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Design and Verify Circuits. Fast.
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Analog Module includes:
 complete control over all component values
 ideal and real -world models for active
components

 resistors, capacitors, inductors, transformers,
relays, diodes, Zener diodes, LEDs, BJTs,
opamps, bulbs, fuses, JFEls, and MOSFETs

 manual, time -delay, voltage -controlled and
current -controlled switches

 independent, voltage -controlled and current -
controlled sources

 multimeter
 function generator (1 Hz to 1 GHz)
 dual -trace oscilloscope (1 Hz to 1 GHz)
 Bode plotter (1 mHz to 10 GHz)
 SPICE simulation of transient and steady-state
response
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Digital Module includes:
 fast simulation of ideal components
 AND, OR, XOR, NOT, NAND and NOR gates
 RS, JK and D ffip-flops
 LED probes, half -adders, switches and seven -

segment displays
 word generator (16 eight -bit words)
 logic analyzer (eight -channel)
 logic converter (converts among gates, truth
table and Boolean representations)

Complement Your Test Bench
Here's why Electronics Workbench belongs on your test bench:
Wires route themselves. Connections are always perfect. And the
simulated components and test instruments work just like the real
thing. The instruments are indestructible and the parts bin holds
an unlimited supply of each component. The result: thousands of
electronics professionals and hobbyists save precious time and
money. Over 90% would recommend it to their friends and
colleagues. Electronics Workbench: the ideal, affordable tool to
design and verify your analog and digital circuits before you
breadboard.
And now the best is even better - Electronics Workbench
Version 3.0 is here. It simulates more and bigger circuits, and
sets the standard for ease of use. Guaranteed!

Features in Version 3
 new components include JPE1s, MOSFE1's,
voltage -controlled and current -controlled sources
and manual, time -delay, voltage -controlled and
current -controlled switches

 real -world models for opamps, BJTs, JFEls,
MOSFETs and diodes - over 100 models available

 MS-DOS version now supports up to 16 MB of
RAM for simulation of bigger circuits

 new Microsoft® Windows.'' version available
 technical support now also available on
CompuServe'

! Electronics
Workbench

Just £,199!

Electronics Workbench
The electronics lab in a computer"'

Call: (0827) 66212
ROBINSON MARSHALL (EUROPE) LTD.
Nadella Building, Progress Close, Leofric Business Park,
Coventry CV3 2TF TEL: (0203) 233216 FAX: (0203) 233210

*30 -day money -back guarantee.
Shipping charges - UK £4.99. All prices are plus V.A.T.
All trademarks are the property of their respective owners. INTERACTIVE
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"... there is no doubt that running under Windows puts it ahead of the
field and makes it a visually attractive package." Electronics World +

Wireless World July 1993
High Quality PCB and Schematic Design for Windows 3/3.1 and DOS
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"Quickroute provides a comprehensive and effective introduction to PCB
design which is a pleasure to use" Radio Communication May 1993.

.

from

£49
POWERware, Dept ETI, 14 Ley Lane, Marple Bridge, Stockport, SK6 5DD, UK.

Phone/Fax on 061 449 7101 or write, for a full information pack.
POWER...am

Quickroute is available for Windows 3/3.1 in Professional (£99.00) and Standard (£59.00) editions,
Software .
. Design and for DOS with reduced features (£49.00). All prices inc. Please add £2 P+P (£6 outside UK).
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BUILD YOUR OWN PC
Using our low cost component parts or
we can assemble for you for only £25

MOTHERBOARDS With VESA Local Bus -2 Slots & FLOPPY DISK DRIVES
Pentium P247 Socket. 31/2 1.44Mb Floppy Disk Drive £33

386SX-33MHz £72 31/2" 1.44Mb Floppy with 51/4" Frame £36

386DX-40MHz 128k Cache £99 5W 1.2Mb Floppy Disk Drive £35

486SX-25MHz 256k Cache £159
486DX-33MHz 256k Cache £279 MONITOR
486DX-40MHz 256k Cache £299 14" Mono VGA £89
486DX2-50MHz 256k Cache £290 14" SVGA Colour (Interlaced) (0.28mm) £175
486DX-50MHz 256k Cache £369 14" SVGA Colour (Non interlaced)(0.28mm) £199
486DX2-66MHz 256k Cache £399

..

17" High Resolution (0.28mm) £640
486DX-33MHzEISA 256k Cache £380
486DX-40MHz EISA 256k Cache £390
486DX2-50MHz EISA 256k Cache £410 MEMORY

486DX-50MHz EISA 256k Cache £460 256k x 9 Simm 7Ons £13

486DX2-66MHz EISA 256k Cache £489 1m x 9 Simm 7Ons £36
4,n x 9 Simm 7Ons £125

HARD DISK DRIVES
130MB IDE 16ms £133 DISPLAY CARDS

170MB IDE 15ms £155 Oak 16 -Bit SVGA Card 256k £25

213MB IDE 15ms £179 Oak 16 -Bit SVGA Card 512k £30

250MB IDE 12ms £189 Oak 16 -Bit SVGA Card 1MB £49

330MB IDE 12ms £229 Trident 8900CL 16Bit SVGA Card1 MB £45

420MB IDE 12ms £360 VESA Local BusSVGA 1MB £55

540MB IDE 12ms £430 VESA Local Bus SVGA 2MB £99

1GB SCSI -2 9ms £699 VESA Local Bus S3 Windows Accel 1MB £110

2G4B SCSI -2 10ms .... £980 VESA Local Bus S3 Windows Accel 2MB £139

Hard Disk Mounting Brackets £5

Eurocom International Ltd
Telephone (035 388) 325
The Old School, 1Pirielcwillow,Ely, Cambridgeshire, C1317 41-71114.

KEYBOARDS
102 Key Standard £22
102 Key Deluxe £27

ADD-ON CARDS
I/O Card 2S/1 P/1 G £12
IDE Card 2HD/2FD with Cables £12
IDE I/O Card 2HD/2FD/2S/1P/1G with cables £16
VL-Bus IDE I/O card as above £29
VL-Bus IDE Caching controller 4H0/2FD £129
VL-Bus fast SCSI -2 card £129
SCSI -2 card with software £89
16 -bit Ethernet card (NE2100 compatible) £59

OTHER ITEMS
Microsoft Compatible Mouse £12
Deluxe Desktop Case (200W PSU) £55
Mini Tower Case (200W PSU) £59
Tower Case (250W PSU) £89
MS-DOS 6.0 £39
Windows 3.1 £35

CD ROM DRIVES
Mitsumi CD-ROM Drive interface card £129
Panasonic CR-562B Double speed CD-ROM £159
Toshiba SM3401 Double Speed SCSI CD-ROME289

Call for free catalogue or send cheque with order.
Carriage £15.00 per order. All prices exclude
VAT please add at current rate to total order.
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Low cost data acquisition for IBM PCs & compatibles...
A unique range of low cost data acquisition products for IBM PCs and compatibles. Installed in
seconds they simply plug directly into either the serial or parallel port. They are completely self
contained, require no external power supply and take up no expansion slots.

Each device comes with an easy to use software package (PicoScope, PicoLog or both). C, Pascal,
and Basic drivers are supplied forthose who want to develop their own software, as is a manual giving
full details of the hardware and software. All software supplied on 3.5" disk.

ADC -10 Up to 24kHz sampling rate froml
a 386/33MHz machine
0-5V Input range
BNC input connector allows
use of standard scope probes
30V overload protection
Parallel port connection
Includes PicoScope software

Single Channel 8 bit ADC £49
ADC -11 15K samples per second

0-2.5V Input range
Digital output
D25 input connector
30V overload protection
Parallel port connection
Includes both PicoScope and
PicoLog software

11 Channel 10 bit ADC £75,
ADC -12 Up to 18kHz sampling rate -41

0-5V Input range
BNC input connector allows
use of standard scope probes
30V overload protection
Parallel port connection
Includes both PicoScope and
PicoLog software

Single Channel 12 bit ADC £85
Typical application ADC -10 ADC -11
Oscilloscope
Voltmeter
Spectrum analyser
Audio sampling
Chart recorder emulation
Temperature measurement
Pressure measurement
Chromatography
Automotive monitoring
Medical research
Education

ADC -16 Software selectable single
ended or differential inputs
Resolution programmable
between 8 and 16 bits + sign
t2.5V input range
5V reference output
Connects to serial port
Includes PicoLog software

8 Channel 16 bit + sign ADC £99
PicoScope
oirin.
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Scope, voltmeter,
opectrum analyser

Virtual instrument' software
package for the ADC -10, ADC -

11 and ADC -12.

Storage oscilloscope with
trigger and timebase. Traces

can be printed and saved.
Multiple meters onscreen. Real

time spectrum analysis.

r PicoLog Collect samples from 1 per mstql
- one per day. Scale samples

linearly, by equation or by table

Advanced data
L logging software

look -up. Graphical (against
-1 time or XY) and text reports can

be displayed, printed or
exported.

Picolog is also available for the
ADC -10: call f or details. 4

ADC -12 ADC -1-0 PICO BENEFITS --11

 30 day no quibble
money back policy

 Full 1 year guarantee

 1 year's free software
upgrades

 Free technical support

 Free user newsletter

 Same day dispatch

Pico Technology Ltd. Broadway House, 149 -151 St Neots Road, Hardwick, Cambridge. CB3 70J.

TEL: 0954-211716 FAX: 0954-211880
Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT.
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New
Pro -bond

Superglue
Pen

Super Low'
SRAMs from

ewer
tsubishi

Mitsubishi has introduced a third generation super low power
256kbit SRAM, including 3V and 5V operation products. The
new devices feature a maximum operating current of 20mA at
3.3V and 50mA at 5.5V. Maximum stand-by power
consumption is just 2µA at 3.3V (0.05µA typical) depending
on the version.

For 5V operation devices, access times are 55 or 7Ons
and package options include both 28pin, and 0.6in DIP. All
inputs and outputs are directly TTY compatible and data
input and output pins are common. It is organised as a 32k x
8bit device and manufactured using triple polysilicon 0.7um
CMOS. Resistive load NMOS cells and CMOS peripheral
circuitry makes for higher density and low power operation,
ideal for battery backed operation.

For further details contact Mitsubishi, at Hatfield, Herts.,
on 0707 276100.

Tufloc Industrial Products has
just launched a new range of
Pro -bond Cyanoacrillate
Superglues, specifically
designed for the serious
hobbyist. The leading product
in the range is the totally new
Superglue pen, which is
capable of accurate and fast
one drop dispensing, with
cartridges of different grades
of cyanoacrylate that can be
easily inserted in the pen. This
provides a very economical
and clean method of applying
Superglue, avoiding the

blocking and short shelf life
seen with more traditional
tubes.

For more information
contact Tufloc on 0780
65135.

Recycling Metals in
Batteries

Using a combination of solvent extraction and ion exchange, the
Batenus process recovers more than 99.5 per cent of battery
and accumulator components, according to developer Piri
Gmbh of Stuhlingen, Germany. The process has a closed
solvent and water circulation system and operates with all
battery types, except those that contain lead.

Firstly, the batteries are slit and shredded, then the paper,
plastic and iron fractions are mechanically removed. The
remaining battery powder is then mixed with sulphuric acid. The
insoluble fraction, containing manganese dioxide and graphite,
is washed, dried and recycled. Chlorine, in the form of sodium
hypochlorite, is removed by contacting the acid solution with
sodium hydroxide. Zinc, copper, cadmium and nickel are
successively removed in solvent extraction and electrolysis
steps, while iron hydroxide and manganese carbonate are
recovered by solvent stripping, sedimentation (of the iron
hydroxide), and drying. All solvents and water recovered via
membrane separation are recycled. The recovered metals are
suitable for direct reuse.

Operating costs, at $1,500/m.t., are about one third those of
competing recycling processes, while capital costs, for a 7,000
m.t./yr. plant, are 50% lower. Following successful pilot testing
in a 12 kg/hr plant, the company has finalised contracts for two
plants, each of about 7,000 m.t./yr. capacity, to be commis-
sioned in Austria and Germany.

Briefcase satellite telephone
For the new Inmarsat M
satellite system, the
Norwegian company ABB
Nera has developed the
world's smallest satellite tele-
phone for voice, fax and data
communications. The
Antennae and radio elec-
tronics are integrated in the
detachable lid of a 9kg brief-
case that can be carried by
hand and be ready for world-
wide communications from
anywhere, in a matter of two
or three minutes.

The system has been
designed to operate in any

conditions and in
any climate, and will
run on virtually any
type of power
source, from 10V DC
to 276V AC. The unit
can be linked to a
PC for data commu-
nications via an RS232 Hayes
compatible interface. Both
computer data and digitally
encoded voice or fax data are
transmitted at 2400 bits/sec.

This compact satellite
phone system should appeal
to people who work in
remote places and who need

reliable communications.
ABB Nera says that Inmarsat
M call charges can be lower
than those for international
telephone calls from hotels.

For more information
contact ABB Nera in
Billingstad, Norway on
+47-66 84 47 00.

ELECTRONICS TODAY INTERNATIONAL
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New Portable Colour
Pattern Generator

The Kenwood CG -922 is a battery portable colour
pattern generator, which provides both video and RF
outputs covering UHF and VHF bands, and includes a
1 kHz audio signal superimposed inter -carrier. The instru-
ment provides a standard colour bar; red, green, blue
and white rasters, plus dot and cross -hatch patterns. A
window pattern is also a standard feature which can be
used to check video amplifier characteristics and high
voltage circuit stability.

The CG922 is compact in design, measuring only 162
x 60 x 130mm, and weighs 760gm, including batteries. It
comes complete with cables and batteries at a cost of
£445.

For further information, contact Trio-Kenwood UK Ltd
of Watford on 0923 816444.

Single
Chip

Ethernet
for

PCMCIA
AT&T has just launched a
single chip Ethernet which will
put LAN, modem and fax
communications onto a single
PCMCIA card. Jointly devel-
oped, with Socket Comm-
unications, for use on its TRIO
system, the chip integrates
Ethernet LAN and 14.4kbits/
sec fax/modem capability.

This new chip is, thanks to
its low profile and power
down capability, also ideally
suited for any portable, light
weight computer system such
as laptops, notebooks and
personal communications
devices.

For further information
contact AT&T Dataline on
0732 742999.

Checking Power Usage
On 1st April 1994 we will see the introduction of the
100kW Code 5 Metering Market. This means that
anyone using more than 100kW can purchase both
their own electricity from a supplier of their choice and
equipment from a local installer. This should create
competition in the electricity supply industry but it will
also make it important that meter installation can be
checked and verified.

To do this. Northern Design has introduced a
special test meter for checking electricity meters of
both the rotating disk and pulse output type. The meter
tester has an accuracy of ±0.5% and can thus check
the QC of an installation, as well as resolve disputes
over meter accuracy. The Northern Design meter can
also give precise readings of true RMS voltage and
current (either direct or via clamp -on CTs), instanta-
neous power, power factor, energy and frequency. All
outputs can be displayed directly or output to a
computer via a RS232 port.

For further information, contact Northern Design, of
Bradford on 0274 729533.

`Laser'
Safety

Light for
Cyclists,
Joggers,
Walkers

A compact, lightweight, high
intensity LED lamp designed

for safety applications has
been launched by Maplin

Electronics. The lamp will clip
onto a bicycle lamp mounting,
onto a belt or a bag and draw
attention to your presence in
the darkness. The red, high
brightness, triple -LED lamp

can be switched to steady or
strobe -like flashing mode.
This handy little unit costs
£4.95 and requires two AA

size batteries.
For further information

contact Maplin on 0702
554161

Advances
in Batteries
for Electric
Vehicles
A U.S. company, Electro-
source Inc. of Austin, Texas,
has developed a valve regu-
lated, lead acid battery that

offers high specific energy (50
Wh/kg) with a projected life
span of about 80,000 miles.
The battery features high
power capability (300 vs
90W/kg at 20% charge) than
conventional valve regulated
units. A commercial plant, to
deliver 5,000 batteries a
month, is now under

construction.
A patented process is used

to co -extrude an alloy of lead
and tin into a filament of high
tensile strength, making a
small diameter wire that is
woven into light weight mesh
grids. The grids are then
coated with a proprietary
paste and assembled into

electrical plates. Horizontal
placement of the plates makes
the batteries strong enough to
withstand the
charge/discharge cycles. Also,
unlike traditional batteries that
are cast on a grid, these units
can be made using a contin-
uous process, making
production much easier.

ELECTRONICS TODAY INTERNATIONAL
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74LS
SERIES

741500
741501
74/502
741503
74L504
741_505
741507
741508
74L509
741_510
741511
74L512
741_513
7415151
74/514
741515
741520
74L521
74L522
741524
741526
741527
741528
741_530
744_532
74LS33
74/537
741538
74/540
741_542
741544
741547
741_548
74/549
741551
741554
74/555
741573
741574
741.575
741_526
74/577
741583
741585
741586
74/590
741591
741592
741_593

741_595
741_596
7415107
74/5109
7415112
7415113
7415114
7415122
7415123
744_5125
7415126
7415132
741_5133
741_5136
7415137
7415138
7415139
7415145
741_5147
741_5148
7415153
7415154
744_5155
7415156
7415157
7415158
744_5160
7415161
7415162
7415163
7415164
74/5165
7415166
74/5168
7415169
741.5170
7415173
741_5174
7415175
7415181
7415182
74/5183
7415190
744_5191
7415192
7415193
741_5194
7415195
744_5196
741_5197
7415221
7415240
7415241
74/5242
7415243
744_5244
74/5245
7415247
741_5249
74/5251
7415253
7415256
7415257

7415258
7415259
7415260
7415266
741_5273
741_5279
7415280
7415283
741_5290
7415293
7415295
741_5298
7415299
741_5322
7415352
7415353
741_5365
7415366
7415367
7415368
7415373
7415374
7415375
7415377
741_5378
7415390

0 23
0.48
0 28
0.14
0 31
0 24
0 85
048
0.23
0 23
0 57
062
116
1.56
0 76
086
0 23
0.26
0.25
0 27
0 31
0 31
0 33
0 31
0 61
0 24

4000
SERIES

4000
4001
4002
4006
4007
4008
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031
4033
4034
4035
4040
4041
4042
4043
4044
4046
4047
4048
4049
4050
4051
4052
4053
4054
4055
4060
4063
4066
4067
4068
40160
40162
40173
4069
4070
4071
4072
4073
4075
4076
4077
4081
4082
4085
4086
4089
4093
4094
4095
4097
4098

0.15
0.15
0.15
0.30
0.15
0.29
0.21
0.14
0.14
0.15
0.28
029
0.16
0 23
0.25
0.17
0.29
0.29
0.31
0.15
0.20
0.15
0.39
0.17
0.27
0.26
0.16
0.69
0.54
1.22
0.29
0.27
0.29
0.20
0.26
0.29
0.29
0.23
029
0.18
0.18
0.23
0.23
0.23
0.54
0.28
0.29
0.27
0.16
1.79
0 14
0.30
0.31
0.34
0.18
0.15
0.19
0.16
0 16
0 16
029
0 16
0.14
0.16
0.26
0.25
0.54
0.14
0.25
0.54
1 17
0.30

4099
4502
4503
4508
4510
4511
4512
4514
4515
4516
4518
4520
4521
4526
4527
4528
4529
4532
4534
4536
4538
4541
4543
4555
4556
4560
4586
4572
4584
4585
4724
40106
40109
40161
40163
40175

036 74HC299
0.38 74HC354
0.30 174HC356
0.87 74HC365
024 74HC366
0.27 174116367
0.29 74HC368
0.71 74HC373
0.76 74HC374
0.29 74HC390
0 25 74HC393
0.24 74HC423
0.61 74HC533
0.38 74HC534
0.37 74HC563
0.38 74HC564
0_42 741-10573
0.30 74HC574
2.18 74HC640
028 74HC643
0.35 74HC646
029 74HC648
044 74HC688
0.33 74HC2002
0.32 741-1C4017
1.16 74HC4020
1 93 7411C4040
023 7411C4049
0.22 74HC4050
0.31 74HG4060
0.68 74HC4075
0.29 74HC4078
0.48 74HC4511
0.31 74HG4514
0.40 7411C4538
0.34 74HC4543

74HC7266
74HC

SERIES
7411C00 0.13
74HCO2
741-1G03

741-1C04
741-1C08
74HCI 0
74HC11
74HCI4
74HC20
74HC27
74HC30
74HC32
741-1C42
7414C73
74HC74
74HC75
74HC76
74HC85
74HC86
74HC107
74HC123
741-1C125
741-1C126
74HC132
74HC133
74HC138
74HC139
74HC 151
74HC153
74HC154
74HC157
741-1C158
7414C160
74HC181
74HC162
74HC163
74HC164
74HCI65
74HC173
74HCI 74
74HC175
74HCI92
74HCI93
74HCI94
74HC195
74HC240
74HC241
74HC242
74HC243
741-1C244
74HC245
741-1C251
74HC253
7411C259
74HC266
741-1C273
74HC280

0 13
0.13
0.13
0.13
0.13
0.13
0.17
0.13
0.13
0.13
0.13
0.25
0.25
0.18
0.18
0 18
0 25
0.18
0.18
0.32
0.22
0.21
0_24

0.25
0.24
0.24
0.24
0 24
0 37
027
0.25
031
0 24
0 24
0.24
0.24
0.39
0.31
0.24
024
0 46
0 39
0.35
031
0.34
0.35
0.35
0.45
0.33
0.48
0.27
0.27
0 33
0.24
0 33
0 35

0.59
0.41
0.43
0.31
0.31
0.24
0.24
0.34
0.33
0.43
0.31
0.35
0.41
0.41
0.45
0.45
0_41

0.41
0.60
071
1.09
1.09
0.46
0.33
0.31
0.37
0 38
0.26
0.25
0.39
0 15
0.15
0.39
0.79
0.39
0.65
0 25

LINEAR ICs

AD558
AD562
AD574
AD7501

0.65
19.55
14 90
0 80

AD7541 8_20

AD7581 8.75
AM2147-70 4.99
AM2167 4.99
AM254S07 1.50
AN25LS3741_130
AM254S3771.90
AM25S05 19.99
AM25S07
AM25S08
A1425S10
AM27J2O
AM27S29
AM27S37
AM27S45
AN27S49
A142841
AM2901
AM2918
AM2952
AM2955
AM29818
AM29822
AM500
AM 7910

4.99
3 99
4 99
1 99
8 99
499
4 99
18.99
875

28.99
4 50
899
8 99
4.99
8 99
960
14 50

AM7911 8.99
AM8035 8.99
AM9122-25 2.78
AM9122-35 9.99
AM9150-35 14.99
AM91L12 4.99
AM91L22-45 9 99
AM92L44 8.99
AM9551 8.99
AMPAL16H 15.00
AMZ8120
CA3046
CA3080F
CA3081
CA3130E
CA3140E
CA3240E
CA3290
CW51
CW71
D2125H-2
02147

12.99
0 35
0 49
4.99
0 73
0.38
0.99
1.35
2_99

1 4C

2 50
9.30

D2148 7.75
D4016C-5 7.50
D416C 1.80
D8041 12.99
D8048C-127 551

D8155 18 99
D8251 8 99
1382530-2 10.19
1-1D465D8255
12.50

13933-1 6.80
DACOBOOL 14 99
DE320ADJ 5 80
13G126 1 75
DG189 5.80
DG190AP 3.80
DG308 280
DP8304 5.20
DP8308 3.75
DS8838 3.75
H104D 6.80
11117 2.80
H11A2 9.50
1-111G4 (OPT)1 99
H148 575
H157 1 75

HD45505 6.99

HD46505 5 50
11D46850 9.75
HD63A03 8_99

HM6116P-2 0.98
ICL7106 4.85
ICL8038 3 05
ICM7555 0.29
ICM7556 0.78
1115025 6.50

1H5029 5.25
IH5033 5.75
IM6403 7.60
IMSI400 35 3.99
IM1600_45 13.99
11132 15.99
KR2376 8.99
KR3600 19.50
L165V
1272M
L293E
L295
L297
L298
L3299975
L3377426
L4312679
45400491
L7140273
18221484
LE351
LF353
I_F356
LM 13600
LM1458
1_14.42917

LM301
LM307
LM311
LM318
LM324
LM334Z
LM335Z
LM338
LM339
LM340
LM348
LM358
LM360
LM380
LM381
LM386
LM3900

M3909
LM3911
LM3914
L143915
LM393
LM366

M567
1M710
LM711
LM725

M741
LM747
M4027
M5L825 I
M5L8253
M548282
M85C51A
MAB804 I
MB700
MB701
148131461
14138404

1.83
1.64
3.16
5.99
4.90
4.84

14.80
12.99
14.30
2.45

22.99
2.80
0 28
0.30
0.56
0.68
0.16
1 95
0.29
0.80
0.34
0.79
021
0 79
0.89
4.95

0.21
1_20

0.30
0.18
4.75
0.76
2.29
0.39
0.68
1.12
1.74
1.99
1.99
0.18
1.10
0.55
0.80
0.80
4.80
0.14
0.36
1.99
5.50
5.99
5.70
24.99
12.00
3.99
5 99
3.99
5.48

IA B8416
MC10231
MC14049
MC1416
MC14502
MC14520
MC14541
MC14572
MG1458
MC14584
MC1488
MC 1489
MC1545
MC1741
MC3302
MC3340
MC836
MC848
MCA230
MCIA2114
MCT276
MDP1403
MDP1603
14F 10CN
MK31481

MK4096
MK4801
MK4802
MM57109
MOC3021
MOC8050
M P7684
MR9735
80C39
MV8870
N262
14428
NE5532
NE5534
NE555
NE556
NE565
NE566
NE567
NE570
NE571
NE572
P4C150
P4C198
PAL1048
PAL 16R4
PAL2OL1O
PBL3717
PC725
PCF0450
RC4558
RC8202
RMI3263
SAA1027
SAKI15
SBA5089
S4486
S4490
SL652
S490159
SM8516
SN7420
SP705
STL1O6A
SY2128
TBAI20S
TBA810S
TBA820M
TC5504
TC5517
TCA965
TCM5091
TDA2030
1131301570
TDE2608
TEAI 001
TILI 11
TIL112
TIL119
11061
TL062
TL064
TL071
TL072
TL074
TL081
T1082
1L084
TBA120S
IMM2016

5.40 MS320C 9.99
5.99 UA1489 2.90
1.20 UA723DC 0.52
5_99 UA747 0.55
2.99 UA749 1.60
0.79 UA78S40 1 10

0.96 UA9636 3.70
5.99 UA9667 0.48
0.28 UDN2982 2 38
499 UHP400 4.99
0_45 UHP402 5.90
0.87 ULN2002A 0.60
5.99 ULN2003A 0 24
0_50 ULN2004A 0 39
0.58 ULN2803A 0.44
1.18 ULN2804 1.55
0.99 ULN3008 6.99
2.99 UM82C11 6.99
3.99 UP88212 6 99
13.45 UPB8286 2.60
1.99 UPB8287 3.99
6.50 UPB8288 7.40
0.48 UPD2I 14 1.75
2.85 XR2206 3.95

3.50 Z086810P 3_99
9.87 Z8OA CPU 029
6.99 ZEIOACTC 1.35
9,99 Z8OBCTC 1.95
9.75 Z8OBS10 2.45
1.50 Z8530 4.50
1.99 ZN414Z 0.77

14.99 ZN416E 1.14
14.99 ZN423 0.92
1999 ZN425E 3_48

16.99 ZN426E 126
1.45 ZN427E 6.34
3.60 ZN428E 5.14
0.56 ZN435E 4.35
0.47 ZN448E 6.58
0 14
026 TRANSISTOR

0.94
0.94
0.35
2.35
1.95
3.20
7.75

13.99
14.99
8.75
4.22
2.99
7.50
725

0.31
8.99

12.99
1_98
12.50
4.99
1_88

2.35
1.99

14.91
3.99
0.75
0.89
4.99
8.75
0.61
0.49
0.25
1.99

19.50
3.90

3.50
0.84

4.99
8.99
5.75
1.80

5.50
2.60
0.33
039
0.43
0.30
0.33
044
0.31
0.32
0.44
0.61

24.99

AC125
AC126
AC127
AC128
AC176
AC187
AC188
AD142
AD161
AD162
AF124
AF126
BC107
BC107B
BC108
BC108B
BC108C
BC109
BC109C
BCI40
BC141
BC 142
BC143
BC147
BC148
BC149
BC157
BC158
BC159
BC160
BC169C
BC169C
BC171
BC 177
BC178
BC179
BC182
BC182L
BC183
BC 1831
BC184
BC184L
BC212
BC2121
BC2I3
BC213L
0C214
BC214L
BC237B
BC238B
BC308B
BC327
BC328
BC337
BC338

0.30
0.29
0.29
0.28
0.34
0.35
0.36
1.80
0.78
0.85
0 78
0.46
0.12
0.13
0.11
0.13
0.14
0.13
0 14
0.24
0.26
0.30
0.33
0.33
0.33
0.11
0 11
0.11
0.11
0.29
0 16
0.16
0.11
0.17
0.17
0.17
0.07
0.07
0.07
007
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0 08
0.08
0 08
0.09
0 09
0.09
0.09

BC477
BC478
BG479
BC517
BC54713
13C5488
BC549R
BC557B
8C5588
BCY90
BCY71
BCY72
BD115
BD131
BD132
BD135
130136
BD 137
BD138
80139
BD140
8E180
BF 182
8E185
8E194
13E195
BF 196
8E197
BF 198
8E199
BF244B
BF 2568
8F257
BF258
8E259
13E337
BF R40
BF R80
8E1181
BFX29
BFX84
BF X85
BFX87
13E3188

BEY50
BEY51
BFY52
BFY53
BFY55
8FY56
BSX20
BSX29
BSY95A
BU205
BU206
BU208
MJ2955
LIJE340
MJE520
MJE52I
MJE3055
MPSA05
MPSA06
MPSA12
MPSA56
MPSUO6
TIP29A
TIP298
T1P29C
TIP30
TIP30A
TIP3OB
T1P3OC
TIP3 IA
TIP31B
TIP3 1 C

TIP32A
TIP32B
TIP32C
TIP33A
TIP33C
TIP34A
TIP34C
TIP35A
TIP35C
TIP36A
TIP36C
TIP41A
TIP42A
TIP120
TIP121
TIP122
TIP141
TIPI42
TIP147
TIP2955

0.33
0.33
0.33
0 19
0.07
0.07
0 07
0.07
0.07
0.20
0.19
0.19
0.49
0.36
0.36
0.19
0.19
0.19
0.19
0.22
0 23
0.30
0.30
0.30
0.18
0.18
0.19
0.19
0.19
0.19

0.27
0.27

0.32
0.35
0.32
0.35
0.38
0.38
0.38
0.28
0.30
0.30
0.43
0.43
0.28
0_25
0.27
0.46
0_46
0.46
026
0 52
0.46
1.39
1_40

1.55
0.75
0.35
0.44
0.59
0.84
0.27

0.27
0.27
0.17
0.55
0.30
0.30
0.31
0.31
0.31
0.30
0.30
0.30
0.30
0.31
0.30
0.30
0.31
0.65
0.71
0.68
0.74
0.99
0.99
0.99
0.99
0.35
0.35
0.37
0.34
0.36
1.05
1.05
1 10

0.59

rIP3055
ZT X107
71X108
ZTX109
ZTX300
ZTX302
ZTX34I
ZTX500
ZTX501
ZT X502
ZT X5134

2N2219A
2N2222A
2N2369
2N2484
2N2646
2N2904
2N2904A
2N2905
2N2905A
21.42906A
2N2907
2N2907A
2N2926
2N3053
2143054
2N3055
2N3442
2N3702
2N3703
2N3704
2N3705
2N3706
2143773
2143819
2143866
2143903
2143904
2N3905
2143906
2144026
2N6027

0_60
0 17
0 17
0 17
0 16
0.19
0.22
0.14
0.22
0.22
0.22
0.27
0.15
0.23
0.24

0.57
0 24
0.24
0.20
0.20
020
0 19
0.19
0.14
0.26
0.83
0.55
1 32
0.09
0.09
0.09
0.09
0.09
1 68

0 26
0.99
0 09
0.09
0.09
0.09
0.16
0.33

VOLTAGE
REGS

78405 0 21
78412 0.21

/8115 0.21
79105 0.23
791.12 0.23
79L15 0.23
7805 0.23
7812 0.23
7815 0.23
7905 0.25
7912 0.25
7915 0.25
78S05 0_37
78S12 0.37
LM323K 1.95
LM317T 0.43
1_14200 0 78
LM723 0.34

IC SOCKET
8 PIN 006
14 PIN 0.10
16 PIN 0.14
18 PIN 0.14
20 PIN 0.15
24 PIN 0.18
28 PIN 0.20
40 PIN 024
TURNED PIN AVAILABLE
AT EXTRA CHARGE

DIODES

MINI. PUSH TO
MAKE SWITCH.
019P EACH COLOURS
REDBLACK GREEN.
BL UE. YELLOW. WHITE

MINI TOGGLE
SWITCH.

SPDT 240V 14 0.39
SPOT BO 240V 3/1 043
DPOT 047
OPOT C/O 0.5I

IN4001 Io PAcA0 .22

IN4002 . 0 23
1N4003 0.24
IN4004 .. 0.25
IN4006 __ 0.26
IN4007 ._ 027
1N4148 0.22
IN914 5 PACK 0.20
1N4149 .. 0.40
0A47 . 0.95
0A90 .. 040
0A91 0.45
ZENERS AVAILABLE Al

400 MW 0_03
1 3W 007

CERAMIC
CAPS.

AXIAL
ELECTROLYTIC

I OF 25 VOLT
2 2UF 25VOLT
4 7UF 25 VOLT
IOUF 25 VOLT
10 UF 63 VOLT
22UF 13 VOLT

7UF 10 VOLT
47UF 16 VOLT
47UF 25 VOLT
47UF 35 VOLT
1000F 121 VOLT
IOOUF 25 VOLT
IDOUF 63 VOLT
220UF 16 VOLT
220UF 25 VOLT
470UF 16 VOLT
470UF 25 VOLT
100074E 16 VOLT
1 000UF 25 VOLT
22000F 16 VOLT
22000F 25 VOLT
22000F 35 VOLT
33000F 35 VOLT

005
006
0 07
0 07
008
008
009
o09
006
0 08
009
0 09
012
010
011
019
022
0 28
0 35
0 45
0 52
064
1 90

ALSO AVAILABLE(SEE
LAST MONTHS ADVERT)

TANTALUM CAPS.
RADIALELECTROLYTS
LEDS WIRE NEONS
SOLAR
CELLS CRYSTALS.
RECTIFIERS:PLUGS
SOCKETSADAPTERS.
COMPUTER DISCS
MOT ORS

SPECIAL OFFERS.
AIRCRAFT CIRCUIT
BREAKERS
3A.5A.7 5A.10.4:
PUSH BUTTON TYPES

1.00 !!!
COMPUTER PRINTER
LEADS
HIGH QUALITY 25 PIN
MALE D CONNECTOR
TO 36 PIN CENTRONICS
15M

4.99 !!!
6 INCH FANS METAL
CASE 110 VOLT BUT
CAN BE WIRED IN PAIRS
FOR 240 VOLT.
ONLY

3.99 !!!

THESE VALUES COST
0.05 P EACH AL VALUES
IN PF
1.8,2.2,3.3.4.7
6.8.10,12,15,22
27,33,47,56,68

13/?E'MOWING COST
1 07 P EACH VALUES PF

120.150.180220
270,330,390.470
560,680,820
1N,1N5,1N8,2N2
3N3,3N9.4N7
6N8.10N2ON
100N

P/STYRENE
ALL AT 0 0917 EACH
VALUES IN PF

47.56,68,82.100
120,150.180,220
270,330,390,470
560.680,820,1N
1N2,1N5,1N8
2N2,2N73N9
4N7.5N6,6N8
8N2

POLYESTR.
ALL AT 0 05PEACN
ALL VALUES UP TO
680N

RESISTORS

0.25W CARBON
5 % ALL AT 0.02
EACH OR 15 P
FOR 10 OF THE
SAME VALUE.
METAL FILM AT
3.03 EACH OR
15 P FOR 10 OF
SAME VALUE

ROTARY
SWITCHES

ALL AT 0 56 P EACH

1 POLE/I2 WAY
2 POLE/6 WAY
3 POLE/4 WAY
4 POLE/3 WAY

POSTAGE AND PACKING AT 99P PER
ORDER

ALL PRICES ARE PLUS VAT AT 17.5%
NO MINIMUM ORDER.

NO COUNTER FACILITIES.
AUTOMATIC ACCOUNT FACILITIES FOR

SCHOOLS.LOCAl COUNCILS ETC.
SEND LARGE SAE FOR FREE

CATALOGUE
ACCESS/VISA CARDS ACCEPTED.

EXPRESS
COMPONENTS

SALES:0273-771156
FAX:0273-206875

P.O.BOX 517.
HOVE.

SUSSEX.BN3 5QZ



VIEWDATA RETURNSE6 made by Tandata, indudes1zoo.76
modern. k/bd, RGB and comp orb, pnnter port. No PSU.£6 MAG6P7

IBM PC CASE AND PSU Ideal base for building your awn PC.
Ex equipment but OK. £14.00 each REF: MAG14P2
SOLAR POWER LAB SPECIAL You get Two exs 6v
130mA solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or
motor.Superb value kit just £5.99 REF: MAG6P8
SOLID STATE RELAYS Will switch 25A mains. Input 3.5-26v
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10
300DPI M DTP MONITOR Brand new, TTUECL Inputs, 15'
landscape, 1200x1664 pixel complete with drcuit diag to help you
interface with your projects. JUST E24.99. REF MAG25P1
ULTRAMINI BUG MIC 6mmx3.5mm made by AKG,.5-12v
electret condenser. Cost £12 ea, Our? fourforE9.99REF MAG10P2

RGB/CGAIEGA/TTL COLOUR MONITORS 17 In good
condition. Back anodised metal case. E99 each REF MAG99P1
GX4000 GAMES MACHINES returns so ok for spares or
repay £9 each (no games). REF MAG9P1
C64 COMPUTERS Returns. so ok for spares etc E9 ref MAG9P2
FUSELAGE LIGHTS 3 foot by 4' panel 118. thick with 3 panels
that glow green when a voltage Is applied. Good for night lights,front
panels, signs,disco etc. 50-100v per strip. £25 ref MAG25P2
ANSWER PHONES Returns with 2 faults. we give you the bits
for 1 fault, you have to And the other yourself. BT Response 2005
£18 ea REF MAG18P1, BT Response400s £25 ea REF MAG25P3
Suitable power supply £5 REF MAG5P 12
SWITCHED MODE PSU ex equip, 60w +5v 05A, -5vQ.5A,
+12vQ22A,-12ve.5A 120/220v cased 245x88x55mm IECinput
socket E6.99 REF MAG7P1
PLUG IN PSU 9V 200mA DC £2.99 each REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w £2.99 REF MAG3P10
POWER SUPPLY fully cased with mains and o/p leads 17v DC
900mA output. Bargain price £5.99 ref MAG6P9
ACORN ARCH PA EDES PSU +5v @ 4.4A. on/off sw uncased.
selectable mains input, 145x 100x45mm £7 REF MAG7P2
GEIGER COUNTER KIT Low cost professional twin tube.
complete with PCB and components E29 REF MAG29P1

SINCLAIR C613' wheels complete with tube, tyre and cyde style
bearing £6 ea REF MAGEP 10
AA NICAD PACK encapsulated pack of 8 AA nicad batteries
(tagged) ex equip, 55x32x32mm. E3 a pack. REF MAG3P 11

13.8V 1.9A psu cased with leads. Just £9.99 REF MAG1OP3
360K 6.26 brand new half height floppy drives IBMcompatible
industry standard. Just £699 REF MAG7P3
PPC MODEM CARDS. These are high spec plug in cards made
for the Amstrad laptop computers. 2400 baud dial up unit complete
with leads. Clearance price is E5 REF: MAG5P1

INFRA RED REMOTE CONTROLLERS Onginally made for
hi spec satellite equipment but perfect for all sorts of remote control
projects. Our clearance price is just E2 REF: MAG2
TOWERS INTERNATIONAL TRANSISTOR GUIDE. A
very useful book for finding equivalent transistors, leadouts, specs
etc. £20 REF: MAG20P1
SIN CLAIR C6 MOTORS We have a few left w it hout gearboxes.
These are 12v DC 3,300 rpm 6''x4', 1/4'OP shaft. £25 REF: MA025
UNIVERSAL SPEED CONTROLLER KIT Designed by us
for the above motor but suitable for any 12v motor up to 30A.
Complete with PCB etc. A heat sink may be required. £17.00
REF: MAG17
VIDEO SENDER UNIT. Transmits both audio and video signals
from either a video camera, video recorder. TV or Computer etc to
anystandardTVsetin a 100' rangel(tu ne TVto a spare channel) 12v
Mop. Price is£15 REF: MAG15 12v psu is£5 extra REF: MAG5P2
*PM CORDLESS MICROPHONE Smell hand held unit with a
500 range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable
to any FM receiver. Price is £15 REF: MAG15P1
LOW COST WALKIE TALKIES Pair of battery operated units
with a range of about 200'. Ideal for garden use ores an educational
toy. Price is £8 a pair REF: MAO BPI 2 x PP3 req'd.
"MINATU RE RADIO TRANSCEIVERS A pair of wallde
takes with a range of up to 2 kilometres in open country. Units
measu re 22x52x155mm. Complete with cases and earpieces. 2(PP3
req'd £30.00 pair REF: MAG30
COMPOSITE VIDEO KIT. Converts composite video into
separate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2.
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are
entire mechanical printer assemblies including printhead, stepper
motors etc etc In fact everything bar the case and electronics, a good
stripper! E5 REF: MAG5P3 or 2 for £8 REF: MAG8P3
SPEAK ER W IRE Brown 2 core 100 foot hank£2 REF: MAG2P1

LED PACK ei 100 standard red 5m lads E5 REF MAO5P4
JUG KETTLE ELEMENT good general purpose heating ele-
ment (about 2kw) ideal for heating projects. 2 for £3 REF: MAG3
UNIVERSAL PC POWER SUPPLY complete with flyleads,
switch, fan etc. Two types available 150w at £15 REF:MAG15P2
(23x23x23mm) and 200w at £20 REF. MAG20P3 (23x23x23mm)
FM TRANSM TITER housed in a standard working 13Aadapterl!
the bug runs directly off the mains so lastsforeven why pay£700? or
price is £26 REF- MAG26 Transmits to any FM radio.
FM BUG KIT New design with PCB embedded cod for extra
stability. WoNsto any FM radio. SV battery req'd. £5 REF. MAG5P5
"FM BUG BUILT AND TESTED superior design to lot.
Supplied to detective agencies 9v battery req'd. £14 REF. MAG14
TALKING COINBOX STRIPPER originally made to retail at
£79 each, these units are designed to convert and ordinary phone
into a payphone T he units have the locks missing and sometimes
broken hinges. However they can be adapted for their original use
or used for something else?? Pnce is just £3 REF: MAG3P1
100 WATT MOSFET PA IR Same spec as 2SK343 and 2S-1413
(8A,140v.100e) 1 N channel, 1 P channel. £3 a pair REF: MAG3P2
VELCRO 1 metre length of each side 20mm wide (quick way of
fixing for temporary jobs etc) £2 REF: MAG2P3
MAGNETIC AGITATORS Consisting of a cased mains motor
with lead. The motor has two magnets fixed to a rotor that spin round
inside. There are also 2 plastic covered magnetsSupplied. Madefor
remotelyst Mng liquids! you may have a use? £3 eachREF:MAG3P3

BU.C.CET911 BOARD

100MHZ DUAL TRACE
OSCILLOSCOPES

JUST £259
RING FOR DETAILS

MASSIVE
WAREHOUSE CLEARANCE

FANTASTIC £20.00 REDUCTION
REFURBISHED PC BASE UNITS
COMPLETE WITH KEYBOARD

FROM ONLY £29.00
AMSTRAD 1512 BASE UNITS

GUARANTEED
PERFECT WORKING ORDER.

A LOW COST INTRODUCTION TO THE HOME COMPUTER MARKET.

AMSTRAD 1512SD
1512 BASE UNIT, 5.25" FLOPPY DRIVE AND
KEYBOARD. ALL YOU NEED IS A MONITOR AND
POWER SUPPLY. WAS £49.00

NOW ONLY £29.00
REF: MAG29

AMSTRAD 1512DD
1512 BASE UNIT AND KEYBOARD AND TWO
5.25" 360K DRIVES . ALL YOU NEED IS A MONITOR
AND POWER SUPPLY WAS £59.00

NOW ONLY 539.00
REF: MAG39

SOLO/ POWER PANELS
3FT X 1FT 10WATT GLASS PANELS

14.5v/700mA
NOW AVAILABLE BY MAIL ORDER

£33.95
(PLUS 62.00 SPECIAL PACKAGING CHARGE)

TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE
APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY-
WHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAGS4

FREE SOFTWARE!
Brand now, UNUSED top quality Famous brand
licensed software discs. Available in 5.25" DSDD or 5.25'
HD only. You buy the disk and It comes with free BRAND
NEW UNUSED SOFTWARE. We are actually selling you the
floppy disc for your own "MEGA CHEAP' storagotacIlltlos,
if you happen to get software that you want/need/like as
well you get a 'MEGA BARGAIN' tool
DSDD PKT10 52.99 REP: MAG3P7 PKT100 516.00 REP: MAG16

£f.£££££WE BUY SURPLUS STOCK£££££££
TURN YOUR SURPLUS STOCK INTO CASH.

IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR
COMPLETE FACTORY CLEARANCE.

1994 CATALOGUE.
PLEASE SEND 45P , A4 SIZED SAE FOR YOUR FREE COPY.

MUFIMUM GOODS ORDER 15 00 TRADE ORDERS FROM GOVERNMENT, SCHOOLS,
UNIVERZTIES, & LOCAL AUTHORITIES WELCOME ALL GOODS SUPPLIED SUBJECT TO
OUR CONDMONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR SO
DAYS RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR
NOTICE ORDERS SUBJECT TO STOCK. QUOTATIONS WQ.LINOLY GIVEN FOR QUANTI-
TIES HIGHER THAN THOSE STATED

SOME OF OUR PRODUCTS MAY BE UNLiCENSABLE IN THE UK

BULL ELECTRICAL
250 PORTLAND ROAD HOVE SUSSEX

BN3 5QT
MAIL ORDER TERMS: CASH PO OR CHEQUE
WITH ORDER PLUS £3.00 POST PLUS VAT.

PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY
TELEPHONE ORDERS WELCOME - -

TEL: 0273 203500 , vim

FAX: 0273 323077 L -

TOP QUALITY SPEAKERS Made for HI Fl televisions
these are 10 watt 4R Jap made 4' round with large
shielded magnets. Good quality general purpose speaker.
E2 each REF: MAG2P4 or 4 for E6 REF: MAG8P2
TWEETERS 2" diameter good quality tweeter 1408 (ok with
above speaker) 2 for £2 REF: MAG2P5 or 4 for E3 REF: MAG3P4

AT KEYBOARDS Made by Apricot these quality keyboards need
just a small modification to run on any AT, they work perfectly but you
will have to put up with 1 or 2 foreign keycaps! Price £6 REF:
MAG8P3

XT KEYBOARDS Mixed types, some returns, some good, some
foreign etc but all good for spares! Price is £2 each REF:MAG2P8
or 4 for £6 REF: MAGEIP4

PC CASES Again mixed types so you take a chance next one off
the pile £12 REF:MAG12 or two the same for £20 REF: MAG20P4
COMMODORE MICRODRIVE SYSTEM mini storage
device for C64's 4 times faster than disc drives, 10 tines faster
than tapes. Complete unit just £12 REF:MAG12P1

SCHOOL STRIPPERS We have quite a few of the above
units which are 'returns' as they are quite comprehensive units
they could be used for other projects etc. Let us know how many you
need at just 50p a unit (minimum 10),
H EA DPHON ES 16P These are ex Virgin Atlantic. You can have
8 pairs for £2 REF: MAG2P8
PROXPAITY SENSORS These are small PCB's with what look
like a source and sensor LED on one end and lots of components on
the rest of the PCB. Complete with fly leads. Pack of 5£3 REF: MAG:
3P5 or 20 for £8 REF: MAGBP4
SNOOPERS EAR? Original made to dip over the earpiece of
telephone to amplify the sound -it also works quite well on the cable
running along the wall! Price is E5 REF: MAG5P7
DOS PACKS Microsoft version 3.3 or higher complete with all
manuals or price just E5 REF: MAG5P8 Worth it just for the very
comprehensive manual! 5.25' only.

DOS PACK Microsoft version 5 Orignat software but no manu-
als hence only £3 REF: MAG3P8 5.25' oNy.

FOREIGN DOS 3.3-German.French,rialian etc £2 a pack with
manual. 5.25' only. REF:MAG2P9
C111644 COLOUR MONITOR Madetowork with the CPC464
home computer. Standard RGB input so will work with other ma-
chines. Refurbished £59.00 REF :tilAG59

PIR DETECTOR Made by famous UK alarm manufacturer these
are hi spec, long range internal units 12v operation. Slight marks on
case and unboxed (although brand new) ES REF: MAG8P5
WINDUP SOLAR POWERED RADIO AM/FM radio complete
with hand charger and solar panel! £14 REF: MAG14P1
COMMODORE 64 TAPE DRIVES Customer returns at £4
REF: MAG4P9 Fully tested and workng units are £12 REF: MAG12P5

COMPUTER TERMINALS complete with screen, keyboard
and RS232 input/output. Ex equipment Price is E27 REF. MAG27
MAINS CABLES These are 2 core standard black 2 metre mains
cables fitted with a 13A plug on one end, cable the other. Ideal for
projects, low cost manufacturing etc. Pack of 10 for £3 REF: MAG3P8
Pack d 100E20 REF- MAG2OP5

SURFACE MOUNT STRIPPER Onginally made as some form
of high frequency amplifier (main chip is a TSA55117 1.3GHz
synthesiser) but good stripper value. an excellent way to play with
surface mount components £1.00 REF. MAG1P1
MICROWAVE TIMER Electronic timer with relay output suitable
to make enlarger Omer etc £4 REF: MAG4P4
MOBILE CAR PHONE E6.99 Well almost! complete in car
phone excluding the box of electronics normally hidden under seat.
Can be made to illuminate with 12v also has built in light sensor so
display only illuminates when dark. Totally convincing! REF: MAG6P6

ALARM BEACONS Zenon strcbe made to mount on an external
bell box but could be used for caravans etc. 12v operation, Just
conned up and it flashes regularly) E5 REF: MAG5P 11

FIRE ALARM CONTROL PANEL High quality metal cased
alarm panel 350x 165x80mm.Wth key. Comes with electronics but
no information. sale price 7.99 REF: MAG8P6

SUPER SIZE HEATSINK Superb quality aluminium heatank.
365 x 183 x 61mm, 15 tins enable high heat dissipation. No holes!
sale price 0.99 REF: MAG6P 11
REMOTE CONTROL PCB These are receiver boards for
garage door opening systems. You may have another use? £4 ea
REF: MAG4P5

6"X12" AMORPHOUS SOLAR PANEL 12v 155x31Ornm
130mA. Bargain price just £5,99 ea REF MAG6P12.
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAG5P13 ideal for experimenters! 30m for£12.99 ref MAG13P1
LOPTX Line output transformers believed to be for hi res colour
monitors but useful for getting high voltages from low ones! E2 each
REF: MAG2P12 bumper pack of 10 for £12 REF' MAG12P3.

SHOP OPEN 9-5.30 SIX
DAYS A WEEK
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PORTABLE RADIATION DETECTOR

£49.99
A Hand held personal Gamma and X Ray detec-
tor. This unit contains two Geiger Tubes, has a 4
digit LCD display with a Plezo speaker, giving an
audio visual indication. The unit detects high
energy electromagnetic quanta with an energy
from 30K eV to over 1.2M eV and a measuring
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied
complete with handbook.

REF: MAG50



Virtual
Instrumentation

An electronics lab in your PC?
he word virtual has become very popular recently. We
hear talk of 'virtual reality' systems, we are asked to

use 'virtual disk drives' and now we are seeing the term
'virtual instrumentation' creeping into everyday use, among the
scientific and technical community. So what does the term
'virtual' actually mean in these contexts?

In all these cases, 'virtual' is used to indicate that a computer
is being used to simulate
the action of something.
So in virtual reality, the
computer and special
peripherals are used to
make an individual feel as
if he or she is actually
living and moving within
an environment, entirely
simulated by the
computer. Similarly, a virtual disk drive does not
exist as a piece of hardware, but as a computer
simulation of the disk drive hardware, although to
the user the virtual disk behaves exactly like a
real disk drive.

This brings us to the concept of 'virtual instru-
mentation', in other words using a computer,
plus suitable input/output hardware, to simulate
the characteristics and
behaviour of a
test/measurement/data
logging instrument. Thus
we can plug an
analogue top digital
converter board into a
PC and, with suitable
software, use it to
emulate the output of a
digital voltmeter, an oscilloscope, or a spectrum analyser. The
outputs of these 'virtual instruments' will be displayed on the
screen in a manner that exactly copies the more familiar dedi-
cated instrument.

What is happening in a virtual instrument is simply that the
function of data analysis and output is being performed by
computer software rather than by special purpose hardware.
The actual data acquisition is still performed by specially
designed hardware. Assuming that a PC is available, this is a
sensible use of resources since probably 80% of the circuitry
inside a dedicated test instrument is concerned with data
display and analysis, rather than with data acquisition.

Think about a common piece of test equipment, the oscillo-
scope. This will use amplifiers, to alter the amplitude of a trace
and a variable time base generator, to control the time taken for
the trace to move across the screen. Then, of course, there are
all the EHT electronics for the CRT tube and amplifiers for the
deflection plates, etc. Every single one of these functions could
be emulated on a PC using software. Software could change
the time base and the signal amplification and, of course, the

PC's screen will replace that of the oscilloscope CRT and the
PC's keyboard could replace the control knobs and buttons.

Data Acquisition
A virtual instrument thus consists of two components, firstly the
signal conditioning and where necessary the analogue to digital
conversion circuitry, secondly the software which will analyse and
display the data input by the computer from this circuitry. The
input circuitry is broadly classified as data acquisition hardware.

We can divide data acquisition hardware into two main cate-
gories, analogue data acquisition and digital data acquisition. By
and large, digital data acquisition is confined to testing the state
of simple on/off devices such as switches, the photosensors
used in rotary or linear position sensors, or monitoring the

output from a digital circuit.
However, it might also be
used to input data from a
remote instrument which
converts analogue data into
digital form.

Analogue data acquisition,
on the other hand, has a very
wide range of applications,
including testing analogue
circuitry, inputting data from a
very wide range of different
sensors and digitising wave-
forms. There are, of course, a

few types of specialist data acquisition systems which bridge
the differentiation between digital and analogue, for example
frequency measuring systems.

For a digital computer, digital data acquisition is simple, all
that is needed is a suitable parallel I/O card. The most widely
used such cards are based around the 8255 PPI chip, which
provides the user with 24 programmable I/O lines. Some boards
use two or more 8255 chips to give 48 plus I/O lines. It is useful
to have both input and output lines available, since digital data
acquisition applications often require the use of one or more
output lines to produce a clock pulse or data input pattern.

A typical example of this would be the use of a program-
mable I/O port to automatically test ICs or digital circuits. In
such an application, a test pattern on the IC's input lines would
be used to produce a specific output on the output lines. This
output would then be compared against a logic table for that
particular device or circuit. If it matches the table, then the
circuit under test is behaving as expected and the computer
can try another input test pattern. Testing a digital circuit may
involve just a handful of test pattern inputs or it may involve
thousands, depending on the circuit's complexity.

When dealing with logic circuitry at standard logic voltage
levels there is little need for any form of signal conditioning,
other than line buffering. However, signal conditioning may be
necessary when dealing with inputs of higher or lower voltages
and perhaps opto-isolation to protect the computer from acci-
dental short circuits or power surges.

ELECTRONICS TODAY INTERNATIONAL
10



Analogue data acquisition hardware is based around the
analogue to digital converter. The variations between systems
will largely rest upon how many separate analogue inputs it can
digitise, the number of channels, the precision with which it can
measure the input signals and the speed at which it can input
data. Some systems will also incorporate a certain amount of
signal conditioning, which will allow larger or smaller voltages to
be measured. For more information on these factors, see the
information in Box 3.

Data Generation
Not all the instrumentation used by a scientist, a technologist, or
an electronics engineer involves the input and measurement of
analogue or digital data. Quite often, it involves the creation of
specific types of output, for example a signal generator, or a
logic pulse generator. Given the correct output circuitry, these
types of instrument can
be just as easily
emulated as those
involved in data input
and measurement.

By and large, the
circuitry used to input
logic data is the same
as that used to output
such data. However,
that used to generate analogue signals is entirely
different. This type of circuitry is built around a
D/A converter and can come in single and
multiple channel versions, with 8, 12 or more bits
resolution and with varying output rates (where
the output rate corresponds to the sampling rate
on an NC system).

The output from a D/A

CI= Et:ma
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converter is a computer
controlled voltage.
Indeed, such systems
can be used to create
very accurate computer
controlled power
supplies. But their most
common use is to
generate specific wave-
forms and signals, so we could mathematically generate a
perfect sine wave of varying frequencies, or we could generate a
composite wave form, created by adding two or more sine
waves of different frequencies. We can, in fact, use the
computer to generate any waveform which is capable of being
expressed mathematically and output it as a real time signal, the
frequency of which is only limited by the speed of the processor
and the complexity of the signal generation software.

113113-t1C2,

the future, in particular instrumentation related object oriented
languages. Such languages will allow users to build their own
virtual instrumentation to suit their own specific needs. Using
basic hardware modules, the instrument designer will be able to
use this type of object oriented language to add virtual func-
tions, a virtual amplifier here, a virtual switch there.

Indeed, in the future he will be able to go further and inte-
grate a number of virtual instruments, create a script to show
how each one behaves at a specific time and how it relates to
the others. The designer will also be able channel data into
specified data manipulation packages, such as spreadsheets
with graphical data output capability, and even automatically
manipulate and process that data.

Such object oriented data acquisition and virtual instrumen-
tation languages are not that far away. As this issue goes to
press, Keithley Instruments has just launched what it claims is
the first such package. Called TestPoint, it has been designed
to free engineers and scientists from restrictive programming
barriers. It runs under Windows and allows the user to create
and run measurement and analysis applications for any test or
research task.

A Virtual Future?

Virtual Instrument Software
Software is of course the key to the whole concept of virtual
instrumentation. The products currently on the market fall into
two categories, special purpose virtual instrumentation and data
acquisition packages, and general purpose instrumentation
related languages.

In the first of these categories we have products like Pico
Technology's Picolog and Picoscope. Comprehensive virtual
instrument software packages which have been designed to
support a specific range of Fardware products. These form an
excellent introduction to the concepts of virtual instrumentation,
but they lack the flexibility of more general purpose software.

Flexible virtual instrumentation software will be the trend of
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Virtual instrumentation is still a
very new concept, but it is
one which has enormous
potential for both the profes-
sional and the amateur in all
areas of science and tech-
nology. The most important
thing is its flexibility and versa-
tility. A single analogue to
digital converter card can, by
simply changing the software,
become a digital voltmeter, an
oscilloscope, or a spectrum

analyser. One can add new features and new functions simply
by changing the software.

For the amateur and those on low budgets, virtual instrumen-
tation looks set to change the economic basis of the instrumen-
tation market. In the past, instruments were expensive because
they were produced and sold in small quantities to highly
specialised markets, but the hardware for virtual instrumentation
systems can be mass produced. It will be the same basic data
acquisition hardware used in an oscilloscope as that used in a
spectroscope, or a gas chromatograph. The data acquisition
hardware will be mass produced and, therefore, cheap.

The software will also be mass produced thanks to virtual
instrument related object oriented languages, which will allow
any type of virtual instrument to be quickly and easily built in
software. With this type of software, end users will be able to
create virtual instruments which exactly suit their specific needs.

The components that will still need to be specially made, and

A few applications for virtual
instrumentation

Oscilloscope, both ordinary, multiple trace and storage
Digital voltmeter and transducer input
Spectrum analyser
Chart recorder
Logic analyser and logic pulse generator
Frequency meter
Waveform generator
Automatic component and circuit testing

ELECTRONICS TODAY
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therefore will remain expensive, will be the sensors and signal
conditioning components. But these are a relatively small part of
current instrumentation costs, so we can expect to see the
overall cost of instrumentation drop considerably whilst the
range of available instrumentation will expand considerably.

All this must be good news for end users and a consider-

able challenge to instrument manufacturers. Lower prices will
mean a larger market potential! After all, you may not have
been able afford that oscilloscope but you may well be able
to afford a whole range of virtual instruments to put inside
your PC.

Some examples of virtual
instrumentation applications

To see how virtual instrumentation could be used to
cost effectively replace dedicated instrumentation, we
looked at a couple of example applications.

The first application involved a study of the heat distri-
bution in a house, in order to determine where insulation
would best be applied, where extra radiators might be
required and where savings could be made by making use
of warmth from sunlight, etc., thus reducing the required
heat output from local radiators. In order to make such
decisions, the temperature of each room, as well as the
outside temperature, needed to be measured at all times
of day over a long period, through different seasons,
different types of weather and different levels of house
occupancy and usage.

The collection of such an enormous quantity of data
could obviously not be done by hand and electronic temper-
ature measurement techniques were the solution.
Traditionally, this would have involved connecting a number
of temperature sensors to a multi -channel chart recorder
and then manually extracting any relevant information from
the paper charts. However, by using the concept of virtual
instrumentation, we could replace the chart recorder with a
computer and then use the computer to help us extract the
necessary information. A technique which is faster, more
reliable and less time consuming.

The temperature was to be measured in five rooms,
two hallways and outside, so 8 channels of input were
needed. The sensors were simple LM35 temperature
sensor ICs, connected to the data acquisition unit by
light gauge coaxial cable. The data acquisition system
used in this application was an ADC16 8 channel ADC

200

ttt ItaamnIn,i ,

ata 4.5.(pfklition with AID
is )4:16..-,,

10;} son

Step All)
Sample NE)
Set AID
Set ND trigger imrontliate
Set Ain trigger digital
Set NO trigger analog
Set AM latest moth,

Inca

7.4390

12003 140)0

from Pico Technology. It is a low cost, simple data
acquisition unit, with an 8 to 16 bit resolution and a
6.6ms conversion time. For measuring temperature, 8 bit
resolution was more than adequate and sampling rate
was limited to one per hour.

The whole system, the eight temperature sensors and
the ADC16, were connected to a PC running a virtual
instrument chart recorder program from Pico Technology,
called Picolog. With this software, the data could be input
at regular intervals from all eight channels, with each
channel being calibrated to convert voltage into degrees
Centigrade (calibration was at the start of the data acqui-
sition process and involved using a known reference
temperature). Picolog also allowed the data to be output
in graphical form.

In the second application, a clutch of virtual instru-
ments were used to test the behaviour of a number of
digital and analogue circuits. The instruments available
consisted of a virtual scope, a DVM, a spectrum analyser,
and a frequency meter, all provided as part of Pico
Technology's Picoscope software package. The data
acquisition hardware consisted of a Pico Technology
ADC100. This unit plugs into the PC's parallel port and
offers 12 bit resolution and a 125kHz sampling rate on a
standard 386 processor.

With a standard scope lead attached to the ADC100's
BNC output connector, it was possible to directly check
voltages, using the DVM function, in those circuits where
power was limited to +5V. Similarly the signals available at
any point could be displayed on the virtual scope, or
analysed using the spectrum analysis feature. Low ampli-
tude signals could be amplified and the time base varied
to display the best trace.

The above applications used virtual instrumentation
products from Pico Technology Ltd. of Cambridge. We
would like to thank them for their help and assistance in
writing this article.

Some points to remember
when using and choosing virtual

instruments

Resolution
The input resolution of an analogue data acquisition

board is usually specified in 'bits'. The majority of
systems are either 8 bit or 12 bit. The resolution can be
described by the following equation:

RESOLUTION = ONE PART IN 2 ^(#of bits)

Thus, to determine the resolution in volts, we simply
take the total input range and divide it by resolution or
bits. If we take a 12 bit resolution system measuring volt-
ages in the range 0 to +5V then the overall resolution is:

ELECTRONICS TODAY INTERNATIONAL
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Resolution = 1 part in 2^12 or 4096
Resolution = 5V FS / 4096
Resolution = .00122V or 1.22mV
It should be noted that this level of resolution is more

than adequate for most applications, particularly given the
fact that most transducers and sensors are only accurate
to ±1%.

Sampling Rate
On digital systems, the sampling rate is determined

purely by the processor's speed and the efficiency of the
sampling software. However, although processor speed
affects most analogue data acquisition systems, the
maximum sampling rate is usually determined by the ND
conversion hardware employed. Some simple systems
employ a D/A converter to generate a computer controlled
ramped up voltage, which is compared with the test
voltage using a voltage comparator. Even with optimised
successive approximation techniques, the maximum
sampling rate for an 8 bit resolution system is unlikely to
be much better than about 1% of the processor clock
rate. Most of the commonly available analogue data
acquisition boards therefore have sampling rates between
40 and 150kHz.

High sampling rates can really only be achieved by
using a type of A/D converter known as a parallel or flash
converter. With such a technique, it is possible for the
conversion hardware to perform sampling rates of 10 or
even 20MHz. Such techniques also benefit from the fact
that the processor does not have to generate a voltage

ramp. They just need to read the data and store it, thereby
reducing software related delays. This is the type of tech-
nique used in sophisticated virtual oscilloscope systems
such as Keithley's PCIP-SCOPE, which features a 20MHz
sampling rate.

With any sampling system it must be remembered
that information theory dictates that you must sample
at least twice as fast as the highest frequency compo-
nent in your input signal, so a 20MHz rate implies a
10MHz maximum input signal frequency. If signals are
present at above half the sampling rate, then aliasing
can cause a problem. This means that you will see a
slowly moving input signal that is actually a very high
frequency signal (note that this effect is seen in movies,
when a helicopter's blades appear to move slowly
backwards). In such situations, an anti-aliasing filter is
recommended.

Another factor to remember is that in multi -channel
systems, the sampling rate on any one channel
depends upon the number of channels currently open.
This is because a number of channels are made avail-
able by multiplexing the separate channel inputs into
the single ND converter. So if the system has a
sampling rate of 100kHz with one channel, it will only
have a sampling rate of 50kHz on each channel with
two channels open.

High sampling speeds can use up a lot of processor
memory very quickly, so systems which use high speed
sampling tend to be operated in short bursts, rather than
continuously. So, a virtual oscilloscope will take short
samples, using some trigger.

A short list of data acquisition
hardware and virtual instrument

software suppliers

Alfred Enterprises Ltd.,
Cummeen, Adare,
Limerick, Ireland.
Tel: +353 61 396 696
Comprehensive range of low cost internal slot

mounted data acquisition boards for the PC. Examples
from the range are: a single channel 12 bit ADC at £49, a
24 line 8255 based digital I/O board at £27.

A&G Electronics Ltd.,
513A Channelsea Business Centre, Canning Road,
Abbey Lane, London E15 3ND.
Tel: 081 519 0373
Comprehensive range of low cost internal slot

mounted data acquisition boards for the PC. Examples
from the range are: a single channel 12 bit ADC at £49, a
24 line 8255 based digital I/O board at £27.

Instrutek (UK) Ltd.,
28 Stephenson Road Industrial Estate,
St Ives, Cambs. PE17 4WJ.
Tel: 0480 460028
A range of PC based data acquisition products such as

the £99 Handyprobe, which connects to printer port and,
under software control, can measure voltages in the
range 0.5 to 400V. The software will allow it to act as a

digital storage scope (8 bit resolution), spectrum analyser
and transient recorder.

Keithley Instruments Ltd.,
The Minster, 58 Portman Rd.,
Reading, Berkshire. RG3 1EA.
Tel: 0734 575666
This is one of the largest companies in the business

and produces a very comprehensive range of professional
analogue and digital data acquisition boards, that will
plug into the internal slots on a PC. The company also
produces a wide range of data acquisition and virtual
instrumentation software. A typical product is the DAS-
1200 ADC board, featuring 16 channel, 12 bit resolution,
100k sample per second, software selectable gain(10mV
to 5V), plus 32 lines of digital I/O, cost £375.

Kyle Data Services Ltd.,
141 St James Rd., Glasgow. G4 OLT.
Tel: 041 552 6405.
A range of low cost data acquisition products that will

plug into the parallel printer port of a PC, with up to four
modules connected in parallel. Includes a 12 bit 8 channel
analogue input module, an 8 channel logic input module
and an 8 channel logic power drive module. Prices range
from £40 to £120.

Maplin Electronics Ltd.,
P.O Box 3, Rayleigh,
Essex. SS6 8LR.
Tel: 0702 554161.
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This company can supply a low cost 8255 base

parallel I/O card that will plug into a PC bus slot (£21.95
as a kit). It can also supply an 8 bit I/O module, which
can be driven from a standard RS232 port (£19.95).

Pico Technology Ltd.,
Broadway House, 149-151 St Neots Rd.,
Hardwick, Cambridge. CB3 70J.
Tel: 0954 211716
A range of low cost data acquisition products for the

PC which plug directly into either the serial or parallel
port. Examples include single channel 8 bit ADC with
'virtual instrument' software package that emulates
oscilloscope, DVM, and spectrum analyser, £49.

Roline Systems Ltd.,
Imex House, Imex Business Park,
Wolverhampton, W. Midlands.
Tel: 0902 20267
A range of PC based industrial and lab., data acquisi-

tion, control and measurement instrument cards. Range
includes A/D and D/A cards from £49, digital I/O cards
from £29.

RS Components Ltd.,
PO Box 99, Corby,
Northants NN17 9RS
Tel: 0536 201234
A range of PC bus data acquisition boards, plus a

complementary range of signal conditioning boards.

SYSTEM 200 DEVICE PROGRAMMER

SYSTEM: Programs 24, 26, 32 pin EPROMS, EE -
PROMS, FLASH and Emulators as
standard, quickly, reliably and at low cost.

Expandable to cover virtually any pro-
grammable part including serial E2, PALS,
GALS, EPLD's and microcontrollers
from all manufacturers.

DESIGN: Not a plug in card but connects to the PC
serial or parallel port; it comes complete
with powerful yet easy to control software,
cable and manual.

SUPPORT: UK design, manufacture and support.
Same day dispatch, 12 month warranty.
10 day money back guarantee.

ASK FOR FREE
INFORMATION

PACK

m
MOP ELECTRONICS Ltd.

Park Road Centre,
Malmesbury, Wiltshire, SN16 OBX UK
TEL. 0666 825146 FAX. 0666 825141=

GERMANY 089-/4602071
NORWAY 0702 17890
ITALY 02-92-10-3 554

FRANCE (1) 69-30-13-79
SWEDEN 8-590-754-04

ALSO FROM ELECTROSPEED UK

PROF.
FINISHE

SURVEILLANCE
A SMALL SAMPLE OF OUR RANGE

ROOM TRANSMITTER RT1 An extremely
sensitive miniature transmitter with long battery life.
Dimensions: 20 x 20mm

MAINS TRANSMITTER MT4 Can be connected
inside any equipment that is mains powered.
Dimensions 35 x 20mm

TELEPHONE TRANSMITTER TTS Small enough
to conceal within a telephone. Will transmit both sides of
a conversation (series connection)
Dimensions: 10 x 20mm

TELEPHONE SOCKET TRANSMITTER TSTS
Replace your telephone socket with this one within
which a transmitter has been concealed.

ROOM AND TELEPHONE TRANSMITTER RTT
Operates as a room transmitter, then switches to
telephone transmitter mode during telephone calls.
Dimensions: 30 x 25mm

AUTOMATIC TELEPHONE RECORDER
SWITCH TRS2 Record telephone conversations with
this interface unit and your own tape recorder.
Dimensions: 36 x 50mm

AUTOMATIC TELEPHONE RECORDER ATR1
Adapt the tape recorder included to record telephone
calls automatically.

TELEPHONE TAP ALERT TTA1 Visual warning
of any invasions of privacy on your telephone line.
Dimensions: 38 x 52mm

RF DETECTOR RFD1 Highly sensitive hand-held
detector. Range between 10Mhz and 600Mhz. Silent
operation. Dimensions: 70 x 50mm

CAMERA DETECTOR COO Detects hidden video
cameras (even miniature CCD models)
Dimensions: 63 x 38mm

RECORDING BRIEFCASE RBC1 Completely
discreet recordings at a value for money price.

SHOTGUN MICROPHONE AMPUFIER SMA
Ideal for surveillance. The amplifier will pick up sounds
from a long distance.

SIGNALLING TRANSMITTER SIGT Sends a
continual audio pulse. Can be integrated into alarm,
tracking or warning systems. Dimensions: 20 x 50mm

TELEPHONE AMPUFIER TA5 Connected directly
to the telephone, this unit will amplify both sides of a
telephone call. Dimensions: 25 x 52mm

PROFESSIONAL SOUND TO LIGHT UNIT
SK72 Custom built for disco or ixime use. Audio signal
divided into bass, mid and treble bands, with internal
microphone and spotlight option.
Dimensions 210 x 45mm

MICRO METAL DETECTOR MMD Detect the
presence of ferrous and various non-ferrous metals.
Useful for all those DIY jobs. Dimensions: 40 x 25mm

KIT MODULE

13.75

31.50

17.50

45.50

25.90

31.50

69.00

89.00

36.00

34.89

18.95

32.49

16.95

Please add £2.00 P & P to all orders and 17.5% VAT on all U.K. orders.

For full catalogue please send two 1st class stamps or 2 IRC'S

172 Caledonian Road London Ni OSG
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POWER AMPLIFIER MODULES -TURNTABLES -CI MERS-
LOUDSPEAKERS-1S INCH STEREO RACK AMPLIFIERS

, e. V - -  - - . .
SERVICE *LARGE IA4) B.A.E 60- STAMPED FOR CATALOGUE*

OMP MOS-FET POWER AMPLIFIERS
HIGH POWER. TWO CHANNEL 19 INCH RACK

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN

FEATURES: *Independent power supplies with two toroidal transformers * Twin L.E.D. Vu meters *
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low
distortion * Aluminium cases* MXF600 & MXF900 Ian cooled with D.C. loudspeaker and thermal protection.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19"xH3',." (2U)x1:111"
MXF400 W19"xH5'4" (3U)xD12"
MXF600 W19"xH5',.." (3U)xD13"
MXF900 W19"x145',4" (3U)x1:114%"

PRICES:- MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

OMP X03 STEREO 3 -WAY ACTIVE CROSS -OVER

Advanced 3 -Way Stereo Active Cross -Over, housed in a 19" x 1U case. Each channel has three level controls:
bass, mid & top. The removable front fascia allows access to the programmable DK switches to adjust the
cross -over frequency: Bass -Mid 250/500/800Hz, Mid -Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules.

Price £117.44 + £5.00 P&P

STEREO DISCO MIXER SDJ3400sE
STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with talk -over
switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor. 8
Sound Effects. Useful combination of the
following inputs:- 3 turntables (mag), 3
mica, 5 Line for CD, Tape, Video etc.

Price £144.99 + £5.00 P&P

* ECHO & SOUND EFFECTS*

SIZE: 482 x 240 x 120mm

',',1!,ILIEnBa411:141'114:1F1MilldI4:ED16111114.1

FUTWTal i 4 401 fTrairrriWiM-GrTiIlln
Join the Piero revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KSN1036A) 3" round with protective wire mesh. Ideal for
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 - 50p P&P.
TYPE 'B' (KSN1005A) 3'/:" super horn for general purpose speakers,
disco and P.A. systems etc. Price £5.99 - 50p P&P.
TYPE 'C' (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys-
tems and quality discos etc. Price £6.99 50p P&P.
TYPE 'D' (KSN1025A) 2"x6" wide dispersion horn. Upper frequency
response retained extending down to mid -range (2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price £9.99 - 50p P&P.
TYPE 'E' (KSN1038A)31i" horn tweeter with attractive silver finish trim.
Suitable for Hi-Fi monitor systems etc. Price 05.99 - 50p P&P.
LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P.

A new range of quality loudspeakers, designed to Take advantage of the latest
speaker technology and enclosure designs. Both models utilize studio quality
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion
constant directivity horns, extruded aluminium corner protection and steel
ball corners, complimented with heavy duty black covering. The enclosures
are fitted as standard with top hats for optional loudspeaker stands.

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 4511.

ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
ibl FC 12-200WATTS (100dB) PRICE £1 7 5.00 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR C49.00
Delivery £6.00 per pair

SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, instrumental and Hi-Fi
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and
drive circuits to power a compatible Vu meter. All models are open and short circuit proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor > 300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity 500mV. S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor -- 300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.
PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor --- 300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.
PRICE £81.75 - £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV. S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti -Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 1- £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor > 300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti -Thump Delay. Size 422 x 300 x 125mm.
PRICE £259.00 + £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.

EMINENCE:- INSTRUMENTS, P.A., DISCO, ETC
ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.
RES. FRED. 72Hz, FRED. RESP. TO 4KHz, SENS 97dB. PRICE C32.71 -- C2.00 P&P
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.
RES. FRED. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE 033.74 - C2.50 P&P
10" 200 WATT R.M.S. MEIO-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99d8. PRICE 043.47 £2.50 P&P
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 - C3.50 P&P
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, RA., VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE 036.67 - £3.50 P&P
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.
RES. FRED. 58Hz, FRED. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 - C3.50 P&P
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREO. RESP. TO 5KHz, SENS 103dB. PRICE C70.19 - C3.50 P&P
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
RES. FREQ. 46Hz, FRED. RESP. TO 5KHz, SENS 99dB. PRICE C50.72 - £4.00 P&P
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.
RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE C73.34 - £4.00 P&P

EARBENDERS:- HI-FI, STUDIO, IN -CAR, ETC
ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 8 8 ohm)
B ASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8" 50vratt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN -CAR.
RES. FRED. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
10" 5OWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN -CAR.
RES. FREQ. 40Hz, FREO. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + C2.50 P&P
10" 100WATT EB10.100 BASS, HI-FI, STUDIO.
RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB.
12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREO. 26Hz, FRED. RESP. TO 3KHz, SENS 93dB. PRICE £42.12 + C3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5',4" 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC.
RES. FRED. 63Hz, FRED. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 + £1.50 P&P

60WATT EB6-60TC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC.
RES. FRED. 38Hz, FRED. RESP. TO 20KHz, SENS 94dB. PRICE £10.99 - 1.50 P&P
8" 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FRED. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE C12.99 - £1.50 P&P
10" 60WATT EB10.60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE 016.49 - £2.00 P&P

PRICE C30.39 + C3.50 P&P

THRlE sUMLHB HIGH

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL

PERFORMANCE. RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V 0.5AMP.

PRICE C14.85 - £1.00 P&P
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH
VERY SENS FET MIC, RANGE 100.300m, SIZE 56 x 46mm. SUPPLY 9V BATTERY.

PRICE £8.80 + £1.00 P&P PHOTO: 3W FM TRANSMITTER

B.K. EI_ECTRONICSPRICES: 150W 049.99 250W £99.99
400W £109.95 P&P £2.00 EACH

CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 75) Stereo, 150W
Bridged Mono
250 WATTS (125 125) Stereo, 250W
Bridged Mono
400 WATTS (200 r 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:
* Stereo, bridgable mono * Choice of
high & low level inputs * L & R level
controls * Remote on -off * Speaker &
thermal Protection

POSTAL CHAROSS PER ORDER £1.00 MINIMUM. OFFICIAL
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLC. ETC.
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND

ACCESS ACCEPTED BY POST, PHONE OR FAX.

BARCI AYE AND UNITS l& 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR.

Tel.: 0702-527572 Fax.: 0702-420243
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Audio INPUT

Millivolt Meter
Robert Penfold shows how to accurately measure small audio frequency voltages

0 ccurately measuring small audio frequency voltages is
virtually essential when designing, building, or servicing

audio equipment. Unfortunately, most multimeters are
not very good for this type of measurement. Analogue multime-
ters mostly have adequate bandwidths for audio frequency
measurements, but the most sensitive ac voltage range usually
has a full scale value of around 2 to 10V. This is of little use
when trying to measure a signal with an amplitude of a few milli-
volts r.m.s. Digital multimeters often have adequate resolution
for measuring small ac voltages, but will not necessarily have
good accuracy at potentials as low as a few millivolts. Also,
many digital multimeters have very restricted bandwidths. There
are some exceptions, but most only offer good accuracy over a
frequency range of only about 50Hz to 500Hz, which is obvi-
ously far less than the full 20Hz to 20kHz audio range. It is
totally inadequate for most audio frequency testing.

Most oscilloscopes are sufficiently sensitive to handle small
ac voltage measurements, but are not particularly convenient to
use as measuring devices. A proper ac millivolt meter is prob-
ably the best type of instrument for audio testing and a unit of
this type does not have to be particularly complex. The audio
millivolt meter project featured here is an analogue type, based
on a couple of low cost operational amplifiers. An analogue
instrument using a low cost meter does not offer the sort of
accuracy possible using a digital instrument having a 3 1/2 or 4
1/2 digit display. In fact, a low cost panel meter offers a resolu-
tion that is only equivalent to a 2 or 2 1/2 digit display.
Nevertheless, the accuracy is good enough for most purposes.
Also, for an application of this type, there is a lot to be said for
the rapid response of an analogue display and the ease with
which variations in the input level can be followed. Due to their
sampling method of operation, digital voltmeters tend to
become random number generators when fed with varying
input levels.

This unit has four ranges which provide full scale values of
1 mV, 10mV, 100mV and 1V r.m.s. The frequency response is
flat over the 20Hz to 20kHz audio range. In fact, the response is
flat at frequencies of up to about 70 to 80kHz, so the unit is
therefore suitable for frequency response measurement, gain
testing, checking the output level from microphones, etc. The

circuit is powered from two 6 or 9V batteries. A precision full
wave rectifier provides the unit with good linearity over the full
audio range.

Precision Rectifier
On the face of it, an audio millivolt meter could consist of little
more than an amplifier driving a moving coil meter via a basic
rectifier circuit. Such an arrangement is fine in theory, but will
not give good results in practice, due to the non -linearity of 'real
world' diodes. A linear diode has a forward resistance which
remains constant regardless of the applied voltage.
Semiconductor diodes have a forward resistance which varies
considerably with changes in the applied voltage. Ordinary
silicon diodes are amongst the worst in this respect. They
provide an extremely high forward resistance at voltages of up
to about 0.5V. Raising the forward voltage above 0.5V results in
the forward resistance rapidly falling to a very low level.

Most other types of semiconductor diode have forward
resistance characteristics which are not as bad as this and
germanium diodes have much better linearity. However, their
forward resistance still varies significantly with changes in the
applied voltage and they have inadequate linearity for the
present application.

Figure 1. Basic precision half wave rectifier
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The normal method of combating the non -linearity of a semi-
conductor diode is to use it in the negative feedback circuit of
an amplifier. The circuit of Figure 1 is for a very basic half wave
precision rectifier which uses this feedback technique to obtain
good linearity. In this case there are two diodes, D1 in the nega-
tive feedback circuit and D2 in the signal path at the output of
the circuit. The basic idea is for D1 to distort the output signal in
a way that compensates for the non -linearity through D2.

The circuit is based on an operational amplifier which is used
in a form of non -inverting mode circuit. R1 biases the non -
inverting input of 101 to the OV earth rail and C1 simply provides
dc blocking at the input. On positive going input signals, the
negative feedback circuit consists of D2 and R2. With small
output voltages, the resistance through D2 is very high in rela-
tion to the value of R2, giving a high closed loop voltage gain.
With output voltages of more than about +0.5V the resistance
of D2 is quite low. This gives a low closed loop voltage gain,
which is likely to be little more than unity.

At the beginning of each input half cycle the very high
voltage gain of the circuit results in the output almost instantly
jumping to about +0.5V or so. The gain then falls back to about
unity and the output voltage rises and falls in sympathy with the
input level. When the output
voltage falls back to about
+0.5V, the resistance through
D2 increases again, giving
increased closed loop voltage
gain. This holds the output at
about 0.5V until the input
voltage drops right back to
zero. The output then falls
almost instantly to OV. On
negative half cycles, the circuit
operates in much the same
way, but the negative feed-
back network consists of D1
and R2.

A sine wave input signal
(Figure 2(a)) therefore
produces an output waveform
from 101 of the type shown in

OV

.0,5V

OV

-0,5V

Figure 2(b). This is quite heavily distorted, with positive and
negative output voltages being boosted by about 0.5V or so.
The output from the circuit as a whole is half wave rectified by
D3, which provides a forward voltage drop of about 0.5V. In a
practical circuit, D1 and D3 are diodes of the same type and R2
has the same value as R3. The voltage drop through D3 should
then be accurately balanced by the boosted output from 101,
giving a precision half wave rectified output signal (Figure 2(c)).
A small amount of additional circuitry is all that is needed to
provide full wave rectification. It is basically just a matter of
inverting the negative going signal and mixing them with the
positive half cycles.

Circuit Operation
The full circuit diagram for the audio millivolt meter is provided in
Figure 3. S1 plus R1 to R5 form a four step attenuator at the
input of the circuit. The basic sensitivity of the circuit is 1 mV
r.m.s., but the attenuator can be used to reduce the sensitivity,
giving the additional 10mV, 100mV, and 1V ranges. The attenu-
ator also provides biasing at the non -inverting input of 101 and
sets the input impedance at a suitably high figure of just over
100k. 101 merely operates as a pre -amplifier stage which has a

voltage gain of about 55 times.

(b)

Figure 2. (a) Sinewave input signal.
(b) Output from amplifier.
(c) Final rectified output signal.
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Figure 3. The Audio
Millivolt Meter circuit

C2
100n

3

2

R7 and R8 are the negative
feedback network for IC1 .

The precision rectifier is a
full -wave type which is based
on 102. At first sight this looks
very much like an ordinary
non -inverting amplifier, which
drives a moving coil meter via
a bridge rectifier (D1 to D4).
Closer examination of the
circuit shows that the meter
and rectifier circuit are
included in the negative feed-
back circuit. As a result, the
output signal of 102 is
distorted in the desired
fashion, compensating for the
non -linearity of the diodes in
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the bridge rectifier. This enormous simplifi-
cation is possible because the meter does
not need to have one terminal connected
to earth.

Germanium diodes are used in the
bridge rectifier because they have much
lower forward voltage drops than silicon
types. This does not have much effect on
performance at low frequencies where the
amount of negative feedback is so high
that it is well able to compensate for
extreme non -linearity through the diodes. It
does give significantly better performance
at high frequencies though, where the
closed loop gain of IC1 is not much less

than its open loop gain. The amount of negative feedback is
governed by VR1, which therefore controls the closed loop
voltage gain of 102 as well. VR1 enables the unit to be set for
the correct full scale sensitivities. D5 and D6 act as a sort of low
voltage zener diode and they protect the meter against severe
overloads.

The circuit requires a dual balanced 6 or 9V supply. I used
two 6V batteries for the prototype, with each battery consisting
four HP7 size cells in a plastic holder. The current consumption
is only a few milliamps from each supply, so a couple of stan-
dard PP3 size batteries will do just as well. A mains power
supply unit could be used, but is likely to be problematic with a
sensitive instrument such as this. Apart from the usual 'hum'
problems, there is a fair amount of high frequency noise on
many mains supplies these days. Keeping this away from the
input of the millivolt meter could be difficult. Unless you are
prepared to go to some lengths to keep mains -borne noise
away from the millivolt meter circuit, battery operation is a much
better option.

Construction
Refer to Figure 4 for the printed circuit overlay. 101 and 102 are
not static -sensitive devices, but it is still advisable to use holders

for both components. C3 must be a miniature printed circuit
mounting type, having 7.5mm (0.3in) lead spacing if it is to fit
into the layout properly. Similarly, VR1 must be a miniature hori-
zontal preset. Calibration would probably be much easier using
a multi -turn trimpot for VR1, but accurate adjustment is possible
using an inexpensive miniature preset.

Note that D1 to D4 are germanium diodes and that germa-
nium semiconductors are less tolerant of heat than the more
familiar silicon variety. It should not be necessary to use a heat -
shunt when fitting these diodes, but the soldered joints should be
completed fairly swiftly. It is probably best to fit these four compo-
nents last of all. Fit single -sided pins to the board at the points
where connections to the off -board components will be made.

For this type of project it is best to use a case of all -metal
construction. When earthed to the OV supply rail this will provide
good screening against electrical noise. Any medium sized
instrument case should accommodate everything, provided the
case has sufficient height to take the meter. Ideally the layout of
the unit should be such that there is plenty of space between
the wiring at the input of the circuit and ME1 and the output
wiring. If the unit is to be housed in a reasonably small case, it is
not possible to have the two sets of wiring really well spaced
out, but endeavour to keep the input and output wiring as well
separated as possible. The input and output of the circuit are in -
phase, so a careless layout is almost certain to result in insta-
bility on the most sensitive range.

Fitting the meter is likely to be a little awkward as it requires
quite a large main cut-out. A 38mm (1.5in) diameter hole is
needed for a normal 60 by 46mm panel meter. This can be
made using a chassis punch, or a tank cutter is good for this
type of thing. Alternatively, use a coping saw, 'Abrafile', or a
similar tool. Once the main cut-out has been made, use the
meter as a sort of template to locate the positions of the four
small mounting holes. The latter should have a diameter of
about 3mm.

Details of the point-to-point wiring are provided in Figure 5
(which should be used in conjunction with Figure 4). Several of
the components are mounted on Si, rather than the circuit
board. This makes construction of the unit slightly more difficult,
but it minimises the amount of input wiring. It also minimises the
stray capacitance in the circuitry around S1, which helps to
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Start with VR1 at a roughly central
setting. With the unit switched on, the
meter should read zero, or something
close to zero. Set S1 to the 1V position,
feed a fairly strong audio input signal into
JK1 and check that the meter responds
to the signal. Try audio input signals at a
variety of levels and check that S1
enables the sensitivity of the unit to be
altered appropriately.

Figure 4. The PCB overlay

avoid stray pick up and instability. The reduced stray
capacitance maintains good accuracy through the atten-
uator at high frequencies.

Probably the best way to deal with C1 and the five
attenuator resistors is to fit them to S1, before the latter is
finally installed in the case. In order to give good accuracy
on all ranges, the attenuator resistors (R1 to R5) should
have a tolerance of 1% or better. Be careful not to seri-
ously overheat these resistors when fitting them to S1, as
this could alter their values significantly. S1 is a standard 1
pole 12 way rotary switch having an adjustable end -stop.
In this case the latter is obviously set for 4 way operation.
In this application, a make before break switch is prefer-
able to a break before make type. The former gives less of
a 'twitch' from the meter each time S1 is switched from
one range to another. Two of the unused tags of S1 are
used as anchor points for the attenuator resistors.

Complete the unit by adding the small amount of hard wiring.
Use a screened lead to connect S1 to the printed circuit board.
If you opt for 6V battery packs, the plastic battery holders are
fitted with standard PP3 type battery connectors.

The 0 to 100 scale of the meter is only appropriate to the
100mV range, but it is clearly not too difficult to convert scale
readings into their equivalent in millivolts on the other three
ranges. It is just a matter of mentally shifting the decimal point.
Additional scale numbering could be added to the meter, but
there is little space for extra numbers on the scale plate and it is
probably not worth the effort.

Calibration
The millivolt meter is a sensitive instrument and, as such, it
needs to be used with screened test leads. Low cost test leads
of the type sold for use with oscilloscopes are ideal, but a
home-made equivalent can be made up at even lower cost.

Resistors (all 0.25w)
R1 100k 1% metal film
R2 10k 1% metal film
R3 1k 1% metal film
R4 100R 1% metal film
R5 11R 1% metal film
R6 180R 5% carbon film
R7 10k 5% carbon film
R8 100k 5% carbon film
(All 0.25W)

Capacitors
VR1 4k7 sub -min hor preset

Figure 5. Details of the point to point wiring

If all is well, the unit is ready for calibration against an audio
signal of known amplitude. It is probably best to calibrate the
unit on the 1V range and at full scale. Any noise should then be
swamped by the high input level. Some audio signal generators
have reliably calibrated output level controls, but in most cases
better accuracy will be obtained if the output level is set with the
aid of an oscilloscope or a multimeter. Most multimeters can
measure a signal of 1V r.m.s. with reasonable accuracy,
provided the test signal is at a suitable frequency. With a 1V
r.m.s. input level, VR1 is carefully adjusted for a full scale
reading on ME1. The unit is then ready for use.

Do not worry if the meter does not read zero under standby
conditions on the 1 mV range. The small deflection of the pointer
is caused by internally generated noise, plus noise picked up in
the test leads and the input wiring. Both types of noise will
normally fall to much lower levels when the unit is connected to
a signal source and should not significantly reduce the accuracy
of the instrument.

Capacitors
Cl 470n plastic foil
C2, 4 100n ceramic
C3 470n polyester p.c.m.

Semiconductors
IC1 LF351N
IC2 LF356N
D1, 2, 3, 4 0A91
D5,6 1N4148

Miscellaneous
JK1 3.5mm jack socket

ME1 100pA moving coil panel
meter

S1 12 way 1 pole rotary with
end stop
(set for 4 way operation)

S2 d.p.s.t. min toggle
B1, 2 6V (4 x HP7 size cells in

holder)

Printed circuit board, medium size
metal instrument case, battery clip
(PP3 type, 2 off), 8 pin d.i.l. holder (2
off), control knob, wire, solder, etc.
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EASY -PC, Schematic and PCB CAD

Over 18,000 Installations
in 70 Countries World-wide!

 Runs on:- PC/XT/AT/
286/ 386/ 486 with
Hercules, CGA, EGA
or VGA display and
many DOS emulations.

 Design:- Single sided,
Double sided and
Multi -layer (8) boards.

 Provides full Surface
Mount support.

 Standard output
includes Dot Matrix /
Laser / Ink -jet Printer,
Pen Plotter, Photo -
plotter and N.C. Drill.

 Tech Support - free.
 Superbly easy to use.

Still
Only

£98.00!
Plus P&P+VAT

BRITISH

7E 7M
AWARD

1989

1BBR

.1-1110n

tin /C1

2 16--4m.. 10106

Channel 1 1

u uc<
ICI

poP ,c

Ea
1011216

EE

G

666
ICI
9010C

0-1

r.sr,E 2 Ir...frtr

Cra.r.not 1St.. 11666.6e

Options: -500 piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

Electronic Designs Right First Time?

ntegrated Electronics CAD
Affordable Electronics CAD

_J

Schematic Capture J r

Analogue
& Digital

Simulation

And PCB Design

I

ILINraNN IRA Ir. ___

Prices from UK£195 / US$375

EASY -PC: Entry level PCB and
Schematic CAD.

EASY -PC Professional: Schematic
Capture and PCB CAD. Links directly
to ANALYSER III and PULSAR.

$195.00 £98.00

$375.00 £195.00

PULSAR: Digital Circuit Simulator
- 1500 gate capacity.

$195.00 £98.00

PULSAR Professional: Digital Circuit
Simulator
- 50,000 gate capacity.

$375.00 £195.00

ANALYSER III: Linear Analogue Circuit
Simulator
- 130 node capability

$195.00 £98.00

ANALYSER III Professional: Linear
Analogue Circuit Simulator

750 node capability.

$375.00 £195.00

Z -MATCH for Windows: NEW Windows
based Smith -Chart program
for RF Engineers .

$475.00 £245.00

We operate a no penalty upgrade policy. You can
upgrade at any time to the professional version of a
program just for the difference in price.

US$ prices
include Post
and Packing.

UK£ prices
exclude P&P
and VAT

For full information, please write, phone or fax: -

Number One Systems
 TECHNICAL SUPPORT FREE FOR LIFE
 PROGRAMS NOT COPY PROTECTED.
 SPECIAL PRICES FOR EDUCATION.

UK/EEC: Ref. ETI, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR.
Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 International +44 480 461778

Ref. ETI, 1795 Granger Avenue, Los Altos, CA 94024
Telephone: (415) 968 9306

USA:
ACCESS, MASTERCARD, VISA Welcome.
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Power suppli
for electro
equipment
An improved power supply for low signal

level electronics, in part 2 John Linsley
Hood describes a practical circuit

lectronically stabilised power supplies are of two
kinds - shunt and series. The first consists of some

device or circuit arrangement which sits like an
output load between the power supply output and the OV
line, as I have shown in
Figure 1 a, and draws an
increased or decreased
current from the supply
line if the output voltage
exceeds or falls below
some predetermined
level. A simple example
of such a shunt regulator
is a zener diode. The
second broad class of
voltage regulator circuits
is the series stabiliser.
This sits between the
power supply input and
output lines, as shown in
Figure 1 b.

Both of these
stabiliser systems have
advantages and disad-
vantages. In the case of
the 'series' arrangement, there

OV

R1

BOUT

D1

ZENER DIODE

Figure 1 a. Simple shunt
regulator.

OV

must always be some minimum
voltage drop between input and output terminals if the circuit is
to function. This is known as the 'dropout' voltage, and is typi-
cally in the range 2-3V, in the case of the integrated circuit
voltage regulators such as the 78)o( or 79)o< 'three pin' types.

In the case of the 'shunt' stabiliser layouts, some current
is always drawn from the supply line by the stabiliser. Also,
there must always be enough source resistance to allow the
current drawn by the regulator circuit - or zener diode - to
pull the output voltage down to the required level and, in the
case of a simple zener stabiliser, this means that value of the

series resistor must be carefully chosen, so that the control
will work without requiring the diode to draw an excessively
high current.

Figure 2. Basic series regulator circuit.

Voltage Regulator Circuitry
A typical schematic circuit layout for a series regulator is
shown in Figure 2. In this, a voltage amplifier, A1, is used to
compare the output voltage of the circuit - as derived from
the voltage divider R4/R5 - with the output from some voltage
reference source, which could well be a zener diode and
which I have called ZD1. If the output voltage from the circuit
becomes too high, the amplifier will reduce the base current
drive to Ql, the 'pass' transistor, and the output voltage will
then be pulled down by the load (RI) until it reaches the
correct level.
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Unfortunately, the feedback loop contained in this
stabiliser circuit will usually contain too many
elements for the overall phase shift to be within the -
180- limit required for feedback stability, so some
kind of added stabilising component - such as the
'dominant lag' capacitor C1, connected across Al -
will almost always be used to prevent the system
oscillating continuously.

This type of stabilisation has the inherent snag
that the internal feedback loop gain will begin to fall
off beyond some 'turn -over' frequency and the
output impedance and ripple rejection will then
begin to worsen. In the case of the 78/79xx types of
voltage regulator IC, the turn -over frequency is
1KHz and the operating characteristics of these ICs
consequently deteriorate as the frequency increases
beyond this point - and the frequency
range 1K-10KHz is a part of the audio
spectrum to which the ear of the Hi-Fi
enthusiast is very sensitive.

Putting a larger capacitor across
the output line than the 0.1-11.IF
normally recommended will help a
little, but usually only at much higher
frequencies, well beyond the audio
range and in this part of the audio
spectrum the humble battery will have
the edge, both in terms of constancy
of output impedance with frequency
and also in respect of its ability to
meet sudden current demands
without producing unwanted voltage
spikes on the supply rails.

Now that most of the other perfor-
mance shortcomings in audio amplifier
design have been made less prominent, signal or distortion
breakthrough from one stereo channel to the other, or from later
parts of the circuit to earlier, by way of shared power supply
rails, is left as an important, but unremedied source of audio
degradation. Solid-state circuitry is relatively inconvenient in this
respect, because of its ability to generate rapid signal voltage
'spikes' and when these rapid spikes are translated into sudden
current demands from the power supply rail, the average IC
voltage regulator doesn't cope very well.

This problem will
probably be worse
on the -ve line than
on the +ve, since
although the positive
and negative rail
voltage regulator ICs
look much the same
devices, and appear
to do the same job
equally well, the
manufacturers of ICs
have difficulties in
making good PNP
transistors, so
making a -ve regu-
lator IC by using a
simple NPN -> PNP
'mirror image' of the
circuitry used in the
+ve line device, just

Figure 3. Ripple detector based on long tailed pair

Figure 5. Composite regulator circuit

isn't possible. In practice the internal circuitry
of the -ve rail regulators needs to be elabo-
rated and twisted around quite a lot to make
it work like the +ve rail versions, which can
usually be built without circuit problems using
only NPN devices and therefore usually
having a better overall performance.

Nevertheless these IC voltage regulators
have several useful internal features, often
absent from discrete component DIY jobs,
such as an output current/time limit, which
will prevent damage to the IC in the event of
an output short-circuit, as well as providing a
thermal shut -down if the excessive current
demand persists for any length of time. They
also set the output voltage with reference to
an internal 'band gap' precision voltage
source, which has much better long-term

thermal stability and a much lower noise level than the standard
zener diode.

These qualities prompted the question whether anything could
be done, as an add-on to an IC voltage regulator, which would
reduce the amount of ripple and noise on its output voltage.

An Add -On Shunt Voltage Regulator
There seemed to be no reason why the performance of a
voltage regulator circuit could not be improved by connecting
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some external gadget, which would draw a small current from
the supply, but which was arranged so that this current could
be modulated by any ripple voltage present on the supply line.
The aim being that if the output voltage were to momentarily
increase or decrease, the current drawn by the external gadget
would automatically increase or decrease to oppose these
output voltage fluctuations.

Moreover, if the loop feedback circuitry of this add-on
gadget was suitably designed, it is possible that this cancella-
tion effect could remain effective over a very wide frequency
range and substantially reduce any output noise or ripple volt-
ages present on the supply line.

The circuit adopted consists of two parts: a 'ripple detector'
arrangement based on a long-tailed pair, shown in Figure 3, and

in Figures 3 and 4 so that they conform to those in Figure 5).
The working voltage of the circuit shown is determined mainly

by the breakdown voltage (Vice) of the transistors used, since,
with the exception of C3 and C4, all the capacitors are non -polar
and probably will have working voltages of 60V or greater.

The impedance of the circuit at low frequencies depends on
the size of the capacitors used, and particularly that of C4, which
can be large since it only needs to be 1V working. (In practice
this probably means using a 4.7V or 6.3V working component,
since lower voltage devices are not often found nowadays).

With the values shown, the circuit generates the electronic
equivalent of about half a Farad, and it has an impedance,
shown graphically in Figure 6, which is below 0.02 ohms over
the range 500Hz - 30KHz, and less than 0.1 ohms over the

range 35Hz - 300KHz, even
allowing for a realistic value
of series inductance in C4,
which only influences the
characteristics of the circuit
beyond about 30KHz. If C4
is made from two
2200µF/4.7V working
capacitors connected in
parallel, the series induc-
tance of these will only be
about 1µH, and the shunt
impedance characteristics
of the circuit will be less than
0.02 ohms up to some
150KHz.

By comparison, a typical
25V electrolytic

capacitor, with a typical
3.3µH internal series induc-
tance, offers the sort of
impedance vs. frequency
response, shown in Figure
7, whose lowest impedance

is 0.87 ohms at 400Hz and has risen to some 10 ohms at
35Hz.

My own bench power supply has an output noise and ripple
level, measured over the range 20Hz - 20KHz, of 300µV.
Connecting the circuit of Figure 5 across its output, reduced

this to 4µV, whereas
connecting a good quality
470pF electrolytic capacitor
across the bench PSU
output produced no
measurable improvement.
In a similar experiment, the
output noise from a
selected 7815 IC voltage
regulator was reduced from
60µV, itself better than the
makers spec., to 3.5µV,
when measured over the
same bandwidth.

I am reluctant to claim
that this add-on circuit will
lead to an improvement in
the sound of audio equip-
ment operated from simple
IC stabilised power supplies,
because I cannot know what
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Figure 6. Shunt regulator impedance over frequency range 1Hz to 1MHz.
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a constant current source shown in Figure 4, although in order
to make its output current capable of being modulated by an
AC input control signal, obtained from the output of Q2, this
circuit needs to be modified a bit, as shown in the final
composite layout of Figure 5. (I have numbered the components
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Figure 7. Impedance vs. frequency response of electrolytic capacitor.
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Figure 8. Improved PSU circuit.
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Figure 6. Shunt regulator impedance over frequency range 1 Hz to 1 MHz.
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other people will hear. However, according to my test instru-
ments, it does a useful job. The circuit shown in Figure 5 can
easily be translated into a -ve rail version by replacing the NPN
transistors with equivalent PNP ones and connecting the elec-
trolytic capacitors (or diode - see later) in the opposite polarity.

The Snag
As all engineers know, there is always a snag and the clever
bloke is the one who comes up with the neatest way of getting
round it. In this case, the snag is that the circuit of Figure 5
simulates a very large capacitor with an equivalent series resis-
tance of less than 0.1 ohms. So, if one were to connect it
across, say, a 20V power supply, on switch -on the circuit would
try to draw a current which would have a peak value of 200A,
decreasing as the internal capacitors charged up to their equi-
librium condition.

If they were allowed to flow, currents of this order
would be fatal to Q3 and Q5, through which they would have to

pass, and also
would be resented
by the power supply

the current was
drawn. In my case,
initial trials were
made using a bench
power supply with
an adjustable
current limit, which I
could set to a suit-
able value. An
adequate engi-
neering answer to
the problem of the
switch -on current
surge, is simply to

include an input current limiting circuit, as shown in Figure 8.
Values for R12 for various current limit levels, up to 300mA, are
shown on the diagram.

A somewhat inconvenient effect inherent in this arrange-
ment is that there is a time delay of a few seconds, following
switch -on, as the very large equivalent capacitor is charged
through the current limited supply.

For those who prefer an axe to a rapier, a simple brute force
answer is to limit the surge current duration by connecting a
diode, D1, across R9, as shown in dotted lines in Figure 5 and
by making 03 and Q5 TO220-type small power transistors with
a base -emitter current rating of 4A, although, since these tran-
sistors will have lower values for transition frequency and
current gain than the small signal devices originally used, this
will somewhat lower the performance of the circuit.

A suitable PCB layout is shown in Figure 9, which can be used
with any polarity of power supply by the correct choice of capac-
itor and transistor (NPN/PNP) polarity.
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Surplus always
wanted for cash! THE ORIGINAL SURPLUS WONDERLAND! Surplus always

wanted for cash!,

LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE

 256k RAM - expandable
to 640k

 4.7 Mhz speed
 360k 5-1/4" floppy
 2 serial & 1 parallel ports
 MS-DOS 4.01

 Factory burnt -in
 Standard 84 key

keyboard
 12" green screen

included
 In good used condition

Optional FITTED extras: 640K RAM £39. 12' CGA colour
monitor with card £39. 2nd 5-1/4' 360K floppy £29.95. 20
mbyte MFM hard drive £99.

CMIY E9 9 .00 (F)

FLOPPY DISK DRIVES

(unless stated) are removed from often brand new equipment
and are fully tested, aligned and shipped to you with a 90 day
guarantee and operate from standard voltages and are of stand-
ard size. All are IBM-PC compatible (if 312' supported).
3.5" Panasonic JU363/4 720K or equivalent £29.95(B)
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only' £29.95(8)
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B)
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B

360K. Absolutely standard fits most computers £22.95(B)
Data cable included in price.

Shugart 800/801 SS refurbished & tested £175.00(E)
Shugart 851 double sided refurbished & tested £275.00(E)
Mitsubishi M2894-63 double sided switchable

hard or soft sectors- BRAND NEW £250.00(E)
Dual 8" drives with 2 mbyte capacity housed in a smart case
with built in power supply! Ideal as exterior drives! £499.00(F)
End of line purchase scoop! Brand new NEC D2246 8' 85
megabyte of hard disk storage! Full CPU control and industry
standard SMD interface. Ultra hi speed transfer and access time
leaves the good old ST506 interface standing. In mint condition
and comes corn .lete with man

286 AT - PC286

 640k RAM expandable  2 serial & 1 parallel
with standard SIMMS ports

 12 Mhz Landmark speed  MS-DOS 4.01
 20 meg hard disk  Co -processor socket
 1.2 meg 5-1/4" floppy  Enhanced 102 key
 1.4 meg 3-1/2" floppy keyboard

 Clock & calendar with EGA driver on board battery
back up

BRAND NEW AND BOXED!

onlYE249.00,,
/The Philips 9CM073 is suggested for the PC286 and they

CM8873 for the PC386. Either may use the SVGA MTS-9600
if a suitable card is installed. We can fit this at a cost of £49.00

`or the PC286 and £39.00 for the PC386.

POWER SUPPLIES

386AT - PC386

 2 meg RAM expanded
by slots

 20 Mhz with 32k cache.
Expandable to 64k

 40 meg hard disk
 1.2 meg 5-1/4" floppy
 VGA card installed

 2 serial & 1 parallel
ports

 MS-DOS 4.01
 Co -processor socket
 Enhanced 102 keyboard
 Kwik Disk Accelerator

Software - FREE
BRAND NEW AND BOXED!

onlYE425.00),
MONITORS

14" Forefront Model MTS-9600 SVGA
multisync with resolution of 1024 x 768.0.28
pitch. 'Text' switch for word processing etc.
Overscan switch included. Ideal for the PC -
386 or PC -286 with SVGA card added. Also51/4 " from £22.95 - 31/2" from £21.95! Power One SPL200-5200P 200 watt (250 w peak).Semi open
compatibe with BBC, Amiga, Atari (includingframe giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a,Massive purchases of standard 51/4" and 312" drives enables us the monochrome high resolution mode), Ar-+24v 4a (6a peak). All outputs fully regulated with over vottageto present prime product at industry beating low prices! All units chimedes etc. In good used condition (possible minor screenprotection on the +5v output.

bums). 90 day guarantee. 15" x 14' x 12'. Only £159(E)vac. Dims13" x 5' x 2.5'. Fully guaranteed RFE. £85.00 (B) 14" Philips Model CM8873 VGA multisync
Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v with 640 x 480 resolution. CGA, EGA or
(2A). 5v @ 20A. ± 12v @ 1.5A. Switch mode. New. £59.95(B) !ii.! VGA, digitaVanalog, switch selectable.
Astec AC -8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ Sound with volume control. There is also a
2a. -12v 0 0.1a. 6-1/4' x 4' x 1-3/4'.New £22.95(B) : t special 'Text" switch for word processing,
Greendale 19ABOE 60 watts switch mode.+5v 6a,±12v spreadsheets and the like. Compatible with
1a,+15v 0 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) IBM PC's, Amiga, Atari (excluding the
Conver AC130. 130 watt hi -grade VDE spec.Switch mode.+5v monochrome high resolution mode), BBC,

15a, -5v 1 a,±12v 6a.27 x 12.5 x6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen
Boshert 13090.Switch mode.ldeal for drives & system. +5v@ 6a, bums) 90 day guarantee. 15' x 14" x 12'. Only £139(E)
+12v @ 2.5a, -12v 0.5a, -5v @ 0.5a. £29.95(B) Philips 9CM073 similar (not identical) to above for EGA/CGA
Famell G6/40A. Switch mode. 5v © 40a.Encased £95.00(C) PC and compats. 640 x 350 resolution. With Text switch withFamell G24/5S. As above but 24v © 5a. £65.00(C) amber or green screen selection. 14" x 12" x 13-1/2" £99(E)

KME 10" high definition colour monitors. Nice:
tight 0.28' dot pitch for superb clarity and
modem styling. Operates from any 15.625 khz
sync RGB video source, with RGB analog and
composite sync such as Atari, Commodore
Amiga, Acorn Archimedes & BBC. Measures
only 13.5" x 12' x 11'. Also works as quality Tv wan our mid

BBC Model B type computer on a board. A major purchase Telebox. Good used condition. 90 day guarantee. Only..£125 (E)
allows us to offer you the PROFESSIONAL version of the BBC KME as above for PC EGA standard £145 (E)

Brand new Centronic 14" monitor for IBM PC and compatiblescomputer at a parts only price. Used as a front end graphics
at a lower than ever price! Completely CGA equivalent. Hi-ressystem on large networked systems the architecture of the BBC

board has so many similarities to the regular BBC model B that Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhzbandwidth.
A super monitor in attractive style moulded case.Fullwe are sure that with a bit of experimentation and ingenuity many 90 day guarantee. Only £129 (E)useful applications will be found for this board!! It is supplied NEC CGA 12' IBM-PC compatible. High

complete with a connector panel which brings all the I/O to quality ex -equipment fully tested with a 90
and BNC type connectors - all you have to do is provide +5 and day guarantee. In an attractive two tone
± 12 v DC. The APM consists of a single PCB with most major ribbed grey plastic case measuring 15'L x
ic's socketed. The ic's are too numerous to list but include a 13'W x 12'H. The front cosmetic bezel has
6502, RAM and an SAA5050 teletext chip. Three 27128 been removed for contractual E69
EPROMS contain the custom operating system on which we reasons. Only
have no data, On application of DC power the system boots and 20" 22" and 26" AV SPECIALS
provides diagnostic information on the video output. On board Superbly made 'UK manufacture. PIL all solid state colour
DIP switches and jumpers select the ECONET address and monitors, complete with composite video & sound inputs. Attrac-
enable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Schools,Shops,Disco, Clubs.
dims: main board 13" x 10'. U0 board 14' x 3'. Supplied tested In EXCELLENT little used condition with full 90 day guarantee.
with circuit diagram, data and competition entry form. 20"....£135 22"....£155 26"....£185 (F)
Only £29.95 or 2 for £53 (B)

£299 E

THE AMAZING TELEBOX!
Converts your colour monitor into a

QUALITY COLOUR TV!!

TV SOUND
& VIDEO
TUNER!

The TELEBOX consists of an attractive fully cased mains
powered unit, containing all electronics ready to plug into a host
of video monitors made by manufacturers such as
MICROVITEC, ATARI, SANYO, SONY, COMMODORE,
PHILIPS, TATUNG, AMSTRAD and many more. The composite
video output will also plug directly into most video recorders,
allowing reception of TV channels not normally receivable on
most television receivers (TELEBOX MB). Push button controls
on the front panel allow reception of 8 fully tuneable 'off air' UHF
colour television or video channels. TELEBOX MB covers vir-
tually all television frequencies VHF and UHF including the
HYPERBAND as used by most cable TV operators. Composite
and RGB video outputs are located on the rear panel for direct
connection to most makes of monitor. For complete compatibility
- even for monitors without sound - an integral 4 watt audio
amplifier and low level Hi Fi audio output are provided as
standard.
Telebox ST for composite video input monitors £32.95
Telebox STL as ST but with integral speaker £36.50
Telebox MB as ST with Multiband tuner VHF -UHF -Cable.

& hyperband For overseas PAL versions state
5.5 or 6mhz sound specification. £69.95

Telebox RGB for analogue RGB monitors (15khz) £69.95
Shipping code on all Teleboxes is (B)

RGB Telebox also suitable for IBM multisync monitors with RGB
analog and composite sync. Overseas versions VHF & UHF call.

SECAM / NTSC not available.

No Break Uninterruptable PSU's
Brand new and boxed 230 volts uninterruptable power supplies
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK
are internal, MUD has them in a matching case. Times from
interrupt are 5 and 15 minutes respectively. Complete with full
operation manuals MUK £249 (F) MUD £525 (G)

BBC Model B APM Board
£100 CASH FOR THE

MOST NOVEL
DEMONSTRATABLE

APPLICATION!

SPECIAL INTEREST
Trio 0-18 vdc bench PSU. 30 amps. New
Fujitsu M3041 600 LPM band printer
DEC LS/02 CPU board
Rhode 8 Schwarz SBUF TV test transmitter

25-1000mhz. Complete with SBTF2 Modulator £6500
Calcomp 1036 large drum 3 pen plotter £ 650
Thurlby LA 160B logic analyser £ 375
1.5kw 115v 60hz power source £ 950
Anton Pillar 400 Hz 3 phase frequency converter 75Kw POA
Newton Derby 400 Hz 70 Kw converter POA
Nikon PL -2 Projection lens meter/scope £750
Sekonic SD 150H 18 channel Hybrid recorder £2000
HP 7580A Al 8 pen hi h speed drum plotter £1850

CALL FOR PRICING ON NTSC VERSIONS!

Superb Quality 6 foot 40u

19" Rack Cabinets
Massive Reductions

Virtually New, Ultra Smart!
Less Than Half Price!

Top quality 19' rack cabinets made in UK
by Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front
door, full height lockable half louvered back
door and removable side panels. Fully ad-
justable internal fixing struts, ready

Kenwood DA -3501 C tester, laser pickup simulator £ 350 punched for any configuration of equipment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribu-
tion strip make these racks some of the most versatile we have

Microtine 183. NLQ 17x17 dot matrix. Full width. £139 (D) ever sold. Racks may be stacked side by side and therefore
Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions
Qume LetterPro 20 daisy. Qume QS -3 interface. £39.95 (D) are 77-1/2'H x 32-1/2'D x 22'W. Order as:
Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) Rack 1 Complete with removable side panels £275.00 (G)
Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2' width £ 99 (D) Rack 2 Less side panels £145.00 (G)

1992 Winter Issue of Display News now available - send large SAE - PACKED with bargains!

£ 470
£2950
£ 150

BRAND NEW PRINTERS

SOO            
000

MAIL ORDER & OFFICES
Open Mon -Fri 9.00-5.30
Dept ET,32 Biggin Way,

Upper Norwood.
London SE19 3XF.

LONDON SHOP
Open Mon -Sat 9-5.30
Thursday till 9.00pm

215 Whitehorse Lane.
South Norwood.
London. 5E25 .

DISTEL © The Original
Free dial -up database!

1000's of items+info on line
V21. V22 & V22 bis

081-679-1888

ALL ENQUIRIES

081167914414
Fax- 081-679-1927

-ELECTRONIC6-
All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Govemment,Universities,Schools & Local Authorities
welcome -minimum account order £30. Carriage charges (A)=£2.00. (A1).£3.75. (13)=E5.50. (C)=£13.50. (D)=.£11.50. (E)=£14.00 (F)=£18.00 (G)=Call . Scotland surcharge: call.
Al goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a return to base basis.Rights reserved to
change prices & specifications without prior notice. Order's subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash.



PROPAK AR provides all the features you need to create complex PCB designs quickly and easily.
Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist into ARES
AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule checks
guarantee that the final PCB will correspond exactly with the schematic thus saving you from costly
layout errors and time consuming debugging.

 Attractive, easy to use graphical interface.
 Object oriented schematic editor with automatic wire routing,

dot placement and mouse driven place/edit/move/delete.
 Netlist generation for most popular CAD software.

Bill of Materials and Electrical Rules Check reports.
 Two schemes for hierarchical design.
 Automatic component annotation and packaging.
 Comprehensive device libraries and package libraries

including both through hole and SMT parts.
 User definable snap grids (imperial and metric) and Real

Time Snap to deal with tricky SMT spacings.
 Manual route editing features include Auto Track Necking,

Topological editing and Curved tracks.
 Autorouting for single, double and multi -layer boards.
 Non autorouting PROPAK is available for just £250 if you do

not need or want the router.
Full connectivity and design rule checking.

 Power plane generator with thermal relief necking.
 Graphics support to 800x600 Super VGA.
 Output to dot matrix and laser printers, HP and Houston

plotters, Postscript devices, Gerber and Excellon NC
machines plus DXF and other DTP file formats.

CADPAK
Two Programs for the Price of One

ISIS SUPERSKETCH
A superb schematic drawing program
for DOS offering Wire Autorouting,
Auto Dot Placement, full component
libraries, export to DTP and much more.

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest.

PCB II
High performance yet easy to use manual PCB layout
package. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

Alan Chadwick writing in ET1 (January 94) concluded...
"At £79 I thought this was an excellent buy."

ISIS ILLUSTRATOR
Schematic Drawing for Windows

Running under Windows 3.1, ISIS ILLUSTRATOR lets
you create presentation quality schematic drawings like
you see in the magazines. Furthermore, when the
drawing is done, transferring it to another document is
just a matter of pasting it through the Clipboard.

Now used by a number of prominent technical authors to
illustrate their latest books and magazine articles.

Call us today on 0274 542868 or
fax 0274 481078 for a demo pack -

state DOS or Windows. Multi -copy and
educational discounts available.

Pnces exclude p&p (£5 for Li K ) and VAT All manufacturers' trademarks acknowledged

14 Marriner's Drive, Bradford, BD9 4JT.
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Microprocessor
Fundamentals -Part 4

he majority of microprocessor
systems will, in their design,
involve some form of interaction

with the user. In other words they will
have to have some form of human inter-
face. How this interface circuitry is
designed will depend on the application,
but it will also determine how usable the
system actually is.

There are two different ways in which
a microprocessor system can communi-
cate with the user. It can communicate
via its own dedicated input/output
circuitry - basically switches for input and
LEDs, or some other form of display, for
output. Conversely it could simply
communicate with a PC or other
computer via a serial or parallel data link,
with the PC performing all the human
interface data input and output.

Generally a link to another computer

=igure 1(a).

Simple on/off
ed display.

MICROPROCESSOR I/O PORT

a)

=igure 1(b). b)

3imple on/off
;witch input

OUT 1 >-1
ULN2803

18

Alex Stuart continues his
series and looks at some

of the various ways in
which a microprocessor

system can communicate
with the user

is shown in Figure 1 a. In this circuit, the
output line from a processor I/O port will
probably not provide sufficient power to
drive the LED, which means that it is
necessary to use some form of driver, in
this case one eighth of an ULN 2803
Darlington driver chip. The resistor
connected in series with the LED
provides the required current limiting to
ensure that the LED will work properly.
Because the 2803 is an inverter, the LED
will light when a logic '0' is applied to the
output port and will be extinguished
when a logic '1' is applied.

A simple

270R

LOGIC '1' ON

Ce**9

0 5 V

0
LOGIC '1' ON

ov

input circuit is
shown in Figure
1 b. It is based
around a single
pole, two way
switch, the
single pole
contact being
connected to

the processor input port and the two way
connected to +5V and Gnd respectively.
This means that when the processor
reads the switch status, it will register
either a logic '1' or a logic '0', depending
on which way the switch is closed.

These very basic forms of input and
output are ideal for switching functions
and displaying status. Indeed, some
readers may well remember the front
panel displays used on early computer
systems, such as the first micro based
system the Altar 8080 launched in 1976.
These early systems lacked any ROM
based monitor programs and instead
relied on the user entering a 20 byte boot-
strap program, using switches and LEDs
on the front panel to display and change
memory addresses and contents. A front
panel could be quite easily constructed
using these simple I/O circuits.

Multiplying Output by
Multiplexing
If we can switch a single LED on and off,
we can also use the output lines from a
computer system to display the digits
from 0 to 9 on a conventional LED based
seven segment display. A simple circuit to
drive a single 7 segment display is shown
in Figure 2. Since this circuit controls

is used when a large amount of data
needs to be transferred, such as
uploading or downloading programs, or
when the data needs to be manipulated
in more sophisticated ways, such as
being output in graphical format. Other
forms of human interface with a micro-
processor system may simply involve
selection of a particular function, or a
display of current status. This is best
performed using local dedicated I/O
circuitry and it is this type of user inter-
face circuitry that we shall be looking at
this month.

The Simplest Dedicated I/O
Circuitry
The simplest form of input and output on
a microprocessor is a single LED and a
single switch. A single LED display circuit

COMPUTER
OUTPUT PORT

ULN2803

P

P1

I >-
P4 >->

P6

ALL RESISTORS 270R

A

G

V 0.4,

Figure 2. Single 7 -segment display where each segment is a separate led.
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every segment we can also use it
to output the alpha characters A
through to F, thereby enabling
output of numbers in hexadecimal
as well as numerical format.

Of course, we might very well
want to display more than one
seven segment character, for
example we would need six digits
if we wanted to display the time in
hours, minutes and seconds.
Allocating a separate output port
to each digit would be one way of
doing this, but given the general
scarcity of I/O ports, far from the
most efficient way. A far better
way is to use a multiplexed
display which, in the time display
example, would use just two ports
instead of six.

As can be seen from Figure 3.
a four digit multiplexed display is
quite simple to implement. The

P83

PB2

PB1

PBO

PIO/PIA

PA6

PA5

PA4

PA3

PA2

PA1

PAO

R1

R2

R3

R4

NOTE:
IC1 74LS240
01-04 2N3638
R1 -R4 4k7
R5 -R11 270R

g

e
d

11.4A4

b ll
a

Figure 3. Four digit multiplexed hexadecimal display
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lmS-LF C71 TIME

U
TIME

seven input lines to each of the
four seven segment display modules are
connected in parallel to the driver chip
and thence to the processor output port.
Thus, all the segment 'a's are connected
together, all the segment Vs, etc. The
common output of each display module
would normally be connected to either
Gnd or +5V (depending on whether the
driver chip is sourcing or sinking the LED
display current), in this case connected to
+5V via a transistor. The function of these
four transistors is to switch the individual
display off or on, the switching control
being provided by four lines from an
output port, each connected to the base
of a transistor via a 4.7K ohm resistor.

This circuit allows each seven segment
display module to be turned on or
off under computer control. In this
way, we can turn module one on,
then output the data for the
segments to be lit in that module.
We can then turn the first module
off and the second one on, and
output the data for the segments to
be lit in that module. The multi-
plexing process thus involves using
the on/off switching of the four tran-
sistors to rapidly display one seven
segment module at a time, in
sequence. If we do this fast
enough, it will appear to the human
eye that all four modules are being
displayed at the same time.

The processor will, of course,
have to know which segments to
turn on and which to turn off. This
means that for each number or
alpha character that is to be
displayed, there will have to be an
entry in a character generator

table stored in memory, where each
entry details which bits are to be turned
on and which turned off, thus:

Character Memory bit 0 1 2 3 4 5 6 7
0 1 1 1 1 1 1 1 0
1 0 1 1 0 0 0 0 0
2 1 1 0 1 1 0 1 0
3 1 1 1 1 0 0 1 0
And so on...

This is a typical example of how software
can be used to replace a task that would
otherwise be done with hardware. Note
that since only seven output lines are
needed to supply data to the seven
segment displays, bit seven in the above

table is left blank. This, of course,
assumes that lines 0 through 6 of the
output port are actually used - if lines 1

through 7 were used, then the table would
be shifted one bit to the right and all the
bit Os in the table would be set to 0.

We can cut down the requirement for
output port lines even more if we do not
need to display any of the six alpha char-
acters and just confine ourselves to
displaying numerical data. We can do
this by deriving the seven input lines to
the display modules from a BCD to
seven segment decoder, such as a
7447. A circuit using this technique is
shown in Figure 4 and, as can be seen, it
is possible to use this circuit to display a

NOTE:
ICI 7447
01-04 2N3638
R1 -R4 4k7

RI R5 -R11 270R

PA7

PA6
R2

PA5
R3

PA4
R4

PIO/PIA
+510

R5LT RBO RBI
PA3

g

PA2 C
R6

d

B IC1
R7

PA1

R8
PAO A d

R9

R10

0
R11

a

(04

MI A4

Q3

A3

02

A2

4.5Vcy..
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Figure 4. Multiplexed 4 -digit numeric
display
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four digit number
using just a single
eight line output port.
This circuit also has
the added advantage
that character genera-
tion is done by the
7447, the only neces-
sary output being a
four bit BCD number.

If a full alphanu-
meric, or even
graphics, display is
required, then it could
be constructed using
5 x 7 dot matrix
displays. Enough
modules would be
needed to display the
message or the
graphics image, but
the technique of
creating such a
display is much the
same as that used to
create the seven
segment display.

A simple 5 x 7 dot
matrix display circuit is
shown in Figure 5. It
obviously has too
small a resolution to
display more than a
single text character,
but could be used to
display symbols or
icons of various sorts.
The dot pattern would be simply stored
in memory as five consecutive bytes, or
more if the matrix was made larger.

With a dot matrix display, it is not
really practical to use any form of
decoding chip, since the number of
display permutations is quite large.
Furthermore, it is much easier to do it
with software. However, when the matrix
is enlarged, the number of columns to be
scanned may become rather large. In this
situation, it is a good idea to use a demul-
tiplexer to generate the column outputs,
so a four line to sixteen line demultiplexer
chip such as the 74154 could scan
sixteen columns, but only use four output
port lines. This is shown in Figure 6.

Given the high speed at which the
processor operates, it is quite possible to
produce large scanned dot matrix LED
arrays, the only real constraint being
current consumption (the switching tran-
sistor must be able to carry the current)
and cost. For example one could easily
create a display for a solid state oscillo-
scope using perhaps a 30 x 28 dot
matrix. However, at this kind of resolution
it is probably better to start thinking of

PROCESSOR
OUTPUT
PORT

ULN2803
DRIVERS

II

DJ

7x5 DOT MATRIX LED DISPLAY

Figure 5. Simple dot matrix display

using an LCD graphics display module.
Such modules are widely used in

laptop and notebook computers and
feature their own in-built
character generator and
microprocessor controller.
This makes interfacing
such modules to a
computer much easier,
and less of a drain on main
processor time. They are
quite expensive, about MO
for a 256 x 64 dot display,
but the best solution
where a local alphanu-
meric or graphics display
is required. On the whole
though, it is best, wherever
possible, to download
display tasks of this nature
to a communicating PC.

From Switches to
Keyboards
Just as we can create an
LED display by connecting
each individual LED to the
output line of a computer

I/O port, so we could
also create a keyboard
by connecting each
keyswitch to an input
line on a computer I/O
port. Fortunately multi-
plexing comes to our aid
once more and there is
no need for such brute
force techniques.

As can be seen from
the simple sixteen key
scanned keyboard in
Figure 6, we can
organise any keyboard
in the form of a matrix. In
this case it is a 4 x 4
matrix. Four of the lines
are derived from an
output port and four
from an input port. Each
key switch will, when
closed, make a contact
between one of the
input lines and one of
the output lines. Which
input line and which
output line are
connected form a
unique combination, a
combination which can
be decoded to provide
information about which
key was pressed.

The keyboard is
scanned by toggling
each of the output lines

in turn. When the output line has been
pulled low, the system checks the input
lines to see if any of them has also gone

Figure 6. A simple scanned matrix keyboard.
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Figure 7. Scanned
keyboard with IRQ
input

IRQ ZT

low. If one has, then the system has
identified the fact that one of the keys
has been pressed. The combination of
the binary value on the output lines and
the value on the input lines can then be
used as the index on a look up table,
which will tell the system which key has
been pressed and assign to that key
press some appropriate value or action.

You will find scanned matrix
keyboards of this sort on all kinds of
equipment, including push button
phones and calculators (when scrapped,
both of these make good sources of
such keyboards). Some of these use
decoder chips, but once again there is
little need for such extra hardware since
the task is very easily performed by soft-
ware. On large matrix keyboards, a
demultiplexer such as the 74154
attached to the output scanning lines will
reduce the need for I/O port lines.

In order to further reduce the need for
I/O port lines, some commercial systems
actually combine the scanning output for
the display with that for the keyboard,
thereby making the same circuitry
perform two tasks.

Problems with Keyboards
There are several problems associated with
keyboard inputs. Firstly, knowing when
they take place, secondly guarding against
multiple concurrent keypresses and lastly,
overcoming the problem of keybounce,
which can all too easily generate spurious
multiple keypresses.

The problem of knowing
when a key is pressed can be
approached in one of two
ways. We can regularly scan
the keyboard, say ten times a
second (this should be ample to
catch all key depressions, since
the average human keypress
on a keyboard is between one
tenth and one second in dura-
tion) and check for the depres-
sion of any key. Or we can add
some simple hardware to the
system which will cause any
keypress to generate a system
interrupt, which will then initiate

a keyboard scanning procedure
to find out exactly which key
was pressed.

For most small simple
systems, the interrupt
method is probably the
easiest and best. It obviates
the need for additional
circuitry to provide the
regular interrupt that calls
the keyboard scanning
routine and also frees the

processor from the overhead of
checking the keyboard, often a very
important consideration in speed sensi-
tive applications.

Generating an inter-
rupt when a key is
pressed is actually quite
simple, providing we
are not using a demulti-
plexer. If we leave all
the output, row, lines
high, then pressing any
key on the keyboard
will send one of the
column input lines high.
Connecting all the
column lines to a NOR
gate, as shown in
Figure 7, will then
generate a negative
going IRO pulse when-
ever any key is pressed,
thereby initiating the
keyboard scanning
routine.

Eliminating multiple
concurrent keypresses,
or the user simply
holding a key down for
an unduly long time, is a
function which must be
included into the
keyboard scanning
routine. The way to do

this is to make a rule that a valid multiple
entry will only be accepted when the
keyboard input has returned to 'zero',
thus differentiating between two succes-
sive characters. This way, if we want to
type 99, there has to be two distinct
keypresses rather than one continuous
one. The way this can be done is shown
in the flow chart in Figure 8. By storing a
record in 'STATE' of what key was last
pressed, as well as the fact that a key
was pressed, we can solve the problem
of two keys pressed at the same time,
thus providing two key rollover.

Keyboard bounce is a problem which
can also be solved using software. The
problem is caused by the fact that when a
switch is closed, the contacts will tend to
bounce for a few milliseconds. Normally,
this would be unimportant but with a
system clock running at several mega-
hertz, a few milliseconds is a very long
time and more than sufficient to generate
a multiple character input thanks to the
bouncing contacts on the keyboard.

The only way to overcome this
problem is to use a fast sampling loop to
repeatedly look at the state of the line
attached to the key. Only when the state
of that line is steady over a number of
cycles through the sampling loop will it
be accepted as a valid keypress.

MAKE THE 'STATE'
FLAG BE CLEAR

Figure 8. A flow
diagram for a
keyboard scanning
routine that checks
for multiple
keypresses.

MAKE THE 'STATE'
FLAG BE BUSY

ACCEPT
AND

PROCESS
CHARACTER

Next month.  a
We will took at parallel and serial communications

between a microprocessor and a computer.
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AMPLIFIERS from

clUmFgrff
UK Distributor for the

complete ILP Audio Range

BIPOLAR AMPLIFIER MODULES
Encapsulated amplifiers with integral
heatsink.
HY30P 15W Bipolar amp
HY60 30W Bipolar amp
HY6060 30W Stereo Bipolar amp
HY124 60W Bipolar amp (4 ohm)
HY128 60W Bipolar amp (8 ohm)
HY244 120W Bipolar amp (4 ohm)
HY248 120W Bipolar amp (8 ohm)
HY364 180W Bipolar amp (4 ohm)
HY368 180W Bipolar amp (8 ohm)

MODULES
Encapsulated amplifiers with integral
heatsink.
SMOS60 30W Mosfet amp
SMOS6060 30W Stereo Mosfet amp
SMOS128 60W Mosfet amp
SMOS248 120W Mosfet amp

CLASS A AMPLIFIER MODULE

£9.95
£12.62
£26.46
£20.69
£20.69
£27.38
£27.38
£42.86
£42.86

£23.15
£39.95
£30.95
£42.50

Encapsulated Class A amplifier with integral
heatsink
HCA40 20W Class A amp

POWER SUPPLIES
Full range of transformers and DC boards
available for the above amplifiers.

100 VOLT LINE TRANSFORMERS
Full range of speech and music types for
amplifiers from 30 watt to 180 watt

PREAMPLIFIER MODULE
General purpose preamplifier for a wide
range of applications.
Prices include VAT and carriage

£36.60

Access

1W
Quantity prices available on request

Write, phone or fax for free Data Pack

Jaytee Electronic Services
Unit 171/172, John Wilson Business Park,

Whitstable, Kent CT5 3RB. U.K.
Tel: (0227) 265333 Fax: (0227) 265331

SECURITY EQUIPMENT
COMPLETE SYSTEMS FROM ONLY £63.95
CONTAINING THE LATEST MICRO BASED CONTROL UNIT
MINIATURE P.I.R SENSOR, CABLE, BELL BOX, SIREN, ETC

PLUS FULL RANGE OF SECURITY ACCESSORIES IN STOCK

QUALITY AUDIO MODULES
FROM 10 - 125W

PLUS PREAMPLIFIERS, AND MIXERS, FOR BUILDING DISCO
AMPLIFIERS, PA SYSTEMS GUITAR AMPLIFIERS ETC

* FREE LITERATURE
AUTONA LTD 51E POPPY ROAD,

PRINCES RISBOROUGH
TEL 0844 346326 BUCKS HP27 9DB

ATTENTION ALL
NORTH AMERICAN READERS!

Did you know that you can order an
annual subscription to this magazine
direct from our official U.S. subscription

representative?

For more information and rates contact:
Wise Owl Worldwide Publications,

4314 West 238th Street,
Torrance, CA 90505
Tel: (310) 375 6258

Clayton Wood Close

DA TONG West Park
Leeds LS16 6IIE

ELECTRONICS LIMITED Tel: 0532 744822
Fax: 0532 742872

II For products you can rely
upon to give amazing results

For information on Active

Antennas, RF Amplifiers,

Converters, Audio Filters, the
Morse Tutor and Speech

Processors send or telephone

for a free catalogue and

selective data sheets as

required.

All our products are designed
and made in Britain.

Orders can be despatched

within 48 hours subject to
availability.

- VISA AND ACCESS WELCOME-
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An Experimenter's
Computer

ave you ever had the need to
control some device just to see how it

works? A stepper motor, flashing lights display, pulse
decoder for a radio clock?

The best way to do this, by far, is to use some kind of micro -
controller. In a professional environment, a company can
purchase a development system from the chip manufacturer
with all the hardware required and special development soft-
ware built in. This, of course, is out of the question for
amateurs. So, wouldn't it be nice to have some kind of low cost
development system that allowed us to experiment in a totally
interactive environment? Most enthusiasts have access to a
computer capable of supporting serial communication, in the
form of RS232 and this is all you need to use this Z80 based
experimenter's board.

The hardware is not particularly spectacular, as Z80 was
chosen because it's cheap. There are a lot of people who know
Z80 assembler (although this is not necessary) and it's very
easy to get hold of. Discrete components were chosen for
input/output, rather than the purpose made Z80PIO, again to
keep the cost down. Also, because it's an experimenter's
board, the I/O chips are likely to get damaged and these are
cheaper to replace than a PIO.

The software is what makes this board special. In other
development boards, you need to learn the assembler language
for the particular micro, write the code, assemble it, download it
to an EPROM blower or emulator, test it and then resume the
cycle again. In this system you can develop an application in
either a high level language or assembler (both are built in). This
can be done fully interactively - for example, you can cause
LEDs to light up or motors to turn by typing the appropriate
words at the keyboard. When you have developed an applica-
tion, type "AUTO" and the board will work stand-alone for as
long as the batteries supply power to the CMOS RAM.

It is intended that a range of projects can be produced for
this board and among them may be:

LCD Display
Keypad Input
Stepper motor interface
Capacitance meter
Portable teletype

Build Jim Spence's inexpensive
and versatile FORTH computer

Features:
4MHz Z-80 processor
16 input port lines
16 output port lines
32kb EPROM
32kb RAM (battery backed
up)
RS232 port

FORTH compiler and Z-80
assembler in EPROM
Low cost - under £30

(note if you do not wish to
use FORTH, then this board
is an excellent basis for any
low cost, versatile, stand
alone processor system)

Hardware
The hardware is extremely straightforward and has been
designed with cost in mind. IC4 A to C form a clock generator,
along with crystal X1. It is an unusual frequency of 7.32728
MHz in order to generate an accurate Baud rate for IC10. IC5 is
a divide by 12 counter, the first stage of which is a divide by 2
giving the CPU clock. The RAM and ROM areas are evenly
divided into the available address space of the Z80 CPU. The
ROM begins at 0000h and ends at 7FFFh and the RAM begins
at 8000h and ends at FFFFh. This address space is decoded by
address line Al 5 and gated with the MEMRQ signal.

Battery backup is provided by 2 x 1 5V dry cells, Bl. At
power down the RAM's chip enable (20) and power supply pin
(28) need to be held high. This is done by a simple diode and
resistor arrangement, which has proved quite satisfactory.

Note that it is important that only a 7402 device is used. A
74HCT02, LS or HC type either pulls the output pin low when
powered down or consumes a heavy current. Although the
arrangement is simple, it was found that the batteries could be
changed without the loss of program data. Increasing the size
of C4 would give an even greater safety margin.

Input/output decoding is carried out by IC7 and address
lines Al to A3 with the IORQ signal. This arrangement gives an
address map which goes up in twos, see table 1. The choice of
I/O device was governed by the fact that this is an experi-
menter's board and it is much cheaper to replace a single
74HC574 than, say, a Z8OPIO or an 8255 I/O device. You can
also have as much or as little I/O as you like (up to the
maximum on the board) simply be inserting or leaving the
device out.

An RS232 interface is essential to this board and this is
provided by an 8251A (IC10) in conjunction with IC13. The
clock is derived from the divide by 12, which produces a
frequency of 614.4 kHz. This is then divided internally by 64, by
IC10, to give a Baud rate of 9600. Further divisions to the clock
frequency could have been made, which would have given a
choice of Baud rates, but this would have added to the overall
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cost. It is important that the 8251, type A, is used as this is able
to operate with a clock frequency of 615kHz.

The RS232 interface is provided by IC13. If your terminal or
computer can accept 5V signals, then this can be omitted.

TABLE 1
I/O Addresses

0 & 1 IC8 (output)
2 & 3 IC11 (output)
4 & 5 IC7 (input)
6 & 7 1010 (input)
8 & 9 spare
A & B spare
C & D spare
E IC12 (data)
F IC12 (control)

Serial Interface
To avoid the usual trouble with RS232 serial interfaces,
no hand shaking has been implemented. The clear to
send line has been grounded on the board for this
purpose. If you are connecting the board to a PC, pins 5,
6 and 20 will need connecting together at the PC side.

PC BOARD
female male
2 2

3 3

7 7

5

6

20

Software
Built into the firmware is a programming language which
could have been specifically designed for controlling
small CPU boards. It is a completely interactive high
level language. Unlike BASIC it is a Compiled language,
which means that it is much faster. If you need real time
or speed, then there is a built in Z80 assembler which
actually assembles the code as you type it in. When you
are happy with the application you have designed, you
can make the firmware run your program at switch on,
thus providing a completely stand alone application.

So what is this high level language? Well, if you
promise to keep reading, it's FORTH. Unfortunately,
this word, among anyone who has ever programmed,
provokes violent reactions either for or against it.

I firmly believe that you should choose a language to
suit your application. It is true that you can write a data-
base application in FORTH but why, when there are
several languages specifically designed for this task,
dBASE to name but one. Likewise, it is not practical or
feasible to program a small board such as this in
dBASE. C is used for many things, with control being
one of them, but for sheer interactiveness and speed of
development, not to mention compact size, for this type
of application there is nothing to beat FORTH.

Computer Requirements
The board needs connecting to a terminal. This can be
either a stand alone terminal or, more likely, a computer
running some Comms. software. For simplicity, only

transmit and receive have been implemented, no handshake is
required and it is a fixed Baud rate of 9600. An IBM PC
computer is ideal, running the windows Terminal program.

Construction and Testing Procedures
Use sockets for all the ICs. It really is a false economy not to
and it gives you that peace of mind, knowing you can replace
any suspect component. If you are using a PCB, then just make
sure there are no dry joints or shorted tracks.

To keep costs down, a single sided board has been used,
but the penalty for this is all those links. If you are making the
board yourself, then a good idea is to make a copy of the top
side of the board and accurately glue it to the top of the PCB,
effectively giving a cheap form of silk mask.

Put the links in first. Insulated wire should be used for the
links, which are shown dashed. Make sure all the links are in
place before inserting any sockets. Solder in all the components
but don't insert any ICs.
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Before inserting any ICs, connect the power and test all the
sockets for the power supply and correct polarity. Now insert
IC4, IC5 and the crystal. Power up and test for a clock signal.
Use a scope or logic probe or, if you are on a very tight budget,
a transistor radio placed anywhere near the board will howl and
whistle if the clock is working. If it is not, then it is simply a
matter of checking the wiring and connections. As a last resort,
change the ICs.

Once the clock is working, disconnect the power and insert
101, IC3, IC6 and IC7. Connect the power again and pin 15 of
IC7 should be slowly pulsing high and low (half second high and
half second low). This is a diagnostic check indicating that there
is no RAM present. The IORQ line of the processor should also
be pulsing. If this is not the case, check the reset circuit and see
that it delivers a negative going pulse when the button is
pressed. Some of the low address lines should be pulsing and
the data lines should also be pulsing. Check for short and open
circuits in the data and address bus. The chip enable pin (pin
20) to the RAM should be high and the chip enable pin to the
ROM should be low.

Following the above, it's now time to test the RS232. The
board has been design to transmit on pin 3 of the 25 way
connector (pin 14, IC13) and as such, with the board powered
on, pin 3 should be a steady 10V negative. Insert 1010 and
IC13. Observe this voltage with an analogue meter and press

z

the reset button. The reading should deflect towards OV for
about one second. This is the message telling you that there is
no RAM on board. All being well, connect up to your RS232
interface, making sure that your computer is expecting to
receive signals on pin 3. Set your Comms. program to 9600
baud, no parity, 8 bits and two stop bits. Make sure any hand
shaking is switched off and press reset again. You should see
a message informing you that there is no RAM in the system.
If you have got this far and are not getting any message on
your computer screen, then it is the interface between the
board and computer, or the Comms. program you are using
which is at fault.

Assuming the board is working so far, insert the RAM, 102
(powering off first) and you should get the sign on message
followed by "ok [H]". Pressing return on the keyboard will result
in the board returning "ok [H]". We are now ready to begin.

Next month Imo
We will be looking at implementing the control software,
the FORTH compiler and Z-80 assembler as well as
giving a full introduction to programming and using
FORTH to control external equipment.

Resistors Semiconductors MiscellaneousR5, R6 2k2 5V 1A Regulator 7805cv 1 Battery Holder (2 x AM)R2, R3 10k IC1 Z80 1 Heat sinkR4 4k7 IC2 62256C 1 25 way female angled D connectorR1 1k5 IC3 7402 1 9V Power socket
IC4 74HC14 3 14 Pin SocketsCapacitors IC5 74HC92 2 16 Pin SocketsC2, C3 15pF IC6 27C256 4 20 Pin Sockets

C10 -C16 0.1µF IC7 74HC138 3 28 Pin Sockets
C1 3.3µF IC8, 1011 74HC574 1 40 Pin Socket
C4 -C7 22µF IC9, IC12 74HC541 4 10 Way SIL pinsC8, C9 220µF IC10 8251A 1 PCB

IC13 MAX232
D1, D2 IN4002
Crystal 7.3728MHz
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FANTASTIC SAVINGS ALL PRICES INCLUDE VAT

ON
AND MORE !!!

/Z.,/
METER 434 DIGIT DMM
M4650 N 30 Range 45 0196
Display 17mm  0.05% Accuracy.
Features  2 -Range Frequency
Counter II 3 -Range cap test
 Transistor and Diode Test
 Conhnuity LED and buzzer IN Data

hold switch II 5 -ranges AC/DC Volts
 AC/DC current to 20 Amps
 With leads, battery, instructions
and hard case
(was 677 95)

NOW ONLY 9 95
ZMAIMMIVIV

MX190
 19 Rang* 311 Digk Features
 AC/DC Volts (0.7%)  0-10 ADC
current  0/2W2MEG onmreststance
 Diode test  Signal Infector lunchon
 Wrth leads.

'(wes £15.95) 1E14.95
battery andeg=1

Full details send for instruments
info pack (SAE 36p UK) Ref: TG

TL34  33 Range  3,1 digit
24mm Large Display
Features  5 Capacitance ranges NI 6 -
resistance ranges to 20M ohm  Diode
and transistor test  5 AC/DC volts
ranges Bow 0 5% accuracy
MI 5 ranges AC/DC current to 20 Amps
 With leads, battery and instruclions
(was E32.95)

NOW E29
95ONLY .

_f7,7 -

r TEST METERS -1
LCR Meter  3/Digit  7 Cop  6
inductance  7 resistance ranges E69.95
Capacitance Meter  3/ Digit
 9 ranges 18mm t CD display E69.95
Digital Lux Meter
 3 ranges  3/ Moil LCD II Data hold
output terminal E68.95
Sound Level Meter
 40 to 120 db  Two ranges E51.95
Analogue Clamp Meter
 0/300 amps  AC 5 ranges  0/750
VAC 0/75v DC  0/200 K OHM 636.95
Digital Clamp Meter
 3/Digit  I 1 ranges Ind temperature
 Data hold etc 663.50
AC/DC Current Clamp
O 0/2000 amps AC/DC two ranges for
use with Dmm s E58.95
Temperature Measurement
 Dual input 36 Digit 1c/1f with
thermocouple (XI) 645.95

BENCH INSTRUMENTS
Digital LED Capacitance autorange
bench meter 0 1% 499.95
LCR bridge 6126.00
7 Digit frequency I OHZ to 200MHZ

4.89.95A

111 Stipp
P24ov

0/30,777.*° rneeS
dc CV5amPs 679. 95

cam amps 697,00
5.15v

ne
amps 13a6s.ME.::

WAAL son, rEs7
6 Range RF :SGen 100

KHZ to
-

S41%1:6° Gen )0Cz r041124'Z
g epis5HZ te500angKHZ Function

Gen 448.Z"
St16

ALL PRICES INCLUDE VAT
OPEN 6 DAYS A WEEK

tiEnRY c T4e04 0E7c19.72a4re35R6d4, /L0o7n1d.2o5n8W182311E D

1 Fax: 071-724 0322
AUDIO ELECTROIIICS

Lubegate Ltd) Discounts for quantity and education [ .

WE HAVE THE WIDEST CHOICE OF USED

OSCILLOSCOPES IN THE COUNTRY

TEKTRONIX 2235 Dual Trace 100MHZ Delay Sweep MOO
PHILIPS 3065 2.1 Channels 100MHZ Dual TB Delay
Sweep t700
TEKTRONIX 475 Dual Trace 200MHZ Delay Sweep L550
TEKTRONIX 4650 Dual Trace 100MHZ Delay Sweep L500
TEKTRONIX 465 Dual Trace 100MHZ Delay Sweep [450
TEKTRONIX 2215 Dual Trace 60MHZ Delay Sweep [450
TEKTRONIX 455 Dual Trace 50MHZ Delay Sweep COO
HITACHI V650F Dual Trace 60MHZ Delay Sweep [400
HAMEG 605 Dual Trace 60MHZ Delay 0400

[400
[225
1200
[126
[400

PHILIPS PM3217 Dual Trace 50MHZ Delay Sweep
IWATSU SSS5702 Dual Trace 20MHZ
GOULD 05300 Dual Trace 20MHZ
GOULD 052500 Dual Trace 15MHZ
HITACHI 0209 Dual Trace 20MHZ Mains/Battery
TELEOUIPMENT D32 Dual Trace 10MHZ Mains/battery
TEKTRONIX 2430 Dual Trace 150MHZ Digital Storage [2000
TEKTRONIX 466 Dual Trace 100MHZ Delay Sweep Analogue
Storage LMO
M.P. 1741A Dual Trace 100MHZ Delay Sweep AnalogueSt°fA50THIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE

PHILIPS PM5193 Programmable synthesizer/Function
Generator 0 1MHZ - 50MHZ IEEE -488 As new [1500

MARCONI 2919 Synthesized AM/FM Sig Gen
80KHz-1040MHz L2000
RACAL 9061 Synthesized AM/FM Sig Gen
1.5 - 520MHz L600
FARRELL PSG520H Synthesized AM/FM Sig Gall
100KHz - 520MHz
WAVETEK 802 Pulse Generator 50MHz [300
RACAL/DANA (Interstate) P25 Pulse Gen 1Hz-5131MHz
Dual utput
H.P. 8011A Pulse Gen 0 1Hz - 20 MHz Pos/Neg/Sym [200
LYONS PG73N Pulse Gen PRP 1Hz - 20MHz 5 ??rrn C150
PHILIPS PM6309 Distortion Meter not% [300
H.P. 5341A Frequency Counter 50MHZ4.5GHz
RACAL 1998 Freq Counter 1 3GHz (GPIB & High Stab) £900
RACAL/DANA 1991 Universal Counter/Timer 160MHz 9
digit [800
ROTEK 610 Calibrator AC/DC 01750
WILTRON 560 Scaler Network Analyser with detectors [1000
H.P.5006Signature Analyser [150
LINDOS LAI Mk28 Audio Analyser [500
COSSOR 1081 Optical Cable Fault Locator L1500
BICCOTEST T0.31M Cable Test Set [1000
GAY MILANO Line Volatge Abalyser L500
H.P. 7470A Plotter 2 pen A4 HPI8 L200

SPECTRUM ANALYSERS
HP 141T with 855A & IF plug-in 10MHz .1801.1z 0000
HP 141T with 85540 & 6552E1 5031KHz - 1250MHz 01300
HP 1413T with 8554L & 8552A 500KHz - 1250MHz L1000
HP 141T with 8556A & 85528 20Hz - 300KHz L1000
HP 140T with 65536 & 85520 160Hz . 110MHz 12100
MARCONI TF2370 - 110MHz 01500
HP 182c with 135513 100KHz - 1500MHz L1500
HP 3582A 0.02Hz - 25.5KHz 02000

DATRON 1061A - Multimeter
61/2 digit True RMS AC/Current

1050DATRON 11365 . Multimeter 51/2 digit AC/DC/Ohms IEEE [600
HEWLETT PACKARD 3490A Bench Multeneter 51/2 digit
AC/DC/Ohms L200
PHILIPS PM2534 Multifunction DMM 61/2 digit.
GP18/IEEE [450
MARCONI Digital Frequency Meter 2430A 10Hz-100MHz [125
MARCONI Digital Frequency Meter 2431A 10Hz-200MHz [150
MARCONI Universal Counter Timer 2437 DC-100MHz [175
MARCONI Universal Counter Tinter 2438 DC-520MHz C22.5
HP 33110 Function Generator 0.1Hz-1MHz Sine/Sq./Tr [125
BLACK STAR Jupitor 503 Sine/sq/Tri 0 tHz - 500KHz LTD
FEEDBACK FG6000 Sine/Sq/tri 0.01Hz - 100K H2 050
MULTIMETER HAND HELD M2355-32 ranges AC/DC 10
Amos Diode7ransistor Tester. Freq counter [32.50

CHASE HER 2000 INTERFERENCE MEASURING
RECEIVER WITH MAINS NETWORK [1750

HP 86900 Sweep Osc with 86974 Plug-in 26 5-40GHz . E300
RACAL/DANA RF Power Meter 9140 E400
RACALJDANA 9341 Databridge Automatic L C R. &O. L350
WAYNE KERR 0905 Automatic Precision Bridge 0.05% . £900
WAYNE,vy4 KERR 6605 Automatic Component Bridge 0.1% 6350

KERR 8424 Digital Component Tester LCR E125
FARRELL PSU TVS7OSIK2 0-70V 5A, 0-300 10A L300
FARRELL PSU H60/25 0-60V 0.25Amps Metered [400
FARRELL 830/20 0-300, 20Amps L250
FARRELL 830/100-300. 10Amps [200
H.P. 620900.3200, ao lAmps Metered 1125
BRANDENBURG 4728 PSU 1-2KV f200
MARCONI TF2700 Universal LCR Bridge. Battery from L150
FARRELL LA520 RF Power Amp 1 5-520MHz 300mW . [175
RACAL 9100 Absorption Wattmeter 1MHz-IGHz 3W [100

FARRELL ISOLATING TRANSFORMERS 2400 50006 un-

used L50

Isolating Transformer 500VA L30

NEW EQUIPMENT
HAMEG OSCILLOSCOPE HM 1005 Triple Trace 100MHz
Delay Timebase L047
HAMEG OSCILLOSCOPE HM 804 Dual Trace 60MHz
Deis). Sweep E553
CAMEO OSCILLOSCOPE HM203. 7 Dual Trace 20MHz
Component Tester £362
HAMEG OSCILLOSCOPE HM205 3 Dual Trace 20MHz
Digital orage L853
All other models evadable - all oscillosopes supplied with 2

probes

BLACK STAR EQUIPMENT (p&p all undo L5)
APOLLO 10-100MHz Counter Timer Ratio/Period/Time interne!
etc L222
APOLLO 100 - 100MHz (As above with more functions) 1:325
METEOR 100 FREQUENCY COUNTER 100MHz 0100
METEOR 600 FREQUENCY COUNTER 600MHz L135
METEOR 1000 FREQUENCY COUNTER 1Gliz L171
JUPITOR 500 FUNCTION GENERATOR 0.1Hz-50014z Sine/So/
To L110
ORION COLOUR BAR GENERATOR PAI/TVNideo 02211

All other Black Star Equipment avaialable

OSCILLOSCOPE MODES Switchable xl: x10 (P&P £3) L12

Used Equipment - Guaranteed. Manuals supplied it possible.
This is a VERY SMALL SAMPLE OF STOCK SAE or Telephone for lists Please check availability before ordering. CARRIAGE

all units L16 VAT to be added to total of Goods and Carriage

STEWART of READINGmoo 110 WYKEHAM ROAD, READING, BERKS RG8 1PL
Tel: (0734) 268041 Fax: (0734) 351896. Callers welcome gem-5.30pm Mon -Fri (until Rpm Thurs).

prip. Bits
WO 994 PM 0.

These difficult to locate small size drills are
exclusive to ASP readers at a very special
price of £7.99.
They normally retail for £10.40 so
ASP readers can save £2.40 and we will
post them to you free.
Useful on almost any material for small
detailed work these drills have an application
in all hobby and model making crafts.

Our exclusive Drill Bits are a low cost and invaluable
addition (or replacement) for any tool box.

Please supply ROC/13 @ £7.99
I enclose my cheque /P.O. for £ payable to ASP or please debit my
Access Visa

Credit card orders
0442 66551 (24 HRS)

Signature Expiry

Address

Post Code:

Please allow 28 days for delivery U.K. only. Overseas upon request.
Coupon to: ASP Reader Offers, Argus House, Boundary Way, Hemel Hempstead, Herts.HP2 7ST.

Please note the above information may be used for marketing purposes.
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PLASTIC
BOXES

A RANGE OF SMALL PLASTIC BOXES,
CASES AND POTTING BOXES AVAILABLE

IN ANY QUANTITY.

SEND FOR FREE CATALOGUE

SLM (MODEL) ENGINEERS
CHILTERN ROAD, PRESTBURY,
CHELTENHAM, GLOS GL52 5J0

FAX: 0242 226288

ELCIA
THE TRANSMITTER PEOPLE

4 WATT PPO FM BROADCAST (Built)
TRANSMITTER: with Low Pass Filter
Modulation 75KHz Wide Band
Range up to 4.2 miles
Supply 10-16 Volts AC/DC
Current 250mA
Audio Input 100mV (ADJ)
Frequency Range 88-108MHz FM
Stability 20KHz
Size W. 70mm, D. 90mm, H. 50mm.
MANY USER CONTROLS Price: £23.50

7 WATT PPO FM BROADCAST (Built)
TRANSMITTER: Higher Watt Version of above
Transmitter 7 miles range Price: £52.50

KIT: 3 WATT TRANSMITTER 80-108MHz
Coil Tank Controlled up to 3 miles range.
Supply 12V de at 0.5 amps Price: £1 2.50

ALL PRICES INCLUDE VAT
PLEASE ADD £1 P&P PAYMENT WITH ORDERS TO:

DELCIA ELECTRONICS,
14 ST. MERYL PARK, GLEN ROAD,

BELFAST, BT11 8FY.
Tel: (0232) 611995

Please send 2 x 1st class stamps for our catalogue
24 Hour Turn Around

Hesing Technology (Hi
Cromwell Chambers, 8 St. Johns Street,
Huntingdon, Cambs. PE18 6DD

Tel: (0480) 433156
Fax: (0480) 413357

TEST EQUIPMENT SYSTEM CONSULTANCY

Supply

Maintenance

Commissioning

Replacement Parts

Supply of Service &

Operators Manuals

Components

Distributors for:
WAUGH INSTRUMENTS, RAMTEST LTD, KRENZ ELECTRONICS, PANTHER

OMNI ELECTRONICS
174 Dalkeith Road, Edinburgh EH16 5DX  031 667 2611

The supplier to use if you're looking for -
* A WIDE RANGE OF COMPONENTS AIMED

AT THE HOBBYIST *
* COMPETITIVE VAT INCLUSIVE PRICES *

* MAIL ORDER - generally by
RETURN OF POST *

* FRIENDLY SERVICE *

Open: Monday -Thursday 915-6.00 =
Friday 9.15-5.00 Saturday 9.30-5.00

II SCHEMATICS CIRCUIT ANALYSIS
II PCB DESIGN  BUSINESS PACKAGES
MI TRY -BEFORE -YOU -BUY SOFTWARE

WITH OUR SHAREWARE/PD DISTRIBUTION SETS!

hit'lrytot44,6t-earalcrte.

PROFILE ELECTRONICS
100-102 WOODHOUSE ROAD, LEYTONSTONE, LONDON El 1 3NA. TEL. 081 470 2038 (24 Hours)
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a ro
ast month we looked at some
ideas, as well as the circuitry, for
a simple light sensing system

that can be used by a robot to
help it navigate around the world in

which it 'lives'. Sensors which can also
be used to enable the robot to search for
light or dark coloured objects, or follow a
white line painted on the ground, even to
track moving objects, such as a man in a
white coat. This month, we look at
assembling such a system and some
basic software which will allow it to 'see'
the world around it.

Starting Construction
On projects of this sort, especially when
they are subject to on -going develop-
ment, I have a preference for Veroboard

as the constructional medium. It has the
advantage of being cheap and is rela-
tively easy to design simple circuit
layouts (the cardinal rule when using
Veroboard is never try to cramp a circuit
onto a board which is too small, far
better to leave a lot of empty space).
Veroboard also has the advantage that,

providing one socket mounts ICs and
leaves reasonably long leads on other
components, it is easy to remove
components and recycle them for a new
version on another piece of Veroboard.

So, construction of the Robot Eye
Version 1 was on four pieces of 4 x 4in
Veroboard (I just happened to have some
pieces of this size available).

Construction was started with the
power supply. Figure 1 shows the circuit
diagram (repeated from last month) and
Figure 2 shows the Veroboard layout for
this circuit. Once the components have
been soldered to the board and all
appropriate track cuts made, it should be
visually inspected for solder bridging
tracks, etc. A meter set to check resis-
tance can then be used to check that
there is no short circuit between ground
and the positive voltage input, or
between ground and any of the three
positive voltage outputs.

Before connecting the board to a DC
power supply, this could be a bench
PSU or a battery with a voltage output
between 15 and 20V DC, the three

Optical sensors can help a
robot find out about the
world around it. In Part 2 of
this series, Nick Hampshire
looks at a simple but prac-
tical vision system

preset potentiometers on the board
should be set to the middle of their
range. Power can now be applied. With
the meter set to measure DC voltage,
check that there is a voltage output from
each of the three outputs. Then, using
the meter, adjust the potentiometer on
each output circuit so that the output is
the required voltage. The three output
voltages should be +5V, +6.2V, and
+12V and all three should be able to
provide at least 500mA of regulated
power output, sufficient for both the
motor and the circuitry.

The Motor Control Board
With the power supply board up and
working, we can now start on construc-
tion of the other three boards. Since it is
the simplest and the easiest to test, it is a
good idea to start with the motor driver
board, the circuit diagram for which is
shown in Figure 3 and the Veroboard
layout for the circuit in Figure 4.

Once this has been assembled and
the appropriate tracks cut, it should be
carefully visually checked to see that the
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Figure 1. Power supply curcuit.

layout is correct and that there are no
unintentional solder bridges between
tracks. Then, before inserting the ICs into
their sockets, a meter should be used to
check that there are no short circuits
between any of the power supply rails
and ground. If the meter shows a high
resistance, then the ICs can be added,
taking great care to ensure that they are
in the correct orientation.

The motor should then be attached.
Here, care should be taken to ensure
that the correct connections are made
The colour codes on the circuit diagram
are for the stepper motor supplied by
Maplin, although a small surplus stepper
motor from a printer or other piece of
scrap equipment will work just as well. In
this case, a meter should be used to
help identify which leads are which,
though you might find some trial and
error necessary.

The circuit can now be attached to
the I/O port of a PC parallel I/O board (I
use Maplin's Programmable PC I/O card
and the software used in this article is
based on this 24 I/O line 8255PPI card,
positioned in I/O address location $300
hex - the default location for such cards).

Since the motor driver board uses the
three 7407 buffers, it can be directly

connected to the I/O
board output port, in
this case the three least
significant lines of port
C (the line connections
are shown on Figure 3).
However, I personally
prefer to add Darlington
drivers to all the output
lines so that they can
also drive an LED as
well as the circuit under
control, making it easier
to see what is
happening. An octal
Darlington driver IC, like
the ULN2803A, is ideal.

With the motor
attached to the circuit,
5 and 12V power
applied and the control
inputs attached to the
PC I/O board, it is now
possible to test the
board. We can do this
by writing a small
program, one which
causes the motor to
turn twenty steps (on
this motor, each step is
7.5 degrees, other
motors may have
different step angles) to
the left and then twenty

steps to the right and repeatedly back

90 FOR I = 1 TO 200

100 NEXT I

110 NEXT Q

120 REM Start turning twenty

steps clockwise

130 FOR Q = 1 TO 20

140 OUT BASEADD%+2,0

150 FOR I = 1 TO 200

160 NEXT I

170 OUT BASEADD%+2,1

180 FOR I = 1 TO 200

190 NEXT I

200 NEXT Q

210 GOTO 30

This is, of course, a very simple control
program and one primarily designed to
test the circuit.

Note the use of the FOR...NEXT loop,
with the variable 'I' to generate a delay
between each output. This is necessary
to ensure that individual discrete steps
are made and to allow the motor to
come to a stop before the next step is
made. Note also that only lines 0 and 1
are used, the Reset on line 3 is often not
used at all and could be connected to
the +12V line. This means that toggling
line 0 up and down will generate the
actual steps and the steps will be in a
clockwise direction if line 1 is at logic 0
and anti -clockwise if it is at logic 1.

If you encounter problems, first check
the output from the computer - this is
where LEDs on each output line come in

Figure 2. Power supply veroboard layout.

and forth. The test program, written in
Microsoft BASIC, is as follows:

1 REM Motor test program

10 BASEADD%=&H300

20 OUT BASEADD%+3,128

30 REM Start turning twenty

steps anti -clockwise

40 FOR Q = 1 TO 20

50 OUT BASEADD%+2,2

60 FOR I = 1 TO 200

70 NEXT I

80 OUT BASEADD%+2,3

handy. Then check that the correct lines
are connected to the circuit, as it is very
easy to connect them the wrong way
round. Then, with the SAA1027
removed, check the outputs from the
7407 (a miniature low power LED
soldered to a 1.2k ohm resistor, with the
cathode attached to the ground line,
makes a handy little logic probe for doing
this, although never leave it attached to
any component for too long, since it may
draw too much current and damage the
device). Finally, replace the SAA1027 and
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remove the motor, then test the output
from the SAA1027 (again the LED probe
can be used). If the circuit checks out,
then the problem may well lie in the
stepper motor being connected wrongly
or even being of the wrong type.

With the stepper motor working under

somewhat harder.
Once the board has been assembled,

the circuit diagram is shown in Figure 5
and the Veroboard layout in Figure 6, the
next stage is to visually check it for solder
bridges, etc., and against the circuit
diagram. Then, prior to inserting the ICs

+12V0-1-10lilm

MOTR1
10k

CLOCK

R2
10k

FROM
PC

DIRECTION
3

R3

Ok

RESET
13

Figure 3. Stepper motor
control circuit.
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STEPPER MOTOR

computer
control, it can
be mounted on
a small bracket
that is attached
to a solid base,
such as a block
of wood. The
bracket should
be such that the
motor shaft
points vertically
upward. A small
pulley, gear or
wheel, should
then be
attached to the

741, but not the CA3306, making sure
that it is oriented properly and that the
power is disconnected whilst doing so.
Then, reconnect the power supply and
using a meter measure the voltage on pin
9 of the socket for the CA3306. This is
the reference voltage and can be
adjusted by turning the preset poten-
tiometer. Adjust it until the voltage on pin
9 measures exactly 4.8V.

With the correct reference voltage
being produced, we can now insert the
CA3306 and test the main circuit. First of
all we need to produce a variable input
voltage, which we can do by using a 1M
ohm potentiometer as a simple voltage
divider. Connect one end of the poten-
tiometer track to the +5V supply, the
other end to ground and the wiper to the
signal input of the circuit. Turn the wiper
to the middle before starting testing.

For testing we also need to attach the
circuit to the computer's I/O board. The
ND circuit has seven output lines and
one input. The output lines carry the
digital data for the computer to read and
are thus attached to an input port on the
I/O board, in this case lines 0 through 6 of
port B (line 0 is the least significant bit
and line 5 is the most significant, line 6 is
the overflow flag). Analogue data is
sampled by the circuit when the clock line

U
2

RESET

CLOCK

DIRECTION

Figure 4. Stepper motor control veroboard layout

+12V

04

0V

FOIL SIDE

shaft to act as
the base for the sensor optics. Thus,
when the motor turns, the optics will
scan back and forth, left to right then
back to the left and so on.

Building the Analogue to
Digital Converter.
The analogue to digital converter circuit is
more complex than either of the other
two circuits so far constructed. This is
because it involves both digital input and
output from the processor, as well as a
variable input voltage which is to be
measured. Factors which make testing

into their sockets, use a meter to check
that there are no short circuits between
the power lines and ground. All three
voltages from the power supply board
are used by this circuit, again before
inserting the ICs it is a good idea to
connect the circuit up to the power
supply and check that the correct volt-
ages are present on the appropriate pins
of the IC sockets.

The first step in testing the actual
circuit is to ensure that the correct refer-
ence voltage is produced for input to pin
9 of the ND chip. To do this, insert the

is toggled and this line is connected to
one of the output lines on port C, line 7.

We also need a test program, such as
the following short piece of code written
in BASIC:

1 REM A/D testing routine
10 BASEADD%=&H300
20 OUT BASEADD%+3,130

30 REM start inputting analogue
data by toggling clock line

40 OUT BASEADD%+2,0

50 OUT BASEADD%+2,128

60 OUT BASEADD%+2,0
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70 SENSE% = INP(BASEADD%+1)

80 REM mask out unused input

lines and overflow

90 SENSE% = SENSE% AND 63

100 REM generate delay between

each input

110 FOR Q = 1 TO 1000

120 NEXT Q

130 REM print digital value on

screen

140 PRINT SENSE%

150 GOTO 30

When you run this program with the
ND circuit attached and the 1M ohm
potentiometer wiper in the middle of its
range, the output printed on the screen
should be between about 20 and 30.

Turning the potentiometer
will raise or lower the value.

You may find that the
output is very high or very
low, in which case first check
the voltage on the signal input
with a meter. If, with the
wiper in the middle position,
the input is about +2.5V then
you know that the analogue
input is correct. Next,
recheck the
reference voltage
on pin 9 of the
CA3306, you
may need to
adjust this
slightly. It is also
a good idea to
use the simple
LED logic probe
mentioned above
to check the
state of the over-
flow line on pin 2
of the CA3306. If
this is high (LED
lit), then,
although the
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Figure 6. ND converter veroboard layout

output on the screen
may be low, the
converter is actually
registering a voltage
above the reference
voltage. In fact, the
input voltage range
of this circuit is
between 0 and
about +4.2V with
the reference
voltage set to +4.8V.

Building the
Optical
Sensor
This circuit was left
till last, because the
best way of testing it
is to use the ND
circuit. The circuit is
shown in Figure 7
and the Veroboard
layout for it in Figure
8. Once
constructed, it
should be visually

checked and then checked for power
supply shorts, before attaching the input
to the signal input of the ND board, and
before applying power.

The MEL12 phototransistor is
connected to the board by a short
length of two core cable and is posi-
tioned in the focal plane of the optical
system. As mentioned last month, this is
just a box with a single lens, such as
that from a hand magnifying glass, the
construction is in fact just a simple shut-
terless camera. On one end, at the lens'
focal plane, there is a back board to
which the phototransistor is attached.
The whole box should be matt black
inside to reduce light reflection. The
camera unit is then mounted on the
stepper motor scanner as mentioned
above.
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The output from the photosensor
and signal conditioning circuit is a
voltage between about +4.5V and
ground. It should be remembered that
with no light falling on the sensor, the
output is a high voltage and with bright
light falling on it, a low voltage. The
sensitivity can be altered by adjusting
the 1M ohm preset.

With the sensor attached to the ND
circuit, run the above BASIC program
and check the output with both no light
and bright light. Then adjust the 1M
ohm preset until the sensitivity of the
system is such that it will register digital
values for dark of around 63 and for
bright light of about 0. The system
should be sufficiently sensitive to
register a hand or a sheet of paper
passed in front of the lens. If you have
problems here, first check the sensor
outside the camera, then check that
your camera is providing enough light (I
used a 2in diameter lens on my final
version) and that the sensor is in the
focal plane.

Putting the Vision System
Together
We now have all the components of a
simple robot vision system assembled,
tested and 'attached to the I/O board
on a PC. All we need to do now is
write a pro9ram to use these compo-
nents to input a simple optical scan of
the world around it. The following is
such a program:

10 REM simple linear image

scanner

20 REM

30 BASEADD% = &H300

40 OUT BASEADD%+3,130

50 DIM IMAGE% (50)

60 DIM SENSEINPUT% (50)

100 REM main calling loop

initialistion variables

110 DIRECT = 0

200 REM stepper motor loop

210 FOR MOTORSTEP = 1 TO 30

220 GOSUB 1000

225 IF DIRECT = 2 THEN GOTO 250

230 GOSUB 2000

240 GOSUB 3000

250 NEXT MOTORSTEP

260 DELTIME = 50 270 GOSUB 4000

280 IF DIRECT = 0 THEN PRINT " "

290 IF DIRECT = 0 THEN DIRECT =

2 :GOTO 200

300 IF DIRECT = 2 THEN DIRECT =

0 :GOTO 200

1000 REM stepper motor control

routine

1010 OUT BASEADD%+2, 0 + DIRECT

1020 DELTIME = 5

1030 GOSUB 4000

1040 OUT BASEADD%+2, 1 + DIRECT

1050 DELTIME = 5

1060 GOSUB 4000

1999 RETURN

2000 REM photo -sensor input

routine

2010 TEMP% = 0

2020 FOR TRY = 1 TO 10

2030 OUT BASEADD%+2, DIRECT + 1

2040 OUT BASEADD%+2, DIRECT +
129

2050 OUT BASEADD%+2, DIRECT + 1

2060 SENSE% = INP(BASEADD%+1)

2070 SENSE% = SENSE% AND 63

2075 REM average out input value

over ten readings

2080 TEMP% = TEMP% + SENSE%

2090 NEXT TRY

2100 TEMP% = TEMP %/10

2110 (MOTORSTEP) =SENSEINPUT%

TEMP%

2999 RETURN

3000 REM output print routine

3010 IF TEMP% < 6 THEN GOTO 3200

3020 IF TEMP% < 12 THEN GOTO

3250

3030 IF TEMP% < 18 THEN GOTO

3300

3040 IF TEMP% < 24 THEN GOTO

3350

3050 IF TEMP% < 36 THEN GOTO

3450

3060 IF TEMP% < 42 THEN GOTO

3500

3070 IF TEMP% < 48 THEN GOTO

3550

Figure 8. Photosensor veroboard layout.

3080 IF TEMP% < 54 THEN GOTO

3600

3090 IF TEMP% < 60 THEN GOTO

3650

3100 IF TEMP% < 64 THEN GOTO

3700

3200 DOT$

3210 GOTO 3800

3250 DOTS

3260 GOTO 3800

3300 DOTS = "2"

3310 GOTO 3800

3350 DOT$

3360 GOTO 3800

3400 DOT$

3410 GOTO 3800

3450 DOT$

3460 GOTO 3800

3500 DOT$

3510 GOTO 3800

3550 DOT$

3560 GOTO 3800

3600 DOT$

3610 GOTO 3800

3650 DOT$ = "9" 3660 GOTO 3800

3700 DOT$

3710 GOTO 3800

3800 PRINT DOT$;

3999 RETURN

4000 REM delay generator

(deltime)

4010 FOR Z = 1 TO DELTIME

4020 FOR X = 1 TO 20

4030 NEXT X

4040 NEXT Z

4050 RETURN

,3

= "4"

= "6"

"8

This has been designed to scan an
optical scene and then display on the
computer's screen a digital representa-
tion of that scene, with very bright areas
registering as a 0 or 1 and very dark
areas as a * or 9. Thus, a sample scan
from this system may look as follows:
here one can see that there are two
bright areas. One, the first and brightest
was in the window and the second less
bright was the computer screen and the
light coloured wall behind it.

However, although this is a very rudi-
mentary system, it would be sufficient for a
mobile robot to locate bright light sources.
Or, by looking for significant changes in

input values over multiple sweeps, locate a
bright moving object within the field of
view, an object which once located could
be locked on to and followed. These are all
functions which can be done by writing the
appropriate software.

Further Improvements

8789621001579*98*732136899*999

With the above system we are only
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inputting light intensity data from a
single point on the camera's focal
plane and by scanning the camera
around a scene we are using that
single point to build up a light intensity
chart for a horizontal slice of the area
scanned by the camera. If we want to
input a proper image, then we need to
use more than one sensor so that we
can input several different horizontal
slices of the image field. This means
that, if we have eight sensors, we can
input a digitised image that has a reso-
lution of eight pixels high by thirty
pixels wide. Sufficient for very simple
image recognition, this will be the
subject of the last piece in this series in
next month's issue of ETI.

X
0

Power Supply
01, 2, 3 100N
C4, 5, 6 14 TANT
R1, 2, 3 5k CERMET PRESET
101, 2, 3 LM317

Motor Control Circuit
Cl 100N
R1, 2, 3 10k
R4 100R
R5 220R
101 7407
IC2 SAA1027
Stepper Motor 7.5° Step Angle,

8mNm Torque,
130mA
Current/Phase

A/D Converter Circuit
Cl 2200N disc
C2 101.1 Electrolytic

C3, 4 1000N disc
R1 560R
RV1 5K Cermet preset
101 741

IC2 CA3306

A/D Converter Circuit
R1, 3 10K

R2 22K
RV1 1M Cermet preset
01 2N3904
Q2 2N2907
Phototransistor MEL12

Call us now! We have the widest range of
components available - At competitive prices

CAPACITORS VIDEO HEADS

j\CRICKLEWOODELECTRONICS

CONNECTORS

Cricklewood Electronics Ltd. 40 Cricklewood Broadway. London NW2 3ET
Telephone: 081 452 0161 Faxsimile:081 208 1441

All Major Credit Cards Accepted 111=1111

tsOWTER
TRANSFORMERS

We have designed and manufactured more than half a million transformers
during the last 50 years and have several thousand original designs.

We can supply single prototypes or quantities at very reasonable prices, with
quick despatch, quoting without delay against detailed specifications.

Sowter Transformers are in constant demand the world over, for such uses
as Microphone - matching and splitting, Line - distribution (up to 10
secondaries), bridging, input and output, to Recording, Broadcast or P.A.
Quality. Also Loudspeaker transformers and output, mains and chokes for
Valve Amplifiers, to name but a few.

We will send details of our range on request and quote for any requirement.

E. A. SOWTER LTD
PO BOX 36, IPSWICH IP1 2EL

Tel: 0473 252794 Fax: 0473 236188



Low -Voltage
Power Supply

Operate portable equipment
from a 12V car battery,
with Terry Balbimie's

multi -output unit

his power supply unit has
been designed to provide a
regulated output of 3V, 4.5V,

6V or 9V using a 12V car battery
input. It may therefore be used to
operate small pieces of equipment, such
as personal stereos, radios and games
which would normally use batteries. The Low -

Voltage Power Supply will be a boon for wet days in
a caravan equipped with a 12V leisure -type battery.

The choice of output voltages will suit most small pieces
of equipment. The supply is overload and short-circuit
protected with a 250mA current limit, which will be found suffi-
cient for many items including those mentioned above. A
personal stereo using a 3V supply typically requires around
150mA and a small radio much less. A well -charged car -type
battery could provide such a current for 6 hours per day over
several weeks.

The voltage -setting switch is coin -operated, so preventing
accidental rotation and children fiddling with possibly disastrous
consequences. One of a group of four LEDs on the front panel
lights up when the unit is connected to the supply to confirm
the selected voltage. This makes incorrect setting less likely. It
also serves as a reminder to disconnect the unit after use.

The output characteristics are determined solely by the
component values which are fixed in value. However, it is
essential to have a multi -tester available at the end of

construction to check the
voltages and current limit, in
case errors have been made

during construction.

Circuit Description
The complete circuit diagram is shown in

Figure 1. The principle component is IC1 - an
L200CV integrated circuit regulator. This provides

on -chip voltage regulation and current limiting. Since
most of the circuitry is built-in, the external component

count is kept very low. Although capable of providing up to 2A,
here the IC is used much more conservatively, so the metalwork
of the case will provide an adequate heatsink.

The nominal 12V input is applied to pin 1 via fuse FS1. This
fuse provides ultimate protection in the event of a short-circuit
on the input side. With a supply established, an output voltage
appears at pin 5, whose value is accurately determined by the
value of resistor R1 and the resistance connected between
limiting pin 2 and reference pin 4. In this circuit, R1 is fixed in
value and pole A of rotary switch, S1, connects resistors from
the series chain, R5 to R7, soldered around the contacts. R3 is
always present and this provides 3V when the switch is at its
lowest setting. With all resistors connected, 9V is provided.
Note that for best accuracy, 1% tolerance resistors should be
used as specified in the parts list. It should then be found that
all voltages are provided to within 5% of their nominal value.

FS1

INPUT

L..

NOTE: IC1 L200CV
R4
680R

R2
IR8

Cl
NONen.

220n

IC1

4

2 R3

S18, 0
03V

Al
1k

C2

100n

19V R6

510R

901/

0<-43
Sib 0

03V

R7

560R
LEDI LED2

Figure 1. Low -voltage power supply cuircuit.

LED3
Y.7

0+

OUTPUT

LED4

GNDO-I-
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Resistor R2, connected between 101 pins 5 and
2, determines the output current limit. With the
value stated, this is approximately 250mA. Readers
wishing to make changes to the current should
choose the resistor according to the formula:

R = 450/1

Where R is the resistor value and I is the current
limit required in milliamps. Note, however, that
quite a lot of heat is produced when a low voltage
output is combined with a high current require-
ment. It may therefore be necessary to up -rate the
heat sink by using a larger case. Capacitors C1
and C2 are necessary for internal stability of 101.
Light -emitting diodes, LED1 to LED4, which
confirm the voltage setting, are switched in
sequence by S1 pole B. Resistor R4, is the
current -limiting resistor common to all LEDs.

The output is provided by a universal connector
which will match most popular types of input
socket used on pieces of portable equipment. In
some cases, it will be necessary to make up a
lead with the appropriate type of plug on the end.
The input lead in the prototype consisted of a
length of twin wire with a car cigar lighter type plug on the end.
Alternatively, a ready-made automotive power lead could be
used. This type of connector may be inappropriate in some
cases but, again, could be easily changed to suit the application

Construction
The Low -Voltage Power Supply must be built in an aluminium
enclosure. A plastic case is unsuitable and should not be
used. Note that S1 must be of the 'make before break' type
as specified.

.OUTPUT
-rBi 4

FS1

S1b COMMON

S1a COMMON 4

[

4-4)
S1 b

-rei
S1a 4

0 0 0 CD 0
Er7 Er7

Figure 2a. Low voltage PSU PCB component overlay.

Most of the components are mounted on a single -sided
printed circuit board. Figure 2a shows the component side
view while Figure 2b shows the underside (copper foil) details.
Begin by drilling the two mounting holes in the panel as indi-
cated, then solder the on -board resistors and capacitors in
position flat with the board. Add the LEDs (taking care over
their polarity or they will not work) and 101. The tops of the
LEDs should stand a few millimetres higher than 101 tab.
Solder 10cm pieces of light -duty stranded connecting wire to
the ten points on the PCB. The use of different colours will help
in avoiding wiring errors later.

Drill holes in the case for the input and output leads and fit
them with rubber grommets. Cut S1 spindle to a length of 4mm
and file the end smooth. Using a hacksaw, cut a cross head in
the end so that it may be adjusted using a thin coin. Refer to

Figure 3 and solder resistors R5 - R7 to tags 1-4 of the switch.
Solder the wires leading from the circuit panel to the common
contacts of pole A and pole B to tags 1 and 5-8. Tags 9-12 are
not connected. Shorten any wires as necessary. It is essential to
check carefully that all soldered joints are secure - any loose
joint could cause the output voltage to rise, possibly to the full
12V, with consequent ruination of equipment.

Aluminium Panel
Make the aluminium panel as shown in Figure 4 and mount the
switch on it. Drill a hole 6mm in diameter in the top of the box so
that, with the panel in position, the end of the spindle protrudes
slightly through this. Drill two small holes in the case and mount
the switch panel temporarily using small nuts and bolts. Make
certain that there is no possibility of any tags or components
touching the metalwork (which is at supply negative voltage) and
causing short-circuits. Check that the adjustment may be made
using a coin. Remove the switch panel again.

Cut the hole in the lid for the row of LEDs. Rectangular ones
were used in the prototype and these give a good appearance.
However, any small LEDs could be used instead. It may help to
apply some quick -setting epoxy resin adhesive underneath to
bond them all together in line.

The circuit panel is mounted using the two holes already
drilled in it and the hole in IC1 tab. Mark the positions of
these holes and drill the case to correspond. Attach the
circuit panel using thin nylon nuts and bolts and plastic
stand-off insulators. The use of nylon fixings will prevent any
possibility of short-circuits with the underside tracks. Use a
metal nut and bolt to attach 101. Check that the LEDs take
up a position slightly protruding through the hole in the lid of
the case. Drill holes to attach the fuse holder and terminal
block. Mount the switch panel.

Refer to Figure 3 and complete the point-to-point wiring.
Some of the connections are made via the piece of 2A screw
terminal block, TB1. Pass the input and output wires through
the grommets, leaving some slack on the inside. Tie a knot in
each to prevent them pulling free and connect them up as indi-
cated. Insert the fuse into its holder.
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25mm

4 55mm

0

0
V

4 40mm

Figure 4. Aluminium panel
cutting diagram.

Testing
Use a multitester set to a suitable voltage
range and connect it to the output.
Connect the input to the 12V supply,
observing the polarity. Check the readings
on all voltage settings. Next, check the

current limit for each voltage setting. To do this, set the meter to
a suitable current range covering 250mA. Apply the probes
directly to the output and observe the meter reading. Any
reading between 200 and 300mA may be regarded as satisfac-
tory. If it is too low, reduce the value of R2 slightly.

Warning
Before using the unit, it is essential to determine the operating
voltage of any equipment to be connected. This must never be
done by trial and error. The voltage may be marked on the
body, but it will also be obvious from the type of battery or
batteries used. Where this is a PP3 or PP9 type, the 9V setting
is appropriate. However, small pieces of equipment often use
individual cells - usually M size - and 1.5V is needed for each
one. For example, a personal stereo normally powered using
two AA size cells requires the 3V setting. Using too high a
setting - even for an instant - can ruin equipment. Note also that

the polarity of the supply must be observed. Although much
equipment is protected against accidental reversal of the input,
this must never be assumed. Again, incorrect polarity can ruin
equipment. The specified type of output lead has an in -line plug
and socket which may be used to reverse the polarity as
required - make sure this is set correctly.

It will be helpful if the equipment to be connected has a
power input socket already fitted and this will be the case
with many items. Where no such socket exists, it is often a
simple matter to fit one, or to use a set of dummy cells.
Where a battery having a snap connector is used, a further
similar snap connector may be used 'piggy back' fashion to
make the connection.

Note that it is
normal for the
case to become
warm during use
- especially
around the area
of IO1. One final
point - when
using the Low -
Voltage Power
Supply, the
selector switch
should never be
rotated while a
piece of equip-
ment is
connected.

Resistors (all 0.25w)
R1 1k0
R2 1R8
R3 82
R4 680
R5 1k1

R6 510
R7 560
All resistors are 0.6W , 1% metal film.

Capacitors
Cl 220n ceramic
C2 100n ceramic

Semiconductors
101 L200CV voltage and current regulator
LED1-4 red light emitting diodes - see text.

Miscellaneous
S1 3P 4W rotary switch - make -before -break

action.
FS1 20mm chassis fuse holder with 500mA fast -

blow fuse to fit.
Printed circuit materials, aluminium case size 102 x 70 x
38mm. Automotive cigar plug or ready-made power lead,
universal connector or as required, 2A screw terminal
block small fixings, aluminium for switch panel, etc.

Buylines
All components for the Low -Voltage Power Supply are
readily available and were all obtained from Maplins for
the prototype.
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WINTER 1993/94
CATALOGUE

The new enlarged
Catalogue is out now!

 New direct phone lines for prompt service

> 16 more pages

 £££'s worth of discount vouchers

 100's new products

 240 pages, 26 sections, over 4000 products

 New section of entertainment and accessories
including disco equipment, audio mixers, car
amplifiers, crossovers, speakers and boosters

 Complete range of Velleman kits now stocked

 The latest scanning receivers and accessories

 New Ni-cad batteries and chargers

 New range of telephone equipment and accessories

 Published December 1993

 Available from most large newsagents
or direct from Cirkit

> Send for your
copy today!

CICIRKIT DISTRIBUTION LTD

VISA
Access

Park Lane  Broxbourne  Hertfordshire  EN10 7N0
Telephone (0992) 448899  Fax (0992) 471314

Inventor toroidal transformers 225A 10..5-0-10.5
primary 0-260-285 secondary E29.95
LEDs 3mm or 5mm red or green 6p each yellow
11p each
High intensity red, green or yellow 5mm ... 30p
each
Cable ties ... 1p each £5.95 per 1000 E49.50 per
10,000
Small stepping motor 4 phase 12v 7.5" step 50
ohms £98.95
SAA1027 stepping motor driver chip £4.95
High quality photo resist copper clad epoxy glass
boards.

Dimensions single
sided

3x4 inches £0.95
4x8 inches E2.40
6x12 inches £5.37
12x12 inches £10.88

Reohergable batteries
AA (HP7) 500mAH
AA 700mAH
C 2AH with solder tags

double
sided
E1.07
E2.88

E0.99
E1.95
caw

4AH with solder tags £4.95
1/2AA with solder tags E1.55
AAA (HP16) 180mAH 0.75
6AA 500mAH with solder tags £1.55
D(HP2) 1.2AH E.2.60
C(HP11) 1.8AH E2.20
PP3 8.4V 110mAH E4.95
Sub C with solder tags E2.50
1/3 AA with solder tags (philpsCTV £1 95

Standard charger charges 4 AA cells in 5 hours
or 4Cs or Ds in 12-14 hours - 1nPP3 (1,2,3 or
4 cells may be charged at a time) E5.95
High power charger as above but charges the
Cs and Ds in 5 hours AAs Cs and Ds must be
charged in 2s or 4s £10.95
Spend offers please check for availability
F cells 32dia x 87mm £3.95 F cell with solder
tags 1.2v £4.30 42 x 16mm dia 12v £1.45
Stick of 4 171mm x 16mm ddia with red & black
leads 4.8v £5.95
4 cell battery 94 x 25mm dia (I/2C cells) E.3.50
Computer grade capacitors with screw terminals
38000uf 20v E250
87000uf 10v£1.95, 68000uf 15v £2.95. 10000uf 16v
El 50, 58000uf 60v £4.95
7 segment common anode led display 12mm ...
E0.45
LM2931 at 5.0 low drop out 5v regulator TO220
package 0.85
7812 and 7912 12v 1A regulators £20 00 per
100
LM337k TO3 case variable regulator E1.60 E1.10
100
GaAs FET low leakage current 58873 ... E12.95
each E9.95 1047.95 100+
BS250 P channel mosfet £0.45, BC559 transistor

£3.95 per 100
74LS05 hex invertor E10.00 per 100, used 8748
Microcontroler E3.50
SL952 UHF Limiting amplifier LC 16 surface
mounting package with data sheet

E1.95
AM27S02 £1.25 each 90p 100+. CD4007UB 10p
100,6p 1000+
Sinclair light gun terminated with a jack plug and
PP3 Clip gives a signal when pointed at 50hz
flickering light with output wave form chart
£3.95

DC -DC convertor reliability model V12P5 12v in
5v 200ma out 300v input to output Isolation with
data £4.95 each or pack of 10 £39.50
Hour counter used 7 digit 240v ac 50 Hz £1.45
OWERTY Keyboard 58 key good quality switches
new £5.00
Airpax A82903 -C large stepping motor 14v 7.5'
step 27ohm 68mm dia body 6,3mm shaft £8.95

or £200.00 for a box of 30
Polyester capacitors box type 22.5inm lead pitch
0.9uf 250vdca 18p each 14p 100+ 9p 1000+
1st 250vdc 20p each, 15p 100+, 10p 1000+
2.2u1 250vdc 30p each, 20p 100+. 15p 1000+
3.3uf 100vdc 30p each, 10p 100+, 15p 1000+
lot 50v bipolar electrolytic axial leads 15p each.

7.5p 1000,
0.22uf 250v polyester axial leads 15p each, 7.5p

100+
Philips 123 series solid aluminium axial leads 33uf
10v & 2.2uf 40v 40p each. 25p 100 -
Philips 108 series 22uf 63v axial 30p each, 15p

1000+
Multilayer AVX ceramic capacitators all 5mm
pitch 100v
100pf, 150pf, 220pf, 10,000p1 (10n) 10p each, 5p
100,- 3.5p 100+
500pf compression trimmer 60p
40uf 370 vac motor start capacitor (dialectrol type
containing no pcbs) E5.95 or E49.50 for 10
Welwyn W23 9W 120ohm 35p each 20p 100+
680 ohm 2W metal film resistor 4p 100+, 2p 100 -
Solid carbon resistors very low inductance ideal
for RF circuits
27ohm 2W, 68ohm 2W 25p each 15p each 100+
we have a range of 0.25w 0.5w 1w and 2w solid
carbon resistors please send SAE for list
Intelegent 4 digit alphanumeric (5x78 dot 0.145")
red LED display
12 pin 0.6 inch wide package Siemens type
DLR1414 £2.50 each £2.00 30+ data sheets £1 .00
AMD 27256-3 Eproms £2..00 each, 1.25 100+
DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p
each 40p 100+
Disk drive boxes for 5.25 disk drive with room
for a power supply light grey plastic
67x268x247mm £7.95 or £49.50 for 10
Hand held ultrasonic remote control £3.95
CV2486 gas relay 30 x 10mm dia with 3 wire
terminals will also work as a neon light 20p each
or £7.50 per 100
A23 12v battery for car alarms or lighters 75p
each £50.00 per 100

All products advertised are new and unused
unless otherwidse stated

Wide range of CMOS TTL 74HC 74F Linear
Transistors kits rechargable batteries capacitors

tools etc always in stock
Please add £1.95 towards P&P VAT included in

all prices

JPG ELECTRONICS
276-278 Chatsworth Road

Chesterfield S40 2BH
Access Visa Orders:

(0246) 211202
Callers welcome

THIS ISr: HE

that brings the 1993-94

I CATALOGUE
140 pages, A4, copiously

Iillustrated, bang up to date and
with bonus vouchers. Send
cheque/PO for £1.50

that brings the

I SERVICE
Iwith choice of very wide ranges of famous -name
quality electronic components and associated gear
sent promptly on receipt of your order. A serviceI that

Ihave been providing constructors with continuously
since 1965. With this Catalogue, you will find our
service the best ever. Send for your copy NOW!
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A virtual chart recorder
With a bit if ingenuity, an old micro can replace an expensive piece of test

equipment. Veteran experimenter Keith GarweH shows how it can be done.

METER SCALE

METER NEEDLE
HAMMER BAR DROPS

7 EVERY FEW SECONDS

GLASS WINDOW

\

INK RIBBON

CHART DRUM
DRIVEN BY
SYNCHRONOUS
MOTOR

CHART PAPER

MAGNET
POLES

PAPER
SUPPLY
ROLL

METER NEEDLE

TOP PIVOT

BOTTOM PIVOT

Figure 1. A basic chart recorder mechanism

to record light levels, temperature, etc., for which this single
channel Evershed was not suitable. However, a minor mod.
consisting of fitting a switch to the bar which thumped the
meter needle, plus some electronic switchery driven by a
counter, in turn driven by the switch, solved the problem. The
recorder now made dots which were controlled by up to four
inputs (1mA current inputs). The addition of 4 pots which
provided offset currents enabled the position of the four traces
to be moved, if required, so that for example the four traces
could occupy the whole width of the chart or run side by side,
keeping to themselves (see Figure 2).

have had an ancient Evershed chart
recorder sitting on a shelf in the
garage for many years. It is one of

what I call the 'dotty' recorders, that is
the active movement is a 1 mA moving coil
meter whose needle is thumped every second
or so by a bar, so that it strikes the chart
paper through an inked ribbon. The result is a
tiny black dot on the chart paper. A small
synchronous motor drives the paper at a
constant speed. Figure 1 suggests the
general arrangement in side elevation.

In previous experimental phases, I wanted

HAMMER BAR SWITCH

3 OTHER CHANNELS

3 OTHER CHANNELS

Figure 2. Chart recorder control electronics
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More recently, having become very interested in the changes
in atmospheric electricity (Reference 1), a chart recorder was
required again. Here the Evershed was no good, but let me be
quite clear on this. The Evershed is an excellent recorder, it's
donkey's years old and still works perfectly. Perhaps what I
should have said was that it didn't have the facilities I required.

A look at the catalogues frightened me off. I don't have the
sort of money to spend on a hobby (who does?), purely on a
device which is probably going to spend 99% of its life on a
shelf collecting cobwebs. Not to mention the fact that the paper
rolls are frightfully expensive.

What did I want that the Evershed didn't have? Well, for a
start, a variable time base, i.e. variable chart speed. The charts
are also fairly narrow. Fine for a single trace, but difficult with
several traces. The catalogue price was escalating rapidly and
an alternative was needed.

The Alternative
Being someone with a long background in computing, the use
of a computer seemed to be the logical route to take. I already
possessed two or three micros and I have a printer, and printer
paper is cheap, at least compared with chart paper. If a
recorder could be realised using a computer, the following
advantages would be probable.

The chart speed could be varied over a massive range in almost
any desired increment, as each step would be governed by an
increment which could be as small as milliseconds.
As the operation would be program controlled it would be possible
to include arithmetic in the recording process, e.g. it could record
the square root of the input, if that was what was required.
Either tape or disks would be available for recording data, a very
cheap and convenient arrangement.
The data would also be shown on a screen and this would
make it possible to be selective, saving or printing only the
interesting bits.
There is no constraint on the way in which the charts can be
printed. It would be possible to print across the width of the
paper, along its length or in any other way appropriate to the
problem in hand.
Certainly in my case it would be cheaper, as I already had the
machine(s). However, it might be cheaper in any case, espe-
cially when considering the machine could have other uses.

A Closer Look
Let's go back to Figure 1 for a moment, just to note the essen-
tial components.

Firstly, a rotating chart drum, usually with
teeth at either end which engage in holes along
the edge of the paper chart, similar to 35mm
film but wider. The drum diameter and the
speed of rotation are both chosen to give so
many inches (or more likely nowadays, millime-
tres) of paper movement per hour. For
example, on my Evershed the chart speed is
half -an -inch per hour and the paper is 2in wide
inside the perforations, 2 1/2in overall. The
paper motion therefore represents the time -
base. In effect the X axis.

reference lines which indicate the current on a scale of 0 to 10
and time in hours, 0 to 23.

To use any computer as a chart recorder, therefore, we must
have the corresponding items. A means of digitising current or
voltage, of measuring time and a means to observe the result.

My Method
I will first sketch out the way in which I use a Dragon micro as a
chart recorder, to give a feel for what is possible and then later
in the article go into the details, including the electronics, as well
as generating software outlines and suchlike, which can be
adjusted to suit more or less any machine.

First an outline of the Dragon itself. It came out at about the
same time as the BBC machine and it has four analogue inputs
of 0 to 5V. The digitiser is six bit, giving a scale of 64, i.e. 0 to 63.

On the face of it that sounds quite low, especially as there
are plenty of eight and twelve bit digitisers around, but in point
of fact, I have never found this a shortcoming, as it still gives
sufficient accuracy. Remember that a moving coil meter, unless
it's a very superior one with a knife edge needle and a mirror
behind, it will only resolve about one part in a hundred. So it is
quite as good as the recorder it replaces.

The Dragon has quite a good graphics screen for its time
and price. 256 pixels wide and 192 pixels deep. This conve-
niently allows a display of three sets of traces drawn horizontally
one below the other. According to my arithmetic, 3 x 64 is 192 -
I'm sure that is not a coincidence!

256 pixels horizontally means it can have 256 steps. So, for
example, as I'm currently using it, a step every 2 seconds gives
a screen width of 512 seconds, or just over eight and a half
minutes. This works out as 25 1/2 minutes for a screenfull. A
cursor 64 pixels high indicates the current position and steps
along at each tick of the time -base, leaving the current values
behind it as it moves. As well as drawing the traces on the
screen, the data is also saved in Dragon memory and can
therefore be saved permanently, but more of that later.

- - - -

192
PIXELS

t64 PIXELS

CURSOR 64 PIXELS HIGH
LEAVING TRACES BEHIND IT

Figure 3. Display of a screen based chart recorder

CHART RECORDER CR115

COPYWRIGHT K BARNUM. 1992

TICK TIME IN 50TH SEC ? 100

NUMBER OF TRACES 1-4 ? 2

CHART DURATION 6.2 HOURS

START TIME 1110AM ? 1108

Figure4. Power up screen
for virtual chart recorder

The Y axis is given by the movement of the
meter needle across the width of the paper. The position of the
meter needle is recorded by a series of dots which are so close
together that a solid line is drawn. Again, the meter sensitivity is
chosen to match the paper width to a given current, in this case
1 mA gives 2in of movement, and the paper chart is marked with

When the traces get to the bottom of the
screen, they start again at the top left hand
corner, so there is always the last 25 1/2
minutes showing. Figure 3 will hopefully clarify
the display.

Figure 4 shows the text screen when the
recorder (sorry, micro) is first powered up with
this program. The Dragon is rather limited with
text, as it only allows for 16 lines of 32 upper
case characters. Remember this is driving a TV
not a monitor. Although it will also drive a
monitor, there is no provision for changing the

text screen, as there is on the Beeb.
At the top of the screen is the heading. In this case, CHART

RECORDER CR115 and below it the copyright announcement.
Whether you put the copyright announcement on or not is up to
personal preference - I always believe in doing it. One never
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knows when something might turn out to have real commercial
interest and if copyright is declared, then there's much less
argument if you want to charge real money for it.

The top line perhaps sounds like a trimming, but in practice
I've found it a very wise thing to do, because I find it very easy
to forget what a program is for and how it works. Also, in this
case, we may have more than one chart recorder, since with a
programmable device it is so easy to change its scope. For
instance, as already suggested, arithmetic can be included. I
therefore make notes about each version of a program so that
in six months time I can find out what it's all about.

The next line asks for the tick time. In the case of the
Dragon, the internal timer ticks at 50ths of a second and this is
a convenient unit to give the time in. In the case of 2 seconds,
this figure is 100 as shown in Figure 4.

The next question asks for the number of traces and, again
in the case of the Dragon, there are only 4 inputs (we will talk
about more inputs later) so this is the only option. The reply 2 in
Figure 4 is taken from a real case, the more or less gently
sloping trace being light intensity and the wriggly one atmos-
pheric current, -1nA to +1nA.

At this point the program does some arithmetic and comes

screen so that we can see what is happening and finally, an
analogue to digital converter.

All machines will provide memory and processor. The screen
can be either a TV or monitor. Here, the bias must be in favour
of a monitor, as the definition will be better than that of a TV,
which is always an advantage when drawing graphs of any sort.
Note that I'm saying 'biased in favour', rather than essential. A
graphic screen capability is essential to draw the traces, but it
doesn't have to be very high definition. My system is only 256
by 192 pixels.

My system has 32Kb of memory which is just a bit limiting,
64Kb would be much better. Remember that both the program
and data have to co -exist in memory. The type of processor is
not very important, and early 8 bit machines are fast enough. By
default, all machines will have either floppy or tape, as apart
from anything, else the program must go somewhere!

This leaves the most important bit till last, the analogue to
digital converter, or ADC as it is more commonly abbreviated to.
Some machines have them and some don't. Among the haves
are the Dragon and the Beeb (BBC B machine). However there
are many have nots, the IBM PC and its look-alikes (clones if
you prefer it) and, as far as I recall, both the Amiga and Atari

and various Amstrad machines.
However, if you possess a have not,

don't despair because a look through the
appropriate magazines will almost certainly
uncover the existence of ADC adaptors or
add on I/O ports which can be used to
drive an ADC. They exist as auxiliary boards
for the PC to go in a spare slot, or as adap-
tors to fit the printer output port or serial
port for others. Adaptors which plug into a
machine highway exist for Amstrads,
Sinclairs and some others.

If money is really short and you already
have a machine with an RS232 (serial)
port, there is another alternative, which is

to provide an ADC via the serial highway of the machine,
providing it will run at 2400Baud, no parity, 8 data bits and 1
stop bit (see Reference 2). This article covers the subject of
driving external devices in general via the serial port.

To sum up, the hardware needed is -

ONE OR
MORE 0 --
ANALOGUE
INPUTS

ANALOGUE TO DIGITAL
CONVERTOR

MEMORY
RE DATA BUFFER

PROCESSOR
RUNNING

BASIC

Figure 5. Block diargram of virtual chart recorder

FLOPPY DMC
OR

CASSETTE TAPE

TEXT SCREEN
AND

GRAPHICS SCRIDEN

back with a figure of 6.2 hours as the longest time the system
can be left running without losing data. After 6.2 hours, the infor-
mation will have reached the limit of available memory and data
storage will start again at the beginning in a similar fashion to the
way the traces are drawn on the screen. In the same way, a
marker is put into memory to indicate the current position.
Usually, the data would be saved before the 6.2 hours was up.

The final question asks for the start time in hours and
minutes. Again, for what I do, this has so far been close enough
(remember that as it's digital, there could be a discrepancy of
up to a minute). There is no reason why it shouldn't be hours,
minutes and seconds if required. That figure is saved along with
the rest of the data in memory and so is the number of traces.

Of course changing the step -time and/or the number of
traces, changes this duration. If the step time was 500 (ten
second steps) then the chart time would be something more than
30 hours, a useful figure for a day's recording, leaving plenty of
latitude for the time at which the data has to be 'collected'.

All these figures will depend on the computer system being
used, but again, more of that later.

Necessary Hardware
Now that we have some idea of what is possible and how it might
look, we are in a position to decide what hardware will be needed.

To some, the next bit will be stating the obvious, but to
others new to computing it may be helpful. Figure 5 shows the
major items. A processor running BASIC, memory, some form
of magnetic storage (either floppy disk or magnetic tape), a

Either -

A machine with ADC already built in plus graphic ability.

Or -

A PC or other machine with -
At least 32K of memory, preferably 64K or more.

A graphic capability of at least 256 by 192.
An ADC adaptor via serial port or other means.

A serial port, if it is to communicate with another machine.

A Fundamental Decision
Before deciding what to do in the way of employing a machine
you already own or intend to buy, there is one decision to make.

It is important to bear in mind the way in which a chart
recorder is used. Unless we are talking about a full time labora-
tory, for the average experimenter or project man, a chart
recorder will most likely spend a lot of time on the shelf
collecting dust. When it is used, however, it is usually in a 24
hour mode, being used continuously to observe some phenom-
enon over maybe a quite long period of time.
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SOME POPULAR BARGAINS
MOTORS - BATTERY 1-12if

3 DIFFERENT MODEL MOTORS, £1, Order Ref. 35.
SPIN TO START 3V DC MOTORS for model aircraft etc. 5
for el, Order Ref. 134.
CASSETTE MOTOR 1.5-12V, powerful, speed increases
with voltage. Cl, Order Ref. 224.
MINI CASSETTE MOTOR, 6-9V working. £1, Order Rel. 944.
HIGH EFFICIENCY MOTOR for solar cell working, El,
Order Ref. 643
12V MOTOR, ex BSR record player. CI, Order Ref. 687.
1111 CASSETTE MOTOR, brushless, £1.50, Order Ref.
1.5P14.
1/10HP 12V DC MOTOR, Smiths, £4, Order Ref. 4P22.
11554P 12V MOTOR, Smiths. te, Order Ref. 6P1.
1/SHP 12v MOTOR, Smiths. ES, Order Ref 8P14.
1/3RP MOTOR, (Sinclair CS). C15, Order Ref. 15P8.

MAINS MOTORS WITH GEARBOXES
SRPM SOW, £5, Order Ref. 5P54.
25RPM 80W, £6. Order Ref. 61.31
50RPM 60W, £5, Order Ref. 5P168.
60RPM 60W, 0, Order Ref 5P171.
110RPM 50W, £5, Order Ref. 5P172.
150RPM 60W, Order Ref. 5P169.
200RPM 60W, £S, Order Ref. 5P216.
SOOW MOTOR with gearbox & variable speed selec-
tor, 10Orpm upwards, £5, Order Ref. 5P220.
1 REV PER 24 HRS 2W MOTOR, £1, Order Ref. 89.
1 REV PER 12 HRS 2W MOTOR, El, Order Ref. 90.
1 REV PER 4 HRS 2W MOTOR, £2, Order Ref. 2P239.
1 REV PER HOUR 2W EXTRA SMALL MOTOR, 2 for £1,
Order Ref. 500.
'/,RPM MINI MOTOR, C3, Order Ref. 3P64.
1RPM MINI MOTOR, £2, Order Ref 2P328.
4RPM 2W MOTOR, f1, Order Ref 446.
15RPM 2W MOTOR, £2, Order Ref. 2P321.
25RPM 2W MOTOR, £2, Order Ref. 2P322.
200RPM 2W MOTOR, £1, Order Ret. 175.
250RPM 2W MOTOR, £1, Order Ref. 750.

MAINS MOTORS
b STACK MOTOR with Y." spindle, £1, Order Rel. 85.
MOTOR 1%" STACK with good length spindle from
each side, £2, Order Ref. 2P55.
MOTOR VA" STACK with 4" long spindle, £2, Order
Ref. 2P203.
MOTOR BY CROMPTON .06HP but little soiled, E3,
Order Ref. 3P4.
JAP MADE PRECISION MOTOR balanced rotor re-
versible, 1500rpm, £2, Order Ref. 2P12.
TAPE MOTOR BY EMI, 2 speed & reversible, £2, Order
Ref. 2P70. .
VERY POWERFUL MAINS MOTOR, with extra long
(2'/,") shafts extending out each side. Makes it ideal
for a reversing arrangement for, as you know, shaded
pole motors are not reversible, £3, Order Ref. 3P157.

MOTORS - STEPPER
MINI MOTOR BY PHILIPS, 12V-7.5 degree step, quite
standard, data supplied, only £1, Order Ref. 910.
MEDIUM POWERED Jap made 1 5 degree step, £3,
Order Ref. 3P162.
VERY POWERFUL MOTOR by American 'hilips 10-
14V 7-5 degree step, ES, Order Ref 5P81.

LOUDSPEAKERS
2" ROUND 50 OHM COIL %W, 2 for £1, Order Ref. 908.
2'/." 8 OHM, 2 for £1, Order Ref. 454.
2%" 35 OHM, 2 for £1, Order Ref. 514
3%' 8 OHM, 2 for £1, Order Ref 682.
S'A" 4 OHM WITH TWEETER, £1, Order Ref. 895.
VA" 6 OHM, £1, Order Ref. 896.
11%" 8 OHM WITH TWEETER, ft, Order Ref. 897.
6" x 4" 4 OHM, £1, Order Ref. 242.
5' x 5" 15 OHM, £1, Order Ref. 906.
5' a 3" 16 OHM, £1, Order Ref. 725.
5" x 4" 16 OHM, 2 for £1, Order Ref. 684.
8" 15 OHM AUDAX, £1, Order Ref. 504.
9" x 3" S OHM 5", £1, Order Ref. 138.
3' 4 OHM TWEETER, Et Order Ref. 433.
GOODMANS 5V." 10W 4 OHM, £2, Order Ref. 2P27.
HORN SPEAKER, 4'/." 8 OHM, E3, Order Ref. 3P82.
20W 5" BY GOODMAN, £3, Order Ref. 3P145.
20W 4" OHM TWEETER, £1.50, Order Ref. 1.5P9.
AMSTRAD 8 " 15W 8 OHM with matching tweeter, £4,
Order Ref. 4P57.
CASED PAIR OF STEREO SPEAKERS BY BUSH, 4
ohm. £5 per pair, Order Ref. 5P141.
DOUBLE WOUND VOICE COIL, 25W ITT, with tweeter
and crossover, £7, Order Ret. 7P12.
BULKHEAD SPEAKER metal cased, £10, Order Ref.
1043.
25W 2 WAY CROSSOVER, 2 for £1, Order Ref. 22.
40W 3 WAY CROSSOVER, VI, Order Ref. 23.

MONITORS AND BITS
PHILIPS 9"HIGH RESOLUTION MONITOR, £15, Order
Ref. 15P1.
METAL CASE for the above Philips monitor, £12,
Order Ref. 12P3.
PHILIPS 9' HIGH RESOLUTION TUBE, ref. M24 306W,
£12, Order Ref. 12P7.
6' ELECTROSTATIC MONITOR TUBE, ref. SE5J31.
C10, Order Ref. 10P104.

250W LAMP DIMMER Replaces normal switch order
ref. 2.5p £2.50

LCD 3% DIGIT PANEL METER, this is a multi range
voltmeter/ammeter using the A -D converter chip 7106
to provide 5 ranges each of volts and amps. Supplied
with full data sheet. Special snip price of £12. Order Ref.
12P19.
12V -0-12V 6VA PCB MOUNTING MAINS TRANS-
FORMER, normal 230V primary and conventional open
winding construction, £1, Order Ref. 938.
AMSTRAD 3" DISK DRIVE brand new. Standard re-
placement or why not have an extra one? C20, Order
Ref. 20P28.
MEDICINE CUPBOARD ALARM, or it could be used to
warn when any cupboard door is opened, built and
neatly cased, requires only a battery. £3, Order Rel.
3P155.
FULLY ENCLOSED MAINS TRANSFORMER, on a 2M 3 -
core lead terminating with a 13A plug. Secondary rated
at 6V 4A. Brought out on a well insulated 2 -core lead
terminating with insulated push on tags, £3, Order Ref.
3P152, Ditto but 8A, £4, Order Ref. 4P69.
DON'T LET IT OVERFLOW, be it bath, sink, cellar, sump
or any other thing that could flood. This device will tell
you when the water has risen to the pre-set level. Ad-
justable over quite a useful range. Neatly cased for wall
mounting, ready to work when battery fitted, £3, Order
Ref. 3P156.
DIGITAL MULTI TESTER MG3800, single switching
covers 30 ranges including 20A AC and DC, 10 MEG
input impedence, 31/4 LCD display. Complete with lead.
Currently advertised by many dealers at nearly £40, our
price only £25, Order Ret. 25P14.
ANALOGUE TESTER, input impedence 2K ohms per
volt. It has 14 ranges, AC volts 0-500 DC volts 0-500, DC
current 500 micro amps at 250 milliamp, resistance
0-1meg-ohm. decibels 20 56dB. Fitted diode protection,
overall size 90 x 60 x 30mm. Complete with test prods,
£7.50, Order Ref. 7.5P8.
LCD CLOCK MODULE, 1.5V battery operated, fits nicely
into our 50p project box, Order Ref. 876. Only £2, Order
Ref. 2P307.
SENTINEL COMPONENT BOARD, amongst hundreds
of other parts this has 15 ICs all plug in so don't need
desoldering. Cost well over £100, yours for C4, Order
Ref. 4P67.
AMSTRAD KEYBOARD MODEL KBS, this is a most
comprehensive keyboard, having over 100 keys in-
cluding of course full numerical and qwerty. Brand
new still in maker's packing, £5, Order Ref. 5P202.
SOLAR PANEL BARGAIN gives 3V at 200mA. E2,
Order Ref. 2P324.
ULTRA SONIC TRANSDUCERS, 2 metal cased units.
one transmits one receives. Built to operate around
40kHz, £1.50 the pair, Order Ref. 1.5P4.
INSULATION TESTER WITH MULTIMETER, internally
generates voltages which enable you to read insula-
tion directly in megohms. The multimeter has four
ranges, AC/DC volts, 3 ranges DC milliamps, 3

ranges resistance and 5 amps. These instruments are
ex -British Telecom but in very good condition, tested
and guaranteed OK, yours for only £7.50 with leads,
carrying case £2 extra. Order Ref. 7.5P4.
MAINS ISOLATION TRANSFORMER stops you getting
"to earth" shocks, 230V in and 230V out. 150 watt
upright mounting, £7.50, Order Ref. 7.5P5 and a 250W
torroidal isolation. £10, Order Ref 10P97.
MINI MONO AMP, on pcb. Size 4" x r with front
panel holding volume control and with spare hole
for switch or tone control. Output is 4W into 4 ohm
speaker using 12V or 1W into 8 ohm using 9V. Brand
new and perfect. only El each, Order Ref. 495.
EXPERIMENTING WITH VALVES don't spend a fortune
on a mains transformer, we can supply one with stan-
dard mains input and secs. of 250V -0V -250V at 75mA
and 6.3V at 3A, ES, Order Ref. 5P167.
0-1MA FULL VISION PANEL METER 23/4" square,
scaled 0-100 but scale easily removed for re -writing,
£1 each, Order Ref. 756.
PCB DRILLS, 12 assorted sizes between 75 and
1.5mm, £1 the lot, Order Ref. 128.
12V AXIAL FAN, for only El, ideal for equipment
cooling, brand new made by West German company.
Brushless so virtually everlasting. Supplied complete
with a circuit diagram of transistor driver, £1, Order
Ref. 918.
PC OPERATING SYSTEMS, fully user documented
and including software. MS-DOS 3.20, with 5" disk, ES,
Order Ref. 5P2076; MS-DOS 3.3 with 31/2" disk, £5,
Order Ref. 5P208, or with 5" disk, £5, Order Ref.
5P208/5; MS-DOS 4.01 with 3'/." disk, £10, Order Ref.
101,99.
45A DOUBLE POLE MAINS SWITCH. Mounted on a 6 x
31/2 aluminium plate, beautifully finished in gold, with
pilot light. Top quality, made by MEM, £2, Order Ref.
2P316.
SOLAR ENERGY EDUCATIONAL KIT. It shows how to
make solar circuits and electrical circuits, how to in-
crease voltage or current, to work a radio, calculator,
cassette player and to charge NiCad batteries. The kit
comprises 8 solar cells, one solar motor, fan blades
to fit motor and metal frame to hold it to complete
a free-standing electric fan. A really well written in-
struction manual. VI, Order Ref. 8P428.

POWER SUPPLIES - SWITCH MODE
(all 230V mains operated)

ASTEC REF. B51052 with outputs + 12 5A, - 12V
 1A, +5V 3A, + 10V 05A. +5V .02A unboxed on
pcb size 180 x 130mm, CS, Order Ref. 5P188.
ASTEC REF. BM4 1004 with outputs +5V 33/4A,
+ 12V 1.3A, - 12V 2A, £5, Order Ref. 5P199.
ASTEC No. 12530 +12V 1A, -12V  1A, +5V 3A,
uncased on pcb size 160 x 100mm, £3, Order Ref.

3P1ASTEC No. 8M41001 110W 38V 2.5A, 25.1V 3A
part metal cased with instrument type main input
socket & on/off dp rocker switch size 354 x 118 x
84mm, £8.50, Order Ref. 8.5P2.
ASTEC MODEL No. BM135-3302 +12V 4A, +5A
16A, - 12V 0-5A totally encased in plated steel
with mains input plug, mains output socket &
double pole on/oft switch size 400 x 130 x 65mm,
£9.50, Order Ref. 9.5P4.

POWER SUPPLIES - LINEAR
(all cased unless stated)

4.5V DC 150mA, £1, Order Ref. 104.
5V DC 21/4A psu with filtering & volt regulation,
uncased, £4, Order Ref. 4P63.
6V DC 700mA, £1, Order Ref. 103.
6V DC 200mA output in 13A case, E2, Order Ref.
2P112.
6-12V DC for models with switch to vary voltage
and reverse polarity, £2, Order Ret. 2P3.
9V DC 150mA, £1, Order Ref. 762.
9V DC 2-1A by Sinclair £3, Order Ref. 3P151.
9V DC 100mA, El, Order Ref. 733.
12V DC 200mA output in 13A case, £2, Order Ref.
2P114.
12V DC 500mA on 13A base. £2.50, Order Ref.

212V 5P4111 filtered & regulated on pcb with relays &
Piezo sounder, uncased, £3, Order Ref. 3P80.
AMSTRAD 131V DC at 1.8A or 2V DC at 2A, £6,
Order Ref. 6P23.
24V DC at 200mA twice for stereo amplifiers, £2,
Order Ref. 2P4.
9.5V AC 600mA made for BT, f1.50, Order Ref.
1.5P7.
15V 500mA AC on 13A base, £2, ref. 2P281.
AC OUT 9.8V at 60mA & 15.3V at 150mA, £1, Order
Ref. 751
BT POWER SUPPLY UNIT 206AS, charges 12V
battery and cuts off output should voltage fall
below pre-set. £16, Order Ref..16P6.
SINCLAIR MICROVISION PSU, CS, Ref. 5P148.

LASERS & LASER BITS
2MW LASER, Helium neon by Philips, full spec.
£30, Order Ref. 30P1.
POWER SUPPLY for this in kit form with case is
£15, Order Ref. 15P16, or in larger case to house
tube as well, £18, Order Ref. 18P2.
THE LARGER UNIT, made up. tested and ready
to use, complete with laser tube, £69, Order Ref.
69P1

HEATING UNITS
LINEAR QUARTZ GLASS TUBES 360W, 2 in series
for mains. El , Order Ref. 907.
1000W SPIRAL ELEMENTS for repairing fires etc.
3 for VI, Order Ref 223
1000W PENCIL ELEMENTS, 2 for £1, Ref. 376.
1.2KW MINI TANGENTIAL HEATER, ideal for un-
der desk etc £5, Order Ref 5P23.
2KW TANGENTIAL HEATER, £6, Order Ref. 6P30.
3KW TANGENTIAL HEATER, £8, Order Ref. 8P24.
WATER -PROOF HEATING WIRE, 60 ohms per
metre, 15M is right length for connecting to
mains, £5, Order Ref. 5P109.

The above prices include VAT but please add £3
towards our packing and carriage if your order is

under £50. Send cheque or postal orders or quote
credit card number.

M & B ELECTRICAL
SUPPLIES LTD

Pilgrim Works (Dept. E.E.)
Stairbridge Lane,

Bolney,
Sussex RH 17 5PA

Telephone: 0444 881965
(Also fax but phone first)

Callers to 12 Boundary Road,
Hove, Sussex.

ELECTRONICS TODAY INTERNATIONAL
53



+VCC

VREF
OUTPUT

0v

BIT 5

BIT 6

BR 7

BIT 8

SELECT
(HIGH FOR COUNTER)

CLOCK

0

O

O

330R

T
+2 5V

REFERENCE

R -2R LADDER

O

O

O

O

SWITCHES

O

INPUT SELECT SWITCH

0 8 -BIT BINARY COUNTER

Figure 6(a). Block diagram ZN 425E

O

O

O

O

O

O

O

ANALOGUE
OUTPUT

VREF INPUT

BIT 1 (MSB)

BIT 2

BIT 3

BIT 4

0-10V

SELECT
COUNTER RESET

CLOCK
BIT 8
BIT 7
BIT 6

+VCC

COUNTER RESET
(LOW TO RESET)

VREF OUTPUT
VREF INPUT
ANALOGUE OUTPUT
BIT 1
BIT 2
BIT 3
BIT 4

BIT 5

Figure 6(b). ZN 425E pin out

If you are contemplating an existing machine, one that you
already own, then can you do without it for the sort of time you
might be using it as a chart recorder? As an illustration, taking
my case, the answer is quite simply no. The PC which I normally
use, is used for all sorts of things, including ETI articles and I
couldn't possibly dedicate it to chart recording. I therefore have

a separate machine which I use as the chart recorder and
whenever necessary, because of the limited memory, I transfer
the data to the PC via a serial link. The transfer time is quite

short so that is of no consequence, the data being saved
directly onto floppy disk.

This is undoubtedly the most convenient arrangement, espe-
cially as I already had both machines anyway. On the face of it,
it sounds an expensive solution to the problem but in fact it's
not as bad as it might seem. The PC is a straightforward twin
floppy, monochrome device, the bottom end of the range and
the other processor is my old friend the Dragon. Both of these
machines are available cheaply on the second hand market,

especially with all these fancy
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Figure 6(c) ND converter ciruit using ZN 425E
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gadgets coming along, like
Windows and 486 processors.
The poor old monochrome
floppy engine then gets left to
gather dust and is well worth

00 of anyone's money,
providing it's in reasonable
condition and has the graphics
capability.

As well as advertisements in
ETI, it is well worth getting one
of the general computer maga-
zines, because companies do
advertise these machines both
second-hand and new, at very
reasonable prices. It should be
possible to buy a PC and a new
ADC adaptor to fit the serial port
all for less than 2200, or very
little more, but don't forget the
graphics requirement.

Implementation

The ADCs
The first thing I'm going to
consider is the ADC, as after all,
that is the crunch point of the
whole affair. I shall consider both
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the hardware and the software for the ADC and then the software
for the rest of the recorder. I shall give the software in BASIC - this
is almost universal these days and it should be quite easy to make
any changes required by older machines, perhaps with the excep-
tion of the Beeb as they use a completely non standard BASIC.
However, if the Beeb is your favourite machine, you will know its
language sufficiently well to do the necessary translations.

Built in ADCs
A word about machines with a built in ADC system. The Dragon
which I use is fairly representative and the Beeb is similar. I shall

assume that the ADC software sub -routine starts at line 200. If
we make this the case, then the rest of the software will be
interchangeable between many machines.

As an aside, it is good practice with BASIC to put the much
used routines early on in the code. This is because whenever
there is a change of line
number, e.g. in a gosub,
the BASIC interpreter will
start at the first line and
scan through the program
until it finds the specified
line. Consequently, I write
so that lines 10-90 cover
setting up procedures,
lines 100 to 999 contain
subroutines and then line
1000 onwards contains
the main code.

Returning to the
Dragon, 4 ADCs are
connected to the joystick
ports as the Dragon
caters for analogue
joysticks. They appear as
an array called JOYSTKO,
thus JOYSTK(0) refers to
the first one and
JOYSTK(3) refers to the
fourth. In the setting up procedures, an array will be declared
called AV(3) (the Dragon only recognises the first two characters
of a variable name, so I use AV for ADC -value) so the code is
very simple and, laid out one statement, per line becomes -
200 FOR 1=0 to 3

210 AV (1 ) =JOYSTK (I )

220 NEXT
230 RETURN

little complication. In the case of the Beeb, it is necessary to
wait for the conversion and the code thus becomes-

200 FOR I=0 TO 3

210 IF ADVAL (0) DIV 2561 THEN 210
220 AV (I) =ADVAL (I)

230 NEXT
240 RETURN

Now how about one line for that? Be careful that you don't
change the logic!

ADCs as an Add -On

Using the printer port or an I/O port.
If one ADC is sufficient, your machine has a printer port and you
can access the PAPER OUT line, then there is a very simple and

cheap solution. Figure 6
shows the circuit.

The ZN425 costs about
25 and is readily available
from component suppliers,
as is the CA3140 op -amp
(around 50p) and the
Centronics 36 way socket
(around 22). The only other
item required (apart maybe
from a box to put it in) is a
5V power supply. As the
devices in Figure 5 only
take a few milliamps, a suit-
able power supply can be
made up from a little 6V
mains transformer, recti-
fiers, a bit of C and a
100mA 5V regulator
(78L05).

The ZN425 is actually a
DAC, so connecting it to
the 8 output lines of a

printer port allows the generation of any voltage between 0 and
2.55, by sending the appropriate character to the printer. Using
something like LPRINT CHR$(n), where n is the corresponding
number 0 to 255, does the trick.

To use it as an ADC, all that's needed is the addition of a
comparator, to compare the incoming analogue voltage with
the output of the DAC. Since, the printer port is primarily an
output there has to be some means of checking the result of
the comparison. This is where the PAPER OUT line comes in,
as it is an input line from the printer.

Assuming a printer port fitted with a cable and standard
Centronics printer plug, then Figure 6 shows the connections.
Pins 2-9 on the Centronics socket (data bits 1-8) go to 5-7 and
9-13 on the ZN425. Here, a word of warning. It is common prac-
tice on DACs and suchlike for the most significant bit to be called
data bit 0 or 1 and the least significant bit to be called 7 or 8.

Pin 14, the analogue output of the DAC, goes to the positive
input (3) of the op -amp and the actual analogue input to be
measured, to the negative input (2). There is no feedback in this
case, as the op -amp is being used as a comparator, so the
output from pin 6 goes to the PAPER OUT error pin on the
Centronics socket.

In operation, the PAPER OUT error shows whether the input
is higher or lower than the output of the DAC and consequently
the output from the printer port. Remember that the measurable

LO

PORT
A

cO

PORT
B

8 DATA LINES

ADC

CHANNEL
SELECT 0 - n

START CONVERSION

CONVERSION COMPLETE

ANALOGUE IN
CHANNELS 0 - n

4

Figure 7. Block diagram of multi channel analog to
digital converter circuit

Thus, each time a GOSUB 200 is performed, the ADC values
will be read into the AVO array.

One thing I should mention follows on from the way in which
BASIC accesses the lines of code. If time is very important, e.g.
more than one or two samples per second are required, it helps
tremendously to pack several statements onto each line. I have
put the above on four lines so that the steps are clearer, but in
fact it is better to put it on one line.

Don't go too far in this direction otherwise the lines will
become difficult to read. Use your own judgement and
remember that a statement per line will always work. The chart
recorder program is not so long that it is unreasonable to get it
working with the statement per line approach and then use
longer lines after it is all working, to get the program to run faster.

For the BBC machine, the code is very similar, the JOYSTKO
keyword being replaced with ADVAL(...). However, there is one
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input voltage is in the range 0 to 2.55V. If the input voltage may
be outside these limits accidentally, then put a 1MR resistor in
series with the input to pin 2 of the op -amp.

Now how do we drive it, software wise? Well there are two
answers to this question, the long easy way and the fast compli-
cated way. The long easy way is to provide (starting at line 200)
a FOR loop, which starts with 1=0 and goes up to 1=255. During
this loop, look for a change in the PAPER OUT signal. Stopping
the loop at this point will give the value of the input.

As I don't know what machine you will be using, I can't give
the code to check for the PO error so I will assume PAPEROUT
is a variable which is true or false, depending on the state of pin
12 of the Centronics socket.

The long easy way goes like this
200 FOR I=0 TO 255
210 LPRINT CHR$(I);
220 IF PAPEROUT THEN ADCVAL=I:I=256
230 NEXT
240 RETURN

Setting 1=256 is a much better way of forcing an exit from a
FOR loop than using a goto, e.g. in this case GOTO 240.

On return from the subroutine, the variable ADCVAL will be
just that, the value of the input. At the end of this section, I will

give a little program suitable for testing the system.
Well, what can go wrong? Not much. If it doesn't work prop-

erly, then check -

That you have got the semi -colon after the (print statement. If
you haven't, the printer driver will send carriage -return and line-
feed after each statement and as these have values of 10 and
13, it will muck up the system.
It may be that the sense of the PAPEROUT variable is inverted,
try changing line 220 to -
220 IF PAPEROUT=0 THEN ADCVAL=I:I=256

An alternative to the printer port is to use 8 bits from an output
port (there are adaptors for most machines) and 1 bit to an
input port for the output of the CA3140.

And now, if connected to I/O ports, let's assume they are
output port number OUTPORTNUM and input port
INPORTNUM.

The previous code now becomes -
200 FOR I=0 TO 255
210 OUT OUTPORTNUM, I
220 IF INP(INPORTNUM) THEN ADCVAL=I:I=256
230 NEXT
240 RETURN

If this doesn't work, then the checks are as in the previous
case, but there is an extra possibility, namely that more than the
one bit is appearing in the input port. Suppose bit 0 of the input
port is connected to the op -amp, then change line 220 to -
220 IF INP(INPORTNUM) AND &H01 THEN

ADCVAL=I:I=256

ANDing the portvalue in this way will ensure that only bit 0 is
looked at. Of course, if it's any other bit, change the &H01
to correspond.

An ADC Test Program
The following program is suitable for testing all of the systems
given in this article, assuming that the appropriate routine starts
at line 200 onwards.

Any setting up that may be necessary, e.g.
20 DEFINT A -Z
90 GOTO 1000
200 and onwards, the digitise routine
1000 Any further setting up, e.g. set up

I/O ports and clear the screen
1090 PRINT"R=run continuous, Q=quit, any

other key for single shot"
1100 LOCATE 14,1
1110 GOSUB 200
1120 PRINT ADCVAL;"
1130 IF CK$="r" THEN IC$=INKEY$ ELSE
IC$=INKEY$:IF IC$="" THEN 1130
1140 IF IC$"" THEN CK$=IC$
1150 IF CK$="r" THEN 1100
1160 IF CK$"q" THEN 1100

The Fast, Complicated Way.
You will doubtless appreciate the fact that the higher the input
value the longer it takes for the routine to find the matching
value. So, using the previous routines will give the value fairly
quickly if it is small, but will take much longer if the value is
large. Apart from limiting the speed at which points can be
plotted by our chart recorder to be, the fact that the speed is
variable between wide limits (255 to 1 in the worst case) makes
the timing more difficult, because our recorder has got to have a
clock in it somewhere.

And so we come to the fast, complicated way. The tech-
nique is known as successive approximation and goes like this.
Send a mid range value (128) and see if the value to be
measured is greater or less than the input. If less than, repeat
with the middle again, this time 64. If higher, again use the mid
value obtained by adding the 64 to the 128.

One of the complications comes from the fact that we can
only ask higher or lower, there is no means of checking equal
to. However this can be allowed for at the end of the cycle by
an 8th step which will either add one or leave it as it is.

Now, using some of the previous code to help comparison,
here's the new code -

In the setting up declare an array called DIFFVAL(8) and set its
values to
128, 64, 32, 1, 1.DIFFVAL(0)=128

DIFFVAL(7)=1:DIFFVAL(8)=1

200 ADCVAL=DIFFVAL(0)

210 FOR 1=1 TO 8

220 LPRINT CHR$(I);

230 IF PAPEROUT=0 THEN

ADCVAL=ADCVAL+DIFFVAL(I):GOTO 250

240 IF I<8 THEN ADCVAL=ADCVAL-DIFFVAL(I) 250 NEXT

260 ADCVAL=ADCVAL -1

270 RETURN

The terrific advantage of this routine is that it only ever takes
8 steps and always takes 8 steps. Since the average for the
earlier method would be 128 steps, this system is 16 times
faster.

The IBM PC (or Compatible) and the Single
Input ADC
If you are using a PC then the problem of sending a value to the
printer and gaining access to the PAPER -OUT error becomes
very straightforward, although perhaps it is uncertain ground to
those who have not used software interrupts so a quick word is
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not out of place.
The disk operating system, usually abbreviated to DOS, as

supplied with the PC (MS DOS) has dozens and dozens of
useful subroutines built in and available to the user. These can
be accessed by loading certain control numbers into the
machine registers and then performing an interrupt function.
This causes the subroutine to be performed and when finished,
it returns to the user with the results, if appropriate, in one or
more of the registers.

In fact, there is just what we need in the PC DOS. Interrupt
number 17 (all numbers in hexadecimal) sends to the printer
specified in register DX the value in register AX. When finished,
the top 8 bits of register AX contains the printer status, which
includes the PAPER OUT error.

I will include here the code written in BASIC, which will test
the circuit of Figure 6 with all the trimmings. The lines of code
will be numbered, but I will insert in between general comments
which are not numbered and are not included in the program.

The general arrangement is that a buffer is set aside in
memory for the code which calls the printer interrupt and later
on it will contain, in addition, the chart data.

BASIC does not usually give a means of generating an inter-
rupt,so we will have to use machine code. We know there will
be a buffer for the data, so the machine code may as well go
into it at the beginning. Don't forget to set the buffer pointer
above the machine code when we come to it, otherwise the
data will overwrite it.
10 DATA ADC for PC using SUCCESSIVE APPROXIMATION

V1.05(Yes, it took 5 tries to get it right!)

12 DATA Copyright K. Garwell 1993

Available to all readers of this magazine.

Now the real stuff. All variables declared as

integer.

15 DEFINT A -Z

20 DATA

18,38,00,00,2E,A0,00,00,BA,00,00,CD,17,2E,88,26,0
1,00,CB,90

The machine code for the interrupt - will be loaded into the
buffer shortly.

Next define the segment address of the buffer this is appro-
priate to a 640Kb machine and is the start of the last 64K.
30 DEF SEG=&H9000

40 DIM DIFFVAL(8)

50 DIFFVAL(0)=&H80:DIFFVAL(1)=&H40:DIFFVAL

(2)=&H20:DIFFVAL(3)=&H10

60 DIFFVAL(4)=8:DIFFVAL(5)=4:DIFFVAL(6)

=2:DIFFVAL(7)=1:DIFFVAL(8)=1

90 GOTO 1000

200 ADCVAL=DIFFVAL(0)

210 FOR I=1 TO 8

Put the ADC value into the first byte of the buffer. Status
appears in the second byte.
220 POKE 0,ADCVAL

230 CALL CODESTART:CALL CODESTART:STATUS=PEEK

(1)AND &H20

The printer routine is called twice to give the CA3140 time to
settle. Remember the machine code is much faster.
240 IF STATUS=0 THEN

ADCVAL=ADCVAL+DIFFVAL(I):GOTO 260

250 IF I<8 THEN ADCVAL=ADCVAL-DIFFVAL(I)

260 NEXT:ADCVAL=ADCVAL-1

270 RETURN

1000 BUFFER=0

1010 CODESTART=BUFFER+2

1040 CLS:LOCATE 8,1:READ IC$:PRINT IC$:READ

IC$:PRINT IC$:LOCATE 12,1

Copy the machine code into the buffer starting at 3rd byte.
First byte of data gives the number of bytes to be copied.
1050 READ NUMBYTES:FOR I=BUFFER+2 TO

BUFFER+NUMBYTES+2

1060 READ

BYTEVAL$:BYTEVAL=VAL("&H"+BYTEVAL$):POKE

I,BYTEVAL

1070 NEXT

Put up the program options
1080 PRINT"R=run continuous, Q=quit, any other

key for single shot"

And start the test loop.
1100 LOCATE 14,1

1110 GOSUB 200

1120 PRINT ADCVAL;"

1130 IF CK$="r" THEN IC$=INKEY$ ELSE

IC$=INKEY$:IF IC$="" THEN 1130

1140 IF IC$<>"" THEN CK$=IC$

1150 IF CK$="r" THEN 1100

1160 IF CK$<>"q" THEN 1110

Multiple Input ADC
As DIY

For the DIY enthusiast, there are ADC chips available with the
means of measuring more than one input. Any of these will
require at least the following lines -

8 output lines from the ADC for the conversion data.
2 or more input lines to select the required input.
1 line input to the ADC to say perform conversion.
1 line output from the ADC to say conversion complete.

This all tots up to 9 data lines into the processor and 3 or 4
lines out to the ADC, which amounts to a requirement to add on
to your machine an I/O adaptor for two 8 bit ports, at least one
of which can be set up individually for input or output.

There we have a nice little design exercise with which I can't
provide much help, as I have no idea what equipment you will
use. Figure 7 gives a general idea of what it might look like and I
shall be able to talk about the software later.

Multiple Input Via RS232, The Easy Way.
Here I am going to suggest that you actually pay real money for
a complete, ready built unit. Don't panic. The unit is around
£100 (Reference 3, and see also advertisements in copies of
ETI) and if you already have a suitable machine (RS232 at
9600Bd and a standard interface) it represents a good buy,
especially if its a chart recorder you want and not the hardware
exercise!

The unit in question (Pico Technology ADC -16) requires no
power supply (it gets all its power via the RS232 interface), has
8 inputs and a resolution of 8-16 bits. Furthermore, it gives the
sign of the input, either positive or negative.
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The modus operandi is very simple. When a sample is
required, a byte of control information is sent to the device,
giving the resolution and channel number and in return the
device sends the result of digitisation in 3 bytes. Although
initially designed for the PC, it can be driven via the serial inter-
face without reference to the machine type, provided that the
BASIC used has the commands and the machine has the
correct lines, which we will see in a moment.

The connections for the standard 25 way D type are straight-
forward, viz. -
ADC Machine Line

2 2 Transmit
3 3 Receive
20 4 RTS

7 7 Common gnd
4 20 DTR

The ADC is female, while the processor is male. Don't miss
the crossover between 4 and 20 (this should not be made if the
ADC -16 is used with its supplied software).

Some machines have a 9 pin or other connector and it is
best to check with the handbook to see which line is which.
Again, a cross will have to go in between RTS and DTR.

Now lets have a look at the software to test such a rig. To
keep life simple, I will repeat the test program but without the
complication of the buffer. There is no need for any machine
code with this rig.

10 DATA ADC -16 Test driver V1.00

12 DATA Copyright K. Garwell 1993

Still free to readers! The only setting up is done when the file
is opened (see below).

90 GOTO 1000

Don't be mislead, the print command is addressing a file not
a printer. The channel, resolution, etc., is built into the control
byte. Send the control byte

200 PRINT #1,CHR$(CTRLBYTE);

Wait for a reply

220 IF LOF(1)<0 THEN 220

Read the three bytes

230 ADC$=INPUT$(3,#1)

Convert them to an integer including sign

240 ADCVAL=ASC(MID$(ADC$,2,1))*256+ASC(MID$

(ADC$,3,1))

250 IF ASC(ADC$)=&H2D THEN ADCVAL=-ADCVAL

And bingo

260 RETURN

1000 CLS:LOCATE 8,1:READ IC$:PRINT IC$:READ

1C$:PRINT IC$:LOCATE 12,1

Put up a heading, read channel, etc.

1010 INPUT"Channel number";CHAN

1020 INPUT"Resolution";RES

1030 INPUT"Single ended differential";IC$

1040 IF IC$="d" THEN MODE=0 ELSE MODE=1

1080 PRINT"R=run continuous, Q=quit, any other

key for single shot"

Construct the control byte, bits 7-5 chan, 4-1 res, 0 is mode.

1090 CTRLBYTE=(CHAN-1)*32+(RES-1)*2+MODE

Now the all important command to set up the RS232 port.
9600 baud, no parity, 8 bits, 1 stop bit, set the lines to give the
required pos. and neg. supply.

1100 OPEN"COM1:9600,n,8,1,RS,CS,DS,CD" AS #1

And away we go as before.

1200 LOCATE 17,1

1210 GOSUB 200

1220 PRINT ADCVAL;"

1230 IF CK$="r" THEN IC$=INKEY$ ELSE

IC$=INKEY$:IF IC$="" THEN 1230

1240 IF IC$<>"" THEN CK$=IC$

1250 IF CK$="r" THEN 1200

1260 IF CK$<>"q" THEN 1210

1270 CLOSE

If you have neither ADC nor machine, the combination of
IBM PC (or its look -alike) and one of the Pico models (Reference
3) looks to be one of the best buys. I admit that we are now
talking money, but it should be possible to pick up a second-
hand PC for little more than £100.

From time to time, companies update their equipment and
old PCs are left to collect dust. These are well worth having,
especially for a dedicated chart recorder. The prices for new PC
compatibles cover a wide range and can be obtained for
around £250 including a fixed disk. I have also seen offers of
new mono single floppy models for £160. Shop around and
look in the magazines.

One of the additional advantages of this combination is that
the Pico Technology ADCs include additional software which is
very useful to the enthusiastic ETI man.

Ref. 1. Earth Charge Recorder ETI, March and April 1992.

Ref. 2. see ETI RS232 Interface Dec. 1992 and Jan. 1993.

Ref. 3. ADC -16 from
Pico Technology Ltd.
Broadway House,
149-151 St. Neots Road,
Hardwick, Cambs. CB3 7QT.
Tel: 0954 211716.

Next Month
We will conclude this project by looking

at how to implement the actual chart
recorder function.
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CVC Chelmer Valve Company
(:04,./40

Audio valves with famous brand names of yesteryear such as MULLARD, MOV, GEC,RCA etc, are in
very limited supply and their scarcity also makes them very expensive.

We at Chelmer Valve Company however provide high quality alternatives to these old makes. We have
over 30 years experience in the supply of electronic valves of all types and during this time have
established close ties with factories and sources worldwide.

For high fidelity use we further process valves from these souces using our specially developed
facilities. After rigorous testing - including noise, hum, microphony, post burn -in selection and
matching as needed - we offer this product as CVC PREMIUM valves.

A selection of the more popular types are listed below.

Price list & order form for CVC PREMIUM Audio Valves

Make CHEQUES

UNIT PRICE QTY. TOTAL PRICE UNIT PRI('E QTY. TOTAL PRICE

PRE -AMP VALVES
5.00

CARRIED FORWARD ....

ECC81/12AT7 RECTIFIERS
ECC82/12AU7 4.00
ECC83/12AX7 5.00 GZ32 4.50

GZ34/5AR4 5.00ECC85 4.00
5U4G 5.00ECC88 5.00
5Y3GT 3.20EF86 4.00
5Z4GT 3.50E81CC(GOLD PIN) 6.00

E82CC " " 6.00 SOCKETS
E83CC 6.00

7.00E88CC " " B9A (PCB) 1.60
E8OF 9.00 B9A (CHASSIS) 1.60
E83F 5.50 OCTAL (CHASSIS) 1.75

6SL7GT 4.00 4 PIN (UX4) 3.00
6SN7GT 4.20 4 PIN (FOR 211) 11.00

6922 5.00 MATCHING CHARGES*
3.00

POWER VALVES

POST & PACKING (UK)

TOTAL EXC. VAT

VAT 0171/2%

2A3 (4 PIN) 14.00
(UK & EEC)

TOTAL TO PAY2A3 (OCTAL) 14.00 £
211 22.00
300B 50.50

*MATCHING, if required; state valve types & if PAIRS,
QUADS or QCTETS - Allow £1.00 per valve for this service.

811A 9.50
845 29.90
EL34/6CA7 7.50
UT Q A IKDCIG A (Y A_.payable
EL84/7189A 5.10 'CHELMER VALVE COMPANY or pay by

give details:KT66 9.20 ACCESS/MASTER CARD/VISA,
KT77 12.00
KT88 12.50
KT88 (GOLD Q) 18.50

Expiry
6L6GC 6.50

Signature

6L6WGC/5881 8.00 Name
6V6GT 5.00
6146B 10.20 Address
6336A 38.00
6550A 11.00

6550A -S 13.50

7581A 11.00

TOTAL CARRIED FORWI RD Post Code

Valve amplifiers sound better still with CVC PREMIUM valves!

New London Road, Chelmsford, Essex CM2 ORG, England. Telephone 0245 355296/265865 or FAX. 0245 490064.
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Dear ETI
I have noted your comments in February ETI regarding
creativity and inventiveness. I have some ideas and would
like to know what format you would like protects submitted
in, with a view to having them published.

G.M.Horner,
Pontefract.

This letter is representative of many that we have had
recently. It seems that we at ETI are managing to stir up some
response to our call for greater creativity and, more impor-
tantly you, our readers, are willing to write about their ideas.

So if you have an idea and have developed a project
which you think other readers would be interested in, why
not write an article for Ell?

Articles should be about 20(X) words long, if longer then they
should be split into two or more parts of about 2000 words
each, and supplied as an ASCII text file on a MS-DOS disk
(3.5in 720K, or 5.25 in). The format of the article should follow
the pattern shown in other articles in this magazine, for example,
those of Robert Penfold. All diagrams and PCB or Veroboard .00

layouts should be provided in a clear form which can easily be
redrawn by our artist. Any software used should be provided on
MS-DOS disk. A working unit should also be available for exami-
nation be ET! editorial staff and for photography.

One plea though, please try and use components which
everyone can easily get. Many a good project has not been
built because readers could not get the components.

Don't be inhibited about writing, it is your ideas and your
project that we are interested in, not your journalistic ability.
So lets see some new authors, and don't forget that we pay
for all published contributions!

Ed.

Dear ETI

I would like to point out the
dangers inherent in the
design of the Programmable
Stage Stroboscope (February
ET!). The construction
between those parts of the
circuit accessible to the user,
remoter run and remote fire,
and those parts connected to
the mains supply should, as
designed, be of Class II safety
construction. International
safety standards specify
minimum creepage distances
and clearances for such
construction between live
parts and accessible parts as
being 6mm. However, in the
design of this circuit board,
only 2mm has been provided.

Good design practice
would not only be to provide
the required 6mm distance
but also to ensure that the
isolated inputs are well sepa-
rated from the other connec-
tions to the board, rather than
being interspersed between
them. This would then allow
the wiring to be much more
easily segregated. The live
wiring and the isolated wiring
should not only be segre-
gated but secured such that
then cannot move or touch
any parts on the opposite
side of the isolation barrier
(the opto-isolators).

These opto isolators
should also be of the correct

Dear ETI

As a Canadian reader I have
just picked up my copy of ETI
from the local news vendor. In
the past, I have always appre-
ciated the free PCBs etc. that
often accompanied an issue. I
was thus greatly disappointed
to miss out on a free offering
with the Layoff PCB design
and schematic diskettes. It
appears that it was only made
available to purchasers and
subscribers in the UK. How
can I get a copy, since it is a
program I am particularly
anxious to have?

Anthony. J. Smith,
Manitoba, Canada.

Unfortunately, for a host of
different reasons, not least
those regarding distribution

rights, etc., of a shareware
programme, our many thou-
sands of readers outside the
UK missed out on getting a
copy of Layo1. As did many
UK readers who forgot to
place an order with their
newsagents only to find that
ETI sold out very quickly.
For readers who would like
a copy of this programme
we can, for a limited period
supply the two disks at a
price of £4.50 plus 60p
P&P. Cheques should be
made payable to ASP and
addressed to
ETI Reader Services,
Argus House,
Boundary Way,
Hemel Hempstead,
Herts HP2 7ST.

Ed.

Dear ETI

Being an avid reader of ETI I
wonder if you could help me
out. Do you know of any
electronics clubs in my area?

A.J.Wilkes.
High Wycombe.

Mr Wilkes letter is typical of a
great many similar enquiries
that we receive. Indeed, to
help readers like Mr Wilkes I
put out an appeal last month
for electronics clubs to
contact me so that I can
print a list of their locations,
organiser names and contact

numbers in the magazine.
I would like to repeat that
appeal. In the absence of a
local club, readers might like
to contact the British
Amateur Electronics Club.
They have a regular
newsletter and maintain a
library of data books for use
by members. The BAEC can
be contacted by writing to
the Chairman,
Mr H.F. Howard,
41 Thingwall Park,
Fishponds, Bristol,
BS16 2AJ.

Ed.

type. A common misunder-
standing is that the 'isolation
voltage' often specified in
catalogues is not the safe
working voltage but is in fact
the 'withstand' or 'dielectric
strength' test voltage of the
opto-isolators, which for
Class II situations should be a
minimum of 3000Vrms.

J. Pettifer,
Epsom.

Mr Pettifer is absolutely
correct in his observations

about safety in circuits such
as the Stroboscope. Readers
who are building this project
should take note, and if
possible ensure that there is a
6mm clearance between the
two sides of the isolation
barrier. You may well not have
any problem with the board
layout we published, but
when dealing with mains volt-
ages it is always better to be
safe than sorry!

Ed.

ELECTRONICS TODAY INTERNATIONAL
60



Bookshelf
Electronic Music
Learning Projects
by R. Bebbington

Music -making by electronics
is now immensely popular
and these learning projects
offer constructors both sides
of this invaluable coin.
Whether you are an elec-
tronics enthusiast new to
music, or a student musician
new to electronics, here is a
book which offers readers a
practical learning curve that
will launch them into some
interesting and novel projects.

The projects are suitable for
construction in schools and
may be useful in helping with
the GCSE Electronics course,
while the music teaching aids
could usefully complement
basic music studies.

The projects include music
instruments with strange
sounding names, including
the Elexylophone, the
Glidaphone, the Melody
ranger, the Chordmaker and,
to ring the changes, some
Appealing Handbells.

The projects in this book
have been designed to range
from the simple to the more
advanced, using discrete
components and popular ICs
in a variety of circuits that
should widen most
constructor's expertise.

Published by Bernard Babani.
ISBN 0-85934-329-4
Price £4.95

A Beginners Guide
to MIDI
by R.A.Penfold

After a slow start in the early
1980s, MIDI (Musical
Instrument Digital Interface)
has progressed to the point
where it dominates some
aspects of electronic music
making. It is now an area of
electronic music that few can
afford to ignore. Many poten-
tial users are put off by the

technicalities associated with
MIDI, but it is not essential to
understand the precise way in
which MIDI functions in order
to use it effectively. In fact,
many everyday users of MIDI
have little idea of how it does
what it does.

With the aid of this book,
those with no previous knowl-
edge of MIDI will learn how to
connect up MIDI systems,
exploit MIDI modes and chan-
nels and use the MIDI commu-
nications capabilities, as well
as its timing and synchronisa-
tion facilities. This book also
shows how to exploit MIDI
filtering, transposition and
other extras, as well as
showing how to interpret a
MIDI implementation chart.

This book provides a good
basic introduction to using
and understanding MIDI
systems.

Published by Bernard Babani.
ISBN 0-85934-331-6
Price £4.95

LINEAR
CIRCITIi

PC Assisted Linear
Circuit Analysis and
Drawing
by Ian Sinclair

The analysis of linear circuits,
particularly where active
components are used, has
always been a slow and
painful process when carried
out with the traditional tools of
pocket calculator and paper.
Purely passive circuits, and
filter circuits in particular, can
present considerable prob-

lems even if a formula can be
found, and in many cases a
formulae does not allow for
small deviations from the
circuit. It is also quite
common to find circuits for
which a standard formula
does not exist and the only
way out is to analyse the
system from first principles.

For any PC user, this
problem melts away when a
linear analysis program is run.
Circuits can not only be
analysed in terms of ampli-
tude and phase response
over a huge frequency range,
they can be analysed with the
effect of tolerances consid-
ered, something that is
immensely tedious by
conventional methods.

This book introduces the
principles and shows what is
required to analyse a variety of
common circuits, using a large
number of examples. The
effects of stray capacitance
and of finite source and load
resistance values, so often
neglected in formulae, are illus-
trated, and the importance of
these values is stressed - a few
circuits perform very differently
when such items are taken into
account.

The linear analysis
program used as an example
in this part of the book is
Aciran, one of the best avail-
able. Its installation and
setting up is fully explained,
bearing in mind that readers
are likely to know more about
electronics than computing.

The second half of the
book is concerned with circuit
diagrams. The preparation of
precise and printable circuit
diagrams is another chore
which plagues small scale
electronics workshops. In the
past, circuit diagrams of
camera ready standard
required the employment of a
capable draughtsperson and
took an inordinate amount of
time and expense. Using a
low cost CAD program such
as AutoSketch, it is possible
to automate this process and
turn out drawings of a very
high standard, with none of
the painstaking effort that was

formerly required. Even more
valuable, each drawing or
component symbol can be
saved as a disk file to be
used as often as required in
the future.

This book details the
installation of AutoSketch and
how individual component
symbols can be bought or
created to any required scale.
It then shows how circuit
diagrams can be built up,
making full use of facilities
such as snapping, which
ensures a standard of neat-
ness that is difficult on a
drawing board. Once again,
profuse illustration makes it
easy to follow the actions that
are needed to create circuit
diagrams of a high standard,
save them on disk and print
them.

Published by Newnes
ISBN 0-7506-1662-8
Price £14.95

A Beginners Guide
to TTL Digital ICs
by R.A.Penfold

Logic circuits are now a part of
everyday life and practically
every house is equipped with
numerous gadgets that
contain digital circuits in one
form or another. TTL logic inte-
grated circuits are widely
regarded as the standard
range of digital devices and, as
such, are utilised in a wide
variety of equipment.

In this book, the author
shows how to get started with
digital circuits, the fundamental
concepts and some of the
problems involved. Basic
theory of digital circuitry is
covered, as is a wide range of
practical ideas and circuits.
Areas covered include oscilla-
tors and timers, flip/flops and
dividers, plus decoding
circuits.

This volume is an ideal
introduction to digital elec-
tronics, from a well known
author in this area.

Published by Bernard Babani.
ISBN 0-85934-332-4
Price £4.95
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Every Mum
deserves to be spoilton
Mothers' Day,
and the next day, and the next...
Treat your Mum to a subscription to a magazine she'll love,
it's the ideal way to show her how special she is...
Every monthly issue of Popular Crafts is filled with step by step projects
on everything from crochet to calligraphy and its a good read too!
Mothers Day Trial Offer order a 6 month trial subscription for
as little as £10.50 !
Popular Crafts Projects is a quarterly collection of craft projects.
Every issue concentrates on one area, eg, gifts, or embroidery. If your
Mum likes to make beautiful crafts, for gifts, for sale or just for herself,
she'll love .;=opuiar Crafts Projects.
Order a 1 year subscription for as little as £9.00!

Popular Patchwork is a big hit with patchwork and quilters and it's not
hard to see why! Every quarterly issue is full of projects for patchwork,
quilting and applique - we've got patchwork and quilting covered!
Order a 1 year subscription for as little as £13.50!

Home Cooking is today's cookery magazine. Specially created recipes
fill every issue and all are designed for the busy cook. We show you how to
use inexpensive ingredients and create tasty, healthy meals that everyone
will enjoy.
Mothers Day Trial Offer order a 6 month trial subscription for as
little as £9.00!

NEM tem MEM UAW 9=61 NAM Mal giggini OHM
Post me today!

IN BLOCK CAPITALS)(COMPLETE
(3 Yes, I would like to take out a gift subscription to: (tick relevant box)

Popular Crafts
0 6 mths
0 1 yr

Home Cooking
0 6 mths
01 yr
Popular Crafts Projects
0 1 yr
Popular Patchwork
'1 1 yr

UK Europe & Eire Sterling 0/S US $

£10.50 £15 £15.80 $26

£21 £30 £31.60 $52

£9 £14.30 £22.20 $38

£18 £2860 £44.40 $76

£9 £1250 £13 $22

£13.50 £18.80 £19.60 $33

Please commence the subscription from the Issue.

I enclose my cheque/P.O for £ made payable to ASP or please debit my
Access/Visa account:

ISignature' Expiry' Today's Date

IName' Address

Postcode'

Deliver to: IName' Address'

I Postcode. I
Please post this coupon to: Argus Subscription Services, Argus House. Boundary Way, Hemel
Hempstead, Herts. HP2 7ST. Credit card holders can call our Hotline: 0442 66551.Hempstead,

may receive further information about otters and services which may interest you. (ETI/124)
1111=11 MIMI MIN MUM 11111111 MINIM MINN MIME MEM 1111111111111

ETI SUBSCRIPTION OFFER

ELECTR°NICS
TODM INIERNAIIONAL

PC's

MAKE A

$cFTE14 AU:

AM() AN
lattOUS DISPLAY

Y,:OR YOUA PC

GOOD
READING

Subscribe to

and

guarantee that every issue is priority

delivered to your door for a whole year!
(post free in the UK)

Guarantee good reading with a subscription!
Yes! I would like to subscribe to ETI magazine for 1 year
Please commence my subscription from the issue.

If renew/extending, please quote subscription number

ETI One Year Subscription Rate
UK £23.40 Europe & Eire £30.30

Sterling Overseas £31.50 US Dollars Overseas $52
I enclose a cheque/M.O. for £ made payable to ASP or debit
my Access/Visa:

Signature Expiry Today's Date

Name

Address

Post Code

Please post this coupon to: Argus Subscription Dept, Queensway House,
2 Queensway, Redhill, Surrey, RH1 1QS. Or call us on 0737 768611.
If you've got a credit card it's faster by phone!
You may receive further information about offers and services which may be of interest to

ETI/123.
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Classified Access

AM.

James Gale
0442 66551
Send your requirements to:
ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST

Lineage: 65p per word (- VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£8.70 + VAT per single column centimetre

Ring for information on series bookings/discounts.
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

FOR SALE

II; . 411

r_..../

COOKE INTERNATIONAL
SUPPLIER OF QUALITY USED TEST INSTRUMENTS

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS,
GENERATORS, OSCILLOSCOPES, POWER METERS. ETC

ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE

EXPORT, TRADE AND U.K. ENQUIRIES WELCOME
SEND LARGE S.A.E. FOR LISTS OF EQUIPMENT AND MANUALS

ALL PRICES EXCLUDE VAT AND CARRIAGE
DISCOUNT FOR BULK ORDERS SHIPPING ARRANGED

OPEN MONDAY TO FRIDAY 9AM - 5PM
COOKE INTERNATIONAL

ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,

West Sussex, P022 OEB Tel (+ 44) 0243 545111/2 Fax + 44) 0243 542457

SWC SCIENTIFIC
WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE.
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW
FAX 081 559 1114

BURGLAR ALARMS
FREE

FREE

FREE

TECHNICAL ADVICE

DESIGN GUIDE
16 PAGE FULL COLOURCATALOGUE

& FREE DELIVERY
TRADE

ENQUIRIES
WELCOME

STOP:
SH

2A EAUNG ROAD, AINTREE, LIVERPOOL L9 OLR

67, TEL:051-523 8440E7
I FAX: 051-523 8121 I f

NEWMARKET
TRANSFORMERS LTD

Mail Order Transformer
Specialists.

Toroidal and Laminated
Transformers, 3VA to lkVA.
Fast delivery. Competitive
prices. Quality guaranteed.

Phone: Michael Dornan on 0638
662989 for Immediate Quote

I!!! ON OFFER THIS MONTH IIII
Red Super Led 5mrn 15p Crystal
IR Receiver 20p Earphone 65p
0.1uF 0 rated 65p Neon Bulb
0.1 Poly 5p 250AC 15p
33uF 16v RAD 10p BD332 PNP Darl 40p
47uF 35v RAD 10p BC639 100V 1A 30p
47uF 15v RAD 10p LM337 VREG 45p
2 2uF Non Pot 30p LM7924 VREG 45p
250uF 16v RAD 10p 2718 Eprom £1.00
2700pF 1% Tol 10p 2732 Eprom £t,65
Contact Cleaner £125 Contact
Flux -Off £125 Restorer E1.25
2pt-26pF 65p 2pf-1Opf Trull 40p
IN4001 6p Tilt Switch E1.00
47uF 350v DC 45p 4Way Tilt SW £2.95
74HC75 30p 5 Watt 300 OHM 10p
Crystal 45Mhz 40p 200uf 300V DC 85p

STRIP OF ASSORTED COMPONENTS 1M
LENGTH Et .

WIDE RANGE OF ELECTRONIC
COMPONENTS ALWAYS IN STOCK RING

FOR DETAILS
FM TRANSMITTERS ALSO IN STOCK -

ELEY ELECTRONIC LTD
100-104 BEATRICE ROAD, LEICESTER,

LE3 9FF
TEL: 0533 515944

PAY BY:- VISA/ACCESS
OPEN 10-6 MON-SAT

Falcon DIY SPEAKERS

Send for our FREE price list PL22:
All we ask for is a large S.A.E.

36p stamp or $2 bill U.S. overseass.
(Europe - 3 International reply coupons)

SYSTEM DESIGNS (Total Kits):
Focal, KEF Constructor, Seas, etc.
DRIVE UNITS FOCAL, KEF, Audax,

Coles, Peerless, Seas, Siare, Elac Metal
Dome, Scanpeak, etc.

Also Group/Disco Units
CROSSOVER NETWORKS -

Active & Passive Components,
Accessories, Polypropylene Caps.

AUDIO AMATEUR PUBLICATIONS
BACK ISSUES:

Speaker Builder, Audio Amateur & Glass
Audio, L/S Cookbook books

Full details from
FALCON ELECTRONICS

(Dept E.T.I.) Tabor House, Mulbarton,
Norfolk NR14 BJT (0508) 78272

(Proprietors. Falcon Acoustics Ltd.)

VARIABLE VOLTAGE
TRANSFORMERS

.lr't .r, A ei
OUTPUT 0-260V

Price P&P
0 5KVA 2.5 amp max £31.90 £6.00

£44.53 inc VAT)
1 KVA 5 amp max £41.15 £7.00

(£56.58 inc VAT)
2KVA 10 amp max £59.40 £8.50

(f79.78 inc VAT)
3KVA 15 amp max £78.65 £8.50

(£102.40 inc VAT)
5KVA 25 amp max f1 39.1 5

(Plus Carriage)
Buy direct from the Importers Keenest prices in the country

COMPREHENSIVE RANGEOF
TRANSFORMERS -LT -ISOLATION & AUTO

(110.240V Auto transfer either cased with Amenun socket and
Mains teed or open frame type Available lot immediate delivery

WIDE RANGE OF XENON FLASIITUDES
Write,Phone your enquiries
ULTRA VIOLET BLACK LIGHT

FLOURESCENT TUBES
4h 40 wan 112.00 (callers only) (Et 4 10 Inc VAT)
2h20 wan E7.44+ E1.25 p&p ((10.21 inc VAT)
12in 8 wan 14.80 75p p&p ((6.52 inc VAT)
9in 6 wan 0.96, 50p p&p ((5.24 inc VAT)
6in 4 watt f396n 501, P&P (E5.24 inc VAT)

230V AC BALLAST KIT
For either 6,n. 9in or 12in tubes /6.05 fl .40
p&p (f8.75 inch

400 WATT UV LAMP
Only 134.00, E2.50 p&p (42.89 inc VAT)

180 WATT SELF BALLASTED BLACK
LIGHT MERCURY BULB

Available with BC or ES fitting. price inc VAT
& p&p and VAT £25.65

12V D.C. BILGE PUMPS
500 GPH 15ft head 3 amp /19.98
1750 GP H1511 head 9 amp 134.55
Also now available 24V D.C. 1 750 GPH 15ft head
5 amp f 35 55 All designed to be used
submerged. PRICES INCLUDE P&P & VAT

EPROM ERASURE KIT
Build your own EPROM ERASURE for a fraction of the
price of a made-up unit kit of parts less case includes
12in 8 wan 2537 Angst Tube Ballast unit, pair of bi-pin
leads, neon indicator, on/off switch, safety microswitch
and circuit £15.000(2.00 p&p ((19 98 inc VAT)

SUPER HY-LIGHT STROBE KIT
Designed for Disco, Theatrical use etc.

Approx 16 Joules Adiustable speed 150.00+13.00 p&p
(162.28 inc VAT)

Case and reflector f 24.00 + OM p&p ((31.73 inc VAT),
SAE for further details including Hy -Light and in-
dustrial Strobe Kits

"BOFFINS SPECIAL" -
UNIQUE OFFER

Surplus Precision Medical Unit. internally in excel-
lent condition Designed primarily to eject a precise
controllable amount of fluid from a medical syringe
(latter not supplied) Contains the following remov-
able components. Dual Micro Processor Boards and
EPROMS Escap Precision 12V DC Motor with
300'1 Gear Box and optical encoder coupled to a
precision threaded drive mechanism. Mains supply
with 6 x 1.5V Ni-Cad AA cells back-up. L.0 D.
Digital read-out 1 7rnrn high with legends. Audible
warning
These are sold for the disrnantling of the exceptional
quality components. Regret no Circuits available.
Ridiculously low price. £16.00 E4.00 p&p

1E23.60 incl VAT).
12V D.C. GEARED MOTOR

12V D.0 Reversible precision -built Motor Output
speeds no load approx. 12V26 rpm; 9V-20 rpm. 6V-12
rpm. Will work at lower voltages and still retain a
reasonable torque. Ideal for robotics etc, Size: L
40mm W 29 mm. H 39rnm Shaft 3mm dia a 10mrn
long. Price. £8.00 +50p p&p if 10.00 inc. VAT)

TORIN CENTRIFUGAL BLOWER
230V AC. 2,800 RPM. 0.9 amp, 130mm diameter. Im-
peller outlet 63 x 37mm. overall size 195 x 160 x
150mm. long. Price £17.60+12.50 P&p 1E23.50 inc.
VAT)

SOUD STATE RELAY
7 amp a 240V, A.C. when mounted on suitable Heat -
sink. Can be driven from T.T.L. or Computer output be -
Mien 3-10V D.C. Size 24rnrn x 17mm x 15mm high.
Fixing centres 30mm (T0-3) Price £3.00 +40p p&p
(E4.00 inc VAT)

GEARED MOTORS
71 RPM 20Ib inch torque reversable 115V AC in.
put including capacitor and transformer for 240V AC
operation. Price inc VAT & p&p E23.50.

SOLID STATE EHT UNIT
Input 230/240V AC, Output approx 15KV
Producing 10mm spark. Built-in 10 sec timer
Easily modified for 20 sec 30 sec to continuous.
Designed for boiler ignition. Dozens of uses in the
field of physics and electronics, eg supplying neon
or argon tubes etc. Price less case E8.50+ E2 00
p&p (112.81 inc VAT) NMS

SAVE POUNDS!!!
Build your own forged bank note detector. Can
detect counterfeits amongst a quantity of notes

Complete kit of pans less case 240V a.c.
including 5' uV black light tube, starter and

holder, a pair bl pin tube holders Total price
including p&p & VAT only 11399

WASHING MACHINE WATER PUMP
8rind new 240V AC fan cooled. Can be. used for a variety o
purposes. Inlet 1'/, in, outlet I in. dia. Price includes p&p &
VAT. E11.20 each or 2 for £20.50 inclusive.

MICROSWITCH
Pye 15 amp changeover lever microswitch, type S171
Brand new price 5 for (7 05 Inc VAT & p&p

SERVICE TRADING CO
57 BRIDGMAN ROAD, CHISWICK, LONDON W45BB

FAX 081 995 0549 081-995 1560Showroom open Ample
Monday, Fnday ACCOUNT CUSTOMERS MIN. ORDER 110 Perking Space

Barker GS1 0
Revolutionary microprocessor controlled

intruder deterrent
Multi -sample algorithm with barks and
growls glym one of Me most realistic h'
effectseffectsn the market. Fin Inside a speaker
cabinet.o Runs from a plug top adaptor.
Seed your eddress and 4 Best clew U
stamps for demo tape.
Available assembled or in Kit Mom from 429.95  IBSP E1.110
Cheques to Dyore-rite Later Avenue, Bradford, W -Yorks BD41W

COMPONENTS

EPROM, PLDs + Microcontrollers
copied or programmed. we supply
devices/convert discrete logic to
PLDs. PO Box 1561 Bath 0225
444467.

KITS

NEW VHF MICROTRANSMITTER
KIT tuneable 70-115MHz, 500
metre range, sensitive electret
microphone, high quality PCB,
SPECIAL OFFER complete kit
ONLY £5.95 assembled and
ready to use £9.95 inclusive P&P.
3 Watt FM transmitter kit £15.95.
Credit card orders Telephone:
021 486 3092, Fax: 021 411 2355.
Cheques/PO's to: C.E.C.(Dept
ETI), 515a Bristol Road,
Birmingham, B29 6AU. Send 2
x 1st Class stamps for details of
these and other kits.
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SERVICE MANUAL COURSES

E11 Technical Information Services
76 Church Street, Larkhall, Lanarkshire, ML9 1HE
Tel/Fax: (0698) 883334 Mon -Fri 8.30am - 5.00pm

Tel/Fax: (0698) 888343 Outwith business hours
Write now with an SAE for your FREE QUOTE + FREE CATALOGUE

/5

SUPPLIER OF:

SERVICE MANUALS
SHEETS + CIRCUITS

We offer:- ANY 20 MANUALS FOR ONLY £7.50 each.
For one payment of DSO you can order any 20 Manuals of any value, Post

Free, over any period of time.
* REPLACEMENT & REFUNDS *

if anything is unreadable
* DIAGRAMS ON A2 pages * TWICE the size of 43 diagrams & unavailable

from any other Technical Information Supplier
"Remember we also sell hundreds of technical books"

SOFTWARE

StripCAD
StripCAD is a unique
electronics CAD package for
designing schematic circuits
and stripboard layouts.
Electronics symbol library
and component profile
library are included.
Drawings can be output to
Epson compatible dot-matrix
printers. Price is only £30 (inc
p & p) from Milverton
Systems, Milverton East,
Appletree Lane, Corbridge,
Northumberland, NE45 5DN.

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

PC TECHNICAL SHAREWARE
Would you hke to see the best range of low cow technical and
sr:lentil-we public dowmie & shareware for IBM PC in the LK!
HUGE RANGE includes,- PACKET. FAX, RX TX control,
PCB design, Circuit and ANTENNA analysts, QSO logging,
CAD ELECTRONIC & MECH engineering, SCIENTIFIC,

MATHS & STATS, MEDICAL. PROGRAMMING,
SOURCE CODE, DATA, EDUCATIONAL, WINDOWS,

BUSINESS and 10/5 more
Write, phone or fax today for your free 124 page printed

catalogue

The Public Domain Software Library
Wassroenbe House. Beacon Rood

= Crowboroulk Sussex TN ICL
Tel 1892 643298, Fax 5892 447473

P.C.B. DESIGN

PCBCAD. PCB DESIGN SOFTWARE
BASIC VERSION 19.99
 CLEARANCE CHECK 29.99
 GERBER VIEWER 39.99
Output to 9 pin printer and Gerber/Excellon files.
Half price upgrade to PCBCAD2 when released

PCBCAD2 24.99. New version of PCBCAD
but at beta test stage. This is NETLIST driven,
has clearance chacking, integrity check and
Gerber viewer, but absolutely no comebacks
at this price.

ASSEMBLERS 24.99 each. Or ring for
multiple prices. 8086, 80286, Z80, 8031. 6805.
P1C16C5X. TMS32010 and 8748.
All with EDITOR and BINARY to INTEL HEX
converter.
COM to EXE converter inclusive with 8086
and 80286.
DEMO DISC'S 2.99 each.
LED'S 30 for 1.00
Concessions to Educational or multiple users.
Note all software is not copy protected and is
therefore not on approval.
(07683) 51027 (Ask for Nigel.)

Start training now with the specialists for
the following courses. Send for our
brochure - without obligation or

Telephone us on 0626 779398 ETI 3/94

Name  Telecomms
Tech C&G 2710

 Radio Amateur
Licence C&G

 Micro-
processor

O Introduction to
Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

ELECTROMART

HEATHKIT U.K. Spares and
service centre / educational
products distributor. Cedar
Electronics, 12 Isbourne Way,
Winchcombe, Cheltenham, GL5
5NS Tel: (0242) 602402.

PROMOTIONS

COST
EFFECTIVE

ADVERTISING
TO REACH

THOUSANDS OF
DEDICATED

ELECTRONICS
ENTHUSIASTS

EVERY ISSUE USE
THE COUPON

BELOW

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street
Tel: 051 236 0982 051 236 0154

47 Whitechapel
Tel: 051 236 5489

Liverpool 2
'THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

WANTED

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO

CASH immediate settlement.
We also welcome the

opportunity to quote for
complete factory clearance.

Contact:

COLES-HARDING & CO.
Unit 58, Queens Road, Wisbech,

Cambs PE13 7PQ
BUYERS OF SURPLUS INVENTORY

ESTABLISHED OVER 15 YEARS
Tel: 0945 584188
Fax: 0945 475216

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT
DEPARTMENT, ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 65p per word - VAT minimum 15 words.
Semi -display £8.70 per single column cm plus VAT. No reimbursements for cancellations. All ads must be pre -paid.

Name

Address

Daytime Tel. No'

Signature

PLEASE DEBIT MY ACCESS/BARCLAYCARD No

FOR SALE COMPONENTS PLANS

Date

Expiry Date

OTHER PLEASE STATE
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Open For
A couple of months ago ETI published a
plea to encourage innovation and to help
inventors. As I pointed out, Britain has a
long history of inventiveness of which we
can be truly proud. But despite such a
tradition of inventiveness, we have, as a
nation, a continuing inability to make use
of this tradition, this talent.

The response which I received to this
article was quite amazing. I have had
phone calls and letters from many
readers who have had personal experi-
ence in inventing something. All were
frustrating experiences and all were
unsuccessful in getting their inventions to
the market place.

Now, I am not about to judge the
commercial merits or otherwise of the
proffered inventions, doubtless many
would never become commercial prod-
ucts, even in the most favourable condi-
tions. But one or two might well have
made it. The unfortunate thing is that their
developers were not given the opportunity
to find out.

However, there were several common
threads which ran through all these
inventor's experiences. The first was the
undoubted commitment and enthusiasm
on the part of the inventor to his project (it
is a funny thing, but all the respondents
were male, is innovation primarily a
masculine activity? If there are any female
inventors I would like to hear about them.)
Some must have spent thousands of man
hours and considerable sums of money
on their brainchild.

Another common thread was the lack
of any help or information when it came
to patenting the invention or in
attempting to market it. The companies
they approached were not interested, the
local library was unable to help with infor-
mation on patenting ideas, the banks
were of no help in trying to find someone
interested, civil servants in appropriate
government departments were of even
less help. Friends and relatives gave
biased opinions and there was an aunt or
two who offered to put up money to have
it manufactured. But at no point did any
of these inventors manage to find profes-
sional and impartial help.

The problem is, of course, partly the
fault of the inventor, he quite naturally is

UM
obsessed with the idea, with the inven-
tion. To the inventor, questions of
marketability, of ease of manufacturing,
of production costs, of how the product
would fit in the market place and what
gives the product an edge over
competing products, are subsidiary to
the main goal of creating the product.

This obsession with the invention can
prevent the inventor looking at his ideas in
an impartial and objective manner. If he
did, then perhaps he would be able to
more easily recognise the merits and fail-
ings, from the point of view of a potential
customer, retailer, or manufacturer. It is
amongst retailers and manufacturers that
the inventor will find his natural allies.

Both retailers and manufacturers need
new products and a constant stream of
them, to help fight the highly competitive
battle that is today's business world. An
inventor, who goes to such businesses
with an idea which has been designed
with marketing and manufacturing very
much in mind from the beginning of the
design process, will stand a good chance
of being successful.

This means that the successful
inventor has to be more than just a
creator of new products. He has to have
a solid background in current manufac-
turing technologies, in distribution,
marketing, promotion, and costing. All
thoroughly commercial areas of exper-
tise, but without which the inventor will
be faced with an infinitely harder task.

This brings me back to the ETI readers
and their unsuccessful inventions. I think it
is probably true to say that invention, like
any creative activity, is a lonely task. You
cannot rely on professional help, any
more than an artist can rely upon an art
critic to tell him how to improve his
painting. You can only rely upon yourself
and your own objectivity with respect to
your creation.

The one thing that I sincerely hope is
that these unsuccessful inventors will not
give up inventing. I hope that they will
persevere with new ideas, but that in the
future they incorporate a more solid
commercial element into their designs.
Let us hope that this will make the differ-
ence between an invention's success
and its failure.

Next month...
We continue the construction of Jim Spence's experimenters FORTH computer and
take a look at the FORTH langauage, showing how it can be used for real time control
systems. Dave Bradshaw builds an audio attenuator to accompany his Paleface Minor
valve amplifier. For motorists, Terry Balbyrnie shows how to construct a handy little
brake light monitor and Robert Penfold builds another useful piece of test equipment.
Keith Garwell will be concluding his project to turn a PC into a virtual chart recorder.

There will also be the continuing series on robot vision and microprocessor funda-
mentals, as well as a look at the question of whatever happend to the R2D2 and the
robot revolution.
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t last, a fully functional upgradeable
CB CAD system to suit any budget.
ubstantial trade-in discounts are
vailable against other "professional"
CB design packages ...

... call now for details.

I Capture
hematic Capture Design Tool
Direct netlist link to BoardMaker2
Forward annotation with part values
Full undo/redo facility (50 operations)
Single -sheet, multi -paged and hierarchical designs
Smooth scrolling
Intelligent wires (automatic junctions)

Dynamic connectivity information
Automatic on-line annotation
Integrated on -the -fly library editor
Context sensitive editing
Extensive component -based power control

0-- Back lannotation from BeardMaker2

WI

1E395

111111111111111111 1111111111111111111111111111111 "

BoardMakerl - Entry level
 PCB and schematic drafting
 Easy and intuitive to use
 Surface mount and metric support
 90, 45 and curved track corners
 Ground plane fill
 Copper highlight and clearance check ng

BoardMaker2 - Advanced level
 All the features of BoardMakerl + £295
 Full netlist support - BoardCapture,

OrCad, Schema, Tango, CadStar and others
 Full -Design Rule Checking

both mechanical and electrical
 Top down modification from the schematic
 Componenti renumber with back annotation
 Report generator - Database ASCII, BOM
 Thermal power plane support with full DRC

Gridless re-entrant autorouter
 Simultaneous multi -layer routing £200
 SMD and analogue support
 Full interrupt, resume, pan

and zoom while routing

Output drivers - Included as standard
 Printers - 9 & 24 pin Dot matrix,

HPLaserjet and PostScript
 Penplotters - HP, Graphtec & Housto
 Photoplotters - All Gerber 3X00 and
 Excellon NC Drill and

Annotated drill drawings (BM2)

Call, write or fax for more information
or a full evaluation kit

Tsien (UK) Limited
Aylesby House

Wenny Road, Chatteris
Cambridge
PE16 6UT

Tel (0354) 695959
Fax (0354) 695957
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BS 5750
Part 2 1987

Level B:
Quality Assurance

RS12750

Over 700 colour packed pages with hundred
of brand New Products at Super Low Prices

o sale now onl £2.95
Available from all branches of WH SMITH, selected branches c

RSIVM12-1- in Scotland ONLY, and Maplin stores nationwide
The Maplin Electronics 1994 Catalogue - UNIQUELY DIFFEREN1

Southern Africa customers please contact Maplin (South Africa) Telephone (024) 51-5124


