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Digital Module includes: 

Here's why Electronics Workbench belongs on j.ynir 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 

colleagues. Electronics Workhen 
design and verify your analog and 
breadboard. 

Features in Version 3 
I. 

Electronics 
Workbench 

IIIJU .1 

Call: (0827) 66212 

Design and Verify Cfrcuits1 Fast. 

fast simulation of ideal components 
AND, OR, XOR, NOT, NAND and NOR gates 
RS, JK and D flip-flops 
LEI) 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 

electronics professionals and hobbyists save precious time and 
money. Over 90% would recommend it to their friends and 

ch: the ideal, affordable tool to 
digital circuits before you 

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! 

The electronics lab in a computer'' 

ROBINSON MARSHALL (EUROPE) LTD. 
17 Middle Entry, Tamworth, Staffordshire, England B79 7NJ 
Fax: (0827) 58533 

*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 

 new components include JFETs, MOSFETs, 
voltage -controlled and current -controlled sources 
and manual, time -delay, voltage -controlled and 
current -controlled switches 
real -world models for opamps, BJTs, JFE 1 s, 
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' M 

version available 
technical support now also available on 
CompuServe 

4 

 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, JFETs, and MOSFETs 
manual, timedelay, 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 

A 
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February 1994 

PCB Design 
Software 1 

Recycling PCs 
In countless cupboards and drawers 
lie old, but otherwise serviceable 
personal computers. From ZX81 s 

and Commodore PETs, to PC ATs 
and XTs these old machines repre- 
sent an interesting and challenging 
resource for the experimenter. We 
look at where to get such machines 
and what you can do with them. 

Frequency 
Meter Adaptor 

20 

2 

36 

Bookshelf 
A look at some of the latest titles for 
the electronics hobbyist. 

Latent Image 
Display 
An ingenious mechanical and elec- 
tronic display which allows your 
computer to produce a simple text 
display that seems to hang in mid air. 

44 

PC Printer Switch 50 
Unit 
If you have ever wanted to share a 

single printer between two PCs 
without having to continually plug 
and unplug cables, then this project 
should solve your problem. 

Paleface Guitar 
Amplifier 

Regulars 
News 
PCB service 
PCB foils 
Open Forum 

6 
60 
61 
66 

ELECTRONICS TODAY INTERNATIONAL 
3 

An introduction to using the Layol 
PCB design package, provided free 
on the cover of this issue of ETI. 

Turn your digital multimeter into a 

frequency meter with this simple 
add-on circuit, a versatile and useful 
addition to the workbench. 

Part 2 of a series looking at building 
a 15W guitar amplifier that gives the 
unique sound of valves. 

Contents 

ecvc 

TOMORROW'S. 
TECHNOLOGY TODA 

MO COVER 
DISK?.: 

TIMM Abt: VO 
NEW.ACENT 

Frequency Meter Adaptor 

a 

4 

Z-80 Single Board 
Computer 
A very compact, light weight, low 

power design for a simple 
computer, which can be 
embedded into a wide range of 
other projects. The first of a two 
part series. 

Programmable 
Stage Stroboscope 

A versatile special effects device, 
especially designed for use by school 
drama departments. 

Subscribe 
& Save 
Phone the hotline 
and take advantage 
of our special offer 
detailed on page 43 

SUBS( RIPTU N 
IßACN 155f11:5. 

HOTLINE 
0737 768611 

8 

PC Printer Switch Unit 
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PROTEU S 
The Complete Electronics Design System 
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Schematic Capture 

Simulation 
Nontinetr & Linear Analogue Simulation 
Event driven Digital Simulation with 
modelling language. 

Partitioned simulation of large designs 
with multiple analogue & digital sections. 
Graphs displayed directly on the 
schematic. 

Multi -Layer and SMT support. 

Unlimited Design Capacity. 
O Full DRC and Connectivity Checking. 

O Advanced Multi -Strategy Autorouting. 
C Output to printers, plotters, Postscript, 

Gerber, DXF and DTP bitmaps. 
0 Gerber View and Import capability. 

Write, phone or fax for your free demo 
disk, or ask about our full evaluation kit. 
Tel: 0274 542868. 

C S 14 Marriner's Drive, E ! e 
Fax: 0274 481078. 

1. t Bradford BD9 4JT. 

Proteus software is for PC 386 compatibles and runs under MS -IDOS. Prices start from £475 ex VAT; full system costs £1495 Call for information about our budget, educational & Windows products. All manufacturers' trademarks acknowledged. 
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Low cost data ac uisition for IBM PCs & compatibles... 
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 for those 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 

ADC -11 

Up to 24kHz sampling rate from 
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 

15K samples per second 
0-2.5V Input range 
Digital output 
D25 input connector 
30Vòverload protection 
Parallel port connection 
Includes both PicoScope and " PicoLog software 

11 Channel 10 bit ADC 

ADC -1 2 

£75 
Up to 18kHz sampling rate 
0-5V.Input range 
BNC input connector allows 
use of standard scope probes 
30V overload protection 
Parallel port connection 
Includes both PicoScope and 

V PicoLog software 

Channel 12 bit ADC £8 
ADC -10 I ADC -11 I ADC -12 

ADC -16 Software selectable single 
ended or differential inputs 
Resolution programmable 
between 8 and 16 bits + sign 
±2.5V input range 
5V reference output 
Connects to serial port 
Includes PicoLog software 

PicoScope 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. 

PicoLog Collect samples from 1 per msto 
one per day. Scale samples 
linearly, by equation or by table 
look -up. Graphical (against 
time or XV) and text reports can 

be displayed, printed or 
exported. 

Picolog is also available for the 

ADC -10 : call for details. 

I ADC -16 PICO BENEFITS 
30 day no quibble 
money back policy 

Full 1 year guarantee 

1 year's free software 
upgrades 

Freetechnical support 

Free user newsletter 

Same day dispatch 

Pico Technology Ltd. Broadway House, 149.151 St Neots Road, Hardwick, Cambridge. CB3 7QJ. 

ELECTRONICS TODAY INTERNATIONAL 
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A 

pectrum ana yser 
Audio sampling 

art recor er emulation 
flITR:711117 

Pressure measurement 
Chromatography 
Automotive monitoring 
Medical research 
Education 

.../NIMOMMINg 

Advanced data 
lo In software 

o 

o 

11i 

hoi 

o 

û. 
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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NEWS 

gh onic M 
istors 

Breakthrough in LCD 
Technology 

Atechnological breakthrough in the way that Liquid 
Crystal Displays are manufactured looks set to open up 

a whole new market for LCDs. The new product, called 
Visilight, will make it possible to produce large character high 
visibility LCDs for applications such as airport passenger infor- 
mation, at the moment the exclusive preserve of LED and 
electroluminescent displays. 

The new technology - polymer dispersed large scale liquid 
crystal - has been developed by a U.S. based company and 
differs considerably from previous liquid crystal displays, 
which sandwich a liquid between two plates of glass. Visilight 
uses a dry film technique, which allows the production of light 
weight flexible displays. 

Up to now, the practical maximum size of an LCD display 
has been bin, but the manufacturers of Visilight, FP Displays, 
are offering seven segment display modules in sizes ranging 
from 2in to 18in high. 

Visilight has an excellent visibility in all light conditions as 
well as a 160 degree viewing angle. Furthermore, its slimness 
and light weight means that support structures can be kept to 
a minimum. 

For further information on Visilight, contact the manufac- 
turers - FP -Displays AG in Bristol on 0272 251125. 

Be Prepared - The Personal 
Attack Alarm 

This is one "Rip -OFF" that 
you won't object to! The 

new personal Attack Alarm from 
Maplin electronics is triggered 
by pulling the rip cord, which 
pulls the plug from its socket. 
The Alarm can sound continu- 
ously for up to an hour and is 

reset by replacing the plug. 
The Personal Security 

Alarm is a very compact 
personal alarm, in a tough 

the advanced transistors, 
which require special epitaxial 
layers on gallium -arsenide 
substrates, the new ATM chip 
uses a novel event controlled 
logic design. With gate delays 
as short as 25ps, the Fujitsu 
researchers had to scrap static 
RAM based buffering in favour 
of asynchronous pipeline 
architecture. 

ATM protocol requires a 
switch to route data packet to 
their destination based on 
address information held in a 

header. Instead of queuing, 
the incoming packets in a dual 
port RAM, the HEMT ATM 
operates a multistage FIFO 
that is triggered by the arrival 
of data, rather than timed with 
an external clock. 
Asynchronous operation 
results ìn higher parallelism, 
since data packets do not 
have to wait for a clock signal 
to begin their journey through 
the multi -stage pipeline. The 
one disadvantage of this new 
architecture, however, is 

higher total heat generation. 
This is because the chip is 

utilising the available gates 
more efficiently. 

black plastic case. Thanks to its slim 
size, it can be easily slipped into a 
pocket or handbag, carried by hand, or 
attached to a belt or key ring, using the 
supplied clip. The loud, piercing, 110dB 
alarm is activated by pulling the rip 
cord, which removes a plastic plug from 
its socket. 

The Personal Protector costs 
£5.95 and can be obtained from any 

Maplin store or by mail order, tel 0702 
554161. 

Hi Electr oit 
Trans 

(though high -electron 
mobility transistors 

(HEMTs) are impressive 
performers in the laboratory 
they have found only limited 
applications in commercial 
systems. This situation could 
change, however, with a new 
Asynchronous Transfer Mode 
(ATM) chip, from Fujitsu 
Laboratories Ltd., of Atsugi, 
Japan, that uses more than 
7,000 direct coupled FEf 
logic (DCFL) gates, built with 
advanced transistors. 

Compared with the few 
hundred MHz rates of current 
ATM switches, this new chip at 

1.2GHz is an ideal candidate 
for broadband ISDN applica- 
tions. Fujitsu researchers 
mounted 16 of these ATM 
switches onto a ceramic 
substrate and successfully 
switched video signals at 38.4 
GBits/second. 

Because current BiCMOS 
and ECL silicon technologies 
very quickly reach their limits in 

Gbit/s channel applications, 
the new chip could supply a 
critical link between world-wide 
telecommunications systems 
and local nodes. In addition to 
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Prototype 
Filter Tank 

New DC -DC Converters 
from Gresham 

Gresham Power 
Electronics has just 

introduced a new minia- 
ture 3W dc -dc converter 
which has a wide 2:1 

input voltage range and 
requires no temperature 
derating in normal use. 

This small device is 

intended for PCB and 
distributed power appli- 
cations. The wide range 
of Input voltages makes 
them useful for opera- 
tion from 5V dc bus 
supplies, 12 and 24V 

batteries and 48V 
telecommunications 
systems. 

Fully encapsulated 
and equivalent in size to 
a standard 24pin DIL 

package, the range of 

converters offer output 
voltages of 5, 12. and 
15V. They offer input to 
output isolation of better 
than 500V dc. For 

further information 
contact Gresham Power 
Electronics of Salisbury 
on 0722 413060. 

Pocket Sized Precision 
Maplin Electronics has introduced a low-cost, high quality, pocket sized analogue multimeter. The 

unit is designed for electrical and electronic fault finding, domestic uses around the home, educa- 

tional uses and for vehicle electronics. 
The Precision Gold 108 Pocket Muttimeter is a rugged, accurate, easy to i ise unit with a sensitivity of 

2000 ohms per volt for both ac and dc ranges. The linear meter movement offers accurate readings of 

meaç irements on all ranges through a 90 degree arc mirrored scale. The functions included are ac and 

dc voltages, dc current, resistance, battery check, and decibels. The meter has an accuracy of 5% of 

full scale deflection on the ac voltage range and 4% on the do voltage and current range. 

This multimeter costs just £9.95 plus VAT and can be obtained from any branch of Maplins, or by 

mall order, telephone 0702554161. 

7 

High Quality Listening 
at a Low Price 

The latest addition to the extensive range of headphones 
from Maplin Electronics is a pair of high quality head- 

phones with a frequency range and sensitivity ideally suited to 

digitally reproduced music. The unit features gimbal 

mounted, leather cushioned, detachable earpads. The drivers 

are equipped with rare earth magnets for high sensitivity and 

a wide frequency range, making them suited for use with 

CDs and other digital equipment. 

These headphones cost £14.95 and are available from all 

Maplin stores or by mail order, telephone 0702 554161 

AU.S. company, 
Superconductor 

Technologies Inc. of Santa 

Barbara, has constructed a 

prototype filter tank based on 

high- temperature supercon- 

ductor technology integrated 

with fibre optics. The final 

product could be a very precise 

filter, operable over a wide 

range of frequencies, which will 

be used by the U.S. Air Force 

for anti -jamming applications. 

The module is a four 

channel bank of individually 

switchable band reject filters, 

each tuned to a specific 

frequency, and controlled by 

signals from laser diodes, trans- 

mitted via optical fibre. The 

filters are made from the thal- 

lium -barium -calcium HTS. 

STI covers the resonator of 

each filter with a layer of gallium 

arsenide. The GaAs film looks 

like an ordinary dielectric but 

illumination will generate 

carriers in the layer that will 

change the filter's resonant 

frequency. 
One advantage of HTS 

filters is their lower insertion 

loss. The loss in traditional YIG 

(yttrium -iron -garnet) filters is at 

least 4 to 5dB each. A receiver 

might have a maximum of 3, 

which has proved inadequate in 

some situations. 
The loss in an HIS filter is 

one -tenth that of most YIG 

filters, so STI believes it can 

combine up to 100 and still not 

exceed the same total loss of 

12 to 15dB as a bank of three 

YIG filters. 

The bank fits in a prototype 
cryocooler measuring 4 x 4 x 

10in. To avoid forcing the 

cryocooler to chill the diodes as 

well, STI chose to place them 

outside the module, and 

channel light signals in through 

an optical fibre. 
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y featuring two rows of 7 x 7 

management legends. 

Radio Waves Light Lamp 
Intersource Technologies Inc. recently developed the long life 

E -lamp (electronic lamp) for commercial use. The E -lamp 
differs from conventional incandescent light bulbs in that it does 
not use a filament to emit light. 

Radio signals are generated by a crystal controlled oscillator, 
then amplified and emitted into a phosphor coated bulb through 
an energy coupling antenna. Mercury vapour inside the glass 
assembly is ionised by the RF energy, forming a conductive ring 

and resonating at the ultra-violet wavelength of 254nm. As the 
ultraviolet radiation is emitted, it strikes the phosphor coating to 
produce visible light. 

Diablo Research Corp. purchased the rights to continue E - 

lamp research from Dr. Donald C. Hollister. With funding from the 
Department of Energy, researchers began work on E -lamp tech- 
nology but were unable to eliminate the RF interference. The 
problem has been rectified and the product is currently under- 
going the patent process. 

Developers claim that the lamp is more efficient than incan- 
descent bulbs, which lose 95% of their energy in heat. The E - 

lamp requires 25W of ac power to produce as much light as a 
100W incandescent bulb. The lamp operates as long as the 
phosphors and electronics are intact. At about 20,000 hours the 
phosphors degrade to a point where 30% of the lamp's intensity 
is lost, and this is considered the end of the bulb's life. 

E -lamp bulbs will switch on or off in less than a second, work 
in cold temperatures and can be used with dimmer switches. 
Based on four hours of daily operation, the electronic lamp costs 
about $5 a year to operate. The price tag per bulb is estimated at 
$15. A 100W incandescent lamp costs $14 a year to operate 
and lasts from 180 to 250 days. 

Commercialising Virtual Reality the Kreuger Way 
mistake the Japanese are not 
making. 

"People won't trouble them- 
selves to use virtual reality in its 

present form with electronic 
goggles and gloves and tens of 
thousands of dollars in invest- 
ment needed," he said. 

"The real question is what 
kind of VR would people use 

every day if it was free? Once 
you answer that question, then 
you can engineer commercial 

versions that come as close as 

possible to that ideal. 

"As our population ages, 

many people already wear 
glasses anyway, so they would 
probably use VR glasses or 
contact lenses if they were 
free," he said. Kreuger called 
current semiconductor tech- 
niques entirely adequate to 
fabricate transparent surface 
emitting lasers or diodes onto 
electronic contact lenses which 

directly inject photons into the 
eye. 

"Contact lenses could also 
be fabricated very cheaply, 
since their size is very small. 
They would also be the best 
way to deploy HDTV." 

So far, however, only 
Japanese manufacturers have 
shown real interest. "If I tell an 

American company that there 
is one good application for VR, 

they are only mildly interested" 

ELECTRONICS TODAY INTERNATIONAL 

New Concept Energy 
Metering 

Anew concept in metering is available from Northern 
Design of Bradford. Tho PM 305 use the latest micro - 

controller and unique waveform analysis techniques to am i- 
rately measure direct values of RMS voltage, current and 
power. lead and lag peak of waveforms and frequency. 
Calculated values include kVA, kW, PF, kWh, kVAh, +-3 phase 
kVar and inductive and capacitive kVarh. 

The fully programmable low cost (£269) meter has a backlit 

M 

wide viewing angle LCD dispk 
segment digits with custom energy 

For more details contact Northern Design on 0274 72q533. 

Precision industrial 
quality hobby tools 
Aprecision tool kits designed for electronics and 
general hobby use has been Introduced by ZED 

Group Inc. of Massachuetts, USA. 
The Xuron Precision Hobby Tool Kits include a combi- 

nation of three industrial grade tools and a convenient 
canvas carrying pouch. The kits feature a high precision 
shear for making clean cuts in restricted areas, 
Tweezernose pliers and special scissors with large finger 
loops that are comfortable to hold in either hand. 

Designed for high durability and ease of use, these tools 
have precision ground steel blades, slip resistant handles 
and light touch return springs. 

For more information contact ZED Group Inc.. in the 
USA on 0101 617 889 2220. 

8 

yron Kreuger, the man 

credited with inventing 
virtual reality, says the time for 
research into the subject was 
over 20 years ago. There is "no 
excuse" for the absence of 
affordable VR from U.S. 

companies, he adds. 
Kreuger says that U.S. 

researchers are over -engi- 
neering virtual reality gear, 
making it too cumbersome to 
be commercially successful - a 
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You can Stand On It! Made to house GPO telephone 
, this box is extremely tough and would be 
eping your small tools in, internal size approx, 
'x 6" high. Complete with carrying strap, price 

£2, Order Ref: 2P283B 
200VA Mains Transformer. Secondary voltages 8v -0-8v So 
you could have 16v at 12A. Could be ideal for car starter 
charger, soil heating, spot welding, carbon rod welding or 
driving high powered amplifiers etc. £15, Order Ref: 15P51. 
Mains Filter. Resin impregnated, nicely cased, pcb 
mounti 2P315. 
Safety so they t don't hang 
down, e a chi ng scalded, 
2 core, 3m, £1 846, 3 core, 
13A, extends to 3m £2 each, Order Ref: 2P290 
Power Supply with Extras. Mains input is fused and 
filtered and the 12V DC output is voltage regulated. 
Intended for high class equipment, this is mounted on 
a PCB and also mounted on the board buteasily 
removed, are two 12V relays and Piezo sounder, £3 Order 
Ref: 3P80B. 
100W Mains Transformers. Normal primaries 20-0-20 at 
2.5A, or 30V at 3:5A, £4 , Order Ref: 4P24, 40V at 2.5A, 
£4 Order Ref: 4P59, 50V at 2A £4 Order Ref: 4P60. 
Phillips 9" High Resolution Monitor. Black and White 
in metal frame for easy mounting. Brand new, still in 
maker's packing, offered at less than price of tube alone, 
only £15, Order Ref: 15P1. 
Insulation Tester with Multimeter. Internally generates 

blades, £8 Order Ref 8P8 
2MWLase byPhillips,fu 
Ref: 30P1. for this is in 
is £15,Ord or in larger c 
as well £18 Order Ref: 18P2 The larger unit, made up, 
tested and ready to use, completet with laser tube £69, 
Order Ref: 69P1 
1/3hp 12V Motor- The Famous Sinclair C5. Brand new, 
£15 Order Ref: 15P8 

. Holds 4AA nicads and rec 
very neat plastic case £6 O 
Rod. 8" long x3/B" diamet 

Mullard Complete with two coils 2 for £1. Order Ref 
832P 
Air Spaced Trimmer sion 
tuning UHF circuits, 4 
Mains Isolation Tran "to 
earth" shocks. 230V in and 230V out 150 watt, £7.50, 
Order Ref 7 5P/5 and a 250W version is £10, Order Ref: 
10P97 
5 RPM Mains Driven. This is a shaded pole motor, £5, 
Order Ref: 5P54 
Amstrad Power Unit. 13 5V at 1.9A or 12V at 2A encased 
and with leads and output plug, normal mains output 
plug, normal mains input £6, Order Ref: 6P23. 
80W Mains Transformer. Two available good quality 
both with normal primaries and upright mounting, one 
is 20V 4A, Order Ref: 3P106, the other 40V 2A, Order 
Ref: 3P107. 
Project Bo x41/2" metal, sprayed 
grey, louve n otherwise undrilled. 
Madee for only £3 each. Order 
Ref: 3P74 
Water Valve. ed with hose connections, ideal 
for auto pia would control air or gas into 
tanks etc. £1 
BT Po Unit. Output 9.5V AC at 600mA, in 
black with 13A plugs to go straight into 
socket imately 3 metres of twin output lead. 
Price £1.50 Order Ref: 1 5P7 

Order Ref 45P2 
Experimenting une on a 
mains transfor standard 
mains input an and 6.3V 
at 3A, £5, Orde 

. Made for a 
gives real hi- 

ed, £10 Order 
Ref: 10P74 
0-1mA Full Vision Panel Meter. 23/4" square, scaled 0- 
100 but scale easily removed for re -wiring. £1 each. 
Order Ref 756 
VU Meter. Illùminate this from behind becomes on/off 

366. 
pace 
.sdd, 

Prices Include VAT. Send cheque/postal order or ring 
and quote credit card number. Add £3 post end packing. 
Orders over £25 post free. 

£1 BARGAIN PACKS BARGAINS GALORE BARGAINS GALORE 
Tangential Heaters. Standard replacement for man 
expensive blow heaters, these comprise a long quiet rennin 
Now heater beyond the element. winch is thermally proteste 
should the blower stop or air flow be Impeded. 3 model 

room. £13.Order Ref 13p2. 
Linear Heaters. Infrared elements encased In quartz glass 
tubes. Ideal for spot heating. 12" long, rated at 360W 110e. 
Uses 2 or more in series depending upon heat output 
required 2 for £1 Order Ref. 907 or 20 for f9, Order ref. 5P11 
Water Proof Beating Wire. Ideal for wiring around pipes, 
stops them from freezing. 15m long. Just right for 230e input. 
£5. Order ref 5P109. 
1000W Flre Spirals. For repairing old heaters. 4 for £1, Order 

Medicine Cupboard Alarm. Or It 
when any cupboard door is ope 
on the unit makes the bell ring 
neatly cased requires only a b 

Id be used lo war 
. The light ehlnin 
mplefeiy built an 
ry. £3. Order Re 

could flood. This device 
has risen to the pre -s 
a useful range. Neatly c 
to work when battery h 

tan for Only £1 Ideal lo 
o by West Genpan corn 
q. Needs simple transistor drive 

919 When 
imately B00 

bargains. 

ling, brand 
so virtually 
we include 

pending Systems. 
ing software MS -D 
P2076: MS-DOS 3 

2brass plate, beautifully fin 
Top quality made by MEM 
Amstrad 3" Disk Drive. 

OW 5' 4 Ohm 
nine. E3. Order 
n seperate bat 

Igll Panel Meter 
ottmeter/ammeter usm 
06 to provide 5 ranges 

High Power Switch Mode PSU Normal mains 
outputs: r12V at 4A, *6V et 16A and -12V 
Completely encloseed In plated steel case. Bra 
Our special offer price of f.9.50. Order Ref. 9SP 
Ultra Thin Drilla, actually 0,3mm. To buy these 
costa e fortune. However, these are packed 

when no mains available. £17.50, /rder Ref: 17.5P1. 
Battery Gulck Charger Into a flat battery to about 5A 
the charging rate would be 8-10A, this would fall away 
as the battery charges up or It can be switched to a 
lower rate. Complete kit includes mains transformer, 
rectifier. capacitor, switch and metal case. C7.50, ()Order 

nerggiced to pull in and hold the core. this 1a a 
iaadventege where the appliance is left on for most 
f the time. We now have magnetic solenoids which 
old the core until a voltage Is appl ed to release It 

equipment 
ideal forks 
10'/2'x41/2' 

rag. Si Order Rel. 
Leads. Curly coil 
Could easily say 
13A, extends to 

contract bu 
Id from bei 
Order Ref: 

voltages which enable you to read insulation directly 
in megohms. The multimeter has lour ranges . AC/DC 
volts. 3 ranges DC milhamps, 3 ranges resistance and 
5 amp range. These Instnlments are ex -British Telecom 
but in very good condition, tested and guaranteed OK, 
probably cost at least £50. yours for only E7.50 with 
eads, carrying case E2 extra. Order Ref- 7.5P/4. 
Maine23OV Fan. Best make"PAPST", 492" square. metal 

Helium neon 
Power supply 

er Rel. 15P16. 

Solar Charger 
in 8 hours, in 
Ferrite Aerial 

Il spec. E30, Order 
kit form with case 
ase to house tube 

herpes these 
rder Ref.6P3. 
er, made by 

Capa. 2.20p1, ideal for preci 
for Cl Order Rel. 5188. 

Wormer. Stops you getting 

Only E3 each. 
A Size approx. 6'x4" 
red ends for ventilatio 
GPO so best quality, 

230v operat 
nt spray or 
each Order 

wen Supply 
plastic case 
. and epprox 

500V Bridge Nagger. Developed for GPO technicians, 
the Ohmeter 18B Is the modern equivalent of the bridge 
megger 9V battery operated, It Incorporates a 500V 
generator for Insulation testing end a null balance bridge 
for very accurate resistance measurement. ex BT, E45, 

With Valves.Don't spend a fort 
men, we can supply one with 
0 secs. of 2564250V at 75mA 
r Ref: 5P167. 

15W a Ohm 3" Speaker & 3" Tweeter 
discontinued high quality music centre, 
fi and only £4 per pair, Order Ref: 4P57 
Water PumpVery powerful, mains operai 

indicator as well, 192" square. 75 each, Order Ref. 
Edge -Wise Penal Meter. Ideal when short of panel 
only 40x14mm, also nave built -m LED, 500uAf 
scaled 0-5, Et each. Order Ref: 131. 

M&B ELECTRICAL 
SUPPLIES LTD 

Pilgrim Works 
(Dept ETI), 

Stairbridge Lane, Bolney, 
Sussex RH17 5PA 

Telephone (0444) 881965 - 
phone tor Fax 

Callers to 12 Boundary Road, 
Hove, Sussex. 

In fact_ cheaper than f1 because 11 you buy 10 you can 
choose one other and receive It free! 
1 x 12v Stepper Motor. 7 5 degree Order Ref 910 

1 x 10 pack Screwdrivers. Order Ref: 909 
2 x 5 amp Pull Cord Ceiling Switches. Brown Order Ref: 

921 

5 x reels Insulation Tape. Order Ref: 911 

4 x 14 Min Bull -races. Order Ref: 912 

2 x Cord Grip Switch Lamp Holders. Order Ref: 913 

1 x DC Voltage Reducer. 12v -6v. Order Ref: 916 

1 x 10 amp 40v Bridge Rectifier. Order Ref: 8698 
Lightweight Stereo Headphones. Moving coil so superior 
sound Order REf: 896 
2 x 25W Crossovers. For 4ohm loudspeakers Order Ref: 22 

2 x nicad Constant Current Chargers. Easily adapable to 
charge almost any nicad battery. Order Ref: 30 

10m Twin Screened Flex. White pvc cover. Order Ref 122 
2 x White Plastic Boxes. With lids approx 3" cube Lid has 
square hole through the centre so these are ideal for light 
operated switch Order Ref: 132 

2 x Reed Relay Kits. you get 8 reed switches and 2 coil 
sets with notes on making relays and other gadgets. Order 
Ref 148 

1 x Blg Pull Solenoid. Mains operated Has 1/2" pull Order 
Ref: 871 
1 x Big Push Solenoid. Mains operated Has 1/2" push 
Order Ref: 872 
1 x Mini Mono Amp.3W into 4 ohm speaker or 1W 
into 8 ohm Order Ref: 268 
1 x Mini Stereo 1W Amp. Order Ref: 870 
1 x In -Flight Stereo Unit is a stereo amp. Has two 
most useful mini moving coil speakers Made for 
BOAC passengers Order Ref: 29 
1 x 10-1mA Panel Meter. Full vision fact 70mm square. 
Scaled 0-100 Order Ref: 756. 
2 x Lithium Batteries. 2.5V penlight size Order Ref 874 
2 x 3m Telephone Leads. With BT flat plug Ideal for 
phone extensions, fax, etc Order Ref: 552 
1 x 12V Solenoid Has good 92" pull or could push 
if modified Order Ref 232 
3 x In -Flex Switches. With neon on/off lights, saves leaving 
things switched on Order Ref: 7 

2 x 6V 1A Mains Transformers. Upright mounting with 
f xing clamps Order Ref: 9 

1 x Humidity Switches.As the air becomes damper, the 
membrane stretches and operates a micro switch. Order 
Ref: 32 

5 x 13A Rocker Switch. Three tags so on/off, or 
changeover with centre off Order Ref: 42 
2 x Flat Solenoids. You could make your multi -tester 
read AC amps with this Order Ref:79. 
1 x Suck or Blow -Operated Pressure Switch. Or it 

can be operated by any low pressuire variation such 
as water level in tanks. Order ref: 67 
1 x 6V 750mA Power Supply. Nicely cased with mains 
inputand 6V output lead Order Ref: 103A 
2 x Stripper Boards. Each contains a 400V 2A bridge 
rectifier and 14 other diodes and rectifiers as well as 

dozens of condensers etc Order ref: 120. 
12 Very Fine Drills.For PCB boards etc Normal cost 
about 80p each Order Ref: 128 
5 x Motors for Model Aeroplanes. Spin to start so 
needs no switch Order Ref: 134 
6 x Microphone Inserts. Magnetic 400 ohm, also act 
as speakers Order Ref 139 
6 x Neon Indicators. In panel mounting holders with 
lens. Order Ref: 180 
1 x In -Flex SimmerstatKeeps your soldering iron etc 
always at the ready Order Ref: 196 
1 x Mains Solenoid. Very powerful as 1/2" pull or could 
push if modified Order Ref 199 
1 x Electric Clock. Mains operated Put this in a box 
and you need never be late Order Ref: 211 

4 x 12V Alarms. Makes a noise about as loud as a 

car horn All brand new Order Ref 221 
2 x (6" x 4") Speakers 16 ohm 5 watts, so can be 
joinedin parallel to make a high wattage column Order 
Ref: 243 
1 x Panostat. Controls output of boiling ring from 
simmer up to boil. Order Ref 252 
2 x Oblong Push Switches. For bell or chimes these 
can switch mains up to 5A so could be foot switch 
if fitted in patress Order Ref: 263 
50 x mixed Silicon Diodes. Order Ref: 293 
1 x 6 Digit Mains Operated Counter. Standard size 
but counts in even numbers Order Ref: 28 
2 x 6V Operated Reed Relays. One normally on, other 
normally closed Order Ref: 48 
1 x Cabinet Lock. With two keys Oreder Ref 55. 
1 x Magnetic Brake. For stopping a motor or rotating 
tool Order Ref 66. 
1 x Shaded Pole Mains Motor. 3/4" stack, so quite 
powerful Order Ref 85 
2 x 5 Aluminiumk Fan Blades. Could be fitted to the 
above motor Order Ref: 86 
1 x Case. 31/2x 21/4 x 13/4with 13A socket pins. Order 
Ref: 845 
2 x Cases 21/2 x 21/4 x 13/4 with 13A pins Order Ref: 
565 
4 x Luminous Rocker Switches. 10A mains Order Ref: 
793 
4 x Different Standard V3 Micro Switches. Order Ref: 
340. 
4 x Different Sub Min Micro Switches. Order Ref: 313 

y 
g 
d 
s 

available. 
Free Standing Coal Effect heater. Curved iron legs, is a 2kw 
blow heater with switchable powerful full heat covered by coal 
effect fibreglass. Lights when switched on, looks very 
attractive, is very efficient and can be moved from room to 

Ref 223 
1000W Pencil Elements. Available in several lengths, 
specify the length you want and we will send the nearest we 
have,2 for £1, Order Ref. 376. 
Other Heaters. Elements available, see our current 
Newsletter which we will send with your order. 
MS DOS 3.3. has 5' or 31/2" disk and comes complete with 
manual, £5, Order Ref 5P208/5" or 5P208/31/2" 

cou n 

ned g 
Co d 

atte f: 
3P155. 
Don't Let It Overflow! Be it bath, sink, cellar, sump or 
any other thing that will tell 
you when the water et level. 
Adjustable over quite ased for 
wall mounting, ready tted. £3. 
Order ref: 3P156 
Very Powertulk Mains Motor. With extra long (21/2") 
shafts out each side. Makes it ideal for a reversing 
arrangement for, as you know, shaded pole motors are 
not reversible. £3 Oreder Ref: 3P157. 
Solar Panel Bargain. Gives 3v at 200mA Order Ref: 
2P324 

£1 Super Bargain 
12V axial r equipment coo 
new, mad pany. Brushless 
everlastin circuit, 
diagram, Only £1, Order Ref: we supply this we 

will include a list of approx of our other £1 

LCD 31/2 D 
This is a multi range v g the 
A -D converter chip 71 each 
of volts and amps Supplied with full data sheet 

Special snip once of £12. Order Ref. 12P19. 
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PC O Fully user documented and 
includ OS 3.20, with 5" disk. £5 Order 
Ref: 5 .3 with 31/2" disk. £5 , Order 
Ref:5P208: MS-DOS 4.01, with 31/2" disk £10 Order Ref: 
10P99 
45A Double Pole Mains Switch. Mounted on a 6x31/ 

ished in gold, with pilot light. 
, £2. Order Ref: 2P316. 
Brand new and standard 

replacement for many Amstrad and other machines. £20 
Order Ref: 20P28. 
Movement Alarm. Goes off with the slightest touch Ideal 
to protect car, cycle, doorway, window, stairway, etc 
Complete with Piezo, shrieker, ready to use only £2(PP3 
battery not supplied), Order Ref 2P282. 
AM -FM Radio Chassis. With separate LCD module to 
display date and time. This complete with loudspeaker, 
£3.50 Order Ref: 3 5P5 
2m 3 -Core Lead. Terminating with flat pin instrument 
socket. £1. Order Ref: 879. Ditto but with plug on the 
other end so that you could use this to extend an 
instrument lead £1.50. Order Ref: 1 5P10 
2 Speaker mounted on baffle with front 
g Ref: 3P145. Matching 4 ohm 20W tweeter 
o fie, £1.50, Order Ref: 1.5P9. 

Solar Energy Educational Kit. It shows how to make 
solar circuits and electrical circuits, how to increase 
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 complete a free-standing 
electric fan. A really well written instruction manual. 
Price: £8.00 Order REf: 8P42B. 

input, 3 
at 1/2A. 
nd new. 
1. 
regular 
in half 

dozzens and the price to you is £1 per pack Order Ref: 
7978 
Ultra Sonic Transducers. Two metal cased units, one 
transmits, one receives Built to operate around 40kHz 
Price £1.50 the pair. Order Ref: 1.5P/4. 
1 RPM MOTOR. This is only 2W so will not cost much 
to run. Speed is ideal for revolving mirrors or lights 
£2,Order Ref. 2P328. 
12 SOLAR CELL. Could keep a battery charged even 

REf 7 5P20 
15V PSU. Mains operated nicely cased, adequately 
smooth dc output. £1 Order Ref 942 
Unusual Solenoid Solenoids normally have to be 
e 
d 
o 
h 
£2 Order Ref: 2P327 
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Layol esign 
s package. 

ETI' Cover Disk - 
PCB d and 

schematic 
This month's free cover disk gives readers the software to design their own 

computerised PCB layouts 

s readers in the UK will notice, this 
issue includes ETI's first ever cover 
mounted disk. It contains free soft- 

ware that should run on any IBM PC or 
100% compatible, with mouse, EGA 
graphics and running DOS 3.1 or later. 
This is the first of two disks and contains 
a versatile PCB design and schematics 
package, called Layo1. 

This disk contains a shareware 
version of the program limited to 1000 
commands, which in practice means 
designs with about 200 pads and 800 
tracks. Sufficient capacity to design 
almost any of the PCBs used in ETI 

projects. 
Let's take a brief look at what Layo1 

can do. 

What Is a PCB Design 
Program? 
A PCB design program, such as Layo1, 
is really a specialised form of CAD 
drawing package, concerned with 
manipulation of two-dimensional graphic 
objects. Although the copper pattern on 
a PCB would seem to be a very complex 
graphic shape, it can be broken down 
into an arrangement of many small, 
simple basic objects, which are linked 
together in a unique pattern to form the 
PCB. These objects fall into four distinct 
categories and are referred to as pads, 
tracks, text and components. 

Pads are small areas of copper, 
usually drilled with a hole, where a 
component lead is soldered to the 
board, a tracks being a thin line of 
copper which joins two or more pads. A 
special form of pad is the via, which is 

used to connect tracks on opposite 
sides of a double -sided board. 

A text object is, as its name implies, 
simply a single character or a string of 
text characters which are put on the 
board to provide information to users. A 

component is a 'ready-made' combina- 
tion of pads, a component outline and 
sometimes text, showing the compo- 
nent reference and value. Thus, a 

component might be the pad outline for 
a DIL chip or a transistor. 

The PCB design program is used to 
place these objects onto a board. The 
maximum board size for Layo1 is 650 x 

650mm, more than sufficient for any 
design of an ETI type project. This board 
size must be defined before starting. 

With Layo1, the PCB can normally 
have from one to seven copper layers 
and one to eight text or silk-screen 
layers. Again, this is more than 
adequate, most boards being fabricated 
with one or two layers as single sided or 
double sided boards. The silk-screen 
layers hold the information that would 
be printed over the top or bottom 
copper layers, typically showing compo- 
nent outlines and references. 

Objects can be placed on any of the 
layers, although normally text and 
component outlines are placed on the 
silk screen layers and pads and tracks 
on the copper layers. When a compo- 
nent is placed on the board, the outline 
automatically appears on the silk- 
screen layer whilst the pads appear on 
all the copper layers. 

Laying Out a PCB 
Having looked at some of the basics, 
lets now turn to how a simple board 
can be laid out using Layo1. A line at 
the top pf the screen area is taken up 
by the display of status information. 
The various options can be selected by 
activating a menu bar and then 
selecting a drop -down menu. The 
desired function can then be selected 
from this menu. Everything is under 
mouse control and very easy to use. 

A mouse controlled cursor is also 

used to move and manipulate objects, 
and to select options from the menus. 

Unless the desired board is very 
small, the screen will only show a small 
part of the overall layout, but the board 
layout view can be altered by pan and 
zoom functions. The pan function allows 
one to move the field of view to any part 
of the board. whilst the zoom function 
allows one to look at a section of the 
board in greater detail, or to see more of 
the board in the viewing field. Layo1 has 
nine levels of zoom. 

Objects on the different layers are 
normally shown in different colours, in 

order to clarify the display. In addition, 
each layer may be by turned on or 
off individually. 

Selecting and Laying Out 
the Components 
The first step in manually designing a PCB 
(the design can be generated automati- 
cally, more about that later) is to select 
components from a library of devices 
supplied with the program. Each compo- 
nent will have a name, such as R50, 
which might be a resistor with 0.5in pad 
spacing. Once selected, a component is 

placed on the board by moving the cursor 
to roughly the required position and 
pressing a mouse button. 

Components selected from the library 
will come complete with pads. Additional 
pads are added by selecting the size and 
shape from a menu of options and placing 
them in position on the selected layer, in a 

similar manner to the components. The 
size and shape of pads available from the 
menu can be configured by the user. 

Laying Out the Tracks 
The next step is to run the tracks. With the 
cursor at the starting point, one of the 
mouse buttons is pressed. The cursor is 

then moved to the next pad or point 
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When editing a component to which 

tracks have already been connected, 
each track remains connected to the 

pads and is stretched as a 'rat's nest' 

to the new position. Tracks will have to 

be adjusted but at least the connec- 
tions are retained. 

Editing tracks is a little more compli- 

cated. The track route is usually stored 

as a list of node co-ordinates. A node is 

a point where the track starts, finishes or 

changes direction. The nodes are stored 

in the order in which they were entered. 

Each node can be selected individually 

and deleted or moved. If a node is 

deleted then it is removed from the list 

and the track is now routed from the 

previous node in the list directly to the 

node following the deleted node. If the 

nodes have been entered in a straightfor- 

ward manner the result is what is 

expected. However if the track was laid 

down with overlapping sections strange 

things can occur. 

Working With Blocks 
Block functions form the next higher 

level of editing facilities. A rectangular 

area of the PCB is selected and the 

contents can then be moved, deleted, 

copied or rotated. As when moving a 

component, tracks crossing the block 

boundaries can be left behind or 

stretched to reach their new position. 

Creating Components 
Although Layol is supplied with an 

extensive component library, there are 

facilities to create or modify compo- 
nents. The procedure is to lay down the 

pattern of pads required together with 

an outline and any text in a blank area of 

the screen. Special graphic functions 

are available for drawing rectangular 

and circular outlines. The completed 

component is stored in the library under 

a suitable name. 

where a bend is required and the mouse 

button pressed again. When the last pad 

is reached the other mouse button is 

pressed, to finish the track. The procedure 

is very similar to taping by hand. The width 

of tracks can be selected in a similar way 

to the size of pads. 

Adding Text 
Text may be added to the PCB in a 

selection of sizes and thicknesses. 
Once the text has been typed in at the 

keyboard it is treated as a single object 

and may be placed anywhere on the 

board. The main use of the text facili- 

ties is for adding references (IC1, R1, 

etc.) to components. For special char- 

acters, logos, etc., Layo1 includes a 

versatile text editor. 

Design Aids 
One of the most useful design aids is a 

grid which is superimposed on the 

design to aid accurate positioning of 

objects. Its size can be set by the user 

in multiples and fractions of a tenth of 

an inch or the metric equivalents. It is 

also possible to switch on a 'snap' 

mode, whereby when an object is 

released it is automatically aligned on 

the nearest grid point or points. This is 

a great help in positioning objects 

quickly and accurately. 
The scale function gives,a read out on 

the screen of the x and y co-ordinates of 

the current position of the cursor in either 

metric or imperial units. The position is 

measured relative to the absolute origin, 

which is at the bottom left of the 

maximum viewing area, or relative to a 

user defined origin. As an example, the 

distance between two pads is easily 

checked by making the first pad the 

origin of the scale and then pointing to 

the second pad. 

Editing for Errors 
The program provides editing functions 
to allow correction of the inevitable 

mistakes that will occur when 

designing a layout. The method 
involves selecting an object by posi- 

tioning the cursor close to it and 

pressing the mouse or return button. 
The object is highlighted and can be 

rotated, reversed, deleted or simply 

moved by repositioning the cursor. 

When the mouse button is pressed 

again, the object is redrawn in the new 

position or orientation. 
To make doubly sure that errors are 

not made, Layo1 includes a design rule 

check. This can be used to ensure that 

tracks and pads are not placed too 
close to each other. 

What About Schematics? 
So far we have just looked at the basic 

manual PCB layout facility of Layo1, but 

the program is capable of a lot more than 

this. Layo1 comes complete with a 

schematic drawing facility. This not only 

allows one to create nice looking 

diagrams to accompany your PCB 

design but it also provides a means of 

automating PCB layout, using what is 

known as autorouting. 

Schematic Capture 
Integration of schematic drawing and 

PCB layout design is a very powerful 
feature of Layo1. It involves a two 
stage process. First a schematic 

drawing of the circuit is produced and 

from the information provided by this 

drawing, the system automatically 

stages of PCB design are unnecessary, as 

the program can use the component list 

and netlist to automatically select compo- 

nents from the libraries, place them on the 

board and display all connections as a 

rat's nest, ready for routing. There is also 

less chance of mistakes as, once the 

schematic has been defined, the rest of 

the process is computerised. 

A PCB at the Push of a 
Button 
With the aid of schematic capture, 
Layo1 can automatically generate a 

PCB. This is done by the autorouter. 
The results may not be the optimum 
layout, but it is certainly a very quick 
way of producing a reasonable quality 

board. Any board produced by the 

autorouter can always be altered manu- 

ally if necessary. 

Putting It On Paper 
Layo1 supports a range of output 
devices consisting of 9 and 24 pin dot- 
matrix printers, HP Laserjet compatible 
laser or inkjet printers, HPGL compat- 
ible pen plotters and PostScript 
compatible printers. Files can also be 

produced in Gerber and Excellon 

format for controlling photo -plotters 
and NC drills respectively. These latter 

options are useful if you intend to have 

a board produced commercially. The 

layers to be printed are selected individ- 

ually and output can be produced at 

various scales, rotated to fit on the F 

paper or mirror -imaged. A draft mode 
may also be available for producing 
check plots more rapidly. 
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produces two files, a 

component list and a 

netlist. The component 
list is a list of all the 
component types and 
their circuit references. 
The netlist specifies the 
connections between 
them as a list of nets, 
which specify the 
component pins that 
are to be connected 
together by tracks. The 
format of each net is 

typically a unique refer- 
ence number followed 
by a series of compo- 
nent pin designations 
such as 103/2. 

The great advantage 
of schematic capture is 

that the preliminary 

0000 
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RANGER 1 
XT/AT PC 

Circuit - PCB 
From Circuit Design 
Through to Artwork 

In One Package! 

£100 
Fully Integrated 

AutoRouter 

£50 
Exchange your easy PC 
For a free AutoRouter 

Prices 
Level 1 - has a design capacity of 4000 commands - £95 
Level 2 - has a design capacity of 10000 commands - £295 
Level 3 - has a design capacity of 20,000 commands - £565 
Level 4 - has a design capacity of 65,000 commands - £995 
All prices are exclusive of VAT at 17.5% 
For educational establishments there is a discount of up to 40% and on all 
products. There is a 30 day money back guarantee. 

All versions of Layo1 are available 
from: 
Baas Electronics by 
Rijksstraatweg 42 
3281 LW Numansdorp 
The Netherlands 
Tel +31 1865 4211 
Fax +31 1865 3480 

Next month 
In next month's issue of ETI we 

will be giving away another disk 
which includes the remaining part 
of Layol. The programs will include 
the Schematic output driver and 
the PCB output driver, the PCB 
design rule check and tutorial soft- 
ware. To make 
miss your copy 
with your newsagent now. 

RANGER 2 
XT/AT + 386 PC 

It has all the features you will ever need 
at an outstanding price. But now with a new 2 

layer 386 Ripup & Retry AutoRouter 

£599 
Option Pack 100% Router 

layer Ripup & Retry 
th via Minimisation. 

Autocad DXF in & out. GERBER in. 
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nated 
defau 
This takes 
Layol is in 

LAYO1 in th 
re is a copy 

order versions 
arger capacity. 

PCB DESIGN SOFTWARE 

Simultaneous 6 
AutoRouter wi 

£350 
Call us for details & demo disk on 0705 591037 

Nintbitl Daubnay flouse, Broadway 
Tel: 0705 591037 Fax 

Installing Layoff 
To install Layol on your computer 

there is a special Install program to 
simplify the procedure. All you need to 
do is insert the disk into the appro- 
priate disk drive and access that 
drive, then simply type: 

INSTALL 
The program will ask you a few 

questions about your system and 
where you want to install the program. 
In most cases, the default answer will 
be given by simply pressing Return. 
After these questions, the install 
program will expand the files stored on 
the disk and copy them onto the desig- 

target drive (drive C; is the 
It drive for installation of Layol). 

a few minutes, after which 
stalled and can be run by 

typing e root directory, 
The of the manual on 

disk and this can be printed out either 
from Layol or by loading it into Word 
for Windows. Also included in Layol 
and its documentation are details of 
how to of the program 
withal 
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BIPOLAR AMPLIFIER MODULES 

MOSFET AMPLIFIER MODULES 

100 VOLT LINE TRANSFORMERS 

A SMALL SAMPLE OF OUR RANGE 

ROOM TRANSMITTER RT1 An extremely 
SerWdve miniature transmitter with long battery Ste 
Dimensions- 20 x 20mm 

MAINS TRANSMITTER MT4 can be oonneded 
meet any equipment that rs mains powered 
Dimensions 35 x 2omm 

TELEPHONE TRANSMITTER TTS Small enough 
to °neat within a telephone. Will transmit both seas of 
a conversation (senes 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 dunng telephone calls 
Dimensions. 30 x 25mm 

AUTOMATIC TELEPHONE RECORDER 
SWITCH TRS2 Record telephone conversations with 
this irdedace unit and your own tape recorder 
Dimensions 36x 5Qnm 

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

TELEPHONE TAP ALERT TTA1 Vasa warning 
of any invasions of privacy on your letphone nee. 
Dimensions 38 K 52mm 

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

CAMERA DETECTOR CD8 Detects hidden video 
cameras (even miniature CCD models) 
Dmwnsons 63 x 38mm 

RECORDING BRIEFCASE RBC1 Completely 
discreet recordings al a value for money price 

SHOTGUN MICROPHONE AMPLIFIER SMA 
Ideal for surveillance The amplifier well 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 AMPLIFIER TA5 Connected directly 
to the telephone, this unit will emptily both sides of a 
telephone can Dinwnsiors 25 x 52mm 

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

MICRO METAL DETECTOR MMD Detect the 
presence d ferrous and various r on-lermrrs metal. 
Useful for all those DIY lobs. Dimensions. 40 x 25nvn 

KIT MODULE 

9.95 13.75 

19.75 31.50 

PROF 
FINISHED 

19.00 

48.00 

12.75 17.50 25.00 

14.74 -- 29.00 

31.50 45.50 65.00 

16.80 25.90 39.00 

34.95 59.00 

21.95 31.50 45.00 

69.00 95.00 

89.00 125.00 

145.00 

36.00 45.00 

34.89 45.00 

16.95 19.95 

32.49 44.95 

9.95 16.95 

Please add 12130 P & P to as orders and 17 5% VAT on an U K orders. 

For lull catalogue please send two ist class steeps or 2 IRC'S 

172 Caledonian Road 
1 

London N1 OSG 

CANAI 
Dept ET 

3RIDGE AUDIO 

071-837 4423 

SURVEILLANCE 
AMPLIFIERS from 

UK Distributor for the 
complete ILP Audio Range 

Encapsulated amplifiers with integral 
heatsink. 
HY30P 15W Bipolar amp £9.95 

HY60 30W Bipolar amp £12.62 

HY6060 30W Stereo Bipolar amp £26.46 

HY124 60W Bipolar amp (4 ohm) £20.69 

HY128 60W Bipolar amp (8 ohm) £20.69 

HY244 120W Bipolar amp (4 ohm) £27.38 

HY248 120W Bipolar amp (8 ohm) £27.38 

HY364 180W Bipolar amp (4 ohm) £42.86 

HY368 180W Bipolar amp (8 ohm) £42.86 

Encapsulated amplifiers with integral 
heatsink. 
SMOS60 30W Mosfet amp £23.15 

SMOS6060 30W Stereo Mosfet amp £39.95 

SMOS128 60W Mosfet amp £30.95 

SMOS248 120W Mosfet amp £42.50 

CLASS A AMPLIFIER MODULE 
Encapsulated Class A amplifier with integral 
heatsink 
HCA40 20W Class A amp £36.60 

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

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 
Access 

Ante 
Quantity prices available on request 

Write, phone or fax for free Data Pack 

Jaytee Electronic Services 
143 Reculver Road, Herne Bay, Kent CT6 6PL 

Telephone: (0227) 375254 Fax: 0227 365104 
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Sid U!IOAOOll 
Discarded personal computers are an ideal source of 

cheap equipment for the home experimenter 
he personal computer revolution 
began in earnest about fifteen 
years ago, and since then the 

number of personal computers of 
all sorts which have been produced 
around the world must be well into the 
hundreds of millions. I doubt if anyone 
really knows, but an awful lot of 
machines have been made and sold. It 
is an industry which has been driven by 
a relentless drive to produce better and 
faster machines. 

The life of a personal computer is 
not dictated by it's starting to break 
down, but by its obsolescence in this 
relentless drive for the better and the 
faster. A machine is now considered 
old just three or four years after it has 
been bought. At five or six years old it 

becomes very difficult to obtain parts 

and software and thus it is no longer 
worth keeping. Indeed, it is probably 
true to say that the majority of PCs 
which are scrapped are still in working 
condition and could probably go on 
working for another ten years or more 
before suffering serious faults. The 
personal computer is in many ways the 
ultimate consumer product. 

So what has happened to all these 
machines, to the ZX81 s, to the 
VIC20s, the Dragons, Orics, TRS80s, 
PETs, Spectrums and Apple Ils, not to 
mention the hoards of different makes 
of IBM PCs. Some, of course, are still 
in use, but the majority have been 
scrapped or lie unused in cupboards, 
attics and draws. Few are recycled 
and even fewer are refurbished and 
put to new uses. 

It is a terrible waste and one which 
looks set to increase. Indeed, a recent 
report by the Carnegie-Mellon 
University of Pennsylvania predicted 
that between 1992 and 2005 over 150 
million PCs and work stations will have 
been discarded in the US alone. To this 
we must add, at the very least. an equal 
number of peripherals such as printers, 
plotters, monitors, etc., plus probably 
five or six times as many 
consumer/games computers. 

So what will happen to all these 
machines, indeed what has happened 
to the ones which have already been 
scrapped? I have already said that 
some are recycled. Companies like IBM 
and ICL run recycling projects, but 
according to reports these are not 
exactly profitable, and there is an actual 
loss of over £7 per recycled machine. 
They are largely PR exercises. 

More constructively, a few machines 
are refurbished and shipped to the third 
world, but the majority are destined for 
attics or dumped into landfill sites with 
the rest of the rubbish we all generate. 

It is amazing to think that, according 
to that Carnegie-Mellon report, the cost 
of burying those 150 million PCs and 
work stations discarded in the US over 
the next decade, will be in the region of 
$1 billion. Surely a lot of them could be 
put to some better use, thereby saving 
some of this massive expenditure? 

Scrap PCs and the 
Experimenter 
All these scrap computers and their 
peripherals are, in a way, a godsend to 
the experimenter. Probably eighty or 
more percent of these systems either 
still work or could easily be repaired. 
They are in most casés being thrown 
out because users think them too 
slow, perhaps they have too little 
memory, too little disk space, or too 
low a resolution display, or maybe the 
company simply has a policy of 
replacing all electronic equipment after 
a certain time. 

If these old machines still work, then 
they can be used as the basis for all 

sorts of devices and experiments which 
require in-built intelligence. If they don't 
work, then they make a great source of 
spare parts for repairing other 
machines, or of useful bits and pieces 
that can be incorporated into other 
projects. They all contain nice 5V and 
12V power supplies, ideal for the 
experimenter and laser printers also 
incorporate nice EHT units. They are a 
good source of memory and processor 
chips. They are also a good source of 
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keyboard. Again, careful cleaning with a 

small paint brush and then application 

of a non -water based PCB cleaner is an 

essential first step. The next step is to 

check the power supply, it is surprising 

how many systems are scrapped simply 

because a fuse has blown or a voltage 

regulator has cut out. 
Having checked the power supply, any 

socket mounted chips should then be 

eased out of their sockets one at a time, 

pins lightly scraped of any oxide build up 

(not forgetting to take precautions to 

protect the device from static damage) 

and then reinserted in the correct orienta- 

tion. All edge connectors should also be 

eased off and back a couple of times to 

remove any oxide or dirt stopping proper 

connections being made. 

Next, it is a good idea a to make a 

manual check of the board for dry joints 

(use a low power hand lens for this). 

These are a not uncommon cause of 

failure, especially around sockets and 

socket mounted chips, where the board 

may have been exposed to local 

mechanical deformation, or where chips 

get very hot and there is a continuing 
cycle of board expansion and contrac- 
tion. These factors can help turn a weak 

but conducting solder joint into a dry, 

non -conducting one. Any suspect joints 

should be very carefully resoldered. 
Seven times out of ten, you will find 

that the above procedures will bring a 

seemingly dead machine back to life. I 

personally have found chip failures to 
be fairly rare, indeed the commonest of 

such failures is likely to be that of a 

RAM chip, which in most cases will not 

stop the system from running, just 
reduce the amount of memory avail- 

able. If you have spares available, then 

disk drive controller boards, I/O boards 

and video boards can be checked out 

by a bit of board swapping. Again all 

the above procedures should be 

applied to these boards. 
If none of the above procedures 

bring the system back to life, then I 

personally would give up and canni- 

balise it for parts. Attempting more 

complex repairs will require access to 

circuit diagrams and fairly good test 
equipment. On old systems, the manu- 

facturer may very well have gone out of 

business, so circuit diagrams are often 

virtually unobtainable. 

Some Intelligent 
Controller Applications 
Old computer systems which can be 

brought back to life can, of course, 

continue to be used as conventional 
computers, but there is always the 

problem that suitable software becomes 
very difficult to locate (try small ads in 

some computer magazines). 
Alternatively the ingenious experimenter 
can turn an old computer into the intelli- 

gent component of an instrument or a 

control system. 
For example, a simple home 

computer such as an old Spectrum or 
C64 could be used as the basis for a 

home monitoring and alarm system, 
that could turn lights off and on when 
you are away on holiday, that would 
check the integrity of doors and 
windows, check smoke alarms, etc. 

The I/O port on the system could be 

used to poll a collection of different 
sensors and the program, which could 
be written in BASIC, would take the 

appropriate action. 
I have heard of people using old 

computers as the basis of an intelligent 

weather station, to control a machine 
tool, to act as a data logger and chart 

recorder and to act as the basis for an 

intelligent virtual test equipment set up. 

In fact, virtual test equipment is 

becoming very much the in thing 
amongst professionals, since it offers 

the user a far greater range of functions 
than would be possible using conven- 
tional test equipment. On top of which it 

allows the user to log all data for later 

analysis. 
All a virtual test equipment set up 

consists of is a computer interfaced to, 

for example, an analogue to digital 

converter. With suitable software, the 

computer can then emulate an oscillo- 
scope, a digital voltmeter, or any other 
piece of test equipment which has as its 

input a variable voltage. Similarly, with 

suitable hardware interfaced to the 

computer, it could be used to measure 

frequencies, test and analyse logic and 

test and analyse ICs (we will be looking 

at implementing different types of virtual 

instrument in future issues of ETI). 

Not Forgetting the 
Environmental Aspect 
Recycling old PCs and peripherals is a 

great idea for the experimenter and a 

good way for students to learn about 
such systems, but we must not forget 
that recycling machines has a positive 
environmental aspect. According to a 

recent issue of New Scientist, it takes 

£200 worth of electricity and 12 tonnes 
of water to make the average PC/work 
station. By recycling old systems, 
particularly by putting them to new 

uses we can ensure that this utilisation 
of scarce resources is not wasted by 

being buried in a waste tip. 

various units like disk drives, LCD 

displays, stepper motors, monitors, 
etc. Even old cases can prove a useful 

source of sheet metal. 

Where Can You Get an Old 
PC? 
Old computers and computer periph- 

erals now seem to crop up in the most 

unlikely places. I recently saw a whole 

pile in a builders skip! But rubbish 

dumps and skips are not the best place 

to start looking, machines are usually 

well smashed up by the time they reach 

such places. 
Probably the best places to start 

looking, besides your own attic, are 

some of the companies who advertise in 

magazines like ETI. If you skim through 

this issue, you will probably find at least 

half a dozen companies which can sell 

you old computers, often in guaranteed 

working condition, at very low prices. 

Another good place to look is at the 

company you work for, or a local large 

company. Very often companies offer 

old computers to their employees at 

knock down prices and in some cases 

are prepared to give old equipment to 

local schools or clubs. 
Then, of course, there are the small 

ads in local papers and in computer 
magazines although, unfortunately, 
many individuals who advertise old 

equipment for sale have a very inflated 

idea of what it is worth. Computer 
auctions are another very good source, 

as are local jumble sales and car 

boot sales. 

Refurbishing Old Machines 
You will find that a great many old 

computers and peripherals still work, 

while many others just need a simple bit 

of repair and refurbishment to bring 

them back to working condition. The 

most likely components to fail are 

purely mechanical units like printers and 

disk drives and there is often little that 

can be done about these, it is just a 

case of them wearing out. Switches 

and keyboards fall into the same cate- 

gory. If the unit can be disassembled 

and, more importantly, reassembled, it 

may be worth giving the more critical 

parts of it a very good clean, using a 

suitable non -water based solvent of the 

type sold for cleaning PCBs, etc., then 

reassembling and very carefully lubri- 

cating any bearings. 
Dirt is also a major cause of failure in 

the electronics. I remember once 

looking inside an old PET computer and 

finding it full of cigarette ash where the 

user had let it drop through the 
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4great 
ideas 

Aviation Enthusiast's Ha 
Ell Book of Electronics 

Delnbuhon and send to the addres charge 

a publisher? 
ARGUS CONTRACT 

PUBLISHING SERVICES 

plus p&P 

SPECIALIST PUBLISHERS FOR OVER 50 YEARS 

FROM ARGUS BOOKS 

rO ndbook ISBN 185486 0542 £9.95 
O ISBN 185469 282 £10.95 
O Scanners 2 International ISBN 085242 924x £10.95 

' O Scanners 3rd Edition ISBN 185486 0062 £8.95 
p&p + 10% minimum £1. Telephone orders 0679 66905 

I enclose my remittance of Please make cheque payable to Bailey 
s below Please my MastercardNisa 

Expiry Date: 

Name .. 

Address 

Signature 

Post code 
Complete details and return to Bailey Distribution Ltd, Units la/1b Learoyd Road, 
Road Estate, New Romney, Kent. TN28 8XU. 

Lease ensure that all checaues are made ppable to Bailey Distribution' 

Looking for 

CAN PROVIDE YOU WITH 

MAGAZINES (trade or consumer) 

CATALOGUES 
YEARBOOKS etc 

Let w quota you for a Hull or part publishing facility 
offering a full range of professional services.» 

Expert design on up-to-the-minute electronic page make-up. 
Dynamic advertisement sales team experienced in niche 
markets supported by In-house ad. design & production. 
Quality printing & production in mono or full colour 
Long or short runs at top value rates. 
NationaVlntemational Distribution/Promotion. 
Full administration, credit control etc. 

Write or fax... 
MANAGING DIRECTOR 

ARGUS CONTRACT PUBLISHING SERVICES, 
ARGUS HOUSE, BOUNDARY WAY, 

HEMEL HEMPSTEAD, HERTS HP2 7ST 
TELEPHONE: 0442 66551 FAX: 0442 66998 ' 

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 

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 9.15-6.00 

Friday 9.15-5.00 Saturday 9.30-5.00 
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POWER AMPLIFIER MODULES -TURNTABLES -DIMMERS- 
LOUDSPEAKERS -19 INCH STEREO RACK AMPLIFIERS 

r 
: 

e - e e y- - - ' e 

SERVICE LARGE IA4I S.A.E 6. STAMPED FOR CATALOGUE* 

.1 d21 ,Lb3144.0131.71',Ij el al p,1'[QPIE...' SUPPLIED READY BUILT AND TESTED. 
OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER. TWO CHANNEL 19 INCH RACK Them modes_ now enjoy pear -wide reputation for coney, rslMblIlh and p.norPence el e n.nu< bise. Four 

modes ere available m All lbe needs ce me professional and hobby m.A.t I e Indu.ny 1.Iwr.. In.numenM, and 11JI 

air. when compering prices. NOTE thI an medals Include 10,010al power .0091). ,me prat heal sbI. staPs Pere P.0 e. end 

dove e,rcWH ta power compaabfe Co mop bil model,.,. open and shun LIrwll pa (NA 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 

- 
ohms. frequency response 1Hz 

M, ing Factor - 300. Slew Rate ... -. / 
10.002 %, Input Sensitivity 500m 

- - 

teas, 

-- -- - 
w -- ---- .. w -- f 

ohms, frequency response 1Hz - 1 

' ing Factor i 300. Slew Rate 5 

10.091°,'[, Input Sensitivity 500mV, E RENOWNED MXF ES OF POWER AMPLIFI 
UR MODELS:- MXF200 ( 100W) MXF400 (200W -- 2 

MXF600 (300W - MX F900 (450W 450W) 
ALL POWER RATINGS R,M. 4 OHMS, BOTH CHANNELS DRIVEN 

proof * LaIesl Mas -F.), lot stress free power delivery Info Virtually any load * row awe rare w any Nw 

distortion * Aluminium cases * MXF800 & MXF900 fan cooled with D.0 loudspaSS.E ana mammal protection. 

ohms, frequency response 1Hz - 1 

ing Factor - 300, Slew Rale 6 
1 0.001%. Input Sensitivity 500mV, 

ohms. frequency response 1Hz - 100KHz 
Ing Factor 300, Slew Rate 75V/uS, 

- 1 0.001%. Input Sensitivity 500mV. S.N.R. 

,-,: 1L1:El»!-il4a 43REN SIN IVI44:üb-1.41el'11:' 
- -- . - Cooled. D.C. Loudspeaker Protection, 2 
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.. 
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Advanced 3 -Way Stereo Active Crow -Over, housed in a 19- 

bass, mid 8 lop. The removable Iront lascba allows access 

Cross -over frequency: Basa -Mid 29015001800Hz, MId.Top 1.813 

on each base channel. Nominal 775e,V Inpulloutput. Fully corn 

penee 1Hz - 100KHz -3dB. Damping 
Slew Rate 75VfuS, T.M.D. typical 

Sensitivity 500mV, S N.R. -110 dB, Fan 

.. 

Loudspeaker Protection, 2 Second 

-INPUT x115 U WIDTH 10 
ICP EQUIPMENT COMPATIBLE) 

11emV. BAND WIDTH 45N.. ORDER STANDARD OR G 

$1 
,, ___ - . 

ANN@ 
w-.- 

LE 
__ - 

Fe 
. 4 - -'- - 

le > I 

St - a 
n, 

_ - --_ _ 

O 
NET FITTINGS, SPEAKER 
D HIGH POWER, HIGH 
ORNS. LARGE (A4) S.A.E. 

EMINENCE- I STRUMENTS, P.A.. DISCO, ET 

pz'4e , 4 s .. ALL EMINENCE UNITS 8 OHMS IMPEDANCE 
8' 100 WATT R.M.S. MES -100 GEN. PURPOSE, LEAD GUITAR. EXCELLENT MIO. DISCO. 

RES. FRED. 7211e FREO RESP. TO 4KHz, SENS 97013. PRICE C32.71 - 02.00 P&P 

10,100 WATT R.M.S. MET O.100 GUITAR, VOCAL, KEYBOARD. DISCO, EXCELLENT MID, 

RES FREO. 71Hz. FRED. RESP. TO 7KHz, SENS97dB. PRICE C33.74 - C2.S0 P&P 

10' 200 WATT R.M.S. MET 0-200 GUITAR. KEYED, DISCO, VOCAL. EXCELLENT HIGH POWER MID. 

FRED, 65H2 FRED. RESP TO 3. SKHz, SENS 99dB. PRICE 043.47- 02.60 P&P 

12' 100 WATT R.M.S. ME/ 2-1 OGLE GEN. PURPOSE. LEAD GUITAR. DISCO. STAGE MONITOR. 

RES. FRED. 4911x. FRED. RESP. TO 6KHz, SENS 100dB. PRICE 035.64 . C3,50 P&P 

12' 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 

MONITOR. RES. FRED 4211z. FRED. RESP. TO 10KHz. SENS 98dB. PRICE 036.67 ' C3.50 P&P 

12' 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR. DISCO. VOCAL, EXCELLENT MID. 

RES. FREO. 5514x, FRED. RESP TO 61(Hz. SENS 98dB. PRICE 048.71 C3,60 P&P 

12" 300 WATT R.M.5 ME12.300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 

RES. FRED, 47Hz, FRED RESP. TO 5KHz, SENS 103dB PRICE 070.11 C3.50 PIP 
15" 200 WATT R.M.S. MCI 5.200 GEN. PURPOSE BASS. INCLUDING BASS GUITAR. 

Ace CR013 PPP.. FRFO. RESP TO SKHz. SENS 9948. PRICE C50,72 ' 24,00 P&P 
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low dynamic mess (no zo tweeter low 
nmic ma.. Inn ro. Asaer 

ex tom speaker syHams ln are It two ea 

TYPE 'A' (KSN 1036A 3 round withmleclive wire mesh. Ideal tor DRES. 
bookshelf and medium sized HI -Fi speakers. Price £4.90 50p P&P, 

TYPE 'B' (KSN1005A) 3", super horn for general purpose speakers, 

disco and P.A. systems eta Price 05.99 ' 50p P&P. 

TYPE (K5N1016A) T xS- wide dispersion horn lof quality Hi -Fì Sys- 

ru ms and quality discos etc. Price 06.99 ' 50p P&P, 

'D' (KSN1025A) 2 x6' wide dispersion horn. Upper frequency 

response retained extending down to mm -range (2KHz). Suitable for high 
quality HI.Fl systems and quality discos. Price C9.99 ' 50p P&P. 

TYPE 'E' (KSN1038A) 3V horn tweeter with attractive silver finish trim. 

Suitable for Hi-Fi monitor systems etc. Price C5.99 - 50p P&P. 

LEVEL CONT Combines,SE a recessed 04.10 mounting plate. control 

and cabinet input (lack socket. 65X85mm. Price 14.10 - SOp P&P. I d"l;{:1 X;1.1 4:1-Y;ICäIE-3DA1Itih QeJ,I:Aa íi 
ALL EARNER DER UNITS 8 OHMS Except SESSO a E61450 whim are anal ,n,pedence tapped d 4 a 0 ohm) 

SASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 
8- 50watt EBB -50 DUAL IMPEDENCE, TAPPED 418 OHM BASS. HI-FI, IN -CAR. 

RES. FREO. 4011z. FREO, RESP TO 7K Hz SENS 9706. PRICE 08.90 - C2.00 PIP 
1 O" SOWATT IMO -00 DUAL IMPEDENCE, TAPPED 418 OHM BASS, HI-FI. IN -CAR. 

RCS FRED. 40Hz, FRED. RESP- TO SKHz, SENS. 99d19. PRICE 013.65 ' C2.50 P&P 

10" 10OWATT ER10-100 BASS. HI-FI, STUDIO. 
RES. FRED. 35Hz, FRED. RESP. TO 3KHz, SENS 96dB. PRICE C30.39 - C3.50 P&P 

12' 10OWATT Eat 2.100 BASS, STUDIO. HI-FI. EXCELLENT DISCO. 

RES FRED_ 26Hz. FRED, RESP. TO 3 KHz, SENS 9308. PRICE 042.12 C3.50 P&P 

FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 
a'." 60WATT EBS-6OTC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC. 

RES. FRED. 631-1x. FREO. RESP. TO 20KHz. SENS 9248. PRICE 09.99 - CI .S0 PAP 

6' a- 60WATT E86 -1507C (TWIN CONE) HI-FI, MULTI.ARRAY DISCO ETC. 

RES FREO. 35Hz, FREO. RESP TO 20KHz, SENS 94dB PRICE 010.99 - 1.50 P&P 

8. 6OWATT EB8-50TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO EIC, 
RES FRED, 40912. FRED, RESP. TO 16KHz, SENS 89dB. PRICE 012.99 - C1.50 P&P 

10' 60WATT ESI0.60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES, FRED. 35110, FRED- RESP. TO 12KHz. SENS 98dB. PRICE 216.49 - C2.00 PU 
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A new range al qusllry loudspeakers. designed lo take edvaniege of the let 

sneaker technology and enclosure designs Both models utilize studio qua 'v' 
IT cast aluminium loudspeakers with factory fitted guiles. wide diapers 

Constant directivity borne extruded alum,Num corner prgMlon lane SI 

ball corners, complimented wdh heavy duty black covenno The endssu 
are Hied as standard with lop ha10for opllonalloudlpaaker elands \ 

O a A A 
s 

PRICES: 150W C40.99 250W C99.99 
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ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES. PLC. ETC. 
InPOSTAL CHARGES PER ORDER 01.00 MINIMUM. OFFICIAL 

PFe10E9 INCLUSIVE OF V.A.T. SALES COUNTER. V154 AND 
ACCESS ACCEPTHO BY POUT, PHONE OR F4%. 

BKIAT:JM UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. SS2GTR. 

Tel.:O%02-527572 Fax.: 0702-420243 

THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 

TH SERI 
FO 100W 

300W) 
SANTO 

ERS 
00W) 

FEATURES: *Independent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
Level controls * Illuminated on/of switch * XLR connectors * Standard 775mV inputs * Open and short circuit 

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

SIZES:- MXF200 W19"xH3'"w" (2U)xD11" 
MXF400 W1 9"xH5',.," (3U)xD12" 
MXF600 W1 9"xH5',.." (3U)xD13" 
MXF900 W19" (3U)xD14"4" 

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

* ECHO & SOUND EFFECTS* 
fEREO DISCO MIXER with 2 it 7 band 
& R graphic equalisers with bar graph 
D Vu meters. MANY OUTSTANDING 
iATURES:- including Echo with repeat & 

geed control, DJ Mic with talk -over 
witch, 6 Channels with individual faders 
us cross fade, Cue Headphone Monitor. 8 
and Effects. Useful combination of the 
Mowing inputs:- 3 turntables (mag), 3 
ice, 5 LIne for CD, Tape, Video etc. 

)rir_e. £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm 

OMP/MF 100 Mos-Fet Output power 
R.M.S. into 4 
-3dB, Damp 
T.H.D. typica 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 PAP 

OMP/MF 200 
R.M.S. into 4 
-3dB, Damp 
T.H.D. typica 
-110 dB. Size 300 x 155 x 100mm. 
PRICE £64.35 + £4.00 PAP 

OMP/MF 300 Mos-Fet Output power 
R.M.S. into 4 
-3dB, Damp 
T.H.D. typica 
-110 dB. Size 330 x 175 x 100mm. 
PRICE £81.75 + £5.00 PAP 

110 watts 
-100KHz 
45V/uS, 

V, S.N.R. 

Mos-Fet Output power 200 watts 
OOKHz 
OV/uS, 
S.N.R. 

300 watts 
0OKHz 
OVIuS, 
S.N.R. 

OMP/MF 450 Mos-Fet Output power 450 
R.M.S. into 4 
-3dB, Damp 
T.H.D. typica 
11n AR Fan 

watts 

NOTE NOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 

T SENS 

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABI 
GRILLES, CROSS-OVERS AN 
FREQUENCY BULLETS AND H 
(60p STAMPED) FOR COMPLETE LIST. 

McKenzie and Fane Loudspeakers are also available. 

ein the e voice coil) of a Pie produces an improved 

anslenl d ary dynamic tweete ssover Is not required 

iese uni is up lo 100 watts (m re pul in series. FREE 

IXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 

-Y 

THREE SUPERB HIGH POWER 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 
400 WATTS (200 + 200) Stereo, 400W 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 
a Cla.ao h.idnahla moon * Choice nl 

5" 300 WATT R.M.S. ME1 5-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

IES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dß. PRICE 073.34 + C4.00 P&P 

OVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 

INTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 

TRANSMITTER 60.108MH1, VARICAP CONTROLLED PROFESSIONAL 

IFORMANCE, RANGE UP TO 3 MILES, SIZE 36 w 123mm, SUPPLY 12V @ 0.5AMP. 

PRICE C14.65 + Cl.00 P&P 

MICRO TRANSMITTER 100.101MHz, VARICAP TUNED, COMPLETE WIN 
IY SENS FET MIC, RANGE 100.300M, SIZE 66 s 46mm, SUPPLY 9V BATTERY. 

SW FM TRANSMITTER 

x 1U case. Each channel has three level controls: 
to the programmable DIL switches to adjust the 

15KHz, all at 24dB per octave. Bass invert switches 
patible with OMP rack amplifier and modules. 

Price £117.44 + £5.00 P&P 

Second Anti -Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £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 res 
Factor > 300, 
0.002%, Input 
Cooled, D.C. 
Anti -Thump Delay. Size 422 x 300 x 125mm. 
PRICE £259.00 + £12.00 P&P 

OUDSPEAKERS 

IN -CAR STEREO BOOSTER AMPS 

est 
lily 
ion 
eel 
res 

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Nz - 20KNz 

LbLFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 

SPECIALIST CARRIER DEL. £12.50 PER PAIR 

OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 

[17 211111:1 lie F7=S111l A7114.1 1-4:t- 
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74L5253 0.34 
14095 0.54 

0. 74L5256 50 

7415259 
741_5260 
7415266 

0.48 
0 28 
0 14 

7415273 031 
74L502 0 10 7415279 0.24 

74L503 0 10 7415280 o 85 

741504 010 7415283 0.48 

741505 0.10 74L5290 0.23 

74L507 0.38 7415293 0.23 

74L508 0.10 7415295 0.57 

741509 0.12 7415298 0.62 4516 
741510 0 10 7415299 1 16 4518 
741511 0.10 7415322 1 56 4520 
741512 
74L513 

0.10 
0.17 

7415352 
7415353 

0 76 
0_86 4521 

74L5151 0.25 7415365 0 23 4526 
74L514 0.21 7415366 0.26 4527 
74L515 0.11 7415367 025 4528 
741520 
74L521 
74L522 

0.11 
0.11 
all 

7415368 
7415373 
7415374 

027 
031 
031 

4529 
4532 

741524 0 32 7415375 0 33 4534 
7415377 031 4536 
7415378 0.61 
741_5390 0 24 4538 

4541 
741530 
741.532 

0 11 

0.12 4543 
741_533 0.12 4555 

4556 
4560 

741_540 0.13 14001 0.15 4586 
741542 
741544 

0.22 
1.60 

14002 
14006 

0.15 
0.30 

4572 
4584 
4585 

741549 0.61 4008 0.29 4724 
741551 0.11 4010 0.21 40106 
741554 0.11 14011 0.14 
741555 0 13 4012 0.14 
741573 0.20 4013 0-15 

741.575 0.21 14014 0.28 
741.526 021 14015 0.29 
741577 0.42 14016 0.16 
741583 0.34 14017 0.23 

74/590 0.24 14019 0.17 
741591 0.50 I 4020 O 29 
741592 029 14021 0.29 
741593 0.24 4022 0.31 
741595 0.38 4023 0.15 

7415112 0 25 I 4026 0.39 
7415113 0 25 4027 
7415114 0.25 4028 
741_5122 0.32 

4029 
7415125 0.27 14030 0_16 
7415126 021 4031 0_69 
7415132 0.28 4033 
7415133 
7415136 

0 24 
0.21 

4034 `- 
74L5137 0.62 4035 0.29 
741_5136 0 23 14040 0.27 
741_5139 0.25 4041 0.29 
7415145 0 57 4042 
7415147 086 4043 
741_5148 
741_5153 

0.69 
0.27 4044 0.29 

7415154 0 70 4048 0_29 
7415155 0 24 4047 7411C126 

>-eurloo 
7415156 0 24 4048 
744_5157 0 20 4049 74HC133 
7415158 
7415160 

0.24 
0.31 4050 0.18 74HC138 

7415161 031 4051 0.23 74HC139 

7415162 031 4052 0.23 74HC151 
741_5163 031 4053 74HC153 
74/5164 0.29 4054 
7415165 
7415166 

0.47 
052 4055 0.28 

74L5168 0.58 4060 0.29 
74/5169 052 4063 
7415170 0 65 4066 
7415173 
74L5174 

0 55 
0.23 4067 

7415175 
741_5181 

0.23 
1 46 

4068 
40160 

0.14 
0.30 74HC164 

741_5182 1 56 40162 0.31 
7415183 1 56 40173 74HC173 
741_5190 0 24 4069 
741_5192 0 28 4070 0.15 74HC175 

741_5193 0 38 4071 0.19 74HC192 
741_5194 0.38 4072 0.16 74HC193 
741_5195 0 23 4073 74HC194 
741_5196 0 23 4075 74HC195 

7415221 p 35 4076 0.29 74HC240 

741_5240 0 31 4077 0.16 
7415241 0 31 4081 
74LS242 a 31 4082 

7415245 0 32 4086 025 
7415247 0 31 4089 0.54 
7415249 0-65 4093 74HC253 
7415251 ° 2' 4094 74HC259 

741_5257 023 4097 1.17 74HC273 
74HC280 

POSTAGE AND PACKING AT 99P PER 
ORDER. 

ALL PRICES ARE PLUS VAT AT 17 5% 
NO MINIMUM ORDER. 

NO COUNTER FACILITIES. 
AUTOMATIC ACCOUNT FACILITIES 

SCHOOLS,LOCAL COUNCILS ETC. 
SEND LARGE SAE FOR FREE 

CATALOGUE. 
ACCESSNISA CARDS ACCEPTED. 

0 
0.36 i 74HC354 0.41 10231 1489 2.90 0.33 107 0.17 
0.30 74HC356 0.43 14049 0.52 0.33 108 0.17 
0.87 74HC365 0.31 HD465D8255 16 0.55 17 0.19 109 0.17 
0.24 74HC366 0.31 12.50 14502 1.60 47B 0.07 o 78112 0.21 
0.27 74HC367 0.24 D933-1 6.80 1.10 0.07 0.19 78L15 0.21 

DACO800L 14.99 14541 3.70 0.07 ZTX341 0.22 79L05 023 
DF320ADJ 5.80 14572 0.48 0.07 ZTX500 0.14 79112 0.23 
DG128 1.75 1458 028 2.38 0.07 ZTX501 0.22 79115 0.23 
DG1B9 5.80 4.99 4.99 Y90 0.20 0.22 7805 023 
DG190AP 3.80 0.45 5.90 Y71 0.19 0.22 7812 0.23 
DG308 2.80 1489 0.67 ULN2002A 0.60 0.19 0.27 7815 0.23 
DP8304 5.20 1545 5.99 ULN2003A 0.24 15 0.49 0.15 7905 0.25 

0.38 74HC534 0.41 DP8308 3.75 1741 0.50 ULN2004A 0.39 31 0.36 0.23 7912 0_25 
0.37 74HC563 0.45 13S8838 3.75 3302 0.56 ULN2803A 0.44 132 0.36 0.24 7915 0.25 
0_36 174HC564 0.45 H104D 6.80 1.18 1.55 135 0.19 2N2646 0.57 78S05 0.37 
0.42 174HC573 0.41 H117 2.80 0.99 18 6.99 136 0.19 2N2904 0.24 78512 0.37 
0.30 174HC574 0.41 H11A2 9.50 2.99 11 6.99 137 0.19 2N2904A 0_24 M323K 1.95 
2.18 174HC640 0.60 H11C4 (OPT)1.99 3_99 UPB8212 6.99 138 0.19 2N2905 0.20 17T 0.43 
0.98 I 74HC643 0.71 114 13 UPB8286 2.60 139 0.22 2N2905A 020 
0.35 1 74HC646 1.09 T276 1 UPB8287 3.99 140 0.23 020 
0.29 

1 74HC648 1.09 6.50 UPB8288 7.40 180 0.30 2N2907 0.19 
0.44 17414C888 0.46 0.48 UPD2114 1.75 102 0.30 2N2907A 0.19 
0.33 174HC2002 

J 

0.33 IOCN 2 XR2206 3.95 185 0.30 2N2926 0.14 
0.32 74HC4017 0.31 3.50 Z086810P 3.99 194 0.18 0.26 
1.16 174HC4020 0.37 9.87 Z80A CPU 0.99 195 0.18 0.83 16 PIN 0.14 
1.93 74HC4040 0.38 8.99 Z80ACTC 1 _35 196 0.19 0.55 18 PIN 0.14 

023 I 74HC4049 0.26 9.99 Z8OBCTC 1.95 197 0.19 1.32 
0.22 ! 74HC4o50 0.25 9.75 Z80BS10 2-45 198 0.19 702 0.09 24 PIN 0.18 

0.31 174HC4060 0.39 Z8530 4.50 199 0.19 703 0.09 28 PIN 0.20 

0.68 174HC4075 0.15 1.99 ZN414Z 0.77 0.27 0.09 
0.29 174HC4078 0.15 14.99 ZN416E 1.14 0.27 0.09 
0.48 I 74HC4511 0.39 IH5033 5.75 14.99 0.92 257 0.32 0.09 
0.31 174HC4514 0.79 1116403 7.60 19.99 3.48 258 0.35 
0.40 ! 74HC4538 0.39 1MS1400.35 3.99 16.99 ZN426E 1.96 0.32 
0_34 174HC4543 0.65 IM1600.45 13.99 1.45 ZN427E 6.34 0.35 

IT132 15.99 3.60 ZN428E 5.14 0.38 
KR2378 8.99 0.58 ZN435E 4.35 0.38 
KR3600 19.50 0.47 ZN44BE 6.58 0.38 2N3905 

- AD558 0.65 
L165V 
L272M 

1.83 
1.64 STOB 0.28 2N3906 

0.13 
0.13 AD562 

----" 
19.50 
"" -- 

1293E 
L295 

3.16 
5_99 

0.30 
AC 126 0.29 

0.30 
0.30 
0.43 

2N4026 

I 

0.13 .. ...... ..... 

0.13 AD7541 8.20 
1397 
1298 

4.90 
4.84 

567 AC127 0.29 
570 128 0.28 

1 176 0.34 

0_43 
0.28 
0.25 

7 .. 0.95 
3 .. 0.40 
1 0.45 

AVAO.ABLEAT 
0.17 1AM2147-70 4.99 NE572 187 0.35 0.27 MW 0.03 

., AM2167 4.99 P4C150 7.75 AC188 0.36 0.46 1.3W 0.07 
P4C198 13.99 AD142 1.80 Y55 0.46 
PAL101_8 14.99 AD161 0.78 0-46 

0.13 ,..... PAL16R4 8.75 AD162 0.85 0.26 
025 AM25S05 19.99 PAL20L10 4.22 AF124 0.78 BSX29 0.52 _ AM25S07 4.99 PBL3717 2.99 AF126 0.46 Y95A 0.46 15 P EACH AL VALUES 

PF. 
0.18 AM25S08 3.99 PC725 7.50 BC107 0.12 1.39 .8,22,3.3,4-7 
0.18 AM25510 

--- 

4.99 
- -- 

3600 725 BC107B 0.13 
0.31 BC108 0.11 

1.40 
1.55 

1 OF 25 VOLT 006 
22ÚF 25VQT O06 

10,12,15,22 

8.99 BC108B 0.13 0.75 4 TUF 25 VOLT 007 
.33.47,56,68p 

RM8263 12.99 BC10eC 0.14 0.35 
IOUF 25 VOLT 007 
10 OF 63 VOLT 0.08 

FOLLOWING COST 
07 P EACH VALUES PF SAA1027 1.98 BC109 0.13 

SAK115 12.50 BC109C 0.14 
0.44 
0.59 

35 VOLT 008 
IO VOLT 0OB 
16 VOLT 009 

20.150.180,220 
330,390,470 

SBA5089 4.991BC140 0.24 0.84 25 VOLT 006 

AM2901 0.21 28.99 1.86 BC141 0.26 MPSA05 0.27 
47UF 35 VOLT 006 
I ROUF 16 VOLT 009 1N, I N5,1 NB,2N2 

n eA 

025 
0.24 
0.24 
0.24 
0.24 

AM2918 
AM2952 
AM2955 
AM29B18 
AM29822 
AM500 

4.50 
8.99 
8.99 
4.99 
8.99 
9.60 

SL490 2.35 
1.99 

159 14.95 
16 3.99 

0.75 
0.89 

BC 142 0.30 MPSA06 
BC143 0.33 MPSA12 
BC147 0.33 MPSA56 
BC 148 0.33 MPSUO6 
BC149 0.11 TIP29A 
BC157 0.11 

T1P2913 

0.27 
027 
0.17 
0-55 
0.30 
0.30 

100ÚF 25 VOLT 009 
1000F 63 VOLT 012 

16 VOLT 0 10 
25VQT 011 
16 VOLT 019 

470UF 25 VOLT 022 
1000UF 16 VOLT 0.28 

25 VOLT 035 
16 VOLT 045 

AM7910 14.50 106A 4.99 
6.75 

13C158 0.11 
TIP29C BC159 0.11 TIP30 

0.31 
0_31 

25 VOLT 052 
35 VOLT 0.64 

0_61 BC160 0.29 TIP30A 0.31 
0.49 BC169C 0.16 TIP3oB 0.30 
0.25 
1.99 

BC169C 0.16 
TIP30C 

BC171 0.11 TIP31A 
0.30 
0.30 

TANTALUM CAPS 
RADIALELECTROLYTS 
LEGS WIRE NEONS 

024 IAM92L44 

0.31 IAMPAL16H 

0 24 
0.46 
0.39 

8.99 

15.00 

CA3046 0-35 
CA30B0E 0.49 

17 19.50 
TCA965 3.90 
TCM5091 3_60 

TDA2030 0.B4 
TDB01570 4.99 
TDE260B 8 99 

41001 5_75 
111 1.a0 

BC177 0.17 TIP31B 
BC178 0.17 TIP31C 
BC179 0.17 TIP32A 
BC182 0.07 

TIP32B BC182L 0.07 
TIP32C 

BC183 0_07 
TIP33A BC183L 0.07 
TIP33C 

BC184 0 07 TIP34A 

0.30 
0.31 
0_30 
0_30 
0.31 
0.65 
0.71 
0.68 

SOLAR 
CELLS CRYSTALS 
R ECTIFIE RS. PLUGS 
SOCK ETSADAPTERS 
COMPUTER DISCS 
MOTORS 

SPECIAL OFFERS: 
AIRCRAFT CIRCUIT 

30,5A,7 5A 10A 
PUSH BUTTON TYPES 

0.35 
0.31 

CA3081 
CA3130E 

4.99 
0.73 

TIL112 0.07 TIP34C 
TIL119 2.60 BC212 0.07 

TIP35A 
0.74 
0.99 

1.00 //I 5 % ALL AT 0.02 
EACH OR 15 P 

0.34 
CA3140E 
CA3240E 

0.38 
0.99 

0.33 0.07 TIP35C 
0_39 0.07 TIP36A 

0.99 
0.99 OUALRY 25 PIN 

0.43 BC213L 0.07 
TIP36C 

0.30 0.07 TIP41A 
0.99 
0.35 

MALE D CONNECTOR 
TO 36 PIN CENTRONICS 
1 5M 

METAL FILM AT 
3.03 EACH OR 

TL072 0.33 0.07 TIP42A 0.35 4.99 !!! 15P FOR 10OF 
044 0.08 TIP120 0.37 INCH FANS METAL SAME VALUE 
0.31 0-08 TIP121 0.34 

110 VOLT BUT 
WIRER IN PAIRS 

027 1134016C-5 
0.33 

I D416C 
7.50 
1.80 

0.32 0.08 TIP122 
0.44 0.09 141 
0.61 0.09 

0.36 
1.05 
1.05 

SWITCHES 
ALL AT0.55PEACH 

I POLE/12 WAY 
0.33 24.99 0.09 

1.10 POLE/6 WAY 
0.35 0.09 TIP2955 0_59 POLE/4 WAY 

POLEJ3 WAY 

EXPRESS 
COMPONENTS 

ES:0273-771156 
FAX:0273-206875 

P.O. BOX 517. 
HOVE. 

SUSSEX.BN3 5QZ 

1 

5.50 IBC1B4L 

1 

74LS 
SERIES 

14L800 010 
741501 010 

74L526 0.11 
741527 D 11 
741.528 0.11 

741537 
741.538 

ralJar 
741540 

a+a0-74 

74LSß 
741 non 

/41 500 

7415258 0.23 

4000 
SERIES 

013 4000 0 13 0.15 

D -wc?., 
-45 

4 
4007 0_ IS 

0'M7 4010 n 2 0.25 

O.N 
I AIroA n on 

xeul uw i 

1xv1 L., L.) I 

14098 

0.17 
027 
0.26 

0.54 
1 99 

020 
n2a 

0 23 
029 
n 1a 

023 
n 

027 
0.16 
1 74 

034 
O 18 

O la 
0 In 

0-14 
O 16 

0.14 
n25 

0.30 

4099 028 1 74HC299 0.59 1)8155 10.99 
4502 1)8251 8.99 
4503 D0253C-2 10.19 
4508 
4510 
4511 
4512 0 29 74140388 0.24 
4514 0-71 74110373 0.34 
4515 0 70 74140374 0 33 

0.29 74HC390 0.43 
025 74HC393 0.31 
0.24 74H0423 0.35 
0-81 74110533 0-41 

40109 
40161 
40163 
40175 

74HC 
SERIES 

7414C7286 025 
P 

LINEAR ICs 
74HC00 0.13 
7411002 
7411063 
74/4004 013 
7411008 
74HC10 
7411011 
7414014 
7411020 B.ro 
74HC27 O 13 

74HC30 
74HC32 
74HC42 
74HC73 
7414C74 
74HC75 
7414078 
74H085 0.25 

74HC88 0.18 
74HC107 0 18 

74110123 0 32 
74140125 022 

74MIA54 0.37 
74HC157 027 
74HC150 025 
74HC180 0 31 
7414018 024 
74140162 0 24 
74HC163 0.24 

74110241 
74110242 
74HC243 
74HC244 
74HC245 
74HC251 

74/11.[00 

FOR 

AU574 14.90 
Amew . non 

I AM251 C417 1.50 

MB8418 
MC 
MC 
MC14 
MC 
MC14520 
MC 
MC 
MC 
MCI4584 
MC 1488 
MC 
MC 
MG 
MC 
MC3340 
MC838 
180848 
MCA230 

14148 5.75 MCM2 .45 
14157 175 MC .99 
14045505 6.99 1110P1403 
11048505 5.50 MOP1803 
11048850 9.75 MF .85 
HD83A03 8.99 10088.1 
11861161°-2 0.98 MK4096 
1C17100 4.85 MK4801 
ICL0038 3.05 M(4802 
1087555 029 M857109 
ICM7558 0.78 8003021 
1145025 8.50 1A008050 
015029 5.25 MP7884 

13299975 
13377428 
14312879 
L5400491 
L7140273 
L8221484 
LF351 
LF353 
t.F356 
LM1 
LM 1458 

AM27529 8.99 LM2917 
11M27S37 4,99 1.1.1301 

A1427545 4.99 1A1307 
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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 £39.00 
REF MAG39 

MASSIVE 

COMMODORE MICRODRIVE SYSTEM mini storage 
device for C64's 4 times faster than disc drives, 10 times faster 
than tapes Complete unit justEl2 REF:MAG12PI 

SCHOOL STRIPPERS We have quite a few of the 

units which are 'returns' as they are quite comprehensive units 

switch, fan etc. Two types available 1504i at £15 REF:MAG15P2 

(23x23x23mm) and 200w at£20 REF: IiIAG20P3 (23x23x23mm) 

OZONE FRIENDLY LATEX 2fornlbotlte of liquid rubber, sets 

in 2 hours Ideal for mounting PCB's, fixing wires etc £2 each REF: 

MAG2P2 
FMTRANSMrTTERhousedina standard working 13Aadapter!! 

the bug runs directly off the mains so lasts forever! why pay E700? or 

price is£26 REF: MAG26 Transmits to any FM radio. 

FM BUG KIT New design with PCB embedded coil for extra 

stability Transmits to any FM radio 9v battery req'd £5 REF: 

MAG5P5 
' FM BUG BUILT AND TESTED superior design to kit, as 

supplied to detective agencies etc 9v battery req'd £14 REF: 

MAG14 
TALKING COIN BOX STRIPPER originally made to 

retail at £79 each, these units are designed to convert and oranary 

phone into a payp hone. a locks 

missing and sometimes dapted 

for their original pupose just£3 

REF: MAG3P1 

100 WATT MOSFET PAIR Same spec as 2SK343 and 

2SJ413(EA,140v,100w) IN channel and 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 Cosisting 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 magnets supplied Made for 

rem otelystirringliquids!you may have au se? E3 each REF: MAG3P3 

2 for £5 REF: MAG5P6 

TOP QUALITY SPEAKERS Made for HI Fl televisions these 

are 10watt4R with large shielded magnets. Good 

quality genera £2 each REF: MAG2P4 or 4 for £6 

REF: MAG6P2 
TWEETERS 2' diameter good quality tweeter 140R (would be 

good with the above speaker) 2 for £2 REF: MAG2P5 or 4 for £3 

REF: MAG3P4 
AT KEY keyboards need 

justa sma perfectt),butyou 

will have Price £6 REF: 

MAGBP3 

XT KEYBOARDS Mixed types, some returns, some good, some 

foreign etc but all good for spares! Price is £2 each REF:MAG2P6 

or4 for £6 REF: MAGOP4 - 

chance next one off 
£20 REF:MAG20P4 
,000 capacitors (all 

1994 CATALOGUE 

SOGAR POWER PANELS 

3FT X 1FT 10WATT GLASS PANELS 

14.5v/700mA 
NOW AVAILABLE BY MAIL ORDER 

£33.95 
(P WS S2E0 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. MAG34 

ALSO 1FT X 1FT GLASS SOLAR PANELS 12v 200mA 
ONLY £15.00. REF: MAG15P3 

FREE SOFTWARE! 
Brand new, 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" storage facilities, 
if you happen to get software that you want/need/like as 

well you get a "MEGA BARGAIN" toi 
DSDD PIais 12.99 REF: MAG3P7 PKT100116.00 REF: MAG16 

HD Piffle 43 99 REP: MAG4P3 PKT10012B.00 REF: MAG26P1 

LARGER GANTRY PRICES AVAILABLE ON APPLICATION 

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

IMMEDIATE SETTLEMENT WE WILL ALSO QUOTE FOR 

COMPLETE FACTORY CLEARANCE 
COMING SOON 

1994 CATALOGUE. 
PLEASE SEND 421, , A4 SIZED SAE FOR YOUR FREE COPY 

TIFS HIGHER THAN THOSE STATED 

PORTABLE RADIATION DETECTOR 

£49.99 
A Hand held personal Gamma and 
Ray detector. This unit contains 
Geiger Tubes, has a 4 digit LCD dis- 
play with a Piezo speaker, giving an 
audio visual indication. The unit 
tects high energy electromagnetic 
quanta with an energy from 30K eV 
over 1.2M eV and a measuring 
of 5-9999 UR/h or 10-99990 Nr/h. 
plied complete with handbook. 

REF: MAG50 

they could be used for other projects etc Let us know how many you 

need at just 50p a unit (minimum 10) 

HEADPHONES 16P These are ex Virgin Atlantic You can have 

8 pairs for E2 REF: MAG2P8 
PROX M ITY 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 5E3 REF: MAG: 
3P5 or 20 for £8 REF: MAGBP4 

FIBRE OPTIC CA BLE Made for Hewlett Packard so pretty good 
stuff you can have any length you want (min5m) first 5m £7 REF: 
MAG7 thereafler£1 a metre tie 20m is£22) REF: MAGI Maxlength 
250m 
SNOOPERS EAR? Originali made to clip over the earpiece of 
telephone to amplify the sound -it also works quite well on the cable 
running along the wall! Price is £5 REF: MAG5P7 

DOS PACKS Microsoft version 3 3 or higher complete with all 

manuals or price just £5 REF: MAG5P9 Worth it just for the very 
comprehensive manual! 5 25' only 

DOS PACK M icrosoft version 5 Original software but no manuals 

hence only £3 REF: MAG3P6 5 25' only 

FOREIGN DOS 3 3-German,French,italian etc £2 a pack with 

manual 5 25' only REF MAG2P9 

MONO VGA MONROR Made by Amstrad, refurbished £49 

REF:MAG49 
CTM644COLOURMONITOR Made to work withtheCPC464 
home computer Standard ROB input so will work with othermachines 
Refurbished E59 00 REF MAG59 

JUST A SMALLSELCTION of what we have- to see more get 

our 1994 catalogue (42p stamp) or call in Mon -Sat 9-530 

HAND HELD TONE DIALLERS Ideal for the control of the 

Response 200 and 400 machines £5 REF MAG5P9 

P IR DETECTOR Made by famous UK alarm manufacturerthese 
are hi spec, long range internal units 12v operation Slight marks on 

case and unboxed (although brand new) £8 REF: MAG8P5 

WINDUP SOLAR POWERED RADIO AM/FM radio can- 

BULL'S 
BULLET914 80ARD abovei4- 

complete wdh 1200?5 boll In modem infra red remote controlled 
kereoard BT approved. Presle) compaobe. Centmncapnnterpor'.. 

RCR= lour and composite output (weeks wet any TV) comp ele wan 

paver supply and fully cased Price Is net F20 REF: MAG20 Also 

sane awomer returned linos aveaeble at ElO each REF: MAG 10 

Ida equipment cut p 

r clearance pote Is 

INT ERN AT ION 

or about 200' Ideal for garden use Or 

C8 a pair REF, MAG 8P1 2 x PP3 

RE RADIO TRANSCEIVERS 

I is omis ore here generally haie Ih 

:r it on' 11005 1 ,owever!hey can be a 

0, usai forwrWre i eiseOl Picts 

Jap made 4' round 
I purpose SpP.akar 

BOARDS MadebyApncotlhesequaldy 
IlmeddcaeontorunOn any AT, tbeyWOrN 

to put up we I or 2 fote5)n keycaps 

PC CASES Again mixed types so you take a mix 

IheodeEI2REF:MA912orteoldemaoneawr 
component pack bargain 1.000 ressors .1 
same value) E2.50 a peck. REF'MAG2PT 
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AMSTRAD DMP4000 Mire printer assemblies including 

printhead, platen, cables, stepper motors etc Everything Mu the electron - 
ice and case Good stripper!! Clearance price just f5 REF: MACS or 2 

for f8 REP: MACS 

VIEWDATA SYSTEMS Brandnew units made by TANDATA 

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 Originalymadefor 
hi spec sate) elect for all sorts of remote control 

projects. Ou just £2 REF: MAG2 

TOWERS AL TRANSISTOR GUIDE. A 

very useful book for finding equivalent transistors, leadouts, specs 
etc £20 REF: MAG20P1 

S IN CLA IR C6 MOTORS We have a few left without gearboxes 

These are 12v DC 3,300 rpm 6'x4',114' OP shaft £25 REF: MAG25 

UNIVERSAL SPEED CONTROLLER KR Designed by us 

for the above motor but suitable for any 12v motor tip to 30A 

Complete with PCB etc A heat sink may be required £1700 
REF: MAG17 

VIDEO SENDER U N R. Transmits both audio and video signals 

from either a video camera, video recorder, TV or Computer etc to 
any standard TV set in a 100' range! (tune TV to a spare channel) 12v 

DC op. Price is £15 REF: MAG 15 12v psu is E5 extra REF:. MAG5P2 

'FM CORDLESS MICROPHONE Small 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 as an educational 

toy. Price is req'd. 

INATU A pair of wade 
talkies with a range of up to 2 kilometres in open country. Units 

measure 22x524155mm. Complete with casesand earpieces. 2vPP3 

req'd £30 00 pair REF MAG30. 

COMPOSITE VIDEO KIT. Converts composite video into 

separate H sync, V sync, and video 12v DC operation £800 
REF: MAG8P2. 
LQ3600 PRINTER ASSEMBLIES Made byAmstrad they are 

entire mechanical printer assembles including printhead, stepper 

motors etc etc In fact everything barthe case and electronics, a good 

stripped £5 REF: MAG5P3 or 2 for £8 REF: MAG8P3 

PHILIPS LASER 2MW helium neon tube Brand new full spec 

£40 REF MAG4O Mains power supply kit £20 REF: MAG20P2 

Fully built and tested unit f75 REF: MAG 75. 

SPEAKER WIRE Brown two core, 100 foot hank £2 

REF MAG2P1 

LED PACK of 100 standard red 5mm lads £5 REF: MAG5P4 

JUG KETTLE ELEMENTS good general purpose healing 

element(about 2kw) ideal for allsorts of heating projecta etc 2 for£3 
REF MAG3 

UNIVERSAL PC POWER SUPPLY complete with fiyleads, 

plete with hand charger and solar panel! £14 REF: MAG14P1 

COMMODORE 64 Customer returns but ok for spares etc E12 

REF: MAG12P2 Tested and working units are £6900 REF MAG69 

COMMODORE 64 TAPE DRIVES Customer returns at E4 

REF: MAG4P9 Fullytested andworking unitsare £12 REF MAG12P5 

COMPUTER TERMINALS complete with screen, keyboard 

and RS232 Input/output Ex equipment Price is £27 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 E3 REF MAG3P8 
Pack of 100 £20 REF MAG2OP5 

SURFACE MOUNT STRIPPER Originally made as some 

form of high frequency amplifier (main chip is a TSA5511T 1 3GHz 

synthasiser) but good stripper value, an excellent way to play with 

surface mount components £1 00 REF: MAGI P1 

MICROWAVE TIMER Electronictimerwith relay output suitable 

to make enlarger timer etc £4 REF: MAG4P4 

PLUG 4207 showing your age? pack of 10 with leads for £2 REF: 

MAG2P 11 

MOBILE CAR PHONE £5.99 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 w hen dark Totally convincing! REF: MAG6P6 

ALARM BEACONS Zenon strobe madeto mount on an external 

bell box but could be used for caravans etc 12v operation Just 

connect up and it lashes regularly) £5 REF: MAG5P11 

FIRE ALARM CONTROL PANEL High quality metal cased 

alarm panel 350x165x80mm Comes with electronics but no informa- 

tion £15 REF: MAG15P4 

SUPER SIZE H EAT SIN K Superb qualty aluminium heatsink 

365 x 183 x 61mm, 15 fins enamble high heat dissipation No holes! 

£999 REF MAG10P1P 

REMOTE CONTROL PCB These are receiver boards for 

garage door opening systems You may have another use? £4 ea 

REF: MAG4P5 

LOPTX Line output transformers believed to be for hi res colour 

monitors but useful for getting high voltages from low ones! £2 each 

REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P3 
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Z-80 

Single Board 

Computer 
Jason Sharpe describes how to build a simple, low cost, Z-80 based computer which 

can be used as the basis for a great many fascinating and useful projects 
n recent years there has been an explosion in the 
use of single chip micros in electronic products. 

Small size, falling price, low power consumption and 
increased functionality, are all contributing factors. 

Most of the better known microprocessor families, which can 
be found in anything from telephones to navigation systems, are 
single chip devices. No external support ICs are required, as they 
have small amounts of RAM/EEPROM/EPROM/PROM, clock 
generators, I/O ports, ADCs, etc., on board. 

For most amateurs however, the single chip project is out of 
reach. Device programmers and development boards often cost 
several hundred pounds, rising to several thousand pounds if an 
ICE (In Circuit Emulator), is required. 

This project is a low cost development board for the 
Z84C15. All that is required to use it is a Z80 assembler or 
cross assembler and a computer with a serial port arid simple 
terminal emulation software. 

The Z84C15 Microcontroller 
The Z84C15 microcontroller, or IPC (Intelligent Peripheral 
Controller) as Zilog calls it, consists of a standard Z80 CPU core, 
standard Z80 peripherals and some custom devices, all integrated 
onto a single chip, as shown in Figure 1. 

Its main features are 

Standard Z80 CPU core and bus 
TTL/CMOS compatible 
Two channel 8 bit parallel I/O port (PIO) 
Two channel serial I/O ports (SIO) 
Four channel counter time controller (CTC) 
Watch dog timer (WDT) 
Built in clock generator controller (GCG) 
Built in wait state generator 
Built in power on reset (POR) circuit 
Up to 10Mhz clock 
Small surface mount package 
Power saving `Idle' modes (50µA supply 
current in STOP mode) 
No demultiplexing of outputs required 

Internal memory on microcontrollers is often too small for all but 
simple applications. The IPC has no internal memory, instead a 
standard Z80 bus is available from the chip, allowing 64kB to 
be accessed. Using the two built-in programmable chip select 
pins only two OR gates are required to access two external 

ELECTRONICS TODAY INTERNATIONAL 
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memory devices. 
As the IPC contains standard Z80 peripherals, those of you 

familiar with the devices will have no problem programming it, 

and may even have some software already developed. 

Many pins are required to make the above functions avail- 

able. Often, microcontrollers multiplex several signals onto one 

pin, which must be demulti- 
plexed with external logic. 

Zilog decided to have a pin 

for every function - the IPC 

comes in a 100 pin Quad Flat 

Pack (QFP)!. This is a surface 

mount device with a -.65mm 
pin spacing, and overall 

package size of -18 x 24mm. 

The Circuit 
As the circuit diagram, Figure 

2, shows, few components 
are required to make a 

working system. It was originally designed for evaluation of 

the IPC and development, so most pins are available on 

external connectors. Unused inputs are tied high with 4k7 

resistors to prevent spurious operation. A 10Mhz crystal is 

connected to the CGC inputs. The CGC output (pin 68) is 

connected to the system clock input (pin 69). Chip select 

lines /CSO and /CS1 are OR'ed with the /MEMRQ line. When 

a memory access is attempted, /MEMRQ will go low, as will 

the appropriate CS line, causing the OR output to go low, 

selecting one of the two memory devices. The circuit board is 

wired for two 8kB memories, which should be enough for 

most applications. /CSO must select a ROM, /CS1 can 

select a RAM or ROM. 

a) POSITION PC OVER PADS USING BLUTAK 

Fig. 4 Soldering the QFP 

Construction 
Due to the IPC package, this circuit must be constructed on 

the double sided circuit board shown in Figure 3. 

The IPC is mounted on the under side of the board. Mount 

this first, so the board lies flat. Wear an earth strap and try not 

to touch the pins as it is a CMOS device. Without special 

equipment, soldering is a slow process. I used a 15W Antex 

soldering iron with a 1mm bit, grounded via a 10M resistor, 

and solder paste. Solder paste is a low melting point solder 

that does not leach as easily as normal solder. 

Position the device on the board. A vacuum pen is the 

best way to handle the device, though sticking a blob of Blu- 

Tak to the top will suffice and is considerably cheaper! Check 

the orientation is correct, as it won't be easy to remove once 

soldering is started. While still holding the device in place, 

apply a little solder paste to a couple of pins and solder them. 

This should hold the device in place. Apply the paste to one 

pin at a time, using a sewing pin, and solder as you go. A 

couple of applications may be required for each joint. The first 

application may just tin the pin and track. 

Be careful not to get the IC too hot. Although the paste will 

melt when the soldering iron comes close, the (IC) pin and 

track should be touched, to get a good joint. Figure 4 shows 

the process. Check each joint carefully for solder bridges and 

a little solderwick can be used to clear these up. This process 

may take around an hour (or two with coffee breaks!), but 

trying to rush is a recipe for disaster. 

The board is not through hole plated, so track pins must 

be used to join tracks on one side to the other, Figure 5. 

Crossed circles on the overlay show where they should be 

placed. Turned pin sockets must be used for the ICs, so the 

pins marked with dots can be soldered to both sides. The case 

of xtall should be soldered to the ground plane. Add the IDC 

connectors last. 

When constructed, check the board carefully for solder 

bridges, etc. Then place the ICs in their sockets. 

b) APPLY SOLDER PASTE WITH A PIN c) SOLDER 

Testing 
It is possible 
to test the Fig. 5 Soldering track pins 

circuit 
without using the monitor ROM by hardwiring certain instructions 

(e.g. NOP), into a socket, and monitoring the bus with an oscillo- 

scope. It will be assumed that the reader has the monitor ROM, 

described later. 

Figure 6 shows a couple of circuits that can be used to 

connect the IPC board to a standard RS232 port. One requires a 

+12V supply, the other operates from a +5V supply. The circuits 

change the voltage level of the signals from TTL to RS232 and 

vice versa. When one of these circuits has been connected to the 

INSERT TRACK PIN AND SOLDER TO BOTH SIDES OF PCB 
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re -apply the IPC power. Pressing keys (except space) should 
cause the characters pressed to appear in the terminal window. 

If nothing happens, disconnect the RS232 line. Check the 
CLKOUT pin of the board is oscillating If it is OK and there is 
activity on the bus lines, Check the connections in the RS232 
circuit, especially that the lead is constructed correctly. 
Otherwise, check the boards for bad connections, shorts, etc. 
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Next month, we look at the monitor software. 
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RS232 CABLE CONECTIONS 

Fig. 6 RS232 buffer circuits and connection lead 

IPC board, it should be connected to the PC using the lead shown 
in Figure 6. 

If you have a PC and Windows, you can use the terminal 
emulation program to set up a communications link between the 
board and the PC. One should set the following options on the 
terminal program, 

NOTE: IC1 IS MOUNTED TO SOLDER SIDE OF BOARD 

Fig. 3 Component layout on double sided PCB 
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At last, a fully functional upgradeable 
PCB CAD system to suit any budget. 
Substantial trade-in discounts are 
available against other "professional" 
PCB design packages i o n 
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write or fax for more information 
or a full evaluation kit 

Tsien (UK) Limited 
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Cambridge----- - 
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Programmable 
age Stroboscope. 
ecently, the head of Drama at the local secondary 
school approached me as to the possibility of 
producing a stroboscope. but one with a couple 

of extra features. 

Bob Noyes designed this program- 
mable stroboscope project to 

provide those special effects for a 
local school drama department. 

St 
It had to be able to operate as a normal strobe, i.e. work 

over a wide speed range in its own right with the controls 
built in. It also had to be controlled from the lighting control 
consul and so be directly under the control of the lighting 
engineer. It had to be able to be fired on pressing a button 
and be capable of being synchronised, if more than one 
strobe was used. These remote control signals had to be 5V 
compatible and capable of being operated from the computer 
interface on the lighting control, or a simple manual control 
for more simple productions. 

Because of the possible side effects for those students 
susceptible to epileptic fits, the strobe should have two power 
levels. There had to be a low level, in a medium sized hall, so 
the speed and effect could be seen but would not be as 
powerful as the level needed for an actual performance. It was 
estimated that the particular sequence that the strobe would be 
required for, although only lasting for under a minute on the final 
performance, might well take a total of several hours in 

rehearsal - hence exposing the students to the effects during 
this time, albeit in short bursts. Full power would normally only 
be used in the final stage production, but must be powerful 
enough for the medium sized stage used in school productions. 

For those of you who are not familiar with strobes, a 

strobe is based around a xenon tube (flash gun tube). This 
produces a very fast intense flash, unlike a tungsten light bulb 
that has to warm up to get the filament white hot before light 
is given off. The xenon tube relies on a gas breaking down 
under a high voltage and hence is almost instantaneous. 

Normally, a flash gun, once fired, has to charge up before 
ìt can be fired again - this is due to it being battery driven and 

the high voltage produced by a small invertor. A strobe is 
normally mains powered and so can be fired as quickly as 
required - power being no limitation. Although each flash is of 
the same duration, the gap between flashes can be altered 
on the speed control and, depending upon the setting, 
normal movement can be made to appear as a series of still 
frames taken from a movie film. 

Unlike a film, where the still frames are shot very close 
together to get continuous movement, the strobe effect 
makes it seem as if only every tenth still is used, to produce 
a very jerky movement that has "certain dynamic qualities" 
(to quote the teacher). The slower the strobe runs, the more 
jerky the movements, because the subjects on stage have 
moved further between flashes when the stage is in darkness 
and are only illuminated when the strobe flashes. Strobes 
have been more commonly found in discos but because of 
the possible side effects, their use has been limited over the 
past few years. 

The Principles of Firing a Xenon Tube. 
The most commonly available xenon tubes come in two forms, 
a short straight tube up to a couple of inches long and the U 
shaped tube. The straight tube types are usually found in small 
flash guns and the U shape in strobes and professional flash 
units. The advantage of the U tube is that the flash is concen- 
trated in a smaller, more compact area and hence the flash 
produced seems brighter, having effectively two straight tubes 
next to each other. These tubes are filled with xenon, an inert 
gas but when a high voltage of 300-500V dc is applied across 
its anode and cathode, the gas directly around the electrodes 
ionises. Still next to no current flows and the tube shows no 
visible signs of glowing. When a high voltage of 6KV or so is 
applied to the grid (middle pin), the xenon gas breaks down and 
conducts. When the tube does fire, it becomes a virtual short 
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Fig. 2. PCB Component overlay 

circuit, so the voltage across it 

causes a very high current to flow, 
albeit for a tiny fraction of a 
second. Because of these high 
currents, the flash rate should be 
limited in order to maintain a 
much lower average current. It is 

not practicable to use this type of 
tube for normal lights where its 
firing rate would need to be 
several hundred flashes per 
second. The spec. for the tube 
used here is around 100 flashes 
per minute on continuous use, but 
strobe effects on stage are of 
limited time duration and this 
speed can be exceeded for these 
short periods. 

Now the basic principles of the 
`flashing' are known, the full circuit 
can be explained. All of the 
following circuit is at mains poten- 
tial and cannot be touched when 
on. Even after the mains has been 
removed, the capacitors C6, C7 
and, to a lesser extent C5, can 
maintain a charge of over 300V dc 
so great care must be taken, 
especially when getting the circuit 
working on the bench. This circuit 
is not recommended for 
newcomers to electronics. 

How It Works 
Basically, the strobe has two 
modes of operation. Firstly, there is 

continuous flash at a variable speed 
set on its speed control on the back 
of the strobe. This function operates 
around 103, a standard NAND 
Schmitt oscillator but with the addi- 
tion of R8, D3. These two compo- 
nents discharge Cl via the 12K 
resistor and without these the oscil- 
lator gives a square wave at IC3 pin 
3, with equal mark to space ratio, 
but in order to fire the thyristor TR1 
and turn it back off again quickly, 
only a narrow pulse is required, so 
the square wave oscillator has its 

output modified to produce low 
spikes. The charge path for Cl is 

via R3, VR1 but to discharge it a 
12K resistor is added in parallel. D3 
prevents R8 from charging Cl. 

The output of IC3 pin 3 is 

normally high pulsing low (see 

Figure 4) when the oscillator is on 
and high when the oscillator is off. 
This oscillator can be turned on by 
the switch on the back of the strobe 
for manual operation. This is done 
by switching a high +12V on to IC3 
pin 1, normally held low by R5. 

To facilitate the remote control 
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0 
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N 
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OUTPUT WAVEFORM 
OF OSC WITH R8 D3 

ON BOTH HOLES 

// 
0 

STRIPBOARD CONSTRUCTION ONLY 

TRACK CUT 

MASTER MAINS 
SWITCH 1A SLOW BLOW FUSE 

PANEL MOUNTED 

5 PIN DIN SKT 
(SEEN FROM REAR) 

DIN SKT PINS: 

1 REMOTE RUN -VE 

2 REMOTE RUN+VE 
4 REMOTE FLASH -VE 
5 REMOTE FLASH +VE 

Fig. 3. Board connections 

of the strobe, the switch can be bypassed by IC1, an opto 
isolator. When 5V are applied across the remote run pins of the 

DIN socket pins 1 and 2, the output transistor in the opto 
isolator turns on, pulling IC3 pin high, must be off or this feature 

is bypassed by the internal run switch. 
An opto isolator must be used, as the circuit of which IC3a is 

a part is at full mains potential and any direct connection would 

also be connected directly to the mains. IC1 then totally electri- 

cally isolates the remote start pins on the DIN socket from the 

rest of the live circuit. If the PCB is not being used for this circuit 

and it is being built on strip board, all the track under IC1, 102 

should be removed because a track cutting tool leaves the 

edges of the cut track perilously close and the mains could 

easily track across such a small gap (see Figure 5). Making this 

circuit on strip board is possible, but not recommended 
because of the problem of mains tracking to adjacent tracks. 

The choice of R1 at 120n enables the `remote' to be run 

from a 5V supply compatible with interfaces from computers. If 

NOTE: 
DO NOT CONNECT A 
SCOPE TO PCB AS IT IS 

AT MAINS POTENTIAL 

OSC CONTROL INPUT 

I Fig. 4. Basic oscillator 

LOOKING UNDER IC1,IC2 TRACK SIDE 
REMOVAL OF TRACK OF STRIP BOARD 

Fig. 5. Precautions when using 
stripboard 

the `remote' is to be run from higher volt- 
ages, the value of R1, R2 will need to be 
increased to allow about 30Ma through the 
LED of the opto. This might well mean 
increasing its power rating as well. 

The second way the strobe can be 

used is to cause it to flash on demand, say 
to compliment the flash of a gun. This input 
is also used as the synchroniser input, 
because if two or more of these strobes 
are used, a signal on this input on both of 
them will cause them to fire at the same 
time. This can be a single flash or pulsed to 
form a conventional strobe but with the 
speed set from the external source. 

For this mode, IC3b is used because the 

internal oscillator would be switched off or, more technically, not 

turned on. This would cause a high on the output of the oscillator 
I03 pin 3 and hence on IC3 pin 5. Normally, R6 pulls up IC3 pin 6, 

causing a low on the output of the 'NAND' gate pin 4. To produce 
a flash pulse, a 5V pulse is required on the remote fire pins of the 

DIN socket pins and 4 and 5. This is in turn taken to IC2 - another 
opto isolator where the pulse appears on pin 5 as a low pulse. 

This low pulse is taken to IC3 pin pulse delivered to IC3 pin 6 is 

fast and not held low for as long as a normal pulse delivered on to 

the remote fire pins. Although a fast pulse can be generated by 

the computer interface, this input can also be driven by a press 

switch too, for example, synchronised with a gun shot. If the 

switch were to be pressed and held it would turn on the thyristor 
and keep it on until the switch was released. Capacitive coupling 
removes this possibility. 

The output of I03 pin 4 is capacitively coupled and taken to 
the gate on the thyristor, TR1. R10 also prevents the thyristor 
from false triggering when high currents are flowing around the 
PCB, both in firing the xenon tube, hence discharging and also 

in the recharging of the main reservoir capacitors. 
At first sight, the operation of the thyristor looks a bit of a 

mystery but it works in the following fashion. Normally the 
thyristor is off, i.e. C5 can charge up via R13 as the trigger 
transformer's primary winding is only a couple of ohms. 300V or 

so appear across C5 when the thyristor is turned on by a high 

pulse from I03 pin 4. C5 is discharged and a negative pulse of 
300V appears on the primary of the trigger transformer. This is 

stepped up by the transformer to produce around 6000V on its 

HT output pin, the pulse that causes the xenon tube to break- 
down, hence fire. As there is no direct loading on this HT pulse 

it can be used to fire more than one tube. This property is used 

in the boost mode where the HT pulse is used to fire both 
tubes. Theoretically, tubes could be fired by this HT pulse if they 
have their own power supply and care is taken that the HT is 

kept well clear of anything it could possibly track to. 
The xenon tubes, when they fire, almost go short circuit and 

if they were connected directly across the rectified mains, would 
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SUB PANEL 
PERSPEX TO INSULATE POT 

FRONT PANEL NYLON SPACERS 

MOUNTING OF RV1 ON A SUB PANEL TO INSULATE IT FULLY 

Fig. 6. Potentiometer mounting off PCB 

blow the fuse or explode - dramatic but not cost effective. So 
they must have a reservoir of power that they can discharge but 
not be placed directly across the mains - hence the need for 
R7, R9, C6. 

The capacitor C6 charges up via D4, R7, R9. Large power 
resistors are required because at the point of firing the full half 
wave rectified mains can appear across them, albeit for a frac- 
tion of a second. Two 10W resistors were chosen rather than 
one 20/25W, in order to disperse the heat given off. If one 
resistor of 220n was used, heatsinks or forced air cooling would 
be required increasing the cost and complexity. Even with using 
two resistors the same amount of heat is given off but more 
widely dispersed. If the strobe is going to be used in 

fast flash mode a great deal of heat will be given off 
especially in full power or boost mode when R14, R15 
double the amount of heat generated. As stated earlier, 
this strobe is not designed for continuous fast flash 
operation but to be used.âs an effect for limited time 
periods, be it for stage or disco operation. This as well 
as the heat generated also reduces the possible risk of 
inducing epileptic fits. 

Ventilation is required in the case and great care 
must be taken that enough heat can get out, but that 
fingers or anything else for that matter, cannot get in. 
To this end a grill is used but common sense must 
be exercised as to the mounting and mesh size. FROM COMPUTER OUTPUT 

When in rehearsal, only one tube is used so the 
boost switch remains off, but during a performance 
both tubes are used. 

The brightness of the flash is determined by the 
amount of energy the tube uses during its 'on time'. So, 
to reduce the power, reducing the value of the reservoir 
capacitor was tried. Although this worked, the flash +svo 

FROM COMPUTER OUTPUT 
was pretty feeble in the hall and so the use of two tubes 
was found necessary for the performance, with just one 
for rehearsals. For smaller halls or classrooms, the 
value of C6 could well be reduced to, say, 22µF 450V. 
Only trial and error can be used to obtain the optimum 
value, but remember when touching these capacitors 
they can still hold a charge, well after the strobe has 
been switched off. 

The +12V used to power IC3 is derived directly from 
the mains supply via C3 14F X rated capacitor (this 
means the capacitor can be directly connected across 
the mains). Only capacitors marked in this fashion 
should be used. A normal 1µF will not work for long and 
could cause damage to the circuit if it went short 
circuit. R11, D6, D5, C4 complete the +12V supply. 

EMITTER DRIVE OUTPUT TURNS 
OPTO ON FROM ACTIVE LOW FROM THE COMPUTER 

+VE OUT 

+VE OUT 
10o 

COLLECTOR DRIVE OUTPUT TURNS 
OPTO ON FROM ACTIVE HIGH 

Normally, this type of supply is not used to power projects 
because it is not isolated from the mains. There is no earth or 
OV safe on this type of supply and a severe, if not fatal, shock 
can be received by touching any part of it (as it is not 
uncommon to find live and neutral reversed in a mains socket). 

Because so much of the circuit is at full mains potential, it 
seems pointless to have a mains transformer producing a 
'safe' +12V supply and then having to explain where the 
'safe' areas of circuit were, then using an opto isolator to 
connect to the dangerous areas. It is far easier and cheaper 
to use this type of supply and say all the circuit is dangerous. 
The speed control pot VR1 must have a nylon spindle, not a 
metal one and the pot should be mounted on the PCB. In no 
circumstance should it be mounted directly on the rear panel 
as the connections to it are at mains potential and they could 
track to the chassis of the pot Although the chassis of the 
strobe is earthed, it is not worth taking the risk. If for one 
reason or another it is not practicable to mount the pot on 
the PCB, it must be mounted on an insulated sub panel as in 
diagram 6. A gap of at least 1/2in should be maintained 
between the pot and any spacer or part of the rear panel. 

All the switches, Mains, On/Off, Run and Boost, must be 
capable of handling mains voltages and rated at an appropriate 
current. The base chassis should be a metal one because a 
plastic one might melt near to the power resistors. Special care 
needs to be taken with the earthing. A nut and bolt should be 
used to secure a solder tag, star washers should be used to 
prevent the nut from becoming loose through vibration. If a 
metal lid is used this should be earthed in the same way. 

Fig. 7. Computer interface 
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Fig. 8. Remote control for two units 

Operating from the External DIN 
Connections 
As can be seen from Figure 7, the two sets of commands 
that are brought in to the DIN socket are: 

a) Remote Run pins 1 - 2 

b) Remote Flash pins 4 - 5 

Both are independent signals and do not have a shared 
common. This is to allow either open collector or emitter 
drivers. Both of these can be found on interfaces. 

Because 30Ma or so is required to drive the opto isola- 

tors, some kind of amplifier is used to take the TTL compat- 
ible signal from the computer and amplify it. Figure 7 shows 
how to wire each type of output, while Figure 8 shows how a 

simple external fire button and external oscillator may be 

used to control the strobe where a computer is not available. 

Both of these methods have been employed to great effect 

(excuse the pun). If 12V CMOS logic is used as the external 

controller, either R1, R2 of the strobe will need to be 

increased to 390n 1/2W or a 270n resistor is added in series 

with the output signal of the control - this then keeps the 

strobe compatible with 5V controls. When operating from 

external control try to limit the speed of flash to a maximum 
of 5 flashes per second. This, as well as limiting the heat 

build up, keeps it outside the accepted possible danger 
speed of 8-15 flashes per second for inducement of 

epileptic fits. 

Testing and Setting Up 
The circuit should be made and checked and double 
checked, things like the polarity of all the electrolytics, espe- 
cially C6, C7, as well as the xenon tubes and diodes, etc. 

The board should have all component leads cropped and 

DIN 5 PCB H REMOTE FLASH +VE 

DIN 5 PCB H REMOTE FLASH +VE 

DIN 4 PCB I REMOTE FLASH -VE 

DIN 4 PCB I REMOTE FLASH -VE 

D N 1 PCB F REMOTE RUN -VE 

DIN 1 PCB F REMOTE RUN -VE 

® 
Eat 

the PCB cleaned to remove the flux. The PCB should be 

connected up to the switches and socket but not plugged 
into the mains yet. The opto isolators' input pins should be 
checked with a multimeter to see that there is no circuit to 
the live side of the board, i.e. there should be no reading at 

all on the highest resistance range, indicating complete 
electrical isolation. The earth should be checked back to the 
plug to ensure a good electrical contact and this should 
show complete isolation to the PCB. The internal fuse on 

the back panel should be 1A slow blow and a 2A fuse fitted 
in the mains plug. All this is common sense, but you can't 
be too careful with mains projects. While testing, remember 
that just unplugging the mains does not render the strobe 
safe as the capacitors C6, C7 may well be fully charged. To 

remove this charge the mains should be unplugged, not just 
turned off. Using an insulated piece of wire with bare ends, 
the mains side of R14 should be shorted to mains return on 

the PCB. This is shown as the discharge points on the PCB 

layout drawing. The same should be done to the mains side 

of R7 and, if the capacitors are fully charged, a small spark 
may be produced so keep your eyes well clear. The two 
parts of the circuit that may warrant modification are the 

value of C6, C7 to reduce the low power brilliance and R3, 

to adjust the speed range of the internal oscillator. 
Remember if you are in any doubt, do not take chances - 

contact a qualified engineer. 

Casing the Strobe 
No specific ready made box has been recommended for the 

strobe. The one shown in this article was made out of thin sheet 

aluminium (1.2mm) off cuts from a local engineering works. 
Even if the lid is not made of aluminium, the base should be, so 

that it can be earthed safely. As mentioned before, plastic 
boxes are not recommended because they can distort or even 
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TING BOLTS FOR 
PERSPEX FRONT 
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THIS DIAGRAM GIVES AN INDICATION OF POSITIONS - NOT TO SCALE 

melt when exposed to the heat of power resistors. 
To bend the front and back of aluminium is easy enough 

and can be done using two angle iron steel pieces clamped in 

a Workmate and pressure put on the aluminium to bend. The 
lid, however, requires bending over a greater distance and 
hence much more pressure is required. An MDF lid is far 
easier and can be constructed as shown in Figure 10. 

The PCB should be mounted on nylon pillars at least 15mm 
long, off the bottom of the box - the ones used in my unit are 
25mm. Great care should be taken with all aspects of 
mounting. Check that none of the wires are trapped when 
bolting the PCB down and fitting the lid. A piece of reflective 
coated cardboard was used as a reflector mounted behind the 
tubes and in front of the main capacitors - this increases the 
output brilliance considerably so all the light is focused forward. 

A round hole was cut in the front of the box and a piece 
of clear but patterned Perspex placed inside and bolted to 
the front. This keeps fingers out and adds a professional 
touch as the patterned effect on the Perspex prevents any of 
the internal workings from being seen. 

It also helps diffuse the light to give a more even distribu- 
tion, although do not look at this from close range. 

The precise details of construction are left to the 
constructor, as the 
unit may be 
required for floor MDF MOUNTED INSIDE 

standing, in which 
case feet can be 
mounted on the 
bottom, or fixture 
mounted, in which 
case a metal 
bracket ìs mounted 
over the top of the 
box in order that the 
strobe can be tilted 
to the correct angle 
and swivel. 

After all's said and 
done, this project has Fig. 10. Mounting details 
proved to be relatively 

easy to construct and should present no problem to the seasoned 
constructor. The school is over the moon with it and has since 
used it in several productions to great effect - so much so that they 
may well get round to paying for it soon! 

TO GIVE ADDED STRENGTH 

A 10mm MDF COVER BOLTED AT BOTTOM 
TO ALUMINIUM BASE VIA 112ín x1/216 ANGLE (AL) 

RESISTORS 
R1,2 
R3 
R4,5 
R6 

R7,9,14,15 
R8 
R10 
R11 

R12 
R13 

CAPACITORS 
Cl 
C2 
C3 

C4 
C5 
C6,7 
C8 

ANGLE PIECE TO 
BOLT COVER TO 

120n 
470Kn 
47K 
100Kn 
100n 10W 
12K 
2K2 
22n 1/2W 
1M 1/2W 
100K 1/2W 

1µF Radial 25V 
0.01µF 25V 
11.t.F X (rated full 
mains) 250 VAC 
1000µF 16V Axial 
0.01µF 400V DC 
47µF 450V Radial 
2n2pF 

SEMICONDUCTORS 
IC1,2 4N27 opto isolator 
IC3 4093 CMOS 

DIODES 
D1,2,3 
D4,5 
D6 
TR1 

MISCELLANEOUS 

IN4148 
IN4007 
Zener 12V 3W 
C106 D thyristor 

VR1 2 Meg pot PCB 
mounted 

Xenon 1,2 Xenon beacon tube, 
Maplin FS 79L 

Trigger transformer 6KV, Maplin JE 15R 
Mains switch 2 pole, on/off 
Mains switch boost on, on/off 
Mains switch manual start, on/off 
5 pin DIN 270 degree socket 
IC sockets if required. 
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Frequency 
Meter Adaptor 

IN 0- BUFFER 

OUT 

AMPLIFIER 

LOWPP.SS FILTER 

--- DIVIDE BY 10 DIVIDE 131 10 

MONOSTABLE 

O 

/RANGE 

DIVIDE BY 10 

capabilities is still perfectly adequate for much general festin 
Of course, it is possible to add frequency ranges to a dig 

multimeter us ng an external frequency to voltage converter. 
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Fig. 1 Block diagram 

Make better use of your digital multimeter with this simple add-on device 
from Robert Penfold 

he range of facilities offered by modern digital multime- 
ters seems to become greater year by year. In addition 

to the usual voltage, current, and resistance ranges, 
many now sport temperature and capacitance ranges. 

The latest addition to digital multimeters is frequency 
measurement. Although the maximum frequency that can be 
read is usually far lower than the maximum frequency for a 
d.f.m. (digital frequency meter), the ability to measure frequen- 
cies up to (typically) a couple of megahertz is extremely useful. 
Checks on audio frequency oscillators can be made, as can 
checks on some crystal clock oscillators, b.f.o.s, etc. This 
project allows one to add such a feature to your multimeter. 

Frequency To Voltage Conversion 
A normal digital frequency meter operates using a pulse 
counting process. The basic scheme of things is to have the 
input signal applied to a pulse counting circuit for a gate period 
of one second. The final value in the counter is then equal to the 
input frequency in hertz. In a practical d.f.m., the gate period is 
controlled by a high precision quartz oscillator so that a high 
degree of accuracy is obtained. 

The frequency ranges of digital multimeters seem to operate 
using a different process. These devices work on the basis of 
having a voltmeter with a full scale value of 1.999 or 0.1999V. 
Every range of the unit, whatever is being measured, has to 
produce a suitable input voltage to the voltmeter circuit. In the 
case of frequency measuring ranges, a frequency to voltage 
converter circuit is obviously all that is needed. 
Although this method should give highly accurate results in 
theory, in practice it is difficult to produce a system that will give 
the sort of accuracy that can be achieved using a pulse 
counting d.f.m. The same degree of accuracy is not possible 
anyway, since the 3 1/2 digit display of a digital multimeter can 
obviously not give the same sort of resolution as the seven 
digits of a typical d.f.m. display. For many purposes a d.f.m. 
provides substantial overkill, and a set up of more modest 

9. 
ital 

This is the function of the project featured here. It can be used 
with any digital multimeter which has a 1.999V range, and 
provides full scale values of 1.999kHz, 19.99kHz, 199.9kHz, 
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and 1.999MHz. Obviously the decimal point of the display will 

be in the wrong place on the middle two ranges, but there is no 

difficulty in mentally adjusting the position of the decimal point. 

System Operation 
The block diagram of Figure 1 helps to explain the way. in which 

the unit functions. A buffer stage at the input provides the unit 

with a high input impedance of one megohm. This ensures that 

minimal loading is placed on the circuit under test. An amplifier 

stage then boosts the signal to a level that enables the following 

stages to be driven properly. The voltage gain of this amplifier is 

not very high, but it enables the unit to function with input 

signals down to about 50mV r.m.s. 

The amplifier is followed by a chain of three divide by ten 

circuits. These provide the unit with its four ranges. The 

frequency to voltage converter operates over an input frequency 

range of 0 to 1.999kHz. Switching in one divider gives an effec- 

tive frequency range of 0 to 19.99kHz, two gives a range of 0 - 

199.9kHz, and three give a range of 0 - 1.999MHz. 

It would be possible to obtain the ranges by simply altering 

the timing component values of the frequency to voltage 

converter, but this would give inferior accuracy. The frequency 

to voltage converter works best at low frequencies. The divider 

stages ensure that the frequency to voltage converter never has 

to deal with frequencies of more than 2kHz, even if the input 

frequency is as high as one to two megahertz. This consider- 

ably improves accuracy on the higher ranges. 

The frequency to voltage converter is composed of a non- 

retriggerable monostable, followed by a simple lowpass filter. 

The monostable is triggered on each input cycle, and it 

produces an output pulse having a duration that is independent 

of the input frequency. The pulse duration is controlled by a C - 

R timing circuit. Suppose that an input frequency of 1 kHz 

produces the monostable output waveform of Figure 2(a). This 

has a mark -space ratio of 1:9, so the average output voltage is 

one tenth of the supply voltage. 

If the input frequency is doubled, the output pulses remain 

the same length, but there are twice as many in a given period 

of time. This gives the monostable output waveform of Figure 

2(b). The mark -space ratio is 1:4, and the average output 

V+ 

ov - 

V. 

OV 

V. 
V.aV 

oV 

V.aV r 
b) 

C) _ 
Fig. 2 Monostable output waveforms 

-{1 

voltage is one fifth of the supply voltage. In other words, 

doubling the input frequency has doubled the average output 

voltage. Increasing the input frequency to 5kHz gives a 1:1 

mark -space ratio, as in Figure 2(c). The average output voltage 

is now half the supply voltage. Like the input frequency, the 

output voltage is now five times its original figure. 

In the present application it is just a matter of selecting C - R 

timing values that give an output voltage of one volt per kilo- 

hertz. The lowpass filter at the output of the unit smoothes the 

pulsed signal to produce a reasonably ripple -free dc. output 

signal that can be read properly by the digital multimeter. A 
Fig. 3 Circuit diagram 
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I. 4 
K 4 

from the 9V battery supply. 
be checked with a new bat 
should be noted. The supp 

of ten decoders. In this app 
t at pin 12 of each device th 
tputs of each 40176E are si 

SKI SK2 

the non- retriggerable mode. 
components, and the output 
R seconds. VR1 enables the 
known input frequency. 

enables the multimeter to read either the output voltage from 
the adaptor, or the supply voltage. A well stabilised supply is 
essential for this application, since any variations in the supply 
potential will produce proportional changes in readings. 
Monolithic voltage regulator IC5 provides a well regulated 5V 

output sockets to 
get in the way wh 
relegate SK1 and 

to the controls, or the test prods m 
sting the controls. You might prefer 
the rear panel. Most multimeter tes 

d wiring are 
on with Figu 
in Figure 5). 

e connectlo 
at this lead 
way rotary 

basic 6dB per octave passive filter is perfectly 
adequate. 

Although a monostable is a very crude method of 
frequency to voltage conversion, it actually gives very 
good linearity at low frequencies. At high frequencies 
the output waveform tends to deteriorate, and this is 
reflected in reduced linearity In this case the 
maximum frequency handled by the monostable is 
just under 2kHz, and this is low enough to give 
extremely good linearity from the CMOS monostable 
used in the actual unit. 

Circuit Operation 
Figure 3 shows the full circuit diagram for the 
frequency meter adaptor. The input buffer stage uses 
Jfet TR1 in a simple source follower stage R1 
provides gate biasing for TR1 and sets the input 
impedance at 1 megohm Of course, at high frequen- 
cies the input capacitance of TR1 reduces the input 
impedance significantly, but this is not a major 
problem as the input capacitance is only a few pico- 
farads The voltage amplification is provided by TR2. 
It is used as a common emitter amplifier having a substantial 
amount of local negative feedback provided by R5. The voltage 
gain is about 10 times (20dB) and this is maintained well over 
the frequency range covered by the circuit. 

IC1 to IC3 are the divide by ten circuits, and these are all 
CMOS 4017BE one lication it is only 
the `carry out' outpu at is of interest, 
and the other ten ou reply left 
unused. The reset and inhibit inputs are not needed either, and 
are simply wired to the OV supply rail. 

The monostable is based on IC4, which is a CMOS 4047BE. 
This can be used in a variety of astable and monostable config- 

with these components. TR1 is a Jfet device 
not a MOSFET type, and it does not require 
anti -static handling precautions. Ideally VR1 
should be a multi -turn trimpot, but it is 
possible to adjust an ordinary type for accu- 
rate results if great care is taken. Cl and C3 
must be miniature printed circuit mounting 
types having 7 5mm (0.3in) lead spacing if 
they are to fit onto the board properly. Fit 
single -sided solder pins to the board at the 
positions where connections to the off -board 
components will be made. 

The prototype is housed in an aluminium 
instrument case which measures about 150 x 
100 x 75mm, but this is somewhat larger than 
is really necessary. In particular, a much lower 
profile case can be used if preferred. The 
general layout of the unit is not critical, and 
any sensible layout will do. Try not to have the urations, but it is used here as a positive edge triggered mono - 

stable. It is acting as a pulse shortener, so it must be used,in 
C3, VR1, and R6 are the timing 
pulse duration is nominally 2.48 C 
unit to be calibrated against a 

The components R7 and C4 form the lowpass filter. S2 

F EDC 
Fig. 4 Printed circuit overlay 

8 00 
,0 1 o, 

Fig. 5 Details of the point-to-point wiring 

The regulated supply voltage should 
tery fitted, and the reading obtained 
ly voltage must be rechecked each 

time the unit is used, and a new battery should befitted when a 
significant reduction in the supply voltage ìs noticed. The current 
consumption is only about 5mA and a PP3 battery is adequate. 

Construction 
Figure 4 shows the overlay for the printed circuit board. All four 
of the d.i.l. integrated circuits are CMOS types, and they should 
therefore be fitted in holders. The other normal anti -static 
handling precautions should also be observed when dealing 

o close 
en adju 
SK2 to 

prods will fit 2mm sockets, 
different type of connector 
prods. 

Details of the har 
be used in conjuncti 
connects to point A 
screened lead to carry th 
circuit board, provided th 
Si is a standard 3 pole 4 

ight 
to 

but it will be necessary to use a 
if your multimeter has non-standard 

shown in Figure 5. This should 
re 4 (e.g. point A in Figure 4 
It is not necessary to use a 

n from JK1 to the printed 
is kept reasonably short. 
switch, but in this case 
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only one pole is used. It should be a break before make type, 

not a make before break switch. 

Adjustment and Use 
As an initial check of the unit, switch the multimeter to the 20V 

(19.99V) dc. range and set S2 to the battery check position. 

With S3 set to the `on' position a reading within a few per cent 

of 5V should be obtained. With VR1 set at a roughly middle 

setting, S2 set for normal operation and the multimeter set to 

the 2V (1.999V) dc. range, the system should function properly, 

but probably with rather poor accuracy. 
In order to calibrate the unit, an accurate reference frequency is 

Fig. 6 Circuit of a crystal oscillator used calibration purposes 

needed. Ideally, this frequency should be close to the full scale 

value of one range, but it does not matter which range is used. 

The accuracy of the adaptor is the same on all ranges. I bread- 

boarded the simple calibration oscillator circuit of Figure 6. This 

can be built quite cheaply even if all the components (including 

the crystal) have to be bought specially for this circuit. If you 

have a crystal calibrator with a 1 MHz output frequency, this will 

also suffice, as will practically any source of an accurately 
known frequency in the range 1 kHz to 1,999MHz. 

Calibration is just a matter of setting the adaptor to the 

appropriate range, connecting the calibration signal to the input, 

and carefully adjusting VR1 for the correct reading on the multi - 

meter. Very precise adjustment of VR1 is needed, but even 

using an ordinary preset resistor it is possible to obtain good 

accuracy if due care is taken. 
In use, the ideal test lead is a screened type as used with 

oscilloscopes, etc. Simple non -screened leads will suffice 

however, provided they are reasonably short, and the equip- 

ment is not used to make checks on signals having high source 

impedances. As with any frequency measuring equipment, bear 

in mind that there will be a certain amount of capacitance in the 

test leads, plus the input capacitance of the adaptor to contend 
with. This can have a slight detuning effect on some high 

frequency sources. 
Note that the adaptor does not have input overload protec- 

tion circuitry, and that it should not be used with very strong 

input signals. The prototype suffered no damage when used 

with input levels of up to 12V peak -to -peak, but it would prob- 
ably be advisable not to use the adaptor with input levels much 

greater than this, unless it is used with an oscilloscope type X10 

probe. This will attenuate the input signal by a factor of ten, 

permitting input levels of up to 120V peak -to -peak to be 

handled safely. 
The unit can be used with an analogue multimeter having a 

sensitivity of 20k per volt or better. However, it is likely that 

readings will be less precise than those obtained using a digital 

multimeter. Bear in mind that the adaptor is only reliable when 

providing output voltages of under 2.5V. With output voltages of 

2.5V or more, it is possible that the monostable is not triggering 

on every input pulse and that the output voltage produced is 

misleading. 

RESISTORS (All 0.25W, 5% tolerance) 
R1 1M 
R2 
R3 
R4 
R5 

R6 

1 k5 
680k 
2k2 
12k 
10k 

ITV I CPI I IVIVIC I CFI 

VR1 22k sub -min hor preset 

CAPACITORS 
Cl 100n polyester 
C2 1 µ 63V radial elect 
C3 4n7 polyester 
C4 I0µ 25V radial elect 
C5 100n ceramic 
C6 100n ceramic 

SEMICONDUCTORS 
IC1 40176E 
IC2 40176E 
103 4017BE 
IC4 40476E 
IC5 uA78L05 (5V 100mA positive regulator) 
TR1 BF244A 
TR2 BC549 

MISCELLANEOUS 
JK1 3.5mm jack socket 
SK1 Red 2mm socket 
SK2 Black 2mm socket 
S1 4 way 3 pole rotary (only one pole used) 
S2 s.p.d.t. min toggle 
S3 Rotary on/off switch 
B1 9V (PP3 size) 
Small instrument case, two control knobs, PP3 

battery clip, 14 pin IC. holder, three 16 pin IC. 

holders, wire, solder, etc. 
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Bookshelf 

NE N 

ELECTRONIC 
CIRCUITS 

The Art of Linear 
Electronics, by 
John Linsley Hood. 
Linear electronics covers 
that part of the art 
concerned with the handling 
of real life signals of variable 
size, shape and frequency, 
such as are found in things 
like audio amplifiers and 
radio receivers. This hand- 
book covers the principle 
aspects of the subject in a 
way that will not only intro- 
duce the reader to the 
basics of linear circuit 
design but will also allow 
them to begin to do some 
designing themselves. 

Drawing on the consider- 
able practical expertise of 
the author (John Linsley 
Hood is a professional elec- 
tronics engineer and consul- 
tant, author or many books 
and, as of next month, 
author of a new series of 
articles in ETI - Ed), this 
book offers a hands on 
approach to the how, what 
and why of the components 
and circuitry used in this 
field, from thermionic valves 
to MOSFET transistors, and 
from quartz crystal oscilla- 
tors to silver oxide button 
cells. Useful information is 
also given on topics such as 
material properties or the 
conventions used in compo- 
nent labelling and theoretical 
circuit drawing. 

The open approach 
offers the student an entry 
to the world of real life 
analogue electronics. The 

guidance on practical 
matters also lays bare a life- 
time of experience and 
helpful advice for the more 
skilled electronics engineer. 

Published by Butterworth - 
Heinemann. 
ISBN 0 7506 0868 4 
Price £16.95 

Newnes Electronic 
Toolkit, by Geoff 
Phillips. 
The author has used his 30 
years experience in the 
electronics industry to draw 
together the basic informa- 
tion that is constantly in 
demand by everyone 
involved. Facts, formulae, 
data and charts are 
presented to help the engi- 
neer when designing, devel- 
oping, evaluating, fault 
finding and repairing elec- 
tronic circuits. The result is 
this handy reference source 
which is recommended to 
all electronics engineers, 
students and technicians. 

This is the kind of book 
that is best kept within 
reach at all times. It is a 
concise and comprehensive 
guide to electronics 
concepts and rules of 
thumb. It makes it easier for 
the reader to source a 
component, or choose 
between two alternatives for 
a particular application, and 
it will save the reader a lot 

s 

of time and effort searching 
through manufacturers' 
specifications. 

Published by Butterworth - 
Heinemann 
ISBN 0 7506 0929 X 
Price £ 12.95 

Circuit Source Book 
2, by R.A.Penfold. 
Mr Penfold is well known to 
readers of ETI as the 
designer of a great many 
useful projects. He is also 
well known as the author of 
a number of successful 
books. This is the latest in 
that series and consists of a 
collection of 170 useful 
circuits. 

The book has been 
designed to help the reader 
create and experiment with 
his/her own electronic 
designs by combining and 
using the various standard 
"building block" circuits 
provided. Where applicable, 
advice on how to alter the 
circuit parameters is 
provided. 

The circuits covered are 
mainly concerned with 
signal generation, power 
supplies and digital elec- 
tronics and as such is meant 
to complement the range of 
circuits provided in Circuit 
Source Book 1 (which 
covered filters, amplifiers, 
voltage comparators, etc.). 

Published by Bernard 
Babani 
ISBN 0 85934 322 7 
Price £4.95 

Electronic Circuits 
Pocketbook, by Ray 
Marston. 
Passive components and 

« 
discrete devices form the bed 
rock on which all modern 
electronic circuits are built. 

® This book is a single volume 
applications guide to the 
most popular and useful of 
these devices. It contains 670 
diagrams, tables and carefully 
selected practical circuits. 
Throughout the pocketbook, 
great emphasis is placed on 
practical user information and 
circuitry, and all of the active 
devices used are modestly 
priced and readily available. 

The book is split into 
twenty chapters. The first 
three explain important prac- 
tical features of the ranges of 
modern passive electrical 
components, including relays, 
meters, motors, sensors, and 
transducers. The next two 

s chapters deal with the prac- 
tical design of attenuators, 

s filters and bridge circuits. The 
remaining fourteen chapters 
are devoted to specific types 
of discrete semiconductor 
devices, including various 
types of diode, transistor, 
JFETs, MOSFETS, VMOS 
devices, UJTs, SCRs, 
TRIACs, 
and various 
optoelec- 
tronic 
devices. 

The easy 
® to read, 
e concise, 

highly prac- 
tical and 

: largely non 
mathemat- 
ical volume 
is aimed 

e directly at 

e engineers, 
s technicians, 

students and competent 
experimenters who can build 
a design directly from a circuit 
diagram and, if necessary, 
modify it to suit individual 
needs. 

Published by Butterworth- 
Heinemann 
ISBN 0 7506 0857 9 
Price £ 12.95 
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XT - PC99 

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 

MFM hard drive £99. 

onlY£99.00. 

3.5" Panasonic JU363/4 720K or equivalent £29.95(B) 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only' £29.95(B) 
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 £175.00(E) 
Shugart 851 dou ed £275.00(E) 
Mitsubishi M289 le 

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) 

Converts your colour monitor into a 

QUALITY COLOUR TV!! 

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. 

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 

EGA driver on board Clock 
attery 

&back calendar 
up 

with 
b 

BRAND NEW AND BOXED! 

°r11/1 £249 
The Philips 9CM073 is suggested for the PC286 and the 
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 
for the PC286 and £39.00 for the PC386. 

Power One SPL200-5200P 200 watt (250 w peak).Semi open 
frame giving +5v 35a, -5v 1.5a, +12V 4a (8a peak), -12v 1.5a, 
+24v 4a (6a peak). All ith 
protection on the +5v *'^ 
vac. Dims13" x 5' x 2.5 

Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2A) 5v 41120A. ± 12v lb 1.5A. Switch mode. New. £59.95(B) 
Astec AC -8151 40 watts. Switch mode. +5v @ 2.5a. +12v 42 

2a. -12v @ 0.1 a. 6-1/4' x 4' x 1-3/4'.New £22.95(B) 
Greendale 19ABOE 60 watts switch mode.+5v @ 6a,±12v 
la,+15v R 1a. R FE and fully tested.11 x20x5.5cros. £24.95(C) 
Conver AC130. 130 watt hi -grade VDE spec.Switch mode.+5v 

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! 

Only £425.00(. 

chimedes etc. In 

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. Also 
compatibe with BBC, Amiga, Atari (including 
the rnnnnhrnmr. high resolution mode), Ar - 

(possible minor screen 

with 640 x 480 resolution. CGA. EGA or 
VGA, digitaVanalog, switch selectable. 
Sound with volume control. There is also a 
special 'Text' switch for word processing, 
spreadsheets and the like. Compatible with 
IBM PC's, Amiga, Atari (excluding the 
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 ®O.5a, -5v ®O.Sa. £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 comoats. 640 x 350 resolution. With Text switch with 

amber selection. 14" x 12" x 13 
KME 1 n colour monitors. Nice 
tight 0 for superb clarity and 
modem styling. Operates from any 15.625 khz 
sync RGB video source, with RGB analog and 

DEMONSTRATABLE 
composite sync such as Atari, Commodore 
Amiga, Acorn Archimedes & BBC. Measures 

APPLICATION! only 13.5' x 12' x 11'. Also works as quality TV with our NUB 

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) 

computer at a parts only price. Used as a front end graphics Brand new Centronic 14' monitor for IBM PC and compatibles 

^-^*^ ^ ^^ ^^ ̂ ^* -^_ + ^ Mr= ^^ rh- .^ha=^*,,re of the BBC at a lower than ever price! Completely CGA equivalent. Hi -res 

£100 CASH FOR THE 
MOST NOVEL 

...."a^r c * 

Ik lb bupprieu 
complete with a connector panel which brings an the I/O to 'D' 
and BNC type connectors - all you have to do is provide +5 and 
± 12 v DC. The APM consists of a single PCB with most major 
ic's socketed. The ic's are too numerous to list but include a 
6502, RAM and an SAA5050 teletext chip. Three 27128 

m operating system on which we 
of DC power the system boots and 
ion on the video output. On board 
select the ECONET address and 

Appx. 
tested 

Only £29.95 or 2 for £53 (B) 

8 vdc bench PSU. 30 amps. New 
M3041 600 LPM band printer £2950 

LS/02 CPU board £ 150 
Rhode & Schwarz SBUF TV test transmitter 

25-1000mhz. Complete with SBTF2 Modulator 

HP 7580A Al 8 pen high speed drum pl 
Kenwood DA -3501 CD tester, laser pic 

£6500 
£ 650 
£ 375 

669 x 507 pixels. Big 28 Mhz 

-PC compatible. High 
quality ex -equipment fully tested with a 90 
day guarantee. In an attractive two tone 
ribbed grey plastic case measuring 15'L x 
13'W x 12'H. The front cosmetic bezel has 
been removed for contractualnwn ._. 
reasons. On 

Superbly m 
monitors, co 
live teak style case. Perfect for School 
In EXCELLENT littk used condition wi 

20"....£135 22"....£155 

ubs. 
antee. 

(F) 

CALL FOR PRICING ON NTSC VERSIONS! 

Quality 6 foot 40u 

Virtually New, Ultra 
Less Than Half Price! 

Top quality 19' rack cabinets made in UK 
by Optima Enclosures Ltd. Units feature 
designer, smoked acrylic lockable front 

£750 door, full height lockable half louvered back 
£2000 door and removable side panels. Fully ad- 

Microline 183. NLQ 17x17 dot matrix. Full width. £139 (D) ever sold. Racks may be stacked side by side and therefore 
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions 
are internal, MUD has them in a matching case. Times from Oume 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: 
interrupt are 5 and 15 minutes respectively. Complete with full Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) Rack 1 Complete with removable side panels £275.00 (G) 
operation manuals MUK......£249 (F) MUD £525 (G) Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2' width£ 99 (D) Rack2 Less side panels £145.00 (G) 

1992 Winter Issue of Display A[ews now available - send large SAE - PACKED with bargain:I 

. : : . : . 
: : : :.. 
: i : : i a. 

: : 
:0414 60://s 

: : 

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)=E3 75. (B)=£5 50 (C)=£8 50. (D)=£11 50. (E)=£1400 (F)=£18.00 (G)=Call Scotland surcharge: call 
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days Ail guarantees on a return to base basis Rights reserved to 
change prices & specilicatlons without prior notice. Orders t ubject to stock. Quotations willingly given for higher quantities than those stated Bulk surplus always wanted for cash. 

B that 
genuity many 

is .supplied 

- 

-PC compatible. High 

Surplus always 1 

wanted for cash! J THE ORIGINAL SURPLUS WONDERLAND! Surplus always 
wanted for cash! 

LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE 

FLOPPY DISK DRIVES 
5 /4" from £22.95 -3 /z' om £21.95! 

Massive purchases of standard 51R' and 312' drives enables us 
to present prime product at Industry beating low prices' All units 
(unless stated) are removed hem 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 
and size. All ere IBM-PC compatible (if 312' supported). 

SS refurbished & tested 
Pie sided refurbished & test 
4-63 double sided switthab 

End of line purchase scoopt Brand new NEC 02246 8' 85 
megabyte of hard disk storage! Full CPU control and industry 
standard SMD interface. Ultra hi speed transfer and access time 
eaves the good old ST506 interlace standing. In mint condition 
and comes corn. ate with manual. Ont ........................£299(E) 

THE AMAZING TELEBOX! 

TV SOUND 
& VIDEO 
TUNER! 

No Break Uninterruptable PSU's 
Brand new and boxed 230 volts unintarruptable power supplies 
from Dense'. Model MUK 0565-AUAF a 0.5 kva and MUD 

286AT - PC286 

J 
POWER SUPPLIES 

386AT - PC386 

MONITORS 

outputs fully regulated w over voltage 
output AC input seleaa, for 1101240 good used condition 

'. Fully guaranteed RFE. £85.00 (B) 
bums). 90 day guarantee. 15' x 14' x 12'. OnlIyy..........£1590 

14- Philips Model CM8873 VGA muldsync 

Parnell G24/5S. As above but 24v @ 5a. £65.00(C) 

BBC Model B APM Board 

board has so many similarities to the regular BBC 
we are sure that with a bit of experimentation and in 
useful applications will be found for this boardlt 

EPROMS contain the custo 
have no data. On application 
provides diagnostic informal 
DIP switches and jumpers 
enable the lour extra EPROM sockets for user software 
dims: main board 13' x I0'. VO board 14' x 3'. Supplied 
with circuit Olaf/fern, data and competition entry form. 

SPECIAL INTEREST 
Trio 0-1 
Fujitsu 
DEC 

£ 470 

Catcomp 1036 large drum 3 pen plotter 
Thurlby LA 1609 logic analyser 
1.5kw 115v 801íz 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 tens meter/scope 
Sekonic SD 150H 18 channel Hybrid recorder 

otter £1650 - justabte internal fixing struts, ready 
kup 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 

Oi green screen 
0' high definitio 
28' dot pitch 

Ls39(E 

Mitsubishi 0.42 dol pitch giving 
bandwidth. A super monitor in alt 
90 day guarantee. Only 
NEC CGA 12' IBM 

- 
- LOW (E) 

age'22 UK mannuufactctureVPILPall solid s state colou 
mistake with composite video & sound inputs. Attrac 

s,Shops,Disco, Cl 
1 th full 90 day guar 

26"....£185 

Superb 

1911 Rack Cabinets 
Massive Reductions 

Smart! 

BRAND NEW PRINTERS 

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

Upper Norwood. 
London SE193XF. 

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

215 Whitehorse Lane. 
South Norwood. 
London. SE25. 

DISTEL U The Original 
Free dial -up database! 

1000's al items info on line 
V21. V22 & V22 his 

081-679-1888 

ALL ENQUIRIES 

081167984414 
Fax- 081-679-1927 

-ELEC TE'O;;IfCS- 

www.americanradiohistory.com



A Latent 
Image Display 

0.45" . 

0.5" 

0.45" 
4 

5., 

(i4k76>' 

p 

TOR BRACKET 

To start our quest for inventive ideas we look at the development of a simple little device which creates a novel form of computer display. 

2.0" 

0.3" 0.2" 

0 

0. 0.175'2.0, 

2.0" 

1.0" 

0.25'1 (I) 

0.3" 
4-- 

CUT (FOR MO ONLY) 

year or so ago an acquaintance, the 
manager of a local shop, came to me 

with a problem which he thought I might 
be able to solve. Ìt concerned a window 

display. What he wanted was a display which 
would attract people and which, when the shop 
was closed, would inform passers by about the 
products on display. 

I suggested that he use one of the moving sign- 
board systems that are commercially available. But 
apparently he had already thought about using such 
a system. Although it was on the right track he had 
dismissed the idea, the reason being that he did not 
want to have a large black box stuck in the middle 
of his shop window display. 

He said that what he really wanted was some 
means whereby the changing text display would 
seemingly hang in the middle of the window with 
people being able to see through it to the prod- 
ucts displayed behind. Not so easy. 

The Solution 
This request started me thinking about ways in 
which one could generate an image which 
would appear to seemingly hang in mid air. 
Some form of projection system using mirrors 
was an obvious solution, the old stage tech- 
nique for creating theatrical ghosts. But it was 
a solution which would not necessarily work 
very well in the wide range of lighting condi- 
tions experienced by a shop window, and the 
low light intensity generated by a computer 
monitor, or moving signboard display. Use of a 
projection TV was out of the question on 

BEND 

Fig. 1. Side plate cutting and drilling 
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Calling All Inventors 
The unique thing about us humans is our 

creativity and inventiveness. All around us 
are products of our species' creativity, 

things which have been designed by people 
who perceived a problem, or a need, and 
then sat down and used their brains and 

knowledge to invent something which 
solved that problem or those needs. 

Bmain has long had a reputation as a land of inven- 
tive people. Without a doubt we have a history of 

inventiveness of which we can truly be proud, but being 
inventive depends as much upon the way that we look at 

life as it does upon the knowledge and resources available 
to the prospective inventor. 

Success in innovation is largely an attitude of 
mind, which allows us to perceive problems and 
needs. An attitude which then forces us to solve 
those problems rather than simply shrugging our 

shoulders and accepting the situation, or waiting for 
someone else to solve them. 

It is the importance of this attitude which makes it so 
hard to create an innovative society where one does not 
already exist. It is the reason why it is so dangerous to 

discourage innovative ideas and an innovative culture. If 
you look at the backgrounds of well known inventors 
you will discover that most had fathers, grandfathers, 
and great-grandfathers who were also inventors to a 

greater or lesser degree. 
As editor of ETI, I want to encourage readers to 

become inventors, not necessarily inventors in a 

commercial sense, but to be inventive. Not to sit back 
and blindly follow a project in every detail, but to think 

of ways of improving it, or of entirely new ways of 
solving the same problem. 

We do not need well equipped workshops and labora- 
tories to be inventors, neither do we need large financial 

resources. What we do need is the ability to work out ways 
of solving a problem and, for that, a pencil and paper are 

often resource enough. 
To show that innovation is not difficult and is something 
that any reader of ETI can do, I am, over the next few 
months, going to describe a number of unusual, and I 

hope innovative, ideas. They may be original, as far as I 

know they have not been described before, but the 
inventor can never be sure of complete originality. 

All these inventions have been built with the hand tools 
that most hobbyists and DIY people will already have. 

They have been built on the proverbial kitchen table and 
they have been built at less cost that a take away Chinese! 

So lets be inventive, and lets hear about it in ETI! 

Nick Hampshire 

iMlTdi 6 GkAfüIG 

96616016 

AEC/ ANO MAUL BB.53SECTION 

IF 

VeROBOARO CIRCUIT 

El ELY WREEl 

Fig. 2. Arm assembly 

eye by rapidly sweeping a line of LEDs across the field of view. 

In this way the viewer would just see a computer generated 
image built up from dots that would appear to hang in the air. If 

painted black, the cable to the LEDs and any mechanical 
support would just appear as a blur in all but the brightest light 

conditions. 
To try out the concept I mounted a line of eight LEDs on 

the end of a rod and with the aid of an octal Darlington driver 
chip connected the LEDs to a parallel I/O port on a PC. A 

small program written in Basic was used to output a simple 
dot pattern. When I ran the program, the line of LEDs lit up 
as I expected they would with a barely perceptible flickering. 
But when I waved the rod around, lo and behold a rather 
jumbled dot pattern appeared to hang in mid air. The 
concept worked, it now needed to be refined so that it would 
display a proper image. 

The first thing that was needed was a mechanical system 
for moving the LEDs back and forth over a set path. The line 

of LEDs would have to move very rapidly and would have to 
retrace the same visual path at least five times per second. 
The retracing of the path would have to be accurate, other- 
wise the resulting image would have an unacceptable jitter. 

The problem is that the LEDs have to be connected to the 
computer. This ruled out mounting them on the outer radius 
of a transparent rotating disk, or a transparent rotating belt. 
Building a reliable commentator to connect between the 
fixed cable from the computer and the rotating component 
would be too difficult. 

The solution had to be a reciprocating system and the 
most obvious was a metronome type oscillating rod with the 
LEDs mounted on the far end. To swing it back and forth - a 

small geared dc motor with a crankshaft. A means of 
detecting when the oscillating rod had reached the end of its 

swing was also needed, so that the computer could have a 

fixed reference point from which to start its display output. 
For this, an optical sensor on the crankshaft would be ideal. 

The Prototype 
In order to keep costs down and make construction easier, the 

grounds of both size and cost. 
The problem was a lot harder than I initially 

thought! 
This difficulty made it all the more intriguing. As 

so often happens the solution came in a rather 
oblique manner. During a discussion about movie 

making someone mentioned the phenomenon of 

the retention of a latent image by the eye. This was 
the solution, to build up an image in the viewer's 
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FLAT SIDE OF LED 

LEM 
LED7 
LEDfi 
LED5 
LED4 
LED3 
LED2 
LED1 
+5V 

COMPONENT SIDE 

Fig. 3. LED Veroboard 
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DISPLAY CIRCUIT 

Fig. 4. Circuit diagrams 
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MOTOR CIRCUIT 
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prototype was kept quite small, probably about half 
size. But even so, the sweep of the oscillating arm 
produced an image area of about twelve inches 
long and just under one inch high. 

Al the various bits needed to build the mechanical 
part of the design were obtained from a local model 
shop, and it was built with just a few DIY tools. 

A small geared motor from Como Drills, outputting 
230rpm, provided the motive power. This was 
mounted on a simple case made from thin (.032in) 
sheet aluminium. This was cut using a small hacksaw 
to give two pieces 3.5 x 4in square. The two sheets were then 
taped together, the site for each hole marked with a punch (a nail 
lightly hit with a hammer) and then drilled with an electric drill fitted 
with a 1 /16in bit. The four holes in each corner, the two mounting 
holes at the bottom and the two in the centre were then redrilled 
to 5/32in diameter (see Figure 1 for cutting and drilling positions). 

One of the two plates was then further cut and drilled to 
provide the motor mounting bracket. Once all the drilling and 

cutting was done the two 
plates were folded over a 
block of wood using hand 
pressure, and another piece 
of wood as mallet/former. 
The two plates were fixed 
together using 2in 4BA bolts 
and nuts. 

The actual reciprocating 
arm was made from a 12in 
long 1 /16in brass rod, at 
one end of which was 
soldered a wider piece of 
brass with a 2in slot cut in it, 

wide enough to take a 6BA 
bolt. At right angles to the 
rod was soldered another 
piece of 1/16in brass rod, 
about 2 in long and posi - 

+5v 

LEDA 
LEDI 
LEDE 

LED5 
LED4 
LED3 
LED2 
LEDI 

Fig. 5. Veroboard Layout 

tìoned about 3/4ìn above the end of the slot (see Figure 2). 
The camshaft was constructed from a standard 2in Meccano 

pulley, attached to the shaft from the motor gearbox. A 112ín long 
6BA bolt was put through one of the outer holes in the pulley and 
attached with a screw. On the other, the motor side of this pulley, 
a disk of black painted cardboard was glued, in which a small 
1 /8in hole was cut at a position 180 degrees from the bolt. This 
was for the optical sensor. 

The line of LEDs was assembled on a small piece of Veroboard 
(see Figure 3) together with a SIL resistor pack. The sides of each 
LED had to be carefully filed down so that they fitted side by side 
on a 0.1 in spacing. The wiring proved a problem. Since nine wires 
were needed, even the finest plastic covered wires were quite 
bulky, and it was important to keep the reciprocating rod as thin 
as possible. The best solution was to use thin enamel coated wire 
that was taped onto the rod with masking tape. To allow the rod 
ease of movement the bottom 4in of wire, between the rod and 
the board containing the electronics, were left free and untaped - 
this can best be seen in the accompanying photograph. 

The actual display output electronics are shown in Figure 4 and 
consisted of a ULN2 octal Darlington driver IC, connected to Port 
A of an 8255 based PC I/O card (in this case the PC I/O board 
produced by Maplin), and driving the eight LEDs. The system also 
used an optical sensor to detect the rotating hole in the cardboard 
disk. This sensor consisted of an infra red source and a sensor, 
the sensor being connected to line 1 of Port B on the 8255. Note 
that the 1M resistor on the photosensor can be lowered in value to 

reduce sensitivity, or 
raised to increase sensi- 
tivity. The circuit was built 
on a small piece of 
Veroboard as shown in 

Figure 5. 

The Control 
Program 
The control program was 
written in Basic and is 

very simple. It consists of 
three parts. The first part 
defines the starting loca- 
tion of the 8522 registers, 
sets up the I/O control 
register, initialises an array 
where the dot pattern will 
be stored and then loads 
the dot pattern from a 
data statement into the 
array. Note that the data 
statements store decimal 
values, the binary equiva- 
lents of which indicate the 
dot pattern at each posi- 
tion in the sweep. Always 
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a negative, or zero, pulse coming in from the photo - 
sensor on line 1 of Port B. The occurrence of this pulse 
indicates that arm is at the beginning of its sweep and 
that the program can jump to the third part. This third 
part is another loop which simply scans through the 
data array displaying each byte in turn. A small 

FOR...NEXT loop is used to generate a delay between 
each dot display and thus ensure that the pattern is 

properly spread. 

Final Assembly and Testing 
Once all the various bits have been located, 
assembly is fairly easy. The mechanical compo- 
nents are rather noisy and application of a small 
quantity of light grease should help, as will 

220R SIL 
220R 1/4W 
1M 1/4W 

submin red 
IR LED 
IR Phototransistor 

MISCELLANEOUS 
Geared motor 430G from Como Drills, 

Deal, Kent. CT14 OPA. 

Tel. 0304 612734 - price 
£4.85 

Veroboard 12 tracks x 2.5in 
Aluminium sheet 0.032 x 4 x 10in - K&S 
Engineering, from model shops - £1.00 
Brass rod 1/16in diameter, 12in 

long - K&S - 50p 
Brass tube 5/32in diameter, 12 in 

long - K&S - 70p 
Bolts 4BA x 2in 4off plus 12 x 

4BA nuts 
Bolts 6BA x 1/2in 3off plus 4 x 

6BA nuts 
Meccano 2in pulley 

3ft 11 way ribbon cable 
37 way D type connector 

(only needed if used with the Maplin PC 
Parallel I/O Board) 

Approx. 20ft of .236mm 
enamel coated wire. 

set the first few values to zero since the beginning of â sweep 
tends to be rather jittery. 

The second part of the program is a small loop which tests for 

fastening the unit to a good solid base. 
As far as the electronics are concerned, testing the LEDs 

is simply a matter of connecting the circuitry to the computer 
and running a little test program which will turn the LEDs off 
and on. A similar technique can be used to test the IR 

source and sensor, but be warned that the IR sensor will 
also react to daylight and artificial light. This means that the 
system will only work when enclosed in a reasonably light 
proof box, the inside of which, together with the mechanism, 
should be painted matt black to stop unwanted reflection. 

Depending on the PC being used, the processor speed, 
the motor voltage, motor gearing ratio, etc.,. it may be 
necessary to alter the timing delay in the code in order to 
ensure generation of a suitable display. 

Program Listing for Latent Image Display 

1 REM Program to display a simple line of text using 

2 REM the latent image display hardware and circuitry. 

3 REM The program has been designed to run on a system 
4 REM equipped with a Maplin 8255 PPI based parallel PC 
5 REM I/O port. Port A is configured as an output and 

6 REM port B as an input. 

7 REM *************;r************************************** 

8 REM set up data array and initialise I/O ports 

10 BASEADD%=&H300 

20 DIM A(50) 

30 OUT BASEADD%+3,130 

40 FOR Q = 0 TO 25 

50 READ A(Q) 

60 NEXT Q 

64 REM 

65 LOOP TO CHECK OPTICAL SENSOR INPUT 

66 REM 

70 SENSE%= INP(BASEADD%+1) 

80 IF SENSE%=0 GOTO 100 

90 LOTO 70 

94 REM 

95 REM loop to display image - note delay in lines 101 and 
102 

96 REM 

100 FOR Q = 1 TO 25 

101 FOR X = 1 TO 4 

102 NEXT X 

110 OUT BASEADD%,A(Q) 

120 NEXT Q 

199 GOTO 70 

400 REM 

401 REM Data array to generate image. Note that the first 

402 REM six characters are 0, to allow the arm to stabilise. 
403 REM This data array displays the three characters ETI. 

404 REM The first line of dots is the upright part of the E, 

405 REM for this all eight LEDs are lit by outputting a 

value 

406 REM of 255, or binary 11111111. The next two lines of 

dots 

407 REM are the horizontal parts of the E, a value of 137, 
or 

408 REM binary 10001001, repeated twice. The other two 

409 REM characters are built up in a similar way. 
410 REM 

500 DATA 0,0,0,0,0,0,255,137,137,0,0,128,255,128,0,0,255 

510 DATA 0,0,0,0,0,0,0,0,0 
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Printer Switch 

Do 

DI 

SEL 
PAPER 

r 
DATASWA CH 

G. TO PRINTER 

f ACK 
BUSY 
SEL 

f PAPER 

DATA SWITCH ICI S 2 

r 
DATA SWI CHIC384 

STROBE 

00 
EG. FROM COMPUTER 

D7 

SW1 PORT SELECT 

Have you ever wanted to connect two PCs to a single printer and be able to switch 
between them easily? Keith Wardill shows how 

his bi-directional switch was originally built to 
save the expense of buying a second printer. It 

allows two computers to use one printer, or one 
computer to connect to two printers. 

The Circuit 
Most computers use the Centronics Interface to a printer. 
This uses eight parallel data lines and a number of 'hand- 
shake' lines. The switch uses four bi-directional, three 
state bus driver ICs, type 74LS245, to switch these lines 
from one of two ports to a common port. Figures 1 a and 
1 b show the data and handshake lines used, and the 
possible data flow directions. 

IC1 and IC2 switch the eight data lines. If the DIR 
signal on pin 1 is high (LK1 not fitted), then data flow is as 
shown in Figure la. If LK1 is fitted, then the direction is as 
shown in Figure 1 b. Port selection is with SW1. When the 
signal on pin 19 is low, then data through that IC is 

enabled. If it is high, then the output from the IC is `tri - 
stated', effectively disconnecting the data path. 

IC3 and IC4 operate in a similar way on the handshake 
signals. A couple of points to note here are that the 
Strobe handshake direction is from computer to printer, 
and that all the others are from printer to computer. If you 
do not use the PCB layout I use, ensure that this is 

connected in the correct direction. Also, the Star printer 
has a 5V supply available for external use on pin 18 of its 
connector, which I have used to provide power to the 
switch box. Other Star printers also have this supply avail- 
able. I was unable to check other makes, but if this supply 
is not available on your printer, then it is possible to use a 
small external power supply, the circuit for which is shown 
in Figure 3. 

Construction 
The switch can be built using the PCB shown in Figure 5, 
or, as in the case of the original, built on a piece of matrix 

PORT A (PART OF J1) 

PORT B (PART OF J2) 

DATA SWITCH IC1 & 2 

EG: FROM COMPUTER A 

PORT A (PART OF J1) 

PORT B (PART OF J2) 

DO 

D7 

EG: FROM COMPUTER B 

IC3 & 4 

STROBE 
ACK 

BUSY 

PAPER 
SEL 

BUSY 
ACK 

STROBE 

Fig. la. Data flow with LK 'A' omitted 

EG. TO PRINTER 
DO 

D7 
DO 

D7 
EG. TO PRINTER B 

STROBE 
ACK 

PORTA BUSY 
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SEL 
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PAPER 
PORT B SEL 

(PART OF J2) BUSY 
ACK 
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SW1 PORT SELECT 

ACK 
BUSY 
SEL 
PAPER 
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PORT A 
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PORT B 
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F1 

100.88 

240W50Hz 

O Oy 
SWl OIUOFF 

Fig.3. 5v DC Power supply 

78LG5 

.5V 

GNO 

1 19 

; 
0 

18 3d 

Jt 

SWITCH BOX 
Resistors 
R1,R2,R3 3K3 

Capacitors 
C1,2,3,4 0.1µF 
C5 10µF/1OV Electrolytic 

Semiconductors 

J3 36 pin Centronics plug, with housing. 
Plastic Box - Internal dimensions about 9 x 6 x 4cm 
16 core cable about 1m (printer connection) 
M3 nuts, screws and spacers for mounting PCB and 
connectors. 

board using a Vero wiring pen. To keep the 
PCB simple and single -sided, four wire links, 
indicated in Figure 4, the Component Layout, 
were used. These should be fitted first, 
because they are under other components. 
Use insulated wire. 

It is not essential that sockets are used for 
the integrated circuits, but they are recom- 
mended. Note the polarity of C5 when fitting 
it. 

For clarity, the individual connections from 
the integrated circuits to J1, J2 and J3 are 
not shown in Figure 4, so study the circuit 
diagram when making these connections 

The board is mounted in the base of a small plastic box, with 
the two connectors for Ports A and B mounted on top of the 
box, and connected to the PCB with short pieces of wire. The 
connection to the common port is a length of cable about lm 
long, with 16 cores. It should not be much longer than this to 
keep noise and consequent signal corruption to a minimum. A 
suggested layout is shown in Figure 6. SW1 can be mounted on 
top of the box for easy access. 

I used a link, LK1, on the PCB, to select the direction of data 

Fig.4. Component layout 

TOP OF PLASTIC BOX 

PLASTIC BOX 

16 -CORE CABLE 

swi 

4- PRINTED CIRCUIT 
BOARD 

j4cm 

J3 COMMON PORT CONNECTOR 

Fig.5. Unit assembly 
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ro 

flow, because normally I use the box in the Figure 1 a configura- 
tion. This avoids accidentally switching the data direction, with 
consequent possible damage. If you wish, this link could be 
replaced with a switch, allowing quick change -over, but bear in 

mind the risk of damage. 
Finally, I used Centronics 36 -pin chassis mounted sockets 

for J1 and J2, and a 36 pin plug on the end of the common 
connector. These are the standard connectors used for 
Centronics, and will allow the box to be plugged straight into 
the printer and your normal printer lead to be plugged into the 
box. 

IC1,2,3,4 74LS245 8 -bit bi-directional bus driver 

Miscellaneous 
SW1 1 pole/2 way miniature toggle switch 
J1,2 36 pin Centronics socket, chassis mount 

POWER SUPPLY 
Capacitors 
Cl 47µF/16V Electrolytic 
C2 0.1µF 

Semiconductors 
IC1 78L05 5V regulator IC 
BR1 miniature full -wave bridge rectifier W01 

(1 A/100V) 

Miscellaneous 
TR1 Miniature Transformer: 230V ac:6V 

ac/100mA 
SW1 2 pole on -off switch 250V ac 
F1 Fuse holder and Fuse 50mA 
Connecting wire 

www.americanradiohistory.com



for 

.ame 

v Chelmer Valve Company 
Audio Valves 

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 sources using our specially developed facilities. After rigorous 
testing - including noise, hum, microphony, post bum -in selection and matching as needed - we offer this product as 
CVC PREMIUM valves. 

Aselection of the more popular types is listed here. 

Price list & Order Form for CVC PREMIUM Audio Valves 
UNIT PRICE QTY. TOTAL PRICE 

PRE -AMP VALVES 
UNIT PRICE QTY. TOTAL PRICE 

CARRIED FORWARD. 

ECC81/12AT7 5.00 RECTIFIERS 
ECC82/12AU7 4.00 

5 00 
GZ33 

ECC85 4.00 
5U4G 5.00 ECC88 5.00 
5Y3GT 3.20 EF86 

E81CC (GOLD PIN) 
4.00 
6.00 

5Z4GT 3.50 

E82CC 6.00 
6.00 

SOCKETS 
E88CC 7.00 1.60 

9.00 B9A (CHASSIS) 
E83F 5.50 OCTAL (CHASSIS) 1 75 

4 00 4 PIN (UX4) 
4.20 4 PIN (FUR 211 11.00 

MA 1 Lh11Nli L NAKULJ' 
POWER VALVES POST & PACKING 

3.00 
2A3 (4 PIN) 14.00 
2A3 (OCTAL) 14.00 

TOTAL EXC. VAT 

211 

300B 
22.00 
50.50 

VAT @ 174% 

9..51) 

29.90 
TOTAL TO PAY £ 

EL34/6CA7 7.50 
EL84/6BO5 4.00 * MATCHING, if required; state valve types & if PAIRS, 
E84L/7189A 5 10 QUADS or OCTETS - Allow £ 1.00 per valve for this service. 

12.50 Make CHEQUES payable to 
18.50 `CHELMER VALVE COMPANY or pay by 
6.50 ACCESS/MASTERCARD/VISA, give details: - 

6L6WGC/5881 8 00 
6V6GT 5 00 
6146B 10.20 

7581A 
11.00 
11.00 

TOTAL CARRIED FORWARD. 

Signature Expiry 

1T 

Address 

Post Colle 

Valve amplifiers sound better still with CVC PREMIUM valves! 

130 New London Road. Chelmsford. Essex CM2 ORG, England. Telelphone: (0245) 355296/265865 Fax: (0245.) 490064 
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ECC83/12AX7 
GZ34/5AR4 

E83CC 
B9A (PCB) 

30.00 

6550A 

4.50 
4.50 

E8OF 

6SL7GT 
6SN7GT 

811A 
845 

KT66 
KT88 
KT88 (GOLD (D) 

6L6GC 

9.20 

1 60 

3 00 

6336A 
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Part 2 
For bedroom blues fiends and garage 

thrashers, Dave Bradshaw presents the 
15W Paleface Minor valve combo unit for 

lead guitar 

ast month, we looked at some of the principles 
involved in designing a valve amplifier, this month we 
will look at a practical circuit, a guitar amplifier. When 

designing a guitar amplifier, you turn most hi-fi design 
principles on their head. The circuit of the amplifier is very 

similar to the classic valve amps of the '60s and '70s from 
likes of Fender, Marshall and Vox. Starting in the pre -amp 
(Figure ;;, ...e signal is amplified by the two halves of V1, an 
ECC83 (also known as 12A)(7 and, in the USA, 7025) which 
is a high -gain dual triode valve. 

V1 a and b are both wired as cathode -coupled amplifiers 
with a volume control between them. For most guitar pick- 
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The preamplifier circuit. 
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HT3 0-14- 1174 0--411.- 

R14 
47k 

NOTE: 
V3 ECC03 
1/4,V5 ELB4 

FROM 
PREAMPLIF ER 

0 

TI 

C14 
22n 

1121 

10k 

R22 
1M R24 

470R 

CIS 

I 
Z C18 

100n 

R20 PRESENCE 

Sk7 *- 
AVE 
22k 

1123 

1M 

ONO 0-F 

V 

V30 

R25 

B2k 

R26 
100k 

CIBI 
1001 

C17 
IOOn 

R29 
22k 

1 I 

3ND 

CI 9M1» 
22u +7 

R33 

10k 

V4 

V5 

230 
22k 

FROM BIAS SUPPLY 
VE 

Ti 

F I 

k 

f\ 
ONO 

0 

o 

CND O 

GND 

250V 

8311 
TO ALL 
VALVE HEATERS 

J 

02 1 

04 

HT4 
O 

HT3 HT2 
0 O 

1 R36 4 j 

R40 
1 

STANDBY 10k 

47R 

03 
+ 

C25e 
47u 

100n 

R41 

SW2 

+ 1 
1134 

C24 mlm 100k NEI 

47u 

R35 
10k 

1134 

10k 

+ + + 
C23 O C72 O C21 

T4711 T 
104 

T 
1011 

NOTE: 
01 -D4 1N5406 
05 IN3000 
ZO1 1BV ZENE11 

HT1 

R27 
470k 

Fig. 2 The power amplifier 

ups, there is more than enough gain for the second stage to 
overdrive (i.e. overload). With good quality valves, there is so 
much gain that a suggested modification is to insert some 
switchable attenuation - see `Designer Approved' below. 

The output from V1 b goes to the passive tone control. 
Again, this is the classic format used on virtually all the older 
amplifiers, with the values slightly tweaked to take account 
of E12 and E6 component values (in the good old days, 
250k pots were common). 

The output from the tone control goes to an attenuator 
that feeds a self -biasing cathode follower, V2a. The cathode 
follower sends the signal out to the effects (FX) loop. The 
attenuation is necessary because the signal level can easily 
be 10V peak -to -peak, after the tone control. This is more 
than enough to overload any solid state circuitry in the FX 
loop. 

The FX loop allows you to use an external reverberation 

MAINS 
FS1 SW3 

E 

R28 
470k 

effects unit. I really wanted to include a traditional spring line 
reverberation unit, but could not find a source despite a lot 
of asking around. 

V2b amplifies the Return signal back up to the level 
needed for the power amplifier. Again, there's the option of 
adding a capacitor in the cathode circuit, either for more 
gain (unlikely to be necessary) or as a `bight' option. The 
output from V2b goes to the master volume control, and 
thence to the power amplifier. 

Power Amp 
The power amplifier (Figure 2) is again classic in design, with a 

long-tailed pair phase splitter. Actually, the tail is rather short 
and there are several fiddles applied to this phase splitter to get 
it to balance more evenly. There are more accurate phase 
splitter circuits, but they can give problems under overload. 
Getting round these problem requires an extra valve and other 

R36 ALTERNATIVE 

f 
R37 
10k 

R38 
100k 

SET BIAS 

RV7 
100k 

-VE BIAS SUPPLY 

FLOATING 
TO POWER 

GND AMPLIFIER 

Fig. 3 The power supply 
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6.3V 
CT 

ONU 

. DI 
250V -0-250V 

= D2 

CND 

07u 

USED 

REMAINDER OF HT 
CIRCUITRY AS 
BEFORE 

D5 

m'T, 
,F I 47u 

- 

complications, so we go 
back to the tried and tested 
fiddles 

The output stage is a 
text -book application of 
the EL84 with one excep- 
tion - the use of fixed bias 
on the output values. 
EL84s normally use self - 
biasing, i.e. a common 
resistor between the cath- 
odes and ground (and the 
control grids at zero volts) 
so that the grid bias floats 
according to the demands 
made on the valves. 
Moreover, purists will 
further point out that the 
Vox AC30, perhaps the 
best known `vintage' amp 
based on EL84s, used 
self -biasing. If you'd like to 
follow the purists, there's 
a mod below. 

MAINS 
FS1 SW3 

E 

1 
TO ALL 
VALVE HEATERS 

J 

R43 R42 
10Ók 100k 

Fig. 4 Modification of the power supply to accommodate 
a 250-0-250V mains transformer. 

However, I chose fixed bias because this allows more 
current flow at signal peaks, giving the amp a lot more punch 
than most other amps of a similar rating. This little amp 
sounds more like a 'big' amp than a small one. 

In theory both valves may need to be biased individually, 
but this has not caused problems with the recommended 
matched pair from Chelmer Valves. Another advantage with 
fixed bias is slightly lower power dissipation when quiescent, 

but the difference is only marginal. The heaters dissipate 
quite a lot of power in stand-by anyway. 
Powering 
The power supply (Figure 3) will be familiar territory for ETI 
readers, except for the voltages involved. With a full wave 
rectifier, it uses a mains transformers with the single 250V 

NOTE: 
D1 -D2 1N5408 
D5 1N4000 
ZD1 18V ZENER 
R47,C27,D3,D4 NOT 

SET BIAS 

RV7 
100k 

-VE BIAS SUPPLY 

FLOATING 
TO POWER 

_ GND AMPLIFIER 

secondary. Figure 4 shows the arrangement for use with a 
250-0-250V secondary winding, common in the valve gear of 
yesteryear that you may be plundering. 

The stand-by switch has two uses. It should always be off 
(i.e. the amplifier on stand-by) when the mains is first turned 
on - this allows the power amplifier valves to warm up before 
they are asked to pass current. Secondly, the stand-by 
mode should be selected when the amp is not needed, or 
when changing input or output connections. This prolongs 

the life of the power amp valves, and prevents 
'thumps' coming through to the loudspeaker while 
changing inputs or the FX loop. 

Do not be tempted to put a smoothing capac- 
itor directly on the power amplifier side of the 
stand-by switch, as you will eventually destroy 
both capacitor and switch. Note also the option for 
powering the pre -amp even when the power amp 
is held off by the stand-by switch. 

Designer Approved 
These are the main mods I have tried myself and 
found to be potentially useful. There are quite a 
number of circuit options in this design and there is 
no harm in you trying most of the possibilities your- 
self. In fact, one of the nice things about working 
with valves is how easy it is to try out different 
ideas. However, do remember that many parts of 
the circuit are at dangerously high voltages and 
that capacitor voltage ratings have to be high 
enough to take these voltages, with some margin 
to spare. 

No FX loop: To save some costs, you can leave 
out V2 and all its circuitry and feed the output from 
the tone control straight to the master volume 
control. However, I recommend keeping the effects 
loop option, unless you are certain you will never 

want to use the amplifier with any external effects. 
Gain increase: You can increase the gain of V1 a by 

changing C2 to a 100µ 10V electrolytic capacitor in parallel 
with cathode resistors. In the same way, the gain of V2b can 
be increased by adding a similar electrolytic in parallel with 
R18. The most flexible option is to include a switch, similar 
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CO 

I OGn 

SW4a 

RV2 

R44 
470k 

RV1 

100k 4--O VI GRID 

R45 

22k R11 

100k 

V 2a GRID 

to SW1, and a resistor like R6, so that gain can be adjusted 
without a soldering iron. The PCB is laid out to accommodate 
an electrolytic for C2 and the extra capacitor, resistor and 
switch in parallel with R18. This mod is probably useful only with 
old or low -quality valves. 

Gain switching: Far from having too little gain, the valves 
from Chelmer gave an embarrassing wealth of gain! Using a 
dual pole switch to move the gain around adds some extra flexi- 
bility, as shown in Figure 6. The 470k resistor in series with the 
'hot' end of RV1 reduces the signal going into the tone control, 
so that the amplifier sound remains clean up to the maximum 

ularly useful, as the 'presence' control has a very much stronger 
effect, but there's no harm in seeing if it suits your needs. 

More inputs: The most radical and flexible option is one or 
more extra input channels. Not only does this allow different 
inputs, but you can have different set-ups on the channels and 
switch between them or even 'jumper' (parallel) two channels 
together, to get a blend. The Paleface Major amplifier will have 
this option built in, so rather than going into detail I suggest you 
wait a couple of months until that project is published. 

Tone controls: Do play around with the capacitors and 
resistors in the tone control, but note that the 'hot' side of 

the capacitors can be at 300V. Not only do you need 
to use high -voltage capacitors, but you should take 
care that the power is off and supply capacitors are 
disdonnected. My favourite tweak is to make C6 1n0, 
not 330p. 

Floating power amp bias: Purists trying to repro- 
duce the sound of Vox AC3Os can set up the power 
amp for floating bias. To do this, remove the negative 
grid bias supply to the power amp, earth the junction 
of R25 and R26, and add a 180R 5W resistor 
between the commoned EL84 cathodes and earth, as 
shown in Figure 8. If you have a scope and signal 
generator, it may be worth experimenting with 
different values of cathode resistor to see which give 
the best cross -over distortion. 

Full constructional details will be given next month. 

How It Works - Pre -amplifier 
The signal passes through R1 and R2, through Cl, to 
the gird of valve V1 a, which is wired as a common - 

cathode amplifier. The cathode is not by-passed so the gain 
of this stage is around 20. 

V1 b is a second common -cathode amplifier, but cathode 
resistor C5 gives it higher gain so that it can be driven into 
overload fairly easily. Following V1 b, are the passive tone 
controls around RV2-4. If a 'mid' control is not required, RV4 
can be replaced with a 10k resistor (there's a place for this 
resistor on the PCB). Note that capacitors C6 to C8 must 
withstand at least 300V dc. 

The tone control is followed by an 11:1 attenuator (R10 and 
11), then V2a wired as a cathode -follower. This circuit supplies 

SW4 OPEN 'CLEAN' 
SW4 CLOSED -'DISTORT' 

Fig. 5 Arrangements for gain switching, to give a `clean' and 
'distorted' setting. 

setting of RV1. A section of the switch shorts this out to restore 
the gain. The other section of the switch adds a 10k or 22k 
resistor in parallel with R11, reducing the distorted signal level 
reaching the FX line and reducing the chance of unwanted (solid 
state) distortion from here. 

Bright switches: there are two ways of adding 'bright' 
switches. The first is to use a 100n or 220n capacitor in parallel 
with R5 or R18, with a switch to take it out of circuit if required 
(as with the gain increase mod). The other way is to add a low 
value capacitor (220 or 330p) in series with a switch between 
the top and the wiper of RV1. Personally, I didn't find this partic- 
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C1Y R29 

191M 22k 

GND 

any external effects with a signal of 
around 1V peak -to -peak at low enough 
impedance to drive semiconductor 
circuits. When no input is plugged into 
the return socket, the switch on the 
socket connects the FX Out to Return. 
If you have trouble getting the amplifier 
to play 'clean', it may be either 
because the external effects are over- 
loading, or V2b may be distorting due 
to the high signal level. Try lower values 
for R11, e.g. 47k or 33k. 

The returned signal is amplified by 
common -cathode amplifier V2b to the 
level needed to drive the power ampli- 
fier. As with the first stage, the gain can 
be increased by adding a cathode 
capacitor, although this is unlikely to be 
necessary. Gain can be reduced by 
increasing the value of R18, say to 2k7. The signal goes to the 
power supply via a master volume control, RV5. Note that RV5 
gets its earth from the power amplifier, which removes some 
potential hum noise. 

How It Works - Power Amplifier 
The driver/phase splitter, V3a and b, is wired as a long-tailed 
pair amplifier, which takes the input signal from C14 and 
provides amplified complementary signals to the output valves. 
However, this circuit is a relatively inaccurate splitter, for a 
variety of reasons. One of them is that valves generally have 
fairly high cathode resistances (the cathode resistance is the 
resistance in series with the 'perfect' cathode in valve equivalent 
circuits). Also, the 'tail' (R21 and R24) is only around 15k long 

(i.e., around 30 to 50V). 
With an ideal valve and a nice long tail, the two anode 

resistors (R25 and R26) would have the same value, but 
here R25 is lower in value than R26, reducing the gain of 
V3a. Also, the feedback from the output is applied part way 
along the tail, via R17, reducing the gain in V3a and 
increasing the effect of the feedback. These compensate for 
imperfections and give reasonably well matched driving 
signals to the output valves. 

The power output valves V4 and V5 are power pentodes, 

NOTE: 
R33,C19 NOT USED 
BIAS SUPPLY NOT USE 

T1 

REMAINDER OF 
CIRCUITRY AS 
BEFORE 

C1B 
100n 

Fig. 6 Modifying the biasing arrangement on the output valves.. 

wired according to the standard format. (Note that the cath- 
odes and third grids are connected internally.) They operate 
in class B with a fixed grid bias voltage supplied from the 
small negative supply. The screen grids are connected to 
the HT line via resistors R30 and R31, which helps reduce 
screen current flow at quiescent. 

Note the addition of two resistors R29 and R30 in the 
control grid circuits. This is standard practice in most high 
pdwer amplifiers. If the signal form the driver stage to the 
output valve is large enough, it will drive the grid positive with 
respect to the cathode and some current will flow from the 
grid. R29 and R30 restrict this current flow. This grid current 
flow is another reason for choosing the type of splitter/driver 
employed here - other designs rely on feedback from one 

valve to the other, and 
any grid current flow 
could seriously upset 
them. 

The current from V4 
and V5 goes to the 
output transformer T1, 
which transforms the 
signal impedances and 
also isolates the loud- 
speaker from the high 
voltages in the primary. 
Some of the output is fed 
back to the input via 
R19. Do not try to reduce 
R19 too much, as this 
can make the amplifier 
oscillate. C16 and RV6 
provide a 'presence' 
control - they reduce 
feedback at higher 
frequencies. 

Note that the power amplifier should never be operated 
without a load, and preferably always with a load of the 
correct impedance. Disconnecting the load under signal can 
lead to a not -so -nice fireworks display inside the output 
valves, due to high voltages being generated in the output 
transformer secondaries. 

How It Works - Power Supply 
The power supply (Figure 3) will be familiar territory. D1 to D4 
form a bridge rectifier. I have used high -current 1N5408 
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200 DEVICE PROGRAMMER 
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 E , PALS, 
GALS, EPLD's and microcontrollers 
from all manufacturers. 

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. 

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

m ID 
MOP ELECTRONICS Ltd. 

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

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 VEROSPEED UK 

Parts fist with next issue 

diodes, not for the standing current but for the high switch -on 
current. This is probably a bit over the top, but they cost only 
a few pence more than 1 N4008s. The output from the bridge 
is smoothed by C25 and C24, with R40 between them. 

Directly following C24 is the standby switch which 
removes HT power from the rest of the amplifier. Actually, if 

desired, the pre -amplifier can be powered while in standby 
mode by an alternative positioning of R36. There is provi- 
sion for this option on the PCB, but R36 should be 22k not 
10k with this option. Leaving the pre -amplifier powered 
while the power amp is off allows other equipment to be 
driven by the FX Out jack. 

The PCB has room for either 1Oµ or 47µ for capacitors 
C22-25, and 471.1. or 100µ for capacitors C26 and 27. The 
prototype used the lower values, with no significant hum 
problems. In former years, resistors R37 and possibly R40 
would be chokes of around 10H. 

The negative supply uses a capacitor, C27, tied to one 
end of the high voltage transformer. This point oscillates 
between OV and 400V (although for much of the time, when 
diodes D1 to D4 are not conducting, this point is actually 
floating). This Is conveyed and dropped by C27 to voltage 
clamp ZD1 and rectifier D5. Transients tend to come through 
the capacitor at low impedance and R41 dissipates these. 
The bias supply is smoothed by C26 and set by RV7. Note 
that the bias supply gets its earth from the power amplifier. 

A curious feature of the bias voltage generator is that it 

tends to act as a rather inefficient charge pump, pumping 
up the voltage on capacitors C24 and C25 to over their 
rated voltages at no load. R39 removes this effect by 
soaking up a little current (can you work out how the charge 

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 5JQ 

FAX: 0242 226288 

pump works?). Neon NE2 needs a dropper resistor, R38, as 
it is operating at a steady dc voltage above its intended 
average normal voltage. 

If you are using'an old transformer, you'may well find it 
has a 250-0-250V winding. To accommodate this, the 
modifications shown in Figure 4 are needed. Whatever you 
do, make sure that you do not have diodes D3 and D4 in 

circuit, or your amplifier will eat main fuses and possibly 
other components too. Also, R40 becomes 100k, C28 is 

replaced by R41 and resistor R38 is not needed since the 
charge -pumping effect no longer takes place. 

No mains filter was used on the prototype - this is an 
obvious extra that could be added if the amp is to be used 
in electrically noisy conditions. 

Warning 
This is an advanced project. Not only does it involve 
working with the mains, but it involves circuits using high 
voltages. We advise readers with little experienced to wait 
until they have more experience before building this design. 
Special notice: the author retains all rights of commercial 
exploitation to this design. 

The author would like to thank Chelmer Valves, Sowter 
Transformers and Wilmslow Audio, for all their help during 
the design and construction of this project. 

© David Bradshaw 1993 
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E9402-2 Stroboscope. K 
E9402-3 PC Printer Switch E 
E9402-4 Z-80 Single Board Computer J 

use the 
blished. The 
der. We 
II not be 

Telephone your order on (0442) 66551 Access or Visa 

E9210-3 Heartbeat/Audio Listener 
E9210 -FC Wizards Hat 

E9211-1 Electronic Die 

E9211 -FC Car Alarm 

E9212-1 Digital Circuit Tester... .F 

E9212-2 Communications Link by RS232 ..L 
E9212 -FC Mains Inverter... E 

E9301-2 Fading Festoonery G 

E9301 -FC Infra Red Receiver F 

E9302-1 EPROM Programmer (2 Sided) ..N 

E9302-2 Sound to MIDI Board ..................L 
E9302-3 Puddle Tec 
E9302-4 DiscoAmiga Light Selector 
E9302 -FC Infra Red Transmitter ... 
E9303-1 Ni -Cd Battery Charger 
E9303-2 IC Tester 

E9303-3 Disco Amiga 

(motor driver board) 

E9303-4 Direct Conversion Reciever 

(2 Sided) . 

E9303 -FC LED Stoboscope 
E9304-1 Solo Mic Pre -Amplifier 
E9304-2 Multimate Tester 

E9304-3 The Keepsafe Alarm 

E9304-4 Proving Unit 

E9304-5 Infra Guide Receiver Module 

ETI PCB Service, Reader Services, Argus House 
Boundary Way, Hemel Hempstead, Hems HP2 7ST 

Please Supply: 

Quantity Ref No. 

E 

E 

E 

Please send my PCBs to: 

Name ............ . 

Address 

Price Code Price 

£ 

Post & Packing 

Total Enclosed 

Postcode 

Total Price 

E 0.75 

E E9304-6 Infra Guide Transmitter F 

E E9304 -FC (AutoMate) Peak Program Meter F 

E E9305-1 Pentacode Main Board F 

F E9305-2 Pentacode Relay Board F 

E9305-4 Vibration Detector .D 

E9305 -FC The Fuzztone. E 

E9306-1 Graphic Equaliser ....F 
E9306-2 Super Spooker H 

E9306-3 Middle & Side Stereo Coding D 

E9306 -FC The Chaperon F 

E9307-1 Car Battery Tester 
E (Double Sided - Surface Mount)....E 
H E9307-2 Mind Trainer ...F 
E E9307 -FC Microwave Monitor ..F 

E E9308-1 Window Monitor (4 Boards) K 
E E9308-2 Alternative 12V Supply M 

E9308-3 Single Channel Lumitec E 

H E9308-4 Four Channel Lumitec H 

E9308 -FC Twi-light Zone F 

N E9309-1 RF Signal Generator .F 

.F E9309-2 MIDI Analyser CPU Board K 
F E9309-3 MIDI Analyser Display Board J 

C E9309-4 Metronome G 

F E9310-1 Hot Wire Cutter F 

E E9310-2 Electronic Picture H 

C E9310-3 Sega Box J 

E9310-4 Transistor Amp (2 Boards) N 

E9310-5 Home Minder (2 Boards) N 

E9310 -FC Continuity Tester D 

E9311-1 Car Alarm G 

E9311-2 MIDI Change Pedal 

(double sided) H 

E9311-3 RC Engine sound J 

E9311-4 PSU Monitor N 

E9311 -FC RF Hound D 

E9312-1 Car Alarm D 

E9312-2 NiCd Battery Charger F 

E9312-3 PC I/O board N 

E9312-4 Video Stabiliser .. G 
E9312 -FC Transistor Tester F 

E9401-1 ProgRAM . G 

E9401-2 Logic Pulse Generator ..F 

E9401-3 Motor Mate F 

E9401-4 Bike Alarm.. E 

E9401-5 Paleface Guitar Amp. E CHEQUES SHOULD BE MADE PAYABLE TO ASP 

Mixer power supply . J 

E9207-6 AutoMate Precision 

17V power supply J 

E9207 -FC Surround Sound Decoder.. F 

E9208-1 Dynamic Noise Limiter.. .F 

E9208-2 Touch Controlled Intercom 

(2 boards) .... _ H 

E9208-3 MIDI Keyboard. K 

E9208 -FC Battery charger .F 

E9209-1 Intercom for light aircraft H 

E9209-2 Alarm protector C 
E9209-3 Temperature controller M 

E9209 -FC 45W Hybrid power amp F 

E9210-1 Universal I/O Interface for PC 

(2 Sided) ...N 

E2910-2 Rapid Fuse Checker E 

r 

PCBs for the remaining protects are available from the companies listed wi Buylines. 
Use the form or a photocopy for your order. Please fill out all pats ot the form. Make sure you 
board references numbers. This not only identifies the board but also teliS you when il was pu 
first two numbers are the year, the next two are the month. Terms are strictly payment with a - 
cannot accept official orders but we can supply a proforrna invoice if required. Such orders wi 
processed until payment is received. 

PRICES 

C.. ...... £1.80 

..... £2.50 

E.. ... £3.25 
F £4.00 

G ........£4.75 
H t.5.5o 

J £6.62 

K £7.20 

L £8.80 
M £1cr,60 

N......£13.10 
O £15.80 
P £17.90 

Q £21.80 
R £23.90 

S £25.90 

V" £3120 
V. .... ..£35.80 

X. .... ..£40.70 
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OOPS 
Video Stabiliser foil in the last 

issue was unfortunately printed 
the wrong way round. 
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D DDDO 
O 0000 

Z-80 Computer (Solder Side) Z-80 Computer (Component Side) 
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RT 

PHOTOCOPYING 

ERVICE 
has been hed years end 

that time great many resting features an 
valuable projects graced it's pages. Although back 

numbers are available my the last 12 month's issues we 
supply photo -copies o Individual article ever published I 

Postcode 
Send the completed form and remittance to: 

ETI Photocopy Service, Argus House, Boundary Way 
Hemel Hempstead, Hertfordshlre, HP23 7ST 

READER OFFER 

Cm 
o g l e 

btain high clamping forces with 
They are suitable for use when 
ng. soldering etc. Quicker than 

',y 

Single £6.76 76) R0E1739 
Pale ft3.49 5.52). \ Please Add reach clamp. 

Horizontal Clamps: A low profile 
clamp ideal for use where a machine 
head is passing over the work or 

` where vertical handles would 

Code 

1 

Total 

have 
for o can 

f any n Eil 
Photo -copies cost just £2 00 per article regardless of their length. 
Please note that projects published over several issues must be 
ordered as a series of individual articles, each for £2.00 

PCB foil patterns (where published) and any errata are Included 
with all photo -copies where applicable. 
r 

BK Electronics 17 
J&NBull 18, 19 
Canal Bridge Audio 13 
Chelmer Valve Co. 53 
Cirkit Distribution 48 
CP Technology 26 
Cricklewood Electronics 27 
Display Electronics 43 
Electrovalue 27 
EQT 49 
ESR 63 
Euro Corn International 49 
Henry's Audio 26 
Hesing Technology 26 
Jay Tee Electronics 13 
Labcenter 4 
Maplin OBC 
M & B Electrical 9 
MOP 59 
Number One Systems 37 
Omni 16 
Pico Technology 5 
Profile Electronics 27 
Richard Bartlett 49 
Robinson Marshall IFC 
Roline IBC 
Seetrax C.A.E 12 
SLM 59 
Stewart of Reading 49 
Those Engineers 26 
Tsien 25 

Please supply photo -copies of the following articles from ETI 

(Complete in BLOCK CAPITALS) 

Month Year Page (if known) 

Title 

Month Year Page (if known) 

Title 
Month Year Page (if known) 

Title 
I enclose a cheque/postal order made out to Argus Specialist 
Publications to the value of £2.00 per photocopy ordered. 

Total remittance £ Date 

Name 

Address 

I 

I 

I 

Please supply 

and less fiddly for repetitive 

M25. Overall height 18mm 
Overall length 70mm. 
Distance from base to centre clamp 
screw 16mm 
Order Code 
ROET/32 Single £4.99 (R.R.P. £5.64) 
ROST/41 Pair £8.99 (R.R.P. £11.28) 

H35 - Overall height 38mm Overall 
length 138mm. 
Distance from base to centre of 
extreme clamping position 50mm 
Order Cede ROET/33 Single £7.05 
(R.R.P. £8.05) 
ROET/37 Pair £13.99 
(R.R.P. £16.00) ge9a 

V25 - Overall height 100mm 
Overall length 65m. 
Distance from base to centre of extreme 
clamping position 30mm 
Order Code ROET/34 

R.R.P. £7 
R.R.P. £1 

60p p&p fo 

clamps have the largest clamping force 
and have very compact side -on dimensions 

Credit Card Orders 0442 66551 (24 HRS) 

Post me today! (PLEASE PRINT IN BLOCK CAPITALS) 

Price p&p 
@ £ 

@ £ 

N B. Please add 60p p&p per clamp £ 

I enclose my cheque/P 0 for £ 
Imy AccessNisa 

1111111 

Please allow 28 days for delivery. U.K. only - Overseas upon request. Please 
note that from time to time you may receive information about offers and 

e services which may be of interest to you. 

. 

An extra pair of handles that's the way to 
view Toggle clamps. 
Toggle clamps have been long recognised as an extremely 
versatile means of providing very fast and repetitive clamping 
whilst machining or manually working any material.They utilise: 
the toggle principle to o the 
minimum of user effort, routing, 
planing, drilling, modelli G clamps 

made payable to ASP or please debit 

Signature Expiry 

Name 

I 

Address 

Post Code 

Coupon to: Reader Offers, Argus House, Boundary Way, Hemel Hempstead, 
Herts. HP2 7ST. 
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James Gale 
0442 66551 

Classified 
COOKE INTERNATIONAL 

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, 
GENERATORS, OSCILLOSCOPES, POWER METERS. ETC 

ALWAYS AVAILABLE 

ORIGINAL SERVICE MANUALS FOR SALE 
COPY SERVICE ALSO AVAILABLE 

EXPORT, TRADE AND U 
SEND LARGE S.A.E. FOR LISTS 

ALL PRICES EXCLUD 
DISCOUNT FOR BULK ORDERS 

LCOME 
ND MANUALS 
AGE 

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 

Red Super Led 5mm 15p Crystal 
IR Receiver 20p Earphone 65p 
0.1uFX rated 65p Neon Bulb 
0.1 Poly 5p 250AC 15p 
33uF 16v RAD 1op BD332 PNP Dar 40p 
470F35v RAD 10p BC639 100V 1A 30p 
4.7uF 16v RAD 10p LM337 VREG 45p 
2.2uF Non Pol 30p LM7924 VREG 45p 
250uF 16v RAD 10p 2716 Eprom £1.00 
2700pF 1% Tol 10p 2732 Eprom s £1.65 
Contea Cleaner £1.25 Contact 
Flux -08 £125 Restorer £1 25 

65p 40p 
£1.00 

DC 45p £2.95 
30p 10p 

Mhz 40p 85p 
STRIP OF ASSORTED COMPONENTS 1M 

LENGTH £1 

WIDE RANGE OF ELECTRONIC 
COMPONENTS ALWAYS IN STOCK RING 

FOR DETAILS 
- FM TRANSMITTERS ALSO IN STOCK - 

100-104 BEATRICE ROAD, LEICESTER, 
LE3 9FF 

TEL: 0533 515944 
PAY BY:- VISA/ACCESS 

OPEN 10-6 MON -SAT 

FIELD ELECTRIC Ltd= 

EPROM, PLDs + Microcontrollers 
copied or programmed. we supply 
devices/convert discrete logic to 
PLDs. PO Box 1561 Bath 0225 
444467 

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 

COLOUR 

Sl'OP. 
'1 I 

PHILLIPS PM2525 multi 
function meter. 51/2 digits £190. 
feedback FM1615 frequency 
meter (0.00)Mz to 1GMz £160. 
Maplin Dual Tracking regulated 
power supply (0-30v, 0-3A) £65. 
Maplin MF100 Multifunction 
counter (100MHz) £50. Maplin 
M205 Sweep function Generator 
£45. Phone 0823 663430 any 
time. 

FREE VARIABLE POWER - 
SUPPLY - 9.25 volt D.C. + Hi Fi 
Bargain catalogue -£1 p&p. Kia- 
Audio, 8 Cunliffe Road, Ilkley 
LS29 Mosfet 60w amplifier 
modules £5 12" rack 60w - 
regulated PSU - 240 volt £16. 

SOLE DISTRIBUTORS 

U.K.'s MOST POPULAR DESOLDERING STATION 
RA100 £225 + £12 p&p + VAT = £278.49 

RA100 with iron £290 + £12 p&p + VAT = £354.85 
5% surcharge if paying by credit cards. Overseas 

postage according & allow 10 days for delivery time. 
T.V. - Video - Spares - Semiconductors - etc. 

J.J. COMPONENTS, 
63 The Chase, Edgeware, Middx. HA8 5DN 
Spares Hotlines: 081 381 1700/081 952 4641 

FREE Fax orderline: 0800 318498 
Fax/Tel: 081 952 4641 

(Send £2.50 for our latest 1994 catalogue 136 pages available Nov '93) 

2KVA10 amp max £59.40 f8.56 
(£79.78 inc VAT) 

3KVA 15 amp max (78.65 £8.50 
(£102.40 inc 

5KVA25 amp max £139.15 
12V D.0 

Bay direct from the Importers Keenest prices ìn the country speeds no 
COMPREHENSIVE RANGE OF rpm. Will 

Input 230/240V 
Producing 10mm 
Easily modified for 

neon Inalcâtor, on/on swum. safely mICrosmich 
and circuit f16.00,f2.00 p&p (£19.98 me VAT) 

Designed for Disco, Theatrical use etc. 
Approx 16 joules. Adjustable speed £50.00+£3.00 p&p 

(£62.28 inc VAT) 
Case and reflector E24.00+(3.00 p&p 1(31.73 inc VAT). 
SAE for lunher details including Hy -Light and in - 

SERVICE TRADING CO 
57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 

FAX 081 995 0549 081-995 1560 
ACCOUNT CUSTOMERS MIN ORDER £10 

-ion threaded drive mechanism. Mains supply 
'6 x 1.5V Ni -Cad A.A. cells back-up. L.C.D. 
,I read-out 17mm high with legends Audible 

f13 99 
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Bu Can 
dei noies 

including 5" uV black hghl tube, starter and 
holder, a pair ht - pin tube holders Total once 

WASHING MACHINE WATER PUMP 
Brand new 240V AC Ian cooled. Can be used for a variety of 

VAT El or 2 for £2050 
purposes. el nclusrve 

includes p&p 

MICROSWITCH 
Pye 15 amp 

price for 7.05 
changeover5 

£ inc VAT & p& 
lever microswach, 

ptYPe 
5171 

Brand new 

TEST & MEASUREMENT EQUIPMENT 
IBM COMPATIBLE COMPUTERS 
POWER SUPPLIES MONITORS: 

AUDIO EQUIPMENT DISK DRIVES 
MOTHERBOARDS: TELEPHONE 

EQUIPMENT PLUGS & 
CONNECTORS PRINTERS: WE ALSO 

BUY EQUIPMENT PLEASE RING 
MAIL ORDER SERVICE PAY BY 

CHEQUE: PO ACCESS OR VISA 
CALLERS BY APPOINTMENT 

FIELD ELECTRIC LTD., UNIT 2 MARY 
MEAD WORKSHOPS, WILLOWS LINK 

STEVENAGE HERTS SG2 8AB 
0438 353781 : 0438 353959 : 0836 640328 

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 2.5cros) 
£8.70 VAT per single column centimetre 1 Per 
Electromart £24.00 (- VAT) J Insertion 

Ring for information on series bookingsldiscounts. 
All advertisements in this section must be prepaid. 
Advertisements are accepted subject to the terms and conditions 
printed on the advertisement rate card (available an request). 

FOR SALE 

r -a' _ _ A 

X'-11 

SUPPLIER OF QUALITY USED TEST INSTRUMENTS 

.K. ENQUIRIES WE 
OF EQUIPMENT A 

F VAT AND CARRI 

ICI ON OFFER THIS MONTH III! 

1o135PF 
144001 
a)uF 359e 

746C7`. 
Crysd 45 

f10pf Tnm 
Till Switch 
4Way Tilt SW 

(IW0au0 f 300 

ELEYELEY ELECTRONIC LTD 

COMPONENTS 

BURGLAR ALARMS 
çpEE 

FREE 

FREE 

TECHNICAL ADVICE 

DESIGN GUIDE 
16 PAGE FULL 
CATALOGUE 

& FREE DELIVERY 
TRADE 

ENQUIRIES 

WELCOME 

IA EALING ROAD, AINTREE, UVERPOOL L9 OUt 

TEL:051.523 8440n 
FAX: 051-523 8121 

RA 100 - DESOLDERING STATION - R100 

VARIABLE VOLTAGE 
TRANSFORMERS 

OUTPUT 0-260v 
Prioe PbP 

05KVA25 amp max £31.90 £8.00 
£44.53 inc VAT) 

IKVA5amp max £41.15 £7.00 
I£56.58 inc VAT) 

vAT) 

(Plus Carrelle/ 

TRANSFORMERS -LT -ISOLATION I AUTO 
(riß -2400 Arno aide e5* rile w*b Amain elan na «me« green Ilse ope Avedeb e tw mind«« «dewy 

MU RAINER MOI RANIMES 
IKib/PymneyecTr ctou kat 
ULTRA VIOLET BLACK LIGHT 

FLOURESCENT TUBES 
140 via C1200 IcalennNl IE1410 ro VAT) 
2920 wait C744.41 25 die lfIO21ecVA 
IlenSwaOMp 75p Mo IE652ecVATI 
9m 5 van [351+60pp4p 15244ík VAT) 
Bal d van £316450g lSp if 524 aK VATI 

230V AC BALLAST KIT 
ro. amer 6.n 9m n I2n rubs 0.05 - CI 40 
p6D (10 )5 mol 

400 WATT W LAMP 
Onde, (34.00+ E2.6Op&p 14259 rrc VATI 

160 WATT SELF BALLASTED BLACK 
UOHT MERCURY BULB 

AvnMakevnn SC se ES Mime. once ec VAT 
A Who and VAT £25.55 

12V D.C. BILGE PUMPS 
50006 1511ltad 3 amp 11599 
%TEES PH 191 bead 9 am 0455 
Na Iwwavalewe 2410 C 1 750 GAI15h hoc 

5 amp 135 55. M delco« lobe used 
wbmwped. PRICES INCLURE VIP A VAT 

EPROM ERASURE KIT 
( 0110 your own EPROM ERASURE le e Ireeapn el dru 
o rs ei a made.« em M 01 ans less use includes. 
lien R wen 2537 MIa Tube Ballas unit. per el Ise pen 

SUPER HT -LIGHT STROBE RIT 

eu 1 H Slroaa Ke 

BOFFINS SPECIAL" - 
UNIQUE OFFER 

Su plus Plecnion Medlin Une mtvnelly in *mal- 
le« Condisco Dm+med pr mure io steel e creuse 
controllable armant of Muid Iron, e mudcal syringe 
(lmo no. supplied) Cantal« the lollowap remov- 
able compenama Dual Micro Rocuwr base« and 
EPROMS Escap Prec.Pn 12V DC Mao. wad 
3001 £w Sox end Opwel encoder coupNd to s 
caca 
Del 
Opm 
werrVne 
TOge M polit lo. lb. dai.n.ntling M aie 9+cesmnnl 

RtelelOompOnentai4 y low once CIB no + 14g0pip 
IG1W Ivry VATI 

12V D.C. GEARED MOTOR 
Rwastle peau«Maw Otms2 

la«socoa 
12%429 

65.12 
w al Iowa( ers colt e 

renerteate saqua cs le Sexe: L 
4Omen W 2.9 mm N 39n ern SNhlm dia 10nn 
Ion& Pro £6.00 SOP peso ([1000 ec VAT) 

TORIN CENTRIFUGAL BLOWER 
230V AC. 2030 RPM. OS erre 136ren dans«, em 
peler 160 
iw15 enDoric Ace Cel 17 50. 

£2 11 

11[2350 ec. 

SOUCI STATE RELAY 
7 alto u 2101. AC when nlpun ed on asseye Hen. «A. Can be «men Isom TT L a Cancan sapa t'a - men 3.I0V D.0 Sts 24mm a 17nvn a l ómo high 
Fw+q «tue« 30mm (10.3). Rice C10) 40p pesa ([400 m VAT) 

7 RPM 2019 
GEARED MOTORSO 

Rapts remua« ter AV AC 
sep c eOftre and peMvme la 240V AC 

opnetcn R fn VAT 8 pesolY3.W. 

BOUD STATE EHT UNIT 
"- AC, Output ami« IDKV 

Mark Bruhn 10 foc Omer 
20 sec. 30 sec Io comrmapu 

LV wo « wrrwr gMgn Dosne nl los n dm 
ed p6,100 and troncs egw ns rleormrgon 

cuba etc Prce Its case £550- C2 40 
(C12 tri Inc VAn NMS 

SAVE POUNOSIII 
iw rpm own Iogea Poe nota eue« 
en aanrerle n Magot s oWMer 01 

Camp ale el d arts lest case MO a 

rrcludo . p es VAT ana 

5/NwrpR'na(AM1 
MWMer/'F/Id9e 

Mes 
Pn4iyc6prM 
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SERVICE MANUAL COURSES 

WANTED KITS 

ELECTROMART 
PUBLIC DOMAIN 

PC TECHNICAL SHAREWARE 

awi.p,r 
IYvYW& humor Soje.wlAnne 

Wwa,unbNwm. ba.wRed: 
fro.hxvut{ wirr Tti1In 
Id901µ),w,i II)!!) 

PLANS 

FOR SALE 

servo Components, 
Polypropylene Caps 
BUR PUBLICATION 

ET! 

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 

SUPPLIER OF: 

SERVICE MANUALS 
SHEETS + CIRCUITS 

We offer:- ANY 20 MANUALS FOR ONLY £7.50 each. 
For one payment of £/50 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 A3 diagrams & unavailable 

from any other Technical Information Supplier 
"Remember we also sell hundreds of technical books" 

SURPLUS 
COMPONENTS 
WANTED 

r COMPLETE CLEARANCE 
* BEST PRICES PAID 
* PCB BOARDS POPULATED 

CONTACT 
D.T.S. SERVICES 
Tel: (0602) 208955 
or Fax: (0602) 484530 

Would you like to see the best range of low cost lechofcnl and 
seienlirae public doaain & shareware for IBM PC in the U1ì! 
HUGE RANGE includes:- PACKET, FAX, RX/TX control, 
PCB design, Circuil and ANTENNA analysis, QSO logging, 
CAD ELECTRONIC & MECH engineering, SCIENTIFIC, 

MATHS & STATS, MEDICAL PROGRAMMING, 
SOURCE CODE, DATA, EDUCATIONAL, WINDOWS, 

BUSINESS and lots more 
Write, phone or fax today for your free 124 page printed 

poEl 

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. 

Sandal) Road, Wisbech, 
Cambs PE13 2PS 

BUYERS OF SURPLUS INVENTORY 
ESTABLISHED OVER 15 YEARS 

Tel: 0945 584188 
Fax: 0945 475216 

L.F. HANNEY 
Your Electric Component 
Specialist for Avon, Wilts 

& Somerset. 

77 Lower Bristol 
Road, Bath, Avon. 

Tel: 0225 424811 

Start training now with the specialists for 
the following courses. Send for our 
brochure - without obligation or 

Telephone us on 0626 779398 ETI 2/94 

Name Telecomms 
Tech C&G 2710 

Radio Amateur 
Licence C&G 

Micro- 
processor 

Introduction to 
Television 

Radio & Telecommunications Correspondence School 
12 Moor View Drive, Teignmouth, Devon T014 9UN 

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 forydetails of 
these and other kits. 

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 

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, HR82HS. 

Y r_ 
Falcon WY SPEAKERS 
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uture historians will probably rate 

the development of the micro- 
processor during the early 1970s as 

one of the most significant technological 
developments in the history of mankind. 
There must be hardly a single consumer 
product which does not contain one, or 
owe its design to equipment which does. 

The microprocessor has also meant 
that electronics engineering as a profes- 
sion, and also as a hobby, has changed. 
The electronics engineer is now, by and 
large, an integrator of systems composed 
of standard building blocks. Systems in 

which software performs the functions 
rather than discrete components. 

In electronics, a knowledge of program- 
ming is now as essential as a knowledge of 
the theories of circuit design. Indeed, it is 

probably more important, since in many 
cases the building blocks can be slotted 
together without much knowledge of elec- 
tronics, but will fail dismally without any 
knowledge of programming. 

For the amateur this can be a blessing 
in disguise. It is now possible to embark 
on building quite complex projects 
without being a 'professional' in the area 
of circuit design. 

The use of standard building blocks 
even extends to the software . Whole 
libraries of standard routines are available in 

the public domain for us to use . Not to 
mention all the programming tools that 
allow us to do most of the development 
work on an ordinary PC. 

We can even use the PC to help us 
design the hardware. The free PCB and 
schematics design program included 
with this issue is a perfect example. How 
many of us have, in the past, struggled 
with designing a PCB using tape and rub 
down pads. 

Now if our schematics are right our PCB 
will be right. Maybe not as optimised a 

design as one done by a professional, but 
a design done in a fraction of the time. The 
necessary skill -level has been reduced, for 
the professional an unfortunate side effect, 
but for the amateur a Godsend. 

The amateur can now do what five 

years ago only a professional could do. In 

consequence we should see an increase in 

the sophistication of projects published in 

magazines like ETI. 

Gentlemen and Players 
The advent of the microprocessor is also 

narrowing the gap between the profes- 
sional and the amateur in other areas. 

Specialised programs can help with design 
and education - there are already a number 
of very good computer based electronics 
education packages. 

We are also seeing a de -specialisation 
in instrumentation. Whilst on the one 
hand the number of different parameters 
to be measured is proliferating, on the 
other hand we are witnessing a decline in 

the range of hardware. 
In the past, there might have been 

need for a large range of different instru- 
ments there is now only need for a few. 
The PC and the workstation are taking 
the place of many instrumentation 
displays, with small front end boxes to 
perform the actual data input function. 
The rise of the virtual instrument. 

The concept of virtual instruments 
will put powerful instrumentation into the 
hands of the amateur electronics engi- 
neer. Computerised design tools and 
the increasing modularity of electronic 
components will make it easier for him 
to create sophisticated designs. 

For the amateur, the microprocessor 
has made life much more interesting 
and challenging, and the scope which 
it offers us must be seized with 
both hands. 

Next month... 
Next month in ETI we will be continuing two major construction projects, Jason 
Sharpe's Z-80 single board computer and Dave Bradshaw's valve guitar amplifier. We 
will also be starting a two part piece on an improved power supply design by John 
Linsley Hood. There will be another useful test equipment design from Robert Penfold 
and an interesting radio project from Raymond Haigh. For computer experimenters, the 
editor will be looking at a simple robotic vision system. 
In addition, there will be a look at virtual instrumentation, reviews of some commercial 
EPROM programmers, and our continuing series on microprocessor fundamentals. 

Don't forget that the next issue will have the second free disk on the cover, containing 
the remaining part of the Layo1 PCB design and schematics package. Make sure you 
don't miss it - order your copy of ETI from your newsagents today. 
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Cases 

Floppy Disk Drives 

Hard Disk Drives 

From 40MB to 2. I GB 

Keyboards 

PC Based Industrial and Lab, Data 
Acquisition, Control and Measure- 

ment, Instrument Cards 
AD/DA Cards Interface Converters 
Plus Accessories & Software Relay Output Cards 
C.P.U. Boards 

Device Programmers 
Digital I/O Cards 

I EEE 488 Cards 

Industrial Chassis 

Industrial Control Cards 

RS 232 Cards 
Single, 2, 4, 8, 16 Port 

RS 422 Cards 

Single, 2, 4, 8, Port 

PC ROM Disk Cards 

Slot Extender Cards 

Specialist PC & Multimedia Add-on Cards 
PC - Telecommunication Cards 

Fax Modem Cards 

Voice Recognition Cards 

Voice Digitiser Cards 

Video/TV - PC - VideolTV Cards 

Sound Cards 

Components 
Monitors 

Mother Boards 

Cache Controller Cards 

Network Cards 

Tape Back Up Units 

For further information, Product/Price List 

Call Us On: 

Tel: 0902 20267 Fax: 0902 28439 
Roline Systems Ltd, Imex House, 

Imex Business Park, Upper Villiers Street, 
Wolverhampton, West Midlands. WV2 4NU 

AD/DA Conversion Card 
12 Bit Res. 16 Channels f/P Rom 419 

Digital IO Cards 48 Programmable 1,0 Lines 

(3 Independent 16 Bit Counters) From £ 29 
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All in one Programmers From 

Voice Communications Card 
Intelligent Telephone Card From£ 175 

VISA 
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Star Quality, Reliability, 
and World. Class Performance 
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The dual -trace, 40MHz Oscilloscope, 
OS-904RD, is similar in specification 

to OS -9040D, but with the additional 
facility of a digital readout on the CRT 
The readout displays information such 
as timebase and attenuator settings, 
and on -screen measurements can be 
performed using movable cursors, the 
value appearing on the CRT screen. 

Top -of -the -range is the excellent 
20MHz Digital Storage Oscilloscope, 

OS -3020, with on -screen digital read- 
out and measurement facilities. The 
digital storage function enables one-off 
events to be captured and stored for 
detailed analysis. Stored waveforms can 
be printed out on a suitable X -Y plotter 
via the built-in RS232 interface. 
Repetitive high-speed waveforms 
up to 20MHz can be digitised using 
equivalent sampling techniques 
and pre -trigger mode allows events 
occurring before the triggering point 
to be captured. 

N 

[oW 

All models are supplied complete with probes, mains lead, spare fuses and detailed operating manual Full details 
and specifications can he found in the 1994 Maplin Full Colour Catalogue, available from WHSMITH and 
selected branches of RSMcColl in Scotland for £2 95 (£3 45 by post direct from Maplin) To order, Phone the Credit 
Card Hotline, 0702 554161, or send your Mail Order to P O Box 3, Rayleigh, SS6 2BR, or visit your local Maplin store 
Please note latest models all now cream in colour as Model OS -3020 

OS -9020A GWO3D £269.95 

OS -9040D GWO4E £399.95 

OS-904RD GWO6G £499.95 

OS -9100D GW05F £699.95 

Visit our stores in: Birmingham, Brighton, Bristol, Cardiff, Chatham, Coventry, Edinburgh, Glasgow, Ilford, Leeds, OS -3020 GWO7H £749.95 
Leicester, London (Edgware, Forest Hill and Hammersmith), Manchester (Oxford Road and Cheetham Hill), 
Middlesbrough, Newcastle-upon-Tyne (The Metro Centre, Gateshead), Nottingham, Portsmouth, Reading, 
Sheffield, Slough, Southampton, Southend-on-Sea, Stockport, plus a NEW store opening soon in Milton Keynes 
Phone 0702 552911 for further details 

All items subject to availability, prices include VAT and may change after Feb 28 1994 Carriage charge per order £5 70 

Handling charge £1 40 per order Overseas customers please phone 0702 552911 Technology with the human touch 

Maplin Electronics are pleased to 
announce their superb new range 

of precision, laboratory grade 
Oscilloscopes from Góldstar. 

The range starts with the super 
value -for -money, 20MHz Dual -trace 

Oscilloscope, OS -9020A. Features 
include a large 6in , high luminance 
CRT with internal 8 X 10cm graticule, 
TV field or line triggering and X -Y 

mode producing Lissajous patterns 
for phase shift measurements. 

For higher frequency applications, 
the 40MHz Dual -trace Oscilloscope, 

OS -9040D, is ideal for TV and video 
signals and a trigger delay facility allows 
observation of fast leading edges. 

For RF signals and high-speed logic 
applications, the highly specified 

100MHz triple -trace Oscilloscope, 
OS -9100D, has 3 independent input 
channels and is ideal for simultaneous 
display of 3 logic pulse trains for 
timing comparison. 
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