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ENHANCING

36 Computer-Controlled
Frequency Synthesizer
By Ronald J. Portugal
Covers arange from 1 Hz to 10
MHzin 1-Hz increments for less
than $50.

42 Serial-Port Surge Protector
By Michael Swartzendruber
Two-chip circuit provides serial-
port ground isolation and surge
protection.

APPLICATIONS

10 Robotics, Control and
Monitoring With an
Embedded Controller
By Daniel N. Eggert
Using the 8031 and ycur personal
computer as a platform for a wide
variety of real-world control
applications.

20 Interrupts
By Hardin Brothers
What they are and what you
should know about how they
affect normal system operation.

24 Microcontroller EPROM
Programming
By Jan Axelson
Easy and economical
programming options for
single-chip computers
and microcontrollers.

33 Putting the Controller/
Actuator to Work
By Nick Goss
Assembling an X-Y table for
drawing and computer-aided
manufacturing.

REVIEWS

45 CoreIDRAW 2.01Vs. Arts &
Letters Graphics Editor 3.1
By Peter R. O’Deil &
Joseph Desposirto
Evaluating and Comparing These
Popular Draw Programs

S5 Hardcards: Sensible Storage
Solutions for PC Compatibles
By Tom Benford
Plus Development’s expansion-slot
hard drives come in 52M and 105M
capacities, while being slim, fast
and transportable.

COLUMNS

61 Ted Needleman
Making Your PC More
Productive.

64 GUIGuts
By Yacco
Windows 3.1.

66 Joseph Desposito
EIA/TIA-562 Transceiver, DRAM
Controller, Improved Four-Bit
Microcomputer, Temperature
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Sensor, PC/AT Power-Supply
Board.

69 The Warld Go-Line
By Stan Veit
IBM and Micrasoft square off at
Spring Comdex with OS/2 2.0 and
Windows 3.1/NT.

88 Computer Games
By SF Sparrow
Variations in Strategy.

DEPARTMENTS

2 Editoril
By Art Saisberg
Computer User Groups

3 Letters

4 What's Hzppening!
Latest PC Mews.

S What's New!
By Peter R. O’Dell
A roundup of naw computer
and electronic products.

87 Advertiser's Index

ON THE COVER Intel debuts its

user-installable OverDrive chip that dou-
bles the internal processing speed of 486SX
computers. For details, see Ted Needle-
man’s column beginning on page 61.

Cover Fhoto: 1992 Intd Corporation/Richard
Wabhlstrom Phatography
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Computer User Groups

Personal Computer User Groups abound
across the nation. They consist of groups
of all sizes and varied computer, software
or application focuses. These like-minded
people are enthusiastic computer users, of
course.

A picture of club members in broad-type
clubs (as compared to narrower groups
that might focus on only ‘‘Paradox’’ soft-
ware or the like) was recently gathered by
a User Group Demographic Study pre-
pared by Dr. Arthur Saltzman, Depart-
ment of Marketing, California State Uni-
versity. It surveyed 12 user groups and was
sponsored by IBM, Intel, Lotus Develop-
ment and the Association of Personal
Computer User Groups.

Since we recently completed a study of
ComputerCraft readers, I naturally com-
pared both results. For example, 91.8% of
members of the dozen clubs surveyed own
an IBM or compatible computer, whereas
86.5% of all ComputerCraft readers own
at least one. And while club members own
an average of two IBM/compatible com-
puters, ComputerCraft readers average
1.3 IBM/compatible machines each. Fur-
thermore, club members average about
20% laptop computer ownership, while
ComputerCraft readers reported 11.5%
ownership.

Our methodology was different in some
respects; so certain data aren’t fully com-
parable, but they’re close enough. For ex-
ample, the Club study asked respondents,
to describe the IBM or compatible they
used most frequently, whereas our study
requested information on all IBM/com-
patibles owned.

Accordingly, everything comes up with
a 100% total in the Club study, whereas
our total exceeds a 100% base when multi-
ple responses are issued. Nevertheless, the
user-group survey is a very rich collection
of valuable data that was heretofore un-
available.

With the foregoing in mind, the Club
study reveals that 19.5% of all members
responding own a PC or XT (8088 or 8086
CPU), 27.2% an AT (80286 CPU), 14.8%
a386SX, 32% a 386DX, 4.8% a486SX or
DX, and 1.7% don’t know. (This totals
100%.) In contrast, 45% of Computer-
Craft IBM/compatible owners own a
PC/XT,; 49.3% have an AT; 15.8% a
386SX; 22.6% a 386DX; and 3.4% a
486SX or DX. (This totals 136.1% due to
multiple responses that reflect ownership
of more than one machine.)

VGA and SVGA color video displays
were owned by 57.2% of club members,
whereas 69.8% of ComputerCraft readers
owned one.

In the case of software, the Club study

indicates that 96.2% are competent with
word-processing, 84.8% with spreadsheet,
83.6% with communications, 80% with
database, 70.6% with desktop publishing,
51.3% with computer-aided design soft-
ware. Our study concludes that 88.9%
work with word-processing, 58.5% tele-
communications, 56.5% database, 52.7%
spreadsheet, 39.4% CAD and 31.5% DTP
software.

Also, the Club study asked members if
they were knowledgeable or better in lan-
guage skills; 62.6% reported they were.
ComputerCraft, in turn, asked readers if
they do programming, whereby 86.2% re-
sponded affirmatively by noting which
languages they work with. Additionally,
28.5% of all club members reported they
use DOS with Windows, while 40.4% of
ComputerCraft readers who own
IBM/compatibles affirmed this. (Both
figures are likely much higher now that
Microsoft introduced Windows 3.1 in
April, after both surveys were completed.)

Occupations differed significantly.
Among club members, 21.9% were em-
ployed in the computer industry, com-
pared to 43.6% of ComputerCraft re-
spondents. For club members’ occupa-
tions, 28.3% were owners or managers;
ComputerCraft readers numbered 10.6%
in this category. Other occupations were:
Club: 33.7%, professional staff; 6.8%, ed-
ucator; 1.7%, student; 2.1%, unemployed
and 14.5%, retired, which totals a rather
high 16.6%. ComputerCraft: 55.6%, pro-
fessional staff; 5.1%, educator; 7.5%, stu-
dent; 3.9% retired, disabled or unem-
ployed.

Interestingly, the studies revealed vir-
tually the same percentage of respondents
who recommend, specify or approve PC
purchases at work: 76.4%, Club; 75.4%,
ComputerCraft.

Average club member age was reported
to be 48.3 years, while ComputerCraft
readers’ average age was about 39 years.

Bothstudies bring its people into sharper
focus. You can get a copy of the Club re-
port, which contains much in-depth infor-
mation (PC-use patterns to shareware to
likes about user groups) from L otus Devel-
opment Corp. (617-693-1554) or by down-
loading it from APCUG’s bulletin board
(408-439-9367). If you’re really into com-
puting, you should seriously consider join-
ing a PC user group. |
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DR DOS Booster

*The June issue of ComputerCraft was
chock full of useful information. I take
issue only with the conclusion drawn in the
Software Review article on DR DOS 6.0.
DR DOS deserves much more credit than
allowed.

In my business at home, I use DR DOS
6.0 exclusively. Idon’t miss DOS 5.0at all.
Like the reviewer, ] also couldn’t configure
my 386SX to run under Windows 3.0 in
enhanced mode under DR DOS. Rather
than spending too much time juggling
parameters and devices, I chose an easier
way. As the reviewer states, DR DOS al-
lows you to CHAIN different config.sys
files for different configuration choices at
boot-up. However, DR DOS has a
SWITCH command that can be added to
prompt you to make a choice within a
single config.sys file. The benefits of this
command are: (1) all configuration infor-
mation is contained in one file (as opposed
to two or three very small files consuming
far greater hard-drive resources), and (2)
by keeping all configuration information
in one file, all options are accessible by
Windows’ System Edit function.

Windows 3.0 comes with its own mem-
ory manager. Simply use its memory man-
ager if you need the enhanced 386 features.
Some programs work better in standard
mode, such as Bartle Chess. So give your-
self this choice by using DR DOS’ memory
manager with the /WINSTD switch. Fi-
nally, for DOS-specific applications (when
Windows isn’t run), give yourself the
choice of using DR DOS’ sophisticated
MEMMAX utilities. Since I use this choice
primarily for programming (text), I end up
with 680K of usable RAM. If I exit Win-
dows, | end up with only 570K of usable
RAM. A copy of my current config.sys
file’s choices is as follows:

ECHO SBELECT CONFIGURATION:

ECHO 1. WINDOWS ENHANCED 386 MODE
[WINDOWS MEMORY MANAGER]

ECHO 2. WINDOWS BTANDARD MODE
(DR DO8 MEMORY MANAGER - NO
HIGH MEMORY]

ECHO 3. DR DO8 APPLICATION MODE
[DR DO8 MEMORY MANAGER - HIGH
MEMORY]

S8WITCH CONFIG1l, CONFIG2, CONFIG3

EXIT

:CONFIG1

DEVICE=C:\WINDOWS\himem.sys

DEVICE=C:\WINDOWS\mouse.sys/Y

DEVICE=C:\WINDOWS\smartdrv 768

8ET M=ENHANCED

RETURN

:CONFIG2

DEVICE=C:\DRDOS\EMM386.8Y8/F=AUTOQ/
K=AUTO/B=AUTO/V/R=AUTO/WINSTD

DEVICE=C:\DRDOS\PCKWIN.8Y8

DEVICE=C:\8B8TORDRV.8YS

DEVICE=C:\DEVSWAP.COM

DEVICE=C:\DRDOSB\TVGA\TANSI.B8YS

pletters

DEVICE=C:\DRDOS\KRAFT\MOUSE.B8YS8

S8ET M=STANDARD

RETURN

1 CONFIG3

HIDOS=ON

DEVICE=C:\DRDOS\EMM386.8YS/
F=AUTO/K=AUTO/B=AUTO/V/R=AUTO

DEVICE=C:\DRDOS\PCKWIN.8YS

DEVICE=C:\88TORDRV.8Y8

DEVICE=C:\DEVSWAP.COM

HIDEVICE=C:\DRDOS\TVGA\TANSI.B8Y8

HIDEVICE=C:\DRDOS\KRAFT\MOUSE.5Y8

8ET M=DIGDOS

RETURN

The SET M = ““*’ lines in each choice sets
an environment variable (M) that’s then
used by my autoexec.bat file to run win-
dowsas ““WIN’’ for enhanced, “WIN/s”’
for standard or run a DOS menu.
MS-DOS can’t match DR DOS’ flexi-
bility. Just having the SWITCH command
available makes DR DOS a superior prod-
uct. All the other extras DR DOS offers,
(Continued on page 83)

Powerful software to build
and simulate analog and
digital circuits.

Building and testing circuits is fast and
easywith Electronics Workbench. Just
click-and-drag with a mouse to add parts,
run wires, and adjust instruments. The
traces on the simulated instruments are
the same as you'd get on real equipment.

Elecironics Workbench really is an
electronics lab in a computer. It's ideal
for learning about electronics,
experimenting, and prototyping circuits.

“Electronics Workbench is pretty
AMAZiNg.” - Jerry Pournelle, Ph.D., InfoWorid

Say You Saw It In ComputerCraft

Electronics Workbench

The electronics lab in a computer

DOS Professional Version - $299
Macintosh Version - $199

Electronics Workbench includes:

o Analog Module with passive and active
components including transistors, diodes,
and op-amps; a function generator, an
oscilloscope, amultimeter, and a Bode
plotter.

° Dlgltal Module with gates, flip-flops,
adders, a word generator, a logic analyzer,
and a unique logic converter and simplifier.

(416) 361-0333
Interactive Image Technologies Ltd.
908 Niagara Falls Boulevard

North Tonawanda, NY

14120-2060 i
Fax (416) 368-5799 = .

INTER,
Prices are in US dollars. Offer valid In the USA and Canada only.
Maciniosh Yersion is monochrome only. All irademarks are the
property of their respective owners.
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hat's Happening!

IBM Software Moves. IBM announced that it enhanced its DOS 5.0
to run on other vendors’ hardware. The "refreshed" IBM DOS Version
5.00.1 will also run in a mixed LAN environment, and additionally
has the latest corrective service diskettes fixes, including
QBasic. Price is $165, and users of any make DOS 2.0 or higher
can upgrade for $85.

PRODIGY telecommunications service users can now order IBM’s
0S/2 2.0 directly from its screens for $139; DOS users can
upgrade for $99 and current Windows users can get it for $49. The
new operating system also supports DOS, Windows and 0S/2
applications in one package. The true multitasking software ships
with over 25 utility, entertainment and personal productivity
mini-applications, such as a NotePad, Calculator, etc. To obtain
the software package, which can also run new 32-bit applications
being developed (ore than 1,000 applications in the next year,
says IBM), you can order via a toll-free number, 1-800-3-IBM-0S2.

References on Disk. The 1992 IC Master Alternate Source
Directory Version 4.1 has been released. The industry-wide cross-
reference database of integrated circuits is delivered on four
5-1/4" 360K disks or one 5-1/4" or 3-1/2" high-density disk. The
program allows users to add comments up to 19 digits long. By
simply typing in a manufacturer and the current or discontinued
device number, the program displays all available pin-for-pin and
functional equivalent devices in seconds. It’s priced at $179.50
from Hearst Business Communications (516-227-1300).

The latest VCR Cross Reference on disk from the
International Society of Certified Electronics Technicians
(ISCET) allows the user to search by manufacturer for model
numbers and description of part numbers, including an on-screen
view of all substitutes. Price is $69.95 plus $2 shipping for two
5-1/4" program and data disks or one 3-1/2" disk. To order, call
817-921-9101 (Fort Worth, TX).

Computerized Devices Aid Disabled. University of Washington
students, with funding by the National Science Foundation, have
created a bevy of devices to assist the disabled in an upper-
division class in the design of computer subsystems. The
electrical engineering course by Professor Yongmin Kim earns five
credits for its students, who often labor up to 20 hours per week
for three months, in addition to six lecture hours and six lab
hours each week.

PC Software Modem/Fax/Answer Machine Switching. Electronic
Technologies’ newest version of RemoteControl software
automatically directs phone calls to a modem, PC fax board or
answering machine. A Ring-Back version adds security to the host

computer system. $35. The Rochester, MI-based company also added
postal bar codes to its Postal Service software, which allows
volume mailers to take a 2-cent discount for presorted letters
and a 1.3-cent discount for post cards that include a nine-digit
ZIP code and a preprinted postal bar card. A companion program,
Bar:ReplyMail, prints camera-ready artwork for Business Reply
Mail in less than one minute on any HP/compatible laser printer.
Each costs $99. Call 313-656-0630 for more information.
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Printer Cleaner

Scrubex and Printex from
Aspect are based on a new ap-
proach to cleaning the paper
path of laser printers, impact
printers, copiers and fax
machines. These systems utilize
a multilayer porous sheet
treated with a solvent that feeds
through the paper path. Each
sheet has a number of *‘tails”’
on each side with brush-like
fringe on it that gently *‘scrub”’
the printer components. The
product corrects problems as-
sociated with toner, label
adhesives, paper dust, dirt and
other foreign matter. Each

g I = i 6!1‘:
package consists of five sheets
hermetically sealed in individ-
ual foil packs. $25. Aspect,
Inc., 57 Eisenhower Lane S.,
Lombard, IL 60148; tel.: 708-
627-9600; fax: 708-627-9601.

CIRCLE NO. 22 ON FREE CARD

New Notebook
Computer

Bondwell’s new 386SLF
notebook computer, built
around the Intel 386SL CPU,
features an automatic rest
mode, ‘‘any key resume,’’ 3
hours of battery operation be-
tween charges, 2M of RAM ex-
pandable to 8M, cache memo-
ry, 80M hard drive and a 2,400
bps V42.bis modem. A second
version is available with a 60M
hard drive. The unit is housed
inall.7” x 8.6 “ x 1.5”
aluminum case and weighs 5.2
pounds (without external flop-
py drive). It has a full-stroke
81-key keyboard and an LCD

What's New! B8y peter R. O'Del

VGA display with 64 levels of
grayscale. MS-DOS 5.0 and
some utilities are included.
$2,499. Bondwell Industrial
Co., 47485 Seabridge Dr., Fre-
mont, CA 94538, tel.: 510-490-
4300, fax: 510-490-5897.

CIRCLE NO. 24 ON FREE CARD

PC DVM Card

Prairie Digital’s Model 70 is a
complete 5%-digit DVM virtual
instrument including IBM/
compatible software, cable and
power supply. [t’s a single-
channel measuring device but
has provisions for multi-sta-
tion capability. Upto 32 Model
70s can be daisy-chained to-
gether and addressed inde-
pendently from one RS-232
port. Standard input range is
from —2to +2 volts dc (op-

tional custom ranges are avail-
able at additional cost). The
software features relative,
max/min, accurate 5.5 or fast
4.5 modes, data logging to
printer and disk data files,
time/date stamping, adjust-
able sampling times, and 32-
channel display capability.
$239. Prairie Digital, Inc., 846
17 St., Prairie du Sac, WI
53578, tel.: 608-643-8599 or
608-643-6754.
CIRCLE NO. 25 ON FREE CARD

Fume Extractor

PACE’s TIP-EVAC is a new
extraction system that address-
es the problem of hazardous
fumes created during hand sol-
dering operations. Toxic fumes
are extracted right at the solder-
ing iron’s tip, before they reach
an operator’s breathing zone.
Contaminants are then re-
moved by a high-efficiency
central filtration unit. TIP-

EVAC extractor tubes are
available in a variety of clip-on
and screw-on versions that fit
most popular brands of solder-
ing irons. PACE Inco., 9893
Brewers Ct., Laurel, MD 20723,
tel.: 301-490-9860; fax: 301-
498-3252.
CIRCLE NO. 26 ON FREE CARD

Large Video Monitor

ViewSonic’s Model 6FS 15”7
multi-frequency noninterlaced
video display monitor offers
resolution up to 1,024 x 768,
72-Hz refresh rate at highest
resolution and 0.28-mm dot
pitch. Its flat-square display
gives up to 36% more viewing
area than a typical 14" moni-
tor. Actual display area is 280
X 210 mm. Like other ad-
vanced monitors in the View-
Sonic line, the Model 6FS has
an intelligent digital control
system with 32 display formats
(16 preset and 16 user-pro-
grammable). Circuitry auto-
matically adjuststo vertical fre-
quencies from 50 kHz to 90
kHz, horizontal frequencies
from 30to 60 Hz. Video band-
width is 80 MHz. $799. View-
Sonic 12130 Mora Dr., Santa
Fe Springs, CA 90670; tel.: 800
888-8583; fax: 310-946-1618.

CIRCLE NO. 23 ON FREE CARD

Building Block Software has
issued atechnical report that
provides a blueprint for writ-
ing parametric-design pro-
grams. How To Write A
Parametric Program de-
scribes the steps -o follow in
creating a script of CAD in-
structions to auzomatically
design members of a family

Free Programming Guide

of parts. Following the recipe
described, a programmer can
write any type of parametric
design program. An example
program creates drawings of
flat patterns for a family of
boxes and illustrates the
design and programming
steps involved. The report is
valuable for software prod-

uct developers, engineers and
consultants who write custom
programs or enhance or aug-
ment existing CAD/CAM
systems. Building Block Soft-
ware, 371 Moody St., Wal-
tham, MA 02154, tel./fax:
617-899-4350.

CIRCLE NO. 28 ON FREE CARD

Laptop-To-TV Video Converter

Laptop TV from Willow Per-
ipheralsis a VGA-to-TV-video
converter designed as a port-
able peripheral. With Laptop
TV, portable PCs can now gen-
erate computer text and graph-
ics presentations and output to
TV sets, monitorsand VCRs in
resolutions up to 640 x 480
with full 24-bit color. Used
with a desktop computer, Lap-

top TV saves a valuable
expansion-slot since it attaches
to the VGA port.

The converter is available
with either NTSC or PAL
standard video outputs. It’s de-
signed to work with any VGA-
equipped computer and Apple
Macintosh computers, the lat-
ter when equipped with an ac-
cessory adapter. $1,195. Wil-

low Peripherals, 190 Willow
Ave., Bronx, NY 10454-3596;
tel.: 212-402-9500; fax: 212-
402-9603.
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Low-Cost LAN

Data Spec’s Let’s Talk peer-to-
peer LAN can link together as
many as 200 personal com-
puters into a network. It en-
ables the user to transfer files
from one computer to another,
send messages to other users on
the network and share printers.
Files in any computer are ac-
cessible to any user on the
system (confidential files can
be protected). Electronic mes-
sages can be easily exchanged
with other users on the network
without interrupting the cur-
rent application program.
When Let’s Talk’s Chat fea-
tureis activated, a double win-
dow allows the user to type in
messages on one side while re-
ceiving responaes on the other.

Installation consists of plug-
ging a small interface module
into the parallel port of the
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IBM/compatible. Any printer
connected to the computer is
still active, and a simple daisy-
chain of modular telephone
cord connects the computers.
Copying a file that runs under
DOS or Windows completes
the installation.

Let’s Talk can ultimately ex-
pand the network to as many as
200 stations and 600 printers.
$140 per computer. Data Spec,
9410 Owensmouth Ave., Chats-
worth, CA 91311, tel.: 818-772-
9977; fax: 818-718-8626.

CIRCLE NO. 29 ON FREE CARD

Removable Labels

Merritt Computer Products’
““Labelit’’ is a removable label-
ing system for diskettes. Affix
the specially designed label-
holder on your diskette and in-
sert a card label that lists the
contents of the diskette. If
modifications are needed, just
push the label out of the holder
with a flick of the thumb and
replaceit. If one side of the la-
belisn’t enough, use both sides
of the reversible label.

Each Labelit kit consists of
aquantity of label-holders plus
specially designed card labels in
five colors. Labelit has custom

<

designed versions for 34" and
5% " diskettes, as well as data
cartridges and VHS tapes. La-
bel refills are also available. $8
and up. Merritt Computer
Products, Inc., 5565 Red Bird
Center Dr., Ste. 150, Dallas,
TX 75237, tel.: 214-339-0753;
Sfax: 214-339-1313.

CIRCLE NO. 30 ON FREE CARD

Instant
Business Cards

CardsNOW from Topitzes &
Associates enables users to gen-
erate business cards instantly
with a personal computer and
laser printer. The program
comes with 10 styles of type
and 25 clipart symbols for per-
sonalizing cards. You can scan

Battery-Operated
EPROM Eraser

The DE-1 from UVP is a port-
able EPROM eraser designed
with the field technician and
hobbyist in mind. Because it’s
battery operated, work won’t
be limited by the availability of
awall outlet. EPROMs can be
completely erased in as short a
time as 2 minutes. Measuring

1.5” x 3” x 6.75”, the DE-1
weighs just under 9ozs. Battery
life, from four AA cells, is es-
timated at 5 hours. $60. UVP,
Inc., 5100 Walnut Grove Ave.,
San Gabriel, CA 91778; tel.:
800-452-6788.
CIRCLE NO. 33 ON FREE CARD

Personal
Weather Station

WeatherPort’s WindStation
plugs into the game port of an
IBM/compatible to measure
local weather conditions. It in-
cludes a rugged wind-vane/an-
emometer that mounts on an
exterior rooftop pole or anten-
na mast. Average wind speed,
wind direction and peak gust
value are shown with the basic
model. Sensors for outside
temperature (displaying 24-
hour extremes) and wind chill
are available. Historical data
can be maintained on-disk for
subsequent plotting or trend
analysis using most spread-

sheet programs. Specifica-
tions: wind speed range, 0 to
125 mph; wind speed resolu-
tion, +0.1 mph; wind direc-
tion resolution, 22.5°. $/30.
WeatherPort, Inc., 12036
Nevada City Hwy., Grass
Valley, CA 95945, tel.: 916-
274-8100; fax: 916-274-6429.
CIRCLE NO. 31 ON FREE CARD

in company logos and place
them on a card (PCX file for-
mat), or Topitzes can be used
to scan them in.

The program comes with 25
sheets of paper stock with mi-
croedge perforations for 10
cards. Other stock can be used.
Topitzes can also provide pre-
printed cards that lack only the
name of the company.

Requirements are DOS 2.0
or later, HP LaserJet Series 11
or compatible printer and 256K
of RAM memory. A hard disk
is recommended. $39. Topitzes
& Associates, 6401 Odana Rd.,
Madison, WI53719-1158; tel..
800-233-9767; fax: 608-273-
8804.

CIRCLE NO. 32 ON FREE CARD

Serial 1/O Card
With Extended
Interrupts

Sealevel’s model Comm +
232/EX provides two addition-
al serial ports for XTs/ATs/
compatibles with the AT ex-
tended interrupts. Features in-
clude two independent RS-232
channels, selectable addresses
(COM1 through COM4, or
any other I/0 address through
3FF hex), selectable/shareable
interrupts (2through S on XTs
and 10, 11, 12 and 15 on AT
connector), all RS-232 modem

signals, dual male DB-9 con-
nectors, 16550 buffered UART
available, SCO XENIX and in-
terrupt buffering drivers
available. $179. Sealevel, 102
W. Main St., Liberty, SC
29657; tel.: 803-843-4343.
CIRCLE NO. 34 ON FREE CARD
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Build your own computer

PC-Build

COMPLUTER KITS

Choose our standard kits OR Design your dream machine

@ad) to build! All you need is a few basic tools and a desire to "get your hands dirty.” AD
kits are FCC Class B approved and come with a | year warranty on parts. Each kit includes;
step-by-step manual, full length instructional video, access to our technical support hotline,
Microsoft MS-DOS 5.0, PC-Build’s Kit Checker Software, 10} keyboard, 16 bit 256K Super
VGA card, IDE hard/floppy controller card, | serial/] parallel/] game port.

B1000 Starter Kit $699
286 16Mhz motherboard, IMB RAM, 1.2 floppy drive, keyboard. desktop style case,
200W power supply, 40MB hard drive

$X3000 Basic Kit $899
Intel 386SX 25Mhz motherboard, IMB RAM, 1.2 and 1.4 MB floppy drives, desktop
style case, 200W power supply. 40MB hard drive.

DX3000 Super Desktop Kit $1199
Intel 386DX 25Mhz motherboard, 2MB RAM, 1.2 and i.4 MB floppy drives, keyboard,
desktop style case, 200W power supply, 89MB hard drive.

SX4000 Deluxe Tower Kit $1499
Upgradable Inte] 486SX 20Mhz motherboard, 4MB RAM. 1.2 and 1.4 MB floppy drives,
keyboard, mini-tower style case. 230W power supply. 130MB hard drive. Best Buy!

Add a VGA or SVGA monitor

((;usmmize your kit based on your needs. Simply follow the steps and choose the components based on

~

your needs. All custom kits carry a one year warranty and come with complete stcp-by-step instructions,
instnctional video, and access (o our technical support hotline. Microsoft MS-DOS 5.0 and PC-Build's

Kit Checker Soft are i
m Start with a case and power supply.

DK200 - Desktop wf200W PS
MT230 - Minitower w/230W PS

luded freet (Compl

$150
$210

. Select one of our motherboards. Note: Case and
motherboard selections must maich,
(DK = Desktop, MT = Mini-tower)
286 16Mhz - AMD CPU, up t0 4MB DRAM
(DK only) $9
3868X 16Mhz - Intel CPU, up 10 16MB SIMM
(DX only) $167
3868X 25Mhz - Intel CPU, up to 16MB SIMM

(DK only) $222
386DX 25Mhz - Intel CPU, up to $SMB SIMM
(DK or MT) $366

386DX 33Mhz - Inte} CPU, up 10 32MB SIMM, 64K on
board cache (0K installed) (DK or MT) $417
4865X 20Mhz - Upgradable Intel CPU, up 10 8MB

kits only)

Choose one or two Chinon floppy disk drives
(includes mounting hardware)

FD514 - .22MB 5 14" $63

FD312 - 1.44MB 3 1/2" $70

@ Select one disk controller card

IDEL - 16 bit supports 2 HD/2 FD $20
SIDE1 - Super IDE Controller card, same as
above, but with 2 serial ports $40
Pick an input/output card

1111 - Serial, paraliel, game port $25
1211 - 2 seniai, parallel, game post $35
Add a keyboard

B101 - AT style w/12 function keys $39
€101 - 12 function keys w/click keys $49
A101 - Programmable keyboard $79

of their respective companies.

1992 Discovery Curve, Inc. PC-Build Computer Kits 40 Grove Street Wellesley. MA 02181, PC-Build is a
trademark of Discovery Curve, Inc. All other brands and product names are trademarks or registered trademarks

\Sales Hours: 8AM-6PM M-F (EST) Technical Support Hours: 9AM-5PM M-F (EST)

Choose from our wide selection of VGA and SYGA monitors. 1 year warranty. SIMM, 8 expansi
S . pansion slots (MT only) $486
Madel Description Qur Price
MB0931 14" Black and White VGA (640 X 480) .31 dot pitch $139 Pick RAM amount
CT1439 14" Color VGA (640 X 480) .39 dot pitch Best Buy!! $272
SCT1428 14" Color Super VGA (1024 X 768) .28 dot pitch $365 DRAM (for 286) $40 MB
SCT1428NI  Same as SCT1428 but non-interlaced $397 SIMM (for all others) $453 MB
SCT1728NI 17" Color Super VGA non-interlaced .28 dot pitch $1141 R |
\ Top of the line, great price Choose a Seagate IDE hard disk drive
ST-351A - 42MB 28 ms IDE $199
Terms: Cash or credit cards only (MC/VISA/DISCOVER). No CODs. Individual component sales are- ST-3096A - 89MB 16 ms IDE $309
subject to 1 5% restocking fee All returns require a RMA#, Mass residents add 5% sales tax. All prices are subject .
to change and do not include shipping. ST3144A - [30MB 16 ms IDE $389
ST1239A - 210MB 15 ms IDE $609

V1000 - 16Bit 256K 16 colors

V2000 - 16Bit 256K exp.1o 512K 16 colors $ 98'
V32000 - 16Bit 1MB 32,768 colors $198
V65000 - 16Bit 1MB 65,536 colors $258

Add one of the monitors listed on the left

Ask about our modems, faxes, and ndd-ons)

Finish with a VGA graphics card. All cards
include utility and driver software.

$ 68

CIRCLE NO. 132 ON FREE INFORMATION CARD

Call 1-800-798-6363

Remote-Console Version 3.0

Remote-Console from the
company of the same name is
a remote-access communica-
tion and control system de-
signed to link two IBM/com-
patible or one computer and
one H/Z-19 terminal via mo-
dem or direct cable connection.
It’s said to provide complete
control of the host computer
from almost anywhere, and it

canrun virtually any program
on an unattended host comput-
er from a remote location.
Remote-Conscle is also
LAN compatible. A fast file-
transfer feature allows a user to
link desktop 5% ” and remote
3" floppy drives to copy files
at transfer speeds up to 115,200
bps. Version 3.0 adds remote
printing, ‘‘call-back,”’ and

‘‘auto-call’”’ capabilities and
high-speed remote screen up-
dates. A new diagnostic tool is
included as well. Requires DOS
3.0 or later and 22K of RAM
and support COMI through
COM4 ports. It ships on single
360K disk. $69. Remote-Con-
sole, PO Box 888, Oceano, CA
93445, tel.: 805-481-5687.

CIRCLE NO. 35 ON FREE CARD

LaserJet llISi
Print Sharing

Belkin Components has three
new printer-sharing devices
specifically for the HP Laser-
Jet I11SI. Each isdesigned to be
installed in the I111Si Optional
170 (MIO) port. The Laserlink
111Si allows multiple-computer
users to send print jobs simul-
taneously. It queues the jobs in
its buffer and sends the datato
the 111Si on a FIFO basis. The
print buffer includes 1M of
RAM, expandable to 4M.
Low-cost modular telephone-
style cables are used between

serial port adapters and the
Laserlink I11Si. Buffer memo-
ry is dynamically allocated on
an as-needed basis. Laserlink
functions with Macintosh,
mini and mainframe comput-
ers, as well as IBM-type com-
puters. Models range from six

serial ports and one parallel
port to 14 serial ports and one
parallel port. From $795. Bel-
kin Components, 1303 Walnut
Park Way, Compton, CA
90220; tel.: 213-898-1100; fax:
213-898-1111.
CIRCLE NO. 36 ON FREE CARD

WordPerfect Add-In

Perfected! from Key Functions
automates more than 150 rou-
tine administrative tasks inside
WordPerfect (DOS) 5.1, all at
the touch of a keystroke. It
maintains a database in Word-
Perfect format with easy sort-
ing and selecting. Users can
prepare mass or specialized
mailings in short order. The
program has pre-defined forms
for invoicing (automatic se-
quential numbering), name
tags, filing systems, petty cash,
financial reports and fax cover
sheets, among others.

Perfected! includes sample
laser printing supplies for cre-
ating labels, rolodex cards,
routing slips, filing labels and
name tags. Requirements:
IBM/compatible with DOS
WordPerfect 5.1 (286 or later
recommended), 3M hard-disk
space and HP/compatible las-
er printer. $150. Key Functions
Inc., 60 Pleasant Blvd., Toron-
to, ONT M4T IK1, Canada;
tel.: 416-928-1943; fax: 416-
928-1116.
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THE $99.95

EDUCATION

THE PRIMER MICROPROCESSOR
TRAINING SYSTEM

* INTEL 8085 PROGRAMMING

* DIGITAL & ANALOG INTERFACING
* PROGRAMMING INTEL PERIPHERALS

Use professional-quality PCB
design software to save

time and money!

TEACHES:

c—e | QICAD is a full-featured printed cir- * MICROCOMPUTER DESIGN & ASSEMBLY
2% Jemt cuit layout package that gives you FEATURES: * MONITOR 0.5. SOFTWARE IN EPROM
everything you need to design circuit

* OVER 100 PAGE SELF INSTRUCTION MANUAL
* 6 DIGIT, 7 SEGMENT, LED DISPLAY

*20KEY KEYPAD

* DIGITAL INPUT PORT WITH DIPSWITCH

* DIGITAL OUTPUT PORT WITH LEDs

* ANALOG TO DIGITAL CONVERTER

* DIGITAL TO ANALOG CONVERTER

* TIMER/COUNTER WITH SPEAKER OUTPUT

B * BASIC OR FORTH LANGUAGES IN EPROM
S U2 RS S Ug ] EXCELLON (DRILL)

L2 |6 . * R$232 SERIAL PORT CONNECTS TO PC
S S ENGRAVED PROTOTYPES * BATTERY BACKED CLOCK AND RAM
Pl EGA / VGA compatibile * 9 VOLT 500 MA. POWER SUPPLY

A ' EMAC OFFERS A COMPLETE LINE OF MICROPROCESSOR TRAINING
sz = $1 95 00 complete price

boards quickly.

* AUTOROUTER

* POWERFUL EDITING
+ HPGL/DMPL PLOTS
* GERBER

* POSTSCRIPT

OPTIONS:

=NlAC. inc.

2161 W. Williams Ave. Suite 281

SYSTEMS STARTING AT $99.95 QUANTITY 10 FOR THE PRIMERKIT.
FREE working student version!

Fallon, NV 89406
(702) 423-1601 (408)459-0903 BBS

CIRCLE NO. 121 ON FREE INFORMATION CARD

Remoter Power On/Off Switch

Server Technology’s new
Power On/Off is animproved
telephone-activated power
control unit that sits in-line be-
tween a telephone outlet and
remote host PC’s modem. It
monitors standard telephone
line ring and on-hook signals.
When Power On/Off detects a
programmable number of ring
signals on an incoming call, it
activates power to the host PC.

CIRCLE NO.

During power-up, the host PC
loads the appropriate com-
munications software via its
autoexec.bat. When the unit
detects the on-hook signal, it
pauses for a programmable de-
lay and then powers down all
hardware devices under its con-
trol. $169. Server Technology
Inc., 2332-B Walsh Ave., San-
ta Clara, CA 95051, tel.: 800-
835-1515; fax: 408-988- 0992.

38 ON FREE CARD

What's New!

618-529-4525

FAX: 618-457-0110

P.0.BOX 2042 CARBONDALE, IL 62902

CIRCLE NO. 120 ON FREE INFORMATION CARD

CAD Task Light

The CAD-Room Vienna from
Waldmann Lighting is specifi-
cally engineered for the CAD
workstation to keep overall il-
lumination levels low enough
to maintain VDT contrasts
while providing adequate light
for reference documents. It
uses a built-in parabolic louver
that focuses light on the work
areato prevent stray light from
creating glare on VDT screens
or irritating nearby workers.

This is reported to result in less
eye fatigue and improved pro-
ductivity. Waldmann Lighting

Co., 9 W. Century Dr., Wheel-
ing, 1L 60090, tel.: 708-520-
1060; fax: 708-520-1060.

CIRCLE NO. 39 ON FREE CARD

Three Large Monitors

1Ocomm has three new
monitors that are aimed at the
graphics-intensive world of
CAD, CAMand DTP. Think-
Sync 5 is a 15” color monitor
that provides 1,280 x 1,024
noninterlaced resolution with
0.28-mm dot pitch. 1t utilizes
the entire screen by producing
edge-to-edge overscanimages,
while its flat square tube
eliminates glare and distortion.

This results in 35% larger ac-
tive display area than tradi-
tional 14” color monitors.
ThinkSync Sis noninterlacedin
1,024 x 768, as well as 1,280
x 1,024 to minimize flicker,
and it supports 70/72-Hz
VESA refresh rates to provide
absolute picture stability. $795.

ThinkSync4Eisa 14" color
monitor that provides nonin-
terlaced operation at 1,024 X
768 maximum resolution with
0.28-mm dot pitch. The most

needed controls are located on
the front panel for conve-
nience. $495.

ThinkSync 7M is a 17" flat
square color monitor that pro-
duces approximately 50%
more area than on a conven-
tional 14” monitor. On-board
microprocessor technology
permits the monitor to auto-
sync and auto-size video signals
ranging from MCGA to VGA
to 1,280 x 1,024. This monitor
allows you to define and pro-

gram display mode data in-
cluding, sync, size and posi-
tioning, for maximum viewing
comfort in various graphics
modes. Multiscan rangeis 30 to
64 kHz to accept a maximum
noninterlaced resolution of
1,280 x 1,024 with 0.28-mm
dot pitch. IOcomm, 12700
Yukon Ave., Hawthorne, CA
90250, tel.: 213-644-6100 or
213-644-6068.
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OMMUNICATIONS
UARTERLY sz

Yearning for some pure technical substance in an
Amateur Radio publication? [ 88%&4%‘{{

Looking to challenge your building skills?

CATION

Well here’s the publication for YOU!

COMMUNICATIONS QUARTERLY, the journal of communications technology. You are
invited to become part of an elite group of Radio Amateurs and technical professionals as a
subscriber. Circulation will be strictly limited.

This new quarterly publication has been put together with YOU in mind. Articles will explore, |
in-depth, areas that no Amateur Magazine is currently covering. /

COMMUNICATIONS QUARTERLY will push the technical envelope to the limit. Features
are selected from only the very best available. Our authors know that their work will be presented
in a clear and thorough manner—to the audience that they are most comfortable with—you,
the technical Radio Amateur. Crisp editing, well-documented graphs, charts and photographs

are presented in an attractive, easy-to-read style. C MMUN\ C AT\ON’S//\

State-of-the-art electronics like direct synthesis, digital signal processing, and computer con-
trol are fully investigated and explained so that you can take advantage of these new technologies. RT ERLY
COMMUNICATIONS QUARTERLY articles cover high speed data communications, the UA

latest in antennas using computer designed models, plus much more. Articles examine many —
areas of professional electronics in a way that trade publications can’t. Insights into areas that ‘
are only whispered about are normal fare. A major effort is made to show how applications \
can be translated into Amateur Radio operations. |

Toensure that COMMUNICATIONS QUARTERLY contains only the highest quality material, \
we have an Editorial Review Board made up of some of the most experienced Amateurs around:
Bob Lewis, W2EBS, Forest Gehrke, K2BT, Mike Gruchalla, Walt Maxwell, W2DU, Hunter
Harris, WISI, and Bill Orr, W6SAI.

Each quarterly has approximately 100 pages of technical material; advertising is limited. Ar-
ticles flow from page to page, without the interruption of ads placed in the middle. The open
layout accentuates each author’s work and lets you make notes, calculations, or comments
for later reference. Graphs, photos, computer program listings, and charts are presented in

x Product
o Creunéet

—r

an easy-to-use format. COMMUNICATIONS QUARTERLY is printed on a high-quality stock | /!\M:“"ﬂ;ﬁ“ s \

and ‘“‘perfect bound’’ (square backed). [t is such a valuable resource, you’ll want to file each
copy away in your technical archives for future reference. In fact over time, you’ll find much
of what is presented in COMMUNICATIONS QUARTERLY will become the standard in
the Amateur and professional communications field.

Act now. Subscribe today!
1year 29.95 [ Foreign—1 year $39.95 (] Foreign Air Mail 1 year $ 60.95 [J

2 years $56.95 [ 2 years 76.95 [J 2 years 118.95 [J
Name Call

Address

City State Zip

[0 Check [ Money Order [ MasterCard [J VISA [J Amex

Card No. Expires

Signature

Mail to: CQ Communications, Inc.
76 North Broadway, Hicksville, NY 11801
Phone: 516-681-2922/FAX: 516-681-2926
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Robotics, Confrol)and Monitoring
With an Embedded Controller

Using the 8031 and your personal computer as
a platform for a wide variety of real-world control

applications

N owadays, every new device or
appliance seems to have at least
one microcomputer chip buried with-
in it. In most cases, it’s an embedded
controller like the Intel 8031 eight-bit
microcomputer system on a chip. The
embedded-controller circuit built
around the 8031 featured can be used
for robotics, data-acquisition and
control applications. With this cir-
cuit and a BASIC language interpre-
ter, you can use your personal com-
puter for many other applications be-

sides word processing and number
crunching.

A program in EPROM for the cir-
cuit and several BASIC program ex-
amples are available on floppy disk
from the author. These provide a ver-
satile control system commanded by
your personal computer via one of its
serial ports. Although this article fo-
cuses on the use of the BASIC pro-
gramming language to command and
control the system, any program-
ming language that can send and re-

ceive data in the formats to be de-
scribed can be used. The control sys-
tem’s 13 commands allow your per-
sonal computer to read the state of
any of the circuit board’s digital or
analog inputs and to change the state
of any of the digital outputs.

Two different modes of operation
are available for the control system.
One circuit assembly can be used in
the system if 16 analog inputs and 24
digital 170 lines are adequate for a
given application. Up to 16 circuit
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boards can be chained together in a
network to provide a total of 256 an-
alog inputs and 384 digital I/0 lines
in one system. For robotics and mo-
tion-control applications, eight sys-
tem commands are dedicated to con-
trolling two stepper motors. Any
combination of three- or four-phase
stepper motors can be used with the
stepper driver interface.

About The Circuit

Shown in Fig. 1is a block diagram of
the circuit. Because of its large size,
the schematic diagram is shown here
in two parts as Fig. 2(A) and Fig.
2(B). Figure 2(A) includes the em-
bedded controller and its program
memory, serial interface, clock oscil-
lator for the A/D converter and volt-
age regulator. Figure 2(B) includes
the analog and digital interface and
configuration DIP switch port.

The heart of the circuit is 8031 em-
bedded controller IC! in Fig. 2(A).
Any embedded controller in the 8051
family can be used with this circuit
board if jumpers JPI through JP5
are properly configured. This makes
the circuit useful for many custom
applications.

Because the 8031 doesn’t have in-
ternal program memory, the pro-
gram for it would reside externally in
EPROM IC3. Octal latch IC2 latches
the lower eight address lines during
external program and data memory
operations. Address lines A0 and A1
latched by IC2 are also used by 8255
programmable peripheral interface
ICS in Fig. 2(B). The reset signal for
ICI and ICS is provided by R, CI
and inverter IC9E. Pins 1 and 2 of J5
can be momentarily shorted together
to reset the embedded controller.
Jumper J5 also provides connections
to timer inputs T0 and T1 and the in-
terrupt input to the embedded con-
troller INTI.

The RS-232 serial port circuitry in
Fig. 2(A) is simplified by the use of
MAX232 IC7, which has built-in
charge pump voltage converters and
two complete RS-232 receivers and
transmitters. Controller /C/ has a
built-in serial interface with a pro-
grammable baud rate generator.

A frequency of 11.0592 MHz was
chosen for crystal Y/ so that IC/ can
generate communication rates from
150to 19.2K baud. The 8031 applica-

J5
RESET BK X8
T0
T
INT1 OR
CPU
8031 t
OR ADDREBS
8761 LATCH
A
TS1 74HC373
] y DATA BUSS
SERIAL
4P poORT
= MAX232
TS2
VOLTAQGE oIP
P neauator™® *6V | gwitcues
- . 7806 74HC240

ADCO817 J1

18
CHANNEL
AtoD
CONVERTER

=t

82C66 ULN2B03A

J2

J3

PORT 1

DIGITAL
170

<
PORT 2 —-K

J4
ULN2803A
PORT 3 «——{

Fig. 1. Block diagram of embedded controller system.

tions program would typically read
the baud rate selected via the settings
of DIP switch SW1 in Fig. 2(B) im-
mediately after the circuit is powered
up or reset. The RS-232 serial inter-
face connections are made at termin-
al strip 7S1.

Notice that 7SI has master and
slave port connections. The master
RS-232 port connections are always
used when interfacing to the host PC.
The slave RS-232 port repeats the re-
ceive and transmit RS-232 signals
through the circuit. The master RS-
232 input at lug 4 of TSI is converted
toa TTL level signal by IC7. This sig-
nal enters /C7 at pin 13 as RS-232 and
exits at pin 12 as TTL.

This TTL-level signal is the re-
ceived data to ICI. This same signal
is converted back to RS-232 by IC7.
It re-enters /C7 at pin 10 as TTL and
exits at pin 7 as RS-232. Therefore,
the master RS-232 received data s re-
peated through the circuit board
from lug 4 of TSI to the slave RS-232
output at lug 1.

Slave RS-232 received data from
lug 3 of TSI repeats through the cir-
cuittolug 6 of TSI in aslightly differ-
ent way. This signal is repeated
through JP2 is jumpered from lug 2
to lug 3. The slave receive data is
ANDed with the transmit data from
ICI by gate IC8C when they’re both
at TTL signal levels.

Figure 3 illustrates how several cir-
cuits can be wired together in a chain-
like manner to form a network.
When a network of circuits is inter-
connected in this way, all circuits si-
multaneously receive the same serial
data from the host PC, and the cir-
cuits must take turns transmitting da-
ta to the host PC.

Programmable peripheral inter-
face IC5 provides three eight-bit digi-
tal 1/0 ports. Connections to digital
I/0 Ports 1 and 2 are made at J2 and
J3, as shown in Fig. 2(B). Connector
J2 can be used for TTL-level input or
output. The digital I/0 at J2is pulled
up to + 5 volts so that a switch con-
tact can be used as an input source.

The digital outputs for Ports 1 and
2 at J3 are open-collector from Dar-
lington-transistor arrays ICI/0 and
IC11. These Darlington arrays are
capable of sinking 500 milliamperes
and withstand up to S0 volts in the off
condition. Maximum continuous
power dissipation of one output is 1
watt, and total power dissipation for
the complete IC is 2.25 watts. Con-
nector J4 is for digital 1/0 Port 3,
which is a general-purpose eight-bit
TTL 1/0 port.

In Fig. 2(B), IC4 is an ADCO0817
16-channel multiplexed eight-bit an-
alog-to-digital (A/D) converter. The
analog input connector is J4. Analog
inputs are optionally pulledup to + 5
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No other training shows you
how to troubleshoot and
service computers like NRI!

NEW! 386sx/20 Mz MINI MONITOR NEW! 40 MEG
TOWER COMPUTER! High-resolution, HARD DISK DRIVE!
Features 32-bit 80386sx nonglare, 12" TTL Yo install this
CPU, 1 meg RAM, 64K ROM, monochrome 40 meg IDE
monitor with tilt hard disk drive

1.2 meg high-density floppy

disk drive and swivel base intzmally, for
greater data
storage capacity
SOFTWARE DISCOVERY LAB

Train with MS-DOS, GW-BASIC,
and popular Microsoft Works
applications software

Complete breadboarding
system lets you design and
modify circuits, diagnose
and repair faults

DIGITAL MULTIMETER

Professional test instrument for
quick and easy measurements

DIGITAL LOGIC PROBE
Simplifies analyzing digital
circuit operation

e

LESSONS o
Clear, illustrated texts o o cedr-
build your understanding ' ]
of computers step by step | -

' b
Only NRI walks you B omor &=
through the step-hy-step

assembly of a powerful 386sx computer
system you train with and keep — giving you the hands-on
experience you need to work with, troubleshoot, and service
today’s most widely used computer systems. Only NRI gives you
everything you need to start a money-making career, even a
business of your own, in computer service.
No doubt about it: The best way to leam to service computers is to actually
build a state-of-the-art computer from the keyboard on up. Only NRI, the
leader in career-building at-home electronics training for more than 75 years,
gives you that kind of practical, real-world computer servicing exp=rience.
Indeed, no other training — in school, on the job, anywhere — shows you
how to troubleshoot and service computers like NRI.

Get ingide the West Coast 3863x computer system ... and
experience all the power and speed of today's
computer technology!

With NRI's exclusive hands-on training, you actually build and keep the
powerful new West Coast 386sx/20 MHz mini tower computer system.

You start by assembling and testing your computer’s 101-key “intelligent”
keyboard, move on to test the circuitry of the main logic board, install the
power supply and 1.2 meg high-density floppy disk drive, then interface your
high-resolution monitor.

What's more, you now go on to install and test a powerful 40 meg IDE
hard disk drive — today’s most-wanted computer peripheral — included in
your course to dramatically increase your computer’s data storage capacity
while giving you lightning-quick data access. But that’s not all!

Professional diagnostic hardware and software makes
troubleshooting fast and accurate

Your NRI training now incudes a remarkable diagnostic package that allows
you to quickly locate and correct defects in IBM XT, AT 80286/80385, and
compatible computers.

You'll use your Ultra-X QuickTech diagnostic software to test the system
RAM and such peripheral adapters as parallel printer ports, video adapters,
and floppy and hard disk drives. You'll go on to use your R.A.C.E.R. diagnostic
card, also from Ultra-X, to identify individual defective RAM chips, locate
interfacing problems, and pinpoint defective support chips.

This ingenious diagnostic package is just one more way NRI gives you the
confidence and the know-how for advancement, a new career, or a money-
making business of your own.

DIAGNOSTIC HARDWARE

AND SOFTWARE

R.A.C.E.R. plug-in diagnostic
card and QuickTech menu-
driven software, both from
Ultra-X, give you hands-on
experience with today’s
professional

No experience necessary ... NRI builds it in

With NRI, you learn at your own pace in your own home. No classroom
pressures, no night school, no need to quit your present job until you're ready
to make your move. And all throughout your training, you have the full
support of your personal NRI instructor and the NRI technical staff, always
ready to answer your questions and give you help whenever you need it.

REE cataloy tells more. Send today!

Send today for NRIs big, free catalog that describes every aspect of NRI's
innovative computer training, as well as hands-on training in TV/video/audio
servicing, telecommunications, industrial electronics, and other high-growth,
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.

IBM is a registered trademark of International Business Machines Corp. QuickTech
and R.A.C.E.R. are registered trademarks of Ultra-X, Inc.

SE\D TODAY FOR FREE CA
| ”ﬂl Schools S

Hl |
McGraw-Hill Continuing Education Center
! 4401 Connecticut Avenue, NW, Washington, DC 20008

For career courses
approved under Gi Bill

| check for details.

|
|
I ®Check one FREE catalog only I
[0 MICROCOMPUTER SERVICING [] Computer Programming l
[J TV/Video/Audio Servicing [ Security Electronics I
[ Industrial Electronics & Robotics [] Electronic Music Technology
[] Desktop Publishing |
[] Programming in C++ with Windows I
|
|

[] Telecommunications

|

I

§ [ Telecommunic
I [ Basic Electronics
I

I

I

Name (please print) Age

Address

City/State/Zip
Accredited Member, National Home Study Council 4-082
L N K N N W § N § § N _ § N § |
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