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More professionals in more industries  The popular 70 Series—simply put, the Your choice. For the name of your
make Fluke their first choice in most requested DMM in the world, with nearest Fluke distributor, call toll-free
multimeters. nearly 2 million units in service since 1-800-44-FLUKE, ext. 33. And make a

Fluke DMMs. Reliable. Accurate. Powerful,  1984. And the Fluke 21 and 23—70 Series  great choice.

: : simplicity in high-visibility yellow.
Tough. Versatile. Easy to use and simple to pliciy in'high y¥E John Fioke Mg, ., . P.0. Box C090 IS 250C Evert,

operate. Backed hy the longest, most The Fluke 2% and 27—the most rugged WA 98206, U1 : (206) 356-5400. Canaca: i416) 8907600
comprehensive warranty in the business. meters ever built, totally sealed against T A e MUl K8 050
Made in the U.SA. In short, Fluke makes weter, dust and other contaminants. i B

melers you can bet your reputation on. And the precise 8060 Series—with the

More choice. No matter what the job, versatility of a test lab, the accuracy of a

there's a Fluke to handlg it. b?ncr? g]dsrt]gg]ent. and the convenience FROM THE WORLD LEADER
There's the new 80 Series—the most O g IN DIGITAL MULTIMETERS
powerful, most complete test and Smart choice. Compare Fluke DMMs

measurement system available in a with any other handheld. No one else gives

handheld package. you as much meter for your money. And
na other meter costs less to own. F L U K E

CIRCLE 121 ON FREE INFCRMATION CARD
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Subscribe today to the magazine that keeps you up-to-date with the newest
ideas and innovations in electronics. (If you already are a subscriber, do a
friend a favor and pass this subscription card along to him.)

check offer preferred

11 year—12 issues ONLY $17.97

(You save $17.43 off single copy price)
Basic Subscription Rate

[] Canada—12 issues $23.97
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Name (Please print) .
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[J 2 Years (SAVE MORE)—24 issues $34.97
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For New
|deas

In Electronics
read Radio-
Electronics®
every month.

Radio-Electronics will carry timely
articles on:

® audio

® video

® personal computers

® VCR servicing

® test equipment

® interactive video

® robotics

® experimenter circuits

® TV scrambling and
descrambling

® solid-state technology

® exceptional construction
projects
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Radio-Electronics offers a unique
combination of articles on
electronics technology, service,
audio, video, computers.

Keep up-to-date!

Subscribe Today!

USE THE ORDER CARD
ON YOUR LEFT

Popular Electronics

Delivers projects for the beginning
and advanced builder, articles that
help you get the most from your
habby, news and reviews on the
hottest new consumer and hgbby
gear, monthly columns on
computers, ham radio, shortwave
listening, antique radie, and more!
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31 MAC COMPATIBLE
Use an Apple motherboard to build a low-cost Macintosh clone.
Charles Colby

41 NEGATIVE ION GENERATOR -
Experiment with high-voltage electronics and the effects of negative
ions.

Anthony J. Caristi

56 R-E's E-Z SHORTWAVE RADIO
Build a shortwave receiver that you can modify to pick up any
frequency that you're interested in!
Rodney A. Kreuter, WA3ENK

PAGE 41

1990
ANNUAL INDEX
Electronies. Volume 61

and
Compureadhcest Volume 7

45 BATTERY TECHNOLOGY
Learn the answers to commonly asked battery questions.
Mark Dewey

50 PUTTING A NEW SCOPE TO WORK

i

¥
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A look at key operating and measurement concepts of today's digital e
scopes. -
Robert W. Ramirez =2 : i
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84 COMPUTER CONNECTIONS PAGE 61

Software reviews, and more.
Jeff Holtzman

DEPARTMENTS

98 Advertising and Sales

8 VIDEO NEWS 68 HARDWARE HACKER Ofiiees
What's new in this fast- Cold-fusion update, and more. 98 Advertising Index
g‘::&;nf ffllttnbr & N 49 Free Information Card
% s 80 AUDIO UPDATE o
12 EQUIPMENT REPORTS The Boston sound.
Global Specialties’ Protolab. Larry Klein 87 Market Center
61 1990 ANNUAL INDEX 28 New Lit
Find the story you want with
this handy listing of articles PEAEESIINOTS e
and departments. 4 What's News
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If you're looking for a computer
that ranks high on customer loyalty,
the Mac’s the one. Satisfied Mac
users are quick to defend their com-
puters against the pro-IBM faction.
Unfortunately, the high cost of own-
sUILD voUR OWN ing a Macintosh has kept many po-

3 Sove a0 : tential users in the IBM ranks. If that
describes you, check out our cover
story to find out how you can invest
about $400 and the cost of any 128K
through SE-30 Mac logic board—
and several hours work, of course—
to build your own Macintosh comput-
er. The finished product includes the
case, power supply, 800K floppy-
disk drive, a power/video board, and
the video driver module. And with
our version, it's easier to install or
remove a board or a drive. Turn to
page 31 for more details.
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BUI

LD R-E's
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THE FEBRUARY ISSUE
GOES ON SALE
JANUARY 3.

BUILD A UNIVERSAL COUNTER/TIMER BOARD FOR YOUR
PC

It offers a 10-Hz to 2.4-GHz measurement.range, runs under Windows, and
can control a communications receiver.

BUILD AN AUDIO SWEEP/MARKER GENERATOR
Use it with a scope to display the frequency response of audio systems.

STANDARDS
What's a voit? An ohm? Standards keep our measurements meaningful.

SEMICONDUCTOR MEMORIES
A look at different technologies, including the pluses and minuses of
CMOS, TTL, and EEPROM’s.

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

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney.

RADIO-ELECTRONICS, (ISSN 0033-7862) January 1991. Published monthly by Gemsback Publications, Inc., 500-B Bi-County
Boulevard, Farmingdale, NY 11735 Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Second-Class
mail registration No. 9242 authorized at Toronto, Canada. One-year subscription rate U.S.A. and possessions $17.97, Canada
$23.97, all other countries $26.97. All subscription orders payable in U.S.A. funds only, via international postal money order or
check drawn on a U.S.A. bank. Single copies $2.95. © 1990 by Gemsback Publications, Inc. All rights reserved. Printed in U.S.A.

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

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is
desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or
photographs while in our possession or otherwise.

Elgi'?imnics@
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Larry Steckler, EHF, CET,
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$69.95 INCLUDES 10 GOOD

GLOBAL
SPECIALTIES

Global's Model 735 Digital Multimeter
provides a superb combination of
high performance, low cost and
extremely easy operation. Featuring
a full compliment of Autoranging
measurement functions including DC
Voltage, AC Voltage, DC Current,

AC Current, Resistance, Diode
Check, and Continuity check.

= Call toll-free for details

1-800-572-1028

AUTO RANGING

DIODE CHECK

0.5% ACCURACY

0 N o en & ool N (=

Advanced features such as Memory
Mode and Data Hold are provided
giving the Model 735 performance
normally associated with meters
costing twice the price. Don't let the

GLOBAL.
SPECIALTIES

CIRCLE 182 ON FREE INFORMATION CARD

REASONS WHY THIS
MULTIMETER IS FOR YOU.

FULL OVERLOAD PROTECTION

CONTINUITY CHECK WITH ALARM
'HANDS-FREE' MEASUREMENT
- CURRENT UP TO 10 AMPS

MEMORY MODE FOR DEVIATION MEASUREMENT

COMPACT RUGGED CONSTRUCTION
10 3 1/2 DIGIT LCD DISPLAY

low price and compact size fool you,
the Model 735 packs performance
and value found in all Global
instruments. Clearly, the Model 735
is the best value available in it's
price category, and is suitable for
school, hobbyist and professional

users. 859.95!

Order yours today!!
A024

Global Specialties
70 Fulton Terrace, New Haven, CT 06512

Telephone: (203) 624-3103. ©interplex Efectronics, 1990.
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A review of the latest happenings in electronics.

Building robots with
‘*survival instincts."”

By studying the instincts and re-
flexes of living creatures, researchers
at the Georgia Institute of Technology
have demonstrated feasibility for a
robot capable of making “instinctive”
survival decisions such as seeking
shade to cool down internal systems
or changing travel plans to save fuel.
A model of the hormonal systems
that control "fight-or-flight™ decisions
in mammals could provide the blue-
print for a generation of robots that
could possibly navigate hazardous
waste sites, coal mines, or even dis-
tant planets—without remote-control
assistance.

The goal of Dr. Ronald Arkin is a
robot that, when confronted by un-
mapped terrain, is capable of reacting
instinctively, without the need for re-
programming or remote direction. By
studying the endocrine system of
mammals and other biological mod-
els, Dr. Arkin hopes to discover pre-
cisely what cognitive events or visual

system that “George,” Georgia Tech’s
specially modified materials-handling
robot, uses to navigate to its objective.

signals trigger and modulate par
ticular movements in animals. Ulti-
mately, he hopes to outfit Georgia
Tech's mobile materials-handling
robot, George, with sensors capable
of transmitting information about a
variety of internal scenarios or ““sche-
ma,” such as dwindling fuel reserves
or dangerous temperature levels. So-
lution options could then be pro-
grammed into “‘receptor schema”
that would be linked to a subsystem
that makes routing decisions.

PARTS
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SUPPLIER

ERTER=TO ADJUST ORDER

A PARTS ORDERING SCREEN FROM IBM’S Electronic Service Management System/2,
which provides independent service centers with direct, on-line communications with

manufacturers.

How many transistors?

The 1968 Transistor Rule, deemed
“obsolete but innocuous” by Com-
missioner Andrew J. Strenio Jr., has
been repealed. The Federal Trade
Commission ruling prohibited man-
ufacturers from stating that a radio or
walkie-talkie contained a specific
number of transistors when some of
those transistors did not actually de-
tect, amplify, or receive radio signals.
The "truth-in-advertising’” rule was
drafted to put an end to the deceptive
promotional use of transistor count.
So few transistors are used in mod-
ern radios and transceivers that the
rule, in effect, already had been ren-
dered meaningless. Strenio ex-
pressed hope that sometime in the
future the FTC would have sufficient
resources to undertake systematic
“pruning projects” to remove other
outdated and obsolete regulations
under Federal law.

On-line service-center
management.

Introduced at last summer's Na-
tional Professional Electronics Con-
vention in Las Vegas, NV, IBM’s

Electronic Service Management Sys-
tem/2 (ESMS/2) is a comprehen-
sive, on-line solution that allows
small- and medium-sized indepen-
dent consumer-electronics servicers
to electronically process warranty
claims and order spare parts. With
ESMS/2, service centers can com-
municate directly with the manufac-
turers for faster reimbursements on
warranty claims and quicker turn-
arounds on parts orders. On-line pric-
ing updates and service and technical
bulletins from the manufacturers will
also be available.

The software runs on the IBM
PS/2 or IBM PC's, and a modem is
required to access the IBM Informa-
tion Network. ESMS/2 is available as
software only, or in a package with a
PS/2. Besides the communications
capabilities, ESMS/2 provides other
service-management functions, in-
cluding work-order processing, parts
inventory, and technician evaluations.
It can also be used to generate re-
ceipts and invoices, custom and form
letters, mailing lists, and reports. A
LAN version is available for multiple
users. R-E



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

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

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

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

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

Practical Training...
At Your Own Pace.
Through CIE, you can train for your
new career while you keep your pres-
ent job. Each course allows a gener-
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CIE offers
several courses which start at the
intermediate level.
“State-0f-The-Art”
Facilities & Equipment.
In 1969, CIE pioneered the first elec-
tronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE's state-of-the-art equipment.

And all your laboratory equipment is
included in your tuition cost. There is
no extra charge—it’s yours to use while
you study at home and on the job after
you complete your course!

Earn Your Degree To
Become A Professional
in Electronics!

Every CIE course you take earns you
credit towards the completion of your
Associate in Applied Science Degree, so
you can work towards your degree in
stages. And CIE is the only school that awards you
for fast study, which can save you thousands of
dollars in obtaining the same electronics education

found in four-year Bachelor's Degree programs!
Write for details today!

Send For Your
Catalog Today!

A Growing Need For
Trained Professionals!

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

You could be the “brains” behind the
scenes of an exciting TV broadcast...
trouble-shoot life-saving medical equip-
ment...design exotic new aeronautics
systems...CIE’s job-oriented programs
offer you the quickest possible path to
the career of your dreams! And CIE aiso features
military and union re-training, to build on what
you already know.

Dozens Of Fascinating
Careers To Choose From!

Even if you aren't sure which career is best for
you, CIE can get you started with core lessons
applicable to all areas of electronics. As you
advance, CIE makes job opportunities available
to you through the bimonthly school paper, R
The Electron. o

Consumer Electronics

Military Erectronics

Personal Training From A
Renowned Faculity.

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

| Cleveland Institute of Electronics, Inc.
I

)

1776 East 17th St., Cleveland, Ohio 44114

O YES! Please send me your independent study catalog (For your convenience,
CIE will have a representative contact you—there is no obligation. )

Print Name

Address Apt #

City/State/Zip —

| Age Area Code/Phone No.

{ Check box for G.L. Bill bulletin on educational benefits: O Veteran O Active Duty

| Mail This Goupon Today! ,_,
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®@ RADIO-ELECTRONICS

What’s new in the fast-changing video industry.

DAVID LACHENBRUCH

® Photo CD. An electronic photo
album combining the best features of
film and video photography has been
developed by Eastman Kodak and
Philips and is promised for worldwide
introduction in mid-1992. Photo CD is
a system for storing home still color
snapshots digitally on a standard five-
inch compact disc for playback on
any television set or for printing with
full-film definition at any time. Under
Kodak's plan, amateur photogra-
phers will take their negatives to their
neighborhood processor, who will
transfer them to a disc. One disc will
hold up to 100 exposures. A basic
disc with 24 pictures will cost less
than $20, according to Kodak, and
that disc may be returned to add
more pictures—up to 100. Storage of
the pictures on the disc is basically a
write-once CD-ROM process. Each
disc will be packaged in a standard
“jewelbox"" container with an “index
print” on the front cover—a page di-
vided into 24 miniature color pictures
showing the contents of the disc.

The player, which can also play au-
dio CD’s, is expected to sell for less
than $500. Unlike videotapes and
laser videodiscs, the Photo CD is
standards independent. Because the
signals on the disc are digital, it can
be played on any TV anywhere in the
world. The system is claimed to have
four times the resolution of the best
high-definition TV proposed to date,
or about 16 times the detail of today's
TV systems. Philips says it will pro-
duce several models of Photo CD
players, and Kodak says it hopes to
license other manufacturers.

e Closed Captions for All. A bill
passed by both the House and the
Senate and awaiting President
Bush's signature at our press time will
add a new feature to most television
sets made or imported after July 1,
1993. Although decoders have been
available for many years to display the
closed captions available on an in-
creasing number of programs, all fu-
ture TV sets with screens 13 inches
and larger will have them built in. The

captions are on line 21 of the vertical
blanking interval (VBI) between pic-
tures, and are designed as an aid to
the hearing impaired. They're also
being hailed as a way to help foreign-
speaking viewers learn English. The
addition of the new feature is ex-
pected to add a few dollars to the
cost of the set. The first manufacturer
to introduce a wide range of closed-
captioned sets is expected to be
Zenith, which had planned to add the
feature before the legislation was
passed. Zenith, the only American
manufacturer offering sets with built-
in teletext, is expected to add the
caption sets in 1991.

® Program Chips. Manufacturers
of home video equipment must sit up
many a night trying to figure out new
products and features. The latest is a
camcorder with ready-to-use pro-
grams. Canon’s newest high-band
8mm (Hi8) camcorder is designed to
accommodate both audio and video
“program chips,” which fit into slots
on the side of the camcorder body.
The graphic chips contain titles and
simple automation—""Happy Birth-
day." “The End," and so forth. One
chip, for example, includes an ani-
mated helicopter flying across the
screen, pulling a banner on which the
user may insert the title of his or her
epic. The music chips contain elec-
tronically-generated ditties, which
can be used as background accom-
paniment in three volume settings.

® First HDTV Sets. Thomson
Consumer Electronics, the French
firm that markets the RCA and GE
brands in the United States, is sched-
uled to introduce what may well be
the world's first mass-produced wide-
screen HDTV sets in Europe this
month (January). The new sets will be
ready for almost any TV system ex-
pected to be available in Europe.
The sets have a tube measuring 36
inches in overall diagonal in the 16:9
proportion, closer to Cinemascope
dimensions than to the 4:3 of stan-
dard TV. They will be equipped to

display standard European PAL and
SECAM broadcast transmissions in
two ways—either in the standard pro-
portions taking up only part of the
screen, or "blown up” to fill the full
screen (but sacrificing part of the top
and bottom of the picture). They are
equipped with built-in satellite re-
ceivers and can also display both
standard and enhanced-definition
(MAC) pictures to be transmitted
from some European satellites, as
well as "Wide MAC,"” a widescreen
version of the enhanced-definition
pictures. And when the new HD-
MAC widescreen transmissions with
1,250 scanning lines are available, |
they will display them in full definition. |

The sets are equipped with two
tuners, and have a "picture-outside-
picture” (POP) feature that displays
three smaller pictures vertically to the
right of a standard 4:3 picture on the
wide tube. Those pictures can be a
quick table of contents of channels
available, or a sequence of snapshots
from any program. In addition, the set
is designed to enhance any standard
European transmission by doubling
the number of lines to 1,250, resulting
in an IDTV (improved-definition) pic-
ture. The price for all this? The equiv-
alent of about $7,000 U.S., installed,
including a 13-inch dish antenna for
the upcoming high-powered Euro-
pean satellite transmissions.

e Widescreen VCR. A suitable
companion to the Thomson wide-
screen TV set will be a widescreen
VCR—and it's in sight. Standards
have been developed for a compati-
ble dual-dimension VHS video re-
corder that will record and play both
standard and widescreen pictures.
When recording widescreen pic-
tures, the system compresses the
data horizontally, expanding it on
playback. Playback is automatic, with
the recorder sensing the dimension
of the picture on the tape and adjust-
ing itself. The widescreen VCR sys-
tem, developed by JVC and
Thomson, is expected to be an-
nounced this year by JVC. R-E




Write to Letters, Radio-Electronics,
500-B Bi-County Blvd., Farmingdale, NY 11735

MYSTERY MICROWAVE TUBE

| read with great interest about ear-
ly attempts at microwave generation
in Joseph Carr’s article “Introduction
to Microwave Electronics” (Radio-
Electronics, June 1990). | acquired
a strange tube, pictured here, that
appears to be an old wartime military
microwave tube. (Note the markings
on the unit, and the fancy oak pack-
ingJ) It doesn’t seem to have enough
external connections to be a klystron,
and it has no magnets like a magne-
tron would. Is it from some early, se-
cret radar unit, or from something
much less glamorous, like a diather-
my machine?
TOM SHERWOOD
Xenia, OH
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The device pictured is a Type-2J22
magnetron, and was used in pulsed
oscillators for radar units operating in
the 10-cm microwave band (3.267 to
3.333 GHz). It was discussed at
length in Volume 6 of the M.|.T. Radia-
tion Laboratory Series on microwave
and radar technology. lllustrations in
the book depict the tube with the
magnet and without it, as in your pic-
ture, and a schematic view. The 2J22
pictured here is complete except for
the magnet, which indicates to me
that it was a replacement part (the
magnet remained with the equip-
ment).—Joe Carr

CAD-PROGRAM KUDOS

Several months ago, Radio-
Electronics had a short review of a
computer-aided drafting program for
electronic schematics, called Auto-
skem, from BSOFT Software. After
reading the article, | bought a copy of
the program and was pleasantly sur-

prised to find that my fifty dollars
bought a full-featured CAD program
fine-tuned for optimum use in making
schematic designs. It comes with an
extensive symbols library and allows
you to edit symbols, create new
ones, and create entire new symbol
libraries. In addition, whole sche-
matics or a section (text and all) can
be saved as an object, to be called
into other schematics as desired. The
program is Microsoft-mouse com-
patible, and can save schematics to
Hewlett-Packard Graphics Language
(HPGL) format plotter files. It even
includes a utility that allows you to
print the HPGL files on a 24-pin dot-
matrix printer. | highly recommend
Autoskem to any IBM-PC-compati-
ble user who needs an inexpensive,
powerful schematics CAD program.
BRUCE O. YOUNG

Minot, ND

TESTING TAPE SPEED

I was very interested in Geoff
Sale’s letter concerning tape-deck
speed calibration (Letters, Radio-
Electronics, June 1990). My meth-
od is similar, and might interest other
readers.

Not having a frequency meter, |
built the frequency-to-voltage con-
verter depicted in Fig. 1. Using a func-
tion generator set to about 1 kHz, |
recorded a good-quality cassette on
a very good cassette deck, monitor-
ing the input frequency on the con-
verter. At 1 kHz | got a reading of 6
volts. | then played the cassette back
through the same machine, and got
exactly 6 volts back. If it had not given
the correct frequency | would have
adjusted the motor speed according-
ly—a high reading indicates too fast a
tape speed, a low reading means too
slow. The motor speed can be ad-
justed using either a built-in trimming
potentiometer or an external one
mounted on the PC board.

Record, play back, and adjust the
motor speed until the playback volt-
age is exactly that of the function
generator. Then record the whole
tape; that will be your calibration
tape.

Made in the U.S.A.

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

Fluke Beckman Industrial
Model 77
3-14 Digits 4 Digits
3,200 Counts 10,000 Counts
0.3% Accuracy 0.25% Accuracy
Touch Hoid® Probe Hold™
31 Segment Analog 41Segment Analog
Bar Graph Bar Graph

1,000 Hour Battery Life
10A Range (Untused)
Protective Holster

3 Yr. Warranty
True RMS
Auto Min Max™
Relative Mode
Self-Resetting Fuse
{40mA input)
$159* $19

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

2,000 Hour Battery Life
- 10A Range (Fused)
Protective Holster
3Yr. Warranty

Beckman Industrial”

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
OQuiside California 1-800-854-2708 Within California 1-800-227-9781

© 1990 Beckman Industrial Corporation. Specifications subject to change

without notice. Fluke is a registered trademark of John Fluke Mfg. Co, hiic.
JN190-01-091
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Put Professional Knowledge and o

COLLEGE DEGREE

in your Technical Career through

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

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-
lutely necessary part is knowing
your field. Grantham can help you
both ways—to learn more and to
earn your degree in the process.

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

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

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

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
Grantham College Road
Slidell, LA 70460
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FIG. 1—CASSETTE MOTOR-SPEED CALIBRATOR. Set potentiometer R2 so that the
potential at pin 2 of IC1 (the CA3140) is equal to that on pin 3. Careful adjustment will result
in a sensitivity of 100 mV. Feed a frequency of = 1000 Hz to the input (“IN”) and use a DVM
to measure the reading at the output (“OUT”). Set R10 to give a convenient reading.

The frequency-to-voltage convert-
er can easily drive an analog instru-
ment, which clearly indicates small
variations in speed. The needle of the
meter should be rock steady for a
good drive mechanism.

| test a number of cassettes in the
course of my work, and in the several
years that |'ve used this frequency-to-
voltage converter, I'd say that it is
definitely better than a frequency
counter.

By the way, I've been reading Ra-
dio-Electronics since the Radio-
Craft days of the 1930's, and | think
it's the best. Keep it up!

JOHNNY BRUYNS
Port Shepstone, South Africa

CLEANING VCR HEADS

After reading Larry Klein's re-
sponse to Jo Anne Abbot’s letter in
the October 1990 issue of Radio-
Electronics, | felt compelled to add
to her statement whatever weight |
could. As a Regional Support Repre-
sentative for IBM for 30 years, | had
many occasions to experience low-
quality magnetic media (usually
cheap diskettes). As advised by engi-
neering and proved by countless field
incidents, passing a high-gquality me-
dia over the heads (i.e., formatting a
couple of times, write/record for a
few minutes) will clean them.

Ms. Abbot is correct in that high-
quality tape or diskette manufac-
turers do put lubricant in the magnet-
ic formulation that cheap media do
not have. But it is the slightly abrasive
quality of a new tape or diskette that
cleans the head(s), and not the chem-
icals. After a few passes, the media

surface will polish down and lose
most of its cleaning ability. The lubri-
cants in the formulation are there to
reduce head wear, nothing else.
Cheap media will plug the head gap
as a result of low-quality binder in the
oxide mix. With a cheap binder, the
oxide particles easily break away
from the media surface and get down
into the gap. Remember that, as small
as the gap is, the particles are much
smaller yet, and easily fill the gap and
coat the head. While Larry Klein
might not have heard of Ms. Abbot's
cleaning method, | can assure him
that it does work—uwith high-quality,
new tape or diskette media—and
eliminates the need for treacherous
cleaner tapes or diskettes.
JAMES W. BIGGER
San Diego, CA

DESOLDERING IC’s

Several letters relating to desolder
ing IC's have recently appeared here,
and I'd like to present my technique.
Use a “solder sucker” or desoldering
braid. If the solder remaining has a
frosty, lumpy appearance, put a little
rosin flux on it and try again. After
that, each contact will be over against
one side of the circuit-board hole and
bonded to the hole with a thin film of
solder. Next, take a small screwdriver
and push the stuck contact from one
side of the hole to the other. The
movement is small and hard to see,
but you should feel and hear a slight
“pop” when the film breaks. Do this
to all contacts and pull the IC off; it
works.
PAUL S. McKIBBEN
Lake Elizabeth, CA R-E-



ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

\X"\ RSOs (Real-Time & Storage Oscilloscopes) From HITACHI w, Compact Series Scopes
‘.\2 ‘ The RSO - its the new solution Gp"/
View, Acquire, Test, Transfer and Document Your Waveform Data 4 ]
P
100MS/s (25MS/s on 4 channels simultaneously), 100MHz, 4kw x Tch., 2kw x 2ch., 1kw x 4ch. VC-6145 $ 4,695.00 3 Yr Warranty
Compact, Full Feature Models .
40MS/s, 100MHz, dkw x 1ch., 2kw x 2¢h. VC-6045 §3,049.00 Shawn

20MS/s, S0MHz, 2kw x 2ch. VC-6025  $2.295.00  Thjs series provides many new functions such as CRT
Low Cost/High Value Models Readout, Cursor measurements (V-1085/1065/665),
20MS/s, 50MHz, 2kw x 2ch. VC-6024 $2,049.00 Frequency Ctr (V-1085), Sweeptime Autoranging and
20MS/s, 20MHz, 2kw x 2¢h. VC-6023 §$1,749.00 Trigger Lock using a 6-inch CRT. You don't feel the
RSOs from Hitachi feature such functions as roll mode, averaging, save memory, smoothing.. interpolation, pretriggering, GO e R IR S A e A S
cursor measurements, plotter intertace, and RS-232C interface. With the comton of analog and the power of digital. V-660 60MHz Dual Trace $1 ,195

V-212 Hitachi Portable Scopes V-665  60MHz Dual Trace w/Cursor ~ $1,345
ot 8- — $435  DC to 50MHz, 2-Channel, og offset  V-1060  100MHz Dual Trace $1,425
ﬁ i ol 2 Wed DC to 20MHz function, Alternate magnifier function V-1065 100MHz Dual Trace w/Cursor 31,695

e Y Dual Channel V525 CRT Readout, Cursor Meas.  $1,025 V-1085 100MHz Quad Trace w/Cursor $2,045

e T - V-523 Delayed Sweep $995 V-1100A 100MHz Quad Trace w/Cursor  $2,295
V-422 40MHz Dual Trace $795 V-522 Basic Model $895 V-1150 150MHz Quad Trace w/Cursor  $2,775

20MHz Elenco Oscilloscope FREE DMM Elenco 35MHz Dual Trace
$375 with purchase of " GoodtosomHz $495

" - MO-1252
MO-1251 ANY SCOPE P - . —— « High luminance 6° CRT
o Dual Trace - . s « 1mV Sensitivity
« Component Tester SCOPE PROBES p . « 6KV Acceleration Voltage
«6'CRT . S . 3 « 10ns Rise Time
« X-Y Operation P-165MHz, 1x, 10x  §19.95 = | 3"& R 5  X-Y Operation e Z Axis
3 . « TV Sync P-2 100MHz, 1x, 10x $23.95 =y - o Delayed Triggering Sweep
- s | 2 p-1 Probes ' : LA bW SN » Includes 2 P-1 Probes
All scopes include probes, schematics, operators manual, and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all
Hitachi scopes. Call or write for complete specifications on these and many other fine oscilloscopes.

Delayed Sweep

Model V-1065

L TP

WE NOW True RMS 4 1/2 — 10 Function |Digital Capacitance Meter | Digital LCR Meter

CARRY B oigit Muttimeter v Multimeter |  msse  CM-1550 mm O

COMPLETE LINE M-7000 ' : CM-365 5';_, —a $58.95 { $125
© 3 '

< $1 35 ‘. " $65 = 9 Ranges Measures:

Coils 1uH-200H

FLUKE 05% DC Accuracy s AC + DC Voltage & Amps -51;';’20.9000'6 . el
1% Resistance S Resistance to 2000MQ -5% basic accy aps .1pi-200u
MULTIMETERS BREE oo

' with Freg. Counter i, ;9 Diods, Logic, & Trans test Zero control ?f 8
21 Ellocggls and deluxe case [ =—" 1] Capacitance to 200uF with case nremern

23F 85 Function Generator Triple Power Supply XP-620 Wide Band Signal Generators
25F 87 Blox Assembled $65 . $G-9000

27F  8050A T2 2 yoa00 Kit $45
78 8060A !— I ';L $28.95 Rl IF 210 15V at 1A, % W 1 " $1 29
8062A PRI . ! 17 2to-15Vat1A RF Freq 100K-450MHz

+ More = {or 410 30V at 14) g v s | AM Modulation of 1KHz

Provides sine, triangle, square and 5V at 3A Variable RF output
CALL FOR wave from 1Hz to IMHz J Contains all the desired features for doing experiments. i

SPECIAL PRICING AM or FM capability Features short circuit protection, all supplies. | SG-9500 w Digital Dispiay and 150MHz bulit-In Counter $249

30 - -
AC Current Meter ‘Decade Blox Quad Power Supply XP-580 LEARN TO BUILD AND PROGRAM

ST-1010 | @ - $59.95 COMPUTERS WITH THIS KIT!
$69 95 3 !_ Sy s 2.90V at 2A INCLUDES: All Parts, Assembly and Lesson Manual

= 618,95 | B @F ’ 12V at 1A Model
: i V. oo 5V at 3A 8 B

#3610 Resistor Blox = eand ; 5V at 5A : MM-8000

47 ohm to 1M & 100K pot =
#9620 Capacitor Blox Fully regulated and shon circuit protected v $1 29-00

47pf to 10MFD XP-575 without meters $39.95

Digital Triple Power Supply XP-745 GF-8016 Function Generator

3249 with Freq, Counter | Starting from scratch you build a complete system. Our Micro-Master
7 trainer teaches you to write into RAMs, ROMs and run a 8085 microproces-

0-20V at 1A $249 sor, which uses similar machine language as IBM PC. You will write the
0-20V at 1A SneNonlaeiTrianal Inidal in;tructions to tell the 8085 processor to gt started and store these
5V at 5A » 59 H 9 instructions in permanent memory in a 2816 E“ PROM. Teaches you all
Pulse, Ramp, .2 to 2MHKz about Input and output ports, computer timers. Build your own keyboard

Freq Counter .1 - 10MHz and leam how to scan keyboard and display. No previous computer

1000 Amps

Data & Peak hold
8 Functions
Deluxe Case

FU!Y ‘regulated. Short circuit meec“’d with knowledge required. Simple easy to understand instruction teaches you
2 limit control, 3 separate supplies to write in machine language.

XP-660 with Analog Meters $175 GF-8015 without Freq. Meter $179 ROBOTICS KIT FOR ABOVE (MM-8010) $71.95

WE WILL NOT BE UNDERSOLD! C & S SALES INC. 15 Day Money Back Guarantee

UFS ShIAI/Sp 46 SMAs G | 1245 Rosewood, Deerfield, IL 60015 2 Year Warranty Puces subect to change
(810 Max) L Res., 75 Tax P 1245 GH0 3000 105 Sal6710 ©  WRITE FOR FREE CATALOG
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e EQUIPMENT REPORTS

|

lectronics can be a very re-

warding career. Of course, it

takes some work to get
there—anything worthwhile does.
But while we have nothing against the
hard work and studying that is re-
quired to earn a degree, anything that
makes the work more efficient is a
godsend.

We recently found such a god-
send: Protolab from Global Spe-
cialties (70 Fulton Terrace, New
Haven, CT 06512). Protolab is an
DC/AC Circuit Analysis Program
that turns your PC into a computer-
simulated electronics laboratory.
With Protolab, you can build circuits
and examine their behavior with test
equipment. It gives you the advan-
tage of having unlimited parts and all
the test equipment you'll need—
without the worry that you'll blow up
your lab.

Protolab requires an IBM PC (or
compatible computer) with at least
384K ot RAM, a mouse, and a CGA
display. (Unfortunately, the Hercules
graphics adapter is not supported.) A
separate version supports Macin-
tosh computers.

Students who are studying circuit

PRTS OO PIME]

Global Specialties Protolab

J

Turn your computer
into a DC and AC
circuit simulation
tool

CIRCLE 10 ON FREE INFORMATION CARD

analysis should find the Protolab to
be an ideal supplement to their class-
room and laboratory instruction.
(We'd also expect many schools to
use the program as part of their
course work, since it can eliminate
the need for buying some test equip-
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‘measuremems of the RLC circuit

ment.) Topics that are covered in the
laboratory manual include DC series
and parallel circuits, voltage dividers,
temperature effects, superposition,
polyphase systems, Delta-Wye con-
version, phasor mathematics, reso-
nance in tuned circuits, and other
topics typically covered in the soph-
omore year of an electrical engineer-
ing or technology program.

The Protolab screen is broken into
two main sections: the circuit con-
struction board and the test-equip-
ment window. Most interaction with
the program is done with the mouse,
except for numerical component val-
ues which are entered by using the
keyboard.

For example, to build a circuit, you
would click the mouse on the mouse-
command line over the word ParTs. A
pull-down menu lets you select the
part you want to place—resistors, ca-
pacitors, inductors, impedances,
wires, and AC/DC voltage and cur
rent sources are available.

To place the component or source,
you simply move to the appropriate
place, and click the mouse. You're
then asked for the part's parameters,
for example, a coil’s inductance and

continued on page 82



SRty OFF
THEBENCH

AND

RUNNING

When OPTOELECTRONICS took fre-
quency counters off the bench we
b created a whole new dimension -
2600 Frequency Finding.

Sdper Sensitive RF i s ] | Our Handi-Counters™ make:
Fraquency Finder. . Frequency Finding & reality by
$325. | Full ange - allowing you to pick-Jp radio

Pockst ' transmitters at the maximum

Size LED. possible distance.

$239. Monitoring Enthusiast, Security

' Specidlists, Broadcast and Design

Engineers, Two Way and Amateur
Radio Operators and Service Techni-
cians have all made the move.
Shouldn't you?

[ —
| 1300H/A
| Low Cost Ultra
Sensitive (HF,

8030 '
3ench Portable (Fits in an attache

i case) with ALL the Har di-Countart
reatures plus More. $579.

’nge Display Displesy Stsrig::!lh Universal  “CXO " mt " GPVIECS

Model High 8 Digit LED 10 Digit .CD Bargrapt Countzr Option

8030 10Hz L4 L4 . 1ppm
2.4GHz acd $125.

e = = v e  Sw [
3000 10Hz L4 + 2ppm "

24GHz o
2600 1MHz

24GHz
2210A 10H ° ] ]

2.4@511 ’ 5821 NE 14th Avenue e Ft. Lauderdale, FL 33334
i T - Visa, MC, COD, Cash, M.O. accepted. Personal

! 3GHz ; Check allow 3 weeks. 5% Shipping. Handling,

DR B [ Py oy e ) Maximul 1 ,S. n . 16% outside
Sensiti~ity: « to <10mV typlcal. NiCads & AC Charger/Fdoptar irciuded. Carry (\{1‘,_ ¥ ‘I;TLS‘ ® U.S. & Canada. 15% outsid
Case, Aatenras and Probes extra. Cne year pats & laborwarranty on al products. C hnental U.S.A.
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'Take any one of these HANDBOOKS
ELECTRONICS and CONTROL

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

¢ the latest and best information in your field
® discounts of up to 40% off publishers’ list prices

AN
s
Q

322/910

Publisher’s Price $119.50

ANTENNA ENGINEERING

HANDBOOK, Second Edition

Edited by R. C. Johnson and H. Jasik

® 1,408 pages, 946 illustrations

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

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

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

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

Publisher’s Price $94.50

MAGNETIC RECORDING

HANDBOOK

Technology and Applications

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

® 1,100 pages, 400 illustrations

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

o features contributions from 25
international experts

¢ includes coverage of error correction
coding and magneto-optical recording

Rl
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Technology
& ,\pplicauons

C. Denis Me€
Eric D. Daniel

412/74X

047/774

Publisher’s Price $86.95

AUDIO ENGINEERING

HANDBOOK

Edited by K.B. Benson

® 1,056 pages, 722 illustrations

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

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

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

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



e e

for only $14.95—when you join the

Publisher’s Price $94.95

MODERN. ELECTRONIC CIRCUITS

REFERENCE MANUAL

By J. T Markus

® |,264 pages, 3,660 circuit diagrams

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

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

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

404/461

Publisher’s Price $89.95

ELECTRONICS ENGINEERS’

HANDBOOK, Third Edition

Edited by D. G. Fink and D. Christiansen

® 2,496 pages, 1,600 illustrations

o the definitive reference to electronics
engineering

o fully updated to cover all recent advances
and developments

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

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

R
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up 1O

4 reasons
to join today!

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

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

3. Bonus books! You will automatically be eligi-
ble to participate in our Bonus Book Plan that
allows you savings up to 70% off the publishers’
prices of many professional and general interest
books!

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

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

.r------------------------------------------------1

McGraw-Hill Book Clubs

Electronics and Control Engineers’ Book Club®
P.0. Box 582

Hightstown, NJ 08520-9959

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

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

[ wish to order the following book:

[] ANTENNA ENGINEERING HANDBOOK (322/910)
] MODERN ELECTRONIC CIRCUITS REFERENCE MANUAL (404/461)
] ELECTRONICS ENGINEERS' HANDBOOK, 3/e (209/820)

[J AUDIO ENGINEERING HANDBOOK (047/774)

[ MAGNETIC RECORDING HANDBOOK (412/74X)

Signature

Name

Address/Apt. #

City/State/Zip

This order subject to acceptance hy McGraw-Hiil. Offer good only 1o new members Foreign member acceptance subject so special conditions

ECGA-043

L-------

1661 AHVNNVI
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NEW PRODUCTS

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

RADIO-ELECTRONICS

-
=]

UNIVERSAL FUNCTION
GENERATOR. Providing
the higher frequencies and
greater versatility required
to evaluate high-speed
electronic systems, B&K-
Precision’s model 3040 13-
MHz universal function
generator with frequency
counter is designed for use
in R&D, production testing,
service and repairs, and
education. It offers a 0.1-Hz

to 13-MHz main generator

range with a digital fre-
quency display and pro-
vides sine, square, triangle,
ramp, and pulse waves;
TTL outputs; and AM and
FM modulated signals. The
second generator range,
from 0.1 Hz to 10 kHz, can
be used as a modulation
source, sweep source,
gating source, or indepen-

dently. The second gener

ator provides sine, square,

CIRCLE 30 ON FREE INFORMATION CARD

triangle, ramp, and pulse
signals. An internal/exter
nal 6-digit frequency coun-
ter measures signals to 30
MHz. The model 3040 has
internal/external AM and
FM modulation and sweep
generator capabilities. It
provides triggered and

gated, single or multiple
operations and two simul-
taneous outputs.

The model 3040 13-MHz
function generator costs
$1,195.00—B&K-Preci-
sion, 6470 West Cortland
Street, Chicago, IL 60635;
Tel: 312-889-1448.

POCKET INFO PAC. The
battery-powered Pocket
Info Pac, which measures
1% X 4 x 8% inches and
weighs just over one
pound, lets users access
images and scroll through
electronic pages, much like
reading a book, by simply
pressing a series of three
or four buttons on a touch
pad, or through menu op-
tions. Using the innovative
Private Eye ultra-miniature

CIRCLE 11 ON FREE
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virtual display from
Reflection Technology
(Radio-Electronics,
February, 1990) as its dis-
play, Colby Systems’
Pocket Info Pac gives users
instant access to any one
of thousands of images.
The high-capacity, hand-
held information-storage
and -retrieval system lets
users download, access,
and control text and graph-
ics using a built-in touch
pad.

The Private Eye, al-
though it weighs only 2.26
ounces and fits in the palm
of a hand, allows users to
view high-resolution im-
ages as a full 12-inch,
720 x 280-pixel image. The
data is downloaded via a
serial port from a Macin-
tosh or MS-DOS-compati-
ble computer and can be

updated or changed ac-
cording to the user's
needs. The device can be
configured with 1MB of
standard memory or up to
16MB of optional memory,
and is available with
EPROM, STATIC RAM, or
PSEUDO-STATIC RAM in-
ternal add-on memory.
Also available are the plug-
in Colby Magic Memory
Module and COLBYCARD
memory units.

The Pocket Info Pac
costs between $899.00
and $2999.00, depending
on the type of memory—
Colby Systems Corpo-
ration, 2991 Alexis Drive,
Palo Alto, CA 94304; Tel:
415-941-9090.

AUDIO POWER TRAN-
SISTORS. Three lines of
audio power transistors

|
= 3

from Toshiba, targeted at
the U.S. power-amplifier
market, are engineered
with good noise linearity for
low THD and low inter
modulated distortion.
Three audio product
types—IGBT, MOSFET,
and bipolar—are repre-
sented to provide perfor
mance and price options;
all three meet class A and
class AB power-amplifier
standards.

The IGBT power tran-
sistors (pictured) include
the 250-volt, 20-amp
GT20D101 and the com-
plementary GT20D201
that feature high forward
transfer admittance, low
saturation voltage, high in-
put impedance, and an en-
hancement mode. The
complementary P-channel/
N-channel MOSFET pairs

|

1
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feature high forward trans-
fer admittance, low ON im-
pedance, and high-fre-
quency operation. They
provide optimal low switch-
ing distortion for the high-
est frequency response in
high-end power amplifiers.
The MOSFET pairs include
the 18-volt, 10-amp
2SK1529 and 25J200; the
200-volt, 12-amp 25K1530
and 25J201. The bipolar
audio power transistors are
high-voltage, high-current
complementary NPN/PNP
devices optimized for low-
power dissipation and



lower cost per watt of out-
put power in audio power-
amplifier applications. The
bipolar
2S5A1553/25C4029 pairs
are fabricated in TO-3P(LD
packages, as are the IGBT
transistors. The MOS-
FET's are packaged in
TO-3P(N) packages.

In quantities of 500, the
IGBT power transistors
range in price from $5.30
to $5.70 each, the
MOSFET's range from
$3.50 to $4.00 each, and
the bipolar transistors from
SHIRAQS Mot ISR igh A=
Toshiba America Elec-
tronic Components
Inc., 9775 Toledo Way, Ir-
vine, CA 92718.

POCKET PERSONAL
DMM. About the size of a
slim pocket calculator
(2 X4 X% inches), Techni-
Tool’'s Personal DMM
Meter (#393TEQ60) offers
easy one-hand operation.
The compact unit features

INFORMATION CARD

a high-speed auto-ranging
and sample rate for bar
graph display and an oper

ating range from 0°C to

40°C, with maximum 80%
RH. An automatic power-
off function increases bat-
tery life to 250 hours. The
DMM comes in a protec-
tive folding case, and
weighs only 100 grams in-
cluding the meter case and
batteries.

The Personal DMM
Meter has a suggested

price of $49.95. —Tech-
ni-Tool, Inc., 5 Apollo
Road, P.O. Box 368,
Plymouth Meeting, PA
92462; Tel: 215-825-4990;
Fax: 215-828-5623.

BENCH/PORTABLE
COUNTER/TIMER. For
portable as well as bench-
top use, Optoelectronics’
model UTC 8030 is both a
full-featured, 3-GHz bench-
top counter and a self-con-
tained portable frequency
finder that can be outfitted
with its own batteries, an-
tenna pack, and backlit
readout for field work.

CIRCLE 14 ON FREE
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As a countertimer, the
instrument makes direct
and prescaled frequency,
period, and time-interval
measurements and calcu-
lates and displays frequen-
cy ratios. The UTC 8030
provides 1-mV sensitivity,
1-PPM accuracy, 1-Hz res-
olution, and a 1-Hz to 3-
GHz range. A display-hold
feature makes it easy to
record 10-place frequency
readings. An external refer-
ence jack is provided for
more accurate lab refer-
ence clocks. The unit of-
fers signal-conditioning
controls. A variable trigger
control eliminates jitter and
a 6-dB/octave low-pass fil-
ter and a switchable 20-dB
attenuator allow the user to
filter out noise.

As a portable frequency
finder, the UTC 8030 has a
10-Hz to 2400-MHz dy-
namic operating range, and
1-mV sensitivity up to 500-
MHz. It features a 16-seg-
ment signal-strength bar

in your spare time,

Professional training and equipment can help
vou qualify for a dynamic, high-paying career

Train at Home to be an
Electronics Technician!

¢ |BM-Compatible
Personal Computer
¢ Digital Multimeter

As the demand for computers and micro-
processors in business and manufacturing
continues to grow. so does the need for
qualitied technicians. 1t’s not unusual for ex-
perienced technicians to earn from $35.000
1o more than $40.000 a year.* Now there’s
a way you can train for this exciting field
without interrupting your job or home life.

¢ Digital Logic Probe
¢ Elenco Oscilloscope

Exclusive Extras
That Enhance Your Training

Choose From These I’rg&rams of Study

*Electronics & Microprocessor Technology

¢Industrial Electronics & Microprocessor
Technology

eComputer Servicing & Electronics
Technology

*Specialized Associate Degree In
Electronics Technology

You Get Professional Equipment
For Professional Training

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

* Sourve: U.S. Burcau of Labor Sttistics

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

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

*Optional One-Week Seminar — available
with our advanced programs. Conducted
on our campus near Orlando. Fla. Not
required for graduation. but a valuable
opportunity 1o fine tune your skills with
personal guidance.

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

*Experience Labs — professionally
designed experiments that give you hands-
on “bench’” experience.

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

For COLOR CATALOG Mail
Coupon or Call TOLL FREE

1-800-765-7247

Programs offered only in United States. Canada. Puerto Rico
and Virgin Islands. No Obligaiion. No sales person will call.

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

I

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

Name L= =N :
Address :
City I
State Zip___ - :

PEOPLES COLLEGE !

OF INDEPENDENT STUDIES |
233 Academy Drive ¢ P.O. Box 421768 |
Kissimmee, FL 34742-1768 HO1 |

Member, VL. Penples Gruup
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graph, augmented by an
audio annunciator that
beeps faster as signal
strength increases.

The UTC 8030 universal
counter/timer costs
$579.00. Optionsinclude a
+0.1 PPM time base
($125), a Ni-Cd battery
pack (§75), and an LCD
backlight ($40).—Op-
toelectronics, Inc.,
5821 NE 14th Avenue, Ft.
Lauderdale, FL 33334; Tel:
800-327-5912 or
305-771-2050,; Fax:
305-771-2025.

UPS-BATTERY TESTER.
For testing lead-acid bat-
teries—including the main-
tenance-free types such as
sealed, recombination, and
gel cells that are commonly
used with standby, uninter-
ruptable, and back-up
power supplies—~Perfor-
mance Technological Prod-
ucts has introduced the
model 1200 universal 12-
volt battery tester. The bat-
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teries can be tested when
series-connected with
each other, and even while
they are actively being
charged. The device allows
the user to log gradual
changes in battery con-
dition as they occur, provid-
ing a useful history for
preventative maintenance.
By subjecting the battery
to an 80-amp electronic
load for 10 seconds, the
device can indicate
whether the battery is
“good," “weak,"” or "bad.”
Test results are easy to in-

terpret; by simply clipping
the tester to a battery, the
LCD indicators display the
status. Pin jacks on the
model 1200 accommodate
an auxiliary voltmeter,
which allows precise mea-
surements during testing.
The model 1200 battery
tester, with 12-inch leads
and copper-plated, color-
coded steel clips, costs
S$194.70.—Perfor-
mance Technological
Products, PO. Box 947,
Roswell, GA 30077.

COAX ADAPTER-CON-
NECTOR KIT. Containing
24 connectors and six uni-
versal interfaces, Test Pro-
bes, Inc.'s TPl 3000A Kit
lets users quickly and easi-
ly create any adapter by
screwing any combination
of two'connectors to one of
the interfaces. Because no
soldering or crimping is re-
quired, the connectors can
be used repeatedly. In-
cluded are two male and

CIRCLE 16 ON FREE
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female connectors of the
BNC, N, UHF, and TNC
adapters; one male and
female of the SMA, mini-
UHF, F, and RCA adapters;
and six universal inter-
faces. The male and female
connectors have gold-
plated contacts, Teflon in-
sulation, and machined-
brass silver-plated con-
nector bodies. Universal
adapter cables are avail-
able separately, as are
spare individual pieces.
The kit comes in a soft-
leather case that organizes
the collection.

CABLE - TV

SIGNAL RFEMOVEERS

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

BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!

=<

a1l $30 an hour

Try the

Electronics.

bulletin board
system

(RE-BBS)

1

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

MODEL

TUNING FOR
RANGE CHANNELS

PASSBAND PRICE| SHIPPING

23H

50-66 MHz 2.3 {or B meter ham) 50-300 MHz | $30

46FM

66-108 MHz | 4.5.6 {or any FM}

1417

120-144 MHz [ 14(A) 15(B) 16 (C) 17(D) 50-400 MHz | $30

1822

144-174 MHz

713

174-216 MHz | 7.8.9.10,11.12.13

50-400 MHz | $30 |

NO
50-300 MHz | $30 |SHIPPING

18{E) 19(F) 20(G) 21(H) 22 (1) | 50-400 MHz | $30 |CHARGES

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

CALLTOLLFREE FORC.0.D. ORSEND CHECK TOORDER
FASTDELIVERY
30DAYMONEY BACKGUARANTEE (3FLTERLIMIT)

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

1-800-433-6319

=ufl and more!

3 B > .1 -
y ) 4 Learn at home in spare time.
7 i+ | Noprevious experien(ﬂeeded!

No costly school. No commuting to class.
The Original Home-Study course prepares
you for the “FCC Commercial Radio-
telephone License.” This valuablelicenseis
your professional ‘‘ticket” to thousands of
exciting jobs in Communications, Radio-
TV, Microwave, Maritime, Radar, Avionics
and more...even start your own business!
You don't need a college degree to qualify,
but you do need an FCC License.

No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cost! GUARANTEED PASS—You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!

[ = SN =i - N S5 R |

commandD PRODUCTIONS
FCC LICENSE TRAINING, Dept. 90

P.O. Box 2824, San Francisco, CA 94126
Please rush FREE details immediately!

NAME
ADDRESS

ciTy STATE _ZIP

moooooobonoosnaEoonood:

516-293-2283

The more you use it the

| more useful it becomes.

We support 300 and 1200
baud operation.

Parameters: 8N1 (8 data
bits, no parity, 1 stop bit)
or 7E1 (7 data bits, even
parity, 1 stop bit).

Add yourself to our user

files to increase your
access.

Communicate with other
R-E readers.

Leave your comments on
R-E with the SYSOP.

RE-BBS
916-293-2283




A Shocking Offer!

Now for the first time in CIE’s 56 year history you do
not have to be enrolled at CIE to receive our introduc-
tory Electronic and Electricity Lesson Modules.
Available for a limited time to non-students for the
shockingly low price of only $39.50.

With CIE’s patented AUTO-PROGRAMMED
method of learning you'll quickly learn and then
master the basics of electronics and eiectricity and
then move on to... DC/AC circuit
theories, fundamentais of bi-polar
junction transistors (BJT), field
effect transistors (FET),
wiring, diagram and sche-
matic readings, component
identification, soldering
techniques... and much,
much, more.

Your commitment to CIE
ends with your payment, but
CIE’s commitment to your
success just begins when you
receive your

All This and Much More
For ONLY!

- Free Issue of The Electron

- Build your personal burglar alarm

- Instructors available 6 days a week

- 20 lesson books containing 39
theory and hands-on training
lessons and exams.

$

[J Yes, send me CIE’s 39 Introductory Electronic
and Electricity Lessons and Equipment.

Name:

Address:

City: Apt. #:

State: Zip:

Phone ( )

Fr—f;:i BOOKSTORE
|

t 1776 East 17th Street

{ B
I f 3 F_ i l Cleveland. Ohio 44114

= (216) 781-9400

BKO3

39 lessons, exams, binders and equipment. This
special introductory price includes all the benefits and
assistance CIE normally extends to its students and
graduates. You'll be entitled to unlimited access to
CIE’s faculty and staff to assist you in your studies via
a toll free 800 number six days a week, 24-hour
turnaround on grading your submitted exams, CIE
Bookstore privileges, a patented learning method,
reference library, a student, faculty
and alumni electronic’
bulletin board and a free
issue of CIE’s school
newspaper The Electron.
All this knowledge and
support will put you on the
road to understanding
digital electronics,
microprocessing principles,
computer systems, telecom-
munications, and
much, much,

S0

- Bookstore Privileges

- Patented Learning Method
- Electronic Bulletin Board
 24-Hour Grading

Total Merchandise: . .................. $99.50

Ohio Residents add 7% Sales Tax:
California Residents add 6-1/2% Sales Tax:
Total this order:

Method of Payment: Amount Enclosed . . . $
O Personal Check or Money Order
O Master Card O Visa

O [ |

Card Expiration Date:

Signature
[—
VISA

w CHARGE BY PHONE! \u——

9 AM to 4:30 PM Eastern Time; from Ohio 1-800-523-9109
from all other states 1-800-321-2155

1661 AHVNNVF
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The TPI 3000A coaxial
adapter/connector kit
costs $150.00.—Test
Probes, Inc., 9178
Brown Deer Road, San Di-
ego, CA 92121; Tel:
800-368-5719.

PORTABLE RESISTIV-
ITY METER. For static
control, ACL's #475 meter
is designed to provide fast,
repeatable, comparative
measurements of surface
resistivity. The easy-to-use
instrument has no cables
or probes to adjust, and of-
fers automatic ranging
from 104 to 10" ohms per
square. Accurate to +%
decade, the meter conve-

ACL475
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niently checks resistivity
specifications for static-
control products such as
anti-static bags, static-dis-
sipative mats, and con-
ductive work surfaces. The
rugged, portable meter
comes with a leather carry-
ing case and a rechargea-
ble battery with a 115-VAC
adapter/charger that pro-
vides 4-8 hours of steady
operating time.

The #475 portable sur
face resistivity meter has a
suggested price of
$825.00.—ACL Incor-
porated, 1960 East De-
von Avenue, Eik Grove
Village, IL 60007; Tel:
708-981-9212.

FREQUENCY-LOG-
GING/-ANALYSIS SYS-
TEM. Designed for stand-
alone, unattended frequen-
cy monitoring and logging
in Wide FM, Narrow FM,

AM, or single-sideband fre-
quencies, a complete
package from ACE Com-
munications consists of a
receiver that covers 100
kHz to 2036 MHz, plus
control software and serial-
interface hardware. The
computer-driven system
offers two basic types of

CIRCLE 18 ON FREE
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analysis and logging func-
tions. In one, a spectrum-
analyzer-type display
shows “spikes” of received
frequencies vertically
ranked by signal strength,
with the horizontal axis rep-
resenting the radio fre-
quencies being received.

The display can either be
viewed on a screen or out-
put to a dot-matrix or laser
printer. The other, tabular,
method lists active calls by
frequency, signal strength,
date, and time. It even keys
the call to a tape recording
of the audio portion of the
radio transmission. Tabular
data also can be printed or
stored to disk. The
RS232C serial interface al-
lows remote operation and
provides future expansion
capabilities. A 4800-baud
transfer rate is supported.

The frequency-iogging
and -analysis system has a
suggested retail price of
$1,290.00.—Ace Com-
munications, Monitor
Division, 10707 East 106th
Street, Indianapolis, IN
46256; Tel: 800-445-7717;
Fax: 800-448-1084.

PULSE GENERATORS.
Built-in CRT displays en-
hance the flexibility and
ease-of-use offered by
Tektronix's PG2010 family

of pulse generators. The
displays provide instant ac-
cess to pulse-parameter
information and show the
timing relationships be-
tween the two channels
and the pulse edges—
without the user having to
deal with an array of knobs
and buttons. Each of the
pulse generators provide
menu-driven set up and
built-in calibration, selecta-
ble from the Utility Menu,
for enhanced accuracy.
The 50-MHz pulse gener
ators provide 250-ps tran-
sitions and program-
mability in portable pack-
ages that can be used with
benchtop oscilloscopes or
logic analyzers.

The instruments cover
applications from general-
purpose analog design

-
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through high-speed digital
applications, and all pulse
parameters can be con-
trolled over wide ranges.
Pulse period is adjustable
from 20 ns to 10 seconds
(£1% of setting =1 ns)
with 100-ps resolution. De-
lay and width are also ad-
justable with 100-ps resolu-
tion over ranges of 0.0 ns
t09.89990 seconds and 10
ns to 9.9 seconds, respec-
tively. Each pulse generator
also has a double-pulse
mode and DC-50-MHz ex-
ternal trigger and gate in-
put capabilities, as well as a
counted-burst capability
for 2-999,999 cycles per
burst.

The PG 2010 family pro-
vides a mix of available out-

put levels and pulse-

transition times. The PG
2010 provides an adjusta-
ble output level to 2.5 volts
p-p into 50 ohms within a

+ 2 .5-volt window, and se-
lectable transition times of
250 ps, 700 ps, and 1.8 ns.
The PG 2011 provides an
adjustable output level to
10 volts p-p into 50 ohms
within a = 10-volt window
and transition times ad-
justable from 5.5 ns to 10
ms. The PG 2011's rise and
fall transitions can be set
together or independently.
The PG 2012 contains two
pulse channels; one is
equivalent to a PG 2010
and the other is equivalent
toa PG 2011.

Prices for the PG 2010,
PG 2011, and PG 2012
pulse generators range in
price, depending on model
and options ordered, from
$6,950 to $12,900.—
Tektronix, Inc., P.O.
Box 19638, Portland, OR
97219-0638, Attention:
B65W; Tel: 800-426-2200.

PROGRAMMABLE AT-
TENUATOR. Pasternack
Enterprises’ model
PE7011-3A is a 50-ohm
programmable coaxial at-
tenuator with an attenua-
tion range of 0—-60-dB
steps, designed for DC to
1,000 MHz. The unit has a
Y2-watt average power han-
dling capability, with 50

L3
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watts peak. Its switching
time is 15 milliseconds, and
its operating voltage is
+12 VDC at 45 mA per
step maximum. Con-
nectors are SMA female.
In 100-piece quantities,
the PE7011-3A program-
mable attenuator costs
$168.00 each.—Paster-
nack Enterprises, PO.
Box 16759, Irvine, CA
92713-6759; Tel:
714-261-1920. ‘R-E



NEW YEAR’S RESOLUTIONS

FROM

Encyclopedia of Electronic

Maintaining and International Encyclopedia

Repairing VCRs—2nd Ed.
by Robert L. Goodman |

MAILNTAINING AND REPAIRING

This money-saving guide

e

Clrcults—Vols. 1 and 2
by Rudolf F. Graf

THE ENCYCLOPEDIA OF ¥

Volume 1 puts over 1,200

of Integrated Circuits

by Stan Gibilisco
This reference is packed

VCRS shows you how to maintain ELECTRONIC , of the most useful circuit with the latest ICs used in
| and repair VHS HQ CIRCUITS designs in the industry at mmm communications, micro-
machines, 8mm, and cam- | T your fingertips. Features Eraiins computers, power supplies,
corders. Includes full | rH —— ————=—\ everything from A—alarm [ data-conversion, logic, and
coverage of mechanical ’A e S— circuits—to Z—zero cross- more. Compare specifica-
systems, electronic circuits, CIRCUITS ing detector circuits. tions and pinouts. . .locate
and illustrated service data. * rA A 768 pp., 1,762 illus. replacement  informa-
I 352 pp., 370 illus. i tion. . .generate design
#3103H $27.95 \ Volume 2 f_eatures a wealth concepts. . .and more.
B y of electronic and integrated 1,088 pp., 4,000 illus.

Practical Antenna Handbook

by Joseph J. Carr

circuit ideas, including laser
and fiberoptic circuits, sen-
sors, thermal reactors, and

#3100H $44.95
(regularly $75.00)

_ more - . ' .
Archia Build and design antennas ! 744 pp,, 728 itus. old Tlme.Radlos. Restoration
HANDBOOK fO_f any ;pplication. inclu- Both books for only $49.95, #5376C and Repalr by Joseph J. Carr
g.:sg 'ag'n‘ieanﬁ‘isﬁ‘éras"ﬁﬁﬂi OIld Time | Repair or restore classic
wave listeners. . .mobile RADIQ | vacuum tube and transistor
antennas. ..and others. RESTORATION & REPAIR radios easily and inexpen-

You get valuable informa-
tion on propagation,
waveguides, grounding
techniques, and more.
416 pp., 354 illus.
#3270H $32.95

Encyclopedia of Electronic
Circuits—Vol. 3 by Rudolf F. Graf

FX)
Nswgﬂ' g ¢

¥

&

The latest entry in Rudolf
Graf’s bestselling series of
giant sourcebooks! This
third volume covers every

k&
2

sively. Carr presents the
history, theory, and prac-
tical operation of old-time
radio sets. Detailed instruc-
tions and schematics are
provided.

; . W | conceivable electronic and L igg&pﬁ sz;gé/;us.
"t\m&c 4 Integrated circuit category. holo CARE i gl _ ¥
3 You get schematics for the
Build Your Own 80386 IBM® i CIRC,UETS 47 | latest available alarm and MaSterlng Electronics—3rd Ed.
Compatible and Save a Bundle Yy security circuits, detectors, by John Watson
T by Aubrey Pilgrim and [ucimmorgl Master the principles of
80386 | "{' el ‘F’ & ﬂ 768 Boughga0Nlins: electronics beginning with
IBM COMPATIBLE Cgl 2ol QR LR R resistors capagcitorsgunits
| AND SAVE A BUNDLE | 2"0039' 8|?~. Caltuadféic"gg;’f_‘ge Save Money! Order all three volumes =~ VA | o electricity, transformers,
I T, follow instructionsy i for only $75.90! Order #5460C NEW Mastering and linear electronics. Ad-

assembling an 80386 com-

Flectronics

vanced topics include audio

TN
o S e puter, explanations of amplifiers, optoelectronics,
&ﬂé&/ memory functions and digi_tal logic, timers, and
. operation, and sources for The CET Study Guide—2nd Ed. radio and TV.

a |

components and parts.
232 pp., 84 illus.
#3131H $26.95

Practical Transformer Design
Handbook 2nd Ed. by Eric Lowdon

:ﬁ‘ -
PRACTICAL
TRAN.

SFORMER
DESIGN
RANDBOOK

2ND EMTION

———

This practical handbook on
the design, construction,
and application of small
iron-core transformers
shows you how to build
power transformers and

current transformers to suit §
your equipment and project

needs.
400 pp., 288 illus.
#3212H $34.95

by Sam Wilson

_ The CET Exam Book—2nd Ed.

§) ~ EXAM BOOK

by Dick Glass and
Ron Crow

These study guides will
help you prepare and pass
the Associate and Journey-
man exams with flying col-
ors! They cover the latest
technical information on
everything from antennas
and digital circuits to test
equipment and trouble-
shooting.

#5447C $24.90

To Order Call Toll Free 1-800-822-8158

449 pp., 200 illus.
#9351H $34.95

The Benchtop Electronics
Reference Manual—2nd Ed.

Please send me the book(s) below:

=

By Victor F.C. Veley

This is the most com-
prehensive reference avail-
able on the subject. It
covers the topics of AC,
DC, solid-state and tube cir-
cuits, microwaves, com-
munications, digital prin-
ciples, and electronic
mathematics.

784 pp., 389 illus.
#3414H $39.95

(in PA, AK, and Canada call 1-717-794-2191) or fax your order: 717-794-2080

. Book # Price Book # _ Price _ L
or mail coupon to: TAB BOOKS, Blue Ridge Summit, PA 17294-0840
Please add applicable state and local sales tax (in Canada add $5.00 BOok # Price - Book# _______ Price
shipping and handling).
Name A e
[0 Check or money order enclosed made payable to TAB BOOKS.
Charge my [ VISA [ MasterCard [ American Express Address — —
City N S .
Acct. No. — Exp.
State/Zi
Signature o — iy

Satisfaction Guaranteed—If you are not completely satisfied, return the book(s) for a

complete refund. Order(s) subject to credit approval. Prices subject to change. RE11
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Learn to troubleshoot and service
today’s computer systems as you
build a fully AT-compatible micro,
complete with 1 meg RAM, and
powerful 20 meg
hard drive

Train the NRI Way— and »
Earn Good Money Servicing 4
Any Brand of Computer |

Jobs for computer service technicians will almost double in the next
10 years according to Department of Labor statistics, making
computer service one of the top 10 growth fields in the natlon

Now you can cash in on this exciting opportunity —

either as a full-time industry technician or in a computer -
service business of your own—once you’ve mastered elec- =y

tronics and computers the
NRI way.

NRI’s practical combi-
nation of “‘reason-why”
theory and hands-on building
skills starts you with the
fundamentals of electronics,
then guides you through more You assemble and test
sophisticated circuitry all the your computer’s “intelligent”
way up to the latest advances keyboard, install the power
in computer technology. supply and 5%4” disk drive,
then interface the high-resolu-
tion monitor. But that’s not all.
Train With a Powerful Your hands-on training
AT-Co tible—N continues as you install a
> mpa e—INow powerful 20 megabyte hard
with 20 Meg Hard disk t'(gdrgive—t;oday’s mo}slt- N
2 wanted computer peripheral—
DnveRaX(llwl' Meg now included in your course to
! - d:oamatlcauy 1;;cre?se the data
storage capacity of your com-
'Ibgiveyouhands—ontraining L I I B T = T R B IR | T e —, puter while giving you light-
with the absolute in state-of- LN R R "y ning-quick data access. Plus
et compubertechnl(—)%lcl)Fy / ::'v"o X '."-"1| s 14 .'. v |\1hY \\ '\ \ \ \ you work with exclusive word
NRI includes the powe S v hhy processing, database, and
West Coast 1010 ES computer spreadsheet software, yours to

as the centerpiece of your use for your own professional
training. As you assemble this ERVHTITRITIERORS NEASTLE BRI A and personal applications.

fully IBM AT-compatible all the while gaining a true mastery of computer As you build your com-
micro from the keyboard on electronics. Best of all, it’s yours to keep for all your puter, performing key demon-
up, you actually see for professional and personal computing needs. strations and experiments at
yourself how every section of each stage of assembly, you get

your computer works. the confidence-building, real-



Your NRI computer training
includes all this: ¢ NRI’s unique
Discovery Lab® for circuit design
and diagnosis ¢ NRI’s hand-
held digital multimeter
featuring “talk-you-
through” instructions on
audio cassette * A
digital logic probe

NOW!

A ared to
that lets you visually prep.
egtan!ine c;_c})‘mputer T.com patl bl e take g?gggg:
circuits ¢ The new '
Coast 1010 ES computer computer and 20 bunitis in
with high-speed 80286 o W meg har: rive! computer service.
CPU, 101-key “intelligent” - a d d ve You learn at your
keyboard, 1.2 meg high-density g own convenience in
floppy disk drive, 1 meg RAM your own home.

(expandable to 4 meg), 64K ROM
* 20 megabyte hard disk drive ¢
MS-DOS, GW-BASIC, word proces-
sing, spreadsheet, and database
software * Reference manuals with
programming guidelines and
schematics

No classroom

ressures, no
night school, no needp to quit your
present job until you’re ready to make
your move. And all throughout your
training, you've got the full support of
your personal NRI instructor and the
NRI technical staff, always ready to
answer your questions and help you
whenever you need it.

FREE 100-Page
Catalog Tells More

Send today for NRI’s big, 100-page
catalog that describes every aspect of
NRI’s innovative computer training,
as well as hands-on training in other
growing high-tech career fields. If the
coupon is missing, write to: NRI
School of Electronics, McGraw-Hill
Continuing Education Center,

4401 Connecticut Avenue, NW,

Washington, DC 20008,
s
world experience you need to work™

with, troubleshoot, and service today’s Electronics

most widely used computer systems. McGraw-Hill Continuing

No Experience Needed, P on et

4401 Connecticut

New! Explore the Latest NRI Builds It In Avenue, NW
Advances in Voice Synthesis Washington, DC 20008

This is the kind of practical, hands-on .

Now NRI also includes innovative experience that makes you uniquely rogistored trademasis of
hands-on training in voice synthesis, e
one of today’s most exciting and wide-

ly applied new developments in com-
puter technology.

You now train with and keep a
full-featured 8-bit D/A converter that
attaches in-line with your computer’s
parallel printer port. Working with the

SEND TODAY FOR FREE CATALOG! ¢
N

McGraw-Hill Continuing Educa(mn Center
4401 Connecticut Avenue, NW, Washing DC 20008

For Carcer courses r‘ ﬁ
approved under G Bill lfn | '

£ check far details.

O Air Conditioning, Heating, & Refrigeration

exclusive text-to-speech software also | ggHECK.OSE FREE CATALOG ONLY O Telecommunications O Sl Engine Repai
omputer Electronics 0 Industrial Electronics lectrician
included with your course, you explore 0 TV/Video/Audio Servicing {1 Electronic Circuit Design O Locksmithing
the fascinating technology behin O Robotics O Basic Electronics O Travel Careers
both digitized and synthesized com- [ ke e TS 08 O Bookkeeping & Accounting O Writing
h, O Security Electronics O Building Construction O Paralegal
puter speec | [ Digital Electronics Servicing [0 Automotive Servicing ) Computer Programming ;
) LI » Z

. NRI's new hands-on training in =
voice synthesis is just one more way Name (Piease print) Age | >
you get the confidence-building 2
experience you need to feel at home St 2

with the latest advances in computer I City/State/Zip  We'll give you tomorrow. Accredited Member National Home Study Council 3011 J Q

technology.



RADIO-ELECTRONICS

N
o

Use The Free Information Card for fast response.

GUIDE TO HIGH PER-
FORMANCE DMMs;
from John Fluke Mfg.
Co., Inc., P.O. Box 9090,
Everett, WA 98206-9090;
Tel: 800-44-FLUKE; free.

To introduce buyers and
regular users of digital mul-
timeters to the high-perfor-
mance functions and ca-
pabilities of today's instru-
ments, Fluke has created

Guide to High
Performance DMMs

FLUKE.
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this application note. It pro-
vides useful selection crite-
ria for buyers, and informa-
tion to help current users
get the most from their in-
struments. It opens with a
detailed description of a
high-performance DMM,
and includes sections on
extended measurement
capabilities, recording
modes, special features,
and accessories. One
chapter is devoted to
matching the technician
and application with the
right meter.

ELECTROSTATIC DIS-
CHARGE PROTECTION
FOR ELECTRONICS; by
Neil Sclater. TPR, Divi-
sion of TAB Books Inc.,
Blue Ridge Summit, PA

17294-0850; Tel.
1-800-233-1128; hard-
cover; $29.95.

As the power, speed,
and compactness of elec-
tronic devices is improved,
those devices are becom-
ing more vulnerable to over
stress from electrostatic
discharge (ESD). For those
who are involved in the pro-
duction, packaging, distri-
bution, or repair or elec-
tronic components and
assemblies, this book pro-
vides a practical introduc-
tion to ESD protection. It
explains the origins and
effects of ESD and what
can be done to prevent
dangerous static levels in
the workplace. The book
offers practical advice on
how to design and build
static-free workstations;
measure and monitor static
levels; select static-control
equipment and test instru-
ments; choose static-free
flooring; and regulate hu-
midity and ionization in the

ELECTROSTATIC
DISCHARGE
PROTECTION

FOR ELECTRONICS
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workplace. It explains how
to design ESD-protective
packages, materials, and
containers; handle and
store electronic compo-
nents; simulate elec-

trostatic discharges; and
train employees in static-
control techniques, includ-
ing the use of protecting
ground straps and clothing.
The book also provides a
glossary of ESD-related
terms and phrases and a
listing of static-control
product vendors.

ELECTRONIC INTER-
CONNECTION SYS-
TEMS: PRODUCT OR-
DERING GUIDE; from
3M Electronic Products
Division Catalog, P.O.
Box 3064, Cedar Rapids,
A, 42406-3064; free.
Inits 576 pages, this cat-
alog presents information

-
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on IC socket, board-mount
and wire-mount socket,
“MIX,"” plug, DIN, PCB,
DIP, card-edge, D-sub, and
D-ribbon connectors;
headers; breadboard sys-
tems; cables; and assem-
bly equipment. Extensive
cross-reference charts
help readers to quickly lo-
cate products, as well as
mating cable, accessories,
and assembly equipment.
Three complete indexes—
arranged by grid spacing,
part number, and product
type—are included in the
guide. The description for
each item includes full
physical, electrical, and en-

vironmental specifications.
Ordering information in-
cludes dimensions, part
numbers, accessories, and
mating connectors.

FALL 1990 HOME-
WORKS BY HEATHKIT;
from Heath Company,
Department 350-052,
Benton Harbor, Ml
49022; Tel: 800-44-
HEATH; free.

- S A

P=ecathkit |
pv’fx’c"r,ﬁ:’~’§§s"' ;'é, . psr
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Featuring Heathkit's full
line of learn-at-home elec-
tronics courses for con-
sumers who want to keep
up with today's tech-
nological advances and in-
novations, this 32-page
catalog includes courses in
basic and advanced elec-
tronics, laser technology.
digital technigques, micro-
processing, fiber optics,
and amateur-radio opera-
tion. Also offered, in both
kit and preassembled form,
are a variety of Heathkit
trainers and accessories
for use in performing the
course experiments. Sev-
eral of the courses have
optional videotapes that
supplement the texts, or
could be used alone as an
overview. The kits come in
varying degrees of diffi-
culty, for beginning and ad-
vanced builders. R-E
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CALL NOW
AND

RESERVE
YOUR SPACE

e 6 x rate $940.00 per each insertion.

® Fast reader service cycle.

@ Short lead time for the placement of
ads.

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

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

FAX: 516-293-3315

ARIA/ADS

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
mite away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878. .
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FREE CATALOG! ELECTRONIC TOOLS &
TEST EQUIPMENT. Jensen’s new Master
Catalog, available free, presents major brand
name electronics tools, tool kits, and test in-
struments, plus unique, hard-to-find products
for assembly and repair and custom field ser-
vice kits available only from Jensen. All fully
described and illustrated. Enjoy free technical
support and rapid, post-paid delivery any-
where in the Continental USA. JENSEN
TOOLS INC., 7815 S. 46th St., Phoenix, AZ
85044. Phone: 602-968-6231; FAX:
1-800-366-9662.
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CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-Bl $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.
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THE MODEL WTT-201S ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele-
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to ¥ mile range. Adjusta-
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S+ H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.
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ELEVEN-PIECE RACHET TOOL KIT
Includes reversible ratchet handle, extension
bar, six bits, two precision screwdrivers, and a
cutter. Comes in fitted case. Get one for your
shop, another for your car, another for your
tool kit. To order send $11.75 USA shipping
only. ELECTRONIC TECHNOLOGY TODAY
INC., PO Box 240, Massapequa Park, NY
11762-0240.

NEW XST500 SUPER-MINIATURE FM
transmitter uses Surface Mount Technology
(SMT)! Own the smallest high performance
FM transmitter available. Transmits whispers
to any FM receiver up to a mile away. Uses 9V
battery. Complete, easy to assemble kit, with
SMT components already assembled to cir-
cuitboard. $39.95 Cash, VISA, MC. COD add
$5. XANDI ELECTRONICS, 201 E. South-
ern Ave., Suite 114, Tempe, AZ 85282.
1-602-829-8152, (1-800-336-7389 orders
only).
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APPLIANCE REPAIR HANDBOOKS—13
volumes by service experts; easy-to-
understand diagrams, illustrations. For major
appliances (air conditioners, refrigerators,
washers, dryers, microwaves, etc.), elec.
housewares, personal-care appliances.
Basics of solid state, setting up shop, test
instruments. $2.65 to $7.90 each. Free
brochure. APPLIANCE SERVICE, P.O. Box
789, Lombard, IL 60148. (312) 932-9550.

CIRCLE 84 ON FREE INFORMATION CARD
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RADIO SHACK PARTS PLAGE

YOUR SOURCE FOR PROJECT AND REPAIR ESSENTIALS

postage charge.

PARTS HOTLINE

Your nearby Radio Shack store has a huge selection of popular elec-
tronic components. Plus, we can special-order 10,000 items from our
warehouse—ICs, tubes, semiconductors, phono cartridges and styli,
even SAMS® manuals. Service is fast and there's no minimum order or

BATTERY HOTLINE

In addition to our large in-store stock, Radio Shack can now supp J
almost any currently manufactured consumer-type battery—for cor
less phones, computer memory, camcorders, transceivers, pagers

and more. Service is fast. No postage or handling charges!

1,

7Y% Volt
ﬁ Hot Sho ht

Studfinder. Ends guessing, easy
to use! Senses changes in wall
density to find wooden studs fast—
also wires, conduit, pipes. Battery

.t 4
R Am e
%‘ CL-1-1:]
S
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ﬁﬁﬁ-
Eﬂﬁ@_

Super Calculator! The EC-4035
makes electronics math a snap.
Displays and computes with elec-
trical units—V, A, mA, mW. 110

-
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1
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16-Piece Precision Tool Kit. Top-
quality jeweler’s-type philips,
blade and nutdrivers plus hex keys
and a torque bar. Fitted molded

i

L m——

L ,.&l aaseres ey

s

100-Watt Soldering Gun. Pull the
trigger for full temperature in sec-
onds. Built-in light. The comfort-
molded handle stays cool. UL

RADIO-ELECTRONICS

[A]

extra. #64-2825 . ... .. ... 19.95 functions. #65-983 .. ... .. 39.95 case. #64-1961 . ... .. 10.95 listed AC. #64-2193 ... ... 10.95
i THE PLACE TO SHOP FOR VALUE! A A 2
(] = -
b Engineer's Minl-Notebook Series. By For- H == g ‘&
- 1 s — rest Mims III. Practical project ideas and use- P
| U ful data in Mims' famous, friendly style—big
[ -"i;”\ T~ [o IR diagrams, handlettered text. With tips and =
ok suggestions for further experiments. m @ @

NEW! Science Projects. #276-5018 .. 1.49
Timer ICs. 555/556 ICs. #276-5010 ... 99¢
Op Amp ICs. #276-5011 . ... ... ... 1.49

(1) Mini Audio Amp/Speaker. |deal

Semiconductor “Sub” Book. Our testbench amp, also great for com-

1991 re]dltg)ndhstghovir 95|000 typtes Optoelectronics. #276-5012 ... ... .. 1.49 puter voice/music synthesis. Battery
R Rl hagk lepldcements. Basic Circuits. #276-5013 . ...1.49 fz")"i' #27111003 W .1}1:5

.............. e g i ong-Life Xenon Strobe Tube.
Getting Started in Electronics. By Digital nglgCnrcmts: #276-5014 ... . 1.49 With data. #272-1145 ... .. . 3.29
Forrest Mims IIL The perfect introduc- me Communications Projects. #276-5015, 1.49 (3) Halogen Flashlight and Lantern
tion to prolect bUIldIng 128 pages = Formulas and Tables. #276-5016 .. .. 1.49 Bulbs. HPR50. 6-volt. #272-1189.
#276-5003 . .2.49 Schematic Symbols. #276-5017 .. ... 1.49 HPRS52. 3V. #272-1190 .. Each 3.95

//
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(1) Universal AC Adapter. 3,4.5,
6, 7.5 or 9VDC output. With 6-
piece Adaptaplug® set.

Pocket-Size Digital Multitester With
Autoranging. Really handy for any-
one working with electronics. This

(1) Reusable Cable Ties. Hang-up

(1) AC Sensor. Indicates the pres-
loop. #278-1622 . Pkg. of 10/4.99

ence of 70 to 440VAC without direct
electrical connection. Safety first!

N A (2) “Universal” Cable Clips.
tse;‘si:?rp?clgz,t w&t:atllt]sre:;roet;ess; ttg rfétag #2731650 ......... 12,95 #278-1647 ... .. .. Pkg. 10/2.79 #0221 DAL 4 19.95
g -10- 1o " A q o
LCD display, continuity sounder. Mea- I(gr)1 U ;:gg/_ggaMotor. About 1;I;c 3) Indoor/Outdoor Wire Ties. (Z&Iggor;’zgl;gmt Tester 90 3103\;
sures to 400 volts AC/DC, 2 megohms 0SS co il T L 8 278-1652 .. .. .. Bkg. of130] g g R et Al i
resistance. 4a x 2'e x 56" (3) DC Pulsing Buzzer. Extra (4) Markers. 630 stick-on letters. (3) AC Outlet Fault-Finder. 3-prong
PRI e ....39.95 loud! #273-066 ... . .. ... 4.29 #278-1650 . ... .. Set/1.79 for grounded outlets. #22-101 . . 5.95

Since 1921 Radio Shack has been the place to obtain up-to-date
electronic parts as well as quality tools, test equipment and accessories
at low prices. Over 7000 locations to serve you—NOBODY COMPARES

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

Radlo Jhaek

MERICA’S TECHNOLOGY STORE"
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Technical description

As shown in the block diagram
of Fig. 1, the desktop Mac con-
tains a real Apple Macintosh
motherboard. The Mac mother-
board is a very cleverly designed
self-contained computer—it con-
tains all of the essential compo-
nents. The CPU in the Mac 128K,
512K, 512KE, Mac Plus, and Mac
SE is a Motorola 68000 16-bit
processor running at 8 MHz; a
16-MHz Motorola 68030 32-bit
processor is found in the Mac
SE-30. The motherboard also
contains bios ROM’s, RAM, vari-
ous glue-logic chips, a keyboard-
and mouse-input processing IC,
and a custom Sony sound pro-
cessor. There are two serial out-
put ports: one for a modem and
one for a printer—there are no
parallel printer output ports. A
small computer system interface
(SCSI) port is found on a Mac
Plus, SE, and SE-30, although
SCSI adapters are available for
other versions.

Also on the motherboard are
the video chips that generate the
Mac's 512 x 342 pixel, 22.5-kHz
horizontal rate video. There are
many third-party accelerators
and big-screen video boards
available for Macs; the Mac SE
and SE-30 have expansion ports
on the motherboard toaccommo-
date them, and there are special
expansion devices available that
clip over the 68000 chip in the
128K, 512K, 512KE and Mac Plus
boards eliminating the need for
the expansion ports.

The motherboard is the most
important part of this or any
other Mac-compatible project.
They can cost anywhere from 50
to 1500 dollars, depending on
which model you want.

All that is needed to make the
motherboard operate is a power
supply, a video/sync adapter to
drive an external monitor, a Mac-
compatible floppy drive, an SCSI
hard drive (optional), and a case
in which to put them. The power
supply is an IBM-PC clone type,
so it is low in cost.

We'll show you where to get ev-
erything you need, and how to
put it all together. We'll even show
you how to build the interface
that makes this project possible.

There are some external ac-
cessories required to make a
complete operating computer,
and one of them is a mouse or

prren LI

[ APPLE LOGIC BOARD

128K, 512K, 512K
PLUS, SE OR SE-30
MODEM {WITH COLBY
SCSI ADAPTER)
" FLoppy
DRIVE

scs TRACKBALL [ | +5V, +12V,
HARD DRIVE KEVBOARD (OR MOUSE) ' ~12V, -5V

-«—» INTERFACE

lr COLBY
POWER/
VIDEQ

14”7
CRT
MONITOR

BOARD

'
POWER
SUPPLY 110/220 AC
50/60Hz

FIG. 1—YOU CAN SEE FROM THE BLOCK DIAGRAM, that the Colby Mac contains a real

Apple motherboard.

trackball. There are two basic
types of Mac mice and trackballs.
The original type is for the Mac
128K, 512K, 512KE, and the Mac
Plus. Those all have a male 9-pin
“D" connector. The newer type
used with the SE and the SE-30
has a 4-pin male mini-DIN con-
nector. They are known as ADB-
type. which stands for Apple
Desktop Bus which uses a pro-
prietary Apple serial protocol. An
IBM-PC type mouse or trackball
will not work on a Mac.

A keyboard is also required.
The original keyboard for the
Mac 128K. 512K, and Mac Plus
uses a 4-pin modular jack like the
one on the handset of a tele-
phone. However, the wiring in a
telephone cable is different than
a Mac keyboard cable.

Our desktop Mac uses a special
14-inch monitor. With a horizon-
tal frequency of 22.5 kHz, it will
not work with an IBM-PC or
clone. [t is available in either am-
ber or paper-white phosphor ver-
sions. The monitor will work
with all Macintosh computers
with a proper Colby interface.

The one thing that sets our
Mac apart from true Apple Macs
is the power/video interface
board that allows an [BM-PC style
power supply, the monitor, and
an Apple motherboard (logic
board) to be connected together
in one system. The interface
board can either be built or pur-
chased fully assembled. If you
wish to build the board, PC foil
patterns are provided, or you can
buy a ready-made bare board.

Where to buy parts

Before building the interface
board, let’s discuss all of the
other necessary components,

where you can get them. and how
much they cost. As mentioned
earlier, you need an Apple 128K,
512K, 512KE, Plus, SE or SE/30
motherboard ($50.00 to
$1400.00), a modified IBM-PC
clone case ($89.00), a power sup-
ply (869.00), a keyboard
{$89.00-8129.00), a mouse or
trackball ($49.00-$79.00), a
monitor ($189.00), a floppy drive
{$189.00), and perhaps an op-
tional 40-MB hard drive
{$299.00-8399.00). You'll also
need the interface adapter board
described in this article; it'll run
you $59.00 in the assembled
form (not including a $30 video/
sync processor module), or you
can build it yourself.

The most difficult part to find
is the Apple motherboard. The

PARTS LIST—128K THROUGH
MAC PLUS

1. Any Apple motherboard, 128K,
512K, 512KE or Mac Plus

2. PC case (Gettys Electronics)

3. 200-watt power supply (must fit in
Gettys case)

4. 800K Mac-compatible internal
floppy drive (must fit in Gettys
case)

5. Modular-plug type Mac keyboard

6. 9-pin D-type trackball or

7. 9-pin D-type mouse

8. 14-inch Mac-compatible monitor
(optional adapter for reguiar Mac)

9. Power/video adapter board

10. 20-pin floppy cable

11. 10-conductor power cable

12. 9-conductor video output cable

13. Internal modular keyboard cable
w/bracket

13. Cermagraph 740S video/sync
processing module

14. 3.6V lithium battery for CPU real-
time clock
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FIG. 2—SCHEMATIC FOR THE 128K, 512K, 512KE, and Mac Plus versions.

first Mac board, the 128K, sells
for $50—S100, but the 128K RAM
& old ROMs5s limit the software
that you can use. Although the
512K version (8$199-8299) has
more capacity, it, too, is limited
to older versions of software.
However, there are RAM-upgrade
kits available for both models.
The 512KE version ($299-8399)
has enhanced ROM’s. It works
with later software and the RAM
can be expanded.

The Mac PLUS, $399-8499, is
the workhorse of the Mac line—
more of them are in use than any
other type. It has later ROM’,
and can hold 4 MB of RAM. It
runs most current Mac software
and, although it has no expan-
sion slot, its speed can be in-

creased with an add-on acceler-
ator board. The Mac SE,
$499-8599, has an expansion
slot, a 68000 16-bit processor
running at 8 MHz, and 4 MB of
RAM. It runs all current Mac soft-
ware and can be accelerated to
50-MHz operation. The SE/30
model, $1200-81500, is very fast
at 16 MHz, and has a 68030 32-
bit processor with a math co-pro-
cessor and an expansion slot. It
runs all current Mac software
and can also be accelerated to 50-
MHz operation.

There are many Apple dealers
who sell parts and mother-
boards. other than those men-
tioned in our sidebar; check your
local phone book. There are also
hundreds of local computer deal-

ers (not just specifically Apple)
who stock Apple parts and vari-
ous motherboards.

While there must be over one
hundred IBM-PC clone cases
available, there is only one model
we have found to be suitable for
use with a Mac motherboard.
The unit has been modified by a
company called Gettys Elec-
tronics. They put a long horizon-
tal slot at the back along the
bottom of the rear panel, which
allows the connectors on a Mac
motherboard to protrude
through the opening and elimi-
nates the need to cut and file
heavy sheet steel. The case will
work with any of the Mac mother-
boards. All of the necessary
mounting holes have also been

1661 AHVNNVF
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added, as well as provisions for
the Mac reset function. The case
comes with a bag of all the screws
and standoffs you will need to
mount the Mac motherboard,
power supply, and floppy drives.
It also comes with the cables re-
quired to connect the power sup-
ply to the adapter board, hook up
the key switch, connect the green
power LED, the reset button, the
hard-drive access LED, and the
Mac programmer’s switch (mis-
labeled “turbo” on the front panel
of the case). All of that adds up to
a big savings in assembly time.

Not included with the case are
the logic-board-to-power-adapter
cable, video-output cable, hard-
drive cable, and the mounting
brackets for 3%-inch hard driv-
es. (A 5V%-inch hard drive will
mount easily without adapter
brackets.) The power supply for
the case. which provides +5,

-5, +12, and — 12 volts is rated
at 200 watts; quite a bit higher
than is required, so the system
will always run cool.

There are some cables that are
required inside the case, but not
included, to connect the major
components. One of them is the
power signal cable from the inter-
face board to the Mac mother-
board, and there are two types.
Type 1, a 10-conductor cable, is
for use with 128K, 512K, 512KE
and Mac Plus motherboards.
Type 2, a 12-conductor cable, is
for use with the SE and SE-30
motherboards. The required
motherboard-to-floppy-drive ca-
ble provides both power and sig-
nals in one 20-pin flat cable. The
video/sync output cable goes
from the power/video interface
board to the rear panel of the
unit. It is a 10-pin-to-9-pin cable.
The optional 50-to-50 pin SCSI
hard-drive signal cable goes from
the Mac motherboard to the hard
drive. All cables must be built or
purchased from one of the
sources mentioned.

Add-on video boards

Most add-on boards for the
Mac 128K through Mac SE will
work in the Colby Desktop Mac.
Although Apple has never man-
ufactured big-screen boards for
the early Macs. many after-
market companies do. One prob-
lem with some add-on video
boards is that they are designed
to plug into Apple SE-30 mother-

MAC VS IBM-PC

The Apple Macintosh was introduced
January 1, 1984 with the now-famous TV
commercial shown during the Superbowl
football game where the girl in jogging
shorts throws a sledgehammer into a
movie screen amid an audience of “fol-
lowers® with shaved heads, all dressed
alike, bowing to a uniformed “leader.” The
“leader” was intended to be represen-
tative of iBM. Apple's message was 1984
won't be like 1984. Did it work?

Apple’s challenge to the IBM domi-
nance of the personal-computer market
has produced sales of five or six million
computers, vs IBM and clones of 40 to 50
miltion units. Who won? Both did, and are
continuing to win, as the need for small
computer systems accelerates world-
wide. The clear advantage of the Mac's
easy-to-learn, easy-to-use graphical in-
terface and operating system makes it
possible to do productive work on a Mac in
one tenth to one fiftieth of the time re-
quired to become proficient at some MS-
DOS based programs on an IBM-PC or
clone.

Time will tell what effect Windows™ 3.0
will have in the race between the IBM
world and the Mac world. Many people
think the Mac will triumph. Yet the ab-
sence of true Mac clones (Apple will not let
it happen) has kept the cost of the Macs
very high in relationship to the relatively
low prices found in the IBM-PC and cione
arena.

The Mac 128K was a true major innova-
tion in it's day, and innovations continue.
For example, system 7.0, due out anytime
now, promises to add many new features.

The Mac paved the way to desktop pub-
lishing by providing the first small comput-
er with bit-mapped graphics, WYSIWYG
text, and an innovative easy-to-use oper-
ating system that changed the face of per-
sonal computing. Even six years later, the
128K Mac is still a useful machine and can
do simple word processing and drawing
functions almost as well as the latest
$11,000.00 Mac FX.

Apple isn’t known for low prices, but it is
one of the few companies ever to go from
two guys building computers in a garage
to a multi-billion dollar yearly sales organi-
zation with six or seven thousand em-
ployees and a billion dollars in the
bank...all in a span of 12 years. R-E

boards at a right angle. These
boards will not work with the
case we described because they
are too high. We do know that
boards from E-Machines, Inc.,
Lapis Technology, Sigma De-
signs. Nutmeg, Moniterm, and
Colby Systems will work in the
Colby Mac. Of course, if you use a
bigger case, you can use what-
ever size boards you like.

Colby Systems Corporation
manufactures 640 X 480 mono-
chrome, gray scale, 8- or 24-bit

color, and 1024 x 768 mono-
chrome boards for 19- and or 21-
inch monitors that mount paral-
lel with the motherboard. Colby
also makes right-angle adapter
board (SE-30 RAB, $49.99) that
adapts most SE-30 boards to
work with the case we used.

Accelerator boards

Two of the best companies, in
terms of technical support, price,
variety of products, and state-of-
the-art offering, that make add-
on accelerator boards for Macs
are Dove Computer and Total
Systems Incorporated (TSI} You
can purchase their products
through dealers, mail-order, and
Colby Systems, as well.

Dove Computer has a line of
medium- to high-end acceler-
ators that enable you to add a 33-
MHz 68030 processor to a Mac
128K! They also have a low-cost
(8500.00) 68030 accelerator for a
Mac SE-30 that doubles the
speed to 33 MHz.

TSI has two lines called Gemini
and Gemini II. The lower-cost
Gemini series consists of 16- and
20-MHz 68020 and 68030 accel-
erators with versions available
for Mac 128K through Mac
SE-30. The Gemini Il series is
available in speeds from 33 to 50
MHz. The big advantage of accel-
erators is that the older mother-
boards may be brought up to
speeds comparable with the
latest Macs.

One problem that plagued early
Macs was the power supply,
which could deliver only about 35
watts—barely enough to run the
standard motherboard, a 9-inch
CRT, a floppy drive, and a key-
board. Once you started adding
accelerators and hard drives,
many power supplies went up in
smoke. Apple has since re-
designed the power supply in the
Mac SE and SE-30 to output 60
watts. But because of the early
problems, most reputable accel-
erator manufacturers have a sep-
arate 110 VAC-to-5 VDC power
supply available to run the accel-
erator to prevent overloading the
Mac's power supply. If you use a
hefty enough power supply, you
can save some money when you
buy an accelerator. For example,
all Dove and TSI accelerators are
available without the additional
power supply at a correspon-
dingly lower price.
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FIG. 3—SCHEMATIC FOR THE Mac SE and SE-30.

Building the Mac

Lets go over, step-by-step, the
procedures necessary to get your
Macintosh-compatible computer
up and running. A wiring sche-
matic for the 128K, 512K, 512KE,
and Mac Plus versions is shown
in Fig. 2, and one for the Mac SE
and SE-30 is shown in Fig. 3.
Regardless of which version
youre going to build, you will
need the power/video interface
board. Should you decide to
build the board yourself, a parts-
placement diagram is shown in
Fig. 4. A photograph of the com-
pleted board is shown in Fig. 5.

The first step is to make sure
that the motherboard will fit in
your case. There is a vertical met-
al tab, 2-inches high by l-inch
wide, near the two PC-mounted
pushbuttons at the rear of all Mac

PARTS LIST FOR MAC SE & SE-30
1. Apple SE or SE-30 motherboard
2. FC case (Gettys Electronics)

3. 200-watt power supply (must fit in
Gettys case)

4. 800K Mac-compatibie internal
floppy drive (must fit in Gettys
case) Colby FDD-800K

5. ADB-type Mac keyboard

6. ADB-type trackball or mouse

7. 14-inch Mac-compatible monitor

8. Power/video adapter

9. 20-pin floppy cable

10. 14-conductor power cable

11. 9-conductor video output cabie

12. Cermagraph 4723N video/sync
processing module

motherboards. You will probably
have to bend the metal tab paral-
lel with the motherboard to clear

(STEREO ON SE-30)
____________________ J
EXT. SPEAKER

the new case. The tab on the op-
posite side of the board must also
be bent down, but not as low as
the other tab.

The only difference between a
Mac 512K and a 512KE mother-
board is that the 512KE has en-
hanced 128K ROM’ (versus the
older 64K ROM’s). The later
ROMss are available as upgrades.
Do not attempt to copy Apple
ROMs’, as doing so would be a
copyright infringement, and Ap-
ple has prosecuted many people
who have copied their ROMS. If
you obtain a motherboard with-
out ROM’s, they are installed in
two 28-pin sockets on the moth-
erboard, one marked ROM LO
and one marked ROM HI.

The Apple ROM marked
342-0342-A, B, or C goes in the
ROM LO socket and the ROM
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marked 342-0341-A, B, or C goes
in the ROM HI socket. Those
numbers are for 128K ROMSs. The
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FIG. 5—THE COMPLETED POWER/VIDEO
INTERFACE BOARD. It is the key to build-
ing your own Mac.
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the two connectors on the power/video
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motherboard.

early 64K ROM's for pre-Mac
512KE motherboards are marked
342-022-A for ROM LO and
342-0220-A for ROM HI; they
should be used only with 128K
and 512K motherboards running
very early Mac software, 400K
single-sided floppies, and no
hard drive. Mac SE ROM’s are
marked 342-0353A for ROM LO
and 342-0352A for ROM HI. Mac
SE-30 ROM's are on a single
SIMM-type (single inline memory
module) PC board, and not in 28-
pin sockets. The latest ROM for
an SE-30 is marked 638-4339.

Plug in the two cables from the
power supply. P8 and P9, into J12
on the power/video interface
board. Measure the voltages on
J11 and J14, on the power/video
interface board as shown in Fig.
6. An 8-ohm, 20-watt resistor
must be used as adummy load on
the +5-volt line to obtain proper
readings. In a Mac 128K through
Mac Plus, plug in the 10-conduc-
tor cable from J11 on the power/
video interface board toJ7 on the
Apple motherboard. Plug in the
1-conductor cable from J11 on
the Apple motherboard to J2 on
the power/video interface board.
Plug in the 2-conductor cable
from the speaker to J4-a on the
power/video interface board.

In a Mac SE or SE-30, plug in
the 14-conductor cable from J14
on the power/video adapter board
to J12 on the Apple motherboard.
Plug in the 1l-conductor cable
from J11 on the Apple mother-
board to J2 on the power/video
interface board. Plug in the 2-
conductor cable from the speaker
to J4-a on the power/video inter-

PARTS LIST—POWER/VIDEO
ADAPTER

R1—330 ohms, Va-watt

C5, C6—470 pF, 16 volts, electrolytic

C1-C3—47 pF, ceramic disc

C4, C7—47 uF, 16 volts, electrolytic

D1, D2—1N4001 rectifier diode

IC1—Cermagraph video/sync pro-
cessing module (740S or 4723N)

J11—12-position right-angle Molex
connector with key

J12—12-position Molex connector
without key

J14—14-position connector with key

J10—10-position video & sync con-
nector

J2, J2-a—2-pin header

J3—3-pin header

J3-a, J3-b, J4-a—4-pin headers

J5—5-pin header

Miscellaneous: PC board, 24-pin IC
socket, solder, etc..

Note: The following items for the
power/video interface are avail-
able from Maus Electronics: A
bare PC board (#CMP-101),
$19.99; a PC board and all parts
except the video/sync module
(#CKP-128), $36.99; an as-
sembled and tested power/video
interface (# CAT-128), $59.99. BE
AWARE that the cables and the
video/sync module are not in-
cluded in any of the kits. The
modules are available for $29.99.
A step-by-step build-it-yourself
video is available from Colby
Systems Corporation for $19.99
plus $3.99 postage and handling
(#PS-800K). A new book, ‘“Build-
ing your own Colby Mac Desk-
top and Colby Mac Portable,”
will also be available from Colby
Systems. Call, write, or fax for
more information.

face board. The inside of a medi-
um-cost SE version is shown in
Fig. 7 and the inside of an SE-30
is shown in Fig. 8. The extra
boards you see inside the SE-30
are for the Colby voice navigator
($499), which allows you to per-
form certain tasks using voice
commands rather than a mouse
or trackball. The voice navigator
is shown in Fig. 9.

Turn on the power and, within
2 seconds, you should hear the
familiar Mac “boing” sound on
Macs 128K through SE and the
multi-note 0.5-second chime on
the SE-30. Those sounds indi-
cate that the Mac motherboard
has run through and suc-
cessfully completed its on-board
self-diagnosis routines. If you do
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8—THEINSIDE OF THE SE-30 VERSION. The extraboards you see are forthe Colby
voice navigator and big-screen driver board.

not get either of those sounds, or
you get a brash sound or none at
all on a Mac 128K through Mac
Plus, or a multi-note chime that
lasts for about 12 seconds, then
there is a problem on the mother-
board. If that'’s the case, recheck
the voltages at J7 or J12 on the
motherboard. Recheck the
ROMs’ to be sure they are in the
correct sockets, that they are
seated correctly, and that there
are no pins folded under. Re-
check the RAM; be sure it is seat-
ed correctly and that R8 and the
jumpers are set correctly. If you
have access to a Mac that you
know is working properly, you
can test the RAM SIMMss in that
unit to verify that they are good.

Plug in the following cables one
by one, and turn on the power
after plugging each cable in to
verify that you hear the correct
boing or chime each time. By
doing so, if there is a shorted or
misplaced cable, you will know
which cable is the suspect as you
plug it in. All J numbers referred
to are on the power/video inter-
face board. Plug the 10-position
video-output cable into J10. Plug
the 9-pin “D" cable and verify
that you have a raster on the CRT.
There should be about a 1-inch
black area between the edge of all
sides of the raster and the plastic
case bezel.

Plug one end of the 4-conduc-
tor reset cable into J4; the other
end with the 1 x %-inch PC board
adapter plugs onto the 4 contacts
on the top of the two black plastic
pushbutton switches on the left
rear of the Apple motherboard.
Bend the pushbutton contacts so
they are vertical and plug the
adapter PCB on so the 4-conduc-
tor wire comes off toward the cen-
ter of the motherboard.

Plug the 5-connector cable
from the power-on LED and key-
lock switch into J5. With the key-
lock switch in the “on’ (un-
locked) position, verify the boot
boing or chime. Then turn the
key lock switch to the locked po-
sition and make sure you don't
get the boing or chime. That es-
sentially shorts the contacts on
the programmer's switch and
keeps the motherboard from
booting.

Plug the connector with the or-
ange, black, and white wires
from the “turbo” pushbutton
onto J3. Test the switch by turn-
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ing on the power, waiting for the
Mac raster to appear; then press
the switch and a dialogue box
should appear in the center of the
screen. Note that it is not actually
a turbo switch; it is used for ac-
tivating the Mac function known
as “programmers switch" (see an
Apple manual for a complete ex-
planation). Also, the pushbutton
switch is not exactly the right
type for a programmer’s switch; it
is a push-push alternate action
type where it actually should be a
momentary pushbutton.

If you like, you can unsolder
the switch from the PCB next to
the key lock and replace it with
the correct type of switch, or just
remember to push it twice if you
use it. Unless you plan to do any
programming, you will not need
to use it. The switch can also
function as a simple “lock™ for
your computer. If you press it
once and lock the button in, the
computer will not boot.

Now plug in the 2-conductor
black and white cable that goes to
the front panel “reset” pushbut-
ton. Test it by turning on the
power and waiting for the boing
or chime. When you press the
button, the computer should re-
set; that is, it should boing or
chime after each press.

Plug in the 20-conductor rib-
bon cable from J6 on 128K
through Mac Plus boards or J8
on SE or SE-30 boards to the
floppy drive. The cable is keyed so
it cannot be inserted incorrectly.
It also has several internally cut
wires to make it work correctly
with the Mac motherboards.

Plug in a mouse (or trackball)
and a keyboard at the rear of the
motherboard. Add an internal or
external hard drive as desired. In-
sert an Apple system disk in the
floppy and boot the computer so
you get the Mac desktop. Table 1
shows the various combinations
of system versions that work with
different Mac motherboards.
Note that motherboards with
64K ROM’ use System 4.1, up to
6.0. Mac Plus motherboards
(128K ROMS) use System 6.1 to
6.04. System 6.04 is the most
bug-free, but is too large for use
without a hard drive. If there is
no hard drive, system 6.03 is rec-
ommended. System 6.05 is not
recommended for the Plus or SE
series; use it on the Mac FX llci,
etc..

FIG. 9—THE VOICE NAVIGATOR allows you to perform certain tasks using voice com-
mands rather than using a mouse or trackball.

1

o b

030
O

FIG.10—THE COLBY SIMM ADAPTER BOARD requires that 2 DIP’s be removed and about
22 wires and a daughter board 1o be soldered onto the motherboard. It allows you to use
standard 256K or 1-MB SHAM’s.

Memory upgrades

With the advent of Hypercard ™
and many other later applica-
tions that require one megabyte
or more of RAM, it becomes more
and more important to add RAM
to run the latest software. Simply
install each SIMM module with
chips to the right of the SIMM by
pressing the SIMM maodule firmly

in the socket at a 45-degree angle
and gently rolling it back until it
snaps into place.

Originally, the only way to up-
grade memory on a Mac 128K,
512K or 512KE was to unsolder
the old RAM chips and solder in
newer, higher-capacity chips.
More often than not, that re-
sulted in damaging the fine



SOURCES OF MAC PARTS

MEMORY AND ROM UPGRADES

e Colby Systems Corp.

® Dove Computer

e Total Systems Inc.

MAC MOTHERBOARDS

@ Your local computer or Apple dealer

® Mac Heaven

® Pre-Owned Electronics, inc.

® Shreve Systems

MAC-COMPATIBLE KEYBOARDS AND
MOUSE OR TRACKBALL

e Abaton Technology

® Any Apple dealer

® DataDesk Int'l.

e Colby Systems Corp.

SPECIAL CASE AND POWER SUPPLY
® Gettys Electronics

HARD DRIVES (20 to 300 MB)

® Any Apple dealer

o Colby Systems Corp.

® SuperMac Technology

HARD DRIVE BRACKETS, CABLES,
AND FORMATTING SOFTWARE

® Maus Electronics

e Colby Systems Corp
MACK-COMPATIBLE INTERNAL
FLOPPY DRIVES

(you must use the Colby FDD-800K in the
case we used)

® Colby Systems Corp.
MAC-COMPATIBLE EXTERNAL
FLOPPY DRIVES

® Any Apple dealer

e Colby Systems Corp.

® Appied Engineering ;

POWER & VIDEO CABLES AND VIDEO
PROCESSOR MODULE

® Maus Electronics

MAC Il COMPATIBLE 14" MONITOR

e Colby Systems Corp.

o Nuvotech

APPLE MACINTOSH OPERATING SYS-
TEM SOFTWARE

® Any Apple dealer

ADDRESSES

® Abaton Technology
48431 Milmont Dr.

traces of the motherboard. Also,
the fact that the board is a four-
or six-layer board makes deso-
ldering very difficult. There is
now an easier way to upgrade
128K and 512K motherboards
without desoldering all the old

TABLE 1

Version System Finder
Mac 128K 4.1 559

Mac 512K 4.1 5.5

Mac 512KE 6.0 to 6.04 6.1-6.1.4
Mac Plus 6.0 to 6.04 6.1-6.1.4
Mac SE 6.0 to 6.04 6.1-6.1.4
Mac SE-30 6.0 to 6.04 6.1-6.14

Fremont, CA 94538
Phone: 415-683-2226
e Applied Engineering
PO Box 5100
Carroliton, TX 75011
Phone: 214-241-6060
¢ Colby Systems Corp.
2991 Alexis Drive

Palo Alto, CA 94304
Phone: 415-941-9090
Fax: 415-949-1019

e DataDesk Int'l.
7651 Haskell Ave.

Van Nuys, CA 91406
Phone: 800-826-5398
(in CA; 800-592-9602)
® Dove Computer
Phone; 919-763-7918
o Gettys Electronics
22018 Frontier Rd.
Clovis, CA 93618
Phone: 209-299-7828
& Mac Heaven

14101 Park Long Court
Chantilly, VA 22021
Phone: 703-263-2567
e Maus Innovations
121 S. Corona

Denver, Co 80209
Phone: 303-744-9512
e Nuvotech

2015 Bridgeway Ste 204
Sausalito, CA 94965
Phone 415-331-7815
® Pre-Owned Electronics, Inc.
30 Clematis Ave
Waltham, MA 02154
Phone: 617-891-6851
Fax: 617-891-3556

® Shreve Systems
2421 Malcom St.
Shreveport, LA 71108
Phone: 318-635-1121
Fax: 318-865-2006

® SuperMac Technology
485 Potrero Ave.
Sunnyvale, CA 94086
Phone: 408-245-2202
® Total Systems Inc.
Phone: 503-345-7395

RAM chips one-by-one.

The Colby SIMM adapter board
requires only 2 DIP’s to be re-
moved and about 22 wires and a
daughter board to be soldered
onto the motherboard, as shown
in Fig. 10. That will save you
about 3—4 hours of work, is
much less likely to damage your
motherboard. and allows you to
use standard 256K or 1-MB
SIMMS' instead of discrete RAM
chips. It also has a built-in SCSI
port to enable you to operate a
hard drive on a Mac 128K or 512K
(128K ROM'’s are required).

The Mac Plus motherboard
was the first Mac to use SIMM
RAM. Unlike IBM-PC clones, the

Mac uses only eight chips per
SIMM instead of nine, because
there is no provision for parity
checking. There are two types of
SIMM’'s that will work on this
unit; 256K and 1-MB types. In
general, they can be identified by
inspecting the individual RAM
ICs. The 256K chips have leads
on all four sides, whereas the 1-
MB chips have leads on only two
sides.

The Mac Plus can be config-
ured with 1 MB consisting of four
256K SIMM'’s, 2 MB consisting of
two 1-MB SIMM35, 2.5 MB con-
sisting of two 256K SIMM’s and
two 1-MB SIMM’, or 4 MB con-
sisting of four 1-MB SIMM’s.

One megabyte of memory (four
256K SIMMS) is normally pres-
ent in the Mac Plus. It is located
on four SIMM'’s at an angle of
about 45 degrees to the main
board in front of the 68000 pro-
cessor. Remove all four of the
SIMM'’s currently installed in
your Mac Plus. Use your finger-
nail or small screwdriver to gent-
ly bend the plastic locking tabs
out to the left and right to release
the SIMM. CAUTION: The plastic
retaining tabs will break very
easily if you are not careful. Push
them only enough so they clear
the edge of the SIMM.

Locate resistor R8 in the corner
of the motherboard nearest the
printer port; clip it on one end
and bend it aside to prevent con-
tact. Do not remove it, so that if
you want to reconfigure your Mac
Plus back to one megabyte, you
can do so easily.

Starting with the SIMM slot in
the rear nearest the 68000 pro-
cessor (row 1), install a 1-MB
SIMM module in the rear socket
on the Mac Plus motherboard by
pressing it firmly into the socket
at a 45-degree angle and gently
rolling it back until the locking
tabs snap into place. For 2.5 MB,
two of the original Mac Plus 256K
SIMM’s go in the third and fourth
sockets and two 1-MB SIMM’s go
in the first and second. For 4 MB,
all four sockets must be filled
with 1-MB SIMMS5.

Replace the keyboard, mouse,
and other attachments and
power-up your Mac Plus. To test
the memory installation, pull
down ‘"About the Finder” under
the Apple DA menu for the regis-
tered amount of RAM. Note that
with memory configurations
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larger than 1 MB, the Macintosh
will take an extra 15—-30 seconds
to boot up.

Like the Mac Plus, the Mac SE
motherboard has 4 SIMM sock-
ets and can be configured with 1
MB, 2 MB, 2.5 MB, or 4 MB of
RAM. There are two versions of
the SE motherboard and the
placement of the SIMM’s and
jumper differs, so you must de-
termine your logic board type.
Type 1 has resistors and no
jumper, and type 2 has a jumper
on the header. Adhere to the in-
structions pertaining to your
particular motherboard.

One megabyte of memory is
typically installed in most SE
motherboards with four 256K
SIMMs filling the four memory
SIMM slots. Remove all four origi-
nal SIMM’s, working from the
front to the rear on both sides. If
your SE has a resistor, clip the
R35 resistor on one end and bend
it aside to prevent contact. Do
not remove it, as you may want to
reconfigure to 1 MB later on.

The SE memory requirements
with resistor R35 are as follows:
For 2 MB, install two 1-MB
SIMM’ in SIMM sockets 1 and 2
(second row). For 2.5 MB, install
two 1-MB SIMM’s in position 1
and 2 (first row). Place two of the
Apple 256K SIMM modules in po-
sitions 3 & 4 (second row), and
completely remove the jumper.
For 4 MB, install four 1-MB
SIMMs in all four positions and
completely remove the jumper

The three-pin jumper tells the
SE what type of SIMM's are in
use. The standard configuration
is 1 MB of memory consisting of
four 256K SIMM's installed in
both rows. The jumper will be in-
stalled on the jumper block ter-
minals labeled “1M.”

The memory requirements for
the SE version with a jumper are
as follows: For 2 MB, install two 1-
MB SIMMS5 in sockets 3 and 4
(second row). Move the jumper to
the jumper block terminals la-
beled “2/4 MB.” For 2.5 MB, put
two of the Apple 256K SIMM
modules in positions 1 and 2
(first row). Install two 1-MB
SIMMss in positions 3 and 4 (sec-
ond row), and completely remove
the jumper. For 4 MB, install four
1-MB SIMMS in all four positions
and completely remove the
jumper.

Replace the keyboard, mouse,

us

o S (=1 Ol
o 853 — =
0o P2 e
- ) PR B e o
o -k ®oolo& =
o Dw I =
2 2F £ 502 O
a (e} ga =
=] (0] o w
— O o‘ﬁ‘
< (@] i ©
m o +
A = O g
S o

sl

| 31316 INCHES |

THE COMPONENT SIDE of the power/video interface board.

(o]
o
(o]
(o]
(o]
o
(o]
o
)
()
o

- 31315 INCHES |

THE SOLDER SIDE of the power/video interface board.

and other attachments and
power-up your Mac Plus. To test
your memory installation, pull
down “About the Finder” under
the Apple DA menu for the regis-
tered amount of RAM. The Mac
SE-30 can be configured as fol-
lows: 1 MB with four 256K
SIMMs5s in bank A, 2 MB with four
256K SIMMS in bank A and four
256K SIMMs in bank B, 4 MB
with four 1-MB SIMMs in bank A,
5 MB with four 1-MB SIMM?’ in
bank A and four 256K SIMMS in
bank B, 8 MB with four 1-MB
SIMMs5 in bank A and four 1 MB
SIMMSs in bank B, 16 MB with
four 4-MB SIMMS in bank A, and
32 MB with four 4-MB SIMM?’s in
bank A and four 4-MB SIMMSs in
bank B. Note: Since the Mac
SE-30 runs at 16 MHz, it is rec-
ommended that 80 ns RAM be
used (denoted by a -8 or -80 suffix
on the part number on the indi-
vidual chips on the SIMM).

You must remove the original
SIMM’s found on your SE-30
motherboard if you are installing
1-MB SIMM modules. Note: This
step is not necessary if you are
installing 2 MB. Gently bend the
plastic locking tabs out to the
right and left to release the SIMM
module. Rotate the SIMM for-
ward to clear the locking tabs and
remove all four SIMM’s. Place the
SIMM’s on a non-static surface,
such as the anti-static bags and
pink foam supplied with your
new SIMM’. Repeat this same
procedure until all of the original
SIMM’s are removed.

Install each SIMM module with
chips to the right of the SIMM by
pressing the module firmly in the
socket at a 45-degree angle and
gently rolling it back until it
snaps into place. 256K SIMM’'s
are about $24.99, 1-MB SIMM’s
are about $49.99, and 4-MB
SIMM’s are about $299.99. R-E



BuiLD A NEGATIVE |loON GENERATOR

IF YOU'VE SEEN ADVERTISE
ments for negative ion
generators in mail- order
catalogs and wondered how
they work. this project is for
you. The simple version de-
scribed here provides in-
sight into their theory and
applications, and is both in-
formative and entertaining.
Some of the demonstra-
tions you can do with .it will
amaze you and your
friends.

Many claims have been
made for the beneficial at-
tributes of negative at-
mospheric ions on human
and plant life, especially by a
Dr. Albert Krueger of the
University of California.
Studies have shown that
negative ions promote phys-
ical and mental alertness
and well-being, while
positive atmospheric ions
(such as in polluted air)
cause discomfort and
lassitude.

Certain negative ion prop-
erties can be demonstrated.

For example, the surround-

ing air after a thunderstorm
smells clean and fresh, due

to generation of negative
ions from lightning. The
negative ions attach to
smoke, dust, and pollen
particles, bringing them to

the ground to discharge,
leaving fresh, clean air.
That's why a cool room with

a breeze is invigorating,
compared with one that's
stiflingly heated. Cool air is
generally negatively ionized,
whereas heated air is generally
positively ionized.

Negative ions are air molecules
with one or more excess elec-
trons, produced In this case by a
low-power, 9 to 14-kilovolt DC
supply. The positive terminal is
grounded, and the other (the
emitter) is a needle exposed to air.
(To generate positive ions, the po-
larities would be reversed.} Extra
electrons on the emitter’s surface
produce a high local electric field
owing to its pointed shape. The
electrons exit the emitter needles

Build this negative
ion generator and
put some charge

in your life.

ANTHONY J. CARISTI

-
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WARNING!! This articie deals witrt and.
involves subject matter-and the use of
materials and substances that may be
hazardous to health and lifz. Do nct at=
tempt to implement or use the information:
contained herein, unless you are exoeri-
enced and skilled with respect to 3uch
subject matter, materials, and sub:
stances. Neither the publisher nor the au:
thor make any representation as fo~ the:
completeness or the accuracy of the mior-
mation contained herein, and disclaim
any liability for damages or injuries,
wt ether caused by or arising from the lack
of completeness, inaccuracies of the in-
formation, misintepretations of the cirec-
tions, misapplication of the informaticn. or
otherwise.

surface due to the polariza-
tion of surrounding air mol-
ecules between the emitter
needle and ground. The
electrons collide with the air
molecules and produce
negative ions.

A common misconcep-
tion regarding high-voltage
corona or arcing is that elec-
trons are “overcrowded” on
the tip, and forced off by
mutual repulsion. What ac-
tually causes corona is the
high electric field at the tip,
which is directly propor-
tional to the voltage, and is
enhanced by sharpening an
electrode tip to a fine point.

The high electric field
strains the air molecules,
polarizing them by a phe-
nomenon called dipole po-
larization. If the electrode is
positive, electrons are liter-
ally ripped off, creating
positive ions, or if the elec-
trode is negative, they're
forced to accept electrons,
creating negative ions.

High-voltage supplies like
those in TV'’s need careful
design. so no undesired dis-
continuities like sharp
points or edges cause arc-
ing. However, for the nega-
tive ion generator discussed
here, the goal is to generate
corona, not to avoid it, and
the high electric field in the
vicinity of a discontinuity
more readily polarizes and
ionizes air molecules.

The reason for the high
electric field at the tip of 2
needle is due to its smalllocalized
radius of curvature. A sphere has
a much more uniform electric
field at its surface, due to its con-
stant and much larger radius.
The audible hiss caused by a
high-voltage discharge is called
“corona wind,” and is often heard
in older large-screen color TV,
especially on humid days, when
the breakdown potential of the
surrounding air is reduced, mak-
ing the flyback transformer arc.
You can often also feel it, if the
corona is strong enough.

The negative ion generator de-
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scribed here is low-cost, easy to
build, and uses a high-voltage
flyback transformer from an old
black-and-white TV. It generates
high voltage, but at very low cur-
rent. However, the safety precau-
tions taken for any high-voltage
device should be observed here.

The circuit

The schematic of the negative
ion generator appears in Fig. 1;
T2 is a TV flyback transformer
with an open ferrite core partially
enclosed in an aluminum brack-
et. The only original connections
used are one low-voltage tap as
ground, and the lead connecting
to the flyback transformer out-
put winding (at right).

The other low-voltage taps
aren’t used, and the new feed-
back and bifilar primary wind-
ings are wound on the ferrite
core. The bifilar primary winding
goes to the collectors of an asta-
ble multivibrator made up of Q1
and Q2, with the center tap driv-
en by the +3-5 volts DC from
IC1. The astable energy-storage
elements are the inductances of
the new feedback and bifilar pri-
mary windings.

The term bifilar means a pair of
transformer windings optimally
coupled by having been wound in
the same direction, either adja-
cent to or, preferably, superposed
on top of one another. The feed-
back winding goes to the bases of
Q1 and Q2 for positive feedback,
with the center tap driven by the
+ 3--5 volts DC from IC1 through
R3. The transistors are then for-
ward-biased by the opposite ends
of each half of the feedback wind-
ing.

When power is applied, the cur-
rent through Q1 and Q2 is une-
qual, due to differences in
doping, layer thickness, and
base-emitter (B-E) turn-on volt-
age. That's what causes oscilla-
tion; if all the astable parts were
perfectly balanced (nearly impos-
sible), it might not oscillate at all.
Whichever transistor carries
higher current saturates due to
positive base feedback, and the
other cuts off.

When the sharp increase in
transistor current in half the bi-
filar primary winding is max-
imized, the induced voltage
reverses, so the second tran-
sistor conducts and the first one
cuts off. The collector waveform

ale_ bt
(USE EARTH GROUND 1 ST LM3177 TIP318
IF BATTERY-OPERATED 6V ®) )
e (4 ALKALINE $2
= ‘{\ “D'CELLS)  gg00
LED1 1
BATTERY-1
DI OPERATED| | [ | |
1N4D04  VERSION ! ADJ g7 IN BR GE
T !
PL1 g :
IDRC 9VAC LF;LUG-IN}
ERSION  n) o1 |OUT _
VAC™
D2 C1
EMITTER 1N4004 1000yF
NEEDLE C5 04l
(SEE TEXT) 001 00
ol +b
DLy D7 D5 ¥
SK3067/502 SK3067/502 $K3067/502
A DO X D8 D6
SK3067/502 SK3067/502 | 5K3067/502
Cc8 O cg
001 .001 001
o ATELLE SR S

FIG. 1—THE SCHEMATIC OF THE NEGATIVE ion generator. T2 is a TV flyback trans-
former; only its output winding is used, and new feedback and bifilar primary windings
are wound on the ferrite core. The bifilar primary winding goes to the collectors of astable
Q1-Q2. Its square wave induces high voltage into the flyback transformer output winding,
boosted followed by a ladder voltage-tripler —9 to —14 kilovolts.
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FIG. 2—THE PARTS-PLACEMENT DIAGRAM for the main PC board; Q1, Q2, and IC1 have
U-shaped 1 x 1-inch copper heatsinks, with silicone grease for heat transfer; each goes
on the main PC board without insulators. In the prototype, S$1, S2, F1, and NE1 were
omitted, and T2 was salvaged from a small-scre