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BEST COMPACT 386SX

“Featuring a small footprint, this powerful desktop

computer has the capabilities of a 386 machine at an

AT price. It is an excellent choice for small business

or home office use. All essential peripherals are on the

motherboard, leaving six VO slots free for further

expansion.”

STANDARD CONFIGURATION:

o Inte! 80386SX microprocessor runnin? at16MHz

o 1 meg memory optionally expandable to 4 meg on
board

o Socketed for 80387SX math coprocessor

o LIM4.0 support

o Page mode interleaved memory architecture

o Motherboard also includes:
two serial ports, one parallel port, real time clock/calen-
dar, hard and floppy controller

o Phoenix BIOS

« 101 enhanced keyboard

o one 1.2 meg 5.25" or 1.44 meg 3.5" disk drive

o Our own Canadian designed and manufactured
motherboard includes all above features and leaves
you with six free expansion slots (five AT, one XT)

» CSA approved system

OPTIONS:

o Video display adapter (VGA, EGA or Mono)

o Video monitor (colour or mono)

o Hard disk (20 to 600Mb)

o Second floppy drive (any type)

o System board 16-bit RAM expansion to 4 Mb

386SX AS DESCRIBED ABOVE WITH

1MB RAM & 40MB 3.5" 28ms hard drive $1,895

2MB RAM & 100MB 3.5" 28ms hard drive $2,495

2MB RAM & 200MB 3.5" 38ms hard drive $2,995
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BEST COMPACT 386-20

“For business applications, such as accounting,

financial ‘what if' modelling, desktop publishing and

database operations — the Compact 386 has the

speed, power and reliability to satisfy all yourneeds.”

o Inte] 80386-20 microprocessor

o 20MHz processor clock speed

o 1 meg 32-bit memory expandable on board to 8MB of
32- bit memory and up 10 16 meg with our 8 meg 32-bit
plug-in memory board

o Socketed for 80387 math coprocessor

» Motherboard also includes:
two serial ports, one paraliel port,
real time clock/calendar, hard and floppy controller

o Phoenix BIOS

« 101 enhanced keyboard

o One 1.2 meg 5.25" or 1.44 meg 3.5" disk drive

o Our own Canadian designed and manufactured
motherboard includes all above features and leaves
y?u)with six free expansion slots (five AT and one XT
slot

o CSA approved system

386-20 AS DESCRIBED ABOVE WITH

1 MB of RAM and 40 meg. 3.5" 25ms HD $2,495

2MB RAM and 100MB 3.5" 26ms HD $3,395

4MB RAM and 200MB 3.5" 28ms HD $3,995
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BEST ELITE 386-33

“This 33 MHz zero walt state 386 towerwith 32K cache

memory provides superb, lightning-fast performance.

Ideal for demanding power users, as a CAD/CAM

workstation or flexible network server applications.”

STANDARD CONFIGURATION:

» Intel 80386-33 microprocessor

¢ 33MHz ﬁrocessor clock speed

¢ 32K cache memory, 0 wait state

o Socketed for the 80387 math coprocessor

o 1 meg 32-bit memory expandable on board to 16 MB
of 32-bit memory

o Towercase

o 230 watt heavy duty power supply

¢ 1.2meg5.25" or 1.44 meg 3.5" ﬂorpy drive

° oln bzard two serial ports, one parallel portand real time
cloc

o 8 expansion slots (six AT, two XT slots)

« Hard drive and floppy controller

o 101 enhanced keyboard

« CSA approved system

o Our Canadian designed and manufactured mother-
board features the award winning LS| 386 chip set

OPTIONS:

o Video display adarter (VGA, EGA or Mono)
o Video monitor (colour or mono)

o Hard disk (20 to 600Mb)

o Second flop;?l drive (any type)
o System board 32-bit expansion 10 2, 4, 8or 16Mb
SPECIAL: BASIC CONFIGURATION WITH:

One meg RAM $2,995

Two meg RAM and 40 meg 28ms 3.5" HD $3,795

Two meg RAM and 100 meg 28ms 3.5" HD $4,295
Four meg RAM and 200 meg 28 ms 3.5" HD $4,995

BEST ELITE 486

o Intel 80486 microprocessor (approx. 50% faster 386)

 Microprocessor Includes built-in 8K of cache memory
0 wait state and a built-in math coprocessor

o 1 meg 32-bitmemory expandable on board to 16MB of
32- bit memory

o Towercase

o 230 watt heavy duty power supply

 1.2meg 5.25" or 1.44 meg 3.5" floppy drive

o Motherboard also includes:
two serial ports, one parallel port, real ime clock/calen-
dar, hard and floppy controller

o Phoenix BIOS

o 101 enhanced keyboard

e One 1.2meg 5.25" or 1.44 meg 3.5 " disk drive

o Our own Canadian designed and manufactured
motherboard includes all above features and leaves
you with 7 free expansion slots (6 AT, 1 XT)

o CSA approved system

BASIC 486 SYSTEM PRICE WiTH

1 meg ram $3,995

2 meg RAM and 100 meg 28ms/ 3.5" HD $5,295

4 meg RAM and 200 meg 28ms/ 3.5" HD $5,995

NOTE: the above prices include the built-in 487 math

CO-processor
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BEST COMPACT 286 BEST PERFORMER 286 BEST PERFORMER 88

“The most widely su%ported
‘workhorse’ in terms of speed, power
and reliability, this hlgh-per!onnance
AT-class computer meets the
requirements of business, engineering
and academlc users now and for years
to come.”

STANDARD CONFIGURATION:

o 80286 microprocessor

o 12MHz and 16MHz versions available
o Mathco-processor socket (80287)

o Motherboardalso includes:

“A fast and powerful ‘entry level’
desktop computer, fully compatible
with hundreds of MS-DOS software
applications. It more than meets the
needs of students and professionals as
a powerlul tool for word processing,
graphics, programming and more.”
STANDARD CONFIGURATION:

o 80286 microprocessor

o 12MHz clock speed

o Math co-processor socket (80287)

o Motherboard also includes:

"Primarily used as an intelligent
terminal in local area networks or for
access to mini and mainframe systems,
this XT-class desktop computer Is
equally capable for stand-alone
applications.”
STANDARD CONFIGURATION:
o 8088 microprocessor/10MHz
o Math co-processor socket (8087)
o Motherboardincludes:

2 serial ports, 1 parallel pon,

real time clock/calendar

2 serial ports, 1 parallel port, 2 serial ports, 1 parallel port, o Floppy drive controller
real time clock\calendar real time clock/calendar o Har dpy disk controiler

8 expansion clocks o 10 year life for CMOS RAM battery o Phoenix BIOS

o Floppy drive controller o Floppy drive controlier o 640 Kb system board RAM

° Har drive controfler
 Phoenix BIOS with setup program

° Har disk controller
 Phoenix BIOS with setup program

o 3 free expansion slots
« 1 floppy disk drive (360 Kb or 720 Kb}

Nicrocoizputer Speed
Comparison

o 1Mb 16-bit RAM o 640Kb 16-bit system board RAM, ex- e Heavy duty power supply
o 1 floppy disk drive pandable to 1MB « 101-key enhanced keyboard -0 A G
o Heavy duty power supply o 3free expansion slots (2X16-bit, 1X8-bit} e Case and keyboard lock
o 101-key enhanced keyboard o 1 floppy disk drive o Status display A40 K RA
o Keyboard lock and status display o 101-key enhanced keyboard o CSA approved system
o GSAapproved » Case and keyboard lock OPTIONS: 40 ard Drive
OPTIONS: « Status display o Video display daughter card (EGA or oppy Drive
o Video display adapter (VGA, EGA or  ® CSA approved system TTL Mono) A
Mono) OPTIONS: o Video display adapter (VGA, EGA or DS
o Video monitor (colour or mono) o Video display daughter card (EGA or Mono) 0
o Hard disk (20 to 320 Mb) TTL Mono} o Video monitor (colour or mono)
o Second ﬂoppg/ drive » Video display adapter (VGA, EGA or ¢ Hard disk (20 to 200Mb) 0 AR WARRA
o System board 16-bit RAM expansion to Mono) o Second 3.5" floppy drive (720 Kb) D QUA
4 Mb « Video monitor (colour or mono)
12MHZ VERSION WITH 1 meg. RAM e« Hard disk (20 to 200Mb) 0D O
g;th 40 meg. 26ms 3.5" hard drive o a%t;ond 3.5"floppy drive (720Kbor 1.44
16MHZ VERSION WITH 1 meg. RAM e Expandable to 2 or 4Mb . '
with 40 meg. 28ms 3.5 inch HD $1,405 on motherboard with
daughter card
PERFORMER 286
as described as above with: . A
40MB 28ms 3.5" Hard Drive
$1,095 1 meg RAM 100MB
28ms 3.5" Hard Drive $1,795 z . el Ve
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What do Toshiba notebook
computers have in common
with their owners?

They both excel at what they do.

More than a century ago, Toshiba established itself as a leader in technological innovation. Since then,
the name has become synonymous with uncompromising
quality and a high standard of excellence. So, it’s not surprising that Canadians who demand a lot of
themselves, choose Toshiba as their laptop/portable computer. They know they can
depend on Toshiba’s history of quality, outstanding price/performance and state-of-the-art technology.
For more information about Toshiba’s notebook PC’s and Canada’s entire
“first family” of laptop/portable computers, contact your nearest Canadian Authorized Toshiba Re-Seller,

or call Toshiba direct at 1-800-387-5645.
Canadians know the difference!

Introducing the 1000XE —
the lightweight heavyweight with internal hard disk drive!

 Notebook 80C86 computer

* Outstanding backlit electroluminescent LCD display with
640 x 400 resolution

* MS-DOS and File Transfer software in ROM (Read Only Memory)

Fast Internal 20 MB hard disk drive

* 1 MB standard RAM memory expandable to 3 MB

Full function keyboard features dedicated cursor control keys

and 12 function keys

* Weighs less than 6 lbs. g :

Uses Toshiba's outstanding array of battery conservation .

techniques including — “AutoResume Mode”

.

Introducing the 1200XE —
an evolution in notebook computing!

* Notebook 80C286 computer

* Outstanding sidelit fluorescent LCD display with
640 x 400 resolution

* Internal 1.44 MB 3.5" Floppy disk drive and fast internal 20 MB
Hard disk drive

* Full function keyboard features, dedicated cursor control keys

and 12 function keys

1 MB of RAM memory standard, expandable to 5 MB
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AN TSRS R % vy Uses Toshiba’s outstanding array of battery conservation
,-“ * * — - techniques including “AutoResume Mode”
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INFORMATION

COPYRIGHT

All material is subject to worldwide copyright.
PCB designs are copyright and may not be sold
withoutpermission.

LIABILITY

No responsibility whatever is accepted for
failure of projects to perform forany reason, and
no responsibility is accepted for any injury or
damage caused by any faultin design.

EDITORIAL QUERIES

We cannot answer telephone quenies. Written
queries must be accompanied by a stamped, self-
addressed envelope, relate to recent articles and
mustnotinvolve the staffin research.

PCB SUPPLIERS

We do not supply printed circuits orkits, and we
donotkeeptrack of availability. However, PCBs
forprojectsare availablefromthe following mail
order sources:

B-C-D Electronics, PO Box 6326, Sin. F.,
Hamilton, OntanioL9C6L9.

K.S.K. Associates, PO Box 266, Milton, On-
1anoL9T4N9.

Spectrum Electronics, 14 Knightswood
Crescent, Brantford, OntarioN3R 7E6.
GeoDyssey Electronic Development
Inc., 8744 Greenall Avenue, Bumaby, B.C.,
Canada V5J3M6,

New RCC Location

RCC Electronics have announced that
theirEdmontonofficehasmovedtoamore
central and largerlocation in Calgary. The
new address is RCC Electronics, Calgary
Advanced Technology Centre, Suite 107,
6815-8th Street North East, Calgary, Al-
berta T2E 7H7, (403) 274-8058, Fax 280-
8639.

Still Sound

Sony announces the Mavica MVC-A10
still video camera with sound capabilities.
The 2-inch floppy disk used as a storage
medium can store 50images, or 25 images
with sound. Users can capture the existing
sound whenthe pictureistaken,oradd nar-
ration later. The maximum sound duration
per frame is 9.6 seconds. At Sony A/V
dealers, or contact Sony of Canada Ltd.,
411Gordon BakerRoad, Willowdale,On-
tario M2H 286, (416)499-1414, Fax 497-
1774.

CircleNo.210on Reader Service Card

Instrument Catalog

ITM Instruments Inc. announce their
catalog of all types of scientific testequip-
ment: anemometers, thermometers, pH
meters, conductivity, DMMs, ammeters,
scopes, tachs and lots more. You can con-
tactthem toll-freein Canadaat 1-800-361-
6042. The Toronto office is at 5715 Ken-
nedy Road, Mississauga, Ontario LAZ
2G4, (416)283-3058, Fax 283-2335; they
also have officesin Montrealand Ottawa.

Circle No. 220n Reader Service Card

Fastest Transistor

This month’s fast transistor comes from
IBM’s Research Division in Yorktown
Heights, NY. The silicon-based bipolar
transistors operated at aspeed of 75 billion
cycles per second. They’re known as
Heterojunction Bipolar Transistors, or
HBTs, and were first invented in the
1950s. They have only recently been im-
plemented in silicon, using a small amout
of germaniumas well.

The new transistors would obviously
be ideal for extremely high speed com-
puters, even if they’re still only at the
laboratory stage and will require substan-
tial work before you can buy them at
Radio Shack.



Mini Memory Fax

Product: TF-251 Facsimile from Toshiba
Facsimile Systems Division.

Features: Speed and accuracy are essential
in today’s business world. With the TF-251
you’ll have both! Error Correction Mode
automatically retransmits any block of data
in which transmission errors occur and the
ECM is part of the TF-251’s built-in
memory. This means that the TF-251 can
store information in the memory for re-
scanning and send after hours to one or
more destinations saving long distance
charges. That’s where Relay Origination,
Mailbox Origination and Multiaddressing
come in handy. If the unit temporarily runs
out of recording paper, approximately
seven pages of incoming data can be stored
in memory for later printout. The TF-251 is
designed to fulfill the demands of a growing
business or corporate department and, in
the process, allow you more freedom to
pursue new business.

CircleNo.24 on ReaderService Card

Tough Terminals
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Product: Copper Battery Terminals from
Southern Fastener Company Inc.

Purpose: Terminals provide increased con-
ductivity.

Features: Crimp-type connecting terminals
constructed of copper with corrosion resis-
tant plating reduce conductivity loss.
Teflon-coated heat-shrink sleeve seals
cables and connectors against battery gas,
moisture, oil and other corrosive elements.

CircleNo.25 onReaderService Card

Detector Detalls

Product: Matheson-Kitagawa Toxic Gas
Detector System Brochure from Matheson
Gas Products.

Purpose: Pamphlet describes toxic gas and
vapour reading unit.

Features: 4-page, 4-colour brochure lists
features and benefits of detection system
which consists of complete sampling and
analysis kit. System includes over 230 detec-
tor tubes formulated with high-purity
chemical reagents providing periodic
checking, screening and quality control.

CircleNo. 35 on ReaderService Card

Industrial Booklet

INDUSTRIAL &
MAINTENANCE RELATED
PRODUCTS

' SAFETY SUPPLY
CANADA
“MeSasz”

Product: Industrial & Maintenance Re-
lated Products Catalogue from Safety
Supply Canada.

Purpose: Pamphlet describes safety and
health-related products.

Features: 24-page catalogue offers over 130
industry-proven products used to perform
maintenance tasks safely. Items include
non-sparking/explosive tools, emergency
showers & eyewashes, clothing, flooring
surfaces, plant safety and the SBS skin care
program.
CircleNo. 37 on ReaderService Card

Raindrops and Actuators

Product: Airflow R3A Rainfall Ac-
cumulator/Actuator/Alarm from Airflow
Developments Canada Ltd.

Purpose: Sampling system designed to test
collected wastewater.

Features: Connected to raingauge tipping
bucket, field adjustable pulse count and
timer controls can be set for sampling
criteria. LCD totalizing counter monitors
total rainfall over duration of storm and if
no set criteria is reached system resets for
next rain event.
Circle No. 36 on ReaderService Card

Stacks of Fax

Product: Worcester Wire Fax Stand from
Fellowes Manufacturing of Canada Ltd.

Purpose: Stand keeps machine and paper
in place.

Features: Two-tiered stand, consisting of
chrome-plated wire, is designed to organize
work while holding fax machine. Open wire
construction keeps all fax supplies visible
for easy access, cutting down on dust col-
lection while detachable output tray
catches outgoing and incoming transmis-

sions.

CircleNo.79 on ReaderService Card
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Weather

Adding some high-tech to your weather forecasting.

From theoutset,itwasdecidedthatthe
following quantities should be
measured: wind speed, direction,
temperature, humidity, rainfall, and sun-
light. An obvious omission from this listis
atmospheric pressure. This can be
measuredrelatively easily using one of the
various forms of pressure transducer cur-
rently available.

The remaining quantities have been
investigated and operational systems for
the measurement of the first four are out-
lined below, with a full description of the
construction of the weather station form-
ing the remainder of this article. Systems
for measuring the remaining quantities
will be described in afuture article.

Wind Speed

The Wind Speed or Electronic
Anemometer uses a conventional three
cuprotating arm arrangement. Speedsens-
ing of therotating shaftcan be achieved by
a variety of techniques, but for economy
and simplicity of construction, it was
decided to employ a disc with peripheral
holes rotating in the gap of a slotted opto
switch. An outline block diagram for the
Electronic AnemometerisshowninFig. 1.

Wind Direction
As with a conventional wind vane, this
sensor uses a lightweight pointer that is
free to rotate and line up with the wind
direction. In this case, the electronic sens-
ing has to detect not the speed, but the an-
gularposition of the shaftand vane.

Once again,opto electronic sensing is

Mike Feather
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Fig.1.Blockdiagramfor the Electronic Anemometer (wind speed).

employed, but this time a coded disc is
used which, together with four opto sen-
sors, develops an excess 3-bit Gray code
representing the vane position. An ex-
planation of this code and the reason for its

use is given in the detailed description of
the wind vane section of the weather sta-
tion. An outline block diagram of the
Wind Direction Indicator is shown in
Fig.2.

OIRECTION LEO'S
PHOTOTRANSISTORS ‘}71[ YyYyYyy»wyy»y
O = = = <O
—O= = o —=—{
MLl
GABLE DECODER
O e e O
e = w2 O
SCHMITT
Fig.2.Blockdiagramfor the Window Direction unit using a codeddisc.
E&TTMay 1990



TEMP /HUMIDITY HEAD
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Fig.3.Blockdiagramfor the Temperature/Humidity unit.

In both the wind speed and direction
sensors, the freedom of movement of the
shaftisimportantand a simple low friction
bearing system is describedin the detailed
construction notes.

Temperature/Humidity

There are several different forms of
temperature sensor available and the
choice of which technique to employ
depends upon cost, accuracy, resolution
and ease of use.

The best compromise seemed to be to
use the relatively new LM35 semiconduc-
tor temperature sensors manufactured by
National Semiconductors. These devices,
coupled with simple circuitry, can be
made to develop 10mV/°C over a wide
range of temperatures and an important
advantage (compared with earlier semi-
conductor sensors) is the fact that at 0°C,

parameters just outlined and it includes
displays, power supplies and any neces-
sary signal conditioning circuitry. Ablock
diagram of the internal circuitry used is
shown in Fig. 4 while a possible panel
layoutisgiveninFig.5.

Power Supply

The system power supply circuit diagram
for the Weather Station is shown in Fig. 6.
This is a conventional bridge rectifier cir-
cuit and provides an unregulated dual rail
supply atapproximately +/- 20V,

The +5V output is obtained from the
voltage regulator IC1. Some smoothing of
the two 20V supplies is accomplished by
electrolytic capacitorsC1andC2.

the sensor output is zero — thus
obviating the need for providing
a large voltage to offset the usual
273mVat0°C.

A second temperature sen-
sor is employed for humidity
measurements and the system
resembles a conventional wet
and dry bulb hygrometer. The
humidity is derived from the
depression of the “wetbulb” sen-
SOr.

The general arrangement of
the Temperature/Humidity sens-
ing sections of the Weather Sta-
tionis showninFig.3.

Station Displays
The Weather Station Display
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unit provides instantaneous
readout of all the various

Fig.5.Suggestedweather stationfront panel display layout.
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Fig.4.Overallblock diagram for the displays.

The printed circuit board component
layoutand full size copper foil master pat-
tern for the Power Supply is shown in Fig.
7. The only points to watch out for are that
the two capacitors and the voltage
regulator IC1 are inserted on the board
correctly.

Anemometer

The full circuit diagram for the
Anemometer section is shown in Fig. 8.
The circuit is divided into three sections
and consists of the remote head or sensor,
pulse shaping and frequency to voltage
converter,and bargraphdisplay.

The phototransistor of the slotted
opto-switch X1 develops crude pulses, the
frequency of which is proportional to the
shaft speed (see Fig. 1) and hence the
“wind speed”. The pulses are transferred,
via SK1/PL1/— PL2/SK2 and cable, to
the display unit where they are applied to
the input of one section of a 74LS 14 HEX
Schmitt inverter, IC1. This produces

9
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Fig.6. Circuit diagramfor the power supply.
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Fig.7.Printed circuit board layout and pattern for the power supply.

Power Supply

Capacitors

CI7......... SR, 1000u25V
Semiconductors

D e 50V 1Abridgerec
IC178L0OS5V 100mA voltage
regulator ;
Miscellaneous

Ti.......... 20V A transformer,30 VCT

Printedcircuitboard; FS1,2 1A fast
blow fuse; PCB mounting fuse
holders; connecting wire; solder, etc.

“clean” rectangular TTL level pulses at its
output which is passed to the frequency to
voltage converter IC2. A 78L05 voltage
regulator IC4 provides the +5V supply to
the slotted opto-switchandIC1.

The LM2917 frequency to voltage
converter IC2 provides an output voltage
which is proportional to the frequency of
the input pulses and hence to the speed of
the Anemometer head. The input to IC2
must swing above and below OV in order
that the converter can function correctly.
This is achieved by the resistor capacitor
network C2/R3 which produces an output
consisting of positive and negative going
spikes of a frequency equal to that of the
inputpulses.

The relationship between the input
frequency and the size of the output volt-
age produced by IC2 depends upon
capacitor C3 and preset VRI1, the latter
being made variable in order to provide a
calibration facility. A 100k preset is used
here in order to achieve an output voltage
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Fig.8. Complete circuitdiagramfor the anemometer. Numbers around IC3 are for the single PCB module.
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Anemometer (Wind Speed)
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Fig. 10b. PCB component layout for
bargraph display using the LM3914 IC
andnot the module.

Fig.9.PCB layout and pattern (below). Connections for the optoswitchX1 are shown belowright.
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Fig.10a.Anemometer circuit diagramusing the LM3914 IC
andindividual LED:s.
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Fig.11. Mechanical details for the Anemometer head.

range of OV to 5V over the full range of the
Anemometer “vanes” speed. Capacitor
C4 providesameasure of smoothing of the
output voltage by reducing any ripple
presentinit.

We now had a DC voltage, the mag-
nitude of which is proportional to the
speed of the anemometer head and all that
remainsisto measure this. A conventional
DC voltmeter (0V-5V) could be used but
in view of the fact that the wind speeds are
normallydetermined only approximately,
it was decided to employ an LM3914 ten-
segmentLED bar display for this quantity.

The 1LM3914 bargraph displays are
available in two forms, either as an 18-pin
DIP chip requiring separate LEDs or as a
complete module including both the
driver IC and the display LEDs. The
prototype employs the latter (IC3), al-
though there is no reason at all why the
separate chip and LED alternative should
not be used. A suitable printed circuit
board design for this arrangement is given
inFig. 10.

The LM3914 IC and module contain
a resistor divider network consisting of
two precisionresistors. A 1,25V reference
voltage (developed internally) canbe con-
nected across the string and, in this case,
each 125mV increase in the input voltage
willswitch onanother of the LEDs.

12

The resistor string voltage can be
changed in oder to alter the range of the
device and resistors R6, R7 achieve this.
The values used result in the tenth LED
being turned on by an input voltage of 5V.
Resistor R6 also determines the display
brightness and the selected value gives an
LEDcurrentofapproximately20mA.

Itshould be noted that the display can
be used in either dot or bar mode. With
several LEDs switched on, the bar mode
of operation draws a considerable current
and it was decided to employ the dot mode
inorderto avoid this. Pin 10 of the module
(pin 9 of IC) determines the mode selec-
tion and it should be left unconnected fora
dot display; connecting it to +V will turn
onthebar mode.

The LM2917 and LM3914, IC2 and
IC3 are operated on a +12V supply and
IC5, a 78L12 voltage regulator, provides
this from the main unregulated 20V power
supplyline,

Construction — Anemometer
The printed circuit board component
layout and full size copper foil master pat-
tern for the Anemometer section is shown
inFig.9.

In the prototype, this board was
mounted on the back of the display
module, (IC3) using short spacers. The

Anemdmeter i
Head

Resistors

R1470

R215k

All10.25W 5% carbon film.

Miscellaneous

X1Slotted optoswitch
SK1/PL15-pin 180° DIN socketand
plug -
Fibreglass “interrupt” disc see text;
push-on control knobfor water trap;
case; materials forbearing, shaft, arms
and wind cups —see text; 4mm ball
bearing.

Anemometer
Display

Resistors

T I—— e 1 10k
R e B L 470
RSt e e 100k
23S O . - . |
RE e iotveecvvonscsadbbuns caeneorrmes iR 1k
All0.25W 5% carbon film.
Capacitors

CIUS N . 5 e 100n
@24 o B B . 1ul6Vv
Ry b, o L BE s B B 47n
Potentiometer

L2 53 R . T 100k trim -
Semiconductors

IC174LS14HEX Schmitttrigger

IC21.M2917 frequency to voltage con-
verter

*IC3 LM39141C ormodule (sec text)

IC478L055V 100mA voltage

regulator

IC578L1212V 100mA regulator

*Ten SmmLEDsrequiredif ICused.

Miscellaneous
- SK2/PL2 5-pin 180° DIN socket
andplug
Printed circuit board; 8-pin DIP
socket; 14-pin DIP socket; 18-pin DIP
socket; connecting wire; solder, etc.
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Fig.12.Complete circuit diagramfor the two sections of the Wind DirectionIndicator.
The connection detailsfor the diodes and phototransistors are shown below.
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Fig. 16. Full size coded disc.

Fig.15.Mechanical detailsfor the Wind DirectionVane Head. The sensor
bracket holding D1-4 and TR1-4 should be adjustable for aligning withthe

Wind Direction Vane
Resistors

113 [ S S M 330
REB oo it aatiteakos e S 15k
All0.25W 5% carbonfilm.
Semiconductors
D1-D40P160....3mminfrared LED
TR14 ... OP500 phototransistor
IC1 .....74LS14HEX Schmitttrigger
Miscellaneous '
SK3/PL3 7-pin270° DIN socketand
plug St

Printedcircuitboard; casefor vane
head; 14-pin DIPsocket; stripsSmm
Plexiglas (see text); coded disc {see
text); mounting bracketfor sensor

SIrips.
Wind Direction Display
Resistors

Semiconductors

1C2 7444 Excess 3-bit Gray decoder
1C378055V 100mA voltageregulator
D5-D125mmred LEDs

Miscellaneous

SK4/PL4 7-pin270° DIN socketand
plug ‘
Printed circuitboard; 16-pinDIP sock-
et; LEDclips.
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whole assembly was then mounted on the
front panel of the Weather Station display
with the row of LEDs positioned in a rec-
tangularcutout; see Fig. S.

Connections to the remote
Anemometer head unit are made via a 5-
pin DIN socket and plug on the rear panel
of the unit. Only three wires are needed in
fact (OV, +5V and the pulsed signal) and
lightweight 3-core power cable can be
used here.

The mechanical details of the
Anemometer head are given in Fig, 11.
The construction of the head should not
present any significant problems, but as
stated previously, it is important that the
shaft/disc/arms assembly should rotate
freely.

The lower end of the shaft rests on a
4mm ball bearing resting at the bottom of a
drilling in a short length of nylon rod.
Plexiglasor other plastics materials would
providesuitable alternatives.

The upper “bearing” is merely a care-
fully drilled holein the top of the ABS box.
The shaft used in the prototype was a
length of 4mm silver steel rod, but a piece
of 3mm weldingrod woulddo.

The water trap was fabricated from a
cheap plastic push-on knob. The cap is
drilled large enough to clear the shaft and
then glued to the top of the box. While the
body of the knob is also drilled through
and fixed totheshaft withepoxy.

The boss supporting the arms was cut
from lin. wooden dowel and drilled to ac-
commodate the arms themselves (3/8in
dowel) and the shaft. The tops from used
aerosols provided the wind cups and these
were fixed to the arms with small wood
screws.

The disc was cut from glass fibre
printed circuit board and the positions of
the 48 holes were marked using dividers.
Next 2mm holes were then carefully
drilled at these positions. The disc is fixed
tothe shaftusingepoxy.

The gap of the slotted opto-switch X1
isquite narrow and some provision for ad-
justing its position relative to the disc
should be made. A 5-pin DIN socket was
used for connections to the Anemometer
head unit.

Wind Direction Indicator
Asmentioned previously, the Wind Direc-
tion Indicator employs optical sensing of
the wind vane position. The shaft of the
vane carries a four band coded disc which
rotates between four corresponding opto-
sensors.

Anexcess 3-bit Gray code rather than

E&TTMay 1990



the natural binary code is used. In this,
only one digit at a time changes as the disc
rotates from one position to the next and
such an arrangement is less likely to intro-
duce errors than the binary code, in which
two or more digits can change simul-
taneously. The system used provides an
indication of wind directiontowithina45°
arc.

The full circuit diagram for the Wind
Direction Indicator section of the Weather
Station is shown in Fig. 12. The circuit is
split into two stages; wind vane head and
direction “compass” ordisplay.

Taking the Vane Head first, diodes
D1toD4 are the infrared LEDs, whichare
sited one side of the code disc, while TR1
to TR4 are the associated phototransistors
sited the other side of the disc. The opto-
switching outputs from the transistors are
fed to four sections of IC1,a 74L.S 14 HEX

Schmitt inverter. The inverters are used to
develop the required TTL level outputs for
transferring to the display decoder IC2.
The signals are transferred via 7-pin DIN
sockets and plugs (SK3/PL3- PL4/SK4)
and asix-corecable, which also carries the
5V DC supply, to the vane head.

In the display unit, IC2 is responsible
for decoding the Gray code into one of the
eight possible directions. The 7444 Gray
to decimal decoder IC2 is used to turn on
the appropriate “direction” LED (D5-
D12) according to input code. A 7805
voltage regulator IC3 provides the +5V
supply forboth the display and head units.

Construction — Wind

Direction Indicator

The printed circuit board component
layoutsandfullsize copperfoil master pat-
terns for the Wind Direction Indicator sec-
tionareshowninFig. 13andFig. 14,

The mechanical arrangement of the
disc and opto-sensors is shown in Fig. 15
while a full size diagram of the disc and its
code is given in Fig. 16. Each sensor con-
sistsof an infrared LED and phototransis-
tor combination mounted in 3mm holes
drilled in small strips of Smm Plexiglas.
Careshould be taken with the construction
of this assembly in order to ensure correct
alignment of each LED with code bands
andassociated phototransistor.

* Thedisc itself is cut from 3mm clear
Plexiglas and the sectors are then marked
out using dividers. The appropriate sec-
tors are then blacked out using good
quality black paint.

The construction of the remainder of
the wind vane head is similar to that of the
Anemometer and Fig. 15 should be con-
sulted. once again, some provision should
be made for adjusting the position of the
sensorarray relative to the disc.
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Quick

A low-cost,handheld audio/visual unit that can
identify short,openand working capacitors.

Mark Raven

On many occasions in the course of
work at a small electronics shop,
customers often ask if we could check a
certain capacitor from their repair jobs to
seeifitisfaulty ornot.

If the capacitoris suspected short-cir-
cuititcan be easily checked using amulti-
meter on its Ohms range in the usual way,
and although this gives anaccurate indica-
tion of a short-circuit capacitor, itisa little
slow, setting-up the range switch, adjust-
ing the meter to read zero and holding the

TOP VIEW

14 | voo Vv
3 % !

ARMAQ
g

oV vss | 7

Fig. 1. The 4584 (40106) Hex Schmitt
Trigger pinoutdetails.
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probes onto the leads of the capacitor
under test. (Often a hopelessly clumsy
procedure, especially if the leads of the
capacitorhave beencutshort).

The open-circuit types are con-
siderably more difficult to identify, as
values from afew picofarads (pF) to oneor
two microfarads (uF) read the same on the
multimeter test whether open-circuit or
OK.

The best tester for a capacitor is, of
course, a wide range capacitance meter,
but these are by no means cheap and are

INCREASING
INPUT

QUTPUT
VOLTAGE

OECREASING
INPUT INPUT
VDLTAGE

LOWER UPPER
THRESHOLD THRESHOLD

Fig. 2. Graph of the Schmitt trigger
thresholdlevels.

not always available. What was needed
was a cheap, handheld unit which could
identify short, open and working
capacitors quickly, and with a minimum
of fuss. The following design not only
does this, both audibly and visually, in a
matter of seconds, but also gives some in-
dication of leakage current, especially
useful for electrolytic capacitors and also
fordiodesand transistor junctions.

Principle of Operation
The testerdescribed here worksby making
the testcapacitor partof an audio oscillator
circuit. A good capacitor will enable the
circuit to oscillate, an open or short circuit
capacitor will not. The frequency of oscil-
lation gives an indication of the capacitor
value.

Asecond partof the circuit checks the
oscillator output and indicates, via the
LED, if a short circuited capacitor

Fig. 3. Simplified Schmint trigger in-
verter oscillator circuit.
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prevents oscillation. To enable leakage
currents to be measured a separate circuit
that acts as a simple continuity tester has
been added. The oscillator is a Schmitt-
trigger oscillator built around one of six
inverters on the 458 CMOS hex Schmitt
trigger (Fig. 1).

The difference between a standard in-
verter and aSchmitt trigger is important in
this circuit, because it’s the Schmitt trig-
ger action which promotes the oscillation.
A simple inverter gives an output which is
the opposite logic level to that at its input.
As the voltage on the input rises, the out-
put will stay high until the input reaches
the threshold level, at which point the out-
putchanges state and goes low. If the input
voltage is now reduced the output will not

output of the Schmitt trigger is therefore
high. Capacitor C then begins to charge
via resistor , R at a rate defined by the
value of resistor R. When the voltage at C,
and therefore at the input of the Schmiit
trigger, reaches its upper threshold, the
output goes low. The capacitor then dis-
charges through R, until the voltage at the
input has dropped to the lower threshold
level, causing the output tochange back to
itshigh state once again.

The process then repeats and con-
tinues indefinitely. The output is there-
fore, a squarewave, and its frequency is
determined by the valuesof CandR.

Circuit Description
The complete circuit diagram for the

IC1,PINS 113,14

MA
R2
33k
RS
IC1a 10k
R3 4584
820k 140106}

ICib

c1 (3

L7p
ICLPIN7 w01
COM. ? PB2720!

Fig.4.Full circuitdiagramfor the tester.

gobacktoitshighstate until the input volt-
age hasagainreached the threshold level.

The important thing to remember is
that a simple inverter has only one
threshold level. The Schmitt trigger in-
verter however, is peculiar in that it has
two threshold levels (see Fig.2). When the
outputreaches the upper threshold the out-
put goes low in the usual way, but if the
input voltage is now reduced, the output
will not change state until the input has
droppedtothe lowerthreshold level.

In the simplifier oscillator circuit
(Fig.3) we can see how the Schmitt trigger
effectis utilized. As with all astable oscil-
lator type circuits, we must first of all
decide on the initial state of the circuits
before we can describe its operation.

Let us assume to begin with that the
capacitor, C, is discharged and that the

Quick Cap Tester is shown in Fig.4. There
are two quite separate circuits in this
design, each built around different parts of
the sameIC, so for clarity each section will
dedescribedindividually.

The capacitor under test, Cx(a), is
placedacrossone of three test padsand the
common pad on the printed circuit board
(PCB). Assuming that the capacitor is OK
itcompletes the Schmitt oscillator, giving
a squarewave output at pin 6 IC1a. This is
buffered by the 1C1b to give a signal to
drivethepiezoelectricbuzzer WD1.

The frequency varies according to

which pad is chosen and the value of -

capacitor used. The series arrangement of
resistors R1, R2 and R3 means that an
audible note can be heard fora largerange
of different values of Cx(a). Resistor R4
protects the input by attempting to test a

L
Parts List

'Resistors

R1,6.11.............. B ... B - 1k
R2.nnn, O o .ol 33k
RS D | L. R0 (]
RS, e 10k
R M . s e S 330
RO I ar—— 100k
RIO, sl | B SN 1M
All.25W 5%

Capacitors

Cl .o, .- 47p
C2.i..m . L1uS0V
Semiconductors

DT .. sl S 1N4148,1N914
D2, N S Red LED
1085 oy e one s oot GreenLED
HOI o o 4584 or 40106
Miscellaneous

) N SPSTrockerswitch
WDI ..ovvinneeceennnnn Piezo sounder
25| e L 9Vbattery
Plasticcase, PCB; 14-pin DIPsocket,
9V battery clip, nuts, washers, etc.

charged-up capacitor. Capacitor Cl1
reduces the maximum frequency of oscil-
lation to about 100kHz. This is because
the nature of CMOS devices is such that
they draw more current the more often
their outputs change state. Without C1 the
circuit oscillates merrily at about 8MHz
causing considerable current drain, and
possibleinterferenceproblems.

It is also worth noting that the audio
frequencies produced when this unit is
being used are considerably less than the
100kHz produced when itis in its standby
mode. This makes for an interesting
paradox, a unit that uses less current when
it’sbeing used than when itisn’t. Soif you
want to extend the battery life of your
tester, useitasoften as possible.

Returning to the circuit, when pin 6 of
IC1a s oscillating, capacitor C2 attempts
tocharge up viaresistor RS, but as soon as
pin 6 goes momentarily low diode D1 be-
comes forward biased and quickly dis-
charge C2. Thus, during oscillation C2
never charges to a high enough potential
to operate the inverter at IC1c and the
LED.D2remainsoff,
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Fig.5.PCB laoutandfoil side pattern. The diodes D2 and D3 are mounted on the track side.

If short-circuit is placed between any
of the test-pads and the OV, pin 6 will go
high for long enough to charge capacitor
C2 to the upper threshold of IC1¢ and the
short circuit indicator D2 will light. At
very low frequencies, caused by large
values of capacitors being tested, the LED
may flicker or flash on and off as the
capacitor charges and discharges. This is
easily distinguishable from the result
givenbyanactual short-circuitcapacitor.

Leakage
Thesecondpartofthecircuitistheleakage
current test. The capacitor under test is
placed across another set of test-pads
(1,2,3) in a similar way. Initially the input
toIC1disheld high by resistorsR8,R9and
R10,and therefore the LED D3 is off. If the
capacitor (or diode or transistor junction)
leaks more current down to ground (OV)
than that initially flowing through the
combinationsof R8,R9andR10, the input
to IC1d will be pulled low, causing the
LEDD3tolight.

The series arrangement of resistors
R8,R9 and R10, with the tap- offs to the
three pads (1,2,3) means that different
leakages can be measured (approx. 4uA,
40uA and 400uA with the resistor values
given). Large value electrolytics, which
look like a short-circuit when they are

charging up will cause the LED D3 to light
foracouple of seconds ormore depending
on the value used. When charged
however, the unit indicated just the
remainingleakage current.

Construction
The componentlayoutand full size copper
foil masterpatternis shownin Fig.5.
Assembly should be reasonably
trouble-free as there are very few com-
ponents and no wire links. Provided all of
the visual precautions are taken, diode D1
and the LEDs are the correct way around,
and the polarity of capacitor C2 is careful-
ly observed the unit should work first
time.

P.C.B. TRACK SIDE

Fig. 6. The leads of diodes D2 and D3
are passed through one set of holes and
solderedto adjacent pads.

Theonly difficulty someconstructors
may have is in the somewhat unconven-
tional mounting of the LEDs D2 and D3,
see Fig.6. Because the large pads on the
track side of the board are used as the test
pads, the LEDs need to be mounted on the
track side with the legs or leads going
through the board and looped back on
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Fig. 7. Front panel drilling guide and
details of the testpad circuit.



Table 1: Capacitor Short/Open Test
(Values that give audible output)

Value TestPad
560p— 1n 1
1n—4n7 tor2
4n7—220n 2
220n—33u 3

Above 33 l.e.d. flashes on Pad 3

themselves tobesoldered tothe board.

This can be achieved using a pair of
long nosed pliers, but care must be taken
nottobend the legs until the LED is seated
firmly into position on the track side of the
board,asthey break veryeasily. Also, care
mustbe taken not to let your soldering iron
come too close to the body of the LED as
the plastic used in their construction s par-
ticularly susceptible to high temperatures.
In the prototype mode, the piezoelectric
sounder WD1 was also placed on the com-
ponent side of the board over a hole in the
large common pad. This gave the best
sound quality and convenience of
positioning.

Case
The whole board when completed should

be tested before final assembly. The board
should be mounted in a plastic case about
102mm x 78mm x 40mm by means of four
screws with extra nuts used as spacers.
Four hole positions are marked on the
board.

The lid of the case should have a
cutout as shown in Fig. 7 to reveal the test
pads. Using Fig. 7 as a guide, the corners
of the cutout can be drilled and the four
holesjoinedupto form the window.

Drill the LED holes 3mm in diameter
for a close fit on the LED body. This is
neater and more convenient than using
LEDclips.

Finally, a square hole must be cut in
the side of the case for the miniature rock-
er on/off switch. These are cheaper and
lessobtrusivethanthetoggletypes.

Testing

Because of its simplicity, testing of the unit
need be nothing more than just using it, as
no setting up is required, but a few simple
procedures will ensure that all of the func-
tionsare working OK.

First, try out the Short/Open test,
which uses the three padson the righthand
side of the PCB as you look at it from the
front. Use a piece of wire to short out each

¢ Building management.

e Your application

The DA/M

The Lowest Cost Data Acquisition System

Our DA/M can solve more of your data acquisition
problems at a lower price than any other product on the
market. DA/M’s are used for:
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e Automated hydroponic farming.

e Industrial process control.

In fact, DA/M’s can be used whenever you can’t afford
to use any one else’s product.
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1-403-486-3535

Circle No.89on Reader Service Card

pad in turn with the large central common
(OV) pad. On all three pads, there should
be a click from the sounder WD1 as the
wire makes contact, and the LED above
them should stay lit while the pads are
shorted. If you hear the click but LED D2
does not light up, check that it’s been
soldered in the correct way around with its
cathode (k - the short lead) towards the
centre of the board.

Next, check out the ranges using
capacitors that you know to be OK. A 10
nanofarad will bleep on the bottom and
middle pads, but will be virtually in-
audible on the top one. A 100nF (0.1uF)
will buzz on the bottom pad and the LED
may flicker, but will operate nicely on the
top two ranges. A 1uF capacitor will work
on the top ranges, but will click and cause
the LED toflash on the bottom pad.

When you are satisfied that a good
range of capacitors can be tested and that
this part of the circuit is operational, you
cangoon tothe leakage test on the left side
of the board. For this you’ll need three
resistors,a 1k,a 100k anda 1M.

The 1m will light LED D3 on the top
pad (4uA) but not on the others. The 100k
will light it on the top and middle (400uA)
rangesand the 1k will lightit on all ranges,
as will a short circuit. Again, if D3 fails to
light, see that its cathode is toward the
centre of the board.

In the event that you can get nothing
at all from your unit, check for solder
bridges, etc., and with a multimeter check
the obvious points for power; forexample
pins 1, 13, and 14 of IC1 should be at 9V
(supply voltage) and pin 7 should be at OV,
as should the common (ground) pad.

In Use

After a little time using the tester, you
quickly get to know how to interpret
results. The current leakage detector side
speaks for itself. The top pad detects leaks
up to 4uA, the middle up to 40uA and the
topto400uA.

On the Short/Open test, Table 1 may
help youto getused to the differentranges,
though it does not take long to try your test
capacitoron all ranges.

Conclusion

The tester has been invaluable in the com-
ponent shop, not only for testing
capacitors, but also the leakage current in
diodes and transistor junctions. On
another note, the budding electronics ex-
perimenter may want to try to use the
remaining two Schmitttrigger inverterson
the 4584 IC for othertests or facilities. =
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Thismonth we’re going to have alook ata bit of actual circuitry. in designing with logic,
sometimes you just have to put your pencil away and get down to hot lead

I he simple sorts of logic arrays and
single flip-flops that we’ve been

looking at over the past few months rarely
come up in real world logic design. Such
things as binary adders, decade counters
and so on are so commonly used that
they’re potted in single chips. Rather than
having to wire together a binary adder, all
you need do to have its functionality is to
go spring about fifty cents for a single in-
tegratedcircuit.

Logic design often assumes the
aspect of assembling black boxes for this
reason. After a while you’ll stop being
conscious of what the boxes are up to in-
side, only what their results are. Ina sense,
this is the proper mindset for designing
with logic. The truth table of a logic
array... whether ithas been wired together
with individual gates or potted ina chip...
is the only thing that really matters. Tran-
sistors are forradiodesigners.

This month we’re going to look at a
very simple bit of logic design, but one
that’s both interesting and a spingboard to
larger efforts. With two chips and an LED

E&TTMay 1990

Steve Rimmer

display, you can make your soldering iron
counttoten.

Sixteen Fingers

The objectof thisexerciseis tocreateacir-
cuitwhichwillcountinputpulses. Thecur-
rent count will be shown on a seven seg-
mentLEDdisplay. Becausethisisasimple
counter, we’ll only have one digit on hand.
When the count exceeds nine it will wrap
back tozero.

There are two basic problems to be
overcome in this design. The firstone isto
find a way to count to ten. The second s to
find a way to make the binary repre-
sentation of numbers produced by a
counter into something a seven segment
LEDdisplay can make some sense of.

Counting with logic, as we saw last
month, isn’tparticularly difficult.

A single flip flop is essentially a fre-
quency divider or, if you like, a box that
counts to two. The output of the flip flop
will go high upon every second input
pulse. An array of two flip flops with the
input of the second connected to the out-
put of the first will count to four. Three

will count to eight and four to sixteen. We
only want to count to ten. Ten, regrettably,
isnotaneven power of two.

In order to count to ten, as we dis-
cussed lastmonth, one must watch the out-
puts of the four flip flops and reset the
counter when the number ten appears. As
such, the counter will be forced to wrap at
tenratherthanatsixteen.

The 7490 chip consists of four flip
flops and all the logic necessary to make it
reset at ten. This single package replaces
fourdiscrete chips. All you have todoisto
send some pulses into its AIN input and a
four bit binary number ranging from zero
through ten will appear atitsoutput.

It’s worth noting that the internal
structure of the 7490 is a bit more complex
than it may appear at first. It actually con-
sists of a single flip flop for the first stage
counter followed by three more flip flops
and the gates to make them reset. As such,
while we’ve made it behave like a decade
counter by simply wiring the output of the
first flip flop to the input of the remaining
three, it can also be used in other ways.

23
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The first flip flop can be a divide by two
counterand the other threc adivide by five
counter if you have nced of these facilitics.

The Roi, Ro2, Ro1 and Ry2 inputs of
the 7490 arc grounded in this circuit. In
some applications it’s useful to be able 10
explicitly reset a counter, or bank of
counters, loa known statc before you start
counting. This is handled by the R inputs.
The 7490 allows for a varicty of resct op-
tions. You can “‘jam’’ cither a zcro or a
ninc valuc into the counter prior to count-
ing.

In this simple application it doesn’t
really matter where the counter starts, so
we won’tworry about theR inputs.

The second half of the circuit is the
logic to turn the binary coded output of the
counter into theonand off states todrivc a
scven segment LED display. Now, while
the complexity of such a task might secma
bit daunting, its naturc will be familiar 1o
you. Theblack box inquestion has four in-
puts, corresponding to the four outputs of
the counter, and scven outputs, onc for
cach scgment of the LED display. It’s a
finitc statc logic array, and can be repre-

truth table
DECIMAL
OR INPUTS, BI/RBO! OUTPUTS NOTE

FUNCTION LT RBY 4 c 8 A . b [y d . t []
0 H " I 1 0 . " " " H H H M 1 1
1 " x L 1 1 “ " L M H ( L t L 1

b3 " x { L 1 15 " " " t " " 1 M

3 1] X ' g " H " " H H " L | H

) H x 1 H t 1 " L H " t 1 W "

5 " X i H L " " " L H H fl H H

6 H x 1 " H | H 1 1 " H H gl "

’ H x t " " " H H H 1] L 1 | 1

8 " x " 1 1 ' " " H H " H H H

9 " x H 1 L n H " M H 1 t H "

0 " x “ ‘ " 1 H t L . 1] H t H

" " x H L " M H 1 L M H 1 i "

7] " x " " 1 L H L H t ' t 1 0

] " x " " ' H H H L [ " | 1 H

14 M x H " H t H i L t " H " "

15 H X H " H H H L, L 1 i t 1 t
L) X x x X x x [} [} L [} 1 L L t 2
HBY [l ' L L L L L t L l L ' t 1 3
(4 i & x x x x H H H H H H H H 4
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sentedby a truth table, if rather a large one.

If you wanted to, you could design a
logic array to generate this truth table. In
practice, it would be somewhatenormous.

The 7448 chip consists of all the logic
todrivea scven segmentdisplay. It’sdead
easy to work with. In addition, ithas a few
other uscful features, such as the ability to
blank the display during periods when the
data being sent to it might not be valid.
Thisisuscful, forexample, inapplications
whercin the counter driving the display
decoder might spend partofits time count-
ing and, as such, in {lux. Blanking the dis-
play for a fraction of a second while its
counter is updating doesn’t make it go
dark, but just a little dimmer. Persistence
of vision allows usto seeitascontinuously
illuminated.

Bigger Numbers

This little counter doesn’t do very much,
but you can make it into bigger things. For
examplc, if you build a second one and
gang them together, you can count from
zCro (o nincty-nine. You can gang up as
many decades of countersas youlike.

In practicc, wiring up cight lincs...
scven segments and ground... 1o cvery
digit of a display is impractical. It’s also
unnccessary. Commercial devices which
usc scven segment readouts drive them
through a technique called
““multiplexing’’. In this casc, there would
be only onc 7448, with its scven outputs
connccted to all the segments of the dis-
play. In practical tcrms, it would usually
benecessary to usc transistors to buffer the
outputs of thc 7448. Each of thc common
ground lincs of the displays would be
driven by a multiplex gencrator. This is
simply achip whichacceptsa binary input
and turns on onc of its output lincs at a
time.

In order to drive this display, then, a
multiplec decade counter would have to
output two binary numbers... onc to
dccidc on which digittodisplay and onc to
sclect whichof the LEDdisplaysit’stoap-
pear on. By scanning through all the LED
displays quickly cnough, somconc look-
ing at the readout would sce all of them il-
luminated, cven though only onc ison at a
time.

We’ll look atcounters and displays in
grcater detail next month, and we’ll be
back to details of handling a multiplexed
display laterin thisscrics. |
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Alow-cost5V supplyandpulsegeneratorwithawiderange of outputfrequencies.

Tesu’ng even simple prototypes used
to be a long and painstaking busi-
ness. There was no alternative to actually
building the unit using some form of
solderedconstruction. What was probably
worse than the initial time taken was the
difficulty involved inmakingafew adjust-
ments to circuit values. It required a lot of
tedious desoldering and resoldering. Even
modest changes could be very difficult to
implement, necessitating a substantial
amountof dismantling andrebuilding.

Robert Penfold

These days there are numerous
solderless breadboards available that
make building and testing prototypes
much easier. Although you might think
that these units are only suitable for build-
ing relatively small circuits, they can in
fact be used for quite complex designs.
Suitably large breadboards are available,
or several smaller units can be clipped
together. Components can be whisked out
and new ones fitted with minimal effort.
Quite large changes often taken no more
than few minutes.

Fig. 1.Complete circuit diagram for the Pulse Generator section.

The main requirement for building
most prototype digital circuits, apart from
the breadboards, are a 5V power supply
and a pulse generator to provide clock sig-
nals. Readymade units that combine these
two functions with a solderless bread-
board are available, but tend tobe quite ex-
pensive. This unit provides a low cost al-
ternative that’s fairly basic, but offers a
usefullevel of performance.

Pulse Generator
Pulse generators range from something as
simple as a fixed frequency squarewave
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generator to complex crystal- controlled
circuits offering awiderange of output fre-
quencies and mark-space ratios. Ideally a
unitof this type should be able to operate at
very low frequencies (about 1Hz) so that
circuits can be run slowly enough for their
operationtobeaccurately followed usinga
logic probe, or perhaps LEDs temporarily
wired tostrategic logic outputs. Operation
at a higher frequency is also highly
desirable so that circuits can be clocked at
something approximating their normal
rate.

Some circuits require short pulses for
their clock signals, and the ability to vary
the mark-space ratio to some degree sig-
nificantly boosts the versatility of a pulse
generator. Finally, a few circuits require
two-phase clock signals. This simply
means antiphase signals and it is a simple
feature that should be available on any
pulsc generator.

This circuit achieves a wide range of
output frequencies and mark-space ratios,
but it’s still quite simple and inexpensive.
Infactitcan provide any output frequency
and mark-space ratio within reason. It
lacks the high levels of precision as-
sociated with crystal-controlled pulse
generator circuits, but for most purposes
itsaccuracy ismore thanadequate.

Rather than setting an output fre-
quency and mark-space ratio, the circuitis
set for specific mark (high) and space
(low) output durations. Both are con-
tinuously variable over fiveranges:

1.10us-100us
2.100us-1ms
3.1ms-10ms
4.10ms-100ms
5.100ms-1s

The actual ranges covered are slight-
ly wider than those shown above. This al-
lows for componenttolerances and avoids
gapsin the coverage. This method of con-
trol avoids the erroncous results that can
be obtained with simple circuits that have
frequency and pulse length controls (that
often permit the setting of impossibly long
pulse durations for the selected frequen-
cy). When dealing with logic circuits it is
often the pulse times rather than frequen-
ciesthatare of interest anyway. However,
if necessary it is not too difficult to work
out the correct control settings for given
frequenciesand mark-spaceratios.

Example
As an example, assume that an output fre-
quency of 10kHz and 1 to 4 mark-space

E&TTMay1990

ratio are required. First work out the dura-
tion of one cycle by dividing the required
output frequency into one (t = 1/f). With
the frequency in hertz, kilohertz, and
megahertz, the answer is respectively in
seconds, millisecondsandmicroseconds.

In this example, dividing 1 by 10kHz
givesananswerof 0.1ms,or 100us. Witha
1 to 4 mark-space ratio the output is ob-
viously in the high state for one-fifth of the
time, and low for the other four-fifths.
Multiplying 100ms by .2 and .8 gives
answers of 20us for the mark and 80us for
thespace.

The circuithasQ and not-Qantiphase
outputs. These are provided by standard
LS TTL outputs, and the unit is therefore
TTL compatible. It cannot, in theory, be
guaranteed to drive CMOS circuits
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Fig. 2. Circuit diagram for the 5V 1A
power supply.

properly. However, in practice the outputs
switch between voltages that should
enable any CMOS circuits to be driven

properly.

Pulse Generator

The full circuit diagram for the pulse gen-
erator appears in Fig. 1. This is based on
two monostable multivibrators connected
ina type of circuit called a ring oscillator.
The monostables are connected such that
asthe pulse fromoneofthemceases, ittrig-
gers the other. Provided that a pulse is ap-
plied to one of the monostables at switch-
oninordertoinitiate oscillation, thecircuit
willthen oscillateindefinitely.

An oscillator of this type is unneces-
sarily complicated for some purposes, but
it is well suited to an application of this
type. One oscillator sets the mark duration
while the other sets the space time. This
makesiteasy toobtain any pulse durations
and separations within the pulse time
range of the monostables.

Both monostables are of the standard
555 variety. They are actually based on a

low-power version of the 555, the
TLC555CP. In this application it is the
higher switching speed rather than the low
power consumption that is of primary im-
portance. It aids good accuracy at short
mark-space ratios. Both monostables
have a set of five switched capacitors to
provide five ranges, plus a variable resis-
tor to permit the pulse duration to be con-
tinuously varied over each range. Al-
though CS and C11 may look to be about
20p too low in value, the internal
capacitance of the 555s makes up for the
missing capacitance.

The monostables are of the negative
edge-triggered type, and will therefore
trigger in the required manner on the fall-
ing edge of the positive output pulses.
However, the monostables are a form of
the retriggerable type, and consequently
require brief trigger pulses, or the output
pulse durations will be stretched by the
trigger pulses. A resistor and capacitor
network at the input of the monostables
provides suitable biasing and pulse shap-
ing.

A common problem with ring oscil-
lators is a reluctance to start. In order to
provide reliable operation there must be a
circuit to trigger one of the monostables at
power-up. In this case a simple one-shot
pulse generator based on TR1 is used to
provide the triggering. At switch-on C3
charges up via the base circuit of TR1,
momentarily switching on this device.
When activated, TR1 pulls pin 2 of IC1
low and triggers it. TR1 then switches off
and enables the circuit to operate normal-

ly.
Outputs

The outputs of the two monostables
provide complementary Q and not-Q out-
puts. These are buffered by two LS TTL
NAND gates (IC3a and IC3b) that provide
TTL-compatibleoutputlevels.

Inpractice, the outputs of IC1 and IC2
would probably be quitc acceptable
without thisbuffering, buthaving genuine
TTL outputs avoids incompatibility
problems. Also,overloads on the outputof
pulse generator can cause it to stall.
Having buffered outputs should avoid this
(but the oscillator can be restarted simply
by switching it off and on again should it
stall).

Ascurrentconsumption of thiscircuit
is only a few milliamps, it does not sig-
nificantly reduce the power available for
external units connected to the power
supply section of the unit.

continuedonpage31
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AILMOST FREE SOFTWARE

OLUME 8

ONE THIRD FEWER CALORIES

The highlight of this month’s collection of Almost Free Software is unquestionably PC-Write Lite, the ultimate word
processor, shareware or otherwise. If you've ever tried to come to terms with Word Perfect or Microsoft Word, you'll
love the easy user interface, intuitive commands and well thought out mix of features of PC-Write Lite. It can be
mastered by any Tory politician in less than an hour. Normal people can expect to do quite a bit better than this.

In addition to this little gem, we’ve collected a number of handy DOS utilities, a few digital gadgets and a really

challenging graphic game that you won’t be able to walk away from. There’s also GUTS, which defies easy description
but is well worth owning none the less.

Every program in this collection has been extensively checked to make sure that it functions as it should and that it
contains no viruses or other nasties. Most sources of public domain software do not provide you with this assurance.

This collection carries the same promise that all our Almost Free Software does. If you don't feel that it’s fair value

once you've checked it out, we’ll buy it back from you with no gripes or questions.
If you have problems with it, our help desk is as near as your phone... just call (416) 445-5600.
This is a two disk set which will unpack onto four floppies worth of software, about 1.4 megabytes in all.

PC-WRITE LITE might just be the per-

fect word processor. Far more powerful than
many commercial packages, PC-Write Lite has
a mix of features which makes it ideally suited
for desktop publishing applications. It’s painless
to learn, aggressively supported and will run well
on even the slowest PC. See the review in the
February 1990 edition of Computing Now for a
complete description of this exceptional pack-

age.

RM_TREE is a disk pruning program
which actually works. It allows you to wipe out
subdirectories even if they aren’t empty... all
with one easy, wonderfully destructive com-
mand

DlSKLlTE is fantastically clever, and a

positive boon for anyone with a hard disk that
lacks an activity light... hard cards are known for
this. This tiny program flashes the caps lock light
of your keyboard whenever a disk is accessed.

DISKJUMP will change the way you use

Microsoft Windows. Makes popping from direc-
tory to directory painless, and allows you to have
multiple copies of the Windows executive run-
ning in each directory you want to work in.

-

RALPH is an omnivorous file browser. It
will accept straight ASCII, WordStar 5.0 and
Word Perfect documents and let you cruise
through them without having to boot up your
word processor.

JUNGLE JACK is a VGA graphics game

similar to Pipe Dream... without the copy protec-
tion. The object is to build a canal across the
jungle before the river rises and washes away
your plantation. Plan to waste a few evenings
getting around this one. Requires a VGA card.

CD LlBRARlAN is a small, easy to un-

derstand database manager for compact disc col-
lections. Keep track of your tunes even if your
library grows to immense proportions.

§ SNAPSHOT is a versatiletext screen grab-

||ber program. It conveniently turns any text

screen into source code for your choice of
programming language.

FG RAB is a quick way to grab lines from a
text file. Given a word processing document or
any other text file, it will allow you to browse
through it and copy selected lines to a second file.

EGADlGl makes your screen font look...
well, digital. Requires an EGA or VGA card.

SND will keep your hard drive clean and
shiny, free of those nasty little unwanted files that
gather in the corners. SND... search and destroy...
will cruise though all your subdirectories and
wipe out your choice of offending files.

AUTOCON is an amazing little time saver.
If you frequently have to use different CON-
FIG.SYS files to run different sorts of applica-
tions, this thing will save you the frustration of
boot fioppies or manually changing your CON-
FIG.SYS file. It pops up a menu and lets you
select the collection of drivers you want to use.

KILLFI LE Isn’t it nice to be able to unerase
accidentally deleted files? Ever consider that
someone else might be able to unerase your
deliberately deleted files without your knowing
it? This file killer kills 'em dead by overwriting
every byte of your file with meaningless data
before it bids it farewell.

GUTS is the one program no Windows user
will want to be without. It draws all sorts of
colourful abstract snakes, complete with user
definable snake options, mouse control and so
on. Not exactly a business solution, GUTS is
hypnotic to watch none the less.

—

$24.95 TWO DISK SET)
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FOLDED SPACE AND FOLDED PAPER

How long has it been since you killed some aliens? Probably too long. This month, return with us to the stars from
whence your ancestors came, to boldly go where no life form has gone before and slaughter whatever turns up when
you get there,

If your soul is more zenlike than this, you might want to consider something a bit less genocidal. This month’s disk
also includes a program to introduce you to Origami, the Japanese art of paper folding. There’s a complete integrated
productivity package, featuring a word processor, spreadsheet and database manager. We've included a number of
first class utilities, too.

Every program in this collection has been extensively checked to make sure that it functions as it should and that it
contains no viruses or other nasties. Most sources of public domain software do not provide you with this assurance.

This collection carries the same promise that all our Almost Free Software does. If you don't feel that it's fair value

in all.

once you've checked it out, we'll buy it back from you with no gripes or questions.
If you have problems with it, our help desk is as near as your phone... just call (416) 445-5600.
Please note that this is a two disk set which will unpack onto four floppies worth of software,

about 1.4 megabytes

GALACTIC BATTLE Tnis is one of

the most sophisticated alien killer games
we've seen in many a mega-eon. It runs on any
graphics card, will use a mouse or a joystick if
you have one and your keyboard if you don’t
and is lightning fast. Ilove the smell of phasors
in the morning...

LZEXE is so unspeakably brilliant one
wonders why it wasn’t thought of before. It will
reduce the size of most EXE files by up to
seventy-five percent without impairing their
functions. It does this by compressing them and
putting some uncompression code before the
program itself. Every time you run a compressed
program, it automatically uncompresses itself
and executes normally. This little jewel can free
up megabytes on your hard drive with no real
penalties.

T‘RULER is a handy on screen pop up
ruler for EGA and VGA cards. Unlike earlier
EGA rulers, this one will flip either horizontally
or vertically. Unspeakably useful, this.

WORD PERFECT TEMPLATES i »

collection of pop up on screen keyboard
templates for Word Perfect users. They’re a lot
easier to read than those fiddly paper templates
and they don’t get lost.

TIMELOCK is a security system for your

PC which doesn’t require that you remember to
activate it. After a preset period of inactivity, it
locks your keyboard until you type in a
password. Just the thing for offices which have
more fingers than hands to restrain them.

EXPLOS'VE is a screen blanker. How-

ever, whereas most screen blankers just blank
your screen, this one pops into graphics mode
and draws animated fireworks on it until you hit
a key. Like Pyro on the Mac and FIREWORK
for Windows, this little wonder saves your
monitor from screen burn without making it ap-
pear that your system has been powered down.
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SMALL C Have you ever wanted to try

your hand at C language programming? Spring-
ing a few hundred bucks for a compiler package
may seem a bit excessive just to see whatit’s like.
This little C interpreter is both inexpensive and
a lot easier to learn than a full blown compiler.
Includes a really extensive tutorial and lots of
help.

ORlGAMl is a series of BASIC programs
which will animate the stepsinvolved in creating
folded paper creatures. The animation’s pretty
slick and the results are fun whether you want to
amuse the kids or just have something to do with
your hands while you're on the phone. Requires
BASIC.

TREE - DOS file management shell which
is unusually complete and easy to use. It lets you
copy, rename, delete and execute files... and
buckets more... all in menu driven comfort.

MUSBOX is a really simple little music

composition program which will beep and
squeak anything from Beethoven to the Grateful
Dead through the PC’s speaker. Requires a
mouse.

WOR KS is a superb integrated productivity
package. It includes a word processor, spread-
sheet, database manager, file security encryptor,
disk utilities... all under one roof and with a
consistent, well thought out user interface. Sort
of a Swiss army knife in a subdirectory.

| $24.95 (TWO DISK SET)
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This collection of games should ruin many an otherwise productive evening.
Gathered over several months of extensive modem trolling, these are the best
the public domain has to offer. While there isn’t an alien tokill in the lot, you'll
never notice the lack of green blood. If the monsters in the dungeons of Hack
aren’t dismembering you for a light snack, your anchovies will be kicked into
the next universe by the Noid.

If you aren’t into violence on quite this level, you might prefer to simply be
splattered across the roads of France in Mille Borne or driven into desperate
poverty in Monopoly.

Every program in this collection has been extensively checked to make sure
that it functions as it should and that it contains no viruses or other nasties.
Most sources of public domain software do not provide you with this as-
surance.

This collection carries the same promise that all our Almost Free Software
does. If you don’t feel that it's fair value once you've checked it out, we’ll buy
itback from you with no gripes or questions. If you have problems with it, our
help desk is as near as your phone... just call (416) 445-5600.

Please note that this collection is supplied on a single quad disk and on

READING RAILROAD

multiple duals. If you can’t read quads, please order the dual disk version.

HACK is not so much a game as a culture.
Originally written for the Unix operating system,
this legendary game has endured for years and been
added to by countless... extremely warped... minds.
Plunge headlong into an infinitely complex
labyrinth of rooms, passages and monsters. Never
forget the monsters. Playable on any monitor.

KLONDIKE is a gorgeous implementation

of Klondike solitaire in EGA graphics. Requires an
EGA or VGA card, and a mouse is an asset.

NOID was originally written as a sort of play-
able advertisement for the Dominoes Pizza res-
taurants in the States. It’s a tight little game none
the less as you try to figure out how to deliver
your pizza without getting stomped by the Noid,
a rather nasty little creature in a red rabbit cos-
tume. It’s fast, peculiar and challenging. Re-
quires a CGA, EGA or VGA card.

MONOPOLY is aglorious EGA implemen-

tation of the classic board game... with a few cos-
metic changes to avoid the wrath of Parker
Brothers. Buy and sell property, advance to go,
collect two hundred dollars and fuel the fires of
intemational monetary inflation. Requires an EGA
or VGA card, and a mouse is an asset.

MILLE BORNE is a faithful graphics im-

plementation of the classic French card game
without the cards. Cruise around and avoid the
road hazards. Requires an EGA or VGA card,
and a mouse is an asset.

MAHJONG will take you back a few

thousand years to those heady days when China
was the centre of civilization and the ancestors
of most of the rest of us were still in the trees. If
they’d had computers back then, they’d have
played the game using this software. Requires an
EGA or VGA card, and a mouse is an asset.

XTETRIS No one with a television set can

have missed the ads for Tetris... makes you think
that Nintendo invented the beast. Here’s an ex-
panded version of the classic falling block game
having different shapes and a whole new set of
strategies. Requires a CGA, EGA or VGA card.

SHOOT'NG This is one of the few shoot-

ing gallery programs to crop up which is really
fun to blast away at. It features a variety of
targets, allowing you to frag everything from
clay pigeons to defenseless skeet. Requires a
VGA card and a mouse.

CIPHER is a word puzzle. Figure out what
the scrambled phrases mean using only your
native wit and, intimes of extreme stress, amallet
upside your monitor. Requires an EGA or VGA
card and a mouse.

The Monopoly, Klondike solitaire, Mah Jong and
Mille Borne games are all the work of TEGL
Systems Corporation of Vancouver. Programmers
will be interested to note that both the source code
for these programs and the sophisticated EGA
user interface library upon which they’re based is
available from the author. Complete details are
included with each game.

I $19.95 QUAD ($31.95 DUAL) |




(" ALMOST FREE VENTURA
 SURVIVAL DISK |

If youuse the popular Ventura desktop publish-
ing package, you’ll probably be aware of a few
of its... ahem... deficiencies. For example, you
may have encountered the monumental dif-
ficultiesinvolved in using it with additional soft
fonts. Perhaps you‘ve tried to pour image files
into your documents and found them a bit
awkward. What about the unspeakable
boredom of having to use the same typefaces
over and over again... it’s driven lesser mortals
back to their typewriters.

As long time Ventura users ourselves, we've
developed and collected quite an assortment of
Ventura support programs. These things per-
form all sorts of useful functions, mostly con-
nected with making Ventura a better place to
live. Much of the software in this collection is
specifically intended to make Ventura co-exist
peacefully with a LaserJet compatible printer. If
you publish with Ventura, you can’t afford to be
without this collection of programs.

Desk File
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RFGASTTL.EPS
RFSESTTL.EPS

making boring fonts into exciting ones. It inhales
any standard LaserJet soft font and outputs a font
with your choice of special effects added to it,
including drop shadows, bounding boxes and
even dripping blood.

VFM manages your Ventura soft fonts. It
quickly makes width tables without any batch
files to contend with, allowing you to add fonts
to Ventura painlessly. This is a must for any
Ventura user.

GRAPHIC WORKSHOP is the 1ast

word in graphics programs. It views, converts,
dithers, halftones, reverses and prints all popular
image files. It works with MacPaint, GEM/Ven-
tura IMG, PC Paintbrush PCX, GIF, TIFF and
EPS files and drives CGA, Hercules, EGA,
VGA, ATI VGA Wonder, Headlead Video 7 and
Paradise cards. It’s an indispensable tool for
graphics in desktop publishing.

HP'SLASH will reduce the often times

voluminous sizes of soft font files by allowing
you to selectively *‘prune’’ out unused charac-
ters and symbols. Saves on hard drive space and
really speeds up font downloading.

TCAP is a memory resident program which
captures text screens as GEM/IMG graphics
suitable for pouring into Ventura documents as
pictures. These screens preserve the original |
screen attributes and can be scaled to any size
from within Ventura.

GCAP captures monochrome graphics
screens into GEM/IMG files, suitable for pour-
ing into Ventura chapters. A Windows com-
patible version is also included.

FSEE is a quick 'n nasty program to let you
view the contents of a soft font file on your screen
before you print it. It lets you see what the new
fonts will look like without your having to
download them and print them out.

VPSCREEN is a Ventura screen font

editor. It allows you to change the way fonts look
On your screen.

o $19.95 |

cat-a-log (kat/®16g/, -“log/), n. 1. Library Science. a
systematiclist of the contents of a library. Cf. union
catalog. 2. a list, usually in alphabetical order, with
breif notes on the names, articles, etc, listed. 3. a
book, leaflet, or file containing such a list or record.
—2.t. 4. toenter in a catalog; make a catalog of. flate
ME cataloge <LL catalog(us) < Gk katdlogos a register
(akin to katalégein to count up) = cata- CATA - + -logos
reckoning]

ALMOST
FREE
SOFTWARE

The new Almost Free Software
catalog contains dozens of disks of
public domain software, shareware,
deskiop publishing clipart and other
fools fo help make your computer the
most powerful resource you have. It's
brand new and it's free... just write,
phone or FAX us for your copy.

Moorshead Publications « 1300 Don
Mills Road « Toronto ¢« Ontario « M3B
3M8 « (416) 445-5600 « FAX: (416)
445-8149

ORDER

NAME

FORM

&

Please send me
the following on:
O 5 inch disks
0O 3 inch disks
Choose the format for the
A: drive of your computer.

STREET ADDRESS

CITY/TOWN

CARD NUMBER

PROV POST CODE
PAYMENT: O VISA Q MASTERCARD Q AMERICAN EXPRESS 0O CHEQUE

EXPIRY DATE ___ /__

QIAFSPCS9 ............. $24.95
QIAFSPCS8 ............. $24.95
Q1 GAMES #5 (QUAD) .... $19.95
Q GAMES #5 (DUAL) ... .. $31.95

0O VENTURASURVIVAL ... $19.95

O Please send me a copy of your Almost Free Software catalog

SUBTOTAL
8%P.S.T.

$1.50 HANDLING
TOTAL

MOORSHEAD PUBLICATIONS
ORDER BY FAX: (416)

* 1300 DON MILLS ROAD « TORONTO « ONTARIO + M3B 3M8
ORDER BY PHONE: (416) 4455600 + PLEASE HAVE YOUR VISA, MASTERCARD OR AMERICAN EXPRESS CARD HANDY
445-8149 » PLEASE INCLUDE YOUR CREDIT CARD TYPE, NUMBER AND EXPIRY DATE WITH YOUR ORDER
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Digital Experimenters Unit
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Fig.5.A simple method of using the bottomof the aluminum case as a heatsink.

E&TTMay1990

Power Supply

The power supply circuit (Fig. 2) is very
simple and conventional. It has fullwave
push-pull rectification followed by a 5V
monolithic voltage regulator (IC4). The
maximum output current is 1 amp. The
maximum available output for external
circuitsisabout 980mA or so.

Although at one time bench power
supplies for logic circuits often had multi-
ple output voltages and maximum output
currents of several amps, this type of thing
isnot often needed these days. Most logic
circuits will work quite happily from a
single 5V supply rail, and modern logic
ICs have relatively modest power supply
requirements.

IC4 incorporatesoutputcurrent limit-
ing which protects the unit against over-
loads and accidental short circuits on the
output. Fuse FS1 provides further protec-
tion, but is mainly needed in case the cir-
cuit itself becomes faulty. It might be
necessary to use a slow-blow fuse forFS1,
as a fast-blow might be opened by the ini-
tial surge current as C16 charges up.
However,a fast-blow gives slightly better
protection and proved to be satisfactory on
the prototype unit.

Construction

Construction of a unit such as this can take
one of several general forms. At the
simplestlevel, theunitcanbebuiltasanor-
mal project with separate breadboards.
While this may not be the neatest ap-
proach, it does have the advantage of
making it easy to use the unit with several
breadboards. Often two or three circuits
are under development at any one time,
and with this discrete approachitis easy to
have several breadboard circuits, and to
connectup whatever one you wanttowork
on.

Another approach is to have the
breadboard or breadboards fitted on top of
the unit. This is a simple but effective way
of doing things in that it gives quite acom-
pactfinished unit which is easy touse, and
constructionisstraightforward.

Modern breadboards often seem to
lack any obvious means of screw fixing,
but in some cases they can be fastened by
means of self- tapping screws through
holes in the case and into holes in the
breadboards. In most instances the only
options are to glue the breadboard in
place, or to improvise some form of
mounting bracket.

A third approach is to build the unitin
the normal way, and then to fasten it and
the breadboards on a fairly large

32
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Parts List
Resistors
U e e SRSt IS 4k7
RNy W8, AW 1 W 2k7
REPENECY TN T e 100k
R4,5,7,8, . ceeeveerriirerernenercneenanens 15k
RO oo eveeereeesiesnnsens 180k
Potentiometers
VRIZ2 oo 2M2 lincar
Capacitors
(C| oo ey O 100u 10V
CHNTAR.......... et o 100n
(e e 220n
CFRN0) oo rmacorregoo o b o 22p
C SR e 27p
CO12 covincieeereceeeeerenenennen AT0D
CTAB ... 0 P WO 4n7
(7. 2 R 47n
CO15 eveeerereeeirieeree e 4700
Gl Or . 5 et 2200u
Semiconductors
[EH, 209 ... TLCS555CPtimer
1CSPm = T4LSOONAND gatc
IC4....................... 7805 SV regulator
D1,2......... IN4OO2 1A 100V diode
TR oo ereeveeircvennenn. 2N3904
Miscellaneous
DTS- 9-0-9volt, 1A
S Phvorecercoocoa 12-way 1-polcrotary
S3 e cciereeseenn. POWCT SWitCH
FST e, 1A fast-blow fusc
Metal instrumentcase, PCBs, red,
black,greenandbluc terminals,
knobs, 2 8-pin DIP sockets, 14-pin DIP
socket.

bascboard. The PSU/gencrator is fastened
to the rear of the baseboard with the bread-
boards mounted toward the front.
However, the breadboards and their com-
poncnts may tend toobstruct thc operating
controls of the generator. Either mount the
unit well to the rear, or mount it on some-
thing that will hold it above and weli clear
ofthebrcadboards.

PSU/Generator

Whatcver basic form the unit takes, the
PSU/gencrator will presumably be con-
structed as a regular project first and then
merged with the breadboards once it has
been built and tested. Here we will only
consider the construction of the unit itself

E&TTMay 1990

— constructors can please themselves as
farastheoverall formis concerned.

The PSU/generator circuits are built
onscparate PCBs (Fig. 3and4). Thiscom-
plicates construction slightly, but it does
make things easier if you only want to
build one or the other of these circuits.
Construction of these boards is
straightforward. None of the ICs are static
sensitive, but we would still recommend
the useof socketsfor IC1 toIC3.

Five link wircs are needed on the
pulsc generator board, and these can be
made from hookup wire or resistor leads.
The capacitors should be of the specified
types or they may not fit into the board
layouts casily. Fit pins to the points where
connections 1o of[-board components will
bemade.

Heatsink
There is a slight complication with the
powersupply boardinthatIC4 will need to
dissipate quite high power levels at high
output currents and this necessitates the
usc of a substantial heatsink. The cheapest
solution isto house the unitin ametal case
whichthenactsasaheatsinkaswell. Some
mcans of bolting 1C4’s heat-tab and the
circuit board to the base pancl is then rc-
quircd (the circuit board must be insulated
{rom thecasc).

Probably the casicst way of achicving
this is to usc the method outlined in Fig. 5.
Here IC4 is not mounted on the top side of
the board in the usual manner, but has its
lcadout wires bent upward atright angles,
and is lastcned on the underside of the
board.

Case

A mctal instrument casc approximately
200 by 150 by 50mm will accommodatc
the parts. The PSU board and T1 arc
mountcd toward the right, Icaving room
for the pulsc gencrator on the right. For
rcasons of safcty it is csscntial that the
metal case be grounded to the power cord
ground.

Controls
The five controls arc mounted on the front
pancl with S3 closc to T1. Duc to alack of
front pancl spacc T mounted the output
socketsonthercarpancl,butifalargercase
isuscd you canmount them on the front.
There is a fair amount of hard wiring
to be done, as shown in Fig. 6, which
should be used in conjunction with Fig. 3
and 4. Each conncction point in onc
diagram connccts to the point of the same
letter in onc of the other two diagrams

(point A inFig. 4. to point A in Fig. 6). Or-
dinary hookup wire is suitable, but ribbon
cable is probably easier to use and neater.

Testing

Before connecting the output of the
PSU to a circuit, use a multimeter to con-
firm that the correct voltage is present; it
should be with five percent of five volts. If
not, switch off and recheck all the wiring.

Youreally need ascope to thoroughly
check the pulsc generator. However, itcan
be checked by driving LEDs from the Q
and not-Q outputs, with a 330 ohmresistor
being used to limit the current. The
cathode (k) terminals of the LEDs are the
ones which connect to the 0 voltrail. With
long mark and space durations you should
be able to see the LEDs flash on and off as
the outputs change state, with one LED
switching on asthcother switches off.

At short pulse durations the {lashing
of the IEDs will be too rapid for the eye (o
perccive it properly. However, varying
the mark-space ratio of the output signal
will alter the apparent brightncss of the
LEDs. The greater the proportion of the
time the output is high, the brighter the
LEDdriven{rom thatoutput willbe.

AMAZING

SCIENTIFIC & ELECTRONIC
PRODUCTS

GRAT—  ANTI GRAATY GENERATOR $1000
LCT— 40 WATT BURNING CUTTING LASER 52000

& . RUB4 — I POWER PULSED DRILLNG LASER 52000
SBTTS — 1 MILLION VOLT TESLA COtL $2000
EBmcer— 1 veLDOTY cOlL GUN $1500
T XS~ LASER LIGHT SHOW 3METHODS $2000
¢/ EHI—  ELECTRONIC HYPNOTISM TECHNIQUES $800
EMLI — LOWER POWERED COIL GUN LAUNCHER $300
JL3—  JACDB LADOER 3 MODELS $1000
$D5—  SEE N THE DARK $1000

O LEV1 —  LEVITATION DEVICE $10.00
2 FMVIK — 3 MILE FM VOICE TRANSMITTER $3450
PFSIK — HAND CONTROLLED PLASMA FIRE SABER  $4950
iwu—mmjxnecmvtmememoa $3450
s POSK —  PLASMA LIGHTMING GLOBE $4950
£ = LHC2X — VISIBLE SMULATED 3 COLOR LASER $4450
£ & HODIX — HOMING/TRACKING BEEPER TRANSMITTER  $4450
S B LGUEK — 25 MW HAND-HELD ISIBLE LASERGUN 824950
S F 703X — 250000 VOLT TABLE TOP TESLA COH. $24950

1062K — 10N RAY GUN. progect enerpy without wres  $129.95
TIEIK — TELEKINETIC ENHANCERELECTRIC MAN  §950
S2 YWPMTK — 3 MILE AUTO TELEPHONE TRANSMITTER 34950

ASSEMSLED W OUR LASS
Lid UST10 — INFINITY XMTR Listen m via phone ines $19080
= IPG70 — INVISIBLE PAIN FIELD BLAST WAVE GENE RATORS?4 50
@B ITM10 — 100000 VOLT INTIMIDATOR UP 1D 20° $9950
5 JATI0 — AUTOMATIC TELEPHONE RECORDING DEVICE $2450
PSP — PHASOR SONIC BLATTWAVE PISTOL $8950

s

€/ DNE10 — ALL NEW 26° VIVID COLORED NEON STICK 7450
LGU20 — 5T0 MW VISIBLE RED HeNe LASERGUN ~ $19950
BLS10 — 100,00 WATT BLASTER DEFENSE WAND $8950

EASY DRDERING PROCEDURE - TOLL FREE 1-800-221-1705

0 24 HRS ON 1-603-673-4730 o FAX i1 TO 1-603-672-5406
VISA, MIC, CHECK, MOIN US FUNDS. INCLUIOE 10% SHIPPING. ORDERS
$100004& UP ONLY ADD $1000 CATALOG $1 00 OR FREE WITH ORDER

INFORMATION UNLIMITEO
| P.0. BOX 716, DEPT. ETI AMHERST, NH 03031

Circle No.97 on Reader Service Card
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This month we’ll lookat the potentially contentious...
andconfusing...issue of time as it appears in the C language.

H uman beings have evolved a fairly
simple system of dealing with the
time. One cansimply look ata watchorask
someone and move on to greater things.
Computers have clocks, but no watches.
As such, they have come to use a rather
more complex system of timekeeping.

In asking for the correct time, we
make all sorts of assumptions which a
computer cannot. It’s unspoken that one
usually wants the correct time for the cur-
rent time zone, and with whatever
daylight savings time adjustments as are
inuse at the moment addedto it. Likewise,
the date is usually given in terms of the
popular Gregorian calendar, as opposed
to, say, the less frequently used Mayan
one. These are all things that computers
needtobe told.

In addition to these purely human
concerns, computers have a few of their
own. For example, our system of dates
refers to the number of years between the
arbitrary year one and now. Considering
that the middle ages saw a fairly sparse use
of personal computers, most computer
operating systems have seen fit to place
the beginning of time at some rather more
contemporary point. Computer time and
dates are calculated as a number of
seconds relative to an arbitrary start of the
universe. Naturally, this start time varies
betweensystems,as we’ll see.

The format of the time and date
values for computers vary a lot too. If you
plan to work with files or other things
having time and date stamps from varying
systems, this will probably cause your
braintohurtafter a while.

Thismonth, let’s see how the sands of
time can be comprehended by your C
programs without getting to your disk
drivesand voiding your system warrantee.
These examples pertain to Borland’s
Turbo C implementation, although they
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should work with minor fiddling under
mostPC based Ccompilers.

Double Time

On aPC under C, time is figured as being
the number of seconds from January 1,
1970GMTandthe present. Asthiswillbea
fairly large number... there are about thir-
ty-one million seconds in a year... time is
storedinlong integers.

Under C, the time and the date are
derived from this single long integer. The
easiest way to have this long integer
passed to your program is like this.

longt;
time(&t);

There are a few things to note about
this. First of all, you must include the
time.h header in any program you want to
work with time functions in. Secondly,
note that for reasons which aren’t terribly
obvious, the time function does not usual-
ly return a long integer, but rather stores
the time value in a long integer whose ad-
dressispassedtoit.

Youcanactually makeitreturnalong
value instead if you useitlike this.

t=time(NULL);

This number, while containing the
exact time, is notin a terribly useful form.
There are numerous C functionsto change
this, although the one you use will no
doubt require abit of forethought. Several
of them seem to have identical uses.

The easiest way to see what time it is
involves the ctime function. This bit of
codeillustratesitsuse.

longt;

time(&t);
printf(ctime(&t));

The result of this call would be some-
thinglike

Mon Apr 0212:03:331991

Now, there are anumber of important
things to note about the string returned by
ctime. The first is that you must have the
time.h header in your program so that your
compiler will know that ctime does, in-
deed, returnapointertoastring ratherthan
aninteger. Secondly, the string it returns is
always exactly twenty-six characters
long. The twenty-fifth of these will be a
newline character, which is often incon-
venient.

Youmightwanttodispense with this.

longt;
char b[26];

time(&t);
strepy(b,ctime(&t));
b[24])=0;

The ctime function will work with
two global variables which are present
whenever the time.h header is present in
your program. Y ou should set timezone to
represent the number of seconds between
GMT and your local time zone. Eastern
standard time is five hours removed from
GMT, so we would set timezonelike this.

timezone =5 * 3600;

The value 3600 is sixty minutes mul-
tiplied by sixty seconds. Note that you
don’t have to declare timezone explicit-
ly...itis providedforyouby thecompiler.

You can also adjust for daylight
savings time if you like. Set daylight to a
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non-zero value if you’re presently using
daylightsavingstime.

Now, bear in mind that the ¢ime func-
tion retrieves the time from your PC’s
clock. If you have set the clock in your
computer to local time, you won’t want to
use the timezone and daylight values.
They’re only used if youkeep the clock in
your system set to GMT, in whichcase the
displayed time can reflect the geographi-
cal location of the computer using your
program.

If you write aprogram whichrequires
that its time be adjusted by its users to
reflect their displacement from GMT,
you’ll be interested in a function called
tzset. Whenit’scalled, it searches the DOS
environment for an environment variable
called TZ and, if it discovers one, adjusts
the timezone and daylight values accord-
ingly.

To make this work, you must start at
the DOS prompt and type in a SET com-
mand for the TZ variable. You canadd this
to your AUTOEXEC.BAT file if you
want to make it permanent. Type the fol-
lowing:

SETTZ=ESTSEDT

This is a fairly complex string. The
first three characters represent the local
time zone, in this case EST for Eastern
Standard time. The number represents the
number of hours between GMT and the
local time zone. This would be 5 or +5 for
Eastern Standard Time, 8 or +8 for Pacific
time or -1 for the time in France, for ex-
ample. Finally, the last three characters
are optional, and represent the daylight
savings time zone code... you’d only in-
clude EDT, inthiscase,if daylight savings
time were in effect. This would cause the
daylight variable to be set to a non-zero
value.

By using an environment variable
rather than hard coding these values into
your program, you make it possible for
your users to adjust the time zone values
externally. All you have to do is to make
sure your place the zset function early in
your program, before any time calcula-
tionsoccur.

Bear in mind that most people do not
set their system clocks to GMT. This
doesn’treally matter, however. If you call
tzset and it fails to find an environment
string called TZ, it will do nothing. Thus,
you can have your program work with the
time zone values if your users want it this
way...all they have todoistoinstallthe TZ
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environment variable... or with a system
clock settolocal time.

Other Clocks
There are a number of other time related
functions available under C. The gmtime
will fetch the system time, but it storesitin
astructratherthaninalonginteger. Thisis
the struct.

structtm {

inttm_sec;

inttm_min;

inttm_hour;

inttm_mday;

inttm_mon;

inttm_year;

inttm_wday;

inttm_yday;

inttm_isdst;

Y

Thisallows you to work conveniently
with the individual elements of the time
and date without having to figure out how
many seconds have elapsed since the
dawn of computer time.

You can also get the time and date
values separately in their own structs. The
time struct lookslike this.

struct time{

unsignedcharti_min; /* Minutes*/
unsignedchar ti_hour; /* Hours*/
unsignedchar ti_hund;/* Hundredthsof
seconds*/

unsignedcharti_sec; /* Seconds*/

5
Thisis the date struct.

structdate {

intda_year;/* Year-1980*/

char da_day; /*Day of themonth */
char da_mon; /*Month(1=Jan)*/
I8

Note that as these structs pertain
specifically to the DOS structure of time
and date, they are defined in the dos.h
headerratherthanintime.h

There are specific functions which
use these structures. The gettime and get-
date functions will lead the appropriate
structure with the systemdate. The settime
and setdate functions will set the system
time based on the contents of the struc-
turespassed tothem.

As I mentioned at the beginning of
this feature, there are numerous incom-
patible time and date formats about.
‘We’ve had a look at time as seen by a PC,
but if you encounter files from a Macin-
tosh, for example, you’ll find that they’re

date stamped using a wholly different for-
mat. Time onthe Mac startsin 1904.

In order to convert a Macintosh long
integer time value into a PC long integer
time value, you must subtract a constant
fromit. Thatconstantis:

#definemac2pc_date 2082830400L

Assuming that ¢ contained a Macin-
tosh format date stamp, this would display
the correct time of that date stamp ona PC.

t+=mac2pc_date;
puts(ctime(&t));

Well, almost. There are a few catches
here. If the date stamp from the Mac repre-
sents a date prior to January 1, 1970, the
ctime function will return something
meaningless. Granted, there were no
Macintoshes before 1970, but this does
not mean that Mac users might not have
set their clocks incorrectly, or just
changed the date stamps on their files.
Secondly, along integer ona Macintosh is
stored differently thanitisonaPC.

The Macintosh is based on a
Motorola microprocessor, while a PC is
based on an Intel chip. Motorola stores its
multiple byte numbers with the bytes in
the reverse order to that of Intel. Thus, if ¢
is a raw Macintosh date stamp, you must
send it through the following function
before youcan doanything withit.

long motr2intel(l)
longl;

{

return(((1 & 0xff000000L) > 24) +
((1& 0x00frf0000L)> 8) +

((1& 0x0000f00L) <8) +

((1& 0x000000fTL) <24));

}

This works both ways, of course. It
will also transform an Intel style long in-
teger into a Motorola style long integer,
the one being simply the compliment of
theother.

The unfortunate thing about time and
date values... on any computer... is that
they’ve evolved gradually over time, and
every new variation has been added to the
previous accretion of formats to ensure
backwards compatibility. As such, there
arealotof waystotell the time ona PC.

Ifyou’reinterested in properly under-
standing how the time functions work
under C, you might want to warm up your
compiler and try a few of the ones we’ve
discussed herein. They do takea bit of get-
tingusedto. .



Engine

A unit that helps you to drive in the most fuel efficient way.

We have our own domestic version
ofablack hole known as the fami-
ly car fuel tank — whatever the noxious
substance weattempttorunourcaron,beit
gasoline, diesel, cooking oil, etc., we are
constantly astounded by the rate at which
the needle plummets towards the red line.
There have been a myriad of additives
proposed to alleviate this depressing
syndrome, some mechanical, some
chemical, and of course a plethora of
electronic circuits. If you’re frightened of
performing major surgery on your pride
and joy, try thislittle circuitinstead.

Design Basis

The projectis based on the simple fact that
the engine is a device designed to convert
energy stored in the chemical bonds of the
chosen fuel into rotational kinetic energy
— torque — at the wheels. The efficiency
of this conversion is expressed by the
torque curve of the engine— the curve for
atypicalcarengineis showninFig. 1.

It shows that the engine produces
more torque at some speeds than at others,
the peak being somewhere near 3,500rpm
inthis case. This isdifferent from the max-
imum power, which peaks much higherup
the rev range and in a very inefficient
operating range of the engine. Using this
knowledge — that we get a higher ef-
ficiency of conversion at the top of the
torque curve — the basis for thismeter can
now beunderstood.

The design intent is that the circuit
should be able to pick out the peak of the
torque curve, and be able todisplay its suc-
cessful detection to the driver of the
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vehicle. It uses an engine speed input
taken from the ignition coil which is then
processed by a digital band-pass filter to
drive a tricolor LED as the indicator. The
LED shows red outside the chosen band,
and green when the area of peak torque
(and thusefficiency)isreached.

The circuit is continuously variable
when it comes to setting the speed band,
allowing you to match it to any vehicle
easily. Itcould, therefore, easily be used as
a “red-line” warning for cars without rev-
counters.

Circuit Description
The input signal for the circuit (Fig.2) is
taken from the ignition coil of the vehicle,
where we can obtain a signal proportional
infrequency tothe speedoftheengine. The
connection is made to the low tension ter-
minal of theignition coil which isswitched
by the points (remember those?), or, more
commonly these days, the ignition
amplifier. This point is switched between
car supply and ground at controlled times
to generate the HT in the secondary of the
coil, which is generally visible as sparks at
the plugs.

The input circuit components (R1,
D1, C1) clamp this signal to prevent any
high voltage spikes or high frequency
noise from entering the system, which
could cause spurious triggering or fried
chips. The components are mounted atthe
engine end of the cable to prevent the un-
desirable signals getting anywhere near
our circuit board. This sanitized signal is
then relayed via the protective shielded
cable to the main body of the circuit,

where it is to be used as a clock signal,
varying with the speed of the engine, and
thus available fordigital filtration

The speedsignal isused to trigger two
monostable blocks, contained in the
4538(IC1). The construction of these
electronic blocks allows us to trigger their
outputs into a transitory (or unstable) state
for a period of time which we can set by
external components i.e. pulses to order.
These blocks are monostable since they

Fig. 1. The relationship of torque and
power to engine speed.
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return to their rest (or stable) state after the

characteristic that creates the opportunity

(o Nl e ST 78L05

timed period, whereas a bistable block  foritsuseinthisrole. :
would remain in the new state until it was . M!sce"anem.'ls :
retriggered— ithas twostable states. Filtering Shieldedconnecting lead —see text;
The circuit shows that weuse bothof ~ To explain how the filtering is achieved, Veroboard, 38 holesby 16strips; auto
the monostables in IC1 and thatbothhave ~ wemustconsideranother characteristicof | {yPeconnecting wire; plastic caseap-
similar timing components specified  the particular monostable we are using, PRPC 11512'7.5 x132n’§m.;DIPIC -
around them. Preset multiturn poten-  namely thatitcanberetriggered while still hejdeSsOPULER RInCOURREIS R
tiometers are used to setthe pulse times ac- in its “unstable” state. Therefore, we can teners, etc.
curately, since it is these that will deter-  extend the length of the pulse atits output
mine thefiltercut- offpoints. indefinitely if wekeep triggering theblock
As mentioned already, both monos- beforeit getsachanceto“time-out”.
tablesare triggered together and the pulses By careful specification of the point
thatappear at their outputs are fedtoanex-  Where the monostable just starts retrigger-
clusive OR gate (IC2) which effectively
acts as the filter element. The logic table g AT
for the gate is shown in Fig. 3 and it ! ! ! | e |
demonstrates the subtle difference of the TRIGGER t
exclusive device over its standard OR R ok l_i_; 1 U Lr

companion, namely that if all the inputs
are high the output switches low. It is this

INPUTS QUTPUTS

A 8 OR  EXOR

0 0 0 0

1 0 1 1

0 1 ' '
>l 1 1 0 | e

Fig.3. Comparison of two input OR and
EXOR gatefunctions.
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Engine Efficiency Meter

ing, we can pinpoint a particular frequen-
cy of the trigger/clock pulses, and there-
fore, define the cut-off points for our filter.
By setting the monostable pulse-widths to
different values, we can define a window
of frequencies that can correspond to the
peak of the torque curve, and Fig. 4 shows
the three states of the monostable outputs
asthefrequency increases.

In the figure, monostable A is set to a
longer pulse width than monostable B,
which means it will begin retriggering ata
lower frequency than monostable B. Take
a careful look at the output states — can
you see how the exclusive OR gate is
going to help us? If we sample the monos-
table outputs at the point marked X, just
before we trigger them, we can use this
gate to determine what frequency state we
arein. Atafrequency below that forretrig-
ger of A the gate outputis 0, and above this
but less than the retrigger frequency of B
we get an output of 1, and at a frequency
when both monostables are retriggering
the output returns to 0. A digital filter per-
haps?

Output

Theremaining task, asIhave suggested, is
to sample the output of the EXOR gate to
determine the frequency range we are in.
Andalsolatchitinsome sort of memory to
beabletodisplayitto the driver. Thisfunc-
tion is achieved by a cousin of the monos-
table — the bistable. We use a specialized
version in this circuit, known as the D-
type, and in the configuration shown here
(IC3), whenever it is triggered, the output
assumesthe samestate thatiffindsonthe D
input at the instant of trigger. This condi-
tion is then held until the next trigger pulse
—ineffect the D-type hasremembered the
state of its input for usatamomentin time.
Just what we need — the output of the
EXOR gate can be memorized. But what
dowe trigger it with?

We use the same signal as we did for
the monostables, which occurs just at the
right moment for sampling. The secret is
that we make use of what is known as the
propagation delay of the monostables —
the time it takes before the output of the
device responds to a change at the input.
Therefore, we can sample the state of the
outputs just before they are affected — a
. matter of under a microsecond, but per-
fectly long enough in the digital world.

Finally, we need to display the condi-
tion that the D-type has found the EXOR
gate in, in other words, the part of the
torque curve that we are on. By using other
circuitry in the D-type to good effect, we
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Fig.5.Veroboard layout and wiring. Note the underside link onIC1.

can do this quite simply. The bistable has
complementary outputs, which means
that there is a “straight” output and an in-
verted output, known as Q and Q. When
the circuit detects a 1 at the output of the
EXOR gate, Q is 1 and Q is 0, and the
reverse whenitdetectsa(.

It would seem to be a good idea to
wire the LEDs directly from these outputs,
but the current drive of CMOS chips is
rather limited and to get the best out of our
display we must resort to a little current
amplification. Therefore, two PNP tran-
sistors are included to make sure our LED
shinesbrightly.

To keep the pulse-widths of the
monostables constant (and therefore ac-
curate) over the car battery voltage range,
we need to stabilize the voltage supply to
the circuit. A 78L05 regulator comes to
our rescue here, providing a stable 5V
from the car supply, with a series diode
protecting against reverse supply connec-
tions.

Construction

The layout shown in Fig. S is based on a
pieceof(.1 inchmatrix board size 38 holes
by 16 strips. This may, of course, be in-
creased tosuitaparticular box, orif mount-

ing holes are to be included, but the size is
felt to be the minimum to keep construc-
tion easy. Having cut the board, the track
breaks should be made as indicated, either
by using theappropriate spotfacecutter, or
a sharp drill bit. Before component as-
sembly commences, the board mounting
holes should be drilled — the location of
theseisshown on the layout diagram, with
adjacent track breaks to prevent electrical
shorts if metal mounting equipment is
used.

And so to the component assembly
stage, and it is recommended that this se-
quence is followed — IC sockets, links,
capacitors, resistors, and terminal pins.
Make sure that the copper tracks are bright
and clean before beginning to solder —a
rub with a piece of emery cloth or a PCB
cleaning stick would do the job. Not for-
getting also that a soldering iron tip in a
similar condition helps enormously. The
resultofalittle care and attention here will
be quick soldering, tidier joints, not to
mentionamorereliable construction.

On the completion of the population
of the board, a few careful minutes should
be spent checking the board layout — the
component positions, the links, all the
track breaks, and most importantly, a
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Fig. 6. Wiring of the protection com-
ponentsintheinput lead.

close examination of the copper side for
any dry joints, solder splashes, and
bridges between tracks. Time spent here
cansave hours of troublelater on.

Case

Once you have confidence in your efforts,
the board can be temporarily fitted in the
box using stand-off pillars as necessary.
Flying connections to the circuit can now
beadded—thesebeingtothe tricolorLED
(D3),signalinput,andpower.

If it has been decided to mount the
LED on the box itself, a suitably sized and
positioned hole should be drilled (taking
care not to demolish the circuit board). A
plastic bezel and collar may be used, or the
LED simply pushed through and glued.
Wiring should be undertaken with care as
there are various approaches to tricolor
LED leg identification by different
manufacturers. Careful sleeving of the
connections is recommended here to
preventshorts.

Alternatively, ifitis decided to mount
the LEDon orin the cardashboard,remote
from the box, a long flying lead can be
fitted. Sleeving of the connections would
be essential here to provide strain relief.
Individual wires could be used or some
low current3-way power cable.

Car Connections

Anotherholein the box will berequired for
the signal pick-upcable, whichisspecified
as single core, overall shielded. There are
two connections to the board for this cable
—one for the shield and one for the signal
wire. Cut back about half an inch external
insulation, and separate all shield wires
from the central wire, twisting them into a
bunch that can be soldered onto the shield
terminal pin. Trim the insulation from the
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signal wire carefully back a quarter of an
inch, and, having twisted the exposed
wires neatly, solder to the signal pin. Tin-
ning the cable ends and the terminal pins
beforehand makeslife alittleeasier.

The other end of this cable is a little
more complicated, for this is where the
connection to the signal source will be
made. First assess the distance between
the box mounting position and the car ig-
nition coil — not as the crow flies, but by
the safest route avoiding fan blades, ex-
haust pipes, battery acid, etc. then cut the
cable to length. Strip the outer insulation
back about one and a halfinches, and refer
to Fig. 6 for how the components fit
together.

Note that an extra piece of cable is
added at the extreme end, and this should
be of the type used for the power leads. To
improve the long-term survival chances of
the assembly in the engine compartment,
it is recommended to lacquer/conformal
coatthe components than seal them in heat
shrink or epoxy resin. The photo shows
the final item with the connection wire
protruding from the sensor. Finally,a hole
needs to be provided for the power leads,
which should be attached to the ap-
propriate terminal pins, and cut to the
desired length, having decided on the
power supply pointin the vehicle.

Before inserting the integrated cir-
cuits, a couple of final checks are ad-
visable. Measure the resistance across the
power leads to see if there are any shorts
that haven’t been spotted, then if all’s
well, remove the meter and apply 12V to
the circuit. Use the meter to check that the
ICs get a 5V supply to their power pins
(see circuit diagram_ — wire extensions
to the meter probes are useful to get into
the IC sockets. Remove the supply ready
for the grand finale — the insertion of the
ICs, not forgetting to take care over iden-
tification, orientation, static, and pins bent
underneath.

Testing and Calibration

With the whole circuit assembled, it must
now be calibrated to produce ameaningful
display. The simplest way is to use a
vehicle with a believable rev-counter and
make the adjustments with the unit tem-
porarily connected. Check the workshop
or owners manual for the vehicle into
which the unit is to be finally installed to
find the engine speed at which the peak
torqueis developed, and that theengine on
the calibration car has the same number
and configurationof cylinders.

To define our window of peak torque,
write down a figure for the upper limit 500
RPM above this speed, and the lower limit
500 RPM below, these figures being
chosen so that the “green” window is not
too difficult to maintain when driving.
Hook up the unit ot the vehicle to be used
for calibration, taking care with the
polarity of the supply connections. The
fused radio supply may be ahandy point to
use for a supply source. Now attach the
end of the sensorcable to the switched ter-
minal of the ignition coil (normally
marked -ve) ideally by using a Lucar con-
nector on to the spare blade, or with a
Scotchlock connector.

Having verified that the cableis away
from moving parts and the LED is lit up,
turn VR1 and VR2clockwise to their posi-
tions of least resistance. Then start the en-
gine and rev to the lower limit calculated
above. While holding the speed at this
value, turn VR1 slowly anti-clockwise
until the LED just changes from red to
green, This pot. isnow adjusted. Now rev
to the upper limit and adjust VR2 similarly
until the LED just changes from green to
red.

The unit is now calibrated and can be
permanently installed on the chosen
vehicle. If the adjustments don’tappear to
be having much affect on the LED, check
all the connections, especially the one to
the coil which should be switching be-
tween OV and 12V either through the ac-
tion of the points or the drive of the igni-
tionamplifier.

In Use

The Efficiency Meter seems to be of the
most use when the vehicle is cruising, and
thus understable throttleconditions where
the“green” canbe maintained quite easily.
You may be surprised to learn the dif-
ference between what feels like a “happy”
cruising speed, incomparison with that in-
dicated by the meter.

Since the settings for the thresholds
are continuously variable, the circuit can
be used for a variety of tasks on the car that
are engine speed linked — such as a rev
limit warning to prevent engine over-
speed, or even, with a few imaginative
modifications, a radio volume control
which increases the sound level in “har-
mony” withenginenoise.

In fact, the unit can be driven by any
square wave applied at the inputas long as
the amplitudeis 5V or greater. Asaconse-
quence, the circuit finds applications far
beyondvehiclesystems. B
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At The Pin Factory, we can help you pin down your business with
our custom lapel pins, charms, key chains, souvenir spoons, belt buckles,
money clips and other pressed metal products, manufactured with the
newest production equipment available.

We can help you create your own special "one-of-a-kind" item. Special
die cutting will give your item a custom shape, in virtually any colour of the
rainbow. Choose from our wide range of production materials, including
" precious and semi-precious metals.

We give competitive pricing, quality products and efficient, courteous service
on all your orders, large or small! So call us today and-let us show you
how we can help you pin it down!

THE PIN FACTORY

9752 — 47 Avenue, Edmonton, Alberta T6E 5P3
Phone: (403) 435-5944 FAX: (403) 437-4105
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NEW RELEASES

BP 265: MORE ADVANCED
USES OF THE MULTIMETER $71.80
‘Ihis book is primarily intended as a fol-

low-up to BIP239, and also should be of
value 10 anyone who already understands
the basics of voltage testing and simple
component testing,

BP 261: A CONCISE INTRODUCTIO|
TOLOTUS 1-2-3 $11.80
If you are a PC user and want to get to
grps with lotus 1-2-3, then this book will
teach you how to do just that in the

shortest and most eflective way.

BP 248: TEST EQUIPMENT
CONSTRUCTION $11.80
“This book describes in detail how to con-
strudt some simple and inexpensive, but
extremely useful, picces of 1est equipment.

BP 245: DIGITAL AUDIO
PROJECTS $11.80

‘This book takes a look at the basic prin-
ciples involved in converting an audio sig -
nal into digital form and then converting it
back 1o an analogue signal again. It also
contains practical circuts for constructors
1o build and experiment with.

BP 251: COMPUTER

HOBBYISTS HANDBOOK $23.80
"This book provides a range of useful refer-
ence matenal in a single souree so that it
can be quickly and casily located. The
subjects covered include microprocessors
and their register sets; interfacing serial,
parallel, monitor, games and Midi ports;
numbering systems; Midi codes; operating
systems and computer graphics.

BP 247: MORE ADVANCED

MIDI PROJECTS $11.80
‘This book includes circuits for a MIDI in-
dicator, THRU box, merge unit, code gen-
crator, pedal, programmer, channeliser
and analyser.

UK

BP 260: A CONCI

INTRODUCTION TO 0S/2 $11.80
“Ihis book ts for the multitasking PC uscr
that wants 1o get the most out of their com-
puter in cfficiency and productivity.

BP 264: A CONCISE ADVANCED
USER'S GUIDETOMS-DOS  $11.80
‘This book is for the PC uscr that is looking
lor ways to improve their sysiem’s cf-
liciency and productivity, while leaming
something new.

BP 256: AN INTRODUCTION TO
LOUDSPEAKERS AND

ENCLOSURE DESIGN $11.80
“This book explores many lypes of
enclosures and drive units. Crossover units
are also explained, the various types, how
they work, the distortions they produce

and how to avoid them.

246: MUSICAL APPLICATIONS

OF THE ATARI STs $15.00
A wide sclection of 1opics is covered, in-
cluding the intemal sound chip, MIDI, ap-
plications programs such as sequencing
and score writing, cic. Simple but useful
add-on projects and MIDI programming,
BP240: REMOTE CONTROL
HANDBOOK 12.00
Includes remote control systems, trans-
mission links, digital clectronics, mel-
hods of control, coders, decoders, elc.

BP111: AUDIO $14.00
Offers a wide range of material is covered
from analysis of the sound wave, mech-
anisn of hearing, acoustics, microphones
and loudspeakers, amplifiers, and mag-
netic disc recording.

BP239: GETTING THE MOST FROM
YOUR MULTIMETER $9.00
‘This book is aimed at beginners and those
of limited expericnee of clectronics. Using
the sitnple component and circuit testing
iechniques in this book the reader should
be able to confidently tackle servicing of
most electronic projects.

BP53: PRACTICAL ELECTRONIC
CALCULATIONS AND

FORMULAE $11.75
A book that bn'éiﬁcs the gap between com-

plicated technical theory and the "cut and
try" method. A good reference book.

BP174: MORE ADVANCED ELEC-
TRONIC MUSIC PROJECTS  $712.00
Complcmcnling Book PB74, "Electronic
Music Projects”, BP174 provides projects,
such as a flanger, a phaser, mini-chorus
and ring modulators, percussion synths,
cte. Each project has an Introduction cir-
cuit diagram and constructional notcs.

BP113: 30 SOLDERLESS BREAD-
BOARD PROJECTS-BOOK 2 $9.00
R.A. Penfold

A companion to BP107. Describes a
variety of projects that can be built on
plug-in breadboards using CMOS logic
IC’s. [iach Yrojccl contains a schem-

atics, parts list and opcrational notes.

BP150: AN INTRO TO PROGRAM-
MING THE SINCLAIR QL $7.80
[Iclps the reader make the best use of
the Sinclair QL’s almost unlimited
range of features. Complements the
manufacturer’s handbook.

BP192: MORE ADVANCED POWER
SUPPLY PROJECTS $8.00
Robert Penfold.

A companion to BP76, this book covers
switched mode supplics, precision
regulators, tracking regulators, computer-
controlled supplics, etc.

BP222: SOLID STATE SHORT WIVE
RECEIVER FOR BEGINNERS  $7.80
R.A. Penfold

In this book, R.A. Penfold has designed
and developed several modem solid state
short wave receiver circuits that will give

a fairly high level of perfformance, despite
the fact that they usc only relatively fewy
and incxpensive components.

BP197: INTRODUCTION TO

THE AMSTRAD PCs $20.00
‘The Amstrad PC is an MS- DOS com-
puter for general and business usc. This
book cxplains all you need to know to

start compuung,.

BP48: ELECTRONIC PROJECTS
FOR BEGINNERS $7.80
F.G. Rayer, T. Eng. (CHI), Assoc.lERE
In this book, the newcomer to clec-
tronics will find a wide range of casily
made projects. Also, there are a con-
sidcraglc number of actual components
and wiring layouts, to aid the beginner.

BP135: SECRETS OF THE
COMMODORE 64 $5.85
This book is intended as a beginner’s
guide to the Commodore 64.

BP155: INTERNATIONAL RADIO
STATIONS GUIDE $9.00
An invaluable aid in helping all those
who have a radio receiver to obtain the
maximum entertainment value and en-
joyment from their sets.

BP130: MICRO INTERFACING
CIRCUITS — BOOK 1 $9.00
Aimed at those who have some pre-
vious knowledge of electronics, but not
necessarily an extensive one, the basis
of the book is to help the individual un-
derstand the principles of interfacing
circuils 10 microprocessor cquipment.

BP131: MICRO INTERFACING
CIRCUITS — BOOK 2 !
Intended to carry on from Book 1, this
book deals with practical applications be-
yond the parallel and serial interface.
‘Real world" interfacing such as sound
and speech generators, temperature, opti-
cal sensors, and motor controls are dis-
cussed using practical circuit descriptions.

BP51: ELECTRONIC MUSIC AND
CREATIVE TAPE RECORDING $5.85
This book sets out to show how Electronic
Music can be made at home with the
simplest and most inexpensive equipment.

BP74: ELECTRONIC MUSIC
PROJECTS

R.A. Penfold

Although one of the more recent
branches of amateur electronics, elec-
tronic music has now become extreme-
ly popular. The purpose-of this book is
1o provide the constructor with a num-
ber of practical circuits for the less
complex items of clectronic music
equipment, including such things as a
Fuxx Box, Waa-Waa Pedal, Sustain
Unit, Reverberation and Phaser Units,
Tremelo Generator, etc.

BP110: HOW TO GET YOUR
ELECTRONIC PROJECTS
WORKING $7.80
R.A. Penfold

We have all built circuits from magazines
and books only 1o find that they did not
work correctly, or at all, when first
switched on. This book will help the
reader overcome these problems by in-
dicating how and where 1o start looking

for many of the common faults that can
occur when building up projects.

BP86: AN INTRODUCTION TO
BASIC PROGRAMMING
TECHNIQUES $5.85
‘This book 1s based on the author’s own ex-
L)cn'cncc in leaming BASIC and also in
clping others, mostly beginners to pre-
gramming, to understand the language.
BP234: TRANSISTOR
SELECTOR GUIDE $15.00
Listings of British, European and eastem
transistor characteristics make it casy to
find replacements by part number or by
specifications. Devices are also grouped
by voltage, current, power, etc., includes
surface-mount conversions.

BP233: ELECTRONIC HOBBYIST
HANDBOOK $15.00

A single source of casily locaied infor-
mation: colour codes, pinouts, basic cir-
cuits, symbols, ctc.

BP101: HOW TO IDENTIFY
UNMARKEDIC's $1.95
An unusual and fascinating chart that is
highly recommended to all those inter-
ested in electronics and which will hope-
fully pay for itself many times over, by
cnabling the rEader to use IC’s that might
otherwise have been scrapped.

BP121: HOW TO DESIGN AND
MAKE YOUR OWN PCBs $5.
‘The purpose of this book is to familiarize
the reader with both simple and more
sophisticated methods of producing
pnnted circuit boards. The book em-
phasizes the practical aspects of printed
circuit board designs and construetion.
BP125: 25 SIMPLE AMATEUR
BAND AERIALS

This book describes how to build 25
amateur band aerials. The designs start
with the simple diJ.)olc and proceed to
beam, triangle and even 2 mini-thombic.

BP180: ELECTRONIC CIRCUITS

FOR THE COMPUTER CONTROL
OF MODEL RAILWAYS $9.00
Shows how home computers can casily be
applicd to the control oF model railroads
and other quite sophisticated control. A
variety of projects are discussed as well as
circuits for train position sensing, signal
and electric points control, etc.

BP100: AN INTRODUCTION
TOVIDEO

‘This book is for the person who has just,
or is about to buy or rent video equipment
but is"nt sure what it’s all about.



BP78: PRACTICAL COMPUTER
EXPERIMENTS

‘The aim of this book is 1o enable the read-
erto simply and inexpensively construct
and examine the operation of a number of
basic computer circuit clements and it is
hoped gain a fuller understanding of how
the mysterious computer "chip” works.

BP185: ELECTRONIC SYNTHESIZER
CONSTRUCTION $9.00
With this book a relative beginner should
be able to build, with a mimmum of dif-
ficultyand at a masonably low cost, a
worthwhile monophonic synthesizer and
also leam a great deal about electronic
music synthesis in the process.

BP115 THE PRE-
MPUTER BOOK $5.85
Auned at the absolutc beginner with no
knowledge of computing, this entirely
non-technical discussion of computer
bits and pieccs and programming is
written mainly for those who do not
possess a microcomputer but cither in-
tend to one day own onc or simply
wish to know something about them.

BP92: ELECTRONICS SIMPLIFIED -
CRYSTAL SET CONSTRUCTIONS5.25
This is a book written especially for
those who wish to participate in the in-
tricacics of clectronics.

BP72: A MICROPROCESSOR
PRIMER $5.25
In an attempt to give painless approach to
computing, this ncxpensive 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. In-
cludes a glossary of microprocessor terms.

BP42: 50 SIMPLE L.E.D.
CIRCUITS

Contains 50 interesting and uscful cir-
cuits and applications, covering many

different branches of electronics, using
onc of the most incxpensive and freely
available components.

BP85: INTERNATIONAL TRANSIS-
TOREQUIVALENTSGUIDE  $9.00
"This book is designed to help the user
find possible substitutes for a popular
user-oricnted sclection of modern tran-
sistors and includes devices produced
by over 100 manufacturers.

BP140: DIGITAL IC EQUIVALENTS
AND PIN CONNECTIONS $15.00
Shows equivalents and pin connections of
lar user- oniented selection of Digi-
Integrated Circuits. Includes European,
American and Japanese devices.

BP136: SIMPLE INDOOR AND
WINDOW AERIALS $7.00
People living in apartments who would
like to improve shortwave listening can
benefit from these instructions on op-
timizing the indoor aerial.

BP156: AN INTRODUCTION TO

QL MACHINE CODE $10.00
The powerful sinclair QL microcomputer
has some outstanding capabilities in terms
of its intemal eruclure ith a 32-bit ar-
chitecture, the QL has a large address
range, advanced instructions which in-
clude multiplication and division. These
features give the budding machinc code
programmer a good start at advanced
programming methods. This book as-
sumes no previous knowledge of cither

the 68008 or machine code programming,

BP59: SECOND BOOK OF CMOS IC
PROJECTS $7.80
This book carrics on from its predecessor
and provides a further selection of useful
cireuits, mainly of a simple nature. The
book is well within the capabilities of the
beginner and more advanced constructor.

BP258 LEARNING TO

PROGRAM IN $19.00
This book is a gulde 10 C programming.

C statemnents are introduced and explained
with the help of simple, but completely
working programs.

BP141: LlNEAR IC EQUIVALENTS
AND PIN CONNECTIONS $23.80
Adrian Mlchaels

l'ind cquivalents and cross-references for
both popular and unusual integrated cir-
cuits. Shows details of functions, manufac-
turer, country of origin, pinouts, etc...
includes Nafional, Motorola, lairchild,
Haris, Intersil, Phlhps ADC, AMD,

SGS, 'I‘clcdync, and many others.

BP7: RADIO AND ELECTRONICS
COLOUR CODE AND DATA
CHART $3.00

Opens out to Wall Chant approximately
584 X 457mm. Includes many Radio &
Electronics Colour Codes in usc in
UK, USA, Europe and Japan. Covers
Resistors, Capaulors Transformers,
Ficld Coils, l‘uses, Battery Leads, cic.

BP225: A PRACTICAL INTRODUC—
TION TO DIGITAL ICs $7.0
"This book deals mainly with T11. type
chips such as the 7400 scrics. Simple pro-
jects 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.
BP147: AN INTRODUCTION TO
6502 MACHINE CODE $10.00
"The popular 6502 microprocessor is used
in many home computers; this is a guide
1o beginning assembly language.
BP88: HOW TO USE OP-AMPS$71.80
EA.Parr
A designer’s guide covering several op-
amps, serving as a source book of circuits
and a reference book for design calcula-
tions. The approach has been made a non-
mathematical as possible.
ELEMENTS OF ELECTRONICS —
ON-GOING SERIES$711.80 EACH
OR ALL 5 BOOKS FOR $44.00
F.A. Wilson, C.G1A., C.Eng.,
Although wrilten for readers with no more
than ordinary arithmetical skills, the use of
mathematics is not avoided, and all the
math required is taught as the reader
progresses. ach book is a complete
treatise of a panticular branch of the sub-
ject and therefore, can be used on its own
with one proviso, that the later books do
not duplicate material from their predeces-
sors, thus a working knowledge of the sub-
Jects covered by the carlier books is as-
sumned

BP62: BOOK 1. This book contains all
the fundamental theory necessary to lead
10 a full understanding of the simple clec-
tronic circuit and its main components.

BP63: BOOK 2. This book continues
with altemnating current theory without
which there can be no comprehension of
speech, music, radio, television or even
the clectricity utilities.

BP64: BOOK 3. Follows on scmicon-
ductor technology, leading up to transis-
tors and integrated circuits.

BP77: BOOK 4. A complete description
of the intemal workings oI) MiCTOProCeSSOr.

BP89: BOOK 5. A book covering the
whole communication scene.

BP194: MODERN OPTO DEVICE
PROJECTS

This book provides a number of prdcucdl
designs for beginners and experienced
project builders. These projects utilize a
range of modem opto-clectric devices, in-
cluding such things as fibre optics, ultra-
bright LEDs and passive IR detectors.

BP37: 50 PROJECTS USING
RELAYS, SCR'’s & TRIACS $7.80
FG Ra{er T. Eng., (CEl), Assoc.|IERE.
Relays, i-directional triodes (IRIACs),
and siticon controlled rectifiers (SCRSs),
have a wide range of applications in elec-
tronics today. This book gives practical
working circuits which should present the
minimum of difficulty for the enthusiast..
In most of the circuits there is a wide lati-
tude in component values and types, al-
lowing easy modification and adaptation.
BP84: DIGITAL IC PROJECTS $7.80
F G Ra er, T. En%O(CE), Assoc.IERE.
contains both simple and more
advancuj projects for the reader devell
ing a knowledge of the workings of digital
circuits. To help the newoomerto the
hobby the author has included a number
of boatd layouts and wiring diagrams.

BP95: MODEL RAILWAY
PROJECTS $7.80
Electronic projects for model railways arc
fairly recent and have made possible an
amazing degree of realism. The projects
oovered included controllers, signals and
sound cffects: stripboard layouts arc
provided for cach project.

BP144: FURTHER PRACTICAL
ELECTRONICS CALCULATIONS
AND FORMULAE $15.00
"This book covers many aspects of elec-
tronics where a knowledge and familiarity
of the appropriate formulac is essential for
a fullerunderstanding of the subject. An
essential addition to E‘IC library of all those
interested in electronics.

BP44: IC 555 PROJECTS $10.00
E.A. Parr, B.Sx., C. Eng., MLEE.

[ivery so often a device appears that is
so uscful that onc wonders how life
went on before it. The 555 timer is

such a device included in this book are
Basic and General Circuits, Motor Car
and Model Railway Circuits, Alanms
and Noisc Makers as well as a section
on the 556, 558 and 559 timers.

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 Con-
trol, Courtesy Light Delay, Batte;

Monitor, Cassetic Power Su rI:Jghts
"limer, Vehicle Immobiliser,
Smoke Alamm, and more.

BP49: POPULAR ELECTRONIC
PROJECTS by R. A. Penfold  $710.00
Includes a cotlection of the most popu- .
lar types of circuits and projects which
will provide a number oI’dcslgns 10 1n-
terest most electronics constructors.
I'hc rojects cover a wide range and
ivided into four basic types. Radio
l’rOJccls Audio Projects, Houschold
Projects and Test Equipment.
BP99: MINI-MATRIX BOARD
PROJECTS by R. A.Penfold  $7.60
Twenty uscful projects which can all be
built on a 24 X 10 hole matrix board with
per strps. Includes Door-buzzer, Low-
VO F’ ¢ Alarm, AM Radio, signal Gener-
rOJCCl()l"I imer, Guitar Icadphone
Amp and more.
BP103: MULTI-CIRCUIT BOARD
PROJECTS by R.A.Penfold ~ $7.80
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 components have been used in
cach'design so that with a relatively small
number of components and henee low
oost, it is possible tomake any onc of the
pr(()fccls or by re-using the components
P.CB. aII of the projects.

jas and

BP98: POPULAR ELECTRONIC
CIRCUITS, BOOK 2 $9.
R.A. Penfold

7O plus circuits based on modem compon-
ents aimed at those with some cxperience.

BP127: HOW TO DESIGN
ELECTRONIC PROJECTS $9.00
Although information on stand circuits
blocks 1s available, there is less informa-
tion on oomblmng these circuit parts
together. This title does just that. Practical
cxamples are used and each is analysed 1o
show whal each does and how to apply
this to other designs.

BP195: AN INTRODUCTION TO
SATELLITE TELEVISION $15.00
For the absolute beginner or anyone think-
ing about purchasing a satellite TV sys-
tem, the story is loltf as simply as sud1 a
oomplcx one can be.

BP106: MODERN OP-AMP
PROJECTS by R. A. Penfold  $7.50
l'eatures a wide range of constructional
projects which make usc of op-amps in-
cluding low-noise, low distortion, ultra-
high input impedance, high slew-rate and
high output current types.
BP107: 30 SOLDERLESS BREAD-
BOARD PROJECTS -BOOK 1  $9.00
R.A. Penfold
A "Solderless Breadboard” is simply a
special board on which clectronic circuits
can be built and tested. The components
used are just plugged in and mmroggcd as
desired. The 30 projects in this book have
been designed to be built on a "Verobloc™
breadboard. Wherever possible the com-
ponents uscd are common 1o several
KCOJCCI.S hence with only a modest num-
rof components it is possxblc 1o build,
in m, every project shown.

BP122: AUDIO AMPLIFIER
CONSTRUCTION
A widc circuits is given, from low
noise microphone and tape head
rcamps to a 100W MOSFET t
'hcrc 15 also the circuit for 12 ndge
pé;lvmg 18W. Gircuit board or strip-
layout are included. Most of the
circuits arc well within the capabilities
of even those with limited experience.

BP179: ELECTRONIC CIRCUITS
FOR THE COMPUTER CONTROL
OF ROBOTS $12.00
"The main stumbling block for most would-
be robot builders is the clectronics to inter-
face the computer to the motors, and the
sensors which provide feedback from the
robot to the computer. The purpose of this
book is 1o explain and provide some rela-
tively simple electronic circuits which
bridge the gap.

BP108: INTERNATIONALDIODE
EQUIVALENTS GUIDE $7.00
Cross-references European, American
and Japancse diode part numbers. Be-
sides rectifier diodes, it includes
Zeners, LEDs, Dxacs Triacs, SCRs,
OClIs, pholodiodcs, and display diodes.

BP118: PRACTICAL ELECTRONIC
BUILDING BLOCKS — BOOK 2 $7.60
RA. Penfold

‘This sequel to BP117 is written to help
the reader create and experiment with
his own circuits by combining standard
type circuit building blocks. Circuits
concerned with generating signals

were covered in Book 1, this one deals
with processing sxgnals.

BABANI BOOKS EXCLUSIVELY
AVAILABLE IN CANADA FROM
MOORSHEAD PUBLICATIONS.
ORDER YOUR SELECTIONS
BY TELEPHONE: (416) 445-5600
OR FAX: 416-445-8149 OR WRITE
TO US AT 1300 DON MILLS ROAD
NORTH YORK, ONTARIO M3B 3M8

$6.75



Diode

The characteristics,codes,data,encapsulations and various
formulas relating to diodes, thyristors ,triacsand LEDs.

S emiconductordiodesare generally a
single p-n junction of either silicon
(Si) or germanium(Ge) material. In order
to obtain conduction, the p-type material
(the p-type connection constitutes the
anode while the n-type connection con-
stitutes the cathode). The direction of cur-
rent flow is from anode to cathode when
the diode isconducting, as showninFig.1.
Verylittle current (negligible inthe case of
the most silicon devices) flows in the
reversedirection (Fig.2).

Diodes exhibit a low resistance to
current flow in one direction and a high
resistance to current flow in the other. The

T

CURRENT FLOW
—

ANODE nn CATHOOE
o ""-— =

Fig. 1. Forward biased (conducting)
diode.

NO CURRENT FLOW

ANDDE CATHODE
-~ +

OEPLETION REGION

Fig. 2. Reverse biased (non-conduct-

ing)diode.
direction in which the current flows is
referred to as the forward direction while
that in which negligible current flows is
known as the reverse direction. When a
diode is conducting, a diode is said to be
forward biased and a small voltage (ideal-

44

Mike Tooley

ly zero) is dropped across it. This voltage
isknown as the forward voltage drop. The
maximum reverse voltage (Vrrm) or peak
inverse voltage (PIV).

Typical values of forward current and
forward voltage for commonly available
silicon and germanium diodes are given
below:

insert "forward current" table

Germanium diodes conduct at lower
forward voltages than their silicon
counterparts, but they tend to exhibit con-
siderably more reverse leakage current.
Furthermore, the forward resistance of a
conducting silicon diode is much lower
than that of a comparable germanium
type. Hence germanium diodes are used
primarily for signal detection purposes
whereas silicon devices are used for rec-
tification and for general purpose applica-
tions. Typical forward and reverse charac-
teristics for comparable germanium and
silicon diodes are shown in Fig.3. Diodes
are often divided into signal and rectifier
types, according to their principal field of
application. Signal diodes require consis-

imal

REVERSE VOLTAGE. [VR) 2
-100 -75 -50 -25

FORWAROD CURRENT,

SILICON(Si)

+ GERMANIUM (Ge )
/

v

(A}

” 0-2 04 06 08 10

REVERSE CURRENT, IR

FORWARO VOLTAGE,VF
v

Fig. 3. Typical characteristics for
comparable silicon and germanium
diodes.
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phanumeric code which employs either  thatmanufacturers’ voltageratingsarenot

3 two letters and three figures (general pur-  exceeded.
p pose diodes) or three letters and two
figures (special purpose diodes). The first Hintsand tips

+ = two letters have the following sig- * When designing power supply cir-
nificance: | o _
Devices, applications, equivalents and case styles
X . . Device Material Application Near equrr. Case style
2 Firstletter - semiconductor material: NGOl siiconrectfer Boul
A . ::ﬁ silfcon recrigtr DOA1
_ ] - gemmanium o Doul
Fig.4.Bridge rectifier arrangement. Bsilicon [Rioosly R o e ool
Cgalliumarsenideetc INOW  Slcon  poners purpose INSTY, 1916 BOY
Dphotodiodesetc NGO don  recaier 507
. ) Second letter - application: Wi i rehr B0z
+ N5406 il?con rem er DOz
A general purpose IN5407 :llfcon rectifies DOZ7
B i 1 diode ::g;?a ::::::: :::tﬁr:lrpurpcsc 1N916, 1N4148 %g
vor 76 B tumn{l;((i\il(;aglcap) 10 Nals sieon general purpose IN9I4, 1NA138  DO3S
K A tunnel e AA germanium  general purpose DO7
0T} - 2 ) AALT9 germanium R detector DO7
DIAZS Pphotovoltaic diode BAXE  aiton”  ganer: porpose bo%
. o . silicon eneral purpose
thhtemlttmgdlode Eggr; silcon fecﬂ:elrp e Inios %?:
- . silicon ifier N
oors b, T controlledrectifier HSCHION  Schortey xs""ée«;«o;m i %ég
. silicon general pu
. Xvaractordiode S e Eﬂm Do
Y powerrectifier §2§? oo ganera porpose OA9S o
9.52 Zzenerdiode A9S germanium  general purpose  OA91 DO7
.33 q . BB . 3
OiAS:3 In the case of diodes for specialized General purpose, signal and RF diodes
applications, the third letter does not ek o
L - : : ol
oo3s el generally have any particular sig- iele e gV 7ea B
T = nificance.Zener diodes have anadditional AALLS femarium A S N
letter (which appears after the numbers) BAXI3 dion) RV 7ma oomA
. 52 which denotes the tolerance of the zener %:ic;%owm é;:if&"(xy ésg‘\’\;" zg"m"k‘ To0mA
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1
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= ) o BY126 650V 1A 1.1V 10pA
NONCV/S o fe) (1) AAl113 BY127 1250V 1A 11V 10uA
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il e
. , . (lll)BZY88C4V7 Bridge rectifiers
Fig.5.Diode encapsulations. Diode (i) is a general purpose ger- T T e o S AT R i
. . surface current (A)
ey maniumdiode. _ . v Tpndil  PCB 09
tent forward characteristics with low for- Diode (ii) is a silicon diode for tuning o e rc !
ward voltage drop. applications (sometimes referred to as s inatine per 1
Rectifier diodes need to be able to  varicap). e V. 4 A B .
cope with high values of reverse voltage Diode (iii) is a silicon zener diode Bk Shop Rom L
SKB25 epoxy-potted heatsink 6to 35

and large values of forward current, con-
sistency of characteristics is of secondary
importance in such applications. Rectifier
diodes are often available in the form of a
bridge(see Fig.4) which provides
fullwave rectification. Various diode en-
capsulationsareillustrated inFig.5.

Diode Coding
TheEuropeansystemforclassifying semi-
conductor diodes involves an al-
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having 5% tolerance and 4.7V zener volt-
age.

Diode data
The following tables summarize the
characteristics of a variety of popular
semiconductordiodes:

Note: Most of the bridge rectifiers
listed are available in 200V, 400V and
600V versions. It is important to ensure

cuits (in which appreciable currents are
present) itis important to allow for the for-
ward voltage drop associated with each
rectifier diode. Ina bridge rectifier, for ex-
ample, two diodes will be conducting any
one time. The total forward voltage drop
associated with these diodes can approach
2V and this should be allowed for when
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Fig.6.Typical zener diode characteris-
tics.
determining the AC input voltage to the
rectifier.

* The reverse leakage current of a
diode increases markedly as the junction
temperature increases. This results in a
reduction in overall efficiency (ratio of
forward current to reverse current) at high
temperatures.

* Operating a diode at, or beyond, the
stated limits for Vrrm or PIV will result in
a high risk of breakdown. Since rectifier
failure can have disastrous consequences,
it is always advisable to operate diodes
well within the stated limits (to ensure
safety,a 100% margin should be allowed).

* Schottky diodes exhibit a forward
voltage drop which is approximately half
that of conventional silicon diodes

—_—t

Y

Fig.7. Zener diode encapsulation.

coupled with very fast reverse recovery.
Schottky diodes are thus preferred in
switching applications (e.g., switched
mode power supplies) where very low for-
ward voltage drop and fast switching is a
primeconsideration.

Zener diodes

Zener diodesaresilicondiodes which
are specially designed to exhibit consis-
tent reverse breakdown characteristics.
Zener diodes are available in various
families (according to their general
characteristics, encapsulation and power
ratings) with reverse breakdown (zener)
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voltagesin thit E12 and E24 series (rang-
ing form 2.4V to 91V). A typical charac-
teristic fora 5.1V zener diode is shown in
Fig.6.

The following series of zener diodes
arecommonlyavailable:

BZX88series:

Miniature glass encapsulated diodes
rated at 500mW (at 25 deg.C). Zener vol-
tages range from 2.7V to 15V (voltages
are quoted for SmA reverse current at 25
deg.C).

BZX55 series:

Low-power diodes rated at SO00mW
and offering zener voltages in the range
24V091V.

BZX061 series:

Encapsulated alloy junction rated at
1.3W (25deg. Cambient).

Zener voltages range from 7,5V to
72V.

BZX85 series:

Medium-power glass-encapsulated
diodesratedat1.3W and offering
zener voltages in the range 5.1V to
62V. '

BZY93series:

High power diodes in stud mounting
encapsulation. Rated at200W forambient
temperatures up to 75 deg.C. Zener vol-
tagesrange from9.1Vto75V.

BZY97 series:

Medium power wire-ended diodes
rated at 1.5W and offering zener voltages
intherange9.1Vto37V.

IN5333series:
Plastic encapsulated diodes rated at

5W. Zener voltages range from 3.3V to
24V.

Zener diodes are generally plastic or
glass encapsulated in the same manner as
conventional silicon diodes. As with con-
ventional silicon diodes, the cathode con-
nection is marked with astripe (see Fig.7).

The slope resistance of a zener diode
is the rate of change of reverse voltage
(zener voltage) with diode current. Slope
resistance is measured in the breakdown
region and expressed in ohms. An ideal
zener diode would have zero slope resis-
tance (i.e. the diode would conduct per-
fectly at its rated zener voltage). In prac-
tice, values of 200 or less can be achieved.
The temperature coefficient of zener volt-

ageisthechangeof zener voltage (fromits
rated value) which results from a tempera-
ture change of 1 deg.C. Temperature coef-
ficient (which should ideally be zero) is
expressed in mV/deg.C. In many voltage
reference applications, it is essential for
the reference diode to exhibit a zener volt-
age which does not vary with temperature.
The following data (for the BZXSS series)
is typical of most low- power zener
diodes:

Example2

A zener diode is to be used as a volt-
agereference. The diode has the following
specifications:

Zener voltage(at20°C):9.1V

Temperature coefficient: +4mV/°C

If the equipment is designed to
operate over the range -10 deg.C to +40
deg.C, determine the extreme values of
reference voltage and the percentage
change in the reference voltage over the

Zener voltage Slope resistance Temperature coefficient
V) n} (mVre)
27 100 ~35
33 95 =215
39 90 =34
4.7 80 —35
5.1 60 =27

St 40 -2.0
6.2 10 +0.4
6.8 12 +1.2
72 14 +2.5
8.2 16 +3.2
9.1 18 +3.8
10 20 +4.5

working range. The temperature coeffi-
cientis positive and thus the zener voltage
will increase with temperature. At 40
deg.Cthe zener voltage will be given by:

Vz=9.1V+((40-20)x4mV)
=9.1V+80mV=9.18V

At-10°Cthezenervoltageis:

Vz=9.1V-((20--10)x 4mV)
=8.98V

Hintsandtips:

* Zener diodes may be connected in
series to obtain higher voltages. As an ex-
ample,a 15.9V reference can be produced
by connecting a6.8V zener diode in series
witha9.1V zener diode.

* Care must be taken to ensure that
zener diodes operate within their rated
powerdissipation.

* Zener diodes generally perform
best when rated at voltages of between 5V
and6V. Hence,inorder to obtain optimum
performance (in terms of both slope resis-
tance and temperature coefficient)
reference voltage sources based upon
zener diodes should utilise components
which have zener voltages of between
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5.1V and 6.2V where necessary, external
circuitry can be used to provide voltage
amplification.

* Zener diodes can generate a sig-
nificant amount of noise and, in applica-
tions which involve significant voltage
gain (e.g.the stabilization of an amplifier
bias supply) it is essential to provide ade-
quate decoupling. A parallel connected
capacitor of between 1uF and 100uF will
provide effectivein mostapplications.

Thyristors

Thyristors (or siliconcontrolledrectifiers)
are three-terminal devices which can be
used for switching and ACpower control.
Thyristors can switch very rapidly from a
nonconductingtoaconductingstate. Inthe
off state, the thyristor exhibits negligible
leakage current while, in the on state the
device exhibits very low resistance. This
results in very little power loss within the
thyristor even when appreciable power
levels are being controlled. Once switched
into the conducting state, the thyristor will
remain conducting (i.e., itis latched in the
on state) until the forward current is
removed from the device. n DC applica-
tions this necessitates the interruption (or
disconnection) of the supply before the
device can be reset into its nonconducting
state. Where the device is used with an al-
ternating supply, the device will automati-
cally become reset whenever the main
supply reverses. The device can them be
triggered on the next half-cycle having
correctpolarity otpermitconduction. Like
their conventional silicon diode counter-
parts, thyristors have anode and cathode
connections; control is applied by means
of gate terminal (see Fig.8). The device is
triggered into the conducting (on state) by
means of the application of acurrent pulse
to this material.

CATHOOE (K

GATE (G

ANODE {A)

Fig.8.Thyristor connections.
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Thyristor data
The table summarizes the characteristics
of a variety of popular thyristors:

Hintsand tips:

* Wherever possible, thyristor trigger
pulses should have the fastestpossible rise
times. Signals with slow rise times or
poorly defined edges are generally un-
satisfactory fortriggeringpurposes.

* Sufficient gate current must be
made available in order toensure effective
triggering.

* Thyristors will turn on faster (and
power dissipation within the device will
beminimized)as gate currentis increased.
Care should, however, be taken to ensure
that the peak value of gate does notexceed

Type Iriavs Varae Ver ler Case style
AN4H3 5.1A 400V 1.5V 30mA TO20
N4 5.1A 600V 1.5V 30mA TO20
BT106 1A 700V 35V 50mA Stud
BT152 13A 600V v 32mA TO20
BTX18-400 1A 500V 2V SmA TOS
BTY79-400R 6 4A 400V 3v 30mA Stud
BTY79-600R 6.4A 600V v J0mA Stud
BTY79-800R 6.4A 800V v 30mA Stud
TIC106A 3.2a 100V 1.2v 200pA  TO220
TIC106B 32A 200V 12v 200pA TO20
TIC106C 3.2a 300V 1.2V 200pA TO20
TIC106D 32A 400V 1L.2v 200p A TO20
TIC106E 3.2A 500V 1L.2v 200pA  TO220
TIC106M 32A 600V 1.2v 200pA TO20
TIC1065 3.2A 700V 1.2v 200pA  TO20
TIC106N 3.2A 800V 1.2v 200p A TO20
TICH6A 5A - 100V 2.5V 20mA - TO220
TIC116B 5A 200V 2.5V 20mA  -TO220
TiC116C 5A 300V 2.5V 20mA TO220
TIC116D 5A 400V 2.5V 20mA TO220
TIC116E 5A 500V 2.5V 20mA TO20
TIC116M 5A 600V 2.5V 20mA 10220
TIC116S 5A 700V 2.5V 20mA T0220
TIC116N 5A 800V 2.5V 20mA TO220
TICI26A 7.5A 100V 25V 20maA TO220
TIC1268 7.5A 200V 2.5V 20mA TO20
TIC126C 7.5A 300V 2.5V 20mA T0220
TIC126D 7.35A 400V 2.5V 20mA TO20
TIC126E 7.5A 500V 2.5V 20mA TO20
TIC126M 7.5A 600V 2.5V 20mA T020
TIC1265 7.5A 700V 2.5V 20mA TO220
TIC126N 7.5A 800V 2.5V 20mA TO220
TICP106D 2A 400V 13% 200nA  TO92
TICP106M 2A 600V v 200uA TO92
T092 T0S
K G
. ‘ |
A
T0220
@)

|

Fig.9.Thyristor encapsulations and pin
connections.

K G

therated value for the device.

* The pulse width of the trigger pulse
applied to the gate of a thyristor must be
keptshortin order to minimize gate power
dissipation.

* In order to obtain an adequate range
of control in AC power control applica-
tions, the thyristor triggering circuit
should be designed so that it will proved
effective triggering over a sufficiently
wide angle of the *applied AC voltage.
Failure to observe this rule will resultin a
limitedrange of control.

Triacs

Triacs are a refinement of the thyristor
which, when triggered, conduct on both
positive and negative half-cycles of the ap-
plied voltage. Triacs have three terminals
known as main terminal one (MT1), main
terminal two(MT2)and gate (G),asshown
in Fig.10. Triacs can be triggered by both
positive and negative voltages present at
the gate. Triacs thus provide full- wave
control and offer superior performance in
ACpowercontrolapplications whencom-
pared with thyristors which only provide
half-wave control. In order to simplify the
design of triggering circuits, triacs are
often used in conjunction with diacs
(equivalent to a bi- directional zener
diode). A typical diac conducts heavily
when the applied voltage exceeds ap-
proximately+/-32V.Once in theconduct-
ing state, theresistance of the diac fallstoa
very low value and thus a large value of
current will flow. The characteristic of a
typical diacisshowninFig.11.

Triac data
The following table summarizes the
characteristics of a variety of popular tri-
acs:

Hintsandtips

* Thyristors and triacs switch on and
off very rapidly. In AC power control ap-
plications, this rapid switching can result
in transients which may be conveyed
some distance via the AC mains wiring.
To minimize such effects and prevent
radiation of noise, an L-C filter should be
fitted in close proximity to the power con-
troldevice,as showninFig.13.

LEDs

Lightemitting diodes (LEDs) can be used
as general purpose indicators and, com-
pared with conventional filament lamps,
operate from significantly smaller vol-

Type Irrus) Ve Ver Icrresy  Case style
BT139 15A 600V L5V 5mA TO0
TIC206M 4A 600V v SmA TOZR0
TIC216M 6A 600V 3v 5mA TO220
TIC225M 8A 600V 2V 20mA TO220
TIC226M 8A 600V 2V. 50mA TO20
TIC236M 12A 600V v S0mA TO20
TIC246M 16A 600V pAs 50mA TO220
TICP206D 1.5A 400V 2.5V 2.5mA TOR
TICP206M 1.5A 600V 2.5V 2.5mA TO92
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Fig. 10. Triac connections.
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Fig.11. Typical diac characteristics.
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Fig. 14. Round LED encapsulation..
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tages and currents, LEDs are also very
much more reliable than filament lamps.
MostLEDs will provide areasonable level
of light output when a forward current of
betweenSmA and20mA isapplied.

Light emitting diodes are variable in
various formats with the round types
being most popular. Round LEDs are
commonly available in the 3mm and Smm
(0.2 inch) diameter plastic packages (see
Fig.14) and also in Smm x 2mm rectan-
gular format. The viewing angle for round
LED:s tends to be in the region of 20° to
40°, whereas for rectangular types this is
increased toaround 100°,

Inorder to limit the forward current to
an appropriate value, it is usually neces-
sary to include a fixed resistor in series
with a LED indicator. The value of the
resistormay be calculated from:

R=(V-VH)I

where Vf is the forward voltage drop
produced by the LED and V is applied
voltage. Itisusually safe toassume that Vf
will be 2V and choose the nearest
preferredvalueforR.

Example3

An LED is to be used to indicate the
presence of 21V DC supply rail. If the
LED has a nominal forward voltage of
2.2V, and is rated at a current of 15mA
determine the value of series resistor re-
quired.

Here we can use the formula:

R=(V-VHl
=(21-2.2V)/.015=1.25k
The nearest standard value is 1k2.

The powerdissipated in the resistor will be
.015times 18.8V,0r280mw.

Hintsandtips:

* Avoid inadvertent reverse LED
connection. Reverse voltages in excess of
about5V will cause permanentdamage.

* For battery powered equipment
(particularly where a number of LED in-
dicators are used) minimal values of for-
ward current should be employed in order
to ensure long battery life. A forward cur-
rent of SmA (per LED) will be perfectly
adequatein many applications.

* Where several LEDs are to be used
together, they should be connected in
series (and not in parallel) in order to en-
sureequal levels of lightoutput.

* Yellow and green LED generally
give less output (for a given forward cur-
rent) than their standard red counterparts.
To maintain an equal light output when
several LEDs of different colours are used
together, different values of series resistor
may be employed. As a rule of thumb,
seriesresistors for yellow and green LEDs
should be chosen so that they are 10% to
15% lower in value than those used with
reddiodes (care should, however, be taken
to ensure that operating currents are still
within the manufacturer’s specified upper
limit).

* In applications involving low AC
voltages, a conventional low-current
silicon diode (e.g. 1N4148) can be wired
in parallel with a LED to provide a simple
ACindicator.
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Generator

An experimenter’s circuit that provides noise for many applications.

N oise, electrically speaking, is
strange stuff. From the amount of
time and effort spentin trying tocontrol it,
especially in sensitive circuits such as
preamplifiers, it might be thought thatit’s
tobe foundeverywhereinlarge quantities.
When one wants some noise, it comes as
some surprise to find thatitis, in fact, quite
difficultto generate.

Why Noise?

Why should anyone actually want noise?
Well, there are many possible uses for it.
Amplified and fed into a loudspeaker, it
produces a rushing sound, similar to a
waterfall or high wind in trees. The ob-
vious use is in sound effect generations,
but the effect on its own is quite relaxing
and thus of interest to people working with
biofeedback and similar projects.

A soothing noise output is far better
than amonotonous and irritating tone for a
relaxation monitor; for example, pink
noise, where higher frequency com-
ponents are progressively reduced, has
been used with some success to assist
patients to relax in medical practice, par-
ticularly by dentists. A device is available
for use in modern open-plan offices,
where the sound produced reduces the
chance of conversation being overheard
without being too irritating for the oc-
cupants.
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Noise Sources

Various circuits using noise generators
have appeared in the electronics press
from time to time, usually in wind and rain
effects projects. The noise sources vary,
butcommon among them are Zenerdiodes
and otherreverse-biased junctions,suchas
ordinary silicon diodes and the base-emit-
ter junctions of transistors. The problem
with all these sources is that their output
when used in this manner varies con-
siderably between devices, and is almost
always very small. This makes them un-
satisfactory for circuitsintended forpubli-
cation, where the performance should be
readily repeatable, and the high levels of
gain needed ot obtain usable output can
cause problems of instability. So while
they might be suitable for a one-off in the

EXCLUSIVE OR GATE

- OUTPUT

20f 33
TAP ouT

33 STAGE SHIFT
IN REGISTER

CLOCK -—J

Fig. 1. Basic noise generator arrange-
ment.

designer’s workshop, they do not lend
themselves well to publication. Tworather
more practical noise sources are the cus-
tom sound- effects chip, and noise diodes.
The chips work, but most of them have
rather high quiescent currents. A standing
drain of 45SmA is not much use where the
power supply is a single 9V battery. Noise
diodeswere better.

Pseudo-random

The solution eventually discovered was a
pseudo-random generator, using a shift
register with its output EXclusive-OR’d
with the output taken from a tap partway
along its length, and fed back to the input.
Fig.1 shows the basic arrangement in
block form. It will be seen thatin thiscasea
33-stageregisterisused, with thetapat the
20th stage. The object is to obtain the
longest possible apparently random out-
putsequence beforeitrepeatsitself.

For any given number of steps in the
register, there is a tapping that will give
this longest sequence. The mathematics
are tricky, so it’s best to simply obtain the
magic numbers from a reference book.
The sequence repeat time obviously
depends on the clock frequency, and
without the arrangement shown, a IMHz
clock speed gives a repeat time of about a
second, long enough to avoid any sugges-
tion that it isn’t actually random for most
applications. Moving to Fig.2, the arran-
gement use is shown in more detail. To
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J 4 Semiconductors
keep current consumption to a minimum  available, two of these has three more TR1L2.ecveveiririsenrs 2N3904, BC184
the active devices are CMOS types, the  gates available, two of these serve as the ICLinns 4070B EX-OR gate
most useful shift register for the purposes  clock generator. 1E2,3).. 501 4006B shiftregister
being the 4006B device. This is internally It is possible for this circuit to enter a IC4,5CA3080 transconductance amp

organized as four independent registers,  state where, if output and tap are both low, .
two of which are four stages long and two  the output of the EX-OR gate will also be Miscellaneous _
either four or five, depending on connec-  low so it will have nothing but low states PCB, 3 14-pin DIP sockets, 2 8-pin
tion. The first provides a total of sixteen  circulating around itand the resulting out- DIPsockets

stages and with the first four-stage of the  putwill appear to be acontinuouslowcon-
second gives the twenty stages to the tap.  dition. To preventthis asimple self-starter
The remaining stages, used as two fours  has been added, using the 1M resistor and
and a five, take the total to thirty-three. A 100n capacitor at one input to the gate. If
4070B provides the EXclusive-OR func-  the output from the tap is continuously
tion, and since it has three more gates  low, the resistor will soon pull the gate
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Fig.3. Fullcircuit of the Stereo Noise Generator.
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Fig.5.Connectionsfor testing the unit.

Fig.4.PCB layoutand wiring.

input high, setting the circuit into correct
action.

Stereo Noise

Mono noise, while more useful than
simple toneformany applications, canstill
lack that certain something. Stereo, given
by a separate noise source for each chan-
nel, gives an immediate impression of
depth, like wind in tall trecs or rushing
water.

Simply picking off two or more tap-
ping points from the circuit and combin-
ing them in the remaining gate of the EX-
OR chip produces a second output. Ob-
viously thisisrelated to the first, buton the
scope they look totally differcnt and
played through an amplifier they certainly
soundright.

This is a project for experimenters,
possibly for use in other designs, so to
make it more useful and interesting an
extra feature is included: independent
voltage control of the output amplitude
from each channel. This feature is option-
al, as are the output buffers; notes on this
willbe givenlater.

Full Circuit

Turningtothe full circuit of Fig. 3, the
clock consists of ICla and IC1b, con-
nected as a simple astable running at ap-
proximately 1MHz. This drives the clock

E&TTMay 1990

inputs, pin 3 on IC2 and IC3. The output
from the first four stages in IC2 is taken
from pin 8 straight to the input of IC3, pin
1.

Theoutput from IC3 is taken from pin
9 and EX-OR’d with the output from the
20th stage tap, from pins4 and 13 by IC1c.
The output from this gate is passed back to
IC2’s input, pin 1. It also goes to IC1d,
whereitis EX-OR’d with a tap from stage
16, pin 8 of IC1 to give the second output.
Variable gain is provided by a pair of
transconductance op amps, IC4 and ICS.
The polarity of output of these depends on
the input, but the output current depends
onthebiascurrent fed topin5, in thiscase,
throughR11andR12.

The outputs are also pulled toward
half the supply voltage by R13/14 and
R15/16. Thus the amplitude of the output
is symmetrical around the centre of the
supply voltage, with amplitude governed
by the voltage applied to R11 and R12.
The output at this point still jumps be-
tween two levels, however. To shape it
into something more like true analog
noise, lowpassfilteringisrequircd.

The simplest filters possible are ade-
quate, and are provided by C3/4, giving a
corner frequency around 15kHz. This
gives a noise bandwidth covering the full
audioband. Finally, since the outputshave
afairly high impedance, they are buffered

8C18LL

22% BC184L

“L70p 0% |—-o
e

(b}

BC184L

10k '

Fig.6(a).Simple output circuit. (b) Out-
put circuit with simple gain control. (c)
Improved output with gain control.

by transistors TR1 and TR2, here used as
emitter followers. C5/6 dccouple the
supply railsto the circuit.

Construction
Construction is straightforward, though
this project does have a fairly compact
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StereoNoiseGenerator

layout; care and a fine-tipped soldering
iron are required. The positions of all the
components are shown in Fig. 4. Sockets
areadvisedfortheICs.

Veropins or similar are useful for
making external connections. Be sure that
C5 is fitted the right way around. Did you
know thatelectrolyticsexplode very satis-
fyingly when connected backwards to a
ncfty power supply? Listen: safety rules.
Besides, the room fills up with shredded
dielectric. If you get in trouble with your
Mom, I'm going to deny everything. The
board may be used with power supplies
from 5V to 15V. Testing should start with
the application of 10V, and checking of
the voltage at the two outputs. Without
IC4 and ICS in place, the two output tran-
sistor bases will be at half the supply volt-
age, so the outputs should be 0.6V below
this.

Next IC1, 2 and 3 should be plugged
in and the power reapplied. A check on
IC1 pin 10 should show roughly 5V, in-
dicating that the clock is running. If a
scope is available , the clock waveform
can be observed — an approximate
squarewave. Checks on IC1 pin4 and IC3
pin 9 should similarly show about half the

Tabie 1. Performance details for Stereo Noise Generator.

Supply Passive filter
Voltage only

Transistor
buffers iC4,1C5

Buffers with

Supply Output Supply

Output Supply OQutput

5 1.5mA 420mV 2.3mA

10 5.5mA 760mV 7.2mA

430mVv 25mA  0-280mV

770mV 7.6mA  0-660mV

Table 1. Performance details for the noise generator.

supply voltage, indicating that they’re
switchingtheirfrigging littlebrains out.

IC4 and IC5 can be fitted, the two
control inputs shorted together and fed
from a 10k pot across the supply as shown
inFig. 5, and the outputs monitored with a
scope. Noisesignals should be present and
should vary in amplitude with the pot set-
ting.

Options

Some options are possible if all the fea-
turesaren’trequired. Youcanleave outthe
op amps, shorting pins 2-6 on each amp.
This gives the simple output of Fig. 6a. A

level potcanbe installed asin Fig. 6b. This
is simple enough, but DC through a level
pot may cause unwanted noise. Imagine
that. A noise generator making unwanted
noise. Kind of makes you think, doesn’tit?
No?Oh, well, getrid of the unwanted noise
by using the circuit of Fig. 6¢. You could
also dispense with the output buffers en-
tirely, and take the signals from the right-
handend ofthe22kresistors. However, the
circuit being driven should have an im-
pedanceof 100k or more.

Some typical performance figures for
the circuit for different supply voltages
and configurationsareshowninTable 1.

10 ONCE BOUGHT A
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Pick the Card That Gives
You AII The Advan'l'ages

' TURBO 8/20 M2
§0386-20 CRU
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You can't find a better deal

than this: With ORION the odds

are with you so there's no need to gamble

ORION cards are marked!

Marked by superior design; quality

manufacturing & loaded with

features at prices that will

make the competition fold!!!

FOR A SURE BET GO WITH ORION

and compare“our quality and prices!
Before You Purchase ANY Computer!

DISKETTES

100% ERROR FREE & LIFETIME WARRANTY

DIDAK a'!lg‘ ! 5

KAO 5% DISKS PER BOX 10 BOXES ~ =
MD2D 360K $ 8.49 §$ 7.95 i ®
MD2H 1.2M $11.45  $10.95 ORION 5% DISKS PER BOX 10 BOXES
FOR COLOR ADD $ 3.00 $ 2.75 0D2D 360K $6.99 §$ 6.49
KAO 3%" DISKS PER BOX 10 BOXES OD2HD 1.2M $10.95 $ 9.95
MF2DD $14.95 $13.95 FOR COLOR ADD $ 3.00 $ 2.50
MF2HD $28.95 $27.95 ORION 3%" DISKS PER BOX 10 ‘BOXES
FOR COLOR ADD $ 4.00 $ 3,75 OF2DD 1 MEG $12.95 $11.95
DISCAROO COLOR 19. 95 18.95 OF2HD 2 MEG $24.95 $22.50

IN POUCH $22.9 $19.95 FOR COLOR ADD $ 4,00 $ 3.50

SON Y N NO NAME DISKETTES : = - -

S NO NAME 5%" DISKS PER BOX 10 BOXES 88 286 386  2SMHz
54" DSDD 360K....§ 9.95 m NND2D 360K $409 $a49 PORTABLESYSTEMS 256k 512k 1 MEG CACHE

W/PLASTIC CASE...$10.95

PER BOX 10 BOXES :gzggné'ﬁgu . ;Ei‘:gx :oshg;ss 1& 9% AMBER DUAL CRT 1,195 1,695 2,495 3,695
3%" DSDD 1M..... 189851 $17.0500 gorors e T e BT 9" EGA MONITOR 2,195 2,595 3,398 4,39%
35" HD 2M ...... $34.95  $32.95 Lo oM $M.90  sen it S LCD 600X400 SCRN 1,595 1,995 2,793 3,995
5L" HD 1.2M..... $18.95 $17.95 PLASMA 600X400 5 2,495 2,895 3,695 &,89%

Quality, Reliability and Servnce

40 LANCASTER ST., W. ["WHY WAIT? CALL ORION ELECTRONICS NOW! E g'goe'afn%roas'gg":za'sgm f’gf;;y
KITCHENER, ONT. N2H 4S9 ORDER TOLL FREE 9:00 ajm: to 5:00 p.m. Saturday

PH: (519) 576-9902
FAX: (519) 576-9028

1 '800'265'2658 Fﬁtssfgrysi%-go%u




ELECTRONICS SUPPLIES INC.

IMPORTERS & DISTRIBUTORS INDUSTRIAL — COMMERCIAL — EDUCATIONAL SALES & SERVICE
SEAGATE ST-225-20 MB HARD DISK SYSTEM Your #1 Source For Quality Computer Components Quality, Reliability and Service
Inctudes hard disk conroker, cables and § == 7 —
iincions Ak rves e i1 ialed and $349 @ TTX LENEEE Rolwalnd L= MOTHER BOA

S - A 1201A - 12" COMP AMBER MONOCH $129.95 . XT St gRUR BORHBROK 5 o5
= L TS 29 5 ~ XT 10MHz TURBO MB OK. $ 109.95
& seagate Hard Drives 1400F /A 14~ TTL' AMBER FLAT SCREEW $169.95 PRO101 9-PIN 192 CPS DESKTOP....§ 279.95 T RO B O e
“ PR9104 9-PIN 240 CPS DESKTOP....§ 349.92 X3 TURBO M .
ST225 KIT, 20MB, 65MS, {(MFM)..$349.95 14S2F/W 14" VGA AN WHT FL SCREEN..$179.95 PR2417 24-PIN DESETOP.. s 449.95 AT 286 6/12 TURBO MB O .$ 249.95
ST238R KIT, 30MB, 65MS, (RLL) $389.95 14S2F ANALOG/VGA PS2 COMPATIBLE...$199.95 ROLAND DG PRINTERS AT BABY 286 8/16 OK.. $ 289.95
ST251-1, 4OMB, 28HMS, (MFM)....$475.95 1452 - .52 CGA 640 X 200 -.$299,95 e 579.95 AT 16 ME MEG EMS OL $ 299.95
2410 - 14™ RGB .43mm POL 89.95 PRI215 216 CPS WIDE CARRIAGE....$ .
S8 £6 I ERLI A (RS RoscallEcy e s % PRIS50 288 CPS WIDE CARAIAGE....$ 749.95 NEAT 286 16MHz OK.. $599.95
ST4096, 80MB, 28MS, (MFM).....$849.95 2412AG .39 EGA 640 X 350 AG -.$479.95 ihes 7%Np 1oaioE s 699.95 386 SX 16MHZe.oveon. .$ 599.95
SEAGATE_3%" DISK DRIVES 2422 - 147 EGA .3lma A. GL........3499.95 L ' 386 16/20MHz OK...oovurerenrns$  999.95
ST125, 20MB, 4OMS, (HFH)......$375.95 S439AC .39 VGA 640 X 480 AG.......$479.95 PR2017 17 CPA DAISY WHEEL.......$ 449.95 386 16/25MHx OK. . T 1,095.95
ST138M, 32MB, 4OMS, (MPM).....$479795 5432AG .29 VGA 720 X 480 AG.......$499.95 ROLAND LASER PRINTERS 386 25MH2 MJI2K EN T51,995.45
ST138N, 32MB, 4OMS, (SCSI)....$529.95 5436AG .28mm 1024 X 768 MULTISYNC $699.95 TPI100 11 PG/MIN SI2K...........$2,295.95 T2 core ALL TN ONE MB..onnne8 169595
ST138R, 32MB, 4OMS, (RLL).....$449.95 3435AG .31mm 800 X 600 MULTISYC..3649.95 ROLAND FLATBED PLOTTERS “ALL 786/386 ARE BABY SIZE TURBO M.B.®
ST157R, SOMB, 40MS, (RLL).....$479.95 ® ALL TTX MONITORS WITH TILT/SWIVEL BASE _nxv}mo A/7_B SIZE a-rm‘nm cm..::.ggz.;:
S DXY1200 A/B SIZE ELECTROSTATIC..$1,795. .

@MiniScribe Hard Drives D t T = DXY1300 A/B SIZE 1 MB BUFF STD $2,295.95 Video boards

"_IE&{“_E 1 YEAR WARRANTY 457595 atalirain Monitor DPX2200 C-SIZE PEN LOGIC........$5,985.95 MGA MONO GRAPHIC W/PR PORT....§ 49.95
G0 o8 [Baococoatetb DC200S - 14*.41mm DOT P, RGB T/S..$449.95 DPX3300 D-SIZE FLATBED PRO......$7,495.95 CCA COLOR GRAPHIC W/RGB COMP..s 49.95

ULy DC20SS - 14,52mm DOT P. RGB T/S..$349.95 ROLAND ROLLERBED PLOTTERS NGA/CGA DUAL GRAPHIC CARD.....$  79.95

pOtE DC353S - 14.3lmm EGA/CGA/T/S...,.3499.95 GRX300 D-SIZE ROLLERBED.........$5,495.95 G8 MGA/CGA AUTO SWITCH........3 89.95

8425 - 3, 204, oo DC355 DOT PITCH .4lmm EGA/CGA.....$449.95 GRX300M D-SIZE 1 MB RAM... -$5,985.95 EGA CARD 640 X 350 256K.......$ 149.95
8436 - 3, Jowp, 68 kS, RAL..S DCSOS DOT PITCH .4lmm VGA.........3499.95 GRX400 . g B ~:(;.:;:~;2 SUPER EGA 800/600/350 8 BIT,..§ 169.95
DC600 M, RES VGA/DIG. D.P. .31lmm..$599.95 GRX400M E-SIZE 1 MB RAM . .. -$7,495. VGA CARD (8 BIT).veuvnavnnenos.$ 179,95

L2 WHARD CARD T om o
SC204, 20MB, 65MS, MPM, XT, PS/2, 30 $495.95 DATA TRAIN MONITORS: MONOCHROME MANNESMANN JUKO EGA 640 X 480...reer....$ 139.95
SC208, 20MB, 6245, MM, XI, PS/2, 30 $475.95 VZ40A - 12 AMBER COMPOSITE. .$139.95 TALLY
SCL2S, 20MB, 4OMS, MP¥, XIT, PS/2, 30 $495.95 V242 - 12" TTL AMBER OR GREEN.....$134.95 l . W@HDE—R
SC304, 30MB, 65MS, KL, XT, F5/2, 30 $599.95 V244 - 12" TTL, AMBER.............$129.95 MTB1 9-PIN 130 CPS...ecerervasssd 249,95 -0 A
SC30B, 30MB, 6245, RLL, XT, F5/2, 30 $549,95 V252 ~ 12 M. RES MONO AMB/GREEN.,$149.95 MT222 24-PIN 220/75 CPS.........3 729.95 MULTI GRAPHIC SOLUTION....$  §9.95
SC1384, 30MB, 4OMS ,MPH, XI, PS/2, 30 $579.95 V262A - 12~ rLAT SCREEN TTL AMBER $159.95 MT230-24 WIDE 300/150/100/75....%1,795.95 MULTI GRAPH SOL GAME PORT § 99.95
SC136R, 30MB, 40MS,RLL, XI, F5/2, 30 $549.95 V272 - 14™ DUAL FREQ AMBER/WHT....$189.95 MT230~9 WIDE 300/150/100 9-PIN $1,395.95 MULTI EGA SOLUTION........$3 249,95

WESTERN DI0/TAL V282A - 14 FLAT SCR, DUAL FREQ...$169.95 MT90S LASER (HP SERIES II COMP) 31,599.;; MULTI VGA SOLUTION........$ 299.95

V282W - 14" FLAT SCR, DUAL FREQ...$179.95 1 MEG EXPANSION...........$ 499, VGA SMALL WONDER.... $ 225.95

controller Boards V502 ~ 12" ANLG VGA/MCGA MONO WH..$175.95 MAXI VGA SOL 256K/M. .e 379.95
VESTERN DIGITAL HARD DRIVE CONTROLLERS MAII VGA SOL 512L/M.......3 449.95
FARD DISK 20 MEG (MFM), XT.....$ 79.95 Mod pR|NTERS
HARD DISK (MPM), XT...... .$ 84,95 o ems m --

HARD DISK (RLL), XT..cuoer.....$ 86,95 1200 INTERNAL. . .ososernneacess$ 74.95 EXP1180 11 192 CPS 9-PIN. 299.95 '- iy TTX GROUP

6 - 12wz, HD (MPM), AT, XT286 $129.95 1200 EXTERNAL..1vrvronsnsneese$  89.95 KXP1191 11 240 CPS 9-PIN. 375.95 S o %3
6 - 121z, HD/FD (MPM) AT, XT 2863139.95 2400 INTERNAL $ 129.95 EXP1124 11 192 CPS 24-PIN.......$ 475.95 o e, 3 e

6 - 12M4z, WD (RLL), AT, XT286 $165.95 2600 EXTERNAL. - e oeosenoneninong 139.95 EXP1524 16.5 240 CPS 24-PIN.....§ 999.95 STB AUTO VGA..... .3 199.95
6 - 12MHz, HD/FD (RLL) AT, XT 2863189.95 4800 Sy 34l KXP4450 11 PPM LASER PRINTER,...$2,795.95 STB VGA EXTRA/EM256KB.........$ §g§~:§
« ALL OF THE ABOVE ARE 211 INTERLEAVE * Py 200 § 799.95 oo m;g:::“' T 27mes

A RS DTSY (i) AT, 386 3169.95 ) . . - .

%2&: rm/rnnzi:n)uﬂ, Sa.ee 409,95 ol 8 (D (6o oo000000p0f) A0 EPSOMN 2 printer For Any Agplication STB VGA EM 16/512KB...........5 349.95
ASHER FAX CARD 9600, ...ccce.00$
161z, HARD DISK (RLL) AT, 386 $189.95 PANAFAX UF150 $1,495.95 24-PIN LETTER QUALITY DOT MATRIX PRINTERS Kevboards
16tHz, HD/FD (RLL) AT, 386.....3199.95 5 %7230/68/73 CPS.......$1,095.95
PANAFAX UF250 $2,295.95 1Q-1050 2647220/ . » 59.9
16MHz, HD/FD ESDI INTERFACE AT, 386$299.95 T000q e - et L0-2500 270/90 CPS DRAFT/NLQ. AT/XT 5060 STANDARD.......--..3 .95
* ALL OF THE ABOVE ARE Lil INIFRLEAVE * R o aan o 1Q-500 180/60 CPS. .. AT/KT ENHANCED KEYBOARD.......}  69.95
Ficppy Controller Boards RAVEN RF100, 1enveaenevrseersss$1,395.95 e B e s [5oGT Add on boards
:; goggrg_;ggvia:om_o $ 39.95 ™ 10-950 24 PIN 2 X 12 DOT MATRIX $_ 999.95 XT PAR PRINTER PORT.... 29.95
37720/ 64 $ 59. W Ml ” 5Q-2500 540/180 INK JET 132 COL $1,495.95 XT RS232 SERIAL PORT. 34.95
AT/XT HI DENS 360/1.2/720/1.44 $ 59.95 A
LOGITECHK HI RES SERIAL........$ 109,95 XT RS422 SERIAL PORT... ML
JE CARRY A HUGE SELECTION OF HARD DRIVE LOGITECH HI RES BUS...........$ 119.95 LX-800 180/150 CPS........ eee.$ 249,95 XT I/0 + 2 (S/P/C/G)ennns o
P LX-810 180 CPS..e.vevrsevnerso$ 299,95 XT MULTI I/0 (S/P/C/G/DISK)...$  79.95
“ONTROLLERS. ASK FOR A COMPLETE LISTING.  DEXXA 2 BUTTON AT, XT.........$ 59.95 o Y 2 I Tl rs (iakrort PO
DEXXA DELUXE AT, XTeu.eu..s 69.95 H . i .
JOYSTICKS i3 @0 8 9.9 FX-1050 264/54 CPS..ceereeeecc$ 799,95 XT TIME CARD.......evee s 39.95
GENIUS GM-6 PLUS 200 X 800 ...$  69.95 Y Ane Fone s Y3
CRAVIS (CAN MADE 1 YR WAR)....$49.95 CENIUS GM 6000 DELUXE PIGE....$ 89.95 FX-850 265/54 CPS SMARTPARK...$ 599.95 AT 1/0 S/P N a g
GRAVIS (SAME AS ABOVE BUT CLEAR)...$54.95 _500 5 FX-86E 200/40 CPS 80 CLMN.....$ 499.95 AT I/0 S/P/G... . M 1
JVC OPTICAL 250-500 DPI.......§  99.9 Rt 110 2 STFTG : s 7995
IBM COMPATIBLE JOYSTICK FROM..$19.95 MOUSE PAD. s onnesnnesoenrvrrn s 8.95 DFX EPSON 533 CPS .euvevvr....$2,895.95 AT G s 998
QUICK SHOT IBM/APPLE..........3$29.95 MOUSE STAGE...ceeeereerasacessd 24,95 JX-80 COLOR PRINTER...........$ 499.95 .
TJ810 PERFECT MICRO IBM/APPLE $34.95 g.L Power supplies
DELUXE JOYSTICK IBM/APPLE.....$39.95 spzcmuv INDUSTRIAL BOARDS Slnﬁ‘ 1508 CSA XT SIZE.cesivnerresnnd 79,95
WINNER 909 IBM/APPLE..........$34.95 FOR IBM COMPUTERS Ercresiil q B PR'NTERS 5 : g;.:;
e doc .. 00000 FACE] SI-7210-C IEEE-4BB CARD.........$369.95 NX 1000 144/36 CPS............$ 269.95 o ol rORM o P e - s 139105
OYSTICK 60621BM..— -8 832895 SI-4SIP 4 SERIAL 1 PARALLEL ....$189.95 NX 1000C 144/36 CPS...........$ 289.95 S stir [T s 599595
SCANNERS SI-8SIP 8 SERIAL 1 PARALLEL.....$249.95 NX 1000C 144/36 CPS (7 COLOR) $ 375.95 SMALL FOOT PRINT CASE s 99.95
e inreseseessd 299.95 SI-8520-X1 RS422 (PC/XT) 1 PORT $119.95 NX 1000 144/36 CPS (7 COLOR)..$ 375.95 oy ‘s 139.95
HANDYSCANNER 2.5%.... . DESKTOP TOWER CASE .8
HANDYSCANNER 4. 1/8%.... 349.95 S1-8520-X2 RS422 (PC/XT) 2 PORT $139.95 FX 15, 120/30 CPS NLQ.........$ 549.95
LOGITECH SCANNER 4.1/8". 379.95 SI-8520-A1 R$422 (PC/AT) 1 PORT $139.95 XK 1000 300/76 CPS NLQ... $ 595.95 COMPUTER CASES
CAT IMAGE SCANNER,..c.eorsonss$ 299.95 SI-8520-A2 RS422 (PC/AT) 2 PORT $179.95 XR 1500 300/76 CPS NLQ. .8 799.95
CHINON DESK SCANNER.. .o$  895.95 SI-4232 CONVERTER(RS232-R$422)..$139.95 NX 2400 170/S7 CPS LQ, 24 PIN 3 499.95 :; Sﬂusgifé"s‘;-“"-” HL-: :;Z;
CANNER. . ovnonsven $1,295.95 H eeees.$195,95 FULL St .. 0 .
Py :I ;S;; gs:x}/sng:ncmn 1139 95 AEGROTTHEIA SMALL FOOT PRINT AT OR XT.....§ 89.95
EDIMAX LAN PROFESSIONAL 1-62 : FPC 136-24 24 PIN 240 CPS COL $ 749.95 PS/2 STYLE CASES...... veieea. S 89.95
B SRR TOROLOGY ARC LINK..$189.95  SI-2121 COPY BOARD..............3139.93 NP 136-24 24 PIN 240 CPS......$ 699.95 Toues CISENATIGE, o 386 roill $ [e¥es
ALG23513AUS Gy (0 o I 423055 CLK 2900 2 SER/2 PAR FOR XI/AT..$ 69.95 Program Card for IBM-PC/XT/QT  TOWER MINI DESCTOP AT,XT, 386 3 189.93
A2 PO R ewe mib... . 4a79.05  CLE 3200 8 SER FORT PC XI/AT....4379.55 BN-601 BIPOLAR PROM PROG. CARD..$399.95 DISKETTE STORAGE BOXES
K835710  FoRTRENSSTVE M S gast 95| CLK\ SSCORMURTIQUS ERRCARDEGFEORTES 123555 EW-701 EPROM WRITER 2716-1024...5299.95 DD-5  HOLDS 5 DISKS. .5 2.95
2320 ETHERNET NE-1000COMP. . 8349,95  CLE 3400 R3422 CARD XT/AI.......$119.93 EW-704 EPROM WRITER 2716-1024...$349.95 DD-10  HOLDS 10 DISES. RERT
B oo OMM TERMINATOR.......$ 8,95  CLE 3500 IEEE 88 CARD......s...$329.95 EW-901 EPROM WRITER XI/AT 2716-512 $249.95 55550 memHOLOSESORTTSYS 8 ot
DM-930H 23 OHM TERHINATOR,......$ 8.95  CLK 3600 14 BIT A/D D/A CARD....$229.95 EW-904 EPROM WRITER XI/AT 2716-512 $325.95 DD-70  HOLDS 70 DISKS.. .3 9.95
CLK 3700 12 BIT A/D D/A Cm~~-~’199 93 PAP-01 PAL PROGRAMMER....ce.....$399,95 DD-100L HOLDS 100 DISKS. .$12.95
Fioppy Drives SONY. 3M CLK 3800 8255-8253 1/0 CARD.... BPP-O1 BPROM PROGRAMMER.. ...$399.95 DD-120L HOLDS 120 DISFS. .$13.95
-201/T EPROM U, V. ERASER.....$149.95 DD-140L HOLDS 140 DISKS. .$14.95
= v R ————"‘2303“"3?5? DATA_SWITCH BOX MANUAL GENDER CHANSRS Iy l,’: DD-180L HOLDS 180 DISKS, .$39.95
~YOUR_CHOTCE™ R GooT ty o ASLZJSKITCHRONgagroRTia2scs, 75 RACOR M/F........ ’ 8 R CARDBOARD MAILER PKG/25. .326.95
PSON/FUJITS! PO 5232 «SHLTCHEBORIK RRORTRS 31 o 25'9 pUMACRRFILE - 8 ERIIL L..$ 49.95  DISKFTTE HOLDERS FOR 3%" DISKS
ERSONAFROTTSS DC600A...$42.95  CENTRONICS S/BOX 2 PORT $35.95  JUMPERBOX DB2SM/M F/F.. 3 9195  SKITH CORONA SERTAL-PARALLEL..S 4.

EANASONTC DC60OHC. .$49.95  CENTRONICS S/BOX 4 PORT $45.95  NULL MODEM........-. ..l 9195 sP-100 SER-PAR, EXT POWERED...$ 89.95  YD-5 THOLDS 5 DISKS.. .
SE360K...5 99.95  DCK0OKTD $49.95  spmon uPs %5232 MINI TESTER /F...313.95  PS-100 PAR-SER, m;gﬁm&i L
5%"1.2MB..$119.95  DC30OKLP $48.95 S-750 XT OR SMALL AT..$475.95  WIRING BOX DB25M/F......$12.50  SP-200 SER-PAR, ‘ . .
34"720KB. % 99.95  QDSOOA...$39.95 Lre 400 FOR FULL SIZE AT $599.95 1s232 REVERSER..........$12.50 PS-200 PAR-SER, INTERFACE POM §79.95  YD-uf HOLDS 40 B73¢S.

I 1.4GMB.S119.95  QD2000...$29.95  Upe-400 NO AVR....s+++3$575.95 SURG PROTECTOR DB2SM/F..§14.95 RR-100 RS232C/RS4224 CONVERT..$ 69.93  YD-80 'HOLDS 50 DISKS.
35" DRIVES INCLUDE  QD3OOXLP.$37.95  yps-800 FOR 386.....r..-$975.95 5232 BREAKOUT BOX......$69.95 IC-11 RS232C/RS485 CONVERTER..$ :;.;z zb&:gh:gfix}g 1;::72;

5%"_ FRAMES QD60OXTD. $44.95 WITH NOVELL ROOK-UP $999.95 g p20 LOGIC MONITOR..... $69,95 IC-12 RS232C/CURRENT LOOP CON § 99. » %

TERMS  yiSAMCICOOCHEQUE Order desk & technical support open:
ALL ITEMS SHPPED BY CANPAR OR MAIL ADD 3400 WHY WAIT? CALL ORION El'.:EC'lE'RONICS NOW! | 9.00 am. 10 6.00 p.m. Monday - Friday
FOR ALL COD ORDE| 10
FOR SN’I‘PSHNGV\IE)::ETNYSAVING BY PE%%WALRVN‘EOUE ORDER TOLL FRE 9.00 am. t0 5.00 p.m. Saturday
ALL ITEMS SUBU| PRIOA SALE DELIVE a
HANDUING CHARGE 6%, MIN. $5.00 ALL RETURNED s For Service CALL
MERCHANDISE MUST HAVE AMA NUMBER [ ] = = 1-519 26
RESTOCKING GHARGE 20%. PRICE SUBJECT TO -519-576-90
CHANGE WITHOUT ANY NOTICE. X

5
40 LANCASTER ST., W. KITCHENER ONT. N2H 4S9 PH: {619) 576-9902 FAX: (519) 576-9028
IMMEDIATE SHIPMENT ON PURCHASE ORDERS FROM QUALIFIED INSTITUTIONS "
DEALER INOUIRIES INVITED (SCHOOLS, UNIVERSITIES AND GOVERNMENT INCLUDED) FOR IMMEDIATE ACTION USE OUR FAX

Circle No.980on Reader Service Card



PLAN TO ATTEND

CIM/D
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The 9th Canadian

Integrated Manufacturing /Design Show
Incorporating the CAD/ICAM & Robotics Exhibition and Conference

This is Canada’s largest and most distribution solutions and more will be
comprehensive exhibition of MANUFACTURING/ previewed at CIM/D.
DESIGN technology. CIM/D is your opportunity

il : . CIM/D will put you at the pulse of todays
to join over 10,000 industry buyers to view, manufacturing/design market,

compare and purchase technology for

automation and integration from over 200 PLAN NOW TO ATTEND - CIM/D '90

leading companies.

CAD/CAM, CIM, CAE, CNC machine tools,
factory automation, test and measurement,
robotics, materials handling systems, inventory/

FORMORE INFORMATION PLEASE CONTACT:

REED-MACGREGOR EXHIBITIONS INC.
800 DENISON STREET, UNIT7

MARKHAM, ONT. L3R

(416)479-3939 FAX: {416) 479-5144.




