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ESI COM

e in canada, IBM PC, XT & AT Compatible

o —

PULErS

Monitor not inCluded. IBM, IBM PC, IBM XT and IBM AT are registered trademarks of iBM Canada Ltd.

Features common to BESTMK II, MK 11l & MK IV

Warranty

We have such confidence in the time tested
reliability of the BEST that we offer a ten (10)
month warranty which |s way above the
industry standard. On-site service plan
avallable at extra cost Nation-wide through

3M of Canada Ltd.

® Superb IBM PC & XT Compatibility ® Reset Switch

® Canadian Made ® Phoenix BIOS as used in many major brand

® 256K RAM Standard minimum (uses 41256K IBM compatible systems.
RAM chips) ® 150 Watt Power Supply which will handle a

® Expandable on board to 640K RAM Hard Drive without upgrade.

® Parallel Port (for printen ® 7 Slots

® Serial Port (for communications) ® Flip top case

® Real Time Clock/Calendar ® 2 Slimline DS,DD 5% ", 360K Disk Drives
(with Battery Backup) ® Colour Video (RGB & Composite) Board or
Presocketed for optional co-processor — Hi-Res Monochrome Card (customer choice)
such as 8087 Math Processor ® Disk Controller Board

® IBM Compatible Keyboard

Other Configurations:

BEST MK Ii. Regular $1695. This Month: oo ST b R e (0
With 10 Meg Hard Drive/1 Floppy/256K .. .$2495
Two 350K DS,0D disk drives, Serial and Parallel With 10 Meg Hard Drive/1 Floppy/640K . . .$2595
Ports, Real Time Clock, Phoenix BIOS, uses 8088 With 20 Meg Hard Drive/1 Floppy/256K .. .$2795
processor — full specifications given above. TEN MONTHS WARRANTY With 20 Meg Hard Drive/1 Floppy/640K . . .$2895

Other Configurations:
w1 The FAST BEST MK i oo With 640K RAM. ... ... TR FAT Y $1995
o 71BN A BEST MK 11 plus speed selectable: With 10 Meg Hard Drivel1 Floppy/256K . $2795
'D\) P\\' 4.77 and 8MHz (most software will run With 10 Meg Hand Drive/1 Floppy/640K . .$2895
€D n the higher speed), uses 8088-2 pro- With 20 Meg Hard Drive/1 Floppy/256K .. .$2895

PE on the higher speed), p
S cessor TEN M ONTHS WARRA NTY With 20 Meg Hard Drive/1 Floppy/640K .. .$2995
SUPER-FAST BEST MK IV REGULAR $2400

g Other Conflgurations:
As BEST MK Il plus TRUE 16.Bit 00 et
\P\\' machine, 8086-2 processor, IBM com-
S?EC patible 8-Bit /O chanrel bus, even

faster than MK Ill due to 16-Bit

architecture. With 256K standard. TEN MONTHS WARRANTY

With 20 Meg Hard Drive/1 Floppy/840K .

..$3185

The BEST Mk IV Main board processes data ap-
prox. 2.1 times faster than the IBM PCIXT or

BEST Mk II.

AVT-286
M Superb IBM AT compatibility, 640K o
1\>) RAM, Two 5.25 in disk drives (one
P\‘ high density 1.2 Megabyte, one stand-

With 20 Megabyte fast stepping Hard

Disk and Controller:

$4950°°

\o\e ard 360K), serial and parallel ports
co™®  phigh quality keyboard, keyboard lock TEN MONTHS WARRANTY
and status monitor. 40 Megabyte systems also available at reasonable prices.

319 College Street, Toronto, Ont. MST 1S2

-
(416) 921-8941. Order line only 1-800-268-3798
Ottawa. 217 Bank Street (613; 230-9000

Visa. Mastercard and American Express accepted

Circle No. 1 on Reader Service Card



Spectacular Gang EPROM
Programmer & Emulator

Totally self-contained (has its own display, entry keypad
and power supply).

Based on the Z-8 microprocessor.

Can program up to 8 EPROM slimultaneously
{anywhere from one to 8 EPROMs at the same time with
the information iIn its own memory or master EPROM).

The Gang Programmer can handle a wide selection
of EPROMs: 2716, 2732, 2732A, P2732A, 2532, 2764,
27128, 27128A and optionally upgradeable to handle
27256, 27512, 2758 and 2724.

Complete package with EPROM Emulator, 8 ZIF
sockets, Gang Programmer with 16Kx8 of RAM and
(Rl P e (s s i e L bl Sl B P $995.00

Gang EPROM Programmer with 8 ZIF sockets, 16Kx8
RAM and RS232, without Emulator . ., ....... $695.00

EMPROM Programmer with only one ZIF socket, 16Kx8
RAM and RS232, without Emulator. Able to do all the
functions describe but can handle only one EPROM at a

MBI RS vy A Ret) SN SR b A LR R 2R $499.00
Zenith Monitors

NEW

2VM1220A

12in. diagonal screen - non-glare amber display ® com-
posite input * 25 lines x 40/80 characters §13%.00

12in. dlagonal screen + non-glare green display ¢ com-
posite input * 25 lines x 40/80 characters $135.00

NEW 2ZVM 1240 + 12" diagnoal screen e glare amber
display » PC monochrome input {TTL) * 25 lines x 80
characters ¢ 720 x 350 pixels * IBM PC & compatibles

$229.00

Hyundai

TTL Monitor 12 diagonal screen. . ...

EPROM PROGRAMMER
(1BM COMPATIBLE)
MAIN EPROM PROGRAMMER CARD
(WITH SOFTWARE)
With 2 standard EPROM sockets

EPROM PROGCRAMMER WITH ZIF SOCKETS
(WITH SOFTWARE)

With one 24-pin. ZIF socket and one 28-pin ZIF socket
with provision for serfal port ... . : ..$139.00
EXTERNAL CARO

Ready 10 piug into the main EPROM Card (includes one
24-pin and 28-pin ZIF socket and cable). Saves you from
opening the computer each time you want to program
your EPROMS ..$ 69.00
SERIAL OPTION

For your main EPROM programmer. Provides you with a
second RS232 serialport ... ......... $ 49.00

NEW PC KEY Bom‘

.$189.00

............ $129.00

Maxiswitch AT/XT keyboard .

MEMORY & PARTS

Untouchable Prices!
Guaranteed Prime Stock
Call for large quantities prices.

Dynamic RAMs

CHE LR ] S B TR S i & S it o e g $0.75
41643 8410 (150N3) S Sttt W R R SRR S oy $1.99
416455 (150N S ) ES e OO s S e S At S s $16.99
412661 % 260 ki1 S0NS) et waa v a Y wiasis s ants $4.99
AN2561(150NS ) SOt OT Y S NN et m it dits e $44.00
Static RAM

2114 AR 200NS 55 3k 5d e bis v b 9 4a N ey xS 2.25
6514 4x1kCMOS450NS . ......oonvniveennnne. $ 1.20
6116 8X2KAS0NS Siun s ca i s en shas i wa s $ 4.95
2016 8 XK ITOONS s S AL WY Pina A f Lo s S R b r s S ae $ 3.99
628418xBkS0NS AL D d s e vt $ 7.95
EPROMS

271 6:300NS BxX 2K L2yt iia sy aie b el b1y < Eiaa va s |- $ 6.50
2732A250ns 8xdk ... .. ... TS A I e $ 6.99
2764A'300N8 BXBKL WS AETN T ei e aei bt wa $°5.99
27:128:350NS 8 16K e iy SR SR Vet ap s i e S 6.95

Commonly used parts for your IBM com-
patible (8088) systems and peripherals.

Only prime quality parts sold.

Quantity Discounts Avallable.

L, et | SRRt S0 AR AN SR A O $10.99
8087 Math Processor................... . $209.00
8237A-5Prog. DMACHtrl. ... ................. $8.49
8250 Serial Port . ... S ioiha s, v R $11.99
8253A-5 Prog. Interval limer .................. $5.89

2B A PIITA: 5 e i Sk En kv . 8 B e 78 AL £ $4.89
8259A Prog. InterruptCotel. . ... ... ... ...... $4.95
8284A ADC clockgen &driver .. .. ... .......... $5.95
8288 BUSIC ONIOl 0 I bt o Toes S 0 e e & 0o L $8.95
8272 Floppy Disk Controller . ................... $8.95
NEC 765 Floppy Disk Controller

{EQUIVAICNIINO 827 2) Fais s ke s e b e Boit v s ) ey $8.95
80006 C P s s e M e S R R B as, $13.50

Set of 8088, 8255A-5, 8237A-5, 8288, 8284, 8253A-5 and

(PAe ) AN e AR SR Y e e PR S O $43.95
100N deIay NG | i S o bas o b by s s s .$4.95
NS IRy NSRRI 3 R w i s 4l i NP S, $12.45
62 pinedgeconthighquality). .................. $1.79
5IDUN DI C OV Bt e Salar e e e Th s Bl 2300 $ .99
POWErCONNT I Easi’s st o8 Babas s vam b bnle s $1.25
DIpISWICRIB POS i s batersts s are: Ko in's B ASR s s'e $1.75
3 G [ P O B e S R gy e e s Ph -39
A TUCX B PINSIDE w s rdl ! Wb o satsr ot w8 oy yoa e $ 44
8.2kor 10k 16pinResistor . . . ................. $ 99
BIONM X BINSIWONK L 203 s s aats S as s 5in'a e < aieahl $ 99
SMall Speaker: ;5 ger sy bsnis b sis e o8 0o Lw Rl v oa $1.99
TTIMC AD S s Sibh o A e ne et s e et ek R4 $ .99
34pincardedgecon. . ................... . .$5.85
TAES 322\ S s W B VR b Sl i e v $5.49
TALS629. 5 s ssisinsy R <
TAUSE 70 1y 2 vioen 17 BE e 07 Ak s o pp o i v 8 $1.70
7452805 5% gies wa>s RG] B S .....83.19
r 4] Lot s S SN R T e s T R $ .60
TASH TR LA Sl bt = oh % wn s PR s Shrn) SN S5 e $1.59
TALS 2441 S5 i s ~ e g e a7 Ale B e A R Yy $ 99
TA13S 245 L S N R A s AR ARy oy seeS1419
TALS273 Liia sionppru's v S RN AL . $1.14
TEATI park s Ile i Bt in Ak ERE SIS (mrete' s R e $1.19

We now carry a wide selection of 80286 parts at
most competitive prices.

BEST MODEM

The BEST modem is a smart 1200/300 dlrect connect
modem. {t can either be a stand-alone unit In which case
it requires a small wall adaptor, or it ptugs in one of the
IBM slots. When used as a stand-alone unit, the modem
looks Hke a Hayes 1200 Smart Modem, that s, it
emuiates the same instruction set. When it is used in
the IBM, it looks like an intelligent serial communictions
port which also supports a super-set of the Hayes in-
struction set.

The modem supports auto-dial, auto-answer, and
auto-speed select directly from software control. The
modem also has a speaker so that aural monitoring of
the call is possible. There are also LED monitors so that
the state of the modem can always be known. These
LEDs are: Modem Ready, Auto-Answer enabled, Carrier
Detected, Transmitting, Receiving, Data Set ready.

Software packages such as Crosstalk, PC-talk and
Hayes’ Smartcom |l aiso wil} run with this modem.

00200\ B AU S F Wy ety e $249.00
300/1200 Baud, Stand Alone Unit,
Attractively Packaged $299.00

SwitchBox ............559.00

SN
e RS

Contains 3 RS connectors and a switch which swit.
ches all fines between input and one of two outputs.

DISK DRIVES

NEW SILENT JUASS Shugart/Panasonic
5.25" slimline DS/DD Disk Drive with 360K

Ideal for 1IBM Computers . ..$159.00
Jua?s shugart/Panasonic

5.25" slimline Disk Drive with 1.2Meg

Ideal for AT Compatibles ... ...... ..$239.00
Hard Drives

Seagate 20 Meg withcontroller . .. ......... $895.00

Spec»al Toshiba BOMeg hard drive Jvnn controller
.. $2595.00

AT Compatibie
High Speed Seagate Hard Drives with controller
20Meg .
30Meg .

.$149S
.$1895

Call or Write for our Full Colour Catalogue
Our Spring 1986 catalogue gives full specifications on our IBM AT and XT com-
patibles, AVT-286, MK Il, Mk Il and MK IV computers plus detalied specifications,

with prices on our other products, made or distributed by us.

Coiour Monitor

TVM Model MD-3A 14 inch

« Multi-Display Amber/Green/Full Colour

* Compatible with PC/XT/AT using RGBI
TTL level » 840x400 Interlace

* One Year Warranty Only $599.00

Zenith 2vMm 1330
13" diagonal screen 640 x 240 pixels $699.00

Zenith 2vM 1350
13" dia screen 640 x 240 pixels
RGB/Composite

$839.00

* 120 cps draft quality

JExceltronix

Copal Printers

* Epson Compatible * Supports both iBM and Apple systems + Centronics
Parallel Interface * Both Draft and Near Letter Quality (NLQ) modes

$C1500 $499.00

* 180 cps draft quality

* 11 Inch carrlage

* 24 cps NLQ « Pin and friction feeds 16 cps NLQ
« NLQ avallable In all print » One Year Warranty : 33 B‘:msr
sizes
$C5500 $699.00

$329.00
* 3K Buffer

319 College Street,

Circle No. 2 on Reader Service Card

* 15 inch carriage

LONg Digeeys,
AN -800- 2,

[ u,“.,,

Toronto, Ont. M5T 1S2

m- Dm-m.,
8

(416) 921-8941. Order line only 1-800-268-3798

Ottawa, 217 Bank Street (613; 230-9000
Visa. Mastercard and American Express accepted




oronto Com

Formerly Surplustronics

puting Centre Inc.

8088 Computer Systems
with 90 day Warranty

From $995

Hard Drives
Half-height, with
Controller and Cables
20 Meg Seagate ... .. $699.00

Disk Drives for your IBM or Compatible

JU455 Shugart/Panasonic 5.25in. Silent DS/DD,
360K ....... " .$149.00
ju47s Shugart/l’anasomc 5 25 in. leent AT

Compatiblell . 2Megh vs5u 3955 55 aaemet $199.00
Monitors

Zenith ZVM 1230 Green and ZVM 1220 Amber . $135.00
Tatung, TTL, Hi-Res, 22MHz $199.00
Tatung Colour Switchable to green or amber . . . $649.00
JiL 14in, composite RGB and NTSC $549.00

Apple Compatible Boards

Clearance Sale

Canadian Made, Flow Soldered, Super
Quality. Boards fully socketed with all
components except IC’s and software.

80 column with hardware for softswitch .$29.00

SUperRSeriallCard)iy i w s = srvrnscsoirea i $29.00
PatallelGard) wies s o9 ix e e $18.00
Z:807 CAKix v s wrais BARINES AT S S 9 $29.00
Deluxe Modem . . . $59.00

As above but with all IC's except EPROMS
and software.

80 column with hardware for softswitch .$49.00

SuperSerialiGardiw s vxs s wsssut ..$49.00
PAEIRCUEE ¢ i cerssnassovarsnse ..$29.00
Z80/0AK, A R I6s e EEerscn v pion ..69.00
Deluxe Modem . ... .. ..$109.00

All above boards come with schematics

Complete 6502 Board

» Assembled and fully tested (flow sloderéd)

¢ 64K, 80 x 24 video with soft-switch, floppy controller

¢ System comes with blank EPROM's on board, does
not come with any proprietary software or
Basic

Includes:
* 8088 motherboard * Flip-Top case
* High quality legal Bios ¢ Disk Controller
* One DS,DS 360K Drive ® With plenty of spare slots
* Power Supply with Fan All you need for complete

and component layout.

Apple Compatible Cards

£232:00 Assembled, flow soldered/cleaned and 100%

® Keyboard is Video Board
cyboar System is Video Boar Complete System e
8088 motherboard with 256K  Using 6502 board above in IBM style flip-top case, 16K RAM ..$37.00
{expandable on board to 640K} Fully using powerful 75 watt power supply with fan, Z80A Card .. .. $44.00
assembled and tested with Phoenix programmable serial keyboard adaptor, IBM style 128K {with 128K RAM) S bt ..$79.00
339 Bios, Flow soldered provision for keyboard EPROM Programmer with software.. . .. .$79.00
8087 As above with one built indisk drive $699.00 {programs 2716, 2732, 27324, 2764)
3 ) Floppy Controller . ... ..$45.00
As above with two drives $879.00 d $14.95
AT Compatible Motherboard call for Best Price. Prototyping Boar Y
N
256K Memory Power Supplies Modem Bargain!
: Apple Compatible plug-in Autoanswer, Autodial, Touch
41256(150nS} ......... 3 4.99 Apple Il + Compatible. CSA approved Tone or Pulse Dial. Excellent for use with most Bulletin
Setof 9 $44.00 5V 5A, 12V 2.5A, -5V, 0.5A, -12V 0.5A Boards. 300 Baud. Final Sale as is $39.95
I : $69.00
64K Memory IBM Compatible. Hydro approved Apple Compatible Slimline
4164 (150nS) 4wt iesnnness .$1.99 150W 5V 15A, 12V 5.5A, -5V & -12V 0.5A Disk Drives 5-1/4" $159.00

Set of 8088, 8255A-5, 8237A-5, 8288, 8284,
8253A-5, 8259A $45.00

.$137.00

As above. CSA approved
150W 5V 15A, 12V 5.5A, -5V & -12V 0.5A

IBM Style Case
Suitable for

$75.00

$137.00
IBM Compauble Keyboards

Panasonic Printers — Sale 8088 or

Open Franieis s e svedsvadesiises dsssvesssdes $29.95

Ideal forraexpcruncnters No warranty. Apple
Boards

Printers

$137.00 .

Taiwanese 5151 style keyboard. . .
’ Copal SC550001
Keytronics 5151 keyboard . . .. $249.00 l:gzp" 3% column $699.00
Taiwanese 5150 style keyboard. . . ..$ 97.00 Copal SC1500T
Keytronics 5150 keyboard .. ... ...... $149.00 180 cps, 80 column $490.00 0 e e ——
Maxiswitch Super Keyboard. Switch selectable Copal SC1200L
between XT and AT compatibility ... ..$139.00 120 cps 80 column $329.00
[BM Peripheral Cards i
Colour VideoBoard .. ............... $124.00  Peripheral Interface Cand . .. .......... $159.00 As 3b?1V3 but no fronts and slightly
. Includes two serial ports, parallel port, game port and SCFATCDCC 006 i 1o shls 4151 o iscd e R AT e $19.95
SEOSmulgine: Y dien l?oa:d """""" $159,00 provision for {but not including) real time clock. As above wuh fronts and slightly
BlogEy i Syl icEhith Clock /Calendar Option . ............ $ 29.00 SETAEREN. 4 ¢ on 3 oo ceemsmnrn i $29.95
RS 2B2 It i T A s TR 1t $139.00 o backup. Theselitems final sale
Floppy Controller .................. $99.00 556k & Mulifunction Board
Modem300Baud . ................. $179.00  Includes: Serial port, parallel port, game port, provision AT Style Case IR TR $169'00
: . for optional real time clock/calendar and socketed for up
Multifunction Floppy Board .. ........ $199.00 ;256K RAM. Mail Orders add $7.50 minimum for shipping & handling.
Multil/O card withcables ........... $175.00 With64KRAM ... ...... ... ........ $149.00 | Ontario residents add 7% P.S.T. Visa, Mastercard and American
w : Aok ; 3 Express cards accepted: send card number, expiry date, name of
SBAIME:BLE &5 oy awass S b6 abd puiab oy $289.00 KhEag BN p AN, bank and signature. Send certified cheque or money order, do not
B8 M WO K s o o0 7, A0 v wi $155.00 $12K Board. Socketed for 512K mcludmg send cash. All prices on this page are final sale. No warranty, No
Parallel and Game Port OAKRAM - o a G e i S as sl e s v's $149.00 | recurns, No refunds but HUGE savings. Warranties available at
Card Al Nt S T S 8 e L s o Va vim $ 59.00 We chtry a wide selection Of B3 Gl
Cable and connector extra 2 More lines 4 1 6 960 1350
PC and AT Penpheral Cards. to serve you better =

Toronto, Ontario M5T 1S3
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The Editor’s Corner

Hello. I just read last month’s col-
umn, hot off the press, and it’s a
good thing I stopped writing when
I did, what with ranting and raving
and foaming at the mouth and all.

Mind you, my contention that
many IBM-compatible computers
are over-priced at $4,000-$10,000
came out just before the introduc-
tion of the Lanpar PC-1, mention-
ed in the new products listings. It
starts at about $1000, with a
package deal at about $1600.
Makes you wonder what you get
from the big-name companies for
your $4,000. I’ve even heard that a
firm in the US has brought out a
PC clone for under $500, US price,
for the members of their merchan-
dising club.

Hardly a week goes by without
several textbooks being sent to the
editorial department for review.
Most of them are highly specializ-
ed, being on such gripping topics
as how to prevent substrate frac-
tures when you’re making your
own microprocessor chips. Instead
of reviewing these, I decided to do
some unsolicited rave-ups of books
I’ve bought for myself and found
really excellent.

First, The Existential Pleasures
of Engineering by Samuel C. Flor-
man, St. Martin’s Press. It’s a bit
misnamed, not being quite as con-

cerned as you’d expect with the
beauty of science or the delights of
analysis. Mr. Florman spends a
large number of pages on defen-
ding the engineer and engineering
against the charges made by anti-
technology people in the late 60s
and early 70s, but then the book
was written in 1976, By then there
had been quite a backlash as peo-
ple discovered that the establish-
ment was lying to us left, right and
centre: the wonders of the future
turned out to be pollution, the
nuclear threat, world hunger, etc.
Mr. Florman does a creditable job
of exonerating technology of all
the blame and placing it on politics
where it belongs. However, the
whole book isn’t like that. It’s an
incisive, readable look at the
human’s preprogrammed urge to
create and build. One of the
chapters has as its name a wonder-
ful quote: ‘“‘Look long on an
engine. It is sweet to the eyes.”’
Then, for one of the most en-
joyable reads you’ll have in years,
pick anything by Lewis Thomas, a
biologist who is surely one of the
best essayists to ever publish a col-
lection. His topic is always science
and our relation to it, his style
always impeccable but always wit-
ty, and his clear-headed thinking
on all the diverse branches of ap-
plied and pure science should be
required reading for technocrats
and politicians alike. Few writers

can match his incisive eloquence,
and fewer yet can be so entertain-
ing. One of my favourites among
his humourous essays is a satire
titled ‘‘Transcendental Metaworry
(TMW)”’ in which he suggests that
the meditation technique of clear-
ing the mind may not be the
answer, and that we should try sit-
ting in a uncomfortable position
and worrying about as many things
as possible all at once, thus getting
it over with for the day. Among his
books: The Medusa and the Snail,
The Lives of a Cell, and Late Night
Thoughts on Listening to Mahler’s
Ninth Symphony, all Bantam
Books. Don’t miss him.

With some reservation, I’d
recommend Zen and the Art of
Motorcycle Maintainence by
Robert Persig, and Physics As
Metaphor by Roger Jones. Both
authors take themselves very
seriously, and churn through some
ponderous (and doubtful) philo-
sophy. On the other hand, they br-
ing a refreshing humanistic view-
point to the dryness of technology
and physics. It’s high time that we
integrated science, philosophy,
eastern mysticism, etc. Just keep
TMW in mind.

For a thoroughly practical
book, try Assembly Language
Primer for the IBM PC and XT by
Robert Lafore. Another publica-
tion from the Waite Group, pub-
lishers of the excellent CP/M Bible

and Soul of CP/M, the Primer is a
guided tour of PC-DOS (or MS-
DOS), starting with simple two-
byte instructions and moving
through interrupts and segments to
file handling. Each example is
shown with a printout of what
your screen will look like, what can
go wrong, and how every step
works. All you need is a computer,
DOS, Debug and the usual assem-
bler utilities (MASM, Link, etc.)
It’s one of the best tutorials I’ve
ever used.

Having eagerly read Jerry
Pournelle’s monthly column in
Byte magazine, I was surprised to
find that he has authored and co-
authored quite a few science-
fiction novels. Although I’m not a
true fan of SF, believing that it
deserves its reputation of ‘‘comic
books without pictures’’, I thought
I’d give him a try. Mr. Pournelle’s
writing is fast-paced and imagi-
native, though like most SF, lack-
ing in character development,
good dialogue and so on. The best
SF novel I ever read, one that
qualifies as real literature, is Canti-
cle For Liebowitz by Walter
Miller.

Continued on page 31

Special Assemblies.
BUSSMAN: Fuses.

Ni-Cad Batteries.

Heat Shrink Tubing etc.

QUALITY COMPONENTS
COMPETITIVE PRICES
PROMPT DELIVERY...

BELDEN WIRE: Multiconductor, Co-axial, Special Purpose,

CHEMTRONICS: Chemical Sprays.

COLFLEX: Heat Shrink-Wrap Tape.

DURACELL: Alkaline, Mercury, Lithium, Silver Oxide,
ECG CANADA: Electron Tubes, Semiconductors,

G.C. ELECTRONICS: Electronic Parts & Hardware.
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Mississauga. Ontanio, Canada

GUARDIAN: Miniature & Time Delay Relays, Solenoids.
HOMAX: Desoldering Devices.

IDI: Pilot Light Assemblies.

DATATRAN: RS-232 BCB & Accessories.

LENLINE: Electronic Specialty items.

LITTELFUSE: Fuses.

PAMOTOR: Ventilating Fans.

RICHCO: Specialty Products, Cables & Accessories.
TECHNACELL: GEL Batteries.

XCELITE: Electronic Tools, and Cases.

MULTI CORE: Flexes, Solder, Specialty Solders.
PLATT: Tool cases.

POLYTRONICS: Surge surpressors.

YOUR ONE STOP - FOR WHATEVER YOU NEED IN
ELECTRONIC COMPONENTS’ EQUIPMENT AND TOOLS
MINIMUM QUANTITIES APPLY

Q’}westown electronics

A DIVISION OF 245603 ONTARIO LIMITED
P.O. Box 370, Station U, Toronto, Ontario M8Z 5P7
MAIL ORDER: Immediate delivery. Cheque, Money Order,

i d.
Visa accepte (416) 624-8284

ENVOY: WESTOWN TELEX: VIA NEW YORK
FAX: (416) 6248299 7601044 WEST CIC Please no Collect Calls

e Large size Return, Shift
and Control Keys

e Sturdy Metal Base

® Large"+"Keyon
Separaie Numeric Pad

'K-155 KEYBOARD

Intelligent Built-in Auto Switch To Run IBM™
PC/XT, PC/AT and Compatibles

e Additional Cursor Pad

® 10 Wide Function Keys
® 95 Keys
L]
L ]

New Ergonomic Design

Versatile Keyboard
3UDCECION

IMPORTER 'm
DISTRIBUTOR (]

1320 Shawson Drive, Unit 1, Mississauga, Ont. L4W 1C3
Tel: 416-673-7800 Tix:06-968080 FAX:416-673-2679

“IBM 13 a registered trademark of IBM Canada Ltg
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Copyright

All material is subject to worldwide copyright
protection. All PCB patterns are copyright
and no company can scll boards to our design
without our permission.

Liability

While every effort has been made 10 ensure
that all constructional projects referred to in
this magazine will operate as indicated effi-
ciently and properly and that all necessary
components are available, no responsibility
whatsoever is accepted in respect of the failure
for any reason at all of the project to operate
cfficiently or at all whether due to any fault in
the design or otherwise and no responsibility is
accepled for the failure to obtain component
parts in respect of any such project. Further no
responsibilily is accepted in respect of any in-
jury or damage caused by any fault in design
of any such project as aforesaid.

Editorial Queries

Written queries can only be answered whenac-
companied by a scif-addressed, stamped
envelope. These must relate to recent articles
and not involve the staff in any research. Mark
such letter Electronics TodayQuery. We can-
not answer telephone queries.

Binders

Binders made cspecially for Electronics Today
(ET)) are available for $9.75 including postage
and handling. Ontario residents please add
provincial sales tax.

Rack Issues and Photocopies
Previous issucs of Electronics Today Canada
are available direct from our office for $4.00
each; please specify by month, not by feature
you require. See order card for issue available.
We can supply photocopies of any article
published in Electronics Today Canada; the
charge is $2.00 per article, regardless of length.
Pleasc specify both issue and article.

Component Notation and Units

We normally specify components using an in-
ternational standard. Many readers will be un-
familiar with this but it’s simple, less likely to
lead to error and will be widely used
everywhere sooner or later. Elcctronics Today
has opted for sooner!

Firstly decimal points are dropped and
substituted with the multiplier: thus 4.7uF is
written 4u7. Capacitors also use the muitiplier
nano (onc nanofarad is 1000pF). Thus 0.1 uF
is 100nF, S600pF is 5n6. Other cxamples are
5.6pF = 5p6 and 0.5pF = OpS.

Resistors are treated similarly: {.8Mohms is
1M8, S6kohms is the same, 4.7kohms is 4k7,
100ohms is 100R and 5.60hms is SR6.

PCB Suppliers

ETIl magazine does NOT supply PCBs or kits
but we do issuc manufacturing permits for
companies 10 manufacture boards and kits to
our designs. Contact the following companies
when ordering boards.

Please note we do not keep track of what
is available from who so please don’t contact
us for information PCBs and kits. Similarly do
not ask PCB suppliers for help with projects.
K.S.K. Associates, P.O. Box 266, Milton,
Ont. LIT 4N9.

B—C—D Electronics, P.O. Box 6326, Sin. F.,
Hamilton, Ont. L9C 6L9.

Wentworth Electronies, R.R. No. 1 Water-
down, Ont. LOR 2HO.

Danocinths Inc., P.O. Box 261, Westland M1
48185 USA.

Arkon Electronics Ltd., 409 Queen Street W.,
Toronto, Ont., M5V 2AS.

Spectrum Electronics, 14 Knightswood Cres-
cent, Brantford, Ontario N3R 7E6.
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PORTASOL

The cordless, butane soldering iron!

pocket size
lightweight
adjustable heat
400° C tip temp.

- static free

- re-fill 15 seconds

- replaceable tips

- 60 watt equivalence

PORTASOL extends the limits of soldering. Armed with
just the PORTASOL - unhindered by power cord or need
tor an electrical outlet — professionals or hobbyists

can make short work of soldering tasks.

The PORTASOL uses ordinary butane which is readily
available at any corner store at a cost of less than

5¢ per refill. Butane is held in a reservoir inside

the iron. A patented catalytic converter provides

the heating at the tip. There's no flame during
soldering. It's that simple. It's that safe!

With normal usage, each charge of butane lasts
up to 1 hour. Refills in seconds — as easy as
filling a cigarette lighter. That's just how
convenient the PORTASOL is.

Every PORTASOL comes standard with a 2.4mm
tip, a protective cap and a handy clip so it can
be carried like a pen in your pocket. The

cap includes a flint for igniting the iron.

PORTASOL — This useful tool is
now offered to you by Varah’s Direct.
It comes with a full 1 year guarantee.
ORDER YOURS TODAY!

Igrior Cap Gas Valve  Temperature Regulator
[ S

On = Oft
,@I@m S e |
e / X t

] \
Screw Tip Exhaust Ports Coilet Housing Tank

Filler Valve

ACTUAL
SIZE

only
$49.95

504 Iroquois Shore Road,
Oakville, Ontario, L6H 3K4.

PORTASOL

Butane Soldering Iron

@ $49.95 _
pes Stk =68570
Replacement Tips:

——2.4mm 268572 ——3.2mm =68573 ——4.8mm #68574 $14.95 each

Shipping & Handling
(Add $4.00)
Total

Name: Postal Code:

Address:

For Faster Service Cali:

(416) 842-8833

[J) Master Card VISA

] Cheque (Allow 10 I Money Order Card #

Card Py e e

days clearance)
Signature:

eVancouver e¢Edmonton eCalgary ©Winnipeg

varahs
direct
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HIMRATMNME L= 20MHz

Digital Oscilloscope

In addition to providing the impressive 'a‘,_ g i ST ,W
features of a well-designed 20 MHz real- o ot 5 1 [ -
time oscilloscope, the new HM 205 permits 9 © _l R %
storage and display of slow-occurring :i i :' B =
signals and events (from 50 sec to 0.1 'Y T . » - '
msec). None of the usual problems ; e
associated with long-persistence screens, & SRS , M &1
such as trace flicker, streaking, and y S A
relatively short view time (max. 10 sec in S| = @ ®
Single-Shot mode) due to unavoidable loss e
of brightness, are present in the HM205. B g
HM205 LIST $1250 = "
7 OW DIATORTION GENERATOR i 8037 - I—;f“::'lkmg} oumiTn nw 302/ 1 DlSTORTlON METER
321 @ oo | ¢ ss &
s ] = 3 —
eRep B et o | gaw S mms . AUDIO GENEBATOR
“ & sas o n (&3 - Ideally suited to fit under
e 0] O rovwa vc) either of these Oscilloscopes
e = - e / and other Hameg Models
HM8001 WlTH HM8037 & HM8027 MODULAR SYSTEM

Analog Oscilloscope

The HM 203 Vertical Amplifiers incorporate
variable gain controls and maximum input
sensitivity is 2MVicm over the full band
width. Triggering up to 40 MHz is possible
along with LINE, HF, DC and TV Sync. The
instrument also has a component test built

HM 203-5 LIST$770

b |
s l
oo @ me | D

HM )D]

Complete audio distortion measurements are now economically possible with the new BCS-DATE*. Our
DATE* system is a low cost 4 unit system from 5HZ to 50KHZ. Probes and our H980 interconnecting cable set

are also included.
e COVIRLBN
HIGH Visit our Exhibit Booths I50 and I52, Exhibition
TEC‘ESS[LUUBV Place Toronto, Canada — Sept. 23-25, 1986

HM 203 DATE" HM 205 DATE"
980 Alness St. Unit 7,

$1895.00 $2395.00 Dw":‘n"::.lwésoz:;;do'
416) 661-5
e ol UMITED TéLg( 065-28169

Mon-Fri 8-5 pm, Sat 10 am-1 pm

*Distortion, Audio Test Equipment
Circle No. 7 on Reader Service Card



Profit From Canada’s Largest Electronics Event!

CANADIAN HIGH TECHNOLOGY WEIK ‘86
September 23-25, 1986, Exhibition Place, Toronto

Comprised of three major elements, it will be a dramatic
international showcase of products, ideas and achievements.

CANADIAN HIGH TECHNOLOGY SHOW

Canada’s largest electronics event. The Canadian High Technology
Show features an immense display of components and instrumenta-
tion from Canada, U.S.A., Europe and Asia.

THE CANADIAN ELECTRONICS
PRODUCTION, PACKAGING & DESIGN EXHIBITION

Companies from all corners of the world will join together to create
an incredible array of exhibits spanning the diverse spectrum of
electronics products and services. Included will be production and
packaging equipment, CAD/CAM & Robotics & CIM equipment.

THE NATIONAL TECHNOLOGY CONFERENCE

This prestigious conference will bring together top technical minds,
entrepreneurs and government policy-makers to chart new direc-
tions and act as a vital catalyst for the continued growth and
development of this dynamic industry,

Contact us for information on visiting

or exhibiting:
TORONTO - SEPT. 23 - 25 1986 Canadian High Technology Week '86
OTTAWA - MAY 5 - 6 1986 2487 Kaladar Ave., Suite 214
Clrcle No. 56 on Reader Service Card. Ottawa' Ontario, Canada K 1v.569

(613) 731-9850 W



Auto Light Reminder

If you've ever left your headlights on
after parking the car, you might try this

simple, inexpensive unit

IT IS PROBABLY just a matter of time
before anyone who drives a car gets
caught with a flat battery as a result of
leaving their lights on. In winter this can
happen all too frequently, having set off
to work in pitch darkness and arriving at
work in broad daylight. Beware, though, I
have been caught in summer, too. A sud-
den downpour, dull skies, poor visibility,
etc., on go your lights. You continue driv-
ing and the weather gradually improves
but of course you forget about your
lights. When you park, your battery is
slowly drained of energy and when you
return the engine won’t even turn over.
Having been caught many times I
decided to bring some electronics to the
rescue. This unit was conceived as a sim-
ple but effective lights-on reminder. The
PCB has deliberately been designed to be
large so that even if this is your first at-
tempt at a project you will stand a very
good chance of success. It is also an ideal
project to try your hand at making your
own printed circuit board, if you so wish.

How It Works

Transistors TR1 and TR2 (Fig. 1) form a
very basic audio frequency oscillator
which will generate an audio note of
about 800 Hz (with the component values
shown) providing that there is a potential
difference of about 10 volts between
points A and B.

Switch S1 is shown in the ‘Light
Reminder’ position. With the ignition
switch on but with the sidelights off, + 12
volts from the car battery is fed via the ig-
nition switch and Sla to point A; point B
also assumes + 12 volts. If the sidelights
are now switched on there is still no
change because of the +12 volts via the
light switch, S1b and D1 still leaves point
B unchanged. In both these conditions
there is no output from the oscillator.
However, if the ignition is now switched
off with the lights still on, point B stays at
12 volts but point A goes down towards

10

By Michael Perrow

ground via R2. There is now a potential
difference between points A and B and the
oscillator functions giving an audio out-
put through the speaker, indicating that
your lights have been left on.

Should you wish to park with your
lights on — no problem — just switch S1.
This will remove the 12 volts from point B
because S1b is now open. In this condition
when you return and switch on the igni-
tion then point B will again assume 12
volts via Sla and D1 and the oscillator will
sound. This will remind you to switch the
circuit back into the ‘‘Light Reminder’
position.

Construction

Referring to Fig. 2, mount the switch,
capacitors and resistors in their correct
positions. Note capacitors C2 and C3 are
polarized and must be oriented properly,
as must the diode. The two transistors can
then be mounted. Any available loud-
speaker with an impedance of 50 ohms or
above can be used; the smaller the size the
better. The fuse is simply a single strand
of wire taken from a length of multi
stranded hook-up wire. This saves having

to buy a fuse and fuse holder and helps
keep down costs while still providing a
measure of protection.

The casing and mounting is left to the
individual and will vary depending upon
the type of car and mounting position.
When the unit has been built, the oscil-
lator can be tested out by connecting 12
volts between points A and B (B is
positive).

Using the coloured wire indicated,
connect the orange lead to the switched
side of the ignition and the brown lead to
the switched side of the sidelights. The
blue wire should be connected to any
suitable ground. You may need to refer to
the electrical wiring diagram for your car
to establish the most suitable positions to
connect the wires.

Once the unit is connected, test it by
switching the lights on with ignition off,
the unit should sound. By switching Sl
over, the unit should go quiet. Next, turn
on the ignition and the unit should sound
again, until Sl is reset.

EXISTING
CAR WIRING

wn
|
L T 1008
IGNITION ; Torance | I
SWITCH | ! |
l ]
|

L51
50

c2

(il

TR1=ZTX109/8C 1059
TR2:=7TX502/BC 327

t
S10E | BROWN
LIGHTS I $iv
1
l IN4OQ1
»l
1 I Lt ]
12y |3
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POS VBLUE J}x':%
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Fig. 1 The circuit diagram of the Light Reminder.
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Fig. 3 The PC artwork for the Light Reminder.

p Parts List
Resistors
1/2W carbon + 10% Ics
T L T Wmp Qe 68k
R} s s W R bame e A/t 8 $- 588 59 820R v
Capacitors
(R T e oo T o T o o e s 100n Offers advertisers the
(@7 L X TLE. 4. Tuelect. 15V : : :
opportunity to increase their
Csnaaams cosanis ik 100u elect. 15V St
sales and profits in the
Semiconductors electronic field. Over $200
TR /e o s e s oy ZTX109 or 2N930 million is spent annually for
Elllz ................. ZTX502 or f:z(sxl)? both electronics and micro-
............................ Computer pl’OductS by
R Electronics Today readers.
LS1: SOR (or greater impedance) o x s g
loudspeaker; S1, 2-pole changeover switch; For advertising information
connecting wire; three-way connector
block; PCB,; case to suit. Call (416) 445-5600
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Subscribe now to
Computing Now!

Computing Now! is from the
publishers of Computers in
Education and Electronics Today
and offers full coverage of what’s
happening in Canadian
microcomputing. Get the most
out of your micro with:

-

Listings!

From the CP/M to MS DOS;
programs for business use
or just for fun.

Reviews!

The newest computers, the
latest peripherals. Software,
book reviews, and interesting
gadgetry.

Programming!

Articles and discussions on how
to solve those programming bot-
tlenecks.

Systems!

If you’re looking for a business
system, you'll find information

that lets you find the most effi-
cient, most economical equip-

ment for your needs.

Subscribe now:
$14.95 for one year (12 issues) or
$27.95 for two years (24 issues).

(Time Limited Offer)

1300 Don Mills Road,
Don Mills,

Toronto, Ontario

M3B 3M8

Telephone (416) 445-5600
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Review

Tracer 100XT Troubleshooter

WHEN you’re trying to extract informa-
tion from a microprocessor circuit, the
regular testbench gear falls behind. The
oscilloscope will show you anything you
need to know about a bit or byte, but only
in isolation. This also applies to the
various types of handheld logic probes
and bit-detector devices. What you really
need is something that will read or write a
byte and tell you something about the ef-
fect it’s having on the program.

Just such a device is the Innovage
Tracer 100XT microsystem
troubleshooter. It’s a small box about the
size of a utility box, with a ribbon cable
and a clip for direct connection to the
CPU chip under test. An 8-character LCD
readout displays address and bus values in
hex notation, and 16 multi-function
pushbuttons control it. Power 5V,
125mA) comes from the circuit under test.

It’s available in versions for testing the
780, 8085, 6502, 6800 and other 8-bit
CPUs; both the internal software and the
ribbon clip have to suit the particular IC.

12

Real-time monitoring of all

microprocessor functions while
your program is running.

By Bill Markwick

We tested the Z80 version, which arrived
complete with the demonstrator board
shown in the background of the
photograph.

The demonstrator consisted of a Z80
and support chips, a short program in
ROM, four RAM chips and various LEDs
to show the 8-bit output and the states of
the various read/write points.

On powering up, the sign-on and pro-
mpting messages appear one word at a
time. In general, each function button
reveals a tiny menu of other available
functions; the menu is stepped, selected
and operated by pressing the Reset and
Step buttons. Here are some of the many
tests that you can do:

Memory Test: this is subdivided into a
Ramtest, a Checksum test, a Memory Ex-
amine (to read out the contents of any
cell), Memory Store (to change the con-
tents of any cell) and I/0 Examine and
Store. The Tracer performs the Memory
functions (and all the others) by using the

HALT pin on the CPU during program
execution; this lets the Tracer look around
or insert codes without upsetting normal
operation. In general, the only effect on
the program will be a slight slowing down;
some of the functions suspend the pro-
gram for a while, but it never failed to
restart where it left off.

Here’s what the operation looks like,
using Memory Store as an example: when
you get to Mem Stor, you press the Step
button to select it; ‘‘Enter Memory Ad-
dress’’ appears one word at a time,
followed by four question marks above
the Address Space and two asterisks
above the Data space. The pushbuttons
are now automatically shifted for typing
in hex values from O to F.

The demonstrator board’s program
consisted of stepping eight LEDs one at a
time; by writing different bytes into
memory location 8400, the display pattern
could be changed. ‘8400’ is entered in
the Tracer’s address space; the Data space
now waits for a hex byte. Let’s enter
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““AA” and see what happens. The Tracer
display says ‘‘Writing’’, and the LEDs are
now flashing four at a time. By pressing
Step, the display is cleared and waits for a
new value to be entered.

The Bus Test gives you a choice of
Ramp or Shift modes; these step a value
through the address and data buses while
temporarily suspending the program.
Aside from being able to watch the
signal’s progress on a scope, you can
detect shorts or opens in the PCB or hard-
ware.,

The Mode buttons set one of four
operating modes: the simplest, Mode A, is
used for single-stepping through the host
program, without any qualifying address
or data. For instance, Memory Read will
display information every time there’s a
memory read cycle in the program.

Mode B lets you specify an address or
1/0 port. A breakpoint is then set at this
value.

Mode C lets you key in a particular
data byte. The selected function then
looks for this byte.

Mode D lets you set both the address
and a data byte. This is useful if you want
to know whether or not a specific byte
ever appears at a specific address.

There are two ways of setting the
breakpoint function. If you select the
Breakpoint button, program execution is
halted when the desired condition of ad-
dress and/or data occurs. If you select
Framepoint, the display will tell you that
the desired condition has happened, but
the program continues on its way.

Other functions on the keyboard in-
clude Port Read, Port Write, and Op-
Code Fetch. The latter, in conjunction
with the Mode controls, will tell you if any
particular op-code ever occurs, and
where. Other hardware functions include
a BNC trigger output which can be used to
synchronize your scope to changing logic
levels, and a hardware-reset button to
reset and reinitialize the host CPU. There
is also an internal memory to remember
your keystrokes; this lets you change
various settings without rekeying a lot of
the information.

The Tracer goes a long way toward
revealing the mysteries of a
microprocessor circuit. The ability to read
and write specified bytes from anywhere
in a program while it runs is tremendously
useful. Software and hardware can be
debugged in far less time than, say, modi-
fying your object code to see what’s going
to happen if you change something.

At present, the Tracer is available in
three versions. The 100X, at $1,750, lacks
the internal memory and Bus tests. The
100XT we tested costs $2,450, and the
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100X TR at $2,795 adds an RS232 port for
downloading or uploading data; this port
is available as an option on the others for
$400.

The RS232, incidentally, allows the
100XT to perform as an emulator in con-
junction with an IBM PC and optional
Innovage-supplied software.
Downloading and uploading code from
your target system simplifies developing
code for PROM-based systems.

The Tracer performed as promised,
eliminating ail sorts of unknowns from
the Z80s we tried it with. An exception has
to be made in the case of the Z80 card in
an Apple-compatible computer; some of
the functions wouldn’t work due to the in-
terrupt structure used with the Z80/6502
hookup. Another minor complaint is the
lack of a keyboard buffer; between the
natural slowness of the LCD display and
the required wait states that are inserted
into the program, some of the keystrokes
get ignored. If you get impatient and hit
the key a few more times, you sometimes
get extra key entries that you didn’t want.
It’s also difficuit to get out of certain
functions if you make an entry mistake;
since the Reset key doubles as a Zero, the
machine just thinks you’re entering more
data. Eventually you get to a point where
Reset will actually reset, but it siows you
down a bit.

Though it’s expensive, the Tracer is the
equal of some logic analyzers that we’ve
tested, units that cost considerably more.
If you do development work with 8-bit
hardware or software, it’s well worth
looking into. In addition, Innovage is
working on interfaces for 16-bit
microprocessors, and these will be
available towards the end of the year, and
may be ready by the time you read this.

Contact:

Innovage Microsystems Inc.,

5-6125 12 Street S.E.,

Calgary, Alberta T2H 2K1

(403) 255-9590. a

Turn unneeded
goods into cash

Sound like a real challenge? It

doesn’t have to be. Not when

you employ low-cost Product
Mart advertising to sell the
things you no longer need.
Classified works for you by

putting your selling informa-
tion in the hands of people
who are ready to buy.

Call (416)445-5600

Innovage Micro-
systems Inc. now
offers a system that
can be used to
develop and test code
in conjunction with
your IBM* PC,

in addition to its
troubleshooting
capabilites for
production test, field
application and
service work.

You can now write,
assemble and down-
load code to a target
system without PROM
burning or removal of
your CPU.

Call your local Active
Electronics dealer or
Cardinal Industrial
Electronics.

*IBM s a registered trade mark of International
Business Machine Corporation.

Innovage Microsystems Inc.,
5-6125 12 St. S.E.
Calgary, Alberta

T2H 2K1
(403) 255-9590
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Project

HERE’S an analog multimeter that the
author designed and built for himself after
retiring as a research physicist about five
years ago. It should appeal to the do-it-
yourselfer who needs a dependable meter
to do his electronic sensing for him. Since
labour nowadays is a major expense in a
ready-made instrument, building one’s
own makes it that much more affordable;
it also allows the builder to decide whether
any particular refinement is worth the
necessary investment of his time.

No hard-to-get or short-lived parts are
used.” Despite the use of a rugged 200uA
d’Arsonval movement, 10mV will pro-
duce full scale on the most sensitive range,
done by means of an operational amplifier
in such a way that stability is very good
and the zero adjust seldom needs
touching. A single 9V battery powers the
entire instrument, including the ohms
scales, and the battery drain never exceeds
3.5mA (on voltage scales it is less than 1
mA). In addition, the input impedance for
direct volts is extra high (111M) and the
ohms scales are stable without adjustment
over the useful life of the battery (down to
6.0V).

In this meter, on both resistance scales,
the red lead is positive and the black lead
goes to the case for all functions. The red
lead test prod has a reversible tip which
allows insertion of 100k at will, useful
when measuring direct voltages in the
presence of radio frequencies. Two small
alligator clips separated by an inch of flex
wire allow the prod to be clipped on to a
connection as well.

The meter scales have been made as
simple and easy to read as possible: two
for voltage (0-10 and 0-30) and two for
resistance measurement. The basic op
amp and meter produce full scale for 10
mV or 30 mV input, depending on a slide
switch setting, and, together with the 6
decade settings of the input divider, pro-
vide 12 voltage ranges. There are two sets
of resistance ranges, one with a 30 mV
source, good for in-circuit measurements

without turning on any semiconductors,
and one with a 3V source. Together they
range from 10 ohms centre scale to 100M
centre scale.

The meter movement is protected by a
series constant-current FET which will
limit the current to 1.25 times full scale
even if the driving op amp output shorts
to the positive supply. A slide switch of-
fers a choice of left-scale-end or centre
zero when the function switch is set to
DCV.

The meter can be self-checked as
follows: when the function switch is on
‘10 O’ and the leads are unshorted, the
needle should read full scale; when the
function switch is on ‘direct volts’ and the
zero switch on ‘centre’, the needle should
read half scale. Several ohms scales can be
checked by the 100 K resistor in the probe
by turning the red tip out and shorting the
leads.

The instrument is designed to stand on
its own when out of its case, a conve-
nience when calibrating or servicing. In-
stead of a pilot light which consumes
power, a red flag shows in a window when
the instrument is turned on. The dimen-
sions of the metal case for the meter are:
height 9°*, width 6”°, depth 5°°. It could be
made considerably smaller if this were
desired.

The Op Amp

The CA3130 was chosen for its features:
(a) FET inputs for very high input im-
pedance, (b) single-ended power supply
capabilities, (c) low quiescent supply cur-
rent (considerably less than 1mA), (d) low
cost. A minor disadvantage is that with a
5V supply, the regulating zener in the
CA3130 does not turn on, so one must
regulate the power supply. Fortunately
this can be done with very little further ex-
penditure of current and it is even possible
for a CA3130 operated as a regulator to
control its own supply, as will be shown
below.

Four op amps were found necessary:
one to regulate the 5V supply for all the
op amps; one to regulate a 3V supply for
the ohms circuit; one to be a voltage
follower to drive the meter movement,
and one to convert alternating voltage in-
to direct voltage before it is measured.

Theory and construction
tips for a
precision multimeter.

By Lioyd MacHattie
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Reference Voltage

The stable reference voltage in a regulator
is usually derived from a zener diode run
at several mA. At currents which are frac-
tions of 1 mA, a constant-current FET cir-
cuit is preferable both as to cost and per-
formance. A 2N5457 FET is inherently
temperature compensated at a current in
the neighbourhood of 400 uA. It is possi-
ble to reduce the current to one tenth of
this and retain temperature compensation
if one adds a diode and a few resistors (see
Temperature Effects Section). Resistors
with good stable characteristics should be
used, such as Philips 1 metal film resis-
tors. In this multimeter a temperature-
compensated reference voltage of 2.5V
for high impedance loads is provided
which consumes only 40 uA.

Regulators

Fig. 1 shows the regulator circuit which
takes power from the battery at any
voltage in the range 6 to 10 and delivers
SV to the four op amps used in the instru-
ment. Over this range of supply voltage
and for load currents from .9 to SmA the
regulation was found to be within 1mV.
The FET T1 should be chosen to operate
at a gate bias of one volt or more, which
means that a higher bias unit should be
selected from several 2N5457s. This is the
trick that allows the op amp to control its
own regulated supply. With the FET used
as a source follower, the op amp output
can be at + 4.6V and be coupled to the
base of the series regulating transistor T2
and +5.6V.

The .1uF from the battery + line to the
5V regulated line is for giving a transient
boost to the latter when turning on.
Otherwise the CA3130 may never receive
any supply and can stay turned off.

A second regulator, operating on
similar lines and using the same 2.5V
reference, drops the 5V regulated to 3V
regulated for supplying the ohms circuit.

Voltage Follower Meter Drive

The heart of the multimeter is the basic
10mV or 30mV measuring circuit shown
in Fig. 2. The 10M 10nF low pass filter in
the input lead largely prevents alternating
voltages from reaching the input. It is also
used to measure offset as explained
below. The op amp causes the input
voltage to be impressed across 150 ohms
(R6) or 50 ohms (R6 and R7 in parallel),
the necessary current being supplied by
the op amp through the meter movement.
The drop across the meter movement may
be more than 1/3 volt but the op amp
takes care of this since it is within the
negative feedback loop. The diode bet-
ween op amp and the FET is put in to im-
prove the offset slightly near zero input,
which it does by having the op amp output
no longer approach so close to zero.
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Figure 2. The basic measuring circuit.

15




A Versatile Multimeter

Movement Protection

The FET which limits current through the
meter movement has a source resistor
which must be determined by trial with
each particular FET. That value is chosen
which gives a drain current of about
250uA with a 5V supply. This method of
meter protection is cheap and very effec-
tive.

Offset Null

The offset is just the output (DC voltage)
minus the input. The offset null adjust-
ment is most simply a 100k pot connected
between op amp pins 1 and 5 with the tap
to ground. However, the necessary setting
will generally vary with the ambient
temperature. A refinement which allows
the zero control to be banished from the
front panel is to temperature-compensate
the op amp by introducing a thermistor as
shown in Figure 2. Since individual op
amps differ even if they have the same
type number, the values of the thermistor
and associated resistors should be deter-
mined by experiment as described in the
Temperature Effects section.

The offset may be measured accurately
without the use of another voltmeter in
the following way. The positive input lead
is connected to the negative terminal of
the meter movement, and the 10mV scale
with centre zero is selected. This impresses
the offset voltage across the 10M in the in-
put filter and begins to change the voltage
on the 10nF capacitor and hence the meter
reading. The rate may be determined by
timing the needle across the scale. The
offset voltage is the product of this rate by
the input filter time constant, thatis Vo =
RC (dV/dt). Here RC is 0.1 sec., so a rate
upscale of 1mV/sec means an offset of
+0.1mV,

Negative Inputs

A separate stage is devoted to converting
alternating into direct voltages. For
measuring negative direct voltages, the
zero may be shifted to centre scale, or else
the function switch may be thrown to
D.V., which interchanges the multimeter
circuit connections to the input divider.

Ohms Circuit

For resistance measurements, the type of
circuit used is shown in Fig. 3. The eight-
resistor divider with two ganged taps can
provide a constant ratio of 100:1 while
changing its impedance level over 6 fac-
tors of 10. If a regulated supply of 3.00V
is connected to the upper tap, the lower
tap will be at 30mV, sufficient to produce
full scale on the meter movement. An un-
known resistor shunting the lower tap to
ground will register as some reading bet-
ween 30 mV and 0. This is the basis of the
6 decades of resistance scales using a
30mV source (Lo scale). A second way to
connect the unknown resistor is between
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Figure 3. The resistance divider.

the 3V supply and the upper tap. The
voltage across the unknown can now
range from 0 to 3V and the resulting 6
resistance scales run the other way (Hi
scale). Actually the two kinds of scale are
very nearly but not quite reciprocal images
of each other (with a factor of 100 thrown
in). The fraction of full scale correspon-
ding to any resistance reading ‘r’ on the
‘lo’ scale is 1/[(1.100/r) + 1] while on the
‘hi’ scale it is 1/(1 + r/111.1). The value
of the unknown resistor is obtained by ap-
plying to r decade multipliers from 10 to
IM for the different scales.

Figure 4. The AC/DC converter.

Accurate Resistors

The eight resistors in the input divider and
the two range resistors (150 ohms and 75
ohms) should be of +.l1 accuracy or
better. They can be made up from 1 resis-
tors if these are sufficiently stable and
one has the necessary facilities and pa-
tience. The 1k resistor, for example, can
be made up of two resistors in series: a
nominal 976 ohms and whatever 1 value
near 24.3 ohms will bring the sum the
closest to 1000 ohms. For this one should
have the use of an accurate digital ohm-
meter, or refer to the Special Uses section

4 chms lo

sk ] aNgne
y
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SVrtegy
O

T i
]

Figure 5. The complete circuit.
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for a means of circumventing this difficul-
ty.

With the lowest two resistor values it is
better to take the next higher 1 value and
shunt it (102 ohms shunted by 5.11k or
thereabouts, and 11.3 ohms shunted by
665 ohms or thereabouts). Unfortunately,
the highest two resistors are more costly
than the others, not as close in tolerance
and not available in closely spaced values.
Shunting to lower the value by small
amounts is impractical and one should ob-
tain, if possible, resistors whose values are
on the low side. Failing all else, one may
consider accepting the 100M resistor as is
and adjusting the other resistors to have
the right ratios. This would cause a slight
error in the ohms scales. In any case it is
easy to check the highest two resistor
values for accuracy at any time by the
ohms circuit 100:1 ratio. On ‘lo’ ohms
with the leads unplugged, as the range
switch is stepped up from the lower
values, any deviation from full scale
reading that first appears can be at-
tributed to the highest resistor being used.
After that is remedied, the next higher
step can be taken.

Alternating Voltage

The AC/DC voltage converter is an op
amp voltage follower which applies the
positive and negative halves of its output
waveform to two largely separate load
resistors. Taking the signal from one of
these resistors and measuring the average
direct voltage gives a measure of the input
alternating voltage. The gain is adjusted
so that 1VAC in gives 1VDC out. Fig. 4
shows the circuit. The two 1N914 diodes
connected with R3 and R4 should be well
matched (selected from a group of
diodes).

Due to capacitive problems with the in-
put divider when measuring alternating
voltages, the divider impedance has been
lowered by a factor of 100 as compared
with direct voltages. The lower of the two
ganged taps is used (see Figure 3) and the
input connection to the divider is at the
top of the 1 MO resistor. The op amp us-
ed for the converter must be biased well
away from ground, therefore the input
divider is returned to +2.0V from a
bypassed divider across the 5V supply.

Complete Circuit

Fig. 5 shows the complete circuit of the in-
strument. A judicious placement of
capacitors is necessary to curb the
parasitic oscillations that can be expected
to crop up when op amps and feedback
are involved. A4, the AC/DC voltage
converter, has just a capacitor from pin 1
to pin 8, but it was found advisable for the
other three op amps to have each an addi-
tional 100pF from output to negative in-
put.
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Input overload protection for Al takes
the form of a 33V zener diode to ground
which, together with the 100K to pin 3,
limits input current to .3mA, well within
the allowed 1 mA. For A4, however, two
zeners in series opposition proved to have
too much capacity, severely limiting the
high frequency response. A small neon
bulb was therefore put in their place
which should still hold the input current
within bounds during an overload.

Switch 5 allows the normal left hand
zero to be moved to centre scale. This is
done by including two trimpots in the
divider across the 2.5V reference whose
sliders can be set to SmV and 15mV; one
or other of these is connected to the input
divider return, depending on which of the
two basic sensitivities is being used.
Another trimpot is also connected so as to
be able to vary the resistance of this
divider as a fine adjustment of the
reference voltage and hence of the two
regulated outputs.

In order to clear the diagram of long
connections that the eye has difficulty
following, letter and number codes have
been used to indicate some connections.
In a number code the first digit indicates
the switch and the second the pole. Cer-
tain resistors are adjusted to fit the in-
dividual semiconductor device being used
and these have been indicated by an
asterisk. Their values must be determined
by experiment.

It should be noted that while the max-
imum input direct voltage is limited by the
voltage rating of the function switch (in
the author’s case about 2000V), the maxi-
mum input alternating voltage is further
limited by the dissipation rating of the 1M
resistor in the divider which would be to
about 700V for 1/2 watt rating and to
1000V for 1 watt rating.

Mechanical Design

Most of the circuit is held on a circuit
board mounted on the meter movement
terminals. The input divider resistors are
carried naturally by the lugs of the range
switch, while a few components are best
accommodated on the function switch.

The instrument case is a metal box with
one face missing where there is a border
flange to which the front panel can be
screwed. Modification to one-screw
closure consisted of making a new front
panel which would hook over the case
flange at the bottom and had a 90 degree
lip overlapping the top of the case and
held down to it by one screw. For a
passive on-off indicator, a window is cut
in the front panel above the on-off slide
switch and a cardboard flag linked to the
switch with a toothpick and cement. A
fluorescent red square thus shows in the
window when the switch is on; otherwise
it shows black.

The positive or red external lead of the
instrument ends in a probe which has been
modified as follows. The metal tip is
removed from a traditional plastic probe
handle which is then drilled and the axial

A.V. Input
O
1 100p
el I
=T 1.4p 390p
{ 29” 11 1.6n]| 20n | |
| 11 I 1 1
1M 1M 10k 1K 100R 11.1R ik

Figure 7. The compensated input divider.
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hole lined with brass shim stock connec-
ting to the lead, to form a socket for the
reversible probe tip. This is made froma 1
3/4 inch length of 3/16 inch O.D. brass
tubing. A regular probe tip coded white is
soldered into one end while a 100K 1
resistor connects inside the brass tube to
another probe tip coded ret at the other
end which is insulated and cemented in
place by epoxy. Thus the 100K may be in-
serted or removed from the electrical cir-
cuit simply by reversing the probe tip. The
colouring of the tips is done by wrapping
with coloured thread then saturating with
epoxy cement. A couple of small alligator
type clips separated by an inch of flex wire
facilitate clip-on connections. A groove
filed around the probe tip keeps the alli-
gator clip from sliding off too easily.

Calibration

It is essential, before any calibration, to
make certain that all parasitic oscillations
are squelched. Fig. 5 shows the capacitors
found to do the job satisfactorily in one
case and these will likely be sufficient. If a
voltage standard or accurate voltmeter is
available, check the offset, then set the
30mV scale accurately to full scale by ad-
justing the 150 ohms range resistor or by
shunting the meter movement or both.
Otherwise accept the accuracy given by
the meter movement full scale current
(nominally 200 uA) and the 150 ohms
resistor. At the same time (if the input
divider is accurate) adjust the 3 volt
regulator output to make the meter read
exactly full scale on ‘lo’ ohms with the
leads open circuit. This same adjustment
fixes the value of the 5 volt regulated sup-
ply as well. With the possible need to
readjust the 75 ohms resistor to be one
half of the 150 ohms resistor, this com-
pletes calibration of direct voltage and
ohms scales.

There is an additional source of error
which must be taken into account with
alternating voltage measurements, namely
the stray capacity between segments of the
input divider. The most serious instance
of this is the capacity between the input
lead and the lower parts of the divider
mounted on the range switch. It is ad-
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visable to shield the input lead to the func-
tion switch and to erect a metal partition
to help shield the lower parts of the
divider from the rest of the system.

Two independent methods were used to
calibrate alternating voltage ranges from
direct voltage measurements. In the first,
a photographic exposure meter was used
to indicate equal heating of a bulb fila-
ment by alternating and direct currents. In
the second, a square wave, derived from a
measured direct voltage which was then
chopped (at 50 duty ratio), provided an
alternating voltage reading which could be
compared with the theoretical response.
The fact that results from the two
methods agreed gives one confidence that
no serious error is involved.

For a correct calibration, alternating
and direct voltage readings should be the
same, in the first method. In the second,
because of the changed waveform, this is
no longer the case. The meter is designed
to read correct root-mean-square value on
a sine wave, but actually responds to the
average value of the positive half wave.
Since, for a sine wave, the positive half
wave averages .900 of the RMS value,
while for a square wave it averages the
same as the RMS value, one would expect
a square wave to give a reading 1.111
times the true RMS value.

The direct voltage is chopped at around
400 Hertz to form a good square wave by
the circuit shown in Fig. 6. The source of
square waves should be adjustable as to
duty ratio, but the adjustment fortunately
is not too critical. With no square wave in-
put, the direct voltage V at the output is
adjusted to the desired value by means of
the adjustable source resistor. Then the
square wave is turned on to chop it, giving
an output of V/2 RMS volts. This will
give a reading of V/2 x 1.111 F2°F1
.555VRMS volts on the alternating
voltage scale of a correctly calibrated
meter.

Frequency Response

In an effort to make the frequency
response of the different scales more
uniform, a series of capacitors selected by
trial was put across various segments of

the input divider. The values arrived at,
shown in Fig. 7, are only meant to give a
general idea as they depend on geometry
difficult to specify, which moreover will
not be the same in one case as in another.
The best way to go about determining the
value appeared to be to proceed from top
to bottom on the divider with the rough
capacitor values already in place. The first
or smallest capacitor value is more or less
arbitrary and makes little difference to the
frequency response of the 10 mV scale,
only setting a proportion between
capacitive reactance and the resistance it
shunts, which proportion should be
roughly maintained throughout the
divider. But from there on, the capacitor
next below is the important one for the
next scale; that is, the 2 pF is adjusted to
get a frequency response on the 100 mV
scale reasonably similar to that obtained
on the 10 mV scale. The 390 pF (and 100
pF to ground) are next adjusted for the 1V
scale and so on down the line. After these
capacitive adjustments, frequency
response measurements were made on
four scales of the author’s meter (10 mV,
100 mV, 1V, 10 V). The resulting frequen-
cies for 3dB down all fell in the range 95
+ 5 kilohertz.

Meter Scale Plate

If a satisfactory scale plate is unavailable
commercially, take one from a meter and
modify it. If possible, obtain a meter
which, besides being 200 uA full scale, has
a uniform scale having 100 divisions (or
50). This can be used for reading in all the
calibration, and the other scales can be
laid out with respect to it. The scale plate
is removed from the meter movement and
the unwanted scales and lettering blanked
out with a white poster paint (Speedball
Acrylic Titanium White (Hunt No. 6640)
obtained in an art supply store worked
well without any dilution. Liquid Paper
typewriting correction fluid should do as
well).

Temperature Effects

To monitor the effects of ambient
temperature on any piece of equipment it
is almost essential to have a controlled
temperature enclosure. This can be made
from a cardboard carton inverted on a
table and supplied with a heater and a
blower. The author has found that a hair
dryer slightly modified makes an inexpen-
sive solution that works very well. Com-
pensation of the multimeter power sup-
plies works as follows (see Figure 1). At
T3 currents of 40uA or so, the T3 source
voltage would increase with temperature
increases, were it not for the action of the
compensating diode which increases the
gate bias as the temperature rises. The
compensating action is increased by in-
creasing the current in R5. The source
voltage can be adjusted by varying R4 as it
carries out most of the drain current.
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“The meter when switched
to centre zero makes an
excellent balance
indicator.”’

The procedure adopted was to vary the
temperature coefficient by juggling with
the ratio of currents in RS and R6.
Various fixed resistor values were tried
and each time the 100K trimpot in R4 was
adjusted to give close to 3V output from
the regulated supply.  The second item
to be dealt with is the multimeter offset
voltage whose compensation allows one to
eliminate the zero adjust from the front
panel. The multimeter should have its case
removed and its positive input lead con-
nected to the negative terminal of the
meter movement. Drift rate
measurements on the meter needlg can be
made at several steady temperatures. The
needle can be reset t any time by switching
to a higher voltage scale then back to the
10 mV scale. In the author’s instrument a
6 W. rod type thermistor (4.7K at 25
degrees C) was found to be satisfactory as
the compensating element. It is inserted in
the leg from op amp pin 1 to ground if the
offset goes more positive as the
temperature is raised; but in the leg from
pin 5 to ground if the offset goes more
negative as the temperature is raised.

Special Uses

Besides the usual measurements of voltage
and resistance, the multimeter, along with
a few homemade instruments which are
rather easily put together, can be used for
the following operations: (a) Wheatstone
bridge measurements including calibra-
tion of the multimeter input divider, (b)
more accurate voltage measurements, us-
ing a Voltage Standard, which allows one
to measure and adjust temperature coeffi-
cients. Two instruments, convenient to
have on hand, are: a regulated power sup-
ply, adjustable from .1 to 50V and rated
for currents up to 1A, and a square wave
generator. Both of these can be built
cheaply from RCA’s descriptive literature
on the CA3130 op amp.

With a little patience it is possible to
build up a string of eleven lk resistors
matched to within .03% or so, using the
Wheatstone bridge shown in Figure 9.
The multimeter when switched to centre
zero on the 10mV scale, makes an ex-
cellent balance indicator. The string can
be mounted on a rotary switch and used
for known ratios as two arms of a bridge
or for accurate subdivision of a
calibrating voltage or for checking lineari-
ty, say of a meter scale.
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Obtain one .1% 1k resistor (to be used
as a standard) and eleven 976 ohm 1%
resistors and an assortment of 1% values
clustered about 24.3 ohms. R1 and R2 can
be two of the 976 ohm resistors which are
matched well enough that their junction is
within SmV of one half the bridge supply
voltage E. R3 can be the standard
reference 1k while R4 can be any of the
other 976 ohm resistors in series with 24.3
ohm. Make two readings of the balance
indicator, say L when the reversing switch
is thrown to the left and R when the
switch is thrown to the right. Then the
amount by which the 24.3 ohm resistor
must be changed in order for R4 to equal
R3 is given by:

R3-R4 = (R-L)/E (R3 + R4)

If E is 10'V, (R3 + R4)is 2000 ohms and
the smallest value of (R - L) distin-
guishable from zero is 0.1mV, then the ac-
curacy with which R4 may be compared is
.0001/10 x 2000 = .02 O. It depends on
the stability of the 1% resistors how far it
is worthwhile to push this. All the author
means to suggest, and what he has found
useful with Philips 1% resistors, is to pick
the best 1% value near 24.3 ohms and put
it in series with a given ‘‘976 ohm’’ to get a
result which should be 1000 + .3 O. When
two of the resistors have been done they
can be used for R1 and R2. Then the rest

of the 11 resistors are processed and the
string assembled.

The first thing to do in calibrating the
multimeter input divider is to separate the
divider from the rest of the multimeter, so
that a bridge can be set up and the
multimeter 10mV scale still used as the
detector. One way to do this is to discon-
nect switch lug 152 from 142 (third digit
refers to throw) and use 152 as the plus in-
put of the 10mV scale. Similarly switch
terminal (Switch 5) can be disconnected
from 132 and used as the minus input of
the 10mV scale. To isolate the divider
from the multimeter case, d3 must be
disconnected from 122 as well. With the
red external lead removed and the func-
tion switch set at D.V.+, the bridge can
be connected up with clip leads using the
string of 11 resistors already made as a
10:1 ratio for bridge arms R1 and R2.
(The bridge reversing switch can no longer
be used as before). Neighbouring pairs of
resistors in the multimeter divider are then
systematically checked for their ratios.
The smallest resistor is checked with the
string set for a ratio of 9:1. The highest
three resistors are probably best checked
by the ohms circuit 100:1 ratio as describ-
ed at the end of the *‘Accurate Resistors”’
section.

A Voltage Standard at whose terminals
one could produce accurate voltage
values, would allow voltage measurements

Continued on page 47
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Fig. 9 A Wheatstone bridge calibrator.

19



Feature

.
! N | 4

| /L\ \‘h_‘ /
o Ymt®| N
e 1= :\ﬂ\\ ,/,F.‘}‘
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variable by VR1, whereas in Fig. b the
gain is switch selected between high and
low. In both, the gain spread is. about X1
By John Becker to X50.

The circuit in Fig. b is more suited to

Variable Audio Input Stages

TWO OPTIONS of variable gain input
stages are shown in Figs. a & b. In each,
the phase polarity is maintained by using
the non-inverting ports, and the gain is
dependent on the ratio of the feedback
resistance to the resistance on the inver-
ting input ports. In Fig. a this is constantly

conditions where gain change versatility is
less important. The IC used is a normal
BIFET dual op-amp, and may be any of
the TL062, TLO72, TLO82 series. The 082
is the standard version, 072 is low noise,
and the 062 is a low power consumption
version. Continued on page 32
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Perpendicular Magnetic

Recording

Recent work on cobalt-chromium films has reawakened
interest in perpendicular recording, and sets the scene for the
development of a new technology that promises significantly

improved information densities.

By P. Saunders
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Fig. 1 Density of information on the surface of various recording media. Area density is the product
of linear density and track density. A ““transition’’ is either a magnetic reversal or the corresponding
change in optical media.
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PERPENDICULAR MAGNETIC
recording is a relatively new technological
procedure. As the name suggests, the
direction of magnetization is predo-
minately perpendicular to the plane of the
tape or disk, and this innovation promises
information densities significantly higher
than those now used. New recording
media and heads are being developed, and
already impressive results can be
demonstrated. However, just as in con-
ventional magnetic recording, the head
design and the proximity of the head to
the recording surface remain factors of
critical importance to high-density infor-
mation storage.

The goal of any research and develop-
ment in magnetic recording is, of course,
to increase the information density stored
on the surface of tapes and disks. An in-
creased density can then be used by the
video system designer to achieve various
objectives including higher image resolu-
tion, a more compact physical format or
the implementation of digital technology.

Information density in magnetic
recording is related to the number of
magnetic flux reversals, or transitions, per
unit area of the tape or disk and also to
the detected signal-to-noise ratio. We are
concerned here only with the enhanced
transition density and signal strength;
minimizing noise is an additional matter
which involves control of magnetic do-
main size and surface irregularities.

With conventional magnetic recording
technology, magnetization directions lie
predominately in the plane of the
medium, whether tape or disk. Dramatic
improvement in information density has
come about largely through improved
head design and the use of media with
higher coercivities and smoother surfaces.
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Since the coercivity of a magnetic material 100
is the field needed to reverse the direction
of its magnetization, it is closely related to
the stability of a high-density recording 50 @ owoz

pattern. Surface smoothness determines B Aweex

how closely the recording or playback B e

head can approach the magnetic surface. W rveesac v
The 30 year achievement of increasing sur- 20 —
face information density in various B o w
recording systems and volume storage

density in video media is illustrated in N CUBIC ICHES sor HOUR 10 ] @ vuaric
Figs. 1 and 2.

Advantages
An area of potential improvement in
magnetic recording media is the magne- B reeLTOREEL
tization intensity of materials. Most of the o
presently used media are of particulate @ camiree 7 ws 2w @
construction, that is, they employ small
. o . . . BETAH
discrete magnetic particles dispersed in a i3 &
tough, flexible binder. The presence of the s Qg ove v
organic binder dilutes the magnetization s .. iy
of the recording material, reducing the als
available signal strength. Advanced ' » sor
media, now being developed, use con-
tinuous thin films of magnetic metal
alloys to achieve higher magnetization in- 02}
tensity and also exceptionally smooth sur-
faces.

Hand-in-hand with the increased atten- o
tion to continuous films has come a strong 1950 5 %0 s 710 75 80 % %0
interest in perpendicular recording (also YEAR OF INTROOUCTION
called vertical recording) as a possible
route to acceptable signal strength at
higher densities than can be achieved by Fig. 2 Volume storage density of video media, expressed in terms of tape volume per hour of playback
the longitudinal, or in-plane, method. plotted against year of introduction.
Some thin metallic films, especially
cobalt-chromium alloys, have ideal — INDUCED SIGNAL
magnetic properties for perpendicular VOLTAGE

. 5 3 -—)
recording; moreover, the vertical mode is 1 T i
highly suitable for productively using the
; LY Se e "
tlﬂghmrzx;glﬁzt}ziiggn intensities afforded by ‘afeg%aomm r:&%mm
There are significant differences bet-
ween the two modes of recording. In /_.“GNET.ZAT.ON [uAcNEnzAﬂou

longitudinally recorded media small <
magnetized regions are positioned with ——> 4— —L> @ UAGNETICCOATNG > &—— ——» <—— ——»

their like poles in close proximity and
repelling each other; in perpendicular MOTION
recording, the magnetized regions are ar- :
rayed with unlike poles together, an in-
tuitively more stable situation — and one Fig. 3 Schematic diagram of conventional, longitudinal magnetic recording.
that provides motivation for moving
towards the perpendicular mode.
Comparison can also be made from the
point of view of the so-called ‘demagne- LONGITUDINAL RECORDING
tization’ field, a self-generated internal : T T -
field by which every magnet opposes its %’11—‘ i . i—’ ;‘%
own magnetization. This field depends - R
upon the magnet’s shape, becoming P MAGNETIZATION.

BETA |

8mm CAMERA-RECOROER @

NON-MAGNETIC SUPPORT

e

stronger if the magnet is made shorter PERPENDICULAR RECORDING
along its direction of polarization (see Fig. T T 1 T T T

5). The demagnetization field is propor- [ T ; l | T I l | T I L

tional to the material’s magnetization in- ! | | L ! |

tensity, and so will become increasingly

important if recording technology moves

away from particulates and towards Fig. 4 The geometries of longitudinal and perpendicular magnetic recording. For simplicity, only the
mietallic films. magnetic coating is shown, without its support malerial.
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Perpendicular Magnetic Recording
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Fig. 5a The concept of the internal demagnetization field and its
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Fig. 6a Perpendicular recording head and dual-layer medium in the recor-
ding process.

Fig. 6b Dual-layer medium in the recorded state.

Fig. 6¢ Single-pole head used with dual-layer perpendicular medium.
Fig. 6d Conventional ring head with dual-layer perpendicular medium.

In longitudinal recording, the self-
demagnetization effect in each magnetiz-
ed region is not only compounded by the
fields of the nearest neighbours, but
becomes more intense as the recording
density increases and the regions between
transitions become shorter. Reduction of
the magnetic coating or film thickness
decreases demagnetization effects, but
also tends to weaken the signal. In perpen-
dicular recording, however, the self-
demagnetization effect in one magnetized
region is opposed by the fields of its
nearest neighbours and actually becomes
weaker if the distance between transitions
is made smaller compared to the coating
thickness. Increasing the coating thickness
thus tends to decrease demagnetization as
well as to enhance signal strength.

Since the demagnetization phe-
nomenon weakens with increased transi-
tion density in the perpendicular recor-
ding mode, one might expect that con-
versely it could become highly un-
favourable at relatively low densities,
where the distance between the transitions
becomes large compared to the magnetic
film thickness. This is true, but only at
positions far from the transitions. The
transitions themselves remain sharp and

24

distinct and thus useful in systems of in-
terest for video recording, where the in-
formation is contained in the timing or
frequency of transitions. Thus a large,
useful bandwidth is available. If using a
direct analogue format to record a low-
frequency signal such as the audio track
that accompanies video, a pulse-width
modulation scheme can be used, which is
comparable to AC-bias in conventional
recording.

Developments
Perpendicular recording was first pro-
oposed and discussed decades ago but the
recent intense development began with the
work of Iwasaki and co-workers on
cobalt-chromium films. This group also
pioneered the use of a high permeability
metal film beneath the Co-Cr layer; the
composite structure provides magnetic
flux linkage, which reduces demagnetiza-
tion and enhances the effectiveness of the
special head used. Numerous other labo-
ratories have since become active in
developing Co-Cr media, both with and
without the underlayer, and a variety of
head designs have been used.

Fig. 6 shows the double-sided head and
the dual-layer medium developed by

Iwasaki and co-workers (Figs. 6a and 6b),
and a simpler perpendicular head (Fig.
6¢c), less efficient than the Iwasaki con-
figuration, but which requires access from
only one side of the tape or disk. A con-
ventional ring head (Fig. 6d) can also be
used with a perpendicular medium. This
combination has been found effective in
both theoretical modelling and experi-
ment, and has been incorporated into a
practical flexible-disk system.

Although the ring head is a very sen-
sitive device for reading signals, questions
have been raised concerning its effec-
tiveness in recording truly perpendicular
magnetization patterns. The use of two
separate heads, a single perpendicular
pole for recording and a ring head for
reading, has been found advantageous.
This combines the perpendicular record-
ing abilities of the single pole with the
reading sensitivity of the ring, and the ar-
rangement gives a high output amplitude
requiring access from only one side of the
recording medium.

If one head is to be used for both
recording and reading, then the ring head
has a number of advantages. It apparently
offers adequate recording performance,
and when made with a very small gap has
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Perpendicular Magnetic Recording

good reading sensitivity up to very high
densities. The technology of ring head
design and manufacture is well establish-
ed.

Current materials research for perpen-
dicular recording involves the use of con-
tinuous thin films other than Co-Cr as
well as barium ferrite particles. The latter
are dispersed in a binder and coated on a
flexible backing as in conventional video-
tapes. They thus may have some economic
advantages over continuous metal films,
which are made by plating, sputtering, or
vapour deposition. Efforts are also being
made to produce recording tapes that
have needle-shaped magnetic particles
similar to those used in conventional
audio and video tapes, oriented perpen-
dicular to the surface.

Current Directions

Proponents of perpendicular recording on
Co-Cr claim that it not only has a relative
freedom from demagnetization effects,
but also a magnetic microstructure that
lends itself to sharp, well-defined mag-
netic transitions. Some longitudinally
magnetized metal films, in contrast, have
been observed to form jagged, ’saw-
tooth’ transitions between regions of op-
posite magnetizations (see Fig. 7); this
characteristic, if applicable to longitudinal
media generally would tend to limit transi-
tion sharpness -and thus the achievable
recording density.

Despite the importance of demagneti-
zation phenomena and magnetic micro-
structure, a major limitation on magnetic
recording density is the inherent resolu-

tion with which the head can record or
read. This resolution necessarily
deteriorates with increased spacing bet-
ween the head and the medium, but it is
also affected by the head design. Head-to-
medium spacing, which depends upon the
smoothness of the recording surface, is a
consideration that is common to perpen-
dicular and longitudinal recording and
may well prove to be the ultimate limiting
factor in both.

But while all methods of magnetic
recording operate under limitations im-
posed by head-to-surface spacing, they
need not be equally sensitive to this
aspect. There is some evidence that the use
of a ring head with a perpendicular
medium is subject to a stronger depen-
dence upon spacing than that encountered
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Fig. 7a Idealized diagram of magnetic domains
in Co-Cr film, showing a sharp transition bet-
ween upward and downward magnetization.

Fig. 7b Simplified drawing of ‘sawtooth’
magnetic transition in longitudinally oriented
Silm. Arrows show direction of magnetization.

with other head-medium combinations.
The extra sensitivity to spacing appears to
be involved in the recording, as opposed
to reading, process. These findings do not
imply that the ring head is undesirable for
perpendicular recording, but they do em-
phasize the importance of the spacing
phenomena and the need for further
research in head design.

Research and development work on
Co-Cr films, as well as other advanced
recording materials, was begun at 3M
some years ago. Fig. 8a shows a plot of
output amplitude vs. transition density
for a Co-Cr coated flexible disk. It was
recorded and read with a conventional
ferrite ring head of the type used in VHS
video cassette recorders. Performance is
clearly superior to that of a disk coated
with typical particulate material designed
for VHS cassette tape, with respect to
both the maximum output and the rate at
which the output falls off with increasing
density. Fig. 8b shows results for the same
media with an advanced video head of
very small gap but still of conventional
ring construction.

So what of the future? The competition
between the various modes of recording is
to some extent a competition between the
practical characteristics of the materials
that make them possible. These charac-
teristics include wear properties, chemical
stability, and the economics of manufac-
turing. Also important are freedom from
information ‘drop-outs’, due to defects,
and noise properties, which depend upon
surface smoothness and magnetization
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structure. Almost certainly, no one
material will be found best for all applica-
tions.

The advanced materials designed for
perpendicular magnetization have achiev-
ed impressive recording densities in the
laboratory and are now moving into prac-

tical applications. The first will apparently
be in the area of disks for digital data.
However, only further development and
extensive testing in the field will be able to
determine the ultimate impact of materials
such as Co-Cr upon video recording. W
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® Test Voltage: 3.2 voits peak maxi-
mum ““ +” input terminal voltage is
always higher than “ - input ter-

3 minal

3 i‘ ® Power Requirement: 9V battery

% ® Battery Life: Up to 200 hours typical
; with Alkaline. Up to 100 hours
typical with Zinc-carbon.

Vo ® Accessories Supplied: Test Lead (1)
$99-95 spare fuse (1), instruction manuat (1)

110

FST Included 9V Battery (Zinc-carbonj. FST Included
e Quality + Price + Service = BRUNELLE
SHUES Mail Order: Certified Cheque, Money Order, COD’s FOB
LIl Brunelle Instruments Inc. St-Elie, Quebec Residents add 9% P.S.T.
// 73-6th Range South OR
) Saint Elie D'orford, Quebec, JOB 2S0
il Tel: 1-819-569-1408 Telex: 05-836266 CALL COLLECT: 1-819-569-1408

rircla Nn. 14 on Reader Service Card 29
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ALL THE BEST PRICES

PRINTERS
ASHTON-TATE
ZENITH, COMPAQ. G ey OLYMPIA
:;r\geewlflm g :gzggg F10:55 Pinwriter T.E $1,979.00 Compact R0 $539.00
CORONA, ...... ..CALL Friday 3310:00 Needlepoint OLND $529.00
IBM 256K 200 $2,250.00 PSF PANASONIC
IBM AT 1.20D $5,380.00 PSF File $129.00 DAISYWRITER KXP 1091 $429.00
IBM AT Enhanced $6,399.00 PSF: Write $128.00 2000 $1,285.00 KXP 1092 $598.00
ITT 256K 2DD $1,979.00 PSF: Report $128.00 Tractor .$339.00
Sanyo 880 256K 10D $1,599.00 LOTUS
Sanyo 885 256K 20D $1,849.00
Symphony (new version) $649.00 SMITH CORONA
439, 1
EXPANSION CHIPS Lotus 123 {new version} $439.00 EPSON L1000 $329.00
MICRORIM Tractor feed $178.00
84K (set) $13.00 — CR 220 $149.00
256K Chip $ 500 R:Base 4000 $419.0 Homewriters $348.00
RiBase 5000 $499.00 LX 80 $359.00 STAR
AST RESEARCH MICROPRO S))((BSSO :g;ggg SgIOC-Commodore 8389.00
Pak Pl Wordstar 2000 $410.00 £X 185 49 SG10 $369.00
SR akRlos, o $374,00 wordstar Professional $450.00 oD SG15 $659.00
Mega Plus..... from $449.00 LQ 1500 $1,499.00 SD10 $599.00
11O Plus from $244.00 Pro PAK Plus $455.00 JX 80 (Colour) $555.00 o $799.00
Reach 1200 Baud Modem $680.00 MICROSOFT SR10 $849.00
Multiplan $198.00 SR15 $995.00
HERCULES Mouse with paint $245.00 11
Graphics Card $584.00
Color Card $284.00 PACHOSTURE 6000 $329.00 SILVER REED
Crosstalk XVt $155.00 6100 $629.00
6200 $939.00 500 Letter Quality $465.00
QUADRAM MOUSE SYSTEMS 6300 $1,199.00 530 Letter Quality $750.00
Quadlink 64K $615.00 PC Mouse W/Paint $245.00 GEolCetteGuallly $1:315°00
Quadboard Il......as low as $290.00 A + Mouse IIC $ 99.00
Quad 512 Plus.....as tow as $369.00 A
Quadcolor I $549.00 MULTIMATE INT OKI{DATA 0
Silverboard as low as $399.00 ; OKIMATE 10 51’2139. go TOSHIBA
Goldboard as low as $675.00 Muitimate $399.00 OKIMATE 20 3207 1340 $799.00
Chronograph $135.00 SPI 82, 83. 84,92, 2350, 2410 CALL &1, $1.575.00
Parallel interface Board $105.00 Open Access $549.00 351(new) 300 CPS $1,788.00
PARADISE MODEMS
Multi-Disptay Card $325.00 ATARI ANCHOR NOVATION
Modutar Graphics Card $388.00 89
SPAK $199.00 Xg(?/?zmogi’eonsmodem :awgg e SN0
10S0Drve $200:00 Signalman Express $399.00 Smart Cat 103/212 }8803:00
EVEREX 800 XL . $129.00 HAYES ' Apple Cat I! .$345.00
Graphics Ed $449.00 130XE;. 200 Smart Cat 12008 .$435.00
Tr::p&; :(mg:olcolour) $410.00 520 ST, DD. Monitor $850.00 Smartmodem 300 $235.00
g : Lacts 520ST, DD Colour Monitor $1,149.00 Smartmodem 1200 sssog‘gg
7097 Atari Logo (included) $ 95.00 Smartmodem 12008 $599.
DISK DRIVE (IBM) 4018 Pilot {Home) $ 85.00 Smartmodem 2400 $085.00 ZENITH
Tandon(full & 2 height) $129.00 8036 Atari Writer $ 39.00 Micromodem ile $239.00 pagl $579.00
IBM AT 360K B $199.00 5049 Visicalc $ 49.00 Smart Com I} .$149.00 zZr-10 . .$595.00
1BM full height $159.00 488 Communicator 11 $185.00 Chronograph .$320.00 zrn .$615.00
Call for other Accessories. Transet .$485.00
HARD DISK DRIVES MONITORS
10MB Seagate "2 height $599.00 ATARIDRIVES
20MB Seagate ¥ height $679.00 Indus GT $333.00
20M8B Seagate AT $1,379.00
20M8 Rodime AT $1,165.00 300 Green D $199.00 DM-4212 e $155.00
30MB AT drive v s g
‘ 3157500 APPLE 300 Amber $21900  DMC.6600 $539.00
CALL 310 Amber IBM $229.00 CRT-80 $659.00
APPLEHleflicMac ............ CRT 30 Green $129.00
zcommodore CRT 6660 14" Golor TTL $519.00
APPLE/FRANKLIN CRT 1151 12" Green/Amber $239.00
Commodore 64 .$195.00 DISK DRIVES NEC g:; 311) 1123",:\0"‘0?:\1! :igggg
C1541 Disk Drive 1$285.00 MICRO scCi 1216 12" RGB TTL .. 5440.0. :
C1530 Data Set - ......$ 6900 [ . $295.00
€1520 Color PrinteriPlotters . .. ...$199.00 A5C % height IHC $315.00 TAXAN
C1702 Color Monitor . . . . .. .$289.00 A.5E Y2 height HIE ..$299.00 TAG121...IBM Greeen $229.00
€1660......300 Baud Modem $ 99.00 TAA122..I1BM Amber $239.00
MCS801 Color Printer . $749.00 BATTERIES INCLUDED PRINCETON GRAPHICS TAC210. RGB/Cotour $369.00
DPS1101 Daisy Printer $449.00 Paper Clip w/Spell Pack $ 99.99 £
Magic Voice Speech Module ... .$ 8500  The Consultant DBMS . . '$ 75.00 e :g‘;'“b“’ gg’gg
C128 $479.00 Bus Card |l $155.00 3 ] i :
C1571 . $419.00 80 Col Display $ 99.00 ::‘2 ';23 e s:*:ggg
-12 PRO. : 128,
Clove s $79.00 HEWLETT PACKARD QUADRAM
1C .$110.00
Quadchrome 8400 Color $825.00
120 $159.00 ZENITH Amberchrome MDL 8420 .$269.00
MSD DISK DRIVES :gg . : ::gggg ZVM 122 Amber . $175.00 Quadscreen WiCard $2,450.00
MSD1....Single Disc Drive $375.00 41CV . 8299:00
MSD2....Double Disc Drive $845.00 41CX $359.00

=COMPUTER MAIL ORDER =

TELEX 06-218960
ONTARIO/QUEBEC

1-800-268-3974

TORONTO
828-0866

VISA

Computer Mail Ordar CCanada D8AK Mum.eic not

SCANADASZ

{All equipment under full warranty In Canada)
Prices subject to change without notice.

{(Cancellation or return of some products subject to 10% restocking).

Dealer Inquiries Invited

Circle No. 15 on Reader Service Card

To order: Send money order, certified cheque, personal cheques must clear
our bank, VISA or MASTERCARD. (Include card # and expiry date &
signature) Add 3% for shipping and handling. Minimum $5.00 per order.

Ontario residents add 7% P.S.T.

TELEX 06-218960

OTHER PROVINCES

1-800-268-4559

,



Continued from page 6

For Your Information

Canadian Computer

Lanpar Technologies has introduc-
ed a Canadian-produced IBM-
compatible computer, the Lanpar
PC-1. Based on the 8088 CPU and
featuring 256K of RAM expan-
dable to 640K, a PC-1 with a single
DSDD drive and keyboard costs
$1,025. Options include a monitor,
MS-DOS, a second drive, memory
expansion, etc. In addition, Lan-
par has a nationwide service and
repair organization. From Lanpar
offices across Canada, or contact
them at 85 Torbay Rd., Markham,
Ontario L3R 1G7, (416) 494-9494,
or call 800-387-9759.

A catalog of test instruments by
the Wayne Kerr Company is now
available. The lineup includes
microprocessor-based LCR meters
and component analyzers. Contact
Webster Instruments Ltd., 1134

Aerowood Drive, Mississauga,
Ontario L4W 1Y5, (416) 625-0600.
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Contmued on page 31

Advertisers’ Index

AMAZING

All-Crystal Displays ...........
Applicon Canada ... A% G55
Atlas Electronics ..........
BCS Electronics Ltd. ...
Brunelle Instruments Inc.
Budgetron Inc. ’
Canadian High Technology Shou o
Cardinal Industrial Electronics Ltd.
Compukits . ..

Computer Mail Order

Computer Parts Galorc

Daetron .....

Digital Research Computers

Exceltronix. ..

Heath Company .

Hobbilt

H.W. Cowan Canada .....
Information Unlimited

Innovage Microsystems [nc. 2
Kaientai Electronic Merchants le. o vnn
KB Electronics. . .
Kitstronic lnternanonal

Len Finkler & Co.

Lenbrook Elcctronics

Leasametric Canada Inc. .

Masuko International . .

McGraw Hill . ..

Meints-Shuster . .

Metermaster. . . 3

Moore Business Forms .
Omnitronix .. ..

Orion Electronic Snpplles lnc
Patron Components .............
Philips Electronics. . ........
Raitronic’s Ltd. . 5
Soltech Industries Inc. ........
Sunix Inc. ... Slisaiiae
Toronto Compuung Cemre
Varah's Direct . . .
Westown Electronics
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| SCIENTIFIC and ELECTRONICS |

DEVICES

PLANS — All Parts Available in Stock.

» LC5 BURNING CUTTING CO2 LASER. .. .. .$20.00
* RUB3RUBY LASERRAYPISTOL .......... 20.00
* BTC51.5 MILLION VOLTTESLA COIL .

¢ GRAI - GRAVITY GENERATOR .. ..
* MAGNETIC CANNON/PROJECTOR
* LRG3 SOLIDSTATE LASERRIFLE . ..

KITS — includes Plans and Parts
« LHC2K SIMULATED RED/GRN/YEL

LIGHT LASER ccqassarancnsensdasassrsns 34.50
* BTC3K 250,000 VOLTTESLACOIL ........ 159.50
¢ IOGTKIONRAYGUN ... ... ............ 109.50
* PSP3K PHASOR SHOCK WAVE PiSTOL ... .49.50
¢ STGIK - STUN/PARALYZINGGUN ......... 39.50
¢ INFIK INFINITY TRANSMITTER .. ........ 134.50

* MFT1K 2-3 MILE RANGE FM VOICE XMTR . .48.50

ASSEMBLED AND TESTED PRODUCTS

¢ LGU30 RED 1MW PORTABLE HENE LASER 315.00
¢ TCL30 SOLIDSTATE TESLACOIL 35KV, . ... 74.50
¢ IPGS50 POCKET PAIN FIELD GENERATOR. . . 64.50
¢ BLS10BLASTER DEFENSE WEAPON . ... .. 89.50
® ITM10 - 100KV SHOCK ANDSTUN GUN . .. .99.50
¢ PPF10 PHASOR PAIN FIELD PORTABLE . . .249.50
* SNP20 SECURITY PHONE LISTNER . ... .. .. 99.50

¢ CATALOG CONTAINING DESCRIPTIONS OF
ABOVE PLUS HUNDREDS MORE AVAILABLE FOR
$1.00 OR INCLUDED FREE WITH ALL ABOVE
ORDERS.

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRO-
DUCTS PLANS ARE POSTAGE PAID. SEND CHECK,
MO, VISA, MC IN US FUNDS.

INFORMATION UNLIMITED
P.O. Box 715, DEPT ET, AMHERST, NH 03031

ET-286 Plus

HyperSpeed
SuperComputer

As artificial intellegence and expert systems
become more the rule than the exception in
personal computer software, and as office
automation takes on larger and larger
tasks, superior machines will emerge with
attributes that support faster speed,
massive memory and more extensive
storage. Naturally, the drive to com-
municate will also stimulate a variety of
netw orking applications.

In the OEM Marketplace, just such a

superior machine already exists: The
ET-286 plus. The ET-286 plus pushes back
the envelope in personal computer perfor-
mance without sacrificing compatibility
with more conservative products.
The ET-286 plus is an IBM AT compatible
singleboard computer from SOLTECH IN-
DUSTRIES INC., designed for the most
demanding applications in networking, of-
fice automation, CAD/CAM and high per-
formance workstations. The ET-286 plus
conforms to both the software and hard-
ware compatibility requirements of the AT.
It has the same form/fit characteristics, 6
full expansion slots, 2 PC/XT expansion
slots, matching keyboard and power supply
connectors plus high speed and high per-
formance characteristics that set it apart
from IBM and all the rest.

It isn’t enough to be merely
compatible... be the best

* 6/8/10 MHz 1 Wait State
¢ 6MHz 0 Wait State
e 12.5MHz Architecture
® 4 Meg On-Board Memory
e 6 Full AT Expansion Slots
¢ 2 PC/XT Expansion Slots
e 3 Serial Ports (Switchable)
-RS-232
-RS-422
¢ 2 Centronics Parallel Ports
® Built-In Clock/Calendar
e IBM AT Compatible BIOS

Also available: the standard for IBM
PC/XT Compatibility, The ACS-1000
Super Computer.

¢ | Megabyte On-Board Memory
¢ Built-in Disk Controller
- up to 4 Floppies
® 54 KB User Definable ROM
e Switchable: 4.77 or 8 MHZ
e Built-in Multifunction Board
- Parallel Printer Port
- 2 Serial Ports
- Time-of-day Clock

Seize Control of Your Hardw are
Destiny

If you are using board level microcomputers you
can have greater power, versatility and realiability
by using ET-286 plus or the ACS-1000
Singleboard Supercomputers. These products
have been designed for the serious OEM.

To order or for more details call

604-888-2606 or write
Soltech Industries Inc.

9274 - 194th Street
Surrey, B.C. V3T 4W2

Circle No. 17 on Reader Service Card

Circle No. 18 on Reader Service Card 31
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Circuit Special

B\ e
2z N o\ L \‘R‘\
}ﬁ '%g“" AN

Nicad Battery Charger

By N. Jackson

The switch selects a resistor to set the base
current of the transistor, and the resulting
collector current will charge the battery.
Charging current will be reasonably cons-
tant regardless of the number of cells in
series being charged; up to 8 cells may be
charged at one time.

Once the circuit has been tested, the
ammeter could be omitted, or a
multimeter switched to an appropriate
current range could be plugged in to the
circuit,

l’ BATTERY
27 10k UNDER
. CHARGE
HIGH Low
Q T 12vDe

The 12 volts DC could be provided by a
plugpack or by a suitable 120V
transformer and rectifier.

In theory, the collector current will rise
as the transistor’s temperature increases,

but this was not noticeable in the pro-
totype. The transistor could be mounted
on a heatsink if desired. Exact values for
the resistors will depend on the transistor
used and the required charging currents.

+Vin o- N 317 ouT O +Vout
(20v)
470R ADJ 390R
e 4k7 1w 1N4002
100n == il = s
ADJ
15V ZENER 5k OUTPUT
VOLTAGE
o - — > > ov
15V ZENER
J: w
(TANT) x 1N4002
100n ===
7 a7
470R 1%
GND
ouT
~Vin © ' i 7905 ~Vout
(—20V)

Dual Tracking Power Supply

By H. Nancinovich

THIS POWER SUPPLY is particularly
suitable for powering op-amp circuits
which usually require both positive and
negative supply voltages.

The circuit consists of a positive
regulator which gives a positive output
voltage variable from 1.2V to approx-
imately 16.6V. The negative regulator
tracks the positive output voltage to give a
negative output voltage of equal
magnitude.

The positive regulator is made up
froom an LM317 IC which maintains a

constant 1.2V between its ‘out’ and ‘adj’
terminals. This voltage appears across a
390R resistor which, together with a 5k
variable resistor, forms a voltage divider.
The positive output voltage is equal to:

1.2V x (I + R/390) where R is the value
of the variable resistor in ohms.

The negative regulator is made up from
a 7905 IC and a 301 IC op-amp. The 7905
maintains a fixed -5V between its ‘out’
and ‘gnd’ terminals. Its ‘gnd’ terminal is
connected to the output (pin 6) of the op-
amp. The latter compares the voltage at
the junction of two 4k7 resistors across
the positive and negative output lines with
that at the OV line and produces a propor-

tional voltage at its output. By negative
feedback action, the voltage at the junc-
tion of the two 4k7 resistors is maintained
equal to that at the OV line. Since these
two resistors are equal, the negative oupt-
put voltage is maintained equal and op-
posite to the positive output voltage.
The 1u tantalum capacitors across the
outputs and the 47n capacitor between
pins 2 and 6 of the op-amp ensure stabili-
ty, while the 1N4002 diodes across the
outputs protect the regulators against
possible reversal of the output voltages.
Both the positive and negative regulators
feature current and thermal limiting.

32

Electronics Today September 1986



CATALOGUE

FALL 1986

o i
Moorshe
Publicatio

SOFTWARE -~ \=//

- -
-

- -
- =3

-~ Axille R4 Nnan Mills. Toronto. Ont. M5B 3M8




Title Price Quantity Amount
PC.DOS/MS-DOS
Almost Free PC Volume 1 $19.95
Almost Free PC Volume 2 $19.95
| _Almost Free PC Volume 3 - $19.95
Almost Free PC Volume 4 o | $1995
Almost Free PC Volume5 $19.95
Almost Free PC Volume 6 $24.95
Almost Free PC Volume 7 $19.95
Almost Free PC Volume 8 $19.95
Almost Free PC Volume 9 $19.95
Almost Free PC Volume 10 $19.95
Almost Free PC Volume 11 $19.95
Almost Free PC Volume 12 $19.95
Almost Free PC Volume 14 $19.95
Almost Free PC Volume 15 $19.95
Almost Free Business Software $19.95
Stockboy $29.95
Macintosh
Almost Free Macintosh Volume 1 $24.95
Almost Free Macintosh Volume 2 $24.95
Almost Free Macintosh Volume 3 $24.95
Almost Free Macintosh Volume 4 $24.95
Apple DOS
A Teacher for the Apple $19.95
Aimost Free Electronics Design $19.95
Apple DOS Wunderdisk B $19.95
CP/M
Almost Free CP/M Volume 1 $19.95
Almost Free CP/M Volume 2 $19.95
Almost Free CP/M Volume 3 $19.95
The CP/M Hacker Disk $22.95
MDM730 for Apple CP/IM $19.95
Complete set: Aimost Free CP/M
Volume 1,2, & 3 e
Special Offers
Almost Free DX Voices $19.95
Book of Computer Music $ 495
DX Voice and Book of Computer Music $22.95
Back Issue Binders $ 9.75
Computing Now! Subscriptions 1 year $22.95
Electronics Today Subscriptions 1 year $22.95
Computers in Education 1year $25.00
Sub-total
Postage &
N P e e e Handling $1.00
COMPANY, s e 7% Tax (Ontario Residents)
Addresst e s e =
City/Town Telephone Grand Total
Province ______ PostalCode
Payment [! Cheque C! Money Order " 'Credit Card
Credit Card Number {Visa, Mastercard or AmericanExpress)_____ ExpiryDate
L LT P e

All software distributed
catalogue is offered free of charge. Prices
listed for these disks serve only to defray
the costs of the diskettes, postage and
handling.

Moorshead Publications warrants that the
software will be readable. If defects in the
medium prevent this, we will replace your
disk at no cost. While we have made every
effort to assure that these programs are
completely debugged, we are unable to
assist you in adapting them for your ap-
plications.

About Almost
Free Software:

Note: Unless otherwise stated, all soft-
ware listed in this catalogue and distri-
buted by Moorshead Publications has been
obtalned through public access bulletin
boards and is believed to be in the public
domain. A number of programs distri-
buted on these disks are classed as
“freeware’’ and contain requests for
registration fees. Note that payment of
such fees is entirely optional, but users

who do register may be eligible for pro-
gram enhancements and technical sup-

port.

through this

s Software Gift Certificates. This
Christmas, let your family and friends pick
the disks they need most by giving them an
Almost Free Software Gift Certificate. Call
for details Today!

« Special Publications. Call now toget your
copy of Electronics Today Project Book #3.

Other Services From
Moorshead Publications

And don’t miss our special Music Book / DX
Voices disk offer (page 15)!.

* Missed our last Catalogue? It won't hap-
pen again if you subscribe to Computing
Now!, Electronics Today or Computers in
Education. Call (416) 445-5600 for details.

* When ever possible, documentation text

files are provided to make programs
easler to understand.

* Payment must be made before shipment.

*» Defective diskettes: Replacement will be
made upon the return of a defective dis-
kette.

» Please specify format for all CP/M disks.




Almost Free PC Software

Wﬂm
Publications

Volume 1

PC-Write An earlier, compact version of this
well-known word processor - perfect for pro-
gram editing. PC-Write comes extremely close
to equalling the power of commercial word
processors costing several hundred dollars.
With full screen editing, sophisticated cursor
movement, PC-Write also boasts features such
as user-definable help screens and a ‘printer
ruler file’ which can be customized to work
with virtually any printer.

===PC-TALX 111 COMMAND SUMMARY=:==
IPrtSc = print screen contents
PrtSc = contin. printout (or “Pglp)
Alt-R = Receive a file (or Pghn)
Alt-T = Transmit a file (or PgUp)
transmit: pacing '=p’ blnary ’=}’
tran/recv: XHODEM °=x’

Alt-V = View file Alt-Y = delete
Alt-D = Dialing directory

Alt-Q = redial last number

Alt-K = set/clear Func keys (Alt-J)
Alt-= set/clear temp Alt keys
Alt-E = Echo toggle Alt-M = Message
Alt-8 = Screendump Alt-C = Clearsc
Alt-P = communications Parameters
Alt-F = set program deFaults

Alt-L = change Logged drive

Alt-W = set margin Width alarm
Alt-Z = elapsed time/current call
Alt-X = eXit to DOS

Ctrl-End = send sustained Break signal

SOLFE is a small BASIC program that plays
baroque music. While it has little practical use,
it’s a lot of fun. It’s also a fabulous tutorial on
how to use BASICA’s sound statements.

PC-TALK Telecommunications packages for
the IBM PC are typically intricate, powerful
and huge. This one is no exception. It has
menus for everything and aliows full control of
all parameters. It does file transfers in both
ASCII dump and MODEM7/XMODEM pro-
tocols. And, it comes with a large documenta-
tion file.

SD This sorted directory produces displays
which are a lot more readabie that those spew-
ed out by typing DIR.

FORTH This is a small FORTH, written in
Microsoft BASIC. A good tool for teaching the
ideas and concepts of this esoteric, but useful
language.

LIFE This is an implementation of the classic
ecology game written in 8088 assembler code.
While you may grow tired of watching the cells
chewing on each other, the source code pro-
vides a good example of how to write assembler
applications.

MAGDALEN This is another BASIC music
program. We couldn’t decide which of the two
we liked better, so we wound up putting both
of them on the disk.

CASHACC is a fairly sophisticated cash ac-
quisition and limited accounting package writ-
ten in BASIC. It isn’t exactly BPI, but its a lot
less expensive and suitable for use in many
small business applications.

DATAFILE is a simple data base manager,
written in Microsoft BASIC.

UNWS WordStar has an unusual propensity
for setting the high order bits on some of the
characters in the files it creates. Here’s a utility
to strip the bits and ‘unWordStar’ the text. The
assembler source code is also provided.

HOST2 This program includes BASIC source

and documentation files to allow users with
SmartModems to access their PC’s remotely.

Only $19.95

Volume 2

SWEERP is a disk utility which virtually replaces
the DOS Copy command. It lets you COPY,
REN, TYPE and DEL files quickly and easily
from a simple menu.

Worldmap is a sophisticated graphics program
which draws a very detailed rhap of the world.
It can display its wares on your monitor, or
send them out to a dot-matrix printer.

ANITRA plays Anitra’s Dance by Edvard
Grieg. A beautiful addition to your computer
music coliection.

RAMDISK is one of the most useful utilities
you’ll ever plug into your PC. Once installed, it
creates a virtual drive in memory on your PC.
Files can be copied to the RAM-disk and ac-
cessed in less time than real drives take to turn
on their LEDs.

Alien plays a bizarre adventure game and will
lead you into some of the most exotic spots in
the universe. It comes with a massive data file
for an adventure that you won’t get tired of ’til
the dragons come home for the evening.

BREAKOUT plays a PC version of the popular
game. It will accept input from either a joystick
or the keyboard. The graphics are good and the
action is adjustable from a beginner’s level
right up to ‘fast and nasty’.

PRTSC replaces the internal PC screen dump
code with something more suited to reality. It
allows one to hit the PrtSc* key and then select
the print quality from a menu. It supports a
number of popular printers.

UTIL is a coliection system utilities which can
be accessed from a single menu. Among its
many talents are a sorted directory, keyboard
redefinition and the facility for scrolling up
and down through a text file.
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Jukebox represents yet another PC music
system. This one comes with a host of songs to
play and some really electric graphics.

FOS is a well designed personal finance
manager which will do much to help you tame
your cheque books.

ASMGEN is one of the best text disassemblers
we’'ve come across. It takes any executable
COM or EXE file and produces an assembler
listing. It’s surprisingly good at distinguishing
between code and embedded data or text.

STRUCT will appeal to the rabid programmer
in everyone. It enables MASM to be used to
assembie a higher level language. Included also
is a test file to illustrate the syntax.

Only $19.95

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 2
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Volume 3

FIXWS is a simple utility which modifies
WordStar files so that they can be used by pro-
grams which work with ordinary ASCII files.

WRT DOS 2.0 allows for each file to have a
‘read only’ flag, but it lacks a way of
manipulating them. This pair of utilities allows
you to set and unset this flag, protecting impor-
tant files from accidental erasure.

BROWSE is a timesaving program which pro-
vides a useful alternative to the DOS ‘TYPE’
command. BROWSE allows you to easily
scroll up and down through text files, saving
you the effort of running your word processor
just to get a quick look at a text file.

CAT If the DIR display is too dull for your
taste, CAT may be just what you need. It will
tell you everything you could possibly want to
know about the files on your disks.

CGCLOCK is a simple little program which
displays the running time in the upper right
hand corner of your screen. In addition, the
program has lots of display options and works
with the colour graphics card.

CURSOR A tiny twenty-four byte program
which displays a large cursor on your monitor.

CMP This program does a very elaborate com-
parison of two files and reports their dif-
ferences. It can for example, spot corrupted
files and may prove useful when dealing with
files created by redirection.

JUMPJOE A bit like ‘“‘Miner 2049’er”’, this
game is certain to damage your mind. You get
to be the janitor of a space station and must
deal with berserk robots and other weirdness.
It’s a hoot!

CASTLE Wander through a deserted castle
collecting treasures... but mind you don’t get
killed by the nasties. A solution is included
should frustration set in.

18INT This is a small BASIC program to
calculate interest using the rule of seventy-
eight.

e

MOON is one of the nicest lunar lander games
we've come across. This version uses high
resolution graphics and startling sound effects
to hurl you to your doom in style.

PERTCHT is a BASIC program which prints
PERT charts. It should interest anyone involv-
ed in project management and scheduling.

DATNOIDS is one of the strangest games ever
put on a disk. In fact, mere words don’t serve
to describe it: you'll have to try it for yourself.

NUK-NY This is one of the nastiest bits of soft-
ware we’ve ever seen. It produces a full color
high resolution simulation of a nuclear attack
on New York City.

Only $19.95

Volume 4

BACKSCROLL Perhaps one of the cleverest
DOS utilities, BACKSCROLL hooks itself into
the PC and buffers whatever scrolls by. Using a
well-thought out command structure, it allows
one to scroll back and forth through text which
would normally have scrolled off the screen in-
to oblivion.

BIGCAL is a BASIC program which performs
calculations on extremely large numbers. Using
floating point form instead of scientific nota-
tion, very accurate calculations can be made.

BUGS is an off the wall ASCII game in which a
player uses the cursor pad keys to move a
‘nuclear fly swatter’ around the screen blowing
up a long crawling bug.

DEFRAG is a utility that lets you ‘‘de-
fragment”’ your disks to make your applica-
tions run faster. The utility reorganizes a disk,
connecting up the fragments of files created by
DOS.

DOSEDIT is one of the most useful DOS
utilities available. it enhances the command
line facility of MS-DOS by creating a com-
mand stack. Instead of merely being able to
recall a command with the F3 key, DOSEDIT
lets you use the cursor arrow keys to scroll
through a whole stack of previously entered
commands, re-executing the ones you need.

DUmp is a utility program designed to produce
Hex dumps of object files. Useful in its own
right, the program also serves as a good exam-
ple of how to use DOS disk service calls. The
ASM file is also included.

FREE is a tiny file which tells you how much
space is left on a disk... without having to view
an entire directory listing. Its especially handy
for hard disk systems.

KBFIX displays the status of the keyboard lock
keys on the screen and expands the size of the
keyboard character buffer to avoid losing
bytes.

LABEL changes the labels on disk drive
volumes. It’s a simple utility, but useful if you
use volume labels to keep track of your disks.

MEMBRAIN is the most sophisticated RAM
disk program we’ve seen yet. It lets users install
variable sized disks and provides control over
several other parameters.

NUSQ is a file un-squeezer. Its a useful utility
for people who download compressed files
form bulletin board systems.

SPACE INVADERS A fast variation of this
popular arcade game. the graphics are superb.

SP is a clever print spooler which lets you
‘print’ files into a RAM buffer. The PC then
sends the file to the printer at its leisure, leaving
the user free to move on to other tasks using
the computer.

SPEED is a simple program which changes
some of the PC’s floppy disk parameters and
effectively speeds up disk accesses for some ap-
plications.

VDEL is a multiple deletion program that
queries the user prior to erasing each entry.
Similar to MOVE, but much smaller.

WHEREIS will locate a file on a disk even if it
lurks in a subdirectory. Most useful on hard
disk systems.

WIZARDS is an adventure game in the classic
style, except that it ranks as one of the most
sarcastic programs in creation. The program is
vast... you can wander about its darkened cor-
ridors for hours.

Only $19.95

Also Included: CRYPTO, CLOCK, LIST,
MONOCLOK, MOVE, NEWBELL, PAR-
CHK, PURGEDUP, PX, QS and SDIR.

4 To order use order form or cali (416) 445-5600 for Visa, Master Card and American Express orders.
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AREACODE is a useful tool if you use the
telephone a lot, Give it an area code and it will
match it with the city in which the code is used.

D in another sorted directory program. This
one emulates the CP/M style D, which is
arguably more useful for most applications.

FRACTALS An amazing implementation of
the Mandlebrot Microscope, which generates
unearthly images on your screen.

HIDE is a set of utilities which let you create,
enter and remove invisible DOS directories.
This allows you to set up a hard drive system
with secure areas which can only be used by
people who know about them.

LAR is a library utility that allows you to con-
catenate several small files into a library tosave
on disk overhead. Individual files can be ex-
tracted as they are needed.

MAIL1 is a mailing label utility written in
BASIC.

MORERAM This is an assembler program.
You need MASM and LINK to make it work.
It lets you alter the memory setting on the PC’s
motherboard to enable it to use more than
640K RAM. It will even let you set the switch

settings to 64K to speed up disk boots and then
change the RAM setting after bootup.

MORTGAGE generates amortization charts.

MXSET lets you control the parameters of Ep-
son printers form the DOS command line. It’s
a lot easier than LPRINTing characters from
BASIC every time you want to change print
modes.

NUSQ unsqueezes files that have been
previously compressed to save space. Should be
of primary interest to bulletin board users.

PARCHK is an assembler program which re-
quires MASM and LINK to work. It installs a
trap for parity errors in your computer. A vital
aid to help locate suspect RAM chips.

VDEL is a Delete with Verify program. You
could type VDEL *.BAK and it would show
them name of every .BAK file in the current
directory and ask you if you want it deleted.

WHEREIS finds files in a complex hard disk
system.

ZAXXONPC This is an incredible implemen-
tation of one of the most popular micro games
ever created.

Only $19.95

Volume 6

3-DEMON is one of the most interesting varia-
tions on Pac-Man in the known universe. In-
stead of simply looking at a map of a maze,
this program shows you a three dimensional
view of it. You wander through endless cor-
ridors, munching food pellets or granola
bars... your choice... and avoiding the deadly
ghosts.

DU was one of the most powerful CP/M-based
disk utilities ever created. This version for the
PC captures much of its power and flexibility.
It allows you to see what the tracks and sectors
on your disks look like, recover erased or
damaged files, and meddle with the system
tracks.

General Ledger This is a complete general
ledger accounting program. Written in BASIC,
the program possesses most of the features
found in commercial packages. An enormous
documentation file is also included.

PC-CHESS is a slick chess program which
makes good use of the PC’s colour graphics
abilities and boasts a running chess clock.

RAMDISK is the assembler source code for a
memory disk program. If you've always
wanted to know how these things work, or
have a secret desire to write your own variation
of this useful utility, here’s your chance.

VFILER is a file management utility which lets
you view files in a directory and allows you to
COPY, TYPE and even run programs... in
short, it does almost everything DOS does but
it’s user-friendly.

QMODEM is unquestionably the best telecom-
munications package in existence. The most re-
cent version of it is replete with windowing,
multiple protocols, definable function keys.
And the code is unspeakably well debugged.

ARC is a sophisticated file archiving program
which stores several files in single library files.
As an added bonus, ARC applies one of four
data compression techniques to each file in
order to optimize disk space.

ZAPLOAD is a utility for programers to han-
dle Intel standard HEX files. Very fast and well
documented.

SOPWITH Using superb graphics, SOPWITH
lets you pilot a World War [ biplane on
dangerous bombing missions.

JSB Another BASIC music program for your
collection. This one plays a soothing sonata.

STAR is one of a growing breed of small...
somewhat silly... novelty programs. This one,
as you might guess, draws stars.

SURFACE demonstrates the complexity of the
‘“hat”’ function by graphing it on a monitor
screen.

OP is the operator program from the
November ’85 issue of Computing Now!

Only $24.95
(two disk set)

Moorshead Publications Software, 1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 5
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BLACKJACK is a BASIC implementation of
this popular card game. It’s both interesting to
play and enlightening to dismantle. It can, of
course, be easily listed so you can see how it
works.

EDSCR is a screen editor which can be used
with virtually any programming language from
assembler to dBase I11. The program lets you
‘paint’ PC screens with block graphics and
saves them as .DAT files which can be easily
adapted to work in most languages. An exam-
ple screen is included.

FK allows you to make the function keys of
your PC do more useful things under DOS.
They can be redefined to execute commonly us-
ed commands and command sequences.

FXMASTER is a printer program for the
popular Epson FX Series and compatible
printers. It uses a full screen menu to enable
you to easily change printer settings and
modes.

INDEX allows you to generate indexes from
WordStar documents... or text files from any
other text editor. It’s an invaluable writer’s
tool.

KEYCLICK is a memory co-resident program
which will make your keys click. Small and
easily included in an AUTOEXEC file,
KEYCLICK solves many problems associated
with clone keyboards.

PCBW is a small utility which makes colour
screen displays show up in monochrome video.
Great for users with colour graphics cards and
monochrome monitors.

PINBALL is a pinball simulation that is easily
worth the cost of this disk all by itself. The
game plays much like a real pinball machine...
but its hard to tilt.

QUICKGRATF is a powerful business graphics
package which generates complex bar, line and
scatter charts in medium and high resolution.
An Epson with GrafTrax or compatible printer
is necessary to produce hardcopy.

SERPENT is a variation on the classic snake
game. Written in BASIC, this one is weird, but
very fast.

SHOWCLK is yet another clock program... its
the smallest one yet, and it beeps to chime the
hour.

VTREE is a graphic TREE program that shows
you how the subdirectories are set up on your
disk... in a fashion more easily understood
than the MS-DOS TREE utility.

WORLD is a remarkable program which incor-
porates a world map. It allows you to zoom in
on specific areas of the globe, locate major
cities and perform a number of useful calcula-
tion. It also has a feature for tracking hur-
ricanes... tracked any good hurricanes lately?

Only $19.95

Volume 8

Load-Us allows users of the popular Lotus
1-2-3 and Symphony programs to run them on
a hard drive. This preboot program does not
‘““crack”’ Lotus’s copy protection scheme, but it
does help legitimate users overcome the in-
convenience of keeping a ‘‘key”’ disk in a flop-
py drive while running Lotus or Symphony on
a hard drive.

DDCal is a very clever perpetual calendar and
desk diary. It keeps track of your appointments
and performs several other functions that you
probably thought could only be done on the
backs of match books.

PC-Key Draw is a remarkable public domain
paintbox program which compares favorably
with many commercial applications. It’ll han-
dle multiple screen images, business graphics
and superb computer art - all in full colour. It’s
worth the cost of this disk all by itself.

CPU is a tiny program which tells you the ef-
fective speed of your system.

Xray is a remarkable co-resident utility which
monitors what a program is doing while it’s
busy doing it. It allows you to interrupt the ex-
ecution of your code and have a look inside.

Game - well, there are no words for this pro-
gram, or, at least, none that are printable. This
game is a bit rude - depending on just how
weird your mind is, it can get pretty bizarre.
This program does use some suggestive
language, and we recommend that young or
sensitive users not boot it.

Tune is a very small music generator which
makes noises from within batch files. It’s
useful to see where things are in a complex pro-
cess.

Jul ? 1986

Sun{Mon|{Tue|Wed|ThujFri|Sat

29 38| 1] 2| 3| 4 S

13| 14| 15| 16| 17| 18] 19

28| 21| 22| 23| 24| 25| 26

27| 28| 29) 38) 31| 1| 2

Chasm, or cheap assembler, is just the thing if
you want to get into assembly language pro-
gramming but don’t want to spring for the
Microsoft macro assembler package. It’s
reasonably fast, not too huge - it’ll runin as lit-
tle as sixty-four kilobytes - and, above all, it’s
cheap.

Getdir is a resident directory utility. It allows
you to see what files are on your disks, even if
you’re in the middle of doing something else.

Cppyl’C, not to be confused with the commer-
cial Copy Il PC, is a quick disk backup utility.

Lookit is a full screen browsing program which
lets you scroll forward and backwards through
text files - sort of like a tiny word processor
with no editing features.

Syslock is a security device for hard disk users.
By running this utility on your XT or compati-
ble, access to your computer will only be
granted to users with a valid password.

Only $22.95
(two disk set)

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders.
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Small C If you’ve ever wanted to try writing
programs in the C language, this compiler will
fascinate you. It’s a restricted implementation
of C, producing code which is compatible with
Microsoft’s MASM and LINK programs
-you'll need these to get it going.

Map is an interesting little utility which will
check how DOS is situated in the memory of
your computer and tell you a number of things
about it. It’s a useful programming tool,
especially helpful if you’re debugging software
which interacts directly with DOS.

Note is the source file for the memory resident
note pad which appeared in the March 1986
edition of Computing Now! It requires MASM
and LINK to use. It will create a resident memo
page that you can call up from within any ap-
plication.

Pango is one of the wildest games we’ve come
across for the PC. While its premise is a bit im-
probable, it’s fast and weird - hours of fun.

PC-Spell is a spelling checker written in
BASIC. Despite its pedestrian sounding
origins, it's fast, accurate and easy to use. It
can be listed if you want to see how it works,
and comes with a large dictionary file and a
utility to assist you in customizing it.

Peacock is a memory resident program which
allows you to change the colours of your screen
with alternate function keys. It’s useful, for ex-
ample, if you run software which insists on us-
ing eye-straining screen colours.

Recover is a utility which assists you in getting
data back from damaged files. It lets you look
at your files one sector at a time in order to put
the pieces back together.

First Time Advertised

SDB is a small relational database. It isn’t
dBASE III, but it also doesn’t cost quite as
much. It’s still pretty powerful and is eminently
suitable for many business applications. It
features on line help.

Tally is a program which accurately counts the
number of characters, words and lines in a file
-all within your lifetime.

Xeno edits the tracks and sectors of your disks
in a user friendly format - or, at least, one that
doesn’t lunge for your throat every time you
boot it. You can use it to explore DOS, fix
trashed disks, unerase files and do all the other
low level magic that sector editors are renown-
ed for.

Only $19.95

Volume 10

Monopoly is the first working implementation
of the classic board game that we’ve come
across - and we’ve had several that bombed
pretty colourfully. This one is great, though,
with fast and occasionally sarcastic play, a
graphic board display and pretty good sound
effects.

D20 is the latest version of Steve's sorted direc-
tory program. This one uses DOS two calls and
handles subdirectories.

Edit is a lightning fast full screen editor, ideal
for editing program source files, dBASE stuff
or other ASCII phenomena.

Banner takes mere text and prints it sideways
on your printer - in gargantuan block letters
that can be read from miles away if you have a
good set of binoculars. It’s not the sort of thing
that you’d want to publish a book with, but
sign makers will love it.

Mortgage is another utility to help you unders-
tand just what you’ve gotten yourself into. Its
one of the nicest mortgage programs we’ve
seen so far - lifelong debt and ruination has
never been so well formatted.

Quick speeds up your PC quite a bit. It hooks
into the video and makes it run a great deal
faster, eliminating at least some of the glacial
slowness that makes an IBM what it is.

JuLy 87, 1986.
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Speech is a rather remarkable little germ of
code. It talks through the PC’s internal
squeaker speaker. The voice isn’t exactly
human, but it’s understandable on most
machines. This is an interesting bit of work,
one that can be accessed from within other pro-
grams to create talking applications.

PC-AR is an accounts receivable package for
the PC. While not the equal of some of the
commercial software that handles this func-
tion, it will take care of the records for a small
or medium sized business quite well.

Only $19.95
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Pac Girl is, predictably, a variation on the
almost mythical Pacman game. This one moves
fast, and plays much like the arcade version.

Menu lets you create a menu-driven tree-
strctured environment that is friendlier and
more manageable than is DOS. It’s ideal
creating interactive systems for non-technichal
users.

Z80MU is one of the most brilliant pieces of
software we’'ve ever encountered - free or not.
It actually emulates a Z80-based computer run-
ning CP/M on the PC with no additional hard-
ware - you don’t even need a V20. It will run
almost all CP/M software, including old
favourites like WordStar and dBase. However,
Z80MU also includes features lacking in both
C/PM and MS-DOS operating systems.

SERIOQ is the assembler file from the July edi-
tion of Computing Now! that implements an
interupt-driven terminal in higher level
languages such as C. It’s also suitable for use
with compiled BASIC. Both MASM and Link
are requred to use SERIO.

Breakdown is a peculiar program which takes
meaningful text, analyzes it and generates

meaningless, but profound-sounding prose
from it. If you’ve been wondering if your co-
workers really read your office memos and
reports, try filtering your prose through this
program. The effects will be astounding,.

GRABIT is the screen grab program from the
July 1986 edition of Computing Now!. It will
make a useable text file from the contents of
ones screen at the touch of a key. MASM are
Link are required.
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XMODEM is a C language implementation of
the XMODEM file transfer protocol, from the
July 1986 edition of Computing Now!. It can
be integrated into other programs to allow easy
access to telecommunications facilities, This
code requires SERIO (see above) and version
three Lattice C.

6LRL Al J. Jiménez, Sep 26, 1982

Only $19.95
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CV is a small utility for changing the volume
name on disks. Since most of us never bother
to specify volume names when formatting
disks, this six hundred byte program provides a
second chance.

Breakout Box is an assembly language program
that hides in memory and shows you what your
serial ports are doing. It’s a valuable trouble-
shooting utility for pin pointing serial printer
and modem problems.

Icon Maker allows you to genecrate
sophisticated bit-mapped images. Its’ easy to
use and extremely colourful, producing data
that can be incorporated into other programs.

Shell is another DOS menu program. This one
is very fast, free of ‘snow’, and provides easy
access to virtually all DOS features.

Striker is an experience. It's a brilliantly writ-
ten helicopter game in the style of Choplifter,
complete with professional high resolution
graphics and running spies. This is one of the
best public domain games we’ve ever en-
countered.

Ramset is a RAM expansion program from the
July 1986 edition of Computing Now!. It
allows you exceed the PC’s 640K memory
limit. Ramset also lets you bypass the PC’s
time-consuming memory check.

Trap is the high-resolution Gemini patch pro-
gram from the May edition of Computing
Now!. It makes the Gemini 10x suitable for use
with Personal Composer, but is easily modified

to fix most bit-mapped printing problems.
MASM and Link are required to assemble the
program,

Almost Free PC Software Volume 12

Only $19.95

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders.
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Cut and Paste is a memory resident pro-
gram that allows you to grab text from the
screen of any application and paste it into
any other application that accepts
characters for input. You could, for exam-
ple, copy part of a Lotus spreadsheet and
paste it into a WordStar document.

INT13 will help you unravel the copy pro-
tection schemes of your software so you
can make archive copies - just in case the
cat takes a fancy to your masters. It prints
a log of direct disk accesses and where
they’re called from so you can check out
the code that's going after specific tracks,
the heart of most protection systems. In-
cludes the assembler source code.

PMAP tells you what’s living in the
memory of your system - and where. It wiil
help you to find the resident utilities you
have loaded and, more important, is great
for sorting out peculiar interactions bet-
ween multiple resident programs,

SoftTouch is a keyboard macro program
not unlike ProKey. It allows you to store
up to twenty five thousand key strokes,
has a built in screen blanker and great
wandering herds of other features.

Sub Chase is a first rate graphics arcade
game. One sails across the clear blue sea
- Or green sea, depending on what sort of
monitor you have - heaving depth charges
off the stern to blow up subs. It's extreme-
ly well done and it has a panic button to
clear the screen should the boss walk in.
Requires a colour graphics card.

g

K
DELU X

This camputer sends dow lts commic harws and Mlsases al) who mils at it

Baoting ap

»

TheDraw is an ANSI screen editor. It
allows you to create and edit full colour
screens of text and graphics which can
subsequently be typed to make them ap-
pear - in full colour - or integrated into pro-
grams. Requires DOS two or better,
ANSIL.SYS and is more fun with a colour
monitor,

Trek is the best Star Trek game anyone
has yet devised for the PC. The graphics
are stunning, the complexity is intense
and the action scoots along at warp nine
as soon as the program gets going. Re-
quires a colour card.

Crossword is a utility which translates
text files from one application to another.
It supports several popular word pro-
cessors, including WordStar, WordStar
2000, Multimate, XYwrite, SideKick and
standard ASCII. It saves ages worth of
reformatting and does some useful things
besides.

Only $19.95

Volume 15

There is a lot of good stuff on this disk... but
most important, there are two dynamite
games herein. We could get into the graphics
package, the CP/M emulator, the fractal
program in C... however, it's the games that
do it. Plan to lose at least a weekend over this
one.

Altamira is one of the nicest public domain
paint box programs available for the PC.
Unlike most of the so called graphics
packages available for the PC, this one isn’t
restricted to doing bar charts and graphs. It
does first rate pictures. Requires a colour
card.

Fractal is the source code for the fractal
generator in C that we looked at in the
August edition of Computing Now!. It’s
useful even if you don’t like fractals, as it il-
lustrates the use of high resolution graphics in
C. Requires a C compiler and a colour card.

NEMON is a really weird game. You get
stuck in the catacombs of king Nemon with
nothing more than your wits and a flashlight.
You have to find some keys, some treasures
and, hopefully, a way around a host of ar-
cade game nasties.

Thor used to be the god of thunder. Now he
appears to be the world’s most sophisticated
desk calendar program. He’ll remind you of
appointments, keep track of your agenda and
do things that would usually require a host of
low tech objects, like pencils and note pads.

THORDATE:

——————— . e
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Pross (ESC) to exit THORDATE. Preas for Hewn

Round 42 is a wholly bizzarre variation on
the theme of space invaders. No longer the
dusty arcade game that it once was, this thing
breaths new and rather ichorous life into the
ceaseless battle between you and the
phospore aliens. This is one of the best com-
puter games in creation. Requires a colour
graphic card.

V20 is a CP/M emulator for users of the
NEC V20 chip. Replace your existing 8088
with a V20, score this little program and most
CP/M software will run on your system as if
someone had stolen half the bits out of your
PC. Regular MS-DOS isn’t affected. Re-
quires a V20.

Only $19.95

Moorshead Publications Software, 1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 9
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MA .BAS The Micro Accountant is a complete,
working accounting and check icgister pro-
gram, with a 25K documentation file.

PCWNDW22 A “‘Sidekick’-like co-resident
window utility. Pop-up window functions in-
clude ASCII table, stopwatch, alarm, printer
setup utility and notepad. The entire program
takes up less than 30K of space on your disk.

PSHIFT A time saving and convenient
memory partition® utility. Lets you define up
to nine memory areas. Load programs such as
dBase I and WordStar into separate partitions
and ‘flip* between them instantly with simple
keystrokes.

PC-TOUCH.BAS Increase typing speed and
accuracy with this easy-to-use typing tutor.
Also provides accuracy and speed statistics.

PCYEARBK.EXE Appointments and
reminder program to help you keep track of
your time.

TASKPLAN.BAS Project management soft-
ware which lets you track up to 50 tasks over 50
time periods (days, weeks or months).

NOCOLOR A handy little utility for users with
monochrome monitors and colour software.

MAXIT A simple but subtle game for two
human opponents, or one player and the com-
puter. Hours of fun!

NOTE PAD
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PERTCHT A sophisticated project manage-
ment tool using the Program Evaluation
Review Technique (PERT).

PLUS More utilities to help organize maintain
and copy your files, including a **monitor sav-
ing’’ program which blanks out your screen
when it is not in use.

Only $19.

95

Stockboy Inventory

Stockboy is a good, powerful, flexible bargain-
priced inventory package which will handie in-
ventory for most small businesses needs. We
use Stockboy for our own inventory control
and it has stood the test of time.

Stockboy can:

¢ Maintain an inventory database with current,
maximum and minimum stock reporting when
an item needs re-ordering.

¢ Be a point of sale terminal, adjusting the
stock data base on line.

® Produce individual packing lists.

* Generate a customer list to be used in mass
mailings.

¢ Run on any CP/M or MS-DOS based com-
puter, including Apple II systems with a Soft-
card.

Stockboy is written in Microsoft BASIC and is
designed to be easily altered to suit your needs.
It can be compiled using BASCOM if desired
and is designed to be used by non-technical
operators. Available for MS-DOS/PC- DOS
and many CP/M systems.

Only $29.95

10 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders.
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Volume 1

ASTEROIDS This is a splendid implementa-
tion of one of the most popular arcade games
of all time. The graphics and sound effects are
amazing.

RED RYDER Telecommunication on the Mac
has never been this easy. RED RYDER in-
cludes XMODEM and Kermit protocols and
many other features.

MacCLONE Many users have found the Mac’s
disk copy routine to be less than perfect. This is
a vast improvement. It even defeats a number
of copy protection schemes.

BINHEX is a utility for RED RYDER which
converts applications files to binary files and
back again to allow them to be transferred over
phones lines.

LIFE is one of the classic computer programs,
and this version is exceedingly well done.

VIEW PAINT Ever wanted to look at a Mac-
Paint drawing without getting into MacPAint.
This utility lets you sneak peeks at your draw-
ing files without fussing about.

RESOURCE EDITOR Macintosh icons and
other resource items just cry out to be per-
sonalized. This little tool will help you make
your Mac look its best for you.

SCREEN MAKER Moving text from Mac-
Write to MacPaint can be a bit disappointing...
something gets lost in the clipboard. This utili-
ty helps your words make the trip unscathed.

FONT EDITOR For those longing to make
their own fonts... and for those who just want
to adjust the ones they have... this editor lets
you shuffle fat bits to your heart’s content.

MENU EDITOR A handy utility for editing
the words in Macintosh application menus.

[ foe foit MEEE
i stop
= Go
|vMutations
|vRutg Restart

Only $24.95

Volume 2

FONT LIBRARIAN A splendid alternative to
the Macintosh system font mover, this utility
makes it easy to create custom collections of
Macintosh fonts.

WIZARD'S FIRE This is a lively game which
comes with still more lively games tucked away
in the desk accessories. Get the magic rays
before they get you!

SWITCHER Multitasking on a Mac? Why not.
SWITCHER lets you run up to four applica-
tions concurrently on a 512K ‘Fat Mac’.

RAMSTART Creates a RAM disk of any size
on a fat MAc, and effectively increases the
speed of most applications several times over.

MADONNA A MacPAint picture of the
popular pop star.

MOCK CHART A desk accessory to handle
the creation and printing of small business
charts.

DAM A Desk Accessory Manager for setting
up the Apple menu on your Macintosh the way
you want it.

MOCK TERMINAL A desk accessory for
telecommunication functions from within
another application.

HP CALC Add a simulated Hewlett-Packard
calculator to your Mac.

REdit A slick resource editor. See the
December 1985 issue of Computing Now! for
an in depth look at this esoteric art form.

ORION This one is worth the price of the disk
all by itself. It simulates a star ship cruising
around the galaxy at the speed of light. Stars
fly past like white lines on the highway ... with
or without star names fluttering like celestial
flags. The heavens are accurately mapped and
the star ship handles like any other warp drive
star Chevy,

Only $24.95

Moorshead Publications Software, 1300 Don Mills Rd., Don Milis, Toronto, Ont. M3B 3M8 11




Volume 3

Icon Collector is a peculiar program that
allows you to locate icons in applications and
capture them to disk for use in other programs.

Billiard Parlor is worth the cost of this disk all
by itself. It’s an excellent simulation of a
billiard table. It will play most of the usual
variations of pool and billiards, and simulates
the movement of the balls with unspeakable
realism.

MandelZoom is the nicest Macintosh fractal
generator we've come across. It’s surprisingly
fast, considering the nature of the Mac’s
ﬂoatmg point library.

Red Ryder This is the latest version of this
popular communications program. It runs
perfectly, giving you a sophisticated terminal
with download facilities, macros and dozens of
other features.

PackIt2 - not to be confused with Packlt - will
compress and uncompress P2T libraries which
have been downloaded from bulletin boards.
An essential utility for telecommunications.

BINHEXS is a file manipulation utility which
allows Mac files to be sent over a modem.

Edit is the most sophisticated text editor
available for the Mac. Operating similar to
MacWrite, it allows you to edit documents in
multiple windows. Ideal for program editing,
Edit produces clean text files which can be
compiled.

O

Almost Free I =

14 items

398K i disk

2K available

1

One of the most interesting aspects of the
Macintosh is its ability to use software-
based character sets. While there are a
number of commercial font packages for
the Mac, we feel that this collection of
public domain fonts ranks among the
best. This disk is filled - to the last byte
-with thirty-eight unique fonts. We've
selected a varlety of body copy and
display typefaces, spanning traditional
and avant garde designs, along with a
number of special purpose sets.

Bid fairwell to the placid exterior of
Chicago, the mild amusement of Geneva,
the unadventurous disposition of Athens
and plug your Mac into this typesetter's
pipe dream.

A powerful font librarian is also in-
cluded to assist in adding the fonts you
want to your system.

Only $24.95
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Almost Free Software (CP/M)

VM eaa
Publications

Volume 1

Volume 2

MODEM 7 Allows you to communicate with
any CP/M-based system to download and
upload files. Complete details for this program
first appeared in the November 1983 issue of
Computing Now!

PACMAN You really can play PACMAN
without graphics... and it works pretty fast.

FORTH An up-to-date version of FIG
FORTH, complete with its own internal DOS.

DUU The ultimate disk utility, DUU lets you
recover accidentally erased files, fix corrupted
files, and modify the system.

D A sorted directory program that tells you
how big your files are and how much space is
left on the disk.

USQ/SQ Lets you compress and un-compress
files. You can pack about 40 more data on a
disk with this system.

FINANCE A fairly sophisticated financial
package written in Microsoft BASIC.

BADLIM Ever had to throw out a disk with a
single bad sector? BADLIM isolates bad sec-
tors and allocates them to an invisible file,
making the rest of the disk useable.

DISK Allows you to COPY, MOVE, DELETE
and VIEW files with a simple command struc-
ture.

QUEST Similar to ‘‘Dungeons and Dragons’’,
QUEST provides hours of glorious adventure.

STOCKS A complete stock management pro-
gram written in BASIC.

SEE Also known as TYPE!17, this utility will
TYPE any file, compressed or not, allowing
you read documents which are stored in a com-
pressed form.

Only $19.95

Call or write for available formats.

BISHOW is the ultimate file typer. This ver-
sion will type squeezed or un-squeezed files and
allow you to type files which have been archiv
ed with utilities such as LU (see below).
BISHOW even lets you scroll up and down
through typed files.

LU is a library utility which stores multiple files
under a single file name in order to save disk
space. Files can be removed from the library as

_they are needed.

MORTGAGE is a fancy mortgage amortiza-
tion program which produces a variety of
useful tables.

NBASIC Large, commercial BASIC’s are
powerful, but expensive. This one however is
free, and every bit as flexible as many commer-
cial packages. It’s also compatible with North
Star BASIC.

ZB0ASM is a complete assembler package
which uses true Zilog Z80 mnemonics. It has a
rich vocabulary of pseudo-ops, permitting you
to use features of your Z80-based machine
which are unavailable with ASM or MAC.

VFILE Easily the ultimate disk utility, VFILE
gives you a full screen view of the files on yow
disk and allows you to do mass COPY and
DELETE operations using a two-dimensional
cursor. It has lots of ‘extras’, a built-in help file
and it’s fast.

ROMAN Though some say it’s silly, this novel
little program is a fun way to convert ROMAN
numerals into decimal numbers.

CATCHUM If you like the fast pace and in-
credible realism of Pacman, you’ll go quietly
insane over CATCHUM... which plays basical-
ly the same game using ASCII characters.
Watch little *“C’*’s gobble periods, while you
try to avoid the delay ‘“‘A’*’s.

Only $19.95 each
or $39.95 for all 3

Call or write for available formats.

Q‘.

Volume 3

OIL An interesting simulation of the working
of the oil industry. It can be approached either
as a game or as a fairly sophisticated model.

CHESS This program really does play a mean
game of chess. It has an on-screen display of
the board, a choice of colours and selectable
levels of play.

DEBUG The DDT debugger is good, but this
utility adds many new facilities, including sy-
bolic debugging. It’s almost like being able (o
step, trace and disassemble through a source
listing.

DU87 This version overcomes several limita-
tions of the older DUU program and adds
some new features. It will adapt to any system
and can search, map and dump disk sectors or
files. Its invaluable in recovering damaged files
too.

ELIZA Written in MBASIC, this classic pro-
gram is a microcomputer analyst. With a little
imagination you will be able to believe you are
conversing with a real psychiatrist.

LADDER Fast, bizarre and probably a major
cause of eye strain. This program plays like
Donkey Kong with ASCII characters.

QUIKKEY Programmable function keys let
you hit one key to issue a multi-character com-
mand. This tiny utility lets you define as many
“macros’’ as you want, with seildom used con-
trol codes. Keys can be redefined at any time...
even from within another program.

RESOURCE While a debugger will enable you
to disassemble small bits of code easily enough,
only a true text based disassembler can take a
.COM file and make source out of it again.
This is one of the best ones available.

Only $19.95

Call or write for available forma's.
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A Teacher for the Apple

Almost Free Electronics
Design.

Steve’s Wunderdisk

Specifically developed for the educational
market, this disk introduces both teachers
and students to the Apple Il series and
compatible systems.

It is designed to show you how to
make the computer work for you.

After introducing you to the com-
puter, it goes on to explain the BASIC pro-
gramming language. With step-by-step in-
structions it shows you the ins-and-outs
of Apple programming and explains the
workings of DOS and high resolution
graphics.

Designed for new computer users,
just turn on the computer, slide in disk,
and enter the world of Apple programm-
ing.

Requires Applesoft BASIC, 48K RAM and
one disk drive.

Only $19.95

Contains BASIC utilities for attenuators,
highpass and lowpass filters, series and
parallel resistors, slew rate prediction,
resonant circuits, power transformer
selection, audio transformer selection,
RMS-average-peak conversions for full
and half-wave, transistor selection, and
more. Also contains a program for deter-
mining the parameters of strobe light cir-
cuits; it determines power ratings, time
constants, capacitor size, resistor sizes,
operating voltages, dissipation and other
necessary calculations. Written by Bill
Markwick, the editor of Electronics Today,
the utilities are not copy-protected and
are easily modified to suit the user’s re-
quirements.

Available for MS/PC DOS with GWBASIC
or Apple Il systems with Applesoft BASIC.

Only $19.95

Over the years many first rate program listings
have graced the pages of Computing Now!.
And we have many which have never been
published. We’ve collected the best of these
and put them on one disk. Included are pro-
grams like STAR, for setting up a Gemini 10
printer, the Last WordStar Unhook, CPMAP
and the CP/M HOST program, complete with
several unreleased support programs.

The Wunderdisk is an excellent collection
of tricky CP/M routines. It’s deal for anyone
who wants to make their CP/M system sing!
And the programs on the disk are well
documented... most of them have been ex-
plored and explained in the pages of Com-
puting Now!

Only $19.95

MDM730 for Apple CP/IM

First featured in the July 1984 issue of Com-
puting Now!, MDM730 is one of the most
powerful MODEM?7 programs available. Our
version incorporates features not available in
the public domain. MDM730 is an efficient,
easy-to-use software tool for anyone interested
in telecommunications, bulletin boards and
downloading software. Consider these
features:

¢ Terminai program which works at any baud
rate.

e Ten programmable macro function keys.

* A Phone number library for 36 numbers.

o Christensen software transfer protocol.

o User selectable toggles for linefeeds, ON-
XOFF, etc.

o Extensive help menus.

* Baud rate selection on the fly.

e ASCII dump and capture.

¢ Status menu.

In addition, we've added dialing support for
the Apple version. While the standard
MDM730 can not dial unless it’s hooked to a
Hayes Smartmodem, we’'ve added patches to
allow it to do pin twenty-five pulse dialing and
to dial through the Hayes Micromodem 11 and
the SSM card. The Computing Now MDM730
will also:

¢ Select a number form the library and dial it.
¢ Dial manually entered numbers.

¢ Log you on to a remote system if it’s free.
¢ Optionally autodial if the remote system is
busy.

o Keep track of the number of re-dial attempts.

The Computing Now! MDM730 package is
available for:

® The Hayes Micromodem II card.

® The SSM 300 Baud modem card.

e The PDA 232C serial card with external
modem.,

The PDA 232C package includes versions sup-
porting both the Smartmodem and a dumb
modem with pin twenty-five control, such as
the Novation AutoCat.

Each package also includes utilities for up-
dating the phone number library and redefin-
ing the function key macro strings, as well as
an extensive help file,

The source code for this program is over one
hundred and fifty kilobytes long and can not be
hacked on a standard Apple system. We patch-
ed it on a larger machine and downloaded it.
We’re confident you won’t find MDM730 with
these features anywhere else.

Only $19.95

Available for Apple II series and com-
patibles with CP/M

14
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Almost Free

=< 7 Voices

MIDI may be the most significant advance in music
technology since the discovery of sound. However, if
you can't understand what it’s capable of... or can't
comprehend the cacaphony of manufacturers’ claims
that surround it... it might as well have been a new
revolution in food processors.

We understand MIDI better than anyone. We're
comfortable with both the computers in all their con-
fusing technological glory and with the music that
makes them all worth while. If you read the Book of
Computer Music you'll understand MIDI too.

And you'll realize that it’s as magnificent a trip as
everyone says it is.

Whether you're an amature musician with a
cassette deck and a keyboard, a working performer or a
studio artist, the Book of Computer Music will turn
you onto MIDI as no other reference work can. By the
time you hit the back cover you'll be wholly comfor-
table with system exclusives, tracks, MIDI messages,
FM synthesis, through boxes and all the other mystify-
ing technological mind games that accompany this
powerful new musical instrument.

You'll be able to play MIDI as easily as you play
keyboards for guitar... or flute or violin or percussion
or nose harp... right now.

Included in the Book of Computer Music are ar-
ticles about

The Yamaha DX-7 ¢ The IVL Pitch Rider ® Personal Composer ® The Yamaha
RX-21 e Total Music for the Macintosh ® The Yamaha CX5M Music Computer
* The Akai AX-60 ® The Roland GR Instruments ® Computers Fopr Musicians e
The Roland SDE 2500 MIDI effccts system ® The Yamaha DX-100 ® The Nexus
FM Drawing Board * The Akai $612 Sampler ¢ Building a MIDI Through Box
The Roland Alpha Juno ¢ DX-7 Voice Editing * Writing Your Own MIDI Soft-
ware.

Plus a complete introduction to MIDI in a number of
in depth, easy to understand articles that won't leave
you feeling like your head got lost in the Twilight
Zone.

for the IBM PC

The Yamaha DX-7 is one of the most powerful MIDI1 equipped syn-
thesizers on the planet. One of the things that makes it so unspeakably
slick is its capacity for having its preset voices loaded through the
MIDI port. You can store banks of voices on disks and send them to
the DX-7 aimost instantly when you want them.

While there are numerous DX-7 voice librarians available, many
replete with pots of voices to use, these things are nasty and expensive
and very often fairly complex to operate Wwhen all you really want to
do is to port voices. As such, in the tradition of almost free software,
we’ve assembled a collection of almost free DX-7 voices. This includes
a whole disk full of voice libraries and a really snappy little utility to
send them over to the DX-7.

If the voices that came with your DX-7 blew you away, these
libraries will send your brain into several other higher order dimen-
sions at once. They range from the most sublime recreations of
acoustic instruments to freaky, bizarre effects certain to be overused
at least once. We’ve assembled them into performance groups to make
them immediately useful, and made them compatible with the DX-
Archive voice librarian software to make them easy to re-organize if
you want to. The DX-Archive program is available separately... check
out the details below.

There are libraries on the disk of percussive effects, woodwinds, a

whole set of pianos, heavy metal noises, string and brass sections,
funk collections, baroque collections, rock collections, jazz collec-
tions and a few collections that defy description. There are enough
voices here to keep your DX-7 confused for your lifetime and that of
your immediate descendants.
The DX-Archive voice librarian software is available separately for
$39.95 from XLelectronix Computer Music Centre, 317 Coliege
Street, Toronto, Ontario MST 1S2. It provides complete voice bank
transfer facilities plus a convenient method for re-organizing the
voices in multiple libraries.

Fine Print: These voices have been designed for the Yamaha DX-7 synthesizer. While they
will probably work on other, similar Yamaha instruments, they have not been tested on
anything other than the DX-7. Instruments with synthesizers having fewer operators, such as
the DX-9, may experience sonic peculiarities in usng some of these voices.

The use of this collection presupposes the availability of an |BM PC or compatible com-
puter, DOS 2 or higher and a Roland ¥1PU401 MID] interface.

Moorshead Publications warrants that these voices will be readable when you get them.
The post of fice, however, may have ideas of its own. lfyour disk doesn’t function properly
when you receive it please us for a prompt rept

Buy the best of both
worlds: for just $22.95

Get the Book of Computer Music AND the
Almost Free DX7 Voices disk for only $22.95.

The Book of Computer Music is available
separately for $4.95. The Almost Free DX7
Voices disk is available for $19.95.
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Callnow for your free
copy. Ourorder desks
areopen8:30a.m-
5:00 p.m. local-time,
every business day

THE MOORE
GUARANTEE

Moore ships most orders
within 24 hours and backs
every item with its CENTURY
OF SERVICE GUARANTEE. if
you're not satisfied with your
order, simply send it back and
Moore will replace it or refund
your money.

EN

F

HAS IT ALL...GUARANTEED!

| want the new Issue
of Moore's Computer Supplies
and Accessories Catalogue

. NAME

. TITLE

COMPANY

ADDRESS (number and street; suite)

Ity PROV. POSTAL CODE

Mail to Moore Business Products Division

4 Robert Speck Parkway, Suite 450
Mississauga, Ontario, L4Z 1S1

iViOORE'

BUSINESS PRODUCTS DIVISION

MSC

SO YOU DON"1

HAVE TC

There was a time when shopping for
computer supplies and accessories
meant a lot of calling around. It took one
supplier for computer furniture, another
for cables or modems, and still others to
handle computerized forms, printer
labels, ribbons or diskettes.

ASINGLE CALL

Now, with Moore Business Products
Division, asingle call gives you access to
more than 1,000 items selected from
dozens of quality manufacturers. From
diskettes to data binders and from print-
wheels to printer stands, Moore's 60 pag
catalogue hasit all. Moore's selection can
handle aimost every popular computer o
word processing system. Plus Moore in-
cludes compatibility charts and offers
atoll-free INFO LINE to help you select
the right product to suit your computer
orword processing equipment -and
your needs.

So, you can continue getting the run-
around when you shop for computer
supplies, or you can have it all with a singl
phone callto Moore.

Circle No. 55 on Reader Service Card.

CALL
TOLL FREE
1-800-387-781(

OR CLIP
AND MAIL
THIS COUPON
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Speech Processor

By Matthew Bennets

THE FOLLOWING circuit could be
adapted to any computer where you can
control seven address and seven data
lines, plus two control lines.

The centerpiece of the circuit is the
popular SPO256A AL2 monolithic speech
processor. The interface circuitry is
designed such that an address of FFH is
required on the port, with R/W and
IORQ both logic ‘0’ in order to access it.
SDY (active low) is only active when
speech is being output from pin 24. To in-

put data into the chip the ALD pin must
be active.

Output from the chip is taken from pin
24 to a low pass filter that removes the
high frequency components from the out-
put. It is then sent to an amplifier built
around a suitable op-amp.

150k

250k

ON %\
r—w > +9VBATTERY

+3v

560R

1N4148

CAPACITOR

i;- UNDER TEST

Capacitance Tester

By A. Glover

LOW COST and simplicity are the keys to
this circuit which works by comparing the
value of a known capacitor with one
under test. The amount of time the
voltage on pin 3 of the 555 is high, is pro-
portional to the value of the capacitance
hanging off pins 6 and 7. When the two
capacitors are of the same value the LEDs
will be on for the same length of time and
buzzer will not sound. Any discrepancy in
value will result in one LED being on for
longer than the other and the buzzer will
sound.

Electronics Today September 1986
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Lapsed Timer

By Lewis Dixon

1000, nA2240 |5 | -~ {

LAPSED TIME photography has been
made relatively easy in recent years with
the readily available auto-wind 35mm
camera. The only trouble is that commer-
cial lapsed timers are very expensive.
With this in mind, a simple, inexpen-
sive lapsed timer was devised around the

XR2240 programmable timer/counter. 0 S v i 1 RO
i i Sw3 = SPOT SWITCH
. The external resnstor.s and capacxtor at R b et
pin 13 use 15 turn variable resistors for ALY - DPST REED

fine adjustment. Low gives 1 second at
output 1, high gives 4 minutes. The binary
output is wired to provide a wired-or
function. The combined output will be
low as long as any one of the outputs is
low.

When switched to low, one can have ex-
posures from 1 second to 4 minutes-15
seconds, at | second intervals; when set to
high, 4 minutes to 17 hours in 4 minute in-
tervals.

The XR2240 is used in its monostable
application and is activated by pressing
the start button, SW2, switching on SW1,
and immediately releasing SW2. This will
allow the camera to fire once only and to
start the IC counting (output low). At the
end of the selected time the camera will
fire again as the output goes high, putting
a high on the reset, pin 10, while the trig-
ger, pin 11, is momentarily held low by
R9, C3, and Q3. The camera will
therefore repeatedly fire at the fixed inter-
val until switched off.

Section A is the camera firing
mechanism for a Konica camera, the dou-
ble reed switch being the most convenient.
Other types of cameras may require other
types of relays depending on whether
three or two leads are used. Power to fire
the camera is supplied by the camera’s
own batteries, and only the connection of
two, three or four leads is required to
make an exposure.

Power for the circuit is from a 9V bat-
tery; section B is a simple battery tester.




Flasher

By M. Howe

THIS CIRCUIT is a variation on the com-
mon LED flasher theme in which the
amount of light available in a room etc.
controls the flasher. It could be set upin a
darkroom situation to indicate whether or
not it is safe to enter.

In a lit room situation, RV2 is adjusted
to keep voltage at pins 2 and 6 of IC1 just
below 2/3 Vcc. When the lights are turned
dimmed or turned off, the resistance
across the LDR increases until pin 6 sees
2/3 rail voltage and the 555 begins to
operate flashing the light via Q1.

When the lights are turned on the op-
posite occurs and C1 is effectively shorted
out, stopping the 555.

The prototype, using a 6V battery,
flashes every 1 to 2 seconds. Current con-
sumption in a ‘lights on” situation is
about 2.4mA. Operating current depends
on the type of bulb used. When the lights
are on, RV2 holds pins 2 and 6 at 3.8V.

Any suitable PNP, high power, 80 VCE
° 3A transistor should do fine for Q1. The
LDR can be any garden variety type pro-
viding that voltage ratings are taken into
consideration.

All components except the LDR and
the light-bulb will fit on a PC board only
25mm square. The LDR is not affected by
the operation of the light-bulb and they
may be mounted side by side.

I

IC1

555

LDR1
QRP12

RvV2
™

Nine Position Joystick

By R. Howie

THIS SIMPLE circuit was designed to
work with any computer running the Z80
microprocessor equipped with an expan-
sion port. The two joystick pots are used
as voltage dividers for the 74LS367,
Gating signals are supplied from the com-
puter via the 74LS30.

74LS04
IORO
RD

B

AB
A5
74LS30
A4

A3

A2

iy

7415367

_ YV 7\%?
|

Do D1 D2 D3 D7

Second to Noné!i -

® Hitachi Denshi

VI07T0A 100MHz, 4 channel, delay,

ERT OO 55575 va's s wacintis Gada s ot $3398.00
V1050 100MHz, 2 trace, delay ......
V650 60MHz, 2 trace, delay ........... $1878.00
V423 40MHz, 2 trace, delay ......... "
V223 20MHz, 2trace, delay ........... $1283.00
V422 40MHz, 2 trace, DC offset. . ...... $1497.00
V222 20MHz, 2 trace, DCoffset........
VIZOMEZ 28909 .. «occon axsxapivas $ 938.00
V680 60MHz, 3 channel, delay, cursors. .$2525.00

Prices subject to change without notice. F.O.B. Wood-
bridge, F.S.T. included, shipping extra.

10% Off With This Coupon
Catalogues available upon request.
Mail Order: Cheque, Money Order, Cer-
tified Cheque, Visa. Ontario residents add
7% PST.

Credit Card Orders: Include card no., name
on card, expiry date, signature.

mQIUkO International Corporation

ELECTRONICS OW

50 Alex Avenue, Unit 2, Woodbridge, Ontario L4L 4K6
416-851-7764, 1-800-387-5881
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Continued on page 44

LIQUID CRYSTAL
DISPLAYS

ser, g
F I ‘:' '
s Large 45x57mm character size 5x7
Dot Matrix LCD singte digit display
unit, built-in driver with memory,
Serial Data Input/Output, can be

cascaded into row configuration,
available in various colours. ..$19.95

¢ Programmable LCD moving message
display:board’ s v s $399.00

e Standard and custom design LCD’s
available with fast lead time for pro-
totype and production runs. Our
engineering facility provides
technical support to interface LCD’s
into your products.

For more information please call or

write:

ALL-CRYSTAL DISPLAYS

237 Lauzon Road, Windsor,
Ontario, N8S 3L7

[7g8s] [288888)

Tel: (519) 948-7225 Telex: 064-77624 WND

Circle No. 20 on Reader Service Card
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TER — Toll Free Orders Only | N i | SYSTEMS |
I~ N\ I &) ‘l IL__ll\l INC. 1-800-387-1 385 (A) 384K RAM card, 3/4 size for 384K
of 64K DRAM. Wired and tested
316 College St. (416) 928-2161 WD OK e iimnss moiidit $ 79.95
Toronto, Ontario M5T 1S3 Bare PCB and assembly d;‘awgs
(B) 576K RAM card, Y4 size for 576K of
256K DRAM. Wired and tested
KEYBOARDS CASES WINOK 2o cuwsssns snie . o $ 59.95
XT® CASE WITH AT® LOOK Bare PCB and assembly d:“:ws
(A) 3;22 ?V:zlfénag 'la(:'y':.gsciaefgosla. (A) Standard 8 slot hinged case XT® (C) KRAM card, a clone of the JRAM-2 ‘
e Comp. o oonss | cas, Fle slde o bk powe S I B~ —
{B) 5151 Style, 105 Keys, Keytronic heavier metal than competitors ble, W& TWithOK ....... $169.95 s
5151 layout. Cherry Sw. IBM® : a's Bare PCB and assembly data
Compatible $139.95 for stability, takes 1-4 %2 sized $ 34.95 o
(C) 5160 Style, AT® compatible with drives and fits very well . .$79.95 f Tt § ; /
83 keys by Cherry, 5150 ' (B) Same as above, but the ftront (D) COLOR GRAPHICS, A PERSYST —— :
VAYOUL - Vb nincae s Em it $159.95 looks like an AT case, with clone, runs all software and our
(D) 5161 Style, AT com, but 5151 switch for KB and LEDS on front one has grey scaie O/P & color
TByoUl s i e $189.95 (PICtUre) yiss swwisssins pue- $89.95 comp and TTLRGB, W & T XTATTMAZ cvis voen vnen atpn rams $869.00
(E) AES DATA Keyboa{rh,'ﬁér Asbll C) ABSnumericcaseforil+ .$4995 } ... $125.00 XTBMHZTUrbO ....ovvvnvnenen $949.00
and Serial but not [BM. Runs Ap- f'é,’ ag{sﬁr?:e'g’oio:ofgg11 e "‘:fzzg ® MIONO anm:lmc's, A hercules | XT8MHZ4LayerTurbo ........ $999.00
ples® very good general use 3 clone, runs all software and has What i, th
ASClI keyboard ........ $ 24.95 ;)' two Yz 'Slled hard drives, good parallel centronics printer as nigh q‘:.gflfy'L:lnbu:ssltg;aslyas':::sbm ‘3','5&%"!":!33"5
(F) APPLE NUMERIC BASIC or portable tape backups as well WO llIWIBTT S sty va $139.95 legal BIOS, are fully wired and burned in for 24 hours.
FUNCTION, I+ ........ $6995 | 0 riiececeiieiieiiennn $59.95 Bare PCB and assembly data ::’l‘;‘s:;'\eu::!:::,::.v‘an;'r‘:yhardwam switch variety for full
(G) APPLE STANDARBASIC 40 Watt power supply forthe & L $ 24.95 )
FUNCTION,ll 4 ........ $ 69.95 abOVe. ...t $59.85 (F) 3B4K/MULTIFUNCTION card, ex-
(H) APPLE DETACHED I+, 60 Watt power supply for the act copy of AST SIXPACK, Ser, * 640K Motherboard
NUMERIC FUNC. . ...... $149.95 above . ...l $79.95 Par, Clock, Cal, Game O with ¢ 1 DS/DD 360K ¥; Ht.DD
() FOX 2001 Internal keyboard, lie software and ports, W & T, OK. Ml e
_____________________ 9.95 ik bws meb S e = STANO0 eyboar
) FOX 2001 External keyboard, e QUME DRIVES Bare PCB and assembly data e ]
.................... $139.95 ceoiiiiiiiiin oS 24.85 e
2 * 256K RAM on board
{A) Yes we have the drives that IBM (& 3::25 chggfngtgn'gzr:’gsd;: s 8 XT slots St
POWER SUPPLIES b&t:gmni:;hthféngwln USEh ;om separator with cables wired and * Flip top case
plete wi e ogo rig !?n T $ 50.95 * 150 Watt power supply
(A) 150 Watt, Back/Side Switch, with them. Brand new DS/DD %2 Bare PCB and assembly data * All cabling & 24 hr. Test and burn-in
+5v-15Amp, +12V-5.5Amp Helghtdrives .......... $129.00 ¢ $ 1295 | To upgrade the system to your chol
. .5Amp, Bibbhkisa el IR Pt S CORPRR A ur choice
5,12Vv-2Amp, A good quality, (8) Panasonic drives, very quiet, as (H) DISC + /0 Card, A very nlce new please select from these Iy
above but no 1090, DS/OD Y2 : ihgedioptionas
hydro approved unit. . ... $139.95 Height D $185.00 card with disc controller plus
(B) 150 Watt, CSA approved unit, for © Tosghlb‘lb e ERGRA L e AST sixpack on board without * Monchrome graphics card Add$ 69.00
“he very highest system reliabili- abes, bt che'a s T any RAM. tdeal for the new 640K « SeriParigamel/ciock/calendar
ty, +5v-15Amp +12v-5.5Amp, A0 4 H por; 99, motherboards, Ser, Par, Clock, §  ~:oioeiooiiiiiiiii Add $125.00
y % DD vz Height ....... $1569.00 Cal, Game, software and ports, W e Printercard............. Add$ 45.00
§,12V-v2 Amp, Side Sw ..$159.95 (D) Seagate 20 Meg hard drive with Tt e $174.00 o Serlalcard ............. Adds 49.00
( C)APPLE Ii+, or FOX 2001 lle, Controller, v height . .. .$699.00 () 10+2, An AST S.IXPACDI( with no ¢ Second drive. . .. . .Add $150.00
pomet 5i\wg'v.5 +1g\\f/-§/AAmp. (E) Seagate 20 meg drum RAM, has Ser, Par, Clock, Cal ¢ KRAMCARD, OK .......... . . Add $179.00
v-2.5Amp, -5, -Y2Amp OV e e 1ores i ¢ : fs, W
Very high quality ... 7995 | (0 Comtolieroniy |1 . 810000 Ay
(D) OPEN FRAME Northern Telecom Bare PCB and assembly data 640K XT
switcher as widely sold, +5v-4A, I @ i $ 19.95
= 12V-41Amp and 5 at 1 Amp, GRAY SCALE ) PRINTER, Centronics, Std MOTHERBOARDS
verygooddeal ......... $ 18.95 ADAPTER parallel printer, Ve size, W & T
Pawsrcordfor(Dyabove: 9. ®50: (N . . AUARUEWE Il s s nionsird $30.95 | e ateiouies of the ~AEAL" hing and a fow oxtra
(E) IBM OPEN FRAME, came from As yo: know the IBM colour graphics Bare PCB and assembly data ones. All have 8 XT slots and are exgc( XT s;:,evtl::
the defunct NCR compatible, card does not look very good on.a | .......i.ioieoelan $ 1295 ?g?:;c'::él":‘O?Z;:ﬁ:;;e’;;l’ﬂnallbllily.‘Thee:-
+5v.7Amp, +12v-3Amp, -5 | monochrome monitor. This is 00 SERIAL, ot oral” card, two | 25T e of S8 SRAKS for s o 1K on
12v-Y2 Amp, runs the whole because often two colors look the ports V2 sized, W&T ..... $39.95 Kkinds of 8 MHZ turbo, 2 1ayer and 4 layer, referring to
NG oo $ 59.95 sarge og m(()n'ochrongle sobyou cannot Bare PCB and assembly data :::e:\::::'nﬂs lar:;s o; §"f.“'"’,' that GO used. AIZ
read red print on a blue background | ... ..ol $ 12.95 a3atoang totlomiaycrotiiacesandis
V.20 CHI or some such. This little gray scale (L) CLOCKI/Calendar, A Vs sized card :m’.‘:T::c;:'s:;?:;.uc?;u: ":4‘72’;”5'.;0‘2'.‘3";;’; za::
5 g P progl(')'rllnal!elyi s;ca‘lles ea”ch ?o!or Into for these two funtions, with bat- :0::*' 'aw.s O'r"'ace? on top and bottom and 1wo ex-
ou may have heard of the NEC V-20 a erent intesity allowing easy (O e T $39.95 fgdlavers n ihs) middiesiUstally o pOwer and
chip. It Is an upgraded 8088 that can viewing on amber, green or white Bare PCB and assembly data e R L
run programs up to 50% faster (depen- monltors. We sell it as a kit foronly §  cciiciiiiiiiaiiiiian 12.95 cessible and because the power and ground are not
d|n° on code). It also can run 8080 (With cable) """"""""""""" $19.95 (M) GAME. card, A Ve sized card with on that layer 1hey are much less crowded so they afe
f‘ze:i o:::::l':f'\g 'és'g etc’ra"'l'fe‘; '°’d 80'80 or wired and tested (with cable) 2 std game ports on it, W & T shierded. :yh:;: o Eoa Tt god(aee
ood for § . 82495 |0 e $ 39.95 and ground In the innet | fled
Video when using code using it's f  trCcerterretroirecreres 4593 Bare PCB and assembly data 18M us:s -"4 !a;:?n?;: (C;o aoig'%g&gfgﬂ
features. A hot and hard to get CHIP at ) $ 12.95 ““6”‘3“- PLESSEY,and most others because théy
UG, wi yenenanip o e SR BOOKS (N) EXTENDER, and 6" extender | before ss ihe £ loyer boards ware moch more expen:
B Running MS DOS ronre board for easy access for service fwe ‘r"’ '"eaoa.s' Howc:'ar we have found a very good 4
BC DOS & MS DOS .. ) -_ .................... $ 14.95 ayer board at a cos! etfective price, and we are giving
SOFTWARE Everymans Dats Base Primer 5278 (O) PROTOTYPE, full sized with all | You!"Pestdeatwecan
gopy;m'c .. .$60.95 us:na‘;‘ngnovggr:c:‘lmm s _':::'z WW area and a DB25, DB9 toot- TURBO 8MHZ 2 LAYER
sc Explorer ‘ .384.95 Variations in “C” i .$27.50 PUNE 5r sa:aiinpod §85 T 6 $ 2495 SME-XT Wired. 3Hr Burn-in $249.00
oL : e e et (P) RAM/PROTOTYPE, Full size with | SMEXTYiee roic s
;:g::lglphlcs. ::::2 l_g,g:‘lnuncnl Macros $25.95 256K/1M RAM area for 64K/256K R kL #3426
. 329, 1.2.3 Macro Library 32596 DRAM at end with DB25 and DB9 TURBO-BMHZ 2 LAYER
Turbo P: ] » caesea . z X 3
L T P —— 330 Vo BUPG, e Sa710 footprint .............. $ 295 | e aviesnoicamal $129.00
urbo Toolbox .. " '$50.95 Programming in "C" 536,10 SME-XT B, Bare PC I
Turbo Gamwrks 3495 Benoath Appla DOS s28.70 8218 R0B/and DATA $ 30.00
Resberry Apple Works . ; $18.00 TURBO-8 MHZ. 4
Cenedian Tax $59.96 The Lotus Guide to - SILAVER
x::r’:;:“::?.m N : ” ::;:;g :_:;n;lgglsy:ﬂp'h::ny . . $32.15 KRAM SOFTWARE gxggﬁmz ::I‘;:B:;r:;r:l - :’ﬁ: gg
POMOUSE | .00 S LS ey SMEXT 4L, Bare PCB and DATA $ 79.00
rosoft Mouse .$229.00 A manual of with At board: ith v
g e [ s
z;;“:‘::"‘ » s ;iﬁ:ﬁ.‘? MODEMS Manual & Diskelte . ..... . $19.95
s S LI 7 L aprLE
m— AL R WIRED CARDS
....... v . ,
Disc Drive cable (3 Con & twist)s12.95 SMGE PR M e vy —— sss.00 | o ggﬁ;rr\?\ 356,00 :ggk(bki' '8 $6.00
IBM Parallel printer cable.. . ...$14.95 80 Column with 128K(64) . $ 99.00
:gm Sﬁler'l(a’ ;:Jrln!%r cable ...... $14.95 ® Note: The terms, IBM, XT, AT, PC softswitch $ 69.00  12BK(128K)$149.00
et eyboard extension are registered trademarks of Interna- $475.00 Grappler..$ 49.00  Drive Cont.§ 49.95
V) A AR RANE e v S ey i $ 9.95 tional Business Inc. $545.00 Cable above BB xsiy:se « $ 45.00
.$ 19.95
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8087
CO-PROCESSOR

NOWIONIV < v sasasvss $169.00

At tast NEC has copied the Intel 8087
math Co-Processor. It was the last of
the high priced parts to drop-in price.
We sell it with a diskette fuli of public
domaln programs foronly .. .$169.00

MAIL ORDERS. We accept VISA, MC,
AMEX, credit cards, Money orders,
cheques (2 weeks walt) are also OK
Minimum packing and handling fee
$5.00 or 5%, whichever is iarger. The
only COD we use Is via CANPAR (Add
$4.00 COD fee) or motor frelght. We
do not use postal COD at all. AllOnt.
res and 7% All prices are subject to
change without notice. Returns are
subject to a 20% restocking charge.

FLAT CABLE
50 Pin Edge C,8"drive. ........... $5.95
40 PINEAQEC, cenraeesasrerrnses $4.95
34 PinEdge C,5-1/4" drive . . . .... .. $2.95
20 Pin Edge C, Hard drive ......... $1.85
34 PinFemheader 17x2.......... $1.85
26 PinFem header 13x2 .......... $1.49
20Pin Femheader10x2.......... $ .9
16 Pin Femheader8x2 ........... $ .9
16PinDIPheader................ $ .99
10PinFemheader5x2 ........... $ 90
CENTRONICS
36 Pin solder cablemale ..........
36 Pin Flat cable male IDC . ... ...
36 Pin Flat cable female . ... Ve
S-100 Edge Connectors . ..........

CLASSIC 286 SPEED PAK

An 8MHz 80286 Accelerator
board for the IBM XT.

* Runs 33% faster than Standard

¢ Runs AT Programs, DOS 2.1, 3.0,

FEEWARE

Feewara??, It Is public domain soft.
ware that we have collected Into
volumes and are offering out at a fair
price considering the gathering ef-
fort. You can do what you like with it.
Set up your own resale operation in
wour area etc. What we offer Is two
sets of 4 diskettes with each set
covering a general area of interest.

SET A — Communication oriented
....................... $24.95
Full Modem package .1200/300
Baud + Word processor +
Keyboard Macros + Desktop en-
vironment + Help + DOS
utllitles + Copy programs +
Many other small routines too
detailed to list here.

3.1 OK.

* Optional 80287. Fully supported
on board.

¢ Full XT hardware/Software com-
patible.

* 1 Megabyte RAM on board (Ex-
panded 10 16m)

* High Speed BIOS (16 bit) supplied.

We have tried this card and it really

works well, especially on PC Board

layouts, large DB8ase files, and
CADICAM applications.

Classic 286 Speed Pak . .. .. $1695.00
Optional 80287 8MH2) .. ... $ 389.00

(R
Illllllll\l

316 College St.
Toronto, Ontario MST 1S3

Toll Free Orders Only
1-800-387-1385
(416) 928-2161

NC

DISKETTES
FuJI
6,26"/98DD \ue ¥srs sunintsies $10.95
525" DBDD L:cavaenrnenroni $25.95
MAXELL
5.25" SSDD ,ise0sassranenes $21.95
5.25"DSDD suvravassranvuns $31.95
OYSAN
5:25" 6SDD sisssvaranerianes $21.85
525" DSDD +iivsvursvavrone $31.95
GENERIC
5:25"'SSDD i4veurwnniiiaiasi $13.95
525" DBDD Liivaananensn s $15.985
MAXELL
96" MFI1DD .. ivensivisonnia $3295
9.5" MF2DD yuveosvsinsssins $54.95
FUJl
3.5” MF1DD
3.5" MF20D

APPLE DRIVE

A great half height Apple drive, very
quiet, all set to go, just hook up to
your disc Controller andrun ... $179.85
Controller{2 Drive) . .......... $ 49.95

FANS FANS FANS

Great littie fans for cooling tires com-
puters etc. Based on the 4.25" and
3.25" standard muffin sizes.

SOLAR CELLS

Siticon Solar Cells Rectangular,
high efficlency

SOLAR CELLS. These square poly-
crystalline silicone solar photo-
voltalc cells have many uses from car
top battery chargers, sony walkman
power supplies, caiculators, radios,
nicads, etc. Each cell has an open cir-
cult potentlal of 0.5 volts that is area
independent, and a short circuit cur-
rent that is area dependent, see list,

DB-25F IDC,Flatcable ........... $3.49
DB-25 M Right angle PCB . 3

DB-25 F Right angle PCB . . .
DB25:SheIl cccoon anis ann
DB-15Msolder .......
DB-15F solder ... ......
DB-15F IDC, flatcable............ $2.49
DB-15 M right angle PCB . .
DB-15 F right angle PCB . .
DB-16Shell vvuevvvruns

DB-9 M solder .

DB-9 F solder

DB-9 MrightanglePCB ...........
DB-9FrightanglePCB ........... $2.50
DBOShEN ...ovcviscnivvsiinins $0.76

SET B — Data Base package . . $24.95, e e
Spreadsheet + Printer utilitles 35" 110VAG . ...
+ Flle utilities + Help + Games 35"12VDC ...
+ Data Base + "C" Compiler +
Langiuage utllities + Many other
small routines too detalled t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>