure commands (such
as settransfer) must be carefully
saved and restored if they are al­
tered . EPS fi les are also limited to a
single page each, but you can use as
many of them as you like.

To get started on all of this , get
you rself copies of the Encapsulated
PostScrip t Files Specification, v 2.0,
and the Document Structuring Con­
ventions Specification, v 2.1. Both of
them are availab le free upon re­
quest thro ugh Cynthia johnson at
Adobe Systems, or else th rough one
of the PostScript BBS systems. You
sho uld not create or use any EPS
fi les witho ut having these two on
hand.

The fundamentals on PostScript
are covered by Adobe 's blue
PostScr ipt Tutoria l and red
PostScrip t Reference Manual, whi le
ready-to-use pr inted-circ uit layout,
schematic, isometr ic, and perspec­
tive rout ines are fo und in my
PostScrip t Show and Tel/.

Let me know your thoughts on a
standardized hacker inte rchange
approach based on standard EPS file
fo rmats.

AC power cont rol
M ost hackers have observed at

one time or another, that your typ ­
ical semiconductor wi ll instantly va­
porize if you connect it across the
AC power line . Obvious problems
here are that the power line is high
voltage, high current, and eit her po­
larity.

O ne popu lar semiconductor that
can easily be used as a high-power
AC line switc h is called a triac. A
typical on-off circu it is shown in Fig.
1.

A triac has two power terminals
called T1 and T2, and acontrol termi ­
nal called the gate. A triac remains
off until a low- level pulse (usually 5
volt s at 50 mAl of either po larity is
app lied to the gate. The tr iac the n
turns on its main terminals and re­
mains on so long as the main cur­
rent continues flowing in the same
direction.

Thus, a t riac turns on very shortly
after it receives a gate pulse. It stays
on until the next zero crossing of the
main AC current through it.

W hen off, the triac can block the
full app lied line voltage. When on,
the triac can conduct several am-

peres w ith a drop of only a volt o r
two. A modest heatsink is usually
needed to handle the current. Fig­
ure a square inch or so for each 50
watts of load .

As a long-term solid-state on-off
switch, a tr iac can handle most any
AC load w it h in its current ratin g,
and still work equally well w ith any
style lamp, heater, o r motor.

You can pick up an 8-amp tri ac at
Radio Shack fo r $1.40, and you' ll
f ind several low-cost tri ac selections
amo ng our many Radio-Electronics
advertisers . Three major suppliers
of tr iacs incl ude Motorola, SCS, and
Texas Instruments. Wh ile all three
have lots of triac data books and
applicat io n notes availabl e, none
cou ld even think of holding acandle
to the origi nal and c1ass ic- CE SCR
Manual, which, sadly, is long out of
pri nt.

W hile t riacsare fun to experiment
with and easy to use, do note that
you are dealing direct ly w ith the AC
power line. You have an extreme,
and possibly lethal, shock hazard.

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 Fill er Cookbook 15.50
Micro Cookbook vol I or II 16.50
Enhancing your Apple I or II 17.50
AppleWrlter Cookbook 19.50
Apple Assembly Cookbook 21.50
Incredib le Secret Money Machine 10.50
LaserWrlter 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

UNLOCKED SOFnNARE
LaserWrlter Secrets (lie/Mac/PC) 29.50
PostSCript Show & Tell 39.50
Intra to PostScript VHS Video 39.50
PostSCript Beginner Stuff 39.50
PostSCript Perspective Draw 39.50
PostSCript Technical illustrations 39.50
PostSCript BBS stuff 19.50
Absolute Reset lie & lie 19.50
AppleWrlter/Laserwrlter Utili ties 49.50
Enhance I or II Companion Disk 19.50
AppleWrll er CB or Assy CB Disk 24.50
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FIG. 2-A MICROCOMPUTER-TO-TRIAC interface uses a phototriac optoisolator to let
safety -isolated logic signals directly control high-power loads. Depending upon the input
waveforms and the load, this same circuit can be used for either an on-off or a propor­
tional phase control. A low input powers the lamp.

-- Always keep-one-hand behind your
back . Never leave power applied
after a test or experiment . And al­
ways use an isolation transformer
should you want to view any scope
waveforms.

Figure 2 shows you one simple
computer-to-AC-power interface.
You take a spe cial optocoupl er
known as a phototriac isolator and
use it as a safety interface. When
your computer port goes low, an
LED in the isolator turns on, which
fires up an internal baby phototriac,
that in turn wh omps the main triac.
That safety isolates your computer
from the power line, yet still allowsa
small logic signal to directly cont rol
a kilowatt o r more of AC line power.

Touch-controlled blender
Certainly one of the most obscure

and low-p rofile IC chip hou ses is LSI
Systems . Yet, those fo lks do have an
outstan d ing selection of the low­
cost hacker integrated circuits. They
are particularly stro ng in AC power
contro ls, counte rs, timers, delay cir­
cu its, electronic locks and melody
chips.

Figure 4 shows you their LS3714
chip as it's used fo r a te n-spee d
to uc h-co nt ro lled ble nder. It can
also be used for a ten-level dimmer.
Cost in sing les isa mere $2.75,d rop­
pi ng to seventy cents in production
quantities .

There are eleve n to uc h p lates
used ; touching anyone sets that
selec ted power level to the load .
Their circuit consists of a to uch-sen­
sitive one-of-eleven latch w hich se­
lects and remembers your desired
powe r level. That level is converted
into a phase angle w hic h deter­
mi nes when to fire the main power­
control t riac. A reference input on
p in 12 sync hronizes an in tern al
phase locked loop to the power lin e
zero crossings. Dou ble resistors are

110 VAC

100 watt
light bulb

2N6154
TRIAC

WARNING :
Extreme shock hazard on
rig ht half of this circuit!

Even with the safety isolat ion, you fancier and carefully crafted circ uits.
still have a severe shock hazard on Here is how your simple dimmer
the right sideof Fig. 2. cont rol works: The diacs hown con-

Observe that the interface works sists of two fo ur-layer diodes back to
backward fro m what you'd expect. back. It behaves sort of like a neon
A low input powers your load, and lamp. It is an open circ uit until its
vice versa. That makes far better use term inal voltage gets up to fifty volts
of the micro's current-sinki ng ports. o r so. Then it will sudde nly turn on,

Und er certain cond it ions, a triac dumping the capacito r charge into
can be used to con trol the bright- the t riacgate. The diac turns back off
ness or speed of your power load. wh en your capacito r is discharged .
O ne way to do that is by using phase Varying the brightness contro l de-
control, such as is shown in Fig. 3. If c i des h ow fast t he capacito r
you precisely delay the gate pul se to charges, and thus when in the cycle
some poin t in the AC half cycle, only the triac f ires.
par ti al AC hal f cycles w i ll ge t The later in the cycle, the less the
t h ro ug h to t he load . Since f u ll percentage of the ti me that power is
power is applied for only part of the applied to the load, and the dimmer
time, you end up with an average the lamp. Since this all happens 120
lower power sent to the load. times per second, the repeated off-

But note that phase-co ntrol-wi ll - on actions are well beyond yourcrit -
not wor k w ith any old power load. ical persistence of vision limit, and
Phase control is f ine fo r heaters, sol- no fli cker wi ll be noticeable. The
derin g irons and othe r resist ive long therm al inertia of the lamp f ila-
loads, and is really great for incan- ment also helps eliminate flicke r.
d escent lamp dimm in g. Whil e Diac t rigger di od es are usually
ph ase cont rol can be used to con- sold by the same sources who sup-
trol the speed of a universal AC-DC ply t riacs. These days, tho ugh, it is
moto r which usesbrushes, aslight ly far better to digitally generate all the
fancie r feedback circ uit that senses power line phase delays by either
the motor back EMF w ill ofte n wo rk using a micro-processor or acusto m
conside rably bett er. power contro l chip. One examp le

Note that a simple phase control might be...
absolutely, positively must never be
used with a f luo rescent lamp or an
AC induction motor. W hile it is pos­
sible to use t riacs to dim a f luores­
cent or to control the speed of an
induction moto r, they need much

2200

110 VAC

3300

2N6154
TRIAC

100 watt
light bulb

MOC 3010
phototriac

optocoupler

+5V ----l\JVI/'v-- -'

PORT_---- ----J

WARNING: Extreme shock hazard!

FIG. 1-A TRIAC CAN BE USED as a line­
operated AC power switch that can di­
rectly control lamps, heaters, or motors. A
brief and small current pulse into the gate
turns the triac on; it remains on until the
main current reverses.
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WARNING: Extreme shock hazard !

FIG. 3-A PHASE-CONTROLLED DIMMER delays the triac turn-on to a selected point in
each successive AC half cycl e. Use th is circuit ONLY for incandescent lamps , heaters,
soldering irons, or "universal" motors that have brushes.

used on the to uch plates as a safety
feat ure .

The act ive touch-plate inputs can
also double as LED output d rivers ,

Ant ique Radio Books
498 Cross Street
Carlisle, MA 01741
(508) 371 -0512
CIRClE 226 ON FREE INFORMATION CARD

AEE Energy Books
PO Box 1026
Lilburn, GA 30226
(404) 925-9558
CIRClE 227 ON FREE INFORMATION CARD

ASM International
9639 Kinsman Road
Materials Park, OH 44073
(800) 368-9800
CIRCLE 228 ON FREE INFORMATION CARD

Computer Literacy Bookshop
2590 N First Street
San Jose, CA 95131
(408) 435-1118
CIRClE 229 ON FREE INFORMATION CARD

Dialog Information Service
3460 Hillview Avenue
Palo Alto, CA 94304
(415) 858-2700
CIRClE 230 ON FREE INFORMATION CARD

Educational Products
PO Box 606
Mineola, NY 11501
(516) 689-8409
CIRClE 231 ON FREE INFORMATION CARD

100 watt
light bulb

11 0 VAC

2N6154
TRIAC

thus lighting one-of-ten selected
LED lamps to show yo u r cu rre nt
power or speed level. I have left the
RFI no ise f i lte r off t he o utput to

UNUSUAL BOOK RESOURCES

Frontier Space Books
240 Foshay Tower
Minneapolis, MN 55402
(800) 245-8627
CIRClE 232 ON FREE INFORMATION CARD

H&A Industries
Rt 2 Box 35E
Bowling Green, MO 63334
CIRClE 233 ON FREE INFORMATION CARD

Lindsay Publications
PO Box 12
Bradley, IL 60915
(815) 468-3668
CIRClE 234 ON FREE INFORMATION CARD

MIX Bookshelf
6400 Hollis St Ste 12
Emeryville, CA 94608
(800) 233-9604
CIRClE 235 ON FREE INFORMATION CARD

Omega Engineering
One Omega Drive
Stamford, CT 06907
CIRClE 236 ON FREE INFORMATION CARD

Real Goods
966 Mazzoni Street
Ukiah, CA 95482
(800) 762-7325
CIRClE 237 ON FREE INFORMATION CARD

keep our circ uit simple here. You
can also customize all of yo ur f iri ng
angles to improve lin earity for your
selected load . Co ns u lt t he data
sheet fo r full de tails on th ese extras .

Playa simple melody
As an entirely di ff eren t LSI Sys­

tems ci rcui t , Fig. 5 shows you a
LS3404 melod y chip. -There are 31
melodies in sto ck , and you can also
customize yo ur ow n (in large quan­
t ities) t unes up to 255 notes lon g.

The envelo pe of each note get?
adj usted to an exponent ial decay to
produce a high-quality, chime-like
to ne . The circuit shuts off after each
tune. The operating current is five
mils. Pitch is set by th e RC valu es at
p in 5. Decay time is set at pin 3. Pin 4
sets the tempo.

Be sure to get a co mplete set of
LSI data sheets . These fo lks do have
over three dozen low-cost ch ips that
cry out for new hacker uses. What
can you co me up w ith here?

SAE
400 Commonwealth Dr
Warrendale, PA15096
(412) 776-4841
CIRClE 238 ON FREE IN FO RMATION CARD

SignCraft
1938 Hill Avenue
Fort Myers, FL 33901
(813) 939-4644
CIRClE 239 ON FREE IN FORM ATION CARD

Singing Wind Bookshop
Ocotillo Road Box 2197
Benson, AZ 85602
(602) 586-2425
CIRClE 240 ON FREE INFORMATION CARD

Stanford Booksto re
135 University Avenue
Palo Alto, CA 94305
(800) 533-2670
CIRClE 241 ON FREE INFO RMATION CARD

Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
CIRClE 242 ON FREE INFORMATION CARD

Whole Earth Review
27 Gate Five Road
Sausalito, CA 94965
(415) 332-1716
CIRClE 243 ON FREE IN FORMATION CARD

CD
CD
o

65



110 VAC

2,2M

WARNING: Extr eme
shock hazard except
at touch pads!

0,047 pF

2N6154
TRIAC

AC·DC
MO TOR

(tempo)

0,1Jl

(pitch )

(duration)

fo rmed is to aggress ive ly expose
t hemselves to th e ind ust ry trade
jo urnals . And th e seco nd best is

15K
r

- O.01Jl--T
9 volt battery

2,7 Meg
(x11)

2.7 Meg
(x11)

3.3 Meg
(xl 1)

0,68 ~IF 270n
1 Watt

lN4004

13V 220pF - 470 pf

Unusual book resources
I feel that the best possibl e way

fo r hack ers to kee p and stay in-

FIG. 5-A HIGH-QUALITY MELODY 'circuit. The slow decay waveforms produced will
create chime-like notes. Pitch, tempo, and duration are all adjustable.

FIG. 4-A 10-SPEED TOUCH-CONTROL BLENDER ci rcuit that uses the low-cost LS7314
chip by LSI Systems. The eleventh touch pad is for power off.
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NAMES AND NUMBERS

through creative use of on-line ac­
cess services, most especially the
Dialog Information Service.

But technical and any other un-

Adobe Systems
1585 Charleston Road
Mountain View, CA 94039
(415) 961-4400
CIRClE 245 ON FREE INFORMATIONCARD

Celtec/Vycom
Greenwood Ave & Warner St.
Scranton . PA18505
(717) 346-8254
CIRClE 246 ON FREEINFORMATIONCARD

Ron Charles & Associates
PO Box 805
Wilmette , IL 60091
(708) 251-4777
CIRClE 247 ON FREEINFORMATIONCARD

Compliance Engineering
629 Massachusetts Ave.
BOXborough, MA 01719
(508) 264-4208
CIRClE 248 ON FREEINfORMATION CARD

usual books certainly have their
place. As you might have noticed,
mall sto ref ro nts th at have a sig n o ut
front that says " b oo k store" are

Komacel, Inc
535 N Midland Ave
Saddle Brook, NJ 07662
(201) 791-1511
CIRClE 264 ON FREE INFORMATION CARD

Lazer Products
12741 East Caley Ave # 130
Englewood , CO 80155
(303) 792-5277
CIRCLE 265 ON FREE INFORMATION CARD

LSIICSI
1235 Walt Whitman Rd
Melville , NY 11747
(516) 271-0400
CIRCLE 266 ON FREE INFORMATIONCARD

Motorola
5005 E McDowell Road
Phoenix , AZ 85008
CIRCLE 267 ON FREE INFORMATIONCARD

finding

DIGITAL
waveform

PROBLEMS

The frequency domain approach 'can
often show problems clearly, which
only close examination in the time
domain with exotic equipment will
reveal.

time

F.or example, a circuit used for digital
scope evaluation appears to produce
the square wave of a 4·bit counter. The
signal has a fast risetime (around 1 ns.)
and some overshoot like that found in
any digital system. This viewed on an
analog 100 MHz scope is shown in fig .
7. Looks conventional, doesn 't it?

EE Times
600 Community Drive
Manhasset, NE 11030
(516) 365-4600
CIRClE 249 ON FREE INfORMATION CARD

Freedom of the Press
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1000 E Bell Road
Phoenix, AZ 85022
(602) 867-6259
CIRClE 269 ON FREE INFORMATIONCARD
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frequency 100MHz

GoScriptlLaserGo
9369 Carroll Park Dr. # A
San Diego, CA 92121
(619) 450-4600
CIRCLE260 ON FREEINFORMATION CARD

Hostelt Electronics
2700 Sunset Blvd
Steubenville, OH 43952
(800) 524-6464
CIRClE 261 ON FREE INFORMATIONCARD

Intel
3065 Bowers Ave
Santa Clara, CA 95051
(408) 987-8080
CIRCLE262 ON FREE INFORMATIONCARD

JerryCo
601 Linden Place
Evanston, IL 60202
(708) 475-8440
CIRClE 263 ON FREE INFORMATIONCARD

SurplUS Center
1015 West "0" Street
Lincoln, NE 68501
(800) 228-3407
CIRCLE 270 ON FREE INFORMATIONCARD

Texas Instruments
PO Box 809066
Dallas, TX 75380
(800) 232-3200
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UltrascriptlQMS
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Mobile, AL 36689
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CIRClE 272 ON FREE INFORMATIONCARD

Unitrode
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The same signal is then applied to the
Spectrum Probe@). (20 dB atten. added
to keep RF components within the
logarithmic range .) Two major
problems are visib le in fig. 8. Why are
very high spectral line levels present
which are approximately 15 MHz .
apart? The other problem, which can't
be shown easily in the photo, is the
alternatinq ampli tude of the spectral
line components - which indicates
that significant low frequency
components are present in the signal.
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converts your scope into a
100MHz spectrum analyzer

$199 direct
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ern Ame rica na, Southwest Liter­
ature , lo st min e lo re, and an
otherwise amazingly eclectic collec­
t ion of arcania. Since Singing Wind
has an unlisted add ress , getti ng
there is half the fun. If you' re not
one of thei r kind of people, you' ll
never fi nd the place.

Well , maybe one hin t . Go north
on Ocotillo Road out of Benson , Ar i­
zona ti ll it feels abou t right . Then
turn right just beyond the seventh
cow. Keep the gates the way you
find them.

Tellyawh at. I'm sure I've missed
plenty of goo d sources fo r unu sual
book s. For this month 'scontest, just
tell me about some other genuinely
useful place to find specialized or
oddball titles. Do include a mailer if

_ possible. We .w i ll have-a dozen
Incredible Secret Money Machine
book pr izes, along with an all-ex­
pen se-paid (FO B Th atch er, AZ )
tinajaquest fo r two going to the very
best .

As usual, send all of your written
ent ries di rectly to me at Synergetics,
rather than to Radio-Electronics.

New tech literature
Free data books fo r th is month

incl ude th e Produ ct Selec tio n
Guide from NEC on memo ry, mi­
cros, periph eral s, and te lecom
chips; th e i486Microp rocessorfrom
Intel; and the new Semiconductor
Databook and App licat io n Notes
fro m Unitrode.

Two surplus catalogs having great
pricing are available through Hosfelt
Electronics fo r electronic goodies;
and Surplus Centerfor pneumatics,
hydraulics, and larger motors.

Compliance Engin eering isan un­
usual trade journal aimed at helping
you meet FCC and simi lar specs.
They have a free supplement Direct
Connection: In terfacing to the Tele­
phon e Network availab le ju st fo r

. you. Ask fo r App lication Note #102.
Reasonably pri ced vacuum for m­

ing machinery is available through
Ron Charles & Associates. Wh ile in­
te nded fo r hobby modelm akin g,
there sho uld be lots of hacker uses
invo lving p rototypes and limited
production runs.

Two interesting new prototyping
and m od el m at er i al s are t he
Komacel and Celtec foamed vinyls.
Free samp les are available.

The bargain of the month has to
(Con tinu ed on page 81)

often less than useless. And pub­
lisher's catalogs carry only their ow n
tit les, many of which may be "me
too" or appallin gly bad.

Instead, you really have to expose
yourself to sources that have a ves­
ted interest in stocking a wide selec­
tion of the best book s on special
to pics.

As your resource sidebar for thi s
month, I have tried to show several
sources of unu sual book s that I've
personall y found of inte rest. Let's
do a quick rundown... .

The foremost source fo r hacker
titles has to be Lindsay Publications,
wh o stock an amazing variety of me­
chanical, machine shop, antique ra­
dio, craft, and weird science titles.
For automotive elect ronics, nobody
can beat SAE. And fo r electronic
mu sic, th e MIX Bookshelf is f i rst
rate.

For astronomy and space books,
t ry Frontier Sp ace Books. For
robotics, use Educational Products.
For all the alternate energy and self­
reliance, try Real Goods. For estab­
lishment energy and conservation
st uff, A EE Energ y Bo oks. Fo r
signmaking, it's SignCraft . For met­
als and properti esof materials, ASM
International. .

It appears that two of the finest
technical book stores in the country
are across t he st ree t fro m each
other. So, you wi ll want to check out
both th e Stanford Bookstore and
the Comp uter Literacy Bookshop.
Fo r a direct-mail sou rce of most
technical and industrial titles, you
also may want to check out Omega
Engin eering.

Byfar the best place I've fo und for
in-depth reviews of all unu sual and
genuine ly useful books is th e quar­
terly Whole Earth Review. I cannot
say eno ugh goo d thingsabout these
wo nderful fol ks.

I try to stock my own tit les and
only th e very best PostScript t it les of
others in my own Synerget ics.

It seems I 've always bee n at­
tracted to w hat I call "Iain't Likely
M cGee" publication s on Tesla-was­
an-alien free energy, perpetual mo­
tion , Pogue carburetors , Newm ann
eng ines, and simi lar off-t he -wa ll
goodies . Al th ou gh Lindsay stocks
and honestly reviews a few of these
t it les, a seco nd and more typical
source would be H&A Industries.

Asa f inal favorite of mine, Singing
Wind does specialize in the West-

( Dealers Welcome)

WARNING:
SCO
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to duplicate
renta movies
or copyrighted
video tapes.
RXII is in­
tended to stabi­
lize and restore
crystal clear
picture quality
for private
home use only.

We Bea t Anyone's Price!
30 Days Money Back Quaranty

Free Ca talog
Visa, MIC, COD or send money order to :

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

Pompano Beach, Fl 33073

Wh ile wa t ch ing ren t a l
movies, you will notice an­
noy ing period ic color
darken£ng, co lor shift, un­
wanted lin es, flashing or
jagged ed ge s. Thl . is
caused by the copy protec ­
tlon Jamming sl\lnals ern­
beddedJn the VIdeo tape,
such as Macrovlslon copy
protection. Digital Vid eo
Stabilizer: RXiI completely
eliminat es all copy protec­
tlons and lamm ing signals
and bring . you c!)'Slal clear
pictures.

FEATURES:
• Easy to use and a snap

to install
• State-of·the-art In­

tegrated clrcult technol-

•~ automatic· no
need fo r any
troub lesome adjust·
ments

• Compatible to all type.
of VCRs and TV.

• The best and most exclt­
Ing Video Stabilizer In
the market

• Ught weight (8 ounces)
and Compect (1x3.5x5')

• Beautifu l deluxe gifl box
• Uses a standard 9 Volt

battery which will lasl 1­
2 years.

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY
PROTECTIONS

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

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

sec ELECTRONICS INC.
Dept caY7 581 W. Merrick Rd. Valley Stream NY 11580

Uncondijlonal 30 days Money Back Guarantee
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1 Unit 10+
Jerrold S.B. $74 $55
Jerrold SB w/Irimode $90 $70
Oak N-12 (wNS) $89 $65
Scien tific Atlanta $109 $75
Pioneer $109 $75
Panasonic converter $98 $79
73 channel converter $79 $59
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tw Please have ma ke and model number of the
m equipment used in your area ready .

o No Florida Salesls<t: It's not the inten t of US Cable TV Inc. to
a: defraud any pay TV operator and we will not
68 assist any company or individual in doing so.
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AUDIO
UPDATE
Taking care of your tapes

.:
I

FIG.1-THESE VIDEOCASSETTE REWINDERS will save your VCR from excess wear and
tear.

CONS IDE RING TH E RECENT FLOOD OF

audio-video co mpo nents into th e
marketp lace and th e very successful
effo rts made to upgrade video
sound, I think it is not inappropriate
to devote a column to the care and
sto rage of audio and vid eo tapes.
Current opinion is that, given rea­
sonable care, the audio and video
tapes you made last mon th sho uld
be playable by your child ren's chil­
dren-assuming t hat com pat ib le
machines are still availab le. The ma­
jo r causes of tape deteri oration­
which I'll d iscuss in o rder-are heat,
humidi ty, di rt , stray magnetic f ields,
and improper handling.

Heat
Wh eth er b lank o r reco rd ed,

tapes ideally should be sto red at a
constant te mperat ure of, say, 210

Celsius (700 Fahrenh eit) . The co n­
stancy of the tempe ratu re is more
important than its actual value, be­
cause large te m pe rat u re sw ings
cause expansion and cont ractio n of
th e tape's base (backing) material.
That could result in its perm anent
deformation as well as ox ide shed­
ding. So, avoid leaving tapes in attics
or locked cars and keep them away
fro m air co nd it io ne rs, radiato rs,
heating vents, and direct sunlight .

Humidity
For archival sto rage, a constant

humidi ty of about 15 percent is rec­
ommended, but in a typ ical hom e
the humidity is li kely to be far lower
in w inter and higher in summer. In
any case, don 't store your aud io and
vid eocassettes in a damp basement ,
and if you've been videotaping out
of doors on a co ld day, give your
tape (and recorder) an hour or so to

reacclimate to the indoor tempera­
ture before use.

Dirt
Storage sleeves are designed to

guard videocassett es against the in­
tru sion of du st and dirt, and th ey do
a pretty good job . But wh en a cas­
sette is loaded into a VCR, its tape
and internal mechanisms are some­
what exposed. It foll ows, therefo re,
that it's wi se to keep the VCR (and
tape-sto rage area) as du st- fr ee as
possibl e. It also follows that yo u
shouldn' t leave a tape "sto red" in
the VCR unl ess, of course, you have
it set up for time r recording.

There'sa certai n amo unt of ox ide­
coating shedding fro m any tape dur­
ing the recording and playing pro­
cess, but the better the tape, the
less it sheds . M od ern hi gh-grade
audio and vid eotapes are ext remely
" c1 ean " i n t h is regard. Unfo r­
tunately, the tape stock used fo r
some prerecorded aud io and vid eo
cassettes is not as a high a quality as
it might be.

Althou gh th ere are perh aps a

doz en d iff erent brands of video
head cleaners on the market, most
from reputable companies, man y
technicians strongly advise against
their use. In their view, the only way
to t ho roughly clean a VCR whi le
avoiding excessive head wear or
damage is to return the machin e to a
factory-auth orized service center
for cleaning. My own view is that a
we t o r dry head-cl eanin g vid ­
eocassette fro m a reputable compa­
ny is unl ikely to cause problems if
used precisely according to instru c­
t ions and only w hen a grainy or lost
picture shows that its services are
needed. As I mentio ned, head clog­
ging is rare when new high-grade
tapes are used.

If I had fo llowed the advice of
those w ho advocate factory service,
by now I wo uld have paid for at least
seven or eight cleanings of my oid
VCR (at perhaps a $50 to $75 a shot)
in addit ion to the inconvenience of
gett ing it to and fro m the service E
organization, and not having it avail- !<
able for use while being serviced. <0

Since my o lde r machine doesn 't ~

69



"What's the penalty for not rewinding tapes?"

forwardi ng and rewindi ng them at
least once a year. The purpose is to
prevent poss ible pri nt -through of
the audio track and/o r adhesion be­
tween tape layers. It seems to me
that there is no harm in such a te­
dious procedure, but befo re yo u
emba rk on such a long-and-winding
road for video, I suggest investing in
a videocassette winder, which will
speed the process and save wear
and tear on your VCR.

The ul t ra-cautiou s also sugges t
storing audio and video tapes in
ju st-played con d it io n (rathe r t han
rewound to the begin ning, asvid eo­
rental places prefer). Their reason­
ing is that du ring normal play, tape
t en si on i s b ett e r d istribu t ed
throughout the tape layers because
of the slow playing speed and be­
cause video play is und er direct ser­
vo co ntro l by t he VCR, unli ke
du ring tape winding. Storage after
play without rewinding is the prac­
tice fo llowed by audio record ing
studios w ith their open-reel master
tapes. However, its relevance to cas­
settes, audio or video, is uncl ear.

It 's also general ly advised th at
tapes be sto red vertically to avoid
possib le damage to the tape edges.
However, I suspect that the advice is
simp ly a hol dover from open-reel
days when the tape "pack" would
droop towa rd the bottom flange if
the tape were stored horizontally.
The tape pack in cassettes issmalle r,
lighter, and better positioned by its
enclos ing shells.

I sho uld admit that I tend to leave
my tapes unexercised, somet imes
half-woun d, out of the i r sto rage
cases, and stored every which way.
And in thirty-odd years I've never
experie nced any aud io or video
tape problems clearly caused by my
negligence. Then again, maybe I've
bee n lucky o r si mp ly haven ' t
noticed. R-E

Hand ling
Some experts advise that stored

open-reel tapes and audio and vid­
eo cassettes be "exercised" by fast-

seem to have suffered any ill effects
from years of at-home cleanings, it's
clear th at the mon ey saved by a
goo d head-cleaning cassette more
th an co mpe nsates for any add i­
tional head wear it might cause.

Stray magnetic fields
Because the video picture and au­

dio sound are embodied on a tape
in the form of complex magnet ic
patterns, anyth ing t hat d isrupts
those patterns-such as strong ex­
ternal magnetic fie lds-shou ld be
avoi de d . Therefore, do n' t sto re
tapes close to or on top of sources
of magneti c energy such as loud­
speakers, amplif iers, and any other
electronic co mpo nent t hat has a
large power t ransfo rme r. A distance
of two to three feet from potential
problem areassho uld be more than
adequate. Incidentally, I've heard of
cases in w hic h vacuum-cleaner
motors caused part ial tape erasure,
so be carefu l w hen cleani ng the
tape-storage area.

Cell Joseph Electronics for velue quotes on 011 KENWOODmodels.

KENWOOD '7he Company You've Been listening To For Years."

40 MHz DUAI·CHANNEL 100MHz 2·CHANNEL 4·TRACE
OSCIllOSCOPE OSCIllOS COPE

VERTICAL MODE CHI , CH2, DUAL (ALT, CHOP), ADD VERTICAL MODE CH1 , CH2,AlT, CHOP, ADD
SENSITIVITY 1mV/DIV to 5V/DIV It112RAtlGES SENSITIVITY lmV/DIV to5V/DIV IN 12RANG ES
HORIZONTAL MODE A, ALT, B, X-V HORIZONTAL MODE A, ALT, B, X-V
SWEEP TIME A0.2J.lS TO 0.5 S/ D1V±3%(20renges) SWEEP TIME AO.5J.lSTO 0.5S/div ±3%(22renges)

B0.2J.lS TO 50mS ±3%(1 7renges) BO.SJ.lS TO 50mS/div ±3%(19 ranges)
TRIGGER SOURCE VERT MODE, CH1, CH2, EXT, LINE TRIGGER SOURCE VERT MODE, CHI, (H2, EXT, LINE
TRIGGER MODE AUTO, NORM, FIX, SI NGLE-RESET TRIGGER MODE AUTO, NORM, FIX, SINGLE-RESET
COUPLING HFrei, DC, TV FRAME, TV litlE COUPLING AC, HF rei, DC, TV FRAME, TV LINE
PROBES 2PC-33 PROB ES Included PROBES 2PC-31PROB ES Included

Mode/CS-5130 $899 $J399 Mode/{J-5170
Reg. Sl095 Reg. ~I695

• DIGITAL READOUT
• DELAYED SWEEP
• VIDEO CLAMP
• CURSOR FUNCTIONS
• HIGH SENSITIVITY
• AUTOMATIC TRIGGERING
• HIGH RESOLUTION 12KVCRT
• 2·YEAR WARRANTY
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cost! GUARANTEED PASS - Youget you r
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R-E Engineering Admart
Bates; Ads are 2W' x 2%". One insertion $950. Six insertions $925. eachIwelve
insertions 895.each. Closing date same as regular rate card. Send order with
remittance t~ Engineering 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% Engineering ads areaccepted for thisAdmart.

BP182-MIDI interfacing enables any so
equipped instruments, regardless of the
manufacturer, to be easily connected to­
gether and used as asystem witheasy com­
puter control of these music systems .
Combine acomputer and some MIDI instru­
ments and you can have what is virtually a
programmable orchestra. To get your copy

- send $6.95 plus$1-:-25 for shipping in the -­
U.S. to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park
NY 11762-0240. '

6805 MICROCOMPUTER
DEVELOPMENT SYSTEM

The MCPM -l system allows the IBM PC and compatibles
to be used as a complete development system for the
Motorola MC68705P3. P5. U3. U5. R3 and R5 Single
chip microcomputers. The system includes a cross
assembler program. a simulator/debugger program and a
programming board that connects to a senal port.
Pnce-$449 .00 VISA and MASTERCARD accepted.

RR#3. BOX ac Barton , Vermont 05822
Phone (802) 525-3458 FAX (802) 525 ·3451
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__ ., • THE EItG/IlEERSEel cOllABoi iTTYE-.-TIIC.
WPT PUBLICATION

979 Young Street, Suite-A- - ­
Woodburn, Oregon 97071

Phone (503) 981-5159

FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam. The NEW
EXAM covers updated marine and
aviation rules and regulations,
transistor and digital circuitry.
THE GENERALRADIOTELEPHONE
OPERATORLICENSE- STUDYGUIDE
contains vital information. VIDEO
SEMINAR KITSARE NOW AVAILABLE.
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continued from page 47

output (pin 7 of IC4-b) in the positi ve
direction by a few volts . Capacitor C4
is used to cre ate a low-pass filter at the
output stage of the 0 /A circui t. The
O/A circuitry and the manual-control
input (14 pin 8) provide the steering
input reference to the velocity-feed­
back loops .

Velocity-feedback loops
Each loop consists of a summing

junction, amplifier, PWM , velocity
feedback , tachometer circuitry, and
inverter/switch . Since the right and
left velocity-feedb ack lo op s are
basicall y identi cal , we will discuss
the details of the left veloc ity loop
only. Op -amp IC4-d acts as the sum­
ming junction and amplifier. The
steering reference signals are coupled
to the op-amp 's inverting input (pin
13) through resistors R24-R28 and
R40 . Capacitor CS is used to create a
low-pass filter at the amplifi er 's output
(pin 14). After the signals are added
and ampli fi ed , th ey are passed
through R57 to IC9 , a UC3637 Pulse
Width Modul ator (PWM) IC, that
sends PWM signals to the power
board for running the.drive motors .

Also contained on the motor-con­
troller board are the grass-sensor am ­
plifiers, which are shown in Fig . 4-

FIG. 5-THE MOTOR-CONTROLLER
board fits in one of the motherboard's
slots.

we will discuss them shortly. A pho­
tograph of the motor-controller board
is shown in Fig . 5.

Within th e motor housing is a
chopper wheel that is used for sensing
wheel (and motor) speed . The chop­
per whee l is show n in Fig. 6 . The
whee l has gea r-like teeth that move
through a dual opto- interrupter mod­
ule as shown in Fig . 7 . As the teeth

FIG. 6-THE CHOPPER WHEEL has gear­
like teeth that move through a dual opto­
interrupter module.

mov e th rough th e o p to modul e ,
they'll intermittentl y break the two
light beams causing the modul e 's in­
ternal photot ransistor to turn on and
off. The process creates two square­
wave outputs , IN I-I and IN 1-2 , that have
pulse widths that are proport ional to
the speed of th e cho pper whee l,
motor, and drive whee l. Sinc e one
light beam is broken before the other,
IN 1-2 will always lead IN I-I in phase by
90 degrees when the motor is in mov­
ing in the forward direct ion . Figure 8
shows the two square-wave outputs
from the dual opto-interrupter mod­
ule. When the whee l spins in the re­
verse direction , the phase of the two
square waves will sw itch . In that case,
the square wave at IN I-I will lead in
phase by 90 degrees . That tells the
motor-controller circuitry if the drive
wheels are moving forward or back­
ward .

The square-wave outputs for the left
drive motor are fed to the moto r con­
troller board via 13, pins 7 and 8. The
signals are buffered by inverters ICI-c
and ICI-f and then sent to Ootype flip
flop IC2-a. The flip flop is used to
determin e motor direction ; forward or
reverse . Since the flip flop clocks in
data during the O-to- +5-volt transi­
tion at pin 3, 0 volts will be indicated
at the Q output (pin 5) when the motor
is moving forward. Co nverse ly, + 5
volts will be at the Q output when the
motor is in reverse .

continued on page 74
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DRAWING
BOARD
Scrambling and Macrovision

ROBERT GROSSBLATI,
CIRCUITS EDITOR

Although th ere's no real data
shown in the video information part
of Fig. 1, a typical lin e of real vid eo
mi ght look exact ly li ke that. The
th ing that should be obvious in the
drawing is that the video informa­
tion has to be placed outside the
hor izon tal interval and it can' t go
below 0 IRE units (abo ut 0.3 volts) or
above 100 IRE uni ts (about 1 volt). A
level of 0 IRE producesa black signal
and a level of 100 IRE produ ces
white.

The reason that video levels are
usually referred to in term s of IRE
units is that, while the signal is sup­
posed to be 1 vo lt peak-t o-peak ,
some VCR's and ot her equipment
put out different levels. The man­
uf acturer s calibrat e th em bef ore
they leave the facto ry but, as we all
know, stuff happens. Most video in­
puts are clamped by one means or
anothe r so th at th e vid eo signal
being fed to it is chopped down to 1
volt but the ratio of picture data to
video data is st ill at the IRE standard.
Zero IRE is defined to be roughly
one third of the complete peak to
peak voltage sw ing regardlessof the
actual voltage. A level of zero volts is
always -40 IRE uni ts and 100 IRE
units (100% white) is always the up­
per level of the input voltage swing.

Picture information can have an
amplitude of slight ly less than 100

FIG. 1
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the contro l signals if there isn't pic­
tu re there as well. I suppose that
some people are suc h hard-lin e
couch potatoes (now wh ere did that
come from?) that they even enjoy an
evening of staring at a blank screen.
Com e to think of it , some of the
stuff that shows up regularly on the
tube isn' t much better. But, then
again, four hours of a blan k screen .
means four hours withou t commer­
cials so maybe it's really not so bad
after all.

Since we now know that every­
thing in the NTSC signal is pre­
defin ed, it shouldn't be any surprise
to learn that there are rules fo r pic­
ture info rmat io n, as we ll. The il­
lustration of a line of vid eo in Fig. 1
sho uld be an old friend by now, but
th is tim e we're go ing to talk about
the picture area rather than the hori­
zontal interval.

The basic idea behind the NTSC
standard is the verti cal division of
the 1-volt vid eo signa l into a cont ro l
area and a picture area. While there
are rules fo r the pictu re information
(just asthere are rules for the stuff in
the hor izon tal inte rval), things are a
lot looser when you' re talk ing about
pictures. Sync signals have requi re­
ments cover ing placement , ampli­
tude, and width, but picture signals
are required only to meet pl ace­
ment and amplitude requi rements.

l(}tlIRe IV

The picture area
Th e sync syste m we've bee n

studying and build ing is only one
part of the NTSC signal - let 's not
forgetthatthere'sno poi nt to having
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IF YO U 'VE BEEN A LO NG WITH US O N OUR

magical trip through videoland ,
you've had enough basic video stuff

-- - jammed down vourthroe; to ge t a- - ­
high-l evel execut ive job at the local
network. If you've built the hard­
ware as well , you're in line for the
network presidency. The most im­
portant thin g you sh o u ld have
picked up fro m everything we've
been doing is that the video signal is
an extrer .iely co mplex wavefo rm
with strict ly def ined tim ing param­
eters. As with mo st complex things,
however, it's a lot harder to put it
together than is to take it apart. Just
like a jigsaw puzzle, it may take
three weeks to build bu t it takes
only three milliseconds to w reck.

Modern art aside, the only way
you can get an image on the screen
is by having all th e right signals
show up at the right place at the
right time. Leave out just one of the
required control pul ses and the TV
set will turn up its nose at the entire
signal. If you don' t have all of it , you
might as well have none of it .

And, before I forget, several peo­
ple have written asking w here they
canget th e 8284we used asthe mas­
ter clock generator. Frankly, I'm a bit
surprised anyone had any trou ble
find in g it since the chip is carried by
most of the mail order hou ses that
advertise in Radio-Electronics. All I
can say is that even though the 8284
isn't listed in their ads, I know fo r a
fact t hat it 'spart of the inventory. Just
give any of them a call and, as the
man said, ask fo r it by name.
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IRE units . That's because it starts at
7.5 IRE units rather than at 0 IRE
units. The area from 0 to 7.5 IRE units
are reserved for what is officially re­
ferred to as the "set-up level." The
top of that (7.5 IRE units) is the black
threshold and the bottom (0 IRE
units) is the top of sync. You can see
that in Fig. 2. Having that small buff­
er area is a way of acknowledging
that things don 't always work in real
life as nicely as they do on paper.
The 7.5-IRE unit gap is best under­
stood by realizing it's just adding a
bit of hysteresis to the system. Real­
world signals don't always pay abso­
lute attention to the written NTSC
video standard.
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Making pictures
If you're into abstract impres­

sionism, it's really easy to make
video appear on the screen. The
only requirements you have to fol­
low are to gate the picture signal
with sync and limit the amplitude to
the upper100 IRE units. I don't know
what you 'll see on the screen but
the chances are that if you take pic­
tures of it you'll be able to sell them
for some outrageous amount of
money. However, if you're into
structure, it's going to take a bit
more work to have something rec­
ognizable show up on the screen.

If you've been around since we
started this video stuff, then you al­
ready know enough to make some­
thing appear on the screen. What's
key here is exactly what's meant by
the word "something." Getting a
screen full of bars or dots is possible
with a handful of standard parts .
The approach to the design is sim­
ple since it's really the same as the
one we went through when we were
designing the hardware to generate
sync.

The simplest case would be a se­
ries of vertical bars. All that's needed
is circuitry that goes high and low at
periodic intervals and is gated by
horizontal sync. If it puts out highs
at the same place on each line of

video you're going to see a series of
vertical bars on the screen. If you
want to break the lines vertically and
wind up with a series of squares,
you'll have to keep track of the
number of lines and enable the pro­
duction of highs only on certain
lines. It would also be a good idea to
reset the entire circuit during the
vertical interval so the squares don't
do a vertical creep on the screen.

In the interest of space, I'm going
to leave the design of the circuit to
you. As a matter of fact, it's time for
another contest anyway so let's
make one out of this. The rules are
simp le. All you have to do is put an
image on the screen. The ones who
put the most interesting image on
the tube in. the .n::!o?-.t i~tere~ting_ .

manner will be the winners. What
I'm looking for is slick circuitry more
than art but I'll take both into ac­
count when judging the entries.
Since there's an artistic side to this
contest, and the difference be­
tween garbage and gorgeous is in
the eyes of the beholder, there will
be several free subscriptions to Ra­
dio-Electronics available.

Scrambling pictures
Now that we know how video is

made, it's worth spending some
time to see how it's unmade . Of
course I'm talking about some of
the stuff that the friendly folks at
your local cable company do to the
images they send to your house.
Unless you've spent the last couple
of years with the fish faced people of
Neptune, you're aware of the nasty
art of video scrambling-both on
cable TV and commercial video­
tapes.

Let's take these one at a time.
Cable companies make extra

money selling subscription services
and most of them are scrambled to
keep you (at least in theory) from
being able to watch them without
paying. Before we get into what they
do to video, I want to make a couple
of philosophical points .

The people at the cable compa­
nies seem to go absolutely non-lin­
ear whenever someone builds their
own descrambler and watches their
stuff without paying. As far as I'm
concerned, any cable company ex­
ecutive who thinks that way is full
of...errors in judgment.

At a certain point on the cable,
signal ownership transfers from the

cable company (that's them) tothe
subscriber (that's us). The same sort
of argument used to be used by the
phone company. I'm sure that ev­
eryone remembers the days when
adding your own extension phone
meant risking the wrath of the
phone company. They finally got
smart enough to drop that attitude
and limit their sphere of respon­
sibility to bringing a line into your
house. The cable TV companies are
still working on the original tele­
phone standards.

If you have cable TV service, it's
reasonable to agree that they own
the signal as long as the signal is
running through their own equip­
ment. That includes their cable,

.!.!l~k..!'::!!l.e r, and an arg~!!1eQt can
even be made that they own it all the
way to the input jacks of your VCR
or TV.Once the signal gets into your
stuff however, as far as I'm con ­
cerned, it's yours.

If you modify your television to
unscramble cable signals, that
should be nobody's business but
yours . And if that still seems to be
questionable, let's suppose you
were able to make some kind of
optical screen that went in front of
the TV and unscrambled the pic­
ture, how could the cable compa­
nies complain aboutthat? And if you
had built a device that scrambled
clear reception, you can bet your
bottom dollar that the cable compa­
nies wouldn't care about that either.

The point I'm making is simple: if
the cable company doesn't want me
to watch something I haven't paid
for, don't put the signal on the line
in the first place. The cable compa­
ny argument that anything I do to
unscramble the picture, even inside
my own TV, is a theft of service, is
covering up the fact that it's cheaper
for them to scramble the signal than
it is to send it only to people who
pay for it.

I must have had this discussion
with just about everyone I know and
I'm interested in finding out what
you think of it . Write in and let me
know what you think.

We'll get to the basics of video
scrambling next month. First, let's
move on to another unpopular vid­
eo topic: Macrovision.

We've all been hounded by Mac­
rovision and had to live with copies
that blink constantly when they're
viewed. Since there's lots of easy to
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FIG. 7-THE OPTO-INTERRUPTER MODULES keep track of wheel movement.

FIG.8-WHEN THE LEFT WHEEL GOES FORWARD(a), pin 5 of IC2 is at 0 volts, and when
the left wheel goes in reverse (b), pin 5 is at 5 volts.

TO MOTOR­
CONTROLLER

BOARD

IN 1-2
'-+"---+---0 J3-8

IN H
,-+-,"- -+--f---o-<> J3-7

+5
..--- ...........--0 J3·10

11 are the input to the PWM IC's, pin
4 is the "forward" output signal, and­
pin 7 is the "reverse" output signal.
When the left wheel is moving for­
ward, the analog input voltage to pins
9 and 11 will vary between +0 .7 volts

continued on page 88

signal in order to maintain negative
feedback; that inverted signal is pro­
duced by IC4-a .

Pulse-width modulators
The pulse-width-modulator func­

tion is performed by two UC3637
PWM Ie's, IC9 and IClO. Pins 9 and

5

5'-- ....-...Q

RIGHT
8

IC20
OPB822S~~_ _ ..::r- --'

LEFT 8

1G19
OPB822S

7

PINOUT
OPB822S

LAWN MOWER

continued from page 71

sents wheel velocity from the square­
wave frequency. The analog switch
IC8, which is controlled by IC2-a, is
used to select the forward and reverse
velocity-feedback signals. When the
motor spins in reverse, the velocity­
feedback loop requires an inverted

The squ are-wave signal IN 1-1 is
tapped off IC I pin 5 and sent to IC5 , a
frequency-to-vo ltage converter tha t
produces an analog voltage that repre-

get (and legal) equ ipment around to
beat Macrovision, I don't see any
reason other than greed for the fact
t hat it's sti ll used. If yo u want to
make copies of tapes that have been
infected with Macrovision you can
buy (or build) ci rcuitry to eliminate
it, but there's a much easier way to
do it, and it shouldn't take you more
than a few minutes to make Mac­
rovision a thing of the past.

Since the idea behind Macrovi­
sion is to put pulses in the vertical
interval that confusethe AGC (Auto­
matic Gain Control) of the VCR used
to record the copy, all you have to
do is locate the AGC trimmer in the
VCR and turn it down. As soon as
you kill the AGC, the Macrovision
pul ses won't have any effect at all.
People make arguments that you
need the AGe to protect the video
circuitry in the VCR, but the video
output of most consumer equip­
ment is clamped to about one volt
so the chances are that you can live
very well without it. If you're really
not sure about killing it completely,
move the trimmer to the front panel
of the VCR.Most VCR's use DC con­
trollines so there's not even a noise
problem by adding some wire and a
potentiometer to the circuit.

If you're nervous about that, re­
member that some VCR's don't get
messed up by Macrovision. The rea­
son is that either thei r AGC hasbeen
turned way down, isn't wo rking, or
isn't there. Save yourself some
money by getting the service man­
ual for your VCR and making the
adjustment yourself. It's easy to do,
and, once you've done it, you prob­
ably won't see any difference in the
way the VCR behaves and you'll
more than likely forget about it.

Macrovision was designed to
keep people from making and seil­
ing pirated copies of videotapes.
Since it's so easy to beat, there's no
reason for keeping it around. The
real protection for the people seil­
ing commercial tapes is the obvious
difference in quality between the
original and the copy.

Macrovision makes commercial
tapes mo re costly to produce and
more expensive for the consumer­
and that 's all it does. It was a stupid
idea when it firs t appeared, is even
more stupid now, and it's time to get
rid of it.

Write letters, sign petitions, and
I'll talk to you next month. R-E
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Retain important PC data with
this inexpensive battery-backed RAM disk.

BUILD A SOLID-STATE
DISK DRIVE

W ou ld n 't it be nice if you
didn't lose memory con­

tents every time you turned off
your PC? And wouldn't it be nice
to have a RAM disk that didn't
tap into your regular memory,
whether conventional (0-640K),
extended (above 1 MB), or ex­
panded (bank-switched beneath
1 MB)?

If you think that either would
be nice, then you'll be interested
in our static RAM disk. It 's a full­
length card for any 8- or 16-bit
expansion slot; you can install
32K-512K of static CMOS RAM's
on the board. The board has
provision for an optional battery
backup system so the card will
retain its contents even after the
main system loses power. That
capability could be useful in re­
mote data logging or industrial
use.

You can build the board for well
under $100, not counting the
cost of the RAM. A double-sided

MARK HATTEN

PC board is available, as are com­
plete kits and assembled units.
The complete assembly-language
source code for the RAM disk is
also available, allowing custom
modifications.

Hardware overview
The circuit consists of three

main sections : the RAM array,
the bus interface circuit, and the
battery backup circuit. Figure 1
shows a block diagram.

The static RAM portion con­
sists of a maximum of sixteen
32K x 8 CMOS static RAM's
(SRAM's), divided into tw o
banks. The address and data
lines of all SRAM's in both banks
are driven by ICl, an 8255 config­
ured as a triple parallel port. Port
A drives the low-order address
lines (AO-A7), Port B drives the
hi gh-order address lines
(A8-AI4), and Port C drives the
data lines (00-07).

continued on page 79

EDITOR'S
WORK,•.
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ILetters

S evera l items in recent col­
umns have provoked ques­

tions from readers. Following are
my responses.

M. Delez of Juneau, AL asked
for clarification on what I meant
by stating that the number of
jobs in hardware servicing would
shrink (see Editor's Workbench,
April 1990, p. 70). Mr. Delez is
seriously considering a career in
computer and audio/video servic­
ing, and wonders what he should
do. As stated in the article, I was
talking about component-level
servicing (and R&D work). Per­
haps I should have made it clear­
er that higher-level servicing­
board swapping and the like­
will continue to be a high-activity
sector of the job market.

A. Kusnevick of Paxton, IL
asked for clarification on the
ROM-scan routine that a PC
BIOS executes when booting
(discussed in conjunction with
Annabooks' PromKit, in the
March 1990 Editor's Workbench,
p. 72) . In particular, he wondered
where the byte that specifies the
number of 512K blocks of memo­
ry is located. In a ROM that is to
become a BIOS extension, the
first byte contains 55h, the sec­
ond byte contains AAh, and the
third contains the length spec­
ifier, which specifies the number
of 512-byte blocks in the ROM.
The fourth and fifth bytes con­
tain the address in the ROM
where the initialization routine
is stored. If the checksum of all

c..
C
!:(

<0
<0
o

75



ous types of calculations. In­
stallation consists simply of
copying the files to your working
disk.

The program works using an
amalgamation of Microsoft Word
style menus and WordStar key,
stroke commands. Command
menus appear near the bottom of
the screen; you execute a com­
mand by highlighting it and
pressing the Enter key. or by
pressing the capitalized letter in
the command.

You use the Author command
to type in and edit expressions.
Each expression is numbered;
expressions scroll up the screen
each time you add a new one. You
can't edit an eXRression after

p ress ing Enter. bu-t various edit­
ing commands allow you to copy
parts of previously entered ex ­
pressions into the current one.
And the Build command allows
you to build up a complex expres­
sion from p revio u sly entered
ones .

After entering an expression,
you can simplify it, factor it, ex­
pand it, solve it, plot it, or save it .
Of course, you can also load pre­
viously saved expressions.

Derive includes several fea­
tures that simplify expression
entry. For example, you don't
have to enter an asterisk to indi­
cate multiplication. Variables are
normally a single letter. but you
can configure the program to use
multi-character names . Varia­
bles and constants can be desig­
nated by the Greek letters in the
IBM PC character set by pressing
an Alt-key combination (e.g., Alt­
P for J[).

Derive includes all common op­
erators and functions (+. -, *,
-:-. exponentiation. log, In, sqrt,
abs, sin, cos, tan, cot, sec, esc.
max, min, RMS. VAR, STDEV),
and numerous others. You can
also write your own functions.
and declare constants to be used
in calculations.

Internally. Derive stores every
rational number as an integer or
a ratio of integers. Irrational
numbers (e .g., SQRT(2)) are
stored in symbolic form. You can
force Derive to compute results in
exact, approximate, and mixed
modes. In exact mode. all com­
putations are done using integ-

Features
Derive comes on a single floppy

disk; the executable file is about
227K. The disk also includes sev­
eral sample files containing vari­
ous expressions useful for vari-
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bytes in the ROM equals zero, the IFun with Math
BIOS saves its current location . -----l

on the stack and calls the init
routine, which should end with a Derive is simply amazing. In
FAR RET to continue the boot the company's words, "De-
process and turn control over to rive is a menu-driven symbolic
COMMAND.COM. math system for personal com-

Another reader took me to task puters. Derive does numerical
for my statement in the April and symbolic equation solving,
1990 column (p. 70), that few of exact and approximate arith-
the modern generation of word met ic, calculus, trigonometry,
processors allow you to type and and matrices . Derive Plots ex-
format equations in a quality presslons in 2D and 3D on mono-
manner. He included a sample chrome and color graphics
printout of the same equation monitors."
shown in the magazine as ren- One might add that it does all
dered by WordPerfect 5.1. My ex- that without requiring a 386, or a
cuse is simply the fast-changing math coprocessor, or lots ofmem-
character of this business; lory. A PC compatible, 512K of
wrote that column shortly before RAM, and a single floppy are all

-- WordPerfect 5 . rwas'releasea. - . you need: a -gr apli ics' display-is -
You may also be interested to also nice for viewing plots. Her-
know that Ventura Publisher cules, CGA, EGA, VGA, and sev-
with the Professional Extension eral other formats are supported.
has an equation editor. So does Derive also runs on the NEC
Word for Windows, which also PC-9801. The program will run
has a BASIC-like language that faster on faster machines, of
allows you to solve equations as course, but it won't use more
well as display and print them. than 640K of memory or a

On a related note, I just re- coprocessor, even if either or both
ceived an advertisement for a happen to be present.
program called Exact that loads The following are several exam­
asa TSRandpops up within your ples of what Derive can do. (Solu-
word processor. The program al- tions will be presented below.)
lows you to see expressions as • Compute J[ to 70 decimal
you type them, and apparently to places.
use your word processor to print • Simpltfy algebraic expressions
them as well. More than twenty (X + 1)1(1- X2).
word processors are supported. • Fa c tor I a r g e n u m b e r s
Contact Technical Support Soft- (987654321)
ware. Inc., 72 Kent Street. • Perform complex-number
Brookline, MA 02146 (617) arithmetic manipulation
734-4130 for more information. • Find symbolic limits, do dif-
If there is sufficient reader inter- ferenttation, find Taylor series,
est, I'll get a copy of the program manipulate vectors and rna-
and check it out. trices. etc.

Of course, displaying and • Solve just about any computa-
printing equations is only icing ble equation to just about any de-
the cake. The real work consists sired degree of precision.
of deriving the equation, making • Plot just about any equation of
the calculations, and plotting the one or two variables.
results . And that leads us to a • Generate an expression in a
really neat software package form suitable for inclusion in any
called Derive. BASIC, FORTRAN, or Pascal pro­

gram.
• And that just scratches the
surface.
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FIG. 2

FIG. 1

metical expressions. Confidence
grew quickly so I tried some al­
gebra. I remembered plotting
various equations (y= x2 , Y= x3 •

etc.) by hand in high-school al­
gebra. So I typed in a simple
equation and issued the plot
command. Instant gratification.
Since it was so easy, next I tried
variations on basic themes
(y=x2+1, etc.). In that way I E
could see instantly how changing !<
different constants and variables cD

(0

affected a given type of equation. 0

rr

Using Derive
To say that Derive can do all of

those things does not in the least
say how much fun it is to use the
program. And it's obvious that
you can have fun with Derive. re­
gardless of your prior mathemat­
ical training. You might also
learn something in the process.

In playing with Derive. I fol­
lowed the basic sequence of my
mathematical education. To start
learning how to use the program.
first I tried some basic arith-

ers and symbols. so there are no
round-off errors.

In approximate mode. irra­
tional numbers and fractional re­
sults of rational operations are
rounded. You can set the number
of dec imal places after which
rounding occurs . So if you really
want to know what Jt to 500 deci­
mal places is ...

In mixed mode. rational num­
bers are computed exactly. while
irrational numbers are accu­
rately approximated.

Exact mode provides the most
precision. but requires the most
memory; approximate mode
computes fastest and uses the
least memory.

You can also specify separately'
the display mode (rational. deci­
mal. scientific. or mixed; and
number of display digits), and
number base. For the latter you
can specify different values for
input and output. thus allowing
Derive to function as a number
base converter. Derive accepts
number base values between two
and thirty-six.

You can plot any one- or two ­
variable equation. A single varia­
ble gives a 2D plot; two variables
give a 3D plot. as shown in Fig. 1.
In either case you can alter sev­
eral parameters to vary the ap­
pearance of the plot. including
scale. number of "tick" marks on
the axes. and viewing angle of a
3D plot. It's particularly fascinat­
ing to view a 3D plot from dif­
ferent angles. Unfortunately. De­
rive includes no print module. so
to print a plot. you'll have to rely
on a third-party screen-print
utility.

Derive's initial screen is where
you enter expressions and where
Derive displays results. If you
choose to plot an expression. De­
rive switches to another screen.
However. you can split the screen
into several Windows. each of
which may be either an expres­
sion window or a plot window.
Figure 2. for example. shows a
three-window screen at VGA res­
olution. Window 1 contains sev­
eral expressions; note that ex­
pression 27 (y/x) is highlighted;
that is the current expression.
Window 3 shows a 3D plot of that
expression. and Window 2 shows
a 3D plot of expression 26 (xly).
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Getting The
Most From Your
Pr inter

GETTING
THE MOST
FROM YOUR
PRINTER

BP181-lt is probablethat 80% ofdot-ma­
trix printer users on ly ever use 20% of the
features offered bytheir printers. This book

_wi!U1elpyou unlockthe special features and
capabilities that you probably don 't even
know exist. To order your copy send $6.95
plus $1 .50forshipping inthe U.S. toElec­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

-
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SECRETS OF THE
COMMODORE 64

s.~t.ts of the
COMMODOR E 64

BP135-Abeginners 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- '-- ---'
icsfacilit ies . We look athow the memory is
organized, random numbers and ways of
generating them, graphics-color-and sim­
ple animation, and even a chapter on rna-

. chine' elide . Ge!"you'r"copy today~- Send--
$5.00plus$1.25 for shipping in the U.S.
to Electronic Techology Today Inc., P.O.
Box 240, Massapequa Park, NY
11762-0240.
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Then I was off into tr igonome­
try. Firs t it was s in (x). Next was 2
s in (x). Then s in x2 . You get the
idea .

With 3D plots, you cou ld easily
spend hours t ry ing di ff eren t
equ a t ions , different viewpoints,
etc . Even my w ife, a decidedly
non-mathemati cal pers on, got
involved . " Le t 's t ry jus t o ne
more ..." The point is that Der ive
is a su pe rb educational too l. It's
also a serious and powerful tool
for sc ien tists , mathema ti cians ,
and eng ineers. It 's t he refo r e
highly recommended .

Here are solutions to the ques­
tions pos ed above.
1. 3. 14 15 9 2 6 53 5 8 9 7 9 3 2 3 8
4 62 6 4 3 3 8 3 2 79502 8 84
1971 6 9 3 9 9 3 7 5 105 820
974944592307816
2. - l/(X-l)
3. 3 2 X 172 X 3 79721tm.

IExploring Math With Derive

Deri ve co mes wi th a u s er 's
manual that is really a reference
gUide for those who already know
what they are doing. If you're in ­
te rested in Derive fro m a n edu ca­
t ional point of view-either for
yo u rself or for someone else­
you 'll want to check ou t Explor­
ing Math Jrom Algebra to Cal­
cu lus with D erive, A M a thema ti ­
ca l Assistant . The au th or is a
pro fessor of ma themati cs, an d it
is obv io us tha t h e si nce rely
wants to find ways of teaching
people abou t math , n ot jus t the
wizards, but the res t of u s as well,
a n d that h e thinks Derive can as­
sist the process . The book is ex­
tremely fr iendly in both the way it
is written a n d in th e way it is laid
out.

Ch a p te r 15 of the b ook d e­
scribes how the au th or h as used
Derive to teach math to stu de nts
at var ious levels , including first­
year calcu lu s stu dents, firs t-year
a lge b ra stu dents , fifth g raders,
a n d first an d s eco n d graders . Se­
riously. How many pi eces of soft­
ware h ave you seen that could be
u sed by graduate engineers and
first gra ders? If you 're still in
sch ool, kn ow someone who is, or
n eed a brush-up, Derive an d a

copy of th is book sh ould be high­
priori ty items.t m .

ITEMS DISCUSSED
• Derive ($ 2 0 0), .S oft Ware­
house, In c., 3615 Harding Ave­
nue, S u it e 505 , Honolulu, HI
96816. (808) 734-5 801.
CIRCLE 246 ON FREE INFORMATION CARD

• Exploring M athjromAlgebra
to Calculus wi th D erive , A
Mathemati cal Assistant, by J e­
r ry Glynn. published by Math­
Ware. 604 E. Mu mford, Urb an a ,
IL 61801.

II there's apain in
your chest, be apain

in the neck.
Complain to adoctor.

,/ Emergency ......

~.
Iliiiii! ......I! Chest pain could

be a sign of hear t
disease. The sooner you see
a doctor, the better your
chances for life.

..
O American Heart Association
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FIG. 1. THE STATIC RAM DISK consists oj three major s u bsys tems : an a rray oj as
m any as sixtee n 32K CMOS stalic RAM's. a bus-interfa ce ci rc u it . and a battery-backup
ci rcuii.

Types of device drivers.
There a re two types of device

drivers: character and block . As
the names suggest. a character
driver d eal s with information
character by ch a racter, a n d a
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Driver components
A driver cons is ts of three main

componen ts : an initialization
routine, a s trategy routine, and
an interrupt routine.

The initialization routine is
generally called once, when DOS
loads the device driver. Its job is
to set up pointers to the BIOS
parameter block (BPB)and to the

block driver deals with informa­
t io n in larger chunks called
blocks. The size of the block can
va ry within certain limits set by
DOS .

Examples of devices that u se
character drivers include the se­
rial and parallel ports . Examples
of devices that use block drivers
include the floppy and hard disk
drives .

Ge n era lly speaking, a b lock
driver can operate more effi ­
cien tly than a character driver,
be cause there is less overhead in ­
volved in each transfer of infor­
m ation to or from the device
controlle d by the driver. With
so me physical devices (disk driv­
es , for example) you know that
each time you request some in­
formation , you'll get, say, 512
bytes .

However, you can't always u se a
blo ck driver. With a serial port,
for example, you can obtain only
a byte at a time. The SRAM disk
cou ld have been implemented as
ei ther a character or a block driv­
er but, for the sake of efficiency,
h as been implemented as a block
driver.

IC2 PORT
8255 A

+5V

BUS
BUFFERS

AND
DECODERS
IC3 -IC10

r
IBAITERY

..l.

~

TO

PC 1EXPANSION
BUS

l
Cll text file ; each driver that DOS
is su pposed to load mus t be spec­
ified on a separate line in the file.
(CONFIG. SYS also specifies sev­
eral op erational parameters par­
ticular toyour machine; see you r
DOS manual for detail s .)

The structure of a device driver
line in CONFIG.SYS is as follows .
Spaces a re s hown for clarity, but
must not be inclu de d, except be­
tween the name of the driver and
the optional parameters.
DEVICE = [d r ive :][\PATH\J

[DRVNAM][PARMS1
First comes the phrase DEVICE
=. Then comes an op tional dr ive
and an optional path and sub­
directory where t he d river is
stored. Ifno drive is spe cified , the
boot drive is assumed. If no path
is specified , the root of the boot
drive is assu me d .

Next is the name of the driver
it self. The name mus t follow n or­
mal DOS fil e-naming co nven ­
tions : a name with a maximum of
eight ch a racters , plus a three­
chara cter exte ns io n . Co m mon
extensions include SYS and BIN,
bu t n either is required . La s t
come a ny op t ion al pa rameters
the driver m ight require.

As you've probably guesse d by
now, the SRAM disk u ses a device
driver to talk to DOS.

continuedJrom page 75

Software success
Success for the PC has come

abo ut in part because of the ex­
pandability of the system. A good
part of t hat versatile exp a n ­
dability is due to the concept of
the device driver.

A device driver provides a
means of adding special features
to DOS in such a way that those
features appear to be an integral
part of DOS . In fact , DOS itself
comes with several built-in de­
vice drivers.
• ANSI.SYS is a devi ce driver
that provides a standard way of
dealing with the display system.
• DRlVER.SYS is a device driver
that lets yo u add high-density
floppy disks to older machines,
and to refer to the same physical
disk drive by several different
drive letters .
• VDISK.SYS is a devi ce driver
that emulates a d isk drive using
either conventional or extended
me mory.

Man ufacturers of spe ci al
equipment often supply their
own device drivers. For exam ple,
network interface cards, CD­
ROM drives , and some types of
hard disks require device drivers.

What all d evice drivers share is
the fact that, if a driver is to be
used, it must be loaded from disk
every time a PC boots . How does
DOS know which device driver or
drivers to load ? Via the CON­
FIG.SYS file.

CONFIG.SYS is s imply an AS-

RAM DISK

A second S255, IC2, drives the
chip select (es) inputs of a ll
S RAM's. Port A drives ICll-ICI S,
Port B drives ICI9-IC26, and
Port C is not us ed.

The bus interface consists of a
group of buffers a n d ga tes that
isolate the circuit from the PC ex­
p ansion bus , a n d they're also
u sed to decode a set of I/O port
addresses for passing data and
con trol information.

The battery-backup cir cu it
consists mostly of several diodes
that isolate the optional battery
from the PC's power source. We'll
d iscuss the hardware in more de­
tail next time.
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TABLE 1-DEVICE HEADER

Parts List

- 1
02000H
STRATEGY
INTERRUPT
1
(7) DUP?

Capacitors _

CI-C16 0.01 1).1' po lyester
C17 10 f.LF. 10 volts.

elec trolyt ic

; number of devices
; used for char name
; if char driver

The BPB
Another important data struc­

ture in a device driver is the BIOS
parameter block, or BPB . The
BPB is a data structure that tells
DOS everything it needs to know
about the format in which infor­
mation is stored on the specified
devi ce. The BPB is located in the
first sector of a disk, and it in ­
cludes several items, as shown in
Table 2.

The first item in the BPB con­
tains the number of bytes per
sector. The next it em specifies
the number of sectors per cluster.
If you're u n familia r with the term
cluster (also known as the alloca­
tion unit) , it specifies the small­
est number of sectors that can be
allocated to store a file. For exam­
ple, if ten clusters were allocated
to a file, and if the BPB defined
four clusters per sector, then the
file would consist of forty sectors.
Even if a file is only a single byte
in length, it requires a full cluster
on the disk.

Different versions of DOS use
different cluster s izes. DOS 3. 3
ge nera lly allocates four sectors
per cluster (depending on overall
di sk s ize); DOS 2.x allocated 8
sectors per cluster.

The default allocation unit in
the static RAM disk is one sector/
cluster, but you could alter that
value to be any power of two (2°,
2 1, 23 , etc.).

The next item in the BPB is the

The last entry is an eight-by te
field that is used differently for
blo ck an d character devices. For
a character device, you would as­
sign a name like CON, PRN ,
LPTl, etc. For a blo ck device, the
first byte contains the number of
physical devices that are be ing
controlled by the driver, and the
remaining s even bytes are un­
defined.

DD
DW
DW
DW
DB
DB

nexdev
attribute

Resistors _

All resistors a re '/.I·watt. 5%. un less
oth erwise noted .
RI-R5 4700 ohms
R6-R21. 22.000 ohms

Semiconductors _

Dl. D2 . • . ... . . . . ... .. . 1N914 switching
d iod e

ICl,IC2 8255 p rogrammable
peripheral interface

IC3 74LS245
bidirectiona l bus bujfer

IC4, IC5 74LS244 octa l
bus d ri ver

IC6 74LS138 three-to­
eig ht li ne decoder

IC7 74LS85four-b it
comparator

ICS 74LS04 hex
inverter

IC9 74LSOO qu ad
NAND gale

ICIO 74LS08 quad
AND gate

ICll-IC26 43256-10 Static
RAM

Other Components _
SWI .jour-posit!on DIP

switch
Bl four AA cells.

with ho lde r (optional)

variable, whose valu e depends on
the type of device . Our driver
uses a value of 2000h, which is
the setting for a non-IBM block
device. If you run CHKDSK on
the RAMdrive , it returns a Proba­
ble non-IBM disk warning be ­
cause of that value, but otherwise
functions normally.

The next two entries are the ad­
dresses of the strategy and inter­
rupt routines.

end of the driver in memory. In
addition , it must initialize the
hardware as required . The ini­
tialization routine is usu ally lo­
cated las t in the device driver file,
so that after it does its job, the
system can reclaim the memory
that was formerly occupied by
that driver.

The task of the strategy routine
is to get a pointer to the DOS re­
quest header. The DOS request
header is an array of bytes that
communicates what type of ac­
tivity DOS is trying to request
from the driver. The address of
the byte a rray is passed to the
driver u sing register pair ES:BX.

The in terrupt routine is what
does th e actual work. It can per­
form various types of operations,
some of wh ich are mandatory for
b lock d r iver s , and others for
character drivers . We'll discuss
some ofthe more important oper­
ations now.

Med iaCheck d etects whether
the storage media was removed
or t a m pered w ith . BuildBPB
(Build BIOS Parameter Block)
deals with that occurrence. For
example, DOS calls BuildBPB
whenever it detects that a floppy
disk h as been changed. In our
drive r, MediaCheck always re­
turns an OK sign to DOS . Be­
cause of that, BuildBPB will be
called on ly once, when the drive
is initialized.

Th e input and output routines
pass sectors of data to and from
the disk. They use a buffer area
specified by DOS in the request
header. The number of bytes per
transfer can not exceed 64K (the
maximum size of a memory seg­
ment). If a file is la rger than 64K,
DOS will read or write the file in
64K chunks until the entire file
h as b een transferred.

Struc ture of a d river
Every device driver has a device

header that occup ies the first few
bytes of the file. Our devi ce head­
er is shown in Table 1. The first

~ entry (Nexdev) is th ere to provid e
~ a means of letting DOS link each
~ d evice driver to the next. DOS
frl fills in the links as it loads each
u:J driver; the las t driver in the chain
a h a's - 1 (FFFFh) in the Nexdev
15 field .<
a: The next entry is the attr ib u te
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TABLE 2-B105 PARAMETER BLOCK HARDWARE HACKER

John Denver for
~The National
~~QID'Foundation

"Make a promise
to the earth"

W hen you plant a tree you make
life bett er for your children and for
the future. Joi n me and plant a tree .

For your free brochure, wri te:
Trees for America, The
National Arbor Day
Foundation, Nebraska
Cit y, NE 68410.

continued from page 68

be lerrycos stock # 79106 copy-ma­
chine chassis. This is a wide du al-bin
input feede r and registratio n assem­
bly for $10.50. As is, its a great e lec­
t romechanical treas urer trove. With
so me st upendo us hacking effo rt,
you might co nvert it into a fake Kroy
Kolor mach ine , an aut om atic du al
b in laser fe e de r, o r find some
unique rob otics applicatio ns for it.

Arlin She pa rd of Lazer Products
te lls me he has at long last found a
few more Canon fusing unit s. We
looked at these several columns ago
for Kroy Kolor, lamination , and for
d ry-film printed-circui t bonding.

Adobe-Systems has released their
new black book, othe rwise known
as th e Adobe Type I Font Format.
This has all of th e previously secret
inside r st uff on t he ir e ncrypting,
co m pa cting, and th e hinting of
high-quality typography. I do have a
few co pies on hand here ifyou need
one .

Turning to my own products, I've
put tog e ther a s p e c ia l new
Lancaster Classics package of six of
my fines t hardware books plus that
co mplete Hardware Hacker II re­
print set which covers everything
tha t has appeared in these Radio­
Electronics columns.

Finally, I've got a new and free
mailer fo r you which includes doz­
ens of insider hardware hacking se­
cret sources. Write o r call for info.

As always, thi s is your column and
you can get technical help and off­
the-wall netwo rking per that "Need
Help?" box. The best calling times
are weekdays 8--5 in Mountain Stan­
dard Time Let's hear from yo u. R-E

....
CD

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

; sector size in bytes
; sectors per cluster
; sectors for boot sector
; # of FAT tables
; # of Directory entries
; # of total sector
; media descriptor
; # of sectors/FAT(S)
; These variables would be
; drive.
; used for a real disk
; Pointerto this table

Ordering Information

is a field that specifies the
number of sectors that m ust
be allocated to each copy of the
FAT.

Several other fields in the BPB
are defined for use with physical
d isk d r ive s , inc lu d ing the
number of sectors per track , the
number of disk h ea ds , and the
number of hidden sectors. Our
driver does not need to use any of
those fields.

Obvlously; the subject of device
drivers is complex; for detailed
information, the best work that
was found by the author is called
Writing MS-DOS D evice Drivers
by Robert S . Lai.

Next time, we'll discuss hard­
ware operation in detail , and
then show how to build and ini­
tialize the drive.tm.

$
512
1
1
1
16
1024
OFEH
4
00
00
00
BPB

EQU
OW
DB
OW
DB
OW
OW
DB
OW
OW
OW
OW
OW

BPS
BPS_SS
BPS-AU
BPS_RS
BPS_NF
BPS_OS
BPS_TS
BPS_MO
BPS_FS
;BPB_ST
;BPS_NH
;BPS-H5
BPS_PRT

number of sectors reserved for
the b oot sector. The boot sector of
the BPB contains a s hort pro-

- gram that -sti rts the p-rocess -o[-- - Note : The following are available
loadin g DOS from dis k. DOS it- from
self con tains the rem ain der of Hatronics
the loader program. 145 Lincoln Street

Th e next entry specifies the Montclair, NJ 07042
numb er of File Allocation Tables (201) 783-7264
(FAT's). DOS u s es the file alloca- (201) 245-6614 (BBS, join the
t ion table to keep track of which Hatronics conference)
sectors h ave been used, which Bare PC board $50
a re free, and which are physically Kit with OKRAM $90
damaged . DOS normally main- K~t w~th 128K RAM $155
tat t . f th F'II'T t KIt With 256K RAM $220
a ms wo copres 0 e r Ar: 0 Kit with 512K RAM $ 322

conserve space, our driver main- Assembled and tested unit. OK $135
tains one. Assembled and tested unit.

Nex t in the BPB comes the 256K $255
number of di rectory entr ies . This Assembled and tested unit.
va lue specifies the number of files 512K : $ 3 95
that can be present in the root All ord.ers add $lOJor sh lpp mg and
di t f di k (S bdi t ha nd lmg. .. New Jersey orders add 6%irec ory 0 a IS . U irec 0- sales tax.
rtes are actually files , so the
number of subdirectories is lim-
ite d on ly by the available disk
space.) DOS 3.3 typically allows
5 12 directory entries; again, to
conserve space, our driver a llows
16.

The next BPB entry contains
the total n u mber of sectors con­
tained on the disk. This value
repres ents the total size of the
d is k , inclu di n g space occupied
by b oot sectors, FAT's, etc. In our
case, the total number of sectors
(TS) can b e determined from this
form u la:

TS = (32768/512)*(number of
SRAM's)

The n ex t entry is called the me­
di a des cr ip tor ; it specifies the
type of media being used, the
num be r of sides, etc. Our driver
u ses the code for a single-sided
floppy-disk d r ive.

Followin g the media descr ip tor
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MARKET CENTER

SAMS closeo ut sale . #2 to #2600 $6 .00 each
postpaid. MCNisa. Call 1 (800) 274-2081. 9-5 CST.

PRINTHEAD repai rs - Okidata, Epson , NEC,
Toshiba, Digital, Texas Inst., also do board repair ­
DATAFIX, (201) 322-7666.

WIRELESSCABLE-l.9to2.7Ghz..40dbGain ( +)
36·Channel System Complete5149.95
12-Channel System Complete 5114.95
Call or Write for "FREE" Catalog

Phillips·Tech Electronics
p.o. Box B533• Scottsdale, AI.85252

LIFETIME (602) 947-7700 IUOO Crtdilltlphone ordentl
WARRANTY MasterCard . Visa . COD's Quantit Y' Pricinlrr?:

PROGRAMMABLE stepper motor drive & control
for under $100, IBM PC/XT compatible, Com ­
modore 64, or other with 25 pin parallel port. PCB,
interface, & software. Send for detailed literature to:
MASE, R.D. #2 Box 166, Mohrsville, PA19541.

DIGITIZER for IBM compatible PCs 640 by 480
resolution from VCR video camera $85.00, demon­
strat ion disk $3 .00 . CODEWARE, Box 3091,
Nashua, NH 03061.

f;ji Quality Microw,,, TV Anlennas

I ..,
- ..

TUBES Sylvania 6LQ6, 6L6GC, 20LF6 etc. Huge
discounts. ARLEN SUPPLY, 7409 West Chester
P ike, Upper Darby, PA 19982. 1 (8QO)~~~-1 301 .

TJ SERVICES is here to serve you! Our quality
products, quick courteous service, knowledgeable
sales people and rock bottom prices prove it! Not
sure what you need? Call (313)979·8356 we'll help'!
We specialize in Jerrold, Hamlin, Interferance fll ­
ters and most SA equipment.

TUBES , new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

, JERROLD ' TOCOM ' HAMUN
• SCIENTIFIC ATLANTA • ZENITH

Ollk M35B ONLY $60
6 month warranty I Wa ahip C.O.D .I

Loweat retai llWhole.aIe price.1
FREE CATALOG:

Global Cable Network
1032 Irving St. Suite 109

~::r-t':r=--:,.,,:,So::.F;,j''''' CnA V4122
lij..........., .....11 : I I

CABLE TV converters: Jerrold, Oak, Scientific At­
lantic, Zenith & many others. " New MTS" stereo
add-on: mute & volum e. Ideal for 400 and 450
owners!1 (800) 826-7623, Amex, Visa, M/C accept­
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan,
MN 55122.

CABLE TV converters and descramblers.
We sell only the best. Low prices. 8B-3
$79.00. We ship C.O.D. Free catalog. ACE
PRODUCTS. PO Box 582, Dept. E. Saco, ME
04072.1(800)234-0726.

GREAT buys! Surplus prices, ICs, linears, transfor­
mers, PS, stepping motors, vacuum pump,
phototrans istor, meters, LSASE, FERTIK'S, 5400
Ella, Phila., PA 19120.

FOR SALE

T.V. notch filters, surveillance equipment, brochure
$1.00. O.K. VIDEO, Box 63/6025, Margate , FL
33063. (305) 752-9202.

RESTRICTED technical information: Electronic sur­
vei llance, schematics , locksmithing, covert sci­
ences, hacking, etc. Huge selection . Free
brochures. MENTOR·Z, Drawer 1549 , Asbury
Park, NJ 07712.

TUBES: "oldest," "latest." Parts and schematics.
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
RE, Hammond, IN 46324 .

DESCRAMBLERS. All brand s. Special : Combo
Jerrold 400 and SB3 $165.00. Complete cable de­
scrambler kit $39.00 . Com plete sate ll ite de­
scrambl er k i t $4 5 .00 . Free catalog . MJM
INDUSTRY, Box 531, Bronx, NY 10461-0531.

RENTAL movie stabilizer. Connect between VCRs
or to monitor. Satisfaction guaranteed. $69.95,
$4.00 handling. 1 (800) 367-7909.

ENGINEERING software, PC/MSDOS. Hob­
byists - students - engineers . Circuit de­
sign $49.00, PCB layout $99,.00, Log ic

·simulation $29:00, FFT analys is $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.

$24.80
(lO-up)

$98.90 $89.50
(l-3) (4-up)# 290-200

MADE IN USA

18" EMINENCE WOOFER

TITANIUM COMPOSITE
TWEETER

$8.50
(l -9)

MPIONEER'

@ MOTOROLA PoIydax

# 260-333

# 290-180

12" SUB WOOFER
Dual voice coil sub woofer.
30 oz. magn et , 2" voice
coils . 100 watts RMS, 145
watts max. Is = 25 Hz. 6 olun
(4 and 8 olun compatible).
SPL=89 dB IWIlM.
Response: 25-700 liz .
QTS = .31, VAS = 10.3 cu. It..
Pion ee r *A3OGU30-55D.
Net weight: 6 lbs .

# 290-145 ~1~~)80

GRILL FRAME KIT

$5.90
(lO-up)

$2190

(6-up)

$6.50
(l-9)

#291-155 $2310

(1·5)

OriginalSanyo
woofer. Paper
cone with vented
dust cap and
treated cloth
surround. 12 oz.
magnet. 60watts
RMS, B5 watts
max. Boh m.
Resonance: 26 Hz.
Response: 25­
2.500 Hz.

# 270-050

PIONEER HORN
TWEETER
Mylar do me . 2.93 oz.
barium ferrite magn et . 8
olun. Response: 1800­
20000 Hz. 35W RMS,
50W max. fs~2000 Ii%,
SPL = 106 dB. Pioneer
* AHE60-5IF

CIRCLE 56 ON FREE INFORMATION CARD

• 15day money bid:~ ·Sl5.OO mNrom erd. ·w.accept
Maslaanl. V... llioccMl<. ondCOD. _ '2<hoor sn_
"Shipping charge "" UPS chart rate +SIDJ ($3.00 minimum charg e)
"Hours: 8:30 am - 6:00 pm EST, Monday· Frid&y "Mail order
customers, please call for sh ipping estimate on ord ers e xceeding
5 lbo.

$34.50
(4-up)

$12.90
(6-up)

$9.95
(l -9) (lO-up)
$12.50

f'l~?dss EMINENCE .~
iiiiiiiiil"'iiiiII'lnte=rnat i=onal;rlnc. 1-800-338-0531

$36.80
(l -3)

,~Parts

rxpl'f!.~

:wo E. Fint sc,Dayton, oxe4540il
Loc&l: 1-513-222-0173
FAX: 513-222-<6<'

# 290- 125

# 260-235

SPEAKER CONTROL
PANEL

3-WAY100W CROSSOVER 15" WOOFER

12 cm/octave roUoff.
8OOIIz, 5OOO11z
crossover points. 8
ohm. 100 watts RMS.

Supe r duty, 40 oz. magnet.
100 watts RMS, 145 watts
max. 4 an d 8 olun co mpat­
ible (6 olun). 2" voice coil .
fs ~25 I1z . OTS= .I66,
VAS ~ 10.B cu ft.
Response: 2&-1500liz . Net
weight: 9 lbs . Pionee r
* A3OGU4O-51D

Panel with 50 wa tt L-pads
for tweeter and midrange
and built -in LED power
meter . S'x 2 112' 100
watt venioD. available

$14.50
(l-5)

12" POLY WOOFER

# 260-210

100 oz. magnet , 3" voice
coil. 250 wa tts RMS, 350
watts max. 8 ohm, 30 liz
resonan t frequency. 22­
2700 Hz response.1-------------...,.......,------------....------------..-01 Effic iency: 95 dB IW/ IM.
Paper cone, treated
accordian surro und. Net
weight: 29 lb s.
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CABLE-TV

HAM LIN Me c sooo 36 CO RDED HEMOTE CU NVERTER 1(; 11 :i onl y l

1 100R
UNIT MORE

2900 18 00

9800 7900

8800 6900
169 00 "9 00
2900 1800

' 99 00 139 00

2900 18 00

99 00 6300

109 00 7500

99 00 7000

10900 7500

99 00 6200
109 00 65 00
14500 105 00

6900 42 00
;9 00 46 00

9900 6200

9900 6200
17500 12500
2~ 00 14 00

119 00 6500
119 00 8500

Price TOTAL
Each PRICE

Output
Channel

'CA LL FOR AVAILAOILITY

ItemQuantity

' SCIENTIFIC ATLANTA ADD·O N REPLACEM ENT DESCRAMBL ER
' EAGLE PD· 3 DESCRAMB LEA ICh 3 ou tput on ly I

INT ERFERENCE FILTERS 'Ch 30nly ,
' ZENITH SSAVI CABLE READY

JERROLD 400 HAND REM OTE CO NTROL

JERROL D SB-ADD- ON

STARGATE2000

ECONOC ODE WITH VARISYNC
ECONOC ODE murucooe sun strtut e t

PANA SON IC WIRELESS CONVER TER lou r best bu y ,

'MIN ICOD E IN-12,

' M-35 B CO MBO UN IT WITH VARISYNC

' MINICODE VARISYNC WITH AUT O ON-OFF

"MLD· 1200· 3 ICh a outouu

' JERROLD SB-ADD-ON WITH TRIMODE

"Ml D-1200-2 ICh z oorpuu

' MINICO DE (N-12) WITH VARISYNC

"M· 35 B COM BO UNIT ICh 3 output ontv r

' JERROLD 400 CO MBO

.JERROLD 450 CO MBO
•JERROLD 450 HAND REMO TE CONTROL

TEST equipment pre-owned now at affordable
prices . Signal gene rators from $50 .0 0 . Os­
cilloscopes from $50.00 . Other equipme nt, includ­
ing manua ls availab le . Send $1.00 for cata log,
refund on 1st order. J.B . ELECTRONICS, 3446 De­
mpster, Skok ie, IL 60076. (708) 982-1973.

T.V.cable boxes , wholesale to all. Examples: Tocom
with remote $199.00, 10 @ $170.00, RTC-56 with
remote $150.00,1 0 @ $135.00, other mode ls at the
same low prices . S.A.C., orde rs 1 (800) 622-3799,
inform ation (702) 647-3799.

SURVEILLANCE - privacy control - deb ugging
- protection. (kits - assembled). Large new cata­
log $5.00. TRI-TRON , 2209 F Lapalco, Harvey, LA
70058 .

STOP the electronic thieves! Techniques, equip ­
ment , laws. Free information. SVS, 198 N. 2nd St.,
Suite 6, Porterville, CA 93257. (209) 782-1681.

PHOTOFACT folders, under # 1400 $4.00. Others
$6.00. Postpaid. LOEB, 414 Chestn ut Lane , East
Meadow, NY 11554.

PRINTED circuit boards etched &dri lled. Free deliv­
ery. K & F ELECTRONICS, INC., 33041 Groesbeck,
Fraser, MI 48026. (313) 294 -8720 .

CABLE TV descramblers M35B . Top quality. Test­
ed, guaranteed, vari-sync available. Dealers want­
ed. $39.00. 1 (800) 648-4 600 .

CABLE descramblers (Jerrold) from $40 .00 . Tocom
VIP test chip. Fully activates un it. $50.00. Ca ll (213)
867-0081 .

FREE catalog. Interlaces for IBM compatibles. Dig­
ital 1/0 and ana log input. Contro l relays, motors,
lights, measure temperature , voltage. JOHN BELL
ENGINEERING, INC., 400 Oxford Way, Belmont,
CA 94002. (415) 592-8411.

COMMUNICATIONS/electronic equipment, sales ,
service, FCC licensed, free catalog , RAYS, PO Box
14862, Fort Worth, TX76117-0862 .

CD
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o Mastercard ~

~
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f
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o Visa

TOTAL

Shipping Add
$3.00 per unit

SUBTOTAL

COD & Credit
Cards - Add 5%

_ _____ Zip, _

o Money Order

Californ ia Penal Code #593- 0 forbids us
from ship pin g any cabl e descrarpbling uni t
to anyone resid ing in the state of California.

Prices sub ject to change without notice.

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby eleclare under penalty 01 perjury
lt1at all products purchased, now and in the future, will only be used on cable lV systems wilt1 proper 2:
authorization !rom loca l offic ials or cable company officials in accordance wjlt1 all applicable federal and .­
state laws. FEDERAL AND VARIOUS STATE LAWS PROYIDE FOR SUBSTANTIAL CRIMINAL AND CML t
PENALTIES FOR UNAUTHORIZED USE. lJ

PLEASE PRINT

OBSOLETE electronics. Do you have equipment,
parts for sale? Install it on our National Data Base.
We'll find buyers. Send list of 100 items or less along
with $4.00 to OBSOLETE ELECTRONICS, PO Box
3130, Lubbock, TX 79452.

TOCOM 5503 V.I.P. "turnon" module ; unscrambles
"all channels." Easy hookup. $39.00. MIK E, Box
743, Oldsmar, FL 34677 .

UNIVERSAL CRT adapter, tests/restores every
CRT on the market... witho ut ever buying another
socket for your CRT tester. Fits all make s/mode ls.
Moneyback guarantee . Patented kit w/setu p book
$63 .95 Ca nada, US $69.95 . 1990 se tup bo ok
$12.00 . Cha rgecards . DANDY MFG. CO., 2323
Gibson, Muskogee, OK 74403 . (918) 682-4286 .

DESCRAMBLERS - cab le TV converters - dis­
count low prices, best quality, guaranteed, f ree cat­
alog, CN C Concepts, Bo x 34503, Mp ls ., MN
55434 .1 (800) 535-1843.

CABLE descramblers, Tocoms, Tocoms , Tocoms,
$199.00 each or 10 @ $175.00 inc. remote, Oak
RTC56 with remote $150.00 or $135.00 in lots of 10,
Jerro ld-400 DIC $125.00 or $110.00 in lots of 10,
MLD-1200, Tri-Bi, SA-3-B, Zeniths in stock, same
day shipping, COD ok, (206 ) 896-6837. .



DESCRAMBLlNG, new secret manual. Build your
own descramblers for cable and subscription TV.
Instructions, schematics for SSAVI, gated sync ,
sinewave, (HBO, Cinemax, Show1ime, UHF, adult)
$8.95, $2.00 post age. CABLETRONICS, Box
30502R, Bethesda, MD 20824.

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.

DETECTIO N - Surveillance, debugging, plans,
kits, assembled devices. Latest high-tech catalog
$5. DETECTION SYSTEMS, 2515 E. Thomas,
#16-864F, Phoenix, AZ85016.

CATALOG: hobby/broadcasting/HAM/CB: Cabl e
TV, transmitters, amplifiers, surveillance devices,
computers, more! PANAXIS, Box 130-F7, Para­
dise, CA 95967.

MINIATURE FMtransmitters!Tracking transmitters!
Voice dis~uisers! Bug detectors! Phone Devices!
More!Available in kits or assembled! Catalog $2.00:
XANDI ELECTRONICS, Box 25647, Dept. 60F,
Tempe, AZ 85285-5647.

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, Fairf ield, CT
06430.

INVESTIGATORS,experimenters - Quality plans.
Micro and restricted devices. Free catalog. Self ad­

- ' dressed'starnpedenvelope required KELLEY SE·
CURITY INC., Suite 90, 2531 Saw1elle Blvd., Los
Angeles, CA 90064.

I
30 CH PARABOLICOISHSYSTEM
30CHRODANTENNA SYSTEM S193.90
30CH CRYSTAL CONTROLLEDSYSTEMS294 .95

SUN MICR OWAVEINn . INC. SEND$1.00 FDR
P. D. BOX #~522 CATALOG ONTHESE
PHOENIX. AI. B5067 AND OTHERFINE
(6021 23l1·D64D VIDEO PRODUCTS
OUANTITY DlSCDUNTS liFETIME WARRANTY

MEMBEROF THE BETTERBUSINESS BUREAU

MOTOROLA Marti system (telephon e intercon­
nect) base station, power supply, hand-h eld, like
new, $1,495.00, (317) 843·2212.

PLANS AND KITS

DESCRAMBLERS: dealers! We have new Z-Tac
descramblers, only $185.00 in 10 lots, with other
systems available. 1 (800) 695·CABL.

OVER 100 CPUs and microcontrollers corn­
pared! Great for engineers and hobbyists. Includes
desi\ln worksheets. $4.00, satisfaction guaranteed,
details free, TRAVCO, 107 E. Vallette, Suite 1301K,
Elmhurst, IL 60126.

SCREEN print your circuit boards fast and easy. For
information write to FRED AYRES, 4423 W. 69th,
Brooklyn, OH 44144.

SURVEILLANCE transmitter kits! Four models of
each; telephon e, room, combination telephonel
roomtransmitters tune from 65 to 305 MHz. Catalog
with Popular Communications book review of
" Elect ron ics Eavesdropping EqUipment ne­
sign," $1.00. SHEFFIELD ELECTRONICS, 7223
Stony Island Ave., Chicago, IL 60649-2806.

31/2" HD 1.44MB disks $1.89 each! Formatted,
postpaid! 100% certified with labels. Made in USA.
Or send $2.00 refundable for huge catalog on elec­

. tronics and rental disks .. BEACH RAD IO, 27.1
Shirley Street, Boston, MA 02152. (617) 846·0822.

ZENITH descrambler test device. Authorizes all
channels for full service . Sold as test aid only!
$69.95 each for info call (407) 768·0278.

...
iil FMV1K- 3MILE FM VOICE TRANSMITTER .. . .. . . .$3450:s PFS1K - HAND CONTROLLED PLASMA FIRESABER . . .$4950
~ NIG7K - HI FWXNEGATIVEIONGENERATOR '" $3450

~ .. PG5K - PLASMA LIGHTNINGGLOBE $4950
z:l: LHC2K- VISIBLESIMULATED3 COLORLASER :$4450
tj ~ H001K- HOMINGITRACKING BEEPERTRANSMITTER . .$44.50
;;;g LGU6K- 2.5 MW HAND-HELDVISIBLELASER GUN $249.50
::I! g: 8TC3K - 250,000 VOLT TABLETOP TESLA COIL , , $249.50
Cf.) IOG2K - IONRAYGUN,project energy withoutwires 5129.95
!:: TKE1K - TELEKINETICENHANCEfVELECTRICMAN $79.50
:::.::: VWPM7K - 3MILEAUTO TELEPHONETRANSMITTER . .$4950

CI ASSEMBLED IN OUR LABS
--W UST10~ INFINITY XMTRListeninvia phone lines . .~. $19950

.... IPG70 - INVISIBLEPAIN FIELD BLAST WAVEGENERATOR$1450
CCl ITM10 - 100,000 VOLT INTIMIDATORUP TO 20' 59950
:E JAT3ll- AUTOMATIC TELEPHONERECORDING DEVICE .$24.50
W PSP40- PHASOR SONIC BLAST WAVE PISTOL $89.50
Cf.) DNE10 - ALL NEW 26' VIVID COLORED NEON STICK $1450
Cf.) LGU20 - .5 TO lMW VISIBLEREDHeNe LASER GUN . .519950c:e BLS10- 100,00 WATT BLASTER DEFENSE WAND . . . . .S89.50

EASY ORDERING PROCEDURE· TOLLFREE 1·800·221·1705
or24 HRS ON H;03-673-4730 orFAX ITTO 1-603-072·5406

VISA,MC, CHECK, MO IN USFUNDS.INCWDE10% SHIPPING.ORDERS
$10000 & UPONLY ADD S10.00.CATALOG $1.00 ORFREE WITHORDER.

GRA1- ..
... LC7 - 40 WATT BURNING CUnlNG LASER $20.00
!:i~RUB4 - HIPOWERPULSED DRILLING LASER $20.00
~~ arcs - 1MILLION VOLTTESLA COIL $20.00

MCP1 - HIVElOCITY COILGUN $1500
if;!!; LLS1 - LASER LIGHTSHOW 3 METHODS S20.oo
Cf.) EH1 - ' ELECTRONICHYPNOTISM TECHNIQUES S8.oo
Z EML1- UM'ER POWEREDCOILGUN LAUNCHER S8.oo
CI: J1.3 - JACOB LADDER 3 MODELS . $10.00
..J SD5 - SEE INTHE DARK . . $10.00
c.. LEV1 - LEVITATION DEVICE . . . . . .S1000

CABLE TV

DESCRAMBLERS

$39. $35.
Each Each

FINALLY!
An interesti ng and wort h­
while project . This EASY­
TcrOUILD c i r cui t lets you
use any regul ar TV set as
a s impl e OSCILLOSOOPE.
No modifications to TV!
Tiny, av battery powered.
Goes anywhere! Order now!
Ask for our FREE CATAlOG
of other pl ans and kits !

[§I
DETAILED PI.AHS: fT . gS

TV-SCOPE
PENH RESEARCH r Box 3543
W11111...port. PA 17701

FLUKE-BECKMAN-SIMPSON·ETC.
u.s. MADE ONLY. QUOTATION PRIOR TO WORK. FAST
SERVICE, 90DAY WARRANTY. STANDARDS
TRACEABLE TO NBS. SINCE 194B. CALIBRATION
CERTIFICATEAVAILABLE.

INDUSTRIALINSTRUMENT WKS. INC.
5745 SALMEN,HARAHAN, LA 70123 5041733·835S

DIGITAL V.O.M.lD.P.M.
SALES-SERVICE-PARTS

BUILD robot from outer space! Plans $11.95, de­
tails free. ROBOT WORKS, Box 1979, Colorado
Springs, CO 80901.

MUSICIANS, 0-999 beats per minute digital metro­
nome; plans $15.00 check to: NEUTRONICS, 107
Elmdorf, Rochester, NY 14619.

FM wireless microphone, 3 mile range , plans
$4.00. FM, PO Bo x 4383, Bloomington, IL
61702·4383.

DAZER defense device kit! $44.95. Exciting unique
kits cata log $1.00. QUANTUM RESEARCH,
17919·77 Avenue, Edmonton, Alberta T5T 2S1.

ELECTRICITY from the sun! Learn to make home­
made solar cells. Pennies each. $5.95, W.C.N.,
3283 Belvedere, Riverside, CA 92507.

SURVEILLANCE. Audiolvideo equipment - De·
bugging, industrial or private. 500 item catalog
$7.00. SECURIT Y SYSTEMS, 3017G Hudson,
New Orleans, LA 70131.

One tree can make
3,000,000 matches.

One matc h can bum
3,o00,ooo trees.

100

$ 4 3.
Each

TB-3 (Tri-Bi) or SA-3
Quant i t y Prices '
10 20

50

$4.8.
Each

Hours open 10:00 am to 4:00 pm Eastern time
Minimum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King's prices!"
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NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS : 6403 N. 59lh Ave.

Glendale , AZ 85301 • (602) 934-9387
flThe Source f or Laser Surplus"

....
(0
(0
o

c...
C
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SOURCE NO. RE-65

Our huge inventoryotover
- ---15,000 different items is­

constantly monitored and
re-stockeo to virtually

eliminate backorders and
get your parts and CDm­

ponents to you FASTI

SERVICE
Our friendly, knDwledgeable Sales Reps
are Just a quiCk, roll-FREE call away
to take YDur ordsr Dr provide Product

technical assistance When you
need it. We also offer FAX
Drdering, cDnvenient hours
andmUltiple paymentopnons.

SELECTION

MCM ELECTRONICS
650 CONGRESS PARK O R.
CENTERVILLE, OH 4 545 9-4072

A PREMIER Companye

Modern electronic equip­
ment such as digital 'TVs
or st ereos should be re­
paired by specia lly trained
pe ople.

ailab le free by sending a
sta mped, se lf-addressed en­
velope to: Checklis t, ISCET,
2708 West Berr y, Fort Wort h ,
TX 76109. The list re minds
consumers to chec k suc h
ite ms as "Does the business
have t he parts for your par­
t icu la r bran d?", "Did you ge t
an est imated price?", a nd
"Did you check th is compa ny
wit h th e Better Busin ess
Burea u?"

New solid-st ate a nd digit al
TV sets, ste reos, and vid­
eorecorders a re tougher to re­
pair th an old-fashioned tub e
type sets and require specia l
t ra in ing for th e service tec h­
nician who work s on them.

- - -- Only a few sta ll! have Jaws
requir ing compete ncy test s
for licen sin g tech nici an s who
repa ir consum er elect ronics ,
but fifteen years ago the In­
tern ational Society of Cer­
tified Electr onic Technici an s
(GET) began its own certifica­
t ion progr am to qualify th ese
techn icians and th ose in in­
dust ry. To carry the CET des­
ignat ion, technici an s mus t
have four years experience
a nd pass a rigid ex amina t ion
on ge neral electro n ics and a
spec ific area of expertise such
as audio or ra dio-TV.

Many cons umers look for a
Cert ified Electronic Techni­
cian in th e shop whe n they
need any electronic ite m re­
pair ed .

Free Con sumer Checklist
A consume r check list for

select ing a se rvice shop is 3V-

LASERS Build gunsights, po inter s, l iteshow,
nite lite, lab . Blueprints and instructions $9 .00 each,
3 for $20.00. Free list. NIGHTWRITER, PCB 4418,
Phoenix, AZ 85016.

EDUCATION & INSTRUCTION
MAGIC! Four illustrated lessons plus inside infor­
mation snowsyou how. We provide almost 50 tricks
including equipment for four profession al effects .
You get a binder to keep the materi als tn , and a one­
year membership in the Internation al Perform ing
Magicians with a plastic membership card that has
your name gold-embossed. You get a one-year sub­
scription to our qua rterly news lette r " IT's MAGIC!"
Order now ! $29 .95 for each cou rse + $3.50 postage
and handling. (New York residents add applicable
state and local sa les tax). THE MAGIC COURSE,
500- B BiCounty Bou lev ard, Farmingdale, NY
11735.

RECEIVE all cordless telephon es on your police
scanner. $5.00 and SASE gets frequencies. FRE­
QUENCIES, PC Box 550, Tiverton, RI 02878 .

LASER lighting entertainment systems. Crea te
your own 3-dimensionallaser light shows. Detailed
mechanical and electr ical schem atics, scanni ng
and conto l operations. $2 0.00. MILLENNIUM, 877
Saint Charles # 5, Thousand Oaks, CA 91360.

STRANGE stuff. Get the advantage ! Laser listener,
surveillance, descrambling , underground informa ­
tion. Plan s, kits, complete items. Informationa l
package $3 .00 refu nda ble . DIRIJO/BOND, Box
212, Lowell , N.C. 28098 .

INFRARED detector. Build our penlight style
pocket tester. Test and verify Infrared signals on
V.C.R.'s, T.V.'s , alarm systems, remote controls,
etc. Plans $5.00, kit $15.00 to K-TRONICS, 3004
South Turner, Springdale, AR 72764.

FM transm itter 88-108 MHZ kit $12.95; Flyback test­
er assembl ed $95.99; S & H 4%, SIERRA ELEC­
TRONICS, Box 709, Elfers , FL 34680-0709.

Ctrcuftadd~ toyour hone always silences 1st flng.Whenyousend secret
~sequenCe oj ·sllentrings- =--youf"ph6ne-answersifsera~wing youfofisfenin

on roomwhile stilion the hook! Youare rot detectedI Wanes !Il(,e a normal
phone allothertimes.Freehard10findreM 1506nng detectorchipincluded
wrth step bystepinstructions. Send SI3.9510:

It
LASER BOUNCE, INC.
2020 PennsylvaniaAve.~ Suite802
Washington, D.C.20006
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ANTIQUE RADIO CLASSIFIED

Free Sample! Hi~~§o~~~~
Antique Radio's I..!~

Largest Circulation Monthly. ~~
Articles, Ads & Classifieds. '-'--'----':.-J~.:.&JIt

6-Month Trial: $11. 1-Yr: $20 ($30-1st Class).
A.R.C., P.O, Box 802-L4, Carlisle, MA 01741

LOW cost oscilloscope flrobes, multimeter test
leads. Save over 50%. 1 (800) n2-1519 free cata­
log. PROBEMASTER INC., 4898 Ronson Court,
San Diego , CA 92111-5000.

TEST EQUIPMENT
ACCESSORIES

SATELLITE TV

All Jerrold, Oak, Hamlin , Zenith , Scien tif ic
Atlanta, Magnavox and all specialized cable
equi pment availab le fo r shipment with in 24
hours. For fast service MC / VISA or C.O .D.
telephone or ders accepted (800) 648-3030
60 Day Guarantee (Quan ti ty Discounts)
8 A.M . to 5 P.M. C.S.T. CLOSED WEEK­
ENDS . Send self-addressed Stamped enve-
lope (60¢ postage) for Catalog.

FREE catalog - Lowest prices worldwide. save 40
- 60%. Systems, upgrades, parts, all major brands
factory fresh and warrantied . SKYVISION, INC.,
2009 Collegeway, Fergus Falls, MN 56537. 1 (800)
334-6455. MN & International (218) 739-5231.

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 Bible - $34.95. Catalog- $3.00.
CODs: (602) 782-2316. TELECODE, POBox 6426­
RE, Yuma, AZ 85366-6426.

ELECTRONIC review Detailed electronics review­
ing for bettering grades, interviews, and promotions.
Over 300 pages $39.95 include $4.25 shipping.
USER-GRAPHICS, Education Departm ent, 7136
Everett, Boise, ID 83704-7415.

BECOME a TV satellite news technician. Home
trainin g. Free info. SPACELlNK, PO Box 8497,
Bridgeport. CT 06606.

ELECTRONIC camera repair: Five day residency
and 18 home study lessons. Video aided and 800­
number supported. Free brochure. C & C ASSOCI·
ATES, 300 Highfall, Greencastle, IN 46135. (317)
653-3405. Regulated by Commission on Proprie­
tary Education.

$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

--20W +-20W SlEREO AMP KIT
T"'_' ~i/1 "'"'"' ''''pS on oneFe boo'd.E>:h~ has ils ''''' Ie'o<I '''rtl1l, m

~~:J=h"==~5=__~=;:==J
red LED 'on' in:lcalor
2r<I tow ~slortion cir­
cuitry. Great stereo
IxlosteronplorYO<JCY
solJ'd Sl'l'm. use Wlh
Mryspea",,~~
handling at ''''I 20Ltl_~...:....c-,--,--_L!....--'-''--_'-'--.J

Walls. Operates on
12VOC. See~ 000-& 6", 2.25-. Coo>I1de Wlh aOpals, FetxMI m insln.dions.

C6442 $19.95

COMPLETE digital training course. Comprehen­
sive overview of digital electronics. Super handy
desktop reference! Hundreds of pages/illustrations.
Free newsletter with order. Send $10.00 to VIEJO
PUBLICATIONS, 3540 Wilshire Blvd. #310, Dept.
DG1 00, LA, CA 90010 or call 1 (800) 537-0589.

~
EIednIIlIc: Qa/ibl. has one ~ It't grt.1eSI seOdions

~lI1i<J,oe_a1c klts avai~inII'c Wakl YlehM ...
III KlsmainlosI l ,lXXl LriQLe. ia'Olin ",<:oj, 0lfT'lI0­

_ in00' ..... 199lcaabj n Il iOQl.eSIYO<J aY;'f

today. abeltrl'l. onle,mbe ,_on OO'
Peter-red Custo~r maili rYJ jist to be the lirst 10

""'....... CllIiolls-ttey"'priled,

*MINI GEIGER COUNTER KIT *
Everyooe kroNs how lascinatingand useful Geiger Coont~ ae, W their
price is usually$100 orroorei We've made a tremendous
price ocealdtvlX.\lh! NttonlyislX1Geiger COUIlter Krt C6430
oreofthe smallest. it's the most reasonable ~ $59 95
pricOO Geiger Camler availaJle<rl)Wherei , ~III •
This ultra-setlSil"'e krt detll:1s Npha, ~ :'\;V
Beta, Gamma and X-(~ radii!- ~<:!D' Ai 0....
tionandemitsdid<sinpro- ee *'~~ ,.
portion tothe inlenslly flJ(;l~ ~ ~ ;
of the rad ialion. , P ~\~
Features setlSilive aI- ~

pha windaN GM tube
and iC drCIJrt tha opel- /.
aes from stJ1d<rd 9V bii­
tery (not incilxled). D«eds
radiaion trom raJium dials on
old waches, la1tem nmtles,
radioactive minerals, background
radiation, !lc, Nct~ not fordetecting Radon Gas. Size of Bo<rd:3"x1.9".
Compl!lewith all parts, PC lmdand instnx:tions, t I

CIRCLE 1n ON FREE INFORMATION CARD

BASIC video cleaning and maintenance: TV one
half hour. VCR one hour. $38.00 each. JAMES
BRADFORD, PO Box 38359, Detroit, MI 48238.

EARN $32,000 to $58,000 working 6-8 months an­
nually. 6-7 months part time studying required. U.S.
or foreign merchant marine radio officer's licenses.
Booklet tells how and where to obtain study materi­
als, meet government requirements, exams. Also
address list of 100+ government aqencies, univer­
sities, US, foreign shipping companies, all potential
employers. Send $7.50 to KNOWLTECH INC., POB
1070, St. Pete, FL 33731.

BE a recording engineer; Train at home for high­
paying - Exciting careers. Free information. AU­
DIO INSTITUTE, 2174 Union St. Suite 22K. San
Francisco, CA 94123

1-24 25-tt 100+
3.99 3.79 3.41
6 49 6.17 5.55
3.99 379 3.41
3.29 3.13 2.82
3.79 3.SO 3.24
6.29 5.98 S.3&
3.99 3.711 3.41
3.79 3 150 3.24
3.79 3.60 324
3.59 3.S1 3.15

3.19 3.03 2.73
5.79 5.50 4.95
U 9 1.89 1.70
4.1II 3.98 3.58
3.99 3.79 3.41

3.19 360 3.24
3.99 3.79 3.41
3.29 313 2.82
5.79 5.45 581
4.19 3.~ 3.58

5.79 5.50 4.95
5.09 4.8-4 4.35
5.79 5.50 4.95
5.79 5.50 4115
5.29 5.03 4.53

4.79 4.55 4.09
5 29 503 4.53
7.49 7.12 $.41
5.99 6.84 5.98
5.99 5 84 5.98

17.99 17.09 1538
13.99 1329 1U 5
14.99 14 24 12.82

EPROMS
DESCRIPTION
256 x 4 tv s
1024 x8 "SOns
102.. x 8 "SOns=== =1~~1
2048 x8 4SOns:::: := 1~~CMOS)==: =l~~:~

===:=l~~l-4096x 8 4SOns 25'1)
4096 x 8 "SOns 25v-CMOSj
8192 x 8 2000s 2 1'1)

:~ ~~ :: =1~1'tL)
8192 x 8 250ns 12.5'1)
8192 x 8 2SOns ZS--)
8192x 8 250ns 21v-CMOS)

~:i:: : : = l~~:~
11,3&.4 x a 250ns !' 2_5v)
11,384x8 250m 21Y
32,768 x 8 200n1 1 2.~)
32,768 x 8 250n'112.5Y)
32,768 x 8 2SOnI 12.Sv·CMOS)

~~:~ ~~ ~: g:~l
65,536 x 8 25On$ 12.S...-CMOS)

131,072 x 8 200M (12.5Y-CMOS)
8192 x 8 45Clna
8192 x 8 4SOnI

STOCKI PINS
1702 2.

2701 "2158 2.
2111 24
2711-1 24
TllS2711 24
27Cll 24

Z732 "Z732A·2 24
2732" 24

..-.. "TllS2S32 24
TllS2532 24

21C32 "2764-20 28

'714 ,.
27S4A-2O 21
".... ,.
TM$25&4 28
27C04 ,.

271.20 21
27121 21
2712:tA 21
27C121 21
21256-20 2.

27256 2.
27C206 ,.
27512·20 21
27512 21
27C512 2.

27Cl024 32..,.. "
om< "

LASER DIODE --
(INFRA-RED)

Designed for general industrial
low power applications such as
reading optical discs, optical
memories, barcode.scanners, se-
curitysystems, alignment, etc.

The gain guided laser is con­
structed on an n-type gallium
arsenide substrate wllh aMetal Or­
ganic Vapor PhaseEpitaxial proc­
ess (MOVPE).,

ihe device is mounted in a
hermetic SOT148D encapsula­
tion.(diameter9.0mm)

The 581 053 is standard
equipped withamonitordiode,iso­

lated from the case and optically
coupled tothe rear-emitting fascet of

the laser.This fast-responding moni­
tordiodecanbeused as asensorto
controlthe laser optical output level.

LIST PRIGE: $38.00 OUR PRICE: $9,99
• WE CARRYAFULL LINE OF COMPONENTS! •

i ua I·CAll FOR AFREE CATALOG! ••

~CORN
VfL-E-C-T RON rcS
10010 Canoga Ave., Unit 8-8 ' Chatsworth, CA91 311

•

" • OUTSIDE CAlIF.ORNIA: 18001824-3432
, • • IN CALIFO RNIA: 818 341-8833

ORDER BY FAX 818 998-7975

COLLIMATOR PEN
(INFRA-RED)

Alowpower collimator pencontaininga
MOVPE growngain guidedGaAlAs laser.
Thiscoilimator pen delivers amaximum

CW output power of2.5mW at25'.
Thesecol limated lasersourcesare

designed forindustrial applications
such as data retrieval, telemetry,

alignment, etc.
The non-hermetic stain less

steel encapsulation of the pen
is specificaliy designed for
easyalignmentinanopticai
read or write system, and
consists of a lens and a
laser device. The lens
systemcollimates the
diverging laser light.
Thewavefrontquality
isdiffraction limited.

Thehousing iscircularandprecision manufactured witha
diameterof11 .0mm andanaccuracy between +and - 11 ~ m.

LIST PRIGE: $180.00 OURPRICE: $39,99
• QUALITY COMPONENTS...LOW PRICES SINCE 1983'
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BUSINESS OPPORTUNITIES

JINCO COMPUTERS INC.
5122 Walnut Grove Avenue

San Gabriel , CA 91776

Tel: (818) 309-1108

COM PUTERS FOR lE$$

CIRCLE 178 ON FREE INFORMATION CARD

10 MHz 8088 System $369
• 4.77/10 MHz 8088 Motherboard
• 256 KB RAM (640KB m ax)
• 150 Watt Power Supply
• Floppy Disk Controller
• One 5 .25" 360 KB Floppy 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 Moth erboard
• 0 Wait State
• 512 KB RAM (4 MB m ax)
• 200 Watt Power Supply '
• Floppy Disk Controller
• One 5 .25" 1.2 MB Floppy Drive
• MonoGraphics Card wI Parallel Port
• 101 Key Enhanced Keyboard
• Case (3 LEOs ,2 Buttons ,Key-Lock)
• 12" Amber Monochrome Monitor

One Year Parts & Labor Warranty
30 Day Satisfaction Guarantee

Shipping & Handling Extra
VISA & MIC ad d 3% Amex add 4%

Price & Availability subject to change
without prior notice

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

QTY
Jerrold (Ty pe) SB-3
Jerrold (Type) Tri-Bi
Scient if ic At lanta SA-3
Hamlin MLD-1 200
Oak N-12 Vari-Sync
Jerro ld 550 Conv erter
Jerrold 400 DRX-3DIC
(With Bui lt in SB-3) 169.00 109.00 100.00

INVENTORS: We submit ideas to industry. Find out
what we can do for you. Call 1 (800) 288-IDEA.

EASY work! Excellent pay! Assemble products at
home. Call for information . (504) 641-800 3 Ext.
5192.

YOUR own radio station! AM, FM, TV, cable. li ­
censed/unlicensed. BROADCASTING, Box 130­
F7, Paradise, CA 95967.

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461.

EASY! Moneymaking one man CRT rebuilding
machinery. $6,500.00 - $11,900.00. CRT, 1909
Louise, Crystalake, IL 60014. (815) 459-0666.

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.

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-find, andmoderntubes.
Also transformers, capacitors and
partsfor tubeequipment.Send$2.00
for 24page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. First St.·Tempe, AZ. 85281·602/894·9503

VIDEOCYPHER II descrambling manual. Sche­
matics, video and audio. Explains DES, EPROM,
CloneMaster, 3Musketeer, pay-per-view (HBO, Cin­
emax,Show1ime, adult, etc .) $13.95, $2.00 R<>stage.
Collection of software to copy and alter EPROM
codes, $25. CABLETRONICS, Box 30502R, Beth-
esda, MD 20824 . .

CAB LE TV secrets - the outlaw publication the
cable companies tried to ban . HBO, Movie Channel,
Showtime, descramblers, converters, etc. Sup­
pliers list included. $9.95. CABLE FACTS..Sox 711­
R, Pataskala, OH 43062.

If You Are Buying Any of The Following
Panasonic'P Products Elsewhere,

You Are Paying Too Much! Period.

* Series ECQ-E Metallized Polyester Capacitors * Series ECQ-M Polyester & Foil Capacitors
* Series ECQ-P(F) Precision Polypropylene Capacitors * Series ECQ-V Metall ized Stacked Film Cap acitors
* Series X-Y Interference Suppressor AC Cap acitors * Series ECE-K Sub-M iniature Aluminum Electrolytic Cap acitors
* Series ECE-Z Low Impedance Aluminum Electrolytic Caps. * Series ECE-LS Minia ture Aluminum Elec trolytic Cap acitors
* Series TSW Large Aluminum Electrolytic Capacitors * Series EC5-EF Dipped Solid Tantalum Capacitors
* Series EVN-KO & EVN-K4 Carbon Trim-Pots. . * Series EVM-MOF & EVM-M1F Industrial Cermet Trim -Pots
* Series EVM-31G & EVN-36C Dust-Pro of Cermet Trim-Pot s * Series EVM-SOG He rmetically Sealed Trimmer Po tentiomete rs
* Series EVM-QO& EVM-Ql He rmetically Sealed Trim Pots * Series EVM-C7G Rectangul ar 15-Turn Trimmer Potentiometers
* Series EXBF2% SIP Resistor Networks

30 Days Money Back Guarantee
We will refund the full Membership
Fee of any new member of Electronic
Buyers Club who within 30 Days
after receiving the Membership
Binder, returns the Binder to EBC
and asks for the cancellation of
Membership.

12MonthsSaving Guarantee
Wewillrefund the firstyearMembership
Fee of any member who has purchased
$300 or more worth of products from
Electronic Buyers Club and has not
saved an amount greater than the first
year Membership Fee, if buying the same
items elsewhere.

(Electronic
[Euyers

(Club
A Division of Intern ational Component s Corporation

And these are onl y 1603 of the mo re thon

10.0:0 items that we stoc k and offer to our
Mernbers a t super low prices. In fa ct after
buying just a fe w hun dred of the above itern s
frorn Electroni c Buy ers C lub. you w ill recover
th e $35.00 Annua l Mernbership Fee w hile your
soving cont inues o n for th e rest of the yea r.
Become 0 Member today and stort paying
Less.

1803 N.W. Lincoln Way. Toledo , OR '97391
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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DISCOUNT computer books. All titles available,
including recent releases. Please call or write for our
latest catalog. BOOKWARE, 147 Campville Road,
Northfield, cr 06778. 1 (800) 288-5662.

INVENTORS

SPEAKER BOX

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.

COMPUTER BOOKS

BUILDERS program for the IBM PC XT/AT and
Commodore 64 computers . Very easy to use, even
for beginners . Calculates port ed boxes, closed
boxes, port sizes, unknown speaker tester. Includes
manuals and books. Only $25.00. JORDAN CEN­
TURY, PO Box 1347, Odessa, TX 79762.

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.

5114 Balcones Wood Dr.1307 Dept.298
Austin TX. 78759

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 pius
$4.00 shipping/hand ling. CA residents add $1.81
sales tax. CORNERSTONE PUBLICATIONS, Dept
BC, PO Box 5151, San Jose. CA 95150. Allow 2-4
weeks.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600 . (KS1).

JERROLD·OAK-SCIENTIFIC ATLANTA-HAMLIN
ZENITH MANY MORE CALL TODAYl

..J Only quality products sold ..J Easy to use
..JSatisfaetion guaranteed -J Knowled geable sales staff

..J M ost orders shipped w ithin 24 hours

CALL FOR YOUR FREE CATALOG

• 1-800-228-7404~
MAKE THE CONNECTION

W H

Me.
VISA

~
-- 5'1 -= "'-- ~ - ..........

INFORMATION(402)554-0417
Orders Call Toll Free

1-800-624-1150
M.D. ELECTRONICS
115 NEW YORK MALL
SUITE 133E
OMAHA NE. 68114

*NEW STARGATE 2000
CABLE CONVERTER

CABLE TV
DESCRAMBLERS

10 Lol
JERROLD'" Tri·Bi Modo. SI05.00 S85.00
JERROLD'" SB·3 OR 2 S89.00 $65.00
Hamlin MLD·I200....... S99.95 S6200
Oak N·12 W/V.S.......... S99.95 S6200
Oak·M-35·B W/V.S...... S99.00 $78.00
OAK H·I L .............. S99.95 S58.00
Zeni th SSAVl............. SI85.00 SI45.00
Eagle PO·L ............. SI20.00 S85.00
Scientific Adana.......... SI29.95 SI05.00
SA-Combo·,.............. CALL SCali
Tocom..................... S350.00 S295.00
Oak N-12 W/ Auto....... SI40.00 SI05 .00
Jerrold Starcom CSV.... S139.95 Call

CIRCLE 53 ON FREE INFORMATION CARD

1-$89.00 10-$69.00 100-Call
Last channel recall-Favorite channel select­
75 channel-Channel scan-Manual fine tune-
One year warranty-surg e protection-HRC & Stand­
ard switchable- and much more. I

LAWN MOWER
,

continued fro m page 74

(mini mum speed) to + 8 .0 vo lts
(maximum speed). Pin 4 will have an
active PWM output and pin 7 will
remain at - 10 volts. Co nve rse ly,
when the left whee l moves in reverse,
the input voltage will vary between
- O.7 volts (minim um speed) to
- 8.0 volts (maximum speed), and
the voltage at pin 4 will remain at - lO
volts. Therefore , each drive wheel can
be made to move in the forward or
reverse direction by simply changing
the polarity of the input signal at pins
9 and II.

Driver transistors
Tran sistors Q I-Q I2 are used as

drivers at the output of the PWM IC's
~ (lC9 and IC IO). Those trans istors are
z required to convert the ± lO-volt drive
~ signal from the UC3637's into a 0- to
b +30-volt drive signal required by the
~ powe r: MOS FET's (conta ined on
UJ6 power board) to tum the drive whee ls.
is As the forward output signal (IC9 pin
ri 4) rises to + 10 volts, Q2 will tum on

88

and ground the R73 -R72 juncti on .
That causes Q I to tum on and + 30
volts to be applie d to the power
MOSFET inputs (122 pin 25). When
the forward output signal drops to 0
volts, Q2 will tum off and Q3 will be
turned on . That causes the voltage at
J22 pin 25 to quickly return to 0 volts.
The resultant output is an amplified
PWM signal that varies between 0 and
+ 30 volts. The process is identical
for the outputs at pin 7 of IC9 and pins
4 and 7 of IC lO.

Sensor amplifiers
There are IS identical grass-sensor

amplifiers contain ed on the motor­
controller board (see Fig. 4). The out­
put s are identi fied as BOI-BOI5 .
Sin ce all the ampl ifie r circ uits are
ident ical , we will describ e only the
opera tion of the BOI amplifier.

The input to the amplifier is AC
co upled by capacitor cn. SIP-re ­
sisto rs R95 and R96 provide tra n­
sistor-array ICI6 's bias voltage. (In
order to conserve as much space as
possible , transistor arrays ICI6 and
ICI7 were used for most of the ampli­
fier circuits instead of discrete tran-

sistors .) Transistor ICI4-a provides an
amplified output at its collec tor with
the help of pull-up resistor R97-a .
The output is co upled to inverter
ICI4- a for buffering and signal inver­
sion. The TTL output of ICI4-a (pin
2) is sent to the CPU board throu gh
J22 pin 2 for processing.

Motherboard
The motherbo ard provides the in­

ter connect ion s between the CPU
board , the motor-controll er board ,
and the power board. The moth er­
board is a simple two-sided PC board
that contains three edge connectors.
The schematic diagram of the mother­
board will be shown next month .

Next month
Unfortunately, you' ll have to wait

until next month for details on how to
build the motor-controller board and
also the motherboard. We'll also pro­
vide foil patterns for the main and
motor-controller board if you wish to
etch your own PC boards . We will
show you how to assemble all of the
mechanical components and wind up
with the completed working unit. R-E



WANTED
INVENTORS! Confused? Need help? Call IMPAC
for free information package . In US and Canada: 1
(800) 225·5800.

INVENTIONS/new products/ideas wanted : Call
TLC I for free information 1 (800) 468·720024 hours!
day ' USNCanada.

TEST equipment Only Hewlett-Packard , Fluke,
Tektronix, Wavetek, Boonton and other top Arneri­
can manufactures wanted. Send your list or catalog
to: HTB ELECTRONICS, Alter Apeler Weg 5 2858
Schiffdorf West Germany.

ATTENTION - Hiring! Government jobs - your
area.$17,840 - $69,485. Call (602) 838-8885 . Ext R
16329.

WANTED Tektronix 549 oscilloscope working/not
working . MICHAEL PAGE, 100 McCau l Street ,
Toronto, Ontario, Canada M5T 1W1. (416)977-5311.

TOCOM DESCRAMBLERS
TOCOM descramblers complete units with remote
$150.00 each. Quantity discounts .Scientific At lan­
ta 8500's $200 .00. Call (213) 478-2506.

BEST BY MAIL
Rates : Write National , Box 5, S ar a sota, FL 34230

AUTOMOTIVE

GOVERNMENT SEIZED VEHICLES Lo w as $1001 Amaz­
i ng recorded m es s a ge reveals details! (708) 705 -2324.

BOOKS - CATALOGS - MAGAZINES

FREE CATALOG- DESIGNER C lo th ing. O M EGA, 10 1(RE)
C le matis, Pensa col a, FL 32503-2834.

BUSINESS OPPORTUNITIES

M INI STUN GUNS. 5" long, 65 ,000 vo lts. D is t r ibutors
need ed . 80 0-62 7-1739 .

O F IN TER EST TO ALL

BE A PROFESSIONAL_ Lea rn h o w ! Se nd $1.00 to :
Pr o -7(RE), Bo x 620190, San Die go, CA 92162.

-FMX·1 LONG RANGE (3 MI) ULTRA SENSITIVE
FM VOICE XMTR with fine tune, range control
plus $34.50
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27.24
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150.00
63.00
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-ATR·1 AUTOMATIC TELEPHONE RECORDING
DEVICE tapes telephone conversatio n all
automatically _ _$19.50

ALL THREE OF ABOVE FOR ~ $69.50

CALL OR SEND VISA, MASTER CHARGE,
MONEY ORDER, ETC.TOAMAZING CONCEPTS,
BOX 716, AMHERST, NH 03031. (603) 673-4730.

MATCHING PRICE
TA-800. TA -802, TA-820A. TA-1000 A, 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 ·355 A 14.50
TA 3600 42 00

-TELX·1 TELEPHONE FM XMTR (3 MI) auto­
matically operates when phone is used. Crystal

__ . c1ear. clarity.with .fine.tune and.range.control.
Non detectab le : $34.50

MISC ELLA NEOUS
- - -S M-100

DESCRIPTI ON
56VCT. 60VCT 6A
72VCT3A
80VCT 6A
48VCT 6A
52VC T 3A
36VC T 5A
112VCT 8A

POWER TRA SFORME RS

DESCR IPTION
3 Channel Coior Light Controlle r * $ 56.04 $ 74.50
Ste reo Loudspeaker Protector 12.65 18.88
FM Wir eless Microph one 9.22
AC/DC Quartz Digital Clock 18.00
SoundfTouch Control Switch 12.00
Infared Remote Control Unit w/case 20.00
BarlD ot Level Meter 24.15
3 112DigITal Panel Meter 29.00
20 Steps Bar/Dot Aud io Level Display 38.45
S~rior Electronic ~oulette. 19.46

~ C~~~.;:,I;~~~~~~~~'l;'~~~e~igt,tta~iroiie;*: . : : : :: : ::: : : ::: ::: : : :: : :: : :: .2.6.80
AudioNideo Sur round Sound Processor * 62.00
Dynamic Noise Reduct ion • . ......................................................... 26.00

METAL CABINETS WITHAI.UMINUM PANEL
H' x W" x 0" MATCHING PRICE
3" 12" r TA -2800.TA-377A $ 20.16
4" 16' 8" TA-322i, TA-323A , TA-377A 24.64
4" 19' 11\; TA-802. TA-820A, TA-1500. TA-120MK2, TA-800 30.00
5' 19' 11\; TA-477. TA-800, TA-1500. TA-1000A 33.00
2* 19' 8' TA-377A. TA-2S00. TA-2200, TA-120M K2 26.50

MODEL
001
002
003
004
005
006
007

MODEL
TY-23B
TY-2 5
TY- 35
TY-36
TY-38
TY-41MKV
TY-42
TY-43
TY-45
TY-47
SM-222
SM -328
SM-333
SM-666

MODEL
LG-1273
LG-1684
LG-1924
LG-1925
LG-1983

ASSMB.

$ 43.00
48 .00
52.00
44.5 0
90 .00

17900

$ 69 .50
20.76
20.76
22.65

ASSMB

$ 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.sa
95.81
sa .24

116 .80
90 .80

- 63.57
41.38

103.00

............... PRESENTING ...............

- ----cABJ:E"TV- -
DESCRAMBLERS
............... STARRING ...............

JERROLD, HAMUN, 0An
AN D O THER FAMOUS MANUFACTURERS

• ANEST WARRANTYPROGRAMAVAlI.A8L.E
• lO\li'EST RfTAIl/'M-fOLESALE PRtCES IN u.s.
• ORDERS SHIPPED FROM STOCK\UlTHIN 24 HOURS

FOR FREEC,*,TALOG ONLY 1·8oo·345-89Z7
FORALLINFORMATION 1-818-716-5914

VACATIONS NATIONW IDE 50% SAVINGS!
1·900-988 -3636, Ext. 44 . $3 per ca l l.

AMPLIFIERS

0 -15V 2A Regu lated DC Power Supp ly (cnellTon'f"'" *
0-1 5V 5A Reg ulated DC Power Suppl y 14.55
Q-30V 3A Reg ulated DC Power Supply 14.55
O-SOV 3A Regulated DC Power Supply 15.75

POWER SUPPLI ES KIT

INSTRUMENTS KIT

DESCR IPT ION
DigITal Voice Recorder $ 30.00
MU" i-Purpose Melody Gen erator 11.84

~5Lt~n~r.~x·~~~~~:~~~~':,'o~ni·P ·~4: · : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~~ : ~~
30W MUlti-Pu rpose Single Channel Amp 20.00
SOW Ster eo Power Booster (w/case) 50.00
30W x2 Ste reo Pre-main Amp 29.50
Hi-Q uality FET Stereo Pre-Amp 59.95
40W Solid State Mono Amp 28.00
120W Mosfet Powe r Mono Amp 68.00
BOW.80W DC Pre-Main & Power Amp 60.9 2
80W.80W DC Stere o Main Power Amp 45.94
60W.60W OC L DC Pre-Ma in Stereo Amp 40 .39
100W Dynam ic Class ' A"M ain Power Mono Amp 59.69
100Wx2 Clas s'A' DC Ste reo Pre-Main Amp 73.70
FET Super class "A' DC Pre-Amp 47.7 0
Electron ic Echo & Reverbe ration Amp * .
~~1E'rtcmtrewt~pb~~ ~':~~~~~~~~~r.:...: .- : : : : : : : : : : : : : : : : : : : : : : : 4890
Stereo Simulator (mono TV I any mono source) 30 .20
300W HQ Hi-Fi Power Mono Amp 79.00

3 1/2Multi -Fun ctIOnal Lea D.P.M. (wiA BS plastiCcase) $ 34.50
4 112Hi-Precis ion D.P.M 38. 00
4 1/2 Hi-Prescision D.P.M. w/ABS plast ic case 41.20
3 1/2 Multi -Fun ctional LCD D.P.M. (wlho ld function) 36 .00
1SOMC Digita l Frequency Counter 79 .00
1 GH F C t *

SM-43
SM-48
SM-48A
SM-49
SM-100
FC 1000A

MODE L
TA-28M K2
TA-SON B
TA-50C
TA-1 20M K2
TA-300
TA-30 2
TA-323A
TA-377A
TA-400
TA-477
TA-800
TA-802
TA-820 A
TA-1000A
TA-1 S00
TA-2200
TA-2400A
TA-2500
TA-2800
TA-3000
TA-3600

TR-1 00A
TR-3 55A
TR-3 55B
TR-50 3

•••• .\C...~ .. · I.'/I,.,) .. _ q ": ~ ·C/l,·.::5 rl J " Ev Of:lJ ER::,Al'jD CHECKS BuS I.[SS ~SI'40WROOf.lHOl1RS PACI~ICfII.lE MON FAl9JO A I,l soaP ,", SAT '000 /1, '-' S(;.lP M TEAMS S1000 I,hNOROER S2\l'M I CHARGEC AROQRDfR

: .1 ':> • , oJ.., .....,:;_.{) • _'••S.. I:::" ~G r.s JE __ ::-/1, '.' t ·~ SJ 0:, ~OR St;,PPI'liG0lJT~ DE u:. A ADD:J I.M" 55 CD '~ArjS1T INSURA~CE A0 0 5 OF TOTAL ,OuTSiDe l,lSAONtY, CAR~SIDENTSAODSAlt:S TAX!. 75 ALL '.I ~ RC HAND I SE ~
... ~. ::-.::, .. c -'4...1=::; :>A_t. ,,~C£:> .c.qE ,:>\.,;a.:ECt TO Co-lA",GE \'/IT .. O"T PH 011r,O"ICE WE ARE NOT RESPO t-l5IBtf r:QR TVPOGRAPHICAl ERRORS

MARK V ELECTRONICS, INC_ - 8019 E_ Slauson Ave. Montebello. CA 90640 n::~fii"i
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XY999

-
~~XYl683 ...
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• 5.25' needle nose pliers
• 6 piece precision

sc rewdriver se t
• Brush
• 10 piece screwdrive r set:

5 Slotted & 5 Phil lip s
• Flat nose pliers
• Carrying case: ,

17.63 ·W x 12.5'0 x 3.5·H

PROMPT DELlVER~

WM2

• Stainless steel scissors
• Ut ility co mponents box
• 8 pes , hex key wrenc h
• Oigit al Multimeter
• Round need le fi le
• Flat need le f ile
• 6' ad justable wre nch
• Ut ili ty knife with extra blade
• Bent needle nose pliers
• Oiagon al cutti ng plie rs

Tools Included in Kit

Prototype
Design Stations

10' measur ing tape
Electr ic tape
6' long twee zers
7" brush and scr aper
7" fin e point probe
7" slotte d probe
Rosin core solder
30 wa tt so ldering iro n
Oesol dering pump
Soldering st and

The MS305 provides the tools needed for building,

repairing and generat maintenance of most electronic

equipment. A convenient and durable carry-alonq

combination lock case safely protects and secures

this 51-p lece too l ki t. From the digital multlmeter to

the desolderlng pump this kit Is the perfect Item for

technicians and electronic enthusiasts.

51-Piece Electronic Tool Kit

30 Watt Electronic Temperature Controlled Desoldering Station
• Electronic temperature control from 212' to 842' F · Self-contained
high rotary vacuum pump

XY999 $279.95

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

MS305 $119.95

A.R.T. EPROM Programmer

Soldering and Desoldering Stations
60 Watt Analog Display Soldering 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 Soldering Station • Electronic temperature
control from 200' to 878' F • Ceramic heating element for a steady
temperature and long life

XY2660 $89.95

• Progr ams all current EPROM s in the 2716 to • Erases all EPROM's' Erases 1 chip in 15
275 12 range p lus the X28 6 4 E E PR O M Min . and 8 ch?S in 21 min. • UV inten sity :
• RS 232 port· S o ftwa re in c lud ed 6800 UW/CM

EPP $179.95 DE4 $69.95

WMI & WM2 Features : • Removable solderless breadboard
• Variable and fixed DC power supply ' Multi-frequency sig­
nal generator ' Anal og mult imeter • 8 bicolor LEDs (red &
green) • 8 logic switches · Logic probe ' Lighted power
switch • Fuse overload protected • Sturdy ruggedized
case

WMI Special Features: • 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 An alog Pro to typ e Station $199.95
WM2 Dig ital Prototype Station $249.95

24 Hour Order Hotline (415) 592-8097

QUALITY PRODUCTS • COMPETITIVE PRICING •

PROTOTYPING PRODUCTS
Jameco So lderless Breadboards

M80:
• ACIDC voltage. Acmc current, resistance,
diodes, continuity & frequency • Full auto­
ranging on DC voltage · Highl10w semi­
autoranging for ACme current and ohms
• Data hold switch • Extra-large display

MBO 3.75Digit Mu~meter $59.95

M3900 :
• ACIOC voltage, ACIOC current, resistance,
diodes, continuity, dwell angle and engine
RPM · High surge voltage protection

M3900 35 Dig,tMultimeter $59,95

Go ldStar 20M Hz Osc illosc ope and
1GHz Freque ncy Counter

M3610 3.5DigrtMullJmeler $49.95
M3650 3.5Digit MultimelerwlFrequency &

Capacitance $69.95
M3650B Same as M3650 wlBargraph $74.95
M4650 4.5OiJit wlFrequency,Capaoitance and

Data HoldSwitch $99.95

Multimeter Specials

GS702()

• Large 6' rectangular display
• High sensitivity: 1 mV/div

GS7020 OScilloscope $399.95
• Wide measuring range
• Measured value hold function

FC7102 FrequencyCounter....... $299.95

...~_ .-.

Metex Digita l
Multimeters
General Specs :
• Handheld, high
accuracy ' AC/DC
voltage, ACIDC
current. resistance.
diodes, continuity,
transistor hFE

• Manual ranging wI
overload protection

M365O, 36508 & M4650only :
• Also measure frequency and capacitance
M4650only : • Data holdswitch - 4.5 dig~

Oscilloscope Probes
• Attenuation: xl /xl 0
• Capacitance

(LF180): 180pF
/ 22pF; (LF210):
40pF / 17pF

LF18 0 40MHz Oscilloscope
Probe $19.95

LF210 100MHz Oscilloscope
Probe ,., $29.95

Part Dim. Contact Bindin g
No, L" xW' Points Posts Prlce

JE21 3.25x 2.125 400 $4,95
JE23 6.5x2,125 830 $6.95
JE24 6,5 x3.125 1,360 $12.95
JE25 6.5x 4.25 1,660 $17.95
JE26 6.875 X5.75 2,3S0 $22.95
JE27 7.25 x7.5 3,220 $32.95

120ns, 16Kx4 $2,75
150ns, 16Kx4 $2,49
120ns, 16Kxl $1,49
150ns, 16Kx1 $1.09
2oons, 16Kx1 $.89
lOOns, 64Kx1 $2.75
12Ons, 64Kxl $2.39
150ns, 64Kxl $2.15
2oons, 64Kxl $1.75
60ns,256Kxl $5,25
80ns, 256Kx1 $3,75
1oons, 256Kxl $3.15
120ns, 256Kxl $2.95
150ns, 256Kx1 $2.59
80ns, 64Kx4 $5.95
1oons,64Kx4 $4,95
120ns, 64Kx4 $3,95
150ns, 64Kx4 $3,59
70ns, 1Megx1 $13,95
80ns, 1Megx1 $12.95
1oons.1Megxl $12.35
sons,256Kx4 $13.45
lOOns, 256Kx4 $12.95

TMS4416-12
TMS4416-15
4116-12
4116-15
4116-20
4164-100
4164-120
4164-150
4164-200
41256-60
41256-60
41256-100
41256-120
41256-150
41464-80
41464-10
41464-12
41464·15
511ooop-70
511OOOP-80
511OOOP-10
514256P-80
514256P-l0

Dynam ic RAMs

SIP Modules
41256A9A-80 sons. 256KxS $54.95
41256A9A-10 100ns. 256KxS $44.95
421oooA9A-70 zons, 1 MegxS $169.95
421OOOA9A-80 SOns, 1 MegxS $124.95
421oooA9A·l0 toons, 1 MegxS $116.95
94000L-80 80ns, 4 MegxS $499.95
94oooL-l0 lOOns, 4 MegxS $499.95

SIMM Modules
41256A98-80 SOns, 256KxS $49.95
41256A98-10 100ns, 256Kx9 $39.95
421oooAB8·10 100ns,1 Megx8 $109.95
421OOOA9B-70 70ns, 1 MegxS $169,95
421oooA9B-80 80ns,1 MegxS $119.95
421OOOA9B-10 lOOns, 1MegxS $113.95
940005-80 80ns,4 MegxS $499.95
940005-10 lOOns, 4 MegxS $499.95

Partia l List ing • Over 4000 Components and Accessories in Stock! • Call for Quantity Discounts
CIRCLE 114 ON FREE INFORMATION CARD

Static RAMs
6116p-3 150ns, 16K(CMOS) $2.79
6264Lp-10 lOOns, 64K(CMOS) $6.95
6264Lp-15 150ns, 64K(CMOS) $4.95
43256-10L 1oons,256K $10.95
43256-15L 150ns,256K $9.95
62256Lp-15 150ns, 256K (CMOS) $10,95

NEC V20 & V30 Chips
UPD70106-5 5MHz, V20 Ch\J $5,25
UPD70106-B 8MHz, V20 Ch\J $6.95
UPD70106-10 10MHz, V20Ch\J $10.95
UPD701 16-8 8MHz, V30Ch\J $7.95
UPD701 16-10 10MHz, V30 Ch\J $13.49

Intel Math Coprocessors
8088 or 8086 Systems

8087 5MHz $89.95
8087-2 8MHz $129.95
3087-1 10MHz $169.95

80286 Systems •
80287 6 MHz $139.95
80287-8 8 MHz $209.95
80287-10 10MHz $239.95

80386 Systems
80387-16 16MHz $349.95
80387·20 20MHz $399.95
80387-25 25MH z $499.95
80387-33 33M H z $649.95
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Please

refer to

Mall Key 2

when

ordering

• 7AM - 5PM P.S.T.

DJ10 40MBTapeBack·Up $299.95
KE10 ExternalEnclosure Kif $149.95
T840 40MBTapeCartridge $24.95
TB60 60MBTapecartridge $32.95

MFM
M8425 20MB(68ms) 3.5·HH $224.95
M8425XT 20MB(68ms) 3.5·HH(K~) $269.95
M8425AT 20MB(68ms) 3.5"HH (Kit) $339.95

RLL
M8438 30MB(68ms)3.5·HH $249.95
M8438XT 30MB(68ms) 3.5·HH (K~) $299.95
M8438AT 30MB(68ms)3.5·HH(K~) $389.95
M8450 40MB(46ms)3.5·HH $329.95
M8450XT 40MB(46ms)3.5·HH(K~) $369.95
M8450AT 40MB(46ms)3.5"HH (K~ ) $429.95

• 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

Colorado
Memory
Systems
40MB Tape
Back-Up

(Kit) includes Hard Disk Drive, Controller & Cables

MiniScribe
Hard
Drives

Floppy
Disk
Drives

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 - 50t each
For a FREE 48-Page Flier send $2.00 to cover
Arst Class Postageand Handling
e 1990 Jameco Electronics 7190
CA Residents Add

6.25%, 6.75% or 7.25% Sales Tax
Shipping · Add 5% plus $1.50 Insurance
(May vary according to weig ht and shipp ing method)

Terms: Prices subject to changBwithout notice.
Items subject to availability and prior sale.
Comp~e list of lermstwarranties is availabk! upon reqeest.
IBM ISa r~1S1. red tr.ctemark of Inl. rnalo nal Business t.Aachln"

Mitsubishi
MF3538 3.5' 72DKBInternal Orive..... $99.95

Toshiba
356KU 3.5' f .44MBInfernal Drive .. $109.95

Teac
F055B 5.25' 360KBHalf HI. $89.95
F055G 5.25'1.2MBHalf HI. $99.95

1355 Shoreway Road, Belmont. CA 94002

Jameco®
~

9600E
Pictured

JE2D1 2

Mouse w/Bus Board & Mouse ­

WareSoftware..... $99.95

PS/2 Mouse & MouseWare

Software $79.95

Modems
I

Seria l Mouse & MouseWare

Software $89.95

JE1 03()

IBM
Compatible
Cases and
Power
Supplies

External Modems
1200C Oaiatrolics1200Baud $89.95
2400C Oatatrolics2400 Baud $149.95
9600E Prom.theus 9600 Baud $699.95

• AutoC AD 10 template and four­
button puck • Resolution : up to
1016 lines per inch • Accuracy:
±.025" " Emulates three of the
wor lds most popular formats:
Summagraphics MM. Summa­
graphics Bit Pad One. Calcomp
2000 • EEPROM allows custom
configuration

JCAD DigitizerT ablet $199.95
Stylus Two ButtonStylus.... $39.95

Jameco
Digitizer Tablet

Internal Modems
1200B Jameco 1200 Baud $49.95
24008 Jameco 2400 Baud $99.95

MSER

MBUS

MPS2

Logitech

M ice

Logitech ScanMan Plus
Scanner

• IBM PC/XT/AT
Compatible

• 4" Scanning
Window

• 400'dpi

SCANP $219.95

JE2061

• • .J" _' .
_\oJ ~ ."

. :,:; CII •• _ .

Request Jameco's 1990 Catalog for a Complete
Listing of Components, Test/Measurement Equipment

and Computer Products

ME1100-Key

M icrotype K eyboard

Shown with VGA Option (no t included)
JE2059 Multiscan Monitor and VGA

Card....$669.90 (See Below)

FKB4700

360KBI720KB/1.2MB/l.44MB Floppy Disk Controller Card (PCIXT/AT) .. $ 4 9 .9 5

Monochrome Graphics Card w/Parallel Printer Port (PC/XT/AT) $49.95

Color Graphics Card w/ Parallel Printer Port (PC/XT/AT) $49.95

EGA Card w/256K Video RAM (PC/XT/AT) $139.95

8/16- Bit VGA Card w/256K Video RAM (PC/XT/AT) $ 19 9 .9 5

110 Card w/ Serial . Game. Printer Port & Real Time Clock (PC/XT) $59.95

RS232 Serial Half Ca rd (PC/XT/AT) $29.95

I/O Card w/ Serial. Game and Parallel Printer Port (AT) $59.95

Multi 110 Card w/ 360KBI720KB/1.2MB/1.44MB Floppy Controller (AT) .. $99.95

IBM PC/XT/AT

Compatible Keyboards

Jlly IBM Compatible
'ee! Co nc urrent 386 (Disk Operating System)
ottwa re Included
'ee ! QAPLUS Diagnostic Software Included !
'ee ! WORDSTAR EASY Word Processin g
oftwa re Included!
lAB RAM Inclu ded, Expandable to 8M B onboa rd,
5MB wi th optio nal expansion board
'16/20M Hz Keyboard Switchable Operation
MI BIO S ROM s Included
liptop Case w/200 Watt Power Supply
liniScribe 3.5" 40MB RLL Hard Disk Dr ive
eac 1.2MB Floppy DSHD Disk Drive
ujitsu 101-K ey (Enhanced) Keyboard

rneco IBM
;/XT/AT
nnpatlble
srds

:3550 20 M Hz 80386 Compat ib le Kit $1599.95

Jameco 20MHz 80386 Desktop Computer Kit

:1043

:1 0 5 0

:1052

:1055

:1057

:1060

:1062

:1065

:1077

i lisys 14" VGA monitor and 16-Bit VGA card packag e

20 x 480 ma x . resolution )

~2061 VGA Monitor & VGA Card $ 5 9 9 .9 0

3A, VGA & Multiscan Monitor Packages
.lisys 14" EGA monitor and EGA card package

20 x 350 ma x . reso lut ion )

:1059 EGA Monitor & EGA Card $459.95

slisys 14" M ult iscan monito r and 16-Bit VGA card

.ckage (BOO x 600 max. resolutio n)

:2059 Multiscan Monitor & VGA Card $669.90

JE10l 0 ~T",_POXTCase $39.95

JE1011 SIde_POXTCase $39.95
JE1030 150wattPOXT_Sl.qjy $S9.95

• IBM PC/XT/ATI386 Compatible JE1032 200watt B,qAT_Sl.qjy $89.95
• Saves an amazing 60% of the desk JE1035 $ 39.95

E2015 84-Key Standard AT Style space used by equivalent standard 300 watt AT_Sl.qjy 1

<84700
Layout $59.95 keyboards JE2011 Venca Case wfY:1Ni Pwr.Sl.qjy $249.95
101-Key Enhanced Layout JE2012 "Ii·V."", Casewr2OOW Pwr.Sl.qjy $149.95
with 12 Function Keys $69.95 MIRU $129.95 JE2019 ~T"'B,qATCase $69.95

:usto mer Service ·Technical Assistance· Credit Department· All Other lnqulrles- (415) 592-8097
CIRCLE 114 ON FREE INFORMATION CARD



QUALITY PARTS • DISCOUNT PRICES • FAST SHIPPING

P.O. Box 567 • Van Nuys, CA • 91408

PC board w~h electrel mike respond.
10 lOunds in immediate vicinity.Originally
part of sound activated light organ.Shuts0" whensound is not present. Includes

hook-updiagram.
CAT.SAB·2 $2.50 each

ii~HE~=-
or dig~• . Terminateo to 11 pc pin. (1 com- heavy duty F 01verticalmounting.lo1s lor
man and 10 poles). Eadl soclion nneasunss connectors fronland rea r sub panals. Alanclosuras ara
.31" wide X.2f1" high X.78" deep. End plates Includes ' • • • • ! I 6" wIdaX6 1/4" daap. Cholca ollhr.. halghts.
can be added 10form a .94" high bezel. 75 ohm lerminator and F.Bl op6coron one Includas non·add Nbbar faal and I>Irdware.

CAn SWTH-9 $1.25 each end. N_ cables manufactured for IBM PC ~::a~~ 1~~:r'IYory, black, and blu• .
10 lor $10.00 networ1<s.IBMPIN1501908COM/SCOPE. 2114' CATfMII-A S7.!iONcil 10 lor $65.00

ENOPLATES-CAT#SW-9EC CAT.RG-11-1 100ft.roll$15.00 2S/ll" CATfMII-II S7.75NcIl 10lorS67.50
$1.00 per set CAT'RG-11-2200ft.roll$27.50 3- CATfM~ se.OONcil 10lorS70.00

Pleasa specify color.

n[j

eo ~
lIiiliilliliiliiililiilfr

.156" pin opacing, 0.200"b8tW..n double
rows,gold ocntact. , P.C. mounting.

SPECIAL Same IS AMPI 2·530655-6.
CAli EBC·1G Sl .00 each· 10 for S8.00

::::EtECla()N IC::QAME:f~OARO~..
Tho inner wol1<lngs 01an el8ctronleSCrabble

game. Oparatas on 6 Vdc. S digitalpl>l.
numeric readout, 45 buttonke)pld, 14 traMi
10<1,2 I.C.'s. 1 plezo ellmont and other gooG­

lis . Top and bottom rowof ke)pld buttons
are functionkeys, rnkId18 3 rows are Ilph_·

Ie. No InstnJctIons available. 6" X4.45".
CATlST... Sl.75each 10forS15.00

:~~@~~~!l.~Q~:~~",~m=:

I.\J11i Produet.lntlmalionall ~
A19N-HO-1D11 Primary: 600 ohm
Secondary: 6OQI600 ohm
«rr X0.61"X0.63"high.6 p.c.
pin. on O.lsr cantlro.Primary
inductance : 300 mHnin ., at 1kHz.1 voll.
CATfTCTX·1 Sl .25.... 10 lor 511.00

SERVO=MOTOR:::=:::
3 Vdc OlIVO withpoIlnliomel«. ~
Idlal for robotico cr rl moll
ocncrol model Ixporimontalion.1
RotalH approx. 140 clogr....
Potconnoctod Ie molcrvari..
tom 500 Ie 3000 ohml.
t .53" XO.gs"X1.65". o.erdiarnelorNbbar
wh..1aUOchod to motor .halt can be UIId
a. a copotancr can be eaoilyremoved.
Proppedwith capacitor" choke. and wirl
I.od. . CATISVQ-2 21cr 51.00

:;;~i~~:~~~~~~~=}}trr\m}: ~jjjj::~j::l~I~Ift&:j~~j:::l:;:' l:::::::::~[:::[[[j::j~:~~I~lj~li1J_ =~i~;:=~~~;~~~~::~}t ~~:~:C~~::~~~$~E:a$.l\}}:=~=:
~~:~":~f.:"k~ ~ :;:{R; :. ARG~. gML: ':: ~~~r~~st":;':':dMark'Time~'90007 =-USEO T 1-314oiZI . ~::~~h:;a~~~~
cap . S.P.S.T. N.O. Puoh (~ I r£ 3" deep waUbox. Ralld RED CATILED-1 This k~ include. a
to cloM. RATED: 0.1 a"l' . witching. ...... ~ 20 amPS@125vac.Tum'q9'::"10for$1.!iO-l00for$13'OOP.c.board'lItheparts
0.25a"l' ":7 current P.C. mount. AM SIZE S1.5Oeach knob 10desired time. ' GREEN CATILED-2 and instructionsto meke a oi"l'1e flasher

CATI P ese .ach " 10 lor $6.00 Includes hardwlre, beige " , to 1a'$2.00-100 for$17.00 circu~. Aquickand easy projectfor Iny·
100 lor $50.00 1.2 vons180 mAh wafPlate, Ind knob. UL .' YELLOW CATILED-3 Olll w~h basic soldering skills.

SPOTPUSHBUTTON CAn NCB·AM and CSA listed. CAn TMC-e 10for$2.00 -100 for$17.00 CAn LEDKlT 51.75 ar kit

:?:=~~~vac. ~ ~~i~ft~ri~h $5.75each " 10 for $50.00 wifl~~.=~~O ~lrr;rj~Y$.i.tpB.A$.~R*ijtfff@
SMtehbody : .~ X.G4" X.65". AASIZE S2.20 each :j~::j~j~j:::j~::~~alltaf~~~I~:j:::j:::::l:::j::~ _- 00 5 vdto... '~=~d:~~~' " ,,,,,, . "

~~;;~~~~S15'OOi :':~~~~~!~~~:~:~~!~e.IIQRt: ::~ 1;:~ ~ =~:~~ _ Q<6"'-

S.P.S.T. normally ClI*' momentary 1.2 volls 1200 mAIl 0.79" dil . X1.1" high.Tho.. are 1J CATILEII-4O to for$~.50 you sal them for.
pushbuttonowiteh. Red pla.lie CAn NCB-C now capaC~1S that have be.n ij Easy to buildk~ includaspc board, parts
.cluator 0.5r diametlr . Chrome 0 SIZE $4.50 each prepped ~h U" black and red BI-POLAR LED and instructions. ldeallor special Ughting
bull 0.68"dilmer-r. Threaded bullling 1.2 volts1200 mAIl wire leads soldered to th8lerrninals. Ughll RED onl direction, e"ect., costumas , Itc. Opara18' on 3 to
mount. in .50" diametl r helot. Rated CAn NCB·D CAli PPC·210 $2.50 each ~=ii~"r':~~~"do. 9 vons. PC board is 5" X2.25". A great
3."l' (OJ) 25OVac. Solder loop18rminalo. 10 for S22.5O • 100 forS2OO.00 one hour projoct.CATI AEC $6.50 ea .
CATIPB·20 St .OO lach =:\\=":)(ENON=J.UBJ:J:;:::=\: La e uanl~ias available. Can for rici
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JIM'S BARGAIN
HUNTERS CORNER

DYNAMIC RAMS
Sl%E' SPEED PINS

05536' 1 ISOn< 16
i1tl:!144'1 15Or>s 16
202144'1 12On£ 16
262144xl lOOns 16
2821.4.1 SOns 16
lOA6576,1 BOo< 18

· 2400/12001300 BAUD HAYES COMPATIBLE
· CONFIGURE AS COM1,2,3 OR 4
·B UILT·IN SPEAKER· PROCOMM
COMMUNICATIONS SOFTWARE

MCT·24 I
MCT·121 1200 BAUD INTERNAL MODEM .

VGA COMPATIBLE PACKAGE

5499.95

2400 BAUD MODEM $89.95

·720 X 540 MAX RESOLUTION,
640 X 480 IN 16 COLORS, 528 X 480
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 . $239.9 5

JDR·AMBER 12' TIL MONOCHROME·AMBER $69 .95

16-B1T VGA DISPLAY ADAPTOR 51 99.95
· 640 X 480 RESOLUTION
· 256K VIDEO RAM, EXPANDABLETO 512K
' 64 LEVELS OF GREY SCALE
MCT·VGA·16

MCT·EGA ENHANCED GRAPHICS ADAPTOR
MCT·MGMIO MONOGRAPHICS MULTI 110

PARr.
4164-150
4125$-150
4125&-t20
4t25&-100
4t25lHlO,-

• WIDE BAND WIDTH
• VARIABLE HOLDOFF
• l X/lOX PROBES
• FULL 2 YEAR WARRANTY
M O DE L· 3500

MODEL· 2000

20MHZ VERSION $389 .95~1Il!!L~~'.Uljiltl." 1I

65MS AVG. ACCESSORY KIT /NCLUDES
INSmUCTIONS, XT·COM PA TlBLE CONTROLL ER AND CABLES.
CALL FOR PRICES ON OTHER SEAGATE DRIVES

35MHZ DUAL TRACE OSCILLOSCOPE

$499 95

21.4MB KIT 5249

32.1MB KIT 5279

CIRCLE 113 ON FREE INFORMATION CARD

• ULTRA HIGH DENSITY
• READIWRITE 720K DISKS TOO
• BLACK OR BEIGE
FDD·l .44X BLACK FDD·l .44A BEIGE
FDD·l .2 5·1 /4' DS/HD 1.2MB FLOPPY __. . .__ $95.9 5

POWER SUPPUES
P5-150 150 WATI SUPPLY FOR 8088'S . $59. 95
P5-200X 200 WATI SUPPLY FOR 8088'S $8 9. 95
P5-200 200 WATI SUPPLY FOR 2861386'S . __ $8 9.95

KEYBOARDS
BTC·5339 101 KEY ENHANCED KEYBOARD . $69.9 5
MAX·5339 101 KEY W/TACTILE FEEDBACK (286) '__ $69.9 5

DRIVE CONTROLLERS
MCT·FDC·HD4 4·FLOPPY DISK CONTROLLER $59 .9 5
MCT·HDC HARD DISK CONTROLLER . $79 .95
MCT·AFH 2861386 FLOPPY/HARD CONTROL __ $149.95

MEMORY/MULTIFUNCTION CARDS
M CT· R A M 576K RAM CARD (OK) $4 9. 95
MCT·IO MULTI 110 CARD __ __ $59 .95

BUILD YOUR OWN 286 SYSTEM FOR UNDER $650
ITS A GREAT WAY TO LEARN AND A GREAT WAY TO SAVE!
HERE 'S JUST ONE OF OUR MOST POPULAR CONFIGURATIONS:

OPTIONAL COMPONENTS
MOTHERBOARDS
M CT·TURBO·l 0 4.7711OMHZ SINGLE CHIP 8088 , $99, 95
MCT·M286·16N 8I16MHZ 286 W/NEAT CHIPSET. $2 89. 95
M CT·M286·20N 10I20MHZ 286 W/NEAT CHIPSET.$389 .95

Utt/efoot '"
UPRIGHT CASE 5249.95
SPACE SAVING DESIGN HOLDS ALL SIZES
OF MOTHERBOARDS AND INCLUDES A
250 WATI POWER SUPPLY
· MOUNTS FOR 3 FLOPPY AND
4 HARD DRIVES

•TURBO & RESET SWITCH
· LED SPEED DISPLAY
CASE-l00
CASE·FLIP FLIP TOP CASE FOR 8088 MB'S . $39 .95

MCT·M286-12 8112MHZ MINI 286 MOTHERBOARD $199 .95

MCT·MGP MONOCHROME GRAPHICS ADAPT $4 9 .95

MC T·FDC·HD 360K·I.44 MB FLOPPY CONTROLLER $4 9 .95

CASE-JR MINI FLlP·TOP CASE W/150W P.S. $149 .95

FDD·360 360K 5·1/4' FLOPPY DISK DRIVE $69 .95

JDR·MONO MONOCHROME MONITOR (GREEN) $69 .95

BTC·5060 STANDARD 84·KEY KEYBOARD $59 .95

TOTA L SYSTEM (OK INSTALLED) $649 .65

__ __________ $99.95

5119.95

FORXT
WITH +5V AND GROUND PLANE .__ .__ 27.95
ABOVE WITH 110 DECODING LAYOUT __ ' 29.95
PARTS KIT FOR JDR·PR2 ABOVE 8,95

FOR AT
16·BIT WITH 1/0 DECODING LAYOUT 34.95
PARTS KIT FOR JDR·PR10 ABOVE 12.95

EPROM MODULE

UNIVERSAL MODULE $499.95
• PROGRAMS EPROMS, EEPROMS, PALS, BI·POLAR PROMS,
8748 & 8751 SERIES DEVICES; 16V8 AND 20V8 GALS (GENERIC
ARRAY LOGIC)FROM LATI ICE, NS, SGS • TESTS TIL, CMOS,
DYNAMIC & STATIC RAMS ' LOAD DISK, SAVE DISK, EDIT,
BLANK CHECK, PROGRAM, AUTO, READ MASTER, VERIFY AND
COMPARE • TEXTOOLSOCKET FOR .3' ·6·W. IC'S ( 8·40 PINS)
MOD·MUP

MOD·MPL·SOFT CUPL SOFTWARE

27128 16384, 8 250n5 12.5V 28 4,25
27128A·2OQ 16384,8 zoons 12.5V 28 5,95

PARTIAL LISTINGS ONL y . MANY OTHERS AVAILABLEI

• PROGRAMS 24·32 PIN EPROMS, CMOS EPROMS & EEPROMS
FROM 16K TO 1024K • HEX TO OBJ CONVERTER · AUTO,
BLANK CHECK/PROGRAMNERIFY • VPP 5, 12.5.12.75, 13, 21
& 25 VOLTS , NORMAL, INTELLIGENT, INTERACTIVE & QUICK
PULSE PROGRAMMINGALGORITHMS
MOD·MEP

OTHER MODULES : PAL PROGRAMMER, DIGITAL TESTER,
BI·POLAR PROGRAMMER, MICROPROCESSOR PROGRAMMER ·
FROM $129.95 TO $259.9~ CALL FOR INFORMA TlON

JDR·PRIO
JDR·PRID- PK

JDR·PRI
JDR·PR2
JDR·PR2·PK

EXTENDER CARDS
SIMPLIFY PROTO TYPING ANO TESTING

EXT-8088 8·BIT FOR 8088 MOTHERBOARDS __. 29,95
EXT-80286 16·BIT FOR 2861386 MOTHERBOARDS __ 39.95

EPROM PROGRAMMER

PROTOTYPE CARDS
FR-4 EPOXY GLASS LAMINATE WITH GOLD PLA TEO

EOGECA RD FINGERS AND SILK SCREENED LEGENDS

MODULAR PROGRAMMING SYSTEM
MODULES USE A COMMON HOST ADAPTOR CARD­
1 SLOT PROGRAMS EPROMS, PROMS, PALS, MORE!

HOST ADAPTOR CARD $29.95
• UNIVERSAL INTERFACE FOR ALL

PROGRAMMING MODULES!
• SELECTABLE ADDRESSES
PREVENTS CONFLICTS
• MOLDED CABLE
MOD·MAC

EPROM ERASERS
DATARASE" $39.95
• SHIRT POCKET SIZE!
• ALL SIZES UP TO 4 AT A TIME
• ERASES MOST EPROMS IN 3 MINUTES
DATARASEII

• 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
MOD·EPROM

__ltCt JDR caters to the developer
DE L~ with a ful/line of prototyping.......LD & programming products. Request
Wv-<' our cat alog for the complete line!



VIDEO-LINK
Enterprises, Inc.

520 GLENBROOK RD., SUITE 202
STAMFORD, CT 06906

ORDERS: 1-800-622-9022
CATALOG & INFO: 203-975-7543

MONDAY - FRIDAY 10AM - 5:30 PM, E.S.T.
IMPORTANT: Have make and model
# of the equipment used in your area.

PANASONIC WIRELE SS
CONVERTE R 85.00 . 69.00

JERROLD 400 COMBO W/REMOTE
(DRX3DIC) 134.00 . . 95.00

JERROLD 400 OR 450 REMOTE HAND
UNIT .. .. .. .. .. .. . .. .. 24.00 .. 15.00

JERROLD JRX 3DIC 84.00 . . 65.00
JERROLD SB ADD ON 74.00 . . 55.00
JERROLD SB ADD ON WITH TRI-BI 95.00 70.00
OAK M-35 COM BO . . . . . . . . . .. 79.00 50.00
OAK MINICODE (N-12) 84.00 59.00
HAMLIN MLD 1200 64.00 . . . 45.00
SCIENTIFIC ATLANTA SA-3

ADD ON 109.00 75.00
INTERFERENCE FILTER

(CHANNEL 3 OR 6) 24.00 14.00
NEW SCIENTIFIC ATLAN TA

COMBO 275.00 .. 215.00
PIONEER DESCRAMBLER 250.00 200.00
lOCOM VIP 200.00 .. 175.00
ZENITH FLASHING 175.00 .. 150.00
ZENITH SSAVI 125.00 90.00
EAGLE PD-3 95.00 .. . 75.00

ONE
UNIT

ADVERTISING SALES OFFICE

Gernsback Publications. Inc.
500-B Bi-County Blvd.
Farmingdale. NY 11735
1·(516) 293-3000
Presiden t : 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 associ ate
Lisa Strassman

credit manager

Subscriber Customer Service
1-800 -288-0652
Order Entry for New Subscribers
1-8oo-999-7139
7:00 AM - 6:00 PM M -F MST

193

176

SCO Electro nics 68

Sencore 23

Smith Design 67

Star Circuits 24

83 Synergetics 63

184 TECI 71

190 Unicorn 86

182

194 U.S. Cable 68

64 Video-Link 94

179 Viejo Publications 15,85

180 WPT Publications 71

Page

Damark International 66

Deco Industries 13

Electronic Goldmine 86

Electronics Book Club 7

Fluke Manufacturing CV2

Fr iendly Videos 16

Global Specialties 3

Gra ntham College : 61
. I

Heathkit 22

Ace Communications 20

AMC Sales 15

RADIO-ELECTRONICS does not assume any responsibility for errors that may appear in
the inde x below.

186 International Components Corp . 87

1I3 ,170 JDR Microde vices 93

1I4 Jam eco ' 90,91

liS Jensen Tools 13

Free Information Number

189

ADVERTISING INDEX

127

177

181

121

98, 192 Beckman Industrial CV3, CV4

109 C&S Sales 19

70 CEI 60

CIE 39

50 Caig Laboratories 25

183 Chenesko Products 13

Command Products 70

58 Cook's Institute 20

196 D&D Electronics 15

108

195

75

107

86

Ace Products 13

All Electronics 92

Amazing Concepts 84,89

84 Appliance Service 13

67 Banner Technical Books 20

10+
UNITS

TOTAL
PRICE

OUTPUT PRICE
CHANNEL EACHITEM

CABLE TV CONVERTERS
& EQUIPMENT

QlY

SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan. Eastern Sales Manager
Radio-Electronics
259-23 57th Avenue
Little Neck, NY 11362
1-718-428-6037. 1-516·293·3000
Fax 1-718·225·8594

MIDWESTITexas/Arkansas/Okla.
Ralph B ergen. Midwest Sales Man ager
Radio-Electronics
540 Frontage Road-Suite 339
Northfield, IL 60093
1-312·446-1444
Fax 1-312-446-8451

PACIFIC COAST/ Mountain States
Marvin Green. Pacif ic Sales Manager
Radio-Electronics
5430 Van Nuys Blvd. Suite 316
Van Nuys, CA 91401
1-818·986·2001
Fax 1-818-986·2oo9

J inco Computers 87

Joseph Electronics 70

King Wholesale 84

MCM Electronics 85

MD Electronics 88

Mark V. Electronics 89

McGraw Hill Book Club 26

Microprocessors Unltd 78

Mouser 20

NRI Schools 11 , 17

Optoelectronics 30

Pacific Cab le 83, 89

Parts Express 88

Pomona Electronics 12

Pr int Products Int ern ational. 24

Radio Shack 5

185

56

101

188

78

61

1I7

178

191

87

53

93

TOTAL

SUBTOT.

Shippin~
S3 / Unlt

COD:
Add 5%

Signed:

NO CONNECTICUT SALES. It
is not the intent of V1DEO-UNK ~=':'::':':+-----1
to defraud any pay television
operator and we will not assist1-=-=:=--+-----1
any company or individual in
doing so. ~:':':"::':':'+-_ _ --1

Dated:

PLEASE PRINT:

o CASHIER'S CHECK 0 M.a . 0 C.O.D.
NAME _
ADDRESS _
CllY/STATEIZlP _
PHONE _

SlGNATURE _

WAIVER. Since I, the undersigned, fully
understand that the ownership of a cable decoder
does not give the owner of the decoder the right to
decode or view premium cable channels without
proper authorization from their local cable company,
hereby declare under penalty of perjury that all
products purchased, at any time, will only be used
on cable TV systems with proper authorization from
local officials or cable company officers in
accordance with all applicable federal and state
laws. Federal and various state laws provide for
substantial criminal and civil penalties for
unauthorized use.

(f)
o
z
o
a:
b
UJ
...J
UJ

o
15.«
a:

94
CIRCLE 64 ON FREE INFORMATION CARD



•
I
i·:ImI·· .' ••. ,\, 'I,!"' ~ .... ".,. . . I Feature

Digits

Fluke Beckman Industrial
Model 77 RMS225

3-1/2 Digits 4 Digits
MENU. SELECT CLEAR

0 0 (.)
V", V =

OFF n
.. .»)

((
= 1

I A !
) "' .• A I

RMS225
Beckman Industria/-

v·n COM "P ::..--/
" '-A- :'( I, :;:"",,~

~ = . ~.
10ll0Y....!"'X

lOA
IILU' ;

s:
40 :

~ I

I

Resolution
Accuracy
Automatic Reading Hold
Analog Bar Graph
Battery Life
10ARange
Protective Holster
3 YearWarranty

I True RMS
IAuto Max Min™

Relative Mode
Self-Resetting Fuse

3,200 Counts 10,000 Counts
0.3% 0.25%

.--- Touch Hold~ -_..-- Probe Hold~M- -_.. -- - -
31 Segments 41 Segments

2,000 Hrs 500 Hrs
tI (Fused) tI (Unfused)

tI (40mA Input)

I Price $159* $149

Made in the U.S.A. co Touch Hold isaregistered trademark ofthe John Fluke Mfg. Co., Inc. * 1900 Fluke and Philips Catalog

~RANGE ~HOLD ~ REL ~ MAX MIN

.::!DDDD;~
~~.~.~.~ Kll
~1IIIIIHHLIUliudl••II...dllldnH9'

Beckman Industrial TAI

An Affiliate of Emerson Electric Co.

Instrumentation Products Division
3883 Ruffin Road, San Diego, CA 92123-1898

(619) 495-3200 · FAX (619)268-0172 • TLX 249031
Outside California 1-800-854-2708 Within California1-800-227-9781

© 1990Beckman IndustrialCorporation. Specificationssubject tochangewithout notice. Fluke is a registeredtrademark ofJohn Fluke Mfg. Coo. Inc.
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D 20MHz
Frequency
Counter

D Capacitance
Meter

D Logic Probe
D Transistor

7lister"
D Continuity

Jester
D LED Jester
D Diode Check
D lOAAmmeter
D Voltmeter
D Ohmmeter

With more uses and features than most
otherhand-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 includecapacitance
measurement to 20/Lf, logicprobe to 20MHz,
transistor tester and resistance ranges to
2000MO. The DM27xLfurther adds 20MHz
frequency countingcapability with selectable

trigger sensitivity, plus an LED tester. Both
meters feature anenhanced display, including
a large, easy-to-read LCD, a full setof function
annunciators and a battery-saving Auto
PowerOff.

Grab a DM25XL for just $109.95, ora
DM27xLfor just $129.95 (suggested retail
price) at your local Beckman Industrial dis­
tributor. After using one, you won't be able to
functionwithout it.

Beckman Indu§tria/ TAI

An Affiliate of Emerson Electric Co.

Instrumentation ProductsDivision
3883 Ruffin Road, San Diego, CA 92123-1898

(619) 495-3200 • FAX (619) 268-0172 • TLX 249031
Outside California1-800-854-2708 Within California 1-800-227-9781

© 1990 Beckman IndustrialCorporation All specificationssubject tochange without notice.
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