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For Your Information

Fatigue Testing of Metals
By M.W. Brown, Univ. of Sheffield

esting of engineering

materials to destruction is a

well established procedure,
providing fundamental informa-
tion to the designer and the frac-
ture analyst. Tests may be either
under a steadily increasing load
or, in the case of fatigue testing,
subject to frequently repeated
loads.
Fatigue failure is particularly haz-
ardous because it can occur without
clear warning symptoms after
several years. The majority of en-
gineering components experience
repeated stress in service, and may
exhibit a complicated history of ran-
dom loading with two or more super-
imposed loads.
A good example of this is the driv-
ing axle of a tractor, which transmits
a torque from the engine to the
wheels. The torsional stress chan-
ges with the power demanded by
the driver, each depression of ac-
celerator pedal giving one fatigue
cycle.
However, further stresses arise in
the axle as it bends when the tractor
traverses a rough surface, every
bumpinthe ground producinga sud-
den load. This complex or multi-
axial loading forms fatigue cracks
which grow until eventually one is
large enough to produce a failure.

Predicting Crack Fatigue

Multiaxial fatigue can also be
E & TT October 1987

found, among others, in aircraft
structures, aero engines, railways
lines, power plant, pressure vessels,
nuclear structures and offshore oil
platforms. It is therefore essential
to be able to predict not only when a
fatigue crack will form, but also the
path taken by the crack and the ex-
pected service life of the particular
component if costly failures and un-
necessary accidents are to be
avoided.

The majority of fatigue tests con-
ducted in the past have been uniaxial
in nature, that is, a rod subjected to
tension- compression cycles, or abar
under repeated bending. However,
because real components suffer
complex loads, a range of tests must
be performed under multiaxial fields
of stress to understand correctly the
physical processes of failure.

To date, multiaxial tests have con-
centrated on combined tension and
torsion, and have provided valuable
information. It is from such data that
some modern failure theories used
in design have been derived.
Nevertheless, many fractures in ser-
vice do not fall within the tension-
torsion category, and so there is a
need for more versatile test
facilities, first to simulate actual
loading histories and stress patterns,
and secondly to study the new high
performance materials available to
the designer.

Choosing Strength
Direction

With the advent of composite
materials and metals with inherent
directional properties, such as those
used in airframes, strength can be
optimized in a chosen direction,
where it is required. Consequently
modes of crack growth and the na-
ture of damage that accrues during
fatigue can be different to those ob-
served in a traditional uniaxial test
on the same material.

Two biaxial stress fatigue test rigs,
built by W.H. Mayes and Son in col-
laboration with .the University of
Sheffield, show crack extension
under a variety of load patterns.
These are elevated temperature
machines, capable of conducting
tests where creep interactions ac-
celerate the propagation of fatigue
cracks.

Furthermore, the effect of mechani-
cal stress raisers or notches on
fatigue cracks can be observed.
Automatic monitoring of the crack
growth is achieved by using a dc
potential drop technique, in con-
junction with a data logging system.

Test Procedure

In these cruciform ‘test rigs, a
square specimen is loaded along
each of the four edges using servo-
hydraulic actuvators, and an initial
defect machined in the centre of the
specimen is observed as it extends,
with a travelling microscope. The
rate of propagation and the
preferred crack growth path are
readily obtained. The specimen
design gives a uniform stress field, so
that fracture mechanics assess-
ments are not difficult to perform,
the specimen being a centre-crack-
ed panel experiencing cyclic tension-
compression. However, such cracks
are inevitably large, from 4mm up
to70mm.

To study the formation and growth
of small cracks under a multiaxial
stress, a more complex fatigue test
facility has been designed at the
Universityof Sheffield. This not only
generates the biaxial stress fields ob-
tained in the above test rigs, but al-
lows the operator to specify the
direction in which stresses are ap-
plied.

The new system can produce every
conceivable biaxial stress field ex-
perienced in practice. It also allows
the researcher to conduct experi-
ments under conditions hitherto un-
obtainable in the laboratory, provid-
ing the fracture group at Sheffield
with the chance to assess critically
current design procedures and to
test the validity of more recent
theories of metal failure. At
present, design codes are based on
uniaxial fatigue data alone, and the
method generally recommended for
prediction of three- dimensional
stress/strain behaviour is known to
beincorrect.

Four Modes

The specimenchosenis a tube with a
20mm outer diameter and a 16mm
bore, in which fatigue cracks are ob-
served. Itis loaded in four modes:
Stretched or contracted along the
tube’s axis. :
Twisted clockwise or counter-clock-
wise.

Pressurizedin the bore.

Pressurized externally, since the
specimen is contained within a sub-
stantial pressure vessel.

With these four loading modes, the
direction, magnitude and biaxiality
of stress can be selected as neces-
sary, and the stresses may be either
positive or negative to allow fully
reversed cycling. A microcomputer
monitors the actual load conditions
and ensures that the correct
relationship between stresses is
maintained.

To obtain the high stress level for
fracture of ductile steels, oil pres-
sures of up to 165Mpa are required,
so high pressure engineering techni-
ques are used in the design of oil
seals, pipework, intensifiers, and so
on and strict safety standards are ob-
served. Failure of the specimen is
readily detected by a decrease in the
applied load, or by an inability to
maintain a pressure difference be-
tween the inside and outside of the
tube once the specimen wall has
been penetrated by a fatigue crack.
A pair of hydraulic actuators
produces the tensile load and
torque, and two intensifiers supply
the high pressure fluid to the
specimen itself, the loads being con-
trolled by servo hydraulic valves.
The axial thrust and torque applied
tothe specimen and measured with a
loadcelland alsoin each case withan
independent pressure gauge.

Complete Strain Analysis
However, in low life fatigue it is im-
portant to measure the strains, or
distortions to which a material is
subjected, since these govern the
growth of cracks. To this end, a mul-
tiaxial extensometer has been
designed to operate inside the pres-
sure vessel, where it can monitor
the axial extension or compression,
the angular twist, and change in ex-
ternal diameter of the specimen’s
working section.

From these three strain readings, a
complete strain analysis of the tube
canbe made. In low cycle fatigue, it is
conventional to control the applied
strains, to ensure that they follow a
specified cyclic history.

A microcomputer monitors and
records the three strains and four
loads during a test, giving a descrip-
tion of how the strength of a material
changes under cyclic stress.
Itisintended that future work on the
multiaxial test rig should involve in-
dustry, by considering technological-
ly relevant problems and by selecting
materials of industrial significance.




For Your Information

Electrolysis Drills Underwater

By Arthur Fryatt

The electrolytic head of the OIS cutting system mounted on its
stabilizing frame, which allows very accurate subsea location

he corrosive effect of natural-

ly occurring electrolysis when

dissimilar metals are posi-
tioned near one another on a sub-
sea structure is well known and
carcfully avoided by design en-
gineers. Such electrolytic action
can cause severe wear problems to
underwater components of oil
rigs, ship’s propellers, and so on.
To give protection against this,
sacrificial anodes are usually
employed.

The effect of passing an
electric current through a conduc-
tive solution was first quantitatively
studied by Faraday, who originated
most of the terminology used in
describing the phenomenon. A con-
ducting solution is known as the
electrolyte and the chemical changes
that take place when passing an
electric current through this solu-
tion is termed electrolysis. This
refersto the electrochemical decom-
position of the subjected metal
under controlled conditions.

Faraday’s laws of electrolysis
state that the mass of any substance
liberated in electrolysis is propor-
tional to the quantity of electrical
charge that liberated it. Further-
more, the masses of different sub-
stances liberated by electrolysis
through application of the same
quantity of electrical charge are
proportional to the ratio of the rela-
tive atomic mass to the valency, or
combining power, of the elements
involved.

In quantitative terms, for
every amp of current applied ap-

6

proximately one gram per hour can
be dissolved.

Research Project

In 1982, a research team at Oilfield
Inspection Services (OIS) began
work on harnessing controlled
electrolytic action in subsea condi-
tions for accurately cutting holes in
metal structures. In conjunction
with the British Government’s
Department of Energy, the OIS re-
search team perfected a compact,
portable, robust and economic
electrolytic cutting system as an al-
ternative to conventional mechani-
cal land hydraulic drilling techni-
ques.

The principle of electrolysis
was harnessed for efficient removal
of metal by passing low voltage
electric current through a conduc-
tive electrolyte (in this case
seawater) from a hollow electrode.

The electrolyte-filled gap be- -

tween the anode and the cathode is
maintained in the system by non-
conductive diamond particles em-
bedded into the electrode, thus dis-
solving an annular groove and leav-
ing a central core for retrieval and
examination.

Equipment is designed to
operate in depths up to 300m and to
cut holes up to 7Smm diameter; at a
penetration rate of 90mm/s in steel
without inducing heat or stress into
the parent material. The system is
equally effective producing angular
holes or holes over an irregular sur-
face.

Compact and Accurate

The system can also be used for on-
shore applications by employing a
closed circuit flow of electrolyte
through the cutting electrode.

The electrolytic head is a
nylon and anodized aluminum pres-
sure compensation housing filled
with a high grade de-watering fluid.
The unit contains two 12VDC pan-
cake motors, one coupled to a gear-
box to activate and oscillate the
chuck and electrode assembly and
the other coupled to a pump con-
tinually transporting fresh
electrolyte to the electrode tip.

A subsea stabilizing frame and
X-Y positioning quadrant are
provided for the accurate location
of the electrolytic head within a
predetermined area. The stabilising
frame can be secured either by cir-
cumferential ratchet straps or
electromagnets. Fine adjustment is
made through an X-Y screw-adjus-
table positioner. The electrolytic
headhasadiameter of 175 mm and is

460 mm long, including the
electrode. It weighs 21 kg in air (10
kgunder scawater).

Power Supply

The pressure compensating and oil-
filled subsea power supply unit is
constructed from nylon and
anodized aluminum. It containsa 5.8
kVA transformer supplying a maxi-
mum continuous cutting current of
200A, a 250A bridge rectifier as-
sembly and a 12V power supply for
pump and crank motors.

It also houses a cutting current
sensing unit comprising a calibrated
current sensing element, stable
linearized monitoramplifier and sig-
nal encoder, and coaxial driver. The
power supply is linked to the sur-
face control module by a four core,
steel wire-armoured power and

telemetry umbilical.
The first such subsea
electrolytic cutting system

developed by OIS was a diver-
deployed unitand its cutting capacity
of up to 75mm diameter was par-
ticularly useful in drilling holes to
stop the spread of cracks in struc-
tures and the removal of cores for
analysis. This wunit could be
deployed by a single diver who need
not stand by during operation, as
the system is completely controlled
from the sea surface.

The strategic placing of a
small hole at each end of a struc-
tural crack makes it possible to
prevent crack propagation by replac-
ing high and uncertain stress con-
centrations my much lower and safer
values. The use of electrolysis for
such an application reduces the con-
centration of stresses around a hole
periphery even more than mechani-
cal drilling.

Remotely Deployed System
Towards the end of 1984, develop-

ment moved further with the design
of a remotely deployed system for
producing large diameter holes
within a conductor casing, when the
Texaco oil company approached
OIS with a problem to convert two
660mm outside diameter existing
conductor columns by producing
two405Smm diameter holes in each at
specified distances and within a
given circumference.

The subsea cutting unit also
had to support freely 29.2m of
465mm diameter casing which acted
as the reference locator within the
mudline suspension ring for the ini-
tial vertical positioning. By the
spring of 1985, the system had been
designed, built and installed on the
rigready for use.

In operation, the equipment
was lowered into the conductor toa
predetermined depth on the drill
pipe. When the correct vertical and
circumferential ~ position  was
achieved, the latter by gyrocompass,
two sets of hydraulically operated
rams firmly locked the tool in posi-
tion, simultaneously completing the
anode return path through the
workpiece. The cathodic electrode
was then driven to the pipe wall in
readiness for cutting.

Precise  control of the
parameters, such as hydraulic pres-
sure, current, voltage, penctration
rate, and so on was accomplished by
a telemetry link between the subsea
microprocessor and the surface
operators. The control system was
designed to monitor and control the
remote instrumentation, ensuring
tight bond between the host and the
remote units to eliminate the pos-
sibility of false commands.

First Major Application

The work performed on this project
represented the first major applica-
tion of underwater electrolytic
grinding.  Surface deployment,
remote control and short set-up
time, combined with the lack of
weatherdependence resulted in sub-
stantial cost savings compared with
alternative diver supported opera-
tions.

In all, four 405mm diameter
holes were produced at depths of
116m and 148min an average time of
24 hours per hole.

Continuing research related
to the fundamental principles of
electrochemical machining is now
being evaluated with the aim of
developing a range of practical tools
for surface application as well as
subsea use.

Experimental work has already
proved the viability of producing
much larger holes, and not neces-
sarilycircular.

Arthur Fryatt is with Oilfield
Inspection Services, UK.
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For Your Information

Simulator Postscript

Sharp-eyed pilots looking at the
cover of our flight simulator issue
last month may have wondered
whether we had come up with some
new kind of airplane cockpit. In fact,
the printing negatives were reversed
somewhere in the printing process,
and because cockpits are basically
symmetrical, nobody noticed until the
magazine was out.

In our coverage of
Microsoft/Sublogic simulators for
micros, we neglected to mention one
remarkable feature because we
didn’t have the hardware, and that
was the ability to hook two Ataris or
Amigas together for dual flying. We
finally patched an Atari ST into an
Amiga 500 via the RS232 ports and a
3.wire cable, and selected the Multi-
player option. This is one of the ab-
solute best bits of software we’ve en-
countered. You can take off, fly for-
mation and land with the other per-
son’s plane beside you. In addition,
you can do this via modems so
armchair pilots can do aerobatics
togetherover the phone. Amazing.

Digital Thermometer

Duncan Instruments Canada Ltd,
introduces their new microproces-
sor-based digital thermometer with
JK, and T capability, the Model
2000JKT. A feature of the Duncan
2000JKT of interest to Canadians is
the pushbutton C/F temperature
conversion. At the touch of the but-
ton, the Duncan 2000JKT converts
Celsius to Fahrenheit and vice-
versa. The Duncan 2000JKT has a
large 4-digit LCD display and can
measure - 190 to + 1000 C usinga J-
type thermocouple. The Duncan
2000JKT has an accuracy and resolu-
tion of 0.1%. There is a differential
mode for various temperature
measurements using a reference
point other than O degrees, a
memory storage/recall and a hold
feature. Accuracy in standard mode
is *0.1% and in differential mode
*0.3°C over a 100°C span. Contact
Duncan Instruments, 121 Milvan
Drive, Toronto, Ontario MIL 178,
(416) 742-4448.

Circle No. 7 on Reader Service Card

Analog Board For Mac 11

National Instruments announces a
NuBus Analog Output Board for
the MacIntosh II Computer. The
NB-AO-6 features six 12-bit digital-
to-analog converters with accurate
voltage outputs that can be used to
provide test signals and generate
waveforms for automated test
equipment. Each converter also
provides current outputs of 4-20mA
that can be used in industrial con-
trol systems.

Each analog output channel
provides fast and accurate voltage
and current outputs. Recalibration
is seldom necessary because of the
low time and temperature coeffi-
cients implemented by the use of
flying-capacitor and  chopper-
stabilizing technique.

The NB-AE-6 features a high
performance Real-Time System In-
tegration (RTSI) bus interface that
allows synchronization with proces-
ses on other NB series boards. The
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converter outputs can be updated
by a RTSI bus signal, and external
signal, or software control. In addi-
tion, DMA capability is provided
over the RTSI bus allowing the NB-
AO-6 to generate six different
waveforms simultaneously.
Waveforms can be generated with
sample rates up to 380
ksamples/second.

The new board allows
reference voltages tobe supplied be-
tween - 10V and + 10V, thus provid-
ing the capability for four-quadrant
multiplication.  This  capability
enables gain control of of audio sig-
nals and linear modulation.

The NB-AO--6 is supported by
the National Instruments LabVIEW
software system. The board is avail-
able for the price of § 1,296 (Cdn.,
FST extra) exclusively from Allan
Crawford Associates, 5835 Coopers
Avenue, Mississauga, Ontario L4Z,
1Y2, (416) 890-2010.

Circle No. 8 on Reader Service Card

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

Liability — no responsibility whatever & ac-
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DKL Technology Inc.

11 Donex St. Pointe-Claire, Qc, Canada H9R 422
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TransNetm™

Advanced TransNetm
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Class Room.Monitoring
PC-Netm
Netware™
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MS-DOS™ Compatible
Multi-Processor OA-Link

(Office Automation)
Lowest Cost per User

DKL MICRO-COMPUTER
PRODUCTS

Excalibur 386

Excalibur 286

Excalibur Light

(Full function light weight portable for
accountants, lawyers, consultants and
other high power users).

APPLE MACINTOSH™

full line of products including
Macintoshli™

AVAILABLE NOW!!!

Contact us for all your
Computer NEEDS
SERVICE DESIGNED WITH
YOU IN MIND.

TranNet is a trademark of RPTI
PC-Net is a trademark of IBM
Netware is a trademark of Novel
Macintosh is a trademark of Apple
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For Your Information

The Underground Simulator

The London underground, or tube,
has introduced this videodisk based
simulator that will enable its drivers
to experience and cope with more
situations in a few hours than they
are likely to meet in several months
drivingbenecath the Capital’s streets.
Operating on a laser-vision system
controlled by a BBC master com-
puter, the simulator will enable a
trainee drivertostart, drive and stop
a train in normal and emergency
situations and to test reactions to a
wide variety of line and signal condi-
tions. Developed by the National

Computing Centre in north-west
Britain, the simulator is believed to
be the first using videodisk. Al-
though simulators have been used
for many years, especially in the
Aircraft industry, the underground
version has been designed as a low-
cost system that replaces conven-
tional methods of teaching while
also being cost effective. The Lon-
don underground has 680 miles
(1094km) of track, 273 stations, 457
trains and carries about 2,400,000
passengers daily.

Holographic Head-Up Display Fer Pilots

What is claimed to be the world’s
first holographic head-up display
(HUD) for pilots is now being com-
mercially produced by GEC
Avionics of Rochester, southern
England. The company had recently
received a SUS72m production
order from General Dynamics Cor-
poration of the United States to
equip F-16C Fighting Falcons with
new wide angle raster HUDs. The

system uses diffractive
(holegraphic) optics to provide the
pilot with a wide field of view
suitable for both day and night
operations. It is driven by an ad-
vanced computer to form symbols
which are projected into the pilot’s
forward view, enabling him to fly
the aircraft without visual reference
tothe instruments.

Continued on page 36
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Building Your Own
Desk-Top Computer!
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of computer circuitry. Learn how
microprocessors function, how
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solve problems. Your program
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by circuit board unit by unit.
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COLOUR CATALOGUE”
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Your (IBM Compatible)
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Technology!
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the most powerful and versatile
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e 16 Bit 8088 microprocessor for
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e 640 K RAM for high speed
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e 135 watt power supply
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floppy disk drives
@ Colour graphics/printer adapter

card
e Operating system included:
MS-DOS with GW Basic
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MS 18 » Registered trademarh of Microsoft Corp
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Electronic and Other
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TRAINING THE WORLD FOR THE 21ST CENTURY

National Technical School -
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Feature

Ushering in the new generation of solid state lase

By Edward Zapletal

ust as computers have evolved from

the room-sized behemoths of
yesteryear into the tiny handheld units
of today, lasers, too, have crossed over
intothe world of miniaturization.

With the introduction of microlaser
technology, a whole new vista of product
development is on our doorstep.
Telecommunications, fiber optics, com-
puter technology and a wide variety of
other industries allstand to benefit from
the advances made in microlaser tech-
nology. There are over two hundred
North American companies actively in-
volved in laser technology research and
manufacturing including Amoco Laser,
Canon, Eastman Kodak, 3M Canada,
and Litton, just toname a few.

Differences

All current lasers, except laser diodes,
whether they contain a glass gas dis-
charge-tube, a glass flashlamp, or a
metal-ceramic tube, are based on
vacuum tube technology. These conven-
tional lasers are pumped by a gas dis-
charge through a glass tube, are hand-
made, and as a result, are expensive,
fragile and inefficient. The power sup-
plies for these units are the size of a
10

refrigerator, and require upwards of
two kilowatts of power to operate.

The key feature of microlaser technol-
ogy is that microlasers are optically
pumped by laser diodes (semiconduc-
tors), which are far more inexpensive to
produce in large quantities than the
components necessary for the conven-
tional laser. The power supplies neces-
sary for these components can be con-
tained within a handheld package con-
suming only about 2 watts of electrical
power (Table 1). With this in mind, the
potential to apply the technology right
down at the consumer level is very at-
tractive.

Applications

The introduction of the green light
microlaser will be providing high utility
for the increasingly complicated
machinery of today’s industry as well as
in the consumer market. Areas such as
holography, direct write film systems,
projection television, photographic
scanners, and color printers will benefit
greatly from the new compact laser
technology.

Microlasers are also well suited to ap-
plications where the analysis of compli-

cated mechanical components require
tolerances downto the microinch.

Farther into the future, but not by
much, the green light laser will be
employed in such safety oriented equip-
ment such as collision avoidance for
aircraft and automobiles.

In the construction industry, the low-
power and compactness of the
microlaser will enhance precision align-
ment and levelling for construction and
surveying. In building construction,
microlasers improve precision align-
ment in such areas as ceiling hanging.
The small size and high efficiency of
microlasers make them particularlywell
suited for these field applications.

Laser Printers

With desktop publishing and affor-
dable computers at hand, it is now pos-
sible to turn out professional looking
newsletters etc, without having to shell
out enormous sums for phototypeset-
ting. The pivotal component in all of
this is the laser printer. It provides al-
most phototypeset quality at 300 dots
per inch resolution which, to the un-
trained eye, is near perfect.
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Microlasers

There are three basic elements neces-
sary for the laser printer to perform its
job: laser light, electrical charges, and
toner (similar to that found in
photocopiers).

After having commanded the com-
puter system to print a particular page
or document, this information is sent to
the printer in the form a bit image. This
bit image is then transferred to the light-
sensitive rotating drum by passing it
through a semiconductor laser focused
through a series of lenses. The drum
holds a negative charge as it’s rotating
and as the light from the laser hits this it
becomes neutralized in those places
where the final type will be. The sur-
rounding areas remain negatively
charged.

Once the entire bit image is charged
ontothedrum, the drumrotates through
a cartridge of negatively charged toner.
Because like charges repel, the toner is
attracted only to those areas which
were neutralized by the laser. The image
is then transferred onto paper using the
same electrostatic technique as that
which was used for the toner. As the
paper is fed into the rollers, it is given a
positive charge. Because opposite char-

gesareattracted toeach other, the toner
istransferredto the paper.

To make the image more durable, the
paper is then passed through two
rollers heated to approximately 200
degrees Celsius. This combination of
heat and pressure fixes the toner to the
paper preventing any smudging.
(Photocopiers should workso well.)

The prognosis for the future of laser
printers is a good one. With laser tech-
nologyrapidly progressing, we are likely
to see 600 dot per inch printers on the
market within months. Beyond that, it is
difficult to say, but there has been talk
of 1200 DPI laser printers which would
offer aquality of type rivalling that of the
phototypesetter.

Bar Code Scanners

Industrial inventory control, super-
market and department store checkouts
have become extremely efficient in
recent years thanks to the semiconduc-
tor lasers used in handheld inventory
communications devices. Virtually
every product sold or handled in bulk
quantities has bar code markings which
allow for automatic inventory update at
the point of sale.

Medicine

Although the consumer and industrial
markets arclarge, theyarc onlybut afew
of the arcas in which the microlaser has
the potential to make itsell known. In
medicine for example, microlascrs will
be instrumental in applications ranging
from the delicate procedures required
for eye surgery to the not-so-dclicate
procedures of more conventional
surgery. Because the entire laser surgi-
cal instrument system and power supp-
ly can be handheld, surgeons will have
much greater flexibility.

In addition to its surgical uses, the
semiconductor laser has found a place
in high resolution imaging systems for
diagnostic purposes. A newsystem from
3M Canada, utilizing a high speed infra-
red laser diode, claims 20 times better
resolution than existing CRT technol-
ogy on diagnostic-quality film, directly
from the output of digital electronic ex-
amination equipment (Fig. 2).

The unit is compatible with diagnostic
systems such as computed tomography
(CT), magnetic resonance (MR),
ultrasound, digital angiography and
digital subtraction (DS). The system
providesdirect film imaging from digital

Fig 1. A comparison between the old-style air-cooled Argon-Ion lasers and the new microlaser (bottom).
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Microlasers

data without the inherent image
degradation of conventional technol-
ogy, which requires an intermediate
CRTdisplay.

Conventional CRT imaging techni-
ques allow single image resolution of
512 x 512 pixels, with an upper limit of
1024 x 1024 pixels with the most sophisti-
cated equipment generally available.
With these limitations, the maximum
image is comprised of an area of
1,048,576 pixels.

The new 3M system allows single-
image resolution of nearly 4000 x 5000
pixels for a 35 x 43cm (14 x 17in.) film
sheet, or almost 20 million pixels, each
with256 discrete levels of grey scale. Ac-
cording to 3M, diagnostic value of films
imaged by the new 3M technology is
greater with this expanded resolution,
yielding greater detail for discerning
subtle diagnosticfeatures.

A special 3M laser imaging silver
halide film has been developed as well.
The 7-mil polyester base, blue-tinted
film gives optimum contrast and
dynamic range and can be processed in
standard 90-second processing systems.

The Future

As with any burgeoning technology, the
laser is destined to find more uses in the
everyday items which we have come to
rely on. Look for more widespread ap-
plications in the automotive industry,
specifically in the areas of safety. Laser

12

Table 1 - Specifications for the Amoco Infrared Laser

(1064nm wavelength)

Op.Temp. Range

fanis employed.

Fig. 2 The 3M Laser Imager used for medical diagnostic purposes.

holography for entertainment systems,
projection television, audio and video
systems will also become popular as we
search for more exciting ways to while
away our leisure time.

As Dr. Tom Wolfram of Amoco
Laser putit: “Thisis a very exciting tech-
nology because it has the potential to
open large new markets in the same way
that the transistor replaced vacuum

Power: 50mW

Stability: + 29% RMS in8hours. This stability specification will be
satisfied as long as the ambient temperature changes by
no more than 1 degree centigrade per hour. The laser
willbe less than +10% RMS over its entire temperature
range.

Noise: +0.2% RMS measured at frequencies between 10Hz
and8GHz.

Collateral Radiation: 1microwatt(@ 810nm.

Output: Continuous Wave (CW)

Lifetime: 10,000 hours

50°F to 100°F when mounted on a suitable heatsink.
Maximum operating temperatures can be increased if a

Pointing Stability:  30Microradians/degree centigrade

tubes in existing products. In short, they
will usher in anew era.” As well he adds
“they represent a quantum leap from
hand built vacuum tube lasers to an effi-
cient, all solid state tool for the 21st cen-
tury.”

We would like to thank the Amoco Laser
Company, Apple Canada, and 3M
Canada fortheirkind assistance with this
article. @
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Project

Soldering Iron
Temperature Controller

Keep your iron at the right temperature with this simple circuit.

Ifyou doalot of soldering you willknow
the frustration of having too much or
too little heat for the connection you are
trying to make. One way of solving this
would be to have more than one
solderingiron, but this istoo impractical.
Or you could buy one of the
commercially available controllers
(some of these come complete with
temperature sensors and vacuum
desolderers), but these devices can be
fairly expensive.

For under $ 40 you can build a surpris-
inglysimple temperature controller that
will work with any soldering iron using a
resistive heating element. Using the
temperature controller you can turn a
normal soldering iron into a versatile
tool with a wide range of temperatures,
and prolong the life of your soldering
ironas well.

How it Works

The temperature of a soldering iron can
be controlled by the voltage supplied to
it, thereby regulating the amount of
power it uses. We could build a circuit to
do this, but it is unnecessary since there
is already such a device available for a
low price: the light dimmer.

A light dimmer is a triac with a trigger-
ing circuit synchronized to the line fre-
quency. As the dimmer is turned up, the
trigger pulses go from late in the half
cycle to earlier. This has the effect of in-
creasing the average amount of current
from a small amount, when the pulses
are late in the half cycle, to the full
amount available when the triac is trig-
gered near the beginning of the half
cycle. We will be using the light dimmer
tocontrol the current inasolderingiron,
thus controlling the power used byit and
the amount of heat it generates. It
should be kept in mind that the power
used is proportional to the square of the
voltage and that every time the voltage
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By Mark Waluk

is increased by 1.4 times, the power is
doubled.

Fig. 1 shows the schematic of the con-
troller, and as you can see there are very
few parts. The light dimmer we will be
using is the type with “rotary on” and is
continuously adjustable. Also, be sure
that the dimmer you buy has RFI sup-
pression.

Fig. 2 shows the layout of the com-
ponents; thismaybe changedifyou use a
different box than that of the one which

isspecified. If the dimmer is in the way of
the LED you caneither cut anotchin the
mounting plate of the dimmer or move
the LED to a new position. Be sure that
the box is metal, or at least sturdy
enoughto take the stress of plugging and
unplugging the soldering iron. And,
whenyouarewiringthe circuitbe sure to
ground the box and receptacle. The size
of fuse you use will depend on the size
of wire used; for 18 gauge use a § amp
fuse. Thiswill protect the dimmer as well

r DIMMER .

ILine - — P

+ 22 (@]
= J 5W
—— — —_—— — — T

' A | 7
120VAC l Q

| Neutral -  |DUPLEX

RECEPTACLE

Fig. 1 The schematic of the Soldering Iron Ternperature Controller.
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Soldering Iron Temperature Controller

asthe wiring. A receptacle cover is used
as an escutcheon plate to cover the hole
cut in box for the receptacle, and you
can use the knob that comes with the
dimmer if you don’t want to buy a new
one. I preferred a different knob be-
cause it makes the project look a little
more professional.

Calibration And Use

Once you've wired the controller and
checked the wiring, plug your soldering
iron into it, plug the controller in and
turn it on. If everything is working
properlythe LED should come on when
the knob is turned slightly.

To calibrate, connect the AC
voltmeter acrossthe receptacle and turn
the controller on. Turn the controller
fullyon and mark this as the high setting.
Turn the controller down until the
voltmeter reads 85 volts. At this voltage
a120voltsolderingiron will be receiving
half power. Next turn the controller
down until the voltmeter reads 30 volts;
this is the low setting.

In order to have the advantage of a
wide variety of temperature settings, a
high wattage (45 or 50 watts) soldering
iron should be used. The light dimmer
can handle a resistive load up to 500
watts (check the rating on the dimmer
you purchase), but it cannot handle in-
ductive loads at all so don’t try the con-
troller with a soldering gun.

To solder lugs and other heavy work
set the controller to high. For soldering
components and other delicate work
set the controller to medium. If you put

E & TT October 1987
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your soldering iron down for a few
minutes turn the controller to low, this
will keep the iron warm, allowing it to
heat up quickly when you need it again.
Turing it to the low setting also helps to
prevent oxidation and pitting of the tip
as well as burn out of the heating ele-

&L
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126 :{« . |
w00 1055
_ — 215 .{__27 63.5
& A-
3.18 318
1 - f - o

Fi  Fig 2 Details of the box layout for the S oldenng Iron Temperature Controller. Note: all dimensions are in millimetres.

To clean a badly oxidized soldering
iron turn the controller fully on and
allow the soldering iron to heat up. Dip
the solderingiron in a can of solder flux,
then wipe it off with a damp sponge.

Mark Waluk s afreelance writer from Ed-
monton, Alberta. B
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MIDI
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An explanation of the use of the Musical Instrument Digital Interface

Agvanccs in modern technology
nable a single musician to play
severalinstruments simultaneously, or a
group of musicians to perform together
with precision timing, an essential
element in the enjoyment of playing or
listening to music. These functions
became possible because of the
development of the sequencer and the
MIDI interface. The sequencer is a
microprocessor  controlled module
which is similar in use to the multi-track
recorder, but which stores information
regarding pitch, timbre, amplitude,
timingand controlsignalsindigital form.
This data, when transferred to a digital,
polyphonic synthesizer, causes the
synthesizer to play automatically,
together with any other digital
keyboards and drum machines linked
byMIDI interface.

All modern digital electronic instru-
ments are microprocessor controlled
and the MIDI interface ensures that the
processor locks are synchronized in
orderthattheywill all perform functions
at the precise times. The term MIDI is
derived from the initials of Musical In-
strument Digital Interface and is an in-
ternationally agreed standard of com-
munication between microprocessor
systems used in music applications. It
enables the chaining of two or more in-
struments, equipped with the interface,
bymeans of a single cable between each.
The interface was designed and
16

By Sam Withey

developed through the co-operation of
major musical instrument manufac-
turers to overcome the problem of link-
ing together instruments produced by
different companies.

MIDI laid down rules by which
digitized musical information could be
transmitted and received in a standard
from. Both the software and hardware
specifications are formally docu-
mented and have been accepted by most
leading electronic musical instrument
manufacturers since its development in
1982. While MIDI implementation
charts and transmit/receive data bit pat-
terns are supplied with instruments, un-
fortunately, instruction manuals sup-
plied with the instruments offer very lit-
tle useful information about the opera-
tion of MIDI and some instructions
deviate from the standard. It is hoped
here to put some clear meaning into the

RECEIVES MESSAGES
FROM OTHER MiDI OEVICE

TRANSMIT ITS OWN

. MESSAGE

TRANSMIT OIRECT COPY

["’ OF MIDI IN

MIOI  MIOI  MID
IN OUT  THRU

MIDt
DEVICE

Fig. 1MIDI THRU is a copy of MIDI
IN.

standard instruction set, to help non-
technical reader/instrumentalists get a
little more out of their instruments.

What Is It?

MIDI is a bidirectional asynchronous
serial interface similar to the familiar
RS232 serial interface, but with a much
higher baud rate of 31,250, which is ar-
rived at by subdividing IMHz. Unlike
the RS232, which has signal voltage
levelsof +3Vto + 12V and-3V to-12V,
the MIDI interface only requires 0V to
5V logic signal levels. The inputs are
opto-isolated to ensure the absence of
ground loops which prove so
troublesome with many items of audio
equipment. Connections are via stand-
ard five pin, 180 deg. DIN sockets and
provision is made for MIDI-IN, MIDI-
OUT and with some instruments,
MIDI-THRU, this being a buffered
direct copy of the MIDIIN signal; Fig. 1.

Format

The format of the MIDI interface was
chosen as a compromise between speed
and low cost. The transmission speed is
highenough for all but the most sophisti-
cated applications and4s cheap enough
to be included in even the least expen-
sive units. Although information is in
serial form, the microprocessor speed
is sufficient to give the impression that
sound is  instantaneous. The
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Mysteries of MIDI
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Fig. 4 Synth A, B, and C will sound if B is played.

microprocessor in each machine is
able, through aspecialized software lan-
guage, to translate the digital coding
received from the Master source; digital
data being identical whether trans-
mitted, or received.

The Master unit can be any unit in a
group that can include keyboards, syn-
E & TT October 1987

thesizers, drum machines, sequencers
and computers. Normally the choice
depends on whether pre-programmed
music is being played, or whether one
or more keyboards are being played in
real time, with backing from other in-
struments or sequencers. Ultimately the
choice will always fall on the instrument

which offers the simplest instruction set,
or the most suitable unit for a specific
application. As an example, the author
uses a sequencer as Master when tracks
have been programmed into it. The
eight-track sequencer then controls the
start and stop of a programmable
keyboard, and programmable drum
machine, together with the timbre,
pitch, time values and effects on eight in-
dependent tracks of asynthesizer. Inad-
dition to this, the keyboard and syn-
thesizer can be split and played in real
time if required. As an alternative, the
author, when playing in real time, uses
the keyboard as Master, with MIDI con-
trolled, pre- programmed rhythms
stored in the drum machine and MIDI
selected tones from the synthesizer that
play simultaneously with the Master
keyboard.

Examples

Toillustrate the examples above, in the
first instant the MIDI OUT of the se-
quenceris plugged into the Master or IN
socket ofthe MIDITHRU box. The out-
puts from the box are then connected to
the MIDI IN sockets of the synthesizer,
keyboard and drum machine with stand-
ard five pin DIN leads and in any order,
Fig.2.

Inthe second example the MIDIOUT
of the keyboard is plugged into the
Master socket of the MIDI THRU box
and two of the outputs connected to the
synthesizer and drum machine, Fig. 3.

In the situation shown in Fig. 4 syn-
thesizers A and C have MIDI THRU
sockets which make the following func-
tions possible. If A is played, the perfor-
mance data of A will be sent through its
MIDI OUT to B, which will sound. C
will not sound as it is connected to the
MIDI OUT of B. This is because the
datafedintothe MIDIIN of Bis not out-
putted through the MIDI OUT. There-
fore when A is played only A and B will
sound.

IfBis played, B’s data will be sent from
its MIDI OUT to the MIDI IN of C,
making C sound. At the same time, a
direct copy of the signal willbe sent from
C’s MIDI THRU socket to the MIDI
IN of A causing A to sound. Therefore
playing B causes A, B and C to sound.
In theory many MIDI devices can be
connected by using MIDI THRU’s, but
as these are buffered outputs there will
be a time when delays are noticeable.
This makes the MIDI THRU box the
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Mysteries of MIDI

more efficient method of distribution, or
channelizing as this is known.

Some machines that do not have MIDI
THRU sockets send the data fed to it at
its MIDI IN direct to its MIDI OUT
socket, while others have a single socket
with selectable MIDI OUT, MIDI
THRU. Yet again some have only a
single MIDI IN socket because the
others are considered unnecessary.

As modern instruments produce a
stereo output these effects should be
maintained byusinga mixer withleftand
rightinput channels.

Channelizing

A single MIDI cable can be used to
transmit several messages to different
instruments at the same time through
one of the sixteen channels, Fig. 5. Each
message, carrying information of pitch,
tone, modulation etc. is sent on a dif-
ferent channel and the receiving instru-
mentsare tuned in to the channelscarry-
ing the information you wish them to
respond to. Although every instrument
has 16 channels at its disposal, the num-
ber of channels that can be used at any
time depends on the number of func-
tions of the instrument and what its as-
sociated modules are each capable of.
For instance, an instrument that is
limited to rhythm, bass, accompani-
ment, poly and solo can utilize five dif-
ferent channels to transmit data to
modules assigned to receive the mes-
sages.

The setup illustrated in Fig. 5 shows.a
typical method of distribution. Any
channel number can be chosen for each
function, providing the receiving
module is capable of “tuning in” to a
particular channel. some modules are
onlyequipped with a single channel and
have to be allocated to that channel ex-
clusively. In the example it is assumed
that the Bass Line is only capable of
receiving on Channel 16.

The concept of channelizing is similar
to that when television stations broad-
cast by transmitting wireless signals
(each comprised of sound, vision,
teletext, synchronization signals etc.)
through different channels respective-
ly. A TV set receives all the information
from one antenna, but can select any
desired broadcast by switching the
channelselector.

The chart lists the codes of Channel
and System messages. The first byte of
Channel messages have a note trigger-
ing code and channel number.
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Fig. 5 An Example of channelizing.
i Table 1 - Transmitted and Recognized Data
STATUS DATA
1st Byte | 2nd Byte | 3rd Byte Description
1000nnnn | Okkkkkkk | Ovvvvvvv Note Off Receive only function
n = channel number 0—-15
{Channels 1-16)
k = key value 0-127
(limited by keyboard)
v = note velocity 0-127
(key off velocity) ignored
1001nnnn | Okkkkkkk | Ovvvvvvv Note n = channel number 0—15
On/Off k =key 0—-127
v = note velocity 0-127
(O = Note Off 64 = Note On)
1011nnnn | Occcceee | Ovvvvvvy Control  n = channel number 0—15
Change ¢ = control number 0—-127
and ¢ = 1 modulation wheel
Mode ¢ =5 Portamento time
Messages c¢ = 6 master time
¢ = 64 sustain
¢ = 65 portamento off
¢ = 92 tremolo
¢ = 93 chorus
¢ = 94 celeste
¢ = 123 all notes Off v=0
¢ = 124 OMNI Mode Off v=0
\ ¢ = 125 Omni Mode On v=0
¢ = 126 Mono Mode On v=0
¢ = 127 Poly Mode On v=0
(123-127 All Notes Off)
v = note volume 0-127
l | (O = Note Off 127 = Note On)
1100nnnn | Oppppppp Program n = channel number O-15
| [ Change p = program0-127
1 (tone or rhythm pattern storage
—typically 32 ROM, 32 RAM
3 ypically )
[ 11110011 | Osssssss Song s = song 0-127
Select  (song or rhythm sequence
| typically 8 ROM 8 RAM)
| %
[ 11111000 Clock Transmitted when internal
| ) clock is selected
[11111010 Start
I'11111100 Stop
ON/OFF, POLY and MONO (see
Table 3) and these cause the most con-
Modes fusion. In OMNI ON mode a receiver

The 16 channels can be used in four dif-
ferent modes compiled from OMNI

will recognize the messages on all chan-
nels without discrimination, which
E & TT October 1987



Mpysteries of MIDI

could sound quite chaotic. In OMNI
OFF mode a receiver will accept infor-
mation exclusively on a selected chan-
nel. POLY means that more than one
note can sound at the same time. The
number of notes is dependent on the
number of DCOs, or Digitally Con-
trolled Oscillators, the instrument, or
synthesizer has and how they are
employed.

Eight note chords are playable for
one oscillator, and double this for two
oscillators, but atone produced by using
both oscillators can only make eight
notes sound. MONO means only one
note will sound on each channel. Other
notes, in a different voice, can sound
from other channels. Typically one
channel could play bass line, another
could play the solo line, a third could
E & TT October 1987

play first harmony, etc. One point to
note here is that MIDI cannot turn a
monophonic  synthesizer into a
polyphonicinstrument.

Normally, when power is first applied
to a MIDI device it defaults to Mode 3.
Mostkeyboardstransmit and receive, or
recognize only in Mode 3, while syn-
thesizers are also able to utilize Mode 4.
The latter are normally capable of alter-
ing messages received in Mode 1 to
Mode 3 and those received in Mode 2 to
Mode 4. Rhythm machines normally
default to Mode 3 to transmit, but also
recognize Mode 1.

There are two kinds of MIDI mes-
sages: Channel messages and System
messages. Channel messages contain
channel numbers, Voice messages and
Mode messages. The most basic of these

Table 2 - Midi Implementation Chart Table 3 - Mode Types
Function Transmitted | Recognised Remarks
Basic Default 1-16 1-16 Memorised MQDEI'OMNI ON, POLY X
Channel Changed 1-16 1-16 Voice messages are recognized in all voice
channels and assigned to voices polyphonical-
Default Mode 3 Mode 3 I
Mode Messages X POLY/MONO OMNI| ON/OFF ignored ye
Altered seeececeee Mode 1-3, 2-4
Note 36-96 0-127 0-11, 12-23 MODE2-OMNIGN, MONO
Number Range cesecssees 36-96 24-35=36-47 Voice messages are recognized in all chan-
97-108, 109-120, nelsand control only one voice monophonical-
121-127=85-96 @ ly. Only one sound is emitted.
Velocity Note On X X
Note Off X 9n v=0 X 9n v=XX XX=ignored MODE3 - OMNI OFF, POLY
After Keys X X Voice messages are recognized in the channel
Touch  Channel X X selected by the receiver and are assigned to
Pitch  Bender 0 0 8 bits effective AA PO PHONIANY.
0-12 half tones
; MODE4-OMNI OFF, MONO
1 (0] (0] Vibrato g
6 X o Master Tune Voice messages are recognized in the channel
Control 64 o} 0 Sustain Pedal selected by the receiver and are assigned to
93 *OX 0 Chorus sound monophonically, and with a sequencer
e, 00-63 00-63 0-31 preset enables the assignment of different voices to
Change Range seessesees 0-31, 32-63 32-63 memory il}dit\:dual chantels, ac'cord(i)ndg;tt.) e c:u[;a;xty
— of the sequencer. This mode is use a
Exclusive (¢] (0] Timbre, sequencer : thesi :
| data and others polyphomc. i wl.zcr Rt
- ! monophonic synthesizers
Song Pos X X \
© S Sel *OX 0-16 X
emmon Tf::g ¢ X | X are Note On and Note Off. The Note On
! o | message includes what key and how
?9;'8 f%‘O;k ds 8 8 {Midi mode) | harditis pressed. The Note off indicates
: e S e ] what key is released. Key numbers can
Aux: Local ON/OFF | X 0 be assigned to the drum voices of a
oz :",NO‘SGS OFF | 2 0 rhythm machine. Control keys such as
‘ ::%e::t"e ense ” ))E vibrato and sustain are communicated
: — ' as Control Change messages.
Notes | *OX Whether or not the data for these items can
[ be transmitted can be set. . .
| ® Numbers change when transpose switch used. A MIDI Master device can deliver
- Mod to slave devi
Mode 1: OMNI ON, POLY Mode 2: OMNI ON, MONO O: YES Pro © mcc?;ages 0 save  cevices.
Mode 3: OMNI OFF, POLY Mode 4: OMNI OFF MONO X: No ogram (hange mMEsSages arc as-
— sociated with tone colours or rhythm

patterns stored inmemory and vary with
each instrument. Only by comparison
can tones by matched. System messages
can be set without setting a MIDI chan-
nel. These include Song Select, which
are arrangements utilizing the tones, or
patterns stored in Program Change;
Clock, which is set for Internal on the
Master and MIDI on slave devices and
the Start/Stop functions. Exclusive mes-
sages are used in the tone colour data of
synthesizers or for communication of se-
quencer data. It is original for each
manufacturer withits own ID number.

Table 2is a typical MIDI Implementa-
tion Chartusuallysupplied as astandard
form with all MIDI instruments. This
should be studied in conjunction with
the channel message table. B
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Feature

n this article, youw’ll find various es-

timations, guesses and prognostica-
tions from automobile manufacturerson
the subject of future engineering
developments. Some of the technology,
such as4-wheel steering, is a reality now,
and the discussion is really one of
marketing projections. Sometimes what
seems like a good idea just doesn’t sell
(see Edselinthe encyclopedia).

Sometimes the predictors just can’t
foresee some remarkable new develop-
ment. The  computer-on-a-chip

-surprised everybody. Occasionally, they

go in the other direction; the pop-sci
magazines of the 1940s and 50s had us all
flying to work in helicopters and living
onvitamin pills.

And lastly, there’s always the
problem that car makersare not going to
tip their hands and reveal any new tech-
nique that they’re saving as a sales
stimulator.

I realize that I've prefaced this ar-
ticle with more clauses and disclaimers
than an insurance policy, but trying to
predict the future puts you way up there
intheegg-on-the-face bigleagues.

A lot of the information from the

. automakers doesn’t seem to be all that
futuristic, but you have to remember
that the big auto companies are fairly
conservative and rather slow to adapt
new technologies. The gadgetry you see
in their show-car designs may appear in
showroomsfive totenyears from now.

Nissan’s Cue-X

The Nissan Cue-X is an actual
prototype, used to test hi-tech innova-
tions. You can’t buy one, nor are you
likely to be able to, because it functions
as atestbed for futuristicideas. It has all
the options that can be fit into it, and
would naturally be in the luxury per-
sonal car range if it were on the market.
However, that’s not to say that some of
the features won’t appear in regular
models at some point.

The aerodynamic styling is based
on the sleeker cars of today, as are most
of the “cars of the future” we’ve seen.
You can only do so much with a four-
wheeled  rectangle.  Still,  the
aerodynamicdragis verylow at 0.240, al-
lowing the 300HP engine to give a top
speed of 250km/h. This top speed is said
to be for strain- free cruising with the ex-
pected higher speed limits of the future.
To provide high-speed stability, the
front and rear spoilers are driven by
motors to project and reduce the mo-
20

ment of yaw (rotation of the car around
its centre as seen from above). In the
rain, the spoilers project at SOkm/h to in-
crease downward forces and prevent
aquaplaning, In heavy braking, the rear
spoiler israised to act as an air brake, in-
creasing the drag coefficient from 0.240
to 0.302. How well these aerodynamic
spoilers will work in general remains to
beseen. g

Ideas from automakers on wh-

By Bil

In all the future projections, cars
are powered by reciprocating piston en-
gines. The fantastic new engine-of-the-
month that you see on newsstands have
so far remained as laboratory novelties,
with the possible exception of the
Wankel rotary; it never lived up to its
promise, but it at least worked. The Nis-
san Cue-X is based on a conventional
2,960cc single-overhead-cam V6. You
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- you’ll be driving in the future.

Markwick

can’tbeat tried-and-true technology.

Where the engine isunusualisinthe
refinements of the auxiliary equipment.
This equipment seems standard if you
look under the hood: turbocharger,
computer control, fuel injection, etc. It’s
the “engineering approach that takes
themout of the ordinary.

The turbocharger, for instance, has
two ceramic turbines in parallel, mini-
E & TT October 1987

mizing the time required to spin up and
reducing the turbo lag. An electronical-
ly controlled flap on the air inlet is used
to tune the airflow to the engine’s re-
quirements; this impedance-matching
system provides higher torque at low
speeds and higher horsepower at high
speeds. Since compressing the incom-
ing air heats it and thus reduces its den-
sity, an intercooler is fitted to reduce

inlet air temperature. While this feature
is fitted on today’s cars, Nissan has cut
the size in half by using a liquid
refrigerant as a coolant instead of air.
The unwanted heat energy is expended
in terms of the latent heat required to
vaporize the liquid, which is then con-
densedinanair-cooled heat exchanger.

In the ignition system, the spark
plugsare fired by piezoelectric elements
mounted oneach plugand fired byalow-
voltage control signal. This eliminates
the usual distributor and high-tension
wiring. Spark plugs also contain a
piezoelectric  transducer . which
monitors combustion chamber pres-
sures. Should detonation (“knocking’)
occur, the control computer can retard
the spark; each cylinder can have its own
timingadjusted individually.

The cooling system is unusual in
that variable temperatures can be ob-
tained, high for fuel economy at low
speed, low for power in highway driving,
Electronically controlled valves direct
the coolant flow for uniform engine wall
temperature. The coolant is actually al-
lowed toboil; the use of the latent heat of
vaporization gives enhanced cooling
without increasing systemsize.

The drive train is four-wheel drive,
electronically controlled to send the
proper amount of torque to each wheel.
A wet multi-plate clutch is hydraulically
controlled to allow a variable torque
split of 0% front/100% rear to 60%
front/40% rear. Four-wheel steering for
7% of low-speed rear wheel control and
electronically-controlled air suspen-
sion, plus anti-skid braking provide the
optimum conditions for vehicle control.

The instrument panel is digitally
generated and displayed on two
cathode-ray tubes and a liquid-crystal-
display. Five different modes are avail-
able from the controlling software,

| givingthedriver digital readouts, analog

bargraphs, engine  performance
readouts and more. A pressure sensor in
each tire broadcasts to a pickup in the
wheel hub; readings are displayed to
warn the driver of low pressures, or even
of a blowout, since the tires have a
limited abilitytorunevenwhen deflated.

For driver information systems, a
Global Positioning System receives in-
formation from satellites and gives the
driver navigational information on a 9-
inch CRT; it’s said to be precise enough
to guide the driver through city streets.
Alaserradar systemdetects carsin front

of the Cue-X within 120 metres, and can
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Nissan’s Mid4, a car which shares many technical features with the Cue-X, and has

similarstyling.

either display them or activate a col-
lision-avoidance braking system.

There’s an innovation called the
“Drive-By-Wire” system, a name
adapted from aerospace terminology.
Stepping on the accelerator sends an
electronic signal to the computer, which
takes a look at the vehicle speed, trans-
mission gear, and engine speed, and
then activates the throttle through a
servo. Theideais to provide fine control
of throttle settings at lower speeds and
large throttle openings for acceleration,
etc. I think we’d all reserve judgement
onthat one.

Lastly, as mentioned before, there’s
nothingon the Cue-X that hasn’t been at
least tried already; it’s the way that the
Nissan engineers have optimized and
implemented the features that make this
car such an attractive design. Most of
the features are practical, sensible ap-
plications rather than hi-tech sparklers
to stimulate sales. Missing from their
documentation is any mention of pric-
ing, or whether they've solved the
problem of poorly- designed emission
controls that plague today’s cars. Nor do
they mention fuel problems — at some
point we really do have to wean oursel-
ves from petroleum; presumably the en-
gine would use propane or natural gas.

Ford’s T-2008

Ford has gone out on a limb and
described what the car of the year 2008
will be like, hedging their bets with an
opening sentence that says no one

22

knows for sure. While that’s true
enough, the T-2008 is based on
reasonable projections.

The styling is the usual futuristic
acrodynamic type somewhat reminis-
cent of a smoother, flatter Taurus. In
fact, if the car of the future is styled the
way all the makers say it will be, it will
look20yearsoldwhenit’sreleased.

The car’s surface is devoid of hand-
les, antennas, even lights. The doors are

opened by touchpads built into the
body, and the lights are actually part of
the body panel, unseen until il-
luminated, and can change shape and in-
tensity to “clearly communicate the
driver’s intent”. I wonder how it would
communicate “I don’t know what 'm
doing so I think I’ll turn left from the
right lane” as many Toronto drivers are
wonttodo.

The seats automatically adjust to a
“best fit” position when you slide in.
Now that would be something. I've been
in a lot of cars that had seats that ad-
justed tens way to Sunday, and not one
provided a “best fit”, a particular
problem if yow’re tall. I think that’s why
theyinvented the sunroof — it’stoletthe
top ofyour head poke out.

There are no mirrors; instead multi-
ple infrared cameras scan around the
car and display on a screen above the
“Driver Information Module” (dash-
board). The infrared works equally well
at night or in bad weather, and there are
no blind spots. Good stuff. T hope Idon’t
have to wait for 20 years to see this one
implemented. At the moment, stylists
and economists rule over safety; some of
today’s cars have such restricted vision
that it’s like driving while looking
through akeyhole. How doyouback up?
Close your eyes, cringe, hit the gas and
hope.

Aninteresting facet of the T-2008 is
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thatitis constructed from basic building -

blocks or modules. This means that you
can have the configuration of your
choice: station wagon, 4-wheel drive, 4-
wheel steering and more, not only from
the factory, but any time. If you wanted a
bigger car for a vacation, you could fit on
- alargermodule.

The T-2008 has 12 pre-
programmed instrument panel modes,
giving the driver the instrumentation
format of choice. Think of that. For
years now, automotive critics have been
screaming about idiot lights and the lack
of gauges. In 2008, there’ll be so many
youwon’tunderstand them.

The T-2008 has the usual handling-
safety devices such as anti- skid braking,
but Ford also feels that collision-
avoidance systems will be fitted to
prevent you from making unsafe moves:
“In an absolute emergency, the system
will take over so that it is virtuallyimpos-
sible for a T-2008 to hit another object.”
While 1 don’t wish to be cynical about
the good folks at Ford, I have to point
out that, like the law of gravity, Murphy’s
Lawisnotsubject torepeal.

On the subject of fuel: the T-2008
can burn either gasoline or alcohol, and
a hydrogen-fueled engine is said (in
2008) to be “in the final stages of
development”,

Another interesting point is that
“all new vehicles on the road will be able
to communicate with each other”. The
idea is to act as an adjunct horns and
sirens, but it gives an image of the cars
. communicating with each othéer in much
the same way that drivers communicate

when one cuts the other off in hot, rush .

hour traffic.

. Electronics
Mr. Jerome G. Rivard, Chief Engineer
of Ford’s Electrical and Electronic
Division, gave an address to the Semi-
conductor Industry Conference, in
which he addressed the challenges in
automotive electronics.

The real application of electronics
and computer control is of course in the
manufacturing end. Every facet of the
process could be under computer con-
trol or monitoring. As far as the car itself
goes, computer control will play an in-
creasing part. Low-cost models now
have CPUs to run the emission controls
and ignition, and on the luxury models
we find electronic doorlock codes, dis-
tance-to-destination and fuel-remain-
ing computers and similar functions. On
E&TT October 1987
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The value of the electronic content has
skyrocketed since the advent of low-cost
solid-state devices.

future cars we may see just about every-
thing monitored: four-wheel steering,
brakes, all engine parameters-and so
forth.

Mr. Rivard addressed specific
problems facing the industry now and in
the future. One important topic was
protection against Electrostatic Dis-
charge (ESD). The more complex the
semiconductor device, the more likely it
is to be damaged by discharges, and the
car is full of static, high ignition voltages
and other glitches that can punch
through chip structures. In addition, the
device is particularly vulnerable when it
has been removed from the car for test-
ing or servicing; mechanics can’t always
be expected to employ grounding and
other  ESD-prevention  methods.
Protection circuits will have to be incor-
porated in the input and output circuits
ofthe deviceitself.

Surface-mount devices (SMDs) are
anatural for car electronics. These mini-
ature component packages reduce the
size of chips, resistors and capacitors,
and lend themselves to automated as-
sembly techniques. The small size taken
up on the printed circuit (and their low
cost) means that complexelectronic fea-
tures are easier and easier to add to

regular car models. The lower-priced
cars will soon be featuring electronic
gadgetry reserved for the expensive
marques at present.

The multiplex wiring system will
replace the large, complex cable har-
ness with a single bus; each electrical
device will have a smart switch in it, per-
haps. controlled by computer bits sent
over fibre optics or signals riding on the
power voltage itself. This technology ex-
ists at the present, but has been kept off
the production line by the lack of a low-
cost switching device. What’s needed is
a solid-state switch which can be in-
serted in the 12V line or high side
(rather than connecting to ground) and
has status feedback and complete over-
load protection.

The best choice so far is the power
MOSFET, a transistor which draws no
current from the control line, and has
very low on- resistance. At the moment,
the.best of the power FETs still have a
much higher resistance than a closed
mechanical switch or relay, and cost
considerablymore. Further, the P-chan-
nel typeswhichlend themselves toinser-
tionin the high side cost very much more
than the N-channel types which are best
suited for switchingtoground.

Mr. Rivard said “For starters, we
need amaximum cost of $2 for a 20-amp
high-side switch which has on-resis-
tance performance of less than one volt.
For widespread automotive applica-
tions, we need to drive the cost down to
$1 and have a one-tenth volt drop across
the device.”

Toyota

Toyota showed their AXV experimen-
tal vehicle at a car shopw in Toronto this
year. The AXV is not an all-up luxury
car with every possible option, but an at-
tempt to provide the best engineering
approach to “a vehicle combining ultra-
low fuel consumption, styling and com-
fort  (by  concentrating  on)
aerodynamics, weight savings and

Acceleator
podel

Theottle velve sereor

The beginnings of a “drive-by-wire” system as used on the Cue-X.
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The Toyota AXV experimentalvehiclewas shown in Torontothis year. It was designed as a lightweight, ultra-high-mileage car, and bears
this out with aweight of only 1340 pounds and a fuel economy of 153 miles per gallon (54km/l).

drivetrain”.

Like all the future models, the AVX
has the teardrop styling, producing a
dragcoefficient 0f0.26 by means of flush
surfaces, shaped wheel arches and a flat
floor.

The 1.1 litre engine is a 3-cylinder

turbo-diesel mated to a continuously |

variable transmission. Continuously
changing pulley widths provide stepless
gear ratios under electronic control.
Thefuelinjected, electronically control-
led engine produces 55HP. The fuel
economy was 54km/l at 60km/h
(153mpg). The remarkable fuel
economy was achieved through the effi-
cient engine/transmission and the use of
composite materials to reduce the
weight to1340 pounds.

Into the Future
Some of the features described are from
24

a car fan’s wish list, while some of the
them may become standard equipment
on most models. Some good ideas will
die out when it’s found that they don’t
adapt to mass production. And, of
course, new inventions could change
everything drastically at any time, just as
the microprocessor revolutionized
electronic control. You never know
what might come fromaresearchlab.
The car makers who submitted
material to us were all concerned with
safety, and all of themtook the approach
of increasing crash-proofing and better
collision-avoidance systems. How well
these lab models would actually work in
crowded city conditions can only be
worked out in actual use. Perhaps a city
full of collision avoidance beams might
make driving a bit erratic, what with the
car taking over from you every now and
then, or perhaps the microprocessors

and software will be smart enough by
thentosortitall outimperceptibly.

To sum up: there aren’t any real
surprises if you base the future on
today’s technology; as you’d expect, the
surprises will come from inventions and
discoveries as yet unthought of. 4-wheel
drive and 4-wheel steering will become
popular, as will complete monitoring of
all vehicle functions (“Beep. Your muyf-
fleristwoyears old andreadyto fall out in
the street. Beep.”). Car engines will be
based on pistons well into the future,
and will adapt to gasoline, gases, al-
cohol, etc. Fuel economy will be much
higher thanks to CPU control of engine
conditions.

Within ten years, the cars of the
early 80s will look like technological
dinosaurs.

Bill Markwick isthe Editor of E&TT. R
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to automobiles. By 1990, over 100,000
“smart” robots will be in use, creating over
30,000 new technical jobs.

NRI trains you to operate, program, service
and troubleshoot industrial robots as you build
your own remote controlled, programmable

receivers. And get “hands-on”
experience as you install your own satellite
TVRO system that will bring TV signals from
around the world into your home.

Send for Free Catalog of High-Tech
Career Opportunities.

Now you, too, can catch the excitement.
Just send for your free copy of the 100-page NRI
High-Tech Electronics Careers catalog. See the
future open up for you as you explore exciting
new opportunities for higher pay, advancement
—even your own business. Review the complete
descriptions of the training you get, the equip-
ment that makes each opportunity come to life.
Send today and get your start on tomorrow.

If the card is missing, write to us.

NI

McGraw-Hill Continuing Education Center

330 Progress Avenue
Scarborough, Ontario MIP 2Z5 gy 1«
or telephone 416-293-8787 ¢, .m

we'll Give You Tomorrow. | H



This circuit gives very realistic effects
when used with models, for it holds
the motor at constant speed, even
though the load on it varies, and even
whenthe motorissetto turnslowly.

The circuit diagram for the Model
Speed Controlis shown in Fig. 1.

How It Works

When a motor is running, it generates a
voltage (called a back e.m.f.) that is op-
positeindirectiontothevoltage (driving
e.m.f) applied from the battery. The
back e.m.f. is proportional to the speed,
is greater if the motor is going at maxi-
mum speed, and is zero when the motor
isstill.

When the motor is running, the back
e.m.f. partly cancels out the driving
e.m.f,, so that the current that flows to
the motor is just enough to keep it turn-
ing at that speed. If we suddenly apply a
mechanical load to the motor, the motor
turns more slowly. This means that the
back e.m.f.isreduced, so that more cur-
rent flows through the motor. If the
loadis enoughtostop the motor turning,
there is no back e.m.f. and the full driv-
ing e.m.f. causes a large current to flow
throughthe motor.
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Motors are generally designed to take
the small currents that flow when they
are running, but not the large currents
that can flow when they are jammed.
The coils of the motor may burn out if it
is prevented from turning. To obtain
steady speed and to avoid the danger of
burning out, we need to be able to sense
the e.m.f. that is actually supplied to the
motor terminals (driving e.m.f. minus
backe.m f.) at anygivenspeed and know
howit changes under changing load. We
also need to be able to increase or
decrease the driving e.m.f. so as to keep
a steady current flowing to the motor.
This is where an op amp can be of great
help.

The speed of the motor is set by the
voltage we apply to the non- inverting
input pin 3 (+) of the amplifier. By al-
tering VR1we can apply any voltage be-
tweenOV and +3V.

When a voltage of 1V, for example, is
applied, the amplifier output goes high,
sending base current to transistor TR1.
this turns TR1 on and current flows
through the motor. As this happens the
voltage at A rises. As it rises, the voltage
attheinverting output of the op-amp pin
2 (-) rises too, for this is also connected
to point A. The voltage difference be-

Model
Speed
Control

Build this handy DC
motor speed control for
models.

By Owen Bishop

tween the two op- amp inputs is thus
reducing the current to the motor slight-
ly.

Now suppose an extra load is applied
to the motor. The motor turns more
slowly, this reduces the back e.m.f. and
makes the voltage at A rise suddenly.
But at the instant that this happens, the
op-ampsenses the change. Asexplained
above the difference between the volt-
age at its inputs becomes less than
before, soits output current falls.

The transistor TR1 is turned off just
enough to keep the voltage at A from
rising above the original value. If the
loadis removed from the motor, itisable
to turn more quickly, and the back
e.m.f.increases.

The fall in voltage at A increases the
difference between the input voltages,
output current increases and TR1 is
turned on a little. Once again, the op-
amp acts to keep the voltage at A con-
stant. In short, a rise in voltage at A
reduces the current, making the voltage
at A fall again. Conversely, a fall in volt-
age at A increases the current, making
the voltage at A rise again. Thus, the ac-
tion of the circuit is to maintain a con-
stant voltage at A, its level depending
on the setting of VR1. The motor turns
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at constant speed. If we vary the setting
of VR1, the circuit always comes to a
stable state with the motor running at a
steadyspeed.

Construction

The demonstration breadboard com-
ponent layout for the Motor Speed Con-
trol is shown in Fig. 2. Commence con-
struction by inserting the IC, resistor
and transistor on the test bed. This
should be followed by the link wires and
lead-off wires to the motor, speed con-
trol potentiometer and the power supp-
lyviaswitch S1.

E & TT October 1987

Fig. 2 Breadboard layout of the Model Speed Control.

This circuit is designed for small
motors that run on 3 to 6 volts supply. If
you want to use it with motors that need
higher voltage, you may increase the
voltage of the supply to the op-amp.
Remember to increase both halves of
the supply by equal amounts.

The maximum voltage allowed is
+ 18V and -18V; the transistor can take
a current up to 3A, which is just enough
for most small motors. If you find the
transistor gets hot, bolt a heatsink to it.
You can buy a heatsink, but it is easy to
make one from a small piece of
aluminumsheet.

Parts List

Resistor
Rl........ 10k 0.25W, 5% carbon
Potentiometer
VR1......... 1k horiz. mini. preset

orrotaryspindle type
Semiconductors
TRI..ooioieieane BD1310r2N4923

medium power npn

IC18 . ol B 741 op. amp
Miscellaneous
I M T DPSTtoggle sw.

Blab......... Four 1.5V cells or PSU
unit (See Fig.3)

Breadboard; 8-pin DIL socket; con-
necting wire.

]
—0 +V
+ 1k
pPSU ov
= Tk
& — =V

Fig. 3 Usinga 12VDC PSU to provide
| asplit supply for the circuit.

If you need to run a motor that takes
heavy current use a 2N3055 transistor,
which can take up to 15A. Note that
only direct-current motors can be con-
trolled by this circuit.

Feedback

The motor control circuit provides a
good example of this technique. The
output of the circuit can be considered
to be the current arriving at point A.
Most of this proceedsto the motor, buta
minute proportion of it is fed back to
theinverting input (pin2) of the op amp.
As explained earlier, the effect of feed-
back in this circuit is to counteract any
changes in output such as those caused
byvariations of back e.m..

Since the feedback acts to counteract
changes in output we call it negative
feedback. In general, negative fced-
back is used to produce stability in the
operatingcondition of acircuit. B
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ATTAK-286 AT motherboard Moda! 1A§;v.c.
Chips & Techhology VLS1 CMOS chipset. Four
layer PCB, U.S.A. designed, robot assembled,
fully tested ,very rellable.
:6-16 bit AT slots - 2-8 bit XT slots.
:Same size as real AT motherboard.
:PHOENIX BIOS w/Setup
:Software speed switch in BIOS
:Battery backed up clock/calender
:Selectable 287 clk speed
4 Layer PCB
BASIC SYSTEM INCLUDES:

-512k Ram 150ns -6/8 Mhz CPU clock
-1.2M and 360k drives -CGA or MGA Video
-200W Power Supply -5160 AT Keyboard
-AT Flip Top Case -4 Disks P.D.S.
-16 Bit Hard and Floppy Drive Controller
-ATTAK manual with schematics

Monitor not included In Basic System price.

ALL FOR ONLY
$1999.95
ADD TO BASIC SYSTEM PRICE:

(A) Both drives 1.2M flopples $49.95
(B) AT 1/O serlal, parallel $89.95
(C) 10 MHZ Motherboard upgrade $99.95

(D) Upgrade 230W CSA Power Supply $29.95

(E) 44 Meg ST251 36ms Hard Disk  $799.95
(F) 44 Meg 6053 28ms Hard Drive $1149.95
(G) 72 Meg 6085 28ms Hard Drive $1449.95
(H) Upgrade to EGA w/256k $199.95
(1) AT Multi-function Card

3 Mb ser,par,game 8Mhz ZeroK $269.95
(J) AT 3 Meg Extended Memory

Runs at10Mhz 0K $324.95
(K) 80287 Co-Processor SMHZ $324.95

80287 Co-processor BMHZ $424.95
(L) TTL HI-RES Monochrome monitor $149.95
(M) RGB Med Res. Color Monitor $499.95
(N) EGA HI Res. Color Monitor $699.95

FULL ONE YEAR WARRANTY
PARTS/LABOR ON SYSTEMS

ATTAK-286 Motherboard

4 layer PCB board, robot assembied and tested
for highaest rellabllity. Same slze as real AT.
PHOENIX BIOS. 1 Year warranty.
(A) Wired, tested, with manual and
schematic. 6/8Mhz Model

10Mhz Model
(B) Bare PCB, parts lIst and

$799.95
$899.95

assembly Instructions $169.95
(C)Detailed ATTAK Manual
complete with schematlc $39.95
(D) PHOENIX ROM BIOS $689.95
(E) PHOENIX KEYBOARD BIOS $39.95
(F) AWARD AT BIOS $89.95
(G) AWARD AT KEYBOARD BIOS $39.95
(H) CHIP & TECH LS| Set 8 MHZ $169.95
10 MHZ $194.95
() 80286 Processor 8 MHZ $129.95
10 MHZ $159.95

SALES & SERVICE 416-928-2161

TOLL FREEORDER#:1-800-387-1387

XT SYSTEMS

Latest clone technology. 100% compatble.
Legal BIOS. Fully tested and Burned-in.
BASIC SYSTEMS INCLUDE:
-640K Ram on 8 slot Motherboard
-2 DSDD 360K floppy and controller
-AT/XT 5160 Tactile keyboard
-Color or Mono/graphic Video Adapter
-Hi-Res TTL or B/W Comp. Monitor
-Clock / Cal, Serial, Parallel, Game Ports
-8 Slot Flip-Top case
-150W Power Supply
-4 free disks of public domain software

Choose torm these motherboard options.

(1) 4.77 Mhz Std. $1075.95
(2) 8/4.77 Mhz 2 Layer Pcb  $1099.95
(3) 8/4.77 Mhz 4 Layer Pcb  $1175.95
(4)10/4.77 Mhz 4 Layer Pcb  $1195.95
(5) BABY AT 6 /8 Mhz $1549.95

ADD TO BASIC SYSTEM PRICE
-20 Meg Hdlisk with Controller $499.95
-30 Meg RLL Hdisk w/ Controller $599.95

COMPUTER PARTS GALORE

316 COLLEGE ST. TORONTO ONTARIO MS5T 1S3

FAX#:416-924-0292
BBS#:366-2069

MAIL ORDERS: Waetake VISA, MC AMEX. Chequea
(2Weeks for non-certified) C.0.D.$4.00 extra. Min.Order
$25.00. Delivery & handling 5% (min $5.00) for aurface del.
Heavy items may cost more. Premium del.service of your
choice extra cost. All prices are subject to change without
notice.All items are subject to prior sale. RMA needed for
returns. 20% restocking .

WIRED IBM XT CARDS

Wired and tested, w/manual. Bare PCB's still
available ASK$$$ All cards have ZeroK ram,no
disks except where noted.
COLOR GRAPHICS w/greyscale output  $94.95
MONO/GRAPHICS- w/par. port $94.95
ENHANCED GRAPHICS Adapter w/256k $299.95
MGA/MIO Hi-Res TTL Video Adapter

w/ Drive Controtller, ser/par/clk/game $189.95
CGA/MIO Color/graph Vidoe Adapter

w/ Drlve Controller, ser/par/clk/game $179.95
DISC CONTROLLER Std. 1 to 4 drives $44.95
XT 1.2M/360K Floppy Controller $99.95
MULTI I/O w/flpy/ser/par/game/disk $129.95
1/0+2 sarlal/clk/par/game w/disk $99.95
PRINTER Std parallei interface $44.95
RS-232 Std serlal wione port $49.95
GAME Std 2 Joystick ports $39.95
CLOCK/CALENDER w/disk $44.95

384K MULTI w/ser/par/clk/game ZeroK $129.95
576K Ram Expansion ZeroK $54.95
RAMBANK 2MB EMS card w/disk ZeroK $169.95
2Meg EMS & MULTIFUNCTION Card

-Upgrade to EGA w/256k $199.95
-Upgrade to EGA monitor $560.00
-8087 5Mhz $199.95
-8087 8Mhz $299.95
-MS-DOS with system $94.95

640K XT MOTHERBOARDS

All motherboards are fully tested through all
operating parameters and to full 640K Ram.
With legal BIOS and Zero K Ram and manual.

(A) 4.77MHZ Std unit $159.95
Bare PCB and assembly data $34.95
(B) 8/4.77TMHZ 2 layer Motherboard $199.95

Bare PCB and assembly data $39.95

(C) 8/4.77MHZ 4 layer Motherboard $259.95
(D) 10/4.77TMHZ 4 layer Motherboard $289.95
$79.95

BARE PCB and assemble data

BABY AT BOARDS
BY AT #1  ONLY $649.95

6/8 MhZ. Fits in XT case. Runs all XT
peripheral cards. 6-16 Bit slots. 2-8 Bit slots
AWARD B!OS ZeroK ram. Clk/Cal.

BABY AT #2 ONLY $849.95

6/8/10/12 Mhz. Uses new CHIPS & TECH
six chlp chipset. Fits In XT case. Runs all XT
peripheral cards. 6-16 Blt slots. 2-8 Bit slots.
Expanslon Bus runs at 8Mhz. Allows use 8Mhz
peripheral cards. ZeroK ram. Cik/Cal.

ATI| VIDEO ADAPTERS
Enhanced EGAWONDER now in stock.

Any monitor, run any software. Now VGA
compatlble. 132 column mode for LOTUS 123.
800 X 560 resolution for AutoCAD.
AT| EGAWONDER

ATI GRAPHICS SOLUTION

$419.95
$249.95

Dealer enquiries

Welcome. All products

w / ser/par/clk/game ZeroK $219.95
IBM MIDI CARD (not MPU-401 comp) $119.95
IBM MIDI Source Book/Demo Software $19.95

DRIVES ana CONTROLLERS

PANASONIC JU455 DSDD 360K $149.95
PANASONIC JU364 DSDD 3.5' 720K  $149.95
JU364 3.5' Drive with Mounting Kit $169.95
PANASONIC JU475 1.2M AT Drive $199.95
XT 20 Meg Hdisk w/controller $525.95

XT 30 Meg Hdisk RLL Controller $624.95
XT M-F-M Hdisk Controller (w/cables) $159.95

XT RLL Hdisk Controller (w/cables)  $224.95
AT 44 Meg 36ms 1/2 helght ST-251 $824.95
AT 44 Mag 28ms Full helght 6053 $1099.95
AT 72 Meg 28ms Full helght 6085 $1399.95
AT 16 BIt Hard/Floppy Controller $299.95
AT 16 Bit Low-Profile Hard/Floppy

Controller for XT slze cases $319.95

AT PERIPHERAL CARDS

EVEREX 3Meg Extended Memory card
Certifled up to 10Mhz High Quality $325.95

AT RAMBANK 2Meg Extended/EMS Memory
Certlfied up to 8 Mhz $269.95

AT 3Meg Extended Memory Multifunction
ser/par/game Certlfled up to 8Mhz  $269.95

AT SERIAL, PARALLEL CARD $109.95

RAM CHIPS

4164-150ns $1.95
4164-120ns $2.25
41256-150ns $5.25
41256-120ns $5.65
41256-100ns $6.99
2764-250ns $4.50
27128 $7.50
27256 $9.95

YES, WE STILL CARRY A WIDE ASSORT-
MENT OF SMALL PARTS, CONNECTORS
AND IC'S. CALLSSS




KEYBOARDS

(A) AT/XT 5160 Autosw. Kybd $109.95
(B) AT/XT 5160 TACTILE Kybd
“Closest to the real thing feel” $139.95
(C) AT/XT 5161 Autosw. Kybd. $159.95
(D) Real Keytronles 5161
RT101 Style Kybd. $179.95

CASES & POWER SUPPLIES

XT FLIP-TOP SS OR BS $64.95
XT/AT ASPECT FLIP-TOP $89.95
XT SLIDE CASE SS $79.95
AT SLIDE OUT, FULL SIZE $159.95
AT FLIP-TOP, FULL SIZE $179.95
BABY AT FLIP-TOP $159.95
SMALL SIZE BABY AT CASE $159.95
180W Powsr Supply for above $169.95
150W XT PS $134.95
150W CSA XT PS $159.95
180W XT PS $189.95
200W AT PS $229.95
230W CSA AT PS $259.95
APPLE CLONE PS $49.95
BURROUGHS +5-6A,+12-3A $34.95

PRINTERS & PLOTTERS

ROLAND PR1012 120 cps NLQ $309.95
ROLAND PR1212 180 cps NLQ $575.95
ROLAND PR1215 180 cps NLQ W Carr $725.95
ROLAND PR1550 240 cps NLQ W Carr $949.95
ROLAND PR2017 17 cps Dalsy Wheel $495.95
ROLAND PR 2022 22 cps Dalsy Wheel $855.95

ROLAND DXY-880 $1249.95
ROLAND DXY-885 $1799.95
ROLAND DXY-990 8 pen Plotter $2449.95
HOUSTON INSTR. DMP-52MP $7499.95

PLOTTING SERVICE

We have in-house a 14pen "D" size
HOUSTON INSTRUMENT plotter. Let us plot
your line drawings for you. All major CAD
software supported. Send in by disk or
modem.

$25.00 per hour + Media charge.
$1.25 - Velum paper $5.50- Mylar

1200/300 Baud Int. w/software $229.95
1200/300 Baud Ext. w/software $229.95
2400/1200 Baud Int. w/software $425.95
2400/1200 Baud Ext. w/software $475.95
All above modems are 100% Hayes
compatible

EPROM PROGRAMMERS

A superior in-computer eprom programmer.
Uses smartalogreithmfor fastprogramming.
Supports 12.5V, 21V, 25v programming volt-
ages Supports 2716K to 27512k type eproms.
Load, Save, View, Dump. Menu driven soft-

wareincluded.
PW901 One External Socket Model $179.95
PW904 Four External Socket Model $289.95

MONITORS

Packard Bell Hi-Res TTL Amber  $159.95
Packard Bell Hi-Res TTL Green  $159.95
AMDEK 410A Hi-Res TTL Amber $295.95
AMDEK 410W Hi-Res TTL White $299.95
RGB Color Monitor $499.95
Packard Bell EGA 14" $689.95
GOLSTAR EGA 14" $649.95
ZENITH 1220 Composite Amber  $134.95
ZENITH 1220 Composite Green  $134.95

COMPUTER BOOKS

1-2-3- COMMAND LANGUAGE $28.95
1-2-3- GO 21.95
1-2-3 MACRO LIBRARY 28.95
286 HARDWARE REF. MANUAL 14.95
286 PROGRAMMERS REF. MANUAL 14.95
Advanced MS-DOS Progrmr's Manual $33.95
APPLE [l+ CIRCUIT DESCRIPTION 32.50
APPLE fi+ INTERFACING 17.95
“C" PRIMER PLUS 2.00
DBIll+ Advanced Programmers Guide $31.95
DBIiIl+ HANDBOOK 9.95
EXPLORING UNIX 14.95
FRAMEWORK INTRO 24.95
{BM PC HANDBOOK 23.95
IBM PC INSIDE OUT 29.95
IBM PC AT REFERENCE MANUAL 34.95
IBM PC/XT REFERENCE MANUAL 34.95
INSIDE AutoCAD 51.95
INTERFACING TO THE IBM PC 22.50
LOTUS GUDE T 33.95
MANAGING YOUR HARD DISK 27.95
MASTERING WORDS 28.50
MS-DOS DEVELOPER'S GUIDE 37.95
MS-DOS USER'S GUIDE 28.95
PROGRAMMER'S GUIDE TO THE

IBM PC by PETER NORTON 28.95
NETWORKING IBM PC'S 32.00
RBASE USER'S GUIDE 28.95
RUNNING MS-DOS 31.95
SOLUTIONS IN "C" 25.95
TTL COOKBOOK 21.95
TURBO Pascal for Baslc Programmer's $22.95
USING 1-2-3 32.00
USING MULTI-MATE 29.95
USING PROLOG 29.00
USING REFLEX 27.95
USING WORD PERFECT 28.00
WORDSTAR MADE EASY 24.95

Cable type 6it 10ft  20ft
Serlal DB25 M-F 14.95 18.95 2495
Serial DB25 M-M 14.95 18.95 24.95
Serlal DB25 F-F 14.95 18.95 24.95
Parallel DB25 F-Cent M 14.95 18.95 24.95
Parallel Extension 14.95 18.95 24.95
Monlitor Extension 19.95 N/A N/A
Keyboard Extension 9.95 N/A N/A
Computer AC Cable 4.50 N/A N/A
SERIAL SWITCH BOXES

ABto C $49.95
ABCto D $54.95
ABCD1io E $59.95
PARALLEL SWITCH BOXES

ABtoC $49.95
ABCto D $54.95
ABCDto E $59.96
GENDER BENDER M-M %8,95
GENDER BENDER F- 8.95
GENDER BENDER M-F 8.95
RS-232 JUMPER BOX 8.95
RS-232 TESTER - led display $14.95
NULL MODEM ADAPTE $8.95

1B
IBM EXTERNAL FLOPPY DRIVE CABLE
IBM 3.5" FLOPPY DRIVE CABLE 14

M TYPE FLOPPY DRIVE CABLE %1 2.95
LARGE SWIVEL MONITOR STAND

STANDARD SIZE PRINTER STAND

UPRIGHT Computer Stand AT or XT
XT DUST COVER- comp, mon., kybd $9.95
DBB85 DISKETTE HOLDER- 85 disks $14.95

GREY SCALE Adapter - converts RGB
output into weighted shade of grey
signal.For B/W comp. monitors and CGA

cards $19.95
GOLDSTAR DSDD. 10 disks $12.95
GOLDSTAR SSDD. 10 disks $10.95

GOLDSTAR 2HD. 10 disks (for AT) $32.95
GOLDSTAR 3.5" DSDD. 10 disks  $32.95

MICE & JOYSTICKS

LOGITEC Serial Mouse w/software

$124.95

LOGITEC Bus Mouse w/software $169.95
MOUSE PAD Optional for LOGITEC $14.95
MOUSE SYSTEMS Bus Mouse

w/software $224.95
GRAVIS JOYSTICK adjustable tension

Pistol grip with 3 Buttons $54.95
WINNER JOYSTICK $39.95
APPLE/IBM JOYSTICK $34.95

All GOLDSTAR disks have 100% Warranty

TURBO"C" 84.95
TURBO PASCAL 84.95
- DATABASE TOOLBOX 58.95
- EDITOR TOOLBOX 58.95
- GAME TOOLBOX 58.95
- GRAPHICS TOOLBOX 58.95
- TURBO TUTOR 31.95
- Numerical Methods Toolbox 84.95
TURBO PROLOG 4.95
TURBO BASIC 4.95
SIDEKICK no copy protection 70.95
SUPERKEY 58.95
REFLEX $109.95
EUREK 84.95
COPYWRIT w/ ZERODISK 49.95
ENVELOPE PLEASE 39.95
DISK EXPLORE. 84.95
QUAID ANALYZER
Proftesional Debugger 99.95
GENERIC CADD 3.0 99.95
-DOT PLOT 49.95
- AUTO CONVERT 49.95
- AUTO DIMENSIONING 49.95
- Drafting Enhancements #1 49.95
- Drafting Enhancements #2 49.95
FASTBAC 9.95
MIRROR -the XTALK ctlone
- Multl-tasking Communlcatlons $79.95
ABOVEDISK - EMS Simulation 94.95
WORDPERFECT 325.95
MICROSOFT WORD 3.11 314.95
VOPT - Optimize your Hdlsk 59.95
VCACHE - Hdisk Cache, very good $59.95
PCTOOLS 41.95
MACE UTILITIES - w/Vecache 97.95
SIDEWAYS 74.95
BEDFORD ACCOUNTING 59.95
MS-DOS 3.2 - w/GWBASIC 99.95
LEARNING MS-DOS 54.95
MS WINDOWS - 1.04 99.95
NORTON UTILITIES - 4.0 89.95
- ADVANCED VERSION 4.0 $128.95
CRUISE CONTROL $49.95

IF YOU DON'T SEE THE SOFTWARE YOU
WANT CALL US Fe«allgEGET THE LATEST

POINT OF SALE SYSTEMS

We are specialists in the field. Integrate
your cash register and computer. Full
Inventory Control and Invoicing. Network
support. Multi store operations sup-
ported. Serial number tracking. Bar code
reading and printing. Price look up, store
and forward. Custom reports and user
optimizations no problem.

We are the Southern Ontario
Distributor for the MAXI-MIZER

Point of Sale System. Call or send in
for brochure.

FEEWARE carcH THE wave

Choose trom our Library of over 250
disks of Public Domain Software. Some-
thing for everyone.

CATALOG on adisk $2.00
Single library disks ~ $5.00 each
10 disks or more $4.00 each

FEEWARE OF THE MONTH CLUB

You get one disk of Toronto's hottest
uploads every month , for one year, for

just
$49.95

UNINTERRUPTIBLE POWER
SUPPLY

Great new power supplles to keep things
golng when the going gets tough. Automatic
switch-over, internal battery and will runup to
250 (400) watts for 10-15 minutes while you
save yourwork.The units have 85% efficlency,
5ms switchover, light, buzzer, 2 AC outlets
and full translent filtering.

UPS-250W
UPS-400W

$449.95
$599.95




Technology

Logic Efficiency and the

CHMOS Chip

Lowering the power consumption and raising the speed

By Dr. H. Virani

MOS technology has been in

existence for approximately 20
years. During this time it has been
applied to specialized applications
requiring its unique low power
characteristics. The low power
consumption of CMOS is achieved by
incorporating an n-channel transistor
and a p-channel transistor in series to
build the basic inverter of digital
circuitry.

Because the n-channel and the p-
channel devices operate in a com-
plementary fashion, at steady-state con-
ditions one transistor is active while the
other is shut off. As a result, only
leakage current can flow through the
serics transistors from the power supp-
lyto ground. The transfer characteristic
shown in Fig. 1 illustrates the condi-
tions under which current can flow. As
the gate potential of the transistor in-
creases, it begins to conduct, and cur-

rent can then begin to flow through the
inverter circuit. When both transistors
are in the linear region, region C, cur-
rent flow is at a maximum. This region
is a transitional zone and as such is
traversed quickly. It is the current flow
during the transition from steady-state
logiclevels, regions A and E, that cause
power consumption. Additionally, cir-
cuit capacitance must be charged and
discharged as the logic levels change
from one state to the other. This also
causes power consumption. Once
steady-state conditions are reached,
power consumptionis negligible.

Speed and Power

Until now, CMOS has not developed
into a main stream technology for
several reasons. First, NMOS construc-
tion uses fewer processing steps and is
less expensive to build. Secondly,

CMOS
inverter

Voo

p-channel
out

n~chanmnel

Vout

30

Fig. 1 The transfer characteristic illustrating conditions for current flow.
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NMOS offers a higher density of func-
tions. Thirdly, because speed of opera-
tion has been sacrificed to keep power
consumptionlow. CMOS is slow in com-
parison with NMOS and bipolar tech-
nologies. A comparison of thc major
technologiesisshown in Fig.2.

The measure of a technology’s perfor-
mance is the product of its speed and
power. In Fig.2, inverter power is
plotted against inverter stage delay with
constant energy levels plotted as
diagonal lines. The ideal tcchnology
would occupythe lower left corner, con-
suming no power with delay. In general,
however, the faster the technology, the
more power it consumes. In the past, the
tradeoff of increased power for in-
creased speed was acceptable, and the
relatively small power increase of
NMOS over that of CMOS was a small
price to pay for the tenfold increase in
speed.

Two cvents have changed this. First,
systems are becoming more sensitive to
power consumption; this is especially
trueforlargesystemsbecause of the cost
of power and cooling. Also, a new class
of personal, portable equipment such
as personal laptop computers which
must be battery operated and only con-
sume minimal power is being
developed.

Secondly, as VLSI circuits become
more complex, more transistors are in-
corporated on the die and power con-
sumption increases. Below 150,000
transistors, this power can be dis-
sipated by conventional means but if
there arc more than 250,000 transistors
on an NMOS device, however, the
power dissipation increases exponen-
tially. As aresult, a practical limit to the
number of devices on a die is being ap-
proached.Inasearchtosolve boththese
problems, CMOS is being recon-
sidered.

To achieve increased speed, the seal-
ingtechniques of Intel’s HMOS Process
are being applied to CMOS. The result
is CHMOS which has the low power
consumption of CMOS and the high
performance of HMOS. As shown in
Fig.2 this technology offers the lowest
power consumption and the lowest
propagation delay.

The evolution of the speed-power
product over the last decade is shown in
Table 1; it has been decreasing by half
with each newgeneration of technology.
With each new generation, the
geometries of the transistors must be
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reduced by the scaling factor to achieve
the lower speed-power product. Physi-
cal limitations of the lithographic and
electrical properties of the semiconduc-
tor material are the limiters in each new
technologygeneration.

Scaling the transistor geometries
reduces the channel length and the gate
oxide thickness. The reduced gate
oxide thickness increases the field
strength and there is also a correspond-
ingincrease in the susceptibility to oxide
breakdown causing catastrophic device
failure.

Channel-length reduction increases
the susceptibility to not-electron injec-
tion. This phenomenon changes the
threshold of the transistors and causes
the device propagation delay.

Simplified Design

CHMOS not only has low power con-
sumption,. but can also enhance the
device performance by permitting
more efficient device design. For ex-
ample, consider adynamicRAM builtin
CHMOS, such as the Intel 51C64 64 kbit
DRAM. Taking advantage of the low
power consumption of CHMOS, the
device designers are able to employ
static circuits in the device and thus
simplifythe design.

Previously, dynamic RAMs incor-
porated complicated, timed dynamic
circuits to reduce power consumption.
Careful timing analyses had to be per-
formed to guarantee that timing varia-
tions owing to manufacturing variances
in the process would not cause the
device to fail. As a result, these clocks
had to be slowed for worst- case opera-
tion with a corresponding decrease in
the overall device speed. A comparison
of an MMOS DRAM with the CHMOS
DRAM is shown in Table 2. Perfor-
mance of the CHMOS DRAM is im-
proved by at least 50% over the NMOS
DRAM.

Table 2 shows a reduction of the soft
error rate (SER) by a factor of 100. Soft
errors are failure mechanisms of
DRAMs in which a random single
memory bit changes state. Alpha par-
ticles created by residual radioactivity in
the package material penetrate the
silicon and generate hole-electron
pairs.

If sufficient electrons are generated
inthevicinity ofthe storage cell, the state
of the cell can be charged by collecting
the generated electrons in the well. One
remedy for soft errors has been to in-
E & TT October 1987
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Fig.2 Inverter power plotted against inverter stage delay. Diagonal lines represent

Table 1 - Evolution of Speed-Power Product

Technology Speed-Power Year
Product (pj)

NMQS 2.0 1975

HMOS 1.0 1977

HMOSII 05 1979

CHMOS 0.04 1983

) “

Fig. 3 A typical CHMOS m;mory chip.

crease the charge stored to be greater
than the electrons generated by one
alpha event. Although not eliminated,
the soft error rate has been reduced to
0.1% per 1000h.

In the 51C64, two factors, the in-
creased storage capacitance and the

technology, reduced the soft error rate
by a factor of 100. The reduced number
of clocks and the static circuitry permit
more silicon area to be used in the
memoryarray as shownin Fig. 3.

Assuch, theincreased storage area in-
creases the storage capacitance and the
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stored charge. Also, the distance be-
tween the capacitor plates has been
reduced from25nmto12.5nm.

Secondly, the structure of the array
also provides an effective barrier to soft
errors. As shown in Fig. 4, the memory
cellis contained within an n-well. The P
substrate and the n-well then form a p-n
junction, with the n-well tied to vcc to
reverse bias the junction. Holes rather
than electrons are the storing
mechanism. Now, when an alpha event
creates hole-electron pairs, the
electrons are swept to the power supply
and the holes are repelled by the
reverse-biased junction. Because of the
shallowness of then well, even if the
alpha particle travels through the well,
the probability of sufficient holes col-
lecting in the storage area to cause a
softerroris extremely small.

Previously, to obtain acceptable sys-
tem reliability, system designers incor-
porated error correction circuits

(ECCs). While they did improve the
reliability by a factor of approximately
100, the system performance was
degraded due to the increased number
of devices. A 16 bit word requires sixad-

ditional bits to include error correction,
accompanied by a 37% increase in the
memory-device cost.

This additional memory also required
more PCB space, an increased power
supply and cooling requirements. All
this results in a larger, more costly sys-
tem and the system performance is also
degraded. Memory-cycle time is even

bit line

word line

storage
cell

Fig. 4 The location of the memory
cell within the n-well.

B NMOS CHMOS CHMOS
no ECC no ECC SECC

10M}—

- L

¢ L

- -
o b

¢
NIMp—

w e

E c

u

CRE

N

w p—

100k 1y L | 1 | J

1kh 10kh 100kh 1Mh
1month 1year S years SOyears SO0 years
mean time to tailure
Fig 5. The system reliability plotted against system size for the Intel 51C64.

Wide Range of Choice
* Switchable X1 and X10
Attenuation Factor
* 100 MHz Bandwidth

$46.10

980 Alness St. Unit 7,
Downsview, Ontario,
M3J 282
(416) 661-5585
TELEX 065-28169

LIMITED

®

Stocking over 50 different models starting as low as $33.00

32 Circle No. 14 on Reader Service Card

microprocessor systems, 8 bit write
operations are allowed. To maximize
the efficiency of ECC, word width is
typically16bits. To perform a byte write,
the system must now read the 16 bit
word, correct it, merge the new data
with the unchanged 8 bits, create the
new error protection code and rewrite
the data to the memory. As a result, the
memory cycle time s increased by 68%.

The low soft-error rate of the 51C64
changes all this. System reliability
plotted against system size is shown in
Fig.5.

For a 256 kbyte system, reliability
without ECC is equivalent to that of an
NMOS DRAM with ECC. The in-
creased reliability of the 51C64 is
achieved without any degradation in
the system performance and it is in fact
better for the 51C64 than for an NMOS
DRAM.

The evolution to CHMOS from
NMOS offers far more than low power.
Combining CMOS technology, with
scaling techniques provides enhanced
device performance with a correspond-
ing system-level improvement and in-
creased reliability without a perfor-
mance penalty.

Dr. H. Virani is a freelance writer from
Mississauga, Ontario. B
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A look at the changing market

for seagoing computers.

By Robert T. Gallagher

If the shipping industry appears to
have beenslowin giving merchant ves-
selstheir own data processing capability,
and in reaping the advantages of it, that
tardiness is not easily explained in terms
of conservatism alone. There are many
progressive shipping companies that
recognize therole of technologyin main-
taining competitiveness.

There is another practical element
to be considered. Any stock computer,
taken off the shelf and pressed into ser-
vice on board aship, would probablynot
offer the level of reliability required for
general use, let alone for the operation
of systems which affect a vessel’s safety.
The obstacle holding back development
of maritime computing has been as
much a dearth of suitable hardware as a
resistance to new technology. Within
the past year this situation has changed
significantly. Spurred on by a decision
bythe International Association of Clas-
sification Societies to require most mer-
chant vessels to be fitted with an ap-
E & TT October 1987

The Hewlett-Packard Vectra is at present the only stock computer
approved formarine use without modifications.

proved loading indicator system, a host
of suppliers is queuing up to sell
shipowners data-processing hardware
newtype-approved for maritime use.

Enter the Micro

Until recently suchloading systems took
the form of dedicated instruments
based on analog computers. Now spe-
cialized software running on a standard
microcomputer provides a more power-
ful and economical tool. The main Clas-
sification Societies, notably Lloyds
Register, Det norske Veritas and
Bureau Veritas, have responded by
publishing type-approval requirements
for on-board computers.

This development presents sup-
pliers of loading instruments with an ob-
vious business opportunity. Once a com-
puterisinstalled on board a vessel to ex-
ecute loading calculations, that vessel’s
operator becomes a potential customer
for a wide range of additional ship
management and operation software.

Though industry experts balk at estimat-
ing the potential size of the total market,
they reckon that sales of hardware alone
for shipboard use will reach some $25
millioninl987.

To benefit from that market, sup-
pliers have to make certain that their
gear is capable of operating in condi-
tions far more stringent than those for
which they were designed. Before being
graced with the stamp of type-approval,
resistance to vibration, heat, cold,
humidity, salt spray, variations in power
supply, dynamic inclination, transients,
shock, UV radiation and dropping must
be demonstrated.

The Marine Market

The marine market bears some striking
similarities to the land- based
microcomputer business, plus one es-
sential difference.

The main similarity is that
marinised computers are almost
without exception standard microcom-
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.puters that have been adapted for
operation in shipboard conditions. Be-
cause most commercially available
microcomputers are sufficiently power-
fultohandle merchant shipping applica-
tions, suppliers reason that there is no
sense wasting valuable time and resour-
ces in what would amount to an effort to
reinvent the wheel. What is more, com-
puters developed for marine use would
be several times more expensive than
standard machines.

Carrying this line of reasoning fur-
ther, the majority of suppliers have
chosen hardware based on the MS-DOS
operating system as the backbone of
their product offering. Most reckon that
a standard IBM-compatible computer
can handle all conceivable shipboard
applications with the exception of main-

tenance planning. But even these .

programs, with their -extended data
bases, can be run comfortably on the
more powerful PC-AT.

Another reason for offering IBM
PC compatibility is that users automati-
cally gain access to an enormous library
of already available software while in-
finitely simplifying the task of program-
mers wishing to write dedicated
maritime software. Whatis more, this af-
fords an opportunity to assure that
software purchased for operation on a
given machine can be run on others. A
customer’s software investment is thus
protected. A final point is that most of
these standard machines can be easily
serviced anywhere in the world.

. The 'main difference between
standard microcomputers and their
marine counterparts is that-almost all
marinised versions are being offered by
companies whose principal business is
software and/or marine management
systems rather than computer
hardware. Presumably, the predicted
marine computer usage is too small to
temp giants like IBM, Apple, Olivetti
and Compaq, companies used to com-
peting in a worldwide personal com-

puter market several orders. of mag- -

nitude larger than the potential com-
mercial marine market.

Software and marine systems
houses are therefore filling the void by
making the investment to have
hardware type-approved for marine use
and putting it in their own catalogs. The
attraction in so doing is that they are
simultaneously broadening the poten-
tial market for their own marine
software. In addition to load analysis,
34

many are offering proprietary programs
for vessel performance analysis and

. maintenance trim and stability, stock

control, and victualling accounting.
Microcomputer equipped vessels will
also be able to use standard software
packages for spread sheets, planning,
accounting and word processing.

"~ Among those companies offering, -

or planning to offer marinised com-
puters are the BSRA subsidiary of
British Maritime Technology, Sira Ltd,
Marine Management Systems, Keel
Marine and Anchor Marine in the UK,
Japan’s Nippon Marine, Kokumation in
Swedenand Consultasin Norway.

A notable exceptionisthe US multi-
national company Hewlett- Packard,
probably the only computer hardware

" manufacturer capable of delivering a
- marinised machine from stock..It is a

firm that has long made its mark prin-

cipallyin certain specialized areas of the
data processing market such as scien-
tific and engineering applications and
instrumentation. It is therefore
reasonable to expect HP, more than the
four largest personal computer
manufacturers, to aim at serving the
idiosyncrasies of the marine market.

HP’s offering is its Vectra, a
desktop computer compatible with the
IBM PC-AT. According to a company
spokesman, the Vectra required only a
single modification to meet the type-ap-
proval requirements of Lloyd’s register:
a change of power supply to make it im-
mune to the voltage swings common
aboard ship. He also pointed out that
the company is investigating the pos-
sibility of substituting that new power
supply in the company’s entire Vectra
production. That would make even the
standard Vectra a type- approved
machine,

Type-approval
Many organizations trying to win type-

approval for computers ran into power
supply difficulties. But an official at
Lloyds Register points out that by far the
most common problem facing com-
putersis alack of resistance to vibration.
Most need to be generally ruggedized
and reinforced with external straps to
qualify. A smaller number has required
certain metal partstobe plated — usual-
ly recording arms of disk drives — to
make them rust resistant in the corrosive
marine atmosphere.,

Nonetheless, the marinisation
process for computers themselves ap-
pearstobe wellinhand. But some poten-

- tially stickier problems could be posed
- by efforts to marinise peripheral equip-

ment, particularly for use in extreme
conditions like those encountered on
deck.

A typical problem s that such type-
approval often required that the equip-
ment function correctly at temperatures
aslowas —25° C. Inthe case of printers,
operation of most models is impaired
because ink is frozen at that tempera-
ture. In an effort to solve that snag, some
suppliers have tried solutions as baro-
que as adding antifreeze to the ink,
Most, however, are looking at the pos-
sibilities offered by less conventional
technologies like thermal transfer and
laserjet.

Neither of these, however, is sure to
be appropriate. Thermal transfer is an
old technology which required special
paper, anuisance most printer manufac-
turershave beentryingto avoid for some
time and which could create problems
of supplyonlong seavoyages.

Laser jet printers undeniably avoid
both the special paper and frozen ink
snags. But they suffer from another in-
herent disadvantage. Laser printing
technology was originally developed for
high-speed, high-volume applications
where increased productivity would of-
fset its unavoidably high cost. It is dif-
ficult to imagine that any merchant ves-
sel would generate enough paperwork
tojustify the purchase of a printer which
costs several times the price of the com-
puter driving it.

- Perhaps the next milestone in the

future of maritime computing lies in the

solution of obstaclessuch as this one.

Robert T. Gallagher is the Technol-
ogy Editor of Ocean Voice, the journal of
the Intemational Maritime Satellite Or-
ganization, in which this article originally
appeared. B
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Fig. 4 Circuit diagram of the four channel Monomix.

two inputs are totally isolated, but this
would give no output signal, and in prac-
tice RC is given the lowest practicable
value. A low value means high losses
through the circuit even with the faders
at maximum gain, and normally a circuit
of this type has to be followed by an
amplifier to compensate for the losses.

Summing Mixer

If an active circuit is to be used there is a
better way of doing things than simply
having a passive mixer followed by an
amplifier, and this alternative isto use an
operational amplifier in the summing
mode mixer configuration. Although
this often seems to be regarded as a to-
tally different concept to the passive
mixer configuration, it is really very
similar in principle. It is based on a
standardinvertingamplifier circuit (Fig.
2).

Operational amplifiers were originally
intended for use in DC amplifying ap-
plications where they operated from
dual balanced supplies, and in the in-
verting mode the non-inverting (+)
input would be biased to the central 0V
ground rail. In audio applications it is
more usual for operational amplifiers to

be powered from a single supply with a
potential divider (RC and RD) provid-
ing a bias voltage of half the supply volt-
age for the non- inverting input. D.C,
blocking capacitors are not included in
Fig.2,but would normallybe included at
both the input and the output of the cir-
cuit,

Operational amplifiers can be a little
confusing at first as they have two inputs.
What is actually being amplified is the
voltage différence between the two in-
puts, and the output goes positive if the
non-inverting ( +) input is at the higher
voltage, or negative if the inverting (-)
input s at the higher potential. The volt-
age gain is extremely high at typically
100,000 times or more, and only a frac-
tion of a millivolt is needed across the in-
puts in order to send the output fully
positive or negative.

In this circuit the output assumes the
half supply voltage bias level under
quiescent conditions due to the nega-
tive feedback via RB. In other words, if
the output should go more positive than
this for some reason, even very slightly,
the coupling through RB results in the
inverting input also going more positive.

Bearing in mind that the non-invert-

inginputisbiased to half the supply volt-

MiC

age, this results in a voltage difference
across the inputs which sends the out-
put negative to reestablish the balance.
If the output should drift negative of the
bias level for some reason, this would
again produceavoltage difference at the
inputs, but of the opposite polarity so
that the output is sent positive and the
voltage difference is again eliminated.

If an input signal is applied to the
amplifier, this upsets the balance of the
circuit by altering the voltage at the in-
verting input. The output voltage will
change in an attempt to correct this and
rebalance the input potentials.

If we take a simple example, with the
input taken one volt positive of the bias
level, the output will go one volt nega-
tive. A potential divider action across
RA and RB then sets the inverting input
at the half supply voltage bias level, but
this assumes that RA and RB are equal
in value. If Rb is higher in value, then a
higher output voltage swing is required
in order to balance a given change in
inputvoltage. The voltage gain of the cir-
cuit is equal to Rb/Ra, and this is
termed the “closed loop” voltage gain,
which should not be confused with the
very high “openloop” gain of the opera-
tional amplifier itself.

GAIN 1 2 3

_|
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Monomix

The basicsumming mode mixer circuit
isshowninFig. 3, and it only differs from
the inverting amplifier mode in that
there are additional input resistors (Re
and Rf) which provide the circuit withits
extra inputs. In operation it is essential-
lythe same as the inverting amplifier, but
the output takes up potentials that
balance the sum of the input voltages.
Taking a simple example, with input of
+1, +3, and -2 volts with reference to
the bias level, this would give a total
input potential of +2 volts, and the out-
put would be 2 volts negative of the bias
level. This again assumes that all the
resistors in the feedback circuit are of
the same value, which they need not be.
By making some input resistors lower in
value than others, some inputs can be
made more sensitive than others. The
fact that the signal is inverted through
the circuit is of no consequence as it
makes no audible difference to the
reproduced audio.

What is called a “virtual ground” is
formed at the inverting input. In a DC
amplifier circuit the inverting input is
stabilized at the OV ground potential by
the negative feedback action, and al-
though it is not genuinely connected to
ground, the effect is much the same as if
it was. In an AC circuit the inverting
input is stabilized at a fixed potential
above the (negative) ground rail, and
still forms a virtual ground. In many
cases this is all of purely academic im-
portance, but in a mixer circuit it is of
crucial importance as the virtual
ground provides total isolation between
the inputs. It seemingly provides the im-
possible by feeding the input resistors
to a short circuit to ground but still
providing an output signal, and an out-
put signal which can be a greatly
amplified version of the input signal at
that. With the input resistors effectively
feedinginto a short circuit, the input im-
pedance is equalto the value of the input
resistor.

Circuit Description

The full circuit diagram of the
Monomix mixer appears in Fig. 4, and
this breaks down into two main sec-
tions; the microphone preamplifier
(IC1) and the mixer (IC2).

Starting with the microphone
preamplifier, this has operational
amplifier IC1 in a simple non-inverting
mode amplifier. RS and R6 form a nega-
tive feedback network which sets the
voltage gain at about 40dB (100 times)
E & TT October 1987

and R4 sets the input impedance at
about 10K. The circuit is primarily in-
tended for use with medium impedance
dynamic microphones, or types which
have comparable output characteristics
(such as electret types with a built-in
step-up transformer). The circuit has
sufficient gain to operate with low im-
pedance dynamic microphones as well,
but it is not suitable for operation with
crystal microphones.

Note that IC1 is a high quality low
noise device which consequently gives
the circuit an excellent signal to noise
ratio. Inexpensive alternatives such as
the 741C will work in the circuit, but will
give something approaching ten times
the noise level obtained with the
NE5534.

The mixer circuit closely follows the
basic circuit described previously, but
the number of inputs has been in-
creased to four, DC blocking capacitors
have been added at the inputs and out-
put, and a fader control has been in-
cluded at each input. The input resistor
for the channel which is fed from the
microphone preamplifier is much lower
in value than the other input resistors
and feedback resistor R13. Whereas
there is unity voltage gain from each of
the other inputs to the output (with
faders at maximum gain), there is over
26dB of gain from this input to the out-
put. This gain is needed to augment that
of the preamplifier which on its own
would be too low for satisfactory opera-
tion with most microphones, especially
lowimpedance types.

The circuit is powered from a small nine
volt battery, and as the current con-
sumption is only about 4.5 milliamps this
is an economic way of powering the unit.

Construction
Construction is greatly simplified by

having practically all the components, -

including the four potentiometers,
mountedonboard. Detailsof the printed
circuitboard are shown in Fig. 5.
Neither of the integrated circuits are
static-sensitive types, but the NES534 is
not a particularly cheap device and it
would definitely be advisable to use a
socket for this one. The capacitors must
be miniature printed circuit mounting
types if they are to fit into the available
space, and obviouslythe potentiometers
must also be of the printed circuit variety
if they are to be mounted direct on the
board. Make sure that they are fully
pushed down ontothe board before con-

necting them, and use plenty of solder.
The four potentiometers provide the
only form of mounting for the board
which they effectively bolt to the front
panel via their mounting bushes. The
mounting holes in the front panel must
beaccuratelydrilled at the correct pitch.

The specified case gives a neat and
compact finished unit, but it provides
only very limited “headroom” which
causes one or two problems. One of
these is that some of the mounting pillars
moulded into the case might get in the
way and prevent the panel and board as-
sembly from being fitted into the case.
As the pillars serve no useful purpose in
this application, anythatshould obstruct
assembly of the unit can be carefully
drilled out. Another possible problem
is that of the pins of the potentiometers
protruding too far on the underside of

Parts List

Resistors (All0.25W, 5% carbon)
R1 1k
R2,R4,R6 10k
R3 12k
RS M
R7 4k7
R8,RO,RIORI3.....coovuvmrmrenraniansen 100k
R11,R12 47k
Capacitors
BHEI i 100urad. elect. 10V
Q2G5 tareesirmarnes 4uTrad.elect.63V
(SoYm Lu ey 2u2rad.elect.63V
C4,C12,Cl4........... 10urad. elect. 25V
C6,C7,C8,
9,C10,C11 220n mini.
C13 100n ceramic
Potentiometers
VR1 4k7 carbon
VR2-VRA......cccovvinrnenen 100k carbon
Semiconductors
) (2 e o s NES5534 ultralow

noise op. amp.
IC2 741Cop. amp.
Miscellaneous
SK1-SKS....oviueenns 3.5mm jack sockets
R mini. SPST toggle sw.
B1 9V battery
PCB; case approx. 180 x 120 x 39mm;
battery connector; small control
knobs (4); 8-pin DIL sockets (2); wire;
solder, etc.
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Fig. 5 Parts overlay and wiring details (top ) and PCB layout.

Qof"’_o"lo_o_l

the board, but if necessary these can be
trimmed down slightly using wire clip-
pers.

It is not essential to use printed circuit
mounting potentiometers, and there is
plenty of space on the board for mount-
ing bolts so that it can be fitted on the
base panel of the case in the usual way,
with the potentiometers being hard-
wired to the board.

Socket SK1and S1 are mounted on the
front panel, and it is logical to position
them close to their wiring take-off points
on the board. SK2 to SK5 are mounted
on the rear panel of the case, and again,
should be positioned such that they
match up with the take-off points on the
board. The sockets on the prototype are
all 3.5 millimeter jack types, but any
40

audio type is suitable from the electrical
point of view. However, the amount of
space available is quite limited, and this
precludes the use of anything but minia-
ture types unless a suitably modified
layoutis adopted. Ideally, the cable from
SK1 to the board should be a screened
type, but this is not essential provided
thisleadiskept short and direct. None of
the other lads need to be screened types
either.

In Use

In order to test the unit it is just a matter
of connecting the output to a crystal ear-
phone, amplifier and loudspeaker, or
other equipment which enables the out-

trying out the various inputs to ensure
that their respective gain controls have
the desired effect. If the unit is used
with a low impedance dynamic
microphone (the type sold as inexpen-
sive replacements for cassette re-
corders) the gain control will need to be
well advanced in order to give an output
signal of adequate strength. Medium im-
pedance microphones give better
results, as apart from generally having a
higher quality output, they will need the
gain control advanced less so that a bet-
ter signal to noise ratio is obtained. The
line inputs can handle signal levels of up
to about 2.5 volts RMS before the onset
of clipping, and this is more than ade-
quate for normal signal sources. B
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For Advertising Information
Call (416) 445-5600

AD-PCM method solid state Tapeless tape recorder Kit
® Max. recording time 128 sec (at 8KBps) with 256K x 4 pcs D-Ram controlled
by new technological 60 p in CPU
® 500mw audlo Amp and 600chm/10Kohm MIC Amp built-in
@ Host computer control available
Assembled & Tested (without SP,MC) .. ... .. conooo ..$98.00

Voice (speech) recognition 5CH (Max. 20CH) control SW Kit
® Can control 5 relays on/off with your voice
® Stateof-the-art special 60pin CPU control
® With additional circuit can extend more 15CH
® Your voice memory backed up by S-Ram
and battery
Complete Kit withSrelays . ............. YL - X - - -
Digital Capacitance Meter Kit
e 3digit large size LED display 9V battery operation
® Wide range 10pF 1o 999uF, Accuracy 2%
Complete Kit (withoutcase). . ... ... e .....$39.00
Max. 500MHz 8-digit Frequency Counter Kit
@ 10Hz to 500MHz, 6 combination measurements
@ Large size high bright 8-digit LED
e Up to 10MHz 30mV, 10MHz to 500MHz 100mV. Accuracy 0.005%
Complete Kit (withoutcase). . ..., ..$145.00
12CH (MAX. 32CH) Infrared Tx, Rx Remote-control switch Kit
® Max. controi distance 40 feet indoor
® 38KHz modulated and 16 bit serlal coded signal
o
.

....$149.00

86dB high gain Amp. with IR sensor and bandpass filter
Special function CPU control
Complete Kit
Stepping motor driver Kit come with mini motor
® Good for driving small motor. Max. 12V 1.2A, 3000 pps
® Manual control or computer control are
selectable.
15% Specialprice ... ............ L.
High Speed EP-Rom erasing UV 1 amp Kit
e High intensity type. To erase 20 pcs Rom in 5 to 10 minutes
e Also P.C. Board exposing UV lamp soid by K.E.M.

1set .

$6.00 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 4W4
Office 879E. Hastings, Vancouver
(604) 251-1514
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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 $3000
Special discount rates are available for multiple insertions They are as follows

25% for 12 consecutive insertions
15% for & 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
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Please contact: Moorshead Publications
1300 Don Mills Rd., Don Mills, Ontario M3B-3M8

(416) 445-5600

Dreams can come true if you ‘‘Get Active'".

Our remuneration and benefits package is well above average.
Our Managers and Sales Representatives have unlimited earnings
potential! If you dream of the “good life", we can help you realize
that goal.

Due to our accelerated expansion program, we have immediate
openings for qualified candidates to be trained to manage our
branches. Our comprehensive training program will teach you
all that is necessary to run them.

Qo

\

5 DO DREAMS COME TRUE?

SALES MANAGEMENT TRAINEES
AND SALES REPS

The entrepreneurial spirit lives on at Active Electronics. Active
is one of the fastest growing electronic retailer/MRO distributors
in North America. We plan on opening new branches from coast
to coast, and need management trainees and sales reps to help
us grow. This is a once in a lifetime opportunity that will appeal
1o the person who would like the next best thing to running one's
own business!

If you are an above average person, with a great deal of
ambition and drive, prior experience in sales, telemarketing,
management, or electronics, we would like to hear from you!

Forward your resume to:

Hank Boyer, General Manager
Active Electronics
237 Hymus Boulevard
Pointe Claire, PQ H9R 5C7 J
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The Luxman KD-117
~ Digital Audio Tape Deck

CD quality on a two hour, erasable, tape format.

L:vst month we filled you in on what
as happening in the Digital Audio
Tapesaga. Atthat time, with all attention
focused on omnibus trade bills south of
the border, CD copy protection etc., it
was difficult to get manufacturers of
consumer audio products to even admit
that DAT existed. Not much has
changed in that respect. However, one
company, Alpine Electronics of
Canada Inc., has targeted the first sales
of their Luxman KD-117 Digital Audio
Tape deck for the end of November. We
recently had a chance to preview the
KD-117 and get some hands-on
experience with it; here are our first
impressions.

The Basic Works

The first thing you’ll notice about the
KD-117 is its obvious resemblance to a
Compact Disc player. The familiar slid-
ing drawer, display and controls are
laid out pretty much the same as on any
CD player. Infact, the KD-117is actual-
ly built into a slightly redesigned Lux-
man CD player cabinet. Beyond this
though, similarities with the CD player
end. Enter, VHS video technology.

The DAT medium is contained in a
small cassette, measuring 72 x 54 x
11mm, similar in design to a video tape.
A push of the drawer’s open/close but-
tonrevealsarecessin which the tape lies
flat with its hinged tape cover facing the
machine. On closing the drawer, the
42

By Edward Zapletal

hinged cover is automatically flipped
up, the tape is exposed, and then wound
around the VHS-like tape transport sys-
tem.

To reduce tape wear, as well as im-
prove fast-forward and rewind times,
the tape iswrapped only one quarter the
way around the head (90 degrees).
During normal play and record opera-
tions, the head rotates at a speed of
2000 RPM and the tape speed from the

- cassetteis8.15mm.

The tape itself contains much more

than just digitally encoded music. -

There are several other bits, arranged
intoblocks, whichrepresent subcode in-
formation for such things as indexing,
samplingfrequency, etc.

.Sampling Options

To overcome the possibility of direct
digital copying from CDs, the Japanese
manufacturers got together and agreed
on three standard sampling frequen-
cies for DAT: 32kHz, 44.1kHz and
48kHz. These are selected automatical-
ly by the machine depending on the set-
ting of the input selector (CD, digital,
orline) or from the subcode information

*stored on the tape. It may sound compli-

cated, butbear with us.

The 44.1kHzsampling rate on the KD-
117 is reserved for “playback only” of
prerecorded tapes. This means that
even if you had a CD player with direct
digital outputs, youstill wouldn’t be able

to make a true digital-to-digital record-
ing onto DAT at 44.1kHz. However,
don’t despair.

By selecting the 48.1kHz sampling
rate, andrecording from the analog out-
puts of a CD player, we obtained a tape
which rivalled the quality of the original
disc. The problem with this, though, is
thatthe signalisfed froma digital source
(CD) to an analog output, and to the
analog input of the DAT for conversion
todigital on the tape. In doing so, errors
occur in the bit stream and the true digi-
tal original is lost. For the most part,
these errors are virtually undetected by
the human ear. This is mostly due to
error correction and “best guessing”
techniques employed within the
machine’s software.

Withthe input selector set to “line’ it is

- also possible to record from other
- analog sources such as LPs, cassettes,

microphonesetc.

The 32.0kHz sampling rate is
reserved for taping from future services
such as Direct Broadcast Satellite etc.

Technical Specs
Recordingtime on the KD-117is a heal-
thy two hours, compared to the 72
minute playback-only time of a com-
pact disc. Frequency response is DC-
20kHz with a dynamic range of at least
93dB. Distorion is virtually im-
measurable at 0.003%. Compare these
figures to those of the C-cassette with
frequency response figures of 20Hz-
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The Luxman KD-117 Digital Audio Tape Deck

18kHz, dynamicrange of 72dB (Dolby C
in), and distortion 0f 0.8%. Also keepin
mind that there is absolutelynowowand
flutter with DAT or CD.

Fast forwarding with a 120 minute
conventional cassette leaves you time to
go for a coffee in most instances, but
with the KD-117, traversing a 120
minute tape from front to back can be
done in approximately 35 seconds. This
doesn’tcome close tothe random acces-
sibility offered by the CD, butitis alarge
improvement for tape.

The access time for skipping one song
is given to be 4 seconds on the 117, this
compares to 2 seconds on a CD player
and 12 seconds on the average conven-
tional cassette.

Fibre Optics

An interesting feature of the KD-117 is
its capability to connect to other Lux-
man dedicated digital audio equipment
by way of fibre optics. This was done to
optimize the transfer of digital signals
between components, doing away with
many of the RCA jacks used in conven-
tional audio applications. Chances are
though that you won’t find this on lower
line audio equipment for some time to
come.

How About Car Audio?

When DAT becomes available toward
the end of this year, much of the interest

in it will revolve around its potential as
thenewcar audiogadget. Yes, CDshave
found their way into the dashboard,
but, don’t forget that CDs have a hard
time tracking in an environment ridden
with potholes etc. This is where DAT
could really find a place for itself.

Alpine is planning to market its
model 5700 DAT car player at the same
time as the KD117. This means that you
will be able to record your favorite CDs
onto DAT and have them at your dis-
posal in the car. Naturally, the 5700 will
be playback-only, but it will offer you
two whole hours of playing time with
better than a 90dB signal- to-noise
ratio. Some might say that the noisy
auto environment will never really
allow the full potential of the DAT’s
clean sound, but it certainly will be a vast
improvement over conventional audio
cassette tapes.

Features of the 5700 include: high
speed music search; Key Off Memory;
20 Selection Programmable Memory;
Auto Dew Sensor; Auto Loading; Auto
Stop for the rotating head; Auto Tape
Release and a clutch/brake system for
constant tape tension. The unit also fea-
tures a code-in/code-out Anti Theft sys-
tem. The fast forward/rewind time is
listed at approximately 55 seconds for a
120 minute tape.

The inclusion of the dew sensor
bringsup aninteresting point: VCR-like

head mechanisms are susceptible to
condensation forming when the condi-
tions are right. This can cause poor
transfer of information from the tape to
the head meaning loss of sound in the
case of the DAT. To overcome this, the
5700’s Auto Dew Sensor activates a
small heating element in the event that
moisture is detected on the head
mechanism.

What It Costs

Let’s start out by saying that it is not
going to be for everyone, at least not at
the outset. The KD-117’s suggested list
for the November release is set at a
$2699.95; a price for the 5700 was not
available. Don’t panicthough, forget not
that hi-fi VCRs and CD players came
onto the market in the $1500 - $2000
range and found stable market prices far
belowthat. DAT players may not sell for
$1000 for some time but, if it’s marketed
assuccessfullyasthe VCR or CD player,
itshouldn’tbe long in coming.

For more information on the Luxman
KD-117 and Alpine 5700 contact your
local Luxman or Alpine dealer. Also, Al-
pine Electronics of Canada Inc., 605
Alden Road, Markham, Ontario L3R
3LS.
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o0l tonight with scattered showers; a

low of 12. Tomorrow will be sunny
with a high of 19, but look out for a 55 per
cent chance of thunderstorms on Sunday.
More onthe 11 0’clock news...overtoyou,
Bob.

Predicting the weather seems like
magic as far as most of us are concerned,
and the occasional lapses of accuracy in
the daily forecasts do little to dispel our
faith in the weatherman who tells us to
take our umbrellas to work. However,
the magicwhich keeps us dryif we watch,
listen to or read the weather forecasts is
the magic of a Cray supercomputer in-
stallednear Dorval Airportin Montreal,
combined with the super-complex
mathematical models that are run on it.

Why A Supercomputer?

A supercomputer is not a necessity for
the generation of forecasts, but it makes
the process faster, more accurate and
gives a longer-range prediction. A Cray
supercomputer has been used at the
Canadian  Meteorological Centre
(CMC) since 1983, and an upgraded
model was installed earlier this year.
The CMCis part of the national Depart-
ment of the Environment, within the At-
mospheric Environment Service, and
under the Weather Services directorate.
44

“The Cray is used to assimilate
data from around the world, although
we only use the information from the
northern hemisphere,” said Al Kellie,
interim director of the CMC. “It runs
sophisticated mathematical models of
the atmosphere,” including factors
suchastemperature, humidityand wind,
as well as physical parameters like soil,
vegetation and snow. The hugh
programs which require matrix algebra
solutions are ideally suited for vector
computers such as the Cray. “We need
to use the large memory of the Cray to
hold such a big model,” said Mr. Kellie,
“and we need a high-speed computer to
doitfastenough.”

Collecting Data

Information about climate patterns and
weather around the world comes from
the World Meteorological Centre, to
which all countries provide data at fixed
times during the day. Data is gathered
from balloon launches, ships, airplanes,
surface stations, drifting buoys and
satellites. Polar orbiting satellites cruise
from pole to pole at eight to nine
hundred kilometers up, while geosta-
tionary satellites, which hover over one
part of the earth, sit at an altitude of
about 22,000 km. A geostationary satel-

lite centred over the United States
gathers information about Canadian
weather.

Portions of all this information are
sent to Dorval, where they are analysed
by the computer and a series of forecast
charts produced. The predictions are
adjusted with models and sent out to
communications centres across Canada
where they provide guidance for local
meteorologists to produce daily and
long-range forecasts.

What goes on within the supercom-
puter program itself is that the informa-
tion coming in is fed into a model of
physical equations describing the at-
mosphere and the movement currently
going on within it. All variables are cal-
culated at 15 different altitudes within
the atmosphere. The model is set up at
an initial time and told to move ahead in
time at 12-minute intervals, up to 48
hours into the future. After the first 12
hoursahead have been forecast, the con-
clusions are translated into graphical
images, or weather charts, which are
then produced for every 3-hour interval
in the future, up to 48 hours.

The weather charts are sent to the
country’s six regional weather centres,
located in Halifax, Montreal, Toronto,
Winnipeg, Edmonton and Vancouver.
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They are also distributed to the depart-
ment of National Defense, to commer-
cial aviation systems and to some local
centres. Altogether, there are 140 dis-
tribution points to which the Cray
charts are delivered electronically twice
aday.

At the regional centres, the charts
are assessed by meteorologists for
agreement with each centre’s own ob-
servations. This information is then
translated into a written description of
the upcoming weather for the area,
which eventually becomes the forecast
delivered to the public.

How Accurate?
The CMC predictions focus on today’s
and tomorrow’s forecasts, but can be
predictthe weather up to five days in ad-
vance. “We couldn’t do it with much
value on smaller machines than the
Cray,” said Mr. Kellie. Previous to get-
ting the most recent Cray machine,
CMC predictions did not go beyond
three days ahead. “Each time we get a
new computer system, we upgrade the
performance of the numerical weather
forecastingsystem,” Mr. Kellicadded.
Since the CMC started in 1952, its
predictions have been getting steadily
more complex and more accurate. The
first computer was incorporated in 1963,
which used a simple two-dimensional
model of one “slice” through the atmos-
phere. A three-dimensional model was
designed in 1968, and in 1973, spectral
modelling, which used equations of at-
mospheric motion on spectral and
spherical co- ordinates , began onaCon-
trol Data machine. It wasn’t until 1983,
with a vector generation computer, the
Cray 1, that a very high resolution
regional forecast model was developed,
which was further improved with the
latest acquisition, the Cray XMP.
“There are plans for expanding the
role of the Cray to produce a written
forecast all ready to go,” said Dave
Greig, head of communications at the
Ontario Weather Centre in Toronto,
“but there are a lot of variables that the
computer models don’t yet account for,
50 I’'m holding my breath.” However,
Mr. Kellie pointed out that work is cur-
rently going on towards having the su-
percomputer produce either a worded
forecast or an intermediate worded
forecast which a human meteorologist
would improve on, so it is possible that
this may occur in the fairly near future.
For the present, the Cray is putting
out its graphical results in record time.
E & TT October 1987
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The Cray XMP supercomputer, capable of processing enormous quantities of
numerical information at very high speeds, using two CPUs. Only 170 are in use

world-wide.

“Canada’s weather serviceis driven by a
numerical model which we operate in
less than 40 minutes,” said Mr. Kellie.
“QObservations are collected by com-
munication systems in about 90
minutes, then 30 to 35 minutes later, we
have products coming out of the numeri-
cal model. We can deliver the 12-hour
forecast while the computer is still
doing the 48-hour forecast.”

Number Cruncher
The reason that so much information
can be processed so quickly lies with the
machine in use. The upgraded Cray
model currently being used by CMC is
an XMP, which is three to five times
faster than the Cray 1 previously used
there. It has two CPUs, rather than one,
each more powerful than earlier ones,
and a solid-state storage device (SSD)
which speeds up the input/output. The
XMP at Dorval has a 64-megabyte main
memory and a 256-megabyte SSD,
which provides for a very fast secondary
memory. :

Cray Inc., founded in 1972 by

Seymour Cray, holds two-thirds of the
supercomputer market, with Crays
being used in aerospace, the petroleum
industry, chemical manufacturing, and
health care, as well as by universities and
government for research and develop-
ment. Since the first Cray was delivered
in 1976, the company has sold 170
machines world-wide.

“The computer we’reusing nowwas
designed for our kind of mathematical
problems,” said Mr. Kellie, “but it’s a
very longterm acquisition process.” A
strategic document is being worked on
at CMC this year which will outline the
future computer needs of the weather
service, and another machine may be
bought in the early 1990s. “The
hardware available changes very quickly
in today’s marketplace,” noted Mr. Kel-
lie.

Climate Modelling

The Cray at CMC is also used for
climate modelling and for research.
Climate modelling involves long-term
seasonal predictions in terms of statis-
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tics, i.e., whether this winter will be
colder or wetter than the seasonal
average. Itisstill fairly experimental and
uses a very long integration program
that runs for a day at a time. “The Cray
has allowed us to do a lot of the climate
modelling more efficiently,” said Mr.
Kellie.

Environmental emergency modell-
ing is also run on the Cray, such as
programs to predict how far pollutants,
such as radioactive dust or chemicals,
will be transported by the atmosphere
and where they will be deposited. This
program would be used in a situation
like that of Chernobyl.

The Cray is running 24 hours a day,
with 50 to 60 per cent of that time being
used for Canada’s forecast system.
Research takes up at least 20 to 25 per
cent of running time, and universities
with research grants to use the Cray get
about 10 per cent. “A lot of research is
done on this machine, since we have
developedthe nextgenerationof models
forit,” pointed out Mr. Kellie.

What About The Future?

There is still a lot of room for the system

Classifieds

to expand. “The acquisition of com-
puter power is what allows computer :
weather prediction to advance, in e
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resolution, accuracy and so on,” said
Mr.Kellie, “and we want to advance and
increase the resolution of our forecasts.
We'd like to give the Canadian public a
50 kilometer resolution forecast.” The
resolution is 152.4 km in the current
model.

As the supercomputers developing
predictions of Canadian weather in-
crease insize and abilities, theiruses and
efficiency will likewise grow. “The
science of meteorology is to push
forecast accuracy to as accurate a level
as possible and as far ahead as possible,”
said Mr. Kellie. “There’s no shortage of
future.”

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

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

Moorshead Publications
Software Services
1300 Don Miils Road
Toronto, Ontario
M3B 3M8

Carol Thomas is a freelance science
writerfrom Toronto, Ontario. @
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CABLE TV DESCRAMBLING TECHNI-
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, Mon-
treal, H3X 3T4. 514-739-9328.

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

TOP quality instrument kits, digital
organs, drums, amplifiers, speakers, midi
expander, mixer, state of the art tech-
nology. Free catalogue from SELTRON iN-
STRUMENTS, 39 Southbridge St., Leam-
ington, Ontario N8H 4N4.

ORIGINAL Exact Parts, Board, powe:
supply and reprint for Feb/84 SB3
cable TV descramble article in Radio
Electronics. Complete set $69.95
postpaid. GENIE, Box 522, Montreal
H3S 2V3.

$11,00 (inc frght, PST) a disk arced of

DESIGNERS, ENGINEERS, hobbyists:
Looking for that hard-to-find circuit?
Try search on bibliographic data base.
Thousands of practical circuits from
dozens of journals. Many scientific ap-
plications. Ask for manual. CIRCUIT
SEARCH, P.O. Box 268, Breslau, On-
tario NOB 1MO.

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

PRINTED CIRCUIT BOARD for ETI, Elec-
tronics, and Ham Radio projects full list
$1.00, refunded with first order B-C-D
ELECTRONICS, P.O. Box 6326 Sta. F.
Hamilton, Ontario L9C 6L9.

PD teeware MS sftwre programmes.
Choose category: comm, floputil,
hdutil, games application, graphics,
macpix, prntutil, scrnutil, turbopas,
sysutil, wordpro. All w/de-arcer.
Catalogue N/C with SASE. MAIL
ORDER ONLY. INTEGRATED DATA
SYTEMS, 30 Brookmount Rd., Toronto,
M4L 3N1 Chque, M/O, Visa, M/C.

ELECTRONIC SURPLUS INDUSTRIES
LIMITED, we sell used industrial/military
test instruments, including oscilloscopes
by HP Tektronix, Philips; Signal gene-
rators, meters, components, tubes etc.
1191 Lawerence Avenue West, Toronto,
Ontario MBA 1E2 416-787-1837.

For Advertising Information Call

(416) 445-5600
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Of Shoes and Ships and Binders...

Alice stretched herself up on tiptoe and peeped over the
” edge of the mushroom and her eyes immediately met
those of a large blue caterpillar, that was sitting on top,
havinga milkshake.

“Who areyou?” said the Caterpillar.

“I hardly know, Sir,” stammered Alice, “but I'm look-
ing for awaytokeep magazinestidy and convenient.”

“Moorshead binder,” said the Caterpillar.

“Pardon?” asked Alice.

“Moorshead magazine binders. Cleverly worked out,
with spring rods to hold the magazines without cutting or
punching,” the Caterpillar replied.

“Oh,” said Alice.

“Theylayflat for reading or photocopying,” headded.

What does he mean? What lays flat? thought Alice to
herself.

“The binders,” said the Caterpillar, just as if she’d said
italoud, andinanother moment he was out of sight.

Moorshead binders are available for $9.75 each (On-
tarioresidents please add 7% provincial sales tax). Send to:

glinders,

ectronics & Technology Today,
Moorshead Publicationgs),) ¢
1300Don Mills Road,

Toronto, Ontario,

M3B3MS8.
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How It Works:
The Lamp Dimmer

Dissecting the inexpensive, versatile dimmer.

By E.J. Wheel

Thcrc are anumber of ways to control
the brightness of household incan-
descent (tungsten) lamps. One simple
method is to put a variable resistor
(rheostat)inserieswith the lamp. Unfor-
tunately this method reduces the power
goingto the lamp bysquandering the rest
as heat in the resistor, and a very large
resistoritis, too.

Another possibility, and a good
one, isto use a variac, atransformer with
a metallic wiper that slides over the ex-
posed secondary winding, in effect
giving the user a variable transformer.
This one has the drawback of a large size
andanevenlarger price tag.

Now suppose we could switch the
lamp on and off with as precise a control
as we could want. If we could turn the
switch on and off somewhere in the mid-
dle of each AC cycle, we’d be letting
bursts of voltage through. The sooner
we turned the switch off during the
cycle, the smaller the bursts of voltage
we’dbesending tothe lamp.

This method has the great ad-
vantage that the switch is always on or
off; only the on/off time is varied. Since it
has an extremely low resistance, the
switch wastes very little power. Solid-
state power devices are a natural for this
application.

The Triac
The triac belongs to a family of power-
control devices called thyristors, a power
switch made up of layers of silicon, and a
cousin of the familiar power diode. The
standard diode allows current to flow in
one direction only, that is, it will only
pass one half-cycle of the sinusoidal AC
that appears at the outlet. The triac, by
contrast, won’t conduct at all until a con-
trol signal appears on the gate pin. Then,
even if the control signal is removed, it
will conduct and stay conducting, look-
ing alotlike a closed mechanical switch,
withverylittle loss as the current flows in
either direction.

One essential difference between
the triac and the mechanical switch is
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that the triac will only remain conduct-
ingifthe currentis above a certain value,
called the latching current. If the supply
voltage falls, the current of course falls
too, and once the current drops below
the latching value, the triac is non-con-
ducting,evenifagate signalis applied.
Now, since the AC voltage goes
from positive through zero to negative
60 times a second, we can use the volt-
age’szero- crossingstoshut off our triac.

A Basic Dimmer

In the schematic shown, we have the
standard sort of dimmer you’ll find at
the hardware store for under ten dol-
lars. It fits in place of a regular
wallmount light switch, that is, in series
with the lamp. The triac is shown inside
the dotted line, which also includes a
device called the diac. More on the diac
below.

Its operation goes like this: picture
the input voltage rising fromzero (either
positive or negative). Imagine that the
dimmer control (potentiometer R) is set
to maximum brightness; in the
schematic, this means that the slider
moves upward, shorting the resistance
and effectively connecting main ter-
minal2(MT2)tothe gate.

The small capacitor C (typically a

.047u) will charge immediately from the
rising line voltage, and thus has no effect
on circuit operation. When the incom-
ingvoltagerises to a fewvolts, the triacis
triggered and its resistance falls, con-
necting the load across the 120V mains
andlightingthe lamp to full brightness.

Now imagine the control being
turned down, inserting a resistance in
series with capacitor C. As the voltage
rises, the capacitor takes its time charg-
ingup through the resistance of R. Even-
tuallyitsvoltagerises and the triacfires.

If we have very high resistance in
series with C, we can delay triggering
until the half-cycle is over, or in other
words, notriggeringat all.

So now we have a way of controlling
how much of the input wave we let
through, from all of it to none. With the
control at half, for instance, we let
through only the last half of each half-
cycle.

Is for the above reason that
dimmed light bulbs often whistle and
sing. The pulses sent to them at low set-
tings are fairly far apart, the tiny filament
is quite sensitive to vibration caused by
thermal variations, and now you have
your annoying noise. The cure, if any, is
to try different light bulbs until you get
one that isn’t sensitive at the lamp dim-
mer’s frequency. The long- life bulbs
tend to make a bit less noise because the
filament is heavier and less inclined to
react to the jagged pulses from the dim-
mer.

The Diac

The gate of a triac needs only a very
small signal, usually several volts. When
it fires, it draws current from the
capacitor, lowering the voltage that it’s

LOAD

120VAC

5

Fig. 1. Thecircuit of a basic lamp dimmer.
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Fig. 2. Animproved dimmer with RF suppression.

charged up to. Furthermore, the various
specifications of every solid-state device
are affected by temperature and
manufacturing variations. For this
reason, it becomes difficult to reliably
trigger a triac from a lamp dimmer cir-
cuit, or at least to ensure that every dim-
meryoumakeacts the same way.

To get around the problem of the
gate and its voltage variations, we use
the diac, a triggering device with a
simialr structure and schematic. Nor-
mallyit is non-conducting, but when the
voltage across it rises to 30 or 40 volts, it
suddenly breaks into low-resistance
conduction and fires the triac via the
capacitor voltage. This higher firing
voltage makes the circuit much more
controllable and predictable.

Sometimes the diac is wired in as a
separate component, but with low-cost
lamp dimmers the diac is internal, part
ofthe triac packaging.

Dimmer Ratings

You may have noticed that the packag-
ing of commercial dimmers reads some-
thing like “1500W resistive, 600W
tungsten. Not for fluorescent lighting”.
The reason for the two different wattage
ratings is the wide variation in the resis-
tance of the tungsten filament as the
temperature changes.

I've just measured a 100W bulb with
an ohmmeter, and found its resistance
to be 9.2 ohms. If you work out what the
resistance to give 100W at 120V should
be according to Mr. Ohm, yow’ll find it
calculates to 83.3 ohms. This is a varia-
tion of 9 to 1. Obviously, the inrush cur-
rent will be much higher when the bulbis
first switched on; it works out to 13A in-
stead of the expected 1.2A at 100W.

Secondly, when a tungsten bulb
E & TT October 1987

burns out, the parting filament often
causes a huge arc to form, effectively
short-circuiting the bulb’s filament.
That’s why bulbs often give off an enor-
-mous blue flash when they burn out. The
bulb’s filament mount is designed to
stop this arc, but for a fraction of a
secondthe currentisveryhigh.

For those two reasons, the dimmer
is derated well below the wattage
capability it would have if it were driving
a well- behaved resistor. Should you
ever want to control a heating element,
you can safely exceed the tungsten
ratingof the dimmer.

As far as fluorescent tubes go, you
can try dimming them if you want to, and
in fact I’ve seen it done. However, the
tubes don’t seem to like firing with the
short spikes from the dimmer, and much
flickering happens. Also, the dimmed
fluoresecent light is gray and gloomy,
like a rainy day. Dimmer manufacturers
wouldn’t like to see you try it either, be-
cause the inductance in the light’s cur-
rent-limiting ballast coil will cause nasty
voltage glitches which may damage the
triac.

An Improved Dimmer
The circuit in the second schematic
shows a dimmer with two of the more an-
noying problems solved.
First,youmayhave noticed that bar-
gain-basement dimmers suffer from
hysteresis, the fact that the counter-
clockwise just- off point is widely dif-
ferent from the clockwise just-on point.
This makesit difficult to set the lamp at a
very low setting without a lot of back-
and-forth knob twiddling. This problem
is caused by the fact that the firing of the
triac gate circuit drains current out of
the timing capacitor and lowers its volt-

age. The usual cure on hardware-store
dimmers is 1o usc a sensitive-gaic triac
that won’t draw too much current out of
the capacitor.

In the schemalic, the problem has
been curcd by the dual-time- constant
method. Notc the additionof R2and (3.
The extra, isolatced capacitor docsn’t sag
asmuchinvoltage when thetriacfires.

Because the triac fires very rapidly,
it creates a very steep, almostr vertical
wavefront. This is guarantced to
generate a series of high frcquency har-
monics which just love to work thcir way
into home audio equipment, cspecially
since the house wiring makes a grcat an-
tenna. In the schematic, a small coil has
been added in series with the load, along
with capacitor C2. This low- pass filtcr
does a good job of cutting down on
nuisance RF interference. It doesn’t to-
tally eliminate it, though, and recording
studios with their sensitive equipment
often substitute variacs for the solid-
state dimmers, or eliminate them al-
together with low-wattage bulbs.

E.J. Wheel is a Toronto freelance writer
who specializesin technology. &
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PROJECTS

BP74: ELECTRONIC MUSIC
PROJECTS

R.A. Penfold

Although one of the more recent
branches of amateur electronics,
electronic music has now become ex-
tremely popular and there are many
projects which fall into this category.
The purpose of this book is to provide
the constructor with a number of
practical circuits for the less com-
plex items of electronic music equip-
ment, including such things as a
Fuxx Box, Waa-Waa Pedal, Sustain
Unit, Reverberation and Phaser-
Units, Tremelo Generator etc.

BP24: TRANSISTOR SELECTOR
GUIDE $15.00
Listings of British, European and
eastern transistor characteristics
make it easy to find replacements by
part number or by specifications.
Devices are also grouped by voltage,
current, power, etc., includes
surface-mount conversions.

BP50: IC LM3900 PROJECTS  $4.25
The purpose of this book is to in-
troduce the LM3900 to the Techni-
cian, Experimenter and Hobbylst. It
provides the groundwork for both
simple and more advanced uses and
is considerably more than just a col-
lection of simple circuits or projects.

BP75: ELECTRONIC TEST EQUIP-
MENT CONSTRUCTION $5.25
This book covers in details the con-
struction and use of a wide range of
test equipment for both the elec-
tronics hobbyist and radio amateur.
The projects are fairly simple to build
and the components are inexpensive
and easily obtainable.

BP76: POWER SUPPLY PROJECTS

$7.50
This book gives a number of power
supply designs including simply
unstabilised types, fixed voitage
regulated and variable voitage
stabilised designs. The information
in this book should also help the
reader to design his own power sup-
plies.

BP92: ELECTRONICS SIMPLIFIED -
CRYSTAL SET CONSTRUCTIONSS.25
This is a book written especially for
those who wish to participate in the
intricacies of electronics.

BP101: HOW TO IDENTIFY

UNMARKED IC's $1.95
An unusual and fascinating chart
that is highly recommended to all
those interested in electronics and
which will hopefully pay for itself
many times over, by enabling the
reader to use iIC's that might other-
wise have been scrapped.

BP121: HOW TO DESIGN AND MAKE
YOUR OWN PCBs $5.85
The purpose of this book Is to

$10.00
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familiarise the reader with both sim-
ple 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 con-
struction.

BP180: ELECTRONIC CIRCUITS FOR
THE COMPUTER CONTROL OF

MODEL RAILWAYS $9.00
Shows how home computers can
easily be applied to the control of
model railroads and other quite
sophisticated control. A variety of
projects are discussed as well as cir-
cults for train position sensing,
signal and electric points control 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 eiectronic
music synthesis in the process.

book

ffe

Exclusively available in
Canada from

Moorshead Publications.

CIRCUITS

BP42: 50 SIMPLE L.E.D. CIRCUITS

$5.85
Contains 50 interesting and useful
circuits and applications, covering
many different branches of elec-
tronics, using one of the most inex-
pensive and freely available com-
ponents.

BP85: INTERNATIONAL TRANS!
STOR EQUIVALENTSGUIDE  $9.00
This book is designed to help the
user find possible substitutes for a
popular useroriented selection of
modern transistors and includes
devices produced by over 100
manutacturers.

BP140: DIGITAL IC EQUIVALENTS
AND PIN CONNECTIONS $15.00
Shows equivalents and pin connec-
tions of a popular user orientated
selection of Digital Integrated Cir-
cuits. Includes European, American
and Japanese devices.

RADIO AND
COMMUNICATIONS

COMPUTERS

BP72: A MICROPROCESSOR
PRIMER $5.25
In an attempt to give painless ap-
proach to computing, this inexpen-
sive book will start by designing a
simple computer and then the short-
comings 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.

BP78: PRACTICAL COMPUTER
EXPERIMENTS $5.25
The aim of this book is to enable the
reader to simply and inexpensively
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 programming, to
understand the language.

BP115: THE PREECOMPUTER BOOK

$5.85
Aimed at the absolute beginner with
no knowledge of computing, this en-
tirely non-technical discussion of
computer bits and pieces and pro-
gramming is written mainly for those
who do not possess a microcomputer
but either intend to one day own one
or simply wish to know something
about them.

BP51: ELECTRONIC MUSIC AND
CREATIVETAPE RECORDING $5.85
This book sets out to show how Elec-
tronic Music can be made at home
with the simplest and most inexpen-
sive equipment. 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 ex-
perience in repairing transistor
radios and, used properly, should
enable the reader to trace most com-
mon fauits reasonably quickly.

BP100: AN INTRODUCTION TO
VIDEO $5.85
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 buiid 25
amateur bank aerials. The designs
start with the simple dipole and pro-
ceed to beam, triangle and even a
mini-rhombic.

BP53: PRACTICAL ELECTRONICS
CALCULATIONS AND FORMULAE

$11.80
A book that bridges the gap between
complicated technical theory and the
‘cut and try’ method. A good
reference book.

BP136: SIMPLE INDOOR AND
WINDOW AERIALS

People living in apartments who
would like to improve shortwave
listening can benefit from these in-
structions on optimising the indoor
aerial.

$7.00

BP147: AN INTRODUCTION TO 6502
MACHINE CODE $10.00
The popular 6502 microprocessor is
used in many home computers; this
is a guide to beginning assembly
language.

BP225: A PRACTICAL INTRODUC-
TION TO DIGITAL ICs $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, Loud-
speakers, and Lighting. All the infor-
mation has been considerably sub-
divided for quick and easy reference.

BP131: MICRO INTERFACING CIR-
CUITS-BOOK 2 $9.00
intended to carry on from Book 1, this
book deals with practical applica-
tions beyond the parallel and serial
interface. "Real world” interfacing
such as sound and speech genera-
tors, temperature and optical sen-
sors, and motor controls are discuss-
ed using practical circuit descrip-
tions.

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, manutacturer,
country of origin, pinouts, etc.,. in-
cludes National, Motorola, Fairchiid,
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 microcom-
puter has some outstanding capabi-
lities in terms of its internat struc-
ture. With a 32.bit architecture, the
QL has a large address range, ad-
vanced instructions which include
multiplication and divislon. These
features give the budding machine
code programmer a good start at ad-
vanced programming methods. This
book assumes no previous know-
ledge of either the 68008 or machine
code programming.

BP59: SECOND BOOK OF CMOS IC
PROJECTS $7.80
This book carries on from its
predecessor and provides a further
selection of useful circuits, mainly of
a simple nature. the book will be well
within the capabilities of the begin-
ner and more advanced constructor.
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B8P32: HOW TO BUILD YOUR OWN
METAL & TREASURE LOCATORS

$7.80
Several fascinating applications with
complete electronic and practical
detalils on the simple, and inexpen-
sive construction of Heterodyne
Metal Locators.

ELECTRONIC THEORY

BP108: $7.00
Cross-references European American
and Japanese diode part numbers.
Besldes rectifier diodes, it Includes
Zeners, LEDS, Diacs, Triacs, SCRs,
0OCls, photodiodes and display
diodes.

BP144: FURTHER PRACTICAL
ELECTRONICS CALCULATIONS
AND FORMULAE $5.00
This book covers many aspects of
electronics where a knowledge and
famillarity of the appropriate for-
mulae Is essential for a fuller
understandings of the subejct. An
essential addition to the library of all
those interested in electronics be
they amateur, professional or stu-
dent.

ELEMENTS OF ELECTRONICS - AN
ON-GOING SERIES

F.A. WILSON, C.G.LA,, C.ENG,
BP82: BOOK 1. THE SIMPLE ELEC-
TRONIC CIRCUIT AND
COMPONENTS $11.70

BP77: BOOK 4 MICROPROCESSING
SYSTEMS AND CIRCUITS $11.80
Although written especlally for
readers with no more than ordinary
arthmetical skills, the use of
mathematics is not avoided, and all
the mathematics required is taught
as the reader progresses.

Each book is a complete treatise of
a particular branch of the subject and
therefore, can be used on its own
with one proviso, that the later books
do not duplicate materlal from their
predecessors, thus a working know-
ledge of the subjects covered by the
earlier books is assumed.

BOOK 1. This book contains all the
fundamental theory necessary to
lead to a full understanding of the
simple electronic circult and its main
components.

BOOK 2. This book continues with
alternating current theory without
which there can be no comprehen:
sion of speech, music, radio, televi-
sion or even the electricity utllities.

BOOOK 3. Follows on semiconduc-
tor technology, leading up to tran.
sistors and Integrated circuits.

BOOK 4 A complete description of
the Internal workings of micro-
processor.

BOOKS5 A book covering the whole
communication scene.

PROJECTS

BP180: ELECTONIC CRICUITS FOR
THE COMPUTER CONTROL OF
MODEL RAILWAYS $9.00
The projects in this book consists of
varlous types of controller, including
a high quality pulse type, as well as
circults for train position sensing,
signal and electronic points control
and many more.

BP194:: MODERN OPTO DEVICE
PROJECTS $9.00
This book provides a number of prac-
tical designs for beginners and ex-
perienced project builders. These
projects utilize a range of modern
opto-electric devices, including such
things as fibre optics, ultra bright
LEDs and passive IR detectors.

BP37: 50 PROJECTS USING RELAYS,
SCR's & TRIACS $7.80
F.G. RAYER, T.Eng (CEl),Assoc. IERE
Relays, silicon controlled rectifiers
(SCR’s) and bi-directional triodes

(TRIACs) have a wide range of ap-
plications In electronics today. This
book gives tried and practical work-
ing circuits which should present the
minimum of dlifficulty for the en-
thuslast to construct. In most of the
clrcuits there is a wide latitude in
component values and types, allow-
ing easy modification of circuits or
ready adaptation of them to in-
dividual needs.

BP71: ELECTRONIC HOUSEHOLD
PROJECTS $7.00
RA. 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 $7.80
F.G. RAYER

Covers in detall the construction of a
wide range of audio projects. The text
has been divided into preamplifiers
and mixers, power amplifiers, tone
controls and matching and miscel-
laneous prospects.

BP44: IC 555 PROJECTS $10.00
E.A. PARR, B.Sx., C.Eng., M.L.E.E.
Every so often a device appears that
is so useful that one wonders how
life went on before without it, The 555
timer is such a device included In this
book are Basic and General Circuits,
Motor Car and Model Railway Cir-
cuits, Alarms and Noise Makers as
well as a saction on the 556, 558 and
559 timers.

BP82: 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
circults, as well as a number of pro-
jects.

BP49: POPULAR ELECTRONIC
PROJECTS $10.00
R.A. 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 Pro-
jects, Household Projects and Test
Equipment,

BP94: ELECTRONIC PROJECTS FOR
CARS AND BOATS $7.80
R.A. PENFOLD

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 Sup-
ply, Lights Timer, Vehicle Immo-
biliser, Gas and Smoke Alarm, Depth
Warning and Shaver Inverter.

BP95: MODEL RAILWAY PROJECTS

$7.80
Electronic projects for mode! rall-
ways are fallry recent and have made
possible an amazing degree of
realism, The projects covered include
controllers, signais and sound ef-
fects: striboard layouts are provided
for each project.

BP93: ELECTRONIC TIMER
PROJECTS $7.80
Windscreen wiper delay, darkroom
timer and metronome projects are in-
cluded. 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 (CE), Assoc.IERE
This book contains both simple and
more adanced projects and it is
hoped that these will be found of help
to the reader developing a knowledge
of the workings of digital circults. to
help the newcomer to the hobby the
author has included a number of
board layouts and wiring diagrams.
Also the more ambitious projects can
be build and tested section by sec-
tion and this should help avold or cor-
rect faults that could otherwise be
troublesome. An ideal book for both
beginner and more advanced en-
thusiast alike. .

BP89: MIN! - MATRIX BOARD
PROJECTS

R.A. PENFOLD

Twenty useful projects which can all
be built on a 24 x 10 hole matrix board
with copper strips. Includes Door-
buzzer, Low-voitage Alarm, AM
Radio, Slignal Generator, projector
Timer, Guitar Headphone Amp. Tran-
sistor Checker and more,

BP103: MULTICIRCUIT BOARD
PROJECTS $7.80
R.A. PENFOLD

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

BP107: 30 SOLDERLESS BREAD-
BOARD PROJECTS - BOOK1  $9.00
R.A. PENFOLD

A "Solderless Breadboard” is simply
a special board on which electronic
circuits can be bullt and tested. The
components used are just plugged in
and unplugged as desired. The 30
projects featued in this book have
been specially deisgned to be built
on a 'Verobloc’ breadboard.
Wherever possible the components
used are common to several projects,
hence with only a modest number of
reasonably Inexpensive components
it is possible to build, in turn, every
project shown.

BP106: MODERN ON AMP
PROJECTS $7.80
R.A. PENFOLD

Features a wide range of construc-
tional projects which make use of op-
amps including fow-noise, low distor-
tion, ultra-high input impedance, high

slew-rate and high output current .

types.

CIRCUITS

BP127:HOW TO DESIGN
ELECTRONIC PROJECTS $9.00
Although information on stand cir-
cult blocks Is available, there Is less
information on combining these cir-
cuit parts together. This title does
just that Practical examples are used
and each is analysed to show what
each does and how to apply this to
other designs.

BP122 AUDIO AMPLIFIER
CONSTRUCTION $6.75
A wide circuits Is given, from low
nolse microphone and tape head
preamps to a 100W MOSFET type.
There Is also the circuit for 12V
bridge amp giving 18W. Circuit board
or stripboard layout are included.
Most of the circuits are well within
the capabllities for even those with
limited experience.

BP98: POPULAR ELECTRONIC
CIRCUITS, BOOK 2 §!
R.A. PENFOLD

70 plus circuits based on modern
components aimed at those with
some experience.

B8P179: ELECTRONIC CIRCUITS FOR
THE COMPUTER CONTROL OF
ROBOTS $12.00
The main stumbling biock for most
would-be robot builders is the elec-
tronics to Interface the computer to
the motors, and the sensors which
provide feedback from the robot to
the computer. The purpose of this
book is to explain and provide some
relatively simple electronic circuits
which bridge the gap.

BP39: 50 (FET) FIELD EFFECT
TRANSISTOR PROJECTS $7.00
F.G. RAYER, T.Eng{CE),Assoc,IERE
Field effect transistors (FETs), find
application in a wide variety of cir-
cuits. The projects described here in-
clude radlo frequency amplifiers and
converters, test equipment and
receiver aids, tuners, receivers, mix-
ers and tone controls, as well as
various miscellaneous devices which
are useful in the home.

This book contains something of
particular Interest for every class of
enthusiast - short wave listener, radio
amateur, experimenter or audio
devotee.

BP88: HOW TO USE OP AMPS
E.A.PARR $11.80
A designer's guide covering several
op amps, serving as a source book of
clrcuits and a reference book for
design calculations. The approach
has been made as nonmathematical
as possible.

BP65: SINGLE ICPROJECTS  $6.00
R.A. PENFOLD

There is now a vast range of ICs
avalilable to the amateur market, the
majority of which are not necessarily
designed for use in a single applica-
tion and can offer unlimited possi-
bilities. All the projects contained in
this book are simple to construct and
are based on a single IC. A few pro-
jects employ one or two transistors in
addition to an IC but in most cases
the IC Is the only active device used.

BP223: 50 PROJECTS USING

IC CA3130

R.A. PENFOLD

tn this book, the author has designed
and developed a number of in-
teresting and useful projects which
are divided Into five general
categories | — Audio Projects 1| —
R.F. Projects Il — Test Equipment {V
— Household Projects V — Miscel-
laneous Projects.

BP118: PRACTICAL ELECTRONIC
BUILDING BLOCKS - BOOK2 $7.60
R.A. PENFOLD

This sequel to BP117 Is written to
help the reader create and experi-
ment with his own circuits by com.
bining standard type circuit building
blocks. Circuits concerned with
generating signals were covered in
Book 1, this one dea!s with process-.
ing signals. Amplifiers and filters ac-
count for most of the book but com-
parators, Schmitt triggers and other
circuits are covered.

BP83: VMOS PROJECTS $7.80
R.A. PENFOLD

Although modern bipolar power tran-
sistors give excellent results in a
wide range of applications, they are
not without their drawbacks or limita-
tions. This book will primarily be con-
cerned with VMOS power FETs
although power MOSFETs will be
dealt with in the chapter on audio cir-
cuits, A number of varied and in-
teresting projects are covered under
the main headings of: Audio Circuits,
sound Generator Circuits, DC Control
Circuits and Signal Control Circuits.

E & TT October 1987
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Presenting the SuperDisk

SuperDisk 1

EBL This is the latest version of the Extended Baich
Language, an easy-to-use program that lets you cus-
tomize hard disk and floppy disk systems for less ex-
perienced users. Create custom menus and make your
system idiot-proof — without the need for a complicated
DOS shell program.

TIRED You may want to save this one for April 1st.
Sneak it into a friend's BATCH file, or run it from DOS
{while your friend is at the coffee urn). Spectacular, but
harmless results.

BREAKON Ever need o exit from a program in a

hurry? Or do you get frustrated when your computer
hangs up because of a software problem. You could
press the RESET button, or try running BREAKON. This
little beauty works with many popular programs.

PKARC If you want to keep archive copies of impor-
tant, but rarely needed dat: files or programs, an archiv-
ing program is an inexpensive alternative to buying
more floppy disks. Archive iles with PKARC and extract
them with PKXARC. These -tilities are fast and accurate
— and they'll help you sa.e on disks.

DS|Z DSIZ is a simple . tility that will provide informa-
tion on the size of the various directories on a hard disk
system.

CONVER An-easy-to-use unit conversion utility.
This provides imperial, metric and U.S. conversions for
ail common units of measurement — and many uncom-
mon ones as well. Provides well over 200 conversions.

CUTE TlME Friendlier than a clock program, but
not as accurate, running QT gives on an English ap-
proximation of the time. “It's about half past two”", for ex-
ample.

DRA'N Another April Fool's program. Run DRAIN to
remove the water from your disk drive. Keep "em rolling
in the aisles.

XEQ This utility is designed to let you manage those
small but useful programs that tend to clutter up disks.
Files can be added, removed and run from XEQ.

ORDER use orpER to change the order in which
files appear in the directory on your disks. This utility will
create order out of chaos in large directories. Great for
hard disks.

TSR For SideKick, ProKey and SuperKey users — or
anyone who uses co-resident software. This utility lets
you remove resident programs from memory — without
rebooting your computer! You'll wonder how you ever

managed without it.
$19.95

Series...

Data Management

SuperDisk 2

BLOCKADE Play with up to two human and five

computer players, This territorial game will generate
hours of excitement. This version lets you select a num-
ber of game p ters such as strategy and speed.
Win by blocking the paths of your opponents in order to
gain territory.

DALEKS A game of skill and logic based on the
Dr. Who television series, Use your talents to rid the
universe of the dreaded Daleks.

RLOG'C Save the world from nuclear annihilation.
This one is trickier than you might expect.

CAVERNS OF GINK A strange name for a

strange game. Explore the Caverns and see what you'll
find.

LETFALL A great way to learn touch typing and to
have fun too. This one lets you work on tricky key com-
binations — and it will report on your progress.

Wl M PS Maneuver your spaceship and blast away
at the marauding wimps. A great zero gravity simulation.

FL'GHTMARE As an Omegan jet fighter ace,

your job is to protect Omegan factories from hordes of
dessert vandals.

PYRAMID Hop on each triangle in the pyramid
and score points, but watch out for the snakes!

R Just run Hi from DOS or from within a BATCH file
and be prepared for a daily dose of inspired wit and wis-
dom. From Confucius to Murphy, this program has it all.

$19.95

$19.95 each

Ontario Residents, please add 7% Ontario sales tax
and $1 for shipping and handling .

Send your orders to:

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

Or, you can order by phone.
Call (416) 445-5600

Have your MasterCard, Visa or American Express Card ready.
Make cheques payable to MOORSHEAD PUBLICATIONS.

Order Form on page 47

Games
Utilities

SuperDisk 3

DSCAR This is the “dBase Source Code Analyzer
and Reporter®, a utility that lets you pretty up and docu-
ment your dBase programs. This utility is very flexible in
how it analyzes your files. You can even edit the
reserved word list so that it will work with future updates
of dBase 1l as well as with dBase compilers such as Nan-
tucket's Clipper.

SET COLOUR A simple, but well written routine

that can be called from within any dBase program. This
one lets you install screen colours.

DB-CH ECK Check the logical flow of your dBase

programs and have this handy utility indent your
programs so that they are more easily read — and
debugged. This one is very fast!

FLOW A quick program flow checker that matches
up DO's and ENDDO's, IF's and ENDIF's and DO
CASE's and ENDCASE's. It makes those hard to find er-
rors easy to find.

DB3TO PAS Not your everyday utility,

DB3TOPAS creates Turbo Pascal routines that can ac-
cess dBase ll files.

LBARGEN mhis is a simple dBase Il Light Bar
menu generator. Just enter the options for your applica-
tion and LBARGEN will generate a .PRG file, saving you
the time and energy required to do it yourself.

DL1 B This Is a shareware Clipper library which can
be linked with any Clipper program. There are all sorts
of great routines in this library — everything from screen
handling functions to financial formulae and a phone
dialer for modem users. A powerful addition for all
dBase/Clipper programmers.

BEEPER another Ciipper utility. Assemble with
MASM and link BEEPER with any Clipper program and
you'll gain control over the PC's speaker. Alter pitch and
duration and add sound to your programs.

HELP there are many good books on how to use
dBASE i, but these 7 text files provide dozens of
“power user” tips that are often overlooked. These files
contain a host of information on using dBase with Lotus
123, backing up large data files, printing, indexing and
generaling labels. Just use the DOS TYPE command or
any ASCIi word processor to read these files.

$19.95
E & TT October 1987
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F YI Continued from page36

Laser IBM-compatible

Video Technology Computers, Inc.
has announced the introduction of
their new IBM-compatible Laser
compact XTE personal computer.
This expanded version of the
original model gives you more
memory and more built-in options
as standard, plus it far surpasses
standard graphic capabilities. It is
fully compatible with the IBM
PC/XT and its enormous software
library. 640K RAM is standard with
the LASER Compact XTE, with an
internal EMS (Expanded Memory
Standard) that allows expansion up
to 1 MEG to run all EMS software
programs. Also newly built-in is an
EGA (Enhanced Graphics Adap-
ter) to run EGA software
programs. For further information
on the LASER Compact XTE, call
or write: Video Technology Com-
puters, Inc., 400 Anthony Trail,
Northbrook, Illinois 60062-2536,
(312)-272-6760. n
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111A UNIVERSAL
GENERATOR

MODEL 1HIA
IR naveRsAL GENERATOR

$1,598.00 FST + Duty Incl.

World-wide signalling information in both standard and
specialized Audio or Digital formats at your finger tips

AUDIO

® Single Tone @
® Muiti-Tone Sequential @
Hexadecimal Sequential Code (HSC)
Dual Tone, Multifrequency (DTMF)

DIGITAL

Digital Coded Squelch (DCS)
POCSAG
NEC/D3

Goley Sequential Code (GSC)

RADIO COMMON CARRIER (RCC)

Mobile Telephone Service (MTS)
Improved Mobile Telephone Service (IMTS)
Pulse Service
Tone Control

All modes of operation except digital have 5 storage
registers for storing and recalling information
and/or Data Bases from the front panel

For more information....
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For Your Information

The 4-Million-Bit Chip

IBM General Technology Division, Vermount

n the race to make computer

memories smaller, cheaper and

denser, IBM has produced a 4-
megabit chip that can be fabri-
cated on the same assembly line
as the one-megabit chip. The
ability to put more and more cir-
cuits into smaller and smaller
arcas plays a key role in reducing
the cost of manufacturing com-
puter components and has led to
dramatic reductions in the cost of
computing. IBM is already using 1-
meg chips in mainframes, and
plans to expand the use of
megabit technology throughout
the range of its product line.
A combination of CMOS technol-
ogy, advanced photolithography
and a novel memory cell make this 4-
megabit dynamic RAM significantly
faster and denser than its 1-megabit
predecessor. The new chip is only
35% larger than the 1-meg, occupy-
ing 78 square millimetres and the ac-
cess time is 65 nanoseconds. At this
speed, it could read the data in all of
its 4,194,304 memory cells in one-
fourth of a second.

A New Memory Cell

The key to the development of the 4-
megabit chip is the use of an ad-
vanced design for the chip’s in-
dividual storage cells. The memory
cells conventionally used in DRAM
chips, whether they hold 64K bits or
4 million, are composed of one tran-
sistor and one capacitor. Informa-
tion is represented by the presence
or absence of charge on the surface
of the capacitor. The charge is stored
or released by switching the transis-
tor on or off, and the flowing charge
produces an electrical signal that can
be amplified and read by circuits on

56
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the chip.

An important problem for chip
designers is to provide a memory cell
that is as small as possible, but still
includes sufficient room for a
capacitor large enough to generate
a strong signal. A strong signal is
needed to produce fast operation
and reliable performance.
IBM’s4-megchipuses a new method
for constructing the individual
storage cells that make up the entire
chip. In this method, a hole is
etched deeply into the silicon at
each storage location on the chip,
the sidewalis of the hole are covered
with an insulating material, and the
hole is filled with a conductive
material to form a capacitor.

This method provides a 3-dimen-
sional capacitor which has a surface
area large enough to hold a substan-
tial amount of charge, but does not
occupy a large amount of surface
areaon the chip.

The 3-D “trench” capacitor struc-
ture contrasts with the 2-D planar
structure conventionally used to
form capacitors in memory chips.
As implemented in the 4-meg chip,
the trench capacitor allows three
times as many cells to be packed
intoanarea equivalent to that ofa 1-
megchip.

In the new chip, engineers have
fabricated circuit elements with
dimensions as small as 0.7 micron.
These extremely fine lines make it
possible to produce transistors with
very narrow gate electrodes; the
width of the electrode determines a
basic characteristic of the transistor
called the “channel length”. This has
led to a very fast switching time for
the transistors, as fast as 65ns.

=P [

Structure

The chip is IBM’s first dynamic ran-
dom access memory chip developed
in Complementary Metal Oxide
Semiconductor (CMOS) technol-
ogy. Earlier memory chips are fabri-
cated in N-type Metal Oxide Semi-
conductor (NMOS) technology.
CMOS technology inherently uses
less power than NMOS, allowing
cooler operation of the circuits.

The chip operates on asingle 3.3 volt

power supply. This results in power
savings compared to the 5V supply
that is conventionally used with
NMOS technology.

Organization

To provide system designers with
flexibility in selecting versions of
the chip that best suit their needs,
the chip is organized to read data
either in groups of four bits at a
time or one bit at a time. Special cir-
cuits in the chip also provide the
ability to write data into the chip in
groups of from one to four bits at a
time.

The chip also includes 96,000 spare
or redundant storage cells, one and
one-half times the number of cells
in an entire 64K chip, which IBM
began manufacturing in 1978.
These extra cells are used to sub-
stitute for defective cells discovered
during the manufacturing process.
Redundancy can substantially in-
crease manufacturing yields during
the early phases of production, thus
significantly reducing manufactur-
ingcosts.

To increase the flexibility of the
chip for potential use in a variety of
systems, two different packaging op-
tions are provided. In one option,
the chip can be mounted on a 3/4-
inch-square ceramic substrate con-
taining an array of pins for connect-
ing the substrate to the next level of
circuit packaging. The other option
isapackage 0.35 inches wide with ¢j”
shaped leads that allow it to be
mounted at high densities on the
surface of the next level of packag-

ng.
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THE NEW 65/9028 VT

A ANSI VIDEO TERMINAL BOARD!
} * FROM LINGER ENTERPRISES *
A second generation, low cost, high performance, mini
sized, single board for making your own RS232 Video
Terminal. This highly versatile board can be used as a
stand alone video terminal, or without a keyboard, as a
video console. VT100, VT52 Compatible.
FEATURES: MICRO SIZE!
* Uses the new CRT9128 Video Con-

troller driven by a 6502A CPU

NOW AVAILABLE / * On-Screen Non-Volatile Configuration
* 10 Terminal Modes: ANSI, H19,
IN TWO CAPACITIES : ADM-5, WYSE 50, TVi-920, KT-7,
g HAZ-1500, ADDS 60, QUME-101, and

Datapoint 8200
* Supports IBM PC/XT, and Parallel
ASCIl Keyboards
Supports standard 15.75 kHz (Horiz.)
Composite or Split Video (50/60 Hz)
25 X 80 Format with Non-Scrolling

FUNCTION GENERATORS | | Gnforore

* % %

* =
* RS-232 at 16 Baud Rates from 50 to =0

KZ-1404A: « Seven frequency ranges 0.05 Hz to 1 MHz N :)9'2302“ ST $7995

e Continuously variable voltage output 0-10V ¢ Accuracy * Wide and Thin Line Graphics FULL KIT

+3% o DC offset: -5V to + 5V e Input voltage; 115/220/V * Normal and Reverse Screen Attributes w/100 Page Manual

AC + 10% 50/60 Hz » Dimensions: 3.5” high, 2 gugg;:"g g"ﬂfﬂf‘:ﬁ Atbtes: De-Inten, ADD $40 FOR A&T

000 R 1) e , Undel
12” wide, 13” deep $349- * 10 Programmable Function Keys and o:g}’?y’s‘#ffs"gg‘&‘i“
Answerback message KEYBOARD: $15

KZ-1405: « 8 frequency ranges: 0.01 Hz to 10 MHz, gated *» SRy Wallix or 7 X' for

with phase control ¢ 20 volt open load; 50 ohm * Minl Size: 6.5 X 5 inches LD

output » DC offset variable within = 10V $895. * Low Power: 5DC @ 74, & 12VDC S IN. $15

Plus $10 for shipping and handling. ——

Ontario residents add 7% P.S.T. Order by phone or mail. D|g|ta| Research Computers
- KB ELECT RO N ICS P.O. BOX 381450 « DUNCANVILLE, TX 75138 ¢ (214) 225-2309
— - ‘ Call or write for a free catalog on Z-80 or 6809 Single Board

355 Iroquois Shore Road, Oakville, Ont. L6H 1M3 Computers, SS-50 Boards, and other S-100 products.

(416) 8426888 Telex: 06-982396 (KBEL OKVL)
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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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The Ultimate Surge Protection

For all Electronic Equipment. mAp

» CSA Approved

e Response time
less than one

’ L —>l ] .
nano second. mumf i , ; 1 Year Warranty
Lifetime Watraniy :

Protection:
e Model 406: 6,000V at 200A
e Model 2000: 10,000V at 3,000A

Noise Filtration: HAMMOND
e Model 406: over 10db; 150KHz to 130MHz MANUFACTURING
e Model 2000: over 40db; 150KHz to 130MHz w Zﬁs’fﬁ'ﬁ%’ﬁﬁ? lROD. N.
{519) 822-2960
70
Available through Authorized Hammond Distributors ‘;1161,23_%2223
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The Landsat series of Earth observa-
tionsatellites has provided scientists
with a rich source of data about the
naturalenvironment. Giventhe continu-
ingconcern about the scale and speed of
change brought about by man’s ac-
tivities, accesstosuchdataistimely.

The World Conservation Strategy
of the World Wildlife Fund, for ex-
ample, argues that global, national and
regional ecosystem evaluations must be
made as a matter of priority. Three
aspects of the data provided by projects
such as Landsat make them particularly
importantinsuchanundertaking.

The repeated and large scale sur-
veillance of the Earth’s surface makes
possible quicker and lower cost environ-
mental monitoring and mapping
programs forlarge areas. The digital for-
mat of satellite data means computer
based methods of image processing can
be applied, resulting in the discovery of
newand unexpected patterns.

Finally, the growth of digital infor-
mation from these space networks
provides a key stimulus for the develop-
ment of information systems to assist the
environmental planner and manager.

Digital Satellite Data

The current British study, supported by
the Welsh Office and Britain’s
Economic and Social Research Council
58

Vast amounts of data about the
from eyes in the sky

By R.H. Haines-Young

concerns the use of digital satellite data
for landscape classification in Wales.
Althoughsuchdatahasbeenusedexten-
sively to map individual land cover ele-
ments such as forest, pasture, and so on
which make up the landscape, little
work has concerned the recognition of
the larger scale patterns in the land
cover mosaic. These constitute different
landscapetypesdefined by the combina-
tion of the land cover elements, their
spatial arrangement and the character
ofunderlying terrain.

The recognition of such landscape
units is important for management of
the regional landscape resource in
Wales, and for the development of en-
vironmental survey techniques in
general.

One of the study areas investigated
isin West Glamorgan, where the Nottin-
gham Image Processing System (NIPS)
is used. This provides a comprehensive
set of FORTRAN routines for digital
image processing which can be run on a
DEC PDP11/34 or a VAX 11/730 driv-
ing a Gresham-Lion Supervisor 214
image displaysystem.

Image Processing Routines

The image processing routines have
been augmented by TWINSCAPE, a
package developed for the classification
and analysis of landscape. This is based

Technology

on VESPAN, a set of FORTRAN
programs for the handling and analysis
of vegetationandspeciesdata.

The initial step in the classification
of landscape involves that of remotely
sensed data for land cover. Both
Landsat Multispectral Scanner (MSS)
and Thematic Mapper (TM) imagery
have beenused.

Preliminaryinvestigations for other
areas in Wales showed that, in general,
the highest land cover classification ac-
curacies could be obtained using TM
data. Although imagery collected in
spring allowed the best discrimination
between the target cover types, the only
cloud-free TM data available for the
West Glamorgan study area was for
July. This data was therefore supple-
mented by April MSS imagery in order
to develop multi- temporal classifica-
tions.

Both centroid and maximum
likelihood classifiers were used in single
and multi date mode. Table 1 indicates
the level of classification accuracies ob-
tained. No single algorithm proved op-
timalfor allcover types.

Second Major Step

Analysis of the varying patterns and

combinations of cover elements in the

land cover mosaic forms the second

major analytical step. A data base was
E & TT October 1987
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Comparison between landscape classes obtained for West Glamorgan (numerical
keytocovertypesis as in Tables 1and 2). Below: Part of the landscape classification
obtainedfora 100km section of West Glamorgan. Scale approximately 1:71 000 (OS

copyrightacknowledged).

created showing the percentage cover
of the target types in each of the 1km®
sectionsofthe Ordnance Survey Nation-
al Grid makingupthe studyarea.

The estimate for each cover type
was derived from its optimal classifica-
tion algorithm. For the purposes of
E & TT October 1987

landscape classification the cover data
was recorded on a four point ordinal
scale.

Given the low per-pixel classifica-
tion accuracies shown in Table 1, a
check on the method’s accuracy was
made by comparing the estimates for

each grid square with data obtained by
field survey (Table 2). Despite the low
per-pixel accuracies, it seems clear the
imagery can be used to estimate the per-
centage cover in each grid square for the
broad cover classes used.

Since the level of correspondence
between the methods approaches the
level of reproducibility for the field es-
timates, the quality of the remotely
sensed data was considered adequate
for the purposes of landscape classifica-
tion.

Two-Way Table

Landscape is classified by the
TWINSPAN algorithm, a polythetic
diversive method of classification. It was
developed for ecologists who have col-
lected data on the occurrence of certain
species in a set of samples and who re-
quire a classiftcation of species accord-
ingtotheir ecological preferences.

The algorithm produces an or-
dered two-way table showing the
relationship of species to sites. Al-
though developed in a phytosociologi-
cal context the method is applicable toa
wide range of data matrices andis highly
suited tothe study of landscape.

Classification of landscape types
was terminated at the 16-group level.
The classification for West Glamorgan
identifies a spectrum of landscape
types. Classes 1, 2 and 3, for example,
pick out the contrasts between areas of
blanket conifer cover, and landscapes in
which unimproved pasture and health
are present alongside large scale
forestry, or areas in which mixed upland

landscape exists.
Classes 4 to 8 represent different
upland and lowland landscapes

dominated by pasture in combination
with broadleaved woodlands and settle-
ment. Classes 10 to 12 are dominated by
settlement and industry, and classes 13
to16 pick out coastal landscapes.

Environmental Survey

The landscape or terrain units
analogous to those described above
have been widely used in environmental
survey, for example in the context of
land systems mapping. In general the
data required for such work is provided
by field survey, map or air photo
analysis.

Satellite imagery, when used for
such work, has largely been interpreted
by manual methods. The automated
routines described here offer the pos-
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Tablel:

Classification accuracyfortarget covertypes in the West Glamorgan Study Area

Covertype Accuracy(%) Method
1.Broadleaf 51 CM
2. Conifer 87 CS
3.Brackenand scrub 54 CM
4.Unimproved pasture 68 CS
5.Heath 84 CS
6.Improved pasture 58 CS
7.Arable 19 ML,S
8.Water 100 CS
9.Marsh 88 MLS
10.Bareground 73 ML,S
11.Settlement 66 CS
KEY:

C=centroid, ML =maximum, M =multi-date mode, S-single date mode. Ac-
curacies are assessed as the proportion of pixels of known cover type correctly as-

squares makingupthestudyarea.

signed by classifier.

Table2:

Covertype Correspondence (%)
1.Broadleaf 67
2. Conifer 83
3.Brackenandscrub 60
4. Unimproved pasture 54
5.Heath 94
6.Improved pasture 65
7.Arable 99
8. Water 96
9.Marsh 94
10. Bare ground 87
11.Settlement 75

Note: Percentage cover classeswere asfollows: 1 = 1t05%, 2 = 5t015%,3 = 15to
35% and 4 = 35%. Comparison is made on the basis of a 15% sample of the grid

sibility of more rapid and repeatable
analysis of such data for landscape. sur-
vey than has been possible using tradi-
60

tionalmethods.
The importance of landscape clas-
sification for environmental survey is

twofold. Such data provides the basis of
a detailed structural analysis of
landscape. The typicality, rarity and
diversity of different landscape types
can be assessed and an evaluation of the
landscape resource made.

Such information is an important
input into the planning process. Follow-
ing the current study, for example, an at-
tempt will be made to assess where fur-
ther afforestation is both feasible and
appropriatein the Welsh countryside.

Ecological Impacts

In addition to providing information
about landscape itself, landscape units
canalso be used for the survey of related
phenomena which are not directly ob-
servable from remote sensing plat-
forms. Using the present results from
Wales, for example, an attempt will be
made to combine the landscape data
with other kinds of information in order
to model the patterns exhibited by
plants and animals and to assess the
ecological impacts of landscape change.

Such techniques are important in
areas outside Britain where environ-
mental data is limited. In other kinds of
environment, landscape units could be
used to survey such factors as land
capability, population density, fuel
wood resources, soil erosion or pest
hazard.

The integration of remotely sensed
data with other kinds of information
provides the stimulus for the develop-
ment of spatial or geographical informa-
tionsystems. These will become increas-
ingly important in ecosystem evaluation
and in the management of the Earth’s
livingresources on asustainable basis.

R. H. Haines-Young is with the
Department of Geography, University of
Nottingham, England. m
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Nine Test Probes
with only one difference
between them and your
scope’s original equipment

Manufacturers Original U.S.$ COLINE o I'B Manufacturers Original U.S.$ Coline CDN
Scope Probe Price Equivalent I Scope Probe Price Equivalent Price

TEKTRONIX PHILIPS

2300 Series P6101A MI12X1 $ 45.90 EE=TRYY) PM8294  $60 MI2X1 $45.90
P6108A M12X10 $ 54.90 Y

2200 Series P6121 M12X10AP LI OXN]  PM3256 PM8926  $70 P100 $36.20
P6122 P100 $ 36.20 VRV PM8928  $95 MI2X10 $54.90

2400 Series P6131 M15X10HFAP  ERDLE:D)
P6133 M12X10AP $ 70.60 WY

400 Series P6105A Mi2x10A  EIRLXY v-1100A

P6106A MI5X10HFAP  ESDERSY Vo670 AFI0ALLS $64  SP100 $46.10
P6130 (RSU s 70.60 [ERVES

IWATSU
55321 $5-0014 M12X10 CRYR:] HEWLETT PACKARD

§§5711 $50012 M12X10 s 54.90 JRULL 10018A M20X10 $62.80
17228 10017A M15X10HF $90.10

LEADER 1725A 10017A M15X10HF $80.10
LBO-315 LP-060X  $60 SP100 1740 Series 10041A P100 $36.20
LBO-518 LP-100X  $76  SP100 10021A IP20 $31.90

Take up the Coline challenge and compare our prices with the probes you currently use. In many cases you
can replace both probes on your dual trace scope at the cost of one probe from the scope manufacturer.
Plus, bandwidth and overall performance of the probe typically exceed that of the original equipment.
Satisfaction is guaranteed with a ten day return privilege. Coline - Specialists in probes for over 15 years.

IN CANADA =E-colineLtd PROBES & ACCESSORIES

distributed from your Canadian stocking source

980 Alness St. Unit 7,
Downsview, Ontario

ELECTRONICS M3J 252
4 {416) 661-5585

TELEX 065-28169

\ I N I U . ) e
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TEST OUR VALUE
AND SELECTION

RCC-200 Analog Multimeter $59.95

e drop-proof construction

e safety leads

e taut band meter movement

e fuse protection

e temperature range to 150°C

e measurement to 1000V AC DC

MD-30 31/2 Digit LCD Digital

Multimeter $89.95

e manual & auto ranging

e DC voltages from 200mV to 1000V

¢ AC voltages from 2000mV to 750V

e AC current to 10 amps

e resistance from 2002 to 20MQ

e beeper for continuity test

e added range for diode testing

e built-in protection circuit

e MOS LSI & LCD for lower power
consumption

3240 Shirt-pocket-size Digital
Multimeter $59.95

¢ automatic range selection
¢ DC voltages from 200mV to 500V F

ircle No. 3 on Reader Service Card
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e resistance from 200Q to 20MQ
NOW OFFERING THE CONVENIENCE OF VISA

== RCC/ELECTRONICS
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310 Judson St., Unit 19 Available at electronic distributors coast to coast or RCC Electronics
Toronto, Ontario M8Z 5T6 e All prices include FST.

Tel: (416) 252-5094 ¢ PST. extra if applicable

Telex: 06-984874 * Shipping and handling extra

Fax: (416) 252-3031 ($5.00 for shipping and handling)

From Nfld. to Sask., 1-800-268-2281

i M Ord rtified Ch
(OROERS ONLY) Visa » Money Order e Certified Cheque



Portable Problem Solver

Ultra-compact Digital

Storage Oscilloscope-
Mulr:g;neter. -

Easily carried in a tool kit or attache
case—powered by batteries or supplied
ac adaptor—this 2-in-1 lightweight is
always ready for hand-held action.

Multi-function,
200-kHz DSO.

Just flip the switch from DMM to
SCOPE andthe performance of a pro-
fessional Digital Storage Oscilloscope is
atyour fingertips. Lets you capture and
analyze single-shot and very slow phe-
nomena. Stores up to three waveforms,
and has such top-of-the-line features as
auto-ranging time base setting, pre-trig-
ger, roll mode, and on-screen readout of
setting conditions. Low-power indicator

alerts you when batteries need recharg-
ing, while a separate back-up system
protects memory.

Full-function
3Y2-digit DMM.

Precise measurement of ac/dc volt-
age, currentand resistance is easy to
see onthe large, high-contrast, display.
Automatically selects range which pro-
vides greatest accuracy and resolution.

Perfect for many
applications.

LCD-100is a unique combination in-
strument that can confirm thatits DMM
is measuring a desired signal. Better by
farthan a DMM alone.. . more useful in
the field than any benchtop DSO in this
bandwidth, LCD-100 is ideal for servic-
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ing a broad range of electromechanical,
electrical and electronic systems.

Ask for an evaluation unit, more
information, or our latest Catalog.

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

Saskatchewan/Manitoba Call
(204) 775-3354

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

Omnitronixg

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 05-824 151




Better resolution and accuracy
can change the whole picture.

Clear up the uncertainty in your
test measurements with these three
versatile Fluke multimeters.

When you need performance that leaves
no room for doubt, focus on the Fluke 25,
27 and 37 Analog/Digital Multimeters.
With their patented A/D converters, they
deliver DC volts accuracy within 0.1%. An
easy-to-view display also provides a full
4 digits of resolution for readings up to
3200 counts.

Fully sealed, drop proof cases protect
the handheld Fluke 25 and 27 from abuse
on the job site. The unique design of the
Fluke 37 is well suited for benchtop and
portable use, and includes a convenient
storage compartment for test leads and
small accessories.

The circuitry in each model is shielded

to eliminate interference — even near
motors, radar, or other transmitters. And
thirty-six components are dedicated to
high-energy overload protection, for you
and the meter.

All three instruments offer simplicity of
operation.

Plus, the auto-polarity digital readout
and analog bar graph give you two ways
to look at the signal.

Next time you make a measurement,
think about what you're missing. Then call
your local Fluke representative and ask
about the Fluke 25, 27 and 37. You'll get
the picture.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS
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IFLUKE]
Toronto 416-890-7600 Montreal 514-685-0022

®  Ottawa 613-723-9453 Calgary 403-291-5215
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Fluke 25, 27, & 37

0.1% basic dc acturacy
Analog/Digitat Display
Volts, ohms, amps, diode test
0.1 z2A to 104, all fused

30 kHz ac bandwidth

100 2V to 1000V ac and dc
Touch Hold™ function

Relative (difterence) mode and MIN/MAX recording mode (27 & 37)

Integral handie. storage compartment (37)
Two-year warranty
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