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Monitor not included.
IBM, IBM PC. IBM XT
and 1BM AT aie
registered trademarks

ol IBM Canada Ltd.

ARRANTY far exceeds the 90 day industry standard. On-site service plan is available across Canada at extra

e -
Wae have such confidence in the reliability of the BEST that we offer a full One Year Warranty. This
cost through 3M of Canada Ltd.

Features common to BEST MK I, MK Ill & MK IV

® Superb IBM PC & XT Compatibility
® Canadian Made
® 256K RAM Standard minimum (uses 41256K

RAM chips)

(with Battery
® Presocketed

such as 8087 Math Processor
® |IBM Compatible Keyboard

Expandable on board to 640K RAM
Parallel Port (for printer)

Serial Port (for communications)
Real Time Clock/Calendar

Backup)
for optlonal co-processor —

® Reset Switch

® Phoenix BIOS as used in many major brand
1BM compatibie systems,.

@ 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

® CSA Approved

BEST MK Il

Two 350K DS,DD disk. drives, Serial and Parallel
Ports, Real Time Clock, Phoenix BIOS, uses 8088
processor — full specifications given above.

The FAST BEST MK Il

As BEST MK |l plus speed selectable:
4.77 and 8MHz {most software will run
on the higher speed), uses 8088-2 pro-
cessor.

$1 000 Off Advertised price

We will deduct $1000 off the price of an AVT286 with 40Meg
HD (or any more loaded system with HD, including AVT10
systems) with the trade in of any complete 2-disk drive IBM
or Compatible PC/XT (including PCjr) system.

$500 Off Advertised price

$500 will be given off the price of BEST MkIV with 20Meg HD
(or more loaded models, including AVT286 and AVT10
models with HD) with the trade in of any complete 2-disk
drive Apple 11, il +, lle, llc or compatibles or any IBM or com-
patibles listed above.

Offer open February 14, 1987 to March 31, 1987. In both
above offers, only one trade-in per system is permitted.

1695%

Other Configurations:

WIth640KRAM. . ... ... .............. $1795
With 20 Meg Hard Drive/1 Floppy/256K . . . $2495
With 20 Meg Hard Drive/1 Floppy/840K . .. $2595

Leasing Plan Avaliable

18959

ONE YEAR WARRANTY

Other Configurations:

WIhBAOKS BAWM s« 54 wh srvninnve ciien s sasin $1995
With 20 Meg Hard Drive/1 Floppy/256K . . .$2695
With 20 Meg Hard Drive/1 Floppy/640K . ..$2795
With 80 Meg Hard Drive/1 Floppy/640K . . . $4495

Leasing Plan Available

SUPER-FAST BEST MK IV
As BEST MK Il plus TRUE 16-Bit
machine, 8086-2 processor, IBM com-
patible 8-Bit I/O channel bus, even
faster than MK 1l due to 16-Bit
architecture. With 640K standard.

$219509

ONE YEAR WARRANTY

Other Configurations:

With 20 Meg Hard Drive/1 Fioppy/640K . . . $2995
The BEST Mk IV Main board processes data ap-
prox. 2.1 times faster than the IBM PC/XT or
BEST Mk Il.

Leasing Plan Avallable

e

‘
Oo:t?‘“b\e

AVT-286

Superb IBM 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 lock
and status monitor. 16 MHz clock
(BMHz CPU)

3495%

ONE YEAR WARRANTY

As Basic Configuration with tast stepping
Hard Drives:

20 MegHardDrives . ..................
30 MegHardDrive ...............
40 MegHard Drive . ..............
80 MegHardDrive ...............
Bulit-in Tape Backup Systems from. %
BEST 1200/300 Plug-In-Modem . .. .......

Leasing Flan Available

Lightening Fast AVT10-286
New, IBM AT com- Superb1BM AT compativility plus more
patible * Standard 2Meg RAM and optionally up
Y 10 4 Megabytes o1 RAM on main board
* 10 MHz CPU 8 MHz, 8 MHz, and 10 MHz selectable

system speed.
* 2Meg RAM +(@ 154" dish drives (1 high dansity 12
one standa

e Up to 4 Meg RAM ~;cvfal n:d p:mm ports. nign quallty,
on Board :g:t‘);’ld, keyboard fock and stalus

yExceltronix

With 2Meg RAM and 10 MHz CPU

$4995°°

ONE YEAR WARRANTY
Leasing Plan Available

As Basic Configuration with fast stepping
Hard Drives:

20 Meg Hard Drive
30 Meg Hard Drive ..
40 Meg Hard Drive . .
80 Meg Hard Drive
Additional 2 Megabytes RAM

{tobring system to full 4 Megabytes) .. ... $ 995
Built-in Tape Backup Systems from. .. ... $ 799

Toronto Store: 319 College Street, Toronto (416) 921-8941

Ottawa Store: 217 Bank Street, Ottawa (613) 230-9000
Mississauga Showroom, Plckup Counter and Mail Orders:

68315 Kestrel Road, Mississauga, Ont., L5T 1S4

Long Distance Orders: 1-800-387-6995, Local Orders: (416) 673-5111




Exceltronix - Your Authorized Star Micronics dealer

Star’s new NP-10.
Everything you always
wanted in a printer—for less.

Looking for high performance without paying the price? Con
sider Star's economical NP-10.

It's ideai for small business or the home because it gives you
reliability plus a front panel control for convenience. This plus a high
speed draft printing at 100 characters per second and precise 25 cps
near letter quality result in outstanding

print quality at an affordable price lL
The NP-10. It's everything you always SLE q I
wanted in a printer—for less 1111 L

$339.00

Quantity Discounts available

S —

| star NETD!

now superior printing
takes just a touch.

Complete control is right up front.

Star's new NX-10™ printer not only gives you crisp
draft quality printing at 120 characters-per-second. And
clear near-letter-quality printing at 30 cps. But something
extra right up front: our easy-to-use front panel.

Here you can select the print mode, print pitch, type-
face, margin setting, paper feed—II functions in all. Both
single sheet and tractor feeds are standard.

IBM'-PC compatible and easy to interface, the NX-10
has a 5K buffer—more than twice the memory capacity of

any competitor! The new
Check out this new Star. And put the Star NX-10

power of a Star at your fingertips. L 4
SeQir

In front with quality
up front. micrenics

$429.00

Quantity Discounts available

It's easy to look good
with the Star NX-15 printer.

Star makes it easy to get great looking originals with the hard
working NX-15 printer.

Our easy-to-use front control panel has all major functions right up
front

Other standards include tractor and single sheet feeds. Italic and
bold fact print. And a 15” carriage

Plus, it's compatible with the IBM'-PC, lL
and most major software. SLE q |
The NX-15. So it's easy 1o get better ®

performance from your computer micronics

$659.00

Quantity Discounts available

oo 1A P A

Star’s NB24-15.
The business printer that
works as hard as you do.

Star’s 24 wire NB24-15, one of the quality printers in the ncw
Signature Series, offers a convenient front control pancl: high speed
draft of 180 characters per second; high resolution graphics, true let
ter quality at 60 cps, comparable to typewritten lext, compatibility
with major business computers; and your

choice of type styles and print pitches L
When it comes to impeccable letters, Sth‘C]“
graphics, and spreadsheets for your busi o

ness, Star works as hard as you do micronics

$1295.00

Quantity Discounts available

JyExceltronix

Toronto Store: 319 College Street, Toronto (416) 921-8941
Ottawa Store: 217 Bank Street, Ottawa (613) 230-9000
Mississauga Showroom, Pickup Counter and Mail Orders:

6315 Kestrel Road, Mississauga, Ont., L5T 154

Long Distance Orders: 1-800-387-6995, Local Orders: (416) 673-5111
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The Tracer computer
troubleshooter checks out a
Z80 board under control of
a Radio Shack Model 100;
see page 34. Photo by Bill
Markwick.
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INVEST IN YOUR FUTURE

with Test Equipment from
BCS ELECTRONICS

HAMEG Hm 2036

e DUAL TRACE

¢ 20 MHZ BANDWIDTH

® 2 mv/icm SENSITIVITY

e 8 x 10 cmm SCREEN

e TV TRIGGERING

e COMPONENT TESTER

® PAIR X1/X10 PROBES

e 2 YEAR WARRANTY

® $795.00

® $35.00 STUDENT REBATE

ALL UNITS IN STOCK
MAIL ORDER OR COUNTER SALES
STORE HOURS: DAILY 8:00 TO 5:00
SAT. 10:00 TO 1:00
PROVINCIAL SALES TAX EXTRA

'\ TRIPLETT CORPORATION
P 350/3360

e 3> DIGIT, AC/DC

® AUTO RANGING, VOLTS & OHMS

e DIODE TEST

e CONTINUITY BEEPER

e 10 AMP RANGE

e TEST LEADS

e 3 YEAR WARRANTY

® 3350 0.5% $140.00

® 3360 0.3% WITH DATA &
RANGE HOLD $160.00

® $10.00 STUDENT REBATE

master charge
i

980 Alness St., Unit 7,
Downsview, Ontario
M3J 2S2
(416) 661-5585
TELEX: 065-28169
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For Your Information

The Editor’s Corner
By Bill Markwick

THE Autodesk company, produ-
cers of the popular AutoCAD soft-
ware, has removed the hardware
device copy protection from their
software and will supply un-
protected versions to previous pur-
chasers. John Walker, chairman,
said that the protection was remov-
ed because of adverse public opi-
nion and bad press. In their
defence, he said that freedom to
copy has resulted in a lack of good
engineering software for the mass
market because software devel-
opers are afraid of uncontrolled
copying.

Maybe. On the other hand, he
also said that implementing the
protection device had no effect on
sales, and that he didn’t expect its
removal to change things either. 1
suspect that there is more responsi-
ble for the lack of good software
than copy protection problems
that frighten off talented devel-
opers.

I think the problem has a lot to
do with the popularity of the IBM

PC. It was introduced as IBM’s
bottom-of-the-line economy
model, and unfortunately became
the industry standard before long.
Perhaps it was advanced for its day
(1982), but as is always the case, it
didn’t take long for software
developers to run up against its
limitations. These included the In-
tel 8088 CPU running at 4. 7MHz
with only an 8-bit data bus, a tor-
toise of an 1/0 system, slow 360K
disks, and memory limited to
640K.

If you want to see what I mean,
try running AutoCAD or other
large program on a regular PC or
clone. Even with an 8MHz clock
and an 8087 coprocessor, you still
spend lots of time gazing out the
window while the disks groan and
grind and the screen repaints pixel
by pixel.

Then there’s the problem of
compatibility. The use of PC-DOS
or MS-DOS is a start toward stan-
dards, but then there’s the problem
of graphics cards, proper 1/0
ports, monitors and so on.

‘I know you just bought a $200
monitor. You’ll have to go and
buy another one. And a hi-res card

while you're at it. And then your
mouse needs another serial card...’
No wonder there’s a lack of
engineering software. Technical
programs require both fast number
crunching and extremely flexible
graphics capabilities. Why would
you bother writing a complex pro-
gram for the PC when users will
turn up their noses at the hard-
ware? Computer aided design,
huh. Give me my VAX, man.

I think that’s all to change soon.
The true-16-bit PC AT, which
should have become the standard
but was too expensive, is coming
down in price as the cloners get to
work. Waiting in the wings is the
32-bit 16MHz 80386 CPU, still too
expensive for widespread desktop
use, but hopefully its price will
follow the usual downward trend.
It’ll be interesting to find out how
long it will take for software
writers to exceed the limits of the
386. ‘How do they expect me to
write a program with only 16
megabytes of RAM? When are
they going to bring out a real/ com-
puter?”’

Copyright — all material is subject 1o
worldwide copyright. PCB designs are
copyright and may not be soid without permis-
sion.

Liability — no responsibility whatever is ac-
cepted for failure of projects to perform for
any reason, and no responsibility is accepted
for any injury or damage causcd by any fauit
in design.

EDITORIAL QUERIES — written qumps

- must be npanied by a stamped, self-

addressed cnvelope, relate to recent articles -
and must not involve rescarch.

We cannot answer teleplmu queries.
PCB Suppllers — we do not supply PCBs or
kits or keep track of stocks. Pleasc contact the,
following:

K.S.K. Associate, P.O, Box 266, Milton, Ont.
LT 4N9.

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

Wentworth Electronics, R.R. No. 1 'Watet
down, Ont. LOR 2HO.

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

Arkon Electronics Lid., 409 Queen Strecl W
Toronto, Ont. MSV 2AS.

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

AT LAST
BUTTONWARE from
stock in Canada

PC PRINTER
LIQUIDATION

ALL NEW GOODS at 50 to 70% SAVINGS

POFILEIR oyienyennowss $254.00

super database with WP

PC:EILE I asns i sness $119.00

super database

PE:TEXT caiswsn i v o $102.00

great word processor

PG:CALG ;s sisanis $102.00

excellent spreadsheet

Also:

FOMITASY o onvannniey $ 99.00
TURBOPASCAL ....... $ 99.00

Above for Tandy 1000 and PC-compatible

Clubs, churches, associations
Let us custom-build a
membership program

just to suit you!

include $4.00 for S&H

Sent promptly on receipt of
cheque or money order.
(Ont. residents add 7% provincial tax)

R. Spencer Soanes
31 Himount Drive
North York, ON M2K 1X3

A

I =rmmax

8510 A

$35(Q°0

DOT MATIRX

® 10” Carriage
® Built-in Tractor

® 120 CPS

® Serial/Parallel Interface

1550 A

475

DOT MATRIX

® 15” Carriage
@ Built-in Tractor

® 120 CPS

® Serial/Parallel Interfaces

A10-30
$300°°

DAISY WHEEL

® 15 Carriage
@ Serial Interface
® 25 CPS

Quantities Limited

2001 W.P.S.
416-239-3411

® 30 Day Warranty
® Freight and C.0.D. extra.

6 Circle No. 4 on Reader Service Card
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Maky o, b

Lansdowne Park, Ottawa

800 Booths

of electronic components, instrumentation, CAE/CAD/CAM & Robotics & supplies

s Get Factual Advice

’ See the latest technological
advancements

ﬂCompara hundreds of
suppliers & prices

a0 Relax, join old friends
meet new ones

For More Information, Call or Write: Canadian High Technology Show
2487 Kaladar Ave., Suite 214
Ottawa, Ontario K1V 8B9
(613) 731-9850
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CROSS-16 META

ASSEMBLER

Table driven 8/16 bit cross-assembler

Tables & Example Source Files are included for
ALL of the following processor families:

1802 3870 64180 6502
6801 6805 6809 6811
68000 8048 8051 8085
8086 8096 Z8 280

Manual contains full instructions for creating
new tables for other (future) processors.

= Produces 8/16 bit Intel and Motorola hexcode.

« 5" DSDD for PC/MS-DOS 2.0 or greater

$9Q 95 US $13995 CDN

Worldwide shipping (AIRMAIL) & handling included. Credit
Card orders {$139.95 CDN) please specify: Card number,
name on card and expiry date.

Universal Cross-Assemblers

P.O. Box 384, Bedford, N.S.
Canada B4A 2X3
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ABS Plastic
Instrument Cases

4 Sizes 1.3 x 3.6 X 6.1t02.5 x 8 X 7 (in.)
5 colors, black, grey, beige, blue and brown
Integral pc board mounts

FREE LITERATURE

HAMMOND
MANUFACTURING..

394 Edinburgh Road, North
Guelph, Ontario N1H 1E5
Tel: (519) 822-2960

(416) 456-3770

Circle No. 8 on Reader Service Card

e Autoranging and

e Volts, ohms, diode

e Audible Continuity

e 3 year warranty (21/23)
o Totally Sealed against

e Reading HOLD

e Wide variety of

e (0.1C (0.2 F) resolution

e Scan, Differential and

FLUKE]
®

20 Series Digital/Analog Multimeters

¢ Digital/Analog Display for changing

and stable signals
Touch Hold features

test, milliamp, 10A
(some models)
Hioverload and
transient protection

Testing

water, contaminants (25/27)

* Rugged and shock resistant

1900 Series Multifunction Counters

e Frequency, period, period averaging,

and totalize measurement functions

e Seven digit

display (six
digits on
1900A)
Totalize to
9,999,999
counts
(999,999
on 1900A)
Frequency
measurements to 80, 125,
250, 520 Mhz (depending on model)
Autoranging

Rechargeable battery pack model
available

50 Series Digital Thermometers

e Works with K-or J-type thermocouples
e Qperator can selectreadoutinCorF
e Simple, push-button controls

for all functions

button freezes
display for viewing
convenience

interchangeable
thermocouple probes

over entire measurement
range of instrument

Min/Max Recording (52 only)
The only handheld digital thermometers
backed by a three year warranty

Accessories

A wide range of accessories are
available to extend the Voltage,
Current, Temperature and R.F.
measurement capability of Fluke
instruments.

For the distributor nearest you
contact:

aﬁ?ﬂ Allan Crawford Associates Ltd.

Calgary 403-295-0822

Toronto 416-890-2010 Montreal 514-731-8564
Vancouver 604-988-2195 Ottawa 613-596-9300
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MARKET PLACE

MEMORY SAVE BATTERIES 1
RECHARGEABLE NICKEL-CADMIUM I

3.6 VOLTS i
@ 100 MAH |

COUPON

PCB Mount CHARGE RATE - 10MA MAX

DIm (IN/PO)
.|== surrorY FINS 1.65L X .8W X .6H.

Send cheque or money arder plus $2.00 I
for postage/handling, Que residents add PST. §

:_m OJ n:: '~ / (514) 259-5581 jl
’ J = JE4) 1) B (514) 5221432 ¢
1 7454 LANGELIER ST-LEONARD QUE. H1S 387 i
3117A HOCHELAGA ST. MONTREAL PQ. H1W 1G3

L-------_---------,---

o

£

3

3
00)
©
0
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I SPECIAL BUSINESS SYSTEM PACKAGE:
SMC TURBO PC/XT COMPLETE

» 640 RAM expandabie to 1 Mb on board
' * 4,77 mhz - 8 mhz. V20-8 AWARD®
* soft switch selectable clock speed s .
I * 150 watt CSA power supply Licenced Bios
* (1) Panasonic disk drive
I * Disk drive controller card
¢ (1) 20 Mb seagate wicontroller $ 1 649 2 OO
I » Color graphic or mono/graphic card
 Serlal/iparallel/clockicalendarigame port
' * High-quality AT style detachable keyboard
* High-quality composite or TTL monochrome monitor

Same system as above with Roland Pr 1012 Printer & Cable $2029.00

**ONE FULL YEAR WARRANTY (PARTS & LABOUR)**
DEALER INQUIRIES WELCOME
Business Hours:
Monday-Friday
9:00 am - 9:00 pm
Saturday

I REPAIR SERVICE & TECHNICAL
UP-GRADE AVAILABLE

i m Super Micro Computer System’s dnc.

| 3261 Kennedy Road. Unit #1 Scarborough, Ontario,
M1V 2J9 Tet. (416) 292.9977

T D

R E——

r---—----——-‘—-

Regular price $4.00 each. With this
coupon $2.00 each. Check availabi-
lity from order form/advertisement

in this issue.
Ontario residents, please add 7% P.S.T.

o o o o o e =) o = (o [ G ST
Electronics Today March 1987
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McTOALILT HESS
THE NEW ERA IN MEMBRANE SWITCHES

* Make your Own graphic insarls
L LXA RPN Change them in seconds to sult
& X% YOUR SPECIAL PROJECT

Brorect <®  Attractive laxan face
* Sham disptay of graphics
ABC,D + Rigid PC8 backing
= Waler thin; 0.J00"
* RFI & EMI Shielded
3 4 5 6 Vo FCCIVDE Standards
* Roughed connector tor

74 8 9 0 Wire wiapp. direct solder or
plug in {i.e. Berg Ciincher)

* Canadian

Cat. no 750161
Compiete with Insert kit

$39.95

—m 812 cm—

Over the last twanly years, Membrane swiiches have established their
presence in all areas of the eiectronics industry. From 1ime to time various
manufacturers iniroduced kils and standards varying in compiexity,
avallability, price, and results. Leaving you battle to get the attention of big
corps and then with a little iuck. the product you wanled. (Frustrating was it
not!) The 750 Series we are introducing is uniike anything you have seen
befora It is & seif contained industrisl Guality product ready to work the in-
stant you open 1he package. You can use it for thal rush project, leaving it
installed permanently, or switch it from project 10 project in seconds

Experience the drawing of a new era order today, use tha coupon and save.
Unit 30, 888 Bivd. St. Joseph Drummondvilie Qc¢, J2C 2C5

z‘ Vel (819) 478.1713 “
INTRODUCTORY OFFER: For a limited time (until Apn! 30 1987} Send che.
que or money order with coupon Only $29.95 per Cat. no. 75016 1(NO COD)
Limit; 10 switches per order. Add $2.95 Post
Dealer snquries wanlad,

= e . e NOANOD LNNOOSIG %7 e e e o e ]

L p—

Product Mart

CLASSIFIED ADVERTISING FORM

Rates: The basic one time insertion rate is $1.50 per word (Minimum 25 words) The rate of

$3.50 per word allows your advertisement to run in all three publications (Com
puting Now!, Electronics Today. and Computers in Education) Headings, logos and
reverse advertisements are available for an additional $30.00
Special discount rates are available for multiple insertions They are as follows

25% for 12 consecutive insertions

15% for 6 consecutive insertions

10% for 3 consecutive insertions
These rates apply only to the prepayment of the entire sum

Send a cheque {deduct applicable discounts) along with this order form

Classification:

Copy:
1 [ Ty 4
b * 8 9 0
n 12 13 14 15 o
1 % 18 19 R = |
- SO — — ——
n b7 23 -{ 24 [ 25 l
. I\ }
R 27 8 & ]
n 7] 3 34 35 !
* i 8 ) 9 S |
= — - SEESISEII (E— — = -
41 42 | 43 44 a5 J
a4 47 Tdh & 9 50 - I
Name = SN Bt
Address s - s
- - T R ———
Phone - - =
Mastercard Visa Amencan Express Card Number Expiry Date
Signature

— : & — L=
-—— 5

Please contact: Moorshead Publications
1300 Don Mills Rd, Don Mills, Ontario M3B-3M8

(416) 445-5600




‘Suitable for use in a variety of applications, but primarily
intended for balancing central heating radiators.

THE ORIGINAL idea behind this ther-
mometer was for a device to permit easy
balancing of radiators in a central heating
system. With a conventional thermometer
at each end of the radiator it is difficult to
monitor them both continuously due to
the distance of a few feet which separates
them. The problem can be considerably
eased by having electronic temperature
sensors which feed into an electronic unit
that displays both temperatures digitally.

It would, of course, be possible to
have two independent thermometer cir-
cuits with separate displays, but this is a
rather expensive soulution to the problem.
The alternative utilized here is to have a
single display with the reading being taken
from the sensors alternately. Switching
from one sensor to the other is automatic,
and a couple of LED indicators show
which sensor is being read at any given
time. In practice this system is easy to use,
and is not really any less convenient in this
respect than having twin displays.

The unit is not restricted to the ap-
plication outlined above, and it has many
other possible uses. It could be used in
photographic applications, another use is
in heat experiments in schools. Here it is
often necessary to monitor two tempera-
tures simultaneously, and for demon-
10
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Fig. 1 Block diagram of the thermometer

stration purposes an electronic instrument
with a fairly large and easy to read display
is obviously ideal. The unit could also be
used in the home to show inside and out-
side temperatures although it will not read
below 0 degrees.

The temperature range covered is 2 to
100 degrees Centigrade, but this can be ex-
tended to 2 to 110 degrees Centigrade if
desired. The display is a 3%z digit liquid
crystal type, giving a resolution of 0.1
degrees Centigrade, although the accuracy
of the unit does not require this level of
resolution over the full range. However,

for comparison purposes a high degree of
resolution can be very useful. The use of a
liquid crystal display and a low consump-
tion chip to drive it results in the unit
having a low enough current consumption
to permit economic operation from a
small nine volt battery. In. fact, the ma-
jority of the nominal nine milliamp cur-
rent consumption of the unit is accounted
for by the two LED indicators. The finish-
ed unit is very easy to calibrate, and either
an accurate thermometer or a good quali-
ty digital voltmeter is all that is required.

Electronics Today March 1987
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Fig. 2. Circuit diagram of the voltmeler circuit.

System Operation

A unit of this type is a highly complex
piece of equipment, but the use of a
digital voltmeter chip as the basis of the
circuit dramatically reduces the compo-
nent count. Most of the components are
involved with converting temperature to a
linearity proportional voltage, and with
the automatic switching between one tem-
perature sensor and the other. Fig. 1.
shows the block diagram for the unit.

The temperature sensors are modern
integrated circuits designed specifically
for this purpose, and they provide an out-
put equal to ten millivolts (0.01 volts) per
degree Centigrade. This is very conve-
nient, as with the voltmeter having a full
scale value of 1.999 volts, and with the ap-
propriate decimal point of the display
switched on, this gives a direct reading in
degrees Centigrade with 0.1 degree resolu-
tion. With most temperature sensors there
is a DC offset to balance out, but this pro-
blem is avoided with the particular type
used here.

The output of each temperature sen-
sor connects to the input of the digital
voltmeter by way of an electronic switch.
One of these switches is operated direct
from the output of a low frequency
squarewave oscillator, and it connects
temperature sensor 1 through to the input
of the voltmeter during positive output
half cycles from the low frequency oscil-
lator. The other switch is fed from the
oscillator via an inverter, and it connects
temperature sensor 2 through to the input
of the voltmeter during negative half
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cycles from the oscillator. This gives the
required alternate switching action at a
rate which is governed by the oscillator.
The oscillator and inverter drive the two
LED indicators.

The temperature sensors require a
supply voltage in the range four to 30
volts, and with the circuit powered from a
nine volt battery, on the face of it there is
no problem in this respect. In reality
things are not as simple as this, and the
problem stems from the fact that the
negative input to the voltmeter is not at
zero volts, but is nominally 2.8 volts
below V +. This effectively gives a supply
potential of just 2.8 volts for the tem-
perature sensors, which is obviously in-
adequate.

In order to avoid the need for a sec-
ond battery, an oscillator, rectifier, and
smoothing circuit are used to provide a
voltage doubler action. Due to inefficien-
cies in the circuit this gives a supply poten-
tial for the temperature sensors of about
+15 volts rather than + 18 volts. This
boost of about six volts gives a true supply
voltage to the temperature sensors of
almost nine volts which is comfortably
more than the minimum requirement of
four volts.

Voltmeter Circuit

The circuit diagram of the voltmeter sec-
tion of the unit is shown in Fig. 2. This is
centred on ICl, which is an ICL7106
DVM chip. This is the version of the chip
designed for use with liquid crystal dis-
plays, and there is also a version of LED

displays (the ICL7107). Where battery
operation is required the latter is not a
very practical choice due to the relatively
high current requirement of LED dis-
plays.

IC1 uses an integration process to
provide the voltage to digital conversion.
It consists basically of a 32 digit decimal
counter fed from a clock oscillator, plus
the integrator and some complex control
logic. Looking at its operation in a some-
what oversimplified manner, the inte-
grator converts the input voltage to a
pulse of proportional duration. The clock
signal is allowed to pass to the input of the
counter circuit only for the duration of
this pulse, and the longer the pulse, the
greater the final count that is displayed.
The circuit includes latches so that a valid
display is always provided, and the count-
ing action is not apparent to the user. The
circuit automatically takes several
readings per second.

Resistor R3 and Cl1 are discrete com-
ponents in the clock circuit. The exact
clock frequency is unimportant except in
that it controls the number of readings per
second. Usually a rate of just two or three
per second is used, but in this case a
higher rate is preferably. This is due to the
switching of the input voltage source,
which is not synchronised with the taking
of a new readings (and cannot easily be
synchronised with this). Switching of the
input source inevitably occurs during the
course of a reading being taken, rendering
that reading invalid. Having a high read-
ing rate results in any invalid readings
being almost instantly up-dated by correct
readings, and prevents misleading or
ambiguous results from being obtained.
The specified values give about a dozen
readings per second.

Resistor R4 and VRI1 are part of a
reference voltage generator circuit; VRI is
adjusted to give the circuit precisely the
correct level of sensitivity. RS and C3
form a lowpass filter at the input of the
circuit. The purpose of this is to combat
noise on the input signal which might
otherwise give unstable readings. Most of
the other components are concerned with
the integrator and the automatic-zero cir-
cuit (which avoids the need for any
manual zero adjustment).

A simple inverter stage is formed by

R1, R2 and TRI1. This is used to drive the
appropriate decimal point of the display
with the inverted BP (back plane) signal.
For those who are unfamiliar with liquid
crystal displays it should perhaps be ex-
plained that they are not driven from a
DC source like LED displays, but must be
driven with an AC signal. A DC drive will,
in fact, operate segments of a liquid crys-
tal display perfectly well for a while, but
““burning’’ would result after a few hours
Continued on page 26 11



Build this bulk eraser for your Audio Tapes

By Harold Wright

HERE’S a simple and easily built eraser
for audio tapes that doubles as a demag-
netizer for shop tools. It is built almost
entirely from scrap parts: a few small
pieces of wood, a discarded tube-type TV
receiver power transformer, a switch and
a power cord,

First locate one of these old trans-
formers, the heavier the better (most ex-
perimenters have a couple kicking around
in the basement). It must be in good con-

4N

dition and show no signs of overheating
or burning. Remove the four long bolts
that hold the laminations together; the
laminations must be removed and this is
not as difficult as it may seem. The trick is
to first remove the wooden wedges that
hold the laminations tightly in the coil
form. Sometimes they can be pried out or
drilled out using a long, thin drill in
several places in each wedge. Be careful
not to let the drill penetrate the coil form.

Once the wedges are out, break the
first lamination away from the others
using a thin bladed pocket knife. The
laminations are made in an “E’’ form
with a straight strip to close the ends of
the “‘E’’ legs. The laminations are stacked
so that the ““E”’ section positions alternate
with the adjacent lamination. This is
shown in Fig. 1. The strips come loose
easily, but the centre leg of the ‘“‘E”’ sec-
tion, particularly the first two or three
laminations, is more difficult. Free it with
a knife blade around the outside and if
possible, part way down the center leg,
working from both ends. Set the trans-
former on a wooden block, with the lami-
nation to be removed just clear of the edge
of the block. Drive the first lamination
from the core using a hammer and a flat
ended screwdriver that has a good square
face on its blade end. Don’t be worried
about damaging one or two laminations at
this early stage. They will not be missed
during the re-assembly, in fact it may be
necessary to leave a few out. The varnish
coating makes it difficult to return all the
laminations to the original stack. Once the
first few are free, the difficult centre leg
can be freed by pushing a knife or a long,
thin screwdriver down between the lami-
nations. Try to avoid bending the lamina-
tions; bent ones must be discarded
because it is almost impossible to
straighten them.

After the laminations are all out,
remove the outer, low voltage windings
and the high voltage winding leaving only
the 120 volt primary in place. Be very
careful not to damage the connections
between the primary leads and the
primary winding. Re-assemble the lamina-
tions into the coil form, with all the “E”’
legs facing the same way; the striaght sec-
tions are discarded. Two of the long bolts
should be replaced in the two remaining
holes. Slip a small angle bracket on each
bolt before replacing the nuts. These will
be used to fasten the transformer onto the
wooden base. Tighten the nuts only slight-
ly at this point. Brush urethane varnish
liberally on the ends of the ‘“‘E’’ section
and down the sides of the outside legs, let-
ting it seep between the laminations as
much as possible. This will reduce buzzing
noises. Clamp the ends of each leg with a
“C”” clamp and tighten the two nuts. Set
the assembly to one side until the varnish
dries.

Re-stacking the laminations in this
fashion reduces the primary impedance to
a marked degree. If it was connected to a
power line and left turned on, it would
likely overheat badly and be damaged or
even set on fire. It is for this reason that
the switch used must be a spring loaded
type that goes to ‘“‘OFF’’ automatically
when released; the switch should have a 10
amp 120 volt rating. Mount the switch so
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Bulk Eraser
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Fig. 1. Showing how, in the transformer, the E leg and bar sections alternate in position. The

E leg and bar are fitted together very tightly.
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Fig. 3. The electrical wiring diagram.
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that ““on’’ is down. A fuse is necessary
safety precaution. The value required will
be determined by the type and size of the
transformer used. The prototype trans-
former drew about 6.0 amps when “ON’’.
If you have a meter with a ten amp rating
(AC), finding the proper value will be
easy.

No dimensions are given for the box.
The size of the surplus largely determines
this. Room will be needed at one side for
the switch and fuse holder. The back, bot-
tom and sides can be made from scraps of
3/4 inch pine lumber, the top and front
may be made from scraps of thin panel
board. The inside height of the box is im-
portant. It must match exactly the height
of the “E’’ legs of the core so that the
three ends of the “‘E’’ are flush with the
top faces of the box sides. It is necessary
for the ends of the “‘E”’ legs to be as close
as possible to the object being erased. A
piece of thin plastic panel would be even
better than the panel board for the top of
the box. There is a very powerful and con-
centrated magnetic AC field above the
poles. This is shown in Fig. 2. The top
must NOT be made of metal, not even
non-ferrous metal. Make a hole in the
back wall to pass the power cord through.
Anchor the cord inside the box with a
small clamp. The wiring circuit is delight-
fully simple and appears in Fig. 4.

Operation

Plug the unit into a power receptacle.
Hold the switch down and place the reel
or cassette on the top face for a few
seconds, sliding it around in a rotational
pattern. Keep the switch down and slide
the tape slowly off the top until it is com-
pletely clear of the magnetic field, then
release the switch. Tapes erased this way
are less noisy than those erased by record-
ing over the top of a previously recorded
program. Professional audio personnel
and broadcasters use a similar system for
erasing audio and video tapes. For video
tapes the device is usually larger. The pro-
totype was tried on a video cassette and
did an *‘almost’’ job of erasing the tape.
If you are lucky enough to have one of the
large, low voltage transformers from an
early type computer power supply, you
could have an eraser that could handle
video cassettes.

The unit is also excellent for de-
magnetizing shop tools. It will de-
magnetize screwdrivers, drills, pliers and
wrenches, even quite large wrenches. The
same rotational and withdrawal techniges
described for tapes should also be used for
tools. Tools come off this eraser com-
pletely clear of residual magnetism. A
commercial version of this eraser, in a
Toronto wholesaler catalog, is priced at
$182.00. Your cost for the unit described
here might be $2 to $3 for the power c:rd.
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Veroboard is a familiar material to most constructors.
Here are some facts you may not have known, along
with plenty of hints and tips for its use.

THE BEST and easiest way of building a
circuit is undoubtedly by using a ready-
made, custom-designed, printed-circuit
board. All the layout problems have been
solved by someone else, all the com-
ponents will fit providing they are as
specified, so all that is required is to
mount them and solder.

But a ready-made board may not be
available, and will not be if the design is
your own. The next option is to etch one
yourself. For this you will need etching
solution, a suitable plastic bath, an etch-
resist pen or transfers, and a drill to make
the holes for the component wires. If you
make a lot of PCBs all these will be at
hand and you’ll take the job in your
stride. But if your project building is less
frequent, making a one-off board is ex-
pensive and something of a chore.

So we turn to the humbler Veroboard,
which consists of a board printed with
copper strips along its length and drilled
with a matrix of holes. The strips can be
cut at any desired point, so a wide variety
of circuit configurations can be created.
Many experienced constructors tend to
look down on Veroboard, and indeed it
has some disadvantages, but this disdain is
unjustified, for most of the snags can be
overcome with considered layout.

The pitch of the strips and that of the
holes along them is 0.1 inches (how did
this escape metrication?) which means
that IC pins can be inserted readily in the
board. There is also a 0.15 matrix which is
less popular now because it is incompati-
ble with IC pins. It is useful, though, for
larger discrete components if you can get
hold of it.

14

By Vivian Capel

Some variants of the normal
Veroboard are Verostrip in which the
strips run across the width of the board in-
stead of the length, and V-Q board. The
latter has the strips cut after every four
holes thus avoiding the need of cutting
(Fig. 1). It also saves space because you
lose a hole with each cut on Veroboard,
whereas the V-Q cuts are between holes.
The snag is that there are no complete un-
cut strips which are needed for supply and
ground lines. An improvement would be
to have every fourth or fifth strip uncut
for this purpose.

Electrical Characteristics

There are two factors which are
sometimes queried with matrix board, and
these are the capacitance between strips,
and their resistance. Neither are mention-
ed in the supplier’s catalogues. It may be
though that the inter-strip capacitance
would be quite large; however,
capacitance is proportional to the facing
area of the adjacent conductors. As the
strips are laid edge to edge, the facing area
is quite small.

Actual capacitances measure 2.5p per
inch between adjacent strips for the 0.1
matrix, and 1.6p for the 0.15. The smaller
capacitance of the latter is because the
conductors are farther apart.

Capacitances of this order should prove
no problem for any circuit other than
those involving the higher radio frequen-
cies in the megahertz range. It should be
remembered, though, that transient pulses
can contain frequencies in the RF spec-
trum and a sensitive part of the circuit
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Fig. 1. VQ board consisting of matrix board
divided into groups of four holes.

could be triggered by a large pulse on an
adjacent strip. The rule is, then, to keep
such ill bedfellows well apart.

The other factor is resistance. If you
connect an average ohm meter across a
Vero track it will read zero resistance.
That doesn’t mean that there isn’t any,
only that it is too low for the meter to
register; most will not indicate readings
below around half an ohm.

The disadvantage with Vero, is what is
said to be an advantage with a certain
popular domestic product - all those little
perforations! Each hole takes up over half
the track and so conductivity is reduced at
each one.

The resistance for 0.1 matrix is 10 milli-
ohms per inch length. For the 0.15 matrix
it is 7.5 milli-ohms per inch, If, for exam-
ple, a one-amp signal current flowed
along a five-inch length of 0.1 vero, there
would be a 50mV drop across it. Currents
of several amps are by no means unusual
in output or even driver stages, so supply
or ground lines common to earlier stages
could be feeding back sizeable signals,
resulting in instability and other ills.

There could be significant feedback
with much smaller currents, such as bet-
ween the input and output circuits of
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high-gain op. amps with common tracks.
Another possibility is that decoupling
capacitors could actually inject unwanted
signals on an ground run common to
another part of the circuit. One very
troublesome fault experienced by the
author on a prototype proved to be due to
this very cause.

In power circuits, grounding points
must be carefully chosen, especially for
reservoir capacitors. These carry ripple
current which is equal to the total supply
current, so appreciable hum voltages can
be developed over quite short print runs.

For vulnerable tracks, such as those for
supply and ground, the resistance can be
lowered by running solder along the entire
length of the track. This has been found
to drop the resistance by nearly a half,
from ten to six milli-ohms per inch.
Another solution is to use two adjacent
tracks for the same supply but link them
only at the supply end. One should feed
the output or high current stages and the
other the input sections.

Layout

The first thing to do when devising the
layout for a circuit is to plan it out on
paper. To construct it ‘‘as you go’’ rarely
works out unless the circuit is a very sim-
ple one or you have plenty of board space
to spare. Usually you find that an extra
hole or connecting strip is needed where
there isn’t one, so several components
must be re-sited to make room.

It would be nice if pads of Vero plann-
ing paper were available so that com-
ponents could be sketched in, just as it is
for Veroblock, the solderless prototype
breadboard system. Unfortunately none
has been produced as yet; perhaps some
enterprising manufacturer will take the
hint and fill the need, but until then paper
planning means ruling your own. This is
quite a chore, but well worth it as once
you have got it right on paper, construc-
tion is much easier.

It helps to make the plan larger than the
actual board, say twice normal size. Com-
ponents too will have to be scaled up pro-
portionately. When ruling the paper make
several carbon copies to save repeating the
job if more plans are needed. Better still,
if you have a computer and printer with
graphics capability, make a plan and store
it for future use.

A common pitfall is to allow too little
space for some components, so check in
advance how many holes are covered by
each. Resistors and capacitors can be
mounted either vertically or horizontally.
When resistors are mounted horizontally
they span about three or four holes, but
when fitted vertically they can usually be
connected across adjacent ones. Vertical
mounting is more economical, but
Electronics Today March 1987

horizontal fitting can be useful when the
component must bridge across to another
part of the board.

Capacitors are generally available in
two formats: radial, with the wires coming
from the same end for vertical mounting,
and axial, with a wire at both ends for
horizontal fitting. Axials can be mounted
vertically, but take an extra hole in this
position than their radial counterparts.

Planning

Having determined the space required for
each component, positioning on the plan
can commence. The first step is to
establish the power supply and ground
strips. It is usually most convenient to put
these at the two edges of the board. If

tions or for quick substitution servicing.

Connections to conventional boards
should be brought out as near to the edge
as possible to make the later soldering of
connecting leads easier. Terminal points
buried amid a forest of components are
not easy to locate or connect.

One of the drawbacks with matrix
board is that all connections to a single
point in the circuit are strung out in a line,
instead of being grouped in a cluster as
they are with custom-made PCBs. This
means that stages tend to spread horizon-
tally, merging with other parts of the cir-
cuit, thereby making later circuit iden-
tification difficult.

A cluster can be achieved with Vero by
using two adjacent strips (Fig. 2). The

{a)

Fig. 2. When several connections have to be made to a single point as in circuit (a), the result on
Vero can be elongated as in (b). A more compact and convenient group can be made if two adja-
cent strips are used. A link can be made by soldering a wire from one component across the two

strips (c).

there are two supply lines, a positive and
negative, these could go on opposite edges
of the board, and the ground conductor
along the middle. Alternatively, the two
supply lines can be two adjacent strips at
one edge with the ground at the opposite
edge. With this layout there is less
likelihood of confusing them when the
board is turned over than if they were at
opposite edges.

Next, sketch in the components lightly
in pencil so that alterations can be made,
and ink in when finalized. Remember to
mark in the polarity of diodes, transistors
and electrolytics. Position the major com-
ponents in such a way that their associated
small components can be mounted around
them and link easily with their feed cir-
cuits. Usually this means orientating the
component with its positive electrode
toward the positive supply line, and the
negative and ground wires toward their
respective supplies. Sometimes a sideways
aspect facilitates the connection of other
related components without hindering the
connection to the supply strips.

Remember that the board has to be
supported, so extra room must be allowed
for fixing screws or stand-off posts. Alter-
natively, Veroboard can be obtained with
the strips terminated with edge-connector
contacts. These can be plugged into a
mating connector which both connects
and supports the board. This is ideal for
equipment where boards need to be quick-
ly changed to provide alternative func-

snag is that they have to be linked and this
means the loss of one hole from each for
the linking wire. To avoid this, one of the
wires from a component can be extended
from its hole to a hole in the adjacent
strip, thus losing only one hole, or it can
just be soldered flat on the adjoining strip
without losing any. Other holes would be
lost, though, because four cuts, each
using a hole, would be needed to isolate
the two strips instead of only two for the
single one. Cuts between holes can be
made with a sharp knife if space is at a
premium, but it is better to use a cutting
tool on the hole.

It is not essential that all connections be
made via the print; if two or three small
wire-ended components are vertically
mounted close together, their free ends
can be easily connected. Instead of twist-
ing the wires which makes them difficult
to free later if required, a spiral wire con-
nector can be made up and fitted. This is
formed by winding a short length of 22
AWG wire on a small screwdriver shaft to
make a spiral some Smm in length (Fig. 3).
Slip this over the wires and solder. To
remove a wire, just melt the solder and lift
off the spiral. All the connections in
pre-war Philips radios were made in this
manner.

But back to our planning. Give par-
ticular regard to the possibility of
common-impedance coupling discussed
earlier. Avoid it by arranging the return
from any high current components to be

Continued on page 29 15



Automatic

Car Alarm

Protect your car and its contents with this easy to use alarm.

MANY DIFFERENT methods of detec-
ting illegal entry to a vehicle have been
tried, from motion or vibration of the car
itself to small voltage drops appearing at
different parts of the car electrics. This
design uses the large voltage swing that oc-
curs at the ground end of the courtesy
light, as the car door is opened, as a trig-
ger source.

By Paul Harding

No holes need be cut for keyswitches
in the body of the car since the circuit is
both fully automatic and is provided with
entry and exit delays.

The circuit is enabled and disabled by
the ignition switch—it will arm within
about ninety seconds of turning the igni-
tion off (the exit delay), and can be
disarmed at any time by turning the igni-

tion to Phase 1. To act as a preliminary
warning to both authorised and unautho-
rised users, a buzzer sounds during the en-
try delay period of approximately twelve
seconds. The courtesy light is also held
switched on, so that the ignition switch
can be found quickly and easily even on
wet evenings when the user will far prefer
to have the car’s door closed.
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Automatic Car Alarm
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ety Fig. 1. Block diagram of the Automatic Car Alarm.

As is required by law, the circuit will
switch off after a preset time. This time is
set with a link to be either 1.25, 2.5 or 5.0
minutes, approximately. The relays speci-
fied for the project are rated at 10A for
the horn and 2A for the courtesy light; in
most cars this will mean that additional
relays will not be needed. The project is
suitable for negative ground vehicles only.

Circuit Operation

Consider the block diagram (Fig. 1), and
assume that the exit delay has timed out.
If one of the car’s doors is opened, the
courtesy light line becomes active, and the
flip flop is set. The entry delay introduces
a pause before the main alarm is triggered.
If during this time, the ignition switch is
moved to phase I the alarm resets and no
further action is taken. If this is not done,
however, the entry delay will time out,
enabling the clock, and hence, via the
binary counter, and driver stages, the
car’s horn.

After a preset number of clock

pulses, Qn will swing high and reset the
flip flop. If the car door has been closed,
the circuit will switch off and rearm itself.
If the car door is still open, the above pro-
cedure will repeat. To prevent the alarm
being triggered as the user leaves the car
the exit delay holds the flip flop reset for a
short time after the ignition phase 1 line
becomes inactive.
The ‘‘out of phase’’ detector is active dur-
ing the time that the flip flop’s output
is high and the entry delay’s output is low,
i.e. during the entry delay period. During
this time, the warning buzzer is sounding,
and the courtesy light is held on regardless
of whether the car’s door is open or clos-
ed.

Note that the logic levels referred to
above do not necessarily agree with those
in the actual circuit.

Looking now at the circuit diagram,
Fig. 2; Cars are intrinsically electrically
noisy places, and R1 to R4 protect the cir-
cuit’s inputs from spikes, D6, R11 and C5
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remove spikes from, and decouple, the
supply lines.

The exit delay function is provided by
C1, R2 and ICla. When the voltage across
Cl is greater than the upper input

threshold of ICla, as is the case when the
IGN line is high, and for a short time after
it goes low, the gate’s output holds the flip
flop around IClb, and IClc reset, and
hence C2 fully charged, regardless of the
status of the CL line. As Cl discharges,
the voltage across it will cross the CMOS
lower input threshold, ICla’s output will
swing high, and the circuit will arm. DI
ensures that any other items connected to
the IGN line do not rapidly discharge C1
as the ignition is turned off, thus disabling
the delays.

With the exit delay timed out, circuit
operation is as follows: When the car’s
door is opened, IC1b’s output swings
high, and IClc’s goes low. This condition
is latched. Capacitor C2 starts to
discharge through IClc¢ via R6. When the
voltage across C2 reaches the CMOS low
input threshold, the combined clock and
counter IC2, is enabled, and the relay is
driven from the now pulsing output.

The Qn output of IC2 will go high
after (2 to the power of n-1)/16 pulses as
measured at the Q4 output, where n=12,
13 or 14. When this happens, pin 12 of
IClc is pulled low by the output of IC1d
via D2, the former’s output swings high
and C2 rapidly charges to Vdd via D3.
The counter is reset, the clock disabled,
and the circuit rearms. Taking the IGN
line high at any time will have a similar ef-
fect. With the component values shown
the turn off time is approximately 1.25,
2.5, or 5.0 minutes, with n=12, 13, or 14
respectively.

The tone generator is a standard
Schmitt trigger oscillator driving a piezo
resonator, X1. Three of the NAND gates
in the circuit are required to be Schmitt
trigger types, because they are fed from
slowly changing voltages. These are
shown with the Schmitt symbol on the cir-
cuit diagram. For ease of PCB design,
however, all the remaining NAND’s are
also Schmitt’s although this is not
necessary for correct circuit operation.

The relay drivers are standard com-
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Automatic Car Alarm

mon emitter switching circuits. Diodes D4 completed PCB placed upside down in the
and DS protect their respective transistors case, short lengths of tinned wire (use
from reverse EMF’s as the relays switch heavy gauge for the horn and the courtesy

off. light connections) can be screwed into one

side of the connector block and the other
Construction end soldered to the correct pad on the
Construction should not present any pro-  PCB, passing over the notches. An

blems, assuming a soldering iron with a adhesive foam pafl stuck onto RLA and
fairly fine tip is used. Insert and solder the the case bottom will ensure that the board
three topside links, into the PCB (Fig. 3),  is mounted securely. It would be wise,
first; one of them is partially covered by however, to test the circuit first.

IC2 and so must not be forgotten at this If the cased version of the piezo-
stage! The links should be followed by the ~ resonator is being used, it can be glued or
resistors and diodes. Link 1 on the under- bolted to the outside of the case and its

side of the board can then be made to the Iegds brought inside through_a small hole
appropriate pad using, preferably, PTFE  (Fig. 4). The uncased version needs a
insulated wire (the insulation does not larger hole cut in the case; its brass face
melt at normal soldering temperatures). will then glue under the hole. Two fine
Do not forget RS, R8 and R9, which also wires needed to be soldered to the uncased
mount under the PCB IC sockets are resonator, one to the silvered centre, the
recommended for the ICs. Next come the other to the brass surround. Leave the
capacitors and transistors. Ensure that the iron in contact with the silvered face for a
transistors, diodes, and C1, C2 and CS are short time as possible.

orientated correctly. CS must have a lead .

pitch of 2.5mm; if a 100u device to this Testing

of decay will be about ten times faster
than it will be in normal use.

As the observed voltage reaches
about four volts the buzzer will sound.
Remove the CL-ground connection. A
short time later a pulse train should be ap-
parent at pin 9 IC2, and the multimeter
should indicate alternately an open and
short circuit at the horn pads. If not, en-
sure that C2 has fully discharged, pin 11
ICl1 is low, and R6 is not open circuit.

After the appropriate time delay, the
circuit should switch off the rearm. An ex-
tremely thin pulse will be observed at the
Qn ouput of IC2. Retrigger the circuit by
briefly taking CL low. With the multi-
meter, check that the CL pad is grounded
during the time that the buzzer is soun-
ding.

Installation

The unit should be mounted in a dry
place, because the case is not particularly
watertight. The most convenient place will
probably be near the steering column,

specification cannot be found, a 47u com- Connect the circuit to a 12V power sup- since all the required leads will be nearby.
ponent will suffice. ply. Connect a multimeter switched to The connection diagram (Fig. §),

Lastly, solder in the relays and insert resistance across the two horn connectors. although not exhaustive, show the basic
the ICs into their sockets, again ensuring Briefly short the IGN pad to the positive idea. Use heavy gauge wire for the horn
correct orientation. They all point line. Connect the CL pad to ground; the connections, as they will probably have to
towards the top of the board. resonator should not sound. A high im- carry the full horn current of perhaps 8A.

If the specified case is used, the con- pedance voltmeter or oscilloscope The easiest way of making the con-
nector block can be screwed onto one of monitoring pin § or 6 of IC1 should show nections to the existing wiring will be with
its long sides. Cut some small notches a slowly falling voltage. Using a standard Scotchlock connectors. Alternatively, cut
along the side of the case. Then, with the (one megohm) oscilloscope probe the rate the relevant wire, slip on a length of heat

+12¥ 4]

HORN

RLAY
MORN

TR
8C239

COURTESY
) RLB LIGHT

L1 81
1NG0OY E \ e

COURTESY R3
uong -
n‘n m??u
iCta
o 409138 il
IN414B J .
n ¥ss
IGNITION % ~e3 1
C 2 1C1d
| Top c0938
| 19 ’ ‘u
—\— L ]
[ 1] Aan
1N 4001 100
10y 10 PIN 14,
IC1R1CIR 412V .
& 13
c5 T
! 100m/6Tp '_J_J 1c3b )
UG 1C3a 40938 1C3¢
. 40938 0918
TO PIN7
rlcu;ca
ov O .

Fig. 2. Complete circuit diagram of the Automatic Car Alarm.
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Automatic Car Alarm

Case, printed circuit board, 6-way SA con-
nector block; mounting hardware; wire;
heatshrink sleeving, etc.

shrink tubing, and solder the new wire
and the original two ends together, in-
sulating the joint with the tubing. In
locating the correct wires, and annotated
circuit diagram for the car will be found
very useful.

CASED VERSION

74 E— 7777 a

X1

UNCASED VERSION

Fig. 4. Mounting details of the two types of
piezo-electric sounders.
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Fig. 3 PCB layout and wiring.
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Random Number

Generato

A handy device for sports pools, bingo, and other
uses where random numbers are needed.

By N.P. Naughton

THERE 1S MUCH evidence to suggest Principle of Operation
that the *‘form book’’ is no guide to suc- priven by a clock pulse generator
cess on the football pools. This is why SO operating at around S0kHz, the main
many people adopt door numbers, b"'}h‘ logic circuitry of Fig. 1 counts up to 56 or
days or other random ways of making o 91 several hundred times per second.
match selections - and often win! Others After a burst of clock pulses from S1 to
frequently do not have time to study the counting circuits, the display freezes
form. This project offers a simple, time- on the number corresponding to the last
saving method of producing random particular pulse counted so that selected
numbers from 1 to 55 for standard pools pumbers are quite random.
coupons and also numbers frqm 1 to 90 Every number from 1 to 55 or 1 to 90
for playing bingo with the family or some exist for an equal period resulting in there
local group, perhaps. ) being no bias towards or against any par-
When the project’s pools/bingo ticular one. Numbers 56 and 91 are used
switch is in the desired mode, the select purely to produce reset pulses and are
button is pressed and after this is released myuch too short lived to be seen in the
a random number appears in the display. djsplay.
Although there may be some repetitions _ =~ .
of numbers, these should not be so Circuit Description
numerous as to be bothersome. A double In the circuit of Fig. I ICl is the versatile
zero which sometimes occurs is ignored. 74LS13 dual NAND Schmitt Trigger. The
The project uses 74LS TTL ICs and first half of this is connected in the
all components are readily obtainable multivibrator mode and with the values of
from most suppliers. C1 and R1 given, oscillates at a fixed fre-
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Random Number Generator

quency of about 50kHz. The second half
acts as a pulse shaper ensuring clean 2 [ [s n?&

pulses which are applied, via S1, to the
CK A input of the decade counter IC2. i 1 : 3
This IC operates as a units counter ' A i ] T T "

alongside IC4 which counts tens. HLS13 A4 b

It will be helpful to keep in mind that L0 e |

IC2 does not respond to the leading by SR sl S e (o i
(positive going) edge of a pulse applied to A
CK A. A pulse is counted only on its trail- n 330
ing (negative going) edge. Also a 74LS90
can only count if at least one Reset 0 pin {
and one Reset 9 pin are low. So long as 4
this last condition is true, IC2 repeatedly
counts incoming pulses in decades, from 0
t0 9. At any instant the number thus far e - S
counted appears at the Q0, Q1, Q2 and Ly iReT R0 £ E 1 I 5
Q3 outputs and these BCD voltage levels A IC4  mLs90 5 ] ez resw
are applied to the inputs of IC3. Q3 Q2 01 00  CKkB 03 02 01 cks ] |iceb
IC3 is a BCD-to-Seven Segment wos s ) m - i A
Decoder Driver designed to drive i L & A3
common-anode LED numerals Table 1
shows how this IC composes decimal IC6¢ s e i 0 IC6a s e s |
numbers from the BCD input levels. The DPRCI=BrTA Gl SR
74L847 is an active low driver which simp- 1C5 mise7 -— = R =
ly means that a segment is illuminated R = i ORI o
only when its associated output is low. X1 B T T TR R (T30 O 0 (3 O O £
displays the counted units.
In order to create a Carry pulse for

the tens counter, the Q0 and Q3 outputs >
of IC2 are routed to the three inputs of R2 éﬁe R Rﬂg : RIS
IC6a which is connected as a two input 4 <

AND gate. When the IC2 count reaches 9 o6Y
(see Table 1 and 2) IC6a turns on and its ? g i iy
output sets up a high positive level on the DISPLAY DISPLAY
CK A input of IC4. But when IC2 resets T X2 X1
to 0, IC6a turns off and the high level on D! ’
CK A goes to low. This negative transition
is the trailing edge of the carry pulse which
is then counted as mentioned earlier. IC5
decodes the tens which are displayed by
X2.

$1

INGOOY

Fig. 1. Circuit diagram of the Random Number Generator.

B

Resetting

The 74LS47 is functionally identical to the
older 7447 it replaces and both ICs com-
pose sixes and nines without ‘‘tails’’, that
is, segments a and d, respectively, are not
illuminated. This simplifies the problem
of resetting the counters at the required
times.

All reset O inputs must go high in
order to reset both counters to 0. When S2
is in the Pools position, all reset 0 inputs
receive the output of AND gate IC6b AUEYEE S Eey
whose three inputs utilise decoder out-  two zeros in the display, IC6b turns off INPUTS OUTPUT
puts. Remember that unilluminated seg-  and its output returns all reset 0 inputs to o OFF
ment outputs are high and a study of the low so that counting is resumed. When S2
tables will show that counting from  is switched to Bingo, IC6c controls reset- 233
zero—at least one low is always present on ting. Further study of the Tables 1 and 2 233
an input of IC6b until the count reaches  and the circuit reveals that IC6c turns on OFF
56. When this happens, IC6b turns on,  only when the count reaches 91. At this OFF
both counters are reset to 0 and, momen-  time, the counters are reset in the manner OFF
tarily, stop counting. However, number described for count 56. OFF
56 cannot exist in the display for more Operating S2 also resets the counters. ON
than the few nanoseconds it takes to reset This is because unconnected TTL inputs
the counters. Because resetting produces go high and for some brief instant during Table 2. Reset codes.
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Random Number Generator

switching, the switch arm is somewhere
between and not touching either of the
two contacts. All reset inptuts therefor go
high during S2 switching and so the
counters are reset.

Diode, D1 is a silicon type and its
purpose is to drop the 6V supply to the 5V
or so necessary for TTL.

Construction

In order to facilitate construction, and all-
parallel method of wiring is used for the
main circuit board, and the numeric
display is built as a sub assembly. The
main board is 0.1 inch pitch stripboard, 43
holes by 33 strips. This includes a spare
strip and rows of holes to cover edge

damage or provide an alternative route in
the event of a minor constructional
disaster.

Begin by drilling the two clearance
holes used for mounting the main board.
Next make all the circuit breaks and,
afterwards, brush the strips thoroughly to
remove copper swarf. (The writer finds an
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Fig. 2. Components layout and Veroboard hole cut-
ting details for the Random Number Generator main
circuit

board.
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old, cut-down shaving brush ideal for
this.)

It is strongly recommended that the
board now be closely inspected preferably
using some kind of optical magnifier. The
importance of close visual inspection can-
not be over emphasised particularly with
stripboard. Only when you are satisfied
that all breaks are true breaks and all stub-
born bits of copper have been removed
should you proceed.

The IC holders and components are
mounted next, ensuring that these are
positioned exactly as shown in Fig. 2.
With the board now well ‘‘signposted’’,
the wire links can be fitted. To avoid mak-
ing awkward little links, a single bare wire
is used to connect pins 10, 11, 12, 13 and
14 of IC1. Thread this wire under and
over through the holes as shown. Covered
or sleeved wire is used for the rest of the
links and after every few links made, dou-
ble check that these are in the correct
holes. Corrections are better made at this
stage than after completion.

The display board is 0-1 inch pitch
stripboard 11 holes by 12 strips. Having
made (and inspected) the breaks fit the
24-pin holder for the display ICs. Sixteen
lengths of thin flex about 7 inches long
connect the display to the main circuit but
first solder these to the display board.
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Random Number Generator

Fig. 3. Constructional details of the display
board assembly including Veroboard layout
and track cutting details.

Similarly, suitable lengths of flex may first
be soldered to the switches. It will help to
avoid wiring errors if the display ICs, are
now correctly inserted in their holder. The
top from the bottom of the display can
then be distinguished at a glance while the
conctions are now made to the main
board. After the switches have been con-
nected, resist temptation to twist any
wires into neat cords. To do so would be
to add extra stray capacitance which, at
the frequencies involved, could give rise to
anomalies. However, twisted flex can be
used for connection to the external battery
or power supply and this will complete the
electrical work.

Any suitable box may be used to
house the completed assembly but a
standard aluminum case measuring 105 x
133 x 38mm was used for the prototype.
The aperture for the numeric display was
made by first drilling a % inch hole,
enlarging this with a file, and finally,
shaping the aperture with a small flat file.
It will be found that the display ICs are a
tight fit in the holder and because this is a
low profile type, there will be a gap bet-
ween the holder and the ICs. Into this gap
is slid the display mounting bar, the
dimensions of which are given in Fig.3.
Where necessary, the bar holes may be
elongated or enlarged which, together
with free lateral movement of the display,
should absorb any small drilling and filing
errors. A piece of stripboard was used to
make the prototype bar but any material
of sufficient rigidity will serve.

Testing

Ensure that all ICs are correctly inserted
before connecting the 6V supply, then,
using crocodile clips, connect a 1000u
electrolytic across C1 (plus sign to pin 1 of
1C1). This will reduce the clock frequency
to about 1Hz or so. Holding down the
Select button will then enable the con-
structor to check that all numbers are
formed correctly; appear in correct se-
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Resistors — All resistors % watt 10%
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‘sr an' Tor ae Miscellaneous
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Product Mart

Where Buyers Find Sellers

BUGGED? WIRETAPPED? Find out fast! Countermeasures
equipment catalog $1. OCTE, Dept. ET, Box 173, Montreal.
H3X 3T4.

ORIGINAL exact parts, board and power supply for Jan/87
Tri-mode Cable TV descrambler article in Radio Electronics.
Complete set $89.95 postpaid. GENIE, P.O. Box 522, Montreal
H3S 2Va.

COMPUTER and Electronics parts. Priced to sell. Send for free
catalogue and get on mailing list for frequent. “Sale Flyers.”
M.O. ENTERPRISES, Box 2066, Bramalea, Ontario, L6T 3S3.

EXCITING Surprise pack of Electronic Parts $6.00, plus $1.50
shipping. New catalogue 2-34c stamps. Our surprise pack
wouuld make an excellent Christmas Gift. MP2 SCIENTIFIC,
33255 S. Fraserway, Suite 472, P.O. Box 8000, Abbotsford, B.C.
V2S 6H1. BC residents please add 7% Sales Tax.

CABLE TV DESCRAMBLING TECHNIQUES. 56 pages. $13.95.
Channel 3 notch filter $39.95. Amazing see-in-the dark infra-red
night viewer kit $295. SCA backround music kit $49.95.
Catalogs $1. OCTE(J) Box 173, Montreal, H3X 3T4
514-739-9328.

PRODUCT MART
WHERE BUYERS FIND SELLERS

For more Information Call:
(416) 445-5600
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iIrcuits

Core components are making the feasibility
of home constructed RF circuits a more
appealing proposition than ever before.

MODERN COMMUNICATIONS equip-
ment has changed a lot since the tube cir-
cuits gave way to solid state devices. One
obvious result of the ‘newer technology’
has been the reduction in size of the equip-
ment.

Because of the nature of solid-state cir-
cuitry, which tends to use lower im-
pedances and lower voltages (not to men-
tion the absence of heat from filaments),
different methods of coupling and mat-
ching between stages have come into
widespread use. The old familiar large
diameter coils (remember how we took
great care with the shape of our coils to
get the best Q?) have largely vanished,
replaced by small ferromagnetic devices
which seem to be stacked into odd spaces
throughout the RF sections of our black
boxes. One might well wonder how ‘they’
get away with it, when we think how much
trouble we had with unwanted coupling.

There are still plenty of problems left in
producing well designed RF equipment,
but some things are certainly easier now
that the newer components are readily
available to the home constructor. This
article will cover general aspects of the fer-
romagnetic cores and provide the home
constructor with sufficient information to
select a suitable core for a particular ap-
plication.
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By R. Sanders
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Fig. I Typical Q curves for various sized cores made from ‘mix-2’.
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Reliability Specifications

Failure due to
defective
components

Number of failures

Failure due to
random events

Failure due to
wear, aging, etc.

Time

Fig. 1. Classical bathtub curve showing instances of failures in phases of a

product life cycle.

data are available quantifying this aspect
of reliability. The most comprehensive in-
formation can be found in references
prepared for use in military applications.
MIL-HDBK-217 is employed extensively
for electrical and electronic components
and provides reliability figures based on
design and environmental operating con-
ditions. The RADC reliability notebook
and the AVCO Reliability Engineering
Data Series are also widely used. For

military purposes, reliability specifica-
tions are usually expressed in terms of the
expected number of failures per million
hours. This is appropriate because the
performance of large numbers of devices
are usually the issue.

For process monitoring and control
users are generally concerned with in-
dividual instruments and how long they
can be expected to operate. The reciprocal
of failures per unit time, the meantime
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between failures (MTBF), then provides
better intuitive understanding.

Reliability can also be described using
probabilities calculated on the basis of ex-
ponential of poisson distribution which
describe independent random events oc-
curing in a continum. The probability of
successful operation (R) is related to the
expected number of failures per unit time
(K) by the exponential function of Eq.1.
Conversely, the probability failure (F) is
found in Eq.2. For any finite K, R will be
unity at time t =0, and will be zero as time
approaches infinity. This is the same as
saying that an assembly works when you
put it into service and fails if you wait long
enough.

R=¢ek (1
F=1-R (2)

Estimating System Reliability

Users are especially concerned when com-
ponents are combined into systems. This
information is not only useful in deter-
mining whether equipment will be satis-
factory for an application, but can also in-
dicate which components are the most
cost-effective candidates for upgrading.

An estimate of the reliability of an
assembly can be made by summing the
failure rates of the individual com-
ponents. As an example, Table 1 lists the
components of an automated non-
dispensive infrared (NDIR) total organic
carbon (TOC) analyser; this instrument
was configured in 1975 using analog elec-
tronic circuity and an NDIR carbon diox-
ide monitor. Table 1 shows reliability data
for the various components, expressed as
failures per million hours. Values for elec-
trical and electronic components were
derived from mil standards, assuming
commercial grade components and sta-
tionary installation with normal ambient
conditions.

Figures for the recorder, and analyser
were estimated from data for assemblies
of similar complexity. Table 1 shows the
complete system could be expected to ex-
perience 281 failures per million hours.
The reciprocal of this value yields and
MTBF of 3558 hours or 148 days. Pro-
babilities of successful operation over
various time periods calculated using eq.1,
are shown in Table 11.

An MTBF of 148 days indicates that
the TOC analyser would not be suitable
for use as a continuous on stream-
instrument. The actual application involv-
ed analysis of storm run off at a waste-
water treatment plant. Total usage would
therefore be under 65 hours per year. At
this rate the instrument could be rebuilt
periodically or replaced by equipment
employing new technology.

Table 1 also provides means to determine
whether the analyser could be upgraded to
Electronics Today March 1987
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Reliability Specifications

a readability level appropriate for con-
tinuous on streaming monitoring. The
table shows that the lease reliable com-
ponents in the instruments system are the
NDIR monitor, the recorder, and the con-
trol unit - which alone contribute 150
failures per million hours to the toal. This
also suggests that reliability might be most
effctively improved by replacing these
devices with more reliable solid state
elements such as a digital recorder and
control unit and an improved IR sub
system. Assuming that the new com-
ponents had MTBFs three times greater
than those in the original instruments, the
overall failure rate would be reduced to
181 failures per million hours, for an
overall MTBF of 5524 hours or 230 days -
still too low for most on-stream applica-
tions.

Maintaining Reliability

MTBF and other measures of reliability
are not performance guarantees. They in-
dicate the likelihood of successful opera-
tion over a period of time - for equipment
that is free of factory defects and not yet
at the stage when cumulative disintegra-
tion has become the dominant failure
mechanism,

Another prerequisite is operated
within its design limits and not exposed to
extreme ambient conditions or loads. For
instance, elevated temperature can induce
cumulative damage in the form of loss of
moisture, differential expansion and con-
traction at interfaces, or crystallization,
such that failures become a matter of
equipment degradtion rather than random
phenomena.

Maintenance also affects reliability.
Equipment often is designed with the
Electronics Today March 1987

assumption that periodic maintenance will
be performed for tasks such as changing
reagents, cleaning contacts, or lubricating
bearings. If the maintenance is neglected,
the assumption of independent random

TABLE I failure rates for components of a stormwater TOC monitor. TABLE II Probability of survival
for the TOC monitor Table 1.
Component Failure rate Period Probability
(failures/ (hours) of survival
milltion hr) 100 0.972

reservoir & stirrer ~0.58 carrier gas controller 355 200 0.945

homogenizer 4.5 check valve 2.3 400 0.894

sample delivery system 13.5 combustion reactor 4.9 800 0.799

OoXygen pressure reg 4.25 flush pump 13.5 1600 0.63

span gas pressure reg 4.25 condenser 1.7 3200 0.41

filter 0.3 filter 03 6400 0.17

2-way valve 0.5 solenoid valve 11.0 12800 0.03

intake-pump 13.5 span gas valve 11.0

acid pump 13.5 NDIR monitor 75.0 failures becomes invalid and MTBF or

sparge gas controller 13.5 recorder 50.0 other reliability specifications no longer

T-tube 0.5 control unit 25.0 apply.

SRR T e TOTAL 281 Misapplication
Failures can also result because a product
is applied incorrectly or an engineering er-
ror is made - aside from any life cycle con-
siderations. For instance, a screwdriver

may not work properly as a chisel or a
dam designed to retain an 8 foot flood
may crumble when it is hit by a 10 ft.
crest. These are not questions of reliabili-
ty, but of design and applications exper-
tise. -
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TROUBLESHOOTING a computer is
radically different from repairing an
audio amp, say, or a radio. Not only is
there an immense amount of circuitry
courtesy of the microchips, but the pro-
blem is compounded by the software: is
the program messing up somehow, or is
the circuitry providing its own faults? Or
is it a mix of both?

If you know that the trouble is confined
to a faulty logic circuit, then it’s always
possible to track it down with one or more
of the old standbys, such as a scope, meter
or logic probe. However, when it comes to
tracking down the elusive glitch in hard-
ware and/or software, it saves an enor-
mous amount of time to use one of the
more sophisticated troubleshooting aids
that are closer to logic analyzers. Here are
a few of the available units. The list is by

na

no means complete, and we hope to keep
you informed of other units that we
couldn’t obtain by press time.

The Tracer 100XTR

The Tracer 100XTR is the top-of-the-line
model from Innovage Microsystems Inc.,
5-6125 12th St. S.E., Calgary, Alberta
T2H 2K1, (403) 255-9590. The main dif-
ference between this and the other models
is its ability to communicate with a remote
computer via an RS232 port, allowing use
of the more convenient computer key-
board plus the ability to upload and
download files.

The Tracer, without its RS232 facility,
was originally reviewed in Electronics To-
day, September, 1986. Here’s a brief
review of the features we described then.

The Tracer resembles a small utility

Feature

A look at some hardware for
unravelling the mysteries of
computer functions.

By Bill Markwick

box; a ribbon cable exiting from the top
terminates in a multi-pin connector that
slips over the pins on your CPU. The unit
is designed for use with a particular CPU;
at the moment these consist of the more
popular 8-bit types: Z80, 8085, 6502,
6809, etc.

If you use the 100XTR as a stand-alone
unit, you simply slip the connector over
the CPU pins; power (5V, 125mA) is sup-
plied by the unit under test. It now
becomes possible to examine and write to
memory while your program is running.
The information is entered via the 16-key
pad and read out on an 8-character LCD
display.

It’s possible to set breakpoints or
framepoints to detect specific occurrences
in the program, such as a specific byte
written to a particular address. In the

Electronics Today March 1987



breakpoint mode, the CPU is halted when
the desired conditions occur. In the
framepoint mode, the execution of the
program is not interrupted when the con-
dition is detected.

There are also a number of memory-
checking functions. MEM EXAM will
read out the contents of any address in
RAM and ROM. MEM TEST will check
the host RAM using pattern checking; the
contents of the RAM cell are replaced
after the test, so the test can even be done
during program execution. ROM can be
checked using the CHECKSUM test.
There are also Bus Tests consisting of
RAMP and SHIFT functions; these pro-
duce an increasing count on the address
and data lines and can be used in conjunc-
tion with an oscilloscope to detect chip or
PCB faults. There are also four port tests,
and an Opcode Fetch function will watch
for execution of a particular CPU instruc-
tion and can single-step the execution of
the program.

The RS232

Although the Tracer as a stand-alone is a
real powerhouse of a tester, it’s the com-
puter connection that really lets it shine.
The RS232 connector on the end of the
Tracer is connected to the serial port of
your computer. The necessary software
for Innovage diagnostics is contained in
the Tracer, and the disk supplied with the
unit featured a communications program
called Online for the IBM PC and com-
patibles. As you can see from our cover, it
isn’t absolutely necessary to have Online;
any communications software will do for
the basics. However, the many features
provided with Online expand the capa-
bilities of the already potent Tracer.

To begin, connect the Tracer to the
serial port of the PC and load Online.
When the main menu appears, type
Escape and the screen of the Tracer
should say REMOTE. Fig. 1 shows the
main menu of the Online program. Under
Current Status you can see that Innovage
has preset both the Tracer and the soft-
ware to 1200 baud, 8 bits, no parity, pro-
viding adequate operating speed, though
it’s a bit slow for memory dumps; the
Tracer internal software allows stepping
up the rate to 9600 baud. Fig. 2 shows the
submenu that you get if you select Con-
figure Parameters from the main meter,
and as you can see, Online provides a
wealth of options; nearly all the submenus
are this comprehensive. Getting back to
the main menu: there are some very con-
venient functions, among them DOS,
which allows you to temporarily suspend
the program and return to the operating
system for file handling or running
another program. Typing ‘‘exit’’ instantly
returns you to the unchanged Online.
Electronics Today March 1987
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Fig. 1. The main menu of the Tracer’s Online software.
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Very handy. Execute allows you to run a
sort of batch file; these are very conve-
nient for repetitive tests that require a lot
of keystrokes.

To make these batch files, Online has a
remarkable function called “Teach'.
Select this mode and type in your com-
mands: Teach writes the commands into a
disk file executable by Online. The file is
written in the syntax used by Online (the C
programming language). Another useful
feature is the Phone menu. This allows
field service people to send or receive
computer data to or from a main com-
puter; a modem is then necessary at both
ends.

Yet another essential feature is the Cap-
ture Buffer. If you want to examine ROM
or RAM contents at your leisure, say, you
can dump the contents into a memory
buffer in your computer, and then print
them out or write them to a disk file. You
can also print out all screen activity as it
happens.

So it isn’t entirely necessary to use the
Online program if you have any telecom
software (we ran the Tracer with both
QModem and the internal software in the
Radio Shack 100), but Online is ideally
designed for the specific needs of the com-
puter troubleshooter.

Fig. 3 shows a screen dump for a small
Z80 computer, from location 00EQ to
0200. The format is similar to that used by
Debug or DDT; the essential difference is
that the Tracer, being external, can ex-
amine memory (or even print out a
memory map) while the program is run-
ning. The breakpoint and framepoint
work in much the same way as Debug or
DDT, but with the essential difference
that the computer under test can go as
crazy as it likes due to hardware or soft-
ware faults and the Tracer’s operation is
unaffected. Software debuggers such as
Debug suffer from a serious weak point: if
the computer under test won’t work, the
software debugger can crash, assuming it
can load at all.

We haven’t room to cover the great
range of possibilities in the Tracer and its
RS232 link. For instance, there’s a
50-ohm TTL level trigger output; you can
specify the conditions on which the trigger
should work, and use it to synchronize an
oscilloscope to display the desired data
signals.

Hopefully the Tracer will soon be
available in a 16-bit version for the
8086/8088 CPU. Innovage has come up
with a great unit for 8-bit work.

The Ferret

A computer tester in a briefcase is the Fer-
ret, from Duncan Instruments, 121
Milvan Drive, Toronto, Ontario M9L
178, (416) 742-4448. Said by the manufac-

ar

Fig. 4. The Ferret computer analyzer fits in a briefcase.

Fig. 5. The Soar Model 1000 portable storage scope.
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Fig. 6. The Leader LCD-5840 portable storage scope.

Fig. 7. The BK-Precision Model 560 programmable IC tester.

turer (GCS Ltd. of the UK) to be a dozen
conventional instruments in one case, the
Ferret features a terminal emulator, a
32-character LCD display, an alpha-
numeric keyboard (condensed onto 20
keys) and a tiny 16-column printer. Con-
fused by the many variations on the
RS232 wiring standard? The Ferret has a
built-in breakout box with LEDs, allow-
ing you to quickly configure the connec-
tion to match any computer. There’s also
a Centronics-compatible parallel connec-
tor and a current-loop interface, so
mating with the unit under test should be
easy.

The communications ports can be set
from 50 to 19,200 bits per second, and if
Electronics Today March 1987

you don’t know what the rate should be,
there’s even an automatic ‘baud finder’.
The host computer is used to send a string
of upper case ‘‘A*’ characters; the Ferret
will step through its available baud rates
until it gets a match, then reconfigure
itself. Smart stuff.

Two zero-force EPROM sockets are
provided. These can be used to read, write
or execute from most EPROMs; an
EPROM burner that can load data from
either the communications ports or from
the other socket is an unusual feature on
any tester. The sockets can be used to run
troubleshooting programs; the Ferret uses
a Z80 CPU internally, and any equipment
that can assemble Z80 code can be used to

write programs.

The Ferret can be used to test out
peripherals such as disk drives or printers;
once communications are established, the
appropriate codes are sent down the link
to activate whatever it is you want to test.

The Ferret has the advantage that its
own Z80 is programmable by the user to
suit a variety of test procedures, and the
programs can be permanently stored in
EPROMs using the tester’s own burner.
The interface system is flexible and should
allow connection to a wide variety of com-
puters. The Canadian price is $4000.

Portable Scopes

Looking at computer data usually means
reading the presence or absence of signals
rather than looking for subtleties in the
waveform. LCD display scopes are ideal
as portable test units. One such scope is
the Soar Model 1000, also from Duncan
Instruments (see above). It’s a dual-trace
storage unit with a bandwidth from DC to
200kHz. Rechargeable NiCads run it for
six hours.

The screen resolution is 128 by 160
dots, adequate for most testing purposes.
There’s also a built-in 3 1/2 digit
multimeter, with the usual ACV, DCV,
ohms, continuity and diode tester.

Another portable storage scope is the
Leader LCD-5840, available from Omni-
tronix Ltd., 2410 Dunwin Dr., Unit 4,
Mississauga, Ontario LSL 1J9, (416)
828-6221. It also has a 200kHz bandwidth
and a built-in multimeter. The screen is
more rectangular in format with a resolu-
tion of 64 by 192 dots. 64 by 32 of these
dots are reserved for on-screen data
displaying.

IC Tester

Once you use your troubleshooting aids to
pin down a suspect IC, you need a way to
confirm the diagnosis. One way is substi-
tution of the part, but you’re going to
have to carry an awful lot of ICs. The BK-
Precision Model 560 is an in-circuit/out-
circuit IC tester that tests TTL and CMOS
ICs, including counters and flip-flops,
from 14 to 24 pins. The internal test
routines are used to test over 90 percent of
popular ICs, which amounts to over 1,500
devices. Results are displayed on a
20-character dot matrix fluorescent
display. The logic thresholds can be
preset, and the inputs are protected to
plus or minus SOVDC. The tests give a go,
no-go result, eliminating the need to inter-
pret scope curves or logic levels, and the
unit even tells you the failed pin number
of the IC. The test procedure does not
stress the IC or related circuit under test.

The Model 560 is available from
Atlas Electronics, 50 Wingold Avenue,

Toronto, Ontario M6B 1P7, (416)
789-7761. n
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N -
ﬁ [‘l NERVOUS authors, scribes, business ex-

L ecutives and literary washerwomen can

H spend serious money on file encryption
Q * Q schemes for their computer-generated
N~ text. Somewhere, I’'m convinced, there’s a
Y Py textfile filled with ASCII garbage which,
*& when unencrypted, will finally put to rest

: !/ the eternal question of how they do put
a— 5
g ; the goo into those chocolate bars.
There are serious applications to file
encryption, though. The ad agency hired

\ by an encryption device’s manufacturer
appealed to the paranoia inherent in com-
petitive companies by depicting a janitor
reading with great interest the salaries of a
company’s better-dressed employees on a

\ - micro’s monitor. In business there are
things best kept from cutthroat competi-

tion, not to mention computer-friendly

\ custodial (for example) staff. Read on:

Computer crime waits for no man.

Wargames

Since wars came into fashion among
civilised peoples, codes have been fashion-
ed to safely pass messages from the guys
smoking pipes in their palaces to the
morsels of cannon-fodder doing field
work, For the most part, the coding was

8088 Progl'ammlng: accomplished through character substitu-
Textfile Encryption tion. Should the substitution table fall in-

to enemy hands, however, a replacement
regiment or serious peace talks would be
in order.

Though they’ve done little for world
peace, computers have done much to both
improve and accelerate the encryption and
decryption of text, and there are myriad
ways of accomplishing this objective on a
micro. We’re going to have a look at the
method responsible for the program that
accompanies this article.

Scrambled Megs

SCRAMBLE.COM is a small (less
than 2K when assembled) program
which can scramble or unscramble
a textfile of any length, so long as
you have on-disk space for a temp-

orary duplicate of the file you
wish to scramble or

e

|

AL T T T T T e \ reassemble. Hard drives come
E / ~— AR SR R ! \ _\-.\E\ ) in handy with files over 180K.
-. é,/» il AL g e o e 'r - The en/decryption method

involved in SCRAMBLE is actually
quite a simple one. Every byte, save
a few exceptions, is eXclusive-ORed
with the hexadecimal value of OBSH.
The exceptions are 0BSH, which would re
sult in zero; O0OH, which would interfere

An axample Of oncodlng and daoodlng you’ tOXfﬂIO& with the previous exception; and OAFH,

as 0AFH XOR O0BSH equals 1AH, the
by John Rudzinski end of file value.
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XORing value ‘A’ with value ‘B’
changes ‘A’s value considerably. XORing
value ‘A’ with value ‘B’ twice restores
‘A’s original value. This is why the same
code is used for both encrypting and
decrypting in this program. The only
reason the initial menu asks the user to
choose which action is to affect his file is
personal edification, which is always im-
portant when making decisions. That
said, a brief description of what SCRAM-
BLE.COM does when executed is in
order.

Should the user not choose to exit the
program, a request to enter a password is
written to the screen. As anyone can run
the program to this point, a password was
necessary to stop in their tracks those who
mean your files harm. A DEBUG dump
of SCRAMBLE won’t display the
password, which is in memory with each
byte ROtated Left one bit. The password
routine, albeit slightly improved, is the
same one that appeared as
PASSWORD.EXE in this column a few
issues back. Two chances are given to
type, in capital letters, CLAMBAKE. The
letter ‘X’ is substituted on-screen for each
character typed. If the proper password
isn’t forthcoming, the program calls ROM
BASIC, which rarely exists in clones, and
usually crashes the system.

The filename to encrypt or decrypt is
then asked for. It must exist, or the pro-
gram will return to DOS. Next, the user is
prompted for a new name to call that file.
This allows the user to select an extension
that would enable him to determine which
files on his disk are in a scrambled state.
In figure 1, the extension . is shown.

Once valid data is entered to both
prompts, the program inhales the textfile
in 128-byte chunks, scrambles the bytes,
writes the 128 bytes to the new file, purges
the buffer with zeroes, then goes back for
more. Should a control-Z end of file
character be encountered, the buffer is
written at that point, both files are closed,
and the file that was read is erased from
the directory. You are left with either gar-
bage or a restored textfile. If a partial
128-byte record was written, your file's
length will be padded with ‘0’ bytes and
will expand in the directory to a size divisi-
ble by 128. The maximum expansion
possible is 127 bytes, and shouldn’t visibly
affect your text.

Social Security

Extensive use of macros was made in
SCRAMBLE.ASM due to the listing’s
length, which would have been a bit too
long to publish. The macro assembler,
MASM, will be necessary to assemble the
listing. After assembling, LINK it, ignor-
ing the No Stack Segment error, then EX-
E2BIN it. SCRAMBLE.COM will emerge
to delight and excite your friends and
Eilectronics Today March 19887
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SCRAMBLE.ASM
by John Rudzinski
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Peanut butter will never be the same.
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PRINT  MACRO  STRING sPrint string
MOV DX,OFFSET STRING
MOV AH,9
INT 21H
ENDM
)
INPUT MACRO  LOCATION ;Input string
MOV DX, OFFSET 1OCATION ; to LOCATION
MOV AH,O0AH
INT 21H
ENDM
?
CLS MACRO  LIN,UR,UC,LR,LC,ATR ;Clear the screen
MOV AH
MOV AL:LIN ;# of lines to scroll
MOV CH,UR supper row
MOV CL,uc supper left column
MOV DH,LR ; lower row
MoV DL,LC slower right column
MOV BH,ATR ;attribute (15-HI,7-L0)
INT 10H
ENDM
b4
POINT MACRO
MOV AH,2 ;Set cursor position
MOV BH,O ;Page zero
SUB DX, DX sRow 0, colum O
INT 10H
ENDM
3
OPEN MACRO  FIL20PEN s0pen an existing file
MOV DX,OFFSET FIL20PEN
MOV AH,15
INT | 21H
ENDM
b4
CRFATE MACRO  FIL2CREA ;Create and open a new file
MOV DX,OFFSET FIL2CREA
MOV AH, 16H
INT 218
ENDM
b4
DOSBUFF MACRO  BUFFER sWhere DOS will put records
MOV DX,OFFSET BUFFER
MoV AH, 1AH
INT 21H
ENDM
k4
READ MACRO  FIL2READ 3Read a record
MOV DX,OFFSET FILZREAD ;from a given file
MOV AH, 14H
INT 21H
ENDM
WRITE  MAGRO FILZRITE sWrite record to
MOV DX,OFFSET FILZRITE sa given file
MOV AH,15H
INT 21H
ENDM
CLOSE  MACRO  FIL2CLOS ;Close an open file -

MOV DX,OFFSET FIL2CLOS
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8088 Programming

READ  FCB1
P AL,1
JNE DOPASS1
MOV EOF,1
R1: JMP RDFCB
DOPASS1: MOV $1,0FFSET BUFF
MOV CX, 80H
DELOOP: MOV AL,[SI]
P AL,1AH
JNE CHECK
MOV EOF,1
IMP Wi
CHECK: Mp AL, OAFH
JE SKIP
op AL,0
Jz SKIP
o™P AL,OBSH
JE SKIP
XOR AL,0BSH
MOV [SI1],AL

SKIP: INC SI
Loop DELOOP

Wi: WRITE  FCB2
QP AL,1
JNE R1
PRINT  DISKFUL
JMP EXIT

FBLANK: PUSH DI
MoV CX, 80H

J

BLANK: MOV BUFF[DI],0
ING DI
LOOP  BLANK
POP DI
RET

9’

ERRGHK: QP  AL,0
Nz E
RET

El: PRINT  OPENERR
PRINT  LFCR
MOV  ERR,1
RET

b

START  ENDP

CODEX ~ ENDS
END  BEGIN

;Read filel record

s EOF reached?

sNo. Process data.

;Yep

3Go back and explain.
sPoint SI to huffer

;We want 128 iterations
;Look at a buffer byte
;Is it Control-Z? (EOF)
;No. Look for exceptions.
;Set EOF byte

sand write record.

;0AFH is 1AH (Control Z)
;when XOR'ed with B5H, so DON'T XOR!
;Leave zeroes alone, too.

sB5 XOR B5 = 0 so skip.

;Scramble record byte in AL
sand replace into buffer.
;Move SI to next address.
;Do YOU go to de loop?

sWrite scrambled record.
;Disk full?

sNah. Keep it up.

sYes, Print error and
shit the showers.,

;Dunno why I did that ...
;Buffer blank subroutine
swhere 128 zeroes are
jwritten to the buffer
;after each record write.

;Since it was PUSHed, POP it.
;Go read another 128 bytes.

;Error opening file?
sYep. Ominous,

;s Nope.

sMention to user
;with LF/CR

sMention to program
;and scram.

sProcedure and
;Segment terminates here.
;That's that.

neighbours. You can spare yourself a bit
of typing if you wish by sending $10.00 to

John Rudzinski

¢/o0 HennSoft

208 - 2525 Bathurst St.,
Toronto, Ontario M6B 2Y9

You’ll get a disk with the listing and pro-
gram on it, and a brief instruction sheet.
Be sure to state the 8-letter password you
want (unless you like CLAMBAKE), and
ensure I have your return address.

The only caveat I can think of is that
you don’t try to encrypt or decrypt a non-
textfile. Because control-Z characters may
occur freely in these, you could well end
up with a truncated, unrecoverable mess
for your trouble. My textfile encryptions

and subsequent recoveries have been
flawless, but textfile-producing software
can be strange. Experiment on file back-
ups first to get the feel of the program,
and to ensure it works with textfiles your
applications programs produce.

This article was submitted in en-
crypted form. I only hope ET’s editors
run SCRAMBLE before having it typeset
O

(We did. All that came up on the
monitor was a re-run of Dailas - Ed.)

Electronics Today March 1987



Continued from page 24

Designer’s Notebook

Advantages

The main advantages we get from using
toroids are higher Q, self-shielding and
compactness. Let’s consider each of these
benefits in turn,

Having selected an appropriate core for
the operating frequency, and power (this
will be clear later) we find that for a given
inductance the toroidal inductor has fewer
turns on it than an equivalent air cored in-
ductor, because of the permeability of the
material used in the core. This also means
that the winding resistance is lower, and
since both inductors have the same induc-
tance and therefore the same value of in-
ductive reactance, the value of XL/R will
be greater for the toroid winding. This ex-
pression is the same as that for the Q of a
coil and so the Q will also be greater. An
additional benefit is gained with low
voltage equipment which passes dc cur-
rent through the inductor, by reducing
voltage drop and hence heating in the
component.

Unlike normal (solenoid wound) coils
which have large external magnetic fields,
the toroid winding has a field which is
almost completely contained within itself.
This means there is almost no magnetic
coupling between toroidal coils and other
circuit elements. (Try coupling a gdo
(erid dip oscillator] to a tuned circuit con-
taining a toroid!). We are therefore free to
place toroid coils fairly close to other cir-
cuit components (including ground plane)
without complicated shielding. It should
be noted that capacitive coupling can oc-
cur and normal precautions must be taken
against this.

The two benefits mentioned above
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allow us to create a much more compact
circuit layout when toroid coils are
employed. This is particularly important
when portable equipment is being con-
sidered or when an expensive pc board is
used.

Choice of Core Material

Contrary to information which sometimes
appears in magazines, the choice of
material is of prime importance if the ex-
pected results are to be realized from any
design using ferromagnetic cores. Let’s
look at the two most common core mate-
rials in use: ferrite and iron powder. The
choice between the two is made by con-
sidering whether the core will be used in a
wideband or narrowband application and
how much signal power will be handled.

For a given size core, ferrite material
will saturate at a much lower flux density
than one made from iron powder. Per-
meability for ferrite materials ranges from
20 to 5000 while for iron-powder it is from
2 to 75 As a ‘rule of thumb’ the higher the
permeability of the material the greater
the temperature coefficient will be, so that
it is desirable to use a material which ex-
hibits the lowest practical temperature
coefficient in a narrowband circuit. On
the other hand this is not so important in
wideband use.

For wideband circuits a ferrite is com-
monly used because it has a higher per-
meability and hence can provide a larger
inductance for a given number of turns
than is possible with an equivalent size
iron powder core. The grade of ferrite
chosen must exhibit low loss over the
range of operating frequencies; refer to

the manufacturer’s data. The common
rule for the design of wideband trans-
formers is that the reactance (XL) of a
winding must not be less than four times
the design impedance at the lowest fre-
quency.

‘What about the effects of this at the
high frequency end?’ you may ask. Well
luckily there is no cause for concern, as
the effective permeability of the core
material decreases with increasing fre-
quency, and the core tends to ‘disappear’
so that the inductance of the winding is
also reduced. With the proper selection of
core material it is easy to make wideband
transformers which cover one decade in
frequency; eg 3-30 MHz.

Narrowband applications (tuned cir-
cuits) above 1.SMHz usually use iron
powder cores which can provide good Q
values into the VHF frequencies. Wide-
band circuits by their very nature cannot
have a high Q (circuit Q = centre fre-
quency/bandwith). The characteristics of
iron powder are less temperature sensitive
so with changing temperature the circuit
remains more closely tuned o the design
frequency than is possible with ferrite
materials. When tuned circuits are used in
RF amplifiers at almost any power level,
we should choose an iron powder core.

Ferrite materials can be divided into
two groups: those with initial permeabi-
lities below 1000 which are nickel-zinc
compounds, and those above 1000 which
are made from manganese-zinc com-
pounds. Nickel-zinc ferrites exhibit high
volume resistivity, moderate stability and
can offer high Q factors for the 0.5 to 100
MHz frequency range. They are well
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suited for low power, high inductance ap-
plications and their high permeability fac-
tors make them very useful for wideband
transformer applications. The
manganese-zinc group has fairly low
volume resistivity and moderate satura-
tion flux density. It can give high Q fac-
tors for the 1 kHz to 1 MHz frequency
range, and some are suitable for switched-
mode power conversion transformers
operating between 20 and 100 kHz.
Apart from the physical dimensions of
a toroid (outside and inside diameter
thickness) there is a value given for each
particular core size and material, which is
usually called the ‘Al value’, and is the
manufacturer’s inductance index for the
core. Manufacturers’ data for iron
powder and ferrite cores are given in
Tables 1-6 and show all the required core
information. The Al figure for powdered
iron cores is normally given as uH/100
turns, but for ferrite cores it is usually
quoted as mH/1000 turns. The relevant
Al value is used in many calculations in-
volving toroids. One of the most common
uses is to calculate the turns required to
produce a given value of inductance on a
particular core, as shown below:
iron powder: )
turns = 100 (desired LuH/A)""
ferrite: )
turns = 1000 (desired LmH/A)"*

What size Toroid?

Toroid cores come in sizes ranging from 3
mm up to 150 mm outside diameter, with
the common sizes between 6 mm and 50
mm. The power rating of a given size core
will depend upon the particular fer-
romagnetic material used, and the calcula-
tion of this is probably the most complex
consideration of all.

Ferrite materials are basically limited
by flux saturation and iron powder by
temperature rise. Many ferrites can per-
manently change their permeability after
being subjected to relatively high power
(flux) levels, whereas powdered iron cores
return to their original values after they
cool down. In circuits up to S00mW, satu-
ration is not usually of any concern, but
when we use a ferromagnetic core at levels
above 1 W it must be taken into account
in the design. Another ‘rule of thumb’:
when in doubt use the largest core which
will conveniently fit into your layout. At
high power levels considerable heat can be
generated in ferromagnetic cores and the
constructor must make provision for ade-
quate ventilation and removal of heat,
which can affect nearby circuit com-
ponents. The surface area of the core
largely determines the allowable dissipa-
tion, so once again ‘use the largest core
which is practical’, and don’t try to build
a high power solid state amplifier into a
closed box without ventilation.

TABLE 1. IRON POWOER TOROIOAL CORES PHYSICAL DIMENSIONS
| Outer fnner | Helght Cross Mean | Outer ‘ inner | Height i Cross Mean
Core | Diam * Dtam Sect Length Core | Diam ‘ Diem | Sect Length
Size + (in} L (in) (in} (em) | (cm) Size | () | {in) | {in) em | {cm)
e b L : ST R RS LA UV
7-520 5.218 3,081 0.800 550 210 | To4 | 0942 | 0560 | 0312 0385 5.00
1-400 4000 | 2250 | 0650 360 24.93 1-80 0795 | 0495 | 025 0242 5.15
S e ———— e ——— - + — =
1.300 2.040 1925 0.500 181 198 | 768 069 | $370 | 0.1%0 0196 424
T225A | 2250 | t40s | 4000 273 14.59 1-50 0.500 0303 | 0.190 0.121 320
L B S b
1.225 2250 | 1405 | 0550 150 1459 [ 144 [ o4s0 | ozee | o1m 0.107 287
T-200A 2.000 1.250 1.000 242 | 2w ! 137 0.375 0.205 0128 0.070 232
T200 | 200 | 1250 | 05%0 133 [ 12: | (T30 | 0307 0.151 0.128 0.065 1,83
T-184 1.840 0950 | o710 200 | 1142 | 25 | o288 0120 | 0.096 0.042 1.50
- R L B 1. LLE L
1157 1570 | 0950 | 0570 114 | 1005 1 [120 | o200 0088 | 0.070 0.025 115
T-130 1.300 0780 | 0437 ors | am | 118 0160 | oore | oos0 | o016 095
T106 | 1.060 0570 | 0437 06 | 650 | T12 0125 | 0062 | 0050 | 0010 076
TABLE 2. IRON POWOER TOROIDAL CORES A, VALUES (/100 turns)
26-mix 3-mix 18-mix 1-mix 2-mix 6-mix 10-mix 12-mix 0-mix
Core yiw-wht grey red'wht blue red yellow black grm/wht tan
Size h=75 w3 h=25 w=20 b= 10 h=8 w=6 L= e
0-10MHz 0.0505MHz 0.1-2MHz 05-5MHz 1-30MHz 2-50 MHz 10 -100 MHz 20 -200 MHz 50 -300 MHz
1-520 - 1500 NA TNA NA 208 NA NA TTNA M
T1-400 1320 NA NA NA 185 NA NA NA NA
1-300 — 825 Ty NA NA s T NA NA NA
T.2258 — 1600 NA NA NA 215 NA NA NA NA
T — 950 s NA NA 20 100 NA NA NA
T-200A — 1550 450 NA 455 218 180 NA NA NA
1200 — 895 425 NA 250 120 100 NA NA NA
Y184 — 1640 720 NA 500 240 195 NA NA NA
Y157 — 970 420 360 320 140 15 NA NA NA
Y130 — 785 350 250 200 10 % NA NA 15
T-106 — 900 450 s 325 135 116 NA NA 19
T- 94 — 590 248 200 160 84 70 58 k73 10.6
T80 — 450 180 170 115 5 T m T2 85
T 68 — a20 195 180 15 57 7 2 21 75
“Ts0— 320 175 135 100 49 w0 N T 64
T 44— 360 180 160 105 52 a2 0 19 65
T = 275 120 %0 80 40 30 X e 39
T 30 - 325 140 9 8 a % 2 15 60
T-25—  NA 100 100 70 3 27 19 TR
T 20— NA % [ 52 27 2 16 10 35
116 — NA 61 55 “ = R
T 2- NA 60 50 pr 2 17 12 7 30
= relative permeabilit
208 i desired L (uh)
NA — not svallable in that size Turas » 100 Y e,
Add mix number o cote size in space provided {(—) for complete psrt number) A, value (1h100 1)

To determine the operating flux density
(Bop) of a core we must take into account
the applied voltage (Erms), the equivalent
area of the magnetic path in cm2 (Ae), the
number of turns (N) and the operating
frequency (f). These terms are used in the
following formula:

Erms x 10°
4.44 f N Ae (gauss)

and if dc is passed through the winding
add the following:
N Idc Ap
10 Ae

Bop =

The manufacturer’s data will give the
saturating flux density of the core, and the
calculated value of Bop should be quite a
bit below this value to be on the safe side.
The formula shows that we should use the
lowest operating frequency expected in
our design (3 MHz in a 3-30 MHz wide-
band circuit) and the highest value of
Erms (calculated from the required RF
power and the winding impedance) to give
a conservative design figure for flux densi-
ty. The saturating flux density (Bsat) for
iron powder materials is about 10,000
gauss, while for ferrites below 1000 u it is
1500 gauss, and for those above 1000 u it
is about 3000 gauss.

Using the Data Sheets

Two principal sets of data are given in

Tables 1 to 6, and cover iron powder and
ferrite toroids. First, let’s look in detail at
Tables 1 and 2 which give all the essential
information for some iron powder
toroids.

Iron powder toroids

The physical dimensions are important
since we must know how big the toroid is
to allow sufficient space in our project.
The cross sectional area and mean length
(magnetic path length) are included so
that flux density and magnetizing force
calculations can be made. You will notice
that this manufacturer uses a type number
which begins with ‘T’ for iron powder
cores and is followed by a figure which
denotes the outside diameter in hundred-
ths of an inch,

Table 2 lists the Al values for all the
combinations of core size and mix
(material types) that are available. The
different materials have different values
of relative permeability (u), which also
determines the useful range of frequencies
for each material, and the cores are
colour-coded for easy recognition. The
formula for turns calculation is also given.

Another useful table (Table 3) gives the
maximum turns vs wire gauge and core
size for single layer windings. This saves a
lot of ‘cut and try’, so we can make a
good ‘first approximation’ for our win-
ding. Figure 1 shows typical Q curves for

Continued on page 47
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different sized cores made from mix-2.
Notice that the larger cores are used at the
lower end of the frequency range for
mix-2 and they produce correspondingly
larger values of Q. This principle is used
generally for all core materials.

Suppose we wish to wind a toroid coil
for use in a receiver front-end tuned to 7
MHz. Since there is no RF ‘power’ involv-
ed we do not have to worry about satura-
tion of the core and can choose almost
any size core. Without going overboard it
is best to choose the largest size consistent
with our circuit layout as that wiil enable
us to achieve a better Q, which is a com-
mon requirement in receiver front-ends. If
we want to tune this coil with a 100 pF
capacitor we will require an inductance of
approximately 5 uH.

With a frequency of 7 MHz we have a
choice of mix-2 or mix-6, but let’s decide
on a (red) T-50-2 as our core. The Al of

this core is given as 49 and so we can
calculate the required turns to produce 5
uH from the formula given in section 2.
This works out to 31.9 which we will
round up to 32 since we cannot have frac-
tional turns on a toroid.

Next we look up the table showing
turns vs core size for different wire gauges
and see that we can fit 39 turns of 24 g
enamelled wire on a T-50-2 core. Our
toroidal inductance would have an un-
loaded Q of about 200, which is quite a
respectable figure for this application. If a
coupling link is required on the toroid, it
should be put on at the ‘cold end’ of the
winding, and in this case, could consist of
two or three turns.

Ferrite toroids

Tables 4-6 list all the data for ferrite
toroids. Table 4 shows the physical
dimensions of the various sized ferrite
cores, which are different to the iron

TABLE 3. NUMBER OF TURNS v WIRE SIZE and CORE SIZE

Approximate maximum number of turns — single layer wound — enamelied wire

‘gll;: T-200 | T-130 | T-106 | T-94 T-80 T-68 T-50 T-37 T-25 T-12

10 3 20 12 12 10 6 4 1

12 43 25 16 16 14 9 6 3

14 54 32 21 21 18 13 8 5 1

16 69 41 28 28 24 17 13 U 2

18 88 53 37 37 32 23 18 10 4 1

20 11 67 47 47 41 29 23 14 6 1

22 140 86 60 60 53 38 30 19 9 2

24 177 109 7 7 67 49 39 25 13 4

26 223 137 97 97 85 63 50 33 17 7

28 281 173 123 123 108 80 64 42 23 9

30 355 217 154 154 136 101 81 54 29 13

32 439 272 194 194 17 127 103 68 38 17

3 557 346 247 247 218 162 132 88 49 23

36 683 424 304 304 268 199 162 108 62 30

38 875 544 389 389 344 256 209 140 80 39

40 1103 687 492 492 434 324 264 178 102 51

Actual number of turns may vary slightly according to tightness of wind
TABLE 4. FERRITE TOROIDAL CORES PHYSICAL DIMENSIONS
Outer Inner Cross Mean
Core Diam Diam Height Sect Length Volume
Size (in) (in) (in) (cm?) (cm) (cm?)

FT-23 0.230 0.120 0.060 0.021 1.34 0.029
FT-37 0.375 0.187 0.125 0.076 215 0.163
FT-50 0.500 0.281 0.188 0.133 3.02 0.401
FT-50A 0.500 0.312 0.250 0.152 3.18 0.483
FT-508 0.500 0.312 0.500 0.303 3.18 0.964
FT-82 0.825 0.520 0.250 0.246 5.26 1.29
FT-87A 0.870 0.540 0.500 0.522 5.42 2.83
FT-114 1.142 0.750 0.295 0.375 7.42 2.79
FT-114A 1.142 0.750 0.545 0.690 7.42 5.13
FT-150 1.500 0.750 0.250 0.581 8.30 4.82
FT-150A 1.500 0.750 0.500 1.110 8.30 9.21
FT-193 1.930 1.250 0.750 1.460 12.30 18.00
FT-240 2.400 1.400 0.500 1.570 14.40 22.70
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powder cores and are all prefixed by FT
(ferrite toroid).

Table 5 lists the Al values for all the
combinations of core size and ferrite
material, and also gives the formula for
calculating turns. Notice that these cores
are not colour coded, so be careful to keep
track of the types if you acquire some fer-
rite cores, otherwise you will finish up
with a heap of cores with unknown cha-
racteristics. A good idea is to paint col-
oured dots on the core to indicate the
material type: eg blue and brown dots for
61 material.

Table 6 is interesting in that it gives in-
formation for narrowband (tuned circuit)
and wideband use, as well as the per-
meability for each different ferrite mix.
This enables us to select the correct mix
for any particular application.

Let’s work out an example. Suppose we
want to design a wideband transformer
for use between 3.5 MHz and 30 MHz and
it has to match a 200 ohm source to a 50
ohm load. From the previous rule we
know that the primary winding should
have an inductive reactance of not less
than 800 ohms at 3.5 MHz. Using the for-
mula (LuH * XL/2pif, where f is in MHz)
we see that we need a primary winding of
37 uH. Similarly, the secondary winding
would need an XL of 200 ohms which
works out to be a winding of 9.2 uH.
Since these are minimum values let’s
round them off to 40 uH and 10 uH.

Now let’s work out the turns required
for a ferrite core of suitable material for
the frequency range. Assuming that this is
a low power application (eg receiver) we
will decide on a ferrite toroid of 12.5 mm
OD and with an initial permeability of
850, which, according to Table 6 is suit-
able for 1-50 MHz. The Al value for an
FT-50-43 is given in Table 5 as 523.
Using the formula for ferrite cores, the
turns required to give 40 uH will be 8.7
(don’t forget that this formula uses mH in
the Al value caiculation!). Since we re-
quire an impedance ratio of 4 to 1 in our
example, the final transformer should
have a turns ratio of 2 to 1. A toroid core
cannot have partial turns (see ‘Winding
hints*) so we cannot have a primary with
817 turns and a secondary with 4.35 turns.
Our original rule stated that a wide-band
winding should have a minimum of four
times the load impedance, so we are able
to increase our calculated secondary turns
to 5 (instead of the 4.35) and the primary
turns will then become 10, which
preserves the 2 to 1 turns ratio.

Although the rule states a minimum of
four times it should be notes that if too
many turns are wound on the core,
troubles can arise at the high frequency
end of the wideband transformer; it
would be wrong to put say, 40 turns on
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the primary and 20 turns on the secondary
in our example.

Winding Hints

One aspect of toroidal windings which
often causes newcomers some trouble is
counting turns. A toroidal coil cannot
have partial turns. If a straight wire passes
through the centre of a core it counts as
one turn, even though the ends are not
brought back together. With any toroid
winding it is good practice to have the
winding cover 300-330 degrees of cir-
cumference. If the winding covers the
whole length of the core ‘end capacity’ ef-
fects cause unwanted resonances which
are particularly troublesome with tuned
circuits, and cause a lowering of the effec-
tive Q of the winding. With tuned circuits
any coupling winding should be placed
over the ‘cold’ end of other windings on
the core to prevent undesirable capacitive
coupling between windings.

Broadband transformers are often
made up with ‘multi-winding’ windings
which are then joined in series to form one
larger winding. this method of winding is
referred to as a multifilar winding. The
most common types are bifilar, trifilar
and quadrifilar, which refer to two, three
and four separate windings wound on the
core at the same time by using two, three
or four separate pieces of wire. The
groups of wires are often twisted together
before winding (about 3 turns per cm) by
holding one set of ends in a vice and the
other ends in the chuck of a hand driil
which is then slowly rotated while keeping
the wires taut. Since all the wires are
wound together they are also wound on
the core in the same sense; ie all the starts
are at the same end. With the aid of an
ohmmeter the separate wires can then
have their starts and finishes identified, so
that it is an easy matter to join up the
finish of one winding to the start of
another.

If two windings are series connected in
this way the winding is called a bifilar
winding. The purpose of this type of win-
ding is to reduce the stray winding
capacitances which would result from a
single winding of the same number of
turns. This is most important at the higher
frequencies. Another benefit with this
type of winding is that it is easy to make
up transformers with turns ratios of 1:1,
2:1 or 3:1 by joining 1, 2 or 3 windings in
series for the high impedance winding and
using a single winding for the low im-
pedance. In practice it is difficult to make
a good broadband transformer with a
turns ratio greater than 4:1, and for
greater ratios it is better to use two
separate transformers which, when com-
bined, produce the required ratio.

It is often necessary to adjust the induc-
AR

W = reistive psrmeabllity
NA — not available in that aize

TABLE 5. FERRITE TORDIOAL CORES A, VALUES (mh1000 tums)

Core 68 #63 #67 »61
Size =20 =40 pw40 =125 =BS5S0 w1800 y w2000 u =3000 w5000 = 5000
FT-23 — 40 79 79 248 188 356 396 NA 990 NA
FT-37 — 8.8 177 177 55.3 420 796 884 NA 2210 NA
FT-50 — 1.0 220 22,0 68.0 523 990 1100 NA 2750 NA
FT-50A — 12.0 240 24.0 5.0 570 1080 1200 NA 2900 NA
FT-50B — NA 48.0 48.0 150.0 1140 2160 2400 NA NA NA
FT-82 — 1.7 22.4 224 733 557 1060 1170 NA 2930 NA
FT-87A — NA NA NA NA NA NA NA 3620 NA 6040
FT-114 — 12.7 254 %4 793 603 1140 1270 1300 3170 3170
FT-114A — NA NA NA 146.0 NA NA 2340 NA NA NA
FT-150 — NA NA NA NA NA NA NA 2640 NA 4400
FT-150A — NA NA NA NA NA NA NA 5020 NA 8370
FT-193 ~ NA NA NA NA NA NA NA 4460 NA 7440
FT-240 — NA 530 NA 173.0 1240 NA M30  NA_ NA NA
desired L {mh]
Turns = 1000 A (mh 1000 1)

Add mix number to core size In space provided (—) for compiete part number

#43 .T? 72 #F 7S #d

TABLE 6. FERRITE MAGNETIC PROPERTIES

Frequency (MHz)

_ \Propefly e L N ) 1/ 4 1SS

= Relative
Permeability 2 “© “ 125
PR | K S S
Saturation
Fiux (Gaoss) 2000 s 00 20
C“"'_g'"‘p 500 450 500 350
S T IOCONE i iR S
S e Rt S b
Tuned Clrcuit
Froquency (MH2) Wi 1525 1080 0210
Widebano 2001000 25200  50-500  10-200

#43 77 - !72 £ #F e== .75 v_J
850 1800 2000 3000 5000 5000
2750 4600 3500 4700 3900 4300
130 200 150 250 160 140 !
B PN e T L e R i
1.0 0.60 060 0.60 0.90 0.90 |

0.001-1 0.001:1

0.01-1 0.001-1 0.001-1 0.001-1
1.50 0.5-30 0.5-30 0.5-30 0.2-15 0.2-15

tance of a toroidal winding in tuned cir-
cuit applications to achieve resonance
with a fixed capacitor in the circuit. Apart
from adding or removing turns (a coarse
adjustment) it is possible to make fine ad-
justments by slightly closing up or
spreading apart the turns around the core.
Pushing the turns together will increase
the inductance and, conversely, spreading
them apart will decrease the value. Finish-
ed windings can be fixed in place with
polystyrene dope, and complete toroidal
inductors may be attached to a printed
circuit board with silastic adhesive so that
the assembly can be removed later if
necessary. When fixing to an earthed base
be careful of unwanted capacitive coupl-
ing to the winding itself.

Ferromagnetic materials are hard and
brittle, so do not clamp cores in a vice or
pliers. To prevent any sharp corners form
cutting through the insulation on the wire
it is good practice to wind a layer of PTFE
tape (as used by plumbers for sealing
threaded joints) over the entire core
before laying on the winding. Always put
the winding with the largest number of
turns on first so that additional windings
have an even base to sit on. The sealing
tape can also be used as insulation bet-
ween windings.

It is important to know how to measure
the resonant frequency of a tuned circuit
containing a toroid inductor. As mention-
ed earlier, toroidal coils have very little ex-
ternal field, so it is almost impossible to
couple a GDO to such a winding. To
overcome this, use a 1 or 2 turn link
coupling between the GDO coil and the
‘cold end’ of the toroid winding.

Where ferromagnetic cores are used

with transmitters quite high RF voltages
can exist across windings and ordinary
enamel insulation is often not sufficient to
prevent breakdown between turns or
breakdown between turns and the core. In
these cases good spacing between turns
and good HV insulation (eg PTFE insula-
tion) must be used. Because of these
restrictions, it is not usual to use fer-
romagnetic cores at high power levels (200
W) where the circuit impedance exceeds
600 ohms. Fortunately, most solid state
circuits operate at much lower im-
pedances.

Suppliers

Toroidal cores are available from:

El;ctro Sonic, 1100 Gordon Baker Road,
Willowdale, Ontario M2H 3B3 (416)
494-1555.

Carsten Electronics, 3791 Victoria Park
Ave., Scarborough, Ontario MIW 3K6
(416) 495-9999

[ |
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IF YOU WANT TO GET
INTO PC SERVICING,
YOU HAVE TO GET
INTO A MICROCOMPUTER!

Learn PC Servicing By
Building Your Own
Desk-Top Computer!

NTS Intronic Home training
gets you right down into the heart
of computer circuitry. Learn how
microprocessors function, how
they operate and are used to
solve problems. Your program
includes a wide variety of tests
and projects you perform as you
build your own PC, circuit board
by circuit board unit by unit.

SEND FOR “FREE
COLOUR CATALOGUE”

Hand-On Training With
Your (IBM Compatible)

PC-XT Puts You At The

NTS Offers Many

Additional Courses in
Electronic and Other

Leading Edge Of
Technology!

This remarkable desk-top PC is
the must powerful and versatile
ever offered in any home study
course. Advanced features of this
PC-XT include:

e 16 Bit 8088 microprocessor for
IBM compatibility
® 640 K RAM for high speed
pertormance
e 8 expansion slots
135 watt power supply
e Dual 720K double density
floppy disks drives

e Color graphics/printer adapter
card

® Operating system included:
MS-DOS with GW Basic

18M is & Reg of Mochine Corp

MS is o Ragistered frsdemerk of Miciosoh Corp

Circle No. 13 on Reader Service Card

Fields:

[} Robotics

[} Video Technology

[0 TV & Radio Servicing

[ Industrial Technology &
Microprocessor

[} Basic Electronics

[} Transportation Technology
(Auto and Diesel)

[} Climate Control Technology
(HVAC)

i —— =8

=S

TRAINING THE WORLD FOR THE 21ST CENTURY
National Technical Schools
Canadian Office m
517 Bohemia Crescent

Oakville, Ontario L6J 2K7

(416) 842-8383



DID YOU RECEIVE
YOUR COPY?

Moorsheod
ublications

_ software
catalogue
-.\ \

This catalogue is a comprehensive
description of the Almost Free Soft-
ware available from Moorshead
Publications.

if you would like a copy of this
catalogue, please mail your request to:

Moorshead Publications
Software Services
1300 Don Mills Road

Toronto, Ontario
M3B 3M8

AMAZING

| SCIENTIFIC and ELECTRONICS |

DEVICES

PLANS — All Parts Available in Stock.

» LC5 BURNING CUTTING CO2 LASER. .. ... $20.00
*» RUB3RUBY LASER RAY PISTOL .......... 20.00
* BTC51.5MILLION VOLTTESLACOIL . .. ... 15.00
» GRAI - GRAVITY GENERATOR ............ 10.00
* MAGNETIC CANNON/PROJECTOR ........ 10.00
* LRG3SOLID STATELASERRIFLE ......... 10.00

KITS — includes Plans and Parts
* LHC2K SIMULATED REDVGRN/YEL

LIGHTLASER ................... ...34.50
* BTC3IK 250,000 VOLT TESLA COIL 150.50
*IOGIKIONRAYGUN ............... 100.50

* PSP3K PHASOR SHOCK WAVE PISTO!
» STGIK - STUN/PARALYZING GUN . ...
* INFIK INFINITY TRANSMITTER .
® MFT1K 2-3 MILE RANGE FM VOICE XMTR . .49.50

ASSEMBLED AND TESTED PRODUCTS

* LGU30 RED 1MW PORTABLE HENE LASER 315.00
» TCL30 SOLID STATE TESLACOIL 35KV . . ... 74.50
* |PG50 POCKET PAIN FIELD GENERATOR. . . 84.50
» BLS10 BLASTER DEFENSE WEAPON ... ... 80.50
* ITM10 - 100KV SHOCK AND STUN GUN ... .90.50
* PPF10 PHASOR PAIN FIELD PORTABLE . . . 240.50
* SNP20 SECURITY PHONE LISTNER. .. .. ... 90.50

* 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
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Continued from page 28 IDUBI Reading Thermometer

act as a display window must be made in
the top panel, together with a couple of
holes for the LEDs. These must be care-
fully positioned so that they accurately
match up with LEDs and the display when
the lid of the case is put into place.

The rectangular cutout for the dis-
play can be made using a fretsaw or a
miniature round file, with a small flat file
being used to finish it off neatly. The size
of the cutout is 19 by 50 milimetres. It is

Resistors — All 0.25W 5% carbon

L4 [T s o R S e T R o 220k
RIGRI TS el e e T 100k
RS el 2 e I e 22k
P s S R R e e e T IM
RO ot s e e marar: 470k
Rilime et i el n s Rt Ll o s 18k
R8BSR i i o Sl s 1k
RIEQ 25 it ety o Vo o v e e 10M
Potentiometers

VRS Eiaes 1k sub-min horizontal preset
Capacitors

G s el S 22p ceramic plate,
i R 100n carbonate
CRE i e R 22n ceramic
(o3 Al o SR G (R 470n carbonate
(G} TTANES R e A e E 47n carbonate
(Ol e Al e St 100u radial elect, 10V
R R N T ey 220p ceramic plate
(@ P @ e AR 22u radial elect. 25V
(@) (Ve R Bt e e 330n carbonate
Semiconductors

(e ke Srsbastaaalio L AR ICL7106 DVM
PPy e e Sy 314 digit LCD display
| (R ol K@l arpaig i 4001BE CMOS quad

2-input NOR gate
IC4,1CS5 ... .. LM35DZ temperature sensor

) (Rl e s i o 4016BE CMOS quad
analogue switch
10 20 R e i i P S BC547 silicon npn
I DY} 71D PR g e IN4148 silicon diode,
DI DA T s TIL209 red LEDs]
Miscellaneous
St SPST miniature toggle switch
Blsie s s N S 9V battery.

Case about 205 x 140 x 40 mm; two 3.5 mm
stereo jack sockets and matching plugs;
battery connector; two 40-pin DIL IC
holders (see text); three 14-pin DIL IC
holders; wire; solder; pins; etc. The
LM35DZ is available from Electro Sonic:
1100 Gordon Baker Road, Willowdale, On-
tario, 416-494-1555.

advisable to fit some thin transparent
plastic behind the display window to pro-
tect the front of the display against ac-
cidental scratches.

The sensors can be wired to the
printed circuit board using two lengths of
twin screened cable with the outer
braiding of each cable carring the “V-"*
connection. Rather than using direct con-
nection to the board it is likely to be more
convenient in use if the board is connected
to a couple of three-way sockets fitted on

the rear panel, and the leads from the sen-
sors are fitted with matching (and correct-
ly connected) three-way plugs. On the
protoype stereo 3.5mm connectors are us-
ed, but any type of three-way connector
should be perfectly suitable. Whichever
method of connection is used, the cables
can be many metres long if necessary. The
on/off switch can be mounted on the
front panel or the rear panel, as preferred.

Ajustment and Use

Start with VR1 at a roughly mid setting.
When the unit is switched on the display
should show a realistic but not necessarily
a very accurate reading, and the two
LEDs should flash on and off alternately
with an “‘on”’ time of around 1.5 seconds.
Switch off immediately and recheck all
the wiring if either or both of these condi-
tions are not met.

If all is well, one way of calibrating
the unit is to measure the output voltage
from one of the sensors using an accurate
digital multimeter, and to then adjust
VRI1 for the corresponding reading. For
example, if the measured voltage is 0.249
volts, VR1 would be adjusted for a display
of 24.9 degrees. VRI must be adjusted
very carefully in order to obtain exactly
the required reading, but adjustment is
not so critical as to merit the use of a
multiturn potentiometer.

A more accurate method is to cali-
brate the unit against a precision ther-
mometer. With the thermometer and the
sensors placed side-by-side and allowed to
settle to the same temperature for a
minute or so, simply adjust VR1 for a
display reading which matches the
temperature indicated by the calibration
thermometer.

If the sensors are to be used in liquids
it is essential that they be fitted into pro-
tective probes, such as small test tubes.
Some silicon grease can be used to give a
good thermal contact between sensor and
tube, but it will always take at least a few
seconds for the sensors to adjust to any
large changes in temperature. If the sen-
sors are not to be used in liquids it is a
good idea to at least insulate each leadout
wire using insulation tape so that there is
no danger of accidental short cuircuits
arising. |
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Exclusive to Dealers

SUPERCOM,

Now Available
in Canada

® Full Line of Computers & Peripherals including:

- IBMTM Compatibie PCs, ATs, & XTs
- Monitors & Keyboards

- Motherboards & Add-On Cards

- Hard Disks, Modems & Mice
-PowerSupplies+manyothers

® Choose Guaranteed, Quality Products From

Panasonic s% MTsusis brother

=Rolang @MiniScribe TTX

* For Quality & Value, backed by a 30 Day Parts & Labour Warranty.

Contact:
DIRECT IMPORTER FROM MANUFACTURER SINCE 1980

MY INTERNATIONAL CO.
Tel: (416) 293-5418

19 Passmore Ave., Unit 14, Toronto, Ont. M1V 2R6
Telex: 06-986766 AMANDY FAX: (416) 293-0139

AT COMPATBLES

AT WHOLESALE PRICES!

COMPLETE SYSTEM:
® 6/10 Mhz Motherboard .1 Meg ram

® At Maxiswitch Keyboard

® 1.2 M Floppy & Controller

® Monographic Card & Monitor
® 200 W Power Supply

® Parallel & Serial ports
-1 Year Parts & Service -

Cost $2979

FREE 30 Meg
HARD DRIVE

Call About our *With Above
XT Systems! system!

WE WILL NOT BE UNDERSOLD!

[ELECTROCOMP

1149 Virginia Parkway
Windsor, Ont. Canada N8S 2Y8

TELEPHONE: (519) 966-4496

Circle No. 16 on Reader Service Card

PRODUCT RECALL

Fluke
8000A DMM
Safety Notice

Under certain circumstances, the interior retaining
nuts securing input jacks on the Fluke 8000A series
digital multimeters may loosen and fall onto the circuit
board. As a result, a short circuit may occur which
could cause serious injury or death if a high energy
circuit (above 250V and 4000 VA) is being measured.

This safety notice applies only to Fluke Digital
Multimeter models 8000A, 8000A-01 through 8000A-06,
8000A/MAS, 8000A/MTR, 8000A/AA through 8000A/Z2Z
below serial number 4040000.

If you own or use an 8000A, please call the nearest
Allan Crawford Associates office and information will
be sent to you.

Toronto 416-890-2010 Montrea! 514-731-8564
Ottawa 613-596-9300 Calgary 403-295-0822
Vancouver 604-988-2195

®

t——e—————— Circle No. 18 on Reader Service Card

Fuem
owme ®

K.E.M. special Express Prototype
Plate-thru P.C. Board service.

In only 36 hours!

Price example ™
4" x 5" with 200 holes Plate-Thru PC Board

*Sworkingdays service ........... $145.00/for 2 pcs.

3B NOUFSEIVICE s sapuis wuic s cnirinain 5 $218.00/for 2 pcs.

Please ask for detailed price quotation list.

K.E.M. Electronics. Ltd

Mail to: Box 69126 Station (K), Vancouver, B.C. V5K 4W4
Office: 879 E. Hastings St., Vancouver, B.C. Tel: (604) 251-1514
Circle No. 19 on Reader Service Card

51



Dimension are 3" x

MODEL HCF-1000
1GHz $495.00

GREAT FEATURES, SUPER PRICE!

Here's a compact, lightweight 10 Hz to 100 MHz
counter with four function performance. The unit
features eight digit LED display, low power
consumption circuit with functions for frequency,
period, totalize and self check.

8" x 10-1/2”

MODEL
HCF-100

325900

Order by phone or mail. VISA, money order, cert. cheque or C.0.D.
Add $10 for shipping and handling. Ontario residents add 7% PST.

KB ELECTRONICS

355 Iroquois Shore Road, Oakville, Ont. L6H 1M3
(416) 8426888 Telex: 06-982396 (KBEL OKVL)
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ATTAK-286

The new model 1A ATTAK-286 AT clone motherboarc
CHIPS & TECHNOLOGY LSl chipset Mos! TTL funet
been put into CMOS low powar LS| chips. to save pow
and gain speed. Tha board is 4 layer and is robot tesle
bhuitt tor the tughest reliability. Has lhe same size as th
comas with PHOENIX BIOS set. and runs like a deer.
(A) Wired, tested,w/book & schematic....$849.95
(B) Bare PCB, parts list, placement . .$169.95
(C) Detailed manual wiSchematic .. .$39.95
(D) PHDENIX BIOS.... $99.95
(E) Keyboard BIOS (EPROM/CPU).
(F) 200W Power supply.
(G} AT flip-top cas
{H)CHIP & TECH L

8Mhz $1 29.95

{)) 80288 procussor
10Mh2
12Mhz.
ASK

.$159
.$229

{J) 80287 Math Co-processol

AT SYSTEMS

The new Amencan ATTAK-286 motherboard with the CHIPS §
TECHNOLOGY LSt chipset s head and shouldors above al ihe
TTL junk trom Tamvan The CMOS chips use 90% less power &
1hus ot lass heat bulds up I0side h unil and everything lasts

alotlonger Fully tested
BASIC SYSTEM. ...$2399.00

Entry levol system with 512K RAM,1-360K DSDD & 1-1 2M
DSAD drive with the 16 il HARD/FLOPPY contoller, with
Video card printer part, 200W power supply, 5160 ATXT auto
switch keyboard all cabins, and 8 Mhz motherboard Options
can ba chasen rom this list

(A)2-1.2M floppies $ 89.95
{B) 512K RAM upgrade $ 85.00
(C) 30M hi-speed hard drive..... $1075.00
(D) 10Mhz upbarade motherboard. ~ $149.95
(E} 12Mhz upgrade motherboard.  $289.00
PANASONIC JU455-A5, latest DSDD. $144.00

PANASONIC JU363, 720K DSDD 3.5" DOS 3.2... $144.00
QUME 142, 0SDO. $129.95
PANASONIC SA475, 1 2M AT drive $199.00
SEAGATE/MINISCRIBE 20M with controller......... $649.95

CONTROLLER only{WO,NS DTC). ASK

Cables, connectors etc in stock, ask forprice

Iy [ ) |
U O
800-38 H

XT SYSTEMS

What a deal, great systems al a deal price. All are the
latest exact clone technology, 100% compatibie to
real IBM and BIOS. Al have legal BIOS, luly tested
and burned in for 24 Hrs. Wilh the following options.
640K motherboard with 256K RAM tested on board
*1 DSDD. halt height disc drive & controfler
* AT/XT style 5160 kayboard, with autoswitch,
Video card, choose mono of color

« 8 S0t lip-top case with 150W power supply and 5 disk
eltes of free software.

XT 4.77 MHZ,256K........$749.00
XT 8Mhz, 4 layer turbo..$875.00
XT 10Mhz 4 layer turbo.$349.00

All turbo systoms will run at oither spood. seloctable by a
switch, or by softswitch. ADDITIONAL OPTIONS ARE
$105.00

*Clock/Cal/Ser/Par/Game add...

“Parallel centronics printer card.......
* RS-232, Std seriai card..
* EXTRA DRIVE..$149.95

“COMPUTER & ELECTRONICS

EXPERTS LOOK TOWARDS

SILICON VALLEY

FOR THEIR COMPONENTS”

® Let us upgrade your IBM PC
: ... More memory ...more capability.

® Computer peripherals!!!

, ® March Special
. TVM MD-3 Colour Monitor. . . $555.00

:
=

See our wide selection of
prime Electronic components

]

-

Lii5[ae]s /15 81"/ COMPONENTS
287 Lakeshore Road, East, (just East of Highway 10)
Mississauga, Ontario L5G 1H3

(416) 271-0716

NAME:

ADDRESS:
CITY:
POSTAL CODE:

Prices subject to cirange without notice
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PROV:

PHONE: ()

MAIL ORDERS: We take VISA, MG, AMEX
checques(2 wks for non-certified) C.O.D.
$4.00 Extra. Min order $25.00, Delivery &
handling 5%(min $5.00) for surface cel

service of your choice may be used. atthe
extra cost.All prices are subject to change
without notice. All lems subject to prior
sale. RMA number needed for returns.

Heavy items may cost more. Premium del 25% restock lee charged.
FULLY
640K MOTHERBOARDS  fUtty)

All motherboards are lully tested through all operating par:
ameters, and to full 640K RAM. They coma with legal BIOS

and ZERO K RAM , With manual

{A) 4 77Mhz, std 640K uni 317995
BARE PCB and assembly data $34.95
{B) 8 0074.77 Mhz Hard switch turbo, 2layer $229.00
BARE PCB and assembly data. $39.95
{C) 10/4.77Mhz, Hard Sw turbo, 2 layer $279.95
{D) 8 0074 77Mhz 4 layer hard Sw turbo. ...... $289.95
BARE PCB and assembly data.... $79.95
{€) 10/4.77Mhz 4 layer hard Sw turbo. $299.95

KEYBOARDS

(A) 5160 AT/XT Autosw. LEDind £139.00
(B) 5161 AT/XT Aulosw, LEO Ind,105Key..... - $159.00
(C) KEYTRONICS RT101, AT/XT 106 Key, the very

AT 16 Bit controller, $365.00
HARD ORIVE CASE(2-hall ht) $59.95
HARD DRIVE CASE with power.fan,Sw.| luse ..... $169.95

nicast keyboard we have., Genuine ftlem. $179.00
(D) KEYTRONICS 5150, Std XT 83Key. $129.00
{€) KEYTRONICS 5160 AT/XT,83Key. $155.00
(F) AES DATA ASCI|, 5V. HallSw, Best.....  $24.95
{G)il+,lle CLONE. Fits In case, specily. $69.95
{H) !+,Jle DETACHED, IBM aspect $129.95
ASSORTED SWITCHING
POWER SUPPLIES
(A} 150W Side or back swiich. $134.95
(B} 150W real CSA side sw. $149.95
(C) 180W Mini AT, husky XT. $189.00
{D) 200w CSA s1d AT $229.95
(E) 230WCSA StdAT $259.95

(F) Apple Clone, Il+lle... $49.95
(G) Northern Tel.+5-4A, - 1A $19.95
{H} NCR XTClone.+5-7A.+12-3. 5A. 5.12..5A. $49.95
{l) BENCH SPECIAL,+56A +12:3A $34.95
(J) AC line cords for all above(3 wire). 4.95

IBM/APPLE MIDI
INTERFACE CARDS

(A) APPLE 6850 /F,The standard card for the
Il or llg, input & output for control of all
new synthesizers. has programming capablli-
ty. Wired with full data...... $69.95
BARE PCB & DATA.. $16.00
{BJADVANCED APPLE MIDI IIF, with tape and
drum synchronization, for all old and new syn-
thesizers, wired with all datla
BARE PCB & DATA.

{C) APPLE SAMPLE/PLAY CARD A A/D D/A card of ad-
vanced design allowing input sound to be sampled at a
high rate and played back. sound can be maniputaled in
software for novel effects. Wired with data and soltware

.$119.95

BARE PCB & DATA.
SOFTWARE & MANUAL $18.95
(D)iBM &850 I/F. A tull feature IBM MIDI card 1
input, 3 outputs for full versatility, comes with
full data, wired lesled $119 95
BARE PCB & Dat 8.95
QUAD BOARD, Small PCB with 4 DIN connec
tors on it for external mounting (free with
wired board) allows easy use of
MIDI cards. $8.95
(E) MIDl DATA SOURCE BOOK/DISK, A com.
pilation of MIDI data and references for AP-
PLE or IBM MIDI use(tell us which one you
wany} Complete with programming hints and
demo disk of software
Very useful book.. ..$19.95

UPS-250 UPS-400

Uninterruptible Power Supply

Great new power supplies 1o kaep things going when the going
gets tough. Automatic switch-over, internat battery and will run
up 10 250(400} watts for 10-15 minwhile you back-up. The
UPS-250 can connectto a + 12V car or boat battery foruse as

a 1 10VAC source continuously(150Watts cont). The unts have
85% iency, SMs. light b aiarm, 2 AC out
lets,and full iransient fikering.

UPS-250..........$449.95
UPS-400..........$599.95

CASES XT/AT

{A) XT FLIP-TOP(side or back switch..........$64.95
{B) XT FLIP-TOP(AT ASPECT XTFIT)...... 589.95
{C) XT SLIDE. Sirong, shie'ded, secure. $79.95

() AT FULL SIZE, slide-out type..... 159.95

(E) AT FLIP-TOP, FULL SIZE. $179.95
(F) AT FLIP-TOP, MINK(XT size AT). $159.95
(G) t+,lle clone case, tinal sale. $29.95

WIRED
IBM CARDS

The lollowing cards are wired and lested with manual,

BARE PCBs are stilt for sale, ASK. Alf cards are 0K

and have no disks excepl where noled.

{A) COLOR GRAPHICS Fullycompahb!e RGB &
CA)....

color and . $885.00

(B) MOND GRAPHICS With printer, Ihc Hercules
clone. Runs herc basic disc. ... $118.00
(C) DISC CONTROLLER Std, 1-4 drives $539.95
ECONOMY, 1-2 drives, $337.95
(D) PRINTER, Sid parall $539.95
(E) RS-232 Std senial, with one po $544.95
Optional second port $512.00
(F) RS-232/CLOCK CALENDA| $854.95
(G) GAME 1O, Std 2 joyslick ty) $$29.95

$$34.95

$5989.95
{) MULTI/Q , The mosl elficient card wﬂh a disc card
as well as clocklcalendarlsenanamll .. $149.85

(N) RAMBANK-I, A Lolus/intel clone card $189.95
(0) PROTD, 100% ww,DB9,25 holes.........  $524.95
{P) PROTD-RAM,60% ww, 256K/TIM RAM  $524.85
(Q) EXTENDER XT 6~ . $519.95
(R) EXTENDER AT 6~ $529.95

X}
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Electronics

Joday

Canada’s Magazine for Electronics & Computing Enthusiasts

LITERATURE-REVIEWS

ACTIVE 1987
JUST PUBLISHED

All new 218 page catalogue. Pack-
ed with over 7500 industrial grade
parts. Everything the serious elec-
tronic designer requires in semi-
conductor and passive com-
ponents.

Claim your quick reference to
Active’s 9 huge local inventories
nation-wide, plus our rush mail
order service.

Active - the professional’s
choice.

1-800-361-5884 (Outside Quebec)
1-800-361-9046 (Quebec Only)
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PC BANK

An extremely easy-to-use
multifunction program for home
or business use. PC Bank covers
16 of the most needed financial
functions including Loans, Mort-
gages, Savings, Investments,
Depreciation and Interest.
Additional Benefits like on-line-
help, sample problem and instant
adaptability make this software
essential to anyone who wants to
know how to use money wisely.

99.95 List
(Demo Disk & Quantity
Discounts to Dealers)
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BRUNELLES CURRENT
CATALOGUE

BRUNELLE INSTRUMENTS INC.
new catalogue is now available,
products included in the catalo-
gue are oscilliscopes, digital
multimeters, logic probes, logic
pulsers, function generators,
capacitance meters, audio gene-
rators, insulation testers, clamp-
on ammeters, phase sequence in-
dicators, motor rotation in-
dicators, etc. Also contained
within the catalogue is informa-
tion on repair and calibration ser-
vices performed by Brunelle.
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brother.

HR-20 DAISY WHEEL PRINTER

A 20 CPS Letter Quality printer with both
Centronics Parallel and RS-232 Serial
Ports.

An optionat professional style key-
board will convert the printer into a stan-
dalone Electronlc Typewriter. Also op-
tional are cut sheet and tractor feeders.

Unique two color printing capability

| and long life Daisy Wheels and Ribbons

make the printer a complete addition to
any office.
Avallable from SAK DATA PRODUCTS

4500 Dixle Rd., #12B, Mississauga,
Ontario L4W 1V7
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WordStar Professional Release 4 — Over 125

(416) 876-4774
251 Niplssing Rd., Unit 2,
Milton, Ont. L9T 425

New Features with WordStar’s
Classic Look and Commands

MicroPro s proud to announce the new
release of WordStar Professional for
IBM® Personal Computers and com-
patibles.

UPGRADES - $139.95 (Shipping/Handling/
Taxes are extra.

e From all previous WordStar packages
you must submit Serial Number.

* From other Word Processing packages
you must submit Original program disk.

* Upgrades are complete standalone
packages with all disks and manuals.

Order Today From

NSJAND
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VIKING 1

HIGH RESOLUTION MONITOR

MOMTERM
Viking 1

Users of CADICAM Systems, Desktop
Publishing or Spreadsheets will ap-
preciate the crystal clear, flicker free
resotution. The 19.6 screen had a dot
resolution of 1280 x 960 pixels, plus an
additional 1024 x 768 bit mapped memory
buffer for fonts, figures or formats,

The Moniterm Viking 1 Graphics
Display System Is monochrome and in-
cludes a DMA access hi-speed graphics
controller card.

Available from SAK DATA PRODUCTS
4500 Dixle Rd. #12 B, Mississauga,
Ontario LAW 1V7.
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MOORSHEAD PUBLICATIONS 1

Subscribe N

over $10,000 in the latest com
and save up to 58%

YOUR CHANCE TO WIN HOW THE SWEEPSTAKES WORK
THE LATEST IN COMPUTER There are two ways of entering: take out a new |
TECHNOLOGY FROM subscription, or renew one, to any of the participating |

magazines, before April 10th, 1987 and your name

TOSHIBA. AND ALL YOU will be entered for the draw if you use an official
HAVE TO DO IS ENTER! entry form OR if you write (boldly and clearly) the

Celebrate MOORSHEAD PUBLICATIONS word 'SWEEPSTAKES'' on other cards or forms.
10th Anniversary as Canada’s No.l publish- If you wish to enter without subscribing you

er of computer and electronics magazines 2y US€ the Official Entry Form on this page;
by entering our 10TH ANNIVERSARY photocopies are NOT acceptable. Only one entry

: per envelope is acceptable. On April 15th, 1987,
ISIYZE?‘E;II‘QI‘;E; g&u could become the a random draw will be made from qualifying en-

; . i answer a
Tiashiha. prodice trants. The first entrant drawn to €

shown here worth November 195 e llm(;lt;(:t?i(rllllc:;:flng
over $10,000... G e ectly will be
no purchase nec- : decleed e
essary... ALL YOU o ,
HAVE TO DO '
IS ENTER!

™. THESE GREAT PRODUCTS
FROM TOSHIBA
' COULD BE YOURS!

If you're the lucky winner of our
10TH ANNIVERSARY SWEEPSTAKES,
we'll arrange for you to receive at your
home or office the products shown; a total
value of over $10,000! Simply by subscribing

to (these publications) you have the chance
to win the very latest in computer technology
with the quality and reliability you've come to
expect from Toshiba. You'll be able to conduct
professional business transactions and computerize
your business or home as never before!

TOSHIBA

WE MEAN BUSINESS

INFORMATION SYSTEMS OIVISION

i
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I'H ANNIVERSARY SWEEPSTAKES

yw and Win! |
uter technology from Toshiba

THE INCREDIBLE T3100...

All the power of the top of the line desktop in a pack-

age only 3" high when closed and only 14 pounds.

Small enough to take anywhere!

Featuring a Gas Plasma screen, the T3100 provides

outstanding resolution. At 640 by 400 pixels, it's

ideally suited for graphics. A memory capability of

640 KB, expandable to 2.6MB with the addition

of a single memory card.

And it's fast. With an 80286-2 micro-

processor it's more powerful than a

full-sized IBM PC-AT Desktop**
% Full IBM compatibility; a

' % 10MB internal hard disk;

a 720KB floppy disk;

and an 81 key

full-sized
keyboard.

THE NEW PAGELASER 12

Laser printer quality with a whole
lot more.

Outstanding full-page print quality and =~ -ooccemmcomm oo

OFFICIAL ENTRY FORM
MOORSHEAD PUBLICATIONS
10TH ANNIVERSARY SWEEPSTAKES

[J YES, enter my name in the 10TH ANNIVERSARY SWEEPSTAKES for $10,000 in TOSHIBA products,

graphics, with its resolution of 300
dots/inch. And at 12 pages/minute
it’s incredibly fast.

Long product life at 600,000. It holds

your subscription!

MAKE THE MOST OUT OF YOUR
TOSHIBA SYSTEM WITH THE
MAGAZINES OF THE MOORSHEAD
GROUP... COMPUTING NOW!
ELECTRONICS TODAY,
COMPUTERS IN EDUCATION.

Enter your subscription(s} and receive in-
depth evaluations of computers, peripherals,
and software plus the latest happenings

in electronics. Expand the use of
your microcomputer with probing
articles on programming break-
throughs and important news
that will increase your
‘‘computer consciousness’'!
You will find applications
and innovations you can
use directly on any com-
puter and keep abreast of
the newest developments
in microcomputing!

Closing dates for entries

April 10th, 1987.

up to 750 sheets, more paper than

P ] ! pap start my subscription to (] Computing Now!, (J Electronics Today, (] Computers in Education for the
anyone €Ise. . term checked below at a saving of up to 58% on the newsstand rates. !
Up to 2MB of memory and a lé'dlglt i [ One Year for $19.97 [0 Two Years for $36.97

EngliSh‘Language panel displaY- A high [0 NO, I don’t wish to subscribe now, but tell me if I've won
duty cycle of 10,000 pages/month. MOORSHEAD PUBLICATIONS 10TH ANNIVERSARY SWEEPSTAKES
It comes standard with many features

: ; ! Name . Company

including Serial and Parallel RS232 - !

Interfaces. 4 City Province Postal Code !

**IBM PC-AT is a registered trademark of : ]
Check one: 1

International Business Machines Corporation.

[ Payment enclosed  Charge my: (J American Express [J Visa [J MasterCard.

*Employees and their families of Moorshead Publications

and Toshiba Canada are not eligible to enter. Card No.
Special subscription rates are for 10TH ANNIVERSARY SWEEPSTAKES only. {Savings are up to 21% off regular subscription rates)

Moorshead Publications 1300 Don Mills Road, North York {Toronto), Ontario M3B 3M8

Expiry Date




SO MUCH FROM SO LITTLE

' CREATEC -

e SIGNAL COMPUTER SCO01-
SIX INSTRUMENTS IN ONE
e Digital Oscilloscope
e Sampling Oscillograph
¢ Transcient Recorder
e Digital Voltmeter
¢ Frequency Counter
e Signal Processor

RCC/ELECTRONICS

"

HIOKI 3240 = 310 Judson St., Unit 19 Vancouver

Te A
POCKET- SIZE DIGITAL enowesGTs s
MULTIMETER Telex: 06-984874
Developed for the service engineer, hobbyist if:r‘n(‘:\}ﬁc)j 22)25253':
and electronics student, features include: 1-800-268-2281 Winnipeg
8 mm thick 10 mm high display Tel (RORERETSE
e measures DC and AC voltage to 500V
e measures resistance to 20 meg ohms
e protects ohms and continuity functions for Moktreal

p : Tel: (514) 694-6080
up to 1 minute if 125VAC or 250 VAC Telex: 05-821762 Moncton
volts applied in error Toll Free: 1-800-361-6435 Tel: (506) 389-8121

e complete with leads, battery and case

Circle No. 29 on Reader Service Card
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