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We'll hook you up -

Over 5000 products to choose from!
HARD CARDS EX-HX HARD DRIVE SYSTEMS

Our Hard Cards come preformatted, pre -tested, in Tandy/IBM computers. They include disk management
and disk cache speed-up software. Also comes with many other free software programs such as games,
utilities and many others! These Hard Cards are easy to install and can go from one machine to another. Install in
minutes, just plug in and go! (Please specify if you own a Tandy, IBM or IBM compatible.)

16 BIT
DH Lightcard 21 Meg 29 ms 244.00
HO Lightcard 32 Meg 39 ms 260.00
DH Lightcard 42 Meg 28 ms 295.00
DH Lightcard 50 Meg 28 ms 344.00
DC Lightcard 68 Meg 22ms 390.00
DH Lightcard 85 Meg 28 ms 499.00
DH Lightcard 111 Meg 28 ms 699.00

8 BIT
DH Lightcard 21 Meg 39 ms 229.00
DH. Lightcard 32 Meg 39 ms 245.00
DH Lightcard 42 Meg 38 ms 280.00
OH Lightcard 50 Meg 28 ms 329.00
DH Lightcard 68 Meg 22 ms 37500
DH Lightcard 85 Meg 28 ms 425.00
OH Lightcard 111 Meg 28 ms 685.00

HARD DRIVES

Our Hard Drive are initialized, partitioned and formatted. Each drive is then tested for integrity, to ensure you
get a first class product! Included with your drive you get disk mangement as well as speed caching software.
Also included are many other programs such as games, utilities and many others. You will have hours and hours
of enjoyment from your new hard drive and free software!

Model Size Brand Speed Dimension

ST225 21 M 48 ms 5.25

ST125 21 M Seagate 28 ms 3.5

KL320 21 M Kalok 39 ms 3.5

ST23813 32 M Seagate 40 ms 5.2

ST1380 32 M Seagate 28 ms 3.5

KL330 32 M Kalok 39 ms 3.5

ST251 42 M Seagate 28 ms 5.25

ST151 42 M Seagate 24 ms 3.5

SN2040 42 M Samsung 35 ms 3.5

KL343 42 51 Kalok 28 ms 3.5

CP3044 42 M Conner 28 ms 3.5

WD2044 42 M Western Digital 18 ms 1.0

ST1570 48 M Seagate 28 ms 3.5

ST157A 48 M Seagate 28 ms 3.5

PT1357R 48 M PTI 28 ms 3.5

MK13411 68M Toshiba 22 ms 3.5

ST12770 62 M Seagate 28 ms 5.25

MC8085 85 M Microscience 40 ms 5.25

ST296N 85 M Seagate 28 ms 5.25

ST1096N 85 M Seagate 28 ms 3.5

MX7080A 80 M Maxtor 19 ms 1.0

ST1125N 111 M Seagate 19 ms 3.5

VGA ENHANCEMENT

Bare

183.

224.

144.

193.

226.

163.

245.

336.

197

234

286.

294

266.

235.

257.

307.

257

326.

317

394.

384.
694

XT/Tandy 16 Bit Kit

224, 234.

255. 265.

196. 206.

237. 257.

254

225
286.

367

257

N/A
N/A
N/A
316.

N/A

314.

356
304.

387

356.

455.

N/A
724

278.

234.

295.

376.

267.

254.

315.

325.

326.

287.

334.

375.

326.

424.

385.

486.
397.

754.

Ready for VGA Upgrade the Data Hut Way! Full replacement warranty!

VGA Combo I: 14, 28 DP, 640 x 480, 256 K, 8 Bit 386.00
VGA Combo II: 14, 28 DP, 640 x 480, 512 K, 16 Bit 425.00
VGA Combo III: 14, 28 DP, 1024 x 768, 512 K, 16 Bit 455.00
VGA Combo IV: 14, 28 DP, 1024 x 768, 1024 K, 16 Bd 515.00

CALL FOR PRICES ON:

Hard Drives
Seagate Drives all Models
Microscience Drives all Models

Toshiba Drives all Models
Western Digital all Models
Kalok all Models

Maxtor Drives all Models
Conner Drives all Models
Rodime Drives all Models
Micropolis Drives all Models

IDE Drives all Models

Math Coprocessors
Tandy 1000. 1000A
Tandy 1000SX, SL, SL/2
Tandy 1000TL, T1.12, 11/3

80287-10
80387SX-20
80387-20

Call our factory -trained sales and tech support staff.

and let them help you find the best drive for your computer system.

Our Hard Drive systems have been preformatted and pretested in Tandy EX/HX computers. Disk manage-
ment as well as speed-up software programs such as games, utilities and many others! By simply removing the
EX/HX adaptor our drives will plug into any normal computer. Order the flash drive today and spend hours with
the free software.

DH FlashDrive 21 Meg 39 ms 285.00

OH FlashDrive 32 Meg 39 ms 32500
DH FlashDrive 42 Meg 28 ms 375.00

DH FlashDrive 50 Meg 28 ms 455.00

DH FlashDrive 68 Meg 22 ms 479.00

DH FlashDrive 85 Meg 28 ms 515.00

MODEMS

Our modems are Hays compatible. They come complete with communication software cable and everything
you need to start communicating in minutes!

2400 BAUD Internal with Mod 5 75.00

2400 BAUD External 115.00

2400/48100 MNP 7 BAUD Modem 135.00

FAX BOARDS

Comes complete with phone cord and software. Full five year warranty!,

Send FAX 4800 BAUD Int. 95.00

Send/Receive FAX, Plus Modem 9600 BAUD FAX/4800 Modem 13500

SPEED ENHANCEMENTS

Increase the speed of your computer by an overall 50% with this easy to install upgrade! Installs in five minutes.

IBM XT or IBM XT Compatible 2415
Tandy 1000, 1000A, 1000 SX 24.95

34.94
29.95

IBM XT Compatible 74.95

Tandy 1000 SL, 1000 SL/2
Tandy 1000 EX, 1000 HX
PC Sprint Increases CLK SPD Tandy 1000. 1000A, IBM XT

EXPANDED MEMORY BOARDS

These boards work in Tandy and /as and include LIM 3.2 8 Bit

Board with 0 K 139.00

Board with 256 K 175.00

Board with 512 K 199.00

Board with 1 MEG 215.00

Board with 11 MEG 235.00

Board with 2 MEG 285.00

Board with 4 MEG 540.00

FLOPPY DRIVE FOR TANDYS

These floppy drives will install in minutes. Add a high density drive to your computer for less money! High
density include controller card, cables, everything you need to make you start running!

360K Internal Drive Kit 67.00

720K Internal Drive Kit 70.00

1.2 Meg Internal Drive Kit 139.00

1.44 Meg Internal Drive Kit 145.00

SYSTEM MEMORY UPGRADES

D 5X Upgrade Tandy EX or HX to 640 174.00

OH 10X Upgrade Tandy SX, EX or HX from 384 to 640 42.00

DH 20L Upgrade SL or SL/2 from 384 to 640 45.00
OH 31X Upgrade any TX from 640 to 768 29.00

DH 4TL Upgrade TL or TL/2,11/3 from 640 to 768 29.00

OH 5NI Upgrade 3000 NL to 640 3910
OH 6RL Upgrade Tandy 1000 RL, 1000011 from 640 to 1 Meg 4215
DH 100 Upgrade Tandy 1000 or 1000A from 128 to 640 235.00
D 120 Upgrade Tandy 1200 from 256 to 640 200.00
DH IBM Upgrade IBM PC/XT ERP 256 to 640 200.00

CALL US FOR ANY OF YOUR RAM UPGRADE NEEDS

#6 North Ct. St.
Owingsville, KY 40360
M -Sat 9AM - 8PM EST
FAX 606-674-3917

1080004874488
Upgrade, Start up, Keep up!

We won't be undersold!

 No surcharge on credit
 C.O.D. & Purchase

Orders Accepted
 All Pricing & Availability

subject to change without notice

CIRCLE NO. 88 ON FREE INFORMATION CARD
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UPGRADING &
ENHANCING

36 A Tower of an Enclosure,
Part 3
By Nick Goss
Expand your PC's bus by six
expansion slots with a Bus -
Expander system.

52 Fast -Acting Modem Protection
By T.L. Petrizzellis
Low-cost devices you build protect
a computer modem, fax machine,
telephone answering machine and
computer from electrical damage.

APPLICATIONS

16 Networking Basics
By Jan Axelson
How circuits talk to each
other to keep computers
in communication.

20 Computer Speed
By Hardin Brothers
How a host of factors influence
a computer's operating speed.

26 PC Desktop Video, Part 2
By Tom Benford
Titling, animation and video-
putting it all together.

44 Experimenting With
Motorola's 68HC11 True
Single -Chip Microcomputer,
Part 4
By Tom Fox
Supplying battery power to

77

MAG-11, programming the
EEPROM and experimenting
with the 68HC11 in Special
Bootstrap/Modified single -chip
mode.

55 $50 Lab -Grade Function
Generator
By Crady VonPawlak
Full -featured 1 -Hz to 250 -kHz
project adds CMOS/TTL
compatibility and FM sweep input,
near -zero distortion, etc., to sine/
triangle/square-wave outputs.

61 Low -Battery Alarm With
Automatic Load Disconnect
By Jan Axelson
Flashes a LED or sounds an alert
when battery voltage drops below
a predetermined level and,
optionally, disconnects the load if
no action is taken.

REVIEWS

72 Wlnvoice: Time & Billing for
Windows
By SF Sparrow

77 GeoWorks-Windows for the
Rest of Us?
By Ted Needleman

87 Computer Games
BushBuck Charms, Viking Ships &
Dodo Eggs . . . and more.

COLUMNS
74 Joseph Desposito

A Sleep -Mode Op Amp; New A/D
Board for the PC/AT; Fast SCSI

Volume 2, No. 4
April 1992

Controller; 14-ns RAM Cache;
and Programmable Multiplexer.

80 The World On -Line
Portable Wireless Modems,
14,400 -bps Modem, Previewing
Software for Free, Going to
School on AOL and Virtual
Reality.

DEPARTMENTS

4 Editorial
By Art Salsberg
Built -In Upgrading.

6 The Winner Is . . .

Announcing the winner of the
drawing for the notebook
computer from among
respondents to the ComputerCraft
Reader Poll.

8 What's Happening!
Latest PC News.

10 What's New!
By Peter R. O'Dell
A roundup of new computer
and electronic products.

89 Advertisers Index

ON THE COVER: Getting down
to cases, a ComputerCraft reader readies
a circuit of his own design for use with the
Motorola 68HC I 1EUB single -board
computer. The circuit being breadboarded
might be an interface, data -acquisition
unit or any of a host of other devices.

Cover Photo: by Larry Mulvehill
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Editorial

Built -In Upgrading
The PC is a remarkable machine: it's easily
upgradable. You can add more memory
and greater disk storage, speed up opera-
tions with faster RAM and cache control-
lers, stretch functions by inserting new
cards into bus slots, transfer the works in-
to a new body, such as a tower enclosure,
and so on.

What's more, doing the foregoing is
within the grasp of anyone who has some
basic computer hardware and software ex-
perience and a do-it-yourself bent. The
most desirable attribute anyone can have
when making such modifications is a bit
of self-confidence. If one keeps in mind
that just by exercising common-sense care
(remove the plug from the ac power outlet,
never exert extreme force when inserting
one device into another, make sure IC pins
are all lined up with socket holes before
pressing it in, handling the card with the
precautions required for static -sensitive
devices, etc.) you can't harm a new device
or the machine.

This doesn't imply that you won't en-
counter any problems. You well might due
to poor installation instructions and other
hurdles. But this only means that you
might face some frustrating problem -solv-
ing challenges, not damage of any kind.
Moreover, with success likely to follow
your efforts, you become an expert of sorts
in a growing number of computer -en-
hancement areas.

Even though computer prices are rela-
tively cheap compared to what they were
a year or two ago, it all still amounts to a
fairly hefty expenditure. A host of manu-
facturers recognized this and, to overcome
buying reluctance due to anticipated obso-
lescence, introduced machines with up-
grading conveniences built into them.

For example, Intel is touting i486SX
motherboards that have an accompanying
processor socket that will enable the owner
to plug in another IC to convert the sys-
tem to an i486DX equivalent. This simple
modification will, according to Intel, dou-
ble the machine's performance while add-
ing math coprocessor capabilities, should
one want this capability at a later date.

In cooperation with Intel, Acer intro-
duced PCs whose upgrade implementation
is easy. Essentially, it combines the design
of three system boards into one mother-
board in order to accommodate i486 CPUs
that run at different speeds (20, 25 and 33
MHz). Advanced Logic Research (ALR)
is another company that endorsed "Just
Upgrade the CPU" design, providing buy-
ers with a lower -cost 486SX entry point.
In essence, these companies are bypassing
the need to substitute a whole new system
board with just a single chip -replacement
upgrade path.

Upgrading a PC is almost a way of life
for most of us due to fast-moving advances
made in this industry. You just don't throw
away a whole computer every time a new
improvement is introduced. The ante is
often less and very fruitful if you make a
modification and continue doing so when-
ever you wish.

At some point, you'll want to make the
big change, of course. You may be able to
get by with an old XT or AT, but you won't
savor the computing power provided by
many of today's software packages. Both
hardware and software makers point to the
'386 and i486 machines when creating new
models. Nevertheless, I expect that many
XT/AT users who have limited non -
graphics -oriented computing needs will
continue along with their systems largely
as they are.

The coming year or two will be volatile
ones, however, as designers and marketers
shift and turn. For example, the sub -note-
book -size portable computer is expected
to come into its own, one that falls in size
and weight between the 8%" x I I " note-
book computer and palmtop devices such
as Hewlett Packard's HP95LX. SCSI
("scuzzy") I/Os will blossom as CD-ROM
drive ownership grows and multi -media
systems are adopted.

But it will probably be in the area of
operating systems where revolutionary
changes will be observed. Rickety old DOS
can't go on forever. Or can it for many
people? After all, there are about 70 -mil-
lion DOS computers being used in the
world today.

Switching to a new operating system,
whether it's OS/2, Windows NTor what-
ever, shouldn't be a particular calamity in
itself. But the need for new applications
software and computers with faster oper-
ating speed, quick -working multi -tasking
and much more memory will, indeed, be
a hardship for many people and businesses.

At some point, however, DOS has to be
put out to pasture so that others can march
forward with greater computer productivi-
ty and higher -quality work. It means that
there will be at least two distinct groups of
PC users for as long a time as it takes for
DOS users to switch to a more -advanced
computing system.

For some, this may not ever occur, leav-
ing a great number of computer DOS or-
phans to serve. As they diminish over the
years, they'll join users of CP/M-type
eight -bit machines still being feverishly
used today by a stalwart minority.
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UNICORN
ELECTRONICS
10010 Canoga Ave., Unit B-8

Chatsworth, CA 91311

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MORE!!
NO SHIPPING CHARGES ON PRE -PAID ORDERS!*

NO CREDIT CARD SURCHARGE!
SCHOOL P.O.'s WELCOME!

LASER DIODES
WAVE- OUTPUT OPER. OPER.

STOCK X MFG. 1-24 25-99 100+LENGTH POWER CURR. VOLT.
LS9220 TOSHIBA 660nm 3 mW 85 mA 2.5 V 129.99 123.49 111.14
LS9200 TOSHIBA 670nm 3 mW 85 mA 2.3 V 49.99 47.99 43.19
LS9201 TOSHIBA 670nm 5 mW 80 mA 2.4 V 59.99 56.99 51.29
LS9211 TOSHIBA 670nm 5 mW 50 mA 2.3 V 69.99 66.49 59.84
LS9215 TOSHIBA 670nm 10 mW 45 mA 2.4 V 109.99 104.49 94.04
LS3200 NEC 670nm 3 mW 85 mA 2.2 V 59.99 56.99 51.29
LS022 SHARP 780nm 5 mW 65 mA 1.75 V 19.99 18.99 17.09
SB1053 PHILLIPS 820nm 10 mW 90 mA 2.2 V 10.99 10.44 9.40

WAO II PROGRAMMABLE ROBOTIC KIT
The pen mechanism in-

cluded with the robot allows it
to draw. In addition to drawing
straight lines, it can also accu-
rately draw circles, and even
draw out words and short
phrases. WAO II comes with
128 x 4 bits RAM and 2K ROM,
and is programmed directly via
the keypad attached to it. With
its built-in connector port, WAO
II is ready to communicate with
your computer. With the
optional interface kit, you can
connect WAO II to an Apple 0,
Ile, or II* computer. Editing and
transfering of any movement
program, as well as saving and
loading a program can be
performed by the interface kit.
The kit includes software,
cable, card, and instructions.
The programming language is
BASIC.

 Power Source -3 AA batteries (not included)

STOCK 6 DESCRIPTION 1-9 10-24 25+

MV961 WAO II Programmable Robotic Kit 79.99 75.99 68.39
39.99 37.99 34.19WIIAP Interlace Kit For Apple II, 11E, II,

 The total design workstation - including
expanded instrumentation, breadboard
and power supply.

 Ideal for analog, digital and micro-
processor circuits

 8 logic probe circuits
 Function generator with continuously

variable size, square, triangle wave
forms, plus TTL pulses

 Triple power supply offers fixed 5 VDC
supp y plus 2 variable outputs - - 15
VDC and -5 - 15 VDC

 8 TTL compatible LED indicators, switches
 Pulsers
 Potentiometers
 Audio experimentation speaker
 Multiple features in one complete test

instrument saves hundreds of dollars
needed for individual units

 Unlimited lifetime guarantee on bread-
board sockets

 Fixed DC output
VDC @ 1.0 amp, ripple - 5 mV

 Variable DC output
+5 - to +15 VDC @ 0.5 amp, ripple -

5 mV

 Variable DC output
-5 - to -15 VDC @ 0.5 amp, ripple -

5 mV
 Frequency generator

frequency range: 0.1 Hz to 100 KHz in 6
ranges
output voltage: 0 to ± 10V (20 Vp-p)
output impedance: 600 (except TTL)
output current: 10mA max., short circuit
protected
output waveforms: sine, square, triange,
TTL
sine wave: distortion 3% (10 Hz to 100
KHz)
TTL pulse: rise and fall time 25ns
drive 20 TTL loads
Square wave: rise and fall time ± 1.5 s

 Logic indicators
8 LED's, active high, 1.4 volt (nominal)
threshold, inputs protected to ± 20 volts

 Debounced pushbuttons (pulsers)
2 push-button operated, open -collector
output pulsers, each with 1 normally -
open, 1 normally -closed output. Each
output can sink up to 250 mA

 Potentiometers
1 - 1K , 1 10K , all leads available
and uncommitted

 BNC connectors
2 BNC connectors pin available and
uncommitted shell connected to ground

 Speaker
025 W, 8

 Breadboarding area
2520 uncommitted tie points

 Dimensions
11.5" long x 16" wide x 6.5" high

 Input
3 wire AC line input (117 V, 60 Hz
typical)

 Weight
7 lbs.

STOCK k DESCRIPTION 1-9 10-24 25+

PB503 Protoboard Design Station 299.99 284.99 256.49

IDC BENCH ASSEMBLY PRESS COLLIMATING PEN LASER DIODE MODULE
The Panavise PV505 1/4 ton
manual IDC bench assembly
press is a rugged, practical instal-
lation tool designed for low
volume, mass termination of
various IDC connectors on flat
ribbon cable.
 Assembly base & standard

platen included
 Base plate & platen may be

rotated 90° for maximum
versatility

 Base plates & cutting acces-
sories are quickly changed
without any tools required

 Additional accessories below
 Size - 10" W x 8.75" D x 9" H
 Weight - 5.5 lbs.

A low power collimator pen contain-
ing a MOVPE grown gain GaAlAs laser.
This collimator pen delivers a maximum
CW output power of 2.5 mW at 820 nm.

The operating voltage of 2.2-2.5v @
90-150mA is designed for lower power
applications such as data retrieval,
telemetry, alignment, etc.

The non -hermetic stainless steel case
is specifically designed for easy align-
ment in an optical read or write system,
and consists of a lens and a laser diode.
The lens system collimates the diverg-
ing laser light .18 mrad. The wavefront
quality is diffraction limited.

The housing is circular and precision manufactured measuring 11.0
mm in diameter and 27.0 mm long. Data sheet included.

As with all special buy items, quantity is limited to stock on hand.

The LDM 135 integrated as-
sembly consisting of a laser
diode, collimating optics and
drive electronics within a single
compact housing. Produces a
bright red dot at 660-685 nm. It is
supplied complete with leads for
connection to a DC power supply
from 3 to 5.25 V.

Though pre-set to produce a
parallel beam, the focal length
can readily be adjusted to focus
the beam to a spot.

Sturdy. small and self-con-
tained, the LDM135 is a precision
device designed for a wide range
of applications. 0.64" diam. x 2"
long.

STOCK # DESCRIPTION 1-9 10-24 25* STOCK # DESCRIPTION 1-9 10-24 25, STOCK DESCRIPTION 1-9 10-24 25+

PV505 Panavise Bench Assembly Press 149.99 142.49 128.24 SB1052 Infra -Red Collimator Pen 49.99 47.49 42.74

COLLIMATING LENS DUAL MODE LASER POINTER

STOCK # DESCRIPTION

LSLENS Collimating Lens Assembly

This economical collimating
lens assembly consists of a
black anodized aluminum
barrel that acts as a heat sink.
and a glass lens with a focal
point of 7.5 min. Designed to fit
standard 9mm laser diodes,
this assembly will fit all the
above laser diodes. Simply
place diode in the lens assem-
bly, adjust beam to desired
focus. then set with adhesive.

1-9 10-24 250

24.99 23.74 21.37

POWER SUPPLY
 Input: 115/230V

 Output: +5v @ 3.75A
+12v @ 1.5A..
-12v @ .4A

 Size: 7"L x W x 2'/,"H

STOCK X PRICE
PS1003 $19.99

STOCK

LP

New slimline user pointer is only
in diameter x 61/4" long and weighs
under 2 oz.. 670 nm @ less than 1
mW produces a 6 mm beam. 2
switches one for continuous mode,
and one for pulse mode (red dot
flashes rapidly). 2 AAA batteries
provide 8, hours of use. 1 year
warranty.

DESCRIPTION

5 Dual Mode Lase, Pointer

1-9 10-24 25.

99 99

ROBOTIC ARM KIT
89 99 70 99

Robots were once confined to science
fiction movies. Today. whether they're
performing dangerous tasks or putting
together complex products, robotics
are finding their way into more and
more industries. The Robotic Arm Kit
is an educational kit that teaches
basic robotic arm fundamentals as well
as testing your own motor skills.
Command it to perform simple tasks.

STOCK X PRICE
Y01 $43.99

LDM135-.5
LDM135-1
LDM135-2
LDM135-3

.5 mW Laser Diode Module
1 mW Laser Diode Module
2 mW Laser Diode Module
3 mW Laser Diode Module

179.99 170.99 153.89
189.99 180.49 162.44
199.99 189.99 170.99
209.99 199.49 179.54

He-Ne TUBES

STOCK #

LT1001

New, tested 632nm He-Ne laser
tubes ranging from .5mW to 3mw
(our choice). Perfect for hobbyists
for home projects. Because of the
variety we purchase, we cannot
guarantee specific outputs will be
available at time of order. All units
are new, tested, and guaranteed
to function at manufacturers
specifications.

DESCRIPTION

He -He Laser Tube

1-9 10-24 25,

69.99 6&49 59.84

AVOIDER ROBOT KIT
An intelligent robot that knows how
to avoid hitting walls. This robot
emits an infra -red beam which
detects an obstacle in front and then
automatically turns left and con-
tinues on.

STOCK it PRICE
MV912 $43.99

ORDER LINE - (800) 824-3432  INTERNATIONAL ORDERS - (818) 341-8833 a,mr
w' FAX ORDERS - (818) 998-7975  TECHNICAL SUPPORT - (818) 341-8833

 15.00 MINIMUM ORDER  UPS BLUE, RED & FEDERAL EXPRESS SHIPPING AVAILABLE  OPEN MON-FRI 9:00 AM - 6:00 PM, SAT 10:00 AM - 3:00 PM PDT
 CA RESIDENTS ADD SALES TAX  CALL FOR QUANTITY DISCOUNTS  CALL FOR FREE CATALOG (FOR 1ST CLASS DELIVERY OR

CATALOGS DELIVERED OUTSIDE THE U.S. - SEND $2.00)  WE CARRY A COMPLETE LINE OF ELECTRONIC COMPONENTS
'NO SHIPPING CHARGES ON PRE -PAID ORDERS DELIVERED IN THE CONTINENTAL U.S.

CIRCLE NO. 140 ON FREE INFORMATION CARD



And the Winner is . . . Kenneth R. Stoddard

Many thanks to the thousands of you who
responded to the ComputerCraft Reader
Poll in our December 1991 issue. Your re-
sponses were enlightening and will be help-
ful in helping us direct our editorial con-
tent to your needs.

Along with the poll was a drawing
among respondents for a free Tandy 2810
HD Notebook Computer. The winner was

Ken Stoddard of Lathrup Village, MI.
Congratulations, Ken!

Ken used a PC at work, where he
worked as an Employee Benefits Consul-
tant, and at home, where he owns an IBM
55SX computer, IBM VGA color monitor
and an NEC P5 24 -pin dot-matrix printer.
Like most ComputerCraft readers, he has
upgraded his system unit by himself. Ken

Electronics Workbench®
The electronics lab in a computer Tai
Powerful software to build
and simulate analog and
digital circuits.
Building and testing is fast and easy
with Electronics Workbench. Just click -
and -drag with a mouse to add parts, run
wires, adjust instruments. The traces on
the simulated instruments are the same
as you'd get on real equipment.
Electronics 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.,
InfoWorld.

DOS Professional Version - $299*.
Macintosh Version - $199*.
Includes:
 Analog Module: With passive and active

components including transistors, diodes,
and op -amps; a function generator, an
oscilloscope, a multimeter, and a Bode
plotter.

 Digital Module: With gates, flip-flops,
adders, a word generator, and a logic
analyzer.

(416) 361-0333
Interactive Image Technologies Ltd.
908 Niagara Falls Boulevard
North Tonawanda
NY 14120-2060.
Fax (416) 368-5799 INTER

010

CTIVE

Electronics Workbench Professional Version runs on any IBM AT or PS/2 or true compatible with 640 kB RAM; Microsoft -compatible mouse;
EGA/VGA graphics; hard disk; MS-DOS 3.0 or later. Macintosh Version (monochrome only) runs on Macintosh Plus or greater. All trademarks are
the property of their respective owners. 'Prices are in US dollars. Offer valid in the USA and Canada only.

generally works with word-processing,
graphics, spreadsheet and Microsoft Win-
dows software, and buys PC hardware and
software mostly through mail-order
sources, expecting to spend $2,000 to
$4,999 this year for computer -related
equipment and software.

Ken responded to notice of his winning
the Tandy computer with a letter, part of
which follows:

"Thank you again for the computer. It
arrived on January 2. . . and I got imme-
diately into the serious business of playing
with it. It's already pretty well set up the
way I want it.

"You couldn't have picked a more ap-
propriate day to announce my prize. That
date, December 20, 1991, was the date of
my early retirement. When we spoke, I had
been retired for about 45 minutes! In ad-
dition, it could not have been more ap-
propriate as a companion to my wife's
retirement present to me of Davis In-
struments' Weather Monitor II hardware
and Weatherlink software. I'll be moving
to Oregon, where I intend to develop a
weather database so that I can analyze data
relative to planning a vineyard for the pro-
duction of personal wines.

"I also plan to take up flying, using soft-
ware for flight planning, weather briefings
and interfacing with a variety of naviga-
tional instruments, moving -map displays,
etc. The 2810 will be an invaluable tool in
these endeavors.

"Again, thank you for the prize . . we
are excited!"

Good luck, Ken, with your early retire-
ment in your new home and with your new
portable computer. Next month, we'll give
readers the results of our Reader Poll as
a sort of profile of a ComputerCraft
reader. Thanks again to all of you who par-
ticipated in this study.

The Editors

CIRCLE NO. 65 ON FREE INFORMATION CARD
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TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX (512) 637-3264

AltexElectronicsfoc,
TO ORDER CALL 1(800) 531-5369 izMik VISA MasterCard 1

OICO*65(
MAIL ORDER DEPT., 11342 IH-35 NORTH, SAN ANTONIO, TX 78233  (512) 637-3200; HOURS 7AM-7PM M -F, 10-2PM SAT. FAX (512) 637-3264
TERMS: No surcharges on credit cards. For C.0.0 orders add $5. C.O.D. orders are cash or certified check only. Minimum C.O.D order is $25. P.O.'s accepted from approved accounts. Government. Institutional and Corporate
purchase orders welcome. FAX your order for faster service. At orders under $99 will be assessed a $3 handling charge. Orders over $99 or more no handling charges. At shipping charges are
F.O.B. San Antonio, Texas and will be added to invoice. Texas residents add 81.1% sales tax. All returns require RMA# and we ask that allreturns are sent back in the same condition in which you received them. A 15% restocking
fee will be assessed on product that is returned in non -resaleable condition. Prices and product descriptions subject to change. CALL FOR CURRENT PRICING. Products are trademarks of their
respective companies We are not responsible for typographical errors. In a hurry' Federal Express your order: 2nd Day Economy - $8 up to 20lbs Overnight Priority  $17.50 up to 20Ibs

MOTHER BOARDS

Part#
D11 -XT

D11 XT -640

DFI286.12/E

DFI286-16/E

M8386SX

MB386-25

MB386-33C

MB486-33

Description
Turbo 10 MHz Mini XT
Motherboard

Same as D11 -XT
w/640K installed

12 MHz 286 Mini
Motherboard

16 MHz 286 Mini

Motherboard
Turbo 386 16 MHz
SX Motherboard
386 25 MHz

Motherboard

386 33 MHz
Motherboard

486 33 MHz

Motherboard

Each

$69

$109

$99

$109

$229

$369

$459

$799

MEMORY BOARDS
All memory boards come with 0/K. Call for
pricing with memory.

Part#

MEMO -576

MEGALITH

IFC-47A

IFC-60

IFC-60A

IFC-62

IFC-64

Description Each
576K Ramboard $23

Enhanced EMS $119

Memory Board, 4 MEG AT
BOCA 128K AT $79

Memory Board

AT Plus - Up to $119
8 MEG RAM
AT Memory Board $119

8 MEG Using SIMMS
PS -2 MOD 50 $129
60 EMS up to 2 MEG
PS -2 - EMS

up to 2 MEG

$99

IIT MATH CO -PROCESSORS
2C87-12

2C87.20
3C87-16SX

3C87-20SX

3C87-25

3C87-33

For 286 up to 12.5 MHz
For 286 up to 20 MHz
For 386SX up to
16 MHz

For 386SX up to
20 MHz
For 386 up to 25 MHz
For 386 up to 33 MHz

$78

84

109

119

169

179

CALL FOR PRICING ON
DYNAMIC MEMORY

AND MEMORY MODULES

DISK CONTROLLER BOARDS

Part# Description Each
IFC-16 2 Floppy Controller $25

Board XT1AT
IFC-14 2 Floppy Controller $13

Board PC XT
IFC-15 Disk I/O Board Serial, $25

Parallel, Clock, Game PC/XT
IFC-24 Fixed Disk MFM/2 Floppy $55

Controller AT
IFC-26 Floppy, Fixed Disk RLL $59

Controller AT
IFC-27-2 AT 2 IDE, 2.Floppy Controller $19
IFC-27X XT 2/IDE Controller $69
IFC-28 XT MFM Hard Drive $47

Controller Board
IFC-29 RLL Fixed Disk $57

Controller Board PCIXT
IFC-54 Add On Floppy

Board XT/AT
ST -01 8 Bit SCSI Controller $29
ST -02 8 Bit SCSIfloppy

Controller Board
IN -2000 16 Bit SCSI Hard/Floppy

$49

$47

$225

EXPANSION BOARDS

Part#

IFC-12

IFC-12A

IFC-25

IFC-13

IFC-19
IFC-19B
IFC-20

Description
Serial Board PC/XT
Second Serial Port Kit for
IFC-12

2 Serial, Parallel, Game
Board XT/AT
Parallel Board XT/AT
Clock Board PC XT
Chipchip for PC XT
Game Board
XT/AT. 2 Ports

Each

$11

$6

$16

$9

$10

$24

$9

COMMUNICATION BOARDS

Part Description
MS -400A Multi -Serial Board

for PC AT
MS -422A Dual RS -232/422

Serial Card for PC/AT
MU -440 Multi -User Board

Each

$99

$69

$139

VIDEO BOARDS

Part#
IFC-32

IFC-33

IFC-42
IFC-42C

VG -7000

Description
Mono Board
w/printer port XT/AT
Color Graphics
wtrinter port XT AT
640x480 VGA Card
BOCA Super VGA Card
Super VGA w/512K

Each
$16

$25

$69

$159

$139

RELISYS
MONITORS

RM9502

RE -9514

RE1520

Part#

MON-05

MON-06

MON-10

MON-07

Monochrome PS/2 $149
(800 x 350, 400, 480)

Super VGA (1024 x 768) $359
Unlimited Colors
15" Super VGA Monitor $469
Noninterlaced u. to 1024x768

Description
Monochrome TTL
Amber 12"
Paper White TTL 14"

CGA/RGB
(640 x 240) 14"
VGA .41 Dot Pitch
(640 x 480) 14"

$89

$112

$239

$269

PS -150 150 watt XT Power Supply $32

PS-150UL Same as PS -150 - UL Listed $69

PS -200M 200 watt XT power Supply $36

PS-200MUL Same as PS -200M - UL Listed$89
PS -200 200 watt AT Power Supply $42

PS-200UL Same as PS -200 - UL Listed $89
PS -220 220 watt Vertical Case

Power Supply $79
PS-230UL 230 watt Vertical Case $99

Power Supply - UL Listed
PS-200MINI 200 watt Baby Vertical Case

Power Supply $59

DISK DRIVES

---
Part# Description Each
DDD-04 5 1/4 inch DSDD

360K black faceplate $59

5 1/4 inch DSDD
360K beige faceplate $59

5 /4 inch DSHD
1.2MB beige faceplate $59

312 inch 720K beige
wtrkt $68
3 12 inch 1.44MB
beige w/brkt $59

Same as DDH-10 without $55
5-1/4" mounting bracket.

Fits in 3-1/2" bay
AT Drive Rail Kit
12 Height Black
Faceplate

DDD-05

DDH-06

DDH-09

DDH-10

DDH-11

RAIL01

FP-BLK
$1.99

$2.49

3 12" DRIVE MOUNTING KITS
Mounts a 3 1/2" drive in a 5 1/4" half -height
drive bay.
Part# Description Each
5.25KITFD Floppy Drive Kit $9.95
5.25KITHD Hard Drive Kit $9.95

COMPUTER CASES

Part# Description Each

STC-03 Baby AT Case $39

STC-04 Regular AT Case $59

DAB -103 DFI Slimline Case $139
w/200 Watt Power Supply

STC-05 Baby Vertical w 200 Watt S89

Power Supply
STC-08 Medium Vertical Case $119

w,230 Watt Power Supply
CASE-TH8 Regular Vertical

w/250 Watt Power Supply
$249

KEYBOARDS

KBY-60 AT Style 10 Function Keys $19
XT or AT

KBY-39 Enhanced Style $49

12 Function Keys XT or AT
K-156 (XT,AT) $35

101 keys with regular footprint for XT or AT
Size: 20 1/21 x 7 7/8"W x 1 13/16"H
K-160 Narrow Footprint S36

101 keys XT or AT.

Size: 18 1/2"L x 6 1/2"W x 1 5116"H.

K-158 Small Footprint $43
101/102 keys. 22 percent smaller than regular
footprint.

Size: 15 3/4"L x 7 7/8"W x 1 13/16"H.
K-158-1 Small Footprint $47

Spanish Language

HARD DRIVES

Description Each
20 MB MFM 65 MS
Hard Drive 5-1/4"

ST -238 30 MB RLL 65 MS
Hard Drive 5-1/4" $219

ST -251 40 MB MFM 28 MS
Hard Drive 5-1/4" $ 259

ST -157 40 MB 28 MS IDE
Hard Drive 3-112" $199

ST -3096A 80 MB IDE 15 MS
Hard Drive 3-1 2" $309

ST -296N 84 MB SCSI 19 MS
Hard Drive 5-1/4" $369

ST -1144A 130 MB IDE 19 MS $419
Hard Drive 3-1/2"

ST -1239A 210 MB IDE 15 MS $639
Hard Drive 3-1/2"

ST -1239N 204 MB SCSI 15 MS $649
1OMPBS Data Transfer Rate
Hard Drive 3-12"

Part#
ST -225

$199

0
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TO ORDER 1800i 531-5369 FAX 1512 637 3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER 1800' 531-5369
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What's Happening!

New Multimedia PC Specs. The base specification for the
multimedia PC has been modified by the MPC Marketing Council. Now
the minimum configuration is a personal computer with a 386SX
microprocessor instead of the original baseline of a 10 -MHz
802826 microprocessor. Moreover, the market for upgrade kits for
multimedia purposes is expected to be 386DX- and i486 -based.

Good Viruses. Not all viruses are bad, it seems. It has been
reported that the U.S. introduced a virus to Iraq's control -
command defense system --with success --before its initial attack
in the Gulf war.

The National Computer Security Association (NCSA) has
upgraded its security -oriented bulletin board, expanding it to
four dedicated lines. It features information on all known
viruses and a "Virus Door" provides on-line lookup of all common
viruses, nature of their effect, and information on what products
detect and remove it. The BBS at 202-364-1304 operates seven days
a week, 14 hours per day. Non-members can try it out. Set
communication software to N-8-1, dial at 300 to 9600 baud, and
use any password you like when signing on.

A Million Synonyms. Mycrolytics updated its "Word Finder"
electronic thesaurus with "Word Finder Plus." It features one -
million synonyms that requires less than 200K of disk space. The
mew software, which was available initially for Apple Macintosh
computers, employs a powerful linguistic technology called
"autoinflection." This produces the correct grammatical form of a
word for more concise synonym choices. "List" is only $69.95.
Current Word Finder users can upgrade for $19.965 by calling
Microlytics at 1-800-828-6293 or 716-248-9150.

Memory -Card Technology. The PCMCIA's (Personal Computer Memory
Card International Association) new Release 2.0 specification for
the 68 -pin memory card is expected to increased its use for
portable equipment. Fujitsu Microelectronics' IC Division
introduced enhanced memory card design kits that comply with it.
They contain a Fujitsu 68 -pin memory card connector and a
"ThinCard Drive" from Databook Inc, complete with software,
cables and manuals. The drive interfaces to a PC/XT/AT computer.
Product information: 1-800-642-7616.

Computer Speech Doings. Fax -to -voice and E -Mail -to -voice
software was announced by Malibu Software Group, Malibu, CA. The
new software is said to quickly and accurately convert faxes or
E-mail into spoken words. It can be used as a stand-alone system
or integrated into most other voice mail systems. Tel. 213-456-
8940.

Statistics -keeping during professional sporting events may
get a real efficiency boost soon. A prototype conversational
voice interface for capturing, retrieving and displaying
statistics at sporting events has been developed by Applications
Express. It's used in conjunction with voice recognition
equipment supplied by Verbex Voice Systems and STATMAN II from
Play By Play Corp. Coupled with them, the system is reported to
free the announcer to follow each play while simultaneously
capturing statistics in a natural conversational manner.
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R A D I O SHACK
THE PARTS PLACE"

jl

Digital Logic
Probe. The fast
way to pinpoint
problems and
check operation
in all types of
digital circuits.
LEDs and
"beep" tones
reveal logic
states instantly.
Includes own-
er's booklet
with valuable
troubleshoot-
ing tips.
#22-303 .. 16.95

"Business"
Power Cords.
UL listed AC
cords with CEE-
type connector
for many PCs,
printers, moni-
tors, copiers
and test
instruments.

(1) 6 -Ft. Cord
With Right -
Angle
Connector.
#278-1260, 5.99

(2)12 -Ft. CEE
Cord.
#278-1261, 5.99

(3) 6 -Ft. CEE
Extension.
#278-1259, 4.99

12VDC Mag-
netic Buzzer.
Nicer tone
than piezos.
#273-026, 2.19

"Ding-Dong"
Chime. IC and
mini -speaker
entry alerter.
6 to 18 VDC.
#273-071, 8.99

LCD Multimeter With Automatic
Shutoff. We've never seen such
quality and features in a UL -listed
meter priced so low! Full autorang-
ing with manual override, data -hold,
analog bar graph to spot trends, 10
amp and 200 microamp ranges.
71/2" high. #22-167 69.95

Special -Order Hotline
The Radio Shack near you stocks over
1000 electronic components -and
another 15,000 items are available
fast from our special -order ware-
house. Make Radio Shack your com-
plete source for linear and digital ICs,
transistors and diodes, vacuum tubes,
crystals, phono cartridges and styli,
selected computer accessories and
SAMS® service manuals.
There's no postage to pay because we
send your order to the Radio Shack
near you. Delivery time for most items
is about a week. Come in for details.

(6)

6 -Ft. BNC-to-
BNC Patch
Cable. For test,
RP hookups.
#278-964, 5.99

3 -Ft. Cellular
Phone Exten-
sion. Male TNC
to Female TNC.
#278-976, 4.99

Building Power
Supplies. Cov-
ers linear and
switching types
and includes
full construction
plans for five
supplies. 96
pages.
#276-5025, 4.95

Lighted AC
Switch. Panel -
mountable
switch with
heavy-duty
10 -amp rating.
125VAC use
only. Push -on,
push -off action.
Button lights
when on.
#275-671, 3.99

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. Nearly 7000
locations are ready to serve you -NOBODY COMPARES
Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Corporation

Build a Soldering Iron!
(1) "Cool -Grip" Handle. UL listed.
#64-2080 6 49
(2) 23 -Watt Heating Element. UL
listed. (Interchangeable 33W and
45W elements also in stock.)
#64-2081 5 99
(3) Light -Duty Tips for Above. Set
of two. #64-2089 4 99
(4) Vacuum DesolderIng Tool.
#64-2120 6 95
(5). Mini Forceps. Insulated grips.
#64-1910 1 79

(6) Lead -Free Solder. 96% tin, 4%
silver formula. 0.032" size. 0.25 oz.
#64-025 1 99

(7) High -Tech Solder. 63/37%.
0.050" size. 1.5 oz. #64-015 ... 2.49
(8) One -Lb. Electronic Solder.
0.062" size. #64-008 8 99

Battery Guide.
Save money by
choosing the
right battery!
Data on our
top -rated
ENERCELL®
brand plus a
wealth of basic
battery info.
230+ pages.
#62-1304, 5.95

RS -232 Tester.
Dual -color
LEDs monitor
seven data/
control lines to
help you spot
problems
quickly. D -sub
25. Connects
inline.
#276-1401, 14.95

(1) Binding Posts
to BNC Male.
#274 -715 . . . 8.95
(2) Binding Post to
Banana Plugs.
Stackable.
#274-716, Set 4.95
(3) Dual Banana
Plug. Accepts test
probes, wire and/or
banana plugs.
#274-717 .... 2.99

Halogen
Bulbs. Long -
life, brighter -
than -original
replacements
for your flash-
light or lantern.

HPR50. 6V for
4 -cell flashlight
or 6V lantern.
#272-1189, 3.95

HPR52. 3V for
2 -cell flashlight
or 3V lantern.
#272-1190, 3.95

3" Brushiess
12VDC Fan.
Best choice for
cooling mobile
equipment or
hum -sensitive
circuits. Low
noise level-
34dB max. 27
CFM airflow.
#273-243, 14.95

High -Speed
12VDC Motor.
Up to 15,200
RPM at no load.
Ideal for sci-
ence projects
and robotics.
About 2" long
(including shaft)
by 1" diameter.
#273-255, 2.99

Set of 100
Ceramic Disc
Capacitors.
Popular values
at a bargain
price. Ratings
up to 1000
WVDC. (Big se-
lection of resis-
tor assortments
in stock, too!)
#272-801, Set 1.98

Deluxe Breadboard. Our best!
Molded 21/4 x 61/2" board is mounted
on a 7 x 4" steel base with stabilizing
rubber feet. Features 640 plug-in
points and three binding posts.
#276-169 19.95
Breadboard Jumper Wire Kit In-
cludes 140 insulated, preformed,
stripped wires in a snap -shut plastic
box. #276-173 Set 4.95

Radio ihackSINCE 1921

AMERICA'S TECHNOLOGY STORE s'
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What's New! By Peter P. O'Dell

Epson SX Computers
Epson has two new machines in
its desktop line, the Equity
486SX/25 Plus and 386SX/ 16
Plus. The 486SX/25 Plus,
based on the Intel 25 -MHz
486SX CPU, has 4M of RAM
(expandable via SIMMS to
16M), 32K cache, 200M hard
drive, 1.4M floppy drive, AT -

style keyboard and integrated
VGA/serial/parallel/mouse
ports. Two external and one in-
ternal drive bays are open and
available for expansion. The
unit comes with MS-DOS 5.0,
Windows 3.0, Asymetrix Day-
book and Bitstream Facelift in-
stalled. $4,959.

The 386SX/16 Plus is based
on the 16 -MHz 386SX CPU
and features 2M of RAM (ex-
pandable via SIMMS to 24M),
1.4M and 1.2M floppies, 40M
hard drive and the same bun-
dled software. $2,050. Epson
America, Inc., 20770 Madrona
Ave., Torrance, CA 90509-
2842; tel.: 1-800-922-8911.

CIRCLE NO. 10 ON FREE CARD

Data Acquisition
Prairie Digital's model 30 is a
low-cost data -acquisition and
control system for XTs and
ATs (ISA/EISA bus). It fea-
tures 24 lines of programmable
TTL-level I/O, eight -bit A/D
converter, eight -channel ana-
log multiplexer for A/D sig-
nals, 12 -bit CMOS counter, 30 -
volt, 0.5 -ampere open -collec-
tor driver option, easy interface
to all popular programming
languages, quarter -slot plug-in
card and sample program on
SY " floppy. Digital I/O is in 24
bits, arranged as three eight -bit
groups (Ports A, B and C);
Port C can be divided into two
four -bit ports. The board is

PC/AT Breadboard
TMC's Pcat Interface Designer
and Breadboard System plugs
directly into an AT bus slot and
can be used in building and
testing interfaces. It allows ac-
cess to all AT bus signals using
solderless tie -point blocks. Cir-
cuit assembly is on two high -
quality solderless breadboard
sockets. The isolation card buf-
fers and isolates all internal
IBM/AT bus signals. Address
and data bus drivers isolate the
bus from external circuits and
eliminate the need to construct
bidirectional drivers common
in I/O and memory circuits.

This approach doesn't restrict
you to a particular port or
memory address and permits
master/slave co -processing.
$495. TMC, Inc., 20 South
Lakeshore Dr., Brookfield,
CT 06804; tel.: 203-775-5167;
fax, 203-740-9313.

CIRCLE NO. 11 ON FREE CARD

Time -Delay
Surge Suppresser
The Power Pause surge sup-
presser from Tripp Lite pro-
tects electronic equipment
from unstable or extreme over -
voltage conditions that often
occur when power is restored
after a blackout, as well as
against typical voltage spikes.
After -blackout protection is
accomplished with a time -delay
relay that waits five seconds be-
fore reconnecting to the ac line.

The Power Pause is an at-
tractive, compact unit that fea-
tures direct plug-in connection.
Two protected outlets are rated
at 15 amperes. A green light in-
dicates that the unit is function-
ing properly. The Power Pause

is UL 1449 listed. $70. Tripp
Lite, SOON. Orleans, Chicago,
IL 60610-4188; tel.: 312-329-
1777; Fax: 312-644-6505.

CIRCLE NO. 12 ON FREE CARD

configured using a fourth con-
trol port.

A/D has eight -bit resolution
and a 0 -to -5 -volt scale. Input
range for the counter is 0 to 5
volts in a user -configurable
CMOS circuit. $79. Prairie
Digital, Inc., 846 17th St., Prai-
rie du Sac, WI 535 78; teL /fax:
608-643-8599.

CIRCLE NO. 14 ON FREE CARD

Math Program
Update

CompMath version 2.0 from
BSOFT Software is a menu -
driven mathematics program
with enhanced graphics. It is
useful in the areas of General,
Complex, Matrix, Engineering
and Statistical Mathematics.
Requirements are an IBM/
compatible computer, 256K
RAM, DOS 2.1 or later and a
graphics adapter. $39. BSOFT
Software, Inc., 444 Cotton
Rd., Columbus, OH 43207-
3902; tel.: 614-491-0832; Fax:
614-497-9971.

CIRCLE NO. 15 ON FREE CARD

PC Power Module
The Intelligent Power Module
from Server Technology Inc. is
a computer -activated power
module that sits in -line between
an ac wall outlet and a power
strip. It accepts signals from a
PC serial or parallel port to
turn on/off ac power. This
product was designed for use
with computers assigned to un-
attended operation. By placing
the power OFF command at
the end of a batch file used to
run unattended operations, a
PC can shut itself down when
the job ends. A PC with multi-
ple ports can be used to control
other equipment, turning it off
and on via additional modules.
The Intelligent Power Module
ships with software and a signal
cable. $59. Server Technology
Inc., 2332-B Walsh Ave., San-
ta Clara, CA 95051; tel.: 800-
835-1515.

CIRCLE NO. 13 ON FREE CARD

Multi I/O Box
Connect Tech has a new I/O
connector -box option for its
product line of intelligent and
standard multi -port serial com-
munications adapters. These
adapters currently ship with
four- or eight -port cable har-
ness assemblies. The I/O con-
nector box option provides
such features as an external
eight -port connector box, both

RJ -45 and female DB-25 con
nectors, connector configured
as DCE, connection to the In-
tellicon and DFlex communi-
cations adapters and a variety
of installation configurations.
Connect Tech Inc., 18-340
Woodlawn Rd. W., Guelph,
Ontario, Canada NIH 7K6;
tel.: 519-836-1291; fax: 519-
836-4878.

CIRCLE NO. 16 ON FREE CARD
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EASY TO USE CAD TOOLS

SUPERSKETCH

PCB II

Easy to Use PC Software - ICON Based
Ultra Fast Performance - Mouse Driven
Complete With Advanced Editing Tools
Output to Printers, Plotters & Lasers

PCB BOARD DESIGN
Full range of products available from entry level
through to auto routing.

SCHEMATIC CAPTURE
A family of products that feature modern graphical
user interface & an intelligent diagram editor.

PCB II or SUPERSKETCH $1 49 us !!!
R4 SYSTEMS Inc.
P.O.Box 451
West Hill, Ontario
Canada M1E 4Y9
(416) 439-9302

Download DEMO from BBS at 416 289-4554 (2400/8/N/1)

Free Evaluation Package

Write or Call Today

CIRCLE NO. 81 ON FREE INFORMATION CARD
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MAXI INTERNATIONAL CORP.

MODEL 2120
Oscilloscope, 20 MHz,
Dual Trace.
REG. $549.00
SALE $Call For Quote!

MODEL 1541A
Oscilloscope, 40 MHz,
Dual Trace.
REG. $1345.00

SALE $Call For Quote!

MODEL 2160
Oscilloscope, 60 MHz,
Trace w/Delayed Sweep.
REG. $1099.00
SALE $Call For Quote!

MODEL 2501
Digital Storage Adapter
Converts Your Analog Scope
To Digital Storage!
REG. $357.00
SALE $299.95

MODEL 2522
DSO, 20 MHz, 10 MS/s,
2K Memory/Channel.
REG. $995.00
SALE $836.95

9995
MODEL 388 -MD

Test Bench
REG. $129.00

lil4Products International a OEM,
8931 Brookville Rd, Silver Spring MD 20910
800-638-2020 * 301-587-7824 * FAX 800-545-0058

PRINT ife) A
MasforCard

V

CIRCLE NO. 80 ON FREE INFORMATION CARD

Low -Cost MIDI
PAIA Electronics' PCM68
MIDI interface is designed in
the currently popular UART
style and is supported by ma-
jor publishers of MIDI soft-
ware. A second MIDI port ex-
pansion option is available for

$15. The PCM68 is available in
both kit and factory -assembled
and tested versions. A starter
set that consists of the PCM68
and Voyetra's Sequencer Plus,
is also available. $50, kit; $60,
assembled, $99, set. PAIA
Electronics, 3200 Teakwood
Lane, Edmond, OK 73013;
tel.: 405-340-6300.

CIRCLE NO. 25 ON FREE CARD

The Stephen Cobb
Complete Book Of
PC And LAN Security
By Stephen Cobb
(Windcrest/McGraw-Hill.
Soft cover. 556 pages.
$24.95.)
Most of us are absurdly com-
placent about computer se-
curity. "It's something that
only networks must be con-
cerned with." Or, "I've never
had a virus. The virus scare is
just groundless panic." And
so on. According to Cobb,
such a view is shortsighted.
He poses a rhetorical ques-
tion in Chapter 1, "Next
Monday morning you arrive
at work to find the office in
chaos. There has been a
break-in. Your PC has been
stolen. What is your first
thought?" Do you have rec-
ords of the serial numbers?
When did you last make
backups? Any mention of

credit card numbers? Pass-
words to on-line services?
These questions just scratch
the surface of the problem,
but Cobb covers computer se-
curity in detail.

Cobb sees computer secur-
ity ranging from the obvious
(theft and viruses, for in-
stance) to issues far less ob-
vious with subtle implica-
tions. For instance, he de-
votes an entire chapter to
software piracy and the
threats it poses to a company.
Other topics covered include
securing hardware, keeping
computers running, control-
ling computer access, con-
trolling file access, file back-
up, network security and
hacking.

The approach to preventa-
tive measures in this book is
as practical and unclouded as
the author's vision of the
problems. He suggests that
you should familiarize your-
self with the basics of DOS

and use the tools available for
enhanced security before in-
vesting in expensive alterna-
tives. Some of the security
measures he suggests actual-
ly require no hardware. For
example, would you permit a
temporary employee from an
agency to update your payroll
files? If a floppy is damaged,
what's the best method for
disposing of it? At the other
end of the spectrum is a dis-
cussion of network security
software and hardware.

The author covers both
IBM -type and Macintosh
computers. Although the
dustcover blurb and title
make the book sound like an
esoteric treatise useful to only
LAN and MIS managers, this
volume will be of value to
anyone who makes signifi-
cant use of a personal com-
puter. Cobb's writing style is
clear and upbeat. In spite of
the daunting title, it's a fun
book to read.
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What's New! A
A' Lft

ELECTRONIC
COMPONENTS
<I Whether you order 1 part or

ELECTRONICS
Sales & Stocking Locations Nationwide

CIRCLE NO. 74 ON FREE INFORMATION CARD

Software For Home
Radio Shack has upped the
ante in the "home computer"
wars with Automatic House
Companion software and
Plug'n Power computer inter-
face. The software lets users set
and control electric lights, ap-
pliances and security devices
throughout the home. They
can establish daily routines or
schedule events for a specific
time of day or day of the week.
With Plug'n Power remote
modules, Automatic House
can handle up to 128 separate
time events and control as
many as 256 modules. The pro-
gram runs on any Tandy or
IBM-compatible computer and
requires MS-DOS and Desk -
Mate 3.0 or later.

Automatic House has three
primary functions: Floor Plan,
Routine Maker and Schedule
Manager, that you use to
graphically program the Plug
'n Power Interface through the
computer serial port. After
programming the interface,

you can detach it from the com-
puter and then use it for other
purposes or turn it off. $70.
Radio Shack, 700 One Tandy
Center, Fort Worth, TX 76102.

CIRCLE NO. 17 ON FREE CARD

On the health front, DINE
Windows 3.0 andMacDINEli
from DINE Systems are de-
signed to help you create com-
plete nutrition and fitness pro-
grams that meet individual
needs. Using food records, ac-
tivity records, diet analysis and
a proprietary scoring system,
you can improve nutrition and
lose weight by becoming aware
of and altering your eating pat-
terns. These programs feature
expandable food databases
with 5,656 brand -name, gener-
ic, ethnic, processed and fast
foods. Each food record con-
tains the number of calories
and amount of major nutrients
in it. DINE Systems, Inc., 586
North French Rd., Amherst,
NY 14228; tel.: 716-688-2492;
fax: 716-688-2505.

CIRCLE NO. 18 ON FREE CARS

Multi -Media
Workstation
The Imagination Station from
CCSI is a 12 -slot, 33/50 -MHz
multi -media workstation. This
new product line provides both
NTSC and S -video input and
output ports to facilitate over-
laying or mixing of external
video sources with text, graph-
ics and animation created with-
in the workstation. Additional
NTSC and S -video ports pro-
vide for digitizing video images
from such external sources as
camcorders, laser disks, video
tapes and video still cameras.
Ports are available for record-
ing and playback of digital ste-
reo audio for voice-overs,
music and sound effects.

The workstation features
4M of RAM (expandable to

64M), a 200M hard drive, 1.2M
and 1.44M floppy drives, CD-
ROM drive and library, NMB
101 -key keyboard, DOS 5.0,
mouse and 400 -watt power
supply housed in a heavy-duty
tower case. The Imagination
Station arrives with a full com-
plement of multi -media soft-
ware already installed. Com-
puter &Control Solutions Inc.,
1510 Stone Ridge Dr., Stone
Mountain, GA 80083; tel.: 404-
492-1131; fax: 404-493-7033.

CIRCLE NO. 19 ON FREE CARD

Semiconductors
On A Disk
SGS-Thomson's new semicon-
ductor selection guide comes
on an IBM/compatible disk
and works with virtually any
computer configuration. It
provides users with complete

selection information and pric-
ing for SGS-Thomson's semi-
conductors. It is designed spec-
ifically for engineers who make
design -in choices. CyberSoft,
Inc., 1820 W. Drake Dr., Suite
108, Tempe, AZ 85283-4312;
tel.: 602-491-0022.

CIRCLE NO. 21 ON FREE CAKD

CIRCLE NO. 51 ON FREE INFORMATION CARD
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SOUND MASTER®
THE MOST COMPATIBLE PC -AUDIO CARD NI THE WORLD

 100% AdLib'" compatible. 11 Voice
FM Music Synthesizer.

 Exclusive SMULATOR- sound file
conversion software. Operates "Sound
Blaster compatible titles - WITH
IMPROVED SOUND QUALITY!

 VOICE COMMAND SOFTWARE.
 Covox Voice Master®, Speech Thing®,

MIDI Maestro- compatible.
 8 bit DMA sound digitizer. Sample

rates to 25Kbytes/sec with "direct to
disk" recording and playback option.

 MIDI Interface with simultaneous input
and output. Includes PC-LYRA- music
composition software .

 4 -watt (peak) audioemplifier with
adjustable volume control.

II

 Internal PC speaker supported.
Improves sound from any software
using the PC's internal speaker.

 Audiophile sound quality. Low noise,
precision engineered electronics.

 Extensive software tools and support,
including digital audio compression
and editing utilities.

 Supported by the largest library of
software titles in entertainment,
business, music, and education.

 Dual 3 -inch speakers,6 foot MIDI
cable, and internal speaker bypass
connector included.

 Made In USA by Covox - THE
microcomputer audio specialist since
1975.

Your Best Choice for Multi -Media Sound
ONLY $229.95 (plus $5 shipping & handling)

ORDER HOTLINE: (503) 342-1271 M -F 8 AM TO 5 PM PST. VISA, MC,
AMEX phone or FAX orders accepted. NO CODs. 30 day money back
guarantee If not satisfied. One year warranty on hardware.

TRADE -UP OFFER: Your current PC sound card brand is worth $$$
toward the purchase of a Sound Master II. Contact Covox for details.

CALL OR WRITE FOR FREE PRODUCT CATALOG
irocovox iNC. 675 Conger Street  Eugene, OR 97402

Phone (503) 342-1271  FAX 503-342-1283t 4V0
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MODEL DESCRIPTION

V-212
V-660

V-1060

8-10658

VC -6023
VC -6024
VC -6025

VC -6045

VC -6145

Analog Oscilloscopes

20 MHz, Dual Channel
60 MHz, Dual Channel, Delayed Sweep,
CRT Readout
60 MHz, Dual Channel, Delayed Sweep,
CRT Readout, Cursor Measurement, Counter
100 MHz, Dual Channel, Delayed Sweep
CRT Readout
100 MHz, Dual Channel, Delayed Sweep,
CRT Readout. Cursor Measurement, Counter

Digital Storage Oscilloscopes

20 MHz, 2 Ch, 20 MS/s, 2 KM/Ch, RS -232

50 MHz, 2 Ch. 20 MS/s, 2 ICW/Ch, R5-232
50 MHz. 2 CH, 20 MS/s, 2 KW/Ch, Sweep

Autorange, RS -232
100 MHz, 2 Ch, 40 MS/s, 4K Mem, Sweep

Autorange, RS -232
100 MHz, 4 Ch, 100 M5/s, 4K Mem, Sweep

Autorange, RS -232

PRINT TM,;..at116. -

%enema'
Products International
8931 Brookville Rd, Silver Spring MD 20910
800-638-2020 * 301-587-7824 * FAX 800-545-0058

MODEL

V-212

REGULAR
$525.00

SALE

$419.95

REGULAR SALE

525.00 419.95

1345.00 1045.95

1545.00 1285.95

1645.00 1365.95

1895.00 1645.95

1995.00 1689.95
2295.00 1989.95

2595.00 2189.95

3395.00 2989.95

5295.00 4489.95

MatlerCorel
=

V/S.4
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Dust Repellent
TORNADO, a dust removal
system, and WIPES, cleaning
cloths with LintBlock Protec-
tion, join flagship STATX (a
dust -repellent cleaner and anti-
static protector) in the STATX
Brands Co. line of high-tech
cleaning products. TORNA-
DO directs a powerful blast of
air to clear dust and lint from
hard -to -reach areas through its
nozzle or with its supplied ex-
tension tube. WIPES are reus-

able lint -free and non-abrasive
cleaning cloths. These products
are available separately or in a
combination pack priced at
$19. STATX Brands Co.,
RTW International Corp.,
1110 Lake Cook Rd., Buffalo
Grove, IL 60089; tel.: 708-
520-0007; fax, 708-520-1951.

CIRCLE NO. 22 ON FREE CARD

Low -Cost Network
Server Technology's Easy -
OFFICE Network is said to be
an easy -to -install resource -
sharing network that averages
less than $99 per IBM/compat-
ible computer installed. In ad-
dition to normal printer shar-
ing, E-mail and file -transfer
capabilities, it incorporates a
smart communication port
that allows a single modem to
support both inbound and out-
bound calls. The network can
be expanded to support up to
32 systems.

EasyOFFICE requires no
network operating system,
trained consultant or adapter

cards. Using telephone -style
cables with snap -on connec-
tors, each computer, modem,
printer and plotter in the net-
work connects directly to the
control unit via the computer's
serial port. File transfers occur
at speeds up to 115KB. $500,
four -computer package; $750,
eight -computer package. Ser-
ver Technology, Inc., 2332-B
Walsh Ave., Santa Clara, CA
95051; tel.: 408-988-0142; Fax:
408-988-0992.

CIRCLE NO. 23 ON FREE CARD

Heavy -Duty DMM
Fieldpiece Instruments has
added models HB75 and HB77
to its heavy-duty HB70 series
of multimeters. The meters in-
clude a variable -pitch tone, a
logic probe and 600 -volt fusing
on all current jacks. Variable -
tone pitch is useful for spotting
intermittents while wiggling
suspect connections. The 20 -
MHz logic probe responds with
both visible and audible indica-
tors. Both meters can measure

capacitances up to 200µF, cur-
rent from 200 µA to 20 am-
peres, voltages from 0 to 1,500
volts dc and 1,000 volts ac.

The meters are manual rang-
ing on voltage. The HB77 mea-
sures true-rms ac voltages and
currents. Both meters incorpo-
rate Valox housings to protect
against drops, "0" rings to
seal the housing and MOVs to
protect against transients. Both
measure 6%" x " x 1%".
HB-77, $179; HB-75, $139.
Fieldpiece Instruments, Inc.,
8322B Artesia Blvd., Buena
Park, CA 90621; tel. /fax: 714-
992-1239.

CIRCLE NO.24 ON FREE CARD
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Application By Jan Axelson

Networking Basics

How circuits talk to each other to keep computers
in communication

Many computer -controlled de-
vices can act as independent,

self-contained units. However, some-
times computers need to be able to ex-
change information, to send or receive
instructions, or communicate with
each other in some way. For example,
a scientist studying tomato varieties
might want to grow the plants in a se-
ries of enclosed boxes, with tempera-
ture, light intensity and duration, air
flow and humidity controlled individ-
ually in each box. To do so, each box
could have its own microcontroller
that controls lamps, heaters, fans and
so on according to preset conditions.

Now what if the scientist wants to
monitor and vary the conditions in
each box from a central location, or
vary the environment in one box ac-
cording to conditions in another? This
is a job for a network, where each mi-
crocontroller can act independently,
yet can exchange information with the
others. This is just one example of the
many uses for networks.

This month we'll look at microcon-
troller networking: when and how to
do it, with a look at an efficient nine -
bit network you can implement using
hardware and software from Cime-
trics Technology. As usual, my focus
will be on single -purpose or embedded
microcontroller projects you might
design and build yourself, rather than
on applications limited to general-pur-
pose personal computers.

Networking is one of the more -chal-
lenging microcomputer projects. In-
stead of just building and program-
ming a single device, you have to get
two or more devices working, and
then get them working together, with
all of the quirks of serial communica-
tion thrown in. The result-devices
that can communicate and interact-
is rewarding, with the rewards usual-
ly well-earned.

When to Network

A network is a solution if you need to
send and receive complex information
over distance (typically from several
feet to several thousand feet), especial-
ly if there are more than two devices,
or nodes, that need to communicate.
A microcontroller, keypad and simple
display don't normally require a net-
work, since distances are short and the
keypad and display can interface di-
rectly to pins on the microcontroller.

But what if you want to enter infor-
mation at a keypad at one location and
have a circuit at another location re-
spond? You can design a network so
that one device sends commands like
"Decrease humidity by 10%," or
"Send me the sensor readings from
yesterday," or whatever it is you want
to accomplish, and the receiving de-
vice will interpret the commands and
execute them.

To establish a network between two
or more computers, you need three
things: a physical path for the data to
travel on, hardware interfaces to con-
nect the network devices, or nodes, to
the communications path and a soft-
ware protocol, or set of rules, that en-
ables the nodes to understand the in-
formation carried by the network.
Let's look at each in turn.
 Physical Path. The physical path for
the data is usually copper wire, though
it doesn't have to be. Fiber-optic cable
or transmission through the air on ra-
dio or infrared signals are other pos-
sibilities. In this article, we'll stick with
copper -wire networks and leave more
exotic media for another time.

To save on cabling expense, net-
works use serial communications. In-
stead of using eight conductors to send
a byte of data (one conductor for each
bit), the transmitting computer sends
bits out one by one onto a single pair

of wires. The receiving computer cap-
tures the bits as they arrive and con-
verts them back into parallel data for
processing.

A common, low-cost form of net-
work cabling is the twisted pair, which
consists of two insulated conductors
twisted around each other once every
few inches or so. Twisting helps to
reduce electrical noise induced by
changing magnetic fields. You can
buy twisted -pair cable or twist your
own pair of conductors using ordinary
hookup wire. To prevent r -f interfer-
ence caused by the network and pro-
tect the network from electromagnetic
interference (emi), use shielded cable
and connectors with shielded metal
head shells.

Network transmissions can be half -
duplex or full -duplex. In half -duplex
communication, data travels in one di-
rection at a time over the same conduc-
tors. In full -duplex communication,
transmitting and receiving use sepa-
rate conductors, and both can occur
at the same time.
 Hardware Interface. On the trans-
mitting end, the hardware interface
must convert the data into a format
suitable for transmitting and send the
data onto the network with enough
power to assure that it arrives in good
shape at the other end. The receiver's
hardware interface has to convert the
received signals into a format that the
receiving computer can accept and
understand.

A UART (universal asynchronous
receiver -transmitter) normally han-
dles the task of converting between a
microcomputer's parallel data and the
network's serial data. The UART also
adds and removes the start, stop and
parity bits used in serial communica-
tion. All personal computers with a
serial port contain a UART, as do
many single -chip microcomputers.
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Fig. 1. Texas Instruments TS176 transceiver chip interfaces an 8031 microcontrol-
ler's serial port to an RS -485 network.

The UART's serial input and out-
put are normally compatible with TTL
or CMOS logic. This is fine for inter-
facing between chips on a circuit
board, but for network transmission
over greater distances, drivers with
more power are required.

One interface standard especially
suited for microcomputer networking
is RS -485. Like its RS -232 and RS -422
predecessors, RS -485 is a standard
drawn up by the EIA (Electronic In-
dustries Association). The EIA is an
association of private industries that
develops standards like these, with the
goal of eliminating the expense and
confusion that result when each or-
ganization designs its own way of per-
forming a common task (like serial
communications).

RS -485 communication permits up
to 32 receivers and transmitters (but
only one transmitter at a time), cable
lengths up to 4,000 feet in length and
speed up to 10M bits per second (but
not at maximum cable length and
maximum speed). It requires only a
single + 5 -volt supply and uses differ-
ential transmission, where signals are
measured as the voltage difference be-
tween two signal conductors, rather
than as the difference between a signal
conductor and a common ground.
Differential transmission tends to re-
ject noise and, thus, allows transmis-

sion over greater distance.
In contrast, RS -232 was intended

for communication between just two
devices, at a maximum bit rate of
20,000 bits per second and, because it
doesn't use differential transmission,
limits cable length. RS -422 is similar
to RS -485, but allows only one trans-
mitter and ten receivers.

See "PC Serial Communications"
in the September 1991 issue of Com-
puterCraft for more on differential
transmission, UARTs and RS -422.
The text of the RS -485 standard is
available from Global Engineering
(see Sources box) for a steep price of
$45 for a 27 -page document.

Figure 1 shows an RS -485 interface
to an 8051 microcontroller. The inter-
face uses a Texas Instruments 75176
transceiver chip, available from Jame -
co and other sources. The chip con-
tains a three -state differential line
driver, or transmitter, and differen-
tial -input line receiver, with an active -
high enable (DE) for the driver and an
active -low enable (RE) for the receiver.
By tying DE to RE, you get a single di-
rection -control line, high enabling
transmit and low enabling receive.

The DE, RE, D and R pins are TTL-
compatible, with low inputs of 0.8 volt
or less, and high inputs of 2 volts or
more. On the RS -485 side (pins A and
B), a valid logic level is indicated by a

difference (A to B) of 0.2 volt or more,
with a logic high occurring when A is
greater than B and a logic low occur-
ring when A is less than B.

Figure 2 shows multiple RS -485 de-
vices connected to form a network.
These are the requirements for the
interconnection:

(1) Wire the transceivers directly to
the network wires, or connect them via
short stubs (such as pc -board traces
from the transceiver chips to the net-
work connectors). You can use twist-
ed -pair cabling.

(2) Add a 120 -ohm termination re-
sistor across the signal conductors at
each end of the network. No matter
how many nodes you have, there
should be just two terminating resist-
ors, one at each end of the network.

(3) Keep track of which conductor
is which, and don't cross -connect con-
ductors. On 75176s, one conductor
connects to all inverting inputs (pins
7), the other to all noninverting inputs
(pins 6).

(4) Provide a common return path
for all nodes, to prevent large and pos-
sibly damaging ground currents from
developing due to differences in
ground potentials among the nodes.
You can achieve a common ground by
connecting signal ground at each node
to a common earth ground or by add-
ing a third, common, ground conduct-
or to the network cable. If you use the
third conductor, connect it through
100 -ohm current -limiting resistors to
signal ground at each node.

(5) Ensure that the network is biased
to a high state when idle to prevent
spurious signals from being interpret-
ed as data. In Fig. 2, the 560 -ohm re-
sistors in series with the two parallel
120 -ohm resistors bring the "A" line
about 250 millivolts more positive
than the "B" line, which the transceiv-
ers interpret as a logic high. A properly
designed network should have only
one biasing circuit.

If your network requires more than
32 transceivers, you can use repeater
chips, such as Texas Instruments'
75177 and 75178, to extend it.

Protocols
Once your nodes are interconnected,
they need to be able to understand
each other. The control program
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+5V

560

NODE #1

(8051. HCII.
ZI80. etc.)

75176

serial out

serial in

120

transmit control DE
560

receive control RE 100

NODE #2

(8051. HCII.
ZI80. etc.)

75176

serial out

serial in

transmit control

R

D

B
7

receive control R 100

NODE #N

(8051. HCII.
ZI80. etc.)

serial out

serial in

transmit control,

receive control

ground wire
(unneeded if all nodes
connect to a common
earth ground)

75176

R

DE

RE

\./ \/
up to 32

nodes total

/N /N

120

100

Fig. 2. Up to 32 devices can be connected in an RS -485 network on a single pair
of conductors. This example shows a half -duplex network in which data travels
in both directions but in only one direction at a time over two conductors.

stored in each node must carry out sev-
eral functions, among which are:
 Configure the serial port (bit rate,
number of start and stop bits, etc.) to
a common standard.
 Detect and process incoming mes-
sages.
 Ensure that the node doesn't try to
transmit when the network is busy.

 Handle transmission errors and oth-
er problems.

These are in addition to the fact that
each node will be busy with its own
tasks, with the network interface as a
sideline! Now let's look at each func-
tion in turn:
Function 1: Configure the serial port.
With RS -485, as with all asynchro-

nous serial communications, all nodes
must agree on bit rate, number of start
and stop bits and parity type. This is
usually done by programming the
microcomputer's registers. For ex-
ample, in the 8051, the SCON and
TCON or T2CON registers control the
bit rate and number of bits per frame.
Function 2: Detect and process mes-
sages. The control programs at each
node also must watch for incoming
messages, interpret them and act on
them if required.

First, each node must be able to de-
tect when a message has been received.
Two ways to do this are by interrupts
and by polling.

With an interrupt, the program
branches automatically to a subrou-
tine whenever a byte is received at the
serial port. In the 8051, serial -port in-
terrupts are enabled by setting a bit in
the IE register.

With polling, the program must
check periodically to see if a byte has
been received and, if so, branch to a
subroutine. In the 8051, reception of
a byte can be detected by checking the
RI bit in the SCON register.

Since most networks have several
nodes, each node must be able to de-
tect whether a message is meant for it-
self or another node. If it's for another
node, the message is ignored. Other-
wise, the node must interpret and act
on the message.

One efficient way of identifying the
target node is to use a standard mes-
sage format. For example, all nodes
might be programmed to expect mes-
sages that are 15 bytes long, with the
first byte in each message identifying
the node for which the message is
meant. This way, each node needs
only to examine the first byte of a
message to determine whether or not
the message is intended for itself. It
then can act on or ignore the next 14
bytes as appropriate.

A standard message format can in-
clude other information at specific lo-
cations, such as the sender's node, er-
ror -checking information or message
length (for varying -length messages).
Function 3: Ensure that two or more
nodes don't try to transmit at once.
Otherwise, the result is a garbled mess.
There are several ways to keep things
under control. Three common proto-
cols are master/slave, token passing
and collision detection.
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Master/slave is simplest. In this
type of network, one computer is des-
ignated the master, the others as
slaves. The master controls all net-
work communication, and a slave can
transmit only when the master re-
quests a response from it. For exam-
ple, a master might send a message to
Slave 1, asking it to transmit a read-
ing from a sensor. The master can then
process the information received from
Slave 1 and send a message to Slave 2,
requesting it to increase or decrease
light intensity in response to the sen-
sor reading. Slave 2 might respond to
the master by acknowledging that it
has received the message and has taken
the requested action.

To give everyone a chance to trans-
mit, the master can poll each slave per-
iodically by sending a message asking
if it has anything to send.

Master/slave protocol keeps every-
thing under tight control, but with a
sacrifice in speed, since slaves have to
wait to be polled by the master, and all
messages must funnel through the
master because slaves can't talk to
each other directly.

With token passing, there's no fixed
master. Any node can act as the mas-
ter, but only one at a time. The master
is whoever possesses the token, which
may be indicated by receiving a pre -de-
fined message. When a node receives
the token -passing message, it knows
it must transmit next.

Token passing is more flexible than
master/slave, since nodes can commu-
nicate directly. But token passing is
more difficult to program.

A final way of controlling a net-
work is with collision -detection. With
this protocol, any node can decide on
its own to transmit. If two nodes de-
cide to transmit at the same time, they
must detect the collision (noise) that
results and either wait and try again la-
ter or have some way of deciding who
wins the right to transmit.

Collision detection can work well if
the network is lightly used, resulting
in few collisions. But it's the most
complex protocol to implement and
becomes less and less efficient as net-
work traffic increases.
Function 4: Handle errors. Each node
should be able to handle transmission
errors without causing the network to
go wild or grind to a halt. For exam-
ple, each node should know what to

Fig. 3. Cimetrics Technology's NBS-10 card contains an 82510 serial controller
and RS -422/485 interface for networking.

do if it receives an unintelligible mes-
sage or no response to a request.

To help detect messages that don't
arrive intact, the transmitting node
can add checksums or other error -
checking information to the messages.
The receiving node must then deter-
mine if there has been an error. If so,
it must know what to do (request a re-
peat transmission, for example).

Nine Bit Networks
Cimetrics Technology has developed
a set of hardware and software net-
working tools for microcontrollers.
All are based on a nine -bit protocol
that's supported by many chips, in-
cluding Intel's 8051, 8096 and 80C186;
Motorola's 68HC05 , 68HC11,
68HC16 and 68332; Zilog's Z180 and
Super8; Hitachi's HD64180; Texas In-
struments' TMS7002/7042; and Na-
tional's COP888CG, COP884CG and
HPC46000.

With Cimetrics' products, you can
do the following:
 Use a personal computer as a master

in a microcontroller network.
 Use a personal computer to help de-
velop and debug a microcontroller
network. (After debugging, the per-
sonal computer can be removed from
the network.)
 Use Cimetrics' code as a base for de-
veloping custom microcontroller net-
work programs.

Applications for Cimetrics' prod-
ucts have included home control, ac-
cess -card security systems, point -of -
sale terminals, waste -water treatment
systems and energy management.

Nine -bit networks have one big ad-
vantage. They free the nodes from
having to examine (or at least recog-
nize) each and every transmission on
the network, to ensure that they don't
miss any messages meant for them. If
the nodes are busy with their own
tasks, they can't afford to spend all
their time listening on the network,
just waiting until a message is ad-
dressed to them.

In a nine -bit network, the nodes use
a ninth bit to signify whether a frame
(nine bits plus a start and stop bit) con -
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tains a node address or data, with a 1
indicating an address and a 0 indicat-
ing data. The microcontrollers are
configured to ignore all frames until
an address frame is received. When an
address frame is sent, an interrupt oc-
curs and all nodes examine the ad-
dress. When a node recognizes its own
address, it processes the data frames
that follow. Otherwise, the data
frames are completely ignored.

Some devices, like Intel's 83C51FA,
have automatic address recognition,
which automatically recognizes one
address. With this feature, no inter-
rupts are generated unless a message
is addressed to that node.

Cimetrics has written software rou-
tines for nine -bit communications for
the 8051 and other microcontrollers,
including the HC11 and Z180, with
more to follow. In addition, the com-
pany offers two PC -compatible net-
work cards with an RS -485 interface
and UART for nine -bit networking
and software for use with the cards.
The PC cards allow you to use a per-
sonal computer as a master node in a
microcontroller network for easy
monitoring and control with the PC's
keyboard and video display.

A personal computer isn't required
in a nine -bit network, however. A net-
work can consist entirely of microcon-
trollers, with one dedicated as the mas-
ter, if necessary.

Cimetrics offers a variety of prod-
ucts at different price levels to fit dif-
ferent needs and budgets. I've been ex-
perimenting with the NBS-10 serial
communications card ($249) and
Tiny-NSP software ($199). The NBS-
10, shown in Fig. 3, is a PC -compat-
ible expansion card that contains an
Intel 82510 asynchronous serial con-
troller (an enhanced UART), an RS -
485/422 interface and switch -select-
able configuration options.

The 82510 can emulate simpler
UARTs like the 16450 found in many
PCs, but it has additional features. A
four -byte FIFO (first -in, first -out)
buffer means that you don't have to
read each character immediately after
receiving it but can store up to four
bytes. Transmission rates can be as
fast as 288,000 bits per second, and
there's an extra timer/baud-rate gen-
erator (allows different transmit and
receive rates) and support for auto-
matic address recognition.

Communication with the 82510 is
via its 35 registers, which are arranged
in four banks. In contrast, the 16450
has a single register bank, correspond-
ing to bank 0 on the 82510. One 82510
register contains a bit that enables true
nine -bit communication. With sim-
pler UART chips, the parity bit must
be pressed into service as a ninth bit.

To use the card, you must select a
base address for it in your computer
(you can use the address of a COM
port or another address), an interrupt
request number, half -duplex or full -
duplex operation and handshaking
options. The board includes male and
female nine -pin D -connectors, wired
identically, so you can use whichever
is more convenient.

Cimetrics' software supports the
NBS-10 card, or you can do your own
programming in assembly language,
BASIC, C or whatever language you
choose. If you do your own program-
ming, though, be aware that nine -bit
communication requires reading and
writing directly to the UART's regis-
ters. MS-DOS BIOS calls don't sup-
port nine -bit communications, nor do
many statements in the higher -level
languages.

Documentation for the NBS-10 in-
cludes an installation and configura-
tion guide, a schematic diagram of the
board, programming information,
sample C code that allows two PCs
equipped with NBS-10 cards to com-
municate and a reprint of Intel's 40 -
page data sheet for the 82510 UART.

Tiny-NSP, is a software toolkit con-
sisting of several modules:

NBSIOCOM is assembly -language
code that provides an interface to the
NBS-10's UART. The code configures
the UART, installs an interrupt han-
dler and takes care of details involved
in sending and receiving characters.
The routines were written in assembly
language for fast execution. Both
source code and assembled formats
are provided. Also included is equiva-
lent NBS2COM software for Cime-
trics' NBS-2 card.

TNSPPC is PC -compatible software
that allows you to read and write to a
network node and read the 82510's
registers. It's provided as Microsoft C
source code and as an executable file.

NETMONIT is PC -compatible soft-
ware that displays all network traffic
in hexadecimal format on a PC's mon-

itor. Like TNSPPC, it's provided in
executable format and C -language
source code.

TNSP8051 is 8051 -compatible code
that enables an 8051 microcontroller
to communicate with a PC running
NBSIOCOM (or NBS2COM). It's
provided in assembly -language source
code and in Intel hex format.

You can run TNSPPC and NET-
MONIT as -is, in their executable for-
mats, but eventually you'll want to
customize the code, adding your own
functions, and recompile. Both pro-
grams can be compiled with Microsoft
C or QuickC, and both incorporate
the NBS1OCOM and NBS2COM
modules, which must be linked to the
C code after compiling.

The 8051 code, TNSP8051, is writ-
ten for the Archimedes 8051 assem-
bler. Using other assemblers will re-
quire modifications (more on this la-
ter). You can program an EPROM or
other memory device immediately
with the hex file. But, as with the other
programs, you'll eventually want to
customize the code for your applica-
tion and reassemble.

All of the Tiny-NSP programs use
and all use a

common message structure, which in-
cludes dedicated fields for the target
node address, source node address,
message length, opcode (for example:
reset network, read or write to slave,
etc.), an error -checking byte and an
optional message of up to 250 bytes.
The master node places messages on
the network, and slaves can respond
with the requested information or by
acknowledging receipt of the message.

Documentation for the Tiny-NSP
Toolkit includes explanations of the
code modules, an example schematic
of an RS -485 interface to an 8051 mi-
crocontroller, advice on compiling
and assembling the code and a helpful
example project using an 8051 that
controls a heater according to temper-
atures entered at the network master.
Comments in the source code also help
to document the modules' functions.

I experimented with the NBS-10
board and Tiny NSP software, using
a '386 computer as a master and an
8031 clocked at 12 MHz, which allows
communications at 62,500 bits per sec-
ond. I followed the included instruc-
tions to configure the NBS-10 and in-
stalled it in my computer. I then wired
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RP -
RI -
RE -
WP -
WI -
WE -

read port
read internal RAM
read external RAM
write port
write internal RAM
write external RAM

Type command: ri
Read internal RAM: starting address?
How many bytes? (1 - 250) 8

Message from node 1: DATA:
48 1 55 55 55 55 55 55

Your
D
S
T
M
R

Esc

options are:
- send a data transfer command
- get status from each node
- send test display message (to
- send display message (to a PC
- display UART Registers
- exit

(0 - 255) 0

a PC only)
only)

55 1 1 0 8 60 0 0

55 40 21 30 0 0 0 12
ff 0 41 20 8 0 le 0

50 4 61 84 fc f 0 ff

Fig. 4. A sample screen from Cimetrics' TNSPPC program, which allows you to
use a personal computer to read from and write to network nodes. Numbers in
the bottom four rows are the contents of the 82510 UART's registers.

an RS -485 interface to the 8031 board
(as shown in Fig. 2), programmed an
EPROM with the TNSP8051 object
code and installed the EPROM at pro-
gram address 0 on my 8031 board.

I made a twisted -pair cable with a
nine -pin D -connector on one end to
connect to the NBS-10 and connected
the other ends to the RS -485 interface
on the 8031 board.

To get the basic network working
on COM3 on my computer, I had to
unload a mouse driver on COM1 ,

(even though I wasn't using the
mouse), since COM 1 uses the same in-
terrupt as COM 3. I also spent some
time tracking down a DIP switch on
the NBS-10 that wasn't fully closed
and prevented the network from oper-
ating properly. Eventually, I got
everything working and was able to
use my personal computer to read and
write to the 8051. Fig. 4 shows an ex-
ample screen from TNSPPC.

I next decided to try recompiling
and assembling the code. I was able to
recompile the C code without prob-
lems, using Microsoft C version 6.
(Earlier versions of C that don't per-
mit in -line assembly language to be
used won't work.)

For the 8051 code, if you don't have
the Archimedes 8051 assembler for
which the code was written, you'll
probably have to make some changes
to get the code to assemble.

With some editing, I was able to use
an A51 assembler from Systronix. My
first try resulted in dozens of errors,
but most were due to easily spotted
differences in formatting or syntax
conventions. The documentation pro-
vided clues to other problems, such as
a warning to reserve enough room for
the stack segment.

If you want to develop a microcon-
troller network, Cimetrics' products
can help you put together an efficient,
full -featured one, but you'll need
some programming tools and exper-
tise. Because the PC code is written in
both C and assembly language, you
must be familiar with both and have
access to a C compiler as well as an as-
sembler for your PC.

Modifying the 8051 code requires
an 8051 assembler and an EPROM
programmer. You also need a copy of
the data book for your microcontrol-
ler, for details on its nine -bit interface.

By taking some time to study the
code provided, you can add code to

Sources

Cimetrics Technology
120 W. State St.
Ithaca, NY 14850
Tel.: 607-273-5715
Fax: 607-273-5712
Networking products.

Global Engineering
7730 Carondelet Ave., Ste. 407
St. Louis, MO 63105
Tel.: 1-800-854-7179
EIA-485 RS485 standard.

Jameco
1355 Shoreway Rd.
Belmont, CA 94002
Tel.: 1-800-831-4242
Fax: 1-800-237-6948
75176 RS485 transceivers.

the modules and develop your own ap-
plications, without having to reinvent
the network basics (which are
considerable).

In addition to the nine -bit interface,
I'd hoped to cover another serial com-
munications protocol this month-
Philips' I -squared -C synchronous se-
rial interface. But since I've run out of
room, I'll have to save that one for
another time.

Next month: How to find and use
sensors and transducers to detect and
measure just about anything.

Send your comments, suggestions and
questions on topics relating to design-
ing, building and programming mi-
crocontrollers or other small, dedicat-
ed computers to Jan Axelson, Corn-
puterCraft, 76 N. Broadway, Hicks-
ville, NY 11801. For a personal re-
sponse, please include a self-ad-
dressed, stamped envelope.

Jan Axelson
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Application By Hardin Brothers

Computer Speed
How a host of factors influence a computer's
operating speed

put two 33 -MHz 386 computers
side by side and run the same

spreadsheet calculation, database
query or compiler. In almost every
case, the machines will finish at dif-
ferent times. In a perfect world, com-
puters with the same CPU running at
the same clock rate should work at the
same speed, but few do. Buying a
computer by CPU and clock speed
alone is like buying a car based solely
on the number of cylinders and valves
it has. Both measures will give you
some idea of the machine's perfor-
mance, but no real standard.

Many factors affect a computer's
processing speed. Most can be gleaned
from the computer's engineering spec-
ifications. But some depend on how
you use the computer and its exact
status at any particular point in time.

The most important factors that de-
termine your computer's performance
are, of course, its CPU and its clock
speed. Clock speed is the number of
ticks the CPU receives each second.
For example, a 33 -MHz computer has
33,000,000 clock ticks per second. On
each tick, the CPU performs an inter-
nal operation, such as fetching a piece
of data, putting a result in a register
or performing all or part of a calcula-
tion. Each full machine instruction,
like the instructions you write in as-
sembly language, takes two or more
clock ticks to complete.

The time required for old and sim-
ple CPUs to perform a block of code
can be calculated from the manufac-
turer's hardware specifications, which
list the number of clock ticks each in-
struction requires. Intel processors
and the computers they run in, on the
other hand, aren't as easy to pin down.
Factors like interruptions for memory
refresh, alignment of instructions and
data in memory and the state of the
CPU's pre -fetch queue make exact
timing calculations almost impossible.

Intel and many assembler manufac-

turers publish timings for each ma-
chine instruction but warn that they're
approximations or best -case values.
And some published timings, especial-
ly for integer division and multiplica-
tion instructions, are given as ranges
because the CPU's performance de-
pends on the data items involved.

However, the faster the clock speed,
the faster a computer can calculate.
Because computer speed is affected by
more than CPU speed, a 50 -MHz ma-
chine won't be twice as fast as a 25 -
MHz computer . . . but it will be close.

of its time cranking through the ma-
chine instructions that make up an ap-
plication program. It must also spend
a lot of time fetching both instructions
and data from memory. In most com-
puters, memory is implemented as
dynamic or static RAM (DRAM or
SRAM) on the motherboard, added
RAM on a card plugged into the ex-
pansion bus or the ROM BIOS chips
built into the motherboard and many
boards on the expansion bus.

DRAM chips are relatively inexpen-
sive and compact. They used to be an

"A 50 -MHz machine won't be twice as fast as a
25 -MHz computer, but it will be close."

The exact type of CPU also has a
large effect on computing speed. An
instruction as simple as "ADD AX,2"
requires a minimum of four clock ticks
on an 8088 computer, three ticks on an
80286 computer, two ticks on a 386
computer and only one tick on an i486
computer. In general, the 80188 and
80186 are more efficient and perform
instructions in fewer clock ticks than
the 8088 and 8086. The 80286 is faster.
The 386 (both DX and SX versions) is
even more efficient, and the i486 is
generally the most efficient of all.

There's no exact measurement of
the relative speeds of different CPUs
in the Intel family, however, because
speed is strongly affected by the par-
ticular mix of instructions in a partic-
ular application. The relative speeds
of machine instructions vary from one
CPU to another. If you want to write
the fastest code possible, you have to
learn different optimizing tricks for
each chip.

Waiting Around
Unfortunately, a CPU can't spend all

ideal medium for volatile or on-line
memory and are still the only econom-
ical choice for the multi -megabytes of
RAM modern applications need.
DRAM is called volatile because it
loses the data it contains when the
computer's power is shut off. DRAMs
also lose data if they aren't constant-
ly refreshed, which means that the
computer has to spend a small percen-
tage of its time refreshing these chips
(by accessing every cell) instead of per-
forming other work.

The speed of DRAM chips is usually
measured in nanoseconds and is relat-
ed to the time needed for the chip to
receive a read instruction and put the
requested bit on the data bus, or to
store a bit from the data bus into a
specific memory location. In early
PC/XTs and 80286 AT/compatible
computers, DRAMs could keep up
with the CPU. Not all DRAM chips
can keep up with today's faster pro-
cessors, though.

To fetch a byte or word of data, the
CPU puts the address of the data on
the address bus, places a signal on the
control bus that says it wants to read
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data and then reads the data from the
data bus. In the time between the read
signal and actual data read, each af-
fected DRAM chip must react to the
read instruction, decode the address,
look up the necessary bit internally
and place the bit on the data bus.

DRAM technology has failed to
keep pace with increases in CPU
speed. At one time, all that was need-
ed to make a faster memory system
was to use faster DRAM chips. But
CPU speeds keep increasing at a faster
rate than DRAM speeds, which leads
to a memory bottleneck.

among several different strategies.
They can use faster (and expensive)
DRAMs, build a memory architecture
that takes advantage of the "flash"
read mode of 386 and i486 processors
and use an SRAM memory cache.

Static RAM chips are less compact
and much more expensive than
DRAMs, but they can also be much
faster and they don't require refresh-
ing. They retain data until it's changed
or the computer's power is turned off.
An SRAM cache acts as an intermed-
iary between the CPU and main mem-
ory. When the CPU asks for data or

"The simplest solution to match slow DRAM with a
faster CPU is to use wait states."

The simplest solution for matching
a slow device (DRAM, in this case)
with a faster CPU is to use wait states.
When the CPU sets up the address and
signals that it wants to read a byte of
data, the memory system puts the
CPU into a wait or idle state by signal-
ing on the wait -state line. When data
is ready, after one or more clock ticks,
the memory system turns off the wait
state line and lets the CPU gather the
data and proceed.

If your memory system asserts one
wait state during each memory access,
your computer loses a clock cycle each
time it has to read or write data from
memory. When it's reading machine
instructions instead of data, the situa-
tion is less clear. Each CPU in the In-
tel "86" family contains anon -board
prefetch instruction queue. The size of
the queue has grown with each new
member of the family.

One part of the CPU reads instruc-
tion bytes into the prefetch queue
while other parts are busy performing
internal calculations. In such cases,
memory wait states may have no effect
on performance at all because the in-
ternal calculations continue during
wait cycles. But every time the CPU
has to perform a jump to a new mem-
ory location or a call to a subroutine
or respond to a hardware or software
interrupt, it flushes the queue and
must refill the queue from the new in-
struction location. When this occurs,
wait states will slow down the CPU
until it has its queue full again.

To avoid wait states as much as pos-
sible, manufacturers can choose

machine instructions, the cache fulfills
the request if it contains the correct
bytes. If not, it reads data from mem-
ory at the same time the CPU does and
stores the data in cache in case the
CPU wants it again.

On many systems, read requests ful-
filled by the SRAM cache use no wait
states, while those that must come
from DRAMs require at least one wait
state. Overall speed of such memory
systems depends on the efficiency of
the cache controller.

Another memory -related method
of speeding up a computer is to "sha-
dow" the ROM BIOS. ROM chips
tend to be much slower than either
DRAMs or SRAMs. Many 386 and
486 computers have a boot -up option
that copies ROM contents into faster
RAM and then map the RAM block
at the location where the system thinks
the ROM is stored. The result is that
instructions and data in the ROM
chips can be read at full DRAM speed.

able to keep up with the CPU and will
eventually cause flaky operation or a
system crash.

Faster Calculations
All programs spend a portion of their
time performing calculations. These
may be as simple as incrementing and
decrementing pointers to video and
data memory locations or as complex
as pinpointing orbit positions for sat-
ellites. The CPU can perform integer
addition, subtraction, multiplication
and division with single instructions.
But if it has to handle floating-point
numbers or calculate square roots and
transcendental functions, it must do
so using long and slow subroutines.

If you use your computer for word
processing, database management or
graphics, it probably performs few
floating-point calculations. But if you
use spreadsheets or engineering ap-
plications, your computer spends a lot
of time crunching numbers in floating-
point subroutines.

Almost all 8088/8086, 80286 and
386 computers have a socket for a
math coprocessor chip (no coproces-
sor is needed for i486DX CPUs be-
cause these chips have a built-in copro-
cessor). A coprocessor can handle
floating-point numbers directly and
perform complex calculations 10 to
100 times faster than the best floating-
point subroutines. To install a copro-
cessor chip, you simply push it into a
socket on the motherboard and per-
haps set a switch or jumper or two in-
side the computer. The CPU and co-
processor perform all necessary com-
munications automatically.

Any programs you run must be able
to detect and use the coprocessor to
realize benefit from its presence.

"You can't speed up a computer by simply installing
faster DRAM chips."

You can't speed up a computer sim-
ply by installing faster DRAM chips
on the motherboard. The memory
system is engineered to operate at one
specific speed. No matter how quick-
ly the DRAM chips operate, the other
memory hardware will enforce the
original speed. If you install faster
DRAMs, their extra speed capabilities
will never be utilized. But if you put
in slower DRAMs, they may not be

There's nothing in the computer that
keeps a dumb application from ignor-
ing the coprocessor and continuing to
use slow subroutines to perform its
calculations. Most commercial pro-
grams can recognize and use a coproc-
essor, as can programs written with
most popular language compilers.

Coprocessors in most 8088 and 386
computers usually run at the same
speed as the main CPU. The same is
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true of newer 80286 computers. How-
ever, many older 80286 computers
have a motherboard that runs the co-
processor at a slower clock speed than
the main CPU because Intel didn't re-
lease updated coprocessors at the same
time as it did faster CPUs. Like
DRAM chips, there's usually no ad -

motherboard. Intel -compatible co-
processors from companies like IIT
and Cyrix are often less expensive and
faster than the Intel -compatible chips
they replace. As far as I know, there's
never any advantage to buying a faster
chip if you choose one of these com-
patible models.

"Many older 80286 computers run a coprocessor at a
slower clock speed than the main CPU. "

vantage to installing a coprocessor
that can run faster than the speed for
which the computer's coprocessor
socket was designed.

However, Intel's 33 -MHz 80387 co-
processors, which can usually be used
in 25 -MHz 386 computers, are more
efficient than the 25 -MHz and slower
models. This means a 33 -MHz 80387
coprocessor can perform calculations
in fewer clock ticks than the 25 -MHz
model of the same chip. Intel appar-
ently redesigned internals of the co-
processor before it released the faster
version.

Thus, if you have a 25 -MHz 386
computer, you might want to consider
using a 33 -MHz Intel 80387 coproces-
sor for fastest possible operation. For
any other computer, choose a coproc-
essor that matches the speed of the co-
processor socket on your computer's

There are inherent inefficiencies
built into the linkage between the CPU
and Intel (or Intel -compatible) copro-
cessors. To get around them, Weitek
produces coprocessors that are fa-
vored for high -end engineering appli-
cations. They're faster than any Intel/
compatible models for two reasons.

"Weitek chips are faster
than any Intel/compatible
models. "

They avoid the linkage bottleneck by
using a memory -mapped configura-
tion (they use memory locations you'd
never fill with DRAM chips). And
they use fewer internal digits for each
calculation to obtain answers faster,

even though those answers sometimes
have less precision.

Weitek coprocessors, however, re-
quire programs written with special
compilers or hand -coded machine -
language instructions. For this reason,
they're generally used in only high -end
engineering applications.

If you regularly perform floating-
point calculations with programs that
support a coprocessor, a math chip
can make your computer seem much
faster. But if you rarely perform such
calculations, a math coprocessor will
simply be an expensive heat generator
inside your computer.

Waiting for the Bus
Microcomputers were designed to be
expandable. Except for small laptop
and notebook computers, almost
every DOS -based machine has an in-
ternal expansion bus that can be used
to install video cards, disk controllers,
network cards, modems and a host of
other peripherals.

In the original PC and PC/XT, the
CPU ran at 4.77 MHz and so did the
internal expansion bus. The original
PC/AT ran an 80286 CPU at 6 MHz
and the bus at the same speed. Bus
speed was increased to 8 MHz, along
with the CPU, in later models of the
PC/AT computer.

As computer speed increased, users
faced a real dilemma. If the speed of
the bus kept pace with the CPU, add -
in cards would become obsolete each
time the user upgraded to a new and
faster CPU. The solution was to keep
bus speed at 8 MHz while the CPUs
got faster and faster. The advantage
of a slow bus is that all add-on cards
will work in the computer, even ones
that were designed for the PC/AT.
But if you put an 8 -MHz expansion
bus in a 50 -MHz i486 computer, the
machine will come to a near standstill
every time it has to access the video
card, hard disk, memory expansion
card or other peripheral.

The solution used by many manu-
facturers is to let the user pick the bus
speed. The 25-Mhz 386 computer I'm
using right now, for example, has a
switch on the front that changes bus
speed (after a reboot). Every card I've
tried has been able to keep up with the
bus running at full speed, but if I want-
ed to transfer some cards from one of
my older computers, I'd have to slow
down the bus.

(Continued on page 85)
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With NRI hands-
on training, you
can experience
the rewards
of a career
in computer
programming
Now you can get the practical training
and experience you need to succeed in
computer programming, today's top -
growth computer career field.

NRI at-home training gives you
real -world programming skills in four of
today's hottest computer languages:
BASIC, Pascal, C, and COBOL. You get
hands-on training that now includes a
powerful 386sx/20 MHz mini -tower
computer, modem, and programming
software ... all yours to train with and
keep! Best of all, NRI gives you the
programming know-how you need
to succeed on the job, in a new
career, or in a business of your
own.

Job opportunities for the
skilled computer programmer
will increase by 71.7 percent
over the next 10 years according to
Bureau of Labor Statistics forecasts. And
now, with NRI training, you can be one of
the increasing number of computer
programmers using their skills to build a
top -paying career - even a business of
their own - in this professionally and
financially rewarding high-tech field.

V The only programming
course that includes a powerful
386sx-based computer system
and programming software
you keep
Right from the start,
NRI training gets you
actively involved in
the challenge of real -
world programming.
You learn how to
create the kinds of
full -featured,
powerful pro-
grams today's
employers and
clients demand.
And, unlike any other school, NRI lets you
experience first-hand the power of an IBM
PUAT-compatible, 386sx-based computer
system, complete with modem, a full
megabyte of RAM, disk drive, and monitor
- all yours to train with and keep!

NEW!
386sx

mini -tower
computer!

Plus you
explore the
extraordinary
capabilities of
not one or
two but four
in -demand
computer
languages. You learn to design, code, run,

debug, and document programs in
BASIC, Pascal, C, and

COBOL. In the
process you become

uniquely prepared for
the wide variety of

programming opportuni-
ties available today.

V No previous
experience necessary

Immediately, you start getting the
money -making job skills you need to
secure a future in computer programming
- no matter what your background. NRI's
unique Discovery Learning Method guides
you swiftly from computer novice to com-
puter professional with step-by-step lessons
covering program design techniques used
every day by successful PC programmers.

You'll find no heavy textbooks to
plow through. No night classes to attend.
Instead, NRI's at-home, step-by-step
training covers all the bases, guiding you

I

from the important fundamentals to real -

world methods and techniques. Backed up
throughout your course by your experi-
enced NRI instructor, you quickly gain the
skills you need to handle a wide variety of
programming tasks with confidence. You
even use your modem to "talk" to your
instructor, meet other NRI students, and
download programs through NRI's exclu-
sive programmers network, PRONET.

V Send today for
your FREE catalog
Now you can experience the professional
and financial rewards of a career in
computer programming. See how NRI at-
home training gives you the know-how,
the computer, and the software you need
to get started in this top -paying field. Send
today for your FREE catalog!

If the coupon is missing, write to us
as the NRI School of Computer Program-
ming, McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue, NW,
Washington, DC 20008.

SEND FOR YOUR FREE NRI CATALOG TODAY!
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Application By Tom Benford

PC Desktop Video
Part 2

Titling, animation, sound and video -putting it all together

T ast month in Part 1, we discussed
II 4 the major hardware components
that make desktop video possible on
PCs, including video boards with
overlay capabilities and the high -end,
PC -controllable NEC PC -VCRs. This
time around, we'll be looking at some
of the better and more innovative soft-
ware products available for bringing
PC video presentations and produc-
tions all together with a truly profes-
sional touch.

The principal production areas
we'll be focusing on here are titling,
animation, sound and combining all
of these elements with video imagery
to produce a finished desktop video
production. Because we have lots of
ground to cover this month, let's get
right to it.

Video Tiller, $495
Entropy Engineering
12317 Village Square Terr.
Suite 202
Rockville, MD 20852
Tel.: 301-770-6886

CIRCLE NO. 50 ON FREE INFORMATION CARD

Entropy's Video Titler program comes
packed with in an OEM version with the
TrueVision Video VGA with Overlay

board and the Willow Peripherals VGA -
TV GE/O board covered in Part 1. Whe-
ther you're using the OEM version or
stand-alone retail version, Video Titler is
without a doubt the king of all video -titling
software products.

To install and run Video Titler, you need
at a minimum a 286 AT -class computer
running at 12 MHz and preferably a 386 -

or i486 machine running at a faster speed,
hard drive with at least 2M available and
VGA graphics card with NTSC output and
overlay capabilities. You also need 640K
of RAM with 540K available, which may
require relocating device drivers and TSRs
to high -memory areas to free up more
space in the lower 640K area. This is parti-
cularly important when using TSR-activa-

An example of Deluxe Paint Animation's "metamorphosis" effect.
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Screen shots show DPA's user interface (left) and one possible spin/rotation effect (right).
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Video Titler's (A) user interface makes it easy to enter text and choose a lettering style for (B) truly broadcast -quality results.

tion utility programs provided with video
cards like the TrueVision Video VGA with
Overlay and Everex Vision VGA video
card, which both provide a TSR to toggle
recordable and overlay modes from within
an application as a handy alternative to the
DOS -prompt command lines for the
equivalent functions. Relocating TSRs to
upper memory using the "load high" com-
mand tucks these handy utilities above the
640K mark and leaves extra room in which
the Video Titler program can operate.

Software is supplied on six disks, and ex-
cellent user manuals come in a three-ring
binder. Installation is fully automatic once
you've selected the type of video board pre-
sent in your system. Since the OEM ver-
sions are preset for the boards with which
they ship, they don't give the board -selec-
tion options that are present in the stand-
alone retail version. The retail version pro-
vides choices for 16 popular video boards,
including a generic VGA driver and drivers
for Tseng 3000- and 4000 -based cards.

The software set is composed of an in-
stallation disk, display drivers disk, utilities
disk and FontPak MI, the last on the three
remaining disks. FontPak MI is a collec-
tion of 129 type fonts in assorted styles and
sizes for creating video titles. The quality
of the type faces is amazing-no crude let-
terforms here! Excellent renderings of such
perennial typefaces as Park Avenue, Hel-
vetica, Old English, Times Roman and
many others are all proportionately spaced
with the right amount of "air" around
characters for proper appearance and high
legibility on an NTSC display.

The overall controls of the program per-
mit making each title line or even each
character a different color. Such addition-
al effects as underlining, drop shadows and
more permit further enhancement of the
basic letterforms. Title and text sequences
of virtually any length can be created and
saved, limited only by the amount of disk
space available for storage.

More than 100 wipe, fade, dissolve, roll
and scroll patterns are available for intro-
ducing text to the screen. These can be
combined for all kinds of interesting ef-
fects. Timing intervals for duration of sta-
tic screens and/or movement of "rolling
titles" or scroll -across sequences can be set
in infinite variations as well. Color palette
selections allow you to "key" the back-
ground color of the titles to be transparent
when combined with video to produce text
overlays with live action.

Video Tiller's user interface is amazingly
simple, considering the amount of power
and creative flexibility the program pro-
vides. In addition to a quick -reference card
and the user manuals, on-line help is avail-
able. Drop -down menus, accessed through
function keys, display choices for the cur-
rent mode, whether it's entering text, edit-
ing, previewing or adjusting timing and ef-
fects. An included eye-catching demo pro-
gram really showcases this amazing pro-
gram's capabilities when multiple effects
are combined.

Additional utilities provide more power
and flexibility to Video Titler by allowing
you to import and customize logo art in
.PCX image format. An ASCII import
utility facilitates using text files created in
word processors or other applications in
title sequences without having to retype the
text. A page copy utility permits you to
copy one or more pages of text and attri-
butes to other pages in the sequence, an-
other handy feature for "boilerplating"
information that must be uniform from se-
quence to sequence, as in corporate presen-
tations. A page print utility is also includ-
ed for printing selected title pages from a
sequence.

While character generators are com-
monly found in today's better camcorders
and VCRs, they lack the truly professional
options and broadcast video quality that
you can get using Video Titler. It's really
an indispensable tool for any kind of seri-

ous desktop video work that requires tex-
tual matter to be displayed or overlaid.

Deluxe Paint Animation, $134.95
Electronic Arts
P.O. Box 7578
San Mateo, CA 94403
Tel.: 1-800-245-4525

CIRCLE NO. 49 ON FREE INFORMATION CARD

If you've ever used Deluxe Paint from
Electronic Arts, you'll have an almost zero
learning curve for DP Animation. If
you're a total novice, you'll be creating ani-
mations almost as quickly. DPA combines
virtually all of the excellent painting tools
found in the Paint program and adds mo-
tion control to them (along with some
other nifty tricks) to produce a full -fea-
tured animation program that's truly intui-
tive to operate.

Having the color and shaping capabili-
ties of a full -featured paint program en-
dows DPA with a wealth of creative op-
tions from which to choose, including an
assortment of interesting fonts. An option-
al Kara fonts package, available directly
from Electronic Arts for $69.95, provides
an excellent addition to the monocolor
fonts that come with DPA. The full -color
Kara fonts are named Bevel, Brick, Cast,
Chisel, Chrome, Granite, Marble, Column
and Wood, which simulate metal, carved
wood and chiseled stone. Kara fonts are
spectacular for creating main title anima-
tions and, using DPA's 3D motion capa-
bilities, the possibilities really become in-
teresting. Spinning titles that zoom in from
some point at infinity and tumbling, rotat-
ing and floating title sequences are surpris-
ingly simple to produce.

Any image (including text) created on
DPA's screen can be turned into a "brush"
you can then rotate, flip, shear, re -size,
smear or shade. These brushes can also be-
come "animbrushes" that allow you to se-
lect an area of animation as a brush and
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paint with it. With animbrushes, the se-
quence of the brush itself changes as you
paint with it so that you can "rubber
stamp" blank frames with stepped anima-
tion to produce finished sequences in very
little time.

Automated transitional animations that
"metamorphose" one shape into another
are also easily created with the metamor-
phous animbrush feature. Creating such
transitional animation automatically is as
easy to do as selecting a beginning image
animbrush, such as an egg, and an ending
image animbrush, like a chicken. When
prompted you merely specify how many
cells (frames) over which you wish the tran-
sition to take place and click on OK.

Specifying a cell number like 60 would
make the transitional animation twice as
long as specifying 30. The end result is a
computer -generated metamorphosis of the
egg image into the chicken image. It's no-
thing short of amazing to watch this off -
the -shelf software product produce com-
puter -generated animation sequences like
this on a personal computer in a matter of
seconds when you consider that the equiva-
lent feat, if done manually, would take
many hours of human effort.

Several sample animations and anim-
brushes supplied with the program files
serve as teaching aids and impressive de-
monstrations of what's possible with
DPA. The 256 -color palette supports til-
ing and color cycling and a "wrap" feature
that makes a tiled pattern follow the pro-
per perspective of a shape like a ball or any
other geometric shape to give the illusion
that the selected shape is actually wrapped
in the pattern.

Because the user manual for the pro-
gram is exceptionally well written and in-
dexed, finding a particular procedure or
technique is easy. While DPA's friendly
menu -bar interface and context -sensitive
options make using the program easy right
out of the box, to fully exploit its features,
power and capabilities takes many hours
of reading technique descriptions and ex-
perimenting with different settings in the
program to see their effects in action.

An optional and outstanding VHS vid-
eocassette is available for $27.95 directly
from Electronic Arts. This hour-long tape
gives invaluable tips and shortcuts for such
advanced topics as AnimPainting (paint-
ing while the frames flip automatically),
using the move dialog to achieve dazzling
three-dimensional movement and rotation
sequences and loads of pointers and ideas
that aren't covered in the manual. If you're
going to use DPA, this video is indispens-
able for getting the most from the program
in the least amount of time.

Deluxe Paint Animation packs lots of
bang for the buck and makes creating ad-
vanced animations an enjoyable and rela-
tively easy process. It's an excellent anima-

tion package that's ideally suited for many
desktop -video uses, from titling to car-
tooning and everything in between.

Autodesk Explorer (formerly Autodesk
Animator), $199
Autodesk, Inc.
2320 Marinship Way
Sausalito, CA 94965-9910
Tel.: 415-331-0356

CIRCLE NO. 48 ON FREE INFORMATION CARD

The product covered here is really Auto -
desk Animator. By the time you read this,
it will be replaced by Autodesk Explorer.
The new package retains all the terrific fea-
tures of Animator and adds Windows 3.0
compatibility for additional multimedia
capabilities. However, since Autodesk Ex-
plorer wasn't available as of this writing,
Autodesk Animator is the program I'm
covering here.

If your desktop -video applications re-
quire a true "industrial -strength" product,
Autodesk Animator is the animation pack-
age of choice for you. Created by the mak-
ers of AutoCAD, Autodesk Animator
pushes the envelope limit of what's possi-
ble on a PC.

Offering a more comprehensive selec-
tion of drawing tools and coloring options
than Deluxe Paint Animation, Autodesk
Animator is capable of producing true
broadcast -quality animations. Several ex-
amples of this are provided with the pro-
gram disks. One example, an animated tid-
al chart showing the high- and low -tide
times, looks amazingly similar to the ani-
mated graphic I've seen on a local TV sta-
tion during the weather segment of its news
broadcasts.

Like DPA, Autodesk Animator gets
much of its strength from a well -designed,
simple -to -use interface that integrates all
paint, image -processing and animation
functions together. Using a mouse -orient-
ed point -and -click scheme to pull -down
menus or pop-up dialogue boxes, other
friendly features include slider bars, action
buttons and scrolling windows to access a
bewildering range of image- and motion -
creation tools.

Integrating graphics, text and photos (or
captured video images) with AA is easy to
accomplish using the 22 different drawing
tools that include polygonal lines, spline
curves, boxes, circles, ellipses and stars
supplemented with airbrushes, fills, streaks

and gels. The program features 26 differ-
ent "ink" types to simulate transparency,
shading, embossing and color gradations.

By combining the ink types with the vari-
ous drawing tools, 572 different combina-
tions are available for use with any 256 col-
ors out of a palette of 262,144 colors. An
embossing effect is particularly unique for
creating images that look like they were
"punched" into (or out of) the video screen.
An example of this embossed effect is the
VH1 logo that resides in the lower -right
corner of the screen on your local VH1 ca-
ble channel. This effect and hundreds of
others are possible with AA.

One of the really neat things about the
user interface is its control layout, which
closely resembles a professional videotape
editing console. Directional arrows signify
forward or backward motion, play speed
can be "dialed" up, and color cycling can
be adjusted, individually or in groups, us-
ing the RGB overall controls. Animation
sequences can be stepped through individ-
ually or played in continuous loops.

This is, indeed, a professional -level
package that permits creating, editing and
playing back a full-length presentation-in
real-time-from your hard disk. With the
right equipment (a recordable video board
and VCR), you can record an entire pro-
duction to videotape in one pass. Since
Autodesk Animator uses the same video
drivers as sister product AutoCAD, ex-
tended VGA modes are possible for stun-
ning realism in animations and simulations.

Provided with the software diskettes are
a quick -start card, 157 -page tutorial man-
ual and 320 -page reference manual that an-
swer virtually any question you could think
of regarding a program feature, function
or effect. A provided VHS videocassette
gives a very impressive demonstration of
the program's capabilities, although it isn't
a tutorial. On the other hand, the tutorial
manual leads you step-by-step through
modifying the sample animations and cre-
ating your own animations to teach you the
program from ground zero.

In addition to a huge assortment of type
fonts and typographic effects, the paint
portion of AA includes a metamorphosis
feature called "tweening" that computer -
generates a series of images 'tween the be-
ginning shape and the final one of a transi-
tion. However, by selecting portions of the
target image that contains a "tweenable"
shape, you can customize the metamor-
phosis. If you've seen any of the new car
commercials that metamorphose a car's
dashboard and seats, you've experienced
tweening. Since AA can accept digitized
video images as raw material, tweening be-
tween two video images isn't only possi-
ble, it's fairly simple to accomplish.

No serious desktop -video or broadcast -
video project that requires professional
graphics and animation capabilities should
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be attempted without a copy of Autodesk
Animator at hand. I don't know of any
other product that does so much, so easi-
ly and so well when it comes to creating
show -stopping animations. Animator's
public -domain player utility is also includ-
ed for distributing your animations to
other computer users.

GRASP (GRaphic Animation System for
Professionals), $349.
Paul Mace Software, Inc.
400 Williamson Way
Ashland, OR 97520
Tel.: 503-488-2322

CIRCLE NO. 47 ON FREE INFORMATION CARD

GRASP is an interesting and useful pack-
age that does double duty as an independ-
ent creative medium as well as serving as
an integration tool for pulling DTV ele-
ments created with other products into a
cohesive, smooth -running presentation.
Its real strengths are an ability to create and
animate images in CGA, EGA, Hercules
and VGA modes up to 1,280 x 1,024 (with
the right video hardware) in 256 colors and
an ability to synchronize digitized sound
created with a SoundBlaster or AdLib
sound board with GRASP -created
applications.

Additional sound support is also present
in the program's ability to precisely con-
trol CD-ROM and audio CDs for music
and sound effects. Just released as this was
being written is an optional Authentic
Audio Tools package ($99) that plays
digitized sound from the PC's speaker,
rather than through a sound board. More
than 500 digitized sound effects are includ-
ed, and sounds can be looped for sustained
effects. Sound quality can also be ad-
justed using high -filter, bass boost and
volume controls.

Animations and sequences created
under Autodesk Animator can be utilized
with GRASP since it handles .FLI (Auto -
desk) file types in addition to .PCX, .GIF
and .TIF and other popular formats. A
Graphics Link Plus (TGL +) image cap-
ture, file conversion and printing utility is
included for converting images from one
file format to another for added image-
handling and manipulation capabilities.

A full -featured paint program is inte-
grated into the package and is fairly easy
to use, although not on the same level as

either DPA or AA. The pattern and shad-
ing effects of the program, however, are
quite extensive, and RGB or "process"
color mixing is also supported. Multiple
images can be manipulated with full con-
trol of the color palette, movement and
timing for each.

A very handy included feature is a
screen -capture program that can save and
edit images from other programs, especial-
ly useful if you're doing work that requires
"grabbed" images.

An included collection of programs
called ARTOOLS automatically generates
special animation effects based on your
own artwork, whether created within
GRASP or imported from other applica-
tions. Lots of interesting rotations, spins,
tumbles, wipes and other eye-catching ef-
fects are possible and relatively easy to ac-
complish using these tools.

An optional add-on package called
GRASP Tools ($79) is also available for
serious users. This is a collection of ad-
vanced application utilities. Mostly de-
voted to file -management activities, the
Tools package facilitates creating GRASP
libraries automatically without unneces-
sary files, ridding the demo directory of
unused files, adjusting clipping offset val-
ues, accessing important font information
and making custom palette files to save
memory space in addition to other file -
management and housekeeping tasks.

Aside from creating productions and
presentations for desktop video uses,
GRASP also makes it possible to create in-
teractive computer demos and presenta-
tions that support keyboard, mouse or
touch -screen input from viewers. Another
nice touch is a Glexe compiler utility, which
creates self-contained executable versions
of your productions for public distribution
with no licensing fees.

GRASP is an excellent tool whose real
strength is its ability to combine individual
audio and visual elements into a seamless
production that can be directly recorded
on video tape or used as automatic/inter-
active computer presentations.

ASK -ME 2000, $495
Brown-Wagh Publishing
130-D Knowles Dr.
Los Gatos, CA 95030
Tel.: 408-378-3838

CIRCLE NO. 46 ON FREE INFORM IllON CARD

ASK -ME 2000 is a multimedia authoring
environment specifically designed to inte-
grate and assemble elements from various
sources and applications into a finished
production. The finished product is suit-
able for recording on video or as an inter-
active multimedia application running on
computers that support joysticks, touch
screens or the keyboard as interactive in-
put devices.

Rather than creating presentations or
animated sequences from scratch, A-
M2000's main strength lies in its ability to
integrate individual elements and capture
video images (using a Digital Vision Com-
puter Eyes digitizer board) to produce
finished productions. Like GRASP, A -
M2000 can be used to produce automatic
demos, interactive multimedia presenta-
tions and create productions for PC desk-
top video.

A -M2000 can handle any .PCX format
image created with paint programs like PC
Paintbrush. Supported are audio integra-
tion for the SoundBlaster and Video Asso-
ciates sound cards and Autodesk Anima-
tor .FLI files.

A really unique feature of A -M2000 is
its script -based approach to multimedia
authoring. The icon -based environment is
very intuitive in design and very fast to
learn. Based on a proprietary program-
ming language called Stratos, commands
are entered into three principal script -crea-
tion areas labeled "Before," "During"
and "After." Each area is boxed and you
literally tell A -M2000 what to do with each
screen to be displayed in the application.
The kicker here is that you use plain -Eng-
lish words like "animate," "speak,"
"show" and "display," rather than some
arcane programming structure, to achieve
desired results. The learning curve for this
program is remarkably small, considering
the number of interesting functions and ef-
fects possible with it.

ASCII text files can be imported in addi-
tion to animations and graphics you can
create outside the program. A 256,000
color -shade palette that permits up to 256
concurrent colors (with extended VGA
modes) to be displayed at any one time is
one of the strong presentation features of
the package. ASK -ME 2000 is an excellent
product for seamlessly integrating individ-
ual elements and media into a sleek fin-
ished product.

Animation Works Interactive, $495
Gold Disk, Inc.
P.O. Box 789, Streetsville
Mississauga, Ontario, Canada L5M 2C2
Tel.: 416-602-4000

CIRCLE NO. 45 ON FREE INFORMATION CARD

If you have Windows 3.0 and Microsoft's
Multimedia Extensions 1.0 or later on your
system, Animation Works Interactive is an
animation and presentation package that
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Setting Up For PC Desktop Video

If the main article piqued your interest
in desktop video for the PC, you'll prob-
ably want some guidance in selecting
hardware, software and accessories to do
serious work in this area. The best advice
I can give you is research your needs care-
fully. And the best way I can show you
how to do this is by giving you a run-
down on dream desktop -video system.
 PC. My host PC is a system unit built
around a 33 -MHz i486 motherboard and
has 8M of user RAM; 51/4" and 3% " high -
density floppy drives; 85M hard disk
(supplemented by a 105M hard card);
and CD-ROM drive.
 Video. I use a Truevision VGA super -
VGA card with Overlay card populated
with 1M of video RAM and a 14" multi -
frequency color video monitor (soon to
be upgraded to a full -digital monitor).
 Image Grabber. I use a Digital Vision
Computer Eyes/RT video digitizer board
and the Computer Eyes host software for
all image -grabbing work (the preview
feature is especially useful; see Image
Grabbing in December 1991 Computer -
Craft for details).
 Audio. My Sound Blaster card is MPC-
compliant with the Microsoft Multime-
dia Extensions under Windows. I also use
a Covox Sound Master II card for creat-
ing more elaborate musical scores via the
MIDI interface. After creating and stor-
ing them, I can then access MIDI files
from within MPC extensions in Win-
dows to integrate them into my applica-
tions and presentations as desired. This
is an example of trying to have the best
of both worlds. I like Covox's software
and built-in MIDI capabilities, but I can't
live without the Sound Blaster's MPC
compatibility. This arrangement proves
that you can have it all if you're willing
to spend the bucks.

 Video Sources. Though I used to use
a Canon Xapshot digital still camera for
image acquisition, I now use a Panasonic
PV -21 VHS -C camcorder instead. Since
the Computer Eyes/RT board can do
real-time captures in Y30 second, there's
no problem grabbing a frame from mov-
ing video tape, and the Panasonic cam-
corder offers much better resolution than
the Xapshot. Another advantage is that
the camcorder records sound, which I
sometimes use for narrative passages or
sound effects that I digitize via the MPC
extensions sound recorder capabilities.
 VCR. Dual NEC PC -VCRs (see Part
1) are connected to the PC via the serial
ports for fully computer -controlled edit-
ing. One PC -VCR functions as the
"source," the other the "target" deck.
While expensive, these incredible VCRs
leave everything else in the dust when it
comes to programmability and quality.
 NTSC Monitor. I use a portable 7" col-
or Panasonic TV receiver/monitor to
view my videotape and computer -
generated video work. The Truevision
board (with recordable VGA enabled)
routes all video (both computer -
generated and NTSC pass -through from
the source deck or camcorder) to the
Panasonic monitor so I can see what the
result will look like before committing to
video tape. Audio portions are also
played via the Sound Blaster board
through a pair of Walkman speakers to
check sound quality and timing with the
video portions.
 System Software. I run DOS 5.0 with
MSCDEX 2.2 Microsoft CD-ROM ex-
tensions as the basic operating system. I
also extensively use Windows 3.0 with
Multimedia Extensions 1.0 in 386 En-
hanced mode for many multimedia and
desktop video projects. I don't use third -

party memory managers, but I do load
as many device drivers for the system as
possible into DOS's high -memory area
to free up as much of the base 640K.
 Applications Software. For basic im-
age retouching and manipulation, I use
PC Paintbrush IVunder DOS and Pub-
lisher's Paintbrush under Windows; Ani-
mation Works Interactive for creating
MPC productions under Windows; and
GRASP when working under DOS. For
simple title animations with rotations and
spins, I useDeluxe Paint Animation. For
more intricate sequences, where I com-
bine captured video images with comput-
er -generated imagery, I use Autodesk
Animator. For overall titling and rolling
video text I use Video Titler. When I want
to put together something quickly, I use
2000 for integrating elements (it runs
under DOS and is much faster than Win-
dows -based equivalents).
 Miscellaneous. Of course, I have myri-
ad cables, adapters and a variety of prod-
ucts like Inset System's Hijaak and Ap-
plications Techiques' Picture Eze, which
I use for converting image formats.
Other products play background roles in
making a production come together, but
the components mentioned here are the
major players in my multimedia/desk-
top-video system.

As you can see, getting into PC desk-
top video isn't something you take light-
ly. Even if you go for a "minimum"
hardware configuration and limit your
software purchases to those packages
that supply only minimal utility, you'll
be making a hefty monetary investment.
Too, be prepared to spend considerable
time learning how to use all the elements
that make up your system. Is it worth it?
If you like to exercise your creative urges,
you bet it is!

really exploits the possibilities of this envi-
ronment. Predominantly intended for cre-
ating interactive multimedia presentations
using a personal computer, A WI is a su-
perb tool for creating desktop -video pro-
ductions as well.

While A WI will run on a 10 -MHz or
faster 286 -based machine, the recommend-
ed minimum configuration is a 386-SX or
later -technology CPU with 4M of RAM,
super -VGA or extended -VGA, MPC-
compatible audio board and, for desktop -
video applications, a video overlay board.

Since A WI runs under Windows 3.0,
everything is oriented for point -and -click
operation throughout the program. Three
principal modules comprise the A Wlpack-
age: background editor, cel editor and

movie editor. A runtime player is includ-
ed to allow you to distribute your com-
pleted presentations to any Windows user.

You use the background editor to create
colorful backgrounds. It contains a full set
of paint tools, including multi -color grad-
ients. Scanned images, digitized video im-
ages, bitmapped graphics and artwork cre-
ated in other packages are all easily import-
ed into A WI, which supports virtually all
major image filetypes.

The cel editor is abundantly rich in pro-
fessional animation features, like "onion
skin" that lets you trace a new image based
on an existing one, auto -zoom and auto -
rotate for multi -dimensional movement.
Anything created with the cel editor, whe-
ther artwork or titling, is referred to as an

"actor" in A WI terminology. A generous
library of stock "actors" is included with
the program. Automatic zoom and rota-
tional features are extremely useful in pro-
ducing striking title sequences.

With the movie editor module, you easi-
ly combine backgrounds and actors (text,
graphics, charts, etc.) and sequence them
with sounds, music, narration and wipes
to make dynamic productions. Putting the
whole show in motion is easily accom-
plished via the VCR -style interface with
familiar controls like play, rewind and for-
ward. If the production is to be used as an
interactive system, you can add "action
buttons" on which users can point -and -
click. For desktop -video applications, the
completed production can be recorded on
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B. G. MICRO
Brand New from McLean Eng.

A Division of Zero Corp.
Square 4-11/16" by 1.5"

Thick 10" Wire Leads
120V - 60hz - .12 amps - 110CFM
Metal Housing - 5 Plastic Blades

UL and CSA Approved
$5.95 ea.

12VDC - Brushless
Manufactured by Commonwealth

Model FP 108D-7 Blades
8" Wire Leads - 150MA
31/4" Square - 1" Thick

This size commonly used in
computer power supplies.

$6.95 ea.

SPECIAL S
MAX232 2.30
1488 45
1489 45
DB25-(Solder Cup) M/F 2/1 00
DB25-Rt. Angle PC BD. F .. 55
DB9-Rt. Angle PC BD. M/F 35

DISPLAY DEVICES
FLAT PANEL LCD
GRAPHIC DISPLAY
EPSON EG-7004S-AR

640. 240 dots Super twisted n.mrlc type. guilt Ir
driven - 4 toil TTL Interlace - Capabl of displaying
numerics, graphics, alphabolics, special characters.

graphs, charts, and pattern..
Viewing area 104/15" 4-5/10'.0voralt 11-3/6" 6-1/16"

14 pins for signals and power (450. -12v).
Complete 27 peg. manual

$19.95 6/$100.00

LSOO .14 LS114 .25 LS241 .60
LSO1 .14 LS122 .35 LS242 .65
LSO2 .14 LS123 .45 LS243 .50
LSO3 .14 LS124 1.35 LS244 .55
LSO4 .14 LS125 .30 LS245 .55
LSO5 .14 LS126 .35 LS251 .45
LSO8 .14 LS132 .35 LS253 .40
LSO9 .14 LS133 .25 LS257 .35
LS10 .14 LS136 .28 LS258 .45
LS11 .14 LS138 .35 LS259 1.00
LS12 .20 LS139 .35 LS260 .40
LS13 .25 LS145 .75 LS266 .30
LS14 .30 LS148 .35 LS273 .75
LS15 .20 LS151 .35 LS279 .30
LS20 .14 LS153 .35 LS280 .80
LS21 .16 LS154 .85 LS283 .35
LS22 .16 LS155 .50 LS290 .70
LS26 .14 LS156 .42 LS293 .50
LS27 .20 LS157 .30 LS298 .65
LS28 .15 LS158 .25 LS299 1.00
LS30 .14 LS160 .25 LS322 1.30
LS32 .16 LS161 .35 LS323 225
LS33 .25 LS162 .45 LS348 .75
LS37 .24 LS163 .36 LS353 1.00
LS38 .24 LS164 .45 LS357 .80
LS42 .35 LS165 .60 LS363 .75
LS51 .15 LS166 .75 LS364 .75
LS54 .20 LS169 .90 LS365 .30
LS55 .20 LS170 .45 LS366 .28
LS73 .33 LS173 .60 LS367 .35
LS74 .22 LS174 .35 LS368 .30
LS75 .25 LS175 .35 LS373 .50
LS83 .30 LS181 1.25 LS374 .45
LS85 .45 LS191 .45 LS375 .35
LS86 .20 LS192 .65 LS377 .75
LS90 .35 LS193 .65 LS378 .80
LS92 .30 LS194 .40 LS390 .80
LS93 .25 LS195 .52 LS393 .75
LS95 .30 LS196 .55 LS399 1.00
LS96 .33 LS197 .75 LS541 1.20
LS107 .28 LS221 .50 LS645 .75
LS109 .20 L$240 .50 LS646 .75
LS112 .25 LS670 .8.Q.
LS113 .25 25LS2569 1.50

THE $25 NETWORK

Try The 1st Truly Low Cost LAN

 Connect 2 or 3 PCs, XTs,
ATs

 Uses serial ports and 5 wire
cable

 Runs at 115 K baud
 Runs In background, totally
transparent

 Share any device, any file,
any time

. Needs only 14K of ram

Skeptical: We make believers!

SUPER BUYS
DTMF

SSI-202 Decoder 2.25
8870 Decoder 2.25
5087 Generator 2.00

5089 Generator 2.10

2N4401
Super 2N3904 NPN
Switching Transistor

40V -TO -92 - P.C. Leads
15/1.00 1000/20.00

80C32
C-MOS By Matra - 12MHZ

3.95

LM350T 2.65
LM338K 4.95
16L8-15 TI -B -PAL 1.25
8088-2 3.25
8742 7.00

WIRE WRAP
Dual Wipe - 2 Level

14 Pin 10/2.50 100/20.00
16 Pin 10/2.50 100/20.00
20 Pin 10/3.50 100/30.00

SOCKETS
Low Profile SOLDER TAIL

6 Pin 14/1.00
8 Pin

14 Pln
16 Pin
18 Pin
20 Pin
22 Pin
24 Pin
28 Pin

13/1.00
13/1.00
13/1.00
13/1.00
13/1.00
13/1.00

8/1.00
7/1.00

40 Pin 7/1.00
BUY $10

GET $1.00 - FREE CHOICE
68 Pin PLCC .79
84 Pin PLCC .89

6500/6800
6502 2.00 6821 1.00
6520 1.25 6845P 2.20
6522 2.70 6845S 2.20
6530 3.00 6850 1.75
6532 4.25 6852 3.50
6545 2.10 6860 3.95
6551 2.40 68681 3.00
6800 1.40 68A09EP 1.29
6802 2.50 68A40 4.00
6803 3.00 68A54 3.00
6805 2.95 68B09 4.00
6809EP 2.75 68B10 2.00
6809P 2.50 68645 4.95
6810 1.25 68B54 4.00

P. 0. Box 280298 Dallas, Texas 75228
(214) 271-5546
FAX (214) 271-2462

MastorCard

TEXT TO SPEECH BOARD

VISA

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!

CiS

61 $6995
G., ASSEMBLED & TESTED

ADD 53.50 SHIPPING
E. HANDLING

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE
GENERAL INSTRUMENTS SP0256-AL2 SPEECH CHIP AND THE
CTS256A-AL2 TEXT TO SPEECH CONVERTER.
THIS BOARD USES ONE SLOT ON THE MOTHERBOARD AND
REQUIRES A COM SERIAL PORT. BOARD MAY ALSO BE USED IN A
STAND ALONE ENVIRONMENT (EXTERNAL POWER SUPPLY) WITH
ALMOST ANY COMPUTER THAT HAS A RS232 SERIAL PORT. TO
USE THE BOARD IT IS ONLY NECESSARY TO SEND ENGLISH TEXT
TO THE RS232 INPUT ON THE BOARD. THE BOARD INCLUDES A
1500 BYTE TEXT BUFFER AND HANDSHAKE LINE TO ALLOW YOU
TO SEND DATA TO THE BOARD; THE SAME AS YOU WOULD SEND
DATA TO AN RS232 SERIAL PRINTER. YOU CAN SET UP BATCH
FILES THAT WILL MAKE YOUR COMPUTER GREET YOU WITH
"GOOD MORNING MASTER," ETC. EVERY TIME YOU TURN IT ON.
DEMONSTRATION SOFTWARE AND A LIBRARY BUILDING PRO-
GRAM ARE INCLUDED ON A 51/4 INCH PC/XT DISKETTE. FULL
DOCUMENTATION AND SCHEMATICS ARE ALSO INCLUDED.
FOR INFORMATION ON A LOW COST SPEECH SYNTHESIZER
SYSTEM FOR THE VISUALLY IMPAIRED, PLEASE SEND FOR FREE
PACKET T.M.1.

STAND ALONE POWER SUPPLY
FOR ABOVE $1 9 99ADD 52.50 SHIPPING & HANDLING

STATIC RAM
2016-2K X8 200 n.s 1.00
2101-1 - 256X4 500 n.s. .75
21L02-1 350 n.s. .65
2102AL-4 L.P. 450 n.s. . .49
2111-1 256X4 500 n.s. 1.00
2112A-2 2.50
2114L-3 1K X4 300 n.s. .45
2125A-2 1KX1 70 n.s. 1.70
2147 4KX1 1.95
6116P-4 1.00
6117 1.20
6264-15 1.40
62256 32K X8 5.75

DYNAMIC RAM
2108-4 8KX1 1.50
2118-4 16KX1-5Volt .70
4027-4KX1-250 n.s. .80
4116-16KX1-250 n.s. .40
4116-16KX1-200 n.s. .75
4116 16KX1-150 n.s. 90
4164 150 n.s. ....49 or 9/3 50
4164 120 n.s. 1.10
4164-100 n.s 1 40
TMS4416-16KX4-150 n.s. 2.75
4464-150 n.s 1.40
4464-120 n.s 1.45
4464-100 n.s 1.45
4464-80 n.s 1.45
41256 150 n.s. . 1.25 or 9/9.95
41256 120 n.s. 1.30 or 9/10.99
41256 100 n.s. 1.30 or 9/10.99
41256-80 n.s.. 1.30 or 9/10.99
41256-60 n.s 1.85
1 Meg - 100 n.s. 4.40
1 Meg - 80 n.s. 4.40
414256-80 n.s. 256 x 4 4.60
SIPPS & SIMMS AVAILABLE

THREE CHIP SET
B.G. SPECIAL

16450, 1488, 1489 - $6.95
16550, 1488, 1489 - $13.50

EPROM SPECIAL
We bought a large quantity of
2708s, 2716s, 2532s, 2732s,
2764s, 27128s, 27256s and
27512sfrom a computer manu-
facturer who redesigned their
boards. We removed them from
sockets, erased and verified
them, and now we offer the sav-
ings to you. Complete satisfac-
tion guaranteed

Your Choice
2708 1.20 10/8.00
2716 1.75 10/15.00
2532 2.00 10/17.50
2732 2.00 10/17.50
2764 2.00 10/17.50
27128 3.00 10/25.00
27256 3.50 10/30.00
27512 4.75 10/40.00

8000/80000
8031 2.95
80C3212 3.95
8035 1.00
8039 1.00
8085 1.55
8086 1.55
8087 87.50
8087-1 167.50
8087-2 127.50
8088 2.20
8088-2 3.25
8155 2.25
8156 2.25
8202A 8.00
8212 1.25
8214 2.00
8216 1.25
8224
8228
8237-5
8243

8251 1.10
8253-5 1.75
8254 1.80
8255 1.50
8255-5 1.75
8257 1.50
8259A 1.85
8259C-5 2.10
8275 10.95
8279 2.25
8284 1.49
8286 3.50
8287 2.49
8288 3.50
8530 3.00
8741 7.00
8742 7.00

1.25 8748 7.00
1.75 8749 7.00
2.80 8755 7.00

8250 2.95 80286-8 PLCC 8.50
(16450) 6.50 80287-8 125.00
(16550) 13.00 80287-10 135.00

V-20-10MHZ 6.50

TERMS: (Unless specified elsewhere) Add $3.25 postage, we pay balance. Orders over $50.00 add 85C for insurance. No C.O.D. Texas Res. add
8'4% Tax. 90 Day Money Back Guarantee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds
only. We cannot ship to Mexico or Puerto Rico. Countries other than Canada, add $9.00 shipping and handling.

0

O

33
rn
rn

O
C)

O

rn
33

01
O

rn

rn

CIRCLE NO. 54 ON FREE INFORMATION CARD



ADS -2
AUTOMOTIVE

DIAGNOSTIC CODE
ANALYSER

Three easy steps to
communication with your

Ford:
 Plug the ADS -2 into your PC's XT slot.
- Connect the leads to your Ford.
 The ADS -2 software will display the
EEC -IV codes being received and
translate them into english.

Your ADS -2 comes with the ADS -2 PC
board, connectors, easy to use software
and a detailed users guide.Cost is $98.
(GM, Chrysler upgrades available soon.)

or (409) 776-6370
Check  Money older C.O.D.

131 Ridgeway  Colege Station  TX 77845

on

CIRCLE NO. 52 ON FREE INFORMATION CARD

CABLE TV DESCRAMBLERS
THE MOST ADVANCED

TECHNOLOGY IN CABLE EQUIPMENT:

 BASE BAND  JERROLD PIONEER
 TOCOM  HAMLIN  ZENITH
 SCIENTIFIC ATLANTA  OAK

FOR OUT OF THIS WORLD PRICES CALL
WORLDWIDE CABLE

1 800-772-3233
FREE CATALOG AVAILABLE

7491 C-5 N. FEDERAL HWY., SUITE 142
BOCA RATON, FL 33487

MC / CCU/ VISA No Florida Sales

CIRCLE NO. 92 ON FREE INFORMATION CARD

REMOVE
HARDWARE LOCKS

PROTECT YOUR INVESTMENT!
MAINTAIN PRODUCTIVITY!

Software utility that allows for
the removal of hardware locks.

Avalable for most major
CAD/CAM and PCB
software programs

Easy - Simple - Guaranteed

Programs start at $99.00 U.S.
Visa and Mastercard Welcome

Call or Fax for more Information

SafeSoh Systems Inc.

202-1100 Concordia Ave.
Winnipeg, Mb. R2K 4118
Canada

Phone (204) 669.4639
FAX (204) 668-3566

video tape in a single pass, complete with
sound effects, if desired.

External devices like VCRs and laserdisc
players can be controlled from within A WI
for activating video segments upon com-
mand. This is a handy feature to have for
exporting computer -generated material in
concert with previously taped video to a re-
cording VCR. At predetermined points in
the presentation A WI activates the
"source" VCR; adds any titling, graphics
or overlay material; and lets you record the
combined output on a "target" VCR. This
feature can also be used for "live" interac-
tive productions, such as point -of -sale and
kiosk displays to show product videos
from a VCR or Videodisc player.

AWIis a tremendously powerful pack-
age that makes all kinds of special effects
both possible and incredibly easy to access.
While its user's manual is excellent in its
clarity and scope, I used it mostly as a refer-
ence work to learn some very advanced
techniques. You can start producing ani-
mations as soon as the program is loaded
since A WI is remarkably straightforward,
and its interface is highly intuitive. Anima-
tion Works Interactive is an indispensable
tool for anyone who wishes to produce
professional -level presentations and pro-
ductions under Windows 3.0 with Multi-
media Extensions.

Sound Blaster, $200
Sound Blaster Pro, $300
Brown-Wagh Publishing
130-D Knowles Dr.
Los Gatos, CA 95030
Tel.:408-378-3838

CIRCLE NO. 44 ON FREE INFORMATION CARD

Creative Labs' Sound Blaster, distributed
through Brown-Wagh, is probably the
best-known and most widely -used audio
board for IBM/compatible PCs. As such,
it's in a cat -bird seat when it comes to soft-
ware support and compatibility. This is
further evidenced by its MPC (Multimedia
PC) compatibility and it's support in Mi-
crosoft's Multimedia Extensions 1.0.

While it's possible to add sound after all
the video is already on tape, there are nu-
merous instances where it's desirable to
have the sound concurrent with the video
action. Here's where the Sound Blaster
comes in handy. In addition to providing
an 11 -voice FM music synthesizer that's

fully AdLib compatible, SB also permits
digitizing and playing back your own
sounds (including voice narration). So it's
especially useful for putting "sound bytes"
in sync with computer animation and gra-
phics. The advantage of combining sound
and images together in the PC is that when
you export to video tape, both audio and
video are taken care of in a single pass.

The %-length SB card easily installs in
any available eight -bit slot. A stereo patch
cord is included for connection to a home
stereo system. However, I recommend a
pair of inexpensive Walkman -type speak-
ers for convenient audio playback on a PC.
A volume control is on the card's mount-
ing bracket, though speakers aren't includ-
ed. If you wish to record voice or do other
sound sampling, you'll also have to pro-
vide a microphone, which doesn't come
with the card.

Software setup is a breeze. An included
test program checks the FM music and
voice sampling circuitry to ensure that no
interrupt or DMA conflicts are present on
the system. An included "intelligent or-
gan" program facilitates creating music
with SB, and a good assortment of sam-
ple musical selections is provided.

An optional MIDI interface kit ($79.95)
allows you to generate sound via a MIDI -
compatible keyboard or instrument. For
most desktop -video applications, how-
ever, the internal 11 -voice synthesizer
should be quite adequate.

Brown-Wagh also has a number of op-
tional support packages for the Sound
Blaster, including HSC Audio Tracks
($79.95), which is an assortment of music
clips and sound effects that are very useful
for adding sound without having to create
or record your own.

Musiclips ($149.95), a collection of
more than 150 multi -track royalty -free
MIDI song files for multimedia and desk-
top -video presentations, includes drivers
that can integrate MIDI, FM and digital -
audio support into existing applications.
One of the most useful features is that song
files can be played concurrently from the
DOS command line while other applica-
tions (like animations) are running, for
combining sound and imagery.

Recording Studio Professional ($199) is
a professional -level editor for digitized
sound samples. Its user interface is graphi-
cally -oriented with pull -down menus, win-
dows and icons. The package is rich in fea-
tures, including 3D frequency analysis,
loop editors and tools with crossface, digi-
tal signal processing and assorted toolbox
utilities. With this package it's easy to com-
bine narration with a musical background,
edit with cut -and -paste functions and add
special effects via a digital equalizer with
assignable center frequency.

If you're running Windows 3.0 with the
Multimedia Extensions, you can also rec-
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ord, edit (to a limited extent) and play back
sound via the Extensions shell with a
Sound Blaster. So some of the add-on
packages listed above may not be necessary
for your applications. If you're working
from DOS, however, you'll want to obtain
some of these add-ons to get the most from
Sound Blaster.

Sound Master II, $230
Covox Inc.
675 Conger St.
Eugene, OR 97402
Tel.: 503-342-1271

CIRCLE NO. 149 ON FREE INFORMATION CARD

Covox has been in the business of making
audio -enhancement products for personal
computers for over a decade and gives
the most bang for your buck with Sound
Master II. Lots of the accessory items that
are optional with the Sound Blaster come
standard with Sound Master H.

The 33/6-length SM-II card installs easily
in any available eight -bit slot. Like Sound
Blaster, it contains an 11 -voice FM synthe-
sizer chip and a UART-standard MIDI in-
terface. Unlike SB, however, Covox gives
you everything but the kitchen sink.

A MIDI interface cable with a DB-9 con-
nector on one end and dual five -pin DIN
MIDI -IN and MIDI -OUT connectors at the
other is supplied, as is a pair of good -quali-
ty desktop mini speakers with an adapter
supplied. (The monophonic card's adapter
routes the mono audio to both speakers).
If you want to do voice digitizing or sound
sampling, you must provide your own mi-
crophone (both low- and high- impedance
jacks are on the card's mounting bracket).

Software, supplied in abundance, in-
cludes basic recording and playback utili-
ties and a very advanced editor that has
many of the same capabilities for sound as
a good word processor has for text.
Among these are cut -and -paste, block
move, copy and more. Playback rates can
be altered, echo/reverb effects added, etc.

An included excellent PC Lyra music -
composition program is quite easy to use
for creating music. Compositions created
with it can be played back through the FM
synthesizer or via an external MIDI instru-
ment; so output flexibility is good.(See
September 1991 ComputerCraft for more
details on SM-II's MIDI capabilities.)

The DMA -driven SM-II makes it possi-
ble to play back sound files while other ap-
plications are running. Covox provides a
wealth of information on programming in
its user manual. Implementing simultane-
ous sound with graphics or other applica-
tions is relatively easy from DOS. So pro-
ducing multimedia works for export to vid-
eo is possible.

According to the Microsoft Multimedia
Extensions, the SM-II isn't MPC-compati-
ble. Therefore, if you're working under
Windows with the MPC Extensions you're
out of luck. This is really a shame because
Windows 3.1, which may be available by
the time you read this, will include the Ex-
tensions as part of the basic package. Since
the SM-II doesn't comply with these stan-
dards, the audio capabilities of the board
will go untapped when Windows MPC ap-
plications are being run.

There have been unconfirmed reports
that Covox is working on a stereo version
of the SM-II that, hopefully, will be MPC-
compliant. However, no official confirma-
tion of this was available from the com-
pany. If you're working on DTV projects
under DOS, the SM-II is an excellent prod-
uct. If you're running Windows and MPC-
compatibility is important to you now (or

will be in the future), this board won't be
the ideal choice.

Summing Up
It isn't possible to cover all of the use-
ful products available for desktop vid-
eo, animation and multimedia, pri-
marily because new ones are being re-
leased continually. In these two arti-
cles, I've limited discussion to prod-
ucts I've used extensively and of which
I have personal knowledge regarding
performance and application fitness
for desktop video. The ones I've cov-
ered here and last month represent the
cream of the crop.

Photos by Liz Benford

Tom Benford

LA1 General -Purpose PC Logic Analyzer - $149.00
Designed especially for efficient sophisticated digital analysis of non -microprocessor circuits.

IBM PC/XT/AT/388
compatible

The first PC Logic
Analyzer designed to
be cost-efficient for low -
frequency applications.

*Works with 5 -Volt digital
logic (5V CMOS or TTL).

*8 color -coded data
lines & external clock
input.
6 range internal clock
(IHz-100KHz) for
periodic sampling.

MOUSE
compatible

48' color -coded ribbon
cable with spring -loaded
micro clips
Uses your PC's
microprocessor and
memory with an assembly
language data acquisition
routine for maximum
speed on your system.

*A 12 MHz PC clone easily
handles over 100,000
samples per second.

Add logic analysis to your bench for the price of a DMM
Ideal for the professional as well as students & hobbyists  Proven excellent teaching aid

* Integrates with the power & intelligence of your PC to produce a low-cost yet Impressive test in-
strument.

* "Snapshots' Logic States for observation.
* Quickly & reliably performs tests that a dual -trace oscilloscope, DMM, and Logic Probe can't (ex-

ample: multiplexed digital displays, stepper -motor controllors, . . . etc.).
* Pop -Down Menus. * 8 Channel color -coded logic probe mode.
* File / Print Utilities. * Free tech support and software upgrades.

Model LA1
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* Full -Featured
software &
data display
graphics (Dis-
plays In full
color or
monochrome)

*On-line help
system.
Takes only
minutes to
master the
easy -to -use
software.

*Made In the
USA. 109 Camille Avenue

Amite, Louisiana 70422

Logic Analyzer
Comes Completely

Assembled 14 Tested
with Disk 8 Manual
1 Year Warranty

Orders:
(504) 222-4146

24 hr. answer service:
(504) 748-7090

C.O.D.  VISA  MC
Photronics, Inc.
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A Tower of an Enclosure
Part 3

Installing a passive backplane and support cards and
a dedicated power supply in the CYANCE enclosure
extends your PC's bus by six expansion slots

Pc power users frequently run out
of spare slots on the mother-

board of their computers. If you find
yourself in this condition and have
more plug-in cards than you have ex-
pansion slots on your motherboard,
the CYANCE Bus Expander system to
be described is just what you need. By
installing an eight -slot passive back -
plane system in the CYANCE enclo-
sure that was the subject of Part 1 of
this series, you can extend your com-
puter's expansion bus by six slots. The

that you must dedicate a slot on your
motherboard and another on the
backplane to interface cards for the
Bus Expander.

With our Bus Expander, you have
far more slots that are available on just
your motherboard. Furthermore,
these extra slots are fully isolated from
the motherboard and have their own
separate power supply. This takes
takes the potential danger out of
"proofing" untried hardware in your
system, preventing possible damage to
your main computing system.

One reason why you might want to
extend the bus of your computer is to
have more peripheral cards on-line
simultaneously so that you can elimi-
nate having to swap cards. If you're
an experimenter who designs his own
bus -oriented computer projects, you
want to do so safely, without running
the risk of trashing an expensive moth-
erboard and any devices connected to
it. If either, both or other considera-
tions are important to you, you can
connect our CYANCE Bus Expander
to your present computer and solve
such problems.

The basic CYANCE enclosure has

its own power supply (your choice of
power) that handles any hardware you
put into the expansion unit. The Bus
Expander provides its own separate
address, data and control -line buffers.
This assures complete isolation be-
tween the PC's motherboard bus and
any development project plugged in-
to the Bus Expander.

The CYANCE Bus Expander con-
sists of five pc cards: two controllers,
two slaves and a passive backplane.
One master and slave (the latter is a
daughterboard to the first) and the bus
card reside in the CYANCE enclosure.
The other master/slave combination
resides in a slot on the bus of the host

PC's motherboard. Master/slave
combinations each require one expan-
sion slot on the PC's motherboard and
CYANCE's passive backplane.

Be aware that the Bus Expander
isn't a project for beginners. To build
and use it, you should be experienced
in electronic practices and familiar
with computer hardware.

Design Considerations
In theory, a computer bus expander
simply consists of a couple of connec-
tors and some ribbon cable. However,
the demands of the PC bus make the
reality much more complicated. As
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motherboard clock speed increases
and more peripheral cards are plugged
into the bus, control, address and data
signals can become distorted and un-
usable. This is why the number of
motherboard expansion slots has set-
tled in at eight cards or less. Increas-
ing this number, not to mention plac-
ing slots remotely from a mother-
board, presents serious technical
challenges that must be overcome.

In designing the Bus Expander, a
few minor concessions were made to
keep it relatively inexpensive and elim-
inate the need for specialized and ex-
pensive assembly tools. Going this
route resulted in a system that doesn't
have the "hot" performance required
for, say, a 486 system running flat out
at 50 MHz.

Though it lacks the extremely wide
bandwidth required by the speediest of
processors, the Bus Expander per-
forms well at more reasonable speeds.
So if you want to expand a hot -perfor-
mance motherboard, simply keep the
cards that require maximum perfor-
mance on the motherboard itself and
delegate cards that place lesser de-
mands on bus performance in the Bus
Expander's slots. This way, you get
the best of both worlds.

TOP OF
CONNECTOR

P1 POWER

GND -0 81 Al 0 - -I/0 CHAN CHK
+RESET DRV -0 92 A2 0 - +D7 0 0

+5V -0 B3 A3 0 - +06
*1802 -0 Eld 84 0 - +05 Al A31

-5VDC -0 85 A5 0 - +04 B1
SLOT 8

331
+DRQ2 -0 86 A6 0 - +03
-12V -0 87 A7 0 - +D2

EXTRA -0 B8 A8 0 - +01 SLOT 7'

+12V -0 89 A9 0 - +DO
GND -0 810 8100 - +I/0 CHAN RDY

-MEMW -0 811 All 0 - +AEN SLOT 6

-MEMR -0 812 A120 - +A19
-IOW -0 813 8130 - +A18
-109 -0 814 A140 - +A17 SLOT 5

-DACK3 -0 815 A150 - +A16
+0903 -0 816 A160 - +A15

-DACK1 -0 817 A170 - +814 SLOT 4
+DRQI -0 818 A180 - +A13

-DACKO -0 819 A190 - +Al2
CLOCK -0 820 A200 - +Al I SLOT 3
+IRQ7 -0 1321 A210 - +810
+iRQ6 -0 822 A220 - +A9
+1R05 -0 B23 8230 - +48 SLOT 2
tiRQ4 -0 824 A240 - tA7
+IRQ3 -0 825 A250 - +86

-DACK2 -0 926 A260 - +85
LLCT '

+T/C -0 827 A270 - +44
+ALE -0 828 A280 - +A3 Q Q

+5VDC -0 829 A290 - +A2
--OSC -0 B30 A300 - +Al
+CND -0 831 8310 - +AO

Fig. 1. Pinout assignments for IBM PC/compatible (left) and CYANCE Bus Ex-
pander (right) buses.

ATA MASTER CARD

CYANCE

CONTROL CARD

MASTER

1111111111If-

PC MOTHERBORAD

DATA CABLE

CONTROL CABLE

NOTE: MASTER AND SLAVE CONTROL
CARDS ARE THE SAME, JUST CON-
FIGURED DIFFERENTLY, HOWEVER,
MASTER AND SLAVE DATA CARDS
ARE DIFFERENT CIRCUITS.

CYANCE BUS

ATA SLAVE CARD

CYANCE

CONTROL CARD

SLAVE

Fig. 2. Overall view of CYANCE bus -expansion system.
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11
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5V

9 1 L1911 J 9

ul

:17

P1-7 < -

P1-6

U2

19
14

U2 13
16 4

P1-5 < -

U1-6 #20

U1-6 810

15

U2

-e

829
+5V

823 IRQ5

7

B24 IRQ4

18

2

B25 IRQ3

17

Cl C2 C3 C4 C5 C6 C7

TS

B1

1110
+5V

+ SOURCE

11

B30 OSC

813 IOW

U5
16

15

8
1914 IOR

9

815 DACK3

12

R13

.-"\/\,..--> P1-30

18 R10

----""--> P1-17
17

817 DACK1

9

B19 DACKO

U4 12

R9

P1-16

U4 14
88

--"\A"--> P1-15
13

11

4 U3 16

B20 CLK

01,
B26 DACK2

R7

-'N.A--> P1-13

14
R6

P1-11

13

15

6 --, 14
827 T/C

7 3

B28 ALE

R5

--"\/\.,-.-> P1-10

8 U1 12
R4

- --> P1-4

4 1 16

BUS

11 18

17

R3

-,\A"----> P1-3

R2

P1-2

15

RI

P1-1

Fig. 3. Schematic details of Master Control Card circuitry.

Cost-cutting design compromises
were made in two areas. One was the
decision to use ordinary double -sided
printed -circuit boards and through -
hole components, rather than multi -
layer boards and surface -mounted de-
vices, both of which would have add-
ed greatly to system cost and the lat-
ter requiring specialized and expensive
tools. The performance edge multi -
layer boards and surface -mounted de-
vices would have added would not
have been justified by the additional
cost of building the system.

The other area of compromise was
use of ribbon cables to interconnect
the two systems. Better performance
would have been achieved by using
shielded round cables and connectors
for this purpose, but it would have
done so at a dramatic boost in the cost
of building the system.

By carefully selecting components
and limiting cable lengths to less than
5 feet, the CYANCE Bus Expander
should more than meet any expansion

need that doesn't require the full
bandwidth of the motherboard's bus,
even with the compromises men-
tioned. With the CYANCE Bus Ex-
pander built according to the proce-
dure described here, you'll have a safe
platform for "proofing" untried
hardware designs and a means to ac-
commodate more hardware than the
slots in your PC can support.

Circuit Operation
The pinout of the CYANCE Bus
shown in Fig. 1 is the same as that for
the PC bus (left). Take some time to
examine the layout of the CYANCE
Bus Card (right) with regard to the
various card slots and power connec-
tor to familiarize yourself with the
system and know your way around.

Figure 2 graphically shows the ele-
ments of the basic CYANCE Bus Ex-
pander system. As you can see, one
motherboard slot must be dedicated to
the Master Control Card that buffers

and conditions the various bus control
signals and routes them through the
40 -conductor control cable to its com-
panion Slave Control Card. Mounted
on the Master Control Card, in daugh-
terboard fashion, is a Data Master
Card that buffers and conditions the
address and data lines on the PC bus.
The Data Cable connects the Data
Master Card to the Data Slave Card.

On the bus of the CYANCE Bus Ex-
pander, one slot is used up by the Slave
Control Card and its daughterboard
Data Slave Card. Choice of a plug-in
daughterboard and passive backplane
scheme, rather than a one in which the
CYANCE Bus Card contains the slave
components, is better because it lets
you make changes to the basic circuit-
ry or expand the system to 16 bits.

As control, address and data signals
are buffered and routed between the
two buses, propagation delays are in-
troduced by the buffer ICs and ribbon
cable. By carefully selecting the logic
family for the buffers and keeping the
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ribbon cables as short as possible, you
can minimize these delays. Further-
more, special consideration must be
given to the extra capacitance that
comes with the relatively long inter-
connect cables and peripheral cards.
 Control Cards. The PC Bus connec-
tor, shown in the center of the Master
Control Card circuit in Fig. 3, uses a
62 -contact edge connector with 31
each "A" and "B" contacts in the Fig.
1 pinout arrangement. The control
cards use only the "B" side that routes
most of the bus signals.

To keep construction as simple as
possible, the same pc design is used for
the Master and Slave Control Cards.
The Master Control Card sits on the
host PC bus, the Slave Control Card
sits remotely on the CYANCE Bus
Card and is controlled by the "Mas-
ter" unit.

By connecting the adjacent pins of
each 74S240 buffer, you can control
the direction of the buffered signals
using pins 1 and 19. When pin 1 is tied
to ground and pin 19 to Vcc, signals
at pins 2, 4, 6 and 8 are routed across
the device to pins 18, 16, 14 and 12 to

produce a bus "driver." Similarly,
grounding pin 19 and tying pin 1 to
Vcc, signals on pins 17, 15, 13 and 11
are routed through the device to pins
3, 5, 7 and 9 to create a bus "receiver"
that conditions signals received on the
interconnect cable.

All control signals on the PC bus
must be conditioned and sent to the
CYANCE Bus, which receives and
conditions them. By configuring the
voltages applied to pins 1 and 19 of the
74S240 buffers, both functions can be
performed with one card.

In the Fig. 3 Master Control Card
circuitry, the buffers located on the
right send PC bus signals to the
CYANCE Bus. Similarly, the buffers
on the left condition signals received
from the CYANCE Bus and apply
them to the PC bus.

In the Fig. 4 Slave Control Card cir-
cuitry, the situation is reversed. Sig-
nals on the right are received from the
Master Control Card and are condi-
tioned and applied to the CYANCE
Bus. On the right, the buffers send the
CYANCE Bus signals back to the PC
bus, while on the left, these signals are

transmitted back to the Master Con-
trol Card.

Trace these signals using Fig. 1
through Fig. 4 until you completely
understand the data flow. This will be
important when you build and test
your Bus Expander.

In studying Fig. 3 and Fig. 4, several
"damping" resistors in series with the
buffer output lines reduce the effects
of under -shot signals. On the condi-
tioning (receiving) side, these resistors
are replaced with jumper wires.
Hence, the difference between the
Master and Slave Control Cards is de-
termined by whether each has resistors
or jumpers installed in the correspond-
ing positions.
 Data Cards. In Fig. 5 and Fig. 6 are
shown the schematic details of the cir-
cuitry on the Data Master and Data
Slave Cards. In the Fig. 5 Data Master
Card circuit, the PC bus connector is
shown as an outline in the center. Re-
call that side "B" of the PC bus con-
nector is composed primarily of con-
trol signals. Side "A" contains the ad-
dress and data signals and a few con-
trol -line signals.

RI
P 1 -31 <--"A-

R2

P1 -1B

R3
P1-14

5V 5V 5V 5V

1

1

Fj41
US U6

DIR

COLT.

U5

18

17
12

84 1802

86 DRO2

±19

U4
16

B16 DRQ3

15

+5V <
19 U3

8 12

P1 12 <-"\"-
R4

R5 18

P 1 -9

17
R6 1?

PI -8
5V

1

5V
19

5v
11

*19 9
14

P1-7
87

112 13

P8 16 4

P1-5
15

P9"- 18
PI 5 <-+"

17

Cl C2 C3 C4 C5 C6
U1-6 #20 <

U1-6 #10 <
T5

B3

818 DRO1

B21 IRQ7

U2

8 B22 1R06

829
+5V

B23 IRC)5

7

B24 IRQ4

U2

B25 IRO3

C7

+5V
+ SOURCE

.1

DI

810

B31

B2 RST DRV
"6 14

811 MEMW

7 13

812 MEMR

U5
6

813 IOW

15

814 IOR
U4 12

815 DACK3

817 DACK1
U 12

819 DACKO

9

B20 CLK
4 U3 16

B26 DACK2

15

B27 T/C
6

1

14

828 ALE

13
4

830 OSC
U1 18

3 17
CYANCE BUS

U5
14

13

18

7

U4 14

13

U3 14

13

U1 12

U1 16

15

81-30

P1-19

> P1-20

> P1-17

PI - 16

P1 -15

P1 -13

> P1-.1

P1-10

P1-4

P1-3

PI -2

PI -1

Fig. 4. Schematic details of Slave Control Card circuitry.
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Earn Your B.S. Degree
in

ELECTRONICS
or

COMPUTERS

By Studying at Home
Grantham College of Engineering,

now in our 42nd year, is highly ex-
perienced in "distance education"-
teaching by correspondence-through
printed materials, computer materials,
fax, and phone.

No commuting to class. Study at
your own pace, while continuing on
your present job. Learn from easy -to -
understand but complete and thorough
lesson materials, with additional help
from our instructors.

Our Computer B.S. Degree Pro-
gram includes courses in BASIC,
PASCAL and C languages - as well as
Assembly Language, MS DOS, CADD,
Robotics, and much more.

Our Electronics B.S. Degree Pro-
gram includes courses in Solid -State
Circuit Analysis and Design, Control
Systems, Analog/ Digital Communica-
tions, Microwave Engr, and much more.

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

Write or phone for our free
catalog. Toll free, 1-800-955-2527, or
see mailing address below.

Accredited by
the Accrediting Commission of the

National Home Study Council

GRANTHAM
College of Engineering

Grantham College Road
Slidell, LA 70460

PARTS LIST

Master Control Card
Semiconductors
Ul thru U6 -74S240 buffer
Capacitors
CI thru C7 -10-g, 16 -volt electrolytic
Resistors (1/4 -watt, 5% tolerance)
R1 thru R13-100 ohms
Miscellaneous
P1-40 pin DIP IC socket
P2 -36 -pin male single -row connector

Printed -circuit board; IC sockets (see
text); solder; etc.

Slave Control Card
Semiconductors
U I thru U6 -74S240 buffer
Capacitors
Cl thru C7 -10-µF, 16 -volt electrolytic
Resistors ('/,-watt, 5% tolerance)
R1 thru R9-100 ohms
Miscellaneous
P1-40 pin DIP IC socket
P2 -36 -pin male single -row connector

Printed -circuit board; IC sockets (see
text); solder; etc.

Data Master Card
Semiconductors
U1,U2,U3,U6-74S240 buffer
U4,U5-74S38 quad two -input NAND

gate with open collectors
U7 -74S00 quad two -input NAND gate
DI ,D2 -1N4148 switching diode
Capacitors
Cl thru C6 -10-g, 16 -volt electrolytic
Resistors (74 -watt, 5% tolerance)
R1 thru R20,R22 thru R29-100 ohms
R21 -2,200 -ohm SIP pack
Miscellaneous
P1 -40 -pin DIP IC socket
P2 -36 -pin female single -row connector

Printed -circuit board; IC sockets (see
text); solder; etc.

Data Slave Card
Semiconductors
U1,U2,U3,U6-74S240 buffer
U4,U5-74S38 quad two -input NAND

gate with open collectors
U7 -74S00 quad two -input NAND gate
Capacitors
Cl thru C6 -10-g, 16 -volt electrolytic
Resistors ('/4 -watt, 5% tolerance)
RI thru R8-100 ohms
R10-470 ohms
R9 -470 -ohm SIP resistor pack
Miscellaneous
P1 -40 -pin DIP IC socket
P2 -36 -pin female single -row connector

Printed -circuit board; IC sockets (see
text); solder; etc.

Bus Card
Capacitors
Cl thru C28 -10-g, 16 -volt electrolytic

with radial leads
C29 -47-µF, 16 -volt electrolytic with

radial leads
C30 -1-g, 16 -volt electrolytic with ra-

dial leads
C31 thru C37 -10-µF,16 volt electrolytic

with axial leads
Miscellaneous
PI thru P8 -62 -pin card edge connector

with contacts on 0.100" centers
P9 -12 -pin male PC power connector

Printed -circuit board; solder; etc.

Note: The following items are available from
U.S. Cyberlab, Inc., Rte. 2, Box 284, Cyber
Rd., West Fork, AR 72774 (tel.: 1-501-
839-8293 or 1-800-232-9865 voice only):
All five double -sided pc -board kit with holes
not plated -through, $79.95; complete
CYANCE Bus Expander electronic kit,
including pc boards, $169.95. Add $4.95
P&H. Akansas residents, please add 6%
sales tax. MasterCard and Visa welcome.

As before, Master and Slave depend
on which unit sits on the PC's mother-
board bus and which sits on the
CYANCE Bus. Address buffers UI,
U2 and U3 buffer the address signals
present on the PC motherboard's bus.
Because these signals drive the 40 -con-
ductor DATA cable, damping resistors
are again used.

In Fig. 6, the buffers are reversed
and the resistors are replaced with wire
jumpers. The buffers now condition
the received signals coming from the
Data Master Card and apply the re-
constructed address signals to the
CYANCE Bus.

At the right in Fig. 5, inverter/buf-

fers and NAND gates U4, U5 and U6
are the heart of the data encoding and
decoding circuitry. To share the data
on the PC bus, the flow of data on the
CYANCE Bus must be carefully con-
trolled to and from the PC bus. This
is accomplished by splitting the trans-
mit and receive data path into 16 in-
dividual lines.

In Fig. 5, the data transmit lines
come from the buffers at the right and
have damping resistors in series with
them. Just below each data -transmit
line is the data -receive line that feeds
one input of the NAND gate. If data
signals are being sent from the PC bus
to the CYANCE Bus, as in Fig. 5, for
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Fig. 5. Schematic details of Data Master Card circuitry.
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Fig. 6. Schematic details of Data Slave Card circuitry.
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example, the data is simply buffered
and placed directly on the interconnect
cable. Likewise, in Fig. 6, the Data
Slave Card directly buffers the return-
ing data of the CYANCE Bus.

The critical part of the arrangement
comes when you wish to place the
transmitted data on either of the two

buses. This data transfer must be care-
fully controlled to keep the computer
from "crashing." Quad two -input
NAND gate U7 accepts two inputs
from the bus. On the Data Master
Card, these are the MEMR and IOR
control lines, while on the Data Slave
Card, they become the MEMW and
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CIRCLE NO. 55 ON FREE INFORMATION CARD

Low lines. Pin 8 of U7 is used to enable
open -collector quad two -input NAND
gates US and U6.

Every time the PC bus processor
wants to receive data from the bus, it
enables US and U6 on the Data Master
Card. By virtue of their open -collector
wired -OR design, US and U6 place
data received from the CYANCE Bus
directly on the PC bus. Likewise,
when data is sent to the Data Slave
Card, US and U6 place data from the
PC bus directly on the CYANCE Bus.
Because US and U6 are open -collector
devices, R21 provides the required
pull-up source current across the
CYANCE Bus data lines.

In addition to the address and data
lines, the Data Master and Slave Cards
transmit and receive the AEN control
signal and I/O CHANNEL CHECK and
I/O CHANNEL READY lines. Diodes Dl
and D2 on the Data Master Card allow
pull -down -only operation of the out-
puts of U3.
 Bus Card. The CYANCE Bus Card
is passive owing to the fact that it con-
tains no active components. The art-
work you can use to make the pc board
for it is laid out so that it can be either
single- or double -sided. Several 10-µF
capacitors placed across the card serve
as "energy wells" and reduce switch-
ing noise on the + 5-, + 12-, - 5- and
- 12 -volt power lines.

There's also a place for eight capa-
citors at the termination end of the
data bus at contacts A2 through A9.
These capacitors, usually in the value
range of 100 to 1,000 pF, may or may
not be needed, depending on cable
type and length and your arrangement
of peripheral cards. Power for the
CYANCE Bus is supplied by an inde-
pendent power supply, preferably at
least a 200 -watt unit.

Next month, we'll finish up with
construction, system checkout and in-
stallation of the Bus Expander in the
CYANCE enclosure.

Nick Goss
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COMPUTER SHOW
SCHEDULE

WHOLESALE PRICES - OPEN TO THE PUBLIC

SAVE $1.00 OFF ADMISSION WITH THIS AD!

FEB. 15-16
Sat. 10-5
Sun. 10-4

EDISON, NJ - RARITAN CENTER EXPO
1,000 Tables - 100,000 Sq. Ft. of Space
NJ Turnpike Exit #10 - Bigger than Trenton

FEB. 22 WOBURN, MA - North of Boston -800 Taxes
Sat. 10-5 Full Hall -800 Tables - Off 1-95 EXIT #35

MAR. 14 FAIRFAX, VA - PATRIOT CENTER-Nr DC
Sat. 10-4 Off 1-495 - 250 Tables - Geo. Mason Univ.

MAR. 15 VALLEY FORGE, PA - CONVENTION Ctr.
Sun. 10-3 Philadephia Area - PA Tpke. - 400 Tablas

MAR. 21 ASPEN MANOR - PARSIPPANY, NJ
Sat. 10 to 4 Rte. 46 West = Near 1-80 - 400 Tables

APR. 4 BOXBOROUGH, MA - Boxborough Hotel
Sat. 10 to 3 1-495 Exit #28 at Rte. 111- 250 Tables

KGP PRODUCTIONS, INC.
(800) 631 -0062

IR( I NO. 67 ON FREE INFORM k HON CARD

Cross -Assemblers from $50.00

Simulators from $100.00

Cross-Disassemblers from $100.00

Developer Packages
from $200.00(a $50.00 Savings)

Make Programming Easy
Our Macro Cross -assemblers are easy to use. With powerful
conditional assembly and unlimited include files.

Get It Debugged --FAST
Don't wait until the hardware is finished. Debug your software
with our Simulators.

Recover Lost Source!
Our line of disassemblers can help you re-create the original
assembly language source.

Thousands Of Satisfied Customers
Worldwide

PseudoCorp has been providing quality solutions for
microprocessor problems since 1985.

Processors
Intel 8048 RCA 1802,05
Motorola 6800 Motorola 6801
Hitachi 6301 Motorola 6809
Rockwell 65CO2 Intel 8080,85
Hitachi HD64180 Mot. 68k,8 ,10

All products require an IBM PC
For Information

Mosrard

Intel 8051 Intel 8096,196kc
Motorola 68HC11 Motorola 6805
MOS Tech 6502 WDC 65CO2
Zilog Z80 NSC 800
Zilog Z8 Zilog Super 8

or compatible.
Or To Order Call:

PseudoCorp
716 Thimble Shoals Blvd, Suite E

Newport News, VA 23606
(804) 873-1947 FAX:(804)873-2154

PC -BASED
DEVELOPMENT

TOOLS
If you're interested in microprocessor -related projects,
our tools can help. Our PIC microcontroller toils allow

you to learn about and use single -chip computers.
And our EPROM emulators are time-savers in

almost any project that uses EPROMs.

r
MICROCONTROLLER PROGRAMMER

The PIC 16C5x family of microcontrollers are inexpensive,
8 -bit, single -chip computers. They combine a CPU, EPROM,
RAM, and I/O for as little as $3.00 each. Our tools allow
you to program these parts with your own software. A single
PIC can replace many ICs, in addition to add ng real
intelligence and flexibility to your designs.

Includes assembler, programmer, and cables.
PIC is a registered trademark of Microchip Technology, Inc. 1 99

J
r

27256 EPROM EMULATOR

[Mr. MX

Oespa-lizei

4
ROM EMULPITOR

MET E

mit E --

If your projects use EPROMs, you can probably use an
EPROM emulator. An EPROM emulator plugs in place of an
actual EPROM, but instead of programming parts to test
your code, you simply download to the
emulator.

Emulates 2764, 27128, and 27256 EPROMs. $199

MasterCard

(916) 721-8217  FAX: (916) 726-1905
Parallax, Inc.  6200 Desimone Lane, #69A  Citrus Heights, CA 95621

Prices subject to change without notice.
California, residents add appropriate sales tax.

Add $4.00 for UPS ground. $7.00 for 2nd day. $15.00 foi next day.
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Application By Tom Fo

Experimenting With
Motorola's 68HC11 True
Single -Chip Computer

Part 4

Building a board to supply battery power, installing
the monitor program, programming MAG-11's
EEPROM and experimenting with the 68HC11 in
Special Bootstrap/Modified Single -Chip mode

71 his time around, we have basic-
ally' two focuses: operation, con-

struction and use of a Battery Board
for the MAG-11 single -board comput-
er and the BUFFALO monitor pro-
gram that makes it possible for you to
use the MAG-11 Single -Board Com-
puter for a wide range of applications.

Though the MAG-11BAT Battery
Board is basically a convenient plat-
form for supplying battery power to
MAG-11, optional circuitry can be in-
cluded to provide low -battery indica-
tion and an eight -channel Logic Moni-
tor. The latter is useful as a diagnos-
tic/instructional aid for the MAG-11
and expansion boards and for analyz-
ing other projects. It's completely in-
dependent and plays no role in the op-
eration of the SBC, but it is a low-cost
option you might want to include if
you ever have to troubleshoot the SBC
or other digital circuits.

The BUFFALO (Bit User Fast
Friendly Aid to Logical Operation)
monitor program, available for just
the cost of the call to Motorola's Free -
ware BBS and the time it takes to
download it, is remarkably sophisti-
cated. If you don't have the facilities
to access the BBS and download files
or prefer not to program your own
EPROMs, you can obtain the BUF-
FALO monitor already programmed
into a 27C256 EPROM for a small fee

from the source given in the Note at
the end of the Parts List. Also avail-
able from this source is a diskette that
contains all the software for the first
four parts of this series and the source
code for the BUFFALO monitor and
the file in Motorola S format.

About the Circuit
The MAG-11 single -board computer
that was the subject of Parts 1 through
3 can be powered by a single 9 -volt bat-

tery and uses a separate battery for
memory back-up, in addition to the
back-up provided by an on -board
0.1 -Farad super -capacitor. Powering
MAG-11 from batteries is optional,
but it's a great convenience because it
lets you use the SBC anywhere you
happen to be, whether or not ac power
is available. If you don't need such
convenience, you can use just an ac -
line -powered source that outputs fil-
tered but unregulated 9 to 12 volts dc.

MAG-11 has its own UPS (uninter-
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Fig. 7. Complete schematic diagram of optional battery -powering circuit for MAG- 11 SBC. This portion of the MAG-11 BAT
board offers a number of choices for battery -powering the system.

ruptible power source) and battery -

backed memory system in addition to
the built-in super -capacitor. The sim-
ple circuitry for the UPS is on the
MAG-11 board, while the power
source for the UPS (a 7.2 -to -7.8 -volt
Ni-Cd battery is on the MAG-11BAT
board) is identified as B1 in Fig. 7. Bat-
tery B2 consists of three 1/2 -AA Ni-Cd
cells located on the MAG-11 BAT
board and provides memory back-up
for MAG-11.

Circuitry on -board MAG-11BAT
provides separate visual low -battery
alert for BI and B2 via light -emitting
diodes. The Fig. 7 circuit is a bit unus-
ual because it has the capability of be-
ing powered by three distinct energy
sources: ac line, B1 and B2. In normal
operation, the ac line or B1 is the pri-
mary energy source. However, the sys-
tem is still functional if B2 or either of
the other two energy sources is oper-
ating at more than about 50% of rated
capacity. So, just about every power
source has to give up the ghost for the
low -battery alert circuit to fail.

MAG-11 BAT's optional eight -
channel Logic Monitor is shown sche-
matically in Fig. 8. Channel 1 has a

pulse -extender circuit that lets you
view extremely short -duration pulses.
This Logic Monitor has numerous ap-
plications. It can serve as an additional
bank of LEDs for display purposes,
an instructional aid for MAG-11 and
expansion boards, a diagnostic tool
for expansion boards and even MAG-
11 itself, etc. If you don't wish to in-
clude this handy circuit, simply omit
Ul, U2 and associated components.

Getting back to the battery -power-
ing system in Fig. 7, B1 can be either
a 9 -volt alkaline or a 7.2 -volt (some-
times specified as 7.8 -volt) Ni-Cd re-
chargeable type. If you use an alkaline
battery, jumper pins 2 and 3 of JP2,
and omit the jumper on JP8 on the
MAG-11 SBC board.

If you use an Ni-Cd battery, put a
jumper on JP8 and jumper pins 1 and
2 of JP2. If you use only battery power
to run MAG-11 for short periods of
time, select an alkaline battery for B1.
Finally, if you plan on powering
MAG-11 from the ac line, use an Ni-
Cd battery if you wish the security of
UPS service.

Potentiometer R2 on the MAG-11
board sets the charging rate for BI.

The three cells that make up B2 pro-
vide about 3.8 volts when fully charged.
Charging rate for B2 is set with R10 on
MAG-11. Power is applied to and re-
moved from MAG-11 by S4 in Fig. 7.
You need this switch if you operate
MAG-11 solely on battery; otherwise,
it's optional.

The low -battery indicator circuit
consists of operational amplifiers
U2 IA and U2IC. Because these cir-
cuits are similar to each other, we'll ex-
amine only the one that turns on
LEDI 7 when the voltage from B2 is
low enough to trigger it.

Notice that U21 and U22 are pow-
ered by both the + 5 -volt regulated
source and B2. This permits the circuit
to function even if the primary power
supply is dead or missing, as long as
B2 has some charge left. A 2.5 -volt
reference source is provided by U22.
While U21 will operate down to 2.7
volts, the voltage -reference circuit
starts to lose accuracy at about 3 volts.
However, because the rate of change
in the reference circuit is still less than
the rate of change of VB, the circuit
operates okay down to 2.7 volts.

The 2.5 -volt reference is applied to
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PARTS LIST

Semiconductors
D5 thru D20 -1N914 or similar silicon

switching diode
D21,D23-1N4001 rectifier diode
D22 -1N5817 Schottky barrier diode
LED12 thru LED19,LED28,LED29-

Low-power, high -efficiency T-1 red
light -emitting diode

LED20 thru LED27-low-power, high -
efficiency T-1 green light -emitting
diode

U19,U20-74HC245 octal tri-state
transceiver

U21-LM324 quad operational
amplifier

U22-LM336-2.5 2.5 -volt voltage
reference

Capacitors
C33,C34-1,500-pF, 25 -volt ceramic
C35-0. 25 -volt monolithic ceramic
C36 -10-µF, 20 -volt electrolytic
Resistors (1/, -watt, 5% tolerance)
R20,R22,R24-10,000 ohms
R21,R26-100,000 ohms
R23,R25,R29-1,000 ohms
R27-118,000 ohms, 1% tolerance
R19 -50,000 -ohm miniature pc -mount

trimmer potentiometer
R28 -100,000 -ohm miniature pc -mount

trimmer potentiometer
RN6-820,000-ohm x nine -element SIP

resistor network
RN7-1-megohm x nine -element SIP

resistor network
RN8,RN9-1,000-ohm x nine -element

SIP resistor network
Miscellaneous
B1 -9 -volt alkaline or 7.2- to 7.8 -volt

nickel -cadmium battery
B2-Three 7, -AA nickel -cadmium cells

with solder tabs (Digi-Key Cat. No.
P109 or similar)

J7-Nine-position female socket with
contacts on 0.1" centers (Digi-Key
Cat. No. 929974-01-10 or similar)

JP14 thru JP19-Two-post jumper
header with posts on 0.1" centers

JP20-12-post jumper header with
posts on 0.1" centers (Digi-Key Cat.
No. 929836-01-36 or similar)

P1,P2-20-post, two -row plug with
contacts on 0.1" centers (Digi-Key
Cat. No. 929720-03-36 or similar)

S4-Miniature spst pc -mount pushbut-
ton switch (Digi-Key Cat. No. SW100-
ND or similar)
Printed -circuit board (see text);
sockets for DIP ICs; shorting jumpers
JP14 thru JP19; holder for Bl Digi-
Key Cat. No. BH9V-PC-ND or simi-
lar); machine hardware for B2 (see
text); solder; etc.

Note: Parts and software for the MAG-11
SBC are available from Magicland, 4380 S.
Gordon Ave., Fremont, MI 49412. Hard-
ware include: the double -sided MAG-11 pc
board with plated -through holes and com-
ponent -mounting overlay (No. MAG-
1 1BD), $25; set of all ICs that are not op-
tional, including the MC68HC11A1P,
27C256 EPROM with your choice of MAG-
11DIAG or BUFFALO monitor firmware,
thermistor and precision resistor, and
MAG-11 software on 31/2 " or 5 " PC -
compatible diskette, but not including U9
and U10 (No. MAG-11CDK), $49.50. Price
for both pc board and IC kit when ordered
at the same time is $69. Available separate-
ly are: 68HC 11, $25; 27C256 EPROM pro-
grammed with either MAG-11DIAG firm-
ware (No. MAG-11DIAG/E-256) or BUF-
FALO monitor (No. BUFFALO/E-256),
$12; PC -compatible disk loaded with soft-
ware for MAG-11 on 51/," disk (No. 6811 -
ME -5), $7.50 or 3'A" disk (No. 6811ME-3),
$10. Prices are in U.S. funds only. For ship-
ment to Canada, add $5 and to all other
countries via air add $10. Michigan resi-
dents, add 4% state sales tax.
For a complete list of the parts needed for
MAG-11 SBC, see Parts 2 and 3 of this series
in the February and March issues.

noninverting input pin 3 of U21, and
a sampling of B2's voltage is applied
to inverting input pin 2. You use R19
to adjust pin 2's potential to 2.5 volts
when B2's potential drops to some low
value like 3 volts. Below 3 volts, pin
1 of U21 goes high, causing LED28 to
light if JPJ4 is jumpered. The circuit
is isolated from the Cl 7 super -capaci-
tor circuit on MAG-11 by jumpering
JP15 to isolate it from the super -capa-
citor to prevent needless discharge.

The remaining jumper blocks serve
the following purposes:

JP/6-logic-monitor power

JPI 7-memory backup power to
the MAG-11 SBC

JP 18- + 5 volts to the entire
MAG-11BAT board

JP/9-storage for shorting jump-
ers that aren't being used.

Diode D23 allows B2 to be continu-
ally charged even if no jumper is
placed on JPI 7.

The Fig. 8 Logic Monitor circuit
consists of 74HC245 octal bus trans-
ceivers U19 and U20, which have tri-
state outputs. An off state isn't need-
ed; so enable input pin 19 is grounded
on both ICs.

With U19, direction control pin 1 is
grounded. Thus, pins 11 through 18 (B
bus) function as inputs and pins 2
through 9 (A bus) are outputs. Pin 1
of U20 is at + 5 volts, which reverses
the direction of flow. Resistor net-
work RN6 contains a bank of 820,000 -
ohm pull -down resistors, and resistor
network RN7 contains 1-megohm
pull-up resistors.

If diodes D5 through D20 weren't
used, the inputs of the bus transceiver
would see about 2.25 volts when the
inputs to the Logic Monitor are left
floating (2.25 volts is typical switch -
over for high-speed CMOS-or HC-
logic). Operation at this voltage causes
the ICs to draw excessive current.

The forward drop across D5 through
D12 causes pins 11 through 18 of U19
to be at about 0.5 volt less than 2.25
volts, and the drop across D13 through
D20 causes the potential at pins 2
through 9 of U20 to be about 0.5 volt
greater than 2.25 volts. The result is
that even when the Logic Monitor pins
are left floating, the voltage at the in-
puts to U19 and U20 isn't close enough
to the switch -over point to cause exces-
sive supply current drain.

Another advantage of using the di-
odes is that short pulses become visi-
ble on the LEDs since the extremely
high reverse impedance of the diodes
allows only the charge stored in the cir-
cuit's stray capacitance to discharge
through the resistor networks. Capa-
citors C33 and C34 permit detection
of very short -duration pulses when
Logic Monitor input line 1 is used.

Notice the large -value current limit-
ing resistors used for the LEDs. High -
efficiency devices are recommended
for all LEDs, which can be used with
forward currents of as little as 1 mA,
although 2 to 4 mA is more typical.

Construction
Printed -circuit construction is recom-
mended for this project. You can
make your own board from the actual -
size artwork given in Fig. 9. To keep
things simple, the artwork is designed
to yield a single -sided pc board. Con-
sequently, you'll have to install 15
jumper wires, as detailed later, after
all components are mounted and sol-
dered into place to get it working prop-
erly when you mate it with the MAG-
11 SBC board.

46 / COMPUTERCRAFT / April 1992 Say You Saw It In ComputerCraft



0 0 0 0 0

2 3 4 6 7

J30 0
9

8

+5V

D12

ol

1

01

01

D5

RN6
820K

JP19

Jumper storage

Ol

11) 9

8 7 6 5 4 3

111H
Cut off pin 10 prior to installation

JP16
20

1033
1500PF

11

17

13

15

12

14 74HC245

16

18

u19

2

3

4

5

6

7

8

9

10 19
-.0air

LED12
--101

2

4 W.e-

8

7 nn

'-11101" 8

9 -,N.A.A
u t0

LED19

RN8 1

1K

RN7
1M

D20

14

4
D13

I

10 9 8 7 6 5 4 3

14

10 19

20

LED27

RN9
1K

C34
2

1500PF U20
18 NV,

9 74HC245 17

8 16
4 AAA.--14

7 15

6 14
6-$ VV\e-

5 13

8 A.A.Ar-4 12

3 9 --VVV-4
10

2 11

LED20

Fig. 8. Complete schematic diagram of optional eight -channel Logic Monitor for the MAG-11 BAT board. It plays no role in
operation of the SBC but does provide a convenient means for troubleshooting its circuitry and other digital systems.

Refer to Fig. 10 for component lo-
cation and orientation details for pop-
ulating the board. Use sockets for
U19, U20 and U21. If you don't now
need the Logic Monitor circuit and
would like to save a few dollars in
component cost, omit all the compo-
nents shown in Fig. 8.

Install PI and P2 on the solder side
of the board, leaving enough metal pin
length exposed between the plastic in-
sulating tie strip and board to provide
soldering access. Though just about
any size 20 -pin headers with pins
spaced on 0.1" centers can be used for
P1 and P2, it's best to use headers that
have long pins on both sides of the in-
sulating tie strip to make it easier to
solder them.

The three /3 -AA cells that make up
B2 have solder tabs. Use 2-56 or small-
er machine hardware to secure the sol-

der tabs to the board. If you use 2-56
screws, you'll have to enlarge the holes
in the tabs to accommodate them. If
necessary to make a good connection,
solder the screws to the copper foil on
the board.

Tests & Adjustments
Install fully charged Ni-Cd batteries
B1 and B2. Configure the jumpers on
MAG-11 for installed Ni-Cd batteries.
Then install all shorting jumpers on
MAG-I1BAT. Set R2 and RIO on
MAG-11 to center of rotation. Line up
P1 and P2 on MAG-11BAT with JI
and J2, respectively, on MAG-11, and
carefully push them together, as illus-
trated in Fig. 11.

Apply 9 volts dc to SO/ on MAG-
11. Wait about 30 minutes for the
charging currents to stabilize. Then

use a DMM set to the dc volts function
to measure the potential dropped
across R7 on MAG-11. If don't obtain
a reading close to 200 mV ( ± 100 mV),
adjust R10 on MAG-11 to get it. Ac-
cess to R10 is through a hole drilled in
the indicated location in the MAG-
11BAT board.

If the measured drop across RI isn't
close to 150 mV, adjust R2 as needed.
It isn't possible to adjust R2 with a
standard screwdriver because MAG-
11BAT obstructs it; so use either your
fingers or longnose pliers.

For preliminary adjustment of the
low -battery alert circuit, connect the
common lead of your meter, set to
measure 20 volts dc, to ground. Touch
the "hot" probe to pin 2 of U21 and
adjust R19 for a reading of + 3 volts.
Move the "hot" probe to pin 9 and ad-
just R28 for reading of + 3 volts.
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At this point, LED28 and LED29
shouldn't be lit. Removing B1 should
cause LED29 to light. Removing B2
should cause both LEDs to light, as-
suming an external 9 -volt source is
connected to MAG-11. Replace BI
and B2. Now LED12 throughLED27
should be off.

Plug one end of a short No. 22 or
24 solid hookup wire into ground pin
9 of J8 and the other end successively
into the sockets at pins 1 through 8 of
J1. Green LED20 through LED27
should light as you proceed to ground
pins 1 through 8, respectively, with
the wire.

Solder one lead of a 10,000 -ohm re-
sistor to one end of a solid No. 24
hookup wire and temporarily connect
the free resistor lead to a source of + 5
volts on the board (use a small alliga-
tor clip or tack -solder the lead). As be-
fore, plug the free end of the wire into
pins 1 through 9 of J8 and note if
LEDI2 through LED19 light.

If you experience any difficulty dur-
ing this phase of testing, power down
the system and correct the problem be-
fore proceeding.

Six functional jumper blocks are on
MAG-11BAT, some or all of which
can be replaced with permanent jump-
er wires. Use them to configure the
board according to your needs. A
hard -wired, soldered jumper can re-
place some or all (not recommended)
jumper blocks. From Fig. 7, it's obvi-
ous that installation of a shorting
jumper at the indicated jumper block
activates/powers the respective sys-
tem. Here's a list of the jumper -block
functions with jumpers installed:

JPI3-activates Low BI LED29.
JP14-activates Low B2 LED28.
JP15-allows B2 to supply power

to U21 when all other power sources
are missing or dead. Install JP15 only
if B2 is installed; otherwise, installa-
tion will discharge MAG-11's C17
super -capacitor.

JP/6-activates Logic Monitor.
JPI 7-activates MAG-11's mem-

ory battery back-up.
JPI8-activates + 5 -volt supply to

MAG-11BAT.

The Logic Monitor on MAG-
11BAT lets you visually detect pulses
as short as several microseconds in
duration. Because of the added capa-
citors, line 1 (connected to pin 1 of J3)
is most sensitive to narrow pulses.
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Fig. 9. Actual -size etching -and -drilling guides for MAG-11 BAT's double -sided print-
ed -circuit board.

If you use the Logic Monitor with
any digital project powered by 5 volts
dc, make sure to connect pin 9 of J1
to ground in the circuit under test to
activate it.

The BUFFALO Monitor
This monitor is very sophisticated, as
evidenced by its more than 85 -page
source listing (BUF34.ASM). The S19
listing is about as long as BASIC -11's
S19 listing!

You must make several minor
changes to MAG-11 to be able to use
the BUFFALO monitor. First, install
a MAX232 RS -232 driver in the U3
socket. Then replace U7 with an
EPROM that has the BUFFALO
firmware programmed into it. Make
sure pins 1 and 2 of JP4 and pins 2 and
3 of JP12 are jumpered.

If you program the EPROM your-
self, keep in mind that the addresses
in the MOT S file seldom correspond
to the actual address in an EPROM,
especially for EPROMs used with
Motorola's chips.

With the BUFFALO monitor, the
starting address is $E000 when ob-
tained directly from the Freeware
BBS. Addresses coincide exactly for
27C512 EPROMs. With 27C256
EPROMs, $E000 corresponds to
$6000 in the EPROM, $F000 in the S -
file to $7000. With 27128 EPROMs,
$E000 corresponds to $2000 in the
EPROM and $F000 to $3000. As you
can see, address translation is re-
quired. It can be done directly to the
.S19 file or more painlessly and invisi-
bly by most EPROM burners.

You must use a 4 -MHz crystal to
communicate at exactly 4,800 baud.
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Prairie Digital, Inc.

Set position 1 of DIP switch S2 to ON
to ground pin 17 of UI. When pin 17
of UI is high, Version 3.4 of the BUF-
FALO monitor jumps to address

$B600, the first address of the inter-
nal EEPROM.

To make use of the BUFFALO
monitor, you need a terminal or a

ASM [<addr>] Line asm/disasm
[/,=] Same addr, [^,-] Prev addr, [+,CTLJ] Next addr
[CR] Next opcode, [CTLA,.] Quit

BF <addrl> <addr2> [<data>] Block fill memory
BR [-][<addr>] Set up bkpt table
BULK Erase EEPROM, BULKALL Erase EEPROM and CONFIG
CALL [<addr>] Call subroutine
GO [<addr>] Execute code at addr, PROCEED Continue execution
EEMOD [<addr (<addr>]] Modify EEPROM range
LOAD, VERIFY [T] <host dwnld command> Load or verify S -records
MD [<addrl> [<addr2>]] Memory dump
MM [<addr>] or [<addr>]/ Memory Modify

[/,=] Same addr, [^,-,CTLH] Prev addr, [+,CTLJ,SPACE] Next addr
<addr>O Compute offset, [CR] Quit

MOVE <sl> <s2> [<d>] Block move
OFFSET [-]<arg> Offset for download
RM [P,Y,X,A,B,C,S] Register modify
STOPAT <addr> Trace until addr
T [<n>] Trace n instructions
TM Transparent mode (CTLA = exit, CTLB = send brk)
[CTLW] Wait, [CTLX,DEL] Abort [CR] Repeat last cmd

This printout is exactly what comes out of the BUFFALO monitor in the EEPROM.

PC DATA ACQUISITION
SYSTEM - $79
INCLUDES SOFTWARE ON 5.25" FLOPPY
MODEL 30 -FOR 386'S, XT'S, AT'S, PS2
MODEL 25 & 30'S.

FEATURES:
* 24 LINES OF PROGRAMMABLE INPUT/OUTPUT
* 8 BIT ANALOG TO DIGITAL CONVERTER
* 8 CHANNEL ANALOG MULTIPLEXOR
* 12 BIT CMOS COUNTER
* PC BUS CARD ELIMINATES USING THE SLOW

RS232 PORT
* EASY INTERFACE TO ALL POPULAR LANGUAGES
* HIGH QUALITY PCB AND COMPONENTS
* AID CHANNELS SELECTED BY SOFTWARE
* OPTIONAL 7 CHANNEL 50V DRIVER AVAILABLE

FOR ADDITIONAL $5

APPLICATIONS:
* CONTROL RELAYS, LIGHTS & MOTORS
* MEASURE TEMPERATURE, PRESSURE, LIGHT

LEVELS, & HUMIDITY
* INPUT SWITCH POSITIONS, THERMOSTATS, &

LIQUID LEVELS
* GREAT FOR ROBOTICS, SERVO CONTROL LOOPS

MODEL 150 TRUE RMS
DMM W RS232 PORT - $149

INCLUDES RS232 PC CABLE AND
SOFTWARE ON 5.25" FLOPPY

* LARGE 3 3/4 DIGIT DISPLAY (3.999 VS 1 999 FOR
3 1/2 DIGIT METERS)

* RS232 SERIAL INTERFACE COMMUNICATES WITH
COMPUTERS AND PRINTERS

* MEASURES AC -DC VOLTAGE AND CURRENT,
FREQUENCY. RESISTANCE

* 20 AMP CURRENT RANGE, 30 Hz TO 40 KHz
FREQUENCY RANGE

* DIODE TEST AND AUDIBLE CONTINUITY
* AUTO -RANGING SELECTION CAN BE DEFEATED

USING RANGE BUTTON
* TRUE RMS READING ELIMINATES ERRORS DUE

TO NON -SINUSOIDAL SIGNALS
* DATA HOLD, MAX/MIN, AND RELATIVE READING

MODES WITH INDICATORS
* ANALOG BAR GRAPH DISPLAY - UPDATES AT 5X

THE RATE OF DIGITAL DISPLAY
* OVERALL SIZE 6.4 x 3.1 x 1.2"
* INCLUDES 9V BATTERY AND TEST LEADS

SEND CHECK, MO, VISA, MC
INCLUDE $5 FOR SHIPPING & HANDLING

Prairie Digital, Inc.
846 Seventeenth Street

Prairie du Sac, Wisconsin 53578
U.S.A. Tel/Fax: (608) 643-8599
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Dashed lines indicate jumper wires needed for single -
sided board. Eliminate jumpers when using double -
sided board with plated -through holes.
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Fig.10.Wiring guide for pc board. If you make yourown single -sided board, eliminating the component -side conductors,
install the jumper wires represented by the dashed lines.

computer with communication soft-
ware and an RS -232 interface. We'll
use the expression "terminal" even if
you're using a computer with appro-
priate software because it's more ap-

propriate in this context.
Set your terminal for 4,800 baud,

eight data bits, one stop bit and no
parity. Usa a cable with suitable con-
nectors to connect MAG-11 via its J7

DB-9 connector to the serial port on
the terminal. Make sure Receive Data
(RD) pin 2 of J7 is connected to the ter-
minal's Transmit Data (TD) line and
TD pin 3 of J7 is connected to the ter -

EXPANSION BOARD 2

20 -pin sockets (mate with 20 -pin 0.1" matrix headers)

EXPANSION BOARD 1

(note headers)

Plugs into J3

MAG-II BAT BOARD

MAG II
J1 J3 J2 J511 J6FTI J411

TOP VIEW

MAGA BAT BOARD

'Space left
for MAG-II
BAT board

TOP VIEW

EXPANSION BOARD I

Mag-II BAT board plugs
into J1 and J2

1
J2

J1

J3

J5
J6

J4

TOP VIEW

MAG-Il

Fig. 11. Optional accessory boards plug into the MAG-11 SBC main board via single -row jack/plug arrangements.
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minal's RD line. Ground pin 7 of J7 to
ground on the serial interface (normal-
ly pin 7 if the serial interface connec-
tor has 25 pins or pin 5 if it has only
nine pins). No handshaking is used or
required by either MAG-11 or the
BUFFALO monitor.

After connecting MAG-11 to the
terminal, turn on the latter. When you
power up MAG-11, on -screen should
appear the message: "BUFFALO
v.3.4 (ext) - Bit User Fast Friendly Aid
to . . . ." If it doesn't appear, use one
line of MAG-11BAT's logic monitor
(or a separate logic probe) to deter-
mine the source of problem. To do
this, plug one end of a short length of
No. 22 or 24 hookup wire into pin 1
of J3 on MAG-11BAT. Touch the
other end of the wire to pin 11 of U3;
red LED2 should light.

Press MAG-119s RESET switch (ac-
cessed through a hole in MAG-
11BAT) while observing red LED1
and green LED9. If both LEDs brief-
ly light, the problem is most likely with
the terminal or connections. Make
sure you've set the terminal for 4,800
baud, eight data bits and one stop bit

and have connected the pins correctly.
Once you obtain the proper mes-

sage, press the terminal's ENTER or
RETURN key to obtain the prompt: > .
Then press ? or HELP to obtain a list
of BUFFALO commands. See the
BUFFALO Monitor Official Help
List elsewhere in this article, which is
printed exactly as it comes from the
BUFFALO monitor in the EPROM.

BUFFALO expects the following
format for commands:

<CMD[<wsp>arg>wsp>arg> ...j<CR>

[ ] implies contents are optional;
< WSP > is whitespace character
(space, comma, tab); < CMD > is a
command string of between one and
eight characters; <ARG > is an argu-
ment particular to the command;
< CR > is carriage return, which sig-
nifies the end of the input string.

As you can see from the Help List,
the list of commands is extensive.
Though no thorough description of
how to use the BUFFALO monitor
will be presented here, one precaution
must be clearly understood. Unless

Sources

Digi-Key Corp.
701 Brooks Ave., S.
P.O. Box 677
Thief River Falls, MN 56701
Tel.: 1-800-344-4539

Motorola Freeware BBS
Tel.: 1-512-891-3733
Set modem for: 2,400, 1,200 or 300
baud; eight data bits; one stop bit; no
parity.

you know exactly what you're doing,
avoid using the BULKALL command
with MAG-11 in Special Test Mode.
This command is designed to erase the
EEPROM (usually no problem) and
the CONFIG register, which can be a
real pain if you don't know precisely
what you're doing.

Next month, we'll go into more de-
tail on the BUFFALO monitor and
how to use it. We'll also discuss how
to use MAG-11 to produce an inex-
pensive do-it-yourself custom single-
chip 68HC11 system.

Electronics Book Clubsm

Take any 5 books Zry $495
DOS

BEYOND
640K
2nd Edition

3744 534.95
Counts as 2

3490 $29.95

Electreeics

3589 $27.95

10018 539.95
Counts as 2

Additional titles to choose from:

TR000LES410. ts
AM) REPAINT.
SOLID STATE TV,
SAIWki CiSuan

HOMER I VIDSON

3700 $36.95
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and Alton&

3922 $26.95

585928 $24.95

3710 532.95
Counts as 2

3669 Troubleshooting With Your Triggered -Sweep Oscilloscope $27.95
3825 The Complete Book of Oscilloscopes $26.95
9457P Understanding Digital Troubleshooting $24.95
3660 Mastering IC Electronics $32.95 Counts as 2
3122P Build Your Own Computer Interface $21.95

All books are hardcover unless number is followed by a "P" for paperback. (Publishers' Prices Shown) ©1992 EBC

Values
to

$138.75

For additional selections, see ad on page 71.

s.

(0 ELECTRONICS BOOK CLUB
Blue Ridge Summit, PA 17294-0810

OYES! Please accept my membership in the Electronics Bock Club
and send me the 5 volumes listed below, billing me $4.95. If not
satisfied, I may return the books within 10 days without obligation
and have my membership cancelled. I agree to purchase at least
3 books at regular Club prices during the next 12 months and may
resign anytime thereafter. I will receive the Club Bulletin 15 times
a year. If I want the Main Selection, I will do nothing, and it will be
shipped automatically. If I want an alternate selection-or no selec-
tion at all-I will notify the Club by returning the card provided. I
will receive Dividend Certificates with every book purchased at
regular Club prices to qualify for additional special discounts of up
to 80%. A shipping/handling charge and sales tax will be added
to all orders.

Name

Address

City State Zip
Valid for new members only. Foreign applicants will receive special ordering instructions.
Canada must remit in U.S. currency. This order subject to acceptance by the Elec-
tronics Book Club. MDNE492X
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Project By T.L. Petruzzellis

Fast -Acting Modem Protection

Low-cost devices you can build and use to
protect a computer modem, fax machine,
telephone answering machine and computer
from electrical damage

Computer modems, facsimile
machines and telephone an-

swering machines are usually operat-
ed just as they come out of the boxes
in which they were purchased. If you
use such equipment without protec-
tion, you run the risk of serious dam-
age to it as a result of electrical
storms, transients and surges gener-
ated whenever heavy-duty electrical
equipment switches on and off and
other phenomena.

In this article, we describe how to
build three low-cost, high-energy de-
vices that protect sensitive (and not -
so -sensitive) electronic equipment.
Protection with two of the three cir-
cuits to be described is fast, taking ef-
fect within 5 to 8 nanoseconds of the
onset of a hazardous condition on a
telephone or computer line. The cir-
cuits to be described use no moving
parts, nor do they require ac line or
battery power to operate, making
them fail-safe and economical to use.
The only requirement is connection
to a good earth ground.

About the Circuits
A Modem Protector designed to pro-
tect electronic equipment connected
to a telephone line is shown schemat-
ically in Fig. 1. It uses two CP Claire
No. CG2301 or equivalent gas -dis-
charge surge suppressors that have
long been used for lightning protec-
tion. They handle a high -current arc
discharge to ground when the gas in-
side them ionizes but are fairly slow
to react to voltage surges. To offset
this, two 180 -volt, 5 -watt 1N5386B
or similar zener diodes connected
back-to-back as shown can be wired

from each telephone -line conductor
to ground. The zener diodes can be
wired cathode -to -cathode, as shown,
or anode to anode.

With the zener diodes wired into
the circuit, action is considerably

speeded up to protect the telephone
circuit from an initial surge. The zen-
er diodes work almost instantaneous-
ly and continue to work until the
surge suppressors catch up and take
over handling the high -current energy.

Tip

Fling

NOTE: Grounding rod

Tip

YSee o
0

note E
0

Ring

Fig. 1. A basic circuit configuration for protecting electronic equipment
nected to the telephone line from voltage surges.

con -
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Remote computer
(4 -6 -conductor circuit)

1512
5w.

Wire wound

1N5360B
CG75L 100

'/2W
'V\A.

1N5360B

RS232o
terminal

Fig. 2. This simple circuit protects computer serial port lines from voltage surges. Each port conductor must be
equipped with an identical circuit.

To understand how this protection
of a modem or any other electronic
device connected to the telephone
line works, let us review what hap-
pens on the telephone line. When a
telephone instrument is on -hook, ap-
proximately 48 volts dc appears
across the line. Lifting the handset
off -hook drops the line potential to
about 6 volts. With the receiver on -
hook, when a ring signal appears on
the line to signal an incoming call,
about a 100 -volt, 20 -Hz ac signal is
impressed on the already -present 48
volts dc. The amplitude of the ring
signal determines the voltage re-
quired for the zener diodes and surge
suppressers in Fig. 1.

Telephone circuits generally have
built into them a resistive device on
each line conductor to protect a tele-
phone instrument from electrical
spikes in excess of 500 to 600 volts.
This "brute -force" approach is not
very effective for all -electronic tele-
phone instruments, modems and fac-
simile machines, which are more sen-
sitive to voltage spikes.

Gas -discharge tubes initially used
to protect telephone circuits could
handle the high currents involved,
but their response speed was slow.
Later, an electronic device called a
"varistor" served as a passive resis-
tive shock absorber and was used in
conjunction with gas -discharge tubes
to yield much better performance.
However, varistors are not as fast
performers as semiconductor de-
vices, and they wear out with repeat-
ed exposure to voltage spikes.

A variation on the Modem Protec-
tor theme, shown in Fig. 2, can be
used to protect remote computer ter-
minals connected over a long dis-
tance to a computer. If you decide to
use this Serial Port Protector circuit,
make sure you equip each conductor
of the cable that goes to the remote
computer with an identical circuit.

Shown in Fig. 3 is an AC Line Con -

V1

1 1 OV

VARISTOR

T

117Vac

V2

1 OV
VARISTOR

SO2

V3
110V
VARISTOR

Modem or fax
(4 -conductors) <

Telephone line ).

Grou-dc-g
rod

S03

INpi/
OUT

Modern
protector

Fig. 3. This circuit protects electronic equipment from electrical surges on the
ac power line.

ditioner circuit that protects elec-
tronic equipment connected to the
117 -volt ac line. It plugs into the ac
line and has chassis -mount ac recep-
tacles into which the equipment plug.
Varistors prevent surges on the ac
line from entering the power supplies
of the equipment.

For most applications that do not
involve a computer, you should in-
corporate the Modem Protector (Fig.
1) and AC Line Conditioner (Fig. 3)
into your system. Where a computer
is involved, you need at least the Ser-
ial Port Protector (Fig. 2) and AC
Line Conditioner, and if the comput-
er connects to the telephone line, the
Modem Protector as well.

Construction
You can build one or all three of the
circuits described above from readily
available components and materials.
The Modem Protector circuit is so
simple in terms of component count,
you can wire it on a small piece of
perforated board or fabricate a print-
ed -circuit board (use the actual -size

WORK FROM HOME -EARN $85 HR!
-NO EXPERIENCE NECESSARY -

Only requirement: That you possess average
mechanical ability and a desire to learn

With the tens of millions of VCRs and
Camcorders in use, there currently is a aril=
shortage of trained techs to perform cleaning
and repair jobs on these popular
devices... Learn how you can start
your own highly profitable,
Home -Based video servicing
business...
And since up to 95%
of all VCR and
Camcorder
malfunctions are
due to a simple
mechanical or
electro-mechanical
failure, you need not spend
months or even years of
complicated study before
starting paid, professional
service work!
Let Viejo's Training Program show you how!

1-800-537-0589
24 HRS-7days a week
or mail coupon today!

VIEJO PUBLICATIONS, INC.
4470-107 Sunset Blvd., Suite 600

Los Angeles, CA 90027
Yes! Htigh me your FREE OPPORTUNITY KIT (ode%

(Check appropriate box)
VCR Repair

 Camcorder Repair
U Advanced VCR Repair
0 Fax Machine Repair
0 Complete Training in Electronics
Name

Address

City/State Zip
Dept. LIC(.
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OPTIMIZE YOUR
MCU PROGRAM

DEVELOPMEIIT!
IIITEGRATE THE POWER OF

 Editors  Cross flssemblers 
 Disassemblers  Cross Compilers 

 Data Conversion Utilities 
Simulators  Communications 

ARMADILLO +TM
Pi 1111IQUE, UflIVERSFIL

DEVELOPIT1E11T / communicaTions
EIIVIRODMEIIT SUPPORTMG:

 All families of cross -assemblers.
 fill families of cross -compilers.
 Communications with target CPU.
 Easg to use pull -down menus.
 User definable utilities menu.
 MS mouse or kegboard control.
 IBM PC or compatible_
now you can EDIT, ASSEMBLE,

UPLOAD, DEBUG, and MORE, all
from within OnE, FAST, EASY -TO -
USE MEnu DRIvEn EnVIRODMERT.

$99.00 + $2.00 P/H
TO ORDER CALL OR WHITE:

LIFE FORCE TECHOOLOGY
5977 RUTLEDGE RD.

VIRGIRIA BEACH, VII 23464
(804) 479-3693
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All the tools
& test equip-

ment you need
for hobby or work!

Electrical,
electronics,
computers,
communica-
tions, sound
systems -
all the tools,
meters and
other equip-
ment you
need to do a
professional
job!

Top technicians and field service
personnel prize their Jensen tool
kits. Our new 232 -page Master
Catalog will show you why. You'll
discover hard -to -find items, the
latest high-tech developments,
soldering stations, wire & cable
accessories and many more quality
products you want and need.
Send for your free copy today!

JENSEN.TOOLS INC.

6. 7815 South 46th St.,
Phoenix, AZ 85044-5399

T., Phone: (602) 968-6231
FAX: (800) 366-9662
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Fig. 4. Actual -size etching -and -drill-
ing guide (A) and wiring diagram (B)
for Modem Protector circuit.

etching -and -drilling guide and com-
ponent -placement diagram shown in
Fig. 4) and house it inside a standard
telephone -jack wall box. As you
build the Fig. 1 circuit, make sure
you observe proper polarity between
telephone line and the equipment to
which it is to go.

Construction of the Fig. 2 circuit is
almost as simple. Wire as many of
these circuits as there are conductors
in your serial cable side by side on
perforated board. House the assem-
bly inside a suitable size project box.
Plan the physical layout inside the
box so that the cable coming from the
remote computer enters at one end of
the box and the cable to the terminal
exits the opposite end of the box. If
you use a metal project box, deburr
the holes or slots made for the cables

CornputeCraft

Subscribe Now
and Save

and line them with rubber grommets
or other insulating material.

House the Fig. 3 circuit inside a
metal utility box that is large enough
to provide room on its top panel for
mounting the three chassis -mount ac
receptacles. The box will almost cer-
tainly be large enough to house the
assemblies for the Fig. 1 or/and Fig.
2 circuit assemblies as well.

Machine the box as needed. When
you are done, mount the three ac re-
ceptacles on the top panel. Then, re-
ferring to Fig. 3, wire the three -con-
ductor ac line cord and varistors into
the circuit exactly as shown. Use
heavy-duty stranded wire to inter-
connect the components. If you are
planning on housing the Fig. 1 or/
and Fig. 2 circuits inside the same en-
closure, mount them into place as
well, using spacers and suitable ma-
chine hardware.

Bring together all circuit grounds
and tie them to a common point that
then ties to your earth ground. (If
you are using just the Fig. 1 or/and
Fig. 2 circuits, tie their ground points
to your earth ground separately.)

The effectiveness of your earth
ground is extremely important with
any and all of the circuits described
above. The most effective ground is
obtained by driving a grounding rod
6 to 8 feet deep into moist soil. [For
full details on making effective earth
grounds, see "Antenna Grounding
Basics" in the August 1990 Commu-
nications column in Modern Elec-
tronics-Ed.]

If you are unable to establish a
good earth ground by the grounding -
rod method, your second choice is to
use the cold -water pipe where you
live. A third choice is the grounded
contact on your electrical outlet. This
last choice may not be adequate,
however, because the ground can ac-
tually be many millivolts above true
ground potential. Also, oxidation on
the contacts of the ac electrical sys-
tem can render the ground ineffec-
tive. Therefore, if you have a choice,
avoid this type of ground.

Once you have decided on the
ground you will be using for your
protection system, run insulated 14-
or 16 -gauge stranded wire from it to
the Modem Protector circuit(s).
Make sure you use very -low -resis-
tance means of connecting this wire
at both ends.
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Application By Crady VonPawlak

$50 Lab -Grade Function Generator

Full -featured 1 -Hz to 250 -kHz function generator
construction project adds CMOS/TTL compatibility,
an FM sweep input, near -zero distortion and a
power -amplifier output to drive 50 -ohm loads
to the usual sine/triangle/square-wave outputs

Second only to the oscilloscope, a
Laboratory -Grade Function Gen-

erator like the one described here is a
real necessity for developing and de-
bugging a broad range of circuits.
With it, distortion can be measured,
bandwidths extrapolated, clocks cre-
ated, time constants tested and open
circuits found, to name just a few of
its almost inexhaustible applications.

Our Function Generator provides
the usual sine-, triangle- and square -
wave outputs at frequencies ranging
from less than 1 Hz to beyond 250
kHz at virtually zero distortion. It of-
fers CMOS and TTL compatibility
for digital circuits and a variable
± 15 volts. The Generator is also
TTL/CMOS compatible for use in
digital circuits. Other features in-
clude: an FM sweep input; variable
offset to ± 10 volts; and a power -am-
plifier output for driving 50 -ohm
loads. If you were to obtain all these
features and functions in a single
commercial function generator, the
instrument would cost you many
hundreds of dollars. By building the
Function Generator, your cost should
be about $50 or so for all materials,
including enclosure.

About the Circuit
The heart of the Generator is a preci-
sion waveform generator/voltage-
controlled oscillator chip that Digi-
Key, among others, sells for less than
$5. This is the ICL8038 shown as IC2
in Fig. 1(A). This particular chip has
been around for a number of years
and is the foundation upon which

every bench -top function generator
on the market is built. To fully appre-
ciate the potential of the ICL8038,
you should contact Intersil, which
makes the chip, via your local repre-
sentative to request Application Note
A013, "Everything You Always
Wanted to Know About the
ICL8038." This informative publi-
cation explains in detail the functions
and features of the ICL8038 and pro-
vides a variety of interesting applica-
tions for the chip.

Because the ICL8038 is basically a
voltage -controlled oscillator (vco),
some means for varying its sweep in-

put at pin 2 of IC2 must be provided.
This is the task of operational ampli-
fier ICI and its associated circuitry.
A near -1,000:1 sweep ratio is provid-
ed externally via SWEEP IN jack J1.

Any varying voltage applied to pin
2 of IC2 through .11 within the range
of ± 12 volts produces frequency
modulation (FM) of the output
waveform at FINAL OUTPUT jack J3
in Fig. 3(C). If no external sweep is
used, output frequency is set via
FREQ. ADJ control R1 in Fig. 1(A).

Trimmer potentiometers R4 (HIGH
FREQ TRIM) and R5 (LOW FREQ TRIM)
permit one-time peaking of the upper
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and lower frequency limits, respec-
tively. These trimmer controls are
adjusted as needed during circuit
checkout with a frequency counter or
oscilloscope connected to J3.

SYMMETRY TRIM control R8 pro-
vides a one-time calibration of duty
cycle and sine -wave symmetry. With
an oscilloscope connected to J3, you
adjust R8 until the sine wave dis-
played on the CRT of the scope ap-
pears as uniform and symmetrical as
possible. Further "tweaking" for
minimal sine -wave distortion is ac-
complished by adjusting DIST TRIM
controls R6 and R7.

Frequency range is selected via S2
in Fig. 1(B). As the FREQUENCY
RANGE SELECT switch is moved
through its positions, it selects differ-
ent values of capacitance. As the se-
lected capacitance decreases, the RC
time constant internal to 1C2 also de-
creases. This results in an increase in
output frequency from the chip. Ca-
pacitance values for the S2 circuit
range from 417µF to less than 100 pF
to provide a frequency bandwidth at
the output of 1C2 ranging from less
than 1 Hz to beyond 250 kHz, with
some overlap between ranges.

When selecting the capacitors for
the S2 circuit, exercise care to obtain
only high -quality, low -leakage de-
vices. This ensures that the oscillator
operates with maximum stability.
Trimmer capacitor C15 permits
tweaking for maximum frequency
while maintaining some frequency
overlap between the high end of
range 3 and the lowest frequency
available on range 4.

A high-speed CMOS/TTL-com-
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Fig. 1. Complete schematic diagram
four parts, labeled (A) through (D).

of Function Generator is shown here in

PARTS LIST

Semiconductors
DI -1N4001 silicon rectifier diode
D2,D3-1N4148 or similar small -signal

switching diode
IC 1-TL072 or similar internally

compensated operational amplifier
IC2-ICL8038 waveform generator
IC3-74HC04 or 74HC14 hex inverter
IC4-7812 fixed + 12 -volt regulator
IC5-7805 fixed + 5 -volt regulator
IC6-7912 fixed - 12 -volt regulator
Q1,Q2,Q3-2N2222 or similar general-

purpose npn silicon switching
transistor

Q4,Q5-2N3906 or similar silicon pnp
switching transistor

Q6-TIP31 silicon npn power transistor
Q7-TIP32 silicon pnp power

transistor
RECT1-50-piv, 1 -ampere bridge rec-

tifier assembly

Capacitors
Cl ,C2 -100-µF, 35 -volt electrolytic
C3 -4.7-µF, 35 -volt electrolytic
C4 -0.47-µF polypropylene or polyester
C5 thru C8 -0.1-µF monolithic ceramic
C9,C10-0.33-µF, 35 -volt tantalum
C11 -0.047-µF polypropylene or

polyester

Cl2-0.0047-µF polypropylene or
polyester

C13-390-pF silver -mica or poly-
propylene

C14-6-to-50-pF trimmer (Radio
Shack Cat. No. 272-1340 or similar)

Resistors (V, -watt, 5% tolerance)
R10,R11-10 ohms (/2 -watt)
R12,R13-33 ohms (/2 -watt)
R14-100 ohms
R15,R16-1,000 ohms
R17-1,200 ohms
R18,R19,R20-1,800 ohms
R21,R22-2,200 ohms
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patible clock output is provided by
HCMOS hex inverter 1C3 in Fig.
1(A). TTL OUT J2 is quite useful as a
variable logic clock when designing
and troubleshooting digital circuits.
Its fan -out is reasonably high. By
utilizing the lower -frequency set-
tings, you can better judge the logical
operation of a circuit when testing
different points in the circuit with a
logic probe.

Selection of the sine-, triangle- or
square -wave function is made using
FUNCTION SELECT switch S4 in Fig.
1(B). This switch permits you to con-
nect the input of the output amplifier
inside the Function Generator to one
of the three available waveform out-
put pins of 1C2. The sine -wave out-
put of 1C2 is on pin 2, the triangle -
wave output is on pin 3 and the
square -wave output is on pin 9.

Once a selection is made via S4, the
output from 1C2 is fed to the buffer
amplifier consisting of the Q1 /Q4
circuit. The buffered output from
this circuit is fed to AMPLITUDE ADJ
control R2 to permit you set the sig-
nal amplitude output from J3.

A variable dc offset voltage is pro-
vided by the Q2/Q3 circuit, also
shown in Fig. 1(B). This offset can be
switched between IN and OUT via
OFFSET switch S3 in Fig. 1(C). Infinite
variability of the dc offset is provided
by OFFSET ADJ control R3, while OFF-
SET TRIM ADJ control R9 provides
one-time calibration of the zero -off-
set adjustment. With S3 set to OUT,
you should adjust R9 so that no dc
offset is observed on the CRT of your
scope connected to J3.

A power amplifier capable of driv-

R23-3,300 ohms
R24-510 ohms
R25-20,000 ohms
R26 thru R29-5,100 ohms
R30-6,800 ohms
R31 thru R35-10,000 ohms
R36,R39-15,000 ohms
R37-27,000 ohms
R38-10,000 megohms
R1 -5,000 -ohm linear -taper panel-

mount potentiometer
R2,R3-10,000-ohm linear -taper

panel -mount potentiometer
R4 -10,000 -ohm pc -mount trimmer

potentiometer
R5,R9-1,000-ohm pc -mount trimmer

potentiometer

R6,R7-50,000-ohm pc -mount trim-
mer potentiometer
R8 -5,000 -ohm pc -mount trimmer

potentiometer

Miscellaneous
F1 -0.5 -ampere slow -blow fuse
II-Neon panel lamp with limiting

resistor
J1,J2,J3-Panel-mount BNC jack

(Radio Shack Cat. No. 278-105
or similar)

S1-Spst toggle or slide switch
S2-Four-position non -shorting

rotary switch
S3-Three-position non -shorting

rotary switch

S4-Spdt toggle or slide switch
TI-Shielded 25.2 -volt, 450-mA

center -tapped power transformer
(Radio Shack Cat. No. 273-1366
or similar)
Printed -circuit board or perforated
board with holes on 0.1 -inch centers
and suitable Wire Wrap or soldering
hardware (see text); suitable enclo-
sure (Radio Shack Cat. No. 270-272
or similar); sockets for all DIP ICs;
fuse holder; three -conductor ac line
cord; pointer -type control knobs;
rubber grommet; heat -shrinkable
tubing; 1/2" spacers; lettering kit and
clear acrylic spray (see text); machine
hardware; hookup wire; solder; etc.
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ing a 50 -ohm load is provided by the
push-pull output stage made up of
Q6 and Q7 in Fig. 1(C). Correct bias-
ing of this output circuit is provided
by Q5, D2 and D3. Signal feedback is
provided by R35. As shown, the
complete amplifier delivers a no-load
output swing of almost ± 15 volts, or
30 volts peak -to -peak, with less than
lolo distortion.

Power for the Function Generator
circuits is provided by the ac -operat-
ed circuit shown schematically in Fig.
1(D). The incoming 117 volts from
the ac line is stepped down to 24 volts
ac by shielded power transformer T1.
The center -tapped secondary of T1
provides two separate lines, both ref-
erenced to circuit ground, to bridge
rectifier RECT1. The rectifier assem-
bly converts the incoming ac into
+ 17 and - 17 volts pulsating dc. The
pulsating dc is filtered to pure dc by
C/ and C9 in the + 17 -volt line and
C2 and C/O in the - 17 -volt. Both
lines are then regulated to + 12 and
- 12 volts by IC4 and IC6, respec-
tively, for delivery to the circuits in-
side the Function Generator.

Note also that regulator IC5 in the
+ 12 -volt line is used to obtain + 5
volts. The only point in the circuit to
which the + 5 -volt line goes is power
pin 14 of HCMOS hex inverter IC3.

Construction
The circuitry for the Function Gener-
ator is relatively simple and lends it-
self to just about any method of wir-
ing you wish to use. If you feel ambi-
tious, you can design and fabricate a
printed -circuit board on which to
mount and wire together the compo-
nents. Otherwise, use perforated
board that has holes on 0.1 -inch cen-
ters and suitable Wire Wrap or sol-
dering hardware. Whichever way
you go, be sure to use sockets for all
DIP ICs. Also, if you can obtain it,
perforated board that has each hole
surrounded by a thin isolated ring of
copper will ease securing compo-
nents in place.

If you use perforated board, begin
construction by laying out the circuit
in a logical manner, with an eye to-
ward maintaining physical isolation
between the input and output cir-
cuits. Test fit the components (use
the sockets-not the ICs themselves-
in the IC locations) to determine ex -
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Fig. 2. Interior view of author's prototype shows details for mounting power
transformer and fuse holder and how green conductor of ac line cord and ground
lead from circuit -board assembly connect to enclosure ground via transformer
mounting hardware.
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actly how the layout is to appear. The
layout for the prototype project that
appears in the lead photo is shown in
the Fig. 2 interior -view shot. Notice
here that all switches, all but two ro-
tary controls, the jacks, the power
transformer, fuse block and power
transformer mount off the board. A
fairly large enclosure was used for
the prototype; so it wasn't necessary
to minimize real estate.

Once you know how you want the
components to lay out on the board,
mount the IC sockets in their selected
locations. If your board has copper
rings around each hole, tack -solder
the four corner socket pins into
place. Use solder sparingly if you're
using Wire Wrap hardware. Do not
plug the ICs into the sockets until
you've conducted preliminary volt-
age tests and are certain you have
correctly wired the circuit.

When you're ready to wire the cir-
cuitry, photocopy all sections of Fig.
1. Then begin wiring the circuit

board. As you make each conductor
run, trace the appropriate conductor
on the schematic. Whenever you
reach a point where a connection
must be made to an off -the -board
component, terminate it in a solder
post to which a wire can be connected
and soldered after the circuit board is
mounted in place.

After wiring the circuit board,
carefully go over your wiring to make
sure it's correct. If you made any sol-
dered connections, inspect each. If
you missed soldering a connection,
solder it now. If a connection is sus-
picious, reflow the solder on it and
add solder if needed. Finally, if you
locate solder bridges, especially be-
tween the closely spaced pins of the
IC sockets, clear them away with a
vacuum -type desoldering tool or de -
soldering braid.

Select an all -metal enclosure for
your Function Generator. You can
use an "instrument" enclosure like
the one shown in the lead photo. If

you can't find such an enclosure, any
other metal project box that can ac-
commodate the circuit board and
power transformer on its bottom
panel and has sufficient room on its
front panel on which to mount the
power indicator, controls, switches
and jacks will do.

Machine the enclosure as needed.
Drill mounting holes for the power
indicator, controls, switches and
jacks through the front panel; holes
through the floor panel for mounting
the circuit -board assembly, fuse
holder and power transformer; and
an entry hole for the ac line cord
through the rear panel. When you're
done, deburr all holes to remove
sharp edges.

Temporarily mount the rotary
switches in their respective holes in
the front panel. Place pointer -type
knobs on their shafts. Adjust switch
positioning for symmetrical sweeps,
and use a soft lead pencil to mark the
pointer location on the panel in each
position. When you're done, remove
the switches. Then use a dry -transfer
lettering kit to label the panel with
appropriate legends for all switches
and controls. A typical lettering
scheme is shown in the lead photo.

Spray two or three light coats of
clear acrylic over the entire front
panel to protect the legends from
scratches while the project is in use.
Allow each coat to dry before spray-
ing on the next.

When the acrylic spray has com-
pletely dried, mount the circuit -
board assembly to the floor of the en-
closure using Y2 " spacers and suitable
machine hardware. Then mount the
power transformer and fuse holder,
also to the floor panel, and the vari-
ous items that go on the front panel.

Orient the project as shown in Fig.
3 to give you easy access to the lugs on
the controls, switches and jacks.
Note that the lugs of the controls,
switches and jacks are all readily ac-
cessible. Using the photocopied sche-
matic, crimp and solder the free ends
of the wires coming from the circuit -
board assembly to the appropriate
lugs of the front -panel -mounted
components.

Line the entry hole for the ac pow-
er cord with a rubber grommet. Pass
the unfinished end of the cord through
the grommet and secure a large plas-
tic cable tie to it about 6" from the

Say You Saw It In ComputerCraft Apri11992 / COMPUTERCRAFT / 59



U.S. CYBERLAB
'EXTREME' HIGH TECHNOLOGY
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cartridges were recharged last year

Low -Cost, high -quality videotape
and "Hands -On" trainins_gyailable

Complete training packagirbrn
only $595 - $995! (None-higr)

No supply contractrequirethents
or on -going franchise. fees

All supply sources fully disclosed
Ask about the "Business in a Box"
100% Money -Back Guarantee!
Call for details & DEMO VIDEO
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223 Palmer Court  De Kalb IL 60115 (1-815-748-5823)

Fig. 3. This interior view shows how lugs of all front -panel -mounted switches,
controls and jacks are easily accessible for connection to circuit -board assem-
bly via hookup wires.

unfinished end inside the enclosure.
Use the cable tie as a strain relief for
the line cord.

Strip 3,, inch of insulation from all
three conductors. Tightly twist to-
gether the exposed fine wires in each
conductor and sparingly tin with sol-
der. Crimp and solder a spade or ring
lug to the green -insulated conductor
and another to the ground wire com-
ing from the circuit -board assembly.
Make the connection to chassis
ground with the machine hardware
that secures the near tab of the power
transformer to the floor panel. Place
a lockwasher on the screw, follow
with the two lugs and another lock -
washer and, finally, the nut.

Finish wiring the project according
to the schematic diagram. Use heat -
shrinkable tubing over the connec-
tions in the primary circuit of the
power transformer.

Checkout & Adjustment
With no ICs plugged into the sockets
on the circuit board, plug the line
cord into an ac outlet. Clip the com-
mon lead of a dc voltmeter or multi -
meter set to the dc -volts function to
the grounding hardware of the power
transformer.

Setting the POWER switch to "on"
and touching the "hot" probe of the
meter to pin 8 of the ICI socket and

pin 6 of the IC2 socket should yield a
reading of + 12 volts. Similarly,
touching the "hot" probe to pin 4 of
the ICI socket and pin 11 of the IC2
socket should yield a reading of - 12
volts. The reading obtained when
you touch the "hot" probe to pin 14
of the IC3 socket should be + 5 volts.
Next, touching the "hot" probe to
the collectors of QI should yield a
reading of + 17 volts.

If you fail to obtain the proper
reading at any given point, immedi-
ately power down your Function
Generator and troubleshoot it to de-
termine where the problem exists.

When you're certain you've prop-
erly wired the project, remove power
from it and allow the charges to bleed
off the electrolytic capacitors in the
power supply. Then plug IC] and
IC3 into their respective sockets.
Make sure each is properly oriented
and that no pins overhang the sockets
or fold under between ICs and sock-
ets. Do not plug the 8038 into the IC2
socket just yet.

Power up the Function Generator
and set the OFFSET switch to the OUT
position. Measure the dc voltage
from the "signal" contact of OUT-
PUT jack J3 to ground. If the reading
isn't 0 volt, adjust trimmer control
R9 on the circuit board so that it is.

(Continued on page 86)
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Application By Jan Axelson

Low -Battery Alarm with
Automatic Load Disconnect

Flashes a LED or sounds an alert when battery voltage
drops below a predetermined level and, optionally,
disconnects the load if no action is taken

Battery-powered devices free you
from relying on power from an

ac wall socket and, thus, permit por-
tability. Of course, the tradeoff for
the convenience of using battery
power is that all batteries eventually
run down and require replacement or
recharging-usually at a very incon-
venient time. The Low -Battery Alarm
described here can be built into a por-
table device, where it flashes or beeps

to alert you when battery voltage has
dropped to a specified level. Fore-
armed by the alarm, you can change
or recharge batteries at your leisure
instead of being stranded without
power at an inconvenient time.

The Low -Battery Alarm has a sec-
ond function built into it that goes
beyond simply flashing or sounding
an alert. If you ignore the warning
and battery potential drops to a sec-

ond (still -lower) voltage, any circuits
powered by the battery are automati-
cally disconnected from the power
source. Power is restored only when
the voltage returns to a safe level for
operation of the device. The auto-
matic -disconnect feature is optional.
If you include it, a switch allows you
to override the disconnect function
and restore power to the load even if
battery voltage is low.

You can build the Low -Battery
Alarm into your projects or add it to
commercial products you own. Any
battery -powered device that operates
on 3 to 16 volts and draws up to 1 am-
pere is a candidate for the Alarm, as
are devices with battery back-up. For
example, if you have a clock or other
device that contains a back-up batte-
ry that takes over when power fails,
adding a low -battery alarm alerts you
when it is time to change the battery
to ensure that back-up power will be
available when needed. Also, in com-
puters that have small batteries that
allow them to save important setup
data when powered down, the Low -
Battery Alarm will let you know
when the internal one needs replace-
ment. (Keep in mind, though, that
adding circuitry to a commercial pro-
duct may void its warranty.)

Another application for a low -bat-
tery alarm is to provide protection
from damage due to over -discharg-
ing for rechargeable batteries. For
longest life, nickel -cadmium (Ni-Cd)
batteries should be discharged to
about 1 volt per cell, but no further,
on each discharge cycle. Lead -acid
batteries may also be damaged if dis-
charged too deeply. Low -battery
warning and automatic disconnect
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Fig. 1. The ICL7665 micro -power over/under voltage detector contains a voltage reference and two comparators. Output
OUT1 switches on when SET1 is greater than Vref, and OUT2 switches on when SET2 is less than Vref.

lets you cycle fully any rechargeable
batteries you have without risk of
damaging them.

About the Circuit
The circuitry for the Low -Battery
Alarm uses a special-purpose ICL7665
CMOS over/under-voltage detector.
The Parts List gives one source for
the IC, but other suppliers may carry
it as well. Figure 1 shows that the IC
contains a voltage reference, two
comparators and outputs that are
driven by open -drain MOS transistors.

You could build a circuit similar to
the one shown in Fig. 1 using IC com-
parators and discrete components,
but the ICL7665 has the advantages
of compact size (an eight -pin DIP)
and minuscule current consumption
of 3 microamperes on average.

One half of the IC operates as an
over -voltage detector, the other as an
under -voltage detector: OUT1 switch-
es on when the SET1 voltage is greater

than Vref, and OUT2 switches on
when the SET2 voltage is less than Vref.
Connecting resistors to pins 2, 3, 5
and 6 allows you to program OUT1
and OUT2 to turn on and off at de-
sired levels of V + . The outputs can
sink up to 20 milliamperes of current.

Vref is a stable bandgap-type ref-
erence voltage. According to the
ICL8665 data sheet, the temperature
coefficient of Vref is 200 ppm/ °C
(parts per million per degree Centi-
grade). This means that Vref will vary
at most just 0.2 millivolt per volt with
each degree change in temperature.

From one IC to another, however,
the voltages at which OUT1 and OUT2
switch may vary between 1.15 and
1.45 volts. For applications that
switch at precise voltages, you will
want to measure the switching volt-
ages of your IC and use these when
calculating resistor values for your
circuit. (More about this later.) An-
other alternative is to use the "A"
version of the IC, which has tighter

specifications. One -percent -toler-
ance resistors are also recommended
for best results in critical applications.

The complete schematic diagram
for the Low -Battery Alarm is shown
in Fig. 2. Battery Bl is any dc supply
that delivers 3 volts to 16 volts. LOAD
is any circuit powered by Bl and
drawing up to 1 ampere of current.

The values of R1 through R5 and
R8 will vary, depending on the de-
sired voltages at which you want to
turn on the alarm and disconnect and
reconnect the load. The value of R9
depends on the maximum expected
load current. We will show you how
to calculate the values for these com-
ponents later in this article.

Separate voltage dividers are made
up of R1 / R2/ R3 and R4/ R5. When a
fresh battery is installed at B1, the
voltages at pins 3 and 6 of ICI are
greater than Vref of ICI. So, pin 1
switches on and pin 7 switches off.

When pin 1 is on, base current
flows through QI, switching on this
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Semiconductors
IC1-1CL7665 over/under-voltage

detector
IC2-TLC555 or similar low -power

CMOS 555 timer
LED1-Red light -emitting diode

(see text)
Ql-TIP42 or similar pnp silicon

transistor in TO -220 case
Capacitors (25 WVDC)
Cl,C3-0.lceramic disc
C2 -1.0 -AF tantalum electrolytic
Resistors (y. -watt)
RI thru R5,R8,R9-See text
R6-1 megohm (5% tolerance)
R7-100,000 ohms (5% tolerance)

Miscellaneous
BZ1-Piezoelectric buzzer (Radio

Shack -273-065 or equivalent-
see text)

SI-Spst pc -mount toggle switch
Printed -circuit board or perforated
board with holes on 0.1 -inch centers
and suitable Wire Wrap or soldering
hardware; IC sockets; machine hard-
ware; hookup wire; solder; etc.

Note: The ICL7665 over/under-voltage de-
tector chip is available from Digi-Key, 701
Brooks Ave. S., P.O. Box 677, Thief Riv-
er Falls, MN 56701-0677 (tel.: 1-800-344-
4539)

transistor and allowing LOAD to re-
ceive power from BI through QI .

Since Q1 is driven into saturation, its
collector -to -emitter voltage drop is
small, though it may be as great as a
few tenths of a volt at higher load
currents.

Over time, as BI discharges, its
voltage and the voltages across R3
and R5 gradually drop. When the po-
tential at the terminals of B1 drops to
the predetermined alarm level, the
voltage on pin 6 of IC1 equals Vref,
which causes pin 7 to turn on, provid-

ing a path to ground for 1C2.
CMOS low -power timer 1C2 is

configured as an oscillator. Its out-
put at pin 3 drives either a piezoelec-
tric buzzer (BZI) or visual indicator
(LEM), depending on whether you
want an audible or visible alarm.
When pin 3 of 1C2 is low, LED1 or
BZI is on. The values of R6, R7 and
Cl are chosen so that the alarm flash-
es or beeps briefly, at a rate of about
once per second. This gives a notice-
able, warning without consuming
large amounts of power.

Resistor R8 limits current through
LED1. Its value is calculated so that a
maximum of 20 milliamperes flows
when LED1 is on.

If the warning is ignored and volt-
age across B1 continues to drop to a
point where the battery potential
reaches the predetermined load shut-
off voltage, the potential on pin 3 of
IC1 equals Vref and pin 1 switches
off. This cuts off Q1 base current and
removes power from the LOAD. Since
1C2 also receives power through Ql ,

the alarm also shuts off at this point.

RI R6

r11

"
IC1

R2
ICL7665 R7

MIK
3

C1
R3 R5

CI

O. luF I OuF

'Cl

ILC555

R9

RB

LED1

121

IP92

B1 =

1_08D

O
c

TIP92

BCE

Fig. 2. Complete schematic diagram of the Low -Battery Alarm with circuitry automatic load disconnect.
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When pin 1 switches off, ICI also
removes RI from the circuit by pro-
viding a low -resistance connection
from pin 2 to pin 8. Since RI no long-
er has an effect, the potential across
BI must rise to a new, higher voltage
before the potential on pin 3 equals
Vref and pin 1 switches on again to re-
store power to the load. In this way,
the load -control circuit is prevented
from chattering on and off when B1
is at the load -disconnect voltage.

Resistor R9 limits base current to
Q2. The value of R9 value must be
chosen to minimize current consump-
tion of the circuit, while still power-
ing the LOAD effectively.

Closing SI allows you to override
the load -disconnect circuit in case
you want to power the LOAD in spite
of weak batteries. When the circuit is
powered up, if voltage across BI is
not quite great enough to cause pin 1
of ICI to switch on, momentarily
closing SI switches on pin 1 and pow-
er the LOAD.

Capacitor CI slows the response of
the load shut-off circuit to prevent
the circuit from responding to small
"glitches" in the supply. For a fast
response, you can eliminate Cl. Ca-
pacitor C3 provides power -supply
decoupling for BI.

Customizing the Circuit
Several equations allow you to
choose resistor values to fit your spe-
cific application. For best results,
measure the switching voltages of
SET! and SET2 for each ICL7665 IC
you use and use these values in the
equations. Shown in Fig. 3 is a circuit
for making these measurements.
Connect a battery or other dc supply
that has a voltage close to that of the
battery you will be using in your
circuit from pin 8 to pin 4 of the
ICL7665. Then connect potentiome-
ters and resistors as shown.

Connect the + probe lead of a dc
voltmeter or multimeter set to the dc -
volts function to pin 1 and the - lead
to pin 4 of the ICL7665. Set the wiper
of the potentiometer connected to
pin 3 until pin 1 just switches from
V + to 0 volt. With this potentiome-
ter set to this position, measure the
voltage from pin 3 to pin 4 of the
ICL7665. This is the value you should
substitute for Vsi in the following
equations.

V

1K 1K

Fig. 3. To measure the switching voltages at pins 3 and 6 of a specific IC, connect
the IC as shown. Adjust the potentiometer connected to pin 3 until the signal on
pin 1 just goes low, and then adjust potentiometer connected to pin 6 until the
signal on pin 7 just goes low.

To measure the switching voltage
of SET2, move the + probe of the me-
ter to pin 7 and adjust the potentio-
meter connected to pin 6 of the
ICL7665 until pin 7 just switches
from V + to 0 volt. With this poten-
tiometer set to this position, measure
the voltage from pin 6 to pin 4. This is
your Vs2 in the following equations.

To illustrate how to make the cal-
culations, we'll assume the following:

BI: four Ni-Cd cells in series
VS1, Vs2: 1.3 volts
AOv (alarm turn -on voltage): 4.4

volts (1.1 volts per cell)
LFv (load shut-off voltage): 4

volts (1 volt per cell)
LNv (load reconnect voltage): 5

volts (1.25 volts per cell)
Imax (maximum expected load cur-

rent): 0.5 ampere

Values for RI through R5, R8 and
R9 are chosen as follows:

(1) Select a value for R5. The exact
value is not critical, but at least
100,000 ohms is recommended for
RI through R5 to minimize current
consumption of the circuit. In our ex-
ample, we will use a 100,000 -ohm
1 %o -tolerance resistor for R5.

(2) Find the value of R4 by substi-
tuting Vs2 and the desired ANv in the
equation: R4 = [R5(ANv)/Vs2] R5.

With Vs2 = 1.3 and ANv = 4.4,
R5 rounds off to 238,000 ohms. The
closest 1% 'tolerance standard resis-

to this is 237,000 ohms.
(3) If you plan to include LEDI,

calculate the value of R8 by substitu-
tion in the equation: R8 = (ANv -
1.6)/0.02. In this equation, 1.6 repre-
sents the voltage drop across LEDI
and 0.02 is the 20 milliamperes that
flows through LED1 when the volt-
age of B1 equals ANv. Because the
value of R8 is not super -critical, a
150 -ohm 507o 'tolerance resistor will
serve.

(4) As in step 1, select a value for
R3 (at least 100,000 ohms). We will
set R3 to a value of200,000 ohms at
107o tolerance.

(5) Find the value of R2 by substi-
tuting Vs! and the desired LFv using
the equation: R2 = [(R3 x LFv)/

- R3. With R3 = 200,000, Vsi
= 1.3 and LFv = 4, the value of R2
rounds off to 415,000 ohms. The
closest 1% 'tolerance value to this is
412,000 ohms.

(6) Find the value of R1 by substi-
tuting R2, R3, Vsi and the desired
LNv in the equation: RI = [(LNv x
R3)/ Vsi] - (R2 + R3). With Vsi =
1.3, R3 = 200,000 ohms, R2 =
412,000 ohms and LNv = 5, the val-
ue of RI rounds off to 157,000 ohms.
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Fig. 4. The actual -size etching -and -drilling guide for the
printed -circuit board for the Low -Battery Alarm.

The closest standard value to this is
158,000 ohms.

(7) Finally, find the value of R9 by
substituting in the equation: R9 =
[(LFv - 0.6) x 50]/Imax, where 50
represents minimum current gain ex-
pected at Q1 and 0.6 is the base -emit-
ter voltage drop of Q1. By selecting
the value of R9 with this equation,
you minimize base current of Q1
while allowing Q1 to provide suffici-
ent current to power the load.

If Imax = 0.5 and LFv = 4, R9 =
340 ohms, and a 330 -ohm resistor at
5% tolerance will serve.

You can calculate resistor values
for any ANv, LNv and LFv between
3 and 16 volts by following the above
steps and substituting desired values
in the equations.

In the Fig. 2 circuit, the alarm cir-
cuit is a simple level detector. The
alarm is on when the voltage across
B1 is greater than ANv and off when
the B1 voltage is less than ANv. If
you want the alarm to remain on
once it is triggered, even if voltage
across B1 rises, you can add a resistor
in series with R4 and pin 8 of /C/ and
connect the junction between these
resistors to pin 5. This results in a
three -resistor divider like that of
R1 /R2/R3. The added resistor raises
the alarm turn-off voltage in the
same way 121 affects LNv.

Battery Types
The ANv, LNv and LFv voltages to
use depend on the number and type
of batteries used, since different
composition batteries have different

Fig. 5. The wiring diagram for the pc board.

discharge characteristics. Normally,
you will choose resistor values so that
the Alarm sounds or lights its LED
well before it disconnects the load, to
give you plenty of time to change or
recharge batteries. You can experi-
ment to determine the values that
work best for a specific application,
but here are some general guidelines.

Each Ni-Cd cell generally holds a
steady 1.2 volts as it discharges. This
voltage drops rapidly only when
most of the cell capacity has been
consumed. For Ni-Cd cells, recom-
mended circuit voltages are: ANv =
1.1 volts per cell, LFv = 1 volt per
cell and LNv = 1.25 volts per cell.

In contrast, the voltage on lead -
acid batteries drops steadily as these
cells discharge. To prolong the life of
a typical deep -cycle lead -acid cell, re-
charge the cell or battery when 80%
of its capacity has been exhausted.
The voltage at which this occurs,
however, varies according to the dis-
charge current of the battery or cell.

For discharge rates of C/10 (Yo of
the ampere -hour rating of the cell),
set ANv to 2 volts per cell, LFv to 1.9
volts per cell and LNv to 2.2 volts per
cell. Shift the values slightly lower
for higher discharge currents and
slightly higher for smaller discharge
currents.

For alkaline and carbon -zinc cells,
an ANv of 1.2 should give plenty of
low -battery notice before battery
voltage drops sharply.

The output of lithium cells varies
from 2.6 to 3.6 volts, depending on
cell type. Like Ni-Cd cells, lithium
cells have a flat discharge curve with

a sharp drop-off when cell capacity is
low. For lithium cells, set ANv to
about 90% of specified cell voltage.

Since alkaline, carbon -zinc and
lithium cells are not rechargeable,
over -discharging is not a concern,
but you may want to include the
load -disconnect circuit to prevent
your load from attempting to operate
on less than its recommended supply
voltage. If you do not need the load -
disconnect circuit, eliminate R1, R2,
R3, R9, Q1, C/ and Sl, and connect
jumper wires where R3 would con-
nect and between the points where
the emitter and collector of Q1 would
connect into the circuit.

A final consideration is tempera-
ture. The voltage of most batteries
drops slightly as temperature drops
below room ambient. If your circuit
will be used at low temperatures, you
may want to slightly lower your
alarm and shutoff voltages to take
this into account.

Construction
There is nothing critical about the
construction of the Low -Battery
Alarm. Therefore, you can use just
about any construction technique
that suits you, including printed -cir-
cuit board, point-to-point soldering
and Wire Wrap. One admonition,
though: Do not use small -diameter
Wire Wrap wire for connections be-
tween LOAD, Q1 and BI unless load
current is less than 100 milliamperes.
Shown in Fig. 4 is the actual -size
etching -and -drilling guide for the pc
board for this project. In Fig. 5 is
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shown the wiring guide for this
board. If you use point-to-point wir-
ing, use Fig. 5 as a rough guide to
component placement.

Since the Low -Battery Alarm is
meant to be an add-on to another cir-
cuit (LOAD and its battery supply),
how and where you mount the cir-
cuit -board assembly will vary. A sep-
arate enclosure for the Low -Battery
Alarm is not necessary but can be
used if desired. If used, LED1 can be
mounted on the circuit board. Alter-
natively, you can mount it off the
board for better visibility (on the en-
closure of the project or product in
which the project is installed, for ex-
ample) and connect it to the circuit

board with hookup wire.
Decide whether you want audible

alarm BZ1 or visual indicator LED1
and R8, and use the procedure de-
scribed above for calculating resistor
values for your circuit.

If you are using a pc board, fabri-
cate it using Fig. 4. Then install and
solder into place sockets for IC1 and
1C2 and follow up with the rest of the
components.

Use hookup wire to connect B1
and LOAD to the circuit. Prepare
three lengths of wire. (The exact
lengths will depend on your circuit
and battery supply, how these are ar-
ranged in their enclosure, and where
the low -battery alarm will mount.)

At-T-Aiake4
Interactive design system, C source, tutorial

$109

"Highly recommended" -- J. Dvorak, PC Magazine
"Outstanding... lets you explore the creative

possibilities of fractals" -- Amstrad PC Magazine
"Quick and easy to master' -- New Scientist

Impeccably lucid... operations are fast " -- BYTE

Fractal programming tutorial, 160 -page Guidebook,
Microsoft C programs, 200+ modifiable templates.
Supports .DXF and .PCX files, CGA to Super -VGA.

Orders/Into: CALL 802-888-5275

Cedar Software Box 5140-R1, Morrisville VT 05661

CIRCLE NO. 57 ON FREE INFORMATION CARD

POST CODE MASTER
Debug PCs, Using Built in

Power On Self Tea. (POST)
0 Listings and database
for major BIOS types
0 Power Supply LEDs
0 For IBM AT & comp-
atibles including Compaq
0 Only $59.00

PORT TEST
PC Serial/Parallel Port
Diagnostic Software.

0 Comprehensive
Diagnostics and Utilities
0 Universal Loopback
plug Included
0 Identify Addresses
0 Only $89.00

(408)296-4000

MicroSystems Development
4100 Moaperk Avenue, 1104
San Jose, CA 95117

Fax: (408)296-5877

CIRCLE NO. 72 ON FREE INFORMATION CARD

Affordable 8031 Development
Single Board Computers, Assemblers, Compilers, Simulators, and EPROM
Emulators. Ask about design and manufacturing services for your product!

The Control -R series of single
board computers make prototyping
and one -of -a -kind projects easy and
affordable. Both feature 8K EPROM,
RS232 port, Port 1 & 3 access plus:

Control -R Model 1 $49.95
5vdc operation, 3"x4", assembled.

Contrl-R Model 2 $79.95
Model 1 features + 8K RAM and ex-
pansion bus. 3.5"x4.5"

8031 "C" Compiler $200.00

Full featured K&R style C develop-
ment system includes compiler, as-
sembler, linker, documentation and
complete library source code. High
level language plus in -line assem-
bly code gives you the best of both
worlds. 5 memory models allow
code generation for any 8031 de-
sign-even those with no external
RAM! MSDOS 360K disk.

Cottage Resources Corporation
Suite 151, 10271 South 1300 East

Sandy, Utah 84094 USA
VISA/MC, COD. Call to order: (801) 269-2975

Strip inch of insulation from each
end of the wires and solder one end of
each to pads Bt, LOAD and GND on
the pc board. Then plug IC1 and 1C2
into their respective sockets.

Checkout & Use
If you have a variable -voltage supply
available, you can test your circuit
before installing it permanently. To
do this, use alligator -clip jumpers to
connect your variable supply to the
B1 and GND wires on the pc board
and connect your load (or a substi-
tute, such as a LED and current -
limiting resistor similar to R8 and
LED1), from LOAD to GND on the
circuit board.

Adjust the power supply to the de-
sired LMv, and the load should be
powered. Slowly adjust the supply
voltage downwards, and your alarm
should sound or flash when the out-
put voltage of the supply drops to
ANv. Continue to adjust down-
wards, and verify that the load and
the alarm switch off at LFv.

If you experience problems, verify
that your wiring and component val-
ues are correct, using Fig. 2 as a
reference.

When all appears to be okay, in-
stall your Alarm circuit permanently.
Disconnect the normal + battery
connection for the LOAD circuit (if
any has been wired previously), and
solder the free end of your LOAD wire
in its place. Solder the free ends of the
wires to B1 and GND to the + and -
connections of your B1 supply.

When wiring is complete, mount
the Low -Battery Alarm in the device
it will monitor and install the battery.
Now when battery voltage drops,
your alarm will warn you. And if you
ignore the alarm, the load will auto-
matically disconnect until a safe bat-
tery voltage returns.

Jan Axelson

CIRCLE NO. 93 ON FREE INFORMATION CARD
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Review By SF Sparrow

Wlnvoice: Time & Billing for Windows

By nature, computers excel at quick ma-
nipulation of the tedium of data. This
means that they are accurate, or can be, de-
pending on the software that drives them.
Accuracy is a quality that's mandatory in
all forms of business.

After assigned work is done for a cus-
tomer, say your customer, an invoice must
be sent. The invoice should contain a de-
tailed accounting of time, charges and ma-
terials, if any. Large businesses normally
have hard and fast (and usually expensive)
procedures in place that take care of time
and billing. Smaller businesses, too, know
the need for accurate billing but can have
trouble tracking the right information all
the time. If your business is wasting time,
losing money or aggravating customers be-
cause of poor time and billing, a product

Setting Winvoice terminology.

named Wlnvoice can help.
WInvoice is specifically a time tracking

and billing software program the runs un-
der Microsoft Windows 3.0. It's simple to
install, as is generally the case with Win-
dows applications, and is surprisingly com-
plete in scope.

During installation, you can customize
some aspects of WInvoice. One of the
customizable items is Terminology. It de-
fines, on a system -wide basis, the kind of
language used to refer to customers, pro-
fessional workers, job activity, and so on.
Terminology is important because you
have to define your environment before
you can build it-which is organization.

To illustrate, a business that provides
medical services might use the terms Pa-
tient for customer, Physician for worker,

chl VII..., Reports roy,trm Window

We."'" I Oft 1 0011.11

A sparse but important Address Book.

Procedure for work done and Program for
assigned project. To a worker who is rou-
tinely involved in medical services, the
above terminology is self-explanatory. On
the other hand, legal services might have
terms more like Client, Attorney, Activi-
ty and Matter. Wlnvoice has a list of ready -
to -use terminology so that you don't have
to spend time creating definitions.

The first thing to do with WInvoice is
add new information to build a database
of clients, professionals, activities and
projects. If you already have a large client
base, it might take a long time to enter all
your data into WInvoice. But if you want
to turn everything over to WInvoice, some
initial work has to be done. WInvoice has
some import and export facility.

Users of TimeSlips can look forward to

Handy tools: Rolodex and Timer.

 .{.$
1

1.1*.aminq

6.11. N..:

,,awk.fro

, ,nrooeet,

,h.,
A Noon,

Example of a Time Forum. Actual data shown is imaginary.
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a special conversion utility that changes
TimeSlips data into WInvoice data. The
utility goes to beta test at the time of this
writing and will be available in a future
release of the product.

Data from other sources might be indi-
rectly converted through use of a comma -
delimited ASCII file. If your present sys-
tem can save its database in this format,
WInvoice can read it. The catch with
ASCII imports is that the format you cre-
ate in WInvoice must exactly match your
ASCII file. Chances are that when trying
to move a large client database in this man-
ner, you'll have to do careful planning and
then some alert housekeeping before a
transfer is perfect.

Another utility feature of Wlnvoice lets
users set defaults for client billing. You can
specify default rates of payment, mini-
mum billable hours and even the preferred
method of rounding used to calculate un-
tidy fractions of hours. Furthermore, cer-
tain dollar amounts can be set for other ex-
penses incurred, like tolls, parking, mile-
age or any charges normally incurred in
your kind of work. For example, computer
consultants will have charges for long-dis-
tance telephone calls and floppy diskettes.
A default rate can be set for these. If need
be, all defaults can be overridden.

Important Forms
Documentation is also very important in
the business world. Therefore, businesses
like to have a form for just about every-
thing. WInvoice has three different kinds
of forms: Time, Expense, Fixed Charge.

Time forms are most common. They
take care of normal billing at a certain rate
of pay. Expense forms document addi-
tional expenses while doing a job. Fixed
charge is for a one-time cost of something
related to the main job. All these forms are
managed by WInvoice so that document-
ing potentially numerous items during long
term assignments is made much easier.

Once a job assignment is finished, an in-
voice is issued. WInvoice automates crea-
tion of the invoice. The invoice lists all the
proper forms with all the correct informa-
tion and totals. At this point, you can
group together certain items to enhance
orderliness.

The automated invoice scheme uses a
color -coding system to easily identify one
client from another. If you don't like the
color system, you can opt not to use it. The
automatic invoice method is good for
quickly coming up with a detailed invoice.
But if you want to spend more time on it,
or you don't like the automated format,
you can customize an invoice to your own
preferences. Then before the invoice is fi-

nalized, you can check it for accuracy.
WInvoice also handles the unpleasant

business of credit memorandums, partial
payments, refunds, late fees and write-
offs. Credit memorandums can be viewed
as negative invoices. When a WInvoice in-
voice is finalized, it can't be changed or
deleted. So you must be absolutely certain
of accuracy before finalizing it. When you
need to reverse a finalized invoice, a credit
memo effectively cancels the invoice and
keeps track of what it's doing.

Partial payments are common in the
business world and exist often as standard
parts of business contracts. WInvoice
tracks these, too. You can include type of
payment made, along with check or credit-
card numbers.

Reports
Organizing data in various ways helps to
get a better picture of what you and your
business are doing. WInvoice reports both
paid and unpaid invoices and other items.
One report is the Age Trial Balance report,
which identifies all transactions during the
period based on the invoice itself. This is
called aging. Unpaid invoices are aged ac-
cording to due date.

A Cash Receipts report lists all pay-
ments, early payment discounts and write-
offs. A Client Analysis report summarizes
period -to -date and year-to-date informa-
tion for each client. You can select specific
clients, all clients or a group of clients.

As you can see, there are reports for var-
ious usage, and they can become quite de-
tailed. The right report at the right time is
worth its weight in bank notes. WInvoice
gives you wide latitude on reporting.

A few more WInvoice features need
mentioning. Its Address Book stores a lot
of information about your clients. Its Rol-
odex stores information about workers in
your company. An especially handy extra
feature is the Timer, which is simply a
Windows -based stopwatch you can use to
accurately track time -sensitive activities.
Using the clock wisely will ensure precise
billing so that you can conscientiously
render fair work for cost. The Timer is
started, stopped and reset at the click of
a mouse button.

In traditional Windows fashion, all the
various WInvoice functions run in win-
dows that can be sized, enabling you to
jump from one task to another. So you can
jump from Work Forms to the Timer to
Expense Form without trouble.

All this Windows graphical magic espe-
cially helps when managing a large client
base with a large pool of professionals.
This is when the Rolodex, Address Book
and the Activity List save time. But if you

Fact Box

WInvoice, $279
Infinity Software
5215 N. O'connor, Ste. 200
Irving, TX 75039
Tel.: 214-556-1395; fax: 214-556-1483
Requirements: Microsoft Windows 3.0
with 2M of RAM, hard drive and mouse.

Evaluation

Documentation Good
Graphics Windows -dependent
Learning Curve Short for computer -

literate users with
accounting
experience

Complexity Windows graphical
interface
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have only a few clients or professionals,
you could find yourself clicking up empty
pages before finding a lonely name or ad-
dress. If this prospect bothers you, turn the
default icon presentations into straightfor-
ward line -by-line listings.

A recent upgrade to WInvoice offers
more features. Users can now send month-
ly account statements to clients. If a state-
ment isn't really needed at the time, a sim-
ple mentioning of previous balance can be
sent instead.

For the professional who has a laser
printer, WInvoice prints forms in dazzling
Windows font. If you don't have a laser
printer, you can still use whatever fonts
your printer will handle-they just won't
look as good as when printed on a laser
printer. Something like font improvements
may seem small to some users, but this kind
of improvement shows that Infinity Soft-
ware is responding to user needs.

Do you run a business? Is your some-
what inept tracking and billing procedure
wasting valuable time and effort that could
be spent elsewhere? It's easy to let a hap-
hazard billing system get out of control.
WInvoice helps to tame the ill nature of
time and billing. It does so at a price that
won't send you into bankruptcy.
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Joseph Desposito

A Sleep -Mode Op Amp; a New A/D Board for the
PC/AT; a Fast SCSI Controller; a 14-ns RAM Cache;
and a Programmable Multiplexer

Semiconductor companies are always
looking for new ways to extend battery
power, without trading off performance.
This month's first device showcases Mo-
torola's new Sleep-ModeT" that circum-
vents previous design limitations by allow-
ing the chip to operate fully only when it's
needed.

Sleep -Mode Dual Op Amp
Motorola's (EL340, 2100 Elliot Rd.,
Tempe, AZ 85284) dual Sleep -Mode oper-
ational amplifier IC offers two separate
modes of operation, resulting in very low
standby power operation. In "sleepmode,"
the MC33102 op amp operates at a very
low current drain. Each amplifier automa-
tically changes to "awakemode" when an
input signal is applied to the amplifier,
causing it to sink or source sufficient load

current. The dual Sleep -Mode amplifier
uses industry -standard pinouts, and each
amplifier has independent sleep -mode
capability, with no extra pins or external
components required (see Fig. 1).

The MC33102 will find use in a wide
range of applications, including consumer
products, cordless telephones, portable
computers, automobiles, sensors, hand-
held equipment, cordless appliances, baby
monitors, tape recorders and battery -oper-
ated test equipment. Key applications will
require improved energy efficiency, where
the amplifier can operate in a mode that
consumes just enough power to detect in-
coming signals and then shift to a higher -
performance mode upon demand.

The MC33102 is the first product to in-
corporate newly -developed Motorola
Sleep -Mode technology, which is also be-
ing applied to other ICs typically used in

low -power applications.
Other key product features and specifi-

cations include: changes from sleepmode
to awakemode in 4.0µs when output cur-
rent exceeds 160 µA; automatic return to
sleepmode when output current drops be-
low threshold; use as a fully functional mi-
cro -power amplifier in low -current sleep -
mode state; independent Sleep -Mode func-
tion for each op amp; no deadband-
crossover distortion as low as 1.0 Hz in
awakemode; ESD clamps that protect the
inputs, increasing reliability without af-
fecting amplifier performance.

This Sleep -Mode device will also be
available from Motorola's Military Prod-
ucts Operation. It's fully qualified under
Mil -Std -883 for use over the full military
temperature range.

The MC33102 is presently available for
commercial applications in both eight -pin
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Fig. 1. Motorola's MC33102 Sleep -Mode op amp operates on very low current drain.
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plastic DIP and SO -8 surface -mount
packages.

Pricing for either package option is
$1.60 each in quantities of 10,000 and up.

To gain a better understanding of Mo-
torola's new Sleep -Mode, you need to con-
sider that many operational amplifiers are
designed to consume very low drain cur-
rent. With their fundamental design limita-
tions, they typically have poor frequency
response and low output -current drive
capability.

In many applications, an amplifier isn't
required to drive the output load continu-
ously. In these applications, power is wast-
ed while maintaining the amplifier in a
maximum performance state during peri-
ods when it would be sufficient to operate
the amplifier in a lower power -consuming
standby mode. From a system viewpoint,
it's more energy efficient to operate in a
mode that consumes just enough power to
detect incoming signals and subsequently
shift to a higher -performance mode on
demand.

Motorola's Sleep -Mode technology is
designed to overcome the low -power -con-
sumption -versus -high-performance dilem-
ma for applications where better frequency
response and higher current drive are re-
quired only part of the time.

As Motorola's first integrated circuit in-
corporating this new technology (for which
a patent application has been made), the
new MC33102 Sleep -Mode dual opera-
tional -amplifier IC functions in either of
two distinct current/performance states.
This device minimizes current consump-
tion in sleepmode state (typically, 45 µA
per amplifier) until an input signal is de-
tected that requires the amplifier to source
or sink 160 µA or more. Once this condi-
tion is detected by the amplifier, it transi-
tions to awakemode within a few microsec-
onds. Each amplifier consumes approxi-
mately 750 µA when operating in awake -
mode, with a x 10 improvement in band-
width and slew rate.

When the input signal is removed, the
amplifier returns to sleepmode following
a delay. An on -chip delay circuit prevents
the amplifier from returning to sleepmode
at every "zero -crossing" of the output
voltage waveform. This delay circuit also
eliminates crossover distortion, which is a
problem in most conventional low -power
amplifiers. Frequencies as low as 1.0 Hz
can be processed without the amplifier re-
turning to sleepmode condition.

A/D Board Samples
Simultaneous Channels
Many applications need multiple analog
channels sampled at exactly the same time.
Examples include phased sonar arrays,
correlation from multiple receiver chan-

Datel's PC -414A analog input board provides four simultaneous sample/hold amplifiers
multiplexed into a 1.5 -MHz 12 -bit A/D converter and is optimized for AID continuous non-
stop streaming of millions of data points with no sample loss to PC/AT memory.

nels and de -skewing of simultaneous sig-
nals. The Datel (11 Cabot Blvd., Mans-
field, MA 02048) PC -414A analog input
board satisfies these requirements with
four simultaneous sample/hold (SSH)
amplifiers multiplexed into a 1.5 -MHz
12 -bit A/D converter. Board design is opti-
mized for A/D continuous non-stop
"streaming" of millions of data points,
with no sample loss to PC/AT memory.

A/D data is passed through an on -board,
first -in, first -out (FIFO) 4K memory and
then to the PC/AT bus. The board can be
installed in IBM-PC/AT, PS -30, EISA
and compatible host computers.

The PC-414A's analog input section is
designed for low noise and excellent har-
monic characteristics to - 72 dB THD.
FIFOed analog data can be sent to RAM
memory, tape, RAM disk or hard disk us-
ing DMA or block transfers at greater than
1 MHz speed. A/D output data can also
be sent from the FIFO through an on-
board parallel port at rates of up to 4 MHz.
This port completely offloads the PC/AT
bus and can be used as a "front end" to
array processors or other vector math
systems.

For precise A/D triggering in DSP appli-
cations, crystal -stabilized software -pro-
grammable on -board counter/timers con-
trol the A/D sample rate, number of sam-
ples and frame rate. External analog or
digital triggers can also be accepted. Ana-
log triggers use an on -board comparator
and D/A converter to set a threshold trig-
ger level. The 12 -bit D/A converter can
also be used as an analog output channel.

The PC -414A is ideal for filling blocks

greater than 8M of extended memory with-
out sample loss. In four -channel mode,
each input channel may be continuously
sampled at 250 kHz. Single channel sam-
pling extends up to 1.5 MHz. Typical ap-
plications include long baseline studies in
astrophysics and precision high -resolution
image scanning.

Optional software includes a windowed
setup -and -go program to save data to disk
or memory and the PC-DADiSP win-
dowed graphics DSP display and math
package. A source code library is available.
The PC -414 includes a comprehensive user
manual with software examples.

The PC -414A uses + 5 volts dc at 3.5
amperes from the PC/AT bus. Pricing
starts at $1,850 in single quantity. PC-
414SET setup software (executables only)
costs $95; setup source code with the
window library (PC-414SRC) is $395;
and graphics DSP-math package (PC-
DADiSP) is $1,695.

Fast SCSI Controller
NEC Electronics' (401 Ellis St., P.O.
Box 7241, Mountain View, CA 94039)
µPD72611 is a fast Small Computer Sys-
tem Interface (SCSI) for 32 -bit CPU -based
systems. It supports a maximum data -
transfer rate of 10 M/s over an eight -bit
SCSI bus. The product also provides a se-
lectable host bus for support of 32-, 16-,
and 8 -bit widths.

In addition to the width -selectable host
bus and fast data -transfer rate, the
APD72611 also provides an on -chip arbi-
tration sequence control. This allows it to
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DR. "CHIP' MUNK SAYS Joseph Desposito
805/ 68HCO5 / 68HC 1 1DEVELOPMENT TOOLS

QUALITY and SERVICE
AFFORDABILITY

"Chip" experts agree with Dr. Munk.
TECI's PC based microcontroller devel-
opment tools are the most cost effective
for veterans or beginners.
6805 PRIMER FOR BEGINNERS. $195.00
6805/681IC05/68Hal CROSS ASSEMBLERS $99.00

61305/68HC05 SIMULATOR / DEBUGGERS $99.00

68705P3,P5,U3,U5,R3,R5 PROGRAMMERS FROM $349.00
68HC705/68HC805 PROGRAMMERS FROM $395.00
COMPLETE PC BASED DEV. SYSTEMS FROM $449.00
6811C05/68HCII REAL TIME EMULATORS PROM $895.00

TECI
CALL TOLL FREE 1-800-336-8321
The Engineers Collaborative, Inc.
Rt #3 Box 8C, Barton, VT 05822 USA
TEL:(802)525-3458 FAX:(802)525-3451
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B.S. & M.S.
In Computer Science
 ALL COURSES BY CORRESPONDENCE

 Increase your earning power
 Join students from leading
computer companies

 Ada course available
For free information call
1-800-767-2427

AMERICAN
INSTITUTE

COMPUTER
SCIENCES

B.S. & M.B.A.
In Business Administration

A Chadwick University degree program can help you
achieve a more successful future:
 B.S. and M.B.A. programs in Business Administration.
 ALL COURSES BY CORRESPONDENCE.
 Join students from Fortune 500 companies
 Increase your earning power.

Call for our free bulletin:
1-800-767-2423
01991 Chadwick University

UNIVERSITY

NOW
YOU can afford

HOME AUTOMATION!
InTrol-PC provides futuristic:
 BURGLARY PROTECTION
 ENERGY MANAGEMENT
 FIRE PROTECTION
 EMERGENCY/MEDICAL
 APPLIANCE CONTROL

and much more for your home!
Amazing NEW device you can build in

one evening! Construct for less than $150.00.
Easy toolless installation! Does more than
systems costing thousands! Uses IBM-PC or
compatible. Comes with POWERFUL yet

easy -to -use software that is unlike any other. Save money
on energy; feel secure from theft, in -home assaults and fire.
Enjoy the convenience of having a SMART HOME that
knows how to manage your lights, appliances, sprinklers,
heating/air conditioning and more. AMAZINGLY simple
and Lea to build and install -wireless convenience too! Uses
common parts.
PLANS and POWERFUL SOFTWARE
ONLY $19.95 HoopaWare

Send Cheek or M.O. to: POB 3079 Dept. WC
or call 702-322-6875 Sparks, NV 89432-3079

be used as either a SCSI initiator or a target.
Other features include a 24 -bit transfer

counter and FIFO for high data through-
put. On -chip single -ended SCSI bus drivers
and Schmitt -type receivers minimize space
and overall system cost. Differential driv-
ers are supported externally.

NEC has reduced the host overhead re-
quired for interrupt servicing by incorpor-
ating its proprietary "Complex Com-
mands" feature. These compound SCSI
commands are issued by the controller and
incur only one interrupt to the host
throughout the entire process. In addition
to Complex Commands, the APD72611's
tag -queuing scheme optimizes file and re-
source management by allowing the host
(or target) to assign individual tags to each
SCSI operation.

The icPD72611 was designed specifically
for 32 -bit CPU applications. Due to its
width -selection capability, it can also be
used in 8- and 16 -bit designs. The micro -
controller is EISA compatible and pro-
vides necessary features for PCs, voicemail
systems and networking applications.

An EISA-style demo board and DOS
device drivers are offered by NEC. The
support tools are intended to assist engin-
eers in both design and evaluation stages
of system development.

The controller is packaged in a 100 -pin
plastic quad flat pack and is priced at
$17.50 each in 10,000 -piece quantity.

Fast Cache RAM
Cypress Semiconductor's (3901 N. First
St., San Jose, CA 95134) 14-ns 256K BiC-
MOS cache RAM is customized to attain
the fastest available cache memory perfor-
mance for 486 machines. The synchronous
32K x 9 CY7B173 cache RAM delivers
zero -wait -state memory access needed by
systems designers to unleash the full per-
formance of 50 -MHz, i486 -based systems.
The CY7B173 integrates a high level of
control logic with the cache RAM, allow-
ing designers to eliminate performance
bottlenecks and the cost, design -time and
board -space penalties of external logic in
cache systems.

Specifically, the CY7B173 sweeps the
i486 burst counter, address and data regist-
ers and synchronous, self -timed write logic
all on -chip. On -chip decoding logic simpli-
fies expansion from one bank of four de-
vices (128K bytes of cache) to two banks
of four devices (256K bytes of cache) with
no performance penalty.

This chip provides caching at 50 MHz
through a combination of fast 14-ns access
times and a glueless interface to the i486,
cache controller and system clock. Separ-
ate pins for processor and cache controller
address strobes enable the CY7B173 to
switch control from the i486 to the cache

controller during cache misses. Because the
i486 doesn't relinquish control to the cache
controller during cache misses, designers
using previously available cache RAMs re-
quired external logic to accomplish this. By
eliminating this multiplexing logic, the
CY7B173 enhances system performance.

Cypress also has a 14-ns synchronous
BiCMOS TTL cache RAM that supports
linear burst sequences. The CY7B174 is de-
signed to support the burst sequences of
such CISC processors as the Motorola
68040/30 and Intel 80960CA up to
50 -MHz. For RISC processors operating
at up to 50 MHz, the CY7B174 delivers the
speed to complete a new access each clock
cycle.

The CY7B173 and CY7B174 are each
priced at $69 in 100 -piece quantities.

12 -bit DAS
With Programmable MUX
Maxim Integrated Products' (120 San
Gabriel Dr., Sunnyvale, CA 94086) new
MAX180 is a complete 7.5-µs (100 -kHz
sampling rate) data -acquisition system
(DAS) that combines a 1/2 LSB integral
nonlinearity (over temperature) 12 -bit ana-
log -to -digital converter (ADC), wide -
bandwidth (6 -MHz) track/hold, 25 ppm/
°C voltage reference, fast parallel AP inter-
face and Flex-Mux (Maxim's flexible eight -
channel analog multiplexer), all in a single
package.

Flex -Marx allows independent program-
ming of each channel for differential or
single ended, unipolar + 5 -volt or bipolar
± 2.5 -volt operation. Maxim's monolithic
CMOS design reduces power consumption
(110 mW), component count, cost, board
space and design time.

For applications requiring signal condi-
tioning, such as programmable -gain am-
plification or filtering, Maxim's six -chan-
nel version of the MAX180, the MAX181,
gives access to the Flex-Mux output and the
ADC's input.

Track/hold's full -power bandwidth
permits undersampling of periodic signals
with bandwidths exceeding the ADC's
sample rate. The systems offer a reference
input supplied by either an internal refer-
ence (reducing package count) or an exter-
nal reference (providing optimum refer-
ence selection). Internal reference value
and system offset are adjustable to allow
nulling the overall system offset and gain
errors. The control logic interfaces to ei-
ther 8- or 16 -bit -wide data buses.

The entire system is fully tested and
guaranteed for both dc and dynamic appli-
cations and operates with + 5- and - 12 -
to - 15 -volt dual supplies.

Both devices are available in 40 -pin DIP
and 44 -pin PLCC packages. Prices start at
$17 in 1,000 -piece quantities.

CIRCLE NO. 64 ON FREE INFORMATION CARD

76 / COMPUTERCRAFT / Apri11992 Say You Saw It In ComputerCraft



Ted Needleman

GeoWorks-Windows for the Rest of Us?

If you've been following this column for
a while, you know that I've somewhat re-
luctantly bought into Microsoft's Win-
dows. I say reluctantly, because even
though I really like using some of the new-
est applications, many of which are avail-
able for operation only under the Windows
environment, I'm not all that pleased with
Windows itself.

Introduced with the largest advertising
budget-$10-million-ever targeted for a
single -product launch, Windows 3.0 was
supposed to make an MS -DOS -based PC
as easy to use as a video game (or a Macin-
tosh). Perhaps it succeeded in this (though
I've never found my kids' Nintendo all that
easy to play), but the price, in terms of
machine resources needed to run Win-
dows, is considerable. Windows will run
on a 286 AT -class machine, though not in
enhanced mode. But unless it's zooming
along at 16 or 20 MHz, it doesn't run very
well or very fast in an AT.

What do you do if you have an older PC,
say an XT or an original AT, and want the
advantages a graphical environment of-
fers? You could upgrade your system with
a new motherboard, or if it's a 286, with
one of the new 386SX processor replace-
ments. This will let you run Windows, but
it will cost a minimum of several hundred
dollars-before adding any software.

If it's just the graphical environment you
want, and not specific applications like
PageMaker, Excel and WordPerfect for
Windows, you might consider GeoWorks
Pro, the newest version of GeoWorks En-
semble. Like Windows, GeoWorks pro-
vides a graphical user interface, called
PC/GEOS, that offers WYSIWYG (What
You See Is What You Get) equivalence be-
tween the output of an application and
what's displayed on -screen. It also offers
an icon -driven graphical interface that,
while not identical to the one in Windows,
is very easy to use, as well as the same type
of accessories offered in Windows.

The big difference between the two
packages, though, is that Geo Works Pro
goes a bit beyond Windows in the accessor-
ies it offers, such as Borland's Quattro Pro
Special Edition spreadsheet, and does it
while requiring quite a bit less in the way
of CPU resources. PC/GEOS runs on just
about any MS-DOS PC, even the original
8088 -based IBM XT. Of course, it runs
much slower on a 4.77 -MHz XT than it

does on a 33 -MHz 486, but it does run on
the slower CPU, fast enough to be usable.

In its almost universal applicability to
the Intel -based PC line, Geo Works' PC/
GEOS is more like the Mac's original oper-
ating system (consisting of System and
Finder) than Windows. Until Apple re-
leased the last version, called System 7, the
Mac's System and Finder ran on any Mac,
from the earliest 128K machine to the most
recent Quadra tower. The multi -tasking
version, called MultiFinder, required more
memory than the original Mac offered, as
does System 7.

In at least one other way, PC/GEOS is
more like the original Macintosh than
Windows. As with those Macs running just
System and Finder, it isn't a multitasking
operating environment. Windows, on the
other hand, can perform multitasking in
enhanced mode. GeoWorks Pro can,
however, work with MS-DOS 5.0's Task
Switcher, should you want to put one ap-
plication on hold to run a second task.

Easy Installation
Installing Geo Works Pro is easy, but there
are a few caveats you should be aware of
before you start. PC/GEOS, the operating
environment part of the package, doesn't
require much in the way of machine re-
sources. It will run on a plain -vanilla ver-
sion of the original 4.77 -MHz 8088 PC
with at least 512K of RAM. It doesn't need
a full 640K of DOS -addressable memory,
though it will run a bit faster with it, or the
large amounts of expanded memory re-
quired by Windows.

Nor does Geo Works Pro require an
EGA or VGA display card and adapter. It
will run with monochrome graphics or a
Hercules card if that's what you've in-
stalled in your system, though the VGA
screens are much more readable and much
closer to actual output.

What GeoWorks does need, though, is
disk space-and lots of it! The documenta-
tion, some of which is for the original En-
semble, varies on this exact requirement
from 3M up to the 7M requirement printed
on the software's box. The packaging also
notes that 9M of disk space is recommend-
ed. When I tried installing the entire pack-
age on a Bernoulli drive with a bit more
than 10M of free space, I got a message
that Quattro Pro SEcouldn't fit. I installed

Quattro onto a different drive, but it's a
good idea to budget at least 12M to 14M
of disk space for GeoWorks Pro, especially
if you intend to use both the spreadsheet
and word processor. Remember, both ap-
plications also create data files (documents
and worksheets) when used. In compari-
son, Windows usually doesn't take up
more than about 2M or 3M of space on a
hard disk.

Installation takes about a half-hour, 20
minutes of which are spent inserting the
four installation disks to copy files to your
hard disk. The software is provided on
1.2M high -density 5'/," floppies. If you
need a different format, a card is includ-
ed in the package for requesting it by mail,
and a toll -free 800 number lets you request
it by phone. If you have an older system
with 360K drives, or one that uses 3% " disk-
ettes, don't plan on buying GeoWorks and
installing it the same day. Even if you call
immediately for a different disk format,
it will take a week or more to receive it.

The earlier version of GeoWorks Pro,
GeoWorks Ensemble, was provided on
360K 5'/," disks, which greatly increased
the disk swapping needed to install the
software and added about another 15 or
20 minutes to the installation process.
However, considering that a lot of users
of older systems will be interested in the
product, it would have made more sense
going this route than selling a package that
can't be immediately installed on many
machines for which it will be purchased.
Lots of other software products provide
both 3 'A " and 5'/." disks in the package.
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On the plus side, GeoWorks doesn't
charge you for the new diskettes, nor does
the company make you return the original
disks, which would add another week or
more to the exchange process.

Installation goes very smoothly once
you log onto the floppy drive and type
INSTALL. Other than prompting you to
swap diskettes when necessary, the only
other operator interaction comes at the end
of the process when the software asks if
you want your CONFIG.SYS and AUTO-
EXEC.BAT files altered. Too many pack-
ages these days blithely make changes to
these files without alerting you to what
they're doing. You can let Geo Works' in-
stallation process make whatever changes
it deems necessary, or you can (as I did)
look at the proposed changes and accept
or reject them. In my case, I let GeoWorks
increase the FILES statement in my CON-
FIG.SYS file and declined having it insert
a command that would always run PC/
GEOS on starting up my PC.

Once installed, GeoWorks must be con-
figured for your particular system. This is
done automatically the first time you run
it, either by rebooting the system (if you've
specified that the software is always to be
run on boot) or by changing to the correct
subdirectory and typing in PCGEOS.

The configuration processes asks you to
type the program's serial number (found
on the registration card), verify the type of
video display, specify what type of mouse
is connected to the system and choose a
printer. Printer support is extensive, with
more than 450 different printers from
which to choose, including some color
PostScript models, though GeoWorks of-
fers no support for daisywheel printers.

What You Get
The package touts GeoWorks Pro as "The
Easiest Integrated Solution for Small Busi-
ness." Considering what the software pro-
vides for a $200 list, this might not be hy-
perbole. Firstly, there's the PC/GEOS op-
erating environment. When you first start
up PC/GEOS, you're presented with a
choice of three "workspaces"-Begin-
ners, Intermediate and Advanced. Each of
these varies in the capabilities and utilities
it provides. For getting used to Geo Works,
the Beginners and Intermediate work-
spaces are somewhat less complex, but the
Advanced workspace isn't really going to
intimidate anyone who has used a PC for
a few hours or so.

All workspaces are icon -based, and the
Advanced workspace also uses the com-
monly found pull -down -menu approach.
If you always want to go directly into a par-
ticular workspace, you can set this from
the Preferences menu in Advanced.

As with Windows, GeoWorks has both
small utilities and scaled -down applica-
tions. They are somewhat similar, though
not identical, to those in Windows, such
as GeoDEX, which stores names, address-
es and phone numbers. GeoDEX can auto -
dial your phone if a modem is attached and
print phone books and address labels. An-
other utility, GeoPlanner, is a calendar/
scheduler. GeoComm is an easy -to -use
communications package that requires a
Hayes -compatible modem (a special offer
for American Online, an on-line service
where the official GeoWorks forum re-
sides) is packaged with the product.

I found the foregoing utilities similar in
functionality to their counterparts in Win-
dows, but they're a bit easier to use. As
with Windows, GeoWorks comes with ex-
tensive printed documentation and on-line
help. There's even a feature called "GEO-
HELP" that can help you on-line with in-
stallation problems if you're having trou-
ble getting GeoWorks up and running.

GeoWorks Pro does lack several of
Windows' utilities, most notably the Mac-
ro Recorder, which memorizes keystrokes,
and the Notebook, a scaled -down editor.
It does offer GeoDraw, a somewhat gener-
ic draw program that provides a bit more
in the way of file import than Windows
Paint. In addition to .PCX and .TIF for-
mats, GeoDraw can handle the .EPS
(Encapsulated PostScript) file format that
Quattro uses for its charts and graphics.

Where GeoWorks Pro shines is in the

two applications it provides-GeoWrite
and Quattro Pro SE.

GeoWrite is a quite serviceable graphical
word processor. It doesn't quite have all
the bells and whistles that Word for Win-
dows, WordPerfect for Windows or
Lotus' A mi Pro provide, but it does take
WYSIWYG word processing a step be-
yond the Windows Write word processor.

In addition to nine scalable typefaces
provided, you can include graphics, create
tables and multiple columns and use such
text effects as drop outs (white text on
black background), colored text and even
create title pages automatically.

Lots of document templates are provid-
ed, and there's even a banner -making utili-
ty. GeoWrite provides multi -line headers
and footers and permits complete para-
graph formatting. You can import and ex-
port text in ASCII format, which provides
compatibility with other word processors.
Most importantly, GeoWrite has a good
100,000 word spelling dictionary. Many
users will find that GeoWrite more than
satisfies their requirements in a word
processor.

Borland's Quattro Pro Special Edition
spreadsheet tops off the package. The Spe-
cial Edition, or SE, version of Quattro Pro
was designed as a high -value, low-cost
spreadsheet and normally sells for $99 by
itself. It can read Lotus 1-2-3 worksheet
files and offers commands that are large-
ly compatible with 1-2-3. While the size of
the worksheets you can create isn't as large

GeoWorks Pro Viewer screen.
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as those in more -expensive versions of
Quattro (and 1-2-3), they should be suffi-
cient for most users who aren't super -
heavy power spreadsheet users.

In addition to the spreadsheet, Quattro
Pro SE offers a flat -file database that can
give you 254 characters per field, 256 fields
and 8,191 records per database. Macros
(which are a series of linked commands)
are available, and you can link cells in dif-
ferent spreadsheets to produce consolidat-
ed reports. Most impressive, though, are
Quattro Pro SE's graphics. It offers 14
chart types (variations of bar, pie and line
charts), some in 3D. Quattro Pro SE even
comes with its own thick manual.

How They Compare
I have to admit that I'm very impressed
with GeoWorks Pro. Not only does it give
a lot of functionality at a very reasonable
price, it can run on a fairly minimal system.
It's also compatible with many networks,
such as Novell and LanTastic. If the Win-
dows -like applications (Quattro Pro SE,
GeoWrite) and utilities that come with
GeoWorks Pro can satisfy your needs, the
$200 list price makes GeoWorks Pro a very
attractive alternative to Windows.

On the other hand, much of the attrac-
tiveness of the Windows environment is the
large suite of applications that run under
Windows. No similar choice is available
for Geo Works, though the company does
offer stand-alone versions of GeoDraw
(called GeoWorks Designer), GeoWrite
and the utilities (called GeoWorks Desktop)
with a run-time copy of PC/GEOS, and
several font packages. If you just want to
try out some of the features and don't need
the spreadsheet, this may be the way to go.

The volume of documentation is also
somewhat daunting. There are thick man-
uals for Quattro Pro SE and Ensemble and
several smaller booklets for new features
added since the last release, customer ser-
vice policies and procedures, and getting
started. While I prefer well -documented
programs, it's difficult to figure out just
where the answer lies when you have a
problem or'question about the program.

On the whole, though, GeoWorks Pro
is a terrific product. It's easier to use than
Windows, offers better included applica-
tions and will run on many PCs too anemic
to support Windows. You'd better have
lots of disk space available, though! 

GeoWorks Pro, $199.99
GeoWorks
1218 Massachusetts Ave.
Cambridge, MA 02138
Tel.: 617-661-0590; fax: 617-661-0488
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MICONA-196KC for only $245.00

"16 -BIT Personal Controller KIT"Tml
COMPLETE DIGITAL CONTROL SOLUTION

MICONA-196KC offers:

1. A HARDWARE KIT containing:

MICONA CORPORATION
1885 Surveyor Ave., Bldg. 102
Simi Valley, Ca 93063, U.S.A.

Tel. 1-805-522-9444 Fax. 1-805-522-9779
P.O., Visa & MC accepted. Immediate delivery.

- 1(one) CPU MODULE (3.5"x3.5") with
80C196KC processor (16 MHz), 8 ADC
channels 10Bit resolution, 3 PWM outputs
(DAC), one DMA channel, 6 High -Speed
Output channels, 4 High -Speed Capture
Input channels, 40 Digital I/O ports, one
full duplex RS -232 serial port;

- 1(one) MEMORY MODULE (3.5"x3")
with 64K Memory space RAM / EPROM;

- 2(two) Connectors BUS MODULEs;
- 1(one) PROTO MODULE (3.5"x3.5")
- 1(one) Power Supply and
- 1(one) RS232 Communication Cable.

2. A SOFTWARE KIT containing:
- PC based SYSMON - System Monitor;
- 80C196 Machine Language Assembler;
- User's Guide and Application Programs.
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Now Doubled in Library Size
And Window 3.0.

Compatible Including
Virtual Memory Support

DC/CAD
CAD Showdown Results!

HIGH DENSITY EXPERTS!

Integrates Schematic Capture,
PCB Layouts & Autorouting

This top -rated CAD out -routed the competition in the 1990 CAD
Showdown. DC/CAD displayed its power and flexibility when

routing a double -sided board while competing routers used four

to six layers. This non -copy protected package with surface

mount support includes:

Multi -strategy 1 -mil parts autoplacer

'1 -mil" autorouting w/ripup 8 retry

 Thorough annotating design rule checker
Full 2 -way GERBER and DXF support

Optional autoground plane support with cross -hatching

 Optional simulation capability 8 protected mode for 386 users

LEASE PROGRAM F. SITE LICENSE AVAILABLE

30 DAY MONEY BACK GUARANTEE

gyix.-) an

/ZijiNV-161e4n-11"
DESIGN

II COMPUTATION

Br. 33, Sherman Square, Farmingdale, NJ 07727
(908) 938-6661 (908) 938-6662 (FAX)

DC/CAD. Innovative. Intelligent 6 Integrated Software

contact east

iv) fa,

FREE CATALOG
TEST INSTRUMENTS &
HARD -TO -FIND TOOLS
Packed with over 10,000 quality products for testing,
repairing, and assembling electronic equipment. A full
selection of test instruments, power protection equip-
ment, precision hand tools, tool kits, soldering sup-
plies, and much more. Products are shown in full color
with detailed descriptions and pricing. All products
come with a 100% satisfaction guarantee. SAME -
DAY shipment program.

In a hurry to receive your catalog?

Call (800) 225-5370
In Massachusetts call (508) 682-2000

Contact East, Inc., Dept. R500
335 Willow St., No. Andover, MA 01845
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The World On -Line By Stan Veit

Portable Wireless Modems, a 14,400 -bps
Modem, Previewing Software for Free, Going
to School on AOL and Virtual Reality

We're rapidly approaching a time when
we'll cut the wires from our modems to the
telephone and make our laptops truly por-
table. Motorola has been working toward
this for some time and has built internal
radio packet modems that work with por-
tables. I was quite impressed with these at
the Fall 1991 Comdex. Motorola has re-
duced the size of these devices by 25%. The
new RF Modem, RPM405 Si, is small
enough to fit into a Laptop computer and
costs no more than the previous models.

Having this portable wireless modem is
somewhat like having a cellular packet ra-
dio without a repeater-except that the en-
tire infrastructure for radio packet, wide -
area networks, doesn't yet exist. Also,
there isn't even a specification for it. Nev-
ertheless, it's surely coming on fast.

Meanwhile, Motorola is letting no grass
grow in this potential goldmine. It has pro-
duced Wave Guide software that permits
development of application links to the
wide -area radio -link system. Wave Guide
lets developers adapt their DOS or Win-
dows applications work over radio links.
They can also use it to develop communi-
cation systems that allows technicians and
representatives in the field to access in-
house databases. Motorola hopes this soft-
ware's Application Programming Inter-
face (API) will form the base for an evolv-
ing standard.

Both modem and Wave Guide software
should be released by the time you read
this. However, the complete radio -packet,
wide -area network system will take a few
years to perfect. Until then, many of its
elements can be used for wireless LANS.

Meanwhile, in the world of cabled tele-
communications (wired and fiber-optic)
the transmission speed rate is rapidly ap-
proaching what was previously considered
the maximum rate of 19,200 bps. Image
Communications Inc., manufacturer of
Twincom modems, has announced avail-
ability of the new 14,400 -bps Twincom
14.4 DF Modem that features 14,400 -bps
fax and 14,400 -bps data rates. This ad-
vanced external modem operates at 14,400
bps V.32bis, V.42, V.42bis and MNP 2-5
standards.

14,400 -bps Modem
While offering a data throughput to 57,600
bps via compression, the modem is

equipped for auto -fallback and auto-fall-
foward to CCITT V.22bis and A/B Bell
212/103. It's supplied with DOS software.
For use as a fax modem, the Twincom 14.4
DF operates in both send and receive
modes of operation at 14,400 and 9,600
bps. It connects to all fax machines and fax
boards and offers background operation.

The modem is equipped for Epson and
Hewlett Packard print capture, as well as
ASCII, PCX, TIF, BMP and other graph-
ics formats. Windows software is available
for fax operation.

This new ultra -fast modem is made in
the USA using the latest Rockwell chip
technology. It's an example of how US in-
novative technology can lead, given a level
playing field.

It should be noted that this speed -ad-
vance technology is wasted on most of
small fax machines in which input and out-
put are limited by the scanning and print-
ing speed of fax documents. However, for
large companies that have a steady stream
of fax transmissions and data flow, the rise
to 14,400 bps will result in a much -reduced
cost per unit. Perhaps this additional rise
in modem speed will result in on-line ser-
vices lowering what they charge for 9,600 -
bps operation.

Free Software Preview
Right now, more and more computer re-
sources are available via on-line networks.
Ziffnet has just put the Ziff -Davis Soft-
ware Demos on-line. Any subscriber to
Compuserve or Ziffnet can freely down-
load any of the software demos from hun-
dreds of ones that are on-line at any time.
The only cost for this service are on-line
and telephone charges. The idea of being
able to actually see and work with a demo
version of a program that interests you is
more than worth the tariff.

In addition, you just might download an
alternative to the program you set out to
investigate and find it better suited to your
needs. Previously, these software demos
were available only on CD-ROM; to see
any of them, you had to buy the entire CD
ROM, even though you might be interested
in only a few programs.

Going to School
The America On Line (AOL) network has

established Programmers U, which offers
free on-line courses in programming. It's
located in the Developer's Forum section
of the Computers & Software Department
on AOL. The catalog of courses is grow-
ing, and the subjects seem to be exactly
what's wanted by tyro programmers.

The current course is ANSI C, which is
based on The C Programming Language,
Second Edition, by Brian W. Kernighan
and Denis M. Ritchie. This textbook,
which served as the original specification
for the C Language, is complete and easy
to understand. Almost any compiler for
ANSI C can be used for the course.

In addition to being one of the first to
put interactive programming courses on-
line, Programmer's U is attempting to pro-
vide double tracks for the course, one is for
Mac users, another for PC users.

More than 300 people signed up for the
C programming course, which led to some
confusion at the first sessions. But the
wrinkles are being ironed out, and it's to
the credit of America On Line and the in-
structors that they're doing something that
has never been done before. This is truly
interactive computing at its best.

The interactive format of America On
Line is what makes such courses possible.
It's hoped that this will be the forerunner
of many such educational ventures. If you
miss part this course, the lectures will be
available for downloading in the Program-
mer's U Library. Other courses are given
in the same format.

Virtual Reality
We hear a great deal about Virtual Reali-

ty these days. This technique enables one
to project into a computer scene as if the
viewer were actually part of the action.
This is usually accomplished by having the
viewer wear a helmet or headpiece that has
small CRTs in front of each eye. In simpler
setups, stereo glasses equipped with posi-
tion detectors are used. In addition, the
user is equipped with a glove fitted to detect
every motion of the hand in six axes. The
3D video and sensor glove give the wearer
the sense of being inside a video graphic
scene, or in place of a video -generated
environment.

The video transmitters could be mount-
ed as oculars of a robot, and the sensor
gloves could control the arms and end ef-
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fectors (hands) of a remote robot. Thus,
an operator could control a mobile robot
at a distance and have a sense of being on
the scene. This type of operation is still in
the future, but the means to do it already
exist in current technology.

The reason why so many people are in-
terested in this technology, which seems to
be directed at games, is that its develop-
ment will affect many other fields, like ro-
botics and the development of prosthetic
devices for disabled people. The study of
virtual reality also offers insight to our
perceptual abilities and the way we react
to external stimuli.

There are experimenters on the cutting
edge of virtual -reality technology who are
taking glasses made for video games that
are now available from Sega, the manufac-
turers of video games, and Matell's glove,
which was developed for playing Ninten-
do games. VR experimenters are adapting
theses items, available from toy stores, for
use with Macs and PCs to produce VR
graphics and games.

If you sign onto the Virtual Reality
Forum that's part of the Graphics Forums
on Compuserve, you can learn more about
converting these "toy" devices for use with
your PC to experiment with VR. Every
Sunday night at 9:00 P.M., there's a con-
ference on Compuserve (Go Comart) at-

tended by some of the most experienced ex-
perimenters in field. Even if you've missed
the earlier ones, you can catch up with pre-
vious messages because the proceedings of
previous conferences on virtual reality are
available in Library 13 of the Forum. You
can download them to find out what went
before. The schematics for converting the
eyeglasses and gloves are also available in
the Forum libraries.

If you feel there's nothing new for you
to take part in because development was

To Order Back
Issues
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in the hands of big companies, get involved
in virtual reality. This discipline is just at
the stage where the personal computer was
in 1975. It combines graphics, communica-
tions and programming and represents a
challenge to all cutting -edge types. If you
just want to experience a similar effect, try
the program Virtual.Zip available, for
downloading on America On Line in the
Graphics Library. This demo does give you
the effect of virtual reality with nothing
more than VGA.

Compact & Versatile

8051/8052
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For Production Applications
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Binary Technology, Inc.
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the MCS BASIC -52 interpreter.

 Includes Binary Technology's
SXA51 cross -assembler
& hex file manip. utiL

 Extensive documentation

 Tutorial included
 Runs on IBM-PC/XT or

compatibile

 Compatible with all 8051 variants

 BXC51 $ 295.
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SuperSite
Programs it All!

for only $695

PLD,GAL,Micro,PROM,EE/PROM
Get the best software based 40 pin -device programer today

and receive a FREE CUPL Starter Kit.

14 Day Money Return Policy.

For more information

Vail Silicon (305) 491-7443
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DOS IN ROM!
Tired of waiting for the
Prompt? Speed up with an
MVS ROM Drive. Boot
instantly) Also used for
DIskless Workstations and
Embedded control. Easy
to Install half-size card.
64k $95
360k $200
1.44m $300
PROM Programmer $95

MerrimackValleySystems
Box 850 Merrirtmek,NH

Phone: (508) 792 9507
WORLDS SMALLEST PC I
robots-alarms-datalog

3 Easy Steps:
1. Develop, debug on PC
2. Download, test in SBC
3. Burn PROM, stand alone
-LCD port -3 ser 2 par
-Keyboard in -PC bus
-Battery or 5v -BIOS option
-Real Tm Clk -LED display
Use Turbo C, BASIC, MASM

$95

8088 SBC $95
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NOW - THE ALL NEW URDA®, INC.

SDK386TM*
386 Is a trademark of Intel Corporation. Used by permission.

32 BIT MICROPROCESSOR TRAINER
AND DEVELOPMENT SYSTEM

Mb optional 80387 Floating Point Coprocessor, 16 Kbytes of EPROM ,or
Monitor, Utilities and User Expanstoh, 32 Kbytes of Static RAM, 5x8

Matrix Keypad, 40 Character x 2 Use Dot Matrix Liquid Crystal Display
with Optional Accesssories.

Also available:

the 8 Bit SDK -85 and the 16 Bit SDK -86

Coming in 1992:

the 8 Bit SDK -51 Microcontroller

CALL URDA®, INC.
1-800-338-0517 or (412) 683-8732

URDA, Inc. Has Additional Single Board Products:

8086 68000 68020 68030 32010 D S P

With Cross Assemblers for MS-DOS Computers

Computer Games (from page 87)

Playing against the clock, as it were, is
fine for practice. This is a level of play
that's good for garners who are unfamiliar
with data -gathering and Earth -romping.
However, increasing levels of stress and
subtly urging players to more fervent suc-
cess is the game's antagonist, none other
than the infamous Otto Von Slinkenrat,
who secretly plans to keep all the artifacts
for himself. It's, therefore, imperative you
beat Von Slinkenrat and his buffoons to
the punch. Missed clues and unfruitful des-
tinations become much more critical.

Helping lesser -experienced scavengers is
a basic map that outlines the travel routes
for hopping across states, countries and
continents. Its use cuts down guessing and
enables a keen player to carefully plot his
clue -searching. The map can be an invalu-
able item in staying abreast of Von
Slinkenrat.

Another aid is a Finder's Log that lists
all of the hidden artifacts by name. Almost
every item available to the imagination is
there, from a box of lava rocks to a Yeti
footprint keychain-and those are the less-
er exotic items.

Comparing BushBuck to Carmen San-
diego, it's easy to see that Carmen is gener-
ally a better game. It has better graphics,
more integrated documentation and a
stronger platform for game execution. Ac-
cordingly, a gamer tends to get more in-
volved in game play. This isn't intended as
a slight against BushBuck or its designers.
It's also a fun game and a welcome comple-
ment to the Carmen series. If a players tires
of one game, he can go to the other and
back again to skillfully prolong the play life
of both games.

Personal Memory Tool
Remember those pesky exams you had to
take in high school and college when there
seemed to be too many tests and too few
hours in the week for preparation? A tradi-
tional preparation technique for tests, still
used today, is to cram as much data as pos-
sible into an overworked brain. Hopeful-
ly, during test time something coherent
came out.

A better way is offered by Quiz Control
from Quick Study Software. This educa-
tional utility is a helpful software package
that can be a powerful memory tool. To
illustrate, imagine that you're cramming
for an upcoming physics exam. Wouldn't
it be great to have all potential test infor-
mation on flash cards? And wouldn't it be
great if family members or friends could
ask you the questions and flash the an-
swers? Then you could go over the infor-
mation as many times as it takes to get
everything nailed down tighter than the
beam of a helium -neon laser. This sounds
great, but it's so tedious to sit down and

design a plethora of flash cards that could
cover every potential aspect of the test, and
it can be difficult to convince even a lov-
ing family member to flash hundreds of
answers at you.

Use Quiz Control and do it yourself. The
software has several optional study sets,
including Basic Science, American Histo-
ry, English, Writing Skills and Computer
Literacy. As you might expect, most of
these ready-made study sets are generic,
but it's surprising how dumb one can be-
come after just a few years being out of
school. So a brush -up on the basics is a
good springboard to specialized disciplines.

Before jumping into Quiz Control,
though, there's a problem that must be
noted in connection with the ready study
sets. The answer given to a question may
be correct and still turn out to be incorrect.
For example, during one of my quiz ses-
sions on basic physics, Quiz Control put
this before me: "The time it takes for 'A of
radioactive nuclei to decay." The answer
to this definition, as any junior high school
physics student will tell you, is called the
"half-life" of a given material, which was
my response. But Quiz Control said I was
wrong. A little investigation revealed that
my answer was correct but that I'd left the
hyphen out of my answer. Other questions
fell victim to similar mis-communication.
This indicates that Quiz Control's parser
needs to be smarter when it comes to us-
ing the ready study sets.

A way to beat the problem of mis-com-
munication is to make your own quiz sets,
which is pretty easy to do if you use Quiz
Control. Just gather up your source mate-
rial, select the items that are likely to ap-
pear on your exam and enter the questions
and appropriate responses. It may take a
couple of hours to get all your information
correctly entered. Afterwards, you can
cram and flash until your brain locks up.
As long as you quiz the right information,
you're bound to ace that next exam. Well,
if you don't ace it, at least you'll be better
prepared.

Uses for this kind of computerized self -
quizzing aren't limited to school students.
Working adults can use it, too, especially
those who work in the rapidly changing
field of computer technology. Field engin-
eers and technicians can use it to keep up
with new products. Field trainers can tailor
their own instruction courses. Whether
learning MS-DOS, Unix, Netware or any-
thing else, it pays to quiz yourself. Quiz
Control makes quizzing a faster and more
efficient process.

Personal Planetarium
Stargazing is a popular hobby that seems
to garner more followers each year. Don't
look now, but even your next-door neigh -
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bor may be housing a little reflector in dark
corners of his closet or garage. An astrono-
my program like The_Sky from Software
Bisque can prompt renewed interest and
force even ex -astronomers to dust off their
old eyepieces (other astronomy programs
were reviewed in the June 1991 issue).

The_Sky is a well -written astronomy
package that suits the needs of novice and
expert astronomers alike, though it tends
to favor more avid users who go beyond
occasional viewing with binoculars and
think a little 3" instrument just doesn't cut
the ether. This bias is shown by the pro-
gram's ability to electronically link to a tel-
escope via data encoders, providing a sys-
tem that makes it easy to find, identify and
observe those intriguing points of light we
call stars. The_Sky works especially well
with the STG-MAX, which hard-core as-
tronomers will appreciate.

Another feature indicating The_Sky's
leanings toward a more -experienced audi-
ence is that users can import databases of
their own design into the program for view-
ing. Custom databases may include infor-
mation that describes locations and magni-
tudes for stars, NGC or other objects and
even comets. Technical information re-
quired for proper placing of custom ob-
jects is the kind of data that only serious
astronomers would enjoy tracking. Casual

gazers wouldn't want to get as deeply in-
volved as this.

Creating comet data is an interesting
item. Values required include those for in-
clination, period and eccentricity. While
needed, star charts and catalogues may or
may not give all the information directly.
For those times, the included manual
teaches users how to calculate unknown
values from given values.

A favorite of many astronomers are the
Jovian moons. The_Sky computes the
positions of Io, Europa, Ganymede and
Callisto and displays them from one of two
views. After plotting, the moons can be set
to leave a cosmic tail, clearly indicating or-
bital path. Additionally, the viewing angle
may be widened or narrowed.

The_Sky has all the nifty features com-
puter users might expect in an astronomy
program, such as bright starry display, dy-
namic scrolling, variable time incrementa-
tion, animation of lunar and solar eclipses
and common names for stars, planets,
Messier and NGC objects. Handy as these
features are, sophisticated users kind of ex-
pect such utility. The_Sky offers the utili-
ty and further proves its quality and worth
with advanced features that would appeal
to an enlightened crowd that tracks meteor
showers, hand grinds their own mirrors
and thrills at the thought of making magni-
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Rack Mount Universal Split Case

Complete line of Enclosures in Aluminum, Steel or ABS,
Hardware, Silkscreening, Tools, Custom Fabricating
Call for our FREE Full Color Catalog
(800) 800-3321 or (216) 425-8888 (216) 425-1228 Fax

Cage & Preamp
Enclosures

Knobs & Parts

ABS

(Project Prop

Linear

1710 ENTERPRISE PKWY. TWINSBURG, OHIO 44087

tude estimates and light curves of events
like last year's supernova.

More than enough for any amateur star-
gazer, The_Sky works well for advanced
astronomers and, with its capability to dis-
play more than 10,000 objects, it staunch-
ly holds its own against any competitor.
Again, advanced users might like the op-
portunity to upgrade the initial Level I pro-
gram or Level II. The advanced levels can
display more than 46,000 objects and
271,000 objects, respectively. Clearly,
The_Sky is an excellent personal
planetarium.

Typing Tutor
One of the most helpful things I ever did
in school was take a typing course. It didn't
become apparent how important this skill
was to become until my entry into comput-
er technology. Maybe you've had a similar
experience. If so, you may be smiling right
now for having good judgment. If not, you
may be wondering how you can improve
your typing skills and get away from the
lumbering method called "hunt -and -peck."

The only way to improve your typing is
to practice, practice and practice some
more. That's easy to do when you're still
in school because somebody forces you to
do it. At home is another story, though it's

ORGANIZE AND PROTECT YOUR

COPIES OF ComputeCraft
Custom-made titled cases and binders, designed to
hold a year's issues, provide the storage system
to help protect your valuable copies from
damage. Reinforced board covered
with durable leather -like material
in (color), title hot -stamped in
(gold/silver), cases V -notched
for easy access, binders have
special spring mechanism to
hold individual rods which easily
snap in.

Cases: 1-S 7.95
3-521.95
6-539.95

Binders: 1-5 9.95
3-527.95
6-552.95

ComputerCraft
Jesse Jones Industries, Dept. Mod -E
499 East Erie Avenue, Philadelphia, PA 19134

Please send cases' binders

LI Enclosed is $

O Charge my: (Minimum $15)
0 American Express Visa
0 MasterCard C Diners Club

Card C

CASE

BINDER

.M.-M=1,1M11.

Add SI per case/binder postage
and handling. Outside USA
$2.50 per case/binder. (U.S.
Funds only.)

Exp. Date

Signature_
Charge'Orders: Call TOLL FREE 7 days, 24 hours 1-800-825.6690

Print Name

Address
No P 0 Box Numbers Please

City/State/Zip

PA Residents add 7% sales tax

L SATISFACTION GUARANTEED
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Computer Games By SF Sparrow

one that can be helped by your own person-
al computer. The software is Mavis Beacon
Teaches Typing!.

Mavis isn't the first computer -based typ-
ing tutor. Also, all typing tutors essential-
ly do the same thing: force you to practice.
Unlike the methodology used in schools,
computerized typing teachers try to make
practicing fun so that you'll actually want
to practice. The key difference lies in the
technique used.

Mavis opens on a classroom setting,
complete with chalkboard. This is where
you learn proper hand and finger place-
ment and correct keying. On the comput-
er's screen, a pair of shadowy hands work
along with you, demonstrating technique.
You follow along, typing what you're told
to type. The trick is to watch the shadow
hands and not your own hands-a difficult
but necessary principle to learn.

When you feel confident enough, you
can test yourself for speed and accuracy.
A time clock, metronome and digital dis-
play track your performance. Other per-
formance tests include the Arcade, which
correlates typing efficiency to driving a
race car. The faster and more accurate
your typing, the faster your car goes. If
you're good enough you can win the race.
Later, if you're on a real hot streak, you
can try 10 -key.

Ordinarily, one wouldn't expect the
manual for a typing tutor to be anything
more than just a manual. Mavis' manual
has all the instructions to run the program,
and they're easy to follow. Its tour of the
history of typewriting is plain fascinating.

A History of Typewriting kicks off in
1828 with William Austin Burt who came
up with the first crude "typographer." The
hulking device didn't catch on, though it
began an evolution of shapes and sizes.
Early models resembled a baby grand
piano. Eventually, the portable typewriter
showed up in 1891.

The typewriter as we know it wasn't hit
upon until Charles Latham Sholes, who
was the 52nd man to attempt a design.
Sholes' "Type -Writer" was klunky and
had a severe problem with jamming keys
because the device didn't allow time enough
for one key to return to its mooring before
another key came up. Sholes addressed the
problem in the inimical style of one who
prefers a quick fix.

Instead of engineering an appropriate
solution he redesigned his keyboard to
make it so difficult to type that no typist
would get to speeds fast enough to cause
key jamming, creating the "QWERTY"
system with which we're all familiar. In
fact, after going through all the trouble of
learning to type, I know some typists
who'd like to get into a time machine, go
back and tell Mr. Sholes a thing or two.

One valiant soul name August Dvorak

embarked on a redesign of Sholes' convo-
luted mess of a keyboard. His humanized,
more -sensible approach proved to have an
accuracy increase of nearly 50% and speed
increase of 15% to 20%. Unfortunately,
the Dvorak keyboard fell to hard economic
times and bad sales ventures, although
there has been a modern resurgence of in-
terest in it.

Bird's Eye View

BushBuck Charms, Viking Ships & Dodo
Eggs, $49.95
PC Globe, Inc.
4700 S. McClintock
Tempe, AZ 85282
Tel.: 602-730-9000; fax: 602-968-7196

Requirements

Memory
Graphics

Sound

512K
VGA, MCGA,
EGA, CGA
AdLib controllers

Evaluation

Documentation Good
Graphics Poor
Learning Curve Short
Complexity Easy
Playability Easy
In Brief: Fun to play and educational
world -spanning scavenger hunt.

CIRCLE NO. 136 ON FREE INFORMATION CARD

Bird's Eye View

Quiz Control, $49.95
Study Modules, $19.95 each
Quick Study Software Inc.
170 Hamilton Ave., Ste. 319
White Plains, NY 10601

Requirements

Memory 384K
Graphics Text Based
Sound Computer Speaker
Controllers Keyboard

Evaluation

Documentation Good
Graphics N/A
Learning Curve Short
Complexity Easy
Playability Good
In Brief: Easy to operate and very effec-
tive aid to memory.
CIRCLE NO. 139 ON FREE INFORMATION CARD

If you want to learn Dvorak, you can
buy a Dvorak -style keyboard or Dvorak
templates to go over your QWERTY key-
board. Mavis will help you with learning
Dvorak, too. But expect to put in extra ef-
fort because in typing, its difficult to teach
old fingers new tricks.

Bird's Eye View

The-Sky, $75; Level II $99; Level II,
$175
Software Bisque
912 12 St., Ste. A
Golden, CO 80401

Requirements

Memory 640K
Graphics VGA, EGA, CGA
Sound N/A
Controllers Mouse

Evaluation

Documentation Good
Graphics Good
Learning Curve Medium
Complexity Medium
Playability Good
In Brief: Astronomy program that sports
advanced features for experienced
stargazers.

CIRCLE NO. 137 ON FREE INFORMATION CARD

Bird's Eye View

Mavis Beacon Teaches Typing!, $49.95;
$59.95, Windows version
The Software Toolworks, Inc.
60 Leveroni Ct.
Novato, CA 94949
Tel.: 415-883-3000; fax: 415-883-3303
or call Electronic Arts: 800-245-4525

Requirements

Memory
Graphics

Sound
Controllers

512K
VGA, EGA, CGA,
Hercules
Computer Speaker
Keyboard

Evaluation
Documentation Excellent
Graphics Good
Learning Curve Short
Complexity Easy
Playability Good
In Brief: Effective help for improving
typing skills; handles both QWERTY
and Dvorak keyboard layouts.

CIRCLE NO. 1 ON FREE INFORMATION CARD
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Computer Speed (from page 22)

If your computer has a new MCA
or EISA bus, cards made for its expan-
sion bus will be able to run at your
computer's full speed. But if your
computer has an old-style ISA or
"AT" bus, you'll have to be con-
cerned with both its bus speed and the
speed of the peripherals you add to it.
And even if you have cards that can
work in a fast bus, it doesn't mean
they're running at full speed. Every ex-
pansion card can create wait states
while it's being accessed if it needs ex-
tra processing time.

Another consideration for almost
all cards installed in the expansion bus
is the number of bits they use for com-
munication with the CPU. Older cards
that can work in both an XT and AT,
and most serial- and parallel -port ex-
pansion cards, restrict themselves to
eight bits of communication at one
time. These cards fit into a short slot
on the AT bus, which matches the
original XT bus connector. Bus speed
is rarely a consideration with parallel-
or serial -port cards because the devices
you're likely to connect to them, like
a printer or modem, are relatively slow
and won't use even the limited band-
width on a slow eight -bit bus.

The bus -based devices that have the
greatest effect on system speed are the
video and disk controller. If you use
graphics -mode programs, including
Microsoft Windows, your system
makes extensive use of the bus to draw
on the screen. Even a simple line re-
quires several communications be-
tween the CPU and graphics card.

"The video card and disk
controller are the two bus-

based devices that have
the greatest effect on
system speed."

Font -based characters, icons and
other accouterments of a graphics in-
terface require almost constant com-
munication between the CPU and the
video card.

If you want to use graphics -mode
programs, make sure your computer
has a fast bus and that you use a video
card that can keep up with the speed
of the bus. If you spend most of your
computer's time running Windows,

you may also want to investigate the
Windows accelerator cards that move
many of the required calculations
from the main CPU to the video card
to cut down on bus use and help the
video run faster.

On the other hand, if you spend all
your time with monochrome, charac-
ter -based applications, an eight -bit
video card may be all you need. It
takes very little time for a program to
manipulate character -based screen
text because the character generator
on the video card does all the work of
forming each character.

Most systems also have a hard -disk
controller on the expansion bus. Here
again, speed is crucial to total system
performance. A slow hard disk will
make your entire computer seem slug-
gish, especially if you run large appli-
cations that use overlays, virtual mem-
ory on the disk or lots of data files.

expanded memory format that's on an
expansion board on the bus will also
be limited to the speed of the bus. For
this reason, most modern computers
have a special memory bus, usually on
the motherboard, that lets the ma-
chine use memory much more quick-
ly than the expansion bus allows.
Make sure you use all available mem-
ory sockets on your computer's moth-
erboard before you even consider add-
ing an expansion memory card.

If you go shopping for the cheapest
386 or i486 computer, you'll probably
end up with a cheap computer that
doesn't run efficiently. It will be faster
than the 80286 or 8088/8086 computer
you used before, but you could do bet-
ter than that.

If you want best possible perform-
ance from your computer, make sure
all of its components are designed to
run at top speed. You may have to do

"If you get the cheapest 386 or i486 computer, you
might end up with one that doesn't run efficiently. .

Make sure all components run at top speed."

The fastest hard -disk controllers for
ISA computers use a full 16 -bit -wide
data path to communicate with the
system. They also include their own
built-in disk cache to speed up opera-
tions. A hard -disk cache is much faster
than a software caching utility because
it can fill while the CPU is attending
to other tasks. Also, it doesn't use any
valuable RAM space for the cache.

Extra memory in either extended or

some research and ask some tough
questions when you go shopping for
a computer and/or add -in cards. But
you'll end up with a machine that will
keep up with your work and the de-
mands you place on it for several years
to come. Even if you pay a few extra
dollars, you'll be much happier than
if you bought a computer that seems
slow the first time you give it a chal-
lenging task to perform.

Learn a
Parallel Pro
The Transputer Education Kit

$396
Ready -to -use PC add -in board
20 -MHz 32 -bit 1400 transputer

1 Mbyte of no -wait -state memory
C and Occam2 compilers

1500 pages of documentation
Board schematics

Example and demonstration programs
External interfacing experiments

Computer System Architects
950 North Univeristy Avenue  Provo, Utah 84604

(801)374-2300  1-800-753-4CSA

HEAR THE TONES -SEE THE NUMBERS!
DTMF DECODER/DISPLAY AND ASCII CONVERTER

1

ncl..

0

1:I 1E1 1_:I

II 1E1 11 I_:1 .
Mode TDD 8 de odes and displays all 16 DTMF digi s and
provides an ASCII sera output. Digits are displayed on eight
LED's. 32 character buffer can be scrolled. It will accept
almost any audio source such as a tape recorder, telephone
answering machine, scanner, etc. Perfect for remote
computer data entry using a telephone keypad. Serial output
can be connected to your computer. IBM compatible software
included for displaying, storing/printing time, date and number
for automatic logging. Assembled/tested circuit board, ready to
use! 30 day money back guarantee!

VISA/MC ACCEPTED

TDD-8 DTMF DECODER/DISPLAY/ASCII $99.00
CAB -1 AUDIO & COMPUTER CABLES $20.00
PS -12 110VAC TO 12VDC POWER PACK $10.00
PMK-1 PLASTIC MOUNTING KIT $15.00

Add $5.00 S/H USA/Canada, $10.00 foreign
MoTron Electronics, 310 Garfield St, 84

Eugene, OR 97402
ORDERS: 800-338-9058 (USA/Canada)
INFO: 503-687-2118 FAX: 503-687-2492
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Universal
Emulator

Assembler

Over 170 different microprocessord are supported in this

high-performance softwareihardware environment for as-

sembly language development Call today for a FREE

ECAL Demo Disk.

For more information

Vail Silicon (305) 491-7443

CIRCLE NO. 900N FREE INFORMATION CARD

PC BOARDS
 24 hr. d.s./72 hr. m.l.

 Prototype to Production
FR -4, Plated-Thru Teflon, Polyimide

UL Recognized

I.M.P.A.C.®

Call us for an instant quote
24 -hrmodem for easy transfer of

Drill & CAD files.
Free Tooling On First Order!

Superior Quality at Competitive Prices!

CAPITAL ELECTRO-CIRCUITS
7845-J Airpark Road

Gaithersburg, MD 20879
(301) 977-0303

Fax: (301) 990-6715

CIRCLE NO. 56 ON FREE INFORMATION CARD

COMPUTER VIRUS SURVIVAL GUIDE
Published by THE NATIONAL COMPUTER SECURITY ASSOCIATION

 What causes viruses?  How do they operate?  What do I do if my
computer becomes infected?  How do I choose anti -virus products?

 What policy and procedures should be implemented?

This 75 page booklet gives managers and users the key facts they need
to know about how to Prevent, Detect, Identify, and Recover from Viruses.

FOR YOUR COPY OF "Computer Virus Guide" Send $7.00 to:
National Computer Security Association
227 West Main Street, Mechanicsburg, PA 17055

Don't forget to ask about NCSA's other valuable publications and
membership information.

CIRCLE NO. 75 ON FREE INFORMATION CARD

Order Back Issues of ComputerCraft

B&B elertranirs
MANUFACTURING COMPANY
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ii10434-0846

B & B Electronics has the most complete
line of RS -232, RS -422, RS -423, RS -485, RS -530,
and Current Loop interface solutions in the industry.
We also sell smart switches, data generators,
isolators, cables , and much, much more. If you
don't find a solution to your problem in our catalog,
contact our technical support department for a
custom -designed solution. You will be surprised how
affordable it will be.

Write or call for your FREE B & B catalog
today!

Phone (815)434-0846 FAX (815)434-7094

$50 Lab (from page 60)

Next, still monitoring J3, set the
OFFSET switch to IN and vary the set-
ting of OFFSET ADJUST control R3
and note this control causes the dc
offset should swing between + 10
and - 10 volts. This done, power
down the Frequency Counter.

To accomplish final adjustment of
C15, R4 and R5 through R8 requires
use of an oscilloscope. Set the Gener-
ator for a sine -wave output and con-
nect the scope to J3. Adjust the set-
tings of R6, R7 and R8 to obtain the
most distortion -free, symmetrical
waveform possible on the CRT screen.

With RANGE Switch S2 set to posi-
tion 2, Set FREQUENCY ADJUST con-
trol RI for maximum output fre-
quency. Follow by adjusting trimmer
control R4 until you obtain a peak in
frequency and then back off just
slightly. Readjust the setting of R1
for minimum output frequency and
adjust trimmer R5 to obtain mini-
mum frequency.

If you have a variable dc voltage
source, test the SWEEP input at JI by
applying - 12 to + 12 volts to the
jack. With RI set to its middle of ro-
tation, the varying voltage at J1
should cause the output frequency at
J3 to sweep through its minimum -
and maximum -frequency range.

To adjust trimmer capacitor C15,
disconnect any input to J/ and set RI
for maximum output frequency.
Now set S2 to position 3 to select tim-
ing capacitor C13. Using a frequency
counter or oscilloscope, determine
and note down the actual frequency
of the signal coming out of J3. Then
set S2 to position 4, adjust RI for the
slowest rate and use a non-metallic
tool to adjust C15 for an output fre-
quency that is just below that of the
previously measured maximum. This
adjustment ensures a frequency over-
lap between the two highest ranges
and eliminates possible "missing"
frequencies from the selectable
ranges. This completes adjustment
of your Function Generator.

As you can see from the foregoing,
the Function Generator described
here provides all the functions and
most of the features of a high -preci-
sion bench -top instrument. You'll
soon come to rely on it so much that
whenever you sit down at your test -
bench, you'll power it up at the same
time you power up your oscilloscope
and multimeter.

CIRCLE NO. 94 ON FREE INFORMATION CARD
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Computer Games By SF Sparrow

BushBuck Charms, Viking Ships &
Dodo Eggs . . . and More

The fanciful title that appears at the head
of this review is the name of an interesting
scavenger -hunt game. It and the other
games considered here are the kind of com-
puter adventures that have something to
teach. Children and adults can have fun
playing them and learn while doing it.
Frankly, this stimulating combination is
hard to beat.

Global Scavenger Hunt
Computer users know the name PC Globe,
Inc., the software maker that came to fame
based on its informative country and world
PC USA and PC Globe atlas/almanacs.

In contrast with these previous continent -
spanning databases, its new offering,
BushBuck Charms, Viking Ships & Dodo
Eggs, stretches the concept of world data -
gathering and bends it into a game similar
in concept to Broderbund's fanous Car-
men Sandiego series.

Normally I don't like to directly com-
pare competing products unless there's a
good reason. In most cases where I per-
form direct comparisons, the reason for
doing so is provided by the manufacturer.
Such is the ca se with BushBuck Charms.
This game compares itself to the Carmen
Sandiego series (which I reviewed in the

Sparrow is in Uenice, Italy.

Bonjour, mon aa6. So, you theenk t:
our circus, eh? You must first get by me,
and zees you will not do,

Press any key to continue

PC Globe's BushBuck Charms, Viking Ships & Dodo Birds.

Software Bisque's The_Sky.

November 1991 issue), albeit via advertised
words by other reviewers.

BushBuck and Carmen Sandiego are
alike in that they both stir up a melting pot
of people, places and facts. BushBuck sets
gamers as contestants in a global scavenger
hunt. Exotic items, like Viking ships and
Dodo eggs, are hidden in major cities
throughout the Earth. As the contestant,
you must use 60 airline tickets as wisely as
possible in your world quest. You have to
travel to far-flung cities, initially choosing
sites on nothing more than a whim. As
clues pop up, selection of potential destina-
tions becomes more tactical.

(Continued on page 82)

Quick Study Software's Quiz Control.
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The Software Toolworks' Mavis Beacon Teaches Typing!
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CABLE TV DESCRAMBLERS
* CONVERTERS *

and ACCESSORIES.

SAVE MONE
DON'T REN

PANASONIC, JERROLD, OAK,
PIONEER, SCIENTIFIC ATLANTA

AND MORE. LOWEST PRICES. FREE CATALOG.

CABLE READY
COMPANY (800) 234-1006

Satellite -TV
SAVE 40% - 60%

48 Page Catalog; it's loaded wit
All Bator Brands, Systems,
Upgrades, Components & Accessories
Huge Savings, Easy Installation and
Complete Intructions

800.334-6455
SKYVISION INC. 218.739-5231

s FRONTIER DRIVE
FERGUS FALLS, MN 56537

'NW

INSTALL OR UPDATE YOURSELF!

AC/DC VOLTAGE
AC/DC CURRENT
DIODE TEST Stock No.
LOGIC TEST 990092
LED TEST GOOD/BAD
5 FREO RANGES
5 CAPACITANCE RANGES
LOW BATTERY Warning
CONTINUITY TEST/BUZZER
TRANSISTOR CHECKER
20 MHZ FREO COUNTER VISA

KELVIN ElectronicsE Drive, Melville, NY 11747
(516) 756.1750 1 (800) 845-9212

FAX (516) 756-1763

PRO 4 0 0

30 DAY
MONEY BACK
GUARANTEE

111141111

1WI
I

TEST EQUIPMENT
I lip FunCti00°SGCelinel"C°1pes:FMultireneterrlry

I ill) Power Supplies  Video Head Testers Etc.

Since 1972 CALL OR WRITE FOR OUR FREE CATALOG

BRUNELLE INSTRUMENTS INC.
P.O. Box 1223 Newport Vermont 05855

Tel.: 1-800-567-3506 Fax 1-819-569-1408

ProtoQuick Z8 and 8051

Pun proton/pa oppecanons o woopmentameoware
Torn tko sone pen . WITHOUT PROGRAMMING!

Srge ,o.au -ompure
 Ili. a or Inteo 8031,51 versons
 at 0 320 EPROM and

i2 sq rn .16,0rown polo am.
non2 c oar v., 0825 WM.

. EPROM.., WUXI c00111
 Adm... 'way N run  5v onh
0,5.005 now.assowook incrowe

Pro:880818k Z8 and 8051

$99.00 ....
Soltwar Soence
3750 licaolt.em Read

(513) 56131060

PAY TV AND SATELLITE DESCRAMBLING

ALL NEW 1992 EDITION ALL NEW

It's up to the minute. All new update on cable, wireless and
satellite. Turn-ons, bypasses, circuits, chipping, bullets, bags,
dectec, liberty one, ECM's, data readers, programming, and lots
more. Our best yet. Only $15.95. Other (all different) editions
1991, 1989, Volume One (Basics) $15.95 each. MDS Handbook
$9.95. Satellite systems Under $600. $12.95. Any 3/$29.95 or
6/$49.95. Video $29.95. Scrambling News Monthly $24.95/yr.
Sample $3. All New Catalog $1. Shipping costs included.

Scrambling News. 1552F Hertel Ave
Buffalo. NY 14216 Voice/FAX (716)-874-2088

COD'S ARE OK ADD $6

ComputerCraft Mart

Classified Commercial Rates: $1 per word, 15 -word minimum ($15.00) prepaid. (Word
count includes name and address; ZIP code and abbreviation each count as one word;
P.O. Box number and telephone number count as two words each.) Indicate free cate-
gory heading (Computers, Software, Electronics, Video or Miscellaneous). A special
heading is available for a $6 surcharge. First word only is set boldface caps at no charge.
Add 25C for each additional boldface word.
Non -Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A
recent COMPUTERCRAFT mailing label must accompany ad.
(All advertisers with P.O. Box addresses must supply permanent address and telephone
number. Copy is subject to publisher approval.)
Mailing Information: Copy must be received by the publisher by the 25th of the third
month preceding the cover date. Send Advertising material with check or money order or
credit card information (Visa or MasterCard only) with number and expiration date to:
COMPUTERCRAFT, Classified Department, 76 N. Broadway, Hicksville, NY 11801.

COMPUTERS

20,000 + IBM-PC Public Domain and Share-
ware Programs. 1.2Mb Diskette Catalog -
$3.00. 400+ Page Catalog - $17.95 (refund-
able). Individual programs / bulk. TELE-
CODE P.O. Box 6426 -CC, Yuma, AZ
85366-6426.

80C52 -BASIC microcontroller board. BASIC
interpreter, 32K RAM, 16K EPROM,
EPROM programmer, RS232, expansion con-
nector. Bare board with manual, schematics
$19.95 + $3 P&H. 80C52 -BASIC micropro-
cessor chip $24.95 + $1 P&H. Assembled and
tested $119.95 + $5 P&H. MD residents in-
clude sales tax. SASE for info. Prologic De-
signs, P.O. Box 19026, Baltimore, MD 21204.

IBM SHAREWARE, latest versions 1 to 10
disks $1.99, 11 + $1.49 plus $3 S/H. Write for
flyer: Major Electronics, 2930 Sepulveda, San
Bernardino, CA 92404.

3.5" DISKETTE PUNCH. I .44MB from
720K diskettes! 3.5" DD and HD diskettes are
made from the same media. Heavy duty con-
struction! 30 day money back guarantee!
$17.95. We pay shipping! COMPUCRAFT,
9391 Mentor Ave., Suite 113, Mentor, OH
44060. Call (216) 255-7027 Ext 113 for more
information.

IBM PC AND LAPTOPS VIDEO DIGITIZ-
ER, 640 BY 480 RESOLUTION. 256 GRAY
LEVELS $89.98. DEMO DISK $3, INFOR-
MATION $1. COLORBURST, BOX 3091
NASHUA, NH 03061. PHONE (603) 891-
1588.

ELECTRONIC Circuit and Construction
Project References. PC/MSDOS software
database, 1500 circuit and project citations
compiled from 5 electronics magazines, 27
years publication. Search by subject or key-
word, both disks included, HD required.
$19.95. JRH & Associates, 4255 S. Buckley
Rd. 181, Aurora, CO 80013. (303) 699-5835.

QUALITY SHAREWARE - Diskalog with
samples, $1 (refundable), low prices. Info -
Share, Box 176, South Lyon, MI 48178-0176.

ATTENTION TECHNICIANS. If you need
to know Tracks, Sectors, Access Time, and
MUCH more; Order this Technical Manual.
Specifications for over 800 Hard Drives, plus
tips and techniques used by technicians in the
field. 30 Day Money Back Guarantee. Send
$25.00 to Prism Software, Unit 2, 602 Cook
Street, Yukon, Canada Y1A 2R6.

Kit, complete with
its own keypad style programmer. Nothing
else required to build and program micropro-
cessor controlled projects. 2K EEPROM and
up to 88 I/O and 1K RAM. Instructions and
"Help Telephone Hotline" included. Call
1-416-625-7185 for more details or send
$129.00 (US Funds) to: High Tech Of Canada,
P.O. Box 41165, 4141 Dixie Road, Mississau-
ga, Ontario, Canada L4W 4X9.

SOFTWARE

FREE IBM PD and Shareware disk catalog.
Low prices since 1988! ASP Approved Ven-
dor. Finto Software, Dept CC, Route 2 Box
44, Rosebud, TX 76570.

ELECTRONICS

SURVEILLANCE - COUNTERSURVEIL-
LANCE. Guaranteed lowest prices! Unbeliev-
able, Detectors, Jammers, Transmitters,
Phone Security, Cameras, Personal Protec-
tion, Books, More! Huge catalog $5.00 (Re-
fundable) PROTECTOR P.O. Box 520294-B,
Salt Lake City, UT 84152.

VIDEOCIPHER II/Satellite/Scanner/Cable
Repair Manuals, Modification Books/Soft-
ware. Catalog - $3.00. TELECODE P.O. Box
6426 -CC, YUMA, AZ 85366-6426.
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CABLE TEST CHIPS. S -A 8550, S -A 8500 -
310, 311, 320, 321 (specify) - $33.95. S -A
8580/338 - $69.95. TOCOM 5503/07 VIP -
$33.95. TELECODE P.O. Box 6426 -CC,
YUMA, AZ 85366-6426.

PC MOTION CONTROL KIT -Easy inter-
face to IBM PC. Includes: Stepper Motor,
Components, Plans and Software Tips
$29.98. Stepper Motors $14.98. Send check in-
cluding $3.00 S/H to BST Co. P.O. Box 570,
Bellingham, MA 02019.

KENWOOD & ICOM Service Bulletins.
175 + pages covering all models. $33.95 Cata-
log - $3.00. CODs 602-782-2316/ FAX 602-
343-2141. TELECODE Box 6426 -CC, Yuma,
AZ 85366-6426.

UNITED STATES Frequency Allocations:
Radio Spectrum, 32 by 50 color chart shows
radio, tv, mobile, amateur, etc. zones. $7
postpaid. PUBNETIX, Box 1022, Laurel,
MD 20725-1022.

PC BOARDS ETCHED AND DRILLED
FOR .70 CENTS PER SQUARE INCH.
SEND YOUR REQUIREMENT TO JM
ELECTRONICS, BOX 150454, ALTA-
MONTE SPRINGS, FL 32715-0454.

KITS, LIGHT, SOUND, HIGH TECH AND
UNUSUAL. SEND FOR FREE CATALOG.
JM ELECTRONICS, BOX 150454, ALTA-
MONTE SPRINGS, FL 32715-0454.

NEW! Pocket -sized electronic compass in-
stantly and accurately shows direction on its
electronic digital display. At only $59.95 +
$2.50 shipping, get this high-tech version of
this ancient device today! Entek, PO Box
72132, Albuquerque, NM 87195.

COMMUNICATION AT ITS BEST. AR -900
$245, AR-1000XC $405, AR -3000 $969, IC -
RI $549. We also sell a variety of CBs, Radar
Detectors, SWL and accessories. FREE
SHIPPING. V/MC, Diners. TURBO ELEC-
TRONICS, P.O. Box 8034, Hicksville, NY
11802. Questions and Catalogs: (516) 938-
1946. Orders: 1-800-33TURBO.

VIDEO

VHS -VCR Repair Solutions Sets I, II, III, IV,
V, VI. Each contains 150 symptoms and cures,
updated cross reference chart, free assistance,
$11.95 each all six $59.95. Eagle Electronics
Box A, 52053 Locks Lane, Granger, IN 46530.

TV NOTCH FILTERS PHONE RECORD-
ING EQUIPMENT, BROCHURE $1.00. MI-
CRO THinc. BOX 63/6025, MARGATE, FL
33063. 1-305-752-9202.

CABLE

ACTIVATE your Jerrold, Tocom, or Zenith
Box (Fully) in just minutes. Test chips only
$50.00. No CA. Sales. Orders Call 1-800-452-
7090. Information 310-867-0081.

JERROLD Test chips for Starcom 6 and 7. In-
stalls in just minutes only $50.00. No CA.
Sales. Orders 1-800-452-7090. Information
310-867-0081.

CABLE TV EQUIPMENT

CABLE TV converters and descramblers dis-
count center. Jerrold, Tocom, Hamlin, Scien-
tific, Atlanta, Oak, Zenith. Order /our today
800-962-6836.

MISCELLANEOUS

MORSE Code? No Problem. Ycu can in-
crease your speed, no matter how many times
you've failed before. Results guaranteed when
you follow the instructions. PASS Publish-
ing's CW Mental -Block Buster program helps
you explode mental blocks that hold you back.
Based on 40 years of research, the CW Mental -
Block Buster uses guided meditation, dynamic
visualizations, and powerful affirmations to
blast through mental blocks. You can do
code! That means new bands, more contacts,
more fun! (This is not a CW pracice tape.)
The CW Mental -Block Buster audio cassette
and practice booklet are only $24.95 ppd. in
the US (NY residents add $2.00 sales tax). In-
fo: 516-584-8164. PASS Publishing, P.O. Box
570, Stony Brook, NY 11780.

ASIAN LADIES want correspondence for
friendship, marriage. SUNSHINE. INTER-
NATIONAL -Dept. TW, Box 5500, Kailua-
Kona, Hawaii 96745. (808) 325-7707.

ATTRACTIVE ORIENTAL LADIES seek-
ing correspondence, marriage. Pr3fessional
introductions since 1984. Asian Experience,
Box 12114TZ, Novato, CA 94948. ',415) 897-
2742.

COMPUTER PRODUCTS AND ELEC-
TRONICS EQUIPMENT. Home and busi-
ness. Catalog $3. (Refundable) B&R Enter-
prise, P.O. Box 662, Portage, MI 49081.

ARE YOU MARRIED and jointly earn less
than $50,000? If so, you can get up to $1,120
every year from Uncle Sam. This amazing fact
in unknown to most people. Dis..over for
yourself today!! Our booklet explains how.
To order, please send $7.50 to TNC Press,
P.O. Box 6502, Huntsville, AL 35324-0502.
Ask for pub. #302.

IDEAS WANTED

INVENTORS! Can you patent arid profit
from your idea? Call AMERICAN INVEN-
TORS CORP. for free information. Serving
inventors since 1975. 1-800-338-5656.

FOR SALE

ZOOM V.42bis 2400 baud error -correcting
modem. Sacrifice $100. Dan, (301) 498-8915
evenings.

CABLE TV
DESCRAMB LERS

1-800-582-1114
FREE CATALOG

GUARANTEED BEST PRICES  IMMEDIATE SHIPPING

M.K. ELECTRONICS8362 Pines Blvd. Suite 276Ii
Pembroke Pines. Fl 33024
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If You're Serious
About a Future in

Electronics, Ensure that
Future with the Best
Educational Training

Available.

FREE!
SEND FOR YOUR CIE HOME
STUDY COURSE CATALOG AND
RECEIVE A FREE 24 PAGE CIE
ELECTRONICS SYMBOL HANDBOOK!

Includes hundreds of the most frequently
used electronic symbols. Published by
CIE exclusively for our students and
alumni. Yours free when you
request a CIE Course Catalog.



If you want to learn about electron-
ics, and earn a good income with that
knowledge then CIE is your best
educational value.

CIE's reputation as the world
leader in home study electronics is
based solely on the success of our
graduates. And we've earned that
reputation with an unconditional
commitment to provide our students
with the very best electronics
training.

Just ask
any of the
150,000 -plus
graduates of
the Cleveland
Institute of
Electronics
who are
working in
high -paying
positions with
aerospace,
computer,
medical,
automotive
and communi-
cation firms
throughout the
world.

They'll tell you success didn't
come easy...but, it did come....thanks
to CIE. And today, a career in elec-
tronics offers more opportunities and
greater rewards than ever before.

CIE's COMMITTED TO BEING
THE BEST....IN ONE
AREA.... ELECTRONICS.
CIE isn't another be -everything -to -
everybody school. We teach only one
subject and we believe we're the best
at what we do. Also, CIE is accredited
by the National Home Study Council.
And with more than a 1,000 gradu-
ates each year, we're the largest
home study school specializing
exclusively in electronics. CIE has
been training career -minded students
like yourself for nearly 60 years and
we're the best at our subject
ELECTRONICS ... BECAUSE IT'S THE
ONLY SUBJECT WE TEACH!

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD, IT'S PATENTED.
CIE's Auto -programmed lessons are a
proven learning method for building
valuable electronics career skills. Each
lesson is designed to take you step-by-
step and principle -by -principle. And
while all CIE lessons are designed for
independent study, CIE's instructors
are personally available to assist you

with just a toll -
free call. The
result is practical
training... the
kind of experi-
ence you can put
to work in today's
marketplace.

LEARN BY
DOING... WITH
STATE-OF-
THE-ART
FACILITIES
AND
EQUIPMENT.
In 1969, CIE

pioneered the first Electronics Labora-
tory course and in 1984, the first
Mircoprocessor Laboratory course.
Today, no other home study school
can match CIE's state-of-the-art equip-
ment and training. And all your
laboratory equipment, books, and
lessons are included in your tuition.
It's all yours to use while you study at
home and for on -the -job after
graduation.

PERSONALIZED
TRAINING....TO MATCH YOUR
BACKGROUND.
While some of our students have a
working knowledge of electronics
others are just starting out. That's
why we've developed twelve career
courses and an A.A.S. Degree program
to choose from. So, even if your not
sure which electronics career is best
for you, CIE can get you started with

WHY CHOOSE CIE FOR YOUR TRAINING?
 150,000 successful graduates from every country around the world.

 Only CIE rewards you for fast study. CIE offers an Associate Degree
program based on actual study time used. The faster you complete your
degree the less your overall tuition.

 State-of-the-art laboratory equipment is yours to keep and it comes
assembled, ready for hands-on experiments.

 Approved for educational benefits under the G.I. Bill for veterans and other
eligible persons.

 Upon graduation, CIE offers free preparation to pass the Certified
Electronics Technician Exams.

core lessons applicable to all areas of
electronics. And every CIE course you
take earns you credit towards comple-
tion of your Associate in Applied
Science Degree. So you can work
toward your degree in stages or as
fast as you wish. In fact, CIE is the
only school that actually rewards you
for fast study, which can save you
thousands of dollars.

SEND TODAY FOR YOUR CIE COURSE
CATALOG AND WE'LL SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBOL HANDBOOK!

YES! I want to get started.
Send me my CIE school catalog includ-
ing details about the Associate Degree I

I Program. (For your convenience, CIE

I

 will have a representative contact you -
 there is no obligation.)

Name:

Address'

City:

I
I

I I
Zip: Age - I

I Phone No. ( )
I

I Check box for G.I. Bulletin Benefits I
Veteran Active Duty I

I I
/ 1 1 I 21 13

.,,..

II CLEVELAND
INSTITUTE OF I

I ELECTRONICS
 1776 East 17th Street
 Cleveland, Ohio 44114
I (216) 781-9400

State:

A school of thousands.
A class of one.

Since 1914
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Introducing The Only Complete Solution

For All Your Monitor Servicing Needs!
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The Only Analyzer
That Helps You
Pinpoint Defects In
All Computer
Monitors'?

4.11,
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Call 1-800-SENCORE ext. 506
(736-26731

44,

c MultiSync ;D

CM2000 Computer MoalSor
Patented - A Se -core Exclusive!

Completely Test And Troubleshoot
All High Resolution And Multi -Scan
Computer Monitors From The
Input Connector To The CRT,.
Guaranteed!

Here s What The cm2000 Offers You:

 Complete High Resolution Computer Monitor Analyzing
 Fully Programmable Scan Rate And Pixel Resolution
 Innovative Performance Testing Patterns
 Special Sync -Locked Substitution Signals
 Patented "Ringer" Test To Dynamically Analyze All:

 Yokes
 IHVTs/Flybacks,,:-._
 Switching Transformers

 Integrated 2,000 DCV And P -P Meter
 Exclusive "Hook-np"-Adapters Available For Ail Popular
Monitors

 Portable Troubleshoojing For All Your Field Service 1I'ied

300 SenCoie Eitive, Sioux Falls, South Dakota 57107
CIRCLE NO. 84 ON.FREE INFORMATION CARD


