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BEST Computers

Designed & Made in Canada
IBM PC, XT & AT Compatible

NEW AVX-386

Standard Features: Based on the 80386-16 processor running at a speed of
16MHz, software selectable to 8MHz. Two 5.25" disk drives (one 1.2 Meg,
one 360K), 10 expansion slots, presocketed for 287 or 387 math
coprocessor, one serial and one parallel pon, real time clock/calendar,
game port, colour graphics OR monochrome video board, hardware reset
button, high quality extended AT styie keyboard, keyboard lock and status
panel, CSA approval.

Configuration 1: Standard features with 2 Meg on-board memory using
41256K DRAMSs:

$5695.00

N.B. Configuration 1 on-board memory cannot be expanded beyond 2
Megabytes since the 256K DRAMs are a different physical size and pin con-
figuration than the 1 Megabyte DRAMs.

Configuration 2: As above with 8 Megabytes of on-board memory, using 1
Meg DRAMSs:

$8695.00 Configu- Configu-

ration 1 ration 2

N\ ’—/ 30 Meg 39ms Fast stepping harddrive ........ $ 6995.00 ..... $ 9995.00
40 Meg 39ms Fast stepping hard drive ........ $ 7195.00 ..... $10195.00

- 70 Meg 39ms Fast stepping hard drive ........ $ 8185.00 ..... $11195.00
- 115 Meg Fast stepping hard disk drive ........ $11695.00 ..... $14695.00

We have such confidence In the rellability of our BEST systems

Warranty

that we offer a full ONE YEAR WARRANTY. This far exceeds the
90 day industry standard. On-site service plan is available across

Canada at extra cost through 3M of Canada Ltd.

Features common to the BEST Mk lll and Mk IV

« Reset Switch

« Phoenix BIOS as used In many major brand IBM
compatible systems

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

« Superb IBM PC & XT Compatibility
« Canadian Designed and Made
« 256K RAM Standard minimum
(uses 41256K RAM Chips)
* Expandable on-board to 640K RAM
* Paraliel Port {tor printer)
« Serial Port {for communications)
* Real Time Clock/Calendar
{with battery backup)

« Presocketed for optional co-processor - such as

8087 Math Processor

* High Quality ennanced AT style Keyboard with

separate cursor pad and numeric keypad

« 7 Slots

* Flip-Top Case
* 2 Slimline DS.DD 5-1/4" Disk Drives
« Colour Video (RGB and Composite) Board or

Hi-Res Monochrome Card (customer choice)

« Disk Drive Controller

« CSA Approved

Super Fast BEST Mk IV

All the features mentioned above plus
speed setectable: 4.77 and BMHz (most
software will run on the higher speed),
uses B8088-2 processor, TRUE 16-bit
machine, based on 80B6-2 processor with
16:Bit bus on-board architecture, with
speed more than twice as fast IBM XT yet
maintaining 8-bit 1O channel bus for IBM
hardware and software compatibility.

ULTRA
FAST

$1795

With 640K RAM ... ... ... $1895.00
As Basic Configuration with HD:
With 20 Meg HD, 1 Fip.640K . $2595.00
With 40 Meg HD, 1 Flp.640K . $3395.00
With 70 Meg HD, 1 Fip.640K . $4395.00
Note: 40 and 70 Meg Hard Drives
Systems are Fast Stepping and in-
clude SpeedStor Software Valued at
$150.00

BEST Mk Il

Two 360K DS/DD disk drives, serial and
parallel ports, real time clockicalendar,
Phoenix BIOS, using the 8088-2 pro-
cessof, full specifications given above.

$1595

4.77/8MHz
DUAL
SPEED

With 640K Memory . . .. ... ....$1685
As Basic Contiguration with HD:
With 20 Meg HD, 1 Fip.256K . ..$2295
With 20 Meg HD, 1 Fip.840K . . .$2395
With 40 Meg HD, 1 Flp.840K . . .$3195
With 70 Meg HD, 1 Flp.640K _ . $4195
Note: 40 and 70 Meg Hard Drives
Systems are Fas! Stepping and in-
clude SpeedStor Software Valued at
$150.00

BEST CCMPACT 86

8086-2 CPU, runs at 4.77 & BMHz, true
16-Bit on-board architecture with superb
1BM XT compatibility though runs in ex-
cess of twice the speed. Compact pack-
aging - approx 60% narrower than the XT
case with 7 siots of which 5 are full size
and two are short-board slots, 150 W
power supply, provision for 525" disk
drive, 20 Meg slimline hard drive and a
3.5 disk drive. Basic package with 256K
RAM, expandable to 640K, with one 360K
disk drive: and colour or monochrome
video board:

FAST
ECONOMICAL
COMPACT

$1595

With 840K Memory . . ......... $1685
As Basic Contiguration with HD:

With 20 Meg HD, 1 FiIp.256K .$2395.00
With 20 Meg HD, 1 Fip.640K . $2495.00
With 40 Meg HD, 1 Fip.640K . $3295.00

yExceltronix

AVT10-286

Superb 1BM AT Compatibility, Phoenix IBM AT Compatible BIOS, clock speed
20MHz (10MHz CPU), selectable to 6/8/10MHz system speed.
7 expansion slots, presocketed for 80287 math coprocessor, real time clockicalen-
dar, 2 high quality disk drives (one 1.2 Meg and one 360K) optional 3.5" high density
drives available; parallel port, 2xserial ports, choice of monochrome or colour
graphics adaptor, hardware reset button, high quality AT compatible extended
keyboard with separate cursor and numeric keypad; heavy duty power supply (over
200W), keyboard lock. CSA approved.

Configuration 1: 640K RAM on-board

$3495.00
Conflguration 1 on-board memory cannot be expanded beyond 1 Megabyte as the
256K DRAMSs are a different physical size and pin configuration than the 1 Meg
DRAMs. The full 16 Megabytes of Direct addressable memory is still available using
memory expansion cards.

Configuration 2: 2 Megabytes on-board memory expandable to 4
Megabytes on board:

$3995.00

Configu- Configu-

As Basic Configuration with Hard Drives: ration 1 ration 2
20 Meg 78ms FastSteppingHD .. ............... $4195.00 . ......... $4695.00
30 Meg 39ms FaststeppingHD . ................ $4795.00 ... . ... .. $5295.00
*40 Meg 39ms FaststeppingHD .. ............... $499500 .. ... ..... $5495.00
*70Meg 39ms FaststepplngHD .. ............... $5995.00 . ......... $6495.00
*115§ Meg FaststeppingHD .. ................... $9495.00 . ......... $9995.00

°(40, 70, and 115 Meg Hard Drive Systems include SpeedStor Software Valued at
$150.00).

BEST Compact 286

Superb IBM AT Compatibility, Phoenix AT BIOS, 16MHz clock (8MHz CPU), 80286
processor, 640K of on-board memory, one 360K 5.25" drive, colour or monochrome
video board, high quality AT style keyboard, compact packaging - similar to that of
PC XT, 150W power supply, 7 expansion siots (5 x AT bus standard, 2 x PC/XT bus
standard). CSA approved.

$2295.00
BEST COMPACT 286 configurations
20 Meg 78ms Stepping harddiskdrive. . ........................ ... ... $2995.00

30 Meg 39ms Fast steppingharddrive .. .......... .. ................ $3595.00
40 Meg 39ms Fast steppingharddrive ............................... $3795.00
70 Meg 39ms Fast steppingharddrive . ... ......................... $4795.00

{Note 40 and 70 Meg Hard Drive Systems include SpeedStor Software Valued at
$150.00).

Additional Drives and Cards BEST EGA Video Display

Additional Floppy Dlisk Drives adapter................... $199.00
360K 5.25 inch Floppy Disk Drive .$150.00 AT| Graphics Solution .. .. .. $199.00
720K 3.5 Inch High Density Drive .$199.00 Genoa Spectrum . .......... $199.00

Video Display adapters
(substitution prices for standard BEST
CGA or Monographic card)

Leasing and Rental Plans
Available for all BEST Systems.

Toronto Store: 319 College Street, Toronto (416) 921.8941
Ottawa Store: 217 Bank Street, Ottawa (613) 230-9800
Mississauga Showroom, Pickup Counter and Mail Orders:
6315 Kestrel Road, Mississauga, Ont., L5T 1S4

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

Circle No. 1 on Reader Service Card
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Leader Smart
Signal Generators
make tough tests
fast, easy, accurate.

When it comes to test
equipment, being smart
makes a big difference.
We equipped these two new
Leader Smart Generators with
programmability and a 2K memory
to end time-wasting repetitive set
ups. The LSG-215A & LSG-216
general purpose AM/FM signal
generators recall at the touch of a
button the 100 test conditions you
use most often. Just set frequency,
output level and modulation once
for each situation. You never need
to do it again, even if the ac is lost.
Fail-safe battery backup protects
the RAM memory against power
outages lasting up to one full month.

Unequalled performance,

features and ease-of-use.
Both of these Leader Smart Signal

Generators are ideal for general,

LEADER

ADDRESS

B

communications, AM/FM radio
receiver, TV-VIF, and cordless
telephone applications. Whether you
choose the LSG-215A (0.1 to 120
MHz frequency) or the LSG-216

(0.1 to 30 MHz and 75 to 115 MHz
ranges), each has a high visibility
digital display and large peak
modulation meter to make error-free
readings a cinch. lts one-touch front
panel keyboard enables you to
easily control frequency, output level
and modulation mode. A precise
PLL synthesizer provides oscillation
frequency and drift stability accurate
to an incredible 5x10°. AM/FM
modulation is available internally

at 1 kHz and at 400 Hz as well as
externally. And FM Stereo MPX is
standard on the LSG-216. There are
many more features, too numerous
to list. You can even add an optional
remote control and for identical
programming of muitiple test stations,
a plug-in EPROM Cartridge.

Leader Smart Signal
Generators cost no more

than many dumb ones.
Yet they are backed by our two-
year warranty, and the 30-year

ADDRESS FREQUENCY
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0.1 ~ 30MH2
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reputation for reliability and precision
which has made Leader famous.
Compare Leader Smart Generators
to the rest. We think you will agree,
Leader is the only smart choice.

Request a catalogue for your evaluation.

B.C./Alberta Call
(604) 985-6707

Saskatchewan/Manitoba Call
(204) 775-3354

Ontario Call Quebec Call
(416) 828-6221 (514)337-9500

Omnitronix-:f

Instruments that measure up

2410 Dunwin Drive, Unit 4,
Mississauga, Ontario L5L 1J9
Telex 06-22324

8100 F, Trans-Canada Hwy.,
St. Laurent, Quebec H4S 1M5
Telex 05-824151
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WN OPTOelectronics inc
“e POCKET SIZE FREQUENCY

COUNTERS
TO 1.3 GHZ

8 LED DIGITS » 2 GATE TIMES
ANODIZED ALUMINUM CABINET
INTERNAL NI-CAD BATTERIES INCLUDED
AC ADAPTER/CHARGER INCLUDED

#TA-100S

EXCELLENT SENSITIVITY
& ACCURACY

L3 OMZ COUNTER
ven “ou
LU

sve 1ess
RANCE  WnZ

AC-DC  PORTABLE
12000286

OPERATION

MO0

#AC-1200
AC ADAPTER
CHARGER

Small enough to fit into a shirt pocket, our new OPTO 1.3 GHz, 8 digit frequency counters are not toys! They
can actually out perform units many times their size and price! Included are rechargeable Ni-Cad batteries
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using
the AC adapter/charger supplied with the unit.

The excellent sensitivity makes it ideal for use with the telescoping RF pick-up antenna; accurately
and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police,
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating
hidden “bug” transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used
with a probe for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be
built into transmitters, signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians,
enginners, schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel
and many others.

#1300HC Model 1300H factory assembled 1-1300 MHz counter,
tested and calibrated, complete including Ni-Cad bat-

teries and AC adapter/ battery charger........ $240.00
ACCESSORIES:
#TA-100S Telescoping RF pick-up antenna with BNC connector .. . .. $ 23.00
#P-100 Probe, direct connection 50 ohm, BNC connector .. .. ... .. $ 33.50
#P-101 Low-pass probe Attenuates RF frequencies ............. $ 37.20
#P.102 Hi-Z probe General usage. 2X attenuation . .............. $ 37.20
#CC-12 Carrying case, gray vinyl with zipper opening. Will hold a counter

ANCHT AL 00SIANE AN L A A SN $ 24,

AVAILABLE NOW.

= 980 Alness St. Unit 7, master charge
R a‘;vjmzss";w’ Stpio, Call your local representative:
(416) 661-5585 Maritimes: (902) 464-1600, Ottawa Area: (613) 726-1564
® TELEX 065-28169 Quebec: (514) 522-8422, Western Provinces: (604) 273-1337.

Circle No. 3 on Reader Service Card
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For Your Information
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The blowing head, showing the working principles of the blown fibre system.

Cables Blown Into Ducts
By Air Pressure

by Bruce Wiltshire

A new system that will radically
change the way cables are installed
hasbeen devised by British Telecom.
Called blown fibre, it enables optical
communications cables to be in-
stalled quickly and efficiently in the
local network. Miniature optical
cables are blown by compressed air
into small tubes already pre- in-
stalled in the ground and within
buildings. The system has tremen-
dous potential. It can be used for the
complete range of local area applica-
tions - linking one building to

Can Take Bends

The topography ofa typical local net-
work is such that it will be necessary
to blow cable around tight bends
without damaging the fibres in the
cable. Minimum bend criteria have
longbeen of concern to optical cable
designers. However, blown fibre
cable is designed to negotiate bends
of less than 20 mm radius, with little
strain being induced into the fibres.
This makes it possible to blow into
long, complicated routes containing
many bends with little risk of fibre
damage.

another, or linking buildings back to
thelocalexchange. Itcanalsobe used
extensivelywithin buildings themsel-
ves, to provide fibre optic local area
networks.

The blown fibre system was in-

vented at British Telecom Research
Laboratories (BTRL) at
Martlesham Heath, eastern
England, some years ago. Since then
thetechnique hasbeenrefinedandin
1984, working field trials were set up
at many sites around the United
Kingdom. These trial systems have
since operated successfully.
The equipment that makes up the
blown fibre installation system con-
sists of three parts: microducts, opti-
calcable,and blowing equipment.

Once the cable is installed, there is
minimal residual strain left in the
fibres. This alone leads to one of the
major economic advantages of the
blown fibre concept; the lack of any
need to pressurize the network to
keep moisture out. The entire cable
system can withstand total immer-
sion in water and normal duct pol-
lutants.

The blown fibre technique is to be
used extensively throughout the
British Telecom local network, for
the installation of optical fibre.

Links Optional

A 28mm diameter microduct, con-
taining seven 6 mm bore
polyethylene tubes, forms the main
arteryoftheexternal blown fibre net-
work. Microducts are installed
empty in normal service ducts just
below ground level, and they can be
laid using conventional pulling
methods, with no special precau-
tions. A twin tube microduct
sheathed in fire retardant PVC is
also available for use within build-
ings.

Once the microducts are installed,
the 6 mm bore tubes can be con-
nected together in any desired com-
bination with simple press- on con-
nectors. In this way continuous dedi-
cated tube paths can be routed from

Materials Research

The cable construction is such that
the individually coloured fibres are
packaged together and sheathed in
an expanded foam coat. This cable
design, containing no metal parts or
strength members, gives the optical
cable its light weight, makes it pos-
sible to handle, and most important-
ly, provides sufficient surface area
so that it can be blown through the
microducts.

Prototype optical cable manufacture
was carried out originally at BTRL,
where much research and develop-
ment went into defining the op-

one part of the work to another.
Standard polyethylene material is
used in the manufacture of the
microduct bore. Chemical additives
ensure that the surface friction coef-
ficient inside the bore is of a low
value to allow the fibre cable to be
blown through. This effect persists
over long periods, so that empty
borescanbeblown throughin tenor
even20years time.

The second part of the blown fibre
installation system is the optical
cable itself. At only 2 mm in
diameter, it contains a package of
standard singlemode or multimode
optical fibres. Two cable sizes are
available, a four fibre and a seven
fibre.

timum coating materials and precise
cable manufacturing parameters.
Thisensured, first, that the cable had
the necessary mechanical properties
to withstand the blowing operation
and, sccondly, that once installed, it
had good optical transmission
properties over the temperature
range from -10to +40degrees C.

The final part of the blown fibre in-
stallation systemisthe blowing head.
Inatypical network, this can be used
toinstall at least SO0 m of fibre cable
in a single operation, with longer
lengths possible by cable rewinding
techniques.

Engineering
Engineeringasaprofession s largely
amilestone of the 20th century, even
though engineering as an activity
has been practised since antiquity.
Here in Canada, the 1871 census
reports that there were 70 in-
dividuals who listed their occupa-
tion as engineer. Today, there are
over 130,000 registered professional
engineers. They are well integrated
within the national economy; some
50 per cent work in industry, 20 per
cent provide consulting services, 20
percent are in the public sector, and
the remaining 10 per cent arc
engaged in all walks of life. Some are
also medicaldoctors,membersof the
clergy, accountants, and members of
provincial legislatures or the federal
Parliament.

While the nature of the engineer-
ing work tends to be quite diverse,
25percent of registered professional
engineers are managers, 45 per cent
supervise the production of material
goods, 10 per cent are involved in re-
search and development activities,
and the balance have careers in
many areas, including teaching,
marketingand otheractivities.

Continuedonpage 53

Copyright — all material is subject to
worldwide copyright., PCB designs are
copyright and may not be sold 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 caused by any fault
in design.

EDITORIAL QUERIES — written queries
must be accompanied by a stamped, self-
addressed envelope, relate to recent articles
and must not involve rescarch.

We cannot answer telephone queries.
PCB Suppliers — we do not supply PCBs or
kits or keep track of stocks. Please contact the
following:

K.S.K. Associate, P.O. Box 266, Milton, Ont.
L9T 4N9.

B—-C—D Electronics, P.O. Box 6326, Stn. F.,
Hamilton, Ont. L9C 61.9.

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

Danocinths [nc., P.O. Box 261, Westland MI
48185 USA.

Spectrum Electronics, 14 Knight wood Cres-
cent, Brantford, Ontario N3R 7Edl
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Radon Meter

With the help of a new, portable
radon meter it is easy to measure the
amount of radioactive radon gas in
apartments, homes and other places
where people spend a great deal of
their time. The meter, which is
called IlmaRadon, has been
developed by Ilmasti Oy in Finland.
Radioactive radon gas is found
naturally in the earth’s crust and can
work its way into buildings through
cracks in foundations, bad joints or
porous materials. The gas canalsobe
found in construction materials or

in tap water. In large quantities
radonisa health hazard.

The new radon meter is based on
the idea that the concentration of
ions in the air of a room is propor-
tional to the concentration of radon.
The measurement results, are
promptly presented in Bg/m~ (Be-
cquerels) with continuous readings
in the optional mcasgrcmcnt areas
from0to 10,000 Bq/m™. The quickest
measurement is performed by carry-
ingthe ImaRadonmeteraroundina
particular room; it reacts to dif-

ferent levels of concentrations in
just a few seconds. The unit can also
be used for continuous weekly
registration of information.

The level of radon can vary sub-
stantially within different parts of a
building; in some areas the amount
of radon canbe up to 50 times higher
thaninothers. Oneof the advantages
of the IlmaRadon is that, according
to the manufacturer, it makes it easy
to determine where the gas is enter-
ing the building and where the
largest concentrationis.

Circle No. 27 on Reader Service Card

Can/Japan Semiconductors
MOSAID Technologies Incor-
porated,of Kanata, Ontario,aninde-
pendent memory chip design and
consulting house, has recently an-
nounced the signing of a technology
transfer agreement with a leading
Japanesesemiconductor company.

The agreement, valued at over $1
million CDN for the initial phase,
calls for the transfer of engineering
designs of memory chips, specifical-
ly two families of Dynamic Random
Access Memory (DRAM) in-
tegrated circuits. MOSAID will also
provide engineering support for the
DRAM chips.

The transfer of technology will be
complete by the fall of 1987, with the
Japanese manufacturer beginning
full-scale production of the chips
before the end of the year. Royalties
on the sale of the integrated circuits
in the present agreement and future
design developmentsare expected to
more than double the total value of
the agreementwithin three years.

NICE Real Time Emulators

NICE 68000, NICE 68010, NICE

* Executes in real time.

Z80+° , NICE 8088

* Clock speeds 1.5 - 10 MHz. (Z80 +, 8088 - to 8 MHz)
* Has 16 hardware (real-time) breakpoints or printpoints.
* Has BK bytes of overlay RAM. (8088 - 4K bytes)

* Uploads and downloads hex files,
¢ Displays target system memory in both

HEX and ASCII.

* Examine and modify all registers, I/O ports, and memory contents.
* Contains line-by-line assembler and disassembler.
* Compare, move, test, or till blocks of memory.

s Performs hexadecimal arithmetic.

* Automatic baud rate detection up to 19.

2K baud.

* User defined histogramming (performance analysis).
* Standard RS-232 interface for terminal or terminal emulator.

* Completely self-contalned: all software

ACCESSORIES

is onboard.

¢ Optional driver software to operate emulators from an IBM PC, XT AT, or

equivalent.

* External power supply. Above models require 5.2VDC, less than 2 amps. May
be supplied by target system or by optional outboard supply.

* DIP to PGA adapter for 68000,68010.

Z80 is a trademark of Zilog Inc.

* VISA accepted.

Please ask your Nicolet Canada representative for full information on

NICE products.

VISA

NICE Software Emulators
NICE 280, NICE 8085, NICE NSC800

* Emuiates in real time.

* Memory Refresh is normally maintained at all times, or may be disabled.

s Clock speeds:

Z80 1.5 -6 MHz.
8085 1.5 -5 MHz.
NSC800 1.5-4 MHz.

* Has 3 softare breakpoints with loop counters.

* Has 3 printpoints.

* Downioads Intel Hex flles into target system's memory.

* Displays target system memory In both HEX and ASCII.

* Examine and modify all registers, I/O ports, and memory contents.
¢ Contains line-by-line assembler and disassembler.

s Compare, move, test, or fill blocks of memory.

* Performs hexadecimal arithmetic.

* Automatic baud rate detection up to 19.2K baud.

» Standard RS-232 interface for terminal or terminal emutator.

¢ Completely self-contained: all software is onboard.

* Powered by target system (500 mA).

ACCESSORIES

* Optional drives software to operate emulators from an IBM PC, XT, AT, or

equivalent.

z Nicolet

Nicolet Instrument Canada Inc.

1-1200 Aerowood Drive, Mississauga, Ontario L4W 2S7
Telephone (416) 625-8302
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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
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:
® 16 Bit 8088 microprocessor for

IBM compatibility
® 640 K RAM for high speed

performance
® 8 expansion slots
135 watt power supply
® Dual 360K double density

floppy disk drives
e Color graphics/printer adapter

card
® Operating system included:

MS-DOS with GW Basic

1M 1s 8 Rag ot Machins Corp

MS is # Registered tredemark of Microron Corp

NTS Offers Many
Additional Courses in
Electronic and Other
Fields:

Robotics

Video Technology

TV & Radio Servicing
Industrial Technology &
Microprocessor

Basic Electronics
Transportation Technology
(Auto and Diesel)

Climate Control Technology
(HVAC)

O 00 0004

TRAINING THE WORLD FOR THE 21ST CENTURY

National Technical Schools <
Canadian Office (~.°]
517 Bohemia Crescent

Oakville, Ontario L6J 2K7

(416) 842-8383
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Automotive Timer

A handy automotive timer with a multitude of applications.

The Automotive Timer project was
originally designed as a "choke-on"
reminder for cars with manual chokes.
However, other applications can
casily be found, as the circuit is a timer
with an alarm. The timer is fully
adjustable, as is the alarm note, it
consumes little power and occupies a
modest amount of space.

Circuit Description
The timer is formed around IC1

(Fig.1), a 4060 14 stage ripple counter
and oscillator. Components R1, R2,
and C1 set the oscillator frequency,
hence the timing period. The reset pin
(pin 12) is provided with a pulse every
time the supply is connected by the ac-
tion of C2and R3. In this way the timer
is always initiated at the same point.
The timer is activated by applying
+12V to the supply line. Particular
ways of achieving this will be con-
sidered later. The actual timing
periodis adjusted by connecting an os-
cillator output to the alarm circuit
described below.

Piezo Alarm Circuit )
The alarm circuit produces a twin

tone which may be modified by chang-
ing components C3, R5 and C4, Ré.
The transducer (WD1) is a ceramic
piezo-electric element  which
generates tones when a 3V peak
square wave is applied. Rigid mount-
ing methods ensure maximum volume
levels, which is necessary in the en-
vironment of a car. The element has
no moving parts, is robust and con-
sumes little power.

A final mention should be made of
diode D1, which protects the circuit
fromreversal of power connections.

Applications

As mentioned earlier, the project was
originally designed as a "choke-on"
reminder and, therefore, the unit
needs to be activated when the choke

lielsso 400

By D. Butler

control is used. Obviously it is not pos-
sible to give detailed switching
methods used on every type of car, but
Figs. 2 to 4 illustrate several alterna-
tives.

The timer may be activated easily if

(3]
IN4YLS
L

timer. A small magnet is attached to
the cable using twisted wire and insula-
tion tape. The distance from the reed
switch is judged by pulling the choke
out and seeing whether the reed switch
has engaged. Push the control back in
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the choke control already has a switch
included, usually for a dashboard
warning lamp. In many cases this
switch is connected to ground which
means that the timer + 12V should be
permanently joined to +12V via the
ignition. Using the choke cable is
slightly more difficult, and sections (1)
and (2) show switching methods.

(1) Shows the choke cam plate on the
side of the carb. A miniature micro
switch is mounted where indicated by
"#"_The normally closed contacts are
used as the microswitch lever will be
released as the choke is turned on.

(2) Shows the choke cable near the
control knob. A bracket (X) is at-
tached to the control knob mounting
thread, on which is a reed switch (Y).
Thisisconnectedto + 12V viaignition,
and the +12V switched line of the

Fig. 1. Complete circuit diagram for the Automotive Timer. Note timing Link 1.

and check that the switch has turned
off. You may be surprised how far the
magnet has to be fastened from the
reed, as they arc very sensitive. The
reed and magnet method may be
employed at either the control knob
orcarbend.

Table 1
Connect LK1 to:

Approx. time

3 sec

1 sec

2 sec

4 sec

8 sec

18 sec

36 sec
2 min 23 sec
4 min 45 sec
9 min 30 sec

_——--—TJa -0 Q0 T o

Above figures quoted are for the fol-
lowing conditions:




MARKET PLACE

TV Antennas - Boosters - Filters - Wavetraps |
Accessories Own Equipment Manufacture - |
West German Quality - Full Warranty

i ANTECO®

* 30 dB gain VHF.UHf distribu.
tion amplifier for weak signal :
areas, motels, condominiums
etc. $59.

* High quality TV Antennas
starting from $29.

* Channel rejection fiiter VHF >
20db $15.

* UHF channel injector $39

* Two-way splitter $0.89 fourway
$1.29 (VHF-UHF)

* 3 wire rotator $46.

COMPONENTS & RF PARTS: 2n2222 $0.10 - 2N5179 $0.69 - Pin BA3791
$0.60 - Mini slide switch $0.15, Power transformers mini for PCB or Chassis Mount :
120V - 2x8V sec from $2.20 (5 types), 12 Plastic screwdrivers RF alignment set (12:
shapes) $5.99 - High Value!, Solder wire best quality 0.5 Kg reels 1mm diameter
$8.59.

877 Alness St., Unit 20, Downsview (Toronto) Ontario, M3J 2X4
Tel: (416) 7388610 — 665-7832 Telex: 06-964-566 EUROANT TOR.

I
|
i
ANTECO® (The only Antenna business & RF Parts in Canada) |
1
1
g

ADASTRA TECHNOLOGY INC
*** PRESENTS EPROM ERASERS ***
erases 20 EPROMS in 20 min approx.

#ATUV-T60 $215

INDUSTRIAL MODEL STEEL
ENCLOSURE WITH TIMER

#ATUV-NT  $180

AS ABOVE *NO* TIMER

#ATUV-PM  $110
PLASTIC MODEL
HOBBYIST °*NO* TIMER

*** DEALERS WELCOME ***

EPROM
L T

CHEQUE OR MONEY ORDER SHIPPING AND HANDLING ADD $5.00.
Quebec residents add 9% PST *** 3 months warranty

ADASTRA TECHNOLOGY INC.

896 montee de liesse #17 St. laurent, Quebec
H4T 1N8 (514) 735-3976 ***4 to 6 weeks delivery ***

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 atlows 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:
[2 IE a I
o 7 4’ ] To 0o
" 12 I 13 1 15
6 T [ - 9 BN T
n 2 | R ¢ e I
| 2 |27 T 1 28 29 3)777 S
1 32 I 3 B
% v o 8 9 " % ]
a 2 |a | = e ==
% 47 - N P ) 3
= ) |
Name == I -
Address
" P PostalCode: _________ -
Phone
7 Mastercard Visa i Amencan Express T2 Card Number Expiry Date = i
(B3~ !

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

(416) 445-5600

AD-PCM method solid state Tapeless

tape recorder Kit Counter Kit

Max. 500MHz 8-digit Frequency

High Speed EP-Rom erasing
UV 1 amp Kit

® Max. recording time 128 sec (at 8KBps) with
256K x 4 pcs D-Ram controlled by new
technological 60 p in CPU

® 500mWwW audio Amp and 600ohm/10Kohm MIC
Amp built-in

® Host computer control avallable

Assembled & Tested (without SP, MC) . . . $98.00

Volce (speech) recognition 5CH
(Max. 20CH) control SW Kit
@ Can control 5 relays on/off with your voice
® State-of-the-art special 60pin CPU controt
® With additional circult can extend more 15CH
® Your voice memory backed up by S-Ram
and battery
Complete Kit withSrelays............ $149.00

Digital Capacitance Meter Kit

® 3 digit large size LED display 9V battery
operation
@ Wide range 10pF to 999uF, Accuracy 2%

Complete Kt (without case)............ $39.00

10

® 10Hz to 500MHz, 6 combination
measurements
® Large size high bright 8-digit LED
@ Up to 10MHz 30mV, 10MHz to 500MHz
100mV. Accuracy 0.005%
.....$145.00

Complete Kit (without case) .. ...

12CH (MAX. 32CH) Infrared Tx, Rx
Remote-control switch Kit

® Max. control distance 40 feet indoor
@ 38KHz modulated and 16 bit serial coded

signal

® 86dB high gain Amp. with IR sensor and band-
pass filter

® Special function CPU controt

(0T U I p S e R o $87.00

Stepping motor driver Kit come with

minl motor

® Good for driving small motor. Max. 12V 1.2A,
3000 pps

® Manual contro! or computer control are
selectable.

® High intensity type. To erase 20 pcs Rom in §
to 10 minutes

® Also P.C. Board exposing UV lamp soid by
K.EM.

1set

ceeee.....937.98

$5.00 for shipping. Plus PST for B.C. residents. Plus
C.0.D. fee, if required. No invoice order acceptable.

K.E.M. Electronics Ltd.
Mail to Box 69126, Station (K),
Vancouver, B.C. V5K 4Wa
Office 879E. Hastings, Vancouver
Tel: (604) 251-1514

Flantmnins Tadav Julv 1987



Automotive Timer

EU=E +12v VIA

LE_ INDICATES BREAK *IN" TYPE
CONNECTOR
IGNITION

+12V VIA RELAY
| SWITCH WITH
\ LIGHT
—
-

IGNITION

[
=y

TO TIMER
412V LINE

FUSE

T0 TIMER
+12V LINE

= s o

(a) (b)

Fig. 2 Rearwindow defrost circuits, (a) without relay, (b) with relay

UPPER SECTION CONTAINS 9V BATTERY
HELO IN PLACE BY SELF ADHESIVE PADS

Fig. 6. Method of using
circuit as a parking
meter timer.

MATCHSTICXS USEO TO JOIN
TWO BOXES (L10S NOT USED)

USE TOGGLE OR SLIDE SWITCH
T0 TURN TIMER ON

Fig. 3. Method of using circuit as a portable parking meter timer.

CHOKE
SWITCH

i

Y

TO TIMER OV LINE
CONNECT +12v TO
TeniTIoN IGNITION SWITCH

Fig. 4. Circuit of choke switch with wam-
ing light. The mechanical arrangement is
shown left: 1 using a microswitch and 2
usingareedrelay with magnet

R1 = 4k7
R2 = 39k
Cl=1u

Supply Voltage = 12

Fig. 2 also shows how the timer may
be used on the rear window defroster.
If the alarm goes off and the defroster
is still needed, just turn the switch off
and then back on. The alarm will be
cancelled for another time period.
Fig. 3 shows its use as a parking meter
timer.

Parts List
Resistors

1/4W, + /-5% carbon types
R1 aK?

R2 39%

R3 470k

R4 100k

RS M

R6 8k2

R7  470R (if required)
Capacitors

C1 1u 16V tant.bead

2 100n polyester

C3  100n min. layer polyester
C4  22n min. layer polyester
Cs 100n polyester

Semiconductors

IC1 4060 ripple counter and osc.
IC2 4011 dual input NAND gates
D1 1N4148 diode

D2 LED with mounting clip

WD1 Piezo transducer, 12V

Miscellaneous

PCB or Veroboard; case to suit (if re-
quired); mounting hardware; spade connec-
tors; switch to activate timer, e.g. micros-
witch, mercury tilt, pushbutton (sce text).

Electronics Todav Julv 1987
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Automotive Timer

[T} 1)
I C 129

+12¥
SWITCHED

Fig. 5. Component layout and printed circuit master (full size).
Note a link wire should be attached to L:K1 and one of the
timingpins.
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Fig. 6. Component layout and details of breaks to be made in the
underside copper strips of the stripboard version

PrOdUCt Mart Where Buyers Find Sellers

ORIGINAL Exact Parts, Board and power
supply for Jan/87 Tri-Mode cable TV
descrambler articie in Radio Electronics.
Complete set $89.95 postpald. GENIE,
P.O, Box 522, Montreal H3S 2V3.

ORIGINAL Exact Parts, Board, power sup-
ply and reprint for Feb/84 SB3 cable TV
descrambie article in Radio Electronics.
Complete set $69.95 postpaid. GENIE,
Box 522, Montreal H3S 2V3.

FREE catalogue, Computers for Sale: X1 ~
$600, Turbo-XT - $650, AT - $1,420, 20 MB
HD - $625, I/O Cards. HES, P.O. Box 2752,
Station B, Kitchener, ON N2H 6N3.

BUGGED? WIRETAPPED? Find out fast!
Countermeasures equipment catalog $1.
OCTE, Dept ET, Box 173, Montreal H3X
374.

PRODUCT MART

WHERE BUYERS
FIND SELLERS

For more information call:
(416) 445-5600

CABLE TV DESCRAMBLING TECHN!-
QUES. 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.

WANTED - Exceltronixs Exel 6 Apple 1
compatible motherboard has bulld-in disk
controller eighty column card 64 K
memory |IBM style case and keyboard fuil
height drive and keyboard encoder.
Contact GEORGE
Tel: 416-750-4655 — day
416-764-2963 — evenings




ABANI BOOK OFFER

NEVER BEFORE
ADVERTISED

PROJECTS

BP50: 1C LM3900 PROJECTS $4.25
The purpose of this book is to introduce the LM3900 to the
Technician, Experimenter and Hobbyist. It provides the
groundwork for both simple and more advanced uses and is
considerably more than just a collection of simple circuits or
projects.

BP75: ELECTRONIC TEST EQUIPMENT
CONSTRUCTION $5.25
This book covers in details the construction and use of a wide
range of test equipment for both the electronics hobbyist and
radio amateur. The projects are fairly simple to build and the

s are i ive and easily obtainable.

BP76: POWER SUPPLY PROJECTS $7.50
This book gives a number of power supply designs including
simply unstabilised types, fixed voltage regulated and variable
voltage stabilised designs. The information in this book should
also help the reader to design his own power supplies.

BP92: ELECTRONICS SIMPLIFIED - CRYSTAL
SET CONSTRUCTION $5.25
This is a book written especially for those who wish to par-
ticipate in the intricacies of electronics.

$1.9:

BP101: HOW TO IDENTIFY UNMARKED IC’s
An unusual and fascinating chart that is highly ded

Exclusively available in Canada from
Moorshead Publications.

BP78: PRACTICAL COMPUTER EXPERIMENTS  §5.25
The aim of this book is to enable the reader to simply and inex-
pensively construct and examine the operation of a number of
basic computer circuit elements and it is hoped gain a fuller
understanding of how the mysterious computer *‘chip’’ works.

BP86: AN INTRODUCTION TO BASIC

Programming Techniques $5.85
This book is based on the authors own experience in learning
BASIC and also in helping others, mostly beginners to pro-
gramming, to understand the language.

BP115: THE PRE-COMPUTER BOOK $5.85
Aimed at the absolute beginner with no knowledge of com-
puting, this entirely non-technical discussion of computer bits
and pieces and programming is written mainly for those who
do not possess a microcomputer but either intend to one day
own onc or simply wish to know something about them,

BP135: SECRETS OF THE COMMODORE 64 $5.85
This book is intended as a beginner’s guide to the Commodore
64. You will be getting masses of useful information and pro-
gramming tips.

CIRCUITS

BP100: AN INTRODUCTION TO VIDEO $5.8%
This is a book for the person who has just, or is about to buy or
rent some video equipment but is not sure what it is all about.

BP125: 25 SIMPLE AMATEUR BAND

AERIALS $5.85
This book describes how to build 25 amateur band aerials. The
designs start with the simple dipole and proceed to beam,
triangle and even a mini-rhombic.

BP155: INTERNATIONAL RADIO

STATION GUIDE $9.00
The tables show the station site, country, frequency and/or
wavelength as well as the effective radiation power (ERP) of
the transmitter and in some cases, the station’s call sign.

BP1: FIRST BOOK OF TRANSISTOR EQUIVALENTS
AND SUBSTITUTES $4.50
Shows alternatives and equivalents to many popular transistors
made in Great Britain, U.S.A., Europe, Japan and Hong
Kong.

BP14: SECOND BOOK OF TRANSISTOR EQUIVALEN
AND SUBSTITUTES $5.28

to all those interested in electronics and which will hopefully
pay for itself many times over, by enabling the reader to use
IC’s that might otherwise have been scrapped.

BP121: HOW TO DESIGN AND MAKE

YOUR OWN PCBs $5.85
The purpose of this book is to familiarise the reader with both
simple and more sophisticated methods of producing printed
circuit boards. The emphasis of the book is very much on the
practical aspects of printed circuit board design and construc-
tion,

BP180: ELECTRONIC CIRCUITS FOR THE COMPUTER
CONTROL OF MODEL RAILWAYS $9.00
Shows how home computers can easily be applied to the con-
trol of model railroads and other quite sophisticated control
A variety of projects are discussed as well as circuits for traln
position sensing, signal and electric points contro! etc.

BP185: ELECTRONIC SYNTHESISER

CONSTRUCTION $9.00
With this book a relative beginner should be able to build, with
the minimum of difficulty and at a reasonably low cost, a
worthwhile monophonic synthesiser and also learn a great deal
about electronic music synthesis in the process.

COMPUTERS

BP61: BEGINNERS GUIDE TO DIGITAL

TECHNIQUES $2.85
Itis the object of this book to cover the essential areas of basic
digital techniques, and it is hoped that the material contained
therein will help in better understanding and contribute to
more enjoyment in using these incredible devices.

BPT2: A MICROPROCESSOR PRIMER $5.28
In an attempt to give painless approach to computing, this in-
expensive book will start by designing a simple computer and
then the shortcomings of this simple machine will be discussed
and the reader is shown how these can be overcome. A glossary
of microprocessor terms is at the end of the book.

C ion Volume to BPI. An invaluable addition to the
library of all those interested in Electronics be they amateur or
professional.

BP42: 50 SIMPLE L.E.D. CIRCUITS $5.85
Contains 50 interesting and useful circuits and applications,
covering many different branches of electronics, using one of
the most inexpensive and frecly available components.

BP8S: INTERNATIONAL TRANSKSTOR

EQUIVALENTS GUIDE $9.00
This book is designed to help the user find possible substitutes
for a popular user-orientated selection of modern transistors
and includes devices produced by over 100 manufacturers,

BP140: DIGITAL IC EQUIVALENTS AND

PIN CONNECTIONS $15.00
Shows equivalents and pin connections of a popular user orien-
tated selection of Digital Integrated Circuits. Includes Euro-
pean, American and Japanese devices.

RADIO AND
COMMUNICATIONS

BP51: ELECTRONIC MUSIC AND CREATIVE

TAPE RECORDING $5.85
This book sets out to show how Electronic Music can be made
at home with the simplest and most inexpensive equi It
describes how the sounds are generated and how these may be
recorded to build up the final composition,

BP70: TRANSISTOR RADIO FAULT-FINDING

CHART $2.85
The author has developed this chart by drawing on many years
of experience in repairing transistor radios and, used properly,
should enable the reader to trace most common faults
reasonably quickly.

BP53: PRACTICAL ELECTRONICS CALCULATIONS AND
FORMULAE m

A book that bridges the gap between complicated technical
theory and the ‘cut and try’ method A good reference book

8P136: 25 SIMPLE INDOOR AND WINDOW

AERIALS $7.00
People living in apartments who would like to improve short-
wave listening can benefit from these instructions on op-
timising the indoor aerial

BP147: AN INTRODUCTION TO 6502 MACHINE

CODE $10.00
The popular 6502 microprocessor is used in many home com-
puters, this is a guide to beginning assembly language.

BP225: A PRACTICAL INTRODUCTION TO

DIGITALICs $7.00
This book deals mainly with TTL type chips such as the 7400
series. Simple projects and a complete practical construction
of a Logic Test Circuit Set are included as well as details for a
more complicated Digital Counter Timer project

BP47: MOBILE DISCOTHEQUE HANDBOOK $7.80
Divided into six parts, this book covers such areas of mobile
‘disco” as: Basic Electricity, Audio, Ancillary Equipment,
Cables and Plugs, Loudspeakers, and Lighting. All the infor-
mation has been considerably sub-divided for quick and easy
reference.

BP131: MICRO INTERFACING CIRCUITS -

BOOK 2 $9.00
intended to carry on from Book 1, this book deals with prac-
tical applications beyond the parallel and serial interface
“Real world” interfacing such as sound and speech
generators, temperature and optical sensors, and motor con-
trols are discussed using practical circuit descriptions

BP141: LINEAR IC EQUIVALENTS AND PIN CONNECTIONS
ADRIAN MICHAELS $23.80
Find equivalents and cross-references for both popular and
unusual integrated circuits. Shows details of functions,
manufacturer, country of origin, pinouts, etc.; includes Na-
tional, Motorola, Fairchild, Harris, Motorola, Intersil, Philips,
ADC, AMD, SGS, Teledyne, and many other European,
American, and Japanese brands

BP156: AN INTRODUCTION TO QL MACHINE CODE

$10.00
The powerful Sinclair QL microcomputer has some outstand-
ing capabilities in terms of its internal structure. With a 32-bit
architecture, the QL has a large address range, advanced in-
structions which include multiplication and division. These
features give the budding machine code programmer a good
start at advanced programming methods. This book assumes
no previous knowledge of either the 68008 or machine code
programming.

PEY.X )
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BABANI BOOKS

BP59: SECOND BOOK OF CMOS IC PROJECTS $7.80
This book carries on from its predecessor and provides a fur-
ther selection of useful circuits, mainly of a simple nature
the book will be well within the capabilities of the beginner
and more advanced constructor

BP32: HOW TO BUILD YOUR OWN METAL &

TREASURE LOCATORS $7.80
several fascinating applications with complete electronic
and practical details on the simple, and inexpensive con-
struction of Heterod' ne Metal Locators.

ELECTRONIC THEORY

BP144: FURTHER PRACTICAL ELECTRONICS
CALCULATIONS AND FORMU LAE $15.00
This book covers many aspects of electronics where a
knowledge and familiarity of the appropriate formulae is
essential for a fuller understanding of the subject. An essen-
tial addition to the library of all those interested in elec-
tronics be they amateur, professional or student.

ELEMENTS OF ELECTRONICS — AN ON-GOING SERIES
F.A. WILSON, CG.1A, C.Eng.,

BP62: BOOX 1. The Simple Electronic Circuit
and Components 31170
B8P77: BOOK 4. Microprocessing Systems $11.80

And Circuits

Although written especially for readers with no more
than ordinary arithmetical skills, the use of mathematics s
not avo:ded. and all the mathematics required 15 taught as
the reader progresses

Each book i1s a complete treatise of a particular branch
of the subject and. therefore, can be used on its own withone
proviso, that the later books do not duplicate material from
their predecessors, thus a working knowledge of the subjects
covered by the earlier books 1s assumed

BOOK 1 This book contains all the fundamental theory
necessary to lead to a full understanding of the simple elec
vonic circuit and its main components

BOOK 2 This book continues with alternating current
theory without which there can be no comprehension of
speech, music, radio, television or even the electric:ty
utilities

BOOK 3 Follows on semiconductor technology.
leading up to transistors and integrated circusts

BOOK 4 A complete description of the internal work
ings of microprocessor

BOOK 5 A book covering the whole communication

PROJECTS

BP37: 50 PROJECTS USING RELAYS,
SCR’s & TRIACS

F.G.RAYER, T.Eng.(CEl),Assoc.IERE
Relays, silicon controlled rectifiers (SCR's) and br-directional
triodes (TRIACS) have a wide range of apphcations in elec
tronics today This book gives tried and practical working cir-
cuits which should present the minimum of difficulty for the
enthusiast to construct In most of the circuits there 1s a wide
lattude in component values and types. allowing easy
modification of circuits or ready adaptation of them to n
dividual needs

<7.80

8P71: ELECTRONIC HOUSEHOLD PROJECTS $7.00

R. A. PENFOLD
Some of the most useful and popular electronic construction
projects are those that can be used in or around the home
The circuits range from such things as ‘2 Tone Door Buzzer,
intercom, through Smoke or Gas Detectors to Baby and
Freezer Alarms

BP90: AUDIO PROJECTS
F.G. RAYER

Covers in detail the construction of a wide range ot audio
projects The text has been divided into preamplifiers and
mixers. power amphfiers, tone controls and matching and
miscellaneous progects

$7.80

BP44: 1C 555 PROJECTS

E.A. PARR, 8.5¢..C.Eng., M.ILEE.
Every so often a device appears that 1s so useful that one

wonders how life went on beto.e without it The 555 timer s

such a device Included in this book are Basic and General

Circuits, Motor Car and Mode! Railway Circuits, Alarms and

Noise Makers as well as a section on the $56. 558 and 559

timers

8P82: ELECTRONIC PROJECTS USING SOLAR CELLs  $7-80
A collection of simple circuits which have applications in

and around the home using the energy of the sun to power

them. The book deals with practical solar power supplies in-

cluding voltage doubler and tripler circuits, as well as a

number of projects

$10.00

BP49: POPULAR ELECTRONIC PROJECTS $10.00
RA. PENFOLD

Includes a collection of the most popular types of circuits
and projects which, we feel sure, will provide a number of
designs to interest most electronics constructors. The pro-
jects selected cover a very wide range and are divided into
four basic types: Radio Projects, Audio Projects, Household
Projects and Test Equipment.

BP94: ELECTRONIC PROJECTS FOR CARS AND BOATS

R.A. PENFOLD $7.80
Projects, fifteen in all, which use a 12V supply are the basis
of this book Included are projects on Windscreen Wiper
Control, Courtesy Light Delay, Battery Monitor, Cassette
Power Supply, Lights Timer, Vehicle Immobiliser, Gas and
Smoke Alarm, Depth Warning and Shaver Inverter

BP9S: MODEL RAILWAY PROJECTS $7.80
Electronic projects for model railways are fairly recent ana
have made possible an amazing degree of realism. The pro-
jects covered include controllers, signals and sound effects:
striboard layouts are provided for each project
BP93: ELECTRONIC TIMER PROJECTS $7.80
F.G. RAYER

windscreen wiper delay, darkroom timer and metronome
projects are included. Some of the more complex circuits are
made up from simpler sub-circuits which are dealt with in-
dividually

BP84: DIGITAL IC PROJECTS $7.80
F.G. RAYER, T.Eng.(CEl),Assoc.lERE

This book contains both simple and more advanced projects
and it is hoped that these will be found of help to the reader
developing a knowledge of the workings of digital arcuits
To help the newcomer to the hobby the author has inciuded
a number of board layouts and wiring diagrams Also the
more ambitious projects can be buit and tested section by
section and this should help avoid or correct faults that
could otherwise be troublesome An ideal book for both
beginner and more advanced enthusiast alike

B8P99: MIN)—MATRIX BOARD PROJECTS
RA. PENFOLD

Twenty useful projects which can all be built on a 24 x 10
hole matrix board with copper strips Includes Doorbuzzer
Low-voltage Alarm, AM Radio. Signal Generator, Projector
Timer, Guitar Headphone Amp. Transistor Checker and
more

BP103: MULTI-CIRCUIT BOARD PROJECTS
R.A. PENFOLD

This book allows the reader to build 21 farly simple elec-
tronic projects, all of which mav be constructed on the same
printed circut board Wherever possible, the same com
ponents have been used in each design so that with a
relatively small number of components and hence low cost.
it is possible to make any one of the projects or by re-using
the components and P.C B all of the projects

57.60

$7.80

BP107: 30 SOLDERLESS BREADBOARD PROJECTS —

BOOK 1

R.A. PENFOLD 200
A “Solderless Breadboard’ 1s simply a special board on
which electronic circuits can be built and tested. The com-
ponents used are just plugged in and unpluggeo as desired
The 30 projects featured in this book have been specially
designed to be built on a “Verobloc” breadboard Wherever
possible the components used are common to several pro-
jects, hence with only a modest number of reasonably inex-
pensive components it 1s possible to build, in turn, every pro-
ject shown

BP106: MODERN OP-AMP PROJECTS $7.80
R.A. PENFOLD

Features a wide range of constructional projects which make
use of op-amps including low-noise, low distortion, ultra-high
input impedance, high slew-rate and high output current

CIRCUITS

How to Design Electronic Projects
8P127 3900
Although information on standard circuit blocks is available,
there 15 less information on combing these circuit parts
together This title does just that Practical examples are used
and each 1s analysed to show what each does and how to ap
ply this to other designs

Audio Amplifier Construction

BP122 $6.75
A wide circuits s given. from low noise microphone and tape
head preamps 1o a 100W MOSEE T type There 1s also the cir
cuit tor 12V brdge amp giving 18W Circuit board or steip
board layout are included Most of the circuits are well
within the capabibties for even those with limited ex
perience

8P98: POPULAR ELECTRONIC CIRCUITS, BOOK 2 $9.00

R.A. PENFOLD
70 plus circuits based on modern components aimed atthose

with some experience

BP179: ELECTRONIC CIRCUITS FOR THE COMPUTER
CONTROL OF ROBOTS $12.00
The main stumbling block tor most would-be robot builders
15 the electronics to interface the computer to the motors,
and the sensors which provide teedback from the robot to
the computer The purpose ot this book is to explain and pro-
vide some relatively simple electronic circuits which bridge
the gap

BP39: 50 (FET) FIELD EFFECT TRANSISTOR
OIECTS

F.G. RAYER, T.Eng.(CEl),AssOC.IERE
Held effect transistors (FETs) find application in a wide
vanety of circuits The projects described here include radio
requency amphfiers and converters, test equipment and
receiver aids. tuners, receivers, miners and (one controls, as
well as various miscellaneous devices which are useful in the
home

This book contains something of particuar interest f.or
every class of enthusiast — short wave listener. radio
amateur, experimenter or audio devotee

$7.00

BP88: HOW TO USE OP AMPS
E.A. PARR

A designer s guide covering several op amps. serving as a
source book of circuits and a reference book for design
calculations The approach has been made as non-
mathemat.cal as possible

$11.80

BP6S: SINGLE IC PROJECTS
R.A.PENFOLD

There 1s now a vast range of ICs available to the amateur
market. the majority of which are not necessarily designed
for use n a single application and can offer unlimited
possibilities All the projects contained in this book are sim-
ple to construct and are based on a single IC. A few projects
employ one or two transistors in addition to an tC but in most
cases the IC is the only active device used

$6.00

223: 50 PROJECTS USING IC CA3130 $5.00
RA.PENFOLD

tn this book, the author has designed and developed a
number of interesting and useful projects which are divided
into five general categories: | — Audio Projects 1| — RF
Projects |11 — Test Equipment IV — Household Projects V
— Muscelianeous Projects

BP118: PRACTICAL ELECTRONIC BUILDING BLOCKS -
Book 2

R.A. PENFOLD $7.60
This sequel to BP117 is written to help the reader create and
experiment with his own circuits by combining standard type
arcuit bullding blocks. Circuits concerned with generating
signals were covered in Book 1, this one deals with process-
ing signals Amplifiers and filters account for most of the
book but comparators, Schmitt triggers and other circuits are
covered

BP83: VMOS PROJKCTS r
RA. PENFOLD $50
Although modern bipolar power transistors give excellent
results in a wide range of applications, they are not without
their drawbacks or himitations This book will primarily be
concerned with VMOS power FETs although power
MOSFETs will be dealt with in the chapter on audio circuits
A number of varied and interesting projects are covered
under the main headings of Audio Crrcuits, Sound
Generator Circuits, DC Control Circuits and Signal Control
Circuits

RADIO AND
COMMUNICATIONS

BP177: AN INTRODUCTION TO COMPUTER
COMMUNICATIONS $7.80

Connecting up an ordinary home computer to the
telephone system via a modem opens up a new world of
possibilities: talking to other computers, databases, net-
works, radio links, etc. An explanation of basic principles
and practicalities in simple terms

BP176: A TV-DXERS HANDBOOK $18.00
This book will be a practical guide for the beginner and a
source of reference for the established TV-DXing enthusiast
The possibilities and problems of receiving television signals
over long distances and resolving of such pictures with the
minimum of distortion is discussed Also included are many
umts and devices which have been designed by experienced
enthusiasts
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Feature

PC

Simulations

Explore digital simulations on your PC.

S ome computer companies may lead
you to believe that simulators are
complicated and require main frame
power, but just about any present day
personal computer can perform
digital simulations. Our simulator
program is written in GWBASIC and
can be run on most MS-DOS-based
home computers. It will allow youto see
your output waveforms right before
your eyes on your own computer
monitor. The purpose of this program
istointroduce you to adigital simulator
thatisverysimpleyetexpendable.

Digital Design Fundamentals
Let’s make a brief review of the prin-

cipals of binary logic design as it ap-
plies to this simulator. A binary logic
function has two possible logic states.
These two logic states can be con-
sidered as the "on" and "off" states.
Usually a "0" represents the "off" state
and is known as a logic LO, while a "1"
represents alogic HI or the "on" state.

These logic states, in terms of actual
hardware such asthe TTL logic family,
represent a voltage level. Different
logic families usually have different
voltage levels but they all have three
things in common, defined logic HI
and LO voltage levels and an un-
defined state which lies between these
twolevels. See Fig. 1.

The transition from one logic state
toanother takes a finite amount of time
in actual hardware. This is called the

by Joseph and Robin Berardi
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Fig. 1. The three logic states: high, low
and undefined. V3 usually represents

the power supply voltage.
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Fig 2. Schematic symbols for the logic
gates andthe JK flipflop.

rise and fall time. There is also a
propagation time that is associated
with each device. This propagation
time is the time it takes the signal to
flow through the device and start
switching the output. This simulator
assumes there is a zero rise and fall
time and only a one unit time delay
from the input to the output of the
devices supported. This one unit time

delay is long enough to demonstrate
how the propagation time can create
unwanted glitches in poorly designed
circuits.

Binary Logic Symbols and
Terminology

Logic gates are the building blocks of
all digital designs. Even the most
sophisticated circuitry in the world is
no more than a group of logic gates
used to design a digital circuit. This
simulator has a simulation model for
the following gates: AND, NAND,
OR,NOR,NOT and XOR.It alsosup-
ports a functional model of a JK Flip-
Flop. Flip-Flops are the building
blocks for counters and shift registers,
and are essential memory elements
for most sequential circuits. The sym-
bols for these gates and the JK Flip-
Flopare shown in Fig.2.

Truth Tables
Truth tables list the functional charac-

teristics of alogicgate or circuit. These
lists show the output logic state for
every possible input logic state. Truth
tables for the simulator models are
shown in Fig. 3 and in Fig. 3B. A truth
table can easily list all of the possible
logic states for a single gate or simple
devices but they are not practical for
use with more complicated circuits.
State diagrams have been developed
for that purpose, and are too complex

15
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Fig. 3. (a) truth tables for the logic gates,
and (b) the truth table for the 74109 JK

flipflop.

to be discussed in an introductory ar-
ticle.

Creating a Circuit for

Simulation ) .
In order to create a simultable circuit,

you must describe your circuit to the
computer using the logic gates and
Flip-Flop that the simulator supports
andlist howthey are interconnected.

First, draw a schematic showing
your circuit. Assign a node number to
each input, output and internal signal
in that circuit, and make a Net-List
using this information. All of the three
terminal gates use the following order
for their nodes: INPUT, INPUT,
OUTPUT. The NOT gate is a two ter-
minal gate which uses the order
INPUT, OUTPUT. The JK-FF order
is: PRESET, CLEAR, J,NK, CLK, Q,
NQ. The program will read the node
numbers in the DATA statement and
associate each number with one of the
INPUT/OUTPUTS for that device.
Look at line 10010in the code printout.
It reads 10010 DATA NAND,4,3/5.
Node number 4 will be assigned to the
first input and node number 3 will be
assigned to the second input, while
node number 5 will be assigned to the
output.

Type your Net-List into the com-
puter using DATA statements as
shown in the program code printout
starting on line 1000S. The simulator

16

100 REM MINISIM MINSIMIS
105 REM JOSEPH BERARDI
110 REM 9/4/86

S00 REM INITIALIZE
S02 SI=1:MI=1:7I=1
S03 TRACES=10

510 DIM STATE£(100) ,NEXTS$(100) ,MODELS$(100) ,N(100)
520 DIM TIME (100} ,VALUES$ (100) ,NODE (100)

530 TIMEINCREMENT=1

540 SIMTIME=Q

S50 FOR I = 1 TO 100

560 STATES(I)="0"

S65 MODELS$(I)="*

RS S S St AL IR IS Y]

S70 NEXT I

1000 REM LOAD STATE/NEXTS/MODELS ARRAY ## * *% * *n *
1010 READ AS$

1020 WHILE A$ <> "END"

1030 IF A$="AND" THEN X=3:GOSUB 3000

1040 IF A%="NAND" THEN X=3:G0SUB 3000

1060 IF A$="0R" THEN X=3:G0SUB 3Z000

1080 IF A$="NOR" THEN X=3:G0OSUB 3000

1090 IF A$="XOR" THEN X=3:60SUB 3000

1100 IF A#="NOT" OR A$="INVERTER" THEN X=2: GOSUB 3000

1110 IF A$="JKFF" THEN X=7 : GOSUB 3000

1280 MI=MI+1

1290 READ A%

1300 WEND ~

1310 LASTSTATE=SI-1 : LASTMODEL=MI-1

1490 REM LOAD TIME ARRAY 55035365 06 300 336 350 34 3636 36 30 3600 63630 30 00 0696 3696 9696 30 0630 30 3600 0096 9636 3 06 36 9696 36
1500 READ As

1510 WHILE As$ <> "END"

1530 TIME(TI)=VAL (A$)

1535 READ A%

1540 VALUES(TI)=A%

1545 READ A%

1547 NODE(TI)=VAL (A%)

1550 TI=TI+1

1890 READ A#

1900 WEND

1910 LASTTIME=TI-1

2000 GOTO 4000

3000 REM X INPUTS #uwuwn * % * *uw *
3010 MODELS$(MI)=A$

020 FOR I = 1 TO X

3030 READ Af

3035 N(SI)=VAL (A$)

3040 SI=SI+1

J0OS0 NEXT I

3070 RETURN

Q000 REM STMULATE 39696005 35963 5630 3696 5 36 0096963636 3 353636 30 30 30 3696969698 30 0606303030 3606 0696 36 966 069696 36 36 36 06 960000 6 6
4020 REM INITGRAPHIC

4020 GOSUB 4700

4040 FOR I = 1 TO LASTSTATE

4050 NEXTS$(N(I))=STATE$(N(I))

4060 NEXT I

4100 WHILE SIMTIME < TIME (LASTTIME)

4110 SI=t

4120 FOR I 1 TO LASTTIME
4170 IF ARS (SIMTIME-TIME(I)) <«
(1)

4140 NEXT 1

4200 FOR M1 = 1 TO LASTMODEL
4250 IF MODELS$(MI)="AND” THEN BDSUB SO0U

4270 IF MODELSS$(MI)="NAND" THEN GOSUB S100

4280 IF MODELSH(MI)="DR" THEN GOSUR S200

4290 IF MODELSS$ (MI)="NOR" THEN GOSUER S300

4300 IF MODELS$ (MI)="XOR" THEN GOSUEB 5400

4310 IF MODELS#(MI)="NOT" THEN GOSUB S500

4320 IF MODELS$(MI)="JKFF" THEN GOSUR 5700

4390 NEXT MI

4400 FOR I = 1 TO LASTSTATE

4410 STATES(N(I))=NEXTS$(N(I))

4420 NEXT I

4480 REM GRAFH IT

4485 B0OSUB 4800

4500 SIMTIME=SIMTIME+TIMEINCREMENT

4600 WEND

4610 LOCATE 22,1

4690 END

4700 REM INITGRAPHICS #3#%3% %% % %% % E XT3 * L2 - x
4702 REM SCREEN 1 = MEDIUM RESOLUTION WITH COLOR

4704 REM SCREEN 2 = HIGH RESOLUTION WITHOUT COLOR

4710 SCREEN 1
4712 COLOR 1,7
4714 CLS

4720 XCORD=2S
4721 PRINT”
4724 LOCATE 3,1
4725 FOR I = 1 TO TRACES

4727 PRINT 1 :PRINT

4728 NEXT I

4730 RETURN

4800 REM GRAPH T #5510 50000 01048040 * Py »
4805 XCORD=XCORD+1

4810 FOR I = 1 TO TRACES

4850 YCORD=(16#%#1)+S—(4#VAL (STATES(I)))

4870 PSET (XCORD,YCORD)

4890 NEXT I

4900 RETURN

S000 REM AND2 L2 2 * * *

2222 2T T

(.9 » TIMEINCREMENT) THEN NEXTS$(NGDE(I))=VALUES

MINISIM®

Clamicamlian Tada.. l..d.. 4haY
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5010 NEXTS$(N(SI+2))="0"

S020 IF (STATES(N(SI))="1") AND (STATES(N(SI+1))="1") THEN NEXTS$(N(SI+2))="1"

S080 SI=SI+3
5090 RETURN

S100 REM NANDZ 5535500 538 30 5053800050 3 303030 0030 30 3090 300030 30 9030 30 30 30 9696 30 36 009036 30 30 3006 36 36 0 3636 36 36 0636 3 36 00 46 36 36 6 ¢

5110 NEXTSH(N(SI+2))="1"

5120 IF (STATE$(N{(SI))="1") AND (STATES$(N(SI+1))="1") THEN NEXTS$ (N(SI+2))="0"

5130 SI=SI+3
5140 RETURN
5200 REM OR2 ###»

5210 NEXTS$(N(SI+2))="0"

5220 IF (STATE$(N(SI))="1") OR (STATES(N(SI+1))="1") THEN NEXTS$ (N(SI+2))="1"

5230 SI=SI+3
5240 RETURN

5300 REM NORZ2 355035 505050 50 35 003096300 5050 30 3030 90 9036330 9030 3 30 0 3¢ - *w

5310 NEXTS$(N(SI+2))="1"

S320 IF (STATE#(N(SI))="1") OR (STATE$(N(SI+1))="1") THEN NEXTS$(N(SI+2))="0"

5330 SImSI+3
5340 RETURN

SA00 REM EXORZ 450 330000 003000 03006300038 3030 000030 30905030 30 30 00003030 00 0000060000 0006066 06 3030 000 30 3600 00 00 0600 0606 30 30 30 30 0 90 00 ¢

S410 NEXTS$(N(SI+2))="0"

5420 IF (STATE$(N(SI))="1") OR (STATES(N(SI+1))="1") THEN NEXTS$(N(SI+2))="1"
5425 IF (STATE$(N(SI))="1") AND (STATES(N(SI+1))="1") THEN NEXTS$(N(SI+2))="0"

5430 SI=SI+3
5440 RETURN

TG00 REM NOT 55053055500 3036 000065 0050 0030000 003000060030 200 30 0630 00 0 0006 0000003000 0 A0 00 0 0 0 B S B B B 20 0
THEN NEXTS# (N(SI+1))="0" ELSE NEXTS${(N(SI+1))="1"

5510 IF STATES(N(SI))="1"
6515 SI=SI+2
5520 RETURN

L2222 &%

* L2 2 * L2

5700 REM JK-FF (74109) = - 1222 2222 22 PRI R R 22 *
G705 REM NFF NC J NE CK Q@ NQ

S710 IF (STATES(N(SI))="0" AND STATES(N(SI+1))="1") THEN NEXTS$(N(SI+5))="1" : N
EXTS$ (N(SI+6))="0"

5720 IF (STATES(N(SI))="1“ AND STATES(N(SI+1))="0") THEN NEXTS$(N(SI+5))="0" : N

EXTS$ (N(SI+6))="1"

5730 IF (STATE$(N(SI))="0" AND STATES(N(SI+1))="0") THEN NEXTS$ (N(SI+5))="0" : N

EXTS$(N(SI+6))="1"

5740 IF (STATES(N(SI))="1" AND STATES(N(SI+1))="1") AND STATES{(N(SI+4))="0" AND

NEXTS$ (N(SI+4))="1" THEN 5750 ELSE 5790

S750 IF (STATES(N{(SI+2))="1" AND STATES$ (N(SI+3))="1") THEN NEXTS$(N(SI+5))="1"34N

EXTS$(N(SI+6))="0"

5760 IF (STATES(N(SI+2))="0" AND STATES$ (N(SI+3))="0") THEN NEXTS$(N(SI+5))="0":N

EXTS$(N(SI+6))r="1"

5770 IF (STATES(N(SI+2))="1" AND STATES(N(SI+3))="0") THEN NEXTS$ (N(SI+5))=STATE
$(N(SI+6)): NEXTSS(N(SI+6))=STATES$ (N(SI+5))

5790 8I=SI+7
5795 RETURN

10000 REM THIS LISTING DEMONSTRATES THE SIMULATION MODELS
10002 REM THESE DATA STATEMENTS CONTAIN THE MODEL NAME AND INPUT QUTPUT NODE

NUMBERS

10005 DATA AND,1,2,4
10010 DATA NAND,4,3,5
10015 BATA OR,1,2,6
10020 DATA NOT,3,8
10025 DATA XOR,1,2,7
10027 DATA NOR,7,8,9
10030 DATA END

10031 REM FROM HERE ON IS THE WAVEFORM INPUT DATA

10035 DATA 1,0,1
10040 DATA 1,0,2
10045 DATA 1,0,3
10050 DATA 10,1,3
10055 DATA 50,1,1
10060 DATA 50,1,2
10065 DATA 55,0,3
10070 DATA 60,0, 1
10075 DATA 70,0,2
10080 DATA 80,1,1
10085 DATA 90,1,%
10090 DATA 100,0,3
10095 DATA END

will read the DATA statements at the
end ofthe program and will continue to
do so until an "END" statement is
found. Fig. 4 demonstrates this proce-
dure: a circuit drawn with the nodes
numbered, and the Net-List made
into DATA statements. We have also
included in Fig. 4B a printout of the
output waveforms created by simulat-
ing the sample circuit. Fig. 5 gives
another example of creating a circuit
for simulation and its resultant output
waveforms.

Simulating the Circuit =
Toverifyacircuit’s function, the circuit

Floatcactlan Padau lalv 41087

must be stimulated. That is, the inputs
must be varied in order to exercise the
circuit and to verify the output for
every input condition. The input
stimulation information is entered in
DATA statements following the cir-
cuit description information, Each
DATA statement line must contain a
simtime, logic state and node number,
as shown in the program code prin-
tout starting on line 10030. To help
you understand the use of simtime in-
crements we have included an example
of some input DATA statements and
the resulting timing diagram of the
waveforms producedin Fig. 6.

10005 DATA AND,1,2,4
10010 DATA NAND,4, 3,5

10015 DATA OR.1,2,6
10020 DATA NOT,3,
10025 DATA XOR,1,2,

10027 DATA NOR,7,8,9
100=0 DATA END

Fig. 4. A logic circuit schematic with
numbered nodes, and the resultant
Data statements.
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10010 DATA JKFF,1,5,2,4,3,6,7
10020 DATA IKFF.1,5.6,6,3.8,9
10030 DATA END
10040 DATA 1.0,
100%0 DATA 1,1,
10060 DATA 1,1
10070 DATA 1,0
10080 DATA 1.1
10099 DATA 10,
10100 DATA 20,
10105 DATA 1S5,
10110 DATA 30,
10120 DATA 35,
10130 DATA 40,
10140 DATA 30,
10130 DATA 40,
10160 DATA &5,
10163 DATA 45,
10170 DATA 70,0,
10180 DATA 80,1,3
10182 DATA 90,0,3
10184 DATA 100,1,3
10190 DATA 120,1,1
10200 DATA END

uann-
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-
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Fig. 5. The schematic of a JK flipflop
withnumberednodes, theresultant data
statements and the resultant waveforms.

Analyzing the Circuit
Type "RUN" to start the simulation

and observe the traces being drawn on
the screen. As the circuit is simulated
the data is directly displayed on the
screen. The "OK" prompt will appear
when the program is done. You can
now compare the logic states of the
simulated circuit with the waveforms
you were expecting. The BASIC vari-
able TRACES is initialized to 10, so
that 10 nodes will be displayed. If your
circuit has more than 10 nodes, enter
the more important nodes first so that
17
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they may be displayed. Look back at
Fig. 5 for an example of the waveforms
that will be displayed on your screen.

Writing Simulation Models
Just about any digital device can be
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Fig. 6. Data statements and the resultant
timingdiagram of the waveforms.
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described and simulated. Usually a
truth table or a state diagram describes
the function of a device. This program

contains one functional model which
waseasily created by translating a truth
table into IF THEN statements. The
JK Flip-Flop model uses the present
state (STATE $), to determine what
the next state (NEXTS $), is going to
be. This method can be used on just
about anydigital device you could want
tomodel. Obviously making a model of
amicro- processor or any VLSI device
wouldrequire agreatdeal of effortand
would be nearly impossible since they
containliterally thousands of gates and
devices.

Expansion Possibilities
A more sophisticated simulator can

be made from this one by including
delay times for each digital model,
creating your own functional models,
storing simulation datato the disk, dis-
playing previously simulated files, and
by separating program files from
simulation files. You may want to ex-
pand our program to include some of
these more advanced capabilities, as
you explore more digital simulations
onyour PC.

Code Summary
Lines 500-570

Sets up arrays, initializes the STATE
arrayto0, initializes the
TIME INCREMENT and SIMTIME.

Lines 1000-1310

This routine reads the DATA state-
ments for the models and calls the
routine toreadin the node numbers.

Lines 1490-2000

This routine reads the DATA state-
ments for the INPUT
WAVEFORMS. The TIME,
STATE, and NODE VALUES are
readinto an array.

Lines 3000-3070

This routine saves the MODEL
NAMEIintoanarray and alsoreadsthe
NODE NUMBERS into the N(SI)
array. This array is used as a pointer to
alocation in the STATES array where
the logic state of the node will be kept.

Line 4000-4690
This is the simulation routine which
calls the INITIALIZE GRAPHICS

routines. It sets all the NEXT STATE
values to the PRESENT STATE.
Then as long as the SIMTIME is less
than the time of the last INPUT
WAVEFORM TIME, the simulation
process will continue. It starts by
checking the INPUT WAVEFORM
array and determining if any of the
nodes must be changed due to an
input for that time. The models for that
loop go through the model list at every
SIMTIMEINCREMENT and callthe
SIMULATION MODELS needed.
These models determine only the
NEXT STATE and after all of the
models have been RUN for a SIM-
TIME the PRESENT TIME is then
updated to the NEXT STATE. This
process avoids having a ripple effect
of everything changing at the same
time in the circuit.

The GRAPH routine is called and up-
dates the screen for a single SIM-
TIME. The SIMTIME is incremented
and the WHILE SIMTIME loop will
continue untilthe time runs out.

Lines 4700-4730

This routine sets up the screen for
medium resolution mode and a blue
background.

Lines 4800-4900

This routine will plot a single point
(logic state), for the number of
TRACES specified by the variable
TRACES.

Lines 5000-5790

These are the SIMULATION
MODELS. Each routine called will
evaluate the inputs to the model and
determine what the output logic
level(s) willbe for the NEXT STATE.

Lines 10000-

These lines contain the DATA state-
ments in which the circuit description
is contained and the INPUT
WAVEFORM information is con-
tained. =]
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Helicopters

System monitoring methods for better maintenance

By Elfan ap Rees, Editor, Helicopter Interational, UK

Vibration inhelicopters is aproblem
present ever since the first
machines astounded onlookers by
their primitive attempts to hover, back
in the 1930s. Spinning rotors, drive
shafts, pumps, generators, gearboxes
and powerplants all conspired to un-
balance the already unstable flying
machine, causing, at the very least, dis-
comfort for the pilot and his passengers
and, at worst, stress-induced failures of
vital components.

One of the most common causes of
vibrationwas, and still can be, the main
rotor blades. Early blades had to be
matched as a set to overcome weight
and balance differences. Trailing
edge tabs needed to be meticulously
adjusted by hand to ensure that each
blade followed the same track and
produced the same amount of lift to
avoid an out-of-balance disk.

Checking this balance was tradition-
ally carried out by marking each blade
tip with coloured chalk, engaging the
rotor drive and then placing a rigid
canvas flag in line with the rotating
tips - the chalk marks left on the can-
vas soon told the operator if a blade
was out of track. Such rudimentary
methods were still common in the
1960s when the development of more
sophisticated analytical equipment
began.
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Im?roved Understanding
By the early 1970s, several vibration

analysis and basic monitoring systems
were available, but all had shortcom-
ings. In particular, they were difficult,
if notimpossible, touse on a helicopter
in flight, while their analogue design
meant that analysis of problems was
lengthy, limited, often subjective and
provided no trend data for future con-
sideration.

Today, the causes of helicopter
vibration are much better understood
and more easily corrected, as a result
of new methods of recording and
analysing the performance of the
dynamic components.

British companies have played a
major role in bringing about these
changes. One of the leading firms,
Helitune of Fleet, southern England,
was started in 1978 by Noel Trigg who
ended a long career in the Royal Air
Force as Chief Helicopter Engineer.
Trigg’s experience with helicopter
vibration led him to develop a com-
prehensive yet fully portable vibration
analysis system now marketed as the
Helitune Rotortuner. It is based on a
portable data processor unit, linked to
an infrared camera, that monitors
blade track, and a number of ac-
celerometers mounted inside the
cabin to measure vertical and lateral
balance and in other areas as neces-

sary.

Magnetic pick-ups on the main
rotor shaft provide the system’s
heartbeat, a one per revolution pulse
detecting any rotor mass imbalance
and giving avibration signature, as well
as driving the camera. The latter,
patented by Helitune, can measure
the track of anindividual rotorblade to
within 1.6mm, so long asitis pointed by
the operator towithin 10degrees of the
tip. The infrared linescan uses the
centre of gravity of the passing blade as
the datum, comparing any up or down
variations against the mean path.

Limits Indicated

By programming the Rotortuner with
information such as the number of
rotor blades, gear ratios, number of
teeth on each gear and so on, the sys-
tem is able to pinpoint vibration sour-
ces and analyse engine and gearbox
performance. Known characteristics
of the dynamics system of a particular
helicopter type can be built into the
analysis, enabling the Rotortuner to
identify acceptable limits and inform
the operator accordingly.

Alldata, whether collected in ground
running or in flight, is received by the
compact computer, analysed, and dis-
played on a knee pad console. After
each test the computer generates hard
copies with corrective instructions for
the ground engineers. In addition, the
datais stored on an individual cassette
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for that particular aircraft, enabling
an historical file to be built up for trend
reference.

To extract maximum benefit from
such trending data, Helitune also in-
vites each Rotortuner operator to sub-
mit the tapes for central analysis, the
results then being shared among all
contributing operators.

The benefits of the Rotortuner are
perhaps obvious. The rapid identifica-
tion of vibration sources, and the ease
with which the operation can be car-
ried out by relatively inexperienced
operators - in the field if necessary -
leads to less maintenance, less prema-
ture component removals, and longer
lives for the various components.

Many Users

Asaresultthe safety factor is markedly
increased, while direct operating
costs are reduced. All these benefits
are already being demonstrated by
current Rotortuner operators, includ-
ing the Royal Air Force, British Inter-
national Helicopters, the Italian
Army, the Canadian Armed Forces,
and the United States Coast Guard.
Several of the major helicopter
manufacturers also now use and
recommend the system. In France,
Helitune has signed agreements with
SEMIA to market the Rotortuner lo-
cally and also to Aerospatiale cus-
tomers worldwide. Ansofone Elet-
tronica in Italy is to produce up to 200
of the latest Dash 5 systems under
licence.

To date more than 40 helicopter
types have been configured to the
Rotortuner. Data tapes readily avail-
able for use range from such giants as
the Boeing Chinook and Sikorsky CH-
53E to the smaller Aerospatiale
Alouette and the Bell AH-1 Cobra.
Meanwhile, Helitune is developing a
permanent on-board version of the
system for application to new genera-
tion helicopters.

The concept of permanent monitor-
ing of dynamic components is already
being explored by other British com-
panies, including Rotor Dynamics of
Coventry in the English midlands.
Since 1984 it has been developing an
automatic vibration on recording sys-
tem working in conjunction with
laboratory based analytical equip-
ment.

Records of Flight

The Rotor Dynamics system com-
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prises a cassette tape recorder fitted
in the cockpit and connected to
strategically placed accelerometers
and an integral magnetic pick-up.
Blade balancing can be carried out by
plugging in compatible equipment.
Fault diagnosis and data interpreta-
tion are completed by using any one of
various spectrum analysers, including
the Rotortuner and the Solartron1201.

The relative simplicity of the Rotor
Dynamics equipment makes it espe-
cially attractive to smaller helicopter
operators, who can monitor their
aircraft’s vibration performance at
regular intervals during revenue-earn-
ing flights, and then either analyse the
data themselves later or send the tape
to Rotor Dynamics for a full inter-

pretation.
Another alternative is offered by
Stewart Hughes of Chilworth,

southern England, whose rotor
analysis development system (RADS)
is said to be the fastest available. The
core of RADS is an automatic blade
tracker, which measures data for up to
five blades simultaneously on each
revolution.

An accuracy of 1 mm is claimed in
tracking, while the sensor can also
measure lead/lag with a precision of
0.2 mm, The results are automatically
stored in a hand-held computer, and
can be hard copied or transferred to a
base computer or analyser for further
use.

Detailed Check

Probably the most advanced helicop-
ter component monitoring system is
that now being developed by Smiths
Industries of London, in conjunction
with Westland, Rolls-Royce and
Southampton University. Known as
HUMS (Health and Usage Monitor-

ing System), it uses an on-board com-
puter to process data from the helicop-
ter’s engines, dynamic components
and airframe, to provide a complete
and on-goingrecord of their condition.

This includes fatigue stress, creep,
over limit and incident data, as well as
detailed vibration analysis, to the ex-
tentthateven a pitted gear tooth canbe
identified. All data is stored in a crash
proof non-volatile memory bank, with
arealtime down- link capability to pass
data back to a central maintenance
facility.

In addition, all the HUMS informa-
tion is displayed in the cockpit, to give
the pilot a continuous readout of the
helicopter’s performance and poten-
tial or actual problems. HUMS is al-
ready flying aboard the Westland 30-
300, and has been specified by Bristow
Helicopters for retrospective installa-
tion in its fleet of Aerospatiale Super
Pumas. This commercial company is
already convinced that the system will
rapidly pay for itself in maintenance
savings.

Meanwhile, the United Kingdom’s
Civil Aviation Authority has been
watching the development of HUMS
and the other component monitoring
systems with more than average inter-
est, seeing them as one answer to cur-
rent helicopter safety and pilot fatigue
problems. New airworthiness require-
ments making such monitoring man-
datory may well be just round the
corner. S
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From the hand-
tightened binding post
to today’s LSI chip
carriers.

By Dr. H. Virani

The author well remembers the aerial,
ground and headphones being con-
nected to the home-built receivers
prior to the "cat’s whisker" finding the
best possible spot on a galena crystal
lump. Things were done simply in the
20s, connections being made using
milled terminals or drilled binding
posts and hand-tightened screws.

Domestic electricity was not
universal by any means in the UK,
but was beginning to supercede
gas, oil lamps and candles. Carbon
filament lamps were still common.
Connectors were limited to lam-
pholders for bulbs of the Edison
screw or bayonet type, both of
which have survived. Wall sockets
were 2-pin and rated at 2A for
lighting purposes.

Gradually the privately-owned
electricity companies began to
market their product for uses other
than lighting, and heavier 2- pin

sockets appeared to allow
"electric fires" and space heaters
Claatranine Tadav lulv 1987
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tobe connected. The electricity sold as
"power"” merited a different tariff from
thatsold forlighting. Plugs used turned
brass pins split longitudinally to give
spring, while the sockets into which
they fitted were also cylinders of brass
having grooves cut in the sides. Later a
third and heavier pinwas added, allow-
ing the appliance to be grounded to a
pin oneach socket.

The modern rectangular cross-sec-
tioned pins were developed during,
and came into general use after,
WWIL. In parallel with this progress,
communications were developing,
with the telephone service expanding
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in both the business and domestic
fields.

Basic Types
With hindsight it can be seen that con-

nectors as components divide natural-
lyintothose that handle electricity as a
power source to be distributed to ap-
pliances and equipment and, on the
other hand, those used for distributing
signal and control currents of a low
potential, and so it has remained as a
general rule today. Wireless, or radio
as it came to be called later, was to
develop quickly from the 20s up to
WWII and became the basis of a
whole new industry which made
not only receivers, but more and
more sophisticated components
for bothset markers and home en-
thusiasts, of whom there were
many, rather like the home com-
puter boom oftoday.

Connectors did not form a sig-
nificant part of this activity, but
were to be found in the manual
telephone exchange of the day.
The British Post Office types 201
and 301 were derived from
Western Electric in the US and
can probably claim to be the first
coaxial connector. The type 301
used the familiar tip, ring and
sleeve conductors, together with
aplasticsleeve for the user togrip.
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Sixty Years of Connectors

Conductors were of brass with
ebonite insulation. This connector

was designed solely to handle audio
circuits and ringing voltages, and
found wide use in PBX and PMBX ex-
changes.

Electronic Connectors

The Second World War gave an enor-
mous impetus to connector develop-
ment of all types. Before WWII, it was
the vacuum tube and the need to con-
nect it into equipment that brought
into being a plethora of different sock-
et versions, depending on the whims
of the manufacturer. The Internation-
al Octal (I0) became widely used and
had athermoset plastic base into which
were moulded eight hollow pins and a
locating spigot. The envelope was ce-
mented into the base after the wires
had been threaded down their ap-
propriate pins and the tips soldered.
For multiwire connections, the octal
form was most often the basis of a
similar plug which mated with an octal
socket on the equipment to which
power or control signals were to be
routed.

Flat Pin Connectors

During the war, when "lend-lease" was
in operation, much American
electronic equipment found its way
into Canada and inevitably, American
connector practice came with it
Prominent among many was the flat
pin multiway design of the Cinch Cor-
poration, often referred to as the
"Jones" connector. It had several
pin/socket arrangements to provide
multiple connections for cable and
equipment. By present standards, in-
sertion and withdrawal forces were
very high, as anyone who had to strug-
gle with them will remember. Both
male and female elements were
housed in rectangular moldings which
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were for either chassis mounting or
cable mounting. Metal shield covers
enclosed the soldered connections,
and cable strainrelief clamps fitted the
cable outlets on the covers. A center
locating pin was often provided. The
pins were often silver-plated for bet-
ter conductivity, but tended to tarnish
both in storage and in use, negating
the plating benefits.

The design was licensed to Paignton
and Co., whose Multicon range be-
came a popular one for teleprinters,
"pay-on-answer" phones and various
military uses, for which heavier ver-
sions with diecast covers were made.

Improvementswere relicensed back to
Cinch in post-war years and the range
has been retained by the present
manufacturer.

Military Connectors
The war saw American equipment
with metal shell and round multipin
plugs and sockets used in increasing
numbers in the same fashion that had
obtained with flat pin types. Military
connectors should be considered not
simply as plugs and sockets, but as a
connection system. They can handle a
wide range of transmission modes,
from DCthrough SHF and also optical
signals. They have the ability to
withstand extremely hostile environ-
ments, inbothsenses of the word, while
meeting high standards of reliability.
Specifications cover all aspects of
teniperature, pressure, vibration, at-
mospheric pollutants and inser-
tion/withdrawal forces. Two things
have to be considered by the designer,
the mechanical and electrical condi-
tions to be met. The first needs a

durable metalshell containing the con-
tact assembly, which must either ter-
minate a multiwire screened cable or
provide access to a receptacle fitted in
apiece of electronic equipment.

The metal connector shell has anum-
ber of keyways corresponding with
those in the mating connector. Military
connectors make use of keyways, not
onlyto locate the two halves, but alsoto
prevent damage to fragile pins in high-
density designs. In all cases, the object
is to add extra compression to the
joint before positive locking occurs.

PCB Connectors

Undoubtedly one of the biggest im-
pacts on the connector industry since
WWII was the arrival of the printed
circuitboard; the advent of the transis-
tor in the 50s and the gradual depar-
ture of the tube forced a whole new ap-
proach to component packaging.
Those who were involved with the first
generation of solid-state mainframe
computers (EMIDEC, etc.) will recall
how the greater packing density of
both active and passive components
ledto connector problems.

The first PCBs were rectangular
cards of either laminate or fibreglass
with tracks in copper, often with
plated-through holes in which the sil-
ver plating itself caused problems
such as silver migration. Tracks ended
at one of the shorter board sides and
two-part connectors were used be-
tween the pin half of the board and the
female section ofthe racking frame. In-
deed, that practice has carried over
until today. Later, PCBs appeared
having tracks ending at the board
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edge in gold-plated tongues or pads
which, in suitable sliding guides, made
contact with an edge connector on the
frame. These connectors had a line of
U-shaped, gold-plated female con-
tacts mounted in phenolic or Delrin
moldings, with wires for either solder-
ing or wirewrap projecting through the
rear of the molding. Thus a series of
these mounted in a racking frame
provided agood solution toback plane
wiring,

Coaxial Connectors
The coaxial cable has several ad-

vantages, not the least of which s that it
is greatly superior when used in recep-
tion, being immune to both unwanted
signals and noise. In a concentric line
or cable, the characteristic impedance
Zoisgivenby

Zo, = 138l0ogD/d

where D is the inner diameter of the
outer conductor and d is the outer
diameter of the inner diameter. The
dielectricisassumed tobe air.

Cable impedances have varied over
the years and a figure of about 75
ohms used to be the norm, whereas
today 50 ohms is regarded as standard
both for cable and coaxial connectors.
The latter have now become one of
the most highly developed com-
ponents available to the radio en-

gineer.

Optical Fibre Connectors
Most of the connection systems so far

discussed are more than adequate for
hard-wire applications, and methods
are now frequently incorporated in
them to combat EMP and RFI. It has
become more necessary than ever for
the equipment designer to harden his
designsagainst EMP, etc, in view of the
vulnerability of today’s increasingly
complex and expensive semiconduc-
tor components.

The arrival of the optical fibre as a
transmission medium came almost like
the proverbial answer to the maiden’s
prayer. Fibre bundles in cable form
had been in use as light guides for il-
lumination, medical inspection and
other purposes, but the single fibre in
either monomode or multimode has
brought about a revolution in high-
speed communications (see Fibre Op-
Electronics Today July 1987

tics in the May issue). Thus the newest
connector developments probably lie
in this area, and optical fibre connec-
tors are available commercially today.

The advantages of fibre optic cable
has been discussed at length else-
where: quite apart from being non-
radiating and proof against RFI and
EMP, the saving in weight over con-
ventional copper is significant, as is the
wide transmission spectrum.

The practical problems of joining a
fibre are immense, but the last ten
years have seen many of them
mastered. A fibre can be butt-welded
after careful preparation of the ends to
be joined and processor-controlled
equipment has been developed for this
purpose. To avoid unacceptable losses
in fibre joints, the fibre ends have to be
scribed and broken off cleanly and the
end surfaces polished and aligned.
Mechanical support of a high order is
essential, and this must permeate the
whole connector assembly, right

age (DIP). It was soon apparent that
there would be a need to connect
them to the board by way of a socket
rather than flow-solder them directly,
ifonlyto assist in maintainence.

Now that chips embodying VLSI are
with us, much larger sockets are
needed. Modern microprocessors
have already exceeded 40 pins in the
DIP version and similar densities
occur where chip carriers are used.

Ch(iip Carriers

Modern VLSI chips are increasingly
being presentedin carriers. The chipis
mounted in the center of a square sub-
strate and has its leads brought to ter-
minating points on all four edges by
conducting paths. Two grades are in
use: the plastic-encapsulated version
with "full wing" shaped legs or "J"
formed leads, and hermetically sealed
types for military and professional
use. Applications for the cheaper plas-

throughto the protective sheath.

The target insertion loss for the com-
pleted connector should be on the
order of 1dB, and this figure has been
achieved in many long-haul telecom-
munication circuits. The connectors
on the market, while accepting cur-
rent fibre sizes, have shown varying ap-
proaches from military type needs to
cheaper versions using molded com-
ponents.

Semiconductors
While the early transistors were

mounted on PCBs and flow- soldered
into place, the coming of TTL
heralded the simple dual- inline pack-

tic version lie in cellular radio and
domestic radio phones, and they will
undoubtedly find their way into all
kinds of home electronics. Both types
need a compliant lead structure to
overcomethestresses brought about at
the stage of soldering to a ceramic
hybrid or PCB.

The leadless chip carrier is of even
greater importance; this device, often
multilayer, is reflow soldered to
prepared solder pads on the substrate
of a hybrid circuit and is sealed by a
gold plate lid. The connection points
usually have about 60um of gold on
nickel.

Single-layer carriers are epoxy
sealed and multilayer versions are her-
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metically enclosed. In this way, stack-
ing and higher packing density can be
achieved. The current pin spacing is
050", but already there are moves to
reduce this to .020" in future as desig-
ners face up to even higher pin counts.
At present, plastic carriers have be-
tween 28 and 68 pins, and the leadless
chip carrier, 16 to 84 pins. It is certain
that connectors in some form will be
part of system assemblies with which
future engineers will have to cope.

Conclusions i
Looking back, the author in 1980 com-

pleted a survey of trends in connector
development and the extent to which
they would be influenced by the
higher processing speeds which VLSI,
then soon to arrive, and the increasing
packing density in terms of gates- per-
chipwould have. While the predictions
were accurate, the magnitude was
somewhat short of the mark.

A need for connectors handling in
excess of 100 DIP connections and
having more compliant pins was

forecast. At that time, it seemed wise to
consider connectors of very low inser-

, tion and withdrawal forces and even
zero-force designs. Pins would be
more fragile, with contact plating
being highlighted as needing study.
The number of pins per connection
was clearly increasing and it was real-
ized that all designs would have to in-
clude features allowing the ingress of
digital probes.

By 1985 a VLSI chip having up to
25,000 gates was a fact. If WSI (Wafer
Scale Integration) becomes a reality,
it may call for increasing numbers of
connections which present chip car-
riers cannot accommodate, but the
signsarethat a carrier or larger deriva-
tive willemerge. Thiswill most likely be
brought about as the need to stack the
chipsthemselves becomes more press-
ing.

Optical technology will be an impor-
tant part of the connector industry in
future. It is the arrival of the optical
processor and its implications that is
the subject of alarge amount of present
effort. Developments are taking place

whereby it can be made, in light terms,
to perform functions that are certainly
familiar to the radio engineer, such as
mixing, detecting and frequency
changing at optical wavelengths. This
givesrise tothe need for beam splitting
and T-junctions as well as the estab-
lished connection methods. The future
is very clear and one which must both
excite and challenge engineers in the
1990s. a
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The Hitachi V-1065
Oscilloscope

Advances in microchips produce more
features at a lower price.

By Bill Markwick

About four years ago, Electronics Today covered the introduction of a new
Hitachioscilloscope with microprocessor control. It had digital readouts on
the CRTand cursorsthatyou could move around to define the signal you wanted
measured,and it cost about $9000, thoughitdidinclude digital storage.

Now Hitachi has brought out the V-1065, a dual-channel compact scope with
all the readouts and cursor-measurement features of the one above, with the
exception of storage capabilities.

The most remarkable feature is that the price tag is in the $3000 Cdn. price
range. Each year the designers of microprocessor systems use the newest
generation of microchips and programming techniques to give medium-priced
equipmentfeatures formerlyfound only on top-of-the-line gear.

The V-1065 frame consists of a dual-channel, delayed sweep DC-100MHz
scope with2mV vertical sensitivity and a 6-inch screen. One of the most useful
of the special control features is the sweep time autorange. This automatically
adjusts the horizontal sweep to display 1.6 to 4 cycles of the incoming signal,
though it can be set manually with an auto-stepping pushbutton rather than a
rotaryswitch.Inaddition, the trigger conditions canbe locked tothe sweep, let-
tingyou change the sweep speed withlosing the stable trigger conditions.

The cursors can be moved to any area of the signal for measuring voltage dif-
ference, time difference and frequencybymeans of the digital CRT readout. In
effect, youhave an oscilloscope that gives you a built-in voltmcter and frequen-
cycounter,acompacttestbenchwithahandle onit for field or lab use.

The scope is actually a member of a series; it’s also available in a 60MHz ver-
sion (V-665), or in a simpler 60MHz version without the cursor feature (V-
660), or a 100MHz version without the cursoring (V-1060). The price range of
the new family of scopesis $2000t0 $3200, depending on the desired features.

The V-1065 is such a recent introduction that we couldn’t get one for a full
review for this issue; we had to make do with a quick demonstration, and before
we had even started drooling properly, it was whisked off to the next appoint-
ment. When the new stock arrives, we’ll see if we can’t get one for a more in-
depthlook at how microprocessor meets measuring cquipment, and how it can
saveyouabundle whileitgives you a lab-in-a- suitcase.

Hitachi Denshi Ltd. (Canada), 65 Melford Drive, Scarborough, Ontario M1B
2G6, (416) 299-5900. Circle No. 28 on Reader Service Card

Philips PM3320
The Philips PM3320 digital storage os-

cilloscope features an analog
bandwidth of 200MHz, a sampling
rate of 250MS/s for 4ns single-shot
resolution and synchronous clocking
for two channels. The vertical resolu-
tionis 10-bit.

The 200MHz bandwidth and 1.7ns
risetime plus pre-triggering allow the
scope to detect a 3ns glitch hiddenin a
lower- frequency signal. Above the
timebase speed at which the maximum
sampling is used (200ns/div), the
scope automatically makes use of a
random sampling system.

A function called Restart is used to
examine specific parts of a signal. The
cursors are set to the desired part of
thetrace, and on the next trigger pulse,
an extended-resolution part of the
trace willbe shown.

Measurements can be made on-
screen; the scope measures time, volt-
age, frequency, risetime, peak-to-
peak,RMS andmeanvalues.

Three memories can be used to store
signals, and cursor measurement can
be performed onthesestoredsignals.

The user has a choice of displaying
only the measurement points (a series
of dots) or a display similar to an
analog scope whereby the scope inter-
polates the space between the dots and
joinsthem.

77 combinations of front-panel set-
tings canbe stored and recalled using a
single number, or they can be recalled
in a sequence for automated test pro-
cedures.

Optional interfaces include the
IEEE-488 bus, IEC-625 interface,
RS232C interface and a real-time
clock.Pricesstart at $16,500.

Philips Scientific and Industrial
Equipment Division,
601 Miiner Avenue, Scarborough, On-
tarioM1B IMS, (416) 292-5161.
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Createc Signal Computer
Co1

The Createc SCO1 is a remarkable
handheld test instrument that looks
like a cross between a tiny oscilloscope
and a programmable calculator, and
that’sjustaboutwhatitis.

The oscilloscope section is a 2-chan-
nel, DC-5MHz digital scope display-
ing on a 128 by 128 pixel LCD that’s
just over two inches square. This alone
would make it a worthwhile invest-
ment for troubleshooting, but there’s
much more: LSI and surface-mount
technology allow the unit to be
microprocessor-controlled, function-
ingas asignal-analysis test set.

First, the micro optimizes the
timebase, trigger and cursor position-
ingtosuit the incoming signal. It calcu-
lates frequency, period and voltages
and displays them in a listing at the top
and bottom of the screen;
preprogrammed settings for specific
measurements can be carried out.
Waveforms can be stored in memory
along with the desired instrument set-
tings.

A-to-D conversion is done by a 7-bit
flash converter working at 20MHz;
single-shot operation allows a maxi-
mum resolution of 50ns or lus/div.
Periodic signals can be displayed at a
maximumsweeprate of S0ns/div.

Trigger parameters can be defined
by entering the required values, or the
unit can set optimum values automati-
cally.

The computer can perform such
functions as multiplication of two
waveforms, and the unit can also be
used asastraightvoltmeter or frequen-
cy/period meter.

The unit is powered by an external
plugpack forusein 120V outlets.

RCC Electronics, 310Judson St., Unit
19, Toronto, Ontario M8Z 5T6, (416)
252-5094. Also offices in North Van-
couverand Pointe Claire, Quebec.
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Leader LBO-325 Portable Scope

The LBO-325 is a 60MHz, dual-channel, dual timebase portable oscilloscope.
Though it doesn’t have a battery pack option, it’s small enough to fit in an attache
case (9by3by113/8inches). The 9-Ib unit has a calibrated timebase with alternate
sweep that permits viewing the main signal and magnified details at the same time.
Risetime is 5.8ns and the vertical’sensitivity is SmV/div. The sweep rates are
0.2us/div to 0.2s/div in 19 steps, with main, delayed, alternate main and delayed
timebases; A and Btraces are separated via a front panel control.

Other features include a x10 magnifier, 3% accuracy, an internal calibrator, a

front panelcover, acarryingcase andaCRT hood for the 3.5" CRT.
For less demanding applications, it is also available as the LBO-323 with 20MHz

operation.

Ommnitronix Ltd., 2410 Dunwin Drive, Unit 4, Mississauga, Ontario LSL 1]9, (416)

828-6221.

Circle No. 31 on Reader Service Card

ONCE AGAIN, HITACHI MAKES YOUR JOB EASIER

tHE NewesT appimions To @ HITACHI s ramiLy oF
COMPACT CRT READOUT OSCILLOSCOPES

These full featured scopes have no peers for compact-
ness in the 6-inch CRT class. And with such advanced
features as CRT readout, sweep time autoranging and
trigger lock, they are performance leaders as well in
spite of their modest size and weight — just 10.8(W) x
5.1(H) x 14.2(D) in. and approximately 13.2 Ibs.

FOUR MODELS TO CHOOSE FROM!

V-1065 DC to 100 MHz

Dual channel, Delayed sweep, CRT readout, Trigger
lock, Sweep time autoranging, Cursors (AV1,
AV2, At 11AY),

$3199.00 fst Included.

V-1060 DC to 100 MHz
as above, without cursors.
$2599.00 fst Included.

V665 DC to 60 MHz

Dual channel, Delayed sweep, CRT readout, Trigger
lock, Sweep time autoranging, Cursors
(AV1, Av2,At, 1/AY).

$2324.00 fst Included.

V-660 DC to 60 MHz
as above, without cursors
$1999.00 fst included.

Features:

* Sweep time autoranging - when selected, selects
optimum timebase and automatically adjusts to
input frequency changes.

* Trigger lock - compress or expand horizontally
with time/division without retriggering each time.
This function, an original from Hitachli, is
extremely useful for observation of complex puise
trains.

* Cursor readout - two cursors can be used to
directly read voltage difference, time difference,
and frequency.

* 3 YEAR PARTS AND LABOUR WARRANTY.

Catalogues available upon request

PLUS WE PAY THE FREIGHT!

INTRODUCTORY SPECIAL: $250 OFF ANY OF THESE SCOPES,
Refer to this ad when ordering.

Mail Order: Cheque, Money Order, Certified Cheque, Visa. Ontario residents add 7% PST.
Credit Card Orders: Include Card No., Name on Card, Expiry Date, Signature.

i

Electronics

Masuko

Division of Masuko International Corporation

385 The Westmall, Suite 261
Etobicoke, Ont. MSC 1E7

(416) 621-9120

Telex: 065-27426, Fax: (416) 856-0980
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Leader LCD-100

A true portable, the LCD-100 has the
features of an oscilloscope plus a digi-
tal multimeter, together with opera-
tion from rechargeable Nicad bat-
teries. The display is a 64 by 192 dot
LCD with the range settings displayed
on the left side in alphanumeric
characters. It is unaffected by the
electromagnetic fields that might be
encountered inindustrial use.

The scope section is a 200kHz/10mV
digital storage type with automatic
sweep, triggered sweep and single
sweep. Three storage memories and
one work memory are provided for
waveform storage; a backup battery
protects the contents of memoryfor up
to one month after the power is turned
off. The vertical resolution is 6 bits (64
points) and the horizontal is 8-bit (256
points). Auto- ranging can be switched
into the timebase if the input signal lies
between SOHz and 200kHz.

The multimeter section is electrically
isolated from the scope (including the
ground circuit) to prevent any short
circuits or electrical hazards due to
their connection to separate signals.
This requires that the DMM section
be run on separate batteries (2 AA
cells).

The DMM measures DC voltages
from 320mV to 1000V full scale, AC
voltages from 3.2V to 750V full scale
between 40 and 500Hz, DC and AC
currents to320mA full scale, and ohms
from 320 ohms to 32 megohms full
scale. The resistance range can be
switched to a low power mode which
will not forward-bias semiconductor
junctions.

The LCD displayfeatureslarge, easi-
ly readable numbers about 5/8" high
when switched to the DMM mode. In
either mode, the contrast is front-
panel adjustable.

The LCD-100 comes with a carrying
strap, probes and an AC adapt-
er/recharger. Optional equipment in-

cludes a carrying case and a cable for
the external triggering function.

Omnitronix Ltd., 2410 Dunwin Drive,
Unit 4, Mississauga, Ontario LSL 1J9,
(416) 828-6221.
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Kenwood CS-2150
Oscilloscope

The CS-2150 oscilloscope is a com-
prehensive, 4-channel, 8-trace unit
designed for use in areas such as
broadcast satellites, compact disks,

design automation, factory automa-
tion, local-area- networks and office
automation. It will handle professional
applications not covered by 100MHz
scopes.

The four input signals can be swept
simultaneously with the main sweep.
In addition, each of the corresponding
delayed signals can be displayed simul-
taneously, allowing magnification of
each input waveform. Two timebases
are available, allowing the simul-
taneous obscrvation of two signals
varying widelyin frequency.

An accuracy of 2% and a sensitivity
of ImV/div provide precise vertical in-
puts. Other features include
bandwidth limiting to 20Mhz to
eliminate  high-frequency  com-
ponents, a switching power supply to
reduce weight and climinate a vol-
tageselector switch, a comprehensive
trigger section for viewing of difficult
signals such as video, and a switchable
chopping frequency.

The control settings are selected by
LED-illuminated pushbuttons and
electronically switched by the internal
CPU. Alithium battery provides back-
up of the switch settings when the
powerisremoved.

Navair Limited, Instrumentation

Division, PO Box 214, Malton Postal
Station, Mississauga, Ontario, (416)
676-4150.
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Tektronix 2225 Portable
Oscilloscope

Tektronix has introduced the 2225
Portable Oscilloscope for field ser-
vice, manufacturing and production
and educational applications. The

dual-channel, SOMHz scope is a low-
cost addition to the popular Tektronix
2200series.

Features include alternate mag-
nification (magnified and unmag-
nified sweep on-screen simultaneous-
ly), 500uV sensitivity, a peak-to-peak
trigger mode and high-frequency, low-
frequencytrigger filtering. The trigger
section includes selective triggering
on TV lines or TV fields, ideal for
television or video applications.

The extra vertical sensitivity makes
the scope ideal for such uses as testing
amplifier noise, power supply ripple,
transducers and tape heads. In addi-
tion, the vertical channels can be used
in a differential mode or in an add
mode.

Also new is the trigger filtering
capability. With this feature, users can
selectively filter out unwanted low or
high frequency components from the
trigger signal, such as removing the
low-frequency component of a signal
inordertoview a high- frequency com-
ponent.

The Canadian price is $1759, duty
and FST included.

Tektronix Canada Inc, Marketing
Communications Department, PO Box
66500, Barrie, Ontario L4M 4V3, (705)

737-2700. Circle No. 34 on Reader Service Card

Electronics Today July 1987



ORDER
PROJECTS BOOK NO. 3

Today!

Hobby Projects was first published in the summer of 1980 and w
contained 25 Electronics Projects reprinted from Electronics “
Today magazine. It was a sell out and was followed in January 5 Ns,
1981 by Projects Book No.2 and in the summer of 1983 by 50 Top )[R TIT QNI
Projects, both of which were also virtually sell outs. :

Projects Book No.3 has now been compiled and is off press and
available for order by telephone or mail. Cost is $3.95 (plus $1.00
postage). Bulk rates on requests.

Projects Book #3 contains over 35 of the most popular projects
which have appeared in Electronics Today since 1983. Emphasis
this time is on test equipment and audio, as well as several other
projects in a variety of applications. This long-awaited best seller
is a must for project fanatics.

To order, telephone (416) 445-5600 with credit card details or write:

Moorshead Publications, 1300 Don Mills Road, North York
(Toronto), Ontario M3B 3M1.

- OTER
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THE TR 3 \C. (MS) proudly presents

St hooter . -

|CROSYSTEMS 1le, em troubles

« INNOVAGE M rocessor SY market today.
100X microp f on the

e IMSA008 Frartest bug finder

memory.
rocedure

me. ;
s the proceSSO;");,l turns  your
performs 10giC

nnecting 1
gg°“‘°?°8‘€fy$8}°syixé‘?n.
analysis :
MATION:
o MORE INFOR O ING, e
ft?thVACig Sr:Q:g:toSS\E(.S 1(FJalgaury, Alberta, Cana
D 255.9590 s
" lephone: (403) 7 e ‘
Te‘ep §=m'ng% % M!CQDSYSTEMS INC
InnD'

Circle No. 6 on Reader Service Card




Test Equipment

30

FrequencyGenerators

OR-X Function Generators

Brunelle Instruments has been ap-
pointed representative for the OR-X
company, manufacturers of
laboratory class function generators.
The OR-X function generators are
IEEE compatible. The basic features
are 99 stored settings, GPIB program-
mable, fully protected input/outputs,
4-digit sythesizer accuracy, sweep
up/down, single or continuous modes,
and simultaneous display of frequency
and level. For more information on
OR-Xgenerators, contact:

Brunelle Instruments Inc., 69, 6th
Range S., St-Elie d’Orford, Quebec JOB
250, (819) 569-1408.
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King KI12512D Generator

RCC Electronics announces the addi-
tion of the King Function Generator to
its line of King Instruments. The
2512D features five waveform outputs

with a range from 0.2Hz to 2MHz. It
has modulated outputs and is also a 6-
digit frequency counter. For more in-
formation, contact:

RCC Electronics Ltd., 310Judson St.,
Unit 19, Toronto, Ontario M8Z 5T6,
(416) 252-5094.
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ETE Model 400

The ETE Model 400 Digital Pulse
Generator is a computer- controllable
or stand-alone crystal-controlled in-
strument with independently settable
high and low pulse periods from 250ns
to 999.75 minutes. An RS-232 inter-
face and .005% accuracy make it ideal
forthe ATE environment. Outputs are
standard TTL, 2V 50- ohm or 20V 50-
ohm. Timing adjustments are set by
thumbwheel.

BCS Electronics Limited, 980 Alness
Street, Units 6 and 7, Downsview, On-
tarioM3J282,(416) 661-5585.
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OK Model 207

The OK Model 207 Pulse/Function
Generator provides sine, square and
haversine waveforms from 0.005Hz to
5SMHz plus pulse waveforms over the
same range. Additional features in-
clude continuously variable symmetry
(duty cycle) to 19:1, trigger-gate

modes with variable phase from -90 to
+90, external sweep input to 1000:1
and 2 outputs, TTL and 50 ohm. A
switchable attenuator allows -2- and -
40dB attenuation of the output; DC of-
fsetisadjustableto20Vp-p.

Pulse width is variable from 50ns to
50ms and delay is varibale from 100ns
to 50ms. Modes include normal,
double pulse and delayed, which of-
fsets the output relative to the trigger
input.

Len Finkler and Co., 80 Alexdon
Road, Downsview, Ontario M3J 2B4,
(416) 630-9103.
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Emco SS-1 Generator

The Emco SS-1 is a general-purpose
sine/square generator with both sig-
nals available simultaneously. The
range is 20Hz-200kHz squarewave
and 20Hz-2MHz sinewave. FET
stabilization is used to ensure a maxi-
mum distortion of 0.25% across the
audio range. THe sinewave output can
provide 7.5V RMS into a high im-
pedance load or 6.5V into a 600-ohm
load. The square wave is 0-10Vp-p
into a high impedance, positive going
withzeroground.

H. Cowan Canada Ltd., 99 Coons
Road, Box 268, Richmoind Hill, On-
tarioL4C4Y?2, (416) 773-4331.
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The LBO-315 battery-powered, port-
able 60MHz oscilloscope from
Leader is designed to meet the field
service engineer’s requirements of
small size, light weight and battery
operation.

Weighing only 10Ibs. including the
battery, this unit will operate from a
self-contained 12V battery, an external
DC source from 10 to 20V, or from 85

Electronics Today July 1987



Test Equipment

to 264VAC without rewiring or exter-
nal switching. The transformer will
also operate from 50 to 400Hz,
making it ideal for aircraft main-
tenance.

This 2-channel unit contains such
features as: sweep functions for simul-
taneous display of the main and
delayed time bases, and alternate trig-
gering for simultaneous viewing of
asynchronoussignals. The displayisa3
1/2 inch PDA CRT with 12kV ac-
celeratingpotentialand an illuminated
graticule for clear, bright , well-
defined traces.

Ommnitronix Ltd., 2410 Dunwin
Drive, Unit 4, Mississauga, Ontario LSL
1J9. circle No. 40 on Reader Service Card

Multimeters

The model 5000 Digital Wattmeter
gives a direct reading of true power,
AC or DCvolts,and AC or DC current
ona31/2digit LCD display. The unitis
ideal for school experiments and ap-
pliance repair shops.

Key features of the model 5000 are:
high measuring accuracy; reads true
power, not apparent power; LSI cir-
cuitry; light weight; and measuresupto
6000 watts. The unit also features
automatic zero adjust on current and
voltage settings.

Brunelle Instruments Inc., 69, 6th
Range ., St. Elie D’Orford, Quebec JOB
280. circie No. 41 on Reader Service Card

From Metex we have the Model 3630
DMM. This instrument is a compact,
rugged, battery operated, hand held, 3
1/2 digit multimeter for measuring DC
and AC voltage, DC and AC current,
and resistance. The unit is also
designed for doing diode, capacitance,
transistor hFE and continuity tests.
The dual-slope A/D converter uses
CMOS technology for auto-zeroing,
polarity selection and overrange in-
Electronics Today July 1987

dication. Full overload protection is
provided.

The unit is ideal for use in the field,
laboratory, workshop, hobby and
home applications.

R.P Electronics, 2113 West 4th
Avenue, Vancouver, B.C. V6K IN7
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The model 89 AC/DC Clamp On
Adaptor is a handy add- on that allows
your digital multimeter to accurately
measure AC or DC currents up to 400

Amps. There is no need to break the
circuit, just plug the banana plugs into
almos any DMM and clamp the jaws
around the conductor in question.
The openingofthe jaws is a maximum 1
1/2inches.

Typical uses include checking dis-
charge and charge current of batteries
in automotive repair applications and
checking ACor DC power distribution
systems in industries. Powered by a
standard 9V battery.

Brunelle Instruments Inc., 69, 6th
RangeS., St. Elie D’Orford, QuebecJOB
250. circle No. 43 on Reader Service Card

Hameg’s HM8112, 6 1/2 digit DMM
features include true RMS, 1 G-ohm

Mode!
SP100 Shown

Your Prob®s
Specialists

AND DMM/VOM TEST LEAD SETS.

® Low cost

o High Quality

o Excellent Performance
o Siender, Flexible Cable

o Switchable X1 and X10
Attenuation Factor
o 100 MHz Bandwidth

BCS can supply all your probe
requirements with prices
starting as low as

$33.00

Shipping Extra

980 Alness St. Unit 7,
Downsview, Ontario,
M3J 252
(416) 661-5585
TELEX 065-28169

®
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AMAZING

SCIENTIFIC & ELECTRONIC
PRODUCTS

PLANS —8uild Yourseli—All Parts Available In Stock

* LC7—BURNING CUTTING CO, LASER $ 200
* RUB4—PORTABLE LASER RAY PISTOL.................0..ococoo... 2000
* TCC1—3 SEPARATE TESLA COIL

PLANS T0 1.5 MEV 20.00
* 10G1—ION RAY GUN. 10.00
* GRA1—GRAVITY GENERATOR 10.00
 EML1—ELECTRO MAGNET COIL GUN/LAUNCHER............... 5.00
* MFT1K—FM VOICE TRANSMITTER 3 MI RANGE 4950
* VWPMSK—TELEPHONE TRANSMITTER 3 Mi RANGE . 39.50
« BTC3K—250,00 VOLT 10-14° SPARK TESLACOIL ... 19.50
* LHCZK—SIMULATED MULTICOLOR LASER........ 39.50
* BLS1K—100,000 WATT BLASTER DEFENSE OEVICE 63.50
o [TM1K—100,000 VOLT 20" AFFECTIVE

RANGE INTIMIDATOR... 69.50
+ PSP4K~—TIME VARIANT SHOCK WAVE PISTOL.. 59.50
* PTGIK—SPECTACULAR PLAS|

TORNADO GENERATOR 139.50
© MVPIK SEE IN DARK KIT S e 189.50
ASSEMBLED
 PG70H—MULTICOLORED VARIABLE

MODE PLASMA GLOBE 7" . ... 425.00
o BTC10—50,000 VOLT—WORLO'S SMALLEST

TESLACOIL.. 4.5
o LGU4G— 1MW HeNe VISIBLE RED LASER GUN 299.50
o TAT20 AUTO TELEPHONE RECORDING DEVICE 24.50
* GPV10—SEE IN TOTAL OARKNESS IR VIEWE 299.50
« LIST10—SNOOPER PHONE INFINITY TRANSMI'ITER 169.50
* IPG70—INVISIBLE PAIN FIELD GENERATOR—

MULTIMODE b 69.50

» CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS
HUNDREDS MORE AVAILABLE FOR$1.00 ORINCLUDEO FREE
WITH ALL ABOVE ORDERS.

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS
ZLSAFTJSNADgE POSTAGE PAID. SEND CHECK, MO, VISA, MC IN

INFORMATION UNLIMITED
P.0. BOX 716, DEPT. ET AMHERST, NH 03031
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MAKE YOUR HOME
ENERGY EFFICIENT

THERMOSTAT WITH LCD-DISPLAY
Save money by assembling this
thermostat which can preset a minimum
and maximum temperature range in your
house. It can be used with either your
furnace or hot water heater.
K2649
$139.95
Prepayment w/check
COD Certified funds

(add $8.00)
Shipping & Handling

(add $8.00)
ASK FOR OUR FREE
CATALOG OF 80 ELECTRONICKITS

HOBBY
ELECTRONIC
P.O. Box 4427
Denver, CO. 80202-4427 USA
303-477-1522, 603-543-0033

0O ooogoao
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Test Equipment

input impedance, IEEE-488 interface
buss with built-in self test, auto or
manual ranging, plus electronic
calibration via keyboard or via IEEE-
488 buss. Resolution is 100nV, 1m-
ohm and 10nA with digital offset cor-
rection.

A 4-pole, 10 channel scanner, con-
trollable viathe IEEE-488 or keyboard
is available as an option. The HM8112
also matches with the Hameg Modular
System 8000 test equipment.

BCS Electronics Ltd., 980 Alness
Street, Unit 7, Downsview, Ontario M3J
382
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The Megger model BM-14is a battery-
operated, multivoltage insulation and
continuity tester for testing distribu-
tionnetworks.

The unit has a range of 0 to 10,000
Meg ohms at 5,000 volts and 0 to 5,000
Meg ohms at 2,500 volts. A voltage dis-
charge circuit has also been built into
the unit to provide a high level of user
protection. The BM-14 is particularly
suited to systems with voltages rang-
ing from11kVto 33k V. Weight is 1Kg,

Metermaster Division of R.H.
Nichols Co. Ltd., 80 Vinyl Court,
Woodbridge, Ontario L4L 4A43.
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Escort’s model ECT-640 is designed
forlighter current applications. Ithasa
jaw opening of just under 1 1/4 inches
or 31mm. It can measure AC volts to

750V, resistances in a range of 200
ohms with 1 ohm resolution, and also
has a continuity buzzer,

Metermaster Division of R.H.

Nichols Co. Ltd., 80 Vinyl Coun,
Woodbridge, Ontario L4L 443.
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The Fluke20 Series of handheld multi-
meters are ideal for use in almost any
environment because they are totally
sealed against dirt, water, con-
taminants and chemicals.

Both the Fluke 25 and Fluke 27 offer
0.1%DCaccuracy, and they combine a
3200-count digital display, with a 31-
segment analog bar graph for quick
measurements of stable or changing
signals. Additional features include
fast autoranging, audible con-
tinuity/diode test beeper and Fluke’s
unique "Touch Hold" display. The
Fluke 27 also includes MIN/MAX
recording and Relative (difference)
modes. Both units feature a separately
sealed battery/fuse door, for easy ac-
cesswithout breaking the primary case
seal.

Electronic Wholesalers Led
(Produits Electroniques en gros Cie
Ltee); 1131 Newmarket Street, Ottawa,
Ontario K1B 4N4.
Circle No. 47 on
Reader Service Card

The DM850 from Beckman Industrial

featuresan easytoread41/2digit LCD

readout and is capable of measuring
Electronics Today July 1987



Test Equipment

frequencies up to 200KHz with a
resolution of 10Hz (1Hz on the
20KHz range) and DC volts to 0.05%
accuracy with a resolution of 0.01 mV.
The DMS850 also has true RMS
measuring capability, AC coupled, to
provide accurate readings of non-
sinusoidal waveforms.

AC voltage can be measured to 750
volts, DC voltage to 1000V, AC and
DCcurrentto 10 amps, resistance to 20
megohms, andfrequencies to 200KHz.
An audible continuity checker is also
standard. The case is full size for easy
handling and easy reading of the front
panelandincludes a bail.

Blakewood Electronic Systems, 201-
5725 Carnarvon Street, Vancouver, B.C.
V6N 4A7.
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American Reliance Inc’s AR-460D
handheld 3 1/2 digit LCR meter with
dissipation factor is capable of
measuring inductance from 200uH to
2H, capacitance from 200pF to 200uF,
and reistance from 200 ohms to 20
megohms.

Accuracyin the capacitance mode is
1% + 1 in the 200pF to 2uF range and
2% + 1 in the 20uF and 200uF ranges.
Inductancerangeaccuracyis2% + 1in
the 200uH range, 1% + 1in the 2mH to
200mH range, and 2% +1 in the 2H
range.

The unit also features a "LOBAT"
and decimal annunciators in the dis-
play, and line operation is also possible
with a 9V AC/DC adaptor. Standard
Accessories are one pair of test
probes, spare fuse and operation
manual. Price: $310 (FST in).

BCS Electronics Ltd., 980 Alness
Street, Unit 7, Downsview, Ontario M3J
2S2. circle No. 49 on Reader Service Card
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The display is a 0.5 inch, 3 1/2 digit
LCD type with "LOBAT" and decimal
annunciators. Powered from either a
9V battery (typical 200
hours/Alkaline type) or by an AC/DC
adaptor. Price: $215 (FSTin).

BCS Electronics Ltd., 980 Alness
Street, Unit 7, Downsview, Ontario M3J
282
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The AR-170NL from American
Reliance is a true RMS AC measure-
ment device with a level measuring
range of -70dBm to +60dBm. It is
also capable of noise measurement
withits3KHz flat weighing filter.

The device also features 10 amp
AC/DC  capabilityy, ACV and
DCV,resistance up to 20 Mohms,
audible continuity and diode check.

TEST EQUIPMENT BEST BUYS

20 MHz Dual Trace Oscilloscope
HITACHI V212 584995 et o5 00

® Lightweight, Compact

©® High Sensitivity 1mV/Div.
® X-Y Operation

® Channel 1 output

® Probes included.

| S sz .

5hz-500MHz Frequency Counter 3% DIGIT Multimeter

GLOBAL MAX-500 $26995 | meTex 3630 $ 95
« 8 digit display ° IQeaI for hOb-. 1 39
e switchable b!est & techni- wge Test:
gate times cians dc to 1000V = 0.3%
s low cost & & | yodt marmaiiy = ac to 750V + 0.8%
easy to use . iﬂ _‘_'.'-_y._ . 20 Amp -AC & DC
I:‘ F-T transistor HFE

o 5 e [arge LCD Display
® o-e>@ ° Ruggedicompact case

il sdom v o1 year warranty
ET——

Z . Capacitance to 20uf
Ear 4
" 4

_P. ELECTRONIC COMPONENTS LTD.

R.
2113 West 4th Ave., Vancouver, B.C. V6K 1N7
Phone: (604) 738-6722 Fax: (604) 738-3002

Please order by phone or mall. We accept Credit cards, Money
— orders, certified cheques and bank transfers. Include 5% for shlp-
ping/Handling. BC residents add 6% PST. Nothing to order this
lg time? Send us your name and address and we'll include you on our
mailing list.
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In applications where temperature
measurement is a necessity, the Fluke
50 Series hand hcld digital ther-
mometers offer good all around per-
formance.

Both the Model 51 single-point, and
the Model 52 scanning and recording
dual-point thermometers offer a con-
venient "HOLD" function, Fahren-
heit/Celsius conversion, and complete
flexibility between K and J type ther-
mocouples. Each unit comes complete
with a general purpose bead probe
(two with the 52). Operating time is
1200 hours ona standard 9V battery.

Added features of the Model 52 are:
ability to measure and display the
temperatures at two sources as well as
their difference; a "SCAN" function to
cycle through T1, T2, and T1-T2; and
functions for recording and viewing
minimum and maximum tempera-
tures.

Allan Crawford Associates - Market-
ing, 5835 Coopers Avenue, Mississauga,
OntarioL4Z 1Y2.
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The PT2000D differential digital ther-

mometer fromPacer IndustriesInc. al-

lows the measurement of two tempera-
34

ture sources and is capable of calculat-
ing and displaying their difference.

The unit is a "K" type thermocouple
thermometer that is accurate to within
one-half degree and has an average
response time of 2.5 seconds. The
PT2000D measures from -85 degrees
Fahrenheit to +2000 degrees Fahren-
heit and its sister version, the PT2100D
measures in the -65 to + 1150 degree
Celsiusrange.

Duncan Instruments, 121 Milvan
Drive, Toronto, Ontario M9L 1Z8.
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The Brunelle model 2300 Digital L/C
meteris acombination inductance and
capacitance meter in one light-weight,
hand held unit. Reading the induc-
tance of a coil or the value of a
capacitor is made easy by the digital
LCD display.

The unit features the following: high
measuring accuracy even in strong
magnetic fields; input overload
protection; a 3 1/2 digit LCD display;
five inductance ranges (2mH to 20H);
and six capacitance ranges (2nF to
200uF). It can be useful in school ex-
periments, designing new circuits and
inservice and repair facilities.

Brunelle Instruments Inc., 73, 6th
RangeS., St. Elie D’Orford, QuebecJOB
250. Circle No. 54 on Reader Service Card

Worn video heads can easily be diag-
nosed with the model 600 Video Head
Tester from Brunelle. The unit is an

analog style meter designed for deter-
mining the amount of wear and condi-
tionof avideohead. VCR service tech-
nicians can use the meter indication as
a guide as to whether or not a video
head should need replacement.

Themodel 600 features include: light
weight portability; a IMHz measuring
frequency;battery operation (10 hours
on a standard 9V); three ranges to
cover all types of VCR heads. The unit
is available for testing either Beta or
VHS types of heads.

Brunelle Instruments Inc., 73, 6th

RangeS., St. Elie D’Orford, QuebecJOB
280. circle No. 55 on Reader Service Card

The Quantec Q-2000 Multi-Program-
mer is an advanced state of the art
programming system, capable of
programming hundreds of devices
from Single Chip Microprocessors to
PALs. The Q-2000 mainframe unit
contains all the basic hardware and
power supplies necessary to handle all
current and future devices through
the use of Family Modules. For ex-
ample, by simply plugging the
EPROM Module into the top of the
mainframe, the user can configure the
Q-2000 to program a particular family
of components such as NMOS,
HMOS, and CMOS EPROMs, and
EEPROMs including 40-pin single
chip microprocessors.

Other modules are available to sup-
portanextensive line of devices such as
PALs, FPLAs, PLAs and IFLs as well
asbi-polar PROMs.

InterfaxSystems Inc., 3395 American
Drive, Unit 12, Mississauga, Ontario
L4V ITS.
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The Model LX101 Lux Meter is an
ideal unit for light measurement in
commercial studios, offices, class-
rooms, factories, production and
warehouse areas. Three meter ranges
are provided offering greater
flexibility and resolution.
Electronics Today July 1987



The LX101 features an LCD display,
low power consumption, separate light
sensor for "limited space” applications,
and auto- zero adjustment. Included
with unit are the separate light sensor,
instruction manual, battery and carry-
ing case.

Duncan Instruments Canada Ltd.,
121 Milvan Drive, Toronto, Ontario
MO9L 1Z8.

Circle No. 57 on Reader Service Card
The Shortec 2020 PCB shorts locator
system finds the precise location of
shorted etchs, easily, quickly, and inex-

Test Equipment

pensively, onbare or loaded boards.

By placing the defective PCB on the
Shortec fixture, and the spring loaded
probes on the two shorted nodes, the
Shortec will then measure the resis-
tance of the short and slowly ramp up
voltage and current to safe levels, to
heat the short. The precise location of
the short is then indicated on heat sen-
sitive film. The unitis suitable for single
and multilayer boards. Price:
$2890US.

Ken Berquist, 17 Cummings Park,
Woburn, MA 01801 USA

Circle No. 58 on Reader Service Card

THIPLE POWER SURPLY oM 3044
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The power supply HMS8040 from
Hameg has been designed as a con-
stant current and voltage source for
laboratoryand test field use. Providing
3 floating, independent output vol-
tages, it is ideally suited for complex
low-power analog and digital applica-
tions. Two outputs can be continuously
varied between 1.3 and 20 volts, the
third providing a constant 5 volts. Cur-
rent limiting is also adjustable. Tran-
sistion from voltage regulation to cur-
rentregulationis automatic and will be
indicated by an LED in the display.
BCS Electronics, 980 Alness Street,
Unit7, Downsview, Ontario M3J 252
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MULTI-FUNCTION COUNTERS

Available in two capacities

HCF-100

Here's a compact; lightweight 10Hz to 100MHz counter
with four function performances. The unit features eight

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 Z80

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

= Produces 8/16 bit Intel and Motorola hexcode.

digit LED display, low power consumption circuit with = 5" DSDD for PC/MS-DOS 2.0 or greater

functions for frequency, period, totalize and self check.

Dimensions: 3” x 8” x 10-1/2”
HCF-1000

Range 10Hz to 1GHz with 8digit LED display, frequency,
period, totalize and self check functions.

Pius $10 for shipping and handling.

Ontario residents add 7% P.S.T. Order by phone or mail.

== KB ELECTRONICS

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

$259.

$495.

Circle No. 11 on Reader Service Card

$9Q 95 US

Circle No. 12 on Reader Service Card

$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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Circuit analysis by computer is made
easy with the ACNAP3 general pur-
pose AC Circuit Analysis Program
from BV Engineering. ACNAP3
analyzes electronic circuits consisting
of resistors, capacitors, inductors,
transistors, op amps, FETs, trans-
formers etc. Circuits up to 200 com-
ponents and 50 nodes can be analyzed
in a single pass; larger circuits can be
chained. ACNAP3 features include:
unlimitedlength user-definable macro
operations, double precision ac-
curacy, unattended AUTO execute
and BATCH mode operations, subcir-
cuit capability, iterate component
value capability, execution of external
programs from within ACNAP3, and
component libraries.

ACNAP3 s available in PC/MSDOS
and Apple Macintosh versions for
$125U8.

BV Engineering, 2200 Business Way,
Suite 207, Riverside, CA4 92501
Circle No. 60 on Reader Service Card

NIC-320

As featured on our cover, the Nicolet
NIC-320 offers flexible triggering and
two 10MHz digitizers making for easy
transient capture. Also, its 200MHz
sampling mode allows high speed
repetitive signals to be stored and ex-
amined at leisure.

Both live waveforms and saved
reference waveforms occupy a full
4000 data points in memory. Stored
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datacanbetransferredtoabubble cas-
sette for later recall and analysis or
output to a computer via IEEE-488
(GPIB) or RS-232interfaces. Fully an-
notated digital plots offer the ad-
vantage of report-ready documenta-
tion at the press of a button. Analog
XY recorder or strip chart recorder
plots can also be created for simple
hard copy records.

Specialized data collection routines
allow the NIC-320 to become a stand-
alone, automatic data acquisition sys-
tem. Price: $13,000.

Nicolet Instruments, 1200
Aerowood Drive, Unit 1, Mississauga,
Ontario L4W 2S7.
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The Logic-20 from BitWise Designs
will turn any IBM PC or compatible
into a20MHz logic analyzer by simply
plugginga card.

The standard sampling rate of the
unit is 20MHz, with a minimum
period of 50 nanoseconds and a trace
size of 16 bits by 256 words. With the
optional Doubler pod, the sample rate
isincreased to40MHz over eight chan-
nels, withatrace size of 512 words. The
external clock has a5nanosecond min-
imum pulse width and a 2 nanosecond
set-uptime. Aninternal clock provides
18 rates from 40Hz to 20MHz. Two ex-
ternal sampling pods provide the
Logic-20 with either 16 channels of
sampling or, optionally, eight chan-
nels of sampling with glitch detection.

Techmatron Instrument Inc., Suite
111, 833 The Queensway, Toronto, On-
tarioM8Z 5Z 1

Circle No. 62 on Reader Service Card
The Protcch PRO-1990 is a
knowledge-based system that utilizes
artificial intelligence to provide rapid,
accurate and comprehensive PC
board fault detection. Designed to
meet the needs of the electronic ser-
vice industry and electronics manufac-
turers, the system becomes more ex-
pert at diagnosing board problems at
the component level as more boards

are tested. Features of the PRO-1990
include: integrated standalone com-
puter- based test system, IBM-AT
compatible; high resolution graphics
display; 44 megabyte high-capacity
disk; two 360 Kilobyte and 1.2
megabyte floppy drives; 1M dynamic
RAM; parallel and serial ports;
graphics printer; and two
asynchronous communications ports
tosupport modem or terminal connec-
tions up to 9600 baud.

Techmatron Instrument Inc., Suite
111, 833 The Queensway, Toronto, On-
tarioM8Z 5Z1.
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From Huntron we have the Tracker
5000 computer- controlled
troubleshooting system. The unit is a
complete tabletop circuit tester that
employs a personal computer as the
user interface and test automation
device.

The system identifies substandard
or faulty components by applying an
AC test signal to the device under test,
developing a test response signature,
and reporting any abnormal respon-
ses. Test procedures are menu driven,
cuedbyonscreen prompts with HELP
screens available at all times.

The Tracker 5000 can use any IBM
PC, XT, AT or compatible with a
single 5 1/4 inch disk drive and hard-
disk storage of at least 10Mbytes, with
a minimum of 512Kbytes of RAM. A
parallel printer port and RS232 I/O
port are also required.

Gerry Cyprus, Cyprus Products Inc.,
7648 Heather Street, Vancouver, B.C.
V6P 3R1. Circle No. 64 on Reader Service Card
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Fluke’s Millionth

The one-millionth model 70 series
handheld multimeter emerged from
Fluke’s Everett, Washington assemb-
ly line recently. The 70 series has be-
come the most popular family of hand-
held meters in the world. The gold-en-
cased Fluke 77 will be placed in the

company’s  headquarters  plant
museum. For further information on
Fluke products, contact:

Allan Crawford and Associates, 5835
Coopers Avenue, Mississauga, Ontario
L4Z 1Y2, (416) 890-2010.

Circle No. 65 on Reader Service Card

The Krohn-Hite Model 6620 precision
phasemeter is IEEE-488 program-
mable and provides phase angle
measurements with a typical accuracy
of 0.02 over 5 decades of frequency,
with 0.01resolution.

Operating over the frequency range
of 10Hz to 10MHz (1Hz optional), the
unit measures sine, square, and tri-
angle input waveforms and pulses of

eater than 50ns, with input voltage
evels of 10mV to 320 Vrms. An
automatic correction mode provides
instant correction of phase readings
for zero and full scale errors, making
phase measurements more accurate

and reliable. A five digit LED display
provides continuous readout of phase
angles in 0.00 deg/360 deg. or
plus/minus 180 deg. ranges.

Standard features include: a relative
measurement mode for monitoring of
phase deviations; an automatic selec-
tion of input voltage range; and an
analog output. An RS232 option is
available to replace the IEEE-488 in-
terface.

Roger Webster, Webster Instruments
Ltd., 1134 Aerowood Drive, Missis-
sauga, Ontario L4W 1Y35. =

Circle No. 66 on Reader Service Card

ARI/The Assurance of Quality

AR-130A

The 1st rugged DMM with Auto-
Power Off Feature, LCD Display
Annunciators and 20A DC/AC
Measurement.

AR 170NL

The 1st DMM with Noise & Level
Measurement. With its capabillity
of making dB Voltage (AC and
DC) and True RMS AC Measure-

AR-260CP

The 1st Heavy Duty Clamp Meter
with Auto-Power Off Feature of
special Importance, you will find
an easy action tact switch con-

AR-460D

The Industry’s 1st Hand-Held
Highly Accurate L.C.R. Meter
with “D" (Dissipation) Factor
which aliows your AR-460D to be

able to read not only the Values
of Inductor and Capacitor, but
also the Internal Resistance of
Inductor and the Leakage of
Capacitor. (A 7-page Lab Test
Report is avaitable on request at
no charge).

ments and measuring extended
ranges down to 20mV, 20uA, and
20 ohm, your AR-170NL is ideally
suited for high-accuracy applica-
tions.

trolling all functions... press
once for “On”, again for “Data-
Hold”, and again for ‘Peak-
Hold", and finally for “Off".

R

AMERICAN
RELIANCE INC.

ARI introducing quality instruments at very affordable prices.

Please contact ARI for distribution in your area.

9241 E. Valley Blvd., Rosemead, CA 91770 U.S.A.
Tel: (818) 287-8400 Fax: (818) 287-8855
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Technology

Mice

and
Microchips

Using the computer to simulate
animals in laboratory testing.

by Peter Ellaway and Trevor Poole

lthose concerned with animal wel-

fare will welcome any new
methods that eliminate or reduce the
needtouse live animalsin experiments.
The latest development in this field in
Britain is the creation of biological
computer programs which simulate ac-
tual physiological experiments. These
are now becoming available commer-
cially and the Sheffield BioScience
program "Nerve Physiology" will be
takenasanexample.

The Sheffield BioScience teaching
package developed at Sheffield City
Polytechnic in northern England, is a
self-contained computer program
aimed at students in the first year of a
biological science degree, in medical
and dental courses, or those such as
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speech sciences, physiotherapy and
nursing.

Instructionis by means of acomputer
simulation designed to replace the
conventional practical class where
electrical recordings are made froman
excised sciatic nerve of a frog. The
package consists of a 127 mm floppy
disk to be run on a 32K BBC-B
microcomputer, and an instruction
manual with notes both for students
and tutors. The hardware needed to
run the simulation is simply a BBC-B
computer, disk drive and video
monitor.

Hard copy prints of the graphic dis-
play of action potentials may be ob-
tained on a printer if the computer is
fitted with a Printmaster read only

memory, but this facility is not neces-
sary for successful use of the material.
Indeed, one of the strengths of the
program is that students are en-
couraged throughout to make their
ownmeasurements of voltage and time
fromthe video screen.

Form Analyzed

Suggestions are then offered as to how
these results may be plotted or used in
calculations of, for example, nerve
conduction velocity. The material
covered by the program includes a dis-
cussion of the electrophysiological
technique that needs to be used to in-
vestigate nerve function. Only the es-
sentials are presented so that the stu-
dent isnot burdened with unnecessary
information during the introduction
tothe topic.

The program then proceeds to a
series of simulations which are
presented to the student as experi-
ments. These analyse the form and
properties of a mass action potential
elicited by electrical stimulation of a
mixed sensory and motor nerve. The
concepts of refractory period, conduc-
tion velocity and directionality of
propagation are then examined in ex-
periments where the student is invited
toselect the stimulus parameters to be
used.

The effect on nerve function of
temperature and of application of a
local anaesthetic are also investigated.
When the student has completed the
package he willalsobe aware of the dif-
ferences between the artificial nature
of the electrically induced action
potential and the function of ncrve
axons in living organisms.

The computer program is well struc-
tured and a few minutes spent reading
the instruction manual provides all
the information needed to work
through the program without further
assistance. The program is menu
driven and contains clear and positive
instructions. Its self-instructional na-
ture means students can work on the
material in their own time, easing the
timetabling load if the availability of
microcomputersislimited.

Although the program is self-con-
tained, the student is clearly expected
to have some knowledge of nerve
structure and function before attempt-
ingthis simulation.

Simulation Cheaper
The teacher considering using this

material will wish to know whether it
Electronics Today July 1987



Of Mice and Microchips

provides an adequate replacement for
the traditional practical class. The ad-
vantages of the simulation are clear.
There is considerable expenditure in-
volved in purchasing frogs, providing
specialist equipment such as oscillo-
scopes and in man- hours, both techni-
cal and academic, needed to run the
practical class.

Its use is a substitute for experi-
ments on living animals and, in addi-
tion, the cost of running the computer
simulation is considerably less since
the programs are reusable and the
computer equipment will undoubtedly
be used for avariety of tasks. The ques-
tion really is whether it is good enough
toreplace the live practical.

In this case it can be said to have
provided a creditable alternative, con-
sisting of a number of data files con-
taining the actual voltage time course
of action potentials recorded in a live
experiment. The files are retrieved
from the disk when the user decides
how a particular experiment is to be
run.

The video display unit monitor
screen is composed of a graticuled
area, which simulates an oscilloscope
screen, and anumber of prompts or in-
structions about the experiment in
progress. The data base is extensive
enough to provide all the material stu-
dents would expect to encounter in a
live experiment and the provision of
real profiles of nerve action potentials
should encourage them to question the
materialin depth.

Another lifelike feature of the
program is the facility to change the
voltage scale and time base of the
graticuled screen, which encourages
the user to experiment with the data
provided and so gain more insight.

Repeated Use

The seven different experiments
cover all the aspects of nerve be-
haviour that are taught in the conven-
tional frog sciatic nerve practical. Al-
though the student is advised to work
through the program in the sequence
provided in the menu it is possible to
enter the program at any point and
this will be a useful facility for ad-
vanced students or for revision.

Each component of the program is
self-contained and the user is referred
backtothe menu of options at the com-
pletionofeachexperiment. Thereisno
restriction on the number of times an
experiment may be run or the order in
Electronics Today July 1987

which experiments are attempted.
This flexibility will allow students of
different ability to work through the
material at a pace suited tothemselves.

The decision as to whether a class
should use this computer simulation
of nerve conduction rather than a live
practical will depend on whether the
extra experience afforded by the real
experiment is not of value. Obvious ex-
clusions from the simulation are the
dissection of the sciatic nerve and the
subsequent care of the tissue that
would normally be carried out by the
student duringthe class.

The experience to be gained by the
dissection is debatable but is certainly
not negligible. Living tissues are deli-
cate anditis important that students of
biology or medicine appreciate that
mechanical damage, desiccation or ex-
posure to inappropriate body fluid
substitutes will harm a structure such
as a nerve. These issues are not
neglected entirely in the program.
There is, for example, an experiment
devoted to the effects that change in
temperature will have on the conduc-
tion of action potentials.

Welcome Expected .
This simulation of nerve function

provides a comprehensive and lifelike
alternative to the practical class. It is
easy to use, inexpensive and utilizes a
microcomputer which is available in
most laboratories in the United
Kingdom. PAVIC Publications also
plans to introduce an IBM compatible
version for both British and overseas
markets.

Sheffield BioScience will shortly
release a further disk on the physiology
of the frog gastrocnemius muscle. A
number of computer programs of this
type are in private use in colleges and
universities but these have been writ-
ten by specialists for their own teach-
ing work and are not generally avail-
able.

This type of teaching aid will be wel-
comedbyeveryone concerned withthe
welfare of laboratory animals. It
should help to reduce the number of
animals used in laboratory experi-
ments,and eveninsituations where the
use of living material is unavoidable,
prior use of the program will ensure
that the student is better informed on
experimental procedures and the in-
terpretation and understanding of
results.
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¢ Digital/Analog Display for changing

e Volts, ohms, diode

e Totally Sealed against

e Frequency, period, period averaging,

e Seven digit

e Works with K-or J-type thermocouples

e Simple, push-button controls

o Wide variety of

e 0.1C(0.2F) resolution

e Scan, Differential and

FLUKE]
®

20 Series Digital/Analog Multimeters

and stable signals
Autoranging and
Touch Hold features

test, milliamp, 10A
{some models)
Hioverload and
transient protection
Audible Continuity
Testing

3 year warranty (21/23)

water, contaminants (25/27)
Rugged and shock resistant

1900 Series Multifunction Counters

and totalize measurement functions

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

Operator can select readoutinCor F

for all functions
Reading HOLD
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:

dm“ Allan Crawford Associates Ltd.
Calgary 403-295-0822

Toronto 416-890-2010 Montreal 514-747-7878
Vancouver 604-988-2195 Ottawa 613-596-9300
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CALL FOR FREE CATALOG

TEXT TO SPEECH BOARD!

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL
INSTRUMENTS SPO256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH
CONVERTER.

THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD AND REQUIRES A COM
SERIAL PORT. BOARD MAY ALSO BEUSED INA
STAND ALONE ENVIRONMENT WiTH ALMOST
ANY COMPUTER THAT HAS A RS5232 SERIAL
PORT. FEATURES ON BOARD AUDIO AMP OR
MAY BE USED WITH EXTERNAL AMPS.
DEMONSTRATION SOFTWARE AND A LIBRARY
BUILDING PROGRAM ARE INCLUDED ON A 5%
INCH PC/XT DISKETTE. FULL DOCUMENTA-
TION AND SCHEMATICS ARE ALSO INCLUDED.

NEW!
CANON 80 column printer - $39.95 U.S.

ORIGINALLY MANUFACTURED FOR THE PC JR. BUT WITH OPTIONAL CONNECTOR
WILL WORK WITH PC, XT, OR AT. REQUIRES SERIAL 1/0. THIS THERMAL PRINTER IS
QUIET AND USES EASY TO GET 8% IN. ROLLS OF PAPER. 50 C.P.S., UPPER AND
LOWER CASE, PLUS GRAPHICS. ORIGINAL LIST PRICE $199.00. ADD $3.00 FOR
PC/XT CONNECTOR. ADD $5.00 UPS.

s S69%us

C
i

PC/XT EPROM
PROGRAMMER
$169 us

* LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ONE TIME * FEATURES EASY
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. * USES AN
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM
BURNING. * THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY MODULES
REQUIRED * AUTOMATIC VPP SELECTION: 12.5V, 21V, OR25V. * EPROM DATA CAN
ALSO BE LOADED FROM OR SAVED TO ADISKETTE. * PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND
27512A. * ASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. $169 WITH
SOFTWARE.

JUST RECEIVED SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 10 UNITS AT
ONE TIME - $299.

Digital Research Computers

P.O. BOX 381450 » DUNCANVILLE, TX 75138 e (214) 225-2309

ALL SALES SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY. FREE COPY UPON REQUEST.

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75¢ handling. No
C.0.D. We accept Visa and MasterCard. Texas Res. add 6-1/4% Tax. Foreign orders

(except Canada) add 20% P & H. Orders over $50 add 85¢ for insurance.
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low-
cost,
hlgh-quallt
test instruments
from Philips ECG...

We have been selected to bring you the advanced line of
electronic test instruments just developed by Philips ECG
This high-quality, low-cost hne includes four handheld digital
multimeters, an FET input analog meter, a switchable oscil
loscope probe, and accessories for these units

Philips ECG multimeters feature high accuracy and easy
use, and all come with top-quality safety test leads. The dig
1tal models offer auto polanty, overrange indication, over
load protection and 3% digit hquid crystai displays, the
analog model provides excellent reliability, many measure
ment ranges, high input impedance and superior values

Philips ECG oscilloscope probe offers 200 MHz band
width and five-foot flexible cable. It fits most popular oscillo
scope models

Make the most of these new test instruments from Philips
ECG. Put us to the test

ECG CANADA INC.

Electronic Components

1928 St. Regis Blvd., Dorval, Quebec HIP 1H6 (514) 685-5800
A North American Philips Company

Circle No. 16 on Reader Service Card

COMPUTER PARTS GALORE INC.

316 COLLEGE STREETY, TORONTO, ONTARIO M5T 1S3

SALES. SERVICE AND CUST. SUPPORT (416)-928-2161
TOLL FREE 1-800-387-1385 - ORDERS ONLY PLS.

ATTAKZBG SYSTEMS

RAM -1.2M AND 360K FLOPPY

512K
16 BIT uAﬂD/FLOPPv CONTROLLER CARDS ARE ZEROK.

MAIL ORDERS: VISA, MC and AMEX CARDS CHEQUES (2Weeks for non-certitied) C.0.D.$4.00 extra.
Min.Order $25.00. Dellvnry & handling 5% (min $5.00) for surface dei. Heavy
Premium del. service of
WITHOUT NOTICE. ALL
RESTOCKING FEE.
ELECTRONIC INQUIRIES - FAX: (416) 924-0292
BBS: (416)366-2069 (NO USER FEE)

WIRED XT PERIPHERAL CARDS
ALL CARDS ARE WIRED AND TESTED. MANUAL INCLUDED. CHIPS & TECH CMOS VLSI. USA BUILT 4 LAYER PCB,
BARE PCB'S ARE STILL AVAILABLE. ASK FOR PRICES. ALL ROBOT ASSEM. / TESTED. HIGH RELIABILITY.

items may cost more,
our choice used at extra cost. ALL PRICES ARE SUBJECT 7O CHANGE
EMS ARE SUBJECT TO PRIOR SALE. RMA NEEDED FOR RETURNS. 20%

ENVOY100 ID: CPG
DEALER INQUIRIES WELCOME

(1) CGA VIDEOQ ADAPT $94 95
g&gaﬁ‘%ﬁg igf,,;‘g:m's {2) MGA VIDEO ADAPT WPAR $11095
500w POWER SUPP (3 EGA VIDEO ADAPTER $209.95

s, Ll (4 PARALLEL INTERFACE $44.95
AT FLIP TOP CASE W/ ALL CABLES S E T L 34595
IN-DEPTH MANUAL AND SCHEMATICS (8) V0.2 SERICLPARVGAME $69,93
4 DISKS PUBLIC DOMAIN SOFTWARE Y ’;‘2;‘"—0‘;:)’2;‘;:“‘ sy

ALL FOR ONLY $2299.95 (a) DISC CONTROLLER $44.95
! {#) 576K RAM CARD ZERO RAM 74.95
(A) 10 MHZ MOTHERBOARD $14395° (1) GAME PORT $39.05
{8) 230W CSA PS UPGRADE $2995 (1) CLOCK/CALENDER CARD $44.95
(C} TWO 1.2M FLOPPIES UPGRADE $4395  (12) KRAM 2M8 -J-RAM2 CLONE
(D} 512K 150NS RAM 38495 WIDISK AND MANUAL ZERG RAM $179.95
(E) 512K 120NS RAM $8995  (13) RAMBANK 2MB EMS CARD
(F) RT10t STYLE KYBD UPGRADE $39.95 WIDISK ZERO RAM $109.95
{C) EAUPGRADE WZS6K VIOEORAM 822955 (14) EPHOM PROGRAMMER 2716275124
(M) SERALPARALLEL $109.95 E SOCK $179.96
(1) 30 MEG 40MS HORIVE $34395  (15) EPROM | PROGRAMMER AS ABOVE
) 44 MEG 28MS HDRIVE $1149.95 $269.95
() 72MEG 28MS HORIVE 5140995 (16) PAPROGAAMMER PROGRAMS
u MONO MONITOR $169.95 MOST STANDARD PALS WIDISK $445.95
M) RGB MONITOR $529%5 (17 740 WSRO PROGEA
(N) EGA COLOR MONITOR $699.95 RAMS 8745 AND 8749'S WIDISK 355,95
{0) NEC MULTLSYNCH $989.95 (19 T TESTER TESTS MOST 74 SERIES
{P) 80287-8 (8Mhz) $445.95 AND CMOS CHIPS W/DISK $199.95
(G) MS-DOS 32 WISYSTEM ONLY S35 (19) XTORAT 1.2 360K
(R) AT 2MEG EMS CARD ZERC RAM 526595 FLOPPY CONTROLLER $139.95
NOW INCUDES 300 DAY WARRANTY  (20) 384K MULTHFUNCTION CARD ZERC RAM  $129.95

QUANTITY PRICING AVAILABLE CALL$$S

XT SYSTEMS
LATEST CLONE TECHNOLOGY. 100% COMPATIBLE. LEGAL
8I0S. FULLY BURNEO-IN.

BASIC SYSTEMS INCLUDE.
256K RAM/ 640K 8 SLOT MOTHERBOARD
1 DSDD 360K FLOPPY WICONTROLLER
AT/XT 5060 KEYSBOARD
OR MGA VIDEO ADAPTER
8 SLOT FLIP-TOP CASE
150w POWER SUPPLY
4 DISKS OF PUBLIC DOMAIN SOFTWARE

{1) 4.77MHZ STD. MB. $699.95
(2) 8/4.77MHZ. ALAYER PCB $824.95
(3) 104.77TMHZ. 4LAYER PCB $875.95
EM PRICE:

CLOCK/CAL SERIAL PARALLEL $79.
UPGRADE MEMORY TO 840K $74.95
ADD 2ND FLOPPY DRIVE $144.95
20 MEG HDISK/CNTRL $549.95
30 MEG RLL HDISKCNTRLR $689.95
EGA VIDEQ ADAPTER $225.95
TTL MONITOR $169.95
RGB MONITOR 29.
EGA MONITOR $749.95
NEC MULTI SYNCH $989.95
8087-3 (SMhz} $199.95
8087-2 (8Mhz} 5299 95
MS-DOS 3.2 wisystem

NOW INCLUOES 300 DAY WARRANTY
QUANTITY PRICING AVAILABLE CALL$SS

CASES & POWER SUPPLIES

XT FLIP-TOP SS OR BS 9
/AT ASPECT FLIP-TOP $89.95
XT SLIDE CASE SS $79.95
AT SLIDE OUT, FULL SIZE $159.95
AT FLIP-TOP, FULL SIZE $1790.95
BABY AT FLIP-TOP $159.95
SMALL SIZE BABY AT CASE $159.95
150W XT PS. $134.95
150W CSA XT PS $159.95
180W XT PS $189.95
200W AT PS .
230W CSA AT PS $259.95
APPLE CLONE PS $49.95
NTC +8-4A.+-12.1A.8-1A $19.95
BURROUGHS +5-6A.+12:3A $34.95
EXTERNAL HDISK CASE $59.95

KEYBOARDS

AT/XT 5060 AUTOSW. KYBO $120.95
AT/XT 5081 AUTOSW. KYBO $159.95
REAL KEYTRONICS AT101 STYLE KYBD $179.95
TACTILE FEEL AT STYLE 5060 LAYOUT $149.95
UPs POWER SUPPLIES
(1) 250W UPS $449.95
(2) 400w UPS $549.95
PRINTERS AND PLOTTERS

ROLAND PR1012 Dot Matrix 120 cps

ROLAND PR1212 Dot Matrix 180 cpe e
ROLAND PR2017 LETTER QUALITY 17 cps 49595
ROLAND PR1215 Dot Matnix Wide Carr. 120 cpa  $725.95
ROLAND PR1S50 Dot MAtx Wide Carr 240 cps.  849.95
ROLAND DMP990 11 x 17 € pen bed platter  $2495.95

HOUSTON INST. "D* SIZE DMP-52 MP 14 PEN  $7850.00

ATTAK286 MOTHEROARDS FLOPPY DISKS
GOLDSTAR $.25 SSDI $12.95
GOLDSTAR 5.25 0SOD $14.95
(A} 8Mhz W/MANUAL $829.95 GOLDSTAR 825 HIGH DENSITY $44.95
(B) 10Mhz WMANUAL $34995 GOLDSTAR 35 DSDD $44.95
(C) BARE PCB, PARTS LIST $169.95 CABLES
{D) MANUAUSCHEMATIC $39.95 IBM STD. PAR. CABLE 6FT. $14.95
{E) PHOENIX BIOS W/SETUP $89 85 IBM STD. PAR CABLE 10FT $18.95
(F) PHOENIX KYBD BIOS $39.95 IBM STD. PAR CABLE 20FT $24.95
(@) CHIPSET 8MHZ $169.95 I ER. LE 6 $14.95
(N) 80286 8MHZ $129.95 IBM STD SER. CABLE 10FT $18.95
) 80287 SMHZ $a24.95  IBM STD. SER. CABLE 20FT 4.95
(J) 80287 8Mhz $44995  SER. CABLE DB25 M TO DB25 M 10FT $18.95
K} AWARD AT BIOS $e995  SER CABLE DBSF TO ggﬁ F 10FT $18.95
QUANTITY PRICING AVAILABLE GENTR. 1 T0 cenh ; s
M 19.!
XT 640K MOTHERBOARDS T ot e s CABLE S1a%e
FULLY TESTED. LEGAL BIOS . ZERC RAM, MANUAL ACCESSORIES
4.77 MHZ , STD 640K UNIT $179.95 SMALL SWIVEL STANO 14.95
BARE PCB IMANUAL $34.95 SWIVEL STAND $19.95
£/4.77 MHZ 2 LAYER TURBO $229.95  HUST COVER FOR COMP.MON. KYBO $9.95
BARE PCB /MANUAL $39.95  PRINTER STAND FOR 9.5 INCH CARR $34.
8/4.77 MHZ 4 LAYER TURBO $26995  PAINTER STAND FOR 14 INCH CARR $44.95
BARE PCBMANUAL $79.95  STEEL UPRIGHT STAND FOR XT OR AT $49.95
10v4.77 MHZ 4 LAYER TURBO $299.95 DB100 DISKETTE HOLDER, 100 DISKS $14.95
QUANTITY PRICING AVAILABLE CALLSSS agssthéLYESRTSEM‘SDESSMRD PLAS“CE 922 g
W/SOFTWARI 4
BABY AT MOTHERBOARD LOGITEC € WSOFTWARE $124.95

&8 MHZ AT MOTHERSOARD. W/CHIPS & TECH SET.
6-16 BIT SLOTS. 2-0 BIT SLOTS. FIT SYANDARD XT CASE
RUN. CAR| LEGAL BIOS. ZE

GREY SCALE ADAPTEH converts RGB output into
a wekgihled shade of grey signal. For B/W composite

UNS ALL XT monnors and CGA cards. $19.95
BABY AT MOTHERBOARD s
LOW PROFILE AT 16 BIT FLPY/HD DISK CONmou.ER DRIVES and CONTROLLERS
FITS IN XT CASE 95 PANASONIC 525" JU455 DSDD 360! $145.95
PANASONIC 387 JU363 DSOD mx $149.95
AT PERIPHERAL CARDS PANASONIC 5.25° JU475 1.2M AT Drve $199.95
AT VO Serial, Parallel, $109.95 MITSHBISHI 5.25° 360K DSOD $149.95
AT MULTI 3Meg Ram Ser,Par,Game ZeroK $269.95  XT HDISK CONTROLLER WICABLES $159.95
Av 2Meg EMS o Emmoo Mamory ZeroK $209.95 XT 20 MEG HARD DISK NO CONTROLLER  $414.85
igl Graphics Adaptor $129.95 ALL XT CONTROLLER W/CABLES $229.95
EGA VIDEO ADAPTER $299.95 RALL RATED XT HDISK $474.95
AT 2MEG 10 MHZ EEMS MEMORY $475.95 XT 20M HARD DISK W/CONTROLLER KIT $549.95
FLOPPY/HDISK CONTROLLER CARD $359.95 XT 30M HDISK W/RLL CONTROLLER KIT $689.95
ATI GRAPHICS SOLUTION CARD 2299 AT 16 BIT HDFLPY CONTROLLER $35495
ATI EGAWONDER CARD BY TATUNG $42995 30 uEG 2036 RODINE 60 MS HDrve $856.95
MODE| 4038 SEAGATE 40ms HDrive $949.95
(1) 120073008 INT. AMAZING THINGS MODEM 44 Mog MINISCRIBE 6053 28ms HDrive $1149.95
WISFTWR/MAN 100% HAYES $265.95 72 Meg MINISCRIBE 6085 28ms HDrive $1449.95
2) 2600/1200/300B INT. AMAZING THINGS MDDEM ONE YEAR WARRANTY ON ALL DRIVES
RTINS | om0
13) 120003008
100% HAYES WIMANUAL 20593 FEEWARE - CATCH THE WAVE
SOMETHING FOR EVERYONE 150, TITLES FROM ACAD
(4)  2400/1200/300B EXT. GVC MODEM SUPPORT TO RD PROCE!
100% HAYES W/MANUAL. 349308 UPPO wo OCESSIN
(%) 12008 ANCHOR SECURE MODEM INDIVIDUAL DISKS $5.00
SFTWR/MAN 100% HAYES 10 OR MORE DISKS ( EACH) $4.00
WILL. ANSWER HANGUP.CALL BACK $265.95 CATALOGS 00
RAM CHIPS & EPROMS LOW PRICED SOLUTIONS TO EXPENSIVE
o e i R
K N "
256K DRAM 100 N $7.25 Just $49.95
64K DRAM 150 Ns s1.95 and you recleve one disk a month for
64k oam ‘20 NS $225  one year of TORONTO'S newest
$7va6 EPROM $ise Dguestiugload
Fub sy s 12 DISKS IN TOTAL FOR $49.95

NEC V-20 8Mhz 8088 REPLACEMENT
YES, WE STILL CARRY A FULL LINE OF SMALL PARTS
CONNECTORS, SOCKETS, 1C 'S COMPONENTS

JOIN NOW AND STAY INFORMED.
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An empty windshield
washer bottle could become
a thing of the past with this
simple add-on.

By T.R. de Vaux-Balbirnie
A dirty windshield and empty
W

asher bottle is a combination
which every driver has encountered at
some point in his or her driving lifetime.
Drivingin poor weather conditions can
result in the washer fluid becoming
used up very quickly; not only can it be
frustrating, but it can also be very
dangerous.

This unit delivers a "bleep” each time
the washer is used if the fluid has fal-
len below some predetermined level,
allowing time to refill at the next ser-
vice station etc.

Circuit Description
The circuit diagram for the Fluid Level
Warning device is shown in Fig. 1. IC1

is a 555 timer connected as a monos- |

table. This means that once triggered
bymaking pintwo low (supply negative
voltage), the output (pin three) goes
high for a certain time then reverts to
low. Pintwois normally kept high since
the potential divider R5 and R6 ap-
plies almost 12V toit. The time during
which the output remains high
depends on the values of C3 and R7,
withthose used, it willbe approximate-
lyonesecond.

The circuit receives current from
the existing wires feeding the washer
pump motor so that when this is
operated, IC1 pin two receives a
momentarytrigger pulse as C1 charges
through R5. Note that Fig. 1 shows the
washer motor switch in the positive
battery wire but there will be no dif-
ferenceinoperationifitis on the nega-
tiveside.

Thetrigger pulse willhave no effect if
IC1 is disabled by keeping the reset

|_input (pin four) low and this is the case
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when there is sufficient fluid in the
reservoir. Then, probes A and B
situated in the bottle, are effectively
short-circuited by the water which is a
reasonable conductor of electricity.
Base current thenflowsto TR1turning
it on. The collector (IC1 pin four) is
therebykept lowand IC1 is disabled.
With a low water level, there is no
conducting path between A and B so
TR1 remains off. The collector is then
high and IC1 is allowed to operate.
Diode D1 prevents possible damage if
the circuit is connected with the
wrong polarity. Also, in conjunction
with C4, it smooths the supply from

2 soorooooooocioo C®c
f & & O C ® 00 08800 O C O
€0 000 ® 80000080 0 0 OO
o0 C O O O O O 0 O [*]
< [*] O [ (] ]
o SO0 00008 ®® 0y I':"
Joeeofleececocooo®™ocee o0

V2 3 &4 5 63 0 % 10 112 12 046 15 1617 10 9 20

Fig 2. Circuit board component layout
and details of breaks to be made in un-
derside coppertracks.
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the charging system and allows for cor-
rect operation in cases where the
washer switch contacts do not "make"
cleanly.

Construction
Construction is based on the layout

shownin Fig. 2. This uses a piece of 0.1
inch matrix stripboard, seven strips by
20 holes in size. Begin by making the
breaksinthe copper tracks and solder-

Parts List

Resistors

Miscellaneous

WD1, 12V solid-state buzzer - see text;
TB1, 3A terminal block - 4 section; 0.1 inch
matrix stripboard, size 7 strips x 20 holes;
case to suit; connecting wire; stranded wire
for probes; 3A automotive wire,

ing the link wires as indicated. Follow
with the on-board components includ-
ing the IC socket. Do not insert IC1 it-
self until construction is complete.
After a careful check for errors, par-
ticularly for accidental bridging of ad-
jacent copper tracks, solder 10 cm
pieces of light-duty stranded connect-
ingwiretostrips A, B, C,F(2) and G as
shown.

Prepare the case by drilling a small

the terminal block, TB1. Mount TB1
on the side using two small screws. At-
tach the circuit panel to the side and
the buzzer to the base of the box with
adhesive fixing pads. Refer to Fig. 3
and complete all wiring.

Most small solid-state buzzers may
be used except for the "driven" types
whichare not suitable. A high-intensity
buzzer should be used if the unit is in-
tended for a vehicle where the washer
system is situated near the driver
(louder output). The lid of the case
may be drilled with a matrix of holes, if
necessary, to allow the sound to pass
through.

Probes

For the prototype unit, the probes con-
sisted of a piece of twin stranded wire
as shown in Fig. 4. This has the ad-
vantage of being easily replace if the
need arises. The wire is passed through
a small hole drilled in the top of the
washer bottle. Fit this with a rubber
grommet to grip the wire and keep it
at the required level. Decide on a
suitable place for the unit behind the
car’s dashboard. Connect the probes
to TB1/1 and TB1/2, then connect
TB1/3 and TB1/4 to the positive and
negative terminals respectively of the
washer pump motor using automotive-
typestranded wire of atleast 3A rating.
If the polarity of the motor is not
known, connect it up either way and
test the unit for correct operation. It
will not work with if it is connected the
wrong way around.

If the motor is fitted with spade ter-
minals, the additional wires may be
added using piggy-back converters.
Many cars, however, use a special
block converter. In this case attach the
new wires, if possible, using connec-

hole for the wires passing through to

820 &
CIRCUIT PANEL

S —
ditection of copper strips

>

42

Fig.3Interwiring to the terminal block, buzzer and circuitboard.

tors which do not involve breaking the
wires. These are available from
automotive parts shops such as
Canadian Tire. Wherever wires pass
through aholein metal, arubber grom-
met must be used.

Itnowonlyremains to test the system
under real conditions. Note that R3

BARED ENDS(KEPY SEPARAYTED)

R |

Fig. 4. Suggested arrangement for using
twisted wire pair as the level sensor
probes.

determines the sensitivity of the cir-
cuit. If the buzzer sounds with the
probes in the fluid, R3 should be in-
creased in value. If, on the other hand,
it fails to sound when the probes are
removed and are just slightly damp, its
value should be reduced. Do not alter
the value of resistor R3 unless a check
reveals that there are no circuit faults,
however. When testing, allow a pause
of at least 10 seconds between opera-
tions for capacitor C4 to discharge.

]



ARCE A really tiny archive utili-
ty, this thing will extract
members from ARC files with-
out tying up half a disk for
itself.

SABY An ecxtremely warped
game, this thing is engaging and
fairly challenging none the less.
It involves catching babies who
are leaping out of a buming

building.

CHMOD This is a useful utility
for reading and changing the
bits in the DOS mode flag.

CITYDESK This is a really
elegant fancy printing program
that allows you to do some
desktop publishing functions
with 8 dot matrix printer.

DOG A disk organizer, Dog will
defragment the files on your
disks to make them quicker to
access.

THRALL There is little to say

about this program. It’s a
beautiful example of high reso-
lution PC graphics, and was too
good to ignore even if it is whol-
ly useless. It's also a bit

naughty.

AC This 8 3 very small ares code progmm._ giwe ita
three digi arma code md # will tel yau were i .
Toe € source i also inchuded

ASC This is & maemory resdent uulity thas pops up &
window with o ASCH chancees chart

ATTR Tiis uulity let you meddie with the aruribute
bis of yous files

BAC This 3 1 disk backup uelity hae's & ot ke
frightening than the one that comes with DOS
BACSSCRL Ths recalls sull tho has scrolied off
your scren. It's oeat i you cam’t Kcan 10 seach the
Nunz Lock key is time

CAT This is # collection of dak utilities in ose pro
FeLy

CLOCK Oue of the nicest saecs clocks we've 3een,
b hes o buikt in ke heaction among other things
COVIR Tha & 1 soned disk direcrory that priats out
all the fies on a fleppy in o lom suitable for scickmg
10 the slecve

CWEL? This is 1 mesw driven file mover_ smwestyp-
g the word COPY over and over agaim,

DO® Yer soother dwectory uolity, ths docs & two
cotumn dueciory similir 10 the regular smge colurmn
DOS vension

DELZ This wpes out bles m thar 1hey cam pever
come beck.. kills the secton as well as the diseciy
esay

DISKCAN Ths ose checks your disks for bad
scion  get ‘e belore they get you

DOORS This leos you flip berween mukipk mouson
without xhooting your sysem

GERM This & 2 memory resdeot miemupt driven
wecommunicatios ierminal

BMSHELL Ths sBiows you to fool yout sysem into
wading COMMAND COM from orber places

KBBUPE Tha is & keybaard bulfer ertender No home
3bould be without ooe

KEYPARE Tds allows you to “stulf” keyboard
chamcten 10 an application to get past tedious in
troductory screess sod meows

LC This ¢ounts the aumber of Limes i » tent file

LOCATE Ths scas through subdrectones checking
all the filex for specific sext sumgs

d<h

and no

PC-WRITE The Latest version of
this phenomenal word proces-
sor, this thing is enough to turn
you off any other word process-
ing package on the planet. Even
if you only write ribald lime-
ricks in pig latin once every four
years you owe it to yourself to
try PC-Write.

Little Programs of the

This is one of the most uscful disks we've ever
done. it has no phosphor monsters, no pinball

games, 0o sp

three way mena driven cranial capacity

peakably comp}

measuremeat programs. In their place, we've
collected a plethora of utilities and bits
of code. These little guys are classics...
1 ane of them designed to make your

PC 2 bit more usefal.
There are enough DOS assistants here to create

This edition of owr almost free PC software is an
especially good value... it features two disks for the
price of one and a half. We've expanded it in order

to be able to include the latest version of the
phenomesal PC-Write word processer, 2 packsge
which outperforms just about everything else
in creation... and costs a great deal less.

We've also come up with a2 powerful collection of

utilities and a very strange game. These two

disks include some really spiendid software,

things that you'll probably wonder how you
survived without once you get into using them.

All of this profound software, plus its attendant
documentation and support files, is available for a mere

2995

plus seven percent Ontario sales tax

FPR This is a printing program
written in C. It's npot
compiled... you can change it to
suit your needs. Requires a C
compiler.

EDWWN This is a decent win:
dowing program editor written
in Turbo Pascal. It's not terribly
fancy, but it's fast and very
much like WordStar.

| pressed in order to get all this

PLEASE NOTE
This volume has been com-

software onto two disks. It will
uncompress out to three flop
pies. This isn’t terribly weird...
there’s a batch file to handle all
the work for you... but plan to
spend a while watching it run
before you can use your soft-

MUDI-10 This is the source file
for the interrupt driven MIDI
communication module from
the April 1987 edition of Com-
puting Now! Requires MASM to
assemble and a language com-

ware. When you get this disk
set, place the first disk in drive
A: of your PC and type IN-
STALL B, for example, to un-

pack the files onto a floppy in

piler to use... preferably C.

Gods

LOCK Ths » a b coayptor Also memeess
UNLOCE

MOVE This moves files between mubduectories with
lets typig thaa COPY would eoull.

NDOSEDIT As updaed vension of regular DOSEINT,

this @ & reidest DOS cooumand Lime editor that ac-
tuslly makes DOS decent 1o work with, lodispens
e

NO This s 2 atiange bictle wild card encepoion thing,
It sliows you to ceake mor comphes ik specifics-
does then does DOS all by sel

NPAD Ths &5 2 simple memory remdent note pad

Despite the enormity of this list, all of chis profound
software... plus its attendant documentation and
support files... is available for a mere

plus seven percent Ontario sales tax.

from

[l drive B:

PCUTL This b a collection of add ons s0 DOS.
PINHIAD This b the tiny printing pras progam
fom the juoe 1987 edition of Computing Now!. It
can get up 10 sxeeen Rilobrtes of text op 4 unghe
page. Inchudes the C language source.. works on an
Epwoo compatble prister

POPCAL This is s memory resident utibity which will
bring up & calendar lot azy month of any year pow
ke

PR This s 2 bandy fomarted princiag udlicy
PUSHDIN Prmurily used I boxch fies, din alows
you w change subdimctories, do somethimg and then
rerurn to the previous directory

REBELP A mplcavent for PAUSE, this & o nowy
batch file wiility o attrace atteotion whea o task bay
been completed

RENDIR This rensmer subdirecronies

SCAN This s a screcn sever. it blacks o0 the
monitors atuched w your mytem ater & speciied
cumber of misutes of imsctivity 1 keep your
phospbor from getiing tred

SITPAN This aBows 708 to peinkemly st up yous
priter form DOS.

SITUP Ths b  memory resdent udlity that will
aliow pou 10 %t up an Epeoa compatidie prinwer fom.
within any application.

SIZE This retures the aumber of shocmion chuaters o
file occupres 00 a

SOUND This makes weird poses 1o stuact atteados
Imes within » batch fie.

S? Thes b o really aice Ltie priat spoolet
SWIEP This dllows you 0 @ecux s commend in

a whole new operating system, and s safficient
1300 Don Mills Road, North York (Toronto),

assortment of memory resident trolls to account

£QUIP This program =B you what bardware your

system thinks i hus .. very oftee providing you with every subdirectory oa yous disk

UNDEL Ths secoven accidesully deieted files You

:::l::ﬂ uw’:’::.m::: ’:::“ S for most of the al key combinations Ontario M3B 3M8 or you can order by phone. Call ey Dot aeed it sow but you sure will oones or e
DM Wbt (0 1ap ‘em with 1k wpeed up progrm on your keyboard. There are 3 number of things Imm.m VDL This requess verilicaton betore & deeies ies
FDATE This chacges the e a0d dete mamps of hese that no enlightened user should be without. Bl e DR K st

fles Some of these programs are updated versions of e R e GO

WAITN This pecscs for & ipeciied tme while cn
ecuting o & hatch flle

WHIRHIS Thi fisds files in subdzectones It -
chades the € souxe code from the fune 1987 edition
of Computing Now!

XDEL This is 2 menu driven file delevion utdity.

SR coe{msja mortichiSl st s e h s things on earlier almost frec PC software disks.
perumerers uader DO
Have your MaserCard, Vise or Amencap Express card ready
MAKE PAYMENT PAYABLE TO MOORSHEAD PUBLICATIONS
Fime Primt: This software has been collected from jubl zess bulletin boards and o believed to be b the public domsin. We bave checked this software caretully to insure that it
functions & 1t should However, we conot assist you in adapting it to your specific spplications.
Moorshead Publications warrants thst these programs w sdable when you get them. However, magnetic fiekds, cosmic 1ays, truek tires of the bends may adversely affect your
disk in eansit. Il it doesn't function propetty when you receive it please contact us for s prompt replacement.

Our Litest softwaze estalogue lists a vanety of interesting, low cost programs. Circle reader service card number 100 for a free copy

FREE This rerurns the amount of frce spece on s disk
without haviag 10 watch the whole duectory scroll
b



E2GEM A small resident utility
that allows graphics software
written for the Epson FX-80 to
render their visual glory on the
not quite Epson compatible
Gemini printers.

VMAC4 This program allows
PC users with Hercules com-
patible cards... or ATI multiple
monitor boards... to look at
MacPaint pictures. The Herc
card has a more usable aspect
ratio than the colour card, and
the images look pretty slick.
Among other things, there are
an awful lot of naked ladies liv-
ing in MacPaint Files.

PINBALL3 The weirdest pinball
game we've encountered thus
far, this thing will zap your
brain if you play it late at night.
It's mildly damaging the rest of
the time.

MAXHEAD This is 2 MacPaint
picture of Max Headroom for
VMAC4, above. There were
several more... and rather more
exotic... pictures on our disk
number twenty-two, which will
also work with VMAC4. Like-
wise, this file will work with
the MacShow colour card pro-
gram on that disk, which can be
used to convert it for use in
other PC graphic software.

IT The “Ideal Termunal” is a
telecommunications terminal
package which, among other
things, emulates severa) profes-
sional mainframe style hard-
ware terminals. It also handles
XMODEM and KERMIT file
transfers, making it a much less
freaky replacement for the likes
of QMODEM and CrossTalk.

Long Words and Tongue Twisters
) The theme of this month’s disk is

After scouring the

All of this profound software, plus its attendant
documentation and support files, is available for a mere

95

plus seven percent Ontasio sales tax

1300 Don Mills Road, North York {Toronto),
Ontario M3B 3M8 or you can order by phone. Cali

1(416)445-5600

Have yowr MasterCard, Visa or American Express card ready.
MAKE PAYMENT PAYABLE TO MOORSHEAD PUBLICATIONS

bulletin boards for countless hours, we've managed
to find a whole circus worth of programs which are
related in that they all have absolutely nothing
to do with antidisestablishmentarianism. Tied
together by this obvious common characteristic,
these files will occupy 2 profound bit of disk
space in your system. A rich assortment of utilities,
serious applications and amusements, you won't
want to be without these powerful packages. By a
remarkable coincidence they have nothing much to
do with interstellar snail ranching either.

SPKR A device driver, this little
beast allows you to make the
PC's speaker play music in a
very elegant, program indepen-
dant way. It's suitable for use
with BASIC, C, TurboPascal,
assembler and even just from
DOS.

Fime Print: This software has been collected from pudlic sccess bulletin boards and is believed to be in the public domain. We have checked this softwate carehully to insure that it
functions as it should. Howeves, we cannot assist you in adapting it to your specific apphications
Moorshead Publications warrants that these programs will be readable when you get them. However, magnetic lields, cosmic rays, truck tues or the bends may adversely affect yowr
disk in trasic. If it doesn't fuaction propetly when you receive it please coatact us for a prompt replacement

Our Litest software catalogue lists a vanety of interesting, low cost programs. Circle reader service cad number 100 for 3 free copy

RIGHT HAND MAN This is a
sort of enhanced public domain
SideKick. It provides one with
all sorts of pop-up utilities from
within other programs, ia-
cluding an ASCII table, a really
powerful calculator, a DOS
shell and several notepads. It
also handles keyboard macros.
A clever overlay system allows
it to keep its memory consump-
tion down to a manageable
hugeness.

SLOWDOWN A lot of
software... mostly games...
which has been written to run
normally on a PC switches into
maximum overdrive on an AT
or even a fast PC. This usually
makes it useless. The slowdown
program allows you to bring the
speed of such a machine back
down to sublight levels for
these occasions.

RESQ You probably won’t need
RESQ until something nasty
happens to your computer, but
then you'll be very pleased that
it's about. This thing can
recover erased files and, more
important, it can find text that
you've lost in memory due to a
software crash and get it back
into a file. It's indispensible.

Stock Boy II

Inventory control software

that you won't have to
sell all your inventory

to afford

The original StockBoy inventory control
package has been one of our most
popular programs. However, written in
BASIC several years ago, it's no longer
really the state of the art. As such,
we've rewritten StockBoy from the
ground up.

The result is a comprehensive, powerful
package of software to keep track of
your stock without countless forms or
unreliable manual procedures.

StockBoy II has been written entirely in
C, making it fast and portable. It will
run on any PC, XT or AT compatible. It
uses full screen editing to make it
simple and carefully designed hard
formatted data files to make it faster

than you'd have thought a database
manager could be. It uses DOS level
1/0, so it will run on a network or
through a terminal. It will cope with
over thirty thousand items without even
breathing hard.

Most of all, StockBoy 1I is easy. It's
easy to set up... there's nothing to
configure, no tedious installation
programs and, as with all our software,
0o annoying copy protection. It's also
easy to use, with plenry of features
designed to avoid human errors.

o StockBoy I will maintain an inventory
database, allowing you to add, edit and
delete items. It also has a powerful
item search facility.

o StockBoy II has a complete point of
sale terminal module. It will accept
stock numbers and bring up complete
stock information instantly. It will
also adjust your stock files as items
are ordered, print up invoices and keep
a log of your transactions.

o StockBoy II also features a reporting
module to help you maintain an
overview of your inventory. It will tell
you when your stock has exceeded
preset minimum and maximum levels,
and what items are out of stock. It
will also provide you with important
demographics to help you see what's
selling and what isn't.

For many small businesses, StockBoy 1

is the equal of inventory control
systems costing hundreds or even
thousands of dollars. However, unlike
other commercial packages, StockBoy I
will run on even a simple PC... on
floppy disks if your inventory is small
enough... and its price won't break you.

StockBoy I is available for mere

$49.95

plus 7% Ontario sales tax
from

Moorshead Publications

1300 Don Mills Road,
Toronto, Ontario

M3B 3M8
or you can order it by phone. Call
(416) 4455600
during business hours.
Have your Visa, MasterCand or American Express cand handv
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Electronics
Gomputer
Dealers!

Add PROJECTS BOOK NO.3 to
your magazine display, and let
your serious customers know
they’re with a leader. PROJECTS
BOOK NO.3 features 37 Projects
from Electronics Today
magazine. To start selling
PROJECTS BOOK NO.3 (at a
very profitable rate) call 3
(416) 455-5600. Ask for Senga Harrison.

~
B Back Issues: $4.00 each; Ontarlo residents add 7% sales tax.
“ ron.cs Please circle issued desired.

'Odﬂv Order Form 1977 1978 1979 1980 1981
Feb. May Jan. Jan. Jan,
Subscriptions: July June Feb. Mar. Feb. "
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Get The Lettering

Binders!

Readers have occasionally commented on the high
quality and durability of our binders. This is largely
due to the scientific advances in miniaturization
now being made in the Far East. Employees are
now available in any size, with the 4-inch model
being ideal for doing an accurate job of palnting
the gold lettering on the spines of our binders.

After they’ve painted on the logo, they insert our
clever spring-rod arrangement that holds 12 issues
without punching or cutting; the issues lay flat for
reading or copying. Then they use a Tonka bull-
dozer to slide it into the carton, awaiting your
order.

To organize your copies of Electronics Today (or
any of our magazines), order your binder today and
make the little people happy. Only $9.75, and we
pay the postage. Ontario residents please add 7%
provincial sales tax.
Send to: Binders,
Moorshead Publications,
1300 Don Mills Road,
North York, Toronto, Ontario
M3B 3M8

BE SURE OF YOUR ISSUE EACH
MONTH. SUBSCRIBE TODAY.

Almost Free Software
Sample Disk

Subscribe today and receive a sampler disk filled
with great public domain software programs (IBM
PC/MS DOS format only). This disk contains great
games like Pango and Pitfall, as well as a fan-
tastic Chess program and some great DOS
utilities. See what you’ve been missing!

Regular value: $19.95
Time Limited Offer

Moorshead Publications
1300 Don MllIs Rd., North York, Toronto, Ont. M3B 3M8.

MERCHANDISE ORDER [I Please fill out form overleaf
SUBSCRIPTIONS: [0 NEW SUBSCRIPTION [0 RENEWAL

Electronics Today
[J One year (12 issues) $22.95 [0 Two years (24 issues) $37.95.
Computing Now!
[0 One year (12 issues) $22.95 [J Two years (24 issues) $37.95
Computers in Education
[0 One year (10 issues) $25.00 [0 Two years (20 issues) $45.00

Outside Canada (US Doltars)

For U.S. please add $3.00 per year Other countries add $5 per year [J

INAME! e

ADDRESS e N ST O e
TOWNICITY _____ PROVINCE/STATE e
COPE (i p— __DATE

POSTALCODE = - — =

[] Cheque enclosed DO NOT send cash
L) Mastercard AccountNo. ___ -
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Visa Account No.
[ American Express Account NO. __

Expiry Date _—
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Technology

Renewable Energy
Revived

New interest in a topic from the 70s.

by Claire Neesham, Modem Power Systems, London

B ritain still burns coal for most of its
electricity generation. Nuclear
power provides around 20% of the
total, and renewables, such as
hydropower, a mere 2%. Yet despite
the government’s commitment to ex-
pand the nuclear industry, there is in-
creasing activity in the field of renew-
ableenergy.

The oil crisis of the 1970s acted as a
strong reminder that fossil fuel resour-
ces were finite. Like many other
countries, Britain set up a renewable
energy research programme to study
the feasibility of a variety of devices
designed to convert energy from
natural resources such as the sun,
waves and wind into usable power.

The program continued with con-
siderable government funding, but
then interest in renewable energy
diminished as oil prices plummeted.
Nowtheincreased awareness of the ef-
fects of acid rain, a universal problem,
and questions about the safety of
nuclear power - which was reinforced
bythe recent nuclear power plant acci-
dent at Chernobyl - have made renew-
ablecnergy animportant issue again.

More funding for the United
Kingdom’s tidal energy program was

recently announced. Energy
Secretary Peter Walker said: "Tidal
energy is one of the country’s most
promising renewable energy resour-
ces."

Promising Sites .
An extra 5.5 million pounds is to be

spent on further investigations of
potential tidal power sites, mainly on
the River Severn in western England
and the Mersey estuary at Liverpool
inthe northwest.

Britain has some of the best sites in
the world for capturing the energy of
the tides. Trapping water behind abar-
rage at high tide and releasing it
through turbines to generate
electricity is not anew idea - indeed it
has been considered for over a cen-
tury - but the current investigations
are being carried out by two private
consortia. The Severn Tidal Power
Group (STPG) and the Mersey Bar-
rage Company (MBC) are both
preparing reports.

If constructed, the Severn scheme
could provide 5% of the country’s
electricityneeds at acompetitive price.
TheMerseyprojectis expected to have
about a tenth of this capacity. A survey

is also being carried out on some 120
estuaries with tidal power potential
around one tenth that of the Mersey
scheme.

Wave Turbine .
Large tidal schemes may be possible

for example in Morecambe Bay, in
northwest England; Solway Firth, 100
km further north; and the Wash, in
eastern England; but these have been
assessed as less economically attrac-
tive.

While money has flowed into tidal
power, the funding for wave power
has been reduced. However despite
reduced finance, researchers at
Queen’s University, Belfast, Northern
Ireland, have developed a small tur-
bine capable of producingelectricity at
competitive cost for island com-
munities.

As for the mainland, hydropower
schemes which use water to turn tur-
bines are already providing 2% of the
country’s electricity. In all, there are
about 50 large and 20 small hydro
projectsin Britain, but future develop-
ments of this well developed technol-
ogy will be limited to relatively small
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schemes as most large sites have al-
readybeen exploited.

Anunder-exploited energy source is
the wind. Although the United
Kingdom has plenty of it, wind power
was not a serious contender for large-
scale generation until recently. Es-
timates now suggest that onshore
wind generators could supply 20% of
the country’s electricity at a competi-
tive cost.

Widely Used Design

Several British companies are re-
searching devices for harnessing the
wind, with financial and practical help
from the Department of Energy and
the Energy Technology Support Unit
(ETSU).

The horizontal axis wind turbine

design is already making a small con-
tribution to the national power supply
and James Howden Ltd. of Scotland
and Britain’s Wind Energy Group are
the country’s leaders in this technol-
ogy.
A different approach to harnessing
the wind is the vertical axis turbine
which has blades that can be altered to
control the power output. A moderate
sized prototype, built by VAWT Ltd,
a consortium of civil engineer Sir
Robert McAlpine and Sons Ltd and
turbine manufacturer NEI, has just
been inaugurated and is being tested
byETSU.

On the same site is a prototype ad-
vanced wind turbine, designed by stu-
dents at Kingston Polytechnic, near
London, and partly financed by the
Balfour Beatty Ltd engineering and
construction group, which it is hoped
will prove more efficient than conven-
tional turbines.

Although economically promising,
the resource size may be limited by the
availability of suitable sites. The
answer is to have off- shore
windfarms. A recent report showed
this to be technically feasible, but with
current technology, uneconomic.

Passive Power

Unlike wind energy, solar power is
silent and pollution free, requiring
few moving parts. The use of collectors
to accumulate the sun’s heat for water
andspace heatingis known asthe tech-
nique of active solar power.

By1981 an industry had grown around
active solar power, but most installa-
tions proved to be uneconomic so the
government’s solar programme is now

cia- B S

focused on the passive version. The
idea is to make maximum use of the
sun’s energy by, for example, building
houses with a southerly orientation
and masonry walls capable of storing
heat during the day. The new town of
Milton Keynes, near London, has
various examples of passive solar
power.

Architects are alsolooking at passive
solar systems for commercial build-
ings, hence the popularity of atriums
(central courts) which allow maxi-
mum use of daylight as well as captur-
ingthe sun’s heat.

Like the sun, the earth also radiates
heat, and tapping this energy is the
principle of geothermal power extrac-
tion. Beneath the earth’s surface there
are "hot rocks" and aquifers. Extract-
ing heat from rocks is the subject of a
substantial programme of research
and development in the United
Kingdom. The geothermal properties
of granite are being investigated at a
large scale test site in Cornwall, south-

‘west England.

Unfortunately the few suitable sites
that have been located so far in Britain
are not near large population centres
and it would not be economic to
transport the heated water from a
geothermal installation over any great
distance onthe surface.

Waste as Energy Source
Solar, wave, wind and tidal energy are

the truly renewable resources.
Geothermal energy can be considered
in practical terms inexhaustible, and

Prototype vertical axis wind turbine developed by VA WTL;d., London.

waste materials are plentiful and
schemes extracting power from waste
are gaining popularity throughout the
world.

Britain alone dumps, burns or buries
around 250 million tonnes of organic
waste each year. Boilers are now being
designed to burn anything from straw
totires and straw burning is particular-
ly popular in rural communities. One
of England’s stately homes, Woburn
Abbey in the midlands, recently in-
stalled a straw burning system which
will heat water for the whole estate. Itis
estimated that savings of 21,000
pounds willbe made each year.

Refuse that is buried in landfill sites
gives off a gas which has half the heat
value of natural gas and it can be used
by industry or for electricity genera-
tion. A similar gas is also produced
when micro organisms decompose wet
wastein the absence of oxygen. The gas
is60% methane. Sewage treatment has
incorporated this process for many
years.

Between 1975 and 1985 Britain spent
84 million pounds on renewable ener-
gy research and although the govern-
ment favours nuclear power, renew-
able energyisstillseen as important for
the future. It has even been described
asaninsurance policy. -



LEARNING MONTH?
Learning with computers
7 is giving Canada’s youth the
winning edge. Never before

L1l has there been such an excit-
i1, ing event devoted exclusively

# to bringing parents, teachers IT’S EASY TO BE A WINNER.
and kids together for a month-

sl A\ long celebration of learning
It’s called Computer Learning Month, and
it’s happening this October. Sponsored by
major educational software and computer
companies and supported by national educa-
tional organizations and Departments of
Education, Computer Learning Month will
be an event in which everyone will be a win-
ner - an event you won’t want to miss.

EVERYONE WILL BE A WINNER...
Contests! Contests! Contests! Thousands
of dollars worth of great prizes will be given
away in October. Essay and art contests for
families and kids. Lesson plan contests for
teachers. And if you are a prize winner, your
school will be a prize winner, too.

Exciting programs for families. Now par-
ents can learn how to help their children benefit
from using a computer, whether they own one
or not.We're giving away a free booklet designed
just for parents. There will be fairs and special
events sponsored by local retailers. And we know
schools will be hosting special parent nights.

Computer Learning Month 1987 is Sponsored by : Software Publishers
Association, Advanced Ideas, Britannica Software (Publishers of DesignWare® Edu-
Ware?®Blue Chip Software™) Broderbund Software™ Davidson and Associates, Inc.,
,Inc., Random House Media, Scholastic, Inc.,
Qafturara Tna Waallv Raadar Ramily Safturara

The Learning Company, Mindsca

Qrinnnlbar Qnftumra Qnwinmhnar

with software and computers.

A month full of activities for teachers.
Teachers can join in the celebration easily and
learn new ways to help their students benefit
from using computers. Every teacher can
receive a celebration poster, chock-full of lesson
plan ideas, activities and much more.

Just clip this coupon and send
it in today to be a part of
this national event.
Wellsendyou £
everything you
need so you can be ™
a winner in Computer T
Learning Month.
Don't delay. We must
receive your coupon by
July 31,
1987

Giving Canada’s
Youth the Winning Edge .
" YESI TWANT TO BE A WINNEK |
IN OCTOBER!

O Please send me contest rules.

O Please add my name to the Computer Learning Month
Mailing List.

Iam a [ teacher [J parent [J student

I own a computer OJ yes

JAME

SCHOOL
ADDRESS
CITY PROYV.

POSTAL CODE PHONE

Mail Coupon to: Computer Learning Month
c/o Computers in Education
1300 Don Mills Road, North York,
Toronto, Ontario M3B 3M8
(416) 445-5600 ET N

Ono

tvpe of comouter




Feature

When discussing robots, a number
of technical terms need to be un-
derstood. They include the following:

End Effector: This is the focal point of
description of robot motion. It could
be a gripper, a tool, a welder, a water-
jetcutterandso on. Robot motionis ul-
timately concerned with the motion of
the end effector.

Position: Thisis the position of the end
effector and generally consists of
threelocations and three angular coor-
dinates. There can be more than one
set of robot arm joint angles that will
cause the end effector to be at some
position.

Trajectory: This is a time sequence of
end effector positions. The motion of
the end effector as the robot runs a
user’s job is the end effector’s trajec-
tory.

Kinematic/Dynamic Trajectory: The
kinematic trajectory is a theoretical or
requested end effector motion. In
practice the end effector follows a
somewhat different path, the dynamic
trajectory. The difference between
the two is due to the cumulative effect
of a number of disturbances including
inaccurate  machining,  stiction,
coulomb and viscous friction, uncom-
pensated payloads, uncompensated
gravity loads and finite mechanical
stiffnesses. Clearly an important
design considerationis to minimize the
trajectory deviations due to the wide
range of potential disturbances.

Userspace/Encoderspace: The user
sees an end effector having a position
in cartesian or may be cylindrical or
spherical coordinates. A position
described from the user’s perspective
is in userspace. Straight line motion by
a five axis robot is an example of a
userspace trajectory. The robot on the
other hand "sees" a position as a set of
joint angles. As joint angles are
measured with encoders, positions
described by joint angles are in en-
coderspace.

The two primary motion-related
tasks of a robot are then to firstly
enable the user to simple describe the
desired kinematic end effector trajec-
toryin userspace and secondly to move
the end effector according to this
description without too much devia-
tion.

The
Anatomy

of a
Robot

How the motors and the
electronics work
together to perform
robot functions.

by Dr. H. Virani

There are several main subas-
semblies that when combined enable
the robot to undertake these tasks.
Theyare:

e the mechanical components (links,
bearings, speed reducers).

o the electro mechanicals (motors,
encoders) that drive and sense the
mechanicals.

e the position control module that
causes the dynamic robot to be at
any given encoder space position
(oratleast close toit) by driving the
motors.

o the user interface that enables the
user to construct the desired trajec-
toryinthe first place.

The relationship between the subas-
sembliesis presented diagrammatical-
lyin Figure 1.

USER
INTERFACE

kinematic userspace
end effector trajectory

MOTION
PLANNER

smooth atresm of
encoderspace positions

POSITION
CONTROLLER

torque
request

encodersp.
position

(

encoder
motor

speed
reducer

Lorque




Mechanicals ) )
The main mechanical considerations

are those of strength, rigidity, light-
ness and accuracy. Also of concern is
gravity compensation where possible.
Robots are generally massively over-
designed fromthe point of view of max-
imum working load in order to
withstand the intense shock loads that
occur during collisions. They must be
ableto cope with full-speed worst-case
impacts. As a consequence of this,
other dynamic working load con-
sideration such as fatigue and bearing
life can usually be checked but ig-
nored. Apart from lubrication and
motor brushes it is very difficult to
wear arobot out.

Ifthe robot armis not to vibrate when '

torque from the motors is applied, it
must have a high stiffness; the higher
the better. The least stiff components
of robot drives are generally the speed
reducers. Robots are home to what
used to be relatively rare forms of
these. For linear motions precision
ground preloaded ball screws are
used. For rotary motions harmonic
drives or ballscrews and cranks are
used. Both systems are expensive.
There are movements at present
towards various sorts of direct drive
systems where the loads are light and
the stiffness requirement can be
relaxed somewhat.

Bearing systems also contribute to
stiffness and robots usually have pre-
loaded bearing arrangements. Great
care must be taken with the design and

machining of t.aese if the bearings are
notto be overloaded.

Expansion due to heating is par-
ticularly hazardous. While it is impor-
tant that the arms should be stiff, they
must also be light. Heat will inevitably
be dumped by the motors into the
bearing systems and there isno pointin
the motors heating up more than they
need by accelerating unnecessarily
heavyarms.

Positioning of massin the armisim-
portant as well. In order to diminish
the heat load of the motor, gravity
loads are compensated for where pos-
sible with arrangements of counter-
weights and springs. Whether the arm
is fully extended or working in close to
the base the only load the motors
should support should be that of the
payload.

The Electromechanicals
The most common robot drive ele-

ments are electric motors, generally
DC servo motors. Also used are
hydraulic and pneumatic actuators.
Hydraulics are used on large robots
where DC servos would otherwise be
too expensive, but are shunned on
small machines. Thisis due tothe extra
size and cost of the hydraulic plumbing
as well as the additional hydraulic
problems.

DC servo motors linearly convert
electric current into mechanical
torque. There are two terminals on a
motor. A particular current fed in at
one terminal and taken out the other
will produce a particular torque in
one direction (e.g. clockwise). If the
same current is fed through the motor
in the opposite direction, the same
torque will result but in the opposite
direction (e.g. counterclockwise).
Depending on the joint loading and in-
ertia, a large current will produce a
large torque and hence alarge joint ac-
celeration and a small current and a
small acceleration.

The most common way of driving DC
servo motors is through the use of an
H-Bridge of switchable devices as can
be seenin Figure 2.

When opposing top and bottom
switches are turned on, current can
flow through the motor in one direc-
tion, If the switches are then turned off
current continues to flow in the same
direction, due to the motor’s induc-
tance, through the free-wheeling
diodes. Induction here acts very
similarly to a flywheel in a mechanical

L :
system. Clearly due to the symmetry of
the arrangement, current can be
pushed through the motor in both
directions.

Sensing

To sense the moment by moment an-
gular position of a joint, rotary optical
encoders are generally used. Less
common are resolvers and LVDT’s.
The encoders consist of a transparent
disk with many fine radial lines in-
scribed on it. A light shines from be-
hind the disk onto a light sensor. As a
line passes between the light source
and sensor a pulse in output from the
encoder.

Encoders use two such sensors and
are able to provide direction sense by
outputting two square waves in quad-
rature. By counting how many up pul-
ses and down pulses have been
receivedsince areference position was
passed, the robot is able to determine
how far away it is from that reference
position and hence determine its
presentjoint angle in encoderspace.

Position Control
Feedback control loops are used to

achieve position control of any par-
ticular joint. A simple scheme of two
loops to control a DC servo is given
here as shown in Figure 3. In a func-
tional robot there are not likely to be
lessthan three levels of loops.
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Between 20 and 200 times a second,
the position controller will receive a
particular joint’s requested position.
The position controller knows the
joint’s actual position, as it has been
counting encoder up and down pul-
ses. If the joint position is lagging be-
hind the requested position, then the
position controller will ask for more
current, hence more torque, to speed
the joint up. The greater the disparity,
the more torque isrequested.

If the joint is actually ahead of its re-
quested position, the controller will
ask fortorque (current)in the opposite
direction to slow it down. What drives
the position controller is not so much
the requested joint position as the
position error. At the lowest level,
what is required by the position con-
troller is the establishment of a par-
ticular value of torque. This demands
that a particular voltage current be

flowing. In robots DC servos are
generally driven using pulse width
modulation or PWM. The H-Bridge
available to the PWM device can only
be turned hard on or hard off. When
the H-bridge is turned on, due to the
flywheel-like effect of the motorinduc-
tance, the motor current gradually
begins to increase. When turned off,
the motor current gradually decreases.
The motor current is sensed by the
PWM control device.

The PWM Controller
The PWM controller basically works

as follows. With the H-bridge on, the
current rises to say 10% more than the
desired value. The H-bridge is now
shut off. The current nowwill gradually
fall. Whenit declinesto, say10% below
the desired value, the H-bridge is
switched on again. If this switching is
done very fast, then the average cur-
rent and hence the average torque in
the motor can be held to any desired
value. A typical switching rate would
be between five and forty thousand
timesa second.

The position controller uses posi-
tionerror to attempt to cause accelera-
tion or deceleration of the joint so as
to reduce the error. Quite how much
the controller reacts to an error of a
givensizeisafunction of the stiffness of
the servo. A stiff servo will ask for a lot
of torque to get rid of quite a small
error.

To know how much torque to ask for,
the position controller also needs to
know the joint inertia. With a robot
however the inertia is always chang-
ing, being as it is a function of the cur-
rent configuration.3 Quite anumber of
disturbing torques can be compen-
sated out at this stage, to a greater or
lesserextent.

Motion Planner :
The primary function of the motion

planneristotake the user’s description
of the end effector trajectory and
produce, 20to200times a second, a set
of instantaneous requested joint posi-
tions for the position controller.
Before a set of instantaneous en-
coderspace positions can be supplied,
a set of user space positions must be
determined. These can then be trans-
formed. The set of user space positions
is found from the user’s userspace
trajectory description. This descrip-
tion generally takes the form of a list of

positions together with the instruc-
tions to move in a straight line from
position 1 to position 2 and again on to
position 3 and so on, at a nominated
speed. A set of linear kinematic equa-
tions can be found that will give posi-
tion, for any value of time, the end ef-
fector position. At regular intervals
these equations can be used to find the
present requested position.

Due to the dynamic nature of a
robot arm however, there is another
layer of complexity in the problem.
When the arm reaches on of the user-
specified positions, it cannot instantly
stop or instantly be moving in a straight
line tothe next nominated position. An
example with three points is given in
Figure4.
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Implementing this scheme isin prac-
tice quite a difficult problem. One of
the basic tools at the disposal of the
motion planner is the transform func-
tion that converts a user space posi-
tion (position of the end effector in
XYZcoordinates) to anencoderspace
position (angle for eachjoint).

These transformation functions are
commonly handled using homo-

geneous transforms. Homogeneous

transforms combine translation and
rotation in the one formulation. They
are also commonly used in computer
graphics and computer vision.

User Interface .
While the user interface will generally

be a large portion of the total amount

of code in a robot, the proportion of it
devoted ta matinn rantral ic vatha-
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small. The user interface must ascer-
tain when the user is requesting an im-
mediate motion for example "move
the end effector up at 20% of full
speed", and pass thisinformation along
to the motion planner. It must be able
to ask the position controller for the
present and effector position, so as to
be ableto save it as a point with a point
number.

It must convert the instruction of a

user job, for example "set speed 50%,
go to point 1, go to point 2, stop", into
codes that the motion planner will un-
derstand and then pass them along. It
must be able to ask the motion planner
to start or stop running one of these
jobs at the user’s request. In summary,
the user interface provides the means
whereby a user can straightforwardly
define a potentially complex robot
trajectory. The motion planner con-

verts this trajectory description into a
smooth stream of sets of instan-
taneous joint angles. The position con-
troller uses a number of feedback con-
trol loops to request motor torques
these moving the motors. Position
feedbackisderived fromrotary optical
encoders. The generated torque, via
speed reducers, drives the assemblage
of links and bearings that make up the
robotarm. a

Continuedfrompage 7 For Your Information

Purpose of Wheels

The blowing head itself is a pres-
surized metal chamber, housing two
electrically driven wheels. Com-
pressed air is fed into the head along
with the optical fibre cable and the
viscous drag of air carries the cable
into the bore and through to its final
destination.

Thedrivewheelsare necessaryonly
to overcome the pressure gradient
from normal air pressure outside
the head to 1.034 MPa inside. The
wheels also help to draw the cable
off the drum. Once the optical cable
has entered the microducts, it is the
viscous flow of air alone that propels
italong.

The blown fibre system has a num-
ber of economic and technical ad-
vantages over conventional optical

cable. Once a basic microduct net-
workis in place, fibre cable canbe in-
stalled gradually over a period of
time as the need arises, thereby
deferring fibre purchase cost.

Itis not necessary to configure the
whole microductnetwork rightatthe
start. A basic route of microducts
needs only to be laid initially into the
vicinity of major customers. As ser-
viceisrequested,continuous point to
point lengths of fibre cable can be
blown in a short space of time, with
no need for intermediate splicing. It
is even possible to blow out fibre
cables and replace them for network
upgrading purposes. Finally, the
microduct network can be extended,
simply by adding branches at ap-
propriate junction boxes positioned
alongthe main route.

Personal Weather Station

PC Weather is a unique product
which turns your IBM PC or com-
patible into a sophisticated weather
monitoringand weather analysis sys-
tem. The systems comes complete
with its own anemometer and wind
vane assembly, two temperature
probes, a half-slot PC card, and dis-
playsoftware.

Typical home uses include
monitoring frost conditions in the
garden, environmental control, and

education. The unit is priced at
$349.95US retail. Available options
include arain gauge and PC Weather
Prol, an enhanced software package
which provides expanded data dis-
play and analysis capabilities. Op-
tions are priced at $69.95US each.
For more information contact:
Technology Marketing Inc., 4000
Kruse Way Place, Building 2, Suite
120, Lake Oswego, Oregon 97035.
(503) 635-3966.
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IBM scientists have overcome a major obstacle to the usefulness of the new
high-temperature superconducting materials, showing that they can carry
100 times more electrical current than previously believed.

The IBM discovery shows that the new materials can sustain enough
electrical current at liquid nitrogen temperature for most foreseeable ap-
plications, the IBM scientists say. Until this discovery, the potential useful-
nessof the new materials hasbeen limited by theirapparently small "critical
current” capacity, the amount of electricity they could carry without losing
their superconductivity. Superconductivity is the ability to pass electricity
without resistance; it occurs only at very low temperatures. Superconduc-
tivityatthe temperature of liquid nitrogen (77 degrees Kelvin, or 77degrees
above absolute zero) is the goal of researchers, because the temperature
of othersuitable coolants, such as liquid helium, is closer tozero and makes
practicalinstallations difficult.

Although othertechnical hurdles such as brittleness and possible incom-
patibilitywith other materials remain, the IBM scientists see this latest step
asa key reason forincreased optimism about the materials’ future.

To measure the improved critical current, IBM researchers had to make
the world’s first thin-film single crystals of the new material. Substrates for
the thin film had to be appropriately chosen and particular heat-treatment
procedures were designed to produce the material’s superconducting
phase. IBM'’s thin-film single crystals are approximately one micron thick
(about one one-hundredth the thickness of a human hair) and about one
inchindiameter. At 77 degrees K the critical current was measured to be in
excess of 100,000 amperes per square centimetre. This is 100 times more
electrical currentthan previously measured.

Bydemonstrating thatan increased amountof currentcan flowin the new
materials, the scientists have more widely opened the door to applications
such as electronic devices, circuits and computer-chip interconnections,
powertransmission lines, electric motorsand electromagnets.

In related developments, other research teams at the IBM Thomas J.
Watson Research Center have produced bulk single crystals in two
varieties: some with widths of several millimetres and others as thick as
200 microns. The thicker crystals show that superconducting current flows
30 times betterin one direction than in another. Knowingof this direction-
dependent property, called anisotropy, could help scientists facilitate
development of applications for the newmaterials.

These are the latest developments in a series of events that began last
April when K. Alex Mueller and J. Georg Bednorz at IBM’s Zurich
Laboratory discovered superconductivity in a new class of oxides. Since
then, IBM researchers have made the first high-temperature super-con-
ducting thin films, the world’s first practical electronic device with the new
materials, and have also developed a way to coat large and complex shapes
withthe superconducting materials.

AimTest

Ltd of the United lator. Contact: F. Bruce Petty,Dun-

Kingdom, has appointed Duncan In-
struments Canada Ltd. as their
Canadian representative. AimTest
manufactures Digital DataBridges
for measuring L, C, R, Q and D
valuesinL, C,and R components. In
addition, AimTest also manufac-
turesa Digital Low Distortion Oscil-

can Instruments Canada Ltd., 121
Milvan Drive, Toronto, Ontario
MO9L 1Z8.(416) 742-4448.
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New Internal Mac Hard Drives

Rodime Inc. has introduced two new
internal hard disk systems for the
Apple Macintosh: the 20i Plus and
the45i Plus.

Both the 20i Plus, which features 20
MBytes of storage, and the 45i Plus,
with 45 MBytes of storage, are con-
tained completely within the Mac’s
housing and are fully shock-
mounted.

The rugged installation makes them
the ideal choice for any Macintosh
which must be moved from place to
place. Bothunits alsofeature built-in

fans which cool both the drive and
computer.

The drives are connected to the

Mac’s SCSI port and take advantage
of Rodime’s advanced drive inter-
face delivering access speeds of up
to 10 times faster than the Mac’s
floppydrive.
For more information contact: Jack
Brown, McKenzie Brown Canada
Inc,, 267 Richmond Street West,
Toronto, Ontario M5V 1W9. (416)
593-68800r1-800-387-9016
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Timecode Generator

For recording studios, a multistan-
dard timecode generator and reader
is available from Britain. Apart
from the normal facilities of reading
timecode or user bits, the Striper
unit can be used to record timecode
on audio machines at high speed.
The code outputs can be set to 1x, 2x,
or 4x, play speed, so if the tape
machine’s speed is switched up,
code can be striped in half or even a
quarter of the time. It can be used
with the 24, 25, or 30 frame/sec and
drop-frame standards.

o S B

Capable of reading both timecode
and userbits (permitting newcode to
be generated from bad code) the
generator can be locked to internal
crystal, video synchronizers or the
frame rate output of the company’s
Gearbox unit. It is also compatible
with the revised EBU/SMPTE for-
matwith theincluded parity bit.
Formore information contact: Allan
Nichols, J-Mar Electronics Ltd., 6
Banigan Drive., Toronto, Ontario
M4H 1E9. (416) 421-9080 or Telex
06-986766.
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Robot Arm Trainer

The Heath Company of Toronto has
introduced a cost-effective robotics
training system to teach students
fundamentals of industrial robotics.
Robot Arm Trainer is simple to un-
derstand and operate, designed spe-
cially for the classroom and training
centre.

Features of the Heathkit/Zenith
Robot Arm Trainer include: five
axes of motion, on-board 8-bit CPU,
six closed loop DC servomotors,
sense-of-touch gripper, industrial-
type teaching pendant and many
others.

A complete series of courseware
for the Robot Arm Trainer offers a
mix of robotics theory and hands-on
experience and is available in both
classroom and self-study format.
The classroom version includes an

instructor's manual, robotics
textbook (2 volumes), student
workbook and materials for experi-
ments. The price: $4195, available
from Heath/Zenith Computers and
Electronics retail outlets across
Canada.
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New Explorer

The Germantown, Md., division of
Fairchild Industries, Inc., has been
selected by NASA’s Goddard Space
Flight Center as the prime contrac-
tor for the Explorer platform
program. The Explorer platform,
which will be launched in 1991, will
initially carry an instrument payload
for studying such celestial mysteries
as hot white dwarfs, pulsars (col-
lapsed stars) and black holes, all of
which emitextreme ultraviolet radia-
tion.

The instrument package called Ex-
treme UltraViolet Experiment
(EUVE) will consist of four tele-
scopesdesigned to operate in this lit-

tle-explored spectral region. While
the vast majority of stars seen from
the earth have temperatures less
than 18,000 degrees Fahrenheit,
EUVE will observe objects 5 to 10
times hotter. Some will be young
stars, but most will be in the last
stages of existence. They will have
burned, or nearly burned, all of their
nuclear fueland willbe in the process
of collapsing in upon themselves.

Amongthesedoomed starsare white
dwarfs,whichcanbe ashotas 180,000
degrees, but are small and faint.
Severaldwarfs have beendetected by
sounding rocket and satellite in-
strumentation,

EUVE is also expected to observe

coronas, the million degree atmos-
pheres surrounding some stars; bi-
nary (paired) stars that transfer
material between themselves; and
quasars, those distant galaxies with
immense energy output. Perhaps
the most abundant objects,
however, are defunct pulsars, or
neutronstars, thatare essentially un-
noticable in the visible part of the
spectrum,
A key component of the Explorer
platform will be the muitimission
modular  spacecraft  (MMS),
originally developed by NASA and
the Fairchild Space Company.
Three MMS modules will supply
power, communications and data
handling and attitude control to the
satellite and permit repair and main-
tenance of the spacecraft on orbit.

Fueledbytheyen’ssharprise invalue
and the rapid declines in crude oil
prices, Japan's imports of manufac-
tured goods in 1986 chalked up a
steep 31.4 per cent increase over the
previous year despite a 2.4 per cent
drop in total imports, according to
the Japan External Trade Organiza-
tion (JETRO).

Hobbilt Electronics of Quebec
would like to announce the addition
of a new store located in Montreal.
The address is 3117A Hochelaga,
Montreal, Quebec HIW 1G3. Tele.
(514) 522-1432. Hobbilt is also lo-
cated at 7454 Langelier, St.
Leonard, Quebec H1S 3B7. Tele.
(514)259-5581. Circle No. 72 on

Reader Service Card




Project

Refrigerator Alarm

Designed for RVs but equally suitable for household use.

Most recreational vehicles are
fitted with a refrigerator. This
uses a gas flame or electric element to
heat the refrigerant contained in a
small boiler to the rear of the food
cabinet. Interruption of the supply, for
whatever reason, will soon result in
ruined food, especially in warm
weather.

By T.R. de Vaux-Balbirnie

This project is a self-contained
alarm of very small physical size and
near-zero  power  consumption.
Placed inside the refrigerator, it emits
aloud tone if the internal temperature
rises above a preset level.

When used in a trailer the sound
cannot, of course, be heard while driv-
ing so the device is limited to on-site
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Fig. 1. Complete circuit diagram for the Refrigerator Alarm.
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operation. In a self-contained RV,
however, it may be heard from the
driver’s seat, although not, perhaps,
with the engine running. The alarm is
equally suitable for household use and
is especially useful where children
leave the door open.

The prototype unit has been shown
to be loud enough for all normal pur-
poses but there could be times when it
is insufficient; under noisy conditions,
for example. In case of doubt, obtain
thebuzzer only (make sure itis the high
intensity type as specified) and by con-
necting this directly to a 9V battery in-
side the fridge, the value or loudness of
the device may be assessed.

Standby current consumption of the
alarm is less than 5uA so the internal
batterywill give excellent service. Con-
sumptionrises to approximately35mA
with the alarm sounding. The on-off
switch provides a test facility whereby
the battery may be checked peri-
odically. The small size of the unit en-
sures that very little food space is lost -
this is especially important with one
cubicfoot fridges.
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Circuit )
The circuit for the Fridge Alarm is
shown in Fig. 1. IC1 is an operational
amplifier of a type chosen for its ex-
tremely smallcurrent requirement. R2
is a negative temperature coefficient
thermistor which, together with R1,
forms a potential divider connected
across the supply. Thus, a certain volt-
ageexistsatthe op-amp inverting input
(pin two). This voltage falls as the
temperature of R2 rises.

A second potential divider consist-
ing of R3 in the upper section in con-
junction with R4 and VR 1in the lower
one is connected to the op-amp non-
inverting input (pin three). With VR1
correctly adjusted and with R2 below
the required operating temperature,
the voltage at the inverting input will
exceed that at the non-inverting one.
The op-amp is then off with pin sixlow
(battery negative voltage) and having
no further effect. With R2 sensing a
higher temperature, the voltage at the
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Fig. 2. Printed circuit layout and full size
pattemn (right). »

inverting input falls below that at the
non-inverting one and the op-amp
switches on with pin six high (battery
positive voltage). This operates TR1
hence the buzzer, WD1, in the emitter
circuit.

Switch S1 is a three-position four-
pole type. In this application only two
poles are used. Pole one directs cur-
rentto the circuit when the switchis set
toeither of the extreme positions (Test
and On) - the centre position is Off.
Battery checking is provided by Pole
2. When S1 is in the Test position, R5
makes IC1 pinthree go high so operat-
ing WD1 irrespective of the tempera-
ture of R2. Note that very high value
resistors are used in the potential
dividers to reduce the continuous cur-
rent drain whenever the circuit is
switched on.

Construction .
Warning: since IC1is a C-MOS device

and therefore vulnerable to static
damage, do not unpack it until it is re-
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quired. When inserting it into its
holder,donot touch the pins.

The prototype was constructed in
an aluminum case but a plastic one of
similar size would serve just as well.
The circuitisbased ona printed circuit
panel size 40 x 27 mm. The master pat-
tern to be etched is shown full size in
Fig. 2. The component layout is also
shownin Fig. 2.

Mount the on-board components.
Using light-duty stranded connecting
wire, extend R2 connecting wires by
Scmand sleeve them using pieces of in-
sulation removed from connecting
wire. Solder 5cm pieces of stranded
connectingwire to the pointsindicated
on the PCB. Drill countersunk holes
in the base of the casc for circuit panel
mounting and make the holes for
WD1andS1.

Note the manner in which WD1 is
mounted,; this is neater than direct sur-
face mounting. Measure the position
of VR1 and drill a hole in the case so
that this component may be adjusted
with the lid in position using a small
screwdriver. Drill a small hole near
R2’s position and fit it with a rubber
grommet. Mount the buzzer and
switch and complete all wiring (see
Fig. 3). WD1 is polarity-sensitive and

Fig. 3. Interwiringto the thermistor (R2), switch and buzzer.

Parts List

Resistors
AN10.25W +/- 5% except where noted

R1,R3, ..8M2

R2 1 meg negative coefficient bead
thermistor

2GR eyl ST NSRSy 100k

R AR R SR S 10k

Potentiometer

VR12M2stand. preset, vert. mount.ing

Capacitor
Cl. 10nF

Semiconductors
IC1.ICL7611CMOS op amp
TR1 2N4401

Miscellaneous

B19V battery and connector

$1 mini. 4-pole, 3-pos. slide sw.
WD16-9V buzzer, Active #76090

Case tosuit; stranded connecting wire; rub-
bergrommet; 8-pin DIL socket.
1 meg bead thermistors are available from

ElectroSonic, Willowdale Ontario.




Refrigerator Alarm

will not work if connected the wrong
wayaround.

Attach the circuit panel to the base
of the box using small countersunk
screws through the holesdrilled for the
purpose. If a metal case is used,
prevent short-circuits from occurring
between the copper tracks on the un-
derside of the PCB. and the metalwork
by using small standoff insulators. Al-
ternatively, place a thick piece of
cardboard between the base of the
case and the circuit panel.

Te_stin§ =
Switch S1 off (centre position) and
rotate the VR1 sliding contact fully
clockwise. Connect the battery and
place in position; this is self-wedging if
the specified case is used. Switch S1 to
Test and check that the buzzer
sounds. Switch to On, the buzzer
should sound, and adjust VR1 to
silence it. Warm R2 between the
fingers whereupon the buzzer should
sound again. If this basic operational
test reveals that all is well, place the lid
into position and gently coaxR2so that
the body protrudes through the rubber
grommet.Secure thelidand check that
VR1 can be adjusted through the hole
inthe case using a small srewdriver.
Often the best place for the unit is
attached to the inside of the fridge
door. Heavy-duty double-sided ad-
hesive tape may be used to secure it.
The door will then act as a sounding
board and give loudest results. It also
leads to a fast response time if the
doorisleft open.

Using the Alarm
With the unit in position, allow the

fridge to reach operating temperature

before switching on. If the fridge is al-

ready at operating temperature, allow

half an hour at least before making ad-

justments. VR1 should be adjusted

1uickly (before the temperature rises

«duly) so that the buzzer just

aains off. This adjustment is critical

'should be made over a trial period.

>k that the buzzer sounds when the

is left open. The unit may now be

tten except to check the battery

‘ew months. If ever the alarm

“or a long time, it is advisable

to1c,. -e the battery and this should

be done, as a matter of routine, before
eachseason’s use.

Electronics Today July 1987

THE AFFORDABLE DIGITAL ERA
HAS ARRIVED!

KENWOOD CS-8010
Digital Storage Oscilloscope

® Full digital display of setting

® Cursor measured values for voltage, time
and frequency

® 2K memory per channel

® Stored data can be transferred to external
pen recorder and recorded

® DC-20mHz

The new CS-8010 is the ONLY choice for those who
demand up-to-date technologyiand innovation.Increased
flexibility and exceptional value make this scope the
benchmark against which other must be measured.

KENWOOD... the one name in quality and
reliability.

For more information on the entire line of Kenwood
test & measuring products contact your EXCLUSIVE
Kenwood distributor:

Navair Limited

n P.O. Box 214 Malton Postal Station
Mississauga, Ontario L4T 3B6
Tel: (416) 676-4150 Tix: 06-968631
OTTAWA VANCOUVER

(613) 830-1299 (604) 581-4448
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Aircraft
Vision
Systems

Flying today’s hi-tech aircraft requires
more than perfect 20-20 vision.

Thc ability to fight through an effec-
tive 24-day must have been the
dream wish of every military com-
mander from Alexander the Great to
the western front generals of World
Warl.

For the tacticians of air warfare, this
capability is even more vital, since the
environment in which they operate can
be as hostile as the enemy himself.

Over the past few years in Britain, a
team from the Combat Mission Sys-
tems Division of the Royal Aircraft Es-
tablishment (RAE) flight systems
department at Farnborough,
southern England, along with pilots of
the experimental flight department,
hasbeen developing electro-opticsen-
sors for ground attack aircraft on high-
speed, low-level missions. The equip-
ment is dedicated to enhancing target
acquisition and aiming, and is an aid
to flying at night or in poor visibility.

It meets aRoyal Air Force (RAF) re-
quirement for a system providing high
speed, low level day and night attacks
onground targets.

Undetectable System
The RAE’s Nighibird program has

shown that a relatively low-cost, pas-

By Robert Butcher

sive system, enabling a fast ground at-
tack aircraft to be flown at night or in
poor visibility by the same techniques
asthose employed during daylight, can
meet this requirement. Moreover, it
could increase the operational effec-
tiveness of the aircraft by as much as
40 per cent.

A tactical advantage of the system is
that, being passive, it is undetectable.
A terrain following radar (TFR) like
that fitted to the RAF Tornado, is an
active system and therefore detec-
table, which makes it unsuitable for
many of the roles undertaken by a

ground attack aircraft.
Initially, the team examined three
technologies: low-light television

(LLTV), night vision goggles (NVG)
and forward looking infrared (FLIR)
systems.

Trials were carried out with an
LLTV cameramountedin anaircraft’s
nose. The camera was light-limited,
and operated in the visible and near in-
frared wavebands. The image was
presentedtothe pilot on ahead-updis-
play (HUD) with 1:1 magnification,
deployed to be superimposed on, and
corresponding with, the view of the
outside world. Normal HUD symbol-
ogy for flight information - height,

speed, directional setting, and so on -
was overlaid on the image.

Limited Scope

Flying became possible in light levels
down to 1/4 moon, but as the field-of-
view window was only some 20
degrees, it could only be effective over
benign countryside and when gentle
manoeuvres were made.

Night vision goggles (NVG) became
available in the early 1980s, and, al-
though similar to LLTVs in their
method of operation, they are worn in-
stead as a pair of lightweight
binoculars fitted to the pilot’s helmet
allowing him to look directly throug?
them. The advantage to NVGs is tt
theyrequire no aircraft installation.

The equipment used in the Night’
program had a 40 degree field of +
centered on the pilot’s eyes, an
turning his head he could see *
direction. If NVGs are used,
lighting must be confined to t.
green end of the spectrum . wnich
NVGs are insensitive, otherwise they
would be dazzled. Instruments are
viewed by the pilot, looking down
below the goggles, which stand away
fromthe eyes.
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Aircraft Vision Systems

In Starlight

NVGs are sensitive to the red and
near infrared wavebands, that part of
the spectrum from which most star-
light and moonlight energy emanates,
and where the reflectivity of earth and
vegetation is good. In fact the equip-
ment can operate down to starlight
conditions.

Resultsfrom NVG trials showed that
they could provide a good night flying
capability and the fact that the pilot
could move his head and look around
was a significant advantage in
manoeuvring. Inaddition, if the equip-
ment did not weigh more than 650 to
700 grams, it could

To achieve optimum image quality
during the trials, constant fine tuning
of the FLIR’s temperature, offset and
sensitivity controls was required. To
reduce pilot work load, a system of
automatic controls was developed.
This compensates for wide variations
in scene temperature, and provides
detailinthe ground scene, eventhough
the proportion of sky to ground in the
field of view can vary widely during
aircraft manoeuvring.

FLIR operates in total darkness and
can penetrateindustrial haze and mist,
although ti is limited by thick fog and
rain. Objects with a high infrared sig-

the RAF has contracted GEC
Avionics for a system to equip the Tor-
nado and Harrier GR MK 5 aircraft.
The United States Marine Corps Har-
rier AV-8Bs will be similarly
equipped.

The team is now considering ways of
expanding an aircraft’s mission
capability still further. An aircraft of
the future will carry, in digital form, a
terrain description of the area over
which it is flying. Extremely accurate
navigation is possible by comparing
the outputs of on-board sensors with
this digital database.

Giventheterraindatabase and anac-
curate aircraft posi-

be accommodated
without undue dis-
comfort, including
theeffect of "G"for-
ces for the dura-
tion of a normal
mission.

But the
availability of
NVGs in the target
acquisition mode
was limited to that
of the naked eye; it
was not possible to
see through, as it
were, the
camouflage of a
small target such a
tank. Like the
LLTV, the NVGs

tion, a perspective
view of the scene
ahead of the aircraft
can be generated in
much the same way
as a computer
generates  images
for simulators.

Essential

% | Information
4 Moreover,

{ |simplified dlsplay
1 |without  excessive
| |clutter, showing
ridge lines and major
obstructions over-
laid on the FLIR
image, could convey

ontheir own failed tomeet the require-
ment.

Unlike the other two technologies,
the third option was not light-limited.
This was the infrared sensor fitted to
*he nose of aHunter T7 trainer aircraft
foiflight trials. In this case, the image is
dispayedinthe same wayas the LLTV
installation and is also matched to the
20 degrees of the HUD field of view,
with the same superimposition of flight

symbology.

Clear Imgges
Being in the visible wavebands, the

LLTV operates at about 0.4 to 0.9
micro meters, whereas the forward
looking infrared installation works in
the 8 to 14 micro meter waveband. It
therefore detects energy radiated
from what it sees, rather than light
reflected from specific objects, as with
the LLTV. The images produced are
excellent, and interpretation has
proved aseasyas forthe LLTV.
Electronics Today July 1987

nature, like tanks, are easily discern-
ible by infrared sensors, and are dif-
ficult to camouflage in the thermal
band. The trials demonstrated that
most navigational features show up
well: rivers, roads, lakes, buildings
and trees are clearly visible. Yet, with
the LLTV, the limitations on
manoeuvring still remained.

Double Capabili
None of the technologies separately

met the requirements; the answer lay
in a combination of FLIR and NVG.
By adopting this technique, the pilot
can use NVG to provide wide
manoeuvring capability when flying
under cloud or in little or no moon-
light, while FLIR gives him good for-
ward penetration through mist and
haze. FLIR also presents him with the
explicittargeting information he needs
to complete the mission.

This principle of combination has
proved so successful in practice that

essential information necessary for
saferlow flying without TFR at night or
in poor visibility. Other information,
target zones, hazardous areas and so
on could be fed into the display as part
of amission planning system.

One of the RAE’s Hunters is now
being equipped to provide a flight tool
for research into these techniques. A
Buccaneerisalsotobe usedfor further
development of electro-optic sensors,
and the integration of these and other
sub-systems using a digital databus.

Robert Butcher is a former press officer

with Rolls-Royce Ltd. of Bristol, South-
west England.
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Introducing the latest

computer-based
instrument system from
Heath/Zenith

The Integrated Instrument Chassis...the most effective tool available for upgrad-
ing your test and measurement capabilities. This exciting innovation enables you
to configure up to seven test instruments in a single compact chassis — all under
the control of your computer. Using the specially developed Heath/Zenith Instru-
ment Operating Software (HIOS), you can quickly program these instruments to
operate independently or to perform a complex series of tests without operator
intervention.

Since the system can be used in both the design engineering and production
test phases of product development, the programs written by the design team
can be used for production testing as well. As an added bonus, the Chassis
features an open-ended architecture which
expands with the addition of new instru-
ments or other PC compatible
cards or via IEEE-488.

This system is the perfect
alternative to larger, more
expensive test systems. It's
also a cost effective solu-
tion to many of your design
engineering or production
test needs.

At Heath/Zenith, you get |
the latest in instrument and |
computer technology. Plus [
we back every product with
unsurpassed service and I
support. All with one thing |

I
|
|
I

Mail to:

Heath/Zenith Computers & Electronics
1020 Islington Ave.,

Toronto, Ont. M8Z 5Z3

[
I
|
|
Name I
I
i
|
|

in mind: to make you more
productive. Title
For more Information on
the Instrument Chassis, Address
mail this coupon.
City Prov. Code
I ET 0787
Ci-100 ®

meeemmmmm Heath' 227777 wmm
T et
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Introducing the New
3132 Dual Trace 20MHz Oscilloscope

* 2mV/div calibrated sensit&ity
on both channels

e DC-20MHz Bandwith

* X-Y operation

® Algebraic addition and
subtraction

*5” CRT

® 40ns/div to 0.2s/div timebase

* 14 trigger functions

* Triggering to 40MHz

® Z modulation

* 10 x 8 div display
PLUS

¢ Component Comparator

® DC source outputs

Designed as the cost effective answer for development and service
application, the 3132 introduces two new features for a Dual Trace
Oscilloscope: a Component Comparator for the in or out of circuit
checking of active and passive components, plus a Regulated Triple
Output DC Source.

REGULATED D.C. SOURCE:

Triple output dc source available on 2mm sockets mounted on the
front panel.

+ 5V output: -ve grounded, 1A max. Regulation = 1%.

+ 12V and - 12V Dual Source:

Common terminal floating, 200MA max. on each outlet. Regulation
+ 1%.

+ 24V or - 24V output possible by grounding appropriate terminal,
Protection: Thermal shutdown in case of overload or short circuit.

H.W. COWN CANADA LTD.
99 Coons Rd., P.O. Box 268, Richmond Hill, Ontario L4C 4Y2
Telephone: (416) 773-4331 Telex: 06-986678
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FREE
CATALOG

Switching
Power Supplies
From Hammond

e 9 models 50 watts to 400 watts

e All models CSA or U.L. listed

e In rush current limited

* 4,5 and 6 output models in all popular voltages

¢ Meet FCC Class A or B noise emissions

e Qver voltage protection standard on + 35 volt outputs
e 70% minimum efficiency

e In stock now at authorized Hammond distributors

HAMMOND
MANUFACTURING ..

Hammond Manufacturing Company Ltd.
394 Edinturgh Road North

Guelph, Ontario N1H 1ES

Tel: (519) 822-2960 or (416) 456-3770

b’
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TEST OUR VALUE
AND SELECTION

3240 Shirt-pocket-size Digital Multimeter

* automatic range selection ¢ DC voltages from

200mV to 500V e resistance from 200 Q to 20 M Q
$59.00

3218 31/2 Digit LCD Pencil Digital Muitimeter

3240
Shirt-pocket-size Digital Multimeter

3218
31/2 Digit LCD Pencil Digital
Multimeter

3230

325
31/2 Digit LCD
Portable Digital
Multimeter

e data hold e full auto ranging ¢ 200 mV DC range
to 500 volts « 1 ms response $99.00

3230 4Y/2 Digit Multimeter

* (20000 count) resolution * 10V resolution for
both DC/AC voltage measurements e true rms
response e 10A DC/AC measurement  $867.00

3231 31/2 Digit LCD Portable Digital Multimeter

e maximum display value of 3199 ¢ 18mm high
characters e measures low power ohms and
frequency e auto power-off function for long battery
ife $328.00

3232 Bench Type Digital 3'/2 Digit Muitimeter

© 3200 count in display ® measures voltage, current,
resistance, continuity, plus low power ohms for in-
circuit tests e can be used as frequency counter

Digit Multimeter

Bench Type Digitat 31/2

3210
31/2 Digit LCD
Multimeter

 provides BCD output terminal to a printer to store
data permanently $639.00

3210 31/2 Digit LCD Muitimeter
e slim line ¢ 14 mm thick ¢ manual and auto
ranging e AC/DC volts to 600 $239.00

3200-50 3'/2 Digit LCD Multimeter

o display hold function ¢ manual and auto ranging
o drop-proof design e safety terminals & safety
leads e resolution to 10nA e 600V protection on
resictance range $249.00

3216 31/2 Digit LCD Digital Multimeter

e hi-current measurements up to 10A both DC &

AC e manual and auto ranging e simple to use
$139.00

3200-50
31/2 Digit LCD
Multimeter

NOW OFFERING THE CONVENIENCE OF VISA

3216
31/2 Digit LCD
Digital Multimeter

= RCC

310 Judson St., Unit 19
Toronto, Ontario M8Z 5T6
Tel: (416) 252-5094
Telex: 06-984874

Fax: (416) 252-3031

From Nfld. to Sask., 1-800-268-2281

ELECTRONICS

Available at electronic distributors coast to coast or RCC Electronics

o All prices include

FST.

e PST extra if applicable
 Shipping and handling extra
($5.00 for shipping and handling)
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KIK SCOPES

PROVEN QUALITY NOW WITH REDUCED PRICES
LIMITED TIME OFFER!

MODEL MHz DELAYED CHANNELS PRICES

TIMEBASE

COS5020T™ 20 2 $ 695.00
COS5021T™M 20 i 2 $ 795.00
COS5040TM 40 2 $ 910.00
COS5041T™M 40 b 2 $1,040.00
COS5042TM 40 ¥ 3 $1,195.00
COS5060TM 60 ' 3 $1,395.00
COS5100TM 100 1 3 $1,650.00
DSS5040 40 DIGITAL STORAGE 2 $3,750.00
DSS5020A 20 DIGITAL STORAGE 2 $2,295.00

Allscopes include two year warranty and two probes.
Prices are Canadian funds, duty incl. FST & PST extra.

* BEST TRIGGERING
SCOPES ON THE MARKET

SOLD & SERVICED BY:

CALL TODAY TO TAKE ADVANTAGE OF THESE PRICES.

e
Interfax TORONTO (416) 671-3920 OTTAWA (613) 726-8888
MONTREAL (514) 336-0392 VANCOUVER (604) 430-1410
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Get the Whole Picture

with Pushbutton Convenience

@’HITACHI

OSCiL LOsCope Y-11004

100MH2

o

The V-1100A by Hitachi.

Finally, there is a full feature 100 MHz oscilloscope that gives you
the whole picture, at a glance. The V-1100A’s CRT shows you scope
setting information, cursor locations and values, DVM measurements
and fully programmable text, all on the CRT.

A new illuminated pushbutton
array allows easy character
input and trigger mode
selection.

We are sure that once
you talk to your Hitachi
representative about the
V-1100A you won't be
satisfied with anything
less than the whole
picture.

® Hitachi Denshi,Ltd.(Canada)
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Head Office: Ottawa Office: Eastern Office: Western Office:
65 Melford Drive, Scarborough 159 Colonnade Road, Unit 3 8096 Route Trans Canadienne 3433-12th Street N.E.

Ontario M1B 2G6 Nepean, Ontario K2E 7J4 St. Laurent, Quebec H4S 1M5 Calgary, Alberta T2E 6S6
1. inam 707 AAAA Tal- (R14) R22.AARR7 Tel: (403) 291-4388




Getting your
products approved
can be “a-mazing”

We offer you the competitive edge...

Today, there is a more efficient way
to product certification...We have brought
the money saving benefits of multiple
testing service, @// under one roof.The
Company, Standards Approval Group, has
pioneered the “One Stop Shop” Laboratory
Service. An alternative to dealing with UL,
CSA, FCC, DOC, VDE..all on a separate
basis.

Act now and start realizing the
benefits of our “One Stop” Certification
Service. We will cut your overall approval
costs, eliminate costy delays and submital
problems and ensure your product timely
market entry.
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In addition to Safety and Emission
testing and certification, only Standards
Approval Group, with it's Accredited Lab
Program, can provide you with an array of
Specialty Testing as well as product testing
to Military Standards

Contact us today, and find out how
Standards Approval Group can eliminate
your certification problems. Call our
Customer Service Department at (416) 890-
2800. Then, relax and share the vision.

. Standards 120 Matheson Bivd. E.,

. Approval  gie 104, Mississauga,
Group Onario, Canada
1x1Cs L4Z INS

Tel: (416) 890-2800 Fax: (416) 890-2801
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