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e in Canada, |

PC, XT & AT Compatible

Monitor not included. IBM reg:stered trade mask of IBM Canada Ltd.

Features common to BEST MK Il, MK 11l & MK IV [

® Superb IBM PC & XT Compatibility

® Canadian Made

® 256K RAM Standard minimum (uses 41256K
RAM chips)

e Expandable on board to 640K RAM

® Parallel Port (for printen)

e Serial Port (for communications)

® Real Time Clock/Calendar
(with Battery Backup)

® Presocketed for optional co-processor —
such as 8087 Math Processor

e |BM Compatible Keyboard

Wurrunty

onfidence In the lime tesied
Ater & 300-day
way aove the industiy stangard

® Reset Switch

@ Phoenix BIOS as used in many major brand
IBM compatible systems. I

® 150 Watt Power Supply which will handle a
Hard Drive without upgrade.

® 7 Slots

® Flip top case

® 2 Slimline DS,DD 5% ", 360K Disk Drives

® Colour Video (RGB & Composite) Board or
Hi-Res Monochrome Card (customer choice)

@ Disk Controller Board

iability
warranty

Please Note: Don't be put off by our spectacularly low
price: this is due 1o the fact we do not deal with middle-
men and our volume buying power of parts. All BESTs are
manufactured in Canada to the highest quality standards
using prime, guaranteed components by our sister com-
pany. All systems are pretested (burnt-in) ‘or about 48
hours before shipping. Hundreds of happy customers
report excellent reliabdity and compatibility

Other Configurations:

BEST MK II. Regular $1695. This Month: ” With 640K RAM . ... .$1695
Two 360K DS,DD disk drives, Serial and Parallel AR g;:;:,’: ;‘ggg;;gig: w
Ports, Real Time Clock, Phoenix BIOS, uses 8088 With 20 Meg Hard Drivel1 Floppy/256K . . .$2795
processor — full specifications given below. With 20 Meg Hard Drive/1 Floppy/640K . . . $2895
The FAST BEST MK il aaeg‘gzglklgurations- e
\s As BEST MK Il plus speed selectable: oo With 10 Meg Hard Drive/1 Floppy/256K . ..$2795
e 4.77 and 8MHz (most software will run With 10 Meg Hard Drive/1 Floppy/640K . . . 52895
$ on the higher speed), uses 8088-2 pro- With 20 Meg Hard Drive/1 Floppy/256K . . . $30985
ssor) With 20 Meg Hard Drivel1 Floppy/640K . . .$3185
SUPER-FAST BEST MK IV

As BEST MK Iil plus TRUE 16-Bit oo T

machine, 8086-2 proc ) - Lels B
es . . B ﬁ%p’ch::::l' ;E:' iy With 10 Meg Hard Drivel1 Floppy/640K . . .$3385
‘§ P N e B A with 20 Meg Hard Drivel1 Floppy/840K . . .$3695

u o

architecture. With 640K standard.

AVT-286
Superb 1BM AT compatibility, 640K
RAM, Two 5.25 in disk drives (one
high density 1.2 Megabyte, one stand-
ard 360K), serial and parallel ports
high quality keyboard, keyboard tock
and status monitor.

yExceltronix
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$3495

40 Megabyte systems also available at reasonable prices,

319 College Street, Toronto, Ont. M5T 1S2
(416) 921-8941. Order line only 1-800-268-3798
Ottawa, 217 Bank Street (613

Visa, Mastercard and American Ex

With 20 Megabyte fast stepping Hard

Disk and Controller:

$4950°°

230-9000
accepted ® I




JBEST AVT-286: the iBm AT compatible

Proving once again that Multiflex is an
industry leader, by producing more than
just affordable alternatives in personal
computer design, we are pleased to an-
nounce the BEST AVT-286 Microcom-
puter, our new, fast IBM AT compatible.
The AVT-286 is based on the 80286
microprocessor. The AVT-286 is sup-
ported by the Phoenix AT compatible
Bios, the same software house that sup-
plies the Bios for all other BEST com-
puters as well as many of the well known
IBM compatibles currently manufactured.

Check the long list of standard
features that are included on the new
BEST AVT-286:

® The AVT-286 runs faster than the
(12MHz) IBM AT but retains superb
software compatibility.

® The main board features a standard
640K RAM using state-of-the-art
memory chips for fast, reliable data
processing.

® Seven expansion slots of which five
support IBM AT signals. The two re-
maining slots are compatible with 1BM
PC or XT peripheral boards.

® Presocketed for the optional 80287
math co-processor

® Two floppy diskette drives, one format-
ted for a capacity of 1.2 Megabytes,
the other for 360K to read and write
normal diskettes.

® The BEST Colour Video board which
offers the user four modes of opera-
tion, composite and RGB output.

® An AT compatible keyboard.

® On board Real Time Clock/Calendar
with battery backup.

e Parallel Port (for printers etc.) and
Serial Port (for communications).

Designed and made in Canada with pride.
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Monitor not included. IBM PC, IBM XT and IBM AT are registered trade marks of IBM Canada Limited.

® Heavy duty Power Supply as standard
allows for adding extra cards as wellt
as a Hard Disk without requiring an
upgrade.

® Attractive flip-top case.

® A keyboard lock with unique security
key which prevents any unauthorised
use of the system.

® A front control status panel provides
information on the keyboard lock
status, reset, power-on, disk activity
and parity errors.

® A hardware reset button so the system
can restart without having to power
down.

The BEST AVT-286

Canadian designed and made, Super IBM
AT compatibility, 640K RAM, Two 5.25in.
Disk Drives (one high density 1.2Mb, one
360K), Serial and Parallel Ports, High
quality keyboard, Keyboard lock and
Status Panel. See detailed description
above.

Simpler or more complex configurations
available at most competitive prices.

$3495°°

As standard configuration with a 20
Megabyte, fast stepping Hard Drive
and Controller.

$4950

Warranty

We have such confidence in the time tested
reliability of the BEST that we offer a 300 day
warranty which is way above the industry stand-
ard. On-site service plan available at extra cost.

BEST AT Compatible Enhancement Card

This card includes the following features: Two Serial
Communlications Ports, One Parallel Printer Port and
Memory starting from 128K to 512K in selectabte boun-
daries. This card will allow IBM AT users with 256K or
512K of on-board memory to expand their AT machine to
full 640K capability as well as provide them with two
serial ports and one parallel port.

1986 Exceitronix Catalogue

In the centre of this issue of Electronics Today, we are proud to present our
1986 catalogue; this catalogue also appears in the November issues of Com-
puting Now! and Software Now! It will also appear in the December issue of

Computers in Education.

Even though the prices of our products shown in the catalogue are as cur-
rent as possible, we advise you to check our ads each month in Electronics

Today and Computing Now!

We have done our best to include as much of our extensive product and
parts range as possible but space limitations have prevented us from describ-
ing our entire store selection. If you want anything in the computer or elec-

tronics area, please check with us.

Note: We are very price competitive and will be happy to discuss dis-
counts on large orders. Why not form a buying co-op? Get together with your

friends to get our best price.

$299.00

Subscription
Bonus

See the order form at the back of
our catalogue to find out how to
get a free subscription for one
year to your choice of magazine.
Select from Electronics Today,
Computing Now!, Software
Now! or Computers in Educa-
tion.

JExceltroniXx i you want the Best, buy the BEST

Circle No. 2 on Reader Service Card



we will not be undersold

* Flip-Top case

* Disk Controller

¢ With plenty of spare slots
.All you need for complete
System is Video Board

8088 Computer Systems

$995

Includes:
* 8088 motherboard
* High quality legal Bios
* One DS,DS 360K Drive
* Power Supply with Fan 8087.
* Keyboard

$339

8088 motherboard with 256K

(expandable on board to 640K) Fully
assembled and tested with legal
Bios, Flow soldered provision for

256K Memory

Keyboards
(Keytronics Serial Output),
NONOUSING 1uireasnsn saiasianxana $39.95
IBM Style Case
Flip-Top8slot . ........coviviiunns $75.00

41256 (150nS) .......... $ 495
Setiofl9) L o8 Ta s s s $43.95

IEM Compatibie

IBM Compatible Switching Power Supply,
130W, withFan ... ... .....oo.ue. $134.00

Colours; ........ $159.00 Set of 8088, 8255A-5, 8237A-5, 8288, 8284,
Mono .......... $159.00 4164(150nS) .............. 99¢€1 B8253A-5,8259A ................ $45.00
IBM Peripheral Cards Complete 6502 System IBM Style Power Supply

ColourvVideoBoard . . ... . .$159.00
Floppy Controller . .. ... .. $ 99.00
Fioppy Controller with

RS232 . ... .. feereace....$139.00
Floppy Controller with clock/
RS2%2 . ... ...... e eeaa $149.00
Paraliel and Gome Port

Card .. ........... ie....% $59.00

Cable and connector extra.

Peripheral Interface Card .$139.00
Includes two serial ports, paraliet port, game port and
provision for (but not including) real time clock.
Clock/CalendarOption ....$ 29.00
With battery backup.

256K & Multifunction Board.

includes: Serial port, parallel port, game port, provi-
sion for optional real time clock/calendar and
socketed for up to 256K RAM.

WIth64KRAM .. ..............cooo.n.. $149.00
512K Board. socketed for 512K Including:
S4AKRAM . .. . .. e e $119.00

1BM compatibie Disk Drives $159.95
Brand New, fresh from factory. Shurgart SA455 40
track, doubie sided, double density Slimline. We have
ordered 10,000 from Shugart - that is why we can pass
the savings on to you.

1BM Compatible Keyboards
MaxiSwitch . ................oiiaiin. $135.00
cherry .......... B, $ 99.00

IBM Style Case

Flip-Top,8Slot. . .................c0uns
With 150W Power Supply

Disk Drives for IBM computers
Shugart/Panasonic, 5% slimline, DD, DS 360K,

OMracK ... ... $159.95
Printers

Gemini 10X ....... ...t $299.00
GeminiSG10 ................ ... $379.00
Gemini Daisy Wheel Powertype .......... $599.00
18 cps, Bi-Directional.

Monitors

ZenithZVM123 Green and ZVM122 Amber . . $129.00

« Assembled and fully tested (flow slodered)
« 84K, 80 x 24 video with soft-switch, floppy controller.
* System comes with blank EPROM's on board, does
come with any proprietary software or
BasiC ...t $199.00

complete sSystem

* 6502 board (as illustrated above) with case, key-
board and power supply ............... $399.00

cComplete System

« Using 6502 board above in IBM style flip-top case,
using powerful 75 watt power supply with fan,
programmable serial keyboard adaptor, IBM style

keyboard ............. ... ... il $459.00
As above with onebuiltindiskdrive ....... $399.00
As above with twodrives ................ $789.00

6502 Power Supply

For 6502 Case. CSA Approved 5V, 5A,
+ 12V 25A, -5V 0.5A, -12V 05A. - . - . $69.00

Kepco Power Supply

5V 5A, +12V 2.8A,
+12V 2A, -12V 0.5A,
Open Frame

$38.95

6502 Style Case

With Numeric Keyboard .............. $129.00

Panasonic Printers
OPENFrame . ...cceee.....$29.9%

Ideal for experimenters

130W, +5V 13A, -5V 0.5V, +12V 4.5A,
AVO05A . .eeece-......$185.00

Power Bars with
Surge Protectors ... ...$49.95

Plug In Surge
Surpressor ...........$11.95

Apple Cards

Assembled, flow-soldered/cleaned and 100% tested
16KRAMCard ......................... $ 39.00
80x24videocard ............. ....$ 59.9%
ZBOACard ...................... ....$ 39.00
Parallel Printer Card(cables extra) ........ $ 29.00
128KRAM Cardwith 128K .. ......... ... $ 85.00
EPROM Programmer withSoftware ....... $ €3.00
(programs 2716, 2732, 2732A, 2764)
8" Floppy Controller. Final Sale

SASIS i $ 39.00

Modem Bargain!

Apple Compatible plug-in Autoanswer, Autodial,
Touch Tone or Pulse Dial. Exceltent for use with most
Bulletin Boards. 300 Baud. Final Sale as is ..$39.9%

Apple compatible
Disk Drives s .....$175.00

Apple Compuatible
Modem

EXCELLENT HAYES
MICROMODEM COMPATIBILITY

Plugs into your Apple or compatible computer, Direct
connect, 300 Baud, Autodial, Autoanswer, Touch
Tone/Puise Dial, complete with documentation.

$139.95

Hayes is a reqlster'ed trade name.

Mail Orders add $5.00 minimum for shipping & handiing. Ontario residents add 7% P.S.T. Visa, Mastercard and
American Express cards accepted: send card number, expiry date, name of bank and signature. Send certified che-
que or money order, do not send cash. All prices on this page are final sale. No warranty, No returns, No refunds
but HUGE savings. Warranties available at extra cost.

Surplustronics, 310 College Street, Toronto, Ontario, M5T 1S3

Circle No. 3 on Reader Service Card

More lines to serve you better

(416) 960-1350
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Series

For Your

Information

Spike Arrester

A six-outlet power bar which includes
a spike arrester circuit is available
from WT Devices. It’s constructed
from extruded aluminum and has a
circuit breaker and an illuminated
power switch. The protection circuit
consists of a spike-clipping thyrector
across the line and a triac in series

with the loads; the triac will switch off
only at a zero-crossing of the AC in-
put, preventing inductive surges. It’s
rated a 120VAC, 15A. Contact them
at 5536 Montevideo Drive, Unit 18,
Mississauga, Ontario LSN 2P4.

SmarTeam Modem

The SmarTeam 103/212A modem is a
300/1200 baud stand-alone unit with
auto-answer, auto-dial, auto-speed,
and full or half-duplex operation. It
runs PC Talk, CrossTalk, Smartcom
II and its own Teamtalk for the PC as

well as Macteam for the Macintosh.
The suggested list price is $495. The
exclusive Canadian distributor is
Budgetron Inc., 1320 Shawson Drive,
Unit 1, Mississauga, Ontario L4W
1C3, (416) 673-7800.

Circle No. 59 on Reader Service Card.

Jerome and Francis Co. Ltd.,
representatives of oceanographic
and electronic instrumentation,
have enlarged their operations

and moved to 1869 Welch St.,
North Vancouver, BC V7P 1B7.
The telephone number remains
the same: (604) 986-1286.

Circle No. 60 on Reader Service Card.

Circle No. 58 on Reader Service Card.

We Import Direct and We Service What We Sell
BEST QUALITY INSTRUMENTS AT LOWEST COST!

Why Pay More? ... Just a Few Examples:

Synthesized R.F. Generator SD 1003

DMM 601

Dmm 6010 (same as 601) except: max.

10 AAC/DC

32 dig. 0.25% acc.
0.1 mV - 1000 VDC

0.1 uA -2 A AC/IDC
0.1 mV - 750 VAC

0.1 ohm - 20 M ohms
Safety test leads incl.

8-512 (Model SD1004 MAX 1060 MHz) AM .0-90% FM in
10-30-100KHz steps. Output attenuation in 10dB steps
with Vernier Fine Control. Price 30-40% below *“Industry
Standard” prices at $3,600.00

$63.90

$69.50

OSCILLOSCOPE 33330
-2 Chan.

20mHz bandwidth

o, Built-in components

o

—‘!

‘.a‘ - D

¢ Input resistance, 10M .~ /DC
* 43 measuring
ranges

Authorized Distributor:

max. 12A

. tester
5 mV vert. sensitivity

Precision Analog Multimeter Model 5050E

¢ AC/DC current

Special Price $495.00

in areas not served
by distrbutors.
Probes extra.

Model 605
RF Generator -9
Introductory
b - t
Price $67.50 | !00KHz - 70 mHz s

On fundamentals price $183.00

Waterloo Electronics Supply Co. In. 219 Hartwood Ave., Waterloo, Ont. 745-9421.

Mall Orders: Visa, Certitied Cheque, Money Order or C.0.D.’s F.0.B. Oakville, Ontario residents add 7% P.S.T.

KB ELECTRONICS

355 Iroquois Shore Rd.. Oakville, Ont. L6H 1M3

(416) B42-6888

Telex 06-982390 (KBEL OKVL)

Circle No. 4 on Reader Service Card
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OV/OT Protection
Overvoltage and overtemperature
protection of your power supply is
easily added with the Motorola
SMARTpower line of protector ICs.
The IC, available as the MPC2000
series in current ratings from 7.5A to
35A for 5, 12 and 15V circuits, is
simply placed across the supply out-
put; a voliage comparator and/or ther-
mal detector will trip an SCR which
forces the main regulator into limiting
or blows a fuse. A control pin is
provided if you'd like to change the
trip voltage or the time constant. From
Motorola dealers, or contact Motorola
Semiconductor Products, PO Box
20912, Phoenix, Arizona 85036,
(601) 244-4911.

Circle No. 57 on Reader Service Card.

continued on page 24
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Copyright

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

Lisbility

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

Editorial Quenes

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

Binders

Binders made especially for Electronics Today
(E:T1) are available for $9.75 including postage
and handling. Ontario residents please add
provincial sales tax.

Back lssues and Photocopics
Previous ssues of Electromics Today Canada
are available direct from our office for $4.00
cach; please speaify by moath, not by featurs
you require. Sce order card for issue available.
We can supply photocopies of any artic¥
published in Electronics Today Canada; the
charge is $2.00 per article, regardiess of length.
Plesse specify both 1ssue and arucie.

Component Notstion and Units

We normally specify components using hsi ini-
ternational standard. Many readers will be un-
famihar with ths but 1t’s sample, % Likely to
lesd to error and will be widely wead
everywhere sooner or later Electronier Taday
hes opted tor Sowner!

Firstly decimal points are  dropped and
sutwtituted with the multipher- thus 4.7uf »
wnitten 4u7. Capacitors also use the multipher
nano (one nanofarad is 1000pF). Thus (.1 uf
& 109nt, S6MOp i Sn6 Othér ckamples are
5.6pF « 5p6 and 0.5pF « OpS.

Reswiors are treated similarly” 1 8Mohms ®
IM8, S6kohms w the samé, 4.74ohms 5 #k7,
1(Mohms &5 100R and 5.@hms 15 SR6.

PCB Suppliers
ET1 magazine doos NOT supply PCBs o b
but we do wsue manufactunng permite for
compsnies 1o manufacturc boards and kits o
pur desgn. Contact the following companies
when ardering brords,

Pleast note we do not keep frach of what
1 available trom who to pleast don’t conict
e lor infornation PCBs and Kits. Similerly do
net sk PCB suppliers (er help vith profch.
R 3.K. Awmodiates, P.O Box 266, Milton,
Ont. 19T 4N9.
B- ¢ —D Liectronics, P.O. Box$326,Stn. |,
Hamilton, Ont. L9C 61 9.
Wentwerth Electronics, R.R. No. 1 Water
down, Ont. LOR 2HO.
Danccinths Inc., P.O. Box 261, Westland M1
48185 USA.

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

Spectrum Flectronies, 14 Kmghtswood Cras-
cent, Brantford, Ontario N3R 7E6.
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Available In 3, 6, 9 and 12 volt DC outputs,
these HIVODs are fully warrantied for one

job efficiently!

HIVOD Photovoltaic
Power Packs!

These lightweight, compact and very affordable power
sources are new to the market. Combining ruggedness with
maintenance-free operation, this unique product provides
dependable DC outputs up to 12 volts from either direct
sunlight or strong indoor lighting.

The HIVOD power pack is designed with electrically-
matched silicon cells protected by glass and multiple
layers of polymeric encapsulant in a tough ABS
plastic casing. Each HIVOD is only 5" x 12
x %" and weighs less than one pound for
maximum portability. The weather-proofed
\ casing allows safe and reliable indoor
or outdoor operation at temperatures

from -40°C to 60°C.

While the HIVOD can be used effectively
as a direct power source in strong light,
the usual application is to complement a
rechargeable battery providing power to a
host device. When the host device is turned
off, the HIVOD recharges the battery. This
unit is self-regulating and any back discharge

is prevented by an integral blocking diode.
The range of applications includes power for
portable radios, surveying equipment, remote sen-
sing stations, electronic games, and many more. A
must for experimenters. An ideal tool whenever and
wherever conventional power sources just can't do the

Order
: _ Part it ___Price
3V @ 220 ma 63903 $54.45
6V @ 220 ma 63906 $87.95
9V @ 170 ma 63909 $97.95
12v @ 110 ma 63912 $109.95
—1 PERFORMANCE SPECIFICATIONS
A
~ :
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'
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For more information on the HIVOD and
our full range of electronic components, write,
circle, or call today for your free copy of the:

1985/86 Varah's Direct Reference Guide
& Electronic Mail Order Catalogue

Not just a price listing, this is a fully referenced
book supplying pin-outs, electrical specs, and
dimensions on over 2000 items from our multi-
million dollar industrial inventory. Contact us
today for your free copy!

Locations:
Vancouver
* Edmonton
latogrity Calgary
Winnipeg
TR e Oakville

Deoct Marhoting

Nepean
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Varah's Direct
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SmarTEAM™ 103/212A

1200 Baud Modem
Fully Hayes"‘. Compatible
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ADVANGED

PROGRAMMABLE
FUNCTIONS

SPEECH
MOTION
SOUND
SENSOR RESPONSE

OPTIONAL SOFTWARE:
“ERNIE’S MOTHER”

PROVIDES STRUCTURED
PROGRAMMING ENVIRONMENT
FOR WRITING ERNIE

CONTROL PROGRAMS

(APPLE 2 and C-64)

MICROHMEGA

MICROHMEGA ELECTRONICS LTD. 918 16 AVE. N.W. CALGARY, ALBERTA, CANADA T2M 0K3 (403) 2896264

ERNIE

ROBOT

EVERYTHING YOU NEED
IN ONE ECONOMICAL PACKAGE

EDUCATIONAL INQUIRIES: ELECTROLAB LTD., 25 DUNDAS ST. W. BELLEVILLE, ONTARIO  K8N 5A5
(613) 962-9577

DEALER AND END USER: MICROHMEGA ELECTRONICS LTD. 918-16 AVE. N.W. T2M 0K3
(403) 289-6264

SPECIFICATIONS

65C02 MICROPROCESSOR
4K ROM 2K RAM
SPO256AL2 SPEECH
SYNTHESIZER

40 KHZ ULTRASONIC
TRANSDUCERS

DUAL BUMPER SWITCHES
VMOS FET MOTOR CONTROL
LED POWER INDICATOR
OPTO ELECTRONIC WHEEL
POSITIONING SYSTEM
RECHARGEABLE BATTERY
POWER SYSTEM
(RECHARGER INCLUDED)
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Project l

Household
Battery

Checker

BEING PRESENTED with batteries to be
tested is somewhat of an occupational haz-
ard for any electronics hobbyist. It would
scem that this would be a deceptively easy
task to perform: a simple voltage check
with a multimeter is all that is required. A
voltage test will confirm that a battery is
exhausted if the measured voltage is well
below the stated battery voltage, say about
75% or less. On the other hand, the battery
might produce a potential which is quite
close to its rated voltage, but could nev-
ertheless be completely unusable in most
pieces of equipment.

The cause of ambiguous results of this
kind is the drop in battery voltage which
occurs when high load currents are drawn.
A battery might provide a perfectly respec-
table voltage when removed from the
equipment in which it has been used, but
could give as little as 50% of its rated volt-
age when replaced in the equipment and put
to usc.

One way around the problem is to always
measure the voltage while the battery is in
the equipment and the latter is operating, so
that a loaded reading is obtained and any
voltage drop the loading produces will be
readily apparent. Although this might seem
like the ideal solution it's not possible if
you are only given the batteries and not the
equipment from which they were taken,
and in practice it can often be difficult to
measure the battery voltage under operat-
ing conditions. This is just about impossi-
ble with flashlights for example. A more
practical approach is to measure the voltage
while using a resistor to load the battery
with an appropriate current drain or, better
still, to build a proper battery checker.
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The checker described here can test 1.5,
3.4.5, 6, and 9 volt batteries, but it could
easily be modified to accommodate prac-
tically any desired battery voltage. It
provides three load currents of approx-
imately 8, 25, and 100 milliamps, which
suits everything from a small radio battery
to a large torch cell. The unit is very simple
to operate, and a LED is used to indicate
whether or not the battery under test is

serviceable or exhausted.

Internal Resistance

The drop in voltage that occurs is some-
thing that can be rather puzzling to begin-
ners in electronics, but it always occurs
when power is drawn from any voltage
source. including such things as the output
of a hi-fi amplifier or the supply from an
AC outlet. The cause of the voltage drop is
internal resistance within the voltage
source. Fig. | shows a voltage source
loaded with a resistance Rb. Ra represents
the internal resistance of the battery, and
although in reality this is a resistance within
the fabric of the battery, and dispersed
throughout the battery, the effect is just the
same as if it was a resistor connected in
series with one of the output leads.

In this example the internal resistance is
I0R, and the load resistance is 90R. By a
straightforward potential divided action,
one tenth of the battery voltage is dropped
across the internal resistance. causing the
output voltage to drop from 9 volts to 8.1
volts. Although these figures are only
given as a simple mathematical example, a
voltage drop of this order is quite typical for
a 9 volt radio battery when it is operated at
high volume levels. With a small 9 volt
battery when nearing exhaustion the inter-
nal resistance can be as much as 50R. For
something like a freshly charged high ca-
pacity NiCad battery the internal resistance
could be as low as a few milliohms. Inter-
nal resistance is an important factor since it
limits the maximum voltage and current
that a battery can provide, and it renders

Testing ordinary dry cell

batteries with a multi

meter is deceptive,

because the normal load

current is not present.

This battery checker

provides the right

environment for check-

ing them accurately.

By Robert Schmidt

certain types of battery unusable in some
applications. A small radio battery could
not provide the high currents needed to
drive flashlight bulbs for instance.

Checker Operation

There are really two scparatc sections in the
circuit; one to place a controlled load on the
battery, and the other to check whether or
not the battery voltage is higher than a cer-
tain threshold level. The load is provided
by a constant current generator. This is
more convenient than using a load resistor
as it prevents any significant change in load
current even with very large changes in the
battery voltage. This avoids the need to
have numerous switched load resistors with
a separate resistor for each test voltage, and
a separate set of resistors for each load
current. As explained previously, three
load currents are provided so that the cur-
rent drain can be matched to suit the capac-
ity of the test battery.

The voltage tester is built around a volt-
age comparator and a highly stable 1.15 volt
reference source. The output of the preci-
sion voltage source is connected to the in-
verting input of the voltage comparator.
The output of the comparator goes to vir-
tually the negative supply potential if inver-
ting (-) input is at a higher voltage than the
non-inverting ( + ) input, or to virtually the
full positive supply potential if the com-
parative input levels are reversed. An in-
dicator LED is connccted from the output
of the voltage comparator to the positive
supply rail. The LED therefore switches on
if the non-inverting input is taken below
1.15 volts, or switches off if the non-invert-
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Battery Checker
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Fig. 1 A diagram representing the voliage
drop when a voltage source is loaded.

ing input is taken to a higher potential than
1.15 volts.

The non-inverting input is fed with the
output voltage of the battery, but via an
attenuator which reduces the battery volt-
age to a suitable level. For instance, a 6 volt
battery when under load and in usable con-
dition would provide a potential of about 5
volts or more. The attenuator resistors
would therefore have values calculated to
give an output voltage of 1.15 volts with an
input potential of 5 volts. If the battery
voltage was above the 5 volt threshold level
the voltage fed to the comparator would be
more than 1.15 volts and the LED indicator
would switch off to indicate that the battery
was serviceable. If the battery potential
was below the 5 volt threshold then the
input voltage to the comparator would be
less than 1.15 volts, and the LED would
stay lit up to indicate that the battery was
exhausted.

There is a very narrow range of battery
voltages that gives an indeterminate output
state from the comparator and something
less than ful! brightness from the LED in-
dicator. If the LED should only partially
switch off it is best to take this as an indica-
tion that the battery is no longer reliable and
to replace it, but in use an indeterminate
LED stage may never be obtained as the
range of voltages that give this effect is so
restricted. It is more likely that the LED
would switch off initially, and then turn on
again as the battery voltage gradually falls
below the threshold level under load.
Again, it is probably best to take this as an
indication that the battery is no longer usa-
ble and to renew it.

In practice there are five switched re-
sistors in the upper arm of the attenuator,
enabling the unit to check batteries of five
different voltages. A current generator is
included at the output of the comparator,
but this merely scts the LED current at a
suitable figure and does not play any active
role in the operation of the unit.

Circuit Operation

A precision voltage detector integrated cir-
cuit (IC1) is at the heart of the unit, and it
permits a very simple circuit to be used.
10
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Fig. 2 The circuit is built around ICI, a precision voltage detector which gives a reliable reference
voltage against which the battery voltage is checked.

The full circuit diagram of the checker ap-
pears in Figure 2.

IC1 contains the reference voltage gener-
ator, voltage comparator, and the constant
current generator which sets the ‘on’ cur-
rent of LED indicator DI at a nominal fig-
ure of 7 milliamps. The attenuator is
formed by R1 and whichever one of the five
switched resistors (R2 to R6) is selected
using SW2. For the record, the theoretical
threshold voltages are 1.2443, 2.53, 3.68,
4.945 and 7.95 volts. R1 to R6 are all closer
tolerance (1%) resistors, and coupled with
the precision of the reference source of ICI
this gives good accuracy and reliable re-
sults without the need for any adjustment to
the finished unit.

The circuit is not powered from the bat-
tery under test, but is powered from its own
internal 9 volt battery. This gives better
reliability and enables a wider battery volt-
age range to be accommodated. It is quite
easy to calculate the series resistor value for
voltages not included here if you wish to
change the battery voltages covered by the
unit. Simply multiply the required thresh-
old voltage by 8.7 and then deduct 10. This
gives the value of the series resistor in kilo-
hms. It is unlikely that the required value
will coincide precisely with a preferred
value, and it is then a matter of cither
choosing the ncarest preferred value or
making up the required value from two or
three resistors connected in series. Re-
member that the loaded output voltage of a
battery which is in usable condition but
nearing exhaustion is generally about 15%
or so less than its stated output voltage.

The constant current generator which
provides the ioad for the test battery uses
Q! in a conventional constant current gen-
erator circuit. R10 and the series of three
diodes provide a potential of about 1.9 volts
at the base of QI, and taking into account
the voltage drop across the base-emitter
junction of QI this gives a potential of
about 1.2 volts across the emitter resistor
selected using SW3. The threec switched

resistors (R7 to R9) give three difterent
emitter currents. The battery under test
feeds direct into the collector circuit of QI,
and as the collector current of a transistor is
virtually identical to the emitter current, the
current drain on the battery is mainly deter-
mined by the emitter resistance of Q1 and is
largely independent of the test battery’s
voltage.

In Use

When the completed unit is switched on the
LED indicator should light up. If it does
not, switch off immediately and thoroughly
recheck the wiring (including the polarity
of DI which can only light up it connected

properly). continued on page 60

=PARTS LIST
Resistors
(All 0.4W 1% metal film)
Rl 10k
R2 e B St S 820R
R3 12k
R4 .. .22k
RS .« oo on B EEEne - o e s B - e e e e 33k
RO . ... v e i ool e . 56k
RE s 12R
R8 ... 47R
RO .. . 150R
RIO ... 1k8
Semiconductros
ICl . ... 8211
Ql ... . 2N2297
DI .......... TL209 or similar panel LED
D2,34... ... ... 1N4148
Miscellaneous
SWI ... SPST
sub-min toggle switch
SW2.... ..., 6 way 2 pole rotary
with end stop (set for 5 way)
SW3 ... ... 3 way 4 pole rotary
Bl ... 5. B 8- -EEE B 9 volt
Printed circuit board; case about 133 x 102
x 38mm, two control knob, battery connec-
tory, 8 pin DIL IC holder, 3.5Smm jack
socket and test leads, wire solder etc.
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The Electronics Today Camera Contest

Win a Minolta Maxxum, the only 35mm camera with
autofocus built-in. Micro- processor control of
exposure for perfect point-and-shoot.

Our previous electronics trivia contest was so
successful, we've adapted the idea for this one.
This time we’ve put it in multiple-choice format.

There are no trick questions.

Contest Rules

1. For each question, circle the answer
that you think is correct.

2. Fill out the form below and mail it to us.
If you don’t want to cut the magazine, you
can use a photocopy or send us the
answers in a letter.

3. Only one entry, please. The last contest
overloaded the post office so much, they
had to borrow the editor’s car.

4. Any persons associated with the con-
test, including employees (and their fami-
lies) of Moorshead Publications are pre-
cluded from entering.

The Electronics Today Camera Contest

1. When the base of a transistor is the same volt-
age as the emitter, the transistor is:

a) saturated

b) operating normally

c) cut off

2. A circuit in which a single amplifier acts as
both a sound IF amplifier and an audio amplifier is
called:

a) an impossibility

b) a reflex-amplifier circuit

c) a reflectodyne circuit

d) an amplidyne

5. The prize will be awarded as described.
No correspondence will be entered into re-
garding this contest.

6. The winner will be notified by mail or
telephone within seven days of judging.
The winner and correct answers will be
published in the January, 1986 issue.

7. The winner will be selected by drawing
an entry from the correct answers receiv-
ed.

8. The deadline for entries is December 15,
1985.

3. A ferrite bead behaves like:

a) an inductor

b) a temperature sensing resistor

C) a neutrode

4. Which amplifier configuration can be used to
match a high impedance to a low impedance?

a) grounded base

b) grounded gate

c) emitter follower

5. Removing the capacitor across an emitter
resistor in a transistor amplifer will:

a) increase the gain of the amplifier

b) increase the amplifier frequency response

c) lower the input impedance

Mail your entries to:
Moorshead Publications
Electronics Today Camera Contest

25 Overlea Blvd., Suite 601
Toronto, Ontario M4H 1B1

Name _ n

Address .

Town/City ___ Province Postal Code
Telephone: Area Code _Number

[J no

Do you subscribe to Electronics Today? [] yes
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Automatic Test Equipment

A look at automatic test
equipment and techni
ques used to implement
it

By W.P. Bond

AUTOMATIC test equipment has been
around in one form or another for nearly
three decades. In recent years, the intro-
duction of LSI and VLSI circuits has totally
changed the requirements for ATE, espe-
cially since the equipment and procedures
must meet the needs of volume production.
Cost is perhaps the most important consid-
eration today, and this must be understood
in relation to the two general types of test
procedure: functional and in-circuit test-

ing.

QuTPUT

4O=————1 GATEOR "

§ O] NETWORK

Fig. 1. 256 patterns would be needed to test
every input combination.

Functional testing looks at all the func-
tions of a circuit, taken in isolation from a
whole system of which the circuit may be a
part. The circuits involved, and of course
the test procedures, can be digital or ana-
log. Digital, or logic, circuits are simpler
than analog circuits from the viewpoints of
automatic testing. There are simple ‘go/no-
go’ results obtainable from logic circuits,
while analog devices need to be tested
within a broad range of acceptable perfor-
mances. It makes sense to begin an exam-
ination of ATE with logic circuits.

Some Logical Steps
There are four main categories of logic cir-
cuits:
— Combinational Logic: outputs are depen-
dent solely on the present inputs.
- Sequential Logic: outputs are dependent
on present inputs and on previous outputs,
such as circuits with memory or feedback.
— Bus Structured Logic: combined circui-
try of the above types on MPU-type boards
with components connected by a bus-struc-
ture.

Random Logic: combined circuitry with-
out a bus-structure.

The testing procedure for any given cir-
cuit or circuit assembly will depend on the
category it belongs to.

12

There are a number of other considera-
tions that have to be kept in mind when
devising test procedures, apart from the
categorizing of the circuit concerned. Even
in simple cases, functional testing may
have to be uneconomically elaborate in
order to detect all possible faults. The 8-
input gate in Fig. 1 would require 256 test
patterns if all input conditions were to be
covered. Such exhaustive testing (ET) very
quickly becomes unwieldy, even with
straightforward combinational circuits.

Most circuits are not straightforward.
One particular problem is cased by the
presence of redundant logic. often built-in
for reliability. The circuit in Fig. 2, for
example, includes a redundant gate (G2)
which can be shown by simplifying the
output function A.C+B.C+A.B using
Boolean algebra or Karnaugh mapping. In
this case, a fault in the redundant gate may
mask faults in the non-redundant circuit

INPUTS

OuTPUT

Fig. 2. Redundant gates can result in fault-
masking.

elements. For example, in this case if the
output from the redundant gate is perma-
nently low (stuck at 0, or SA0), it will have
no effect on the network output. But if it is
permanently high, (stuck at I, or SAl), then
the network output will be permanently
high regardless of what's happening on the
other gates.

2 (. —
>————— o 52 \ 3 1
[ 2 |
|2 4} 3
-— —e 1

I )

CONNECTOR

CONNECTOR
15 OUTPUT FAULT 3 NODE FAULT
2 " INPUT FAULT 47 PINFAULT

Fig. 3. Test points in a typical circuit
section.
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Fig. 4. Different fault, same truth table.

The typical test points are shown in Fig.
3 for a sample circuit. From Fig. 4, it
should be clear that the same symptoms an
follow from a variety of faults. An SAQ pin
fault on the B input to the NAND gate in the
figure will be indistinguishable at the out-
put from an SAI node fault; the same input
test patterns will result in the same outputs.
To locate faults successfully, it is important
to test the circuit in question at more points
than its inputs and outputs. Fig. 5 shows a
small logic circuit with redundancy in
which an SAl pin fault would go un-
detected if the circuit were tested at inputs
and outputs only. This sort of fault would
be seen where an open circuit existed at the
pin, since open inputs float high. Because
of this, inputs tied to Vcc are sometimes
classified as ‘undetectable’ for fault-find-
ing purposes.

OuTPUT
INPUT )

>
4

n

- - 00
- 0 - ©
- O - -

Fig. 5. The fault here is undetectable.

It’s worth noting that there are two kinds
of redundancy in circuits: fault-masking
and self-checking. In the first, faults are
masked by multiple circuits performing the
same task. In the second, faulty circuits are
switched out of the system and good cir-
cuits switched in to take their places.

Sequential logic presents the test pro-
cedure with yet more problems. Fig. 6
shows a circuit configuration in which
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Fig. 6. A latent fault.

there is no direct path between the fauit
(SAO at input 1) and any output. Here
again, the importance of good ‘test-point-
ing’ becomes obvious. This requires a se-
ries of test patterns to ‘walk’ it to an output
pin. The examples shown would require
three consecutive test patterns to clock it
through gates G2 and G3. With less than
three test patterns, the fault would simply
not appear at any output. The number of
patterns required to propagate the fault to
the output is called the degree of latency.

Changing inputs can give rise to their
own problems. The commonest is called
racing. Race hazards take the form of un-
wanted transients (signal spikes) caused at
the output to a logic circuit when two or
more inputs change at the same time. In
Fig. 7, for example, inputs A and B are
meant to change simultaneously from 1 and
0O respectively, to 0 and 1. If B reaches the |
state slightly before A reaches the O state,
then the output will display the negative-
going spike as shown. Such glitches often
occur in latching circuits with feedback:
dividers, for example. Testing at the output
can lead to spurious results in this situation.
The simplest solution is to build in a time
delay at the output test point greater than
the propagation delay of the gate.

AO—-E _u_ sunc:un:
504 o ‘ w A .

1

1

=

Fig. 7. Generating glitches.

Untestability
Testability must be designed into electronic
modules if they are to be properly tested in
the first place. Obvious though this sounds,
it is all to often overlooked by circuit de-
signers, perhaps because ‘testability” itself
is an awkward and ill-understood notion.
Testability implies not only the pos-
sibility of testing a module or circuit but
also the existence of a set of guidelines
aimed at maximizing test efficiency. Be-
cause of the specialized nature of individ-
ual complex analog designs, I will limit the
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present discussion to functional testing of
static digital circuits, although the princi-
ples do not lose in generality. It's worth
noting that functional testing, although per-
haps more easily understandable, is actu-
ally more rigorous than in-circuit testing
and as much as ten times more costly.

Test procedures can be considered to
have three main aspects: initializing, ob-
serving and controlling. For a circuit to be
testable, each of these aspects must be ca-
tered for.

Initializing: this is the process by which
all nodes of the device under test (DUT) are
set to known states after power-up and be-
fore test patterns are applied.

Observing: in the context of ATE, this
means minimizing the amount of human
intervention needed to identify faulty com-
ponents. Observing entails the correct
monitoring of a circuit and involves the
provision of suitable test points in the de-
sign. Observability is the key to maximiz-
ing the effectiveness of ATE.

Controlling: for proper functional test-
ing, the ATE must be capable of controll-
ing the DUT, usually by means of an edge
connector. If all functions of the DUT can-
not be exercised, then testing will be inade-
quate.

In the Beginning

LSI designs are most commonly sequential
and the failure to initialize can mean testing
circuits in forbidden or indefinite states.
There are four main factors in designing-in
the ability to initialize a circuit:

— there should be access to deep sequential
circuits, which is a criterion of obser-
vability.

— the should be a means of isolating or
breaking feedback loops.

— there should be access to reset and preset
lines in memory elements.

— in certain cases (for example, VLSI de-
vices where there is no access to reset or
preset lines) it should be possible to use
software initialization.

Fig. 8 shows a simple sequential circuit,
acounter or shift register for example, with
and without testability built in. If appropri-
ate test points have not been provided on
power-up, all the memory elements f(1) to
f(n) will be in an unknown state (an x-
state). The output will be also be in an x-
state. Without access to reset or preset, a
‘homing sequence’ would have to be
provided by the tester. Further, if a fault
existed, the failure could be observed at the
output, but without the use of a guided
probe routine and suitable test points, fault
isolation would be impossible. This is a
failure of observability or diagnostic vis-
ibility.

In the lower diagram, test points and a
reset line have been provided. Since the
reset line, in particular, is no longer wired
to Vcc, we need only apply a clear signal to
initialize the circuit, rather than go through
the elaborate sequence of a homing se-
quence.

NON PREFERRED CONFIGURATION

L T
RESET 100 12) | 43 | ey fin) or
i il

ATE CONTROL
POINT IDISABLES
FEEOBACK WHEN LOW|
L1111 f
RESET [ T T T ' or

PREFERREO CONFIGURATION

Fig. 8. Non-preferred and preferred sequential
circuits.
InFig. 9, a feedback loop has been intro-
duced into the sequential circuit. Even if
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Fig. 9. Breaking a feedback loop.
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TYPICAL CROSS-COUPLED LATCH,
NON-PREFERRRED CONFIGURATION

PREFFEREN CONFIGURATION

Fig. 10. Breaking the feedback loops in a latch.

test points and the resct line are accessible
so that initialization does not require a
homing sequence, the problem of fault di-
agnosis remains. Because of the feedback
loop. a fault may be propagated to all points
around the loop. To overcome this, the
loop must be breakable. The lower diagram
shows how this is done:; when the control
point goes low, the loop is broken.

In Fig. 10. a typical cross-coupled latch

is shown. By itself., this poses no initializa-
tion problem, even though the circuit will
power-up into an x-state. However, if such
latches are deeply embedded in a circuit
and if component gates are from different
chips, there may be a serious test problem.
The preferred method of control is to use
three-input gates as components so that ac-
cess points exist to break the feedback
loops.

In general, initializing combinational
circuits presents no problems since outputs
are purely dependent on inputs. The first
test pattern to be applied will set all nodes
to a predetermined state. Initializing se-
quential circuits is always more compli-
cated since such circuits contain x-states
after power-up. These must be flushed out
of the system before testing can begin.
Since ATE programs must themselves be
tested by means of a computer simulation
or model circuit, a further problem is en-
countercd. The model circuit will almost
certainly power-up into a different state
from any other model or real circuit.

A set of test patterns needs to be devised
which, when applied to the DUT, will set it
to a known state regardless of its initial
condition. This is known as a synchroniz-
ing sequence. In a simulation test, the
model is then put into the same condition
using the same synchronizing sequence be-
fore testing proceeds.

The synchronizing sequence can act as a
homing sequence in the absence of a reset
line. A simple example might involve a
synchronous counter, for example a 74163,
in which all the data inputs are set low, the
parallel load is enabled and the clock
pulsed. Obviously, access to the reset
would achieve the same object at a lower
overhead

The difference between a synchronizing
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The Electronics Today
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sequence and a homing sequence, in gen-
eral, is that the synchronizing sequence is
always the same in each particular, while
the homing sequence involves an algorithm
to modify its stages in the light of the circuit
behaviour. Homing sequences are, in ef-
fect, programs with loops and branches and
are commonly known by the abbreviation
AHS which stands for 'adaptive homing
sequence’’.

Figure 11 shows a standard divide-by
two circuit. While the right diagram itlus-
trates a simpler arrangement from a test
point of view in which initialization would
require only a single-step synchronizing se-
quence (reset or preset directly), the left

diagram shows a simpler circuit which can
be handled by use of an AHS.
The following algorithm would provide
a suitable sequence:
1. Set CLK to 0.
2. SetCLK 1o 1.
3.1fQis 0, gotostep I.
4. Return to test (output Q, known to be 1).
Bad design is the bane of the tester’s life.
An examination of unhelpful design is
shown in Fig. 12, a section of an actual
circuit used in a ship’s navigation system.
Basic principles should immediately sug-
gest that it was bad practice to tie J, K, and
the preset inputs on IC! (the 7476). Even
though the reset lines are available to the

+Vee

ATE
DRIVER

Fig. 11. Homing sequence versus synchronized sequence.

tester, close examination reveals another
problem. Reset on the 7476 s
asynchronous, that is, it works indepen-
dently of the clock, while reset on the
74163 is synchronous: it needs a clock
pulse to operate.

Since the clock pulse for the 74163 is
derived from the 7476’s Q output, the 163
will never receive a clock pulse when the
76’s reset line is low. In other words, it'S
impossible to reset both ICs at the same
time. To make matters worse. there were
no direct outputs available for the 163, all
of which makes it very difficult to initialize
the circuit

+5V

Qi
25cLK -
| .1c2
74183 |,
J L o—4 L 3
1
oisoktR

Fig. 12. An actual unhelpful design.

Now You See It
As has been suggested, the observability
aspect of testing and the ability to initialize
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Automatic Test Equipment

circuits are not totally separable. Obser-
vability is really a way of talking about the
effectiveness of ATE. which is clearly in-
fluenced by the position with respect to
initialization. It's already been shown how
feedback loops and the lack of circuit isola-
tion can make it impossible to achicve the
desired degree of diagnostic resolution. to
use the jargon.

There are three ways in which the circuit
designer can improve the observability:

— by partitioning circuitry (by function, for
example).

— by providing ways to break feedback
loops.

— by providing a means of isolating faults
(test points, etc).

Functional testers are in practice ‘edge
connector oriented” and good control
lability requires careful attention to the
board design of any circuit. Effective ATE
must be able to readily and properly exer-
cise every component on the board. Good
design. from the test point of view, will
reduce the number of steps that need to be
taken in order to cover all detectable faults.

The controol functions that need to be
available to the ATE can be grouped under
five headings:

— Reset and preset inputs.

— Tri-state control lines, enable and disable
signals.

— Feedback disable.

- Isolation and control inputs for frec-run-
ning devices. in particular clocks.

— Synchronization  signals,  especially
where microprocessor based modules are
being tested. so that the DUT and ATE may
be synchronized.

Reset and preset lines should never be
tied together or hard-wired to Vec or Gnd.
They should be “soft-wired" by use of pull-
up or pull-down resistors to which test
points are connected. CMOS inputs can be
pulled high or low through an appropriate
resistor because CMOS requires only very
small bias currents to establish high or low
states. TTL, however, can only be pulled
high through a low-valued resistor because
it requires quite a high current (about 2mA)
1o establish a low state. Active pulldowns
should be used if overdriving is required.
Passive resistors would have to be of too
low a value for the ATE's drivers to source
a high onto the input. For example. pulling
four TTL inputs low would demand a re-
sistor pulling 8mA across a maximum po-
tential drp of 0.8V. It would have to be
approximately 100 ohms.

Access to tri-state control lines is par-
ticularly important when testing memory
boards or bit-stice processors in which cir-
cuit operation depends on ROM contents.
Without access to the tri-state lines, it may
be very difficult to control the circuit since
the ROM contents ma make it impossible to
exercise all the circuit nodes. The ATE
must be able to override such memory-
bascd constraints.

16

Feedback loops have been dealt with
above, and the preferred method. shown in
Fig. 9. requires no operator intervention
but can be handled entirely by the ATE
software. Of course. switches or links
could be used instead.

Control of the free-running devices and
synchronization can be treated as two sides
of the same problem, since one relates to
situations in which the ATE must control
the DUT - to single-step through a se-
quence of states. perhaps — and the other to
situations in which the ATE must simply
proceed in step with the DUT.

In the first case, serious synchronization
problems occur where a clock-controlled
circuit is operating at a greater rate than the
fastest operation of the ATE. Synchroniza-
tion is best achicved if the use of multiple
clocks is avoided wherever possible. Mul-
tiple-phase clocks present no problem. but
multiple clocks cannot be synchronized
with. If a multiple clock system cannot be
avoided, it should derive each clock signal
from a master clock. divided down. This
allows a common point for cach ATE to
latch onto.

On The Bus

When testing bus-structured circuits, syn-
chronization alone is not enough. The ATE
must be ale to force the circuit’s controlling
microprocessor to relinquish control of its
addresses and data buses.

If an MPU is used in conjunction with a
Direct Memory Access (DMA) device. the
DMA device must be capable of instructing
the MPU to release its buses so that I/0 or
memory block transfers can take place
without involving the MPU. Suitable con-
trol signals are available on many common
MPUs which enable them to put their bus
outputs in a high impedance statec. Nor-
mally, a DMA controller would be used to
handle the procedures involved.

The Z80, for example, features a bus
request line, BUSRQ. and the 8085 fea-
tures a similar HOLD line which are used to
flag the MPU when the DMA device is
about to make a data transfer. On the next
cycle, the MPU will finish its present task
and flag the DMA device that it has re-
leased its buses. using the BUSAK and
HOLDKL lines. The DMA device then
takes control of the buses. MPUs that do
not contain built-in tri-state buffers on the
bus lines (the 6502, for example) must be
augmented by external tri-state devices if
they are to be used with DMA devices. or
indeed, with ATE

In the case of MPU-controlled bus-struc-
tured circuits, effective testing can only be
achieved if the ATE has direct memory
access cither through control lines on the
MPU itself or through enable/disable lines
on external tri-state buffers.

So Far. ..

The requirements for testability apply

equally to manual and automatic testing.
While manual testing can proceed even
with a badly thought-out circuit or module
by the application of a little ingenuity, au-
tomatic testing is almost impossible with
inadequate circuit design. In essence, the
circuit designer’s responsibility is to
provide all the necessary test points and
control lines to enable the ATE to track
down all possible faults.

So far, we have dealt only with testing of
digital boards. In a future article, we will
turn our attention to in-circuit and analog
testing. a
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Almost Free Software

ALMOST FREE SOFTWARE

OFFER

Moorshead
Publications

Almost Free Software (CP/M) .......#1

Almost Free Software #1, #2 and #3 are for
CP/M and are available in a variety of for-
mats: Apple // + CP/M, 8 inch SSSD*, Ac-
cess Matrix, Morrow Micro Decision, Super-
brain, Xerox/Cromemco*, Epson QX-10VD,
Sanyo MBC 1000, Nelma Persona, Kaypro II,
Osborne and double densities, Televideo, DEC
VT-180, Casio FP-1000, Zorba.

Modem 7. Allows you to communicate with any
CP/M based system and download files. Complete
details were in Computing Now! November 1983.

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

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

DUU. The ultimate disk utility allowing you to
recover accidentally erased disk files, fix gorched files,
rebuild and modify your system. A real gem.

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

USQ/SQ. Lets you compress and uncompress files.
You can pack about 40% more stuff on a disk with
this system.

Finance. A fairly sophisticated financial package writ-
ten in easily understandable, modifiable Microsoft
BASIC.

BADLIM. Ever had to throw out a disk with a single
bad sector? This isolates bad sectors into an invisible
file, making the rest of the disk useable.

DISK. Allows you to move whole masses of files from
disk to disk without having to do every one by hand,
you can also view and erase files with little typing.

QUEST. A “‘Dungeons and Dragons'® type game.

STOCKS. This is a complete stock management pro-
gram in BASIC.

SEE. Also known as TYPE17, will TYPE any file,
squeezed for not allowing you to keep documents in
compressed form while still being able to read them.

Order as AFS #1,
and specify system

$19.95 each

Except for 8 disks and those with two disks
which are marked with an asterisk (*) above

which are:

$22.95

*single density formats require two disks. The package
cost for these formats is $22.95.

Almost Free Software (CP/M) .......#2

BISHOW The ultimate file typer, BISHOW version
3.1 will type squeezed or unsqueezed files and allow
you to type files which are in libraries (see LU, below).
However, it also pages in both directions, so if you
miss something, you can back up and see it again,

LU Every CP/M file takes up unneccessary overhead.
If you want to store lots of ata in a small space, you’ll
want LU, the library utility. It permits any number of
individual files to be stored in one big file and cracked
apart again.

MORTGAGE This is a very fancy mortgage amortiza-
tion program which will produce a variety of amor-
tization tables.

NSBASIC Large disk BASIC packages, such as
MBASIC, are great . . . and very expensive. This one,
however, is free . . . and every bit as powerful as many
commercial programs. It’s compatible with North Star
BASIC, so you’ll have no problem finding a manual
for it,

RACQUEL Everyone should have one printer picture
in their disk collection.

ZB80ASM This is a complete assembler package which
uses true Zilog Z80 mnemonics. It has a rich
vocabulary of pseudo-ops and will allow you to use
the full power of your Z80 based machine . . . much
of which can’t be handled by ASM or MAC.

VFILE Easily the ultimate disk utility, VFILE shows
you a full screen presentation of what’s on your disk
and allows you to mass move and delete files using a
two dimensional cursor. It has heaps of features, a
built-in help file and works extremely fast.

ROMAN This is a silly little program which figures
out Roman numerals for you. However, silly pro-
grams are so much fun

CATCHUM If you like the fast pace and incredible
realism of Pacman, you’ll go quietly insane over Cat-
chum which plays basically the same game using
ASCII characters, Watch little **C’"’s gobble periods
while you try to avoid the delay *‘A’s” .. it’s a
scream,

Order as AFS #2
and specify system

$19.95 each

Except for 8’ disks and those with two disks
which are marked with an asterisk (*) above

which are: $22.95

*single density formats require two disks. The package
cost for these formats is $22.95.
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Almost Free Software (CP/M) .......#3

OIL. This is an interesting simulation of the workings
of the oil industry. It can be approached as either a
game or 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 look ahead.

DEBUG. The DDT debugger is good but this offers
heaps of facilities that DDT can’t and does symbolic
debugging... it’s almost like being able to step, trace
and disasemble through your source listing.

DU87. The older DUU program does have some
limitations. The version overcomes them all and adds
some valuable capacities. It will adapt itself 1o any
system. You can search map and dump disk sectors or
files. It's invaluable in recovering damaged files too.

ELIZA. This classic program is a micro computer
head shrinker... it runs under MBASIC, and with very
little imagination, you will be able to believe that you
are conversing with a real psychiatrist.

LADDER. This is... this program is weird. It’s
Donkey Kong in ASCII. It's fast, bizarre and good for
hours of eye strain.

QUIKKEY. Programmable function keys allow you to
hit one key to issue a multicharacter command. This
tiny utility allows you to define as many functions as
you want using infrequently used control codes and to
change them at any time... even from within another
program.

RESOURCE. While a debugger will allow 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.

Order as AFS #3
and specify system

Almost Free Apple DOS Software

$19.95 each

Except for 8’ disks and those with two disks
which are marked with an asterisk (*) above

which are:
$22.95

*single density formats require two disks. The package
cost for these formats is $22.95.

Almost Free Apple DOS Software ... .#1

While CP/M is a wonderful thing in its own
right, the Apple computer can also, and usually
does, operate under DOS. For this reason,
there’s a multitude of programs available for
it. Below, we offer a mini-multitude of our
own.

The following programs will operate on
any Apple //+, //e, //¢, or true compatible
operating under DOS 3.3. Apple users
operating only under ProDOS may have to
make alterations to some programs.

Picture Coder: All Apple HiRes pictures take up 36
sectors in their binary form. This program creates a
textfile of a program in memory, squeezing out the
zero bytes, that can later be EXECd into memory. The
textfile often takes up less room on the disk.

DNA Tutorial: Operating under Integer BASIC, this
program might appeal to ‘clone’ owners. In actuality,
though, it’s an interactive low-res graphics tutorial of
DNA in its inherent forms. And you thought your Ap-
ple was only good for games.

Toad: Speaking of games, this program is an Ap-
plesoft BASIC implementation of *Frogger’ that can
be controlled with either a joystick or the keyboard.
The user’s high scores are saved 10 disk

Function Plotter: A fairly extensive Applesoft BASIC
program that takes any inputted function and plots it
on the HiRes Screen.

Data Disk Formatter: Apple DOS disks need not be
bootable to be useful. This binary program formats a
disk without sstting DOS on the tracks, conserving
useful disk space.

BASIC Trace: A program for the advanced Applesoft
programmer, this file, when EXECd, displays the hex
adecimal locations of each Applesoft line number of a
program in memory

Gemini Utility: A word processor pre-boot for
Gemini printer users, this BASIC program initialises
the printer’s font or pitch before you boot your word
processer.

Payments: This BASIC program allows you to keep
track of payments and credits to and from up to 100
accounts on a single disk. A sample account is includ-
ed.

Databox: A small but useful database program in Ap
plesoft BASIC. Sample files are included to get you
started

Nullspace Invaders: A quick BASIC HiRes game
testing coordination and judgement as you manipulate
a monolith through mysterious gates.

Fine Print: The majority of this software has been obtained
from on-line public access sources, and is therefore believed to
be 1n the public domain. Any remaining programs were writien
in-house. The prices of the disks defer the cost of collecting the
programs, debugging them, reproducing and mailing them,
plus the cost of the media they're supplied on. The software
wself s offered without charge.

Moorshead Publications warrants that the software is
readable, and if there are any defects in the medium, we will
replace it free of charge. While considerable efforts has been
made 1o ensure that the programs have been thoroughly debug-
ged, we are unable to assist you in adapting them for your own
applications.

Order as AFAD #1
and specify system

Each disk is

$19.95

or, as an introductory offer you
can order all three for

$39.95

Software Services Moorshead Publications

25 Overlea Boulevard, Suite 601, Toronto, Ontario M4H 1B1

18 See Order Form Page 51



Moorshead
Publications

Almost Free Apple DOS Software ... .#2

Amort: A monthly amortization program that
calculates monthly payments to an inputted figure,
calculates principle, interest on every balance, and
prints out the resulting chart,

Voiceprint: An unusual program that uses the HiRes
screen to sample sounds inputted through the cassette
jacks at the back of your Apple. Sampling rate and
other variables can be controlled, and two sounds may
be compared side-by-side.

Cale NOW!: Written in BASIC, this spreadsheet pro-
gram is somewhat slower than VisiCalc, but still offers
the power you expect from a spreadshect. With sample
files.

Cavern Crusader: A mix of BASIC and binary pro-
gramming, winning this HiRes game is difficult, to say
the least. For every wave of aliens shot in the cavern,
there’s always a meaner bunch in the wings.

Newcout: With source file. This binary program
replaces the 1/0 hooks in the Apple with its own so
you can operate your Apple through the HiRes screen.
Comes with a character set.

Charset Editor: A utility to help you create your own
character sets to use with Newcout.

Calendar: A BASIC utility useful for finding a par-
ticular day of any inputted month and year, or for
printing out any given year.

LCLODR: With source. This binary utility BLOADs
any given file into the 16K language card space at
$D000. The source is useful in showing how to use
DOS commands through assembly language.

Cristo Rey: An animated HiRes BASIC program
showing Cristo Rey by moonlight. For apartment—
bound romantics.

ATOT: That’s an acronym for *Applesoft to Text’.
EXEC this textfile to produce a textfile of your pro-
gram

Applesoft Deflator: This program takes a textfile
made by ATOT and squeezes it, replacing PRINT
statements with *?* and removing unnecessary spaces
from the listing.

Almost Free PC Software

Order as AFAD #2
and specify system

Each disk is

$19.95

or, as an introductory offer you
can order all three for

$39.95

Almost Free PC Software ...........#1

Our Almost Free Software disks, volumes one
through three, for systems running CP/M
have been so thunderingly popular that we
have assembled a volume for IBM PC users.
The considerably greater power of a sixteen bit
system, coupled with its larger capacity disk
drives, have enabled us to offer a collection of
programs that will knock the socks off virtual-
ly any sentient life form booting the disk. Be
warned... wear sandals when you unwrap this
thing.

This software will run superbly on ge-
nuine |BM PC’s and compatible systems.

PC-WRITE While not quite Wordstar for nothing,
this package comes extremely close to equalling the
power of commercial word processors costing five or
six bills, It has full screen editing, cursor movement
with the cursor mover keypad, help screens and ail the
features of the expensive trolls.

SOLFE This is a small BASIC program that plays
baroque music. While it has little practical use, it’s
just a kick to toodle with. 1t'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 allows full control of all its parameters, even the
really silly ones. It does file transfers in both ASCl1
dump and MODEM7/XMODEM protocols and
comes with... get this... 119424 bytes of documenta-
tion.

SD This sorted directory program produces displays
which are a lot more readable than those spewed out
by typing DIR. It's essential to the continued
maintenance of civilization as we know it.

FORTH This is a small FORTH in Microsoft BASIC.
It’s good if you want to get used to the ideas and con-

cepts of FORTH... you can build on the primitives in-
tegral with the language.

LIFE This is an implementation of the classic ecology
game written in 8088 assembler. While you may grow
tired of watching the cells chewing on each other, in
time the source will provide you with a powerful cx-
ample of how to write code.

MAGDALEN This is another BASIC music pro-
gram. We couldn’t decide which of the two we've in-
cluded here was the best trip, so we wound up putting
them both on the disk. Ah... the joys of doubie sided
drives.

CASHACC This is a fairly sophisticated cash acquisi-
tion and limited accounting package written in
BASIC. It isn't exactly BP1, but it's a lot less expen-
sive and suitable for use in most small business ap-
plications.

DATAFILE This is a simple data base manager writ-
ten in... yes, trusty Microsoft BASIC.

UNWS Wordstar has this unusual propensity for set-
ting the high order bits on some of the characters in
the files it creates. Looks pretty weird when you try to
do something other than Wordstar the file, doesn’t
it... Here's a utility to strip the bits and
“unWordstar’ the text. The assembler source for this
one is provided.

HOST? This is a package including the BASIC source
and a DOC file to allow users with SmartModems to
access their PC’s remotely. 1’s a hacker’s delight.

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
10 assure that these programs are completely debugged, we are
unable to assist you in adapting them for your application.

The disk also includes various support and
documentation files needed to run the software.

We can provide the Almost Free PC Software
Disk volume one on either one standard double sided
disk or on two single sided ones.

Order as AFPC #1
and specify system.

Only

$19.95
or $22.95

for two single sided disks.

See Order Form Page 51




THE PRESENT controversy over Star
Wars reminds this writer of Canada’s ear-
ly efforts in RDF (range and direction fin-
ding) research. At that time, it was the
other way around: Canada was in the
forefront of developing workable radar
detection of ships and planes by the out-
break of World War II, while the US was
the neophyte. But perhaps it was better
for the Allied cause that the early Cana-
dian effort was overtaken by subsequent
events which saw the ascendancy of a
third party: Britain.

The prelude to WWII saw the first
halting steps to develop what was then
essentially an experimental radio device to
locate enemy aircraft. The halcyon years
of radar, following the war’s onset in
1939, were best illustrated by the Tizard
Mission to North America. It was headed
by Sir Henry Tizard of the UK in 1940,
and he initially appeared to find Canada
more appropriate for RDF research than
the US, even if both countries provided a
haven free from the bombs and destruc-
tion that was England in 1940. As W_E.
Knowles Middleton said in his book
Radar Developments in Canada, NRC
1939-1946, ““while the principles of radar
appear to be simple, the actual realization
of a workable system calls for technical
ability of a high order. In the first place,
the reflected energy received from a target
such as an aircraft at a distance of some
tens of kilometres may be only 10-'¢ of
that radiated, so that the transmitter has
to be very powerful and the receiver ex-
tremely sensitive. In the second place, the
entire apparatus must be rugged enough
to resist weather, transport and rough
handling. The fact that very effective ap-
paratus was produced so quickly under
wartime conditions demonstrates a
remarkable competence in electrical and
mechanical engineering, and no less
remarkable dedication to the common
cause.”’

RDF

We called it RDF both in Canada and Bri-
tain, a secret set of letters under which we
hammered out a workable machine. We
stuck to the original letters for several
years into the war, until events hatched a
new name for what became a decisive
weapon. Britain adopted the American
acronym of Radar (radio detection and
ranging) while going on to develop higher
and higher frequencies. There was also a
closer liaison between the UK and the US
following the Tizard Mission in the Fall of
1940, while Canada chose to develop an
already outmoded design operating on a
much lower frequency.

The frequencies of RDF, like the ear-
ly days of radio, were constantly in a state
of flux until the best ones were found. The
more conservative researchers, like
Canada, stayed with whatever worked,
20

Radar
Supremacy

in WWII

Canada almost became a world leader in the

development of radar; a look at some of the early

experiences.

By James W. Essex
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while overseas research pushed back the
barriers. As WWII progressed, Britain
went still higher with RDF frequencies,
reaching 3000MHz, or 10cm. Microwave
RDF came at an opportune time, helping
not only to turn the tide in the Allies’
favour, particularly in the Battle of the
Atlantic in 1942-43, but assisting the
growing US fleet in operations against the
Japanese in the Pacific. Canada had only
one representative there in the closing
years of the war, a gift from the Royal
Navy: the HMCS Uganda, Canada’s first
and only cruiser to see service in the
Pacific (the author served as a Radar
Mechanic on board from commissioning
in October, 1944 to the war’s end in the
Pacific, serving in all major theatres of the
Pacific campaign). Of course, being a
former Royal Navy warship, it carried
British-built RDF equipment.

Microwave RDF

When Britain and the US embraced the as
yet untried S-band magnetron with fer-
vour, it set the standard we’d all eventual-
ly follow. But our Canadian enterprise
wouldn’t go easily despite the UK’s ob-
vious lead, epitomized by Britain’s Type
271 microwave RDF. Even before the US
was into it in a big way, Canada was con-
sidered to have a substantial lead over the
US; this lead resulted in a fair amount of
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inertia at the top command levels, and
Canada insisted on fitting corvettes with
the Canadian-built RDF even though the
microwave RDF was shown to be
superior. Only when the tide of battle
became desperate did authorities recant
and accept the improved 271 from the
British. To Canada’s credit, we did even-
tually develop our own 3000MHz
magnetron 10cm radar, but it wasn’t com-
pleted until 1944 and was only operational
by the war’s end, too late to help.

It’s interesting to note that when the
Americans earlier saw our primitive
research outside Ottawa, they wondered
why we hadn’t made a greater expenditure
then. According to Middieton’s book,
‘‘the American group said that if their
organization had done as much and as
satisfactory work as we had done in the
last nine months, they would consider the
construction of a million-dollar building
on our farm justified”’. The two buildings
Outside Ottawa early in the war cost
$50,000, including a number of shacks
and tents.

At the time, the best the US could do
was a paltry ten watts from an experimen-
tal magnetron demonstrated to the Tizard
Mission in 1940. We were still experimen-
ting with relatively standard transmitter
tubes. The British, on the other hand,
presented the Americans with a
magnetron that could push 10kW. On the
basis of this, the famous microwave lab at
the Massachusetts Institute of Technology
was begun at Boston. This was the
forerunner of what the Americans came
to call Radar. It eclipsed Canada’s em-
bryo efforts before we got started; we
stuck with a relatively primitive design us-
ing a frequency which today is approx-
imately where Channel 11 is (this is dealt
with in some length in my book, Victory
in the St. Lawrence, Canada’s Unknown
War, describing the dismal performance
of Canadian-built RDF in the Gulf of St.
Lawrence in 1942).

The Navy

Canada’s contribution began with our in-
sistence on following our own indepen-
dent course initiated by our Navy. This
resulted in time spent on a costly, less effi-
cient RDF than would have been the case
had we followed Britain’s lead. We might
also have developed a better working rela-
tionship with Britain. Instead, closer
liaison between the UK and the US
followed, effectively bypassing Canada.

I recall when our first class of RDF
recruits entered the University of Western
Ontario in early 1941, where basic
research was directed already in the 1.5
metre band, great store was placed in an
improved RDF for our corvettes. The
Yagi antenna (developed earlier by a
Japanese physicist) was admirably suited
for our use, both in dimensions and direc-

tivity. Weight was a consideration, as well
as the ability to rotate independently of
the ship, eliminating the need to
maneuver, as was the case with fixed
aerials. The relatively small dimensions of
the yagi meant that mast-head mounting
was possible, despite the myriad wires,
cables and signal halyards.

Rotating the yagi was a problem;
conduits had to make a 90 degree turn to
enter the cabin, and the many cogwheels
necessary to transmit the motion meant
cramped quarters for the operator. It re-
quired a hefty steering wheel to turn; my
first ship, the HMCS Prince Robert
employed a used Chevrolet steering wheel,
scrounged, I’m told, from a nearby auto
wreckers in Victoria. Prince Robert was
the first ship on the west coast to be out-
fitted with SW 1C RDF, just in time to
escort the ill-fated Canadian garrison to
Hong Kong later that year.

The Robert’s 90-foot raked mast re-
quired climbing, even in inclement
weather, to reach the petcock at the top of
the yagi to ‘blow out the line’. This was
necessary whenever moisture penetrated,
shorting the coaxial feed. In addition, the
signals from the front and rear lobes of
the yagi were almost equal in strength; on-
ly close comparisons of minute blip height
would show if the target was ahead or
astern.

It should be recalled that these limits
had frightening consequences. The
HMCS Charlottetown was torpedoed by
the enemy right here in Canada, off Cap
Chat on Gaspe’s lower North Shore in
1942. Our RDF failed to detect the Nazi
submarine’s periscope; Canadian sailors
paid the price and Canada lost a ship.

Following the evacuation of Dunkirk
in May, 1940, it was decided to move
much of the upcoming British research to
North America. Tizard preferred “‘serving
officers who had recently been in action
and who had had some operational ex-
perience of radar or similar’’. Canada had
a surfeit of officers who had already had
war experience. With a little persuasion,
we might have prevailed in radar research.
But it was not to be: the cavity magnetron
developed by the British was far superior
to anything else, including the German
Seetakt radar at 0.8 metres. However, it
was fortunate for all of us that eventually
the research won the day, even if Canada
lost the chance for radar supremacy. W
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Designer’'s Notebook:
Digital Sampling

THE WAVEFORM that is recovered from
adigital sampling process is never quite the
same as the waveform that went in. Analo-
gue to digital and its opposite (D-10-A),
break continuous waveforms into discon-
tinuous elements. The trick is to get it as
close as possible to the original. Without
taking any special precautions, you'll cer-
tainly end up with a sound that’s recogniz-
able, but it’ll be noisy and distorted. Why
does it happen, and what can be donc about
it?

First of all, we have the problem that a
fixed number of "quantisation levels’ are
available according to the number of bits
that will represent the sample digitally.
We'd like each sample to equal the exact
value of the analogue signal at the time.
Instead. we must round it up or down o the
nearest level for which a digital code is
available. A 2V signal. forexample, would
be okay for an 8-bit sampler, but 2.005V
would not.

ATTERUAT av e
- - - -

Fig. 1 (a) Input to compressor, and (b) the out-
put from the compressor.

The result of the rounding process is
known as quantisation noise and sounds
very much like the kind of thermal noise
hiss that any audio equipment will make to
a greater or lesser extent. Intuitively, you
can see why it sounds like noise by thinking
of the difference between the true value of
the audio signal and its quantised value as
an extra and unwanted signal that is super-
imposed on the input.

For an arbitrary input, the value of this
extra signal at each sampling will be ran-
dom, in the sense that it will not be related
in any obvious way to the harmonic struc-
ture of the input, will not repeat, and so on.
There are certain inputs for which this will
not be the case, but for general audio sig-
nals it’s a reasonable way to look at the
situation. The main difference between
quantisation noise and thermal noise is that
quantisation noise is only present when the
sound is being reproduced, while thermal
noise is there in the background all the
time.
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A look at the problems

and solutions facing the

designer of a digital

sound sampler.

By Paul Chappel

For an 8-bit word length, the signal-to-
noise ratio will be 48dB for a signal which
is large enough to make usc of all 256
available quantisation levels. This is cer-
tainly not hi-fi. but could be tolerated: a
cheap domestic tape recorder will give sim-
ilar results.

Unfortunately, the signal-to-noise ratio
degrades very quickly as the amplitude of
the input signal drops. For an input 20dB
below the overload point (the point at
which the A-D converter runs out of codes)
the S/N ratio is a mere 28dB. Not too good.
The reason for the degradation is fairly ob-
vious; in the extreme case the input may be
so small that it only alters the lcast signifi-
cant bit in the binary code. The resulting
variation between two possible output lev-
els would not track all the nuances of the
input with any degree of precision.

Companding

The simplest solution to this problem is to
ask the user to adjust the input so that the
ADC is operated as close as possible to its
overload level without actually exceeding
it. This is not as ridiculous as you might
think. There are commercial samplers
available that do this.

Assuming that the sound to be sampled
can be repeated a few times to allow the
input level to be adjusted, we are still left
with the problem that as the sound decays
the noise will increase. A piano note. for
example, will begin with a high amplitude
as the hammer strikes the string. The am-
plitude will then drop away quickly to a
much lower sustain level. A sampler ad-
justed to accept the initial level would not
give very good results during the sustain
period.

Another possibility is to adjust the sound
level electronically. Devices which do this
are called companders (compressor/cXpan-
ders) and are available ready made in the
form of ICs. In essence. the compressor
section will reduce the amplitude of signals
that are above a certain pre-defined level
and increase the amplitude of small signals,

so that the range of amplitudes is close to a
constant level (Fig. 1). Therefore, the out-
put will have a substantially reduced, or
compressed, dynamic range and the signal
can be kept close to the overload point of
the sampler at all times. The expander sec-
tion returns the dynamic range to normal
after the signal has been translated back
into the analogue form.

'
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Fig. 2 There is a compromise between choosing
too small a time constant, as in (b), and too long
a time as in (c) and (d).

This is all very well in theory, but com-
panders work by taking an average of the
signal level and using this average to con-
trol a VCA which modifies the output
level. The averaging process involves rec-
tifying the input and integrating the result.
A short time constant on the integrator will
give an accurate average but will resultina
good deal of ripple on the VCA control
signal, while a long time constant gets rid
of the ripple but will make the circuit slow
to respond to amplitude changes (Fig.2).

As rapid changes of gain in the VCA
cause considerable distortion, compander
circuits tend to err on the side of a slightly
longer time constant. The resulting ampli-
tude changes cause an effect often de-
scribed as ‘breathing’

Instead of modifying the signal enve-
lope. as is the case with companders, an-
other possibility is to modify the waveform
itself. Imagine we have a circuit with akind
of ‘s-law’ characteristic as in Fig.3. Any
input to the circuit would be amplified
much more around the zero-crossing part
than it would be at its peaks. An input of
varying amplitude would still be com-
pressed, but this time the compression
would be achieved by altering the shape of
the wave rather than shrinking it as a
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Fig. 3 (a) 'S’-law transfer characteristic. (b) The characteristic needed to restore the original signal. The
waveforms show a triangular wave of diminishing amplitude before and after processing by (a). Note
that the output changes far less in amplitude than the input.

whole. The waveform would end up very
distorted, but could be restored to its orig-
inal glory by a circuit with the inverse
characteristic.

Fig. 4 Making an ‘S’-law function from one
curves. Note that if transistor junctions are used,
the curves are offset along the Vin axis and will
actually pass through the origin.

A circuit of this nature is not easy to
construct as the inverse circuit must be a
very precise match to the compressor. |
have a feeling that something along these
lines could be made by leaving out the
integrating capacitors on a compander IC,
but I haven’t really looked into it.

Fig. 4 shows the curves simulated by a
circuit using the base-emitter junctions of a
pair of transistors with a bit of trickery to
carry the function across the centre. The
results were encouraging, but much more
difficuit to compensate for the temperature
variations than I had anticipated. Log am-
plifiers exist in IC form (with temperature
compensation) but they only work in two
quadrants: you get the right hand side of
Fig. 4 or the left, but not both.

However, all this is short-circuited by
the fact that a similar kind of compression
can be performed by the ADC. Just tuck the
previous ideas away in the back of your
mind for a moment because 1'd like to ap-
proach the idea of ‘digital companding’
from a slightly different angle.

Resolution
The obvious way to increase the dynamic
range of the sampling process is to use a
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high resolution ADC. A 12-bit ADC will
give 4096 quantisation levels and a S/N of
72dB at best; for a 16-bit ADC we have
over 65,000 levels and a maximum S/N
ratio of 96dB. If we’re using 8-bit words to
store the data we can’t use a 12 or 16-bit
ADC (assuming we could afford the 16-bit
devices) and using two words for each sam-
ple would halve our sampie time. Bearing
in mind that we want to avoid the degraded
S/N for low signal levels, suppose we do
this instead:

Around the OV leve!l, we pretend we’ve
gota 12-bit ADC and space the quantisation
levels accordingly so that they are 0.025%
of full scale apart. After the first eight lev-
els, 0.05% of full scale apart. The next
eight levels will be 0.1% FS apart, the next
eight 0.2% FS. and so on. The resolution
around OV is now excellent. The penalty is
that in the final section which takes care of
the wave peaks the resolution is only equiv-
alent to a 5-bit ADC. There are two very
strong points in favour of this as opposed to
linear conversion. First of all, audio signals
generally have an amplitude spectrum con-
centrated in small signals rather than large
ones and will often have crest factors (the
ratio of peak to RMS amplitude) of five or
more. Secondly, the human ear is much
more sensitive to any inaccuracies of the
wave around the zero-crossing point than it
is to slight variations in the peaks. At the
end of the day, the justification for this type
of conversion is that it sounds so much
better!

In IC form, there are two versions of the
companding DAC. The first follows a law
known as u255, developed by Bell'Labora-
tories. The idealised law is:

Y = 0.18In(l +uX)

where u has the value 255 for an 8-bit
converter. This law is approximated by
seven ‘chords’ which double in step size as
described above. The rival system, the A-
law, approximates the function:

Y + 0.18 (I + InAX) for I/A (see ms pg
29)

Where A has the value 87.6 for an 8-bit
converter.

In both these cases, X is the analogue
signal level as a fraction of full-scale. The
formulae give the magnitude of the signal
levels; a sign bit in the DAC is used to say
whether they are above or below zero.

The main difference between the two
laws is that the approximation of the A-law
results in the first two *chords’ having the
same step size, so the maximum resolution
is only equivalent to an 11-bit linear DAC.

Fig 5 Alias distortion.

To tie in with the earlier idea of modify-
ing the waveform with an *S-law’ analogue
circuit, just imagine that the sample in
memory from the variable-step ADC was
fed out through an ordinary DAC. With
allowances for the chord approximation,
the waveform would look just as if it had
been processed by the analogue ‘S-law’
circuit.

The advantage of companding during A-
D and D-A conversion is that the tech-
nology required is just the same as that
needed to produce a 12-bit DAC, which is
not very difficult these days. To get the
same degree of precision in a non-linear
analogue circuit would be virtually impos-
sible

Sampling Rates

A well-known rule of thumb is the need to
sample at more than twice the rate of the
highest frequency component of any wave-
form that is to be reproduced; i.e., the fa-
mous Nyquist theorem. If you disobey the
rule, you let yourself in for a dose of the
dreaded alias distortion.

Fig. 6 The frequency spectrum of the input
signal (a) and the output from the DAC, (b),
showing the additional frequency components
generated by sampling.

continued on page 30 23




continued from page 6

For Your Information

Longwaves

If, like most of us, you think that radio
transmissions all work with very high
frequencies, you'll be surprised to
find out how much is happening be-
low 500kHz, and even more surprised
to find out that the spectrum extends
all the way down to 9kHz. *‘The
World Below 500 Kilohertz''. a
book by L. Peter Carron, Jr.. details
the commercial and non-commercial
uses of low frequencies, as well as
technical advice on how to listen to
the low bands. There are navigation
beacons. maritime voice bands. and
military commumications: you can
also listen to natural generators such
as earthquakes or solar flares. It's a
fascinating book, a 64-page softcover
available from the author for $5.50
US. Contact: L.P. Carron Publishers,
205 Ridgewood Road, Easton, PA
18042, (215) 250-8898.

Thyristor Handbook
Matorola’s new Thyristor Handbook.
DL137. contains over 630 pages of
information on triacs, SCRs. GTOs.
triggers, etc. It includes theory and
applications, cross references, selec-
tor guides, and a complete set of
Motorola data sheets ‘There are sec-
tions on driver circults. mounting, re-
liability and new technologies.
Available from all Motorola sales of-
fices and distributors.

Power Entry Modules

Schurter Power Entry Modules
provide a quick-disconnect feature for
power cords. They 're avalable with
single or double tuses, a voltage se-
lector switch and a lighted or un-
lighted power switch, depending on
the model. All models are UL and
CSA approved. Now you can add the
power cord to the list of peripherals
that you lose. From Lenbrook Elec-
tronics. Unit I, 111 Esna Park Drive,
Markham, Ontanio L3R 1H2, (416)
477-7722.

Digital Electronics

Newport Electronics announces the
Quanta Series 28N digital panel
meters for thermocouple types J. K.
and ‘T. Signal conditioning provides
cold-junction compensation,  lin-
earization and sensor-break detection;
there are options for analog outputs
and control outputs such as isolated or
parallel BCD. For more information.
contact Metermaster division of R.H.
Nichols Co. Ltd.. 80 Vinyl Court,
Woodbridge, Ontario L4L 4A3, (416)
851-8871

Temperature Monitor

An intriguing way for manufacturers
to monitor temperature during an in-
dustrial process: the Ball Corporation
of Colorado sells a gadget called the
Datatrace. consisting of a monitoring
device about two inches long by one
inch in diameter. The device is pack-
aged along with the product (inside a
can or bottle, say) and passed through
the pracessing methods. Then the de-
vice is retnieved 1s inserted into the
playback console: a computer reads
out up to 1000 time'temperature data
points. The device can be reset and
reused: battery life is about 1000
hours. So 1f you open a can of soup
and find one of these, contact the Ball
Corporation, 9300 West 108th Circle,
Westminster. Colorado 80020, (303)
4460-5259

Heath Laptop

Heath has announced a new laptop
computer. the ZP-150. a diskless unit
weighing 3.55g and sporting a fold-
down LCD display. The wperating
system 1s Microsoft WORKS, com-
patible with MS-DOS: the 224K of
ROM contains a word processor, o

database, a spreadsheet, telcom soft-
ware, etc. Senal and parallel outputs
are provided From Heath dealers, or
contact the Heath company, 1020 Isli-
ngton Ave.. Toronto, Ontario M8Z
SZ3, (416) 232-2686.

A Toronto Loblaws supermarket
is testing a prototype electronic
shelf price display system. An
LCD readout on the shelf dis-
plays the price and can be toggled
by the customer to give a unit
price, such as cents per ‘itre; the
product is identified by a card on
the LCD. The displays are inter-

connected with the checkout
counter, ‘‘ensuring 100% consis-
tency between prices marked and
prices read by checkout.’’ The
release doesn't mention that it
will make it easier for super-
markets to raise prices. Hourly,
if they want.

According to a press release, the
10th World Computer Congress
and Business Equipment show
will be held in Dublin in Sep-
tember, 1986. The release also
says that the number of computer
companies manufacturing in
Ireland makes it ‘the Silicon Val-
ley of Europe’. Canada has Kan-
ata, Ontario (‘Silicon Valley
North*) and Scotland has ‘Silicon
Glen’.

According to another release,
Fairchild Semiconductor is
opening a $100 million CMOS
wafer-fabrication facility in
Nagasaki, Japan; it will be con-
structed by 1986 and producing
by 1987. The public relations
writers must have been wrestling
with themselves not to have
called it *‘Silicon Valley East® or
similar.

CAD/CAM Graphics of Ottawa
announce a new PCB artweork
service called Artwork Express.
It uses the Racal/Redac com-
puterized PCB design system,
said to be the most advanced sys-
tem available, and is just part of
their system which provides inte-
grated and hybrid circuit board
design, digitizing, plotting, N/C
tapes, prototypes, drafting, doc-
umentation, etc. The Artwork
Express service can also send the
customer requirements from a
Toronto office to the main equip-
ment in Ottawa via modem, with
a similar service for Montreal by
the new year. For more informa-
tion: CAD/CAM Graphics (1984)
Ltd., 700 Industrial Ave., Ot-
tawa, Ontario KIG 0Y9, (613)
526-0620.

Because gold doesn't corrode,
it's the favourite coating for con-
tacts in electronic equipment,
but being a precious metal, it's
subject to high prices and market
fluctuations. There have been at-
tempts at substituting for gold in
the past, with varying levels of
success. Now the Allied Corpora-
tion has produced a nickel-based
alloy called Altraloy which it
claims is the ideal replacement.
It has excellent corrosion resis-
tance, solderability, and can be
plated on without an underplat-
ing. No mention was made about
availability; if you’d like further
information, you can contact
their Corporate Technology De-
partment at PO Box 2245R, Mor-
ristown, NJ 07960, (201)
455-5012.

Canada Remote Systems, the
largest supplier of BBS public
domain software, is now sup-
porting the Apple Macintosh.
Over 50 Mac disks will be on-
line, giving a total of 20 mega-
bytes of PD software. For more
information, contact them at
4691 Dundas St. W., Islington,
Ontario M9A 1A7, (416)
239-283s.

continued on page 26




With NRI training at home, you can...
Move up to a high paying
career servicing computers
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And you can a by a

ctually uilding NRI’s

16-bit IBM-compatible computer.

You can create your own bright,
high paying future as an NRI trained
computer service technician. The
biggest growth in jobs between now and
1995, according to Department of Labor
predictions, will occur in computer
service and repair, where demand for
trained technicians will double. There is
still plenty of room for you to get in on
the action—if you get the proper-
training now.

Total computer systems
training, only from NRI

To learn how to work on
computers, you have to get inside one.
And only NRI takes vou inside a
computer, with total systems training
that gives you hands-on experience with
computers, peripherals, and software.
You'll build a Sanyo MBC-550 series
computer, which experts have hailed as
the “most intriguing” of all the new IBM-
compatibles. The Sanyo even surpasses
the IBM PC in computing speed and
graphics quality.

Even if you've never had any
previous training in electronics, vou can
succeed with NRI training. You'll start
with the basics, rapidly building on the
fundamentals of electronics until you
master advanced concepts like digital
logic, microprocessor design and
computer memory. You'll probe into
electronic circuits, using the exclusive

NRI Discovery Lab® and professional
Digital Multimeter, that you keep.

You'll assemble Sanyo’s intelligent
keyboard, install the power supply and
disk drive, and attach the high resolu-
tion monitor—all the while performing
hands-on experiments and demonstra-
tions that reinforce your skills.

Learn to service
today’s computers

As you complete your Sanyo, you
grasp the “secrets” that qualify you for
anew career. You’'ll learn to program in
BASIC and machine language. You'll
use utility programs to check out the
operation of the Sanyo’s 8088 micro-
processor (the same chip used in the
IBM PC). And you also get over $1,000
worth of software, including WordStar
and CalcStar.

Most importantly, you'll under-
stand the principles common to all
computers. Only a person who fully
understands all the fundamentals can
hope to be able to tackle all computers.
NRI makes sure that you’ll gain the
knowledge and skills to maintain,
troubleshoot and service computers.

Learn at home in spare time

With NRI training, you'll learn at
home on your own time. That means
your preparation for a new career or
part-time job doesn’t have to interfere

with your current job. You'll learn at
your own pace, in the comfort and
convenience of your own home. No
classroom pressures, no rigid night
school schedules. You're always backed
up by the NRI staff and your instructor,
who will answer questions, give you
guidance and be available for special
help if you need it.

Let others worry about computers
taking their jobs. With NRI training,
you'll soon have computers making
good paying jobs for you.

Send for Free NRI Catalog

Send the post-paid reply card today
for NRI's 100-page catalog, withall the
facts about computer training plus
career training in Robotics, Data
Communications, TV/Video Servicing
and many other fields. If some other
ambitious person beat you to the card,
write to NRI at the address below.

V L ol LT

McGraw-Hill Continuing Education Center
330 Progress Avenue

Scarborough, Ontario M1P 225

or telephone 416-293-8787 :;'A'ﬂ
Hdl'}

We'll Give You Tomorrow.

IBM is a Registered Trademark of Intemational Business
Machines Corporation,



HIGH SPEED EPROM PROGRAMMER ----$175.00
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PLUS CANADA POSY COD FEE IF REQUESTED.
PRICES & SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE.
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continued from page 24

For Your Information

Megabit ROM

A one-megabit ROM with an operat-
ing current of only 1SmA and a
standby current of 100uA from a sin-
gle 5V source is available from Oki
Semiconductor. It is organized into
131,072 eight-bit words and interfaces
with most processors, including the

80C86/88. Access time is 250nS and
the device is compatible with TTL.
The 28-pin IC is available in 5000 lots
at $23 US cach. Oki Semiconductor,
650 North Mary Avenue. Sunnyvale,
California 94086, (408) 720-1900.
Circle No. 56 on Reader Service Card.
continued on page 37

If you’d like to learn how to
design, apply and evaluate power
supplies for state of the art elec-
tronic equipment, Lakeview
Publications, publishers of Elec-
tronic Products and Technology, is
presenting seminars on Linear and
Switch-Mode Power Supplies in
Ottawa, October 30 to Nov. 1, and

in Toronto November 5-7. The
$795 seminar fee includes sessions,
course material, coffee and lun-
cheons but not accommodation.
Contact them at the Professional
Education Division, Lakeview
Publications Inc., Unit 28, 1200
Aerowood drive, Mississauga, On-
tario L4W 287, (416) 624-8100.

79 EAST WASTINGS STREET, VANCOUVER, B.C. V8K 4wé
PHONE (804) 281 - 1814
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NEW 1986 CATALOG

CIRCLE READER SERVICE NO. FOR FREE COPY

THIS MONTH’'S SPECIALS

4116 16K 1.39
64K 150ns 2.19
64K 200ns 1.89

256K 150ns 8.69 .,
AR New
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SELF SERVE STORES LOCATED NEAR YOU. JUST CALL...
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HNEMODEMS

Auto 1200B/Auto 1200A-Special! $299.95

e Bell 103/113/212A compatible » Interface: EIA RS232C + O to
300/1200 bps full automatic ¢ Full duplex, auto dialer, auto
answer, auto disconnect, redialer, Self-testing « Compatible
with most personal computers and terminals ¢ Compatible
with all available communications software. DOC, FCC &
CSA approved.

Modem MM101-$79.95/MM101 Auto Answer-$119.95

300 Baud - Full duplex » Bell 103 compatible » Direct con-
nection between microcomputer and telephone. DOC, FCC &

Mail Orders: Send certitied cheque or money order, plus $5.00
for shipping and handling. Ontario residents add 7% P.S.T. to
Circle No. 7 on Reader Service Card
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For more Information contact

MARK GEE ENTERPRISES LTD.

BRUNELLE

[[]] ) Brunelie Instruments Inc.
III 69th 6th Range South (Industrial Park)
h I//// Saint Elie D'orford, Quebec, JOB 2S0

[[]] Tel: 1-819-569-1408 Telex: 05-836266

$415.00
$299.00 . »" 1$99.95 Lostuling:
* Accuracy of £ 5%
Featuring: » Safety designed input ¢ VCF input
Featuring: * High accuracy 0.1% « Handheld 7-function, jacks and test leads, ¢ Variable DC offset
» 5 functions (ACIDC ¢ High current range 20A 35 ranges with 200 uA, tiit stand for bench * TTL or CMOS pulse
voltage, AC/DC cur-  * High voltage range AC and DC. Hi-low use. Easy external output
rent ranges up to 20 1,200V, ohms diode check. battery access. ¢ Measurement range
amps and resistance), * Automatic Zero « Built-in transistor test ¢ Callbration certlficate  from 0.1Hz to 10MHz
*0.5" large 3%:" diget  Circuitry. function. traceable to NRC sup- * High input sensitivity
reg. LED display. ¢ All range with protec- ¢ Overload protection. plied with meter. of 20mv RMS
¢ High resolution tion circult. 2 amp fuse protects all * 1 year parts/labour * 2 year warranty
0.1MW, 0.1R, 0.1UA * 2 year warranty. meter ranges. guarantee. * Digital display

WESTBOROUGH, MASS. OTTAWA, ONT. EDMONTON, ALTA.
366-9684 728-7900 438-5888 2250 Midland Ave., Unit #26
BELLEVUE, WASH. TORONTO, ONT. CALGARY, ALTA. Scarborough, Ontario M1P 4R9 {416) 298-9388
881-8191 977-7692 235-5300 Telex 065-26270
MONTREAL, QUEBEC DOWNSVIEW, ONT. VANCOUVER, B.C. o i
731-7441/256-7538 630-0400 438-3321 J \ Distributor and Dealer inquiries Welcome I
Circle No. 10 on Reader Service Card
C THE BRUNELLEd
—f\/\—semss —/\vr—- - ’\,‘ (v '\/\ ,/\’
Dependability you can count on. Meets Toughest Demands.
MODEL 5050 Digltal Muttimeter Model 4060 Digital Model 3030 Function Generator Model 2200 Digital
Model 5050 is a compac: flightweight 3%2” The Multimeter you've been waiting for ... Providing Sine, triangle, square, pulse and Capacitance Meter
digit multimeter suited for all types of labor  at the price you've been hoping for. ramp out-puts over the 0.2Hz to 2MHZ fre- The Digital Capacitance Mete.
bench operation. quency ranges. you've been waiting for ... at the
price you've been hoping for!
r e —— T
C=ITF-]
-~ .
i
N 2114.95
~
L -
ove

Featuring:

* Reading Rate: 0.5 seconds

* Overrange Indication: indication of *“1*

* Test Voltage: 3.2 volts peak maximum
“+" input terminal voltage Is always
higher than * -~ “ Input termina!

* Power Requirement: 9V battery

* Battery Life: Up to 200 hours typical
with Alkallne. Up to 100 hours typlical
with Zinc-carbon.

* Accessories Supplied: Test Lead (1),
spare fuse (1), instruction manual (1) 9V
Battery (Zinc-carbon).

Mail orders accepted. Send certified cheque or money order. Add 10%
F.S.T. Add $3.00 for shipping. Quebec residents add 9% P.S.T.

Available at leading component stores across Canada.
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316 College St.
Toronto, Ontario M5T 1S3

Toll Free Orders Only
1-800-387-1385

Order Checking (416)325-8291
Technical Data (416)925-1105

MAIL ORDERS We accept VISA, MC,
AMEX, credit cards Money orders, che
ques {2 week wait) are also OK Minimum
packing and handling tee $500 or 5%
whichever 18 larget The only COD we use
s via CANPAR (Add $4.00 COD fee) or
molor freight We do not use postal COD
at all All Ont res add 7% All prices are

We have the nicest case of all the
various competing cases, ask any
friend who has bought someone
else's case and then has seen ours.
The lid is hinged with pushbutton ac-
cess. The back is cut for 8 XT slots
and it comes with all the case back
inserts for cards, card guides, blind
disc filler plates, standoffs feet
SCrews, all for $79.9

Piease specify back or side cutour for
power supply.

We also have an IBM 8 Slot/6502
Board dual duty case for makingJBM

MEGABOARD CASE, similar to the
above. Fits the MEGABOARD exactlg

NICADS 8.4V 7 "D~
4RA.H CELLS

S

S L A

A great buy, a pack of 7
brand new GE NICADS giv-
ing 8.4v at 4 Amp hours. Each
cell iIs 12v and separates
easy. Used as 5V backup
through a 7805. Gives 5v 1

(B]

©

(O

(E

G)

H

U}

[B)]

(K)

L

M

(N

(O

(P,

o]

384K of 64K DRAM on board. With OK
... 3 mes
512K RAM CARD. A luII slzed card with

512K of 64K DRAM on board. With 64K
576K RAM CARD. A very popular card
with 576K of 64K and 256K DRAM on
board. This Is a % sized card for portable
use. WIthOK .. .. s 7am
KRAM RAM CARD. A clone of the JRAM
with up to 2 MBYTE on board using 256K
DRAM. 100% compatible, complete with
software for using as RAMDISC and
RAMSPOLL. With OK .$130.00
COLOR GRAPHICS. A clone of the
popular PERSYST color card. Has three
outputs and one input. A. RGB for IBM
color monitor. B Video 1v P to P com.
posite color video. C. Video gray scale 1v
P to P for seeing color on green or amber
monitor ....814895
MONOCHROME GHAPHICSIPR NTER. A
workalike clone 100% IBM compatible for
the HERCULES card. Has par printer port
and hi-res text and graphics mono output
..... .$1M8.85
384K HEXPACK. A copy ol the AST
6-PACK, 100% compatible with software.
Has Clock/calendarfalarm and 384K
DORAM and serial and parallel ports and
game ItO With OK _. S1me
640K HEXPACK. Similar to above but with
640K on board using 256K and 64K
DRAM. All other features the same. With
OK . .$27%.00
DISC CONTHOLLER For 14 0S-00
drives. Full IBM standard with cable and
instructions. . ....$ 80.95
DISK CONTROLLER + 11O CARD. A very
good card that has a clock/calen.
dar/alarm and game /O and serial and
parallel ports and a standard 1-4 drive
controller card on a full sized card. Very
efficient card $180.95
110 + 2. A clone of the very popular USA
card of the same name. Has clock/calen-
dar/alarm, with game 1O, serial and
parallel, ponts ... .$120.95
PRINTER CARD. A standard centronics

printer port for all parallel printers

............ $ 5895
SERIAL CARD. A standard ASYNC serial
cardfor modemuseetc. ........3 40.98
MODEM CARD. A 300/1200 Baud modem
using the 8910 WORLD chip. Compatible
with many popular software packages.
....$189.00
8255 110 CARD. Uses 2 8255's to glve 16
lines of VO ftor various uses. Fully
locatable . $120.9%
CLOCK CALENDAR CARD. A small c. 4
to add the clock/calendarfalarm battery
to system .S 49.94
GAME PORT CARD. Adds two std game
110 ports tothe system .. ....8 23098

Betorrs are subjectto 8 20% restoeking look-a-tike 6502 systems .. ... for back power supply ....... Sl
G e s | [ e T e e e | [Esosaasonagsonanod - 314
WIRED CARDS SYSTEMS
FOR IBM ;
{(A) 384K RAM CARD. A % sized card that has All MBE-XT systems share these at NEw SME'XT

tributes.

« High order compatibility due to the DTC
bios which is recognized superior to
others.

« 8 Slots for plug in cards, just like IBM

¢ Made right here in Canada

* Socketed for the 8087 Co-processor

¢ |BM compatible serial keyboard

¢ Disc controller using 9216 IC, the most
advanced, for error free operation.

* Color graphics card with gray scale and
video output for optimum useability.

« Properly made 135W power supply with
accessory plugs.

* Strong steel case with push-button

‘ operable flip-top hinged at rear for easy

access to insides.

WIRED

SYSTEM 1. The basic MBE system. Has
256K on the main board, 135W power supp-
ly, 1 DSDD ': height drive with controller,
color graphics board and cherry switch

keyboard . . ................... $1149.00

SYSTEM 2. The first upgrade level of the
MBE system, has 640K RAM with 135 Watt
power supply, 1 DSDD ¥ height drive and
controller, color graphics board, serial
port, printer port, clock/calendar/alarm and
game /O with a cherry switch keyboard

. .$1495.00

..... $ 150.00

is called the SME

RAM above 640K

This nicely made box is Ideal for externally We have decided

mounted hard or floppy drives. It has space
for one full height or two half height drives
and power supply space at rear. This is a
well made and rugged units foronly $59.95

$49.95 as well. Al

BARE PCB $49.95

In response to popular demand we have developed an
upgrade of the famous MBE-XT board. The new board
-XT and has space for up to 1 Mbyte
on board. The most popular configuration is 640K
which is the IBM max addressable memory. The extra

poses such as video lookup, ROM sitting, and other
uses. However, we can supply proms to allow full use
of this overhead space on demand. The 256K RAMS
are more highly evolved than 64K RAMS and board us-
ing them have far fewer problems with parity errors.

pioneered with the MBE-XT and sell the new PCB at

the original IBM and the MBE-XT.

TO 1M BYTE

WITH 256K $299.00

is normally used for system pur-

to maintain the low-low price we

| other attributes stay the same as

Yes we have the same QUME drives that IBM uses in their IBM-XT*

solutely perfect, at a perfect price of only

MEMORY FLASH

64K-200Ns DRAM .$1.25
64K-150Ns DRAM .$1.00
256K-150Ns DRAM .. 3475
Set of 941256 .$30.95

ble sided, double density. The exact ones you need to upgrade your old system or Dul|d your clone
system up to the max. These are brand new drives that are from QUME's own inventory. They are ab-

system, 40 track, 1/2 height, dou-

$135.00

SWITCHING POWER

SUPPLY

110V, 60Hz with Fan and two
rear switched outlets
These power supplies fit our cases.
130 WATT +5V - 14A; +12v - 42A; + 12V - 1/2A
Back Switch
Side Switch

..$149.00

a2 s ",
- =
e =
r T =

sell them foronly

And lastly we have som

€£159.00

Yes the famous KEYTRONICS 5150 IBM® compatible
keyboard. MADE IN USA. We bought a bunch and can

We also have some Taiwan coples that are quite good
0 and all are checked for only

KEYTRONICS 5151 keyboard with all the same
enhanced features for only

,,,,,,, $119.00

...... $99.00
e Talwan copies of the famous

________________ $139.00
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316 College St.
Toronto, Ontario M5T 1S3

Toll Free Orders Only
1-800-387-1385

Order Checking (416) 925-8291
Technical Data (418) 9251105

SOLDERLESS

BREADBOARD

WW pins too.

WB-106 ....
WB-104-3 .

WB-108

/

WB-104

Solderless pratotyping boards
are the best way to quickly bread-
board up a circuit. The holes are
made especially
resistors, and other small parts
with 22.28 gage wire leads, takes

3 IC strips, 5 power strips
4 Binding posts, Aluminum plate 4

2 1C strips, 1 power strip
2 Binding posts, aluminum plate

4 IC strips, 7 power strips
4 Binding posts, aluminum plate

2 IC strips, 4 power strips
2 Binding posts, aluminum plate.

connectar and complete pinout

This 1s a high quality Hall Effect keyboard made by
Microswitch of Canada for AES data and now
bought by us for 10% of the $169 00 that AES paid
for them 1n 10,000 lots. They are a very good word
processing keyboard with both serial and parallel
data outputs for use with APPLE and IBM type
systems and come complete with a nbbon cable
$24.

8” DRIVE
SWITCHING
POWER SUPPLY

85

The greatest 8 ODrive supply we have ever

for IC’s,

.$42.95

$29.95

.$59.95

...$33.95

MOTHER
BOARD

100% lie* Compatible, for those of you who wish to
bulld a clone of the very popular APPLE lle*  This board
15 a reverse engineered copy ol the lle™ and 13 100%
compalible We have the motherboard and the custom
1Cs only All other parts are widely soki The custom ICs
are workallke chips that do nol infringe any copyrights
The software for operating the board must be obtained
alsewhere a3 we do nol have it fof sale. When we say
100%. we mean it

A very good buy al S40 08
Custom IC set{2) SAN
Keyboard encoder (AY3-3600) 5149
Character generator, UILC s1a8
48K 6502 Motherboard, same ok 100%

compatible 2 + clone (S8

lle’ ABS PLASTIC CASE
$59.95

p -
.
P
\ :

]

i

b vg‘g

—_—

This case 1s made to fit the Mother Boarg listed here
for making lle* clones and 1t makes a very nice look.
ing copy There ts jusi enough difference to avoid
design infringement The case also has no brand
names or other marks on It
A good buy at L3N
ABS numeric case for 48K motherboard Exact it
Ay

IBM POWER
SUPPLY

real Steal at

One of the nicest open frame IBM type switching
power supplies we have ever seen Came from the
defunct NCR IBM compatible. runs the whole thing,
has + SV.7A, ¢+ 12V3A, -5, -12-"4 A A very good unit
for starter system. Will not run hard disc system. A
$49.95

found Has 24V 2 2A 5V 3A and -12V- 17A Ail
you need for a dual 8" Drive system A swit
ching power supply by ASTEC

PARTS, PARTS,

8088 CPU $705
8087 Math Processor $219.00
8237A 5 Prog DMACnte 3895
8250 Serial Porl $9.65
B8253A 5 Prog Interval timer S5 06
B255ASP1A $4.0¢
82594 Prog Internug Cnirt 3405
8284A ADC clock gen & driver 3508
8288 Bus Controller $9 9%
8272 Fioppy Disk Cuntrolier $5 9%

NEC 765 Floppy Disk Controller
{equivalent to 8272) s
Set of 8088, B255A 5. 8237A 5. 8288. 8284
8253A 5 and 8253A 13
6502 CPU

6845 CRT controller
68445 CAT controtier
ZB0A CPU (4 MHz}
MC3242

7418367

7415259

74LS161

PARTS, PARTS,

100ns delay hine $5 00
7ns gelay ine STLW
62 pin edge con (high qualty) $1
5pin O conn $1
Power conn 15
Dip swich 8 pos $2.4
47k x6sip s o
47k x8pin sip s o
8 2k or 10k 16 pin Resistor or net s -
33ohm x 8 network st
Small speaker $1

1 uf 50V high qualily bypass capaciors §
Trmcap s

34 pin card edge con 14
27186 :
2732

764 ’

74574

748174

7418323

Card edge connectx (50 pin)
RCA jack PC mourr.

6 pin power square connector
Phono jack {smallj

MPSA 13trans

2N3904 trans

2N3906 trans

MPSUS1 trans.

2N4258 11ans18107 o7 equiy

1K SIP 10pin

1KSIP 8 pin

10K SIP 10 pin

4pos dip Sw

20 pin female heager lor disk drive
20pin male

%0 pt tim cap

220 ohm tempot

20 conduci of ribban cable 5 .

N L L

MBE-XT
AN I1BMW”
XT Compatible
8 Slot Motherboard

MBE-XT BARE PCB WITH
MANUAL AND SCHEMATICS.

$34.95
LAZY BOARD

APPLE lle®

$99.00

For those of you who would like to put your lle
in another case we have a high quality 100%
plug in compatibie Matrix keyboard with all lle
keys plus the highly desirable numeric keypad
for quick entry of numeric data €99 00

iIle® MATRIX

KEYBOARD
$79.95

This keyboard fits the above case and has 100%
clone y. it will allow of all lle*
commands Another bargain at $79 44
24 numenc heyboard lor 48K mother boards, 100%
comp, 88 basic functions for only $69 95
Stangarg same as above SHA N

Whaut 1s your time worth?? We have had
a bunch of MBE-XT boards stuffed and
wave soldered so you can save all that
time soldering them up. All you need
are the IC’s memory and BIOS and you
are set to go 149.00

FULLY WIRED AND TESTED WITH

64K ON BOARD WITH MEGABIOS
AND MANUAL

$299°°

+ 8088 16 Bit Microprocessor

* B0B7 Math Processor Gphionat

*Up to 256K Oram on Bearg

* Has Digi:al Delay Line lor Error Free Memory
Refresh

* 81BM Compatible Expansion Slols

¢ 4 DMA a1d Timer Channeis

* 64K/128K Eproms Jumper Selectable

* Will run any Compatibte BASIC

< 18M Power Plug Compatible

* Same PCB size as 1IBM XT

* Runs PC-DOS and CPM 86

+ Compatible BIOS in stock

The amazing MEGABIOS® from DTC of
Dallas. A fully rewntten BIOS that allows you
to make a fully compatible legal system Note
they do not ask MEGABUCKS® for it. only
$3995

SWITCHING
POWER SUPPLY

Another great bargain from PARTS GALORE, A small
power supply switching style that give +5v-4A; 2 12v
- 5v (adjustable) on a compact 4x8" open frame
PCB. Cost Northern Telecom $50.00 when they bought
5000 pieces. We got em when a subcontractor went belly
up for 10% of that price and we are selling em for

1A and -

AC power cable (3 Wire) for above

$18.9MEW IN BOX TESTED
$250

{A) Color Graphics (Persyst)
(B) Monoch-ome graphics
(C) Disc controiler

(D) O1sc controlier + Printer
(E)Dmsc cortroller + Game
(F)'C + 2110 clock etc

(G} Multitunction card 11 function
{H) AST SIXPACK COPY

() Parallel printer

() RS-232 carg

(K) Simpte nodem card

(L) disc tor above

{MiS12K cara

$2795
S2495

TAIWAN BIOS, not as gcod or 100%; compati
ble but 11 will get you running and Save you

bucks s24 %
(N) 256K short card S19M
{O)IBM 6 extender for service $10M
{P) WW Prolo, full sized with DB 9 &

DB2s tootprint $248
(Q) WW Memory proto, “ull sized with

256K (1Meg) memory laid out on one

end w th DB 9, 0825 tootprint sAY
(R)S12K Mapping PRO $12 9%
{S) Multifunction PROMIS: 2} $24 00
(T) 2732 tor color graphic $10

All cards come with a delalled parts list and
placement drawing, we also have all parts needed
for them
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continued from page 23

Designer’s Notebook

Alias distortion is often presented as a
kind of ‘mistaken identity’ of the sampled
wavetorm (Fig. 5). This is OK for explain-
ing how it might occur. but not much good
for deciding what to do about it. A more
enlightening view of the situation is to con-
sider the frequency spectrum of the
sampled wave, or the output from the
DAC.

Two points before we start. First of all,
the following discussion assumes that the
output from the DAC represents the exact
leve! of the input at the time of sampling.
Any practical inaccuracies we have already
put into the ‘noisc’ pigeon-hole. and there
they can stay for the time being. Secondly,
it doesn’t matter whether we use linear or
log conversion. What we are getting out of
the DAC is a stream of voltage levels repre-
senting the instantancous value of the
sampled wave. no matter what black magic
was used to stuff it into the memory in
between.

We'll start off’ with an analogue input
which has a trequency spectrum as shown
in Fig. 6a. Atfter sampling at 30kHz, the
output from the DAC will have a frequency
spectrum as shown in Fig.6b. No doubt
you've seen similar diagrams before. To
get a feel for why it should be so. take a
look at Fig. 7.

‘ ‘ FREQUENCY

WL L

STREAM OF PULSES, REPETITION RATE 30kHz

90 120 150 180 210 240 270  (kH2)

FREQUENCY SPECTRUM OF PULSE STREAM

First of all we have a series of sampling
puiscs of zero duration. Not very practical?
OK, [ admit it. it’s a mathematical fudge.
But bear with me for a moment. It so hap-
pens that a string of pulses like that has a
frequency spectrum consisting of evenly-
spaced sine waves all with the same ampli-
tude. Now, if I took just one of these sine
waves and amplitude modulated it, remem-
bering your AM theory, you'd expect to see
sidebands on either side, right? And vary-
ing the amplitude of the sample pulses in
accordance with the amplitude of the input
is pretty much like amplitude modulation.
Fig. 6b shows all the 'sidebands’. The ar-
gument has many holes, but the con-
clusions are OK.

So what happens when the DAC output
consists of real pulses that have a finite

Fig. 7 A stream of sampling pulses and their frequency spectrum, which extends indefinitely.

width? Well. if I can lean on the previous
rickety argument a little more, the unmodu-
lated output spectrum from the DAC will
now be a series of sine waves which dimin-
ish in amplitude as their frequency in-
creases. So what we'd expect to see is the
amplitude of the higher frequency ‘side-
bands” of the modulated spectrum decreas-
ing in amplitude. too, as their frequency
increases. This is exactly what happens.

The original spectrum of Fig. 6a is all we
want to end up with. so it won’t cause us
any grief that the upper frequencies dimin-
ish in amplitude. Were going to filter them
out anyway. What would cause us concern
would be any alteration to the amplitude of
the original spectrum, the part we want to
keep.

At this point the intuitive argument col-

MODEL 6022 $59500
DUAL TRACE 20 MHz OSCILLOSCOPE
¢ 6” CRT with internal graticule

* 20 MHz bandwidth (- 3 dB)

e Stabilized power supply

e Trace rotator

* Low power consumption

e X-Ymode; Add/Subtract; 5 trigger modes

¢ Built-in component tester
e Complete with two dual probes

SPECIAL UNTIL DEC. 31/85

DUNCAN INSTRUMENTS LTD. ",

ELECTRONIC INSTRUMENT SPECIALISTS
121 MILVAN DRIVE, TORONTO, ONTARIO M9L 128
(416) 742-4448 TELEX: 065-27271

All prices include Federal Sales Tax. In Ontario add 7% Provincial Sales Tax. |
Call or write for additiona! information. Telephone and mail orders invited.

4
|

VISA

MODEL 8055F $59500
DIGITAL FREQUENCY COUNTER
¢ Frequency range:
1Hz - 550 MHz/3 ranges
e Sensitivity:
A: 1Hz - 100 MHz = 20 mV
B: 50 MHz - 550 MHz < 150 mV
¢ 8 digit LED display

MODEL 8010F
¢ 1Hz - 120 MHz/2 ranges

539500

ORDER DESK 1-800-387-7418

BETTER PRODUCTS. BEST VALUE.
We provide the finest, state-of-the-art electronic
instruments available. Backed by superior post
sales service and a comprehensive 12 month
warranty. Many of our products are unavailable
anywhere else. Examine just a few of the many
products we currently stock. Recognize value.

MODEL 8016D
DIGITAL DISPLAY
FUNCTION GENERATOR

¢ 0.2 Hz to 2 MHz frequency range

* Wave forms: Sine, triangle, square,
pulse and ramp

* QOutput level: >20V p-p open circuit

e V.C.F.: 0 to 10V (1000:1)

¢ Frequency counter: 6-digit display

MODEL 8015F $26000
Available without digital display

$43500

558096 e uns
——— [’ { =1 5
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FREQUENCY SPECTRUM OF INPUT

I
15kHz

T T
15k Hz 30kHz
SAMPLE RATE

I 1
45kHz 60kHz

Fig. 8 The frequency spectrum of an input signal containing components above half the sampling fre-

quency and the corresponding spectrum of the DAC output.

lapses under the strain and we must take
account of the results of a full mathematical
analysis. Yes, the amplitude of frequency
components of the part of the spectrum we
want to keep will diminish. The wider the
output pulses from the DAC, the more sig-
nificant this effect becomes. With a stair-
step output from the DAC, which retains
the previous output until another digital
code comes along, the frequency response
will gently roll off until, at half the sam-
pling frequency, the output will be down by
about 4dB. No need to panic, but it should
be taken into account. Remember that this
has got nothing to do with any filtering or
whatever, we're just looking at the raw
output from the DAC.

It seems sensible that if we're looking for
perfection, the best thing to do would be to
return the DAC output to zero in between
sample outputs. Sad to say, this can cause
more problems than it solves.

We’ve been looking at nice clean ster-
ilized theory up to now. Unwanted odds
and ends creep in, but they stay in their
proper place and behave themselves and we
know just what to do with them. When you
actually come to build a circuit in real life,
the results are much less predictable. For
instance, DACs don’t instantly jump to a
new output level when a digital code is
applied, they have a certain settling time
and what happens at the output during that
settling time is anybody’s guess. Addi-
tional frequency components will be gener-
ated and they won’t be in predictable
places.

The answer is to make them small in
comparison with the spectrum we want,
which in essence means making the output
hold time long in comparison with the set-
tling time. In general, it is often better to
put up with a predictable fall in perfor-
mance that can be compensated for rather
than to try correcting it at the expense of

Electronics Today November 1985

introducing factors that can’t be removed.
To return to Fig. 6, although there is no
frequency component at the input which is
above half the sampling frequency, there
are already unwanted frequencies from the
DAC which occur within the audio range.
It we could block off all frequencies above
10kHz at the input, the unwanted frequency
spectrum would at least be above 10kHz.
This is not very sensible. The unwanted
frequencies could burn out tweeters or beat
with the bias oscillator of a tape recorder
and produce audible products, for instance.
There is the more obvious problem of los-
ing bandwidth for no particular reason.
Output filtering is the answer here.

Figure 8 shows the situation when fre-
quencies above half the sampling fre-
quency are present at the input. The overlap
of wanted and unwanted frequencies is our
alias distortion. The practical result is a
kind of harshness or coarseness in the re-
produced sound. These frequencies could
also be eliminated by filtering at the output,
at the expense of a good deai of usable
bandwidth. Far better to have a filter at the
input to prevent frequencies above half the
sample rate entering the system in the first
place.

The result of all this is that although we
could, at a pinch, get away with filters just
at the input or output, the maximum system
bandwidth and best possible sound will be
achieved by filtering both. Obvious, you
think? Well, maybe, but I recently saw a
design for a fairly expensive self-contained
unit with no input filtering whatsoever and
a pathetic and totally inadequate 2-pole fil-
ter on the output. The designer claims it can
‘also be used as a treble control’. Sur-
prisingly often, designers of commercial
equipment, who really ought to know bet-
ter, try to get away with inadequate filter-
ing or even no filters at all. ]
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Tools for
Electroni

Treat yourself to some

of the gadgets available

from a huge variety of

testbench tools.

By Bill Markwick

AFTER you get the testbench equipped
with basics like the oscilloscope, generator
and power supply, you might want to
upgrade some the tools that you started
out with. Lineman’s pliers and Visegrips
don’t really make it when you’re trying to
pull 1/4 watt resistors out of a printed cir-
cuit. We didn’t list retail sources for tools
because there are so many, but if you have
your heart set on something you can’t
find, there’s a list at the end of
distributors you can contact.

Pliers and Cutters

These are the tools you’ll use the most,
and the two main uses will be in stuffing a
new PCB with parts and, if you're like
me, pulling them back out again because
you got the holes wrong.

Is there a difference between elec-
tronics pliers and the hardware store
variety? You betcha. A pair of fine
needlenose pliers will let you insert or
remove the tiniest part from the most
awkward of locations in a way unmatched
by even the best of the hardware—store
types; a pair of miniature diagonal cutters
will nip off the excess component leads ef-
fortlessly, and very close to the PCB. If
you have 200 leads to cut, not an
unreasonable amount, your wrist will
thank you for getting sharp, accurate cut-
ters; the leads are also cut squarely and
neatly, not squeezed apart.

In addition, makers of professional
tools can supply you with an amazing

32

variety of special-purpose pliers: one of
my favourites, and a standard on any wir-
ing line, is the model typified by the
Xcelite 58-CGV. It’s a pair of needlenose
pliers with a tiny cutting edge milled in
just back of the jaw tip. It can bend leads,
guide them, and cut them to length. For
cutting the leads under the PCB, either
before or after soldering, I prefer preci-
sion diags such as the Xcelite 74-CGV or

v

e

A hemostat with locking clamps near the
handles; there’s nothing like them for very
small parts.

Crescent 941-4SC. The jaws will cut close
to the PCB surface in a way unmatched by
any low-cost model. There are also special
miniature shears especially for PCB lead
cutting, such as the Lenline L1011.

If I haven't convinced you of the im-

portance of good pliers and what a dif-
ference they make: borrow a pair and
compare them to your $5 hardware store
types, and you’ll see what a good invest-
ment they are. Ummm, that brings up
another point... precision tools cost a fair
amount. You'll find that the best pliers
and cutters are in the $15 to $25 range. On
the other hand, they’ll last and last; you
can hand them down to your grand-
children and tell them that you once made
your very own musical doorbell.

Weird Tools
Well, they aren’t really weird. They’re
just unusual and a bit hard to find, but
they simplify those annoying little tasks
that require three hands and more pa-
tience than you’ve got at the time.

Among these are forceps and
hemostats. You can fantasize that you’re
saving the day by taking out somebody’s
appendix in a submarine. Both forceps
and hemostats are like extra-thin, ex-
tra-long needlenose pliers; the hemostats
have a latch to hold them shut at various
tensions. There’s nothing like them for
starting tiny nuts and bolts or grasping
tiny leads for soldering or fishing for that
microscopic washer you just dropped into
the power supply. A typical example of
forceps would be the Lenline CFM-5, an
inexpensive curved model made of nylon
(handy if you insist on tugging live wires);
locking hemostats are typified by the
Lenline 70-20C, a stainless steel curved
type.

Electronics Today November 1985
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Accounting

s

Accounts Payable ............. $779.45
Accounts Recelvable. . ......... $779.45
Gen. Ledger-Fin. Reporter . . . .. .. $779.45
Inventory Control . ............. $779.45
OrderEntry ................... $779.45
Payroll .. . . swlilennvvvns. . o $975.95
Databases Integrated

Ashton Tate

LA™ 50 aooaaoeacos $608.00
P.C. Tutorial .................. $ 63.96
dBASEUpgrade ............... $187.00
Micropro

InfostarPlus . ................. $520.20
Stoneware

Advanced DB Master . .. ... ..... $621.29

Databases -
Non Integrated

Sorcim

EasyFller .................... $417.76
Thorn EMI

PerfectLibrary ................ $518.99
Timework

DataManagerd ............... $ 93.90
Fliing

Software Publishing

PFSFile. ... ...........ooooou.. $146.21
PFSReport ................... $130.55
PFS Solutions Mall List .. ....... $ 20.83
PESProof ........ccoovvuiunnen $ 99.21
Spreadsheets

Lotus

Lotlsi1:2:a%). . B e
Symphony ................. 5
Symphony Upgrade

Word Processors

Broderbund

Bank Street Writer ... .......... $ 83.50
Hayden

VT IOy o e o e Renanane e honase = $ 41.99
s

EasyWriter M. ................. $396.00
Lifetree

Volkswriter Delux. ............. $267.80
Volkswriter Scientific .......... $646.63
Micropro

(WOTHSHaTEMSE. oo + o o cnmane = tas = ¢ $307.97
Wordstar2000................. $433.18
Wordstar 2000 Upgrade Kit . .. ... $433.16
Multimate

Multimate .................... $304.89
Satellite
WordPerfect.................. $399.00
Word PerfectSorter . ........... $ 62.75
Microsoft

Microsoft WD/Mouse/Spell

Graphics Applications

Fox & Geller

DYraph 0. . & . 0 . wo . el . $258.42
Power Up

SignDesigner ................. $ 73.02
Software Publishing
PFSGraph.................... $148.25
Unison Advanced Products

PrintMaster .................. $ 62.61

yExceltronix

Toronto Store: (416) 921-8941; Ottawa Store: (613) 230-9000

1IBEM Compatibie
Software and Books

Communication

Terminal Pckg.

Microsoft

Microsoft Access ........ $262.00
Microstuff

Crosstalk XV . ................ $168.00
Software Publishing

PESIACCOSSEERER . S .. ..o ..o $99.25
Thorn EMI
PerfectLink................... $215.07
Programming Alds

Borland

TJurboPascal .................. $ 75.00
Turbo Pascat MS DOS Generic .. .$ 75.00
Turbo Pascal WiB087 ........... $114.77
TJurboTutor ................... $ 38.50
Diglital Ressarch

CBASICS86 ................... $208.88
CISCOBOL forCP/M86. . . .. .$ 88775
DRLOGO................. . .$158.80
PersonalBasic ............ ..$157.46
P gl snonennc - SRR B RS $783.31
Holt Rhinshart Winston

Programming IBM PC BASIC . ...$ 42.35

Programming Languages
Digital Research

ConcurrentPCDOS ............ $308.10
CPIMB6 ...................... $ 62.66
R BrandtPrentice Hall
Pascal programming . .......... $ 67.80
Utilities
Ashton Tate
Framework ................... $853.29
Borland
Sidekick unprotected. .......... $ 88.72
SuperKey .......... ...l $ 73.05
Turbo Graphics Toolbox ........ $ 57.38
TurboToolbox. ................ $ 57.38
Digltal Research
AccessManager. .. ............ $417.77
Animator (3103-AA) . ........... $835.53
CBASICComplierC86.......... $626.85
Display Manager 86
DR Graph (5017-AA)
Forms2 (3104-AA). .. ....... -
GraphDraw .. .................
Microsoft
Macro Assembler ... .......... $156.66
Microsoft Mouse . ............. $231.80
Rosesoft
Prokey3.0 .................... $135.02
Software Research TECH
Smart Key I Plus MSDOS . ...... $104.36
Entertainment
Infocom
Zork Y. . i ..$ 4189

.8

$

Simon & Schuster

Frogger Il . ...... 38.50
Super ZAXXON 36.50
Microsoft

Flight Simulator .. ............. $ 52.10
Muse

Castle Wolfenstein .. .......... $ 31.27
Blue Chips

TYycoon. .....ooiiiiiiiiiiinnn $ 62.61
Milllonaire . . .................. $ 62.61

Datasoft

PACMaN . ... ... ... $ 31.25
Simon & Schuster

The New York Times ........... $ 20.63
Miscellaneous

MSDOS .. ........iioiiiiiiann
PCDOS ........

GW BASIC

IBM Books

Handbook for the IBMPC ... .... $ 20.89
MS DOS Manual Reference. . . ... $ 52.40
IBM Basic from Groundup ...... $ 3268
Book of IBM Software . ......... $ 26.13
IBM PC Encylopedia ........... $ 85.00
iBM PC User's Ref Manual ...... $ 3268

Lotus Guide to Learn Symphony .$ 30.06
Through Micro Maze . ... ..$
Everyman'‘s Dbase Primer . ... ... $
32 Visicalc Worksheets ... ...... $
Get Started wWMSWord . .. ...... $
Manag. Bus. w/Multiplan........ $
Basic Prog. W/ProDOS ... ... ... $ 39.29
inside Dbase lll ... . . $
inside Frame Work . $
Inside Symphony ... $
All About 1-2:3. . . $
1-2-3 Managerial Wrksht .. ...... s

Misc. Titles

Data Books
Motorola
DL128 Linear DataBook ......... $14.95
DL129 High Speed CMOS .. ...... $ 9.95
DL118 OptoDevice Data . ........ $ 875
DL130 Cmos Integrated CCTS ....$ 9.95
DL110 RF Data Manual .......... $14.95
DL111 Power Data Book ......... $14.95
DL113 Memory DataBook . .. ... .. $ 995
DL121 TTL DataBook ........... $12.95
DL122 MeciDataBook........... $ 9.95
DL126 Small Signal Trans. ....... $15.00
DL105CmosData .............. $14.95
HB206 Voltage Regulator

Handbook ................... $ 9.95

SG73 Master Selection Guide . . . . . $ 5.55

TB301 Basic Micro. & The 6800. . . .$35.00
TB303 The 6800 Family using
Micropro & Microcom. .. ....... $34.00
MC68000um AD4 68000 Users Guide
.............................. $12.50

Single Chip Microcomputer Data
({includes 6800 Series and Support
Chips ...............

Other Data Books

Intel Micro System Components Hand.
book Vol. 1 and 2 (includes 8088 and

ProgramminginGC ............. $ 27.44 support chips) $26.00
CP/M Bible Auth.Ref. .......... $ 26.13
Microcook BookVol.1.......... $ 20.89
Microcook Book Vol 2. ... $ 2080 | Naonal 1L~ Siess
MPU Based Robot ............. $ 2220 | NationalCMOS................. $14.95
UnixPrimerPlus .. .............. $26.13
Keyboards
Keytronics 5151 (PC/XT compatible) . ............... $249.00
Keytronics 5150 (PC/XT compatible) ................ $135.00
Keytronics 51561A (AT compatible) . . ........ ... .. ... $279.00
VIS I e s 00 R Al hda 11 T N o $135.00

Printer Ribhbon's

Star Micronics

Radix 15. ..
Toshiba

Epson

Oki Data

MLBO, 82A, 83, 92,93 ,,,,,,,,,,,, $ 3.50
ML182 . -« CALL
L L & P o CALL
MLIBA ... ... . i CALL
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Specifications — P351
Print Method Impact wire dot matrix
Print Head 24 pin; overlapping

Print Speed Letter quality: 100 CPS

The UItimute 3 i“ “e Pri ] gg:;t quality: 288 CPS (12

240 CPS (10 CP1)
Condensed print: 240 CPS
(16.7 CPY)

Resolution Graphic mode: 180 x 180
dotsl/inch
180 x 360 dot/inch

Line Lengths: 226 Characters per line
(16.7 CP))
163 Characters per line
(12 CP1)
136 Characters per line

(10 CPY)

Character Set 96 standard ASCII characters
31 graphics characters
Special character sets for
USA, UK, Sweden, France
Germany, Norway, Spain and
1BM

Character Fonts Letter quality courier,
prestige elite proportional

Accepts font cul'tl'idges und spaced prestige elite are

downloadable font disks, Qume o S s

Sprint 11 emulation, IBM PC compa- resident. Downloadable

tibility, and more. gl bl

e Letter quality at 100 cps e et

¢ High-speed drafts at 288 cps 16.7 CP, etc.

® superb gruphics at 360 x 180 and Vertical Spacing To 1/48" under software con-
180 x 180 dots per Inch. gl s o

Line Spacing 6.25 IPS (continuous)
ed

Spe
oo Paper/Copies From 4” to 15" wide 4 parts
carbonless paper including
original.

Specifications — P1340

Printed Method Impact wire dot matrix
Printed Head 24 pin: overlapping
Print Speed Letter quality: 54 CPS
Draft quality 144 CPS (12 CPI)
120 CPS (10 CPI)
Condensed print: 78 CPS
(16.7 CPI)
Line Lengths: 132 Character per line
(16.7 CPI)
96 Characters per line
(12 CPI)
80 Characters per line
(10 CP1)
Character Set 96 standard ASCII characters
Character Fonts Letter quality 24 x 36 dot
matrix (proportional
spacing). Draft quality 24 x 9

TOBHIBA

3 in One printing in the economy size. i
Superb graphics at 180 x 180 dots per Hortzontsl 10 G, 12 CPI, condansed
- a acing | etc.

l“:h- I.ettel' q“ulltv Clnd dl’ﬂft SDEEUS. Proprotional spacing

oume SDrint 5 Emulution. Vertical Spacing 6LPI, 8LPI, etc.

Paper/Coples From 4.5 to 10” wide, 4

parts carbonless paper in-
so | cluding original. Single
sheet or continuous form.

IBM-PC is a trademark of IBM Canada. Sprint 11 and Sprint 5 are trademakrs of Qume Corporation. Prices
and specifications are subject 10 change without notice

Exceltronix 1986 Catalogue — 11
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Long Distance Ordering: 1-800-268-3798. Local Orders (416) 921-8941

New from Star Micronics
$G-10 Printer

Ideal for Text & Graphics
* Dual Mode - NLQ/draft standard (NLQ = near

letter quality) 120 CPS and 20% faster
throughput e Bidirectional, logic/seeking ¢ 2K
buffer (expandable to 6K with optional buffer in-
terface) * 100% IBM PC or Star standard control
codes-switch selected e Friction and tractor
standard e full 1 year warranty ¢ 10" wide car-
riage * Standard parallel interface (serial op-
HEREN) oo e oo000adBo0oBbac aabBas $379.00
SG-10C for Commodore ............ $399.00

(No interface required)

Star Micronics SG15

Same as SG10 except with 15" carriage and
standard 16K buffer ...................... -

Radix

15" 200 cps, 100% duty cycle e 16k buffer
e serial & parallel standard e proportional &
downloadable characters ¢ 240 x 144 Ultra High
Res. ¢ tractor & friction...

Radix 15 PC (for IBMPC)............ $995.00

Star Printer Accessories

Star Micronics — Power
Type dalsywheel printer

&

Letter $535.00

Quaility

ll"rim Speed: 18 c.p.s. bidirectional, logic seek-
ng

Interface standard parallel (Centronics compati-
ble) and serial RS232C-20mA cufrent loop
Paper Slew Speed: 12 l.p.s. @ 1/8” spacing
Print Buffer: One line

Print Size: 10,12, 15 c.p.i and proportionai spac-
ing

Number of Columns: 110,132, 185

Character Sets: over 100 Type fonts available.
Speclal Features: proportional spacing; dual in-

SR-15 Printhead ..........ceoevueenaeneennn $80.00 terface; standard printer mode and word pro-
* 200 cps and 20% faster throughput  IBM PC Printwheel ..............coiiiiiin.. $18.00 cessing mode; 32 easy access format switches
or Star standard control codes switch selected RIbDONS.. ... it $4.50 reverse paper feed; short form tear-oft;
¢ Dual Mode - NLQ/draft standard e Fric- Paper (500 sheets) (B¥zx11).............. $9.95 Line Spacing: 34,68 lines/inch; switch and soft-
tion/tractor and automatic single sheet feed - Paper (2,000 sheets) 8%2x11) ........... $32.00 ware selectable
standard ¢ 15" carriage * 16K buffer e Bidirec- DUStCOovers. ......covveiiiennnnnnnanns $8.50 Paper Handling: single sheet: 55" to 8.5" wide;
tional, logic seeking * Price/performance leader Printer Stand (plastic)10” .............. $34.00 sprocket 4” to 13" wide; copies 3 carbonless
* Parallel port standard, serial optional * Full 1 Printer Stand (plastic)15” . ............. $38.00 sheets
year warranty. $995.00 Ribbon standard cassette
OKIMATE200B80. . . ....... $345.00 ML182 $390 IBM
Colour = olidotaML19Z . . . ......... $699.00
" 'w\‘ {Apple Imagewriter or compatible, lle, lic, Mac)
hid = * 120 cps * 2K Buffer, Serlal int., upgradeable to 10K
\ = R e = e 3 « Tractor and friction * 10" » 19.2K Baud max. * Cable
\ N —————— extra.
- EA == Okidata MLI92(IBM) ....... $679.00

e Color Screen Print Software Package ¢80 cps
unidirectional printing ¢ 40 cps correspondence quality
* 24 element, long-life printhead with snap-in *no tool"
replacement ¢ IBM character sets 1 & 2 ¢ High resolu-
tion 144 x 144 DPi graphics e Plain, thermal or acetate
paper * Friction and pin feed paper handiing {roll paper
stand optional) « Variable width tractor feed.

* 120 cps bidirectional printing e Friction and ad-
justable pin teed paper handling e Parallel interface
(serial optional) * All Points Addressable graphics 5
foreign fanuage sets. IBM Graphics compatible.

* 160 cps » Parallel (optional Serial) » Correspondance
quality » 10™.

OlddatamiL1es .. ......... $1089.00
(Apple imagewriter compatible lle, lic, Mac)

* 120 cps * 2K Buffer, Serial int., upgradeable to 10K
* Tractor and friction ® 15" « 19.2K Baud max. * Cable

extra.
Okidata MLI9Z (IBM) ...... $1069.00
* 160 cps e Parallei (optional Serial) » Correspondance

quality = 15",

Copal Copal SC1500T.........$499.00
SC55001 180cps, 132 column 180 cps, 80 column
$699.00 CopalSC1200L. . ... .. ..$329.00
120 cps, 80 column
Cable Assemblles
CR220 ......ciii ittt it CALL SW
Homewriters ........................ CALL 'tCh Box .. 559.“
LXBO ....oiiiiii it e CALL
X B0F T se8s a7 4 ARG A alh = 8 W e oo s s CALL
R N T e e T O LT s CALL
L e TR NS CALL
EQTS00ITS 5 s oo ms-o.00i0 nrvroivivne aiolve e o s W HE CALL DB25 Male to DB25 Female . ........... $35.00
RESTIERIONIR S 2 0.8 ivas e o ey e CALL  Rs232 Cable (6t of round conductor) . . ..$39.00 4
RS232 other lengths and connector configurations
available on request.
Paralle! cable 36 pin Centronics type connectors, male .
WG GISO Gﬂl‘l" 'I'OShlb(l joined by 6ft of ribbon cable to female $35.00
Printers 1340 and 351 Parallel Cable for IBM interface DB25 through 6ft of rib-
bon to 36 pin centronics with appropriate
SOG pﬂgﬂ “ connections . . $35.00

Prices subject to change without
notice

Apple is a registered trademark of Apple Canada Inc.

Cable Assemblies for two 5-1/4in drlves and controller
(e.g. IBM) using three 34 pin connectors and approprlate

length of 34 conductor cable .. ...... .$35.00
20 pln Female header 24in. to 20 pln for Apple drives
R— L)

Contains 3 RS232 connectors and a switch which swit.
ches all lines between A and output connector A and
output connector C or connector B and output connec-
tor C. Example Applications. Switch between Serial
printer and modem if you have only one serial port or
switch on serial port or printer between two printers.
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Monitors and Disk Drives

Zenith Duta Systems

12in. diagonal screen ¢ non-glare amber display
e composite input ¢ 25 lines x 40/80 characters

$135.00
NEW
ZVM1230A

12in. diagonal screen e non-glare green display
» composite input ¢ 25 lines x 40/80 characters

$135.00

CV-2560 ® 25" diagonal screen ® RGB/com-
posite input ® 25 lines x 80 characters ® sound
capability ® green screen only switch ® video
“loop thru” feature $1049.00

Z¥YM 124 e 12” diagonal screen ® non-glare
amber display ® PC monochrome input (TTL) @
25 lines x BO characters ® 720 x 350 pixels ®
IBM PC & compatibl

pativies $229.00

ZVM 131 @ 13" diagonal screen ® RGB/com-
posite inputs ® 25 lines x 40 characters ® 320 x
240 pixels ® sound capability ® green screen
only switch @ video “loop thru” feature
$479.00

ZVM 133 @ 13" diagonal screen ® RGB input ®
25 lines x 80 characters ® 640 x 240 pixels
green screen only switch ® 16 colours including

$759.00

PC brown

ZVM 135 @ 13" diagonal screen ® RGB/com-
posite inputs ® 25 lines x 80 characters ® 640 x
240 pixels ® sound capability ® green screen
only switch @ video “loop thru” feature
$787.00

ZVM 136 @ 13" diagonal screen ® RGB input ®
25 lines x 80 characters @ 640 x 480 pixels @
long persistence phosphors for interlaced ap-
plications ®

FORBESTPRICE................... $1195.00

Amdek

300AAMDEr ... ... $218.00
310A Amber,18MHz. . .............. $229.00
700 Ultra High Resolution . ............. $call

NEC Monitors now avaliable — Coll
for price

irwin 10 Meg Tape Drive
Buackup

Hooks up to your existing floppy controller.

$1199.00

5.25Iin. Disk Drives
SAA4ASS . .$169.00

» Shugart/Panasonic 5.25in. slimline, double sid-
ed, double density disk drive with 360K storage
capacity. IDEAL FOR IBM COMPUTERS.

Toshiba Disk Drives

ND-04D 360K DS/DD

(blackorgrey) . . .. ....... $169.00
ND-O8SDE-C 1.2Mbyte AT compatible,
CrY ..... . lduama. seeige » 4o $299.00

For more detalls see page 14

scorpion 20 Meg Tupe Drive
Baclup and controiler.
$1895.00 _ e

Diskettes

Prices per box of 10
10% discount on 3 or more boxes.

DysanDSIDD ................. $35.95/10
DysanSS/IDD ................. $27.50110
MaxellDS/DD . ................ $35.95/10
MaxellSSIDD . ................ $28.95/10
ExeltronixDS/IDD . ............. $24.95110
BASFDSIDD ................. $29.95/10
BASFSSIDD.................. $22.95/10
PinnacleDS/IDD .. ............. $21.95/10
PinnacleSSIDD . .............. $16.50/10
ElephantDS/IDD. . ............. $24.95/10
Modems

Anchor Automation
Singleman 1200

300/1200 baud smart modem . . . .. $469.00
Volks Modem (300-1200) . . ....... $399.00
Hayes

1200B Modem (stand alone). .. ... $605.00
1200Modem. .................. $620.00
300Modem . ................... $365.00
SmartcomIl ................... $188.00

Joysticks & Input Pads
CH Products

Machll ....................... $ 67.00
Machlll ...................... $ 67.50
Koala Technologies

Koala Pad W/PC Design .. ....... $199.00
The Speed Key System . .. .... ... $259.95
Kraft

Kraft Joysticks ................ $ 65.00
Mice

Microsoft

MicrosoftMouse . .............. $227.50
Mouse Systems
PCMouse..............ooo... $239.20
PCMouse/PCPaint.. ........... $277.20
Bill Boards

Compuserves StarterKit . ....... $ 59.00

10 MEG Seagate, slimline drive and
hard disk controller. This controller
can handle up to two-10 MEG hard

drives. sggs oo

Seagate 20 MEG. with
controller .......... $1195.00

Cables (for 10 or 20 MEG) $38.00

Quantity discounts
available on two or more
See also Toshiba
Hard DAiveson p.14.

-
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TOSHIBA

Wide selection of
Floppy and l=|xecl
Disk Drives

Upgrade your IBM PC/XT/AT
or compatible with high
quality Toshiba Drives.

ND-04D and ND-O4DE-G
5%4"” 360K DS/DD

For your IBM PC/IXT or compatible.
Grey or black available.

$169.00

ND-353A and ND-354A
34" Drives

S00K and 1 Meg types
Call for best prices

ND-OBDE
574" 1.2 Meg/360K

For your IBM AT or
compatibile. Grey
$299.00

Wide Selection

of Hard Disk
Drives

10 Megabyte (MM|) ..$650.00
MK 53FA,43.5Meg ....$2579
MK 54FA,60.5Meg ....$2725
MK 56FA, 86.5 Meg ....$2898
Controllers available.

Prices and specificatk bject to change without

notice.

SPECIFICATIONS + CHARACTERISTICS

Unformatied Capacity: MK-53FA MK-54FA MK-56FA
Mbytes per Drive (MFM) 43.2 60.5 86.5
Mbytes per Drive (RLL) 64.8 90.7 129.8
Bytes per Track (MFM) 10,416 10,416 10,416
Bytes per Track (RLL) 15,624 15,624 15,624
Heads per Surface 1 1 1
Data Surfaces 5 7 10
Cylinders per Drive 830 830 830

All Drives

Data Transfer Rate {Mbits/sec) (MFM) 5.0

Data Transfer Rate (Mbits/sec) (RLL) 7.5

Access Time (ms) (includes settling):

Track-to-Track 8.0
Random Average 30.0
Maximum 55.0

Quantity Discounts available.
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COMPUTER MUSIC CENTRE Inc.

Canada’s MIDI Specialists
Presents: NEW DIRECTIONS FOR THE CREATIVE ARTIST.

- Has the tedium of FM voice editing humbled you to
factory presets?

- With the CX5M’s multi-menu graphic display, voice
creation is a snap!

- Why purchase $150 RAM packs to save 32 voices
when you could save hundreds on a CX5M cassette?
- Plus you receive free: 200 voices for your DX-7!

TAP YOUR DX-7'S POTENTIAL FOR ONLY $675.00
(CX5M Computer, DX-7 Voicing Program, 200 Voices)

- 32 trk sequencer (50 000 noles) wlfull editing.
rlcks to score Includlng individual part extraction,
muluplo-lormat rine

- Uitra high resolution qraphlcs (or eopydght-qullty mntlng
- DX-7 graphic voicing program.

PROGRAM: $585.00

uires:
m compatible 320K min. (Our Loaded BEST w/512K & 2 Drives is $1785.00)
Hercules compatible graphic card: $380.00
Roland MPU-401 processor and interface: $399.00
Monochrome monitor: $229.00 Zenith ZVM 122}
Epson FX-80 printer; $649.00

THE COMPLETE PERSONAL COMPOSER PACKAGE: $4049.00

- A dynamic DX-9 sound module on-board (96 voices,
graphically programmable)

- An efficient 8 part scoring system w/hardcopy printout.

- PLAYS 8 VOICE MULTI-TYMBRAL

- Send your music out over 8 independent MIDI channels.
-~ Produce audio-visual performances incorporating
graphics and music.

- And the CX5M is a fully-fledged MSX computer for all
your home and business needs.

THE COMPLETE CX5M PACKAGE IS ONLY $825.00
(Computer, YK-01 Keyboard, FM Composing &
Voicing Programs)

COMPUTER MUSIC CENTRE EXCLUSIVES:
CMC 1 Voice Library (100 Voices: $39.95)
CMC 2 Song Library (15 Songs: $39.95)
CMC 3 DX-7 Voice Library Voices: $49.95)
CMC 4 DX-7 Voice Library (500 Voices: $99.95)
CX5M DISK DRIVES AND PRINTERS ARE HERE!
Disk Drive $395.00
Printer $365.00
Now Available: 4 track real-time sequencer
RX drum machine rhythm editor
Keyboard chord construction and
progression tutorials
New! The MSX book - a must for CX5M owners. Complete
documentation: $32.95

TEXTURE FROM CHERRY LANE ON THE IBM PC/APPLE 11

The most complete ‘workhorse’ professional recording software
on the market! Complete real-time, step-time, and MIDI data
editing. Link up to 64 8 track sequences to create songs or sets
of music.

PROGRAM PRICE: $295.00

APPLE MACINTOSH MID! HAS ARRIVED!

Southworth TOTAL MUSIC SYSTEM

99 tracks, 50,000 notes, automatic transcriptions, full editing of
recording and scoring, even visual editing! Fully mouse driven.
SOFTWARE AND INTERFACE ONLY: $649.00

IVL Technologies PITCHRIDER 7000:
The affordable MIDI Guitar interface is here!
Fulg go éahonic velocity and pitch bend control.

PITCHRIDER 2000 MIDI interface for brass/woodwinds.
OUR PRICE: $425.00

ROLAND MID!I:

SDE-2500 MIDI DIGITAL DELAY: $765.00
MPU-101 MIDI to CV interface: $315.00

MPU-103 MIDI Channel/Filter Converter: $249.00
MPU-104 MIDI Output Selector: $109.95
MPU-105 MIDI Input Selector: $89.95

MM-4 MIDI thru box: $74.95

NEW BCSS MICRO RACK SERIES:
RDD-10 Digitail Delay: $315.00
RGE-10 Graphic Equalizer: $219.00

Roland Compu-Music: complete system $295.00
Passport compatible MIDI Interface: $165.00
Boss DE-200 Digital Delay: $395.00

Alpha Syntauri 5 octave System: complete with
Mountain Music cards and software $995.00

Yamaha DX-9 FM Synthesizer: $1195.00
E-MU Systems Drymulator: $749.00
Roland System 100M Analog Module Rack: $1395.00

Order By Phone/Mail/or Drop In
Phone Orders and Enquiries: (416) 921-8941
Canada-Wide Long Distance (Order Line Only) 1-800-268-3798

Your centre for everythlng in MIDI keyboards hardware software, and accessories.
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1Ex CE’ tr on "x Long Distance Ordering: 1-800-268-3798. Local Orders (416) 921-8941

The 8088 Controlier
and Trainer System

Based on the success of our Multifiex starter systems, we are

proud to announce the arrival of the 8088 Controller and educa-

tional Trainer System. With the option to upgrade to a full IBM

PC compatible, the starter system is the perfect education tool

to learn 8088 based hardware and assembler code. It is also

ideal for use as a complex, high speed industrial controller at an

affordable price. This 8088 System consists of two boards. The

first board (as seen in the picture) is the motherboard which can

be used as a general purpose controller and contains the follow-

ing:

® Socketed for 64K static RAM

® Socketed for 64K of EPROM

® RS232-C serial communications port

® Controller Port

©® 300 baud modem

© 3 IBM PC compatible expansion slots (when the multifunc-
tion board is used)

® Wire Wrap area

The motherboard is a very versatile controller for which it is very
easy to write software on the IBM PC/XT.

The second component is a console which connects to the
motherboard via a ribbon cable. The console contains a dispiay,
hex keypad and another keypad containing function keys to per-
form memory block moves, register examination, the examina-
tion of /0 ports and a myriad of other functions. This board also
contains an EPROM programmer.

A further multi-function board which has been designed
specifically for the system to make it IBM PC compatible is
available. This multi-function card contains a floppy diskette
controller, DMA controller and up to 512K dynamic RAM.

Controller Board with 16X RAM
(optionally expandabie to 64K)
$250.00

Keyboard and Display Board with EPROM
programmer ﬂsl:ﬂs ;noogltor software

Multi-Function Board with 64K RAM
(expandable to 512K)
$250.00

SPECTACULAR GANG
EPROM PROGRAMMER
AND EMULATOR

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

Based on the Z-8 microprocessor.

Can program up to 8 EPROMs simultaneously
(anywhere from one to 8 EPROMs at the same
time with the information in its own memory or
or master EPROM).

Each of the 8 EPROM programming sockets is
individually buffered and isolated from one
another providing protection in situations when
there is a bad EPROM among the eight being
programmed. Clearly indicates and singles out
any defective or marginal EPROMs prior to or
after programming.

After programming the unit does a full VERIFY
routine of the EPROM (at a Max Vcc of 5.4V and
at a Min Vcce of 4.5V) to ensure high reliability of
your EPROMS. Very simple to use.

A standard unit contains 8x16K of on-board
memory which is sufficient in most cases, but
can easily optionally be upgraded to 8x64K of
on-board memory.

The Gang Programmer can handle a wide
selection of EPROMSs: 2716. 2732, 2732A,
P2732A, 2532, 2564, 2764, 27128,27128A and op-
tionally upgradeable to handle 27256, 27512,
2758 and 2724,

Gives you option of entering the data which
you want to be programmed on the EPROM
through a built-in keypad and display into the
EPROM programmer’s built-in RAM or by
downloading the data to be programmed by

RS232 interface (110 to 9600 Baud). The RS232 is
standard — not optional!

Data can be checked or modified, since you can
examine any memory location of the program-
mers buiit-in RAM, this holds true even after you
have down-loaded through the RS232 from your
computer; you can check or modify the memory
before finally programming it on your EPROMS.

Read Master EPROMS; you can plug in a pro-
grammed EPROM, dump it into the programmers
RAM, check the contents on display by stepping
through the memory and, if you wish, you can
alter any location before copying to other
EPROMSs.

EPROM Programmer can also be (optionally)
used as an EPROM emulator, saving hours of
frustration, reprogramming and waiting.

Using the Emulator option, you can enter via
the keyboard or down-load through the RS232
from your computer or development system, the
information which you think is right for whatever
project you are building. This is the same infor-
mation which you would normally burn into an
EPROM, plug into your new undebugged pro-
cessor and moments later you realise that you
forgot to enter a code or that you must add or
delete some codes. This normally would mean
waiting 20 minutes for erasing of the EPROM
and reprogramming and wasting time.

Using the Emulator option, you simply plug in
a 24 or 28 Pin buffered pod into the socket on
your board where you would normally fit the

EPROM, the difference being now that you can
have all the information in the programmers
RAM, connected to the pod by a ribbon cable
and you can start your testing. If you wish to
change, add, delete any codes, you can modify
the contents of the programmers RAM using the
keypad and display and continue testing
moments later. Keep in mind that the RAM is
protected from being accidentally altered.

Complete package with EPROM Emulator, 8
Z2IF sockets, Gang Programmer with 16Kx8 of
RAM and RS232................ $995_00

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

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

tme. ... $499.00

UV EPROM Erasers
Industrial quality EPROM erasers.
Erase time about 15-20 minutes

Starting ot $129.00
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MICROPROCESSOR
CHIPS

6500 Series
8502 8-bl CPU (1 MH2) 495
6502A 8-bit CPU {2 MH2) 890
6522 VIA Versatile Intertace Adapior 895
8522 VIA Versatite intertace Adaptor 895
6532 RIOT (128x8 RAM, /0, Timern) 745
6545 CRT Controller 1295
8551 ACIA Async Comm Interface Adaptor B75
6800 Serles
6800 8-bit CPU (1 MH2) 430
8802 OnChip 128x8 1MHz CPU 59
68800 8-t CPU {2 MH2Z) 739
6809 816-bIt CPU{1 MMz} 995
68809 8/18-b11 CPU {2 MKz} 2300
6810 128x8 static RAM 415
6821 P1A Periphrial Interface Adaptor 359
6840 Programable Timer 810
6844 DM A Controller 14 00
6845 CRT controller 895
68A45 CRT controlter 995
6847 Video Display Generator 995
6850 ACIA 345
6852 Syncronous Serial Data Adapter 580
6860 0-800Baud Modem 1195
68000 Serles
68000L8 16-bit CPU (8 MHz) 5000
68000110 16-bit CPU{10 MH2) 5900
68008 16-bit CPU (8 bit data path) 52 00
68230 Parallel interface Adapter 2595
68450 B8MHZ 16-bit DMA Controlter 11000
68451 Memory Managemant Controlier 189 00
68581 MPCC {68000 Compatible) 96.00
68681 Duart 1950
8080 Serles
8080 8-t CPU 980
8085 8-b1t CPU 945
8087 Math Processor {intel) 17900
8087-2 Math Processor Fast 8MHz{Intel) 21900

16-01t CPU B-bit Databus (AMD) 790
8088 18-bit CPU 8'bit Databus (Intel)
80882 1801t CPU 8-bit Databus 8 MHz {Intel) u95
8212 3-bit O Port
8214 Priority Interrupt Controller s 05
8216 4-bit Bidirectionat Bus Driver 265
8224 Clock generator for 8080/8085 510
8226 Inverting Bus Driver 536
8228 System controller tor BOS0’8085 975
823745  High Speed DMA Controller (AMD) 890

8237A 5 High Speed OMA Controller (Intsl) 1095
8250 Senal Port 989
8251A Programmable Communications

Interface 832
8253A5 Peogrammable Interval Timer (AMD} 595
8253A 5 Programmable Interval Timer (Intel) 895
8254A 5 Latest Programmabie Interval Timer

{Impeoved version of B253A 5). 79
8255 Programmable Interface Adapter 489
8255A 5 Programmable interface Adaptor 489
82575 Programmable DMA Controller 995
8259A Programmable Interrupt Controller 495
8275 Programmable CHT Controller . 2400
B82795PC  Programmable Keyboard Display

intertace 750
8282PC Octal latch, non inverting 855
8283PC Octal latch, Inverting 12 00
B284A Clock gen and driver 595
8286 8-8it Bus trans Non-Inverting 85
8287PC 8 Bit Bus trans Inventing 10 50
B2gp Bus Controlter 895
8289 Bus Arbiter 4095
8272 Floppy Disk Controlier

(Equiv to NEC 785 895
8741ADC  Univ. Programmable tnterface 3495
8748DC CPU, 4K EPADM 110 2800
87490C CPU, EPROM RAM 110 3500
8755ADC 2048 x 8 EPROM, O 3795
8086 Series
8086 16-bit CPU 135

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

280 Serles
Z80ACPU  8-bit CPU{4 MH2) 450
ZBOB-CPU  8-bit CPU (6 MH2) 1000
ZBOA P10 Parallel /O 595
ZBOACTC  Counter Timer 7719
Z80A DART Dual Asyncronous Receiver

Transmitter 1295
ZB0A DWWA  Direct Memory Access 18 50
ZB0A S100 Serial IfO ver 0 1895

Communications & Timers

AY31015 UART {Single 5V Supply) 795
AY5-1013  UART 590
$1602 UART 449
TMS9918  SpnteGraphics Generator 1895
TMS99532 FSK Modem 1795
COM5016  Dual Baud Rate Generator 1810
COMB8116  Dual Baud Rate Generator

{5V supply onty) 1675
AY53600  Keyboard Encoder 1095
KR3600 Keyboard Encoder 895
MSM5832 Real-time Clock 1810

MSM58321 Real-time Clock

SNNS03?  CATVideo Timer Controller 3225

Floppy Controilers

WO2143 4 phase Clock Generator for Floppy 14 50
FDC1771  Single Density Disk Controller 1900
FDC1793  Double Density Disk Controller 4700
FOC1795  Double Density/Sided Disk Controller 6900
FOC2793  Obi Density Disk Controlier

clw precomp 4500
FDC2795  DDOS Disk ControNer

Crw precomp 59 95
FDCI216  Floppy Disk Data Separator 10 %0
NEC765
8272) Floppy Disk cont 895

74LS00
74LS01
74LS02
741503
T4LS04
741505
740508
T4LS09
74LS10
T74LS11
741512
741813
741514
74L515
74L520
74LS21
741522
74LS24

74L526
741527
74LS28
741530
741532
741533
74L537
7410538
74L542
T4L547

741548
741549

T4L S5
74L554
T4LS55
74LS63
741573
74L574
74L875
74LS78
74LS77
74L578

74583
741585
74L586
74L590
74LS91
T4L592
741590
74L595
741596
7415107
74L5109

74L5112
7415113
TALS114
7415122

74L5123

745125
7415128
74L5132
74L5133
7415136
74L5137
7415138
7415139
T4LS145
T4LS147
74L5148
74L5151
7415153
74L5154
T4LS155
T4LS156
74L5157
74L5158

7405160

74LS161
74LS162
74L5163
74LS164
74L5165

B84LS166
7aL5168
7405169
74L5170
74L5173
T4LS174
74LS175
74L5181
7415182
7415190
7415191
74L5192
74L5193
74L5194

TALS195
74L5196
T4LS197
74L5221
T4L5240
74L5241
T4LS242
T4L5243
7415244
7415245
T4L5247
7415248
7415249
7415251

74L5253
7415287
7415258
7415259
T4LS260
T4LS266
74L5273
74LS275
7415279
7415280

7405283
7415289
7415290
7405293
74L5295

74LS00 SERIES

Quad 2 input NAND gate
Quad 2Input NAND gate DIC
Quad 2 input NOR gate

Quad 2input NOR gate O/C
Hex Inverter

Hex inverter 0IC

Quad2 input AND gate

Quad 2 input AND gate OfC
Tnpie 3input NAND gate
Triple 3input AND gale OIC
NAND gate inverter

Dual Schmidt tngger

Hex Schmidt trigger Inverier
Trple 3input AND gate

Dual 4input NANDgate

Dual 4 input NAND gate

Dual 4 inpyt NAND gate
Quad 2 input NAND Schmigt
trigger

Quad 2nput positive NAND gate
Triple 3input NOR gate
Cuad2 input NOR butter
Binput NAND gate

Quad 2 input NOR gate
Quad2 input NOR gate O'C
Quad2 input NAND gate
Ouad2 Input NAND gate O/C
BCD to decimal decoder

BCD to 7 segment decoder/
driver

BCD 10 7 segment decoder!
driver

8CD 10 7 segment decoder/
ver

Andior invert gate

4 wide andior inven gate

2 wide 4 'nput andlor Invern gate
Hex current sensing switch
Dual JK thp flop with cloar
Dual Dflip ticp

4 bit bistable latch

Dual JK masterisiave tip tiop
4butbistable fatch

Dual JK {Hp tiop preset,
common clear

4Dt binary full adder

4 bit magnitude comparator
Quad Input XOR gate

Decade counter

Bblt snift register

Divide by 12 counter

4 bt binary counter

4 bitrightriets shift register
5bit shift register async preset
Dual JK tlip op with clear
Dual JK pos edge triggered
thptiop

Dual JK adge triggered thp tiop
Dual JK eage iriggersatip fiop
Dual JK ecge 1ngge+ed flip tlop
Retriggerable monostable
muttivibrator

Dual retniggerable monostable
multivibrator

Tri state quad bus butfer
Quad 3 statebutfer
Quadruple 2input NAND Gate
131nput NAND gate
QuadXOR gate

30! 8 decoderidemultiploxer
3108 decoderimultiplexer
Dual 10t 4 decoder/demultiplexer
BCD to decimal decoder/driver
1044 priority encoder

8103 line prionty encoder

8 channel digital multiplexer
Dual 4/1 multiplexer

410 16 decoder multiplexer
Decoderidemultiplexer
Decoderidemultiplexer

Quad selector/multiplexer
Quad 2 1nput multiptexer
(inverting}

Decade counter withasync
Clear

Sync 4 bit counter

Sync 4 bit counter

Sync 4 bit counter

8bit setial shitt register
Parallel load 8 bit shift
register

8bit PISO shitt register
Up/down decade counter

4bit sync binary counter

4x dregister file

4Dt tn stateregister

Hex O thip ftop with Clear
Quad D tlip tlop with clear
AbitALU

Look ahead cafry

Sync up/down counter BCO
Sync updown counter binary
Binary up/down counter
Binary up/down counter

4 pit brdirectional shift
register

4pitshiftregister

Decade counter

Presettable binary counter
Dual monostable Multivibrator
Octal inverting bus driver
Octal bus driver

Quad inverling transceiver
Quadiransceiver

Tn state octaldriver

Octal bus transciever

BCOD to 7 segment decoder driver
BCD to 7 segment decoder driver
BCO to 7 segment decoder driver
Tnatate data selecior
multiplexer

Duat 4 bit multiplexer

Quad 2 input multipiexer
Quad 2 1 multiplexer

8bit addressabe latch

Dual Sinput NOR gate

Quad 2 Input XNOR OIC
Octal Dfip fiop

7bitslice Wallacetree
Quad$ P 'atches

9 bit odd'even panty checker
generator

4 bit binary full adder

64 bit RAM

Decade counter

4bi binaty counter
Abitshuftregister

F888

228538382 8

195

275

7415298  Quad2 Input multiplexer 112
74LS299 B Dblt storage register 275
7405320 Crystal osclilator 475
74L5321 Crystal osciliator 3%
7ALS322A B Dbit shiftregister 549
74LS323 8 bit bidirectional universal

shift 349
74LS348 8103 priority ancoder 275
74LS352  Dual 4 bit multiplexer 105
74LS353  Dual 4 bit multiplexer 105
74LS354  Dataselector multiptexer 475
74L5355  Data selector multiplexer AT5
74LS356  Dataselector multiplexer 475
74LS357  Dataselector multiplexer 499
74LS365  Hexbus driver tri state 82
7415366 Hex bus driver

{inverted output) 82
74L5367  Hexbus driver 62
74LS368  Hex bus driver

{inverted output} 82
74LS373  Octal transparent latch 120
7415374 Octal dual flip fiop. 120
74L5375 4 bitbistable laich .85
7418377 Octal D register 123
7405378 Hex Dregister 185
74LS379 4 Ditregister 185
74LS380 Muylti function octal generator 900
74LS384 8bit multipher 795
T4LS386 Quad 2 input XOR gate 50
74LS390 Dual decade counter 128
74LS393 Dual 4 bt binsry counter 112
T74LS395 Tn stale shift register 189
74L5396  Oclal storage register 275
74LS398  Quad D fhp fiop 275
7415393 Quad 2 input Multiplexer with

storage 145
74LS628  Voltage controtied osciilator 330
74LS612 2800
74LS640  Dctal bus transceiver 220
74LS641  Octal bus Iransceivers 320

74LS646NT Dctal bus transcervers ANDregisters 1095
TALS647NT Qctal bus transceivers ANDregisters 1095
TALS648NT Octal bus transceivers AND registers 10.95
T4LSE52NT Octlal bus transceivers ANDregisters 1095

T74LS670 4x dregister file 3stale 185
74LS673 18bit SISO shift reg 1995
74LS682  §bit magnitude comparator 399
7405683 8 bt magnitude comparator open

collector 399
74LS684  BDbit magnitude comparator, 3slate 399
7405688 8 bit magnitude comparator, 3 state 399
74LS689 8 bit magnitude comparator open

collector 535
74LS795  Octal buffer (81L595), 3 State 128
7415796 Octal bufter (81L596), 3-State 129
7418797 Octal bufter{81LS97) 3State 129
74LS798 Octal butter (81L598), 3-State 129
74L5795  Octal buffer (81LS95) I State 128
74L5796  Dctal butter (81L596), 3 State 129
74LS797  Octal bulfer (81LS3N, 3-Slate 129
7405798 Octal butter (81L598). 3-Siate 129

MEMORY

Check latest prices
each monthin
Electronics Today
and
Ccomputing Now!

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

Dynamic RAMs
4116 1x16k (150ns) .
4164 1x64k (150ns)

4164’s (150ns). Setof 9. . ... .. .. .. $ 9.50
41256 1x256k (150ns) .. ..... ... .. $ 499
41256 (150ns). Setof9 ......... .. $44.75
Static RAM

2114L4x1k200ns .. ............. $ 225
6514 4x1k CMOS 450ns ... ..... .. $ 1.20
6116 8x2k 150ns $ 495
2016 8x2k 150ns . .$ 399
62648x8k150ns ............... $ 9.95
EPROMS

2716 450ns 8x2k

2716 300ns 8x2k .

2732 450ns 8x4k .

2732 250ns 8x4k $

2764 300ns 8x8k $ 4.
27128350ns8x16k .. ............ $ 6.95

Commonly used parts for your
IBM compatible (8088) systems
and peripherals

Only prime quallity parts sold.
Quantity Discounts Avatilable

8088CPU
8087 Math Processor . .. .. 500
8237A-5 Prog. DMA Cntrl.
8250 Serial Port . .,
8253A-5 Prog. Interval timer .
8255A-5PLA. ... .. ...
8259A Prog. Interrupt Cntrl. . .
8284A ADC clock gen & driver
8288 Bus Controller a9
8272 Floppy Disk Controller ......
NEC 765 Floppy Disk Controller
(equivalentto8272) ......... ....
86 CPU

Set of 8088, 8255A-5, B237A- 8288, 8284,
8253A-5 and 8259A

100ns delay line ..
7ns delayline . ............
62 pin edge con (high quall(y)
SpinDinconn ... ........ _—
Powerconn .....................
Dip switch8 pos . .
4.7k x 6 slp

47k x8pinsip ... ... ...
8.2k or 10k 16 pin Resistor or

33ohm x 8 network
Smallspeaker...................
1 uf 50V high quality bypass

capacltors
Trimcap
34 pln card edge con
tor your floppy controller

7415244 . ..
7415245 .

6502CPU . ...... ... ... il
6845 CRTY controller
68A45 CRT controller .
Z80A CPU (4 MH2)
MC3242
74LS367 .
74LS259. .
74LS161 ..

74LS323.........
Card edge connector (50 pin)
RCAjackPCmount ............
6 pin power square connector
Phono jack {small) .. . . oo
MPSA13trans ................. ..
2N3904trans ... ......... ...
2N3906trans . ... ... ... ..l
AR R haae0a090
2N4258 transistor or equiv
1K SIP 10 pin
1KSIP8pin...... ... .. . ")
10KSIP10pIn . .. ...l
4 pos dip sw
20 pin female header for

diskdrive. .. ....................
20 pinmale . ..
50 pt trim cap
220 ohm trimpot
20 conductorribboncable ...... S .

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

High quality AMP IC Soldertail
Sockets (Double Wipe Action)

8Pin 10¢ 20Pin 25¢
14Pin 18¢ 24Pin 32
16 Pin 24¢ 28Pin 37¢
18 Pin e 40P S2¢

Quantity Discounts Avallabie

Note: we also carry a cheaper brand of
solder tall sockets at only 1 cent per pin.

SOCKETS

Wire Wrap sockets (RN)

8Pin .$ .65
14 Pin .$ .89
16 Pin $1.11
18 Pin .$1.47
20Pin $1.49
24 Pin $1.75
28 Pin .$1.89
40 Pin .$2.95

AMP ZIF Lock Sockets
High Quality AMP

16 Pin $12.95
24Pin $14.95
28Pin $16.95
40Pin $21.00
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CMOS

48 Quadlow-power 741 . a8 14122 oneshot .98 T4ALS487 Octal butter with 3 state ouplut .24
74123 Dual retriggerable one shol 87 T4ALS488 Ocla) bufter with 3 siate
4000 Oual 31nput NOR gate B3 =3 e wouator L 74125 Tristatequadbus bulfer. % invertad output 245
4001 Quad2 input NQR gate 3 e Monolithic J.FET Inputopamp 195 128 Tri-state quadbusbuller. .98 74ALSS18  Bbitmagnitude comparstor 375
002 DusSIpCINORgats = post Monckthc JET input 0p amo ’ 74126 S0ohmiine driver. . 74ALS819  BbitMagnitude comparator ars
s OIS i £ e s wri 198 74132 Quad2inpul Schmit .95 74ALSS22  6biT Magniiude comparator 757
4007 ETIEEIE I IR0 8 28 Dual version of 324 b4 74138 Exclusive orNAND gate . .92 74ALSS33  Octal Diype lransparent laiche 245
4008 4bitfull sdders o %0 2Waudioamp. . 110 714 BCD 1o decimal decoder driver S 74ALSS34  Oclal D type edge lriggered FIF 245
4009 Hax butiericonverter (munmg) . pose Dual version of 339 60 74142 caunlomalcuwmmv 5% T4ALSS540  Octal buther and line drver 2w
010 Haxbullericonverts o %8 Sample and hokd ampit o 74143 Conler decoder. .89 P4ALSS41  Octal buller and line driver 219
o javad Zinpel OIS - 3 585 1-::: ¢ — B 45 74144 Center gecodar. .59
4012 Dual 4 input NAND gate 41 8CD 10 decimal decoder driver 129
w13 Oua! D Edge 1riggea fip tiop © 8 DusliTimeds b N e 245 74SXX Series TTL
w014 it stalic shift register L] o s ‘: 74148 Priority sncoder 159
4015 Dual 4 bit static shifl register il “769 O:":mm' o 701%0 181ine 10 1 kine multiplexer 238 74500 Quad 2 input NAND gate .82
4016 Quagba e - @ 5 Sy T 0% 70181 8chennel digital multiplexer . . " 74502  QusdZinput NORgate . .82
4017 Decade counteridivider 7 o 74183 dual 41 multiplexer & 74503 Quad 2 input NQR gate O/C 75
4018 Presettabie divide by N counter [+3 ;:: 2,“' channel ditferential comparator ‘zg 74154 44ine 10-16 decoder 199 74508 Hex inverter 82
4019 Guadandior select gate 52 ne ST 5 74188 Oecoderidemultiplexer .. n 74505 Hexinverler OC. 75
& e counie! & 2 L o F 74158 Decoderidemultiplexer » 74508 Quad2input AND gate &2
21 Obit slatic shift ragister s & R o 74157 Quad2input multipiexer 82 74500 Quad2 input AND gate OC n
w022 Drwide by 8 counter/drvider e ™ A i 10159 418 decoder .. 210 74510 Tnole 3input NAND gate ™
4023 Tripie 3input NAND gate u s Duh e 205 74160  BCDdecade counter, async reset ) 74511 Trple 3input AND gate OC ™
4024 7 8tagebinary counter %5 5 oot oot el R e & 74181 Synchronous 4 bit counter 109 74515 Triple 3input AND gate O/C »
4025 Tripie 31nput NOR gate 4 77 Duat 75 74162 Sync. 4 bl counter 119 74520 Dusl 4inpul NAND 82
40z Decade countei/divider 1430 o o P e 74163 Sync 4 b counter 100 74522 Oual4input NAND gate OIC »
4027 Dual JK tup tiop = 749 U5 proariEiTie, 299 74184 bt serial shift register 100 74530 8nput NAND gate 72
4028 BCO lo decima! decoder e 7% m,, s 289 Ta85 Parallel ioad B.bit shift ragister 128 74532 Qusd2 inpul NOR buffer &2
oz R 70 High speed differantial comparator 1195 4166 8bil shift register " 74537 Quad2 input NAND butfer 249
03 Gusaxan osle pr e Multi-purpose programmable opamp 110 The ?Yb';“ e S 74538 Quad2 input NAND butter OC e
register file 1 4 t NAND butfer o
o3 7 segment decaded counter 100 TN Hduatondemodulator 328 74172 18 bitregister tile it I o 5
e L : 1438 Highvoltage op amp 449 T3 QST U - 74585 4 bit magnitude comparator 2%
o g I ragist 200 1458 Dual opsmp 54 1174 HexD thp llop with clear 4w 74586 Quad2 input XOR gate 100
s iy o e 1488 Quadiine driver % 2175 Quad D flip llop with clear & 745109 Dusl JK positive edge triggered
4040 12stagebinaryiippie counter o 1489 QuadAS232 line 1ecerver 41 74176 Presettable counteriatchdecade 145 10 1op 2%
4041 Quadirue comolement butter 479 1295 Multiotier 5325 74177 Presettable counteriatch binary 145 TR (SR To
042 D # 1496 Modulatoridemodulator 135 74178 4bitshifiregister 189 745113 Dual JK negative edge tnggered
4043 Quadin state NORR/S lulch ] 1558 Dees) 199 4179 4 b1t paraliel access ;mn register 175 hetiop 126
4048 3‘.2‘.‘;{,23'.'«':»".11‘ &1::;;?9 : 1595 Fourquad muitiolier 178 ;:::; :g;"‘;:‘: d‘g‘fv “:'.‘"mm :"ﬁ 745114 Dusi JK negative edge tnggered
al Y .
&y ey EoiOl GO U o e o . 74184 Cooe convertor BCO tobinary 355 o ; ;:
i e 1869 Video modulator 825 74185 BinarytoBCO convertor 0 745132 Quad 2 nput SChmt trigger
4049 :'."';:;‘m”" bufter :: Quadop 095 74190 Synchronous upidown decade NAND o 220
4050 x 3900
5423 | coumter . 19
Gl T BLSH  GusdASa2ine dver 395 | e ussowndicn 13 | TS Dunscecocimunpiener 19
i e i o 26LS31  Quaddillerentialline driver AS422 230 74192 Binary upidown counter 109 745140 Quadline diver 105
Ousiscnanss) mumpbuv > 260832 Quadditerential line driver RS422 27 74193 Binary upidown counter 109 745151 8channel digital multiplexer 199
053 A B I IEL G 26LS33  Quaddifferentiallinedriver RS422 245 74194 4bitbidirectionsl shift ragister 125 745133 Dual 4.1 multiplexer 1%
gLipte ey o o) 70 Fioppy disk read amplil er 599 74195 4 bit paralisl access shittregisier 109 748157 15
proed 4segment dmplay diver 199 86  QuadR$422/423line receer 225 7419 Presettabledecacecounter 145 7as138 15
8CD 10 7 segment recordenLCO dnver 175 M87 Quadiine driver RS422 235 74197 Presettable binary counter 148 748180  Decade counter with ssync
4058 BCD to 7 segment recorder/LCD driver 175 o477 Anal i Q 500 74190 8it shift register 219 w syt e
oS G 2 76476 Anaiog iZ"»Z.Z'.'.%“u"&“;.'"n.'.'.?J. 74199 S bit shif register 219 75161 ;ly‘n.; 411t counter 495
proet G o) & ciwamp 6% 74221 Dual Monasisble multivibrator 12 745162 Sync 4 bitcounter 369
089 QLTI : 8489 Microprocessor cont complex sound 74251 Tri-state 8 input Mmultiplexer 145 745183  Sync 4 bitcounter 275
Hexinvenes n 34 generator 830 T02%% Abitaddr latch 319 745168 4 bitup/dOwn sync counter 744
per Qusd2 nout XOR gate . = 8128 Quad tn-state bus transcewer t75 74273 Ociai Ditype fliotiop 319 745189 4bitsync counter 695
o Ousd 2l ONeabE B 8128 Quad tn-state bus 50 74216 Quad JK thp top 375 745174 HexD fhp Hiop with Clear 170
4012 Dual 4input OR gate - 10070 " 36 74279 Quadshiftregteriiatchas 210 76175 Quad D1kp llopmithe e
o lzple,3input gsiey] 3 TLon 7 74263 4 bitbinary full adder 178 745182 Looh ahead camy generator 378
o7 I e dinoutOR oS ot TL072  Lownose bitetopamp 110 74285 Tristate d bit multiolexsr 488 745189 16x4RAM 4%
078, QI oo % TLOT4  Lownoie bitet op amp 195 74385 Hexbus drvers 3 state output » 745195 4 bit parallel sccess shift
A gneuINORIs g bes o0 Zaid) TL075 Low noise bifet op amp 299 74368 4 bt binary full sodr & register 2%
eos) (S . o TLO8O General purpose bifet op smp 69 74367 Hex bus drversinon inver ied L4 745196 Presettable decade counter 495
o) D D G le KEEPE e TL081  Genaral purpose bifet op amp % 74388 Hexbus divers invenaddats 3 745197 Presetiable binary counter a9
o A TL082  Genarsl purpose bifet op amo % 74390  Dusl decade counter 219 o s kv 5
4083 O TL0B3  General purpose bifet opam 250 74393 Dusl 4 bitbinary counter 219 75241 Octalnedrver 2%
o siage shilkstoleiiealste Pt ENNEE o Tiosd MRosenitoossiieioosnd 185 745244 Ociailin 75
Gl OH1 8 channel anaiog Mux demux 2 TL9? RO e 2 765281 Tratate dats selector
099 8 bit addressabie latch . .. La9 Seiichingfollage (aguiator » 74ALS00 Advanced Low Traiale da ses
= i St lune s a9 ULNZ00S 7 egment ranarter srey 100 Power Schottky TTL 765260  DualbmpuINOR gate 118
] Strobex Hex inverteroutier e ULNZ008 7 segmant Iranarator atrey 100 74ALSI0  Quadrupie 2input POS NAND gate 57 745280 319
4504 Hexlaselsalt ool 149 XA200  Mullitunction | C 6795 74AL502  Quadrupie 2 nput POS NOR ga 745209 Bt universsl shift
4508 Oual Exnanclblo'Adg . 250 XR205 Monolithic wavelorm generator 810 74ALS03 Quadruple 2 input POS NAND g D goulgslvoq-:m g 953
4508 Dual4bitlatchir-state . 175 ::g:g :ﬁ: oo "|‘°"°'"‘°°""‘°' b g ;‘“50‘ Hex nveriar s o:::I R =i
4510 BCD up/down counter . .95 A A ) e 4ALSOS  Hexinverter OC
@11 8Dl segment tchiecodararar 98 | S350 RO g e 161 | 74800 Guecruols 3ok POSANDSAROC o
12 BChenpiellds ta)s ers 810NN o9 XR1310  Stereo demoduibtor 125 n R O PR Es & 74F00 Series
e e e 128 XR2208  Monolthic function ganarator a5 Pt I e At PO ek &
g:: ;::.u'e mn coun::‘vp et ": XR2207  Voltage controlled osciliator 275 T4ALS 12 Tnple 3input POSNANDg.n oc 57 74F00 Quad 2 Input NAND gate 7
4518 Dual ;co upcounter .. r XA2208  Operation multipher 299 T4ALS 1S Tnple 31nput POS AND ga! 57 T4F02 Quad 2 input NOR gate 7
4bit AND/OR select gate 85 XA2209  Precision oscilistor 325 T4ALS20  Dusl 4 input POS NAND 57 4FO4  Hexinverter n
353 D:'lll b::ury ub‘ :oum?v ™ XA22V1  FSK demodulatoritone decoder &9 74ALS21 Oual 4 Input pos AND gal s7 74F08 Quad 2 input AND gate n
21 24 state frequency divider 19 XR2212 Precision phase locked loop 899 74ALS22 Dual 4 input POS NAND gate OC 57 74F 10 Triole Jinput NAND gate 73
4522 BCO divide by N counter . 128 XA2242  Longrange imer 228 74ALS27 Tnple 31nput POS NOR gate 57 TAF 11 Triple 3input AND gate 73
4528 4 bit binary divide by N counter . 1.10 XR2%67  Dual monolithic 1one decoder f;g T4ALS28 Quadruple 2mput POS NOR butter 57 n:zu gum 41nput NAONDgau ;:
1 XR4739 Dual low noise Op amp T4ALSI0 81nput POS NAND gate 57 T4F 32 uad 2 input NOR gate
g m:‘:w:‘:l::mlubn e XA14412  FSK modem system 875 74ALS32 Quadruple 2 input pgos NOR gate 57 T4F74 Du.l D type flip fiop 85
monostable . 1.10 74A1L533 Quadruple 2:nput POS NOR butter OC 85 T4F 58 ad exclusive OR gate 9
S0 Dual 4 channelmux ... ... 1.30 7400 SERIES TTL TAALS3S Hex non inverter with O/C oulput 58 T4F 109 ﬁ:u“ K POS edge triggered e
4530 Dual Sinput majority logic gate .05 T4ALS3? Quadruple 2 1nput NAND bufter 87 ip tlop
4531 12bit parity generstotichecher 1.35 7400 Quad 2 input NSNDgalo A: T4ALSI8 guuxuopéo 2 input POS NAND o 74F112 m';: NEG edge triggerad -
4532 8 bit priority encoded 2135 7402 Quad 2 Input NOR gate B 4
a3 mn‘:m sydocloocounlov 150 7403 Quad 2 input NAND gate O/IC 49 T4ALSSY Dual ANDlinvert gate 7 T4F113 Dual JK edge mew-a o ttop 179
4538 Programmable timer . 237 7404 Hexinverter 5 T4ALST4 Dual D type POS edge inggered FIF 77 74F114  Dual JK NEG edge triggered
4538 Dual precision monostable 7405 Hex inverter gale OIC 54 TAALSHS Quadruple 2input exclusive DR gate 77 flip tiop 175
multivibrator ) 1.30 7408 Hex Inverter butteridriver 65 TAALSY09  Dual JK positiveedge triggeredFiIF 77 74F 138 3108 line decodermuitiplexer t79
4% Dusl 4 channel gigital multiplexer . 128 7407 Hexbutteridriver ] T4ALS112 Dual JK NEG edge tnggered ;::Iz Dual 1-4 decoder demultiplexer 179
4541 Quad 2 input analog mux 198 7408 Quad 2 input AND gate 49 Flip Hlop with preset and clear % 1 8103 line priority encoder 199
4543 BC0 to 7 segmaent latchidecodertdr ver. ! 05 7409 Quad 2 Input AND gate withOIC 49 74ALS113 Dual JK NEG edge tnggered 74F 151 8input multiplexer 175
45853 3digit BCO counler 7410 Tripie 3input NAND gale 49 1hp fiop with preset 74F 153 Duat 4 Input multiplexer 175
4555 Dual binary 1 of 4 decoder . . 7411 Triple 3input AND gale 3 T4ALS114  Dual JX NEG edge tnggered FFiwith T4F 157 Guad2 10 1 ine data selecior 175
4556 Dual binary 1 of 4 decoder 7414 HexSchmitt trigger . 65 preset, common, clear/clock 77 74F 158 Quad 2 inpul multiplexer 175
4557 14 bit shitl register 5 418 Hex invener bufferdrver 65 74ALS133  13input POS NAND gate 67 T4F 160 Synch presetiable BCD decade
4558 BC0 to 7 segment decoder . ... 158 417 Hex bufferdriver 85 T4ALS138 Quad exclusive OR gate OC ” counter 4%
4580 NBCO adder 580 7420 Dual 4input NAND gate 50 74ALS138 3108 line decoder/demultiplexer 119 74F 184 Serial in, paraliel out shitt
4581 9's complimenter . 1,05 7422 Dual 2input NAND gate 59 T4ALS 139 Oual 10t 4 decoder 185 register 295
4562 128bit s1atic ahift register . L. 195 7423 Dusl 2 input positive NOR gate 5 T4ALS 151 Dusi 4 hne to 1 line data Selector/ T4F174 Hex Olip flop 295
4508 Industrial time base generator 88 7425 Dual 4 input NOR gate 56 multiplexer 119 74F175 Quad D thp top 379
o merewenemnnos L, | gz it S e A
COUM®r . ... ... .. s 7427 riple 3 input N L 4 . ahea &l
472 Hexgate . o .85 7430 8input NAND gate €5 TAALS160  Sync 4 bitcounter 165 74F 190 Up/down decade counter .4.35
4n Quwmogmnmabhoo amp 7432 Quad 2 input gate 53 T4ALS 181 Sync 4 bit counter 165 74F191 Upidown binary counter L4385
4578 Quad programmable comparator. 7437 Quad2 NAND butier 52 74ALS162  Sync 4 bit counter 165 74F 192 Up/down decade counter 528
4580 4 x 4mulliport register. . 7438 Quad 2 input NAND butfer 85 74AL5183 Sync 4bitcounter 165 74F 193 Up/down binary counter 5.45
458) ADItANS. . 7439 Quad 2 Input NAND butter 85 TAALS169 4 bl up/down sync counter 165 74F240 Octal butferiline driver 319
4582 Carry mawmn«.m d 7440 Dual 4inputbutter 69 TAALSIT4  Hex Diype fliptiop 119 TAF241  Octal bufternine driver 319
Dual Schmitt trigger of 442 Bbit shift register ” 74ALS17S  Quad Dtype lip flop 119 T4F243 Quadbus iransceiver 35 .8.49
Hex Schmitt trigger - 7445 BCD-decimal to decodes driver 129 TAALSI0  Sync upidown counter (BCD) 155 TAF 244 Octal butter/line
4bit Mn"mcomumo' o ) 7448 BCD-to 7 segment deiver 158 T4ALSI9 Sync upidown counter (binary) 155 ariverfline receiver . . 319
4702 Programmable bit rate generator .. 11.99 7447 BCD-to 7 segment driver .58 74ALS192  Syncupidown dual clock counler 155 74F245  Octal budirectionsl transceiver . 695
7448 BCD-10 7 segment decoder/driver 156 T4ALS193  Sync upidowndual clock counter 155 74F251  Binpul multiplexer 175
7450 2.1 input andiot Inven gate 49 T4ALS240 Octat bulfer ing driverrec 219 74F253 Dual 4 input multiplexer 175
LINEAR 7451 Andiot Invert gate : 49 74AL5241  Octal butler linedriver e 219 74F257  Quad 2inpul multiplexer . . 175
100 1A + 5V regulator 838 7454 4 wide snd/or inverigate “9 ;:gg‘z g°'°’“°" ot thaoas: o § :g 74F258  Quad2input multiplexer. . 175
124 Quadopamp .. 395 7474 Dual D1lip top 76 Y 43 “'1'“9"" °:" ;"""'" i 74F280 9 bit parity generatodchec 219
129 Quad comparator . 398 7475 4bil bislable latch . 7 7:&5:; g::l ::ﬂ"n:"";.l’:":"‘ S 74F283  4bitbinarytulladder .. .. ... . 375
148 Quad op amp 550 1478 Dual JK masterisiave flip flop ] 2ALS251  Dataserctormulin, 237 T4F 209 Shiustore reg. 3/S . 1399
300 . General purpose op smp 410 7485 4 bit magnitude comparator 119 AT D:. 'I o ‘:I'.c ":m: 5:1...' sar T4F 350 4Dbit shifter Jp 39
INA General purpose 0p amp 50 7486 Quad 2 input exclusive or gate % 74ALS257 Quad loﬂn:‘ulhol'uv 237 T4F 352 Dual 4 input mumpluu So . . 175
305 Voltage regulator 115 7489 84 bit readiwrite memories 354 74ALS258 Quad data selectormuliplexer 237 74F 353 Dual 4 input multiplexer 1.75
306 Improved voltage comparator 150 7490 Decade counter 7 74ALS273 Octat D type flip fiop 235 T4F373 Octal transparent Iatch 40
307 Opamp . 60 7401 Bbit shift register an 74ALS209 8 bl bidrectional universal shity 74F374 Octal dual tiip flop . 435
08 Super betaop amp 7% 7492 Divide by 12 counter 63 storage register 545 74F378 Paralie) Dregister . . 285
309 + 5V regulator 180 7493 4 bit binary counter a3 24ALS382 Dual 4 line to line data T4F3T9 Quad paraliel mgllm 236
310 Voltage follower .38 7495 4 bit right shittllett shift regis: ™ selectomulBieier 119 74F381  4DILALU ., ., 599
m Voltage compalsior 150 7496 Sbit shift register 95 74ALSISY Oual 4 Iine 10 1 line data 74F 382 aDitALL . ... L 619
ki 3terminal adjustable regulator 129 7497 Synchronous rate mulllouu 275 seloctormultiplexer 119
n8 Precision high speed op amp 145 74104 Galed JK master/slave tipitiop . 1.45 74ALSITI Octai D type laiche 245
9 High speed dual comparator 189 74105 Galed JK masterislave lipitiop 145 T4ALSI74 Oc'al D type i flop 245 Pri "
a2 3A 5V reguiator 519 14107 Dual JK thip fhops with Clear 75 74ALS485  Octal bufer with 3 state output 245 rices and Specifications subject to
24 Quad op amp - 4100 Oual JK edge iriggeredF/F 75 74ALS486  Octal buffer with 3 state change without notice.
07 3teminal negativeregulator 17% 74120 Dual pulse Sync. 219 invertad output 245
£~ Quad comparator 55 M1 Monostable muttivibrator %
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Features:

® Fully enclosed power supply
® On/off switch with indicator light

1BM Style Case

g

KEPCO POWER SUPPLIES

Rated 90W Max
RFI filter and
fuse on board
115/230V

5V at 5A

® Voltage plus 5V at 5A, plus 12V at 2A,
minus 12V at 0.5A and 0 to 12V at 2A.

® With Prototyping Breadboard mounted
right on the power supply box.

All this for only $149.00
Other combination of set voltages and

variable voltages available to order at
slightly higher cost.

e
A

FlipTop,8Slot ...................... ..$ 75.00
With 150W Power Supply ......... .$219.00
IBM Compatible Keyboards

Maxiswitch ...................$135.00
Keytronics 5150................$135.00

Keytronics 5151 (Enchanced). . . . . $249.00

12V at 2.8A
12V at 2.0A
-12V at 0.5A

OpenFrame .........$ 49.00

MISCELLANEOUS PARTS

DB Connector Series D

DBIP Solder Tail Male 175
DB9S Sotder Tail Female $1.69
DP9P Rght Angle PCB Mount Male $2.49
DP9S Rght Angle PCB Mount Female $2.49
DBIP Fiat Ribbon I0C Crimp Type Male $5.75
DB9S Fiat Ribbon IDC Crimp Type Female 3625
D89 Shell {(Economy Type) 3075
DB9Y Shell, Migh Ouality 3199
DB15 Solder Tad Mate $1.95
DB15S Solder Tai Female $1.95
OP15P Aght Angle PCB Mount Male 3295
DP15S Rght Angle PCB Mount Female $2.95
DB15P Flat Ribbon IDC Crimp Type Male $7.95
DB15S Frat Ribban IDC Crimp Type Female 36 50
DB15 Shell (Economy Type) 3095
DB15 Shell High Ouafty 3199
D825 Sokier Tail Male $1.95
DB25S Solder Tail Female $1.95
DP25P Rght Angle PCB Mount Male $4.95
DP25S Rght Angle PCO Mouni Female $4.95

Delta Ribbon

DB25P Flat Ribbon IDC Crmp Type Mate 1699
DB25S Fial Ribbon IDC Crimp Type Female 1999
D825 Flat Ribbon IDC Cemp Econaomy MorF $595
D825 Shell (Economy Type) $0.95
D825 Shell, High Ouahty $1.99
DB37 Solder Tall Male $4.25
DBJ7S Solder Tail Female 3425
DP37P Rght Angle PCB Mount Mate $7.75
DP37S Rght Angle PCB Mount Femate $8.95
DBA37P Flat Ribbon IDC Crimp Type Malo $14.00
08375 Flat Ribbon 1DC Camp Type Female $14.95
D837 Shell, High Quality $295
Femals Screen Lock Asssmblles lor

08 Conneclors 12.49/Set

connectors

Quantity Discounts Available

(Cenironics Parallel Printer Connectur)

36 Contacts Plug {I0C) Flat Ribbon Crimp Type
Male

38 Contacts Socket (IDC) Fial Ribbon Ctimp Type
Female

$8.95

$9.95

38 Contacts Chassis Mount female 3805
36 Contacts Solder Cabie Mate 38.85
36 Metal Shall (tor solder male) $2.95

Flat Cable Card Edge Connectors
(Disk Drive Connectors)

50 Pin Edge Conneclor (8° Drive) 3595
40 Pin Edga connector $4.95
34 Pin Edge Connector (5% 3565
20 Pin Edge Connector (Hard Drive) $4.79

Capacitors

-1uF 50V Bypass .............10¢
Monollthlc

100 oftheabove . ... ... ....$8.95
TANTALUM CAPACITORS

0 YuF 35V $ 26 68uF 25V $ 45
0 15uF 35V 8 28 68uF 35V 3 58
0 22uF 35V $ 28 10uF 25V s .58
0 33uF 35V $ 26 10uf 35V 3 .61
0 47uF 35V $.26  15uF 25V .95
068uF 35V $ .28  150F 35V $1.79
10uF 3%V $.27  22uF 25V $1.30
1 5uF 35v $27  22uF 35V 3225
22uF 25V $25  3JuF 2%V $1.95
2 2uF 35V $ 30 3wF3s5v 32.49
3 3ufF 28v $ .35 AaWFOv 3125
3 JuF ISV $ 40 ATuF 25V $2.70
4 TuF 25V $ 40 4TUF ISV $3.99
4 TuF 35V 3 .50 680110V 5190
6 B8uF 16V $ .40 6BUF 25V sa7e

Ofther Values Avallsble on Requesi.
Ceramic

Ceramic Disc. Large Selection of Values
All 10 Cents each.

Note, when ordering these, specify what

voltage you require. Mosts are avaliable in
50V and 100V,

Good In-Store Stock of Electrolytic
Capacitors

Special Quantity Discounts
Available.

card Edge PC Mount connectors

50 Pin Connectar (used on Apple Comps) $2.45
62 Pin Connector (used on IBM Comps) $2485
62 Pin High Qualty Economy $1.85
$100 Connactor (S 100 Z 80 Systems) $4.95
DIP Switches

4-posihion $1.30
6 poytion $1.585
8 position $1.75
10-position s185
TwWO Row Right Angle

Header Strips (Male)
40 Pin 2002 $3.45
JAPID 12 $2.80
26 Pin 13x2 $2.45
20Pin 1052 $1.95
16 Pin 822 $1.40
10 Pin $x2 $0.95
Two Row Straight Header

Strips (Male)

50 Pin 25x2 $3.90
40 Pin20Pin 10x2 $1.95
18 Pin 812 $1.40
10Pin 522 $0.95

Female Header Strips
(Flat Ribbon Crimp Type Socket Con-
nector

50 Pin Female Hesde: 25x2 3499
40 Pin Female Header 2012 3435
34 Pin Female Headar 1742 $3.20
26 Pin Female Hoader 13x2 $2.95
20 Pin Femate Hoader 10n2 $1.89
18 Pin Fomale Hoader 812 $1.95

Two Position Femasie Jumpers
(Shums) 20 cants sech

Trim

p—

PC MOUNT MULTITURN TRIMPOTS

RESISTANGE

10 10K 2006

2 w o zom So0R

%0 ™ s ™

» L oW = $1.65 ea.
200

Pots

TRIMPOTS

RENETANCE

100 a0 "o 1005 ™
&9 S0 K 50K 25m
%00 5000  SOK 500K M

OPENCASE 35¢ ENCLOSEDCASE 85¢

o TRANSISTORS
2N697 8 .50 | 2M3391A S .45 | INI773 3299 |2N4339 S 45| ZNSTT1  § .75 |MPSA20  $ .30| TIP49 $1.20
2NZ219A .60 |2N3394 S 80 | /NJBI9  § 65 [2N4e00 3 .25 |2NS772  $ 37 |MPSASS 3 48 |TIP1s  § 98
2N2221A S 40 | IN3415  $ .28 | INIB20 S 85| 2Na401  $ 25| 2N6028 3 .45 {MPSUST  £.78 |TIP122  $1.60
2N2220A 3 .50 | 2N3440  $1.90 | INIS04  § .19 | 2Ne402 8 .25 | MJB02  $4.50 | MPSUE 3 99 |TIP125  $100
2N2270 3 .50 | IN3442 3225 | ZNI9O5  § .25 | 2Ne403  $ 25 | MJ2955 3183 | PN2222A 8 .30 |TiP1az 3295
N2369A 3 .50 | 2N3566 S .78 [ 2N306 3 26 [ 2N4416  $1.4C [ MJaS02 8550 | TIP2SC S .70 [TIP148 8298
2N2646  $1.42 | 2N3568 8 78| 2NAO62  $ 66| 2N<JS3  $422 { MJEMO 3250 [ TIP3OC 8§ .70 | TIP2855 3185
2N2906 8 .49 [2NTGIBA  $ .78 2N4112  $ 28 | 2N4BS6  $1.39 | MJEBOZ  $4.95[ TIP3IC S .70)/TIP30%  $1.50
2N2907A $ .57 [2NIB42 8 78| 2N123 8 20| 2NeB9T 3 65 | MPF102 $ 85fTIP32C  $1.10
IN305) 8 .70 |2N3543 3 .78 | NAV24  § SO | 2NS245  $ .75 | MPS6515 § .42 TIP3AC  $1.60
2NJ0SS  $1.88 [ ZN3645 8 .78 [ 2N4206  § 87 | 2NS400  $ .27 [ MPSAOS $ 35| TiIPaaC 5185
N3117 3180 | 2N3703 8 28 | 2N4222 3199 | 2NS4S7 8 .57 [ MPSat13  § 35| mPasC  $3.10
2N3227  $4.18 [2N3704 3 39| 2N4248  § BS | 2NS4BS  § .57 [ MPSA1a  $ 35| TIP4a1C  S11s
2N3250 370 | 2N3705 3 .29 | Na250 3 .78 | 2NS7T70 5 .49 | MPSAIE 3 35| TIPa2C  $1.90
SCR’'s OPTO
Heat Sinks
10220 siaad 2NS064. ..$ .75 MCT2 $1.25
103 299 2N6337 .$ .55 MCTé $1.99
TIC1060 .$1.25 4aN2s $1.10
LEDS TIC1160 .$1.99 4N3§ $1.20
Large LEDs TIC1260 .$1.99 4N30 $1.39
T-1 ¥4 (Normal Size) 4N33 . $ .88
Red (Generat purpose) $ 028 MOC3011 $1.75
. Green (General } $ 0.39
v;ﬁ:w‘qcee’:;:.lp:uvp:::ﬂ 50390 TRIACS MOC3031 $2.25
Red (Extra Bright) $ 0.59 TIC2060 $1.55 MOC3002 $2.99
Green (Extra Bright) $ 085 ‘$1.99 FND500 $2.99
Yellow (Extra Bright) soes  11C2160 .. .. $1.99 END507 $2.99
TiC2260 .. .. 4$1.87
Small LEDS (T-3/4) 162630 . “s4.25 TIL313 $1.95
Red $ 030 TIL312 $1.95
Green $ 035 RBG-1000 $5.99
Yellaw 3038 VoIt
Rectangular LEDS 75 cents each POSTIIE o uge Regu.utors
|
7805 + 5V 1A % TBHGASC Adjust 5A . 1nar
8ar Graph Display ruus‘. SV.1A 75 i Ist-nchl‘rJ\cuqulua ;;.
H $4.95 TBHOS + 5V SA 44
gs?.ezoomh:::;.‘:;dog""a 147 st:s gggs.:ev‘:u ug: r;;(:Awa‘EA =
(Great for Digital Signs) 78L08 + 8V 1A 75 U055V, 1A 75
812 + 12V 1A » 7’:0“;\/':. 85
78L12 + 12V 1A el 121 8
Rectifier Diodes 12 e 1VSA 1095 791212V, 1A %
1N4001 50V 1A $ 07 7815 ¢ 15V 1A " TISISVIA . »
IN40O4 400V 1A $ .09 7824 & 24V IA » T9GUIC Adjus!. 1A 185
1N4007 1000V 1A s TBGUIC Adjust 1A . 180 TIHGASC Adjust S5A e
1N5403 300V 3A 1 &0
1N5404 400V IA : a CRYSTALS
1N5406 600V 3A 32768KHZ . ..$1.15  1024MHZ .. $2.99
1.00MHZ .$6.95  12.00MHZ .. .$2.25
sSwitching and Signail Dlodes 1.8432MHZ . . .$3.99 41400MHZ .. $2.99
1N3AA s .19 2.00MHZ . -$2.50  14.318MHZ . .$2.19
N9 3.5 245TMHZ ... 3375 16.00MHZ ..  $1.99
N 13 a5TMHZ -$1.55  18.00MHZ .. $2.29
: 4.00MHZ . $1.99  18.432MHZ . . $1.99
Zener Diodes 500MHZ . .$1.95  20.00MHZ .. . $2.15
1 Well All Velues 25 Conts sach. 5.017TMHZ .$3.50  17.43MHZ .. . $2.99
Voltages Available 5.06BMHZ ....$1.95 22 118MHZ . .$2.99
39.43,47,5156 62758291 10 12 13,15.16,18 00MHZ .$1.95
R e Tocomnz | s19s TOOMMZ... .sim
Switches
Momentary push-button switches 30.99 wire Wrap wire. All Colours
Momentary push-bution switches SPDT A9es
On-OM Swieh SPOT 398 (30 gauvge)
»n 1280
Poarts for your Modem 50N :::g
Small Speakers $1.84 100
600 ohm to 600 ohm (1.1) isolation a:zom:p Iélﬂ::::gz:‘ollsmp Too! :"::
transformers .$9.95 SIVISD B
Relay tor your modem (HE721A0500) 5V . . .$4.99 IC Extracior 3399
DAA 1812 for Modem (Contains Bullt«n IC Insertion Tool $15.95
Transformer, relay and surge protector . . .$38.00 High Quality 24-40 Pin Extrsctor $23.50
SIP Resistor Networks
Part # Pins Common
Resistors . i SaYi s
Woe carry a full range of 1/4 Watt, 5%
resistors...5 cents each Cadds Ol
’ 81XXX 8 1 044 XXX=Value
10-1-XXX 10 1 0.59
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Multifiex Products

Multiflex Economy
Video Display
Terminal

Now available from MULTIFLEX is an
economy video display terminal. Qriginal-
ly designed as a low cost access unit for
our mail-ordering and bulletin board
system, this terminal is a semi-intelligent
system which is controlled by a Z80A
microprocessor and a 6845 CRT controller
chip. The keyboard is fully ASCI| encoded
and the character generator contains the
full 128-character set as well as a
128-character alternate set both of which
are in the 5x7 dot matrix format. The
screen display is 80 characters by 24 lines
if the unit is hooked to an external
monitor. (Monitor not included). There are
3 software selectable attributes (dim,
reverse video, and alternate character set)
which can be chosen one at a time for the
whole screen. The attribute can then be
switched on and off for each individual
character. A 2K buffer is provided for nor-
mal operation. However when the optional
6K memory upgrade is purchased, 4
screen pages can be loaded from the host
machine, edited, locally, and then
downloaded back to the host again saving
on connect time and phone line bills. Also
included are 2 RS232 ports: one for a
modem and one so that a printer can be
attached to the terminal. The baud rates
on these ports are software program-
mable and can range from 110 to 9600
baud. With all these features, you would ex-
pect to pay a lot for this system, but all this
is available to you, complete with an attrac-
tive case, for an extremely low price.

A&T board with keyboard

(as picture top right) with

one RS232 and 2K buffer
$169.00

Terminal Complete: Tested and
90 days warranty with 2 RS232
ports, 2K buffer case and power

supply (Hydro approved)

$299.00

UOFT

6809 Single Board
computer

The 6809 Single Board Computer, design-
ed at the University of Toronto and
distributed exclusively by EXCELTRONIX,
is a compact hardware unit which was
designed originally as a lab board for
teaching students about microprocessor
systems. Its many features, however,
make it an ideal unit for stand-alone con-
trol applications or software development
systems as well.

The system is designed around the
Motorola MC6809 microprocessor. This is
an 8-bit processor with full 16-bit internal
architecture, 2 index registers, 2 stack
pointers, 2 8-bit or 1 16-bit accumulators, a
direct page register and a wide range of
addressing modes, including a program-
counter-relative mode. This mode allows
the user to write completely position in-
dependent software, important in
systems software development.

There is provision for up to 48K bytes
of dynamic RAM on-board. The refreshing
of this RAM is controlled by an 8202
Dynamic RAM Controller. This chip aliows
for completely transparant refreshing of
the RAM (ie. no wait states to slow the
system down). There is also provision for
up to 12K of EPROM using 2532 chips.

There are 4 complete I/O circuits built
onto the board. 2 of them are serial
(RS232); one is used for a terminal {which
is required for use of the board with the
supplied monitor software), and the other
one is user defineable, but it is set up to

6809 Board

Multiflex Terminal

communicate with either a modem or a
printer. Also on-board are 2 6522 VIA
chips. These provide 2 parallel ports per
chip along with 2 16-bit timer/counters.
One of the parallel ports and one of the
timers are use by the monitor software to
provide a cassette interface (which
operates at 300 baud). The second parallel
port on that chip is wired into a connector
which is ideal for interfacing a parallel
printer or keyboard. The 2nd VIA is not us-
ed at all and is completely free for the
user. For further expansion of the system,
a fully butfered version of the CPU signals
(data, address, control lines and a signal
indicating whether or not the current ad-
dress is located on the board) is available
at a cable connector.

The software provided with the
system is in a 2532 EPROM and allows the
user to: test the memory; dump blocks of
memary; examine and modify single
memaory locations; read or write from the
cassette port; set and examine break-
points; single step and/or execute
machine language programs and set and
examine the processor registers. All this
is accomplished through a 9600-baud ter-
minal interface (one of the serial ports)
Included is a full screen editor/assembler
which allows the user to work in 6809
assembly language rather than machine
language. All this makes this board an
ideal trainer, control unit or software
development unit for just about anyone.

Includes U of T course documentation

A&T with 48K
$299

Special Pricing is available when both items on this page are purchased together



Europe’s hest selling oscilloscopes,
made in West Germany

OSCILLOSCOPE HM 2035
20 MHz Standard Oscilloscope

Y:2 channels, DC-20 MHz, max. sensitivity 2mVicm,
X: 0.2s/cm-20ns/cm incl. x 10 magnification;
triggering up to 40 MHz; Component Tester

$770.00

OSCILLOSCOPE HM208
20 MHz Digital Storage Oscilloscope

Y: 2 channels, DC-20 MHz, max. sensitivity 1mV/icm;
X: 0.25 sicm-20ns/cm incl. x 10 magnification, trig. to 4C MHz.
Storage: max. clock rate 20 MHz; Single and X-Y operation.

$3166.00

HARMELS GmbH

West Germany is represented,
distributed and serviced in Canada by:

OSCILLOSCOPE HM 204-z

20 MHz Multifunction Oscilloscope

Y: 2 channels, DC-20 MHz, max. 1mV/cm, delay line;
X: 1.25s/cm-10 ns/cm incl- x 10 magnification, delayed sweep;
triggering up to 50 MHz; var. hold-off time; Component Tester.

$1055.00

OSCILLOSCOPE HM 605

60 MHz Multifunction Oscilloscope

Y: 2 channels, DC60 MHz, max. 1mV/cm, delay line;

X: 2.5slcm-5ns/cm incl. x 10 magnification, delayed sweep;
triggering up to 80 MHz; var. hold-off time; Component Tester.

$1405.00

Now Available from Stock

or the complete line of HAMEG instruments write or phone

JExceltronix

319 College Street, Toronto, Ont. M5T 1S2
(416) 921-8941 1-800-268-3798
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Multifiex Low-Cost Logic State Anulyzer
ideal for educational institutions and hobbyists.

You've just completed a microprocessor system,
and it doesn’t work. What next? You can use an
oscilloscope to check for clock signals and the
like, but if everything appears to be in order you
can't go much further without sophisticated
equipment. In these situations, professionals
turn to their logic state analyzers, each of which
cost thousands of dollars. MULTIFLEX has the
answer for all those people who don’t want to
take a mortgage on their house just to geta com-
puter working. The MULTIFLEX Logic State
Analyzer has all the essential features of those
more expensive units at a fraction of the cost.
This is a high-quality piece of test equipment,
suitable for industrial or scientific use, but its
price is well within the price range of a hobbyist.

Easy to understand and operate, the Logic
State Analyzer allows you to monitor 16 points in
a digital system (ie. data and/or address bus, or
control lines) which carry continually changing
signals. You can select a bit pattern you expect
will appear at these points. Once the pattern ap-
pears the Analyzer will trigger and record
(“freeze”) the next 1023 bit patterns so that they
can be examined step by step even though data
is no longer available in the unit being examin-
ed. For software development the Analyzer is in-
valuable, especially in dedicated systems. If you
design a microprocessor system for a specific
function, and you have no monitor, assembler or
other such software, the best and often only way
to debug the system is to use a logic analyzer. It
will let you look closely at the data flow as a pro-
gram is executing, or monitor the address lines
to make sure that the instructions are being ex-
ecuted in the proper sequence. The various con-
trol lines such as memory read and write, DMA,
interrupts, or enable and disable signals can
also be examined. You can, of course, monitor
any combination of these signals, such as the
data bus and half of the address bus, or halif of
each plus 4 control lines. The combinations are
endless.

Complete, assemblied

and tested
$369

Note from Industry to
Educational institutions:

Al Multiflex we interview many technicians each year,
from a variety of Colleges. Only a few applicants know
what a Logic State analyzer is and avan fewer know how
10 use one

Yel in our industry, It is almost as imporntant to
know how to operale logic analyzers as Il is 1o use an
oscllloscope since the technician will need to use a
logic or timing analyzer to trouble-shoot complex equip-
ment

We have spoken to many other companies and
found that they are experiencing the same problems
with technicians coming fresh fromCollege. So, we ask-
ed educational Institutions why they don’t teach this
aspect of electronic engineering. The teachers are fully
aware of the problem but explained that they cannot af-
ford the high cost of logic analyzers; even those instilu-
tions which have them can atford only one or two which
gives the students little chanca to learn tham,

Our LSA is a time-proven product which is con.
siderably less expensive than the alternatives.

Here is your ch to prepare tachnici for the
real world!

EPROM Emuiator

If you are a computer designer who values your time,
you can't afford to be without this!

Did you ever write a piece of code, burn it into an
EPROM, plugged it in and it didn’t work?

Did you then go through the code (using an analyzer
or your brain power) and then discover you left out some
crucial Byte which caused the processor go the point of
no return?

If the above hoids true, how many EPROMs have you
reprogrammed, erased and damaged? More important
how many hours have you wasted?

Put an end to all the above problems and save time,
money and frustration: Buy an EPROM Emulator.

It altows you to download over RS232 (at 300 to 9600
Baud) a program from your computer into the Emulator's
memory (18Kx8) and then simply plug a 24 or 28 Pin
header connected via ribbon cable to the Emulator in
place of yourf EPROM and you have successfully
emuiated an EPROM.

If you need to change your code, simply change it on
your computer, download to the Emulator's memory and
you are back in bqslness in seconds.

This stand-alone product emulates the following
EPROMS: 2716, 2732, 2764 and 27128. Can be used with
any computer with an RS232 interface.

This product is a must for any hardware development
since it allows the user to test and modify EPROM data
roughly 20 times faster than conventional methods.

The Emulator normally comes attractively packaged
and contains its own power supply. However, to make it
more affordable for beginners, we have separated the
price into several categories:

1. Complete Emulator with 16Kx8 memory, attractive-
ly packaged with power supply. Fully assembled and

tested withwarranty. . .................. $189.00
2. As above but with 8Kx8 of
MBMONY vt e e e e $159.00

3. Emulator with 4K RAM, no housing or power supply
(requires + 5V at 1.5A Max, +/- 12V at 0.03A. Fully
assembledandtested.................... $99.00

$100 Starter System

cComplete, Assembled and
Tested

options:

64K Dynamic RAM and

Multiplexers

L I - X - - Y- Y- - - $19:95

Blg Plggyback Board with RS232
and Real TimecClock ......$179

RS232 Option for nother:::;g
DC to DC Converter Option . . $29

Extra S100 Connectors .. .$5.95
$S100VideoBoard.........$149
$100 Floppy Disk controller $199

$100 256K RAM Card (with 256K)

$100 CPU Board with 64K . . . $149

MULTIFLEX's Z80 computer is a versatile and expan-
dable stand-alone computer system designed and built
right fere in Canada. It uses the newest technology to
provide the user with the most capabilities for the
smallest price-tag. Its adaptability to any situation and
extremely low cost aliow it to be used in many applica-
tions ranging from a trainer to a complete CP/M-based
computer comparable to the best on the market, at a
fraction of the price.

The actual layout of the system is a two board
design. One board (the ‘“motherboard”) contains a
24-line parallel /O chip for interfacing to the external
world, an RS232C serial port with baud rates selectable
from 110 to 9600 baud, a hex address and data display, a

hex keypad, 14 monitor function keys, 2 user definable
keys, a 40chip wire wrap area with full access to all the
bus signals, on-board provision for regulators so that
the board can be supplied with standard $-100 voltages,
an EPROM programmer which will handle 2708 (1Kx8),
2716 (2Kx8), 2732 (4Kx8) 2532 (4Kx8), 2764 (BKx8) and the
brand new 27128 (16Kx8) EPROMS, a DC-to-DC converter
to supply the programming voltage to the EPROM pro-
grammer and four (4) slots for IEEE S-100 compatible
boards for further expansion. This is an extremely useful
and important feature as it allows expansion of the
system with all boards using this industry-standard bus
structure, which are available from MULTIFLEX, as well
as from hundreds of manufacturers worldwide.

The other board is the CPU card. This card plugs in-
to one of the S-100 slots on the motherboard and is IEEE
896/S-100 compatible with the full 24-bit address path to
allow up to 16 megabytes of memory to be addressed.
The processor used is the Z80 (running up to 6 MHz) and
there is provision on-board for 64K of dynamic memory
{using 4164 chips) which will operate without walt
states. Provided for as well is a 2K to 32K (selectable in
2K blocks) common resident area in memory for use
with multiple memory banks. There are also 4 sockets
on board which will handle 2732 (4Kx8) or 2764 (8Kx8)
EPROMS or the new 6116/2016 (2Kx8) static RAMS (all of
which can be software deselected if desired) to allow
the user complete versatility in setting up the board to
meet his own specifications. Also on board 18 1 parallel
port with 24 lines of IO and 3 16-bit counter/timers for
applications which require the unit to keep track of real
time. Another feature of the CPU board is that it was
designed by our engineers to run the CP/M 2.2 disk
operating system so that if a floppy disk controlier
board is added to the system a fully configured CP/M
machine can be set up for a very low cost

The monitor software that comes with the kit is a
well-written extensive package which allows the user to
have complete versatility in machine language program-
ming and execution as well as control of all the features
on the board. The monitor functions include: ex-
amine/modify memory locatlons, memory block moves,
compare 2 blocks of memory, examine CPU register, ex-

amine /O ports, load and save from cassette calculate
relative branch offsets, set breakpoints single step pro-
grams, execute programs, and program EPROMSs. Each
of these process is invoked by a single keypress. Also
available to the use are 2 spare keys definable for
special functions a required by specific applications
and applicator programs.

The standard kit includes the CPU board with a
ZBOA (4HM2) processor, 2K of RAM (a 6116), and 4K of
EMPROM (a 2732) as wel! as the motherboard with all
the features mentioned above except the RS232C port
and the DC-toDC converter. Also supplied are sockets
for all IC's and 1 $-100 connector.
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iExceltromnix
Computers and 319 College St., Toronto, Ont.,

Components inc. M5T 152

We also accept phone orders: (416) 252-5285, if busy (416) 921-8941 Check our
advertisements monthly in Electronics Today and Computing Now!
Magazines. Long distance (orders only) 1-800-268-3798.

Order No.

ORDER FORM
Mail Orders to Exceltronix,

{For office use only)

PO No.

Name e —— S All non-certified cheques will be held for 10 working days for clearance
before orders are shipped. Ontario residents must add PST unless pro-

Address per exemption cenrtificates are supplied with order. All prices and
specifications subject to change without notice. No retums accepted

- _ - without prior written consent of Shipping Dept. manager. A 15%
restocking charge will be applied to all returned items. Returns will be

N - refused unless prior written RMA# (approval) is obtained from the mail

City Prov order manager. RMA# must appear on package.

Date

QTYy Description Price Each Total

Price

Special Bonus: Up to $25 value! Total Minimum $10.00)

if your order (less shipping and tax) Is over $150 for certified cheques or money orders, $250
for credit cards, Exceltronix will buy you a one year subscription to your choice of one of
these magazines. Offer expires January 15th 1986. Offer only applies If you use this order
form or a photocopy; limit one subscription per customer regardless of number of orders;
does not apply to any phone or counter orders.

Your magazine choice

Shipping
(Min. $5 — see below)*

Ont. Res. add 7% PST
Adjustments

Total

Phone No. Home:

Phone No. Business:

Computing Now!
Canada’s best selling
computer magazine.
Today's subscription value
(12 issues) $22.95

Electronics Today

The magazine for
Electronics and
computing enthusiasts

Regular 1 year (12 issues)

$22.95

Software Now!

The Canadian magazine
with the information you
need on micro software.

Computers in Education
For teachers, schools

and parents who reallse the
Importance of computers.

Regular 1 year subscription Regular 1 year subscription

$19.95

(10 issues) $25.00

*Shipping: Minimum $5 which includes handling and insurance. Items are shipped UPS or other suitable carrier. Shipping is
dependent on weight and destination, if you are unsure contact our Mail Order Department.

Payment: (] Cheque

We accept Visa, Mastercard, American Express and Diner’s Club Credit Cards
[J American Express

[J Visa
Card No.

All prices are in Canadian funds, FST included

[J Mastercard

[J Money Order

[J Credit Card. Do NOT send cash.

[J Diner’s Club
Expiry Date SIGNAUTERITE. ... o IR, SRR

Please feel free to photocopy this order form
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HEN Versadigital Signs IR

Every business needs attention In today’s com-
petitive marketplace you need to get the
customers’ attention and you need to get your
message across - as boldly and as dynamically
as possible

Two versions are available, single and dou-
ble row Each row holds up to 21 standard
characters and can be expanded to up to 42
characters The LED {Light Emitting Diode)
display s available in red (standard or extra
bright), green and yellow Standard, wide (2"
upper and lower case) and bold tall (4", upper
case) come with the display All can be
displayed normally or in inverse (black
characters on a lit background) image format
You can even program your own characters and
graphic symbols. As well as the standard LED
display, larger, brighter incandescent light bulb
displays can be built to your specifications All
programming features are retained, and the
standard LED display s included for ease of
programming

A wide variety of features allow you to
catch the public’s attention — choose from
Wipe-On and Wipe-Off, Spell-On, Flash and
Blink, Shift left and right, Scroll up and Down
— in any order and at individually selectable
speeds

Up to six different events can be displayed
simultaneously within dynamically selectable
boundaries Up to 128 labelled messages can be
stored within the units memory for display at
any preselected time and date and in any order
12,288 character memory is standard on the
Versadigital Display. This can be expanded to
36,864 with optional external read only memory
modules.

Text can be entered through the Display’s
own keyboard, from an ordinary cassette
recorder, from optional external memory
modules, or optionally over telephone lines,
radio or infra-red link or over AC wiring. A com-
prehensive set of commands allow complete
control over the display’s facilities A powerful
word processor type editor lets you easily write,
edit, run, save (on cassette} and transmit
messages

The Sign That Can Sell Your Pro-
duct

Research has shown that digital displays can in-
crease sales by up to 30%. The Versadigital

Display wvirtually assures that figure by increas-
g the readers’ involvement An optional inter-

Versadigital signs are in use throughout
the Toronto subway system and Van-
couver LRT. Send for reprint of article in
Computing Now!, July 1984.

The sign that aiso talks

To control up 10 128 exlemasl devices

To sccept up 10 128 external switches

1{or 2 memory modules

Cad'e link to other displeys

. Spesch Synthesizer owtpul 1o
hor

ol | fpeskes or PA amow

OPTIONS
BOARD
= I
F
VERSADIGITAL DISPLAY
t J
- T T T T T
i 1 Ophionsl
) I 1 PROGRAMMER
t 3 Oplanel i
AS 232
Alphsnumaric oo
S L LR
CASSETTE  'EMPERATURE

RECORDER

The Versadigital Modular Display System

face allows up to 128 switches to be connected
to the Display, enabling customers to select
specific messages without having to wait for
the sign to cycle through its repertoire

The optional External Accessory Interface
allows you to write messages that actually
point to the product being discussed. At
selected points within your message you can
program the Display to turn on an external light
or a bell Thus your message might be saying
“You won’‘t find these shoes anywhere else

 and the Display will then activate a lamp
high-lighting the product Up to 128 external
devices can be controlled in this fashion. This
feature alone makes the Versadigital Display
the most effective sales tool you can have
Versadigital Technology in conjunction with
Multiflex Inc. also manufactures Time and
Temperature displays and can build dynamic
plaza maps to your specifications. Our extensive
engineering experience enables us to design to
a wide variety of situations. Whether it is modify-
ing a current product, or designing new equip-
ment, tell us what you need, we can deliver!

All prices in this catalogue are subject to
change without notice.

Distributed by Exceltronix Inc.
319 College Street, Toronto, Ont., M5T 152
(416) 921-8941

Digital
Mocdem

DO YOU HAVE A PROBLEM? Lack of
wires for two-way communications? Do
you have a single coax cable between four
floors of a building?

I the above holds true for you, as it may
well do, if you wish to put equipment in
some older Government buildings which
were wired years ago, using a single coax
to communicate between main frames
and which may now be obsolete, you need
our solution. If you want to communicate
using RS232 between your computers and
all you have is a single coax between
rooms or floors or buildings, now you can
do it without rewiring using our
economical solution.

About a year ago we were approached by
a Government agency asking if we could
solve the problem described above. Well,
we solved their problem economically, in
fact it worked so well that they bought
hundreds of units from us.

The Digital Modem consists of two boxes
(approx. 6” x 4') and two wall adaptors.
Now you can simply have the RS232 of
your computer terminal or other devices
plugged directly into one of our Digital
Modem boxes (which has a wall plug
adaptor to get its power) and you can run
up to 800 feet over a single wire to another
of our Digital Modem boxes (which again
has its own CSA approved power supply)
and you again plug in the RS232 DB25
connector to your equipment. Now you
can communicate at 9600 Baud or faster
(or slower) simultaneously in both direc-
tions using your existing single coax
cable wiring.

Digital Modem Palr . .. .5$350.00

(Two Boxes and two adaptors)
Quantity Discounts.

It works perfectly!

All prices and speclifications
In this catalogue are subject
to change without notice.
Please follow our ads mon-
thiy In Electronics Today and
computing Now!. Whatever
market conditions exlist, you
wlll fFind our prices the most
competitive In canada.

24 — Exceltronix 1986 Catalogue



If there was ever a fastener made to
bedevil and frustrate the repairer, it’s the
snap ring or circlip. Those are those pesky
little C-shaped rings with tiny holes in the
ends, generally used to secure something
by clamping into a groove in a shaft. You
can dig and dig at them with needlenose
pliers and what-have-you and they just
spin and turn without coming off. It’s
worth the money to have the special pliers
to remove them: the Hunter Model 444
has interchangeable tips that can take off
any type of ring, internal or external, even
at awkward angles. Also available: less
expensive models for internal or external
only.

Buy a burnisher! These are very thin
strips of metal with fine diamond dust
coated on them, and they’ll clean corrod-
ed contacts of any kind without damaging
the plating or the contact angle. Relays
will last a lot longer if you use a burnisher
instead of sandpaper, and they’re better
for cleaning sparkplugs than wadding up
the abrasive strip off a matchbook.
They’re also hard to find: try asking an
electronics retailer for the Lenline D-300
(medium) or D-400 (fine) or something
similar.

Screwdrivers, etc.

There isn’t much you can say about
screwdrivers, except this: all types and
models of screws should be instantly ban-
ned by government decree in favour of
that wonderful Canadian invention, the
Robertson square-headed screw. There’s
nothing like it.

You might want to invest in a low-
cost set of jeweller’s screwdrivers. They
remove the tiniest of slot-head screws
much better than your pocket knife. The
cheaper ones won’t take much torque
without distorting, but you probably
won’t use them that much.

A set of Allen keys (also called hex
head wrenches) is invaluable, not only for
electronic assemblies, but for all sorts of
machinery. You can get them as separate
keys, as screwdrivers, and even as a single
wrench with points that swing out like a
sparkplug gap gauge. Definitely worth it,
and if you encounter Allan screws much,
you’ll benefit from a set of screw-
driver-types rather than the separate keys.

Nutdrivers (for ordinary nuts and
bolts) are another worthwhile tool. Try
tightening a transformer mounting bolt
that’s right next to the core, or try tighten-
ing a tiny 4-40 nut with a regular wrench.
If you get three sizes to fit 4-40, 6-32 and
8-32 nuts, you’re well covered for general
uses.

Chemicals

Not exactly a tool, but indispensable for
certain jobs. The most useful of the
aerosols would be contact cleaner. It’s
marketed under names like Workman
““Wissh’’, Tech Spray EZ Kleen, or

Electronics Today November 1985

Chemtronics Kontact Restorer. All good
stuff, though all of them spell funny.
Contact spray can restore dodgey swit-
ches, quiet noisy volume controls and get
silicone heatsink guck off your fingers.
Second most used would probably be
freezing spray. For some unfathomable
reason, complex digital ICs which have
died or gone erratic can be made to work
for a short time by cooling them down a
whole lot. Perhaps it physically shrinks

Freez-it from Chemtronics is typical of the
many freezing sprays that will restart dead
components for troubleshooting.

the substrate, healing tiny wounds. In any
case, all the sprays work by squirting
Freon onto the component; the rapid eva-
poration cools the part to about -50
degrees C. Another use is finding hairline
cracks in PCB copper; the very cold cop-
per will turn white from frost, outlining
cracks. Defective passive components can
also be identified by cooling. Look for
names like Chemtronics Freez-it,
Tech-Spray Minus 62, MG Super Cold
Spray, Varah’s Extra Cold, etc. I've never
tried spraying a warm beer with it, but it
might work.

If you’ve done repairs to a PCB, you
should clean off the residue left from
soldering, particularly in high impedance
circuitry. There are various flux strippers
available, such as Varah’s Flux Remover,
Tech Spray Light Duty Stripper, or one
from Chemtronics with the notable name
of Flux-Off.

Other good stuff would be a general
purpose lubricant spray (my favourite is
WD-40), a general purpose solvent (white
mineral spirits), high voltage silicone
grease such as the GC brand (great for
electronic ignition wiring) and a solvent
such as methyl hydrate or acetone (good
for cleaning off adhesive spills and so
forth).

Holders

I used to let PCBs skid around the bench
while I tried attaching probes, and then
I'd turn them over and chase them around
while I tried to extract dead components
and solder in new ones. One day I splurg-
ed for a PCB holder and it made me
wonder how I could have done without it.
It’s like, luxury. One of the simplest and

LENLINE

High Performance
Tool Kits for the
Electronic Pro
on the Go

PICK THE KIT THAT

FITS YOUR NEEDS.

You can’t beat LENLINE for top
quality, durability and value in
travelling tool kits. Choose from 8
standard kits (just 2 of them shown
here)—or design your own with a
customized tool assortment.

Quality tools for a wide range of
on-site installation, repair and
service tasks are thoughtfully
organized in cases of legendary
PLATT toughness and excellence.
Send for complete full-colour
catalogue today.

TC200/TC200M
COMPACT SOFT-SIDE

55 basic tools needed for
most on-site jobs housed in
a handy, handsome, easy-to-
tote zippered case of padded
vinyl. 29 tool pockets, inc.
one for your favourite
tester. Metric version

TCA400 DELUXE
HARDSIDE SUPERKIT

Al Tough ABS thermoplastic
case by PLATT, deep enough
to hold an extra pallet for

§ additional tools. Comes with

a versatile assortment of tools
to handle virtualty every

task you'll encounter in
the field.

GET THE WHOLE KIT & CABOODLE
YES: Send me your Full-colour
LENLINE Electronic Tool Kit Catalogue
PLUS complete catalogue of LENLINE
tools, parts and accessories.

Name

Address
City/Prov.

P/Code Phone( ) —

I Company .

MAIL TODAY TO:
Len Finkler & Co.
80 Alexdon Rd.,
Downsview, Ont. M3J 2B4
‘ OR PHONE CUSTOMER SERVICE

LENLINE (416) 630-9103 \FB
BN BN D N S .
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Tools for Electronics

least expensive (under $20) is the Double
Hand Holder, Model 76030 from Active
Components. It consists of a base holding
a horizontal bar at the ends of which are
two alligator clips.

Naturally, there’s the problem of
keeping components from falling out
when you're stuffing a new board. You
can always bend the leads, but this makes
for difficult lead-snipping and a large
solder blob. Lenline has a series of holders
which can lower a sheet of foam onto the
components, holding them in place while
you turn the jig over and start soldering.
They aren’t inexpensive, with the 210 x
180 mm Model PCSS-1 running about
$50, but they sure make life easier if you
build any number of boards. The
Panavise unit on our cover is the Model
315 Circuit Board Holder; it’s meant to fit
into the Panavise 300 series bases. The
whole assembled gadget gives you all sorts
of angles for assembling or repairing
boards.

If you work on repairing whole units
rather than individual boards, there are
stands which can hold and rotate a com-
plete computer, typewriter, etc. These are
in the area of $350 from Panavise.

W

One of the many types of vises or clamps will
ease building or repair.

A vise of some kind is indispensable,
especially when you have to cut or drll
something. That reminds me. They always
ship volume controls with 2 or 3 inch
shafts and you always have to saw them
off. How many people mount controls 3
inches back from the front panel?
Anyway, if you do only occasional hack-
ing and hewing, I find the small imported
hardware store vises are fine. On the other
hand, if you’re repairing or manufactur-
ing as a business, there are more elegant
solutions to gripping things, such as the
Panavise series of vises that fit into
various bases, such as vacuum bases,
low-profile types, swivelling types, etc.
Most of the fancy vises are in the $35
region, and most of the bases are $30-$40.

Making Holes

It’s a challenge when you don’t have a
machine shop and you have to make holes
larger than the ones you can drill with the
old Black and Decker. The majority of
chassis openings for electronics projects
will be large round or rectangular holes

34

for connectors or meters or similar
gadgetry. The fastest way to drill round
holes up to about 3/4 inch is the cone cut-
ter, available from electronic suppliers or
hardware chains such as Canadian Tire. It
consists of a steel cone with a sharpened
slot in it and a shank for mounting in
power drills; they cut much faster than
twist drills, particularly in aluminum. In
fact, they cut a hole so fast you may need
a depth stop on the drill.

The second way to make variously
shaped holes is the Greenlee chassis
punch. It’s the most elegant way of mak-
ing a precision hole, but also expensive
($15-375, depending on size). The pun-
ches are available in round, square,
keyed, D-shaped, and relay-socket
shapes. First, you drill a pilot hole in the
panel and thread on the punch and its
backing die; then you tighten the bolt with
a wrench and the punch is drawn into the
die, easily cutting out the desired shape.
It’s slow, but the hole looks as if it had
been punched out with a 50-ton press.

For larger holes, or even smaller ones
if you don’t care about rough edges, try
one of the metal nibblers such as the GC
805, the Lenline Model 03, the Varah
66172, or the Adel Nibbling Tool. They’re
V-shaped with tiny jaws at the join, and
take a small bite out of sheet metals up to
about 1/16 thick. It takes a while to
munch out a large opening, but it’s
sometimes the only way, especially if
elbow room is limited.

" If you’re working with a new chassis
and have lots of room, try a hacksaw-type
blade in an electric jigsaw; it’ll cut large
holes very quickly, though you might
want to wear earplugs.

The Lenline PR2 adjustable lead bender
makes for a faster, professional-looking
PCB,

Wire Strippers

When you first begin the amazing, rewar-
ding and fulfilling hobby of electronics,
assuming you don’t chuck it all out in the
first few days, you probably started strip-
ping insulation by carefully biting it away
with sidecutters, or by using the famous
Miller 100-series (the flat ones with the
yellow handles; everybody has a pair). If
you get into any kind of volume produc-
tion at all, or even if you just want a bit of

g' -

" The fixed lead bender is available in various

sizes for smaller jobs.

luxury, check out some of the fancier
models. They look like a complex pair of
pliers with hinged jaws; one set of jaws
grips the wire and the other strips the
ends. They’'re a bit more expensive than
the manual types with prices in the
$15-$75 range depending on quality, but
it’s the only way to face terminating a
100-pair cable. Look for models such as
the GC Speedex or Speed-o-matic, or the
Lenline 70-156A or STR23.

You can also get gadgets that will
bend component leads before insertion in-
to a PCB. If you only make the occasional
board, these may be unnecessary, but if
you’re making any kind of quantity they
not only speed things up, but make the
finished work look a bit more elegant.
The best deal for limited runs would be
the simple jigs like the Lenline PD801.
Then you can get fancier with the
automatic models. They look a bit like the
better wirestrippers, and have the advan-
tage of being completely adjustable as to
the spacing of the bends; one model is the
Lenline PR-2.

Test Clips

You can always poke at test points with
alligator clips or even paper clips, but you
waste time and risk shorting things, par-
ticularly on DIP packages. There are lots
of test probes and IC pullers available; so
many, in fact, that I’ve run out of room to
list them. There are probes that clip onto
ICs for monitoring the pins, and clips with
cables that let you run the IC away from
the circuit for easy substituting. IC pullers
are a necessity; you can’t get an IC in and
out of restricted quarters without bending
the pins, and you’ll find a large variety of
pullers and inserters at any electronic tool
dealers.
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Solder, Desolder...

I accumulated so much material on this
subject that it’s going to have to wait for a
future issue. In short, if you're still solder-
ing with a pencil that looks like one of
those woodburning-kit heaters, the
delights of a real soldering station await
you. You won’t believe how much better
the temperature-controlled types are.

As usual, I’ve run out of space. There
are so many different kinds of tools for so
many applications, it staggers the word
processor. In future issues I’ll be concen-
trating on specific areas of tool use; I'll
start with a look at soldering/desoldering
tools. [ ]

If you can’t locate the tools mentioned,
the distributor can give you a list of
dealers:

Lenline: Len Finkler and Company, 80
Alexdon Road, Downsview, Ontario M3J
2B4, (416) 630-9103; also represent a wide
range of tool companies: Edsyn, Lind-
strom, American Beauty, Panavise,
Miller, Platt, etc.

Varah's Direct, 504 Iroquois Rd.,
Oakville, Ontario L6H 3K4, (416)
842-8833; outlets in Edmonton, Calgary,
Vancouver, Dartmouth, Nepean, and
Winnipeg. Wide range of hand tools.

Electro-Sonic, 1100 Gordon Baker Road,
Willowdale, Ontario M2H 3B3, (416)
494-1555; carry Lenline, Hunter, Miller,
GC, OK, etc.

B.T.W. Electronics Parts, 1542 Warden
Avenue, Scarborough, Ontario MIR 258,
(416) 441-1733; carry Chemtronics, AP,
GC, Lenline, OK, Vaco, etc.

Lenbrook Electronics, Unit 1, 111 Esna
Park Drive, Markham, Ontario L3R 1H2,
(416) 477-7722; wide range of test clips,
IC handling tools, Johnson probes, etc.

Electronic Supplies Inc., 306 Rexdale
Blvd., Rexdale, Ontario M9W IRG6, (416)
741-4000; outlets .in Chatham, London,
Sarnia, and Windsor. Represent Cooper
Group (Xcelite, Weller, Crescent, elc),
Lenline.

Chemtronics: Paco Electronics, 20
Steelcase Rd. W., Unit 10, Markham, On-
tario L3R 1B2, (416) 475-0740.

Active Division of Future Electronics,
5651 Rue Ferrier, Montreal, Quebec H4P
INI, (514) 731-7441; outlets in Toronto,
Downsview, Ottawa, Calgary, and Van-
couver. A wide range of hand tools from
Ungar, Vaco, GC, Cooper, elc.

If you still need help finding a retail
store, the main distributor for Crescent,
Xcelite, Nicholson, Weller, Wiss, Turner,
etc. is Cooper Tool Group Ltd., 164 In-
nisfil St., Barrie, Ontario L4N 3E7, (705)
728-5564.
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COMPONENTS INC.

Stock Distributor of Memories I.C. (U.S.A./Japan),
All New Parts. Min. 100 pieces

RAM/EPROM:

¢ 16K DRAM (4116) from $0.50 EPROM (2716) $2.45

* 64K DRAM (4164) from $1.10 EPROM (2764) $3.15

* 128K DRAM (4128) from $8.05 EPROM (27128) $3.95

* 256K DRAM (41256) from $5.45 EPROM (27256) $11.85
* 16K SRAM (6116,2016) from $2.10

* 64K SRAM (6264,5565) from $6.70

T.T.L.:
(74LSOO0 etc.) from $0.17

4000 CMOS:
(CD4001 etc.) from $0.17

LINEAR:
(LM324 etc.) from $0.21

MICROPROCESSOR:
8088 Kit set (8088, 8253, 8237, 8284, 8288, 8259, 8255)
from $33.10 per set

Please call for other 8000 series MPU/O.E.M. price and delivery.

XT COMPATIBLE ONLY $999.

System includes:

¢ 256K XT (Japan) Board w. Japan DRAMs

* One DSDD Disk Drive

¢ Controller Card

e Colour Graphic or Monochrom Display Card
» Case, Keyboard & 130W Power Supply

* Option: two DSDD Drive system for $1159.00

PERIPHERAL BOARDS

512K Ram Card(OK) ... ...cvvvvrevannmmnnenianeaanns $129.99
384K Multifunction Card(Loaded) .................... $200.00
Monochrome Display Card . . .........oviiviienieanans $111.50
Monochrome Graphic/PrinterCard .. .................. $161.50
ColourGraphicCard . ....covvvrviinrenriinnnasensne $124.00
ATI KB-5000 Keyboard . .........ccccveeiumuonasanens $ 99.00
Tatung RGB Colour Monitor (12*) ................ooven $499.00
Panasonic JA551-2/5DiskDrive . ............coiainnn $149.00
Seagate (10MB) ST212 Hard Disk Drive . ................ $700.00

(20MB) ST225 Hard DiskDrive . ... .. ........... $940.00

Hard Disk Controller + Cable................. $250.00
ControlCard + Cable . .....cvviiiiiiareninnesanenns $ 86.00
Mainboard (8 slot) 256K (Loaded) . .. ............conennn $299.00
MaINboArd(OK) . .vcvivvuierivnsessnenasseseoannans $259.00

Dealer inquiries invited — Prices lowest in town.

Mail order accepted. Min. $5.00. Postage and Handling. Please add 7%
P.S.T. Visa, Certified Cheque accepted.

PATRON COMPONENTS INC.

4002 Sheppard Ave. E, Suite 506, Office Hours:
Agincourt, Ont. M1S 1S6 Mon-Fri. 9-6 p.m.
Tel: (416) 299-7731 Saturday 10-5 p.m.

SHEPPARD AND KENNEDY
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FAST b TSSinGs: BEST
SERVICE = J4% juai 1 PRICES

Over 10,000 Tubes in stock

1BC2A  $ 785 $ 615 4RAS 6CM3 830 35LR6 1270 38ME7 6XG6A/ 1525 12BH7A

1GIGTAI 685 640 4LJB 6CW5 820 35W4 5.50 ELS19

1B3GT 6KT8 820 123v74

2KY2 570 750 SGKG S0 s 6L6GC 1055 128V7/

2GX5/ 615 675 5AQS 6DK3 805 6GwW8 3 e 6L86 1330 12DQ7

2EQS5A SAR4/ 6DH3 695  6HAS 9'33 2k ’ 6LF6 1270 12CL3

2HAS 650 330 6DQ3 710  6HES i e 6LJ8 875 13nW4

3A3C 710 1030 SGHBA/ 6DX8 795 6HQS - c1o 6LHB 655 12GH7A

JAT28 990 1280 PQ3s01 6EAB 655  enss 780 8CGY/ 6LR6 1270 12HG7

IAW2A 720 5GJ7 6EC4 860  cuvsa 1115 BEQY/ 6LT8 875 12HL7

3BW2 730 680 5GS7 6EH7 805 ghzg 630 8GJ7 6LU8 1075 12MD8

38528/ 720 5ty 6EJ7 830 oo 1220 8JVB 6LHE 3070 13GF7 960

3BT2A gg;‘jg gﬁ‘&’g ggg 6210 8LT8 6LX6 1310 13210 12 60

. 1085 6JA5 920 9GHBA 6LX8 665 13410 1260
5Y3GT 6GF7 930 LCF302 660 15HF8 165

3CH3B 1380 gap10 6GHBA 395 LY S0 ' H 6MJE 1330 15A8 1000

3CU3A 1360  gukg 6GHBA 655 oY S 6LQ6 1330 PC182 1000

308 720 150 gago PQ3601 655 6JEBC 1330 16LUBA 1075

3Cx3 6AJ8 6GJ7° 750 SIC6A R | e 17BF11A 1220

6JD6 700 10045

3pc3 765
3DF3 720 17DW4A 20LF6 1415  6JEEC! 10KR8 24JE6C 1135 26HUS 1435

a0J3 710 710  17JN6A 21LR8 1060 6LQ6 11AF9 24LQ6 1135 26LX6 1300
3GKS 615 17028 21LU8 10.95  6JH5 11Hn7 25CG3 710 30KD6 1300
3HAS/ 585 17KV6A 22JR6 1145 6JS6C 12AT7 25AX%5 14 25 31JS6C 1130
3HMS 19CG3 : 2329 1155  6JWE 12AU7A 25028 965 33GY7A 1260

F
34CG3 36KD6 13.00 ECTR02 3BHK7 12 80

4ER7 860 770 34CD3 40KD6 13.00 6478 12AX7A/ 615 40KG6A 1670
4EJ7 840 34DK3 3I6LW6E 15.00 6KD6 7025A 42EC4 895
4GJ7 770 35CS 36MC6 13.25 6xD8 12BE6 740 S8C5 720

* TRY US FOR * We reserve the right to substitute. Prices to extent of Inventory.
e NEEDLES AND CARTRIDGES

e AUDIO AND VIDEO ACCESSORIES * Mail Order:
¢ SEMICONDUCTORS Certified Cheque, Money Order, COD’S FOB Rexdale.

o WIRE AND CONVERTERS AND Ontario Residents add 7% P.S.T.
MUCH MORE

THE WHOLESALE SOURCE
YOU'VE BEEN SEARCHING FOR! . ..

ELECTRONIC SUPPLIES INCORPORATED
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continued from page 26

For Your Information

The Mitel Corporation of Kan-
ata, Ontario, announced in Sep-
tember that the company’s
common shareholders voted in
favour of the proposed British
Telecom acquisition of 51 percent
controlling interest. The cost to
British Telecom at $8 per share
was $320 million. Both com-
panies confirmed that BT would
exercise full management control
as soon as the agreement becomes
effective; the acquisition is con-
ditional upon regulatory clear-
ances in the UK and Canada.

The Philips and Siemens com-
panies of Europe are cooperating
on the BICMOS project; the goal
is to produce an IC containing
both CMOS and bipolar tran-
sistors. The CMOS transistor is
ideal for digital switching be-
cause of its very low quiescent
and input currents, and the bi-
polar is better suited for analog
circuits requiring low noise,
good matching, and high current
density. The chips would be used
in A-D converters, memories,
digital processing, etc.

RMS Digital Meter

Newport Electronics announces
their Model 204B-RMS, a true
RMS digital panel meter capable
of handling signals with crest fac-
tors up to 3:1. The bandwidth is
DC to 100KHz, allowing measure-
ment of signals with both DC and

AC components. A parallel BCD
output is provided; peak and valley
hold is available as an option.
Contact Metermaster Division of
R.H. Nichols Co. Ltd., 80 Vinyl
Court, Woodbridge, Ontario L4L
4A3, (416) 851-8871.

Circle No. 55 on Reader Service Card.

GTO Capacitors

The mew MKV B25855 capacitors
from Siemens are for use with Gate-
Turn-Off thyristors; their low induc-
tance (30nH) and high peak currents
(up to 2500A) make them ideal for
damping capacitors. Contact Siemens
Electric Lid.. 1180 Courtney Park
Drive, Mississauga, Ontario L5T
1P2, (416) 673-1995.

Circle No. 54 on Reader Service Card.

Chip Clip
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A low-profile chip clip for testing
ICs in-circuit, the LPCC-16, is
available from OK Industries. One
end of a 24-inch cable is ter-
minated with a 16-pin clip which
clamps onto the IC under test; the
other end has a 16-pin DIP plug
used for connecting probes, etc.
Contact Len Finkler and Co., 80
Alexdon Road, Downsview, On-
tario M3J 2B4, (416) 630-9103.

Circle No. 53 on Reader Service Card.

Looking for a new computer to
upgrade your Apple clone? Cray
Canada has announced their new
X-MP series, nine models of su-
percomputers suitable for large-
scale processing of data from pe-
troleum exploration, structural
analysis, weather forecasting,

etc. The top-of-the-line 416 has
four CPUs and 16 megabytes of
RAM, has ten times the perfor-
mance of the Cray-1, and costs
$16 million. 1t’Nl run Lotus and
WordStar at the same time if you
buy an extra RAM card.

continued on page 51

Microtrainer
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' [ - e — Personally Developed
- u = IBM Software
g o . O ] programs with value
- R L g in mind
- e ' B
L _z__ns_:a Choose from
ot ] ‘E [ B Business applications
The Microtrainer 68K is a B Entertainment BEducation

BProgramming B Productivity
58 programs in ali

68000-based Single Board Com-
puter designed especially for learn-

ing about microprocessors and .
microelectronics. It's used with B PLUS Special Value
on-board video circuitry and Packages to save you even

more money!

Call IBM Canada Ltd. today for your

parallel keyboard interface, or it
can be connected to a dumb ter-
minal. It has two connectors for
easy interfacing to experimenter
boards. Memory can be expanded
to 80K on-board; a cross-
assembler to run on the IBM PC
and several plug-in experimentor
boards are available in a complete
line of teaching hardware. Contact
Waterloo Distance Education,
Inc., PO Box 62, Waterloo, On-
tario N2J 3Z6, (519) 884-4340.
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Note: These IBM Personal
Computer Software Products are

not available in Quebec While quantities last.

IBM1s a registered trademark of
International Business Machines
Corporation IBM Canada, a
related company. is a registered
user
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Direct Injection Box

Clean up your on-stage sound with this low-cost,

high and low impedance splitter.

By Andrew Armstrong

EVEN WITH the large number of electric
musical instruments in use today, sound is
still frequently transferred from instru-
ment to PA system by means of a
microphone. Electric guitarists often
regard their stage amplifier as part of the
instrument and wish the sound to include
the distortions, cabinet resonances and
even the microphone in the case of tube
amplifier. This demands a microphone
placed directly in front of the musician’s
loudspeaker, with all the consequent pro-
blems of distortion and increased risk of
feedback.

Microphones have to be used in any case
for vocalists and acoustic instruments,
which makes it all the more important to
avoid using them on electric instruments
wherever possible so as to keep the risk of
feedback to a minimum. Electric key-
boards can usually be fed directly into the
PA system, but an on-stage amplifier may
still be required so that the sound can be
heard by the musician and acoustic instru-
ments may also need local amplification in
the noisy environment of an amplified
band.

The solution to some of these problems
is a direct injection box, a unit which takes
the incoming signal from the instrument (or
from the microphone in the case of an
acoustic instrument) and splits it to produce
two outputs, one of which is fed to the main
PA while the other is taken to a nearby
amplifier and speaker controlled by the mu-
sician. A DI box (as they are generally
known) usually has a high impedance in-
put, a low impedance output for the mixer
which is sometimes balanced, and either a
high or low impedance output for the stage
amplifier.

Well Balanced Design

This design is based around a very low
noise dual op-amp which allows it to be
used at low signal levels without significant
noise problems. The gain is normally set at
unity but a voltage gain of 2:1 can be
achieved by making a few component
changes. The unit operates from a single
OV battery and powers up automatically
38

when a jack plug is inserted into the input
socket. In addition, a low-voltage detector
is included which lights an LED when the
battery needs replacing.

The unbalanced output can be taken
from the output of the first op-amp which
gives a reasonably low impedance driver,
or, if preferred, can be connected directly
to the input. The advantage of this arrange-
ment is that the unbalanced output will then
continue to operate even if the unit de-
velops a fault or the battery runs down. The
input impedance of the DI box circuitry is
quite high and will not excessively load a
connection made in this way.

The mixer output is balanced and can
either be used directly with high impedance
balanced inputs or set at 600R by adding
two 300R resistances. A circuit for a low
impedance balanced input has also been
included, as an add-on, to enable the unit to
be used with equipment which does not
already have a balanced input.

The normal type of balanced line to use
for audio work is 600R. To be completely
correct, the source resistance for each sig-
nal connection should be 300R and each
one should be terminated with a 300R resis-
tance to ground at the receiving end. In
many cases, a high impedance is used at the
receiving end and the sending end imped-
ance is just ‘low’.

As long as the signal level is suitable,
this unit may be used as a proper 600R
driver. The 5532 op-amp specified has very

low noise, typically 5 nV//Hz, so very
low level signals may be used without a
severe signal-to-noise penalty. The voltage
swing which the op-amp can drive into
600R is somewhat less than it could drive
into 10k for example, so, taking account of
the reduced efficiency when operating
from a single 9V supply rather than a dual
15V supply, signals of over two volts peak
to peak may clip. When the battery is ex-
hausted, the 5532 may only manage two
volts peak to peak into a high impedance.
This should be adequate for most purposes,
but if it is not, the project may easily be
adapted to give more output.

If the box is operated with 300R output
resistors into a terminated 600R line, the
output signal will be potted down by 2:1.
To compensate for this, voltage gain is
provided by the addition of optional com-
ponents R4 and C2. Equally, if the input
signal is of a very low level, adding these
components will boost it to a level consid-
erably above the of the interference picked
up on the line. This is particularly useful to
prevent buzz from phase controlled lights
being audible on microphone circuits. For
the purpose of driving a balanced line, a
voltage gain of two times is required.

In order to gain the greatest benefit from
the DI box, its output should be fed into a
balanced (or differential) input. Unfor-
tunately, the equipment you use it with may
not have a differential input, but read on.

ALTERNATIVE
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Fig. 1 The block diagram of the direct injection box.
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Fig. 2 A standard differential input ar-
rangement.

The circuit in Fig.2 shows the con-
ventional configuration of a differential re-
ceiver. Most text books show all four
resistors in the circuit to be of equal value,
but that is not always the best way to do
things. At first glance, it would appear that
the impedance on the non-inverting input is
R3 + R4, while that on the inverting input
is R1. This is not so. If the op-amp is work-
ing linearly (ie not clipping) then for all
practical purposes, the voltage on the in-
verting input of the op-amp is the same as
that on the non-inverting input.

First of all, the differential impedance of
the circuit shown is correct, but the com-
mon mode impedance is not balanced. The
addition of 300R load resistors will swamp
any differences and the best performance
will be obtained. The second reason is that
the op-amp would be required to drive
heavy currents into its feedback resistors if
low value resistors were used around the
op-amp. and this would restrict the output
swing.

Power Consumption

The one drawback of the excellent NES532
dual op-amp is that its current consumption
is quoted as eight milliamps typical, six-
teen maximum. If the DI box is to be used
with reasonably large signals and notinto a
low impedance load, it may be preferable
to use the LM358 op-amp in order to cut the
power consumption. The gain bandwidth
product of this device is only IMHz, so
there is not a lot of scope for providing
voltage gain without the risk of slight deg-
radation of sound quality.

—O «VE SUPPLY
R8
RS 36k
. 10k
A3
470n 36k o
N |
+
TLO71 54— } O
BALANCED + 14 c5 UNBALANCED
INPUT L) )] W 470 OuTPUT
a70n ' > RG
12k cat é’ng
47u -1 47k
R1 R2
300R 300R c3 It R7
47uT 10k
) ov

Fig. 3 A practical circuit for a differential input stage.

The non-inverting input has half the
positive signal voltage, and since the inver-
ting input has the same signal present. re-
sistor R1 has a voltage across it equal to half
the positive input signal plus the negative
input signal. The signals are meant to be
balanced, so the voltage across Rl is 1.5
times the negative input signal. The current
flowing in this resistor is therefore 1.5
times as high as would be expected if Rl
were feeding a virtual ground point, so the
apparent impedance is 1/1.5 times the value
of R1. Therefore R1 should have a value of
1.5 times the desired input impedance. An-
other way to visualize this is to think of the
virtual ground point as being one third of
the way along the resistor from the invert-
ing op-amp input to the input signal.

The component values shown in this cir-
cuit are for a 48k input impedance, 24k on
each line. should a 600R input impedance
be required, it is best to use 300R resistors
to load the input, rather than using very low
value resistors around the op-amp. There
are two reasons for this.
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= How it Works
IC1A works as a buffer with selectable
gain, R4 and C2 being added only if
voltage gain is required. The offset
voltage on the inputs is minimized by
having a similar net DC resistance on
each input. The output of this buffer
drives the in-phase output and also a
unity gain inverter, ICIB. which in
turn drives the other output. Both out-
puts have their impedance set by series
resistors and are DC blocked by elec-
trolytic capacitors. The capacitors are
polarised by load resistors R11 and R12
The low battery detector is based on
a purpose designed IC which contains
a very low current band gap voltage
reference, a comparator, and a current
limited output drive circuit. For this
reason, the LED needs no current lim-
iting resistor.

! O +VE
%Ra
8

2 +VE
HYSTERESIS

vy

Rc
OuUTPUT

3| THRESHOLD
ov

5
%Rb

O oV

Fig. 4 The low voliage warning circuit
using the 8211 micro power sensor.

Another alternative would be the TLO72
which has a gain bandwidth product of
3MHz and a noise figure of 18nv/."Hz,
both of which are quite acceptable. This is a
BiFET device. so it would be possible to
use a very high input impedance if neces-
sary, a megohm for example. The max-
imum current consumption of this is SmA
total, so the battery life should be reason-
able.

If the application requires substantial
voltage drive into a 600R load, the DI box
may be constructed with 25V rated elec-
trolytic capacitors and powered from two
9V batterics in series. There is not room in
the case of the prototype unit for another
battery, so a large sized case would have to
be used. The low battery warning would
have to be recaiculated to work at a dif-
ferent voltage as well, of course, in order to
give warning before the unit stopped work-
ing correctly, rather than afterwards.

Low Battery Alarm

This part of the circuit uses the 8211 micro-
power sensor. This handy chip draws a
quiescent current of about 25uA and
provides a current limited LED drive which
switches on when the voltage on its thresh-
old input falls below 0.15 volts. Referring
to Fig. 4. the threshold voltage for the LED
to switch off is given by the formula:

Ra+ Rb

Rb volts

V=1.15X

Hysteresis is added by Rc (R14 in the final
circuit), but if this is not required pin 2
should be left open circuit.

The addition of hysteresis does not affect
the switch off voltage but the switch on
voltage is lowered. This voltage is calcu-
lated from the formula:

_ (RaXxRc 115
V= (Ra+Rc+Rb) X "Rb

The component values specified in the cir-
cuit diagram give nominal switching volt-
ages of 6.55 (off) and 5.60 (on). If this end
of life voltage is too low, it may be raised
by reducing Rb in the sensing circuit.
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Direct Injection Box
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'NPUT: I\_Q-J c1 IC1a R6 IC1b e ;’g\'; -_ a6l ]
| a70n = 10k + R10 .
| 2 \B d 00R S5 2M2 3
SK2
| e
| R2 R3
| 100k L R9 AN
| L [ o 10k 0
| | R11
[ + (1:2 | 100k
u0 |
b T . .
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Fig. 5 Complete circuit diagram of the direct injection box.

Construction

Before starting to assemble the DI box, you
must decide which of the various circuit
options you wish to incorporate. Some of
these will affect your choice of components
while others, like the choice of unbalanced
output take-off point, will only involve
wiring changes. The components which
may be affected are all marked in the parts
list. SK1 is specified as a stereo jack socket

even though the signal is mono, the extra
connection is used to connect the battery
negative to the PCB when the input is plug-
ged in. The rest of the assembly is straight-
forward; Fig. 7 shows the suggested layout
within the case.

Testing
If a regulated power supply is available it
should be used for initial testing. Set the

power supply to about 4V, if the LED does
not light, then reverse its connections and
try again. Once the LED works. increase
the voltage until the LED goes off, then
reduce it until the LED switches on again.
Measure the voltage and check that it is
about 5.6V. Individual units may vary due
to component tolerance, but if the voltage
is not acceptable the value of R13 or RIS
should be changed.

BUGS EATING YOU ALIVE?

Single stepping through a program works but...
Break points help but...

how do you kill those really
frustrating software bugs quickly?

The BUGBUSTER is a powerful hardware
assisted debug package which runs on all
Apple I/IIE and compatibles. It will trap and
store a REAL-TIME disassembled trace on ANY
program condition you specify. The 512 cycle
trace can be viewed on screen or stored on a
printer or diskette. Optional hardware inputs
can be'used to debug Apple hardware.

ONE YEAR PARTS AND LABOUR WARRANTY
Dealer enquiries invited

AAPTRON DESIGN LTD.

P.0O. Box 13193, Kanata, Ontario, Canada K2K 1X4 (613) 831-0163

Please send:
] more information
demo disk & manual @ $10
BUGBUSTER AP512 board & software @ $199
optional hardware probes @ $25 set
Ontario residents add 7% PST
| Cheque Enclosed [ Money Order Enclosed Total

A AP hH A

) Bill my VISA 1 Bill my MasterCard
Card# Expiry Date
Signature (not valid without signature)
Name Company
Address
City Prov. Postal Code _

Mail to Aptron Design Ltd., P.O. Box 13193, Kanata, Ont. K2K 1X4
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THE AFFORDABLE

XT COMPATIBLE

HIGHEST QUALITY, RELIABILITY AND COMPATIBILITY
(ALL MAJOR BOARDS MADE IN JAPAN)

STANDARD SYSTEM NOW ONLY §1,195

* 256K XT System Board, w/o BIOS * Two DSDD Disk Drives
* Controller Card * Colour Graphic Card
* Case, Keyboard, Heavy Duty Power Supply e« Box of Nashua Diskettes FREE

90 DAY WARRANTY

PRO 25M HARD DRIVE
SYSTEM NOW ONLY

$2,295

* 256K XT System Board, w/o BIOS
¢ One DSDD Disk Drive
* Controller Card
* Colour Graphic Card
* One Seagate 25MB Hard Disk Drive
with Controller
* Case, Keyboard Heavy Duty Power Supply
* Box of Nashua Diskettes FREE

Options with purchase of above system only special

[ =]

Regular
A) 384K (Installed) Multifunction Card. . $239.00 $275.00
B) Monochrome Graphic and Printer Card 195.00 229.00
C) NEC RGB Colour Monitor, 1216 DFA. . . ... .. .. 450.00  495.00
D) Zenith Monochrome TTL Monitor, ZVM 124, . .......... 169.00 195.00
E) Roland NLQ Printer, 1111A. . .. 409.00  429.00
F) 512K RAM Card .. ... 168.00 195.00

SPECIAL OF THE MONTH: SEAGATE HARD DISK DRIVES
COMPLETE WITH CONTROLLER AND CABLES
10MB,_S7212.....$895.00 25MB, ST225.... $1195.00

Al etders chegure, money Order, Visa, MdlierCord aicepred 55 00 fov spping and handung  Qniarw resdents odd "% P S T

578 MARLEE AVE. Telex: 08-217736 SUNIX TOR.
. s s (At Glencairn Subway)

Tel: (416) 781-3283
Toronto, Ontario
M6B 3J5

(Formerly Audiovision)

In Dallas, USA: (214) 9851842

Circle No. 19 on Reader Service Card



%\, UNBALANCEO
\ ouTPUT
(SEE TEXT)

INPUT

INPUT GROUNO
\ND BATTERY
VE VIA SWITCH -

+VE FROM { a
BATTERY :

| 8ALANCED
b | OUTPUT

r== LED1 ANODE
== OUTPUT GROUNO
= LEDY CATHOOE

Fig. 6 The component overlay for DI box.
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- >‘ ALL DIMENSIONS IN MILLIMETRES

Fig. 7 Layvout of the major components
within the case.

Now apply 9V, either from a battery or
from the power supply. and use a voltmeter
to check that the op-amp output pins are at
about 4.5V and that the outputs are atOV . If
they are not, the most likely fault is a re-
versed electrolytic capacitor. Finally, con-
nect up a signal source and a suitable
amplifier and check that everything works
correctly and that the sound is what it
shouid be.

A practical circuit for a differential input
is shown in Fig. 3. The 300R input resistors
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are optional but should be included if the
input is connccted to a 600R balanced out-
put. The power may be drawn from any DC
source with a voltage in the range 6-30V or
a dual rail supply could be used and the
biasing component omitted. If the arrange-
ment is to be battery powered, it might be
an idea to include a low voltage monitor of
the type used in the main DI box.

‘.‘n{r‘

PCB for the DI box.

= Parts List

Resitors

(% W 5% unless otherwise stated)

SO WIS 56 6 e baaacn0000000 600 100k

RY . il ibanansss. malis 47k

R4 ... ... 47k (see text)

RS0 . ... 300R 1%

S 6660 6a00 S Do 53000 10k 1%

RYAS sl ol s e e .10k

RI3 470k

RI4. ... ... ... ... ... ... 2M2 (see text)

Capacitors

Cl .. ..470n polyster

C2 ... .cbimwn. .. .5 . 1u0 tantalum

(see text)

C3 . 10u 10V radial
electrolytic

C4,56 . ... ... 47u10V radial
electrolytic

Semiconductors

IGl...... .= .;w cowvm NES5532 dual op-amp

| (o SRR ICL8211

micropower sensor

SKI1............... ¥4’ stereo jack socket
SK2 ... ... XLR 3-pole chassis

plug (XLR-3-32 or equivalent)
SK3............... ¥’ mono jack socket

PCB: die cast box, approx 110 x 60 x
30mm; panel-mounting bush for LEDI;
battery connector; nuts and bolts to mount
SK2 and the PCB.
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Computing Today

Z280 Design Part 6

More interfacing with

the Z80. Hooking up to

relays, motors, lamps etc.

By Hagen Kornberger

RELAYS can be used to control a great
number of devices such as lamps, motors,
and other high current devices. Fig.10
shows the driver circuit needed for a
typical relay. Five volt relays are available
and some are even packaged with pin
spacing the same as IC’s so they can be
placed in sockets; other relays require
higher coil voltages so an extra power sup-
ply is necessary.

The maximum load that can be plac-
ed on the relay depends on the switch con-
tact ratings. Fig. 11 shows how two relays
are used turn a motor on and off and
change the direction as well. However
relays have some disadvantages. They
have a slow response time, are mechanical
and therefore suffer in reliability, and
they tend to generate quite a bit of unac-
ceptable radio frequency interference.

Solid state switches can replace relays
and eliminate the disadvantages. Power
transistors can be used to switch high cur-
rent DC motors, lamps, etc, and SCR’s

o—w

oO——
O—w

[0 S - |

2k2

MOTOR
POWER

[ - =

MOTOR
DIRECTION

2k2

Fig. 10 Details of a relay driver circuit.
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Fig. 11 Circuit details for the relay control of a motor.

Rc

Rb :
2N3904

RI = Load
Resistance
RI
Rc = 10 xRl
Rb = 25 x Rc
TIP31

Fig. 12 Circuit diagram for a power transistor switch.

and TRIAC’s can be used to control AC
devices. In cases where the load voltage is
to be isolated from the computer voltage,
such as line operated loads, opto-isolators
are available.

Turning on and off a DC load with a
power transistor is quite the same as
lighting an LED with a driver transistor.
However, if the current is large an addi-
tional driver transistor will be required to

drive the power transistor. If the load cur-
rent is | amp and the gain of the transistor
is 10 (typical for power transistors), then a
base current of 100ma is required to drive
the transistor into saturation. Driving the
transistor into saturation is important as
this keeps the power dissipation of the
transistor down. Fig. 12 shows a power
transistor switch and the appropriate
calculations for the resistors.
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Varying the speed of DC motors is
quite easily done. For full speed the motor
is turned on and left on; for no speed, or
stop, the motor is simply turned off. For
speeds in between, the motor is shut on
and off rapidly. The speed of the motor
depends on the duty cycle or the ratio of
the time when the motor is on to when the
motor is off. A 50 percent duty cycle
makes the motor go at medium speed.

Changing the direction of the motor
is quite easily done. Fig. 13 shows the
schematic of a four power transistor
switch quite commonly referred as a
power-H driver. The advantage of this
type of circuit over others is the need for
only a single polarity power supply. Two
output bits are need to define the speed
and direction of the motor.

For precision movement a stepper
motor is required. Stepper motors are
operated by pulsing them, meaning that
each time a pulse is applied, the motor
turns a certain number of degrees. Four
windings inside the motor make the motor
turn. The windings are pulsed in sequence
and depending on the direction of the se-
quence, they make the motor turn for-
ward or in reverse. IC's are available to
drive the stepper motors but the Z80, with
the appropriate software, is quite capable
of handling this task. Fig. 14 shows the
schematic of the driver circuit.

330R
2
3= A

1 6

MOC3010

330R

L AAA—

A

LAMP

JonR 120VAC

0.01
uF

1k

Typical
Vatues Rb = 1008

RAe o 22

Raverse
Direction

Forward
Owacton

Fig. 13 The circuit of the Power-H driver.

c —
0 >

Stepper Motor

. %VV -

UNL2003

Fig. 14 The stepper motor driver.
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Fig. 15 Circuit diagram of a Triac switch.

To switch AC devices, triacs are com-
monly used. These offer the advantage of
switching on for the full wave of an AC
cycle as opposed to SCRs. Triacs are
usually used in conjunction with triac out-
put opto-isolators to isolate the CPU
from the power line. Fig. 15 uses an
MOC3010 opto-isolator IC readily
available from Radio Shack (cat. no.
276-134).

Generating Sound

Producing an electronic beep with a fixed
duration and frequency, and with
minimum Z80 intervention, can be done
with a single 556 timer as shown in Fig.
16. The first section of the timer is a
one-shot multivibrator, and the second
section is an astable multivibrator. By
pulsing the trigger input of the one-shot
multivibrator, a beep with a duration and
frequency selected by the components will
be heard on the speaker.

Generating a variety of frequencies
can be done with software. In this case on-
ly an output amplifier is needed for the
sound to be heard on the loudspeaker.
Generating a specific frequency is a simple
matter of using a timing loop in between
the on-off transition period. Changing
the characteristic of the sound can be
done by altering the duty cycle of the
waveform.

Output Ports

Although the PIO is quite convenient to
use it is quite costly when multiple output
ports are required. Fig. 17 shows an 8 bit
output port wired up using the 74L.S374 8
bit D-type flip-flop. The output port is
addressed at 80 hex. Seven more output
ports can be wired up without additional
address decoding.

—

100k

13 ' ?
12
2
- " '
1uF - K7 00R
T 0
a7

Fig. 16 Circuit to generate a 100ms beep.

1=
.
o7 |: LN
o - 1 16, a6
05 2 a5
) sl 12, ae
03 > ‘; 2 A
02— —2-«. A2
o1 B
e 3 KRG
- 00 >— > A0
115
A0 > & o !-J‘ l
A >—2 8 —_
AT _Luo B
a7 364 L rason
" =
3 al
0 —5ia
WR »—— GJ -‘I

I & aLs138

Fig. 17 Details of the alternate output port
using the 74L.S138 and 74LS374.

43



Product Review |

FURCTION GOsrmon

e RZMsea 4

SV oy oy

Zopan 1404A Function Generator

A low cost 3-waveform generator for

most testbench needs arrives from Poland.

FUNCTION Generators are handy things
to have around; their advantages include
several types of waveforms, wide frequen-
cy range and excellent amplitude stability.
The Zopan 1404A is manufactured in
Warsaw, Poland, and is being offered to
the Canadian market by KB Electronics of
Oakville. Its features include a very wide
frequency range from .05Hz to IMHz in
seven overlapping decade ranges, push-
button switching, and a single-square-
triangle 600 ohm output via a BNC jack.

The function generator works by
creating a ramp voltage, usually by charg-
ing a capacitor with a constant-current
source. This ramp is turned into a triangle
by having a voltage comparator discharge
the capacitor via another CCS when the
ramp voltage reaches a prescribed limit.
The big advantage to this method is that
you can easily change frequency by
voltage-controlling the capacitor’s charg-
ing rate. Square waves are easily obtained
by triggering a gate on the triangle’s zero
crossing, and sine waves are produced
(usually) by passing the triangle through a
non- linear element such as a diode matrix
or the base-emitter section of a differen-
tial amp; this produces a fair amount of
distortion in the sine - the Zopan is listed
at less than 3%, 10Hz to 50KHz, rising to
less than 5% up to IMHz. This is ade-
quate for most testing other than distor-
tion measurements.

This method of generation also lends
itself to controlling the amplitude and fre-
quency by external voltages, and the
Zopan has BNC inputs for voltage con-
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By Bill Markwick

trol of both. It also has two waveform
controls for symmetry (of the square
wave) and DC offset (of all three). Sym-
metry is the ratio of a rectangular wave’s
positive side to its negative side, useful for
checking the response of logic circuit in-
puts to waveforms with duty cycles other
than the usual 50%. The offset control
applies a DC voltage of up to plus and
minus 5V to the signal for testing circuits
that aren’t at ground potential.

The output voltage is listed as a
nominal 10V, but this requires some
clarification. The sinewave showed a level
of 11V peak-to-peak, or 3.9V RMS, with
the output unloaded. The triangle was
12Vpp and the square was 14Vpp. These
values fell to half when a 600 ohm resistor
was connected across the output.

The frequency stability is rated at
plus or minus .5% short-term, and plus
or minus 1% over seven hours. The
amplitude stability wasn’t specified, but
pushing the range buttons over the full
frequency span caused an amplitude
change of tiny fractions of a dB, and these
may have been caused by the test equip-
ment itself. Great for instant checking of
audio amp response.

The voltage control of frequency,
while not extremely widerange, will be
useful in testing filters and other frequen-
cy-sensitive circuits. The application of a
voltage from zero to -8V caused a fre-
quency variation of 28:1 on each range.
Similarly, the amplitude jack was suited to
modulating the output waveform with

another signal, or DC, but had the odd ef-
fect of noticeably increasing the sinewave
distortion, though it didn’t bother the
square or triangle; perhaps the distortion
could be trimmed to a lower value with
the internal adjustments.

There were no switches to defeat the
symmetry or offset adjust, making it
necessary to use a DC voltmeter to zero
the output. But then, that’s what keeps
the cost down.

Looking inside the unit, which is easi-
ly done by removing four screws and
sliding out the metal frame, reveals a neat,
well-planned construction. Except for
one IC, the unit uses discrete transistors
throughout, which may confirm suspi-
cions that eastern countries are behind the
west in IC production. The other com-
ponents seem to be Polish-made, though
the calibration trimpots looked like
Philips types.

In short, the Zopan 1404A fills the
bill for a low-cost versatile signal source.
It’s presently retailing for $289.95. Con-
tact: [

KB Electronics,

355 Iroquois Shore Rd.,
Oakville, Ontario L6H IM3,
(416) 842-6888.
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al‘t Where Buyers Find Sellers

IUBBIIN
[r— J - - -d
ELECTRONIQUE
WE DON'T SELL COMPUTERS.

WE JUST SELL THE PARTS!
Send your name and address along with
$1.00 to: 7454 Langelier, St. Lecnard
Montreal, Que. H1S 3A7
Tel: (514) 259-5581

“POSITIVES on film of ET projects $2. to
$5. Your own artwork 8 x 10's $8./-ve,
$12./ + ve. Please add $1 postage. Write
for other rates including discounts and
drafting aids. ADB GRAPHICS, P.O. Box
203, Delta, B.C., V5K 3N6.”

“DIGITAL ORGAN AND DRUM KITS,
Demo LP $8.00 (Plus $2.00 P/H), Profes-
sional Mixer and Speaker Kits, Eprom Pro-
grammer Kit, Free Information from
SELTRON INSTRUMENTS, 39 South-
bridge St., Leamington, Ontario N8H 4N4.

MPF 111 Apple lle Compatible $1395.00 64K
Slim Drive, 280 Printer Card, 80 Columns
Amber or Green Monitor, Shipping $10.00.
Send SASS for catalog. RAITRONIC’S,
6650 Ross St., Vancouver, B.C. V5X 4B2.

J&J ELECTRONICS LTD., Box 1437E, Win-
nipeg Manitoba R3C 2Z4. Surplus and
Semiconductor Specialists. Do you get
our bargain flyer? Send $1.00 to receive
the current literature and specials and to
be placed on the mailing list for future
publications.

25 TESTED low cost plans regulated
power supplies, electronic locks, alarms,
lie detectors, testers, electronic jewelry,
etc., $6.50. Kits & parts available also.
T3S-80 I/O interface plans $15.00. Send to
| ELECTRONICS, Box 122, Delson, P.Q.
JO1. 1GO.

DO SMALL
ADVERTISEMENTS
ATTRACT ATTENTION?
WELL, THIS ONE DID!

WHERE BUYERS FIND SELLERS

For more information Call:
(416) 423-3262

PRODUCT MART

T —————

ARKON ELECTI.ONICS LTD., 409 Queen
St. W., Toronto, Ont. M5V 2A5. Mail Orders
accepted on our large inventory of com-
puter products: Software, Hardware, Parts
and Accessories. Write us with your re-
quest.

HARDWARE/software product design and
prototyping. Mainframe communication
interfacing and protocol conversion. THE
LISMA COMPUTER CORPORATION, 4865
Sheppard Ave. East, Scarborough, On-
tario M1S 3V8 (416) 297-0297.

TECHNICAL BOOKS. Metalworking,
woodworking, electronics, plans, science.
Large catalogue $1.00. ERIC KEATS &
COMPANY, P.O. Box 796, Station A, Scar-
borough, Ontario, M1K 5C8.

EXCITING scientific and electronic
devices you can build. Many facinating
plans and kits available. Catalogue $2.00.

Mail order only. DUKER ENTERPRISES

8307-160 Street,
T5R 2H2.

Edmonton, Alberta

TS2068 or Spectrum compatible disk drive
controller card. Uses Shugart SA455 or
compatible drive. 160 KB per disk, 2K DOS
on EPROM $119.95 LARKEN ELECTRO-
NICS, R.R. #2, Navan, Ontario K4B 1H9.

OSCILLOSCOPES- New 27 page booklet
packed with easy to read diagrams cover-
ing modern oscilloscope function, opera-
tion, terms and selection. Send $5.00 for
"OSCILLOSCOPES A-Z” with special
bonus offer. HARRY BROWN AND ASSO-
CIATES INC. P.O. Box 11386, Stn. H,
Ottawa, Ontario K2H 7V1.

SALE-TIMEX-SINCLAIR SOFTWARE

LARGEST selection in Canada. Many new.
Send $1.00 refundable, for free catalogue.
Hardware, Software, Audio, Electronics,
Robotics, Free DMM offer. More GLAD-
STONE ELECTRONICS, 1736 Avenue Rd,,
Toronto, Ontario M5M 3Y7.

PRINTED CIRCUIT BOARDS for ETI and
Ham Radio Projects. Reasonable rates
high quality G10 epoxy, fast delivery. Our
full list is free. Try us we have boards
since 1977 available. B-C-D ELEC-
TRONICS, P.O. Box 6326, Station F,
Hamilton, Ontario L9C 6L9.

ELECTRONIC SURPLUS INDUSTRIES
LIMITED, we sell used industrial/military
test instruments, including oscilloscopes
by HP Tektronix, Philips; Signal
generators, meters, components, tubes,
etc. 1191 Lawrence Avenue West, Toronto,
Ontario M6A 1E2 416-787-1837.

FOR $10 per kit $2 handling, receive free
flyer and any of the following. #1: 1000
asst'd pcs choke — capacitor — resistor
— transistor — hardware — etc. #2: 200
asst'd ceramic #3: 100 asst'd silver
mica — #4: 100 asst'd mylar — #5: 50
asst’'d tantalum — #6: 50 asst'd elec-
trolytic #7: 50 asst'd feed-through —
#8: 50 asst’d metallic silver mica (Elmen-
co) #9: 25 asst’d variable — #10: 100 asst'd
5MM L.E.D. — #11: 100 asst'd ilc sockets
— #12: 6 AA nicad batteries — #13: 15
PL-259 connectors — #14: 10 UG88 con-
nectors — #15: 10 asst'd Lorlin switch. All
new material. Unconditiona! guarantee.
SURPLUS ELECTRO QUEBEC, 2264
Montee Gagnon, Blainville, Quebec J7E
4H5.
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BOOK 1

At at those
tromics but not nece

who have some previnus knowledge at
sharily
bamk 15 1o help the individunl undertand the pring pl

tertacing circuits ta microprog ment

RO T e g
ST

BP131: MICRO INTERFACING CIRCUITS -

sound A wide range
the soun

it materml s
mechamsms

rexd trome analy
Ot Rearing
akers

i wave
ncrophones
dise recording

snd loudspe

BP141: LINEAR IC EQUIVALENTS AND PIN CONNECT
ADRIAN MICHAELS
Find equivalents and crons retermnces tor both popula
unusual ntegrated circuits Shows detas tune
manufacturer (ountny of organ pinouts et ind lude
tional. Motorola Farchild Harris Motaeol
ADC, AMD SGS  Teledyn#  and mueny other
American and |apanese brands

BP156: AN INTRODUCTION TO QL MACHINE CODE

ampltier ane L

available in Canada from Moorshead

D

FORMULAE $11.75
A bk that bricdges the gep between yplic ated tee
theury and the cur and try methosd gorod roterens s bk
BP136: 25 SIMPLE INDOOR AND WINDOW

AERIALS $6.65
People living in apartments who we ch rove sbwort
wave listening cen benatit tram these S
timunnag the indoor aeril

3

$7

0

$7.75

$6.65
TR

58.55

b basis o

BOOK 2 $8 55
Intended to carry on tram Buok 1 ke cdeals v

tical apphe ations beyond the par Ang T o
Reéal world  intertacing  suct 1 syt
generators tempersture and oplic posors. and

rols are discussed using practic al nt s nptioas
BP111: AUDIO $13.25
This ane s adeal tor meaders who want 1o roglly g

"t

IONS

$21.95

r and
ticn,
N

intersil Philip
turepear

7.75
The powertul Sinclair QU mu recwnputer bas vame v tstand
ing capabiities in terms at it anternal strus ture With s 3.2 bt
architecturs the QL has & large addrens rangs Ispnced
struchons which indlude multipl n wnd decsiar =
tomtures gve the budding mac 1 & NOT & g
start at adwanced programming msthosds T his bowk avsun
no previous knowiwdge of cithwe the %88 or thechine code
progranuming
BP47: MOBILE DISCOTHEQUE HANDBOOK $5.25
Divided 1nto Six parts this Boak covers such areas of toble
disco av Basw. Electnoty Audie & 4y fqu
Cables and Plugs  Loudspmaker and |1z W Al the intivr
mation has baen considerably subveise for quick and eary
referénce
8P59: SECOND BOOK OF CMOS IC PROJECTS $7.75
This book carries on From its prsdecessor sod provid tul
ther Lelection of wsetul circuits. mainly of 4 simpld natur
the book will be well within the capabibties of the beginner
and mare advanced constroetoe
BP32: HOW TO BUILD YOUR OWN METAL &
TREASURE LOCATORS $7.75
Seviral tascinsting spphostions with complete ehs troni
and practical detas W simple dnd inmpmns ise con
truc tion of Hiterodyne M tal Locators

o

ELECTRONIC THEORY

ELEMENTS OF ELECTRONICS — AN ON-GOING SERIES
FA WILSON, CGIA CEng

BP62. BOOX 1 The Simple Electronmic Circuit
and Components $11.70
BP63: BOOK 2 Alternating Current
Theory $ 855
BP64: BOOK 3 Semiconductor
Technology $18.55
BP77: BOOK 4 Microprocessing Systems $11.70
And Circusts .
BPB9: BOOK 5 Communication $11.70
1t Ehis Son iy 00 bemin «an e statesd it simol
s 2 e ¢ ontrsduction t dorn eles
¢ the rosder w tart e rg v
th uphly ferat wading the torudements ' "
o
A whtlen especidly tor readmes with o
t i ) ta gl shills. the use of mathemates
voded * matherstas required o tought as
the reader progee
Fac b powte At 3 e
thee Fictore o a1 be used awn wit "
pros s it the 1t by din mest duplopte maser o ¢
thear predecesss thuy a working dnow ledge af the '
vered by the ¢ €1 Barork assumed
(MR 1 ok o {1 t¥r tundamental theory
e s ary L vdmrstanding if the e rhe
ren o s nents
BOOR 2 I SN e with gBernating «jurrernit
thenry without w theee be Nt haens
speech  mus Cle even the 'y
il tees
BOIOKR wi o semacandas tor e V.
e & up e tr . ograted cirouits
BOOK 4 A Pt des ot t the WOrk
IRs b 0w ¢ show
H()Uk 5 A bwok verng the whnie "
“ e
BP48 ELECTRONIC PROJECTS FOR BEGINNERS $7.75
FG RAYER, T Eng(CEl), Assoc IERE
Anuthe R owntten by the ver, expermonced autho e
G Rayer and 20 it the newcomar to slectronics w
b wade range ot sauly made prineets Alse there a5 @ o)
feratile mtser Itk CRmporent dnd wirnng eyiauts
 the begioner
Furthsemwe whier Of pronecss Pasi beon srrangdd
that they (un be cunstrad ted withow sny aeed to: for
# and thus dveond the oeed toe a sobdsang iro
Alviy many ot the later préects b biutlt mliog thy
s as thiose the No Soldernng sectmn s this may con
viderabiy i rmase thy pe ot progects wha b thd newe
‘ 4 and use
8P37: 50 PROJECTS L'SING RELAYS,
SCR's & TRIACS $7.75
FCRAV!R T.Eng (CEl).Assoc.JERE
Rel ontrolled res titers SCR Siand ba dieet
troades RM 1Y wide range Gt applications in ele
tr s tenday T howth geves trwsd and peaetic al working
what uld pres t SIL thiculty tor th
ithasmst nstrut thaiast it the ts therd v 4 wide
latitude 1n M, values dad types allowing ey

it ation of Girey o ready adapat i them ta in

hvidual needs

8P221: 28 TESTED TRANSISTOR PROJECTS

R.TORRENS $5.00
Me R . iwrens s a well daperienced electronics
#vclopent sogineer and has designed developed. built

nid tested the many uset nd interesting crcuity included
bis bk The projects themselves can be spht down into

e iding blocks swhich are shown separated by boxes
0} ts tor vase of descrniptwsn and alse to enable any

vader whe wishes to comhine boxes trom ditterent projects
realive wlews ot own

8P71: ELECTRONIC HOUSEHOLD PROJECTS $7.20
R A PENFOLD
¢ it thy wiusetul and popular electronic ¢onstruction
wets are thase that can be used in or around the home
be Circuits sange trom sush things as 2 Tone Door Buzzer
tere hriwgh Smoke or (as Detectors 1o Baby and
brvwzer Alarm

BP73: REMOTE CONTROL PROJECTS
OWEN BISHOP

bk 1 gined prima
whorw ob

$8.10

I ar the electronics enthusiast
Fpenment with remote cantrol ull explana

s have Bevn gaen oo that the meader ¢ an tully understand
B thy work and « an morecasly see how 1 moday
them sther  prarpsose fepending an pernvonal re
e Not oty are rado contesl systems conaidered
at als trared sisible ligh 1 ultrasonic systens as are

0 Loagne v and Pulse position madulation ety

BP90. AUDIO PROJECTS $7.60
FG RAYER
westy fetail the M Eruc oD wt g wide range of andic
wpiects Thee feat gy been divide to preamplitiers and
i POWer plitwe . wl matching and
e o et

BP74: ELECTRONIC MUSIC PROJECTS $7.20

RA PENFOLD

Although one ot the more fecent brand hes ot amateur eleg

roann s elect w1 has now become extremely ponular
1 theee are many projects which tall into ¢ tis category, The

mrgise Of the ook 19 provide the constructor with a

wmber ot practical circurts tor the le<s mplex dems of

Mectronic mysic equipment luding such (hmg‘ asatuze
Box. WaaWaa Pedal Sustain Unt Reverberaton and
Phases L s Tremelo Generator iy

BP44: 1C 555 PROJECTS
EA PARR, BSc..C.Eng, M.IE.E.

$7.75

Evwry ‘ten a device appears that s so usetul that one
wanders bow Lte went on betore without 1t The 555 timer 15
h a device dncluded in this bonk are Basie and Ceneral

Lircuts Mater Car and Model Railway Crcunts Alarms and
Nos¢ \1ak¢ v as well 4 a sebon on the 556 558 and 559
e

8P82: ELECTRONIC PROI!CYS USING SOLAR CELLS $7.75
\ tollsction of simple circuits which have applications in
snd around the home using the energy of the sun to power
ok dewls with practical solar power supplies in-
iding voltage doubler and tripler circuits, as well as a
imbidr of propects

em |
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BABANI BOOKS

B8P49: POPULAR ELECTRONIC PROJECTS
R.A. PENFOLD

Includes a collection of the most pop Jlar types of circuits
and projects which. we teel sure, will yovide a number of
designs to interest most electromics ¢onstructors The pro
rects selected cover a very wide range and are divided into
four basic types Radio Projects, Audio Projects, Household
Projects and Test Equipment

B8P94: ELECTRONIC PROJECTS FOR CARS AND BOATS

R.A. PENFOLD $7.60
Projects, fifteen in all, which use a 12V supply are the basw
of this book Included are projects on Windscreen Wiper
Control, Courtesy Light Delay, Battery Mon:tor, Cassette
Power Supply, Lights Timer, Vehicle Immobiliser, Gas and
Smoke Alarm. Depth Warning and Shaver Inverter

$7.75

BP9S: MODEL RAILWAY PROJECTS $7.60
Electronic projects for model railways are fairly recent and
have made possible an amazing degree of realism The pro-
jects covered include controllers, signals and sound effects
striboard layouts are provided for each project

BP93: ELECTRONIC TIMER PROJECTS $7.60
F.G. RAYER

Windscreen wiper delay, darkroom timer and metronome
projects are included Some of the more comptex circuits are
made up from simpler sub-circuits which are dealt with in
dividually

BP113: 30 Solderless Breadboard Projects-Book 2

R.A. Penfold $8.85
A companion to BP107 Describes a vanety of projects that
can be built on plug-in breadboards using CMOS logic IC's
Each project contains a schematic, parts list and operational
notes

BP104: Electronic Science Projects

Owen Bishop $8.85
Contains 12 electronic projects with a strong scientific
flavour Includes Simple Colour Temperature Meter, Infra-
Red Laser, Electronic clock regulated by a resonating spring,
a ‘Scope with a solid state display, pH meter and electro-
cardiograph

B8P110: HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING $7.60
R.A. PENFOLD

We have all built circusts from magazines and books only to
find that they did not work correctly, or at all, when first swit
ched on The aim of this book s to help the reader overcome
just these problems by indicating how and where to start
looking for many of the common faults that can occur wher.
building up projects

BP84: DIGITAL IC PROJECTS

F.G. RAYER, T.Eng (CEl),Assoc.|ERE
This book contains both simple and more advanced projects
and it 1s hoped that these will be found of help to the reader
developing a knowledge of the workings of digital circuits
To help the newcomer to the hobby the author has included
a number of board layouts and wiring diagrams Also the
more ambitious projects can be built and tested section by
section and this should help avod or correct faults that
could otherwise be troublesome An ideal book for both
beginner and more advanced enthusiast alike

B8P67: COUNTER DRIVER AND NUMERAL DISPLAY
PROJECTS $7.05
F.G. RAYER, T.Eng.(CEl), Assoc. IERE
Numeral indicating devices have come very much to the
forefront in recent years and will, undoubtedly find increas-
ing apphcations in all sorts of equipment With present day
integrated circucts, 1t 1s easy to count divide and display
numerically the electrical pulses obtained from a great range
of driver circuits

In this book many applications and projects using
various types of numeral displays, popular counzer and
driver IC s etc are considered

8P99: MINI —MATRIX BOARD PROJECTS
R.A. PENFOLD

Twenty useful projects which can all be built on a 24 « 10
hole matrix board with copper strips Includes Doorbuzzer,
Low-voltage Alarm, AM Radio, Signal Generator Projector
Timer, Cuitar Headphone Amp Transistor Checker and
more

BP103: MULTICIRCUIT BOARD PROJECTS $7.60
R.A. PENFOLD

This book allows the reader to build 21 fairly simple elec

tronic projects, all of which may be constructed on the same
printed circuit board Wherever possible the same com

ponents have been used in each design so that with a
relatively small number of components and hence low cost
it 1s possible to make any one of the progects or by re using
the components and P C B all of the projects

$7.60

$7.60

BP107: 30 SOLDERLESS BREADBOARD PROJECTS —
BOOK 1

R.A. PENFOLD B S
A “'Solderless Breadboard” 1s simply a special board on
which electronic circuits can be built and tested The com
ponents used are just plugged in and unplugged as desired
The 30 projects featured in this book have been specially
designed to be built on a * Verobloc” breadboard Wherever
possible the components used are common to several pro
lects, hence with only a modest number of reasonably inex
pensive components it 1s possible to build in turn, every pro-
lect shown

BP106: MODERN OP-AMP PROJECTS $7.60
R.A. PENFOLD :
features a wide range of constructional projects which make
use ot op amps including low noise law distortion, uitra high
nput impedance high slewrate and high output current
types

CIRCUITS

How to Design Electronic Projects

8P127 $8.95
Although intormation on standard circuit blocks is available,
there 18 less intormation on combing these circuit parts
togrther This title does just that Practic al examples are used
and each 1s analysed to show what each does and how to ap-
ply this te other designs

Audio Amplifier Construction

B8P122 $8.95
A wide carcuits 1s given, from low noise microphone and tape
head preamps to a 100W MOSFET type There 1s also the cir
cuit for 12V bridge amp giving 18W Circuit board or strip-
board layout are mncluded Most of the circuits are well
within the capabilities foi even those with limited ex
perience

BP80: POPULAR ELECTRONIC CIRCUITS —
BOOK 1

R.A. PENFOLD

Another baok by the very popular author, Mr R A Penfold,
who has designed and developed a large number of various
crcuits These are grouped under the tollowing general
headings, Audio Circuits, Radio Circuits Test Cear Circurts
Music Project Circuits, Household Project Circuits and
Miscellaneous Circuits

$7.75

B8P98: POPULAR ELECTRONIC CIRCUITS, BOOK 2 $8.85
R.A. PENFOLD

2 plus Cereunts based nn modern components aimed at those
with some expenence

BP39: S0 (FET) FIELD EFFECT TRANSISTOR
PROJECTS $6.75
F.G. RAYER, T.Eng.(CEl),Assoc.IERE
held ettect transistors (FETs) tind application i a wide
variety of circuits The projects described here include radio
trequency amplifiers and converters test equipment and
recewver aids tuners recewers mixers and tone controls, as
well as varnious miscellaneous devices which are useful in the
home

This book contains something of particular interest for

every class of enthusiast short wave listener, radio
Aamateur experimenter or audio devotee
BP87: SIMPLE L.E.D. CIRCUITS $5.40

RN. SOAR

Since st first appeared in 1977 Mr RN Soar s book has prov
ed very popular The author has developed a furthier range of
cucuits and these are included in Book 2 Projects include a
Transistor Tester Vanous Voltage Regulators, Testers and so
n

. $6.75

projects that can be

op amp and a few com-

uin Germany this book will be
» hobbyist

BP24: 50 PROJECTS USING IC 74~
A unique book containine \)
simply construn ted \’

panents Origine s
an valuable asse

8PB8: HOW TO USE OP AMPS $8.85
E.A. PARR

A designer s guide covenng several op amps, serving as a
source book of circuits and a reference book for design
calculations  The approach has been made as non-
mathematical as possible

8P6S: SINGLE IC PROJECTS $6.05
R.A.PENFOLD

There 1s now a vast range of ICs available to the amateur
market the majority of which are not necessarily designed
for use mn a single app''cation and can offer unlimited
possibilities All the projects contained :n this book are sim
ple to construct and are based on a single IC A few projects
employ one or two transistors in addition to an IC but in most
cases the IC 1s the only active device used

223: 50 PROJECTS USING IC CA3130 $5.00

R.A.PENFOLD

In this book, the author has designed and developed a

number of interesting and useful projects which are dwvided

into five general categories | Audio Projects Il — RF

Projects 11l — Test Equipment {V — Household Projects V
Miscellaneous Projects

BP117: PRACTICAL ELECTRONIC BUILDING 8LOCKS
BOOK 1 $7.60
Virtually any electronic cwcuit will be found to consist ot a
number of distinct s’ages when analysed Some circuits in
evitably have unusual stages using specialised circuitry, but
in most cases circuits .re built up from building blocks of
standard types

This book 1s designed to aid electronics enthusiasts who
like to experiment with circuits and produce their own pro-
fects rather than simply follow published project designs

The circuits for a number of useful building blocks are
included in this book Where relevant, details of how to
change the parameters of each circuit are given so that they
can easily be modified to suit individual requirements

B8P102: THE 6809 COMPANION $7.60
Written tor machine language programmers who want to ex-
pand their knowledge of microprocessors Qutlines history,
architecture, addressing modes, and the instruction set of the
6809 microprocessor The book also covers such topics as
converting programs from the 6860, program style, and
specifics of 6809 hardware and software avatlability

8P118: PRACTICAL ELECTRONIC BUILDING 8LOCKS -
Book 2

R.A,PENFOLD $7.60
This sequel to BP117 is written to help the reader create and
experiment with his own circuits by combining standard type
circunt building blocks Circuits concerned with generating
signals were covered in Book 1, this one deals with process-
ing signals Amplhfiers and filters account for most of the
book but comparators, Schmitt triggers and other circuits are
covered

8P24: 50 PROJECTS USING IC741 $6.75
RUDI & UWE REDMER

This book originally published in Germany by TOPP, has
achieved phenomenc:l sales on the Continent and Baban:
decided, in view of the fact that the integrated circuit used in
this book s inexpensive to buy, to make this unique book
available to the English speaking reader Translated from the
oniginal German with copious notes data and circuitry, a
‘must " for everyone whatever their interest in electronics

B8P83: VMOS PROJECTS $7.70
RA. PENFOLD

Although modern bipolar power transistors give excellent
results in a wide range of applications, they are not without
their drawbacks or limitations This book will primarily be
concerned with VMOS power FETs although power
MOSFETs will be dealt with in the chapter on audio circuits
A number of varied and interesting projects are covered
under the main headings of Audic Circuits, Sound
Generator Crcuits, DC Control Circuits and Signal Control
Circuits

RADIO AND
COMMUNICATIONS

8P96: CB PROJECTS $7.60
RA. PENFOLD

Projects include speech processor, aerial booster, cordless
mike aerial and harmontc filters, field strength meter. power
supply, CB recever and more

B8P222: SOLID STATE SHORT WAVE RECEIVER FOR
BEGINNERS $47.60
R.A. PENFOLD

In this book, RA Penfold has designed and developed
several modern solid state short wave receiver circunts that
will give a fairly high level of performance, despite the fact
that they use only relatively few and inexpensive com
ponents

8P91: AN INTRODUCTION TO RADIO DXing $7.60
This book 1s divided into two main sectrons one to amateur
band reception, the other to broadcast bands Advice 1s given
to suitable equipment and techniques A number of related
constructional projects are described

BP10S: AERIAL PROJECTS $7.60
R.A. PENFOLD

The subject of aerials 1s vast but in this book the author has
considered practical designs including active, loop and fer-
nte aerials, which give good performances and are
reasonably simple and inexpensive to build The complex
theory and math of aenal design are avoided
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OTHER PUBLISHERS

PH121: HARDWARE INTERFACING WITH THE TRS-80
} UFFENBECK (1983) $19.45
IRS 80 Model | and Madel |11 owners now have a book to
hely them understand how 1o use their personal computers
to monitor and control electronics intertaces between the
computer and the home or industrial environment Contains
14 hands on experiments using BASIC

$B22026 POLISHING YOUR APPLE® $7.4S
Clearly written highly practical, concise assembly of all pro-
(edures needed for writing, disk-filing, and printing programs
with an Apple 11 Postwely ends your searchs through endless
manuals to find the routine you need! Should be in the hands
o) every new Apple user, regardless of experience level Ideal
tor Apple (lassrooms too!

A BEGINNER'S GUIDE TO COMPUTERS AND
MICROPROCESSORS — WITH PROJECTS.

TAB No. 101S: $14.45
Hure's plain Englsh introduction to the world of microcom-
puters 1it's capabilities parts and functions and how
you Can use one Numerous projects demonstrate operating
principles and lead to the construction of an actual working
computer ¢apable of performing many useful functions

TAB1370: A MASTER HANDBOOK OF IC CIRCUITS  $21.9§
Acuwouit 1or every occason You'll find all the circuits you're
looking for n this 532 page volume The 932 cicuits are
twoken down according to specific functions and In six
categonies |ts literally a cornucopia of ideas, projects, and
disgns that you ¢an build now

TAB1544: ELECTRONIC PROJECTS FOR

PHOTOGRAPHERS $21.95
The book gives you needed tips on the principles of elec
tronics and building techniques, hints on how to set up a
work darea and much more Build all kinds of practical ac
cessones for your camera, studio, or darkroom with this
helptul guide

$B22361: INTRODUCING THE APPLE

MACINTOSh $20.95
A wealth of information on hardware, software etc for the
Mac In¢luded are such topics as making your desktop more
etticient 1improving your produc tivity with the Mac, getting
the most trom your mouse how the 6800 microprocessor
works and much, much more

PH131: ZAP! POW! BOOM!

ARCADE GAMES FOR THE VIC 20

T.HARTNELL & M. RAMSHAW (1983) $17.45
Move through the maze pating dots with MAZEMAN Sail
through space zapping the ASTROIDS Qutshoot the fastest
fraw i town GUNFIGHT Owners of the VIC 20 can now
play these games and more simph by tollowing the
mograms outhined in this handy guide

THE BASIC COOKBOOK.

TAB No 10SS: $10.45
BASIC s a surprisingly powerful language if you under
stand it completely This book, picks up where most
manut actuers’ documentation gives up With it, any com
puter owner can develop programs to make the most out of
his or her machine

HANDBOOK OF MICROPROCESSOR APPLICATIONS

TAB No. 1203 $16.45
Hwghly recommended reading for those who are interested in
MIFCIOPTOCessors as a means of a accomphishing a specifi
tash The author discusses two mndwvidual microprocessors
the 1802 and the 6800 and how they ¢ an be put to use in real
world applications

MICROPROCESSOR INTERFACING HANDBOOK: A/D &
DIA

TAB No. 1271 $16.45
A useful handbook for computerists interested in using their
machine in hnear applications Topics discussed include
voltage references, op-amps for data conversion, analogue
switching and multiplexing and more

HOW TO BUILD YOUR OWN WORKING MICROCOM-
PUTER

TAB No. 1200 $16.45
An excellent reference or how-to manual on building your
own microcomputer All aspects of hardware and software
are developed as well as many practical circuits

PH180: 1984 CANADIAN BUSINESS GUIDE TO MICRO-
COMPUTERS
K. DORRICOTT $11.95

Written by the managing director of Deloitte, Haskins &
Sedls o Canadian partnership of public accountants and
other protessional advisors to management, this hook 15 one
ot the most complete comprehensive guides to microcom
puters avadable Starting with a general overview of
murocomputers and their business applications, the author
helps  you assess your computer needs, compares and
evaluates computer systems and application packages, and
wves yvou tips on doing itright™ A must for anyone thinking
o purchasing a microcomputer for business

COMPUTER PROGRAMS IN BASIC
ABO1 $15.45
A « atalogue of over 1,600 fully indexed BASIC computer pro-
grams with apphications in Business, Math, Games and more
This baok lists available software what it does, where 1o get
. wnd how to adapt it to your machine

PH217: BASIC COMPUTER PROGRAMMING FOR KIDS
P.CASSIDY & ). CLOSE $16.45
Fully illustrated with photographs and deawings this beok
teaches the reader the historny of computers and computing
and gently intreduces binary mathematics and the base
theory of how computers work W ntten in sr ssy «ongera
tional tone

PHS1: PASCAL FOR THE APPLE

1AIN MacCALLUM $14.20
A step by step introduction to Pascal tor Apple 11 and Apph
11 Plus users The pas kage of text and sottware diskette pro
vides readers with worthwhile and interesting programs
which can be run immdiately and the results studied In
cludes ower 280 crercies with tull sotutions  Book Disk
Package

PHS2: APPLE GRAPHICS GAMES

PAULCOLLETTA $40 95
Contains 10 arcade style games written sspecmlly tor Spple
I, ik luding Spider Piano. Pairs and Poker as well as educ e
ton math and desgning games Book Dish Pachige

PHS7: START WITH BASIC FOR THE COMMODORE VIC 20
0. MONRO $33.45
Thes book cassette pachage shows the reader how sasy it
really 1s to create programs using the tull capsaty of the

machine Includes helptul exercises and stsp by step instrue

tions 1o put the tull power at the VIC 20 at the user « finger
tips Book( assette Package

$B21822: ENHANCING YOUR APPLE® |l — VOLUME 1

D. LANCASTER $25.50
\Who but Mother Nature or Don Lancaster could successiully
enhance an Apple? YOU can with help tron Volume 1 mn
Dons newest series tor Sams Among other things vou il
learn (1) to mux text LORES and HIRES together anywhere
on the screen in amy combination (M how tomake & new wire
modificatmn that will apen up whole new worlds ot 3.0
graphics and other spetial #ttects plus 13 o tust and sasy
way to tear apart and understand somehads else s maching

language program Other goodies abound’

PH106: PROGRAMMING TIPS AND TECHNIQUES FOR THE
APPLE 1

). CAMPBELL (1983) $234S
An advanced exploration pt the intricacies of structures pro
gramming Turther deveiops the shills mew essary to solve pre
gramming problens Specisl chapter on sound wnd graphics
which discusses both high and low resolution graphic s tor th
Apple Il

HB131: THE BEGINNER’S GUIDE TO BUYING A PERSONAL
COMPUTER $6.45
Written toc the potentially anterested computer buyer
nontechnical language . this sttordable beok eaplsins the
terminology of perional computers the problems and
variables to b discussed and discovered whide making that
mtial buying decision The baol does not makt recommen
dations but does presunt a great deal of intormation shout
the range ot hardware araulble trom the largest personal
computing manutacturers Readers dutover the mssning
and impact of screen duplays tape ¢ assette storage and disk
storage. graphics and resolution wnd much more L om
parnson (r\am clearly detine standard and optional testure
of all the current mass market persenal computer

DESIGNING MICROCOMPUTER SYSTEMS
HB18:
POOCH AND CHATTERGY

This book provides both habbyists and elwg troni engineers
with the backpround intormation necessary o build
microcomputer systems bt discusses the hardware pspects ot
microcomputer systems  Timing devi es are prosided 1o ex
plain sequences of operations in detail Then the book goe
on to describe three of the most popular microe mmpater
tamilies the Intel 8080 Zilog Z #0 and Moterola v Alko
covered are disigns of intedaces for penpheral degies and
information ot building mic s omputer svstems tram kits

$1B.9S

$100 BUS HANDBOOK

HB19: $26.00
BURSKY

Here 1s a comprehensive book that sxclusvely disqusies
S 100 bus « omputer systems and how they we orgenized The
book covers computer tundamentals basu electroni s end
the parts of the camputer individual thapters discuss the
CPU  memory inputoutput bulk memaory desices  amd
specialized peripheral contrallers 1t esplamns 20l the
operating details ot commonly avalable S8 systems
Schematic drawings

110 THYRISTOR PROJECTS USING SCRs AND TRIACS
MARSTON

HB22 $13.45
A grab bag of ¢ hallenging and uretul senicondur tor proedts
tor the hobbyist experimenter and student The propet
range from simple burglar tier, und water level alarms to
sophisticated power control devices tor electre taok and
trains Integrated cir¢ usts are incorpuratid whereves ther use
reduces project ¢osts

PH104: ACCOUNTANT’'S BASIC PROGRAMMING FOR THE
APPLE 11

A PARKER & ). STEWART (1983) $20.45
Shows the reader how 1o program the Apple 1t to pertorm a
vartety of accounting tunctions such as payroll accounts
payable, accounts recewvable tax  inventory  customer
statements and more

HOW TO PROFIT FROM YOUR PERSONAL COMPUTER:
PROFESSIONAL, BUSINESS, AND HOME APPLICATIONS
LEWIS

HBO1 $18.95
Describes the  uses ot personal computers 1n ¢common
business applications such as accounting managing, inven
ton sorting maihing lists and many others The discusson in
¢ludes terms notations and techmques commonly used by
programmers A tull glossary of terms

AN INTRODUCTION TO MICROPROCESSORS
EXPERIMENTS IN DIGITAL TECHNOLOGY
HBO7

SMITH

A learn by doing guide to the use ot integrated circuits pro-
vides a toundation tor the underlving hardware actions of
programming statements Emphassis s placed on how digital
crcuntny compares with analog aircuitey. Beginy with the
simplest gates and timers then introduces the tundamental
parts of [Cs detaling the benetits and pitfalle of major 1C
tamibes, and continues with coverage of the ultimate in in
tegeated complesity - the mu TOProcessor

$18.95

MICROCOMPUTERS AND THE 3 R'S

DOERR

HBO% $16.45
This book educates educators, on the various ways com
puters  especially mucrocomputers can be used in the
classrcom 1t desenbes microromputers how to organize a
cemputer based program the tive instructional application
typestwith examples from subjects such as the hard sciences
lte  scwences  tnghsh  history,  and  government) and
resources histings of todavs products The oook includes
prepragrammed examples to start up a microcomputer pro-
gram while ¢ hapters on resources and products direct the
reader to usetul addittonal intormation All programs ame
written in the BAMC language

HB107: GRAPHICS COOKBOOK FOR THE APPLE
WADSWORTH

HB107 $15.95
Learn him to use your Apple |1 to  paint shapes, objects
and letters in low resolution graphics The author provides a
library ot mucrocomputer  graphics  ncluding  such
multicotoured dlustrations as robots and tlying saucers
trees sadboats and colourtul picture backgrounds Contans
complete annotated Applesott BASIC programs to draw all
the pictures descrnibed in the book as well as sugeestions tor
mproving pragramning technigues

HB116: THE BASIC CONVERSIONS HANDBOOK FOR
APPLETM, TRS-80TM, and PETTM USERS

BRAIN BANK $14.50
* complete guide to converting Apple 11 and PET programs
to TRS 80 TRS 80 and PE T programs to Apple 11 and TRS 80
ind Apple 11 programs 1o PET Equivalent commands are
listed tor TRS d0 BASIC (Model | Leved 11) Applesoft BASIC
and PET BASIC as well as vaniations tor TRS 80 Model 111
and Apple Integer BASIC  Alo describes vanations in
graphics capabilition

SARGON: A COMPUTER CHESS PROGRAM
SPRACKLEN
HB12 $27.50

| must rate this chess program an excellent huy tor anvone
who toves the game  Kilobaud

Here s the computer « hess program that won tirst place

1 the tint « bess tournament st the 1978 West Coast Com
puter Faire 1t1s wotten in Z 80 assembly language, using the
1D macro assembler It comes completr with block
dhagram and sample printouts

BASIC COMPUTER PROGRAMS FOR BUSINESS:
STERNBERG (Vol. 1)

HB13 $21.50
A must far small businesses utdizing micros as well as tor en
trepreneurs volume provides a wealth of pras tical busmess
ipplications tach program is documented witha description
ot ity tunirtions and operation a listing in BASIC a ssmbol
teble <ample data and one or more samples

AUDIO AND VIDEO INTERFERENCE CURES

KAHANER

HB21 $8.95
A practical work about interference ¢ auses and « ures that af
fect T\ radio hite (B and other devices Provides all the in
tormation needed to stop interference Schematic wiring
diagrams o1 tilters for all types of recewvers and transnutters
are included Also 1t supplies simple filter diagrams to
ehminate radio and Tv interterence caused by notsy home
upphances neon lights motors etc

PH107: APPLE LOGO PRIMER

G BITTER & N. WATSON (1983) $19.95
A pictonial starter book that will make LOCO easy for
anymne  Includes easy to follow examples and reference
tables Alko included 15 a workshop outline for teachers and
leaders who want to train others

$B22047: 26 BASIC PROGRAMS FOR YOUR

MICRO $17.45
features 26 previoushy unpublished simple-to-complex
games you ¢ an run on almost any brand of microcomputer as
long as you have enough RAM on board Most take between
500 and SO00 bytes with the highest taking 13K Conversion
charts that let you key them into your Radro Shack, TRS-80,
Apple 1L Timex Sinclair 1000 (ZX81), Spectrum, Atari, or PET
are included Alsa features notes on program techniques and
Strisctures
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Part b

A continued lock at

capacitors, specficially

electrolytic types. They
pack high value of capa-

citance into a small space.

By Nick Bellenberg

Electrolytic capacitors enable us to use
large values of capacitance and voltage,
while keeping the physical volume of the
components themselves relatively small

Ordinary foil type electrolytic capacitors
have two sheets of aluminum foil wound in
a spiral (similar to non-clectrolytic types).
The difference here is that the paper di-
electric which separates the conductive
plates is impregnated with an electrolyte
(Fig. 1). Through the chemical process of
electrolysis, like that which takes place in a
battery or electroplating process. the elec

trolyte causes a thin film (approx. 10 4mm
in depth) of aluminum oxide to be deposi-
ted on one of the aluminum foils. This
process is known as forming (Fig. 2), and
the oxide layer acts as an electrically strong

v "ﬁ
\’) / ALUMINUM
_CONDUCTOR

PLATES
=

' “\ PAPER DIELECTR!C
N

1

SOAKED
ELECTROLYTE

*

\

Fig. | Making an electrolytic capacitor: a
laver of aluminum oxide is formed on the
plates by electrolysis. This ucts as a strong
dielectric.
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diclectric. meaning that it can resist very
high voltages in relation to its thickness

In Figs. 3 and 4 you can see that the
capacitor’s outer aluminum can has a
crease or band around one end. This is to
indicate the positive pole of the capacitor.
This positive pole exists because during the
forming process the oxide layer is only-de-
posited on the anode (the plate connected to
the positive side of the power source used).
From this point on, the capacitor must be
oriented correctly in circuit. The positive
terminal (anode) to the positive side of the
circuit, and the negative terminal (cathode)
to the negative voltage.

If the capacitor is not oriented properly
in the circuit, the dielectric film can break
down and in some cases the whole device
will explode. The explosion is caused by a
gas being given off by the electrolyte,
which causes pressure to build up even-
tually rupturing the component’s casing or
blowing the end off.

CURRENT
FLOW

CATHDDE ANODE

ALUMINUM o -

PLATE ALUMINUM

PLATE

ELECTROLYTE
{AMMONIUM
BORATE)

LAYER OF
ALUMINUM
OXIDE

A

Fig. 2 The chemical process of electrolvsis.
putting a current through the electrolvie
causes aluminum oxide to form on the
anode plate.

Fig. 3 Three axial electrolytics. From left to right, 100uF, 50V; 220uF, 40V; 1500uF.

Polarization
Electrolytic capacitors are therefore said to
be polarized. Large alternating voltages
(AC) must never be applied to these types
of capacitor, although variable voltages are
permissable as long as the positive lead of
the component is not subjected to negative
potentials.

As well as being able to withstand rela-
tively high voltages, electrolytic capacitors

also have the advantage of being self-heal-
ing if the dielectric oxide layer is broken by
a voltage surge or dielectric weakness. This
is because after the voltage overload is re
moved, the action of electrolysis will occur
again and reconstruct the oxide layer.
Figures 3 and 4 show a variety of capaci
tance, voltage rating, and size. Note the
two different methods in which the con-
necting leads are attached to the capacitors.
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The Christmas Gift
that keeps on
glving...

As a reader you know the value of the
magazine you hold. Regular monthly
features on computer and electronics, ar-
ticles and news on the rapidly changing
technology of computers, and more.

You are kept informed and even a step
ahead to help your buying decisions and in-
crease your general knowledge.

When considering a Christmas gift for a
friend or assoclate this year perhaps the
answaer is in your hands. It is a gift that will
keep on giving for twelve months and is a
monthly reminder of you the giver. It is a
special and throughtful gift indeed.

PLEASE SEND THE FOLLOWING CHRISTMAS
GIFTS. | HAVE INDICATED THE MAGAZINE OF MY
CHOICE.

From:
Name _

Address
City
Postal Code __
Publicatlon

_Province —

Christmas Gift Rates

Computing Now! 12 Issues ... ...... $22.95
Electronics Today 12Issues ........ $19.95
Software Now! . ... .. ... ... ..., . .. $19.95
Computers in Education ...... ... .. $25.00

O My cheque is enclosed.
O Charge my [J Visa [ Mastercard
L. American Express account.

AccountNumber SR
Expiry Date .

- . »
N
¢ N\

To:
Name
Address 00000000
City __ Province ~
Postal Code _____ ~
Publication
To:
Name
Address
City _
Postal Code |

Publication
Send to:

Moorshead Publications
25 Overlea Bivd., Sulte 601, Toronto, Ontario
M4H 1B1 (416)423.3262

Province

Electronics from the Start

. E_,

| =W
£_1

E™:

» §

50

Fig. 4 Three radial devices

The components with a connecting lead at
each end are known as axial devices (Fig.
3). while those which have leads coming
trom the same end are known as radial
devices (Fig. 4).

The capacitors shown are manufactured
in such small sizes by an etching technique
that is applied to the foil plates. Etching the
plates roughens their surfaces, thercby in-
creasing the overall surface arca. This
means that the overall dimensions of a
given foil can be made smaller than they
would be if it was perfectly smooth.

One disadvantage of electrolytic capaci-
tors, though. is that they have a very wide
tolerance: typically = 20% or — 10+ 50%.
In other words, the actual capacitances of
components can be quite a great deal dif-
ferent to the rated values. This also means
that when an clectrolytic capacitor is
chosen tor a circuit. those available from a
typical supplier’s catalogue should always
be able to fit the bill. In this case the nearest

.
'

OUTER TANTALUM
CONGUCTOR IWNER
i CONDUCTOR
INSULATIVE
END PLUG [
N
_
- =3 -
al] "
_— v—-A—J
- b CONNECTING
INSULATIVE L4 WIRE
SLEEVE
MANGANESE ANODISED
OXIDE TANTALLM
ELECTROLVTE DIELECTRIC
LAYER

Fig. 6 A schematic of u tantalion bead cu
pacitor: the electrolyuc is manganese ox
ide.

Fig. 5 Various tantalum bead capacitors. The long lead indicates the positive connection.

capacitance to the one needed. and the
equal or next largest voltage should be
chosen. Suppose a circuit that you have
designed calls for a 70uF capacitor rated at
10V. Looking at a supplier’s list. the actual
capacitor to choose would be the 60uF 16V
one.

Other Types
Fig. 5 shows a variety, tiny, tantalum bead
electrolytic capacitors. Tantalum is a
metal of very high purity and its oxidiza-
tion by electrolysis means that tantalum
capacitors work in a similar manner to
aluminum foil types. Fig. 6 shows a
schematic diagram of tantalum capacitor
with a manganese oxide electrolyte.
These components have the advantage of
providing high capacitance in very small
packages. However, working voltages are

coniinued on page 53 Electronics Today November 1985



continued from page 37

For Your Information

Battery Holder

1/72”
BH-1/3N single cell battery holder
from Memory Protection Devices

The new, under high

accepts all standard 1/3N 3V
lithium cylinder cells. Its low pro-
file permits PCB stacking and

eliminates the need for soldering in
the battery. Contact Memory Pro-
tection Devices, 320 Broad Hollow
Road, Farmingdale, NY 11735,
(516) 454-0340.

Last month we looked at a soft-
ware solution to error correcting
in RAM; the program could com-
pensate for bits which had
changed state due to cosmic radi-
ation or particle decay. Now the
University of Southern Califor-
nia is experimenting with a hard-
ware solution; Dr. John Choma
of the School of Engineering de-

cided that since a CMOS memeory
cell is actually two transistors
fused together, a barrier could
be inserted between them. An ox-
ide trench is fabricated between
the transistors to prevent un-
desirable currents from flowing
in the semiconductor bulk. Test
devices show no latch-up.

A new low-cost audio mixer from
Promark of England is available in
Canada. It permits eight, four and
two track track mixing. Insertion
points allow a wide range of ef-
fects; LED meters are provided for
monitoring of levels. Operational
understanding is aided by dear
signal paths leading to colour-cod-

ed connectors, and the comprehen-
sive owner’s manual covers
everything from making your own
leads to the finer points of
eight-track mixdown.

Contact Heinl Electronics, 16
Mary Street, Aurora, Ontario L4G
3ws, (416) 773-1511.

continued on page 58
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Electronics from the Start

ALUMINUM

"CONDUCTIVE
ANODE COATED

\\ _ WITH ALUMINUM
NS »~ OXIDE

Lt

b -

{a) THEORETICAL MODEL OF WET*
ELECTROLYTIC CAPACITOR

OUTER ALUMINUM
CAN (SEALED)

INNER ROLLED
ALUMINUM
ANODE (+)

——FIXING NUT

POSITIVE
CONNECTING
TAG

(h) ACTUAL MODEL OF WET*
ELECTROLYTIC CAPACITOR

Fig. 7 A theoretical (a) and an actual rep-
resentation (b) of a wet capacitor. The nut
provides a negative connection to the chas-
Sis.

limited to around 35V. The tolerance of
tantalum bead capacitors is typically
+20% and values from OuF to 100uF are
available

Aluminum types also exist that use an
electrolyte, with no tissue paper layers for
it to soak into. These are called wer capaci-
tors and Fig. 7 shows the device in its
theoretical form (a) and actual form (b).
Here. the inner rolled up aluminum foil is
oxidized by the electrolyte and as such is
the anode plate.

The aluminum can in which this is con-

tained acts as the cathode plate and is filled:

with the electrolyte. The positive connec-
tion comes through the insulator in the
can's bottom, while the fixing nut on the
bottom of the can provides the negative
connection. These electrolytics are gener-
ally quite bulky (typically I00mm high and
35mm in diameter) and are usually used to

Electronics Today November 1985
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ACTION OF YARIABLE CAPACITORS

Fig. 8 Adjusting a vaned capacitor: as the
area of overlup increases, so the capaci-
tance varies from 0 to maximum.

2 GANG VARIABLE CAPACITOR

Fig. 9 A dual-ganged capacitor with two
controls and multiple plates.

smooth power supplies and as such have
high voltage and capacitance ratings. Tol
erances typically run at +80%-20%. In
summing electrolytics, they give us high
capacitance and voltage values in phys-
ically small packages. On the down side,
they have a very wide tolerance range,
must only be used with DC supplies. and
have a tendancy for the clectrolyte to dry
out in high temperatures, affecting their
action adversely.

Variable Capacitors

Variable capacitors are non-electrolytic
and take two forms: preset and manually
variable.

Manually variable capacitors arc com-
monly used in the tuning sections of radios.
As we know, capacitance can be varied by
altering the overlapping area of the two

computers In
small Business

Small companies across
Canada are hungry for

knowledge about the
microcomputer revclution.
Many of them believe that
they alone are ignorant
about what is going on and
what equipment is avail-
able.

This Special publication
is addressed exclusively to
this market. The articles
comprise reprints of the
very best material already
published in Computing
Now! magazine together
with several specially com-
missioned features to form
a well balanced publica-
tion. We believe this
Special is of real use to the
hundreds of thousands of
small companies on the
verge of buying a micro-
computer.

First Published
March 1984

$3.95 plus $1.00 postage and
handling. Ontario Residents add
7% PST. For a copy call
(416) 423-3262 or write:

moorshead Publications
25 overlea Boulevard,
Suite 601,

Toronto, Ontaro, MaH 181
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Attributes and applications of different capacitors

Type
Paper

Plastic:
Polystyrene
Polycarbonate
Ceramic:
Low permittivity
Medium permittivity
High permittivity
Mica
Electrolytic:
Aluminum

Tantalum

Variable:
Manual

Preset

Table 1

Properties
Cheap, general purpose capacitors with a reasonable

capacitance to size ratio.

High insulation resistance; low losses; small.

Miniature; self healing.

Low dissipation

High capacitance to size ratio.

Large capacitance to size ratio; voltage and temperature
sensitive.

Highly stable, low dissipation

Polarised devices; very large capacitance to size ratio;

limited lift and temperature range.

Small, expensive, polarised, highly reliable.

Variable within certain limits.

Variable within certain limits.

Applications
General purpose.

General purpose and charge
storage,; Filters.

Miniature general purpose.

Low voltage applications

Temperature correction components

General purpose.

Smoothing circuits; General purpose.

Whe.re.reliability and/or size is a
priority.

Tuning circuits.

Tuning circuits

COMPRESSION
WASHER

CONDUCTOR |
PLATES WITH
TERMINALS
T

_ MICA
DIELECTRIC

CERAMIC BASE = 7

Fig. 1l A preset trimmer with six con

ductive plates.
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MOUNTING NUT

Fig. 12 The construction of a compression
preset trimmer.

plates or by altering the thickness of the
dielectric between them. Manually vari-
able capacitors work by varying the area of
the overlapping plates. Fig. 8 is a graphic
representation of how this works. One of
two semicircular plates is fixed to the cen-
tral spindle. Rotating the spindle moves the
one plate over the other.

In reality, more than two plates, more
commonly known as vanes, are used, as in
Fig. 9. This is a dual ganged variable ca-
pacitor, which means that the front and
back sections are separate, so that they can
be possibly used for different wavebands of
a radio. For example, the front section of
this one is variable from 10 to 208pF, and
the rear section goes from 8pF5 to 176pF.
The variable capacitor shown in Fig. 10 is
from an early 1940s RCA radio.

Miniature preset trimmer capacitors
come in various forms. Those which are
used in small portable AM radios for exam-
ple, may have as many as four separate
tuning sections. Other types such as the one
in Fig. 11 have six conductive plates at-
tached to one spindle (screw).

Compression trimmers work by altering
the thickness of the dielectric between the
plates by compressing it to different
depths. Fig. 12 illustrates the make-up of
such a preset capacitor.

We have now covered the most common
types of capacitor which you are likely to
encounter; Table 1 lists the characteristics
and uses of these types. |
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Project

Audio Frequency Signal

Generator

Using a dedicated IC, a signal generator giving a

choice of three signal sources is not expensive to build.

After the purchase of a multimeter one of
the most useful pieces of test equipment to
construct is an audio frequency signal gen-
erator. The signal generator described here
provides two simultaneous outputs, a TTL
compatible source running from O to +5V
and a second providing either sine or tri-
angular wave outputs symmetrical around
zero volts

All three waveforms may be used for
amplifier testing. the triangular waveform
being especially suitable for examining
crossover distortion in class B amplifiers.
A ‘volume control is provided for the sine
and triangle waveforms while the TTL
waveform is fixed. If the constructor re-
quires a low output power a separate at-
tenuator will need to be provided.

Now that dedicated waveform generator
chips are available, and providing no so-
phisticated requirements have to be met, a
signal source can be built for a reasonable
price. A frequency range of 10 to 100.000
Hz was chosen although the frequency
range of the 8038 waveform generator IC
used in the project is 0.001 Hz to 300kHz,
with output voltages related to the supply
voltage. The sine wave is derived from a
triangular waveform by the use of a non-
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By David Silvester

linear network within the 1IC and con-
sequently is more distorted than the output
from a pure sine wave generator. This dis-
tortion of about 0.5% appears as blips on
the sine wave peaks but although this dis-
tortion is too high to enable the generator to
be used for audio power amplifier distor-
tion testing, it is most likely that it will be
used as a signal source for amplifier re-
pairs. In this case where the fault causes
only half of the waveform to be amplified,
the small amount of distortion produced by
the signal generator can be ignored.

Circuit Description

Figure 1 shows the full circuit diagram of
the signal generator. ICI is the ICL8038
waveform generator chip that is the heart of
the whole unit, it produces the basic three
waveforms in the following manner. An
external capacitor Cl to C5, selected by
SWI and connected to pin 10 of ICI is
charged and discharged by two current
sources whose charge and discharge cur-
rents are selected by the resistance of R4
and RS. During the charge cycle the volt-
age across the capacitor increases linearly
with time, and falls linearly with time dur-
ing discharge. In addition two voltage com-

parators monitor the voltage across the
capacitor and switch from charge to dis-
charge at 2/3 supply voltage and from dis
charge to charge at 1/3 supply voltage. The
voltage across the capacitor is a triangula
wave with equal rise and fall times if R-
and RS are of the same value. This voltage
is sent via a buffer amplifier to the triangle
wave output pin 3. There is no reason why
the charge and discharge times nced be the
same and the waveform generator can be
used to produce sawtooth waveforms of
varying rise and fall times.

The switching of the two current sources
gives a useful signal to provide the square
wave output. However the IC's output is an
open collector transistor and needs a re-
sistor connected between IC1 pin 9 and the
positive supply. The output voltage will
vary between the lowest supply voltage
(-12V) to the voltage of the positive power
supply, + 12V in our case. We cannot di
rectly connect the resistor from the IC to the
5V supply as the output will still be from
12 t0 +5 volts. R1, R2, R3, DI, Q2. and
the +5 volt regulator IC5 are used to
provide level shifting to give the TTL com-
patibility above zero volts. Diode DI
provides protection for the transistor when
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Audio Frequency Signal Generator

the output of IC1 pin 9 is at - 12V, since by
conducting it will hold the base only OV6
below zero while damage to the transistor
will not occur until the basc-emitter voltage
excceds — SV. The sine wave signal as
stated carlier is derived from the triangular
wave output and the circuit includes R6,
R7. RV2, and RV3 to allow alterations to
the non-lincar elements in the IC to reduce
the distortion to its lowest value. An os-
cilloscope is an asset in setting up the sine
distortion pots and with the completed sig-
nal generator makes a highly etficient fault
diagnosis setup. However if onc is not
available the two potentiometers may be set
to their mid point with only a small residual
distortion being left on the sine wave.

The sinc or triangular wave output is
selected by SW2, but as IC1’s output is of
high impedance at this point a 100k poten-
tiometer is used as a volume control and is
followed by a unity gain buffer with high
input impedance (IC2). The 100R resistor
R8 is connected between the output of 1C2
and the output socket to provide some pro-
tection against accidental overloads. The
switch SWI selects a range of capacitors
from 2.2uF to 220 pF to provide the five
decade ranges nceded. An extra range of |
to 10Hz was included in the prototype. To
give complete frequency coverage a second
control signal to the current sources sharing
the capacitors is provided by RV1, and QI
and the output from ICI pin 7. The linearly
varying voltage from RV 1 produces a linear
frequency change from all of the outputs.
With the system shown all of the decade
ranges can be covered in full with some
overlap to allow for component tolerances.

The power supply unit relies on easily
available 78L and 79L integrated circuit
regulators. The 120VAC input is trans-
formed to 15-0-15V by QI, rectified by BR!
and smoothed by capacitors C9 and CI0.
The regulator chips are fed from these ca-
pacitors and give outputs of +12V. +5V
and — 12V being followed by further capac-
itors C6. C7 and C8 to give additional
smoothing.

Construction

As all of the components are mounted on
the single PCB, construction is extremely
simple (Fig. 2). The two integrated circuit
sockets should be mounted first as these aid
in locating the position of the other compo-
nents. Do not insert the ICs ar this stage.
Note that the transformer is a PC mounting
type. If a suitable transformer cannot be
found, a standard open frame type s h as
one from the Hammond 166 series can be
wired to the PC. A suitable substitute is the
166 F30 available from Electro Sonic, 1100
Gordon Baker Rd, Willowdale Ont., M2H
3B3, (416) 494-1555. The two poten-
tiometers have their leads bent to lower
their bodies towards the board and ensure
that the mounting nuts are beyond the board
edge (Fig. 3).
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Fig. | The circuit of the signal generator. The heart of the design is the 8038 signal generator chip.

rPARTS LIST
Resistors
[AE) S — e e R 4.7k
R2,4,5,6,7 . ................ .. .. ... 10k
R8 .. 100R
Potentiometers
RV .. .. K. .. VOO 0N 4.7k
Lin pot
RV2,3 .. .. ... | S 100k
skeleton preset
RV4 . 100k
Lin pot
Capacitors
[ o) P p—  ———— .2.2uF
C2U %A L VR S OuF22
polyester
O R PR — —— 1 OuF022
polyester
electro or polyester
CA 2200pF
polycarbonate
CS e F - 1 T 220pF
polycarbonate
C6,7.8 ........ ... ........... 10uF 25V
tantalum bead

Co10................... 470uF 35V
electro
Semiconductors
IC1...... v .o . . . .| 8038CC
IC2....... Bty | i LF351 or LF441
IC3 ... 78L12
IC4 79L12
ICS . 78L05
Brll .oy, . oo DA A WO005

Motorola MDA202 or
similar 1A, 200V bridge rectifier

Q.o .o - . - - VPO E IS 2N3702
Q21 .. N . ..l d e etV 2NS5818
| ) | S— 1N4148, 1N914 or 1N916 diode
Miscellaneous

TR . .. W o . . el Transformer

15-0-15V 200mA
PCB mounting

SWI ... 1 by 12 way
rotary switch
SIW2™ . SEPE ra . . Pyt et Miniature

single pole changeover
BNC . sockets; Verobox 202; knobs x 3; AC
cable and grommet:

Testing

Connect the AC to the PCB but ensure that
ICI and IC2 are not inserted. Check the
voltages at the output of the three regulator
ICs. After checking this, turn off the power
supply and allow the voltage to fall 10 zero

before inserting IC1 and IC2. The output
may now be examined on an oscilloscope if
this is available and RV2 and RV3 rotated
to obtain minimum distortion. If an os-
cilloscope is not available then these two
resistors should be set to mid-point.
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INTRODUCING:
THE NEW STANDARD
FOR IBM PC/XT

115VAC COMPATIBILITY
The ACS-1000 Super Computer

Hv4
TRIANGLE NOUCRE

mso canie ¢ | Megabyte
On-Board Memory
¢ Built-in Disk Controller

Ssw2

Fig. 2 The PCB overlay. Note that ICI and - up to 4 Floppies
IC2 should not be inserted until testing has - SASI Hard Disk Interface
commenced. ® 54 KB User Definable ROM

e Switchable: 4.77 or 8 MHZ
¢ Built-in Multifunction Board
- Parallel Printer Port
- 2 Serial Ports
- Time-of-day Clock

Seize Control of Your
Hardware Destiny

If you are using board level microcom-
puters you can have greater power, versatility
and reliability by using the ACS-1000 single

board SuperComputer.
NOTE GAP The ACS-1000 is compatible with both
software and hardware designed for the IBM
PC/XT. It even has the same mounting holes
and the same power supply connections. The

Fig. 3 The pots should be bent slightly forward difference is that the ACS-1000 offers a much

L ]
o—0 {0 bring the panel nuts clear of the edge of the higher level of integration and costs less than
PCB & P $600 when ordered in quantity.

m Save your Expansion Slots for true ex-
pansion. Disk Controllers, 1/0 ports and ex-
tensive memory are already built-in, simplif-
ing production and freeing the 6 expansion
slots to take on specialized work of your pro-

cess control, CAD/ CAM or office automa-
% tion applications. There’s even a special port
for a low cost piggyback modem.

See for yourself. We are offering a
system evaluation kit for $995.00. The
256K system includes bios, documentation,
and an XT compatible power supply.

Special introductory offer on
peripherals and chips.

Shugart SA 455 Floppy Drives $185.00,
IBM Compatible cases $80.00, 130 Watt
Power Supplies $220.00, Keyboard
$200.00, Chips 64K $3.00, 256K $14.00.

To order call 604-888-2606 or write:
Soltech Industries Inc.
9274 - 194th Street
Surrey, B.C. V3T 4W2
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continued from page 10

Household Battery Checker

The PCB for the Battery
checker.

AMAZING

[ SCIENTIFIC and ELECTRONICS |

DEVICES

PLANS — All Parts Avallable In Stock.
* LC5 BURNING CUTTING CO2 LASER. . .... $20.00

¢ RUB3 RUBY LASER RAY PISTOL .... .20.00
¢ BTC51.5MILLION VOLT TESLA COIL 15.00
¢ GRAI - GRAVITY GENERATOR ........... 10.00,
* MAGNETIC CANNON/PROJECTOR .10.00
* LRG3SOLID STATE LASERRIFLE ........ 10.00
KITS — Includes Plans and Parts
* LHC2K SIMULATED RED/GRN/YEL

LIGHTLASER .. ... ... ... .oooiiiian. 34.50
* BTC3K 250,000 VOLT TESLA COIL 159.50
*JOGIKIONRAYGUN .................. 109.50

* PSP3K PHASOR SHOCK WAVE PISTOL ....49.50
¢ STGIK - STUN/PARALYZINGGUN ....... a0
¢ INFIKINFINITY TRANSMITTER . ... .. ... 134.50
* MFT1K 2.3 MILERANGE FM VOICE XMTR . .49.50

ASSEMBLED AND TESTED PRODUCTS

¢ LGU30 RED 1MW PORTABLE HENE LASER 315.00
¢ TCL30SOLID STATE TESLACOIL 35KV . .. .. 74.50
¢ IPG50 POCKET PAIN FIELD GENERATOR. ..
* BLS10BLASTER DEFENSE WEAPON . ... .. 89.50
¢ ITM10 - 100KV SHOCK ANDSTUN GUN . ...99.50
* PPF10 PHASOR PAIN FIELD PORTABLE . . .249.50
* SNP20 SECURITY PHONELISTNER . .. .. ...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.0. Box 715, DEPT. ET, AMHERST, NH 03031

Circle No. 23 on Reader Service Card
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Fig. 3 The PCB layout. Use an IC socket to protect the 8211. The battery under test is connected via

leads to a jack socket on the rear of the case.

If DI does switch on. try connecting a
fresh battery to the input of the unit with
SW2 and SW3 set at appropriate positions.
This should, of course, result in D1 switch-
ing off while the battery is connected. If
you should inadvertently connect a battery
to the unit with SW2 at the wrong voltage
setting this will not result in any damage to
the checker provided the battery has a nom-
inal voltage of 9 volts or less.

The load current used depends on the
capacity of the battery you are testing. 1.5
volt cells are capable of quite high load
currents and should be tested with SW3 in
the ‘high’ position, as should high capacity
9 volt batteries and types that are really just
comprised of series connected 1.5 volt
cells. Medium sized 9 volt batteries require
a ‘medium’ load current, and small 216-
types require a ‘low’ load current setting.

Battery checking is perhaps more of an
art than a science, and things are not always
straightforward. 1 have two calculators
which run from regular size 9 volt batteries,
one an LCD type which requires very little
current and the other a LED type which
consumes a moderately high current. When
the battery in the LCD calculator seems to
be failing it does in fact seem to be perfectly
satisfactory when subjected to any ac-
cepted form of battery checking, and will
happily power the LED calculator for
months. One might expect an almost ex-
hausted battery from the LED calculator to
power the low current LCD type for some
time before failing completely, but not the

other way round. The cause of this paradox
seems to be that the display circuit of the
LCD calculator is very voltage conscious,
and fails to operate properly once the bat-
tery voltage has fallen slightly due to nor-
mal ageing, even though there is still plenty
of power left in the battery. The moral of
the story is that when testing batteries,
where possible, you should take into ac-
count the requirements of the equipment
they are used to power. Some circuits re-
quire reasonably fresh batteries in order to
function well, others will operate from bat-
teries which, by most standards, are flat.
Although with the current high cost of bat-
teries it is tempting to squeeze every last bit
of power from them, it is not a good idea to
use virtually exhausted cells which couid
leak and ruin expensive electronics. W
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Spectacular Hi-Resaolution Color!.
Actual screen shot QL Graphics

, 00 WISA
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QL

The 4 Programs,
included with your QL

WORDPROCESSING

QL Quill is a total word processing package
featuring: on-screen, step-by-step HELP
menus, word wrap, full delete options, in-
cluding cut-and-paste; wide view documents;
boldface; superscript, subscript, underlining;
hyphenations; overwrites; and will combine
with data from other QL programs.

SPREADSHEET

QL Abacus provides instantaneous. ‘what if’
spreadsheet manipulation functions featur-
ing: single stroke assignable function keys;
spreadsheet linkage; multiple-windows; text
justification; scroll windows, and single
name reference to rows, columns and cells.

1736 Avenue Rd.,
Toronto, Ontario M5M 3Y7
(416) 787-1448

DATABASE MANAGEMENT

QL Archive is an extremely sophisticated yet
easy to use filing system featuring: 84 single
command words for queries, cross-
references and file searches; easy statistical
and accounting calculations; screen editor
for report formats, and complete HELP
menus.

GRAPHICS

QL Easel produces spectacular color
graphics. _The. program. _features: design
handling and scaling either autamatically or
under user-control; text addition or deletion;
nine graph styles; data manipulation and
evaluation using command math functions
and formulas, and complete HELP menus.

Seect More QL Software Here

LANGUAGES & UTILITIES

QL ASSEMBLER. Converts M68000 assembly
language sources: files into QL-compatible
binary files. Includes multi-tasking full screen
editor which can run simultaneousty with Super-
BASIC $99.95

QL MONITOR. Machine Code monitor. | $69.95

QL TOOLKIT Over 70 programs and extensions
to SuperBASIC. Includes print spooling, improv-
ed file access (full random input/output com-
mand), job controt (aliows management of multi-
tasking)and SuperBASIC screen editor. $74.95

for HOME, EDUCATION &
BUSINESS

Q-STAR Spelling check and text editing program
with 28,000 word capacity, including 4000 words
of your own choice. Works with any QL file in-
cluding the Word Processor supplied with the
QL. $99.95

DBASE MASTER. 9 separate filing programs to
build and maintain lists of all descriptions. Writ-
ten in QL Database. Includes Mailing List
(record and select by 15 categories), inventory
control, stamp collection, sports record,
teacher’s helper. etc. $74.95.

SUNDIAL. 15-year calendar, appointment
scheduler and daily diary. Up to 20 events each
day can be stored, and accessed by searching
on date, time, and name — or combination of the
three. Bonus on-screen calculator, $79.95

QL TOUCH ‘N’ GO Learn touch typing. Unique
approach designed to give you mastery over the.
QWERTY keyboard in 24 hours. $74.95

QL HOME FINANCE $74.95

QL GARDENER. Garden design for the amateur
or prafessional. $54.95

Call 416-787-1448 to Order —

BCPL. QL compiler ideal for systems program-
ing, writing utilities, games and applications.
Generated native 68000 code. Easy QDOS inter-
face. Link separately compiled segments. Can
be linked with Pascai or Assembler. $149.95

LISP. Features turtle graphics for exploring the
language of artificial intelligence. Structure
editor; pretty. printer; garbage collector and
tracer. Full screen editor. $149.95

PASCAL. True single pass compiler praducing
native 68000 code meeting 1SO 7185 standard.
Direct addressing of full QL address space. Key
routines on ROM for speed and convenience.

$199.95

PACK 116. Programs and routines for science
and maths including permutations, combina-
tions, capacitance, inductance, frequency, gaus-
sian circuits, power supply circuits, and about
100 more $79.95

Q-CAD. Computer Aided Design for the QL. Com-
plete resident graphics library as well as user
definable shapes, symbols, forms, formulas, and
tables which can be scaled, rescaled, moved,
saved, recalled, moditied. Compare with other
CAD systems 5times more expensive.  $998.95

Q-CALL. Communications software for use with
Hayes or equivalent 300 or 1200 baud modem.
WIll handie telephone connections, and manage
file transfer. 1deal for use with Compuserve and
other data services. Gets you online now! $79.95

Q-FONT. Total printer control to use the
“hidden” fonts in your Centronics or Epson or
compatible printer. Also provide. “hi-res” screen
dumps to your printer. $54.95

CANADIAN INCOME TAX GUIDE — 1985 $79.95
QL CHESS. Developed by PSION. Features high
résolution display, animated 3-D graphics, 2B

redit Cards Welcome —
Circle No. 24 on Rpader Service Card

C. Powerful QL implementation including full
screen editor. $229.95.

THE PROGRAMMER. Program generator; you
specify the input and the output . . . it writes the
program. Uses cursor control and a few simple
commands to generate fully written, tested and
working program which can be stored and re-
called. $99.95

QDOS BOSS. Examine and change any sector of
data on a microdrive cartridge. Print or display
on screen in hex or ascil. DOS utility “shell”
simplifies QDOS functions and commands.

$79.95

levels of play from novice to champion. Opening
book of nearly 4000 moves, HINT and TAKE-
BACK functions, and the option to play a human
opponent or the computer. $8

QL DECISION MAKER. Set up a decision tree to
help evaluate the costs and resuits of decisions.
Complex ‘what if’ questions are dealt with rapid-
ly and graphically. $110.00

QL PROJECT PLANNER. Divides complex ac-
tivities into critically important stages to help in
the pianning and monitoring. When you decide
on a starting time, it tells you when each activity
must start and finish and when the project will
be completed. $110.00

QL ENTREPRENEUR. Uses a ‘what if' format to
help develop a workable business pian. Break-
even point. Cash flow forecast. Balance sheet
and profit and loss statement. Builds your skills
and techniques. $110.00

HARDWARE EXPANSIONS

Coming soon are 256K and 512K memory expan-
sion boards and g disk drive interface.

Mail Order Form on Page 63
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We've Put a
Local Area Network
on a Disk

Corporate Information Sharing. It's been described
as the key to Increasing a company's productivity. It's
also why large networks of PC’s are becoming more
and more common In the workplace...in spite of the
fact that they're costly, difficult to install, and incompat-
ible with much existing software.

Finally, there's a solution to this corporate dilemma.
Its name is LANLink™

A Software-Driven LAN That Uses Standard,
RS-232 Ports. A major breakthrough in local area net-
works, LANLink™ uses your computers’ existing serial ports
and runs under PC-DOS.

Because all of the intelligence the network requires is
on the server and satellite diskeftes, expensive network
interface boards aren't required.

A Powerful Network That’s Cost-Conscious. If
you've been pricing board-driven LAN's, you already
know that they can cost over $41,000 per workstation.

LANLink™ is different.

Boasting a data transfer rate in excess of 100,000 BPS,
LANLink™ is compatible with a wide range of programs.
And because special boards aren't required, installa-
tion costs are one-third that of a traditional network.

A Network Designed the Way Business Works. With
LANLink™ you're able to customize your network along
departmental lines using a data-sharing hierarchy and
password-protected access.

Get Started With LANLink™ TODAY. Call The Software
Link TODAY for complete details and the authorized
dealer nearest you. The LANLink™ Starter Kit, priced at
$745, comes complete with network software for both a
server and a satellite computer. For a limited time, 50
feet of RS-232 cable will be included free of charge.

LANLInk™ is immediately available and comes with
a money-back guarantee. VISA, MC, AMEX accepted.

Circte No. 25 on Reader Service Card

@ THE SOFTWARE LINK, INC.

Developers of MuttiLink™ and MultiLink Advanced™
400 Esna Park Drive, Suite 18, Toronto (Markham), Ont. L3R 3K2

CALL: 416/477-5480
Dealer Inquiries Invited

Muit'Link, MultiLink Advanced & LANLink are trademarks of
The Software Link, Inc PC-DOS is a trademark of IBM Corp.

v



Ay

continued from page 58

For Your Information

RS232C Chip

The Motorola MC145406
silicon-gate CMOS IC that pro-
vides both driver and receiver;
TTL logic signals are level-shifted
to the RS232 format at the output,
and RS232 input signals are con-
verted to TTL. Hysteresis in the
receivers aids in the reception of
noisy signals. From Motorola
dealers, or contact Motorola
Semiconductors, MOS Logic and
Analog Integrated Circuits Divi-
sion, PO Box 6000, Austin, Texas
78762.

Circle No. 48 on Reader Service Card.

Users of electronic typewriters will soon be able to access
Telecom Canada’s Teletex network with an add-on modaule,
the TexCom 2400, containing a screen, memory, software,
disk drive and 2400-baud modem. A letter quality docu-
ment can be sent anywhere from one terminal to another in
about 10 seconds, bout 40 times faster than Telex. The unit
will retail this fall for about $3950. Hmmm. That’s about
ten times what an electronic typewriter costs, or about what
a compatible with the works costs. For more information:
Telecom Canada, 770-410 Laurier Avenue W., Ottawa,
Ontario (613) 560-3030.

Circle No. 47 on Reader Service Card.

Interview
Electronics Today was fortunate in
being able to interview Rodney J.
Packham, president of Packham and
Stuffem, acompany which has had an
enormous influence on the computer
and electronics industry.
ET: Could you tell us something
about your profession?
Rodney: Of course. We're the people
who fit the foam packing around com-
puters and peripherals and test equip-
ment.
ET: Tell us more about it.
Rodney: Well, it wasn't easy when
we first started. We just fit hunks of
foam into the box. but it was too easy
for people to put everything back into
the box if they wanted to. Then we
tried foam peanuts. They're not bad.
because they spray all over the room
when you take the product out. but
people with patience could still get
them back in

We decided on a high-tech ap-
proach. We started making foam
packing inserts with up to 37 pieces,
each piece made to tolerances of a
millionth of an inch. That worked.
ET: What motivated all this?
Rodney: You know where the war-
ranty says "‘must be returned in orig-
inal box''? Well. this way it's
impossible for people 10 ever do it,
and returns are down enormously. We
have it worked out for computers, for
instance. so that you have to insert the
body. the keyboard, the power cord,
and the manual in exactly the right
slots all at the same time or it won’t go
in the box.
ET: Any plans for the future?
Rodney: We're trying to eliminate
precision manutacture by using ex-
panding foam: as soon as you slide it
out of the box. a chemical is released
that expands the packing by 20 per-
cent.
ET: Best of luck in your endeavours.
Rodney: Thank you

The Heath Company is offering two new educational
courses, ‘Computer Servicing — Peripherals’ and ‘Com-
puter Servicing — Maintainence’. They’re the latest addi-
tions to the Heathkit/Zenith computer servicing series. Re-
quired hardware is the EWS-100 Microcomputer Trainer.
For a catalog or more information, contact the Heath Com-
pany, 1020 Islington Avenue, Dept. 3100, Toronto, On-
tario M8Z 5Z3, (416) 232-2686.
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The I&CS Seminar/Show is featuring sensors and
transducers in industrial control. There’ll be shows, ex-
hibits and sensors covering both hardware and data acquisi-
tion techniques. It’ll be held December 4-6, 1985, at the
Carlton Place Hotel, 33 Carlson Court, Toronto, Ontario
M9W 6HS. The hotel is (416) 675-1234, and the show peo-
ple are: I&CS Seminars, Box G, 59 Water St., Hingham,
MA 02043, (617) 749-1122. ‘I’m going to Toronto, dear, to
look at thermistors.” Uh huh.

A newly formed Canadian company, Revelations
Research of Mississauga, Ontario, has purchased a Control
Data Cyber 205 supercomputer, and plans to use it ‘to con-
duct detailed research into fifth generation or artificial in-
telligence that will allow the development of a computer
system capable of simulating the thought functions of the
human brain through the use of neural network arrays.’
Holy Moses. Does Isaac Asimov know about this?

Someone said that magazine editors could be replaced
by computers; when the time comes here at ET, let’s hope
the boss buys a Revelations Research and not a ZX81.

There’s more than meets the eye to a telephone line sense
relay, me lad. You need piles of isolation, lots of sensitivity,
and no disturbing the line balance while you’re at it. If
you’d like to know when a receiver has gone off-hook, the
Elec-Trol TLS1A18A10 Telephone Line Sense Relay is
placed in series with the line and operates a dry reed switch
when the loop exceeds 18mA. There’s 1500V isolation and
63dB balance provided. I’s from Zentronics outlets, or
contact them at 8 Tilbury Court, Brampton, Ontario L6T

3T4, (416) 451-9600.
Circle No. 45 on Reader Service Card.

Macintosh Digitizer

i K K3

GTCO Corporation has a digitizer for the Macintosh com-
puter which they call the Macintizer. Not bad. Most com-
panies call their new products the CGHK45-234-T083-N.
It consists of a pad and a stylus; the stylus position is
detected electromagnetically, eliminating preventative
maintainence from dirt or contamination. A mouse with
crosshairs is also available. It works with MacDraw, Mac-
Paint, and all other Macintosh software because its cable
goes in place of the Mac’s mouse. From Interworld Elec-
tronics and Computer Industries Ltd., 1442 Pemberton
Ave., North Vancouver, BC V7P 2SI, (604) 984-4171.
Circle No. 44 on Reader Service Card.
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® 32-bit processor
« 128K Ram $599.95
* Two built-in microdrives
» Software included
¢ Hires color
* Nationa! warranty service by AABEX
¢ New low price!

Monitors & Printers for QL
14" Hitachi RGB Monitor. Bright seven color
display. Up to 1500 characters. $549.00

JIL 12" Green Screen Monitor $149.95

Centronics GLP Printer. Compact size.
132 columns. Near letter quality

dot matrix. $339.95
Smith Corona D200 Printer. 120 cps.
2K buffer. Series & parallel interface.

$699.95

ORDER FORM - MAIL TO
Gladstone Electronics, 1736 Avenue Rd,
Toronto, Ontario M5M 3Y7

]

1

1

1

|

' Please send Each Total
: ‘Sinclair QL Computer

: including manual-power

] supply-4 software titles  $599.95
' Hitachi RGB Monltor 549.95
A Cable for Hitachi monitor ~ 29.95
: JIL Green Screen Monlitor  149.95
] Cable for JIL monitor 9.95
: Centronics GLP Printer 399.95
: Smith Corona D200 Printer 699.95
) Cable for above printers 39.95
: QL Software

H QL Assembler 99.95
: QL Monitor 74.95
] QL Toolkit 7495
i BCPL 149.95
! LISP 149.95
: PASCAL 199.95
: C Language 229.95
] QL Programmer 99.95
i QDOS Boss 79.95
' Q-Star 99.95
: DBASE Master 74.95
] Sundial 79.95
1 QL Touch ‘N’ Go 7495
{ QL Home Finance 74.95
! QL Gardener 54.95
: Pack 116 79.95
1 Q-CAD 99.95
] Q-Call 79.95
] Q-Font 54.95
: Can. Income Tax 79.95
] QL Chess 84.95
: QL Declsion Maker 110.00
\ QL Project Planner 110.00
: QL Entrepreneur 110.00
[} Shipping (per order) $15.00
' Ont. residents add 7% PST

: TOTAL

: Enclosed is: Charge to:

: Cheque Money Order [ Visa Mastercard
i Card # _ Expiry

1 Signature -

: Name ___

| Address

1 City _ Prov.

: Telephone _ ___ Code

CREDIT CARD ORDERS: Call (416) 787-1448
Gladstone Electronics

1736 Avenue Rd., Toronto, Ontario MS5M 3Y7

-
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; The BEST is still “made in West Germany”

FHAADNE L= model H M203'5

pe— e s B 3.2

3 1
HADELS %G oA S otk l
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20Mz OscMioscope . & E

HM203s x10 I n TESTER

The 20MHz Oscilloscope that outsells all others in
Western Europe. The model HM203s is available complete
with two switchable (X1-X10) probes. This CSA approved

l Oscilloscope is covered by a two year parts and labour

l

i warranty.

| y 77090

| Immediate delivery from Stock #*

. All major credit cards accepted. ‘ F.O.B. Downsview, Ont. FST Incl'd.

: !

g for the complete line of HAMEG instruments write or phone

! HAMERR GmbH : 1 / 9$:r|‘::::tbmi:iz.
West Germany is represented ELECTRONICS (41;3;;?3585

y and distributed in Canada by LIMITED gy TELEX 065-28169

ﬁ | Mon-Fri 8-5 pm, Sat 10-1 pm

i

*Price subject to change
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