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Star sounch.
Star quality**

Star features**
Free

SECURICOR
DELIVERY

on all orders over
£100 (UK mainland
only) Add just £2.50

on lower price
orders

DJ90 Stereo Mixer - this is a really
versatile new mixer that enables the
constructor DJ to produce a profes-
sional performance every time. There
are two stereo inputs for magnetic cart-
ridges, a stereo auxiliary input and mike
input. Other 'plus' features are auto -
panning for fast or slow slider controls,
multi -mixing, ducking, interrupt, input
modulation, in short everything . . . the
whole works- AND - under £100 complete! Complete kit £97.50 + VAT
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TRANSCENDENT 2000 - Although only
a 3 octave keyboard the '2000' features
the same design ingenuity, careful
engineering and quality com-
ponents of its larger brethren.
The kit is well within the
scope of the first time
builder - buy it, build it
- play it! You will know
you have made the right
choice.
Complete kit £165.00 + VAT

SALES
COUNTER

Collect your order
from the factory.
Open 9-12/1-4.30
Mon- Fri. Easy

parking, no
waiting

I
This versatile modular mixer, featured as a constructional article in Practical Electronics
can be built up to a maximum of 24 inputs, 4 outputs and an auxiliary channel. Each input
channel has Mic and Line inputs, variable gain, bass and treble controls and a para-
metric middle frequency equalizer. There are send and return jacks, auxiliary, pan and
fader controls and output and group switching. The output channels have PPM displays
and record and studio outputs. The auxiliary channel also has a PPM display and there is
a headphone monitor jack and a built-in talk -back microphone. The mixer modules plug
into base units each of which takes up to 6 channels. To eliminate hum, the power supply
is in a separate cabinet.

Input channel
Output channel
Auxiliary channel
Blank Panel

Base unit and wooden front
Pair of mahogany end cheeks
Power Supply and cabinet

£27.50
£12.50
£19.50

KIT PRICES
£19.90
£18.50
£22.50

£3.00

All prices are VAT exclusive
TRANSCENDENT POLYSYNTH - A four octave poly- -

phonic synthesiser with outstanding design characteristics
and versatility and performance to match.

Complete kit £230.00 plus VAT (single voice)
Extra voice (up to three more) £35.60 plus VAT

packspacks for most
kits are available
See our great free

catalogue, full
details of all
our range

Free Soldering
Practise Kit on

request with your
first kit - useful

tips, well
illustrated.

BIG NEWS

111
ABOUT OUR

LATEST
ADVANCES IN
ROBOTICS
SEE INSIDE

BACK COVER

Digital Delay Line - With its ability to give
delay times from 1.6 mSecs to up to 1.6
secs. Many 'powerful effects including
phasing, flangine, A.D.T., chorus., echo &

vibrato are obtained. The basic kit is ex-
tended in 400 mS steps up to 1.6 secs.
Simply by adding more parts to the PCB.,

Corn pare with units costing over £1,000!
Complete kit (400 mS delay)

£130 + VAT
Parts for extra 400 mS delay

£9.50 + VAT

MPA 200 - is a low price,
high power 100W amplifier,
its smart styling, profes-
sional appearance and per-
formance. make it one of our
most popular designs. With
adaptable inputs the mixer
accepts a variety of sources
yet straightforward con-
struction makes it ideal for

the first time builder. Complete kit £49.90 VAT.
Chromatheque 5000 - a 5 channel lighting
system powerful enough for professional discos
yet controllable for home -effects. Sound to light,
strobe to music level, random or sequential
effects - each channel can handle up to 500W
yet minimal wiring is needed with our unique
single board design. Complete kit £49.50 + VAT

ETI VOCODER - 14 channels,
each with independent level con-
trol, for maximum versatility and
intelligibility: Two input amplifiers
- for speech/excitation - each
with level control and tone control.
The Vocoder is a powerful yet tlekble
machine that is interesting to build and
thanks to our easy to follow construction
manual. is within the capability of most enthu-
siasts. Complete kit £175.00 VAT
SP2 200 twice the power with two of the reliable,
durable and economic amps from the MPA 200; fed by
separate power supplies from a common toroidal trans-
former. Superb finish and quality components throughout -
up to (even over) the standard of high prices factory -built units!
Complete kit 034.90 VAT

WORLD
LEADERS
IN
ELECTRONIC
KIT DESIGN
AND SUPPLY

PORTWAY INDUSTRIAL ESTATE
®ANDOVER, HANTS SA10 3NM. v/sA

ORDER BY PHONE (0264) 64455
Simply request your chosen kit and quote your Access

or Barclaycard Number.
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DIGEST 13
News, views and current affairs in
electronics.
AUDIO DESIGN 28
Continuing this very practical series,
John Linsley Hood takes a critical
look at the use of ICs in audio, and
then goes on to examine audio pro-
blems, starting with noise.
MACHINE CODE
PROGRAMMING 35
This new series is our attempt to per-
suade readers that it isn't as hard as it
looks to talk to a microprocessor in its
native language. Bob Bennett shows
how it' done.
CURVING ELECTRONS 44
The Hall effect is a rather useful
phenomenon which is the basis of a

fair number of electronic devices.
John Dance looks at how these can
be employed.

TECH TIPS 52
Circuit ideas from you to us and back
again.

DON'T SNEEZE 61
There are some places on this planet
where a sneeze can be very, very
costly indeed.

HOW PERMANENT IS
PERMANENT? 71
Permanent magnetism is used to
store some of the greatest pleasures
in life (such as music) as well as some
of the less pleasant realities (income
tax records). But is it reliable?

PROJECTS

TYPEWRITER INTERFACE 21
Daisy wheel printers are expensive -
daisy wheel typewriters (containing
rather more bits) are cheap. (It's call-
ed economics.) Here's how to use
the latter as the former.
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SUPPLY PROTECTOR 39
How many times has the flickering of
the lights indicated the corrupting of
your computer's memory? Here's a

solution to the problem, designed by
Phil Walker.
Z80 CONTROLLER COMPUTER 56
In the concluding part of this project,
we give details of the programmer's -
eye -view of this system, together with
details of some of the useful routeins
you'll find with it.
ZX80 TAPE MOD 63
No, it's not a misprint, we really are
telling owners of the '80 how to get
reliable SAVE-ing of their programs.
CAR ALARM 66
Not another car alarm? No this isn't
just another car alarm, but a rather
neat design with lots of optional ex-
tras - it could be used as a house
alarm as well.
 Due to lack of space, IC Update

and the Readers' Services Page
have been held over

IN FORMATIO

NEXT MONTH'S ETI 9 ETI BOOKS SERVICE 69
THIS YEAR'S BREADBOARD ETI PCB SERVICE 77
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SPECIALIST ELECTRONIC COMPONENT DISTRIBUTORS

325 EDGWARE ROAD, LONDON W2 1BN Tel: 01-723-4242 Tlx: 295441

CRIMSON ELEKTRIK JOIN THE PROFESSIONALS
No Modules
2580 CE 608 40W Mono
2581 CE1004 100W 4 Mono
2582 CE1008 100W 8 Mono
2583 CE1704 170W 4 Mono
2584 CE1708 170 W 8 Mono
2585 CE3004 300W 4 Mono

2585a FE 908 90W FET. Mono
2585b FE1704 170W FET Mono
2585c BD1 Bridge Unit for Modules
2608 CPR 1X Pre -Amp Module

Price
18.26
21.30
23.90
30.43
30.43
42.60

25.65
33.48

7.13
41.70

PLEASE NOTE ALL CRIMSON MODULES ARE GUARANTEED FOR 2 YEARS.

WE ALSO STOCK
ALL THE POWER

SUPPLIES TO DRIVE
THESE MODULES

PS. THESE KITS AND
MODULES ARE

EXCLUSIVE OF VAT

No
2615 Complete Pre -Amp Kit CK1010
2616 CoMplete 40W Stereo Amp Kit CK1040
2616a Complete 80W Stereo Amp Kit CK1080
2617 Complete 100W Stereo Amp Kit CK1100
2618 Add on Moving Coil Kit MC12K
2619 Pre -,Amp Power Supply Kit PSK
TS70 70° Thermal Switch
HS50 50mm Heatsink
HS100 100mm Heatsink
14.95 150mm Heatsink

Price
£80.00

£105.00
£116.00
£131.00

£21.74
£17.39

VELLEMAN KITS
No Description
K610 Mono UU using LEDS.
K1798 Stereo UU using LEDS
K1874 Running Light Kit
K2571 Light Computer with EPROM
K2569 Three Tone Chime
K2575 Microprocessor Doorbell 25 tunes
K2544 Complex Sound Generator
K2032 Digital Panel Meter
K2557 Digital Thermometer
K2545 50Hz Crystal Time Base
K615 High Precision Stopwatch

Description

Price
10.05
18.77
14.95
36.23

8.57
15.53
10.26
16.61
26.57
12.00
50.29
Price

WE STOCK A WIDE
RANGE OF BOXES
TO HOUSE THESE

KITS IN. FROM
VERY SMALL TO

VERY LARGE
19" MAXIMUM

PS. ALL KITS
INCLUDE VAT

Some are easy some are hard '

No
K2543
K2555
K2566
K2572
K2574
K2577
K2579
K2583
K1682
K2580
K2551

Transistor Ignition
Digital Freq Counter for Receivers
3 Channel Coloured Light Organ
Universal Stereo Pre -Amplifier
Universal 4 Digit U/D counter with memory
Electric Motor Speed Control
Universal Start/Stop Timer
Heating Controller
Microprocessor Universal Timer (no case)
Electronic Power Switch Dimmer
Central Alarm Unit

11.16
45.40
19.19

6.56
44.72
11.17

7.45
81.45
61.72
12.37
15.48

TELETEXT KIT
This unit will make your TV fully remote control (infra -red) and bring you closerto the amazing world of teletext. The kit can also be updated to incorporate full Prestel, and with a keyboard
this can give you full message facilities for ordering foods or sending and receiving messages (EG.) Booking your Holidays!

With a microcomputer as an alternative keyboard the world is even greater adding bulk updating to viewdata computers an receiving telesoftware for implementation to any
personal computer.

Even without the Prestel option, Telesoftware from the Teletext pages free!
The full features of Teletext, including subtitles are all included in the basic kit.

An attractive stylish case is available to complement the finished kit.

Basic Teletext Kit (no box) £130 + VAT P/P £2.50
with box £144.95 + VAT P/P £3.00
box by itself £14.95 + VAT P/P 75p

PRESTEL ADAPTOR

A Prestel microcomputer adaptorto give fu f autodialing to you r microcomputer.
All the usual Prestel facilities are added via this unit, plus many more, and, can
operate to any viewdata computer.

You can shop from home, bank transmitt messages and receive software,
which means that the uses your micro can be put to are limitless.

The unit is not restricted to just the UK,for at least 28 countries use the Prestel
viewdata format, so you can also mail-order from anywhere. The Prestel unit is
suitableformost micro computers even the ZX-81,so at the push of a button, the
technology of tomorrow is in your home today.

COMPONENTS
Device Price
Z80A 3.20
280A PIO 3.20
Z80A CTC 3.20
6800 6.50
6810 3.00
6821 4.25
6502CPU 7.50
2114(200ns) 1.80
2708 3.00
2716 3.20
2732 7.50
2532 3.50
2764 (200ns) 11.00
ADC0818 (8 bit) 14.90

EDGE CONNECTORS
ZX81 E.C. 2.98
Spectrum E.G. 3.78
VIC 20 E.C. 3.78
50 Way E.G. 3.30
18 Way E.G. 2.80
64 Way E.C.Plug 2.50
64 Way E.G. Socket 4.80
31 Way E. C. Plug 2.00
31 Way E. C. Socket 2.10

We stock a very wide range of
opto-devices, from Infra -Red to
LED's to Opto-Couplers.
Check us out for competitive
prices and helpful service.

We also stock 74 series 74LS, C mos, transistors, capacitors, resis-
tors, LED's, zeners, diodes, jack plugs, mains plugs XLR plugs, can-
non plugs, arrow switches BNC connectors, reducers, photolak,
developer, PC board, sensitive & normal, boxes, wire cutters, strip-
pers, Edge connectors, pots, batteries, digital pulsers, logic probes,
proto-boards, vero board.

This is just a small sample of what we stock, if you like to see more
send £1.00 to us for our NEW 1983 CATALOGUE.

ANTEX
Soldering Irons
XS25 25W 5.46+
CX 17W 5.30+
C "iron" 15W 5.20+
CCN "ceramic" 15W 5.00+
Wide range of bits and elements in
stock now.
Soldering iron stand 2.40
We stock multicore solder for normal
use or fine.

BOOKS

ORYX
Iso-tip Cordless Iron
Miniature low voltage
soldering station 13.95+
Oryx50 50W temp controlled 15.50
Oryx super 30 5.90+
All irons are 240V mains. Earth
Leakage current is less than 3 us.
The temperature controlled iron can
be controlled within ± 2% tempera-
ture range from 200°C to 400°C.

*New Books
Please Note. Books are VAT exempt but add £1.00 to cover P/P

The 9900 Family Data Book 10.00
The Opto-Electronics Data Book 4.00
The Bipolar Microcomputer Databook 4.50
The Interface Circuits Data Book 7.00
The TTL Data Book 8.50
MDS Memory Data Book 3.95
The Linear Control Circuits Data Book 4.00
The Voltage Regulator Data Book 4.50
The Power -semiconductor Data Book 9.00
.TTI Data Book Volume I 9.00
*TTI Data Book Volume II 8.00

_t 301 Circuits 5.30
Towers Transistor Equivalent 9.50
Towers Digital Selector

Itt".7. 9.95
Towers Linear 10 Selector 7.50

Why not try our mall order service, it's fast and efficient. We
take Barclay, Access, Am Exp, Diners or Cheque.
Cheques made payable to Bradley Marshall Ltd.

31-90+

1 11 D9 oc,



MULLARD SPEAKER KITS
Purposefully designed 40 watt R.M.S. and 30
watt R.M.S. 8 ohm speaker systems recently
developed by MULLARD'S specialist team in
Belgium. Kits comprise Mu!lard woofer 18" or
5') with foam surround and aluminium voice coil.
Mallard 3" high power domed tweeter. B.K.E.
built and tested crossover based on Mullard
circuit, combining low loss components, glass
fibre board and recessed loudspeaker terminals.
SUPERB SOUNDS AT LOW COST. Kits supplied
in polystyrene packs complete with instructions.
8' 40W system - recommended cabinet size 240
x 216 x 445mm
Price E14.90 each + 12.00 P & P.
5' 30W system - recommended cabinet size
160 x 175 x 295mm
Price E13.90 each + E1.50 P 8 P.

Designer approved flat pack cabinet kits,
including grill fabric. Can be finished with iron on
veneer or self adhesive vinyl etc.
8' system cabinet kit E8.00 each + E2.50 Pb P.
5' system cabinet kit £7.00 each + E2.00 P & P.

STEREO CASSETTE TAPE
DECK MODULE
Comprising of a top panel and tape mechanism coupled td
a record/play back printed board assembly. Supplied as
one complete unit for horizontal installation into cabinet or
console of own choice. These units are brand new, ready
built and tested.
Pastures: Three digit tape counter. Autostop. Six piano
type keys, record, rewind, fast forward, play, stop and
eject. Automatic record level control. Main inputs plus
secondary inputs for stereo microphones. Input
Sensitivity: 100mV to 2V. Input Impedance: 68K.
Output level: 400mV to both left and right hand
channels. Output Impedance: 10K. Signal to noise
ratio: 45dB. Wow and flutter: 0.1%. Power Supply
requirements: 18V DC at 300mA. Connections: The
left and right hand stereo inputs and outputs are via
individual screened leads, all terminated with phono plugs
1phono sockets provided). Dimensions: Top Anel 51in

111in. Clearance required under top panel 21in.
Supplied complete with circuit diagram and connecting
diagram. Attractive black and silver finish.
Price 12070 + E2.50 postage and packing.
Supplementary parts for 18V D.C. power supply
(transformer, bridge rectifier and smoothing capacitor)
E3.50.

1:14) 80 LOUDSPEAKER
The very best in quality

and value.
I Ported tuned cabinet in hard-

wearing black vynide with protec-
tive corners and carry handle. Built
and tested, employing 10in British
driver and Piezo tweeter. Spec: 80
watts RMS; 8 ohms; 45Hz-20KHz;
Size: 20in x 15in x 12in; Weight:
30 pounds.

Price: £49.00 each
£90 per pair

Carriage: £5 each £7 per pair

LOUDSPEAKERS POWER RANGE
THREE QUALITY POWER LOUD-
SPEAKERS (15", 12" and 8" See 'Photo).
Ideal for both and Disco applica-
tions. All units have attractive cast alu-
minium (ground finish)fixing escutcheons.
Specification and Prices.
15" 100 watt R.M.S. Impedance 8 ohms.
50 oz. magnet. 2" aluminium voice coil. Res.
Freq. 20 Hz. Freq. Resp. to 2.5KHz. Sens.
97dB. Price: £34.00 each + £3.00 P&P
12" 100 watt R.M.S. Impedance 8 ohms.
50 oz. magnet. 2" aluminium voice coil. Res.
Freq. 25Hz. Freq Resp. to 4 KHz. Sens.
95dB. Price: £24.50 each + £3.00 P&P
8" 50 watt R.M.S. Impedance 8 ohms. 20
oz. magnet. 1 aluminium voice coil. Res.
Freq. 40Hz. Freq. Resp to 6 KHz. Sens.
92dB. Black Cone. Price: £9.50 each. Also
available with black protective grille Price.
£9.99 each. P&P £1.50.

17' 85 watt R.M.S. McKENZIE C1285GP (LEAD GUITAR, KEYBOARD, DISCO) 7'
aluminium voice coil, aluminium centre dome, 8 ohm imp., Res. Freq. 45Hz., Freq.
Resp. to 6.5KHz., Sens, 98dB. Price: £23.00 + £3 carriage.
12' 86 watt R.M.S. McKENZIE cuesirc (P.A., DISCO) 2" aluminium voice coil. Twin
cone. 8 ohm. imp., Res. Freq. 45HZ., Freq. Resp. to 14KHz. Price £23 + £3 carriage.
15" 150 watt R.M.S. McKENZIE C15 (BASS GUITAR, PA.) 3" aluminium voice coil.
Die cast chassis. 8 ohm imp., Res. Freq. 40Hz., Freq. Resp. to 4KHz. Price: £47 + E4
carriage.

PIEZO ELECTRIC TWEETERS - MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coil) of a
Piezo tweeter produces an improved transient response with a lower
distortion level than ordinary dynamic tweeters. As a crossover is not
required these units can be added to existing speaker systems of up
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS
SUPPLIED WITH EACH TWEETER.

TYPE 'A' IKSN2036A13" round with protective
wire mesh, ideal for bookshelf and medium
sized Hi-fi speakers. Price £4.29 each.
TYPE 'B' IKSN1005AI 3'h" super horn. For
general purpose speakers, disco and P.A.
systems etc. Price £4.99 each.
TYPE 'C' (KSN6016Al2" x 5" wide dispersion
horn. For quality Hi-fi systems and quality
discos etc. Price £5.99 each.
TYPE (KSN1025Al2" x 6" wide dispersion

s horn. Upper frequency response retained
extending down to mid range (2KHz). Suitable

TYPE 'C' for high quality Hi-fi systems and quality
discos. Price £7.99 each.
TYPE 'E' (KSN1038A13%" horn tweeter with

TYPE 'D" attractive silver finish trim. Suitable for Hi-fi
monitor systems etc. Price £4.99 each.
TYPE 'F' (KSN1057A) Cased version of type
'E'. Free standing satellite tweeter. Perfect
add on tweeter for conventional loudspeaker
systems. Price 110.75 each
P&P 20p ea. for SAE for Piezo leaflets).

TYPE 'E' TYPE 'F"

flan 0-1111C

BK ELECTRONICS
Prompt Deliveries

VAT inclusive

prices

Audio Equipment

Test Equipment

by

Thandar

and

Leader

HOBBY KITS. Proven designs including glass
fibre printed circuit board and high quality
components complete with instructions.

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensi
Live microphone. Range 100/300 metres. 57 x 46 x 14mm (9 volt)
Price: £7.99p
DIGITAL THERMOMETER -9.9°C to +99.9°C. LED display. Com-
plete with sensor. 70 x 70 mm (9 volt) Price: B27.60p
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap con-
trolled. professional performance. Range up to 3 miles 35 x 84 x 12
mm (12 volt) Price: £12.49p
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHZ Range up to 500 metres. Double coded mod-
ulation. Receiver output operates relay with 2amp/240 volt
contacts. Ideal for many applications. Receiver 90 x 70 x 22 mm 9/
12 volt) Price: £16.49 Transmitter 80 x 50 x 15 mm (9/12 volt)
Price £10.29 P&P All Kits +50p. S.A.E. for complete list.

BSR P256 TURNTABLE
P256 turntable chassis  S shaped tone arm
 Belt driven  Aluminium platter 
Precision calibrated counter balance  Anti -
skate (bias device)  Damped cueing lever
 240 volt AC operation Itiz I  Cut-out
template supplied  Completely manual arm.
This deck has a completely manual arm and is
designed primarily for disco and studio use
where all the advantages of a manual arm are

required.
Price £31.35 each. f750 P&P

POWER AMPLIFIER
MODULE

A

3 watt FM
Transmitter

NEW OMP100 Mk.II POWER AMPLIFIER
MODULE Power Amplifier Module complete
with integral heat sink, toroidal transformer
power supply and glass fibre- p.c.b. assembly.
Incorporates drive circuit to power a compatible
LED  Vu meter. New improved specification
makes this amplifier ideal for P.A., Instrumental
and Hi-Fi applications.
SPECIFICATION
Output Power:- 110 watts R.M.S.
Loads:- Open and short circuit proof 4/16
ohms.
Frequency Response:- 15Hz - 30KHz -3dB.
T.H.D.:- 0.01%.
S.N. R. (Unweighted):- -118dB ±3.5dB.

New model. Sensitivity for Max Output:- 500mV Q 10K.
Size:- 360 x 115 x 72 mm Price:- £31.99 +Improved specification £2.00 P&P. Vu Meter Price:- £7.00 + 50p P&P.

0.E.M:s CONTACT BARRY PEARNE Tel, 0702 52752

HOME PROTECTION SYSTEM
Better to be 'Alarmed' then terrified.
Mender's famous 'Minder' Burglar Alarm System.
Superior microwave principle. Supplied as three units,
complete with interconnection cable. FULLY
GUARANTEED.
Control Unit - Houses microwave radar unit, range
up to 15 metres adjustable by sensitivity control, -
Three position, key operated facia switch - off - test ifq",
- armed. 30 second exit and entry delay.
Indoor alarm - Electronic swept freq. siren..
104dB output.
Outdoor Alarm - Electronic swept freq. siren. 98dB 
output. Housed in a tamper -proof heavy duty metal
case.
Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection
during mains failure. Power requirement 200/260 Volt
AC 50/60Hz. Expandable with door sensors, panic
buttons etc. Complete with instructions.
SAVE £128 Usual price £228.85
BKE's PRICE C 9 9.p&p £4

S.A.E for colour brochure.

B.K. ELECTRONICS

Or
SECURITY

MIXERS °Ise°
OMP PRO MIX MONO

OMP PROMIX MONO DISCO MIXER
(As illustrated).A Inputst-2 tag.\ Disc. 1 Aux. plus Mic.with override.

Active bass and treble tone caves.
Individual level controls plus

,master volume. Monitor output(head-
phone) for all inputs.
Outputt775mV Supply 24OVac.
Sizear x 5f" x 2k".
Price: £49.99 + £.2 . 00 PAP
®STEREO DISCO MIXER with

7 band graphic. Vu display. All
facilities. £99.99 + £2.00P&P

UNIT 5. COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR 0
11111

.111. VIS A

* SAE for current lists. * Official orders welcome. * All prices include VAT. * Sales Counter. *
* All items packed where applicable in special energy absorbing PU foam. * Please phone 0702 527572 *
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TRANSISTORS

WATFORD ELECTRONICS
33.34 CARDIFF ROAD, WATFORD. HERTS. ENGLAND

MAIL ORDER. CALLERS WELCOME.
Tel Watford (0923) 40588 Telex 8956095

ALL DEVICES FULLY GUARANTEED. SEND CHEQUE, P.O.s, CASH, BANK DRAFT WITH
ORDERS, ACCESS/MASTER CHARGE ACCEPTED. GOVERNMENT & EDUCATIONAL
ESTABLISHMENTS OFFICIAL ORDERS WELCOME P&P ADD 60p TO ALL CASH
ORDERS. OVERSEAS ORDERS POSTAGE AT COST.

VATExport orders no VAT. Applicablate U.K. Customers only. Unless slated °that:Ise,
all prices Sr. axe lusive of VAT. Phone add 15% to Ma total coat Including PAP.

We stock thousands more Items. it pays to visit us. We am situated behind Watford Football Ground.
Nearest Underground/SR Station: Watford Nigh Street.
Open Monday to Saturday: 9.00am to 6.00pm. Ample Free Car parking space available.
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1.1405 280 0322003 12 7445 74197 40 5074' 306 18704 43 18645 120
70141181. MA2004 400 7.0 16 74108 90 3412 000 16165 741 12240 162
wIses 223 104.1006 320 7451 16 741. 84 9470 225 13166 62 19009 100
amuse 20 1042020 330 7453 18 74211 64 8471 620 LSI. 15470 150
12017094 90 298 70. 16 74246 120 5472 1160 L6189 00 LS873 50
140320.2 OD

10

2160791 420 7400 16 74247 120 5474 400 10570 00 15474 00

6 ETI October 1983



SWITCHES
/0061LE 23.2501/
GMT Sip
6POP 440

1.16141.001.2.
SST 112011 41P
3007 Omer 609
3207 0946. 663
301:0' Ward W.
mays 100p
DPD711 750
°PDT owato off 606
DPOT 91091 0010

1460
SPOT 2 peak.
Won. 1111.

31.0 2111119 2080

SUSS 2505:
VDT 12 140

SPOT IA 3/911 159
MT `A 13p

.11511111.771001 BA

.10men Button
HOT 015195
11107.10.0
OCT moment

41137 moment

990
145p

111.

146p

112121 Non Loa..
VeR D Make 150

N A 12 beak 26p

DU. SWITCHES

1..) 4 way OWN 6 weiy 50,: a my sow 10 my 12110
(SKID 411. 111105

NO.. SWITCHES
160.16:15 Stop 1y04,

1 pole/2 to 12 way. 2 pole/2 e 5 waV. 3 pole/2 to 4 way.
4 pole/2 .3 way 460

MUM: Slams OP 2535 4 P on/off Sop

ROTA.: INalwaswechl
Make a mailliwayaMIch. 51.110,9 esseinPy has adiusfeeN Pop
Acoarnmodates up to 5.fersima2.6 pa0/11.0 4. DP sw1tc5l
Mechanism only 806

WAFERS: (make hNore bread) to It the above switch
mechanism. I pole/12 way pole/Sta.:3 pole/4 wayi 4 pole/3
way. 612 ay 650
Mains DP 44 Switch to fit telp
Spacers.). Screen Op.

ROCKER 5A/150V SPST
ROCKER' 10A/25041 SPOT
ROCKER 10A/150V DPDT c/off
ROCKER' 108/250V OPST with neon

THINIII1WHEEL Mini Pont mounting
Decade Switch Mock.
B.C.D. Switch Module

Mounting Cheeks lam pa.

229
389
95p
116p

220p
2780
73p

VEROIDOMID 0.1In VA Sped
DIP Board- Vero Strip

1,125 1000
3,234 100p
3,25 1150

3217 sap
17 495p

P.M 100 2Ms .0
5Pot face culler 1000
P. insertion.. 1250

lap
NNE
00o

3300

3200
571.

133011

5600 WIRING PEN
sp. 3400

SPA. spool 750
Combs

DALO 27.4
RESIST PEN

law spare lip 1000

10 war
way

20 way
. way
34 way
.way
50 way

60 way

foe tooniecroms
PCS Ph. F.. Pm.
WM IMO HaNkor
PIA Pint On Eq.
af.
soo my 050 1.9

130 1300 1106 -
1469 166p 1.P 100
1759 2064 1000 0406
2050 2457 1006 3200
2909 280 1110p 340
2260 2706 moo OW- - 2906 496p

FERRIC CHLORIDE
I 8bag Anhydrous
1550 +50p pad

ULTRASONIC
IRANSDOCER

40KHz 323 pr

COPPER CLAD BOARDS
Fibre .0210 Double SRBP

.speed
Dime srded

100p
1759

i250
225p

1100

EURO CONNECTORS
0.1 F actsleshed Female Socket Male
Cont S. 4.2e SIM

Pins Pins Fine
01.1.7
31.0 1700 -
DIN41612

2032A+13 2755 3209
D1N41612

2.32 A+C 2950 2409
DIN41612 3.32
40510C 3600 3551

Angle
File

- 1751

2200 2860

2400 3000

2609 2006

ETI
hhOJECTS
We stock

most of
the parts

.ply ended
Double ended

JUMPER LEADS (Ribbon Cable Assembly)

Length 14 pin 16 an 24 pit .pit
.male ended DIP (Header Plop Jumper

24 mches 145p 135, 2409 5805,
Double ended DIP pleader PI., Jumper

6 inches 1850 2060 2009 44.50
12 in.. 198p 2150 3160 4800
24 inches 2106 2366 345p 3.9
36 finches 29130 3700 41107 3439

100 Female Da* Socket Jumper Leachi
20 pm 25 pit 34 pin pn
1600 200 2600 3000
Ms 4000 525p

DILL SOCKETS

8 pit
14

16 pin

16 pin

20 pin
21 pit
24 pm
28 pin
40 6n

Low
Prof

Op

100
100
162
206

220
250

309

Wipe

wrap

25p
350
42p

60p
609
700

009
509

EDGE

CONNECTORS
156

15,wy - 1409
2 018 way 1809 1459
2 22 way 80p 1010P
2v 23 way 1730 -
2 a 25 y 2259 2200
2128 way 1906

30 way 2450 -
2 a36.0 .50

40 way 315P -
2 40 way 3150

75 way 6500 -

OIL PLUG (1101100

Solder IOC

14 pin 40p 900
16 pn 48p 110
. 2,7 000 1700
28 010 1409 -

0 0,0 2306 2566

24 ptn
26 pit
40 tan

no OIL
POCKETS

5750
750p
8750

RIBBON CABLE

10.0
16 way

20 way
211.y
30 way
40 way

50 way
64 way

ge per loot
Dray Color
155 P.
260 400
309 500
406 1160

40 2150

700 SOP

1000 195p
1200 1609

ANTEX SOLDERING IRON
0150 4959 CS17W 4959
000. 6206 XS15W 525p
Spore tips. assorted sass WI
50 elements 2259

Stand with SO.. 175

Sit
SOCKET
Or PAK

20 way
65p

TRANSFORMERS

9-0415: 0.0-911 120128:15-0-15V ke 100n. 500
:0 mound. Miniature. Sp. Bobbin
644 .6.0.254) 2.1/4164; 20122-0.124: 221520.14 2009
044 24600.53) 260034) 221259.255:20150424 2559
4501461501 95000 M.
prF 2150.53) 265-044; 22125-0.33. 2.55-0.254 2506
IVA: 2.3V-1.34. 205,1A 2a9V064)20120053: 2215,0.4A
IOM -032 320p (350.9

2405-158 2412-1.24; 25120,44: 20150034:
40.0. 36591600 API
S SA 2361.14 2.8-2.54) 20128-24: 22155-133; 2.200-124:
20501& 2730119.84 52001802 050
WINN fifi0uo0 for kluKirail computer PSI.
IMF Oulputs +5V/5/1-. +12V. +250. -50. 21
I to 52061800 API
W8& 2412,44.2,05,382.04-2.5k 2450-24; 25305-13k

' 405114 920017501

GPO.. to be added over and above our normal poN0 charge

MOS

4000
4001

4002
4006
4007

4006
4009
4010
.11
.12
4013
.14
.15
4016
.17
4018
.19
4020
4021

4022
.23
4020
.25
.26
.27
.28
.29
4030

031

4032
4033
4034
4035
4039

4037

4038
4039
4040
4041

4020
4043
4044
4045
4.6
4047
40411

4049
.50
4051

4052
4053
4054
.55
4056
4067
4059
4060
4061

.62
4063
.66
4087
4088
.69
4070
.71
4072
.73

10
12

50

32
24
24
12

20

40

90

32

46

26

42

40
13
32
15

50

15

23
80

125
1.
43

275
113
110
200

40
40

106

40

60

25

so
so
50
50
08

11115

436
40

196

es
24

246
14
16

15
15
15
18

4075
4076
4077
4078
.81

0085

0086
4089
093

4098

4094
4095

4097
4090

.99
160

4161

4162

4163
4170
4175
41.
.08
4409

.10

.11
4412
.15
4419
4422
4435
.40
4150
4451

4490
4500
4501

4502

4503
45.
4505
4506
.07
.06
510

4511

.12
4513
4514
.15

516
.17
4516

519
4520
4521

4522
4526
4527
4528

4529
4530
4531

4532
45.
.36
4538

4532

15

60

15
15
13

60

125

90
70
95
70

273
75

110

08

105
105
790
790
723
675
775
480
280

1150

770

1100

360
350
360
875
28

75
185

130
48
45

108
115
116
55

273

90
125

50
90

130
50

400
273

90

4641

4543
4544
.46
4549
4553

4555
4556
4557
4556
4556
4560
4561

4562

4580
4569
4572
4550
.81
.82
4583
45.
4585
4597
45.
40085
40097
40098
40100

0101

40102
40103
.104
.105
.106
40107

401.
.109
40110
40114
.161
.163
40174
.175
.181
.181
.192
40193
401.
40195
0.4

40.5
.1.57
.373
0374

45108

5V

15V

24V

VOLTAGE REGULATORS
IA 70220 aerie Casing

+ ve
7805 .0
7812 409
7815 402
7018 .p
7824 400

- ve
7905
7908
7912
7915
7918
7924

100mA 7092 Plasbc packpe
5V 78105 309 79105

70106 200 -
EIV 78108 300 -

12V 78112 306 79,2
/5V 78115 30 MI5

IC47660

2.125
0.13091,
1.3171(
1.3171.
1.3233
L633
1.720 Var

140
70

150

346
180
08

35
320
120
303
190
104
465
165
.0
175

460
25

40

70
980

29

90

216
130
1.
176

106
36
60

190
100
16B

240.
60

50

220
00
75
95
70
75

1.
196
194
160
160
See

()PTO

LS403C
OCP71

ORP12
OP,
265777
OP P
81,821
191,085

245
120
85

1::
270

45p
60p
45p
450
450

609

600
80p

2480 TA.50 300
375p 7001413 1500
1600 781105 + 5V/5V 5500
135p 78.12 +19V/54 5800
20p B. + 5V to + 25V

4300 54 5000
4600 7000 +225V to 24V
1750 51 6650
380

OPTO
ELECTRONICS

LE. with clips
711.209

.11 ORR
7.212 Tel.
.220

2" Green. Yellow or

0.2"Sri colour
Red/Green
GreenNellow
0.2" Tit co/our
Red/Green/Yellow
Hi Brightneu R.'
FM.ing red
0,2" red

Square LEDs. Red.
Green Yellow
Rectangle ...able
LEDs

Red. Green or Yellow
Triangular LEDs
Red

Green or yellow
LD271 In. R.
TF14205 Detector
11_32 In. R.

7078 Detector
7038
700
BAR1GRAPH. Red 10

segments

ISOLATORS

.070
6074
nun/2/4
ILCT6 Oadington

1,133 Photo

Darling.

7 Segment DI...
711,12 .3"CA
700. " CC
TIL321 5" CA
T1L322 .5" CC

3" CC
D L707 " CA
.10357 Red
FRO500

" Green CA
6" Green CA

" Red CA

L"2 Green CA
CD 3, 004s

LCD 4 °Mita
LCD 6 DOM

10

14

12

78

58

55

30

15

18

22

40

110
38

45

225

35

185

135

136

105
105

115

90
90

120
115
150
215

50

150
96

530
026

PIN DIODE
SO4479002 010

.1.00t Receiver 810
Reflective OptiCal

Switch type 411139 170
SIM. Optical
Switch similar to RS
Comp, 156

SOLDERCON PINS
idpi for making SIL

or D. Sockets
100 pm 75p
500 put 3500

ALUM BOXES
3a 201' 450

100p
103p

40422 1060

9005.10.
1200
900

5 02502n" 1306
5,402' 1200
624,3" 160p
70503" 1509
80600" 210p
1004,3" 2405
10, x3" 2731
124513" 2609
12,103" app

'D' CONNECTORS

15 25 37
way way way way

Ns.
Solder lugs 800 1039 1209 2200
Angle pins 1509 210p 2509 .50
PCB pins 4200 190p 11159 2959

Solder lugs 1050 1800 2000 3250
Angle pins 165p 2150 290 4409
708 tons 1502 1809 2400 420p
COVERS 800 75p 75p WV
DC 25 way '0 Plug 3850: Socket 4500

25 vow `D' CONNECTOR (RS232)
Jump. Load Cs. 5449m0ly

16' long..02. end. Male
If. !Ong. Sin9le end. rep.

'long. Double 51ad. 31/N
36" long, Double Ended. i/P
36" Mng, Double Ended, M/F

4732
5109
9669
610

9059

 SPECIAL OFFER 

2704 1250n

27120  250n

1+
4250

221

COMPUTER CORNER

50+
375P
90+
218

EPSON FX80 PRINTER. 10" 160 cps, Tractor/Friction feed, Bi-
directional, logic seeking, 9 x 11 matrix, likes bit image, normal, Italic 8
Elite car. Super 8 Sucscript, proportional spacing, underlining, 2K
buffer £385 (E7 can)

 MX100 EPSON PrInter.136 Column, 15" carriage, plus all the features
of MX8OFT/3 Only £425 + carr.
SEIKOSHA GPIOOA. 10" Tractor Feed, 80 Colton. 30CPS, Normal
and Double Width Char. Dot Res Graphics £175 (£7 car)
SEIKOSHA GP250X. 10", 50 CPS, Normal and Double width and height
Char. RS232 and Centronix I ntrf. standard £230 (£7 car)
Printer Cable for our printers and BBC £12

 SOFTY II. An intelligent Eprom Programmer and Emulator.Accepts a24
pin 5V Eprom. Has Memory Map TV Display. RS232 and Centronics I /P
0/P. Copies, Emulates and programs. RS 232 and centronics routines
standard. PSU included £189
TEX EPROM ERASER. Erases up to 32 ICs in 15-30 minutes £33
TEX EPROM ERASER with a safety switch £35

 TEX EPROM ERASER plus our Solid State ELECTRONICTIMER £44
ELECTRIC TIMER. Solid state, 15-30 min. Connects directly to above
Erasers. Protects your expensive Chips from overcooking.Our timer pays
for itself in no time £15

 SPARE 'UV Lamp bulb £8
 POWER SUPPLY. Regulated with Overload protection. Variable Output,

5V to 15V at 4A Professionally finished £38
MULTIRAIL POWER SUPPLY KIT. Especially designed for Micros Tes-
ted output: +5V/5A; +12V; +25V; -12V of 1A £37
C12 COMPUTER GRADE CASSETTES in library cases 40p
8W' 8 9W' Fan Fold paper (1000 sheets) £7 + 150p caw

PANEL
METERS

F30
805411035nan
0-50m4
0-100m4
0-500.
0-1 ina
0-5m4
12-101.
0-50mA
0-10.14

°elk
0.25
0.255
0 50V AC

D 300V AC

-VW 49090505

RELAYS
.enclosed. PCB mount

SINGLE POLE Changeover
111,01 see co., 12V DC,60V5 to
9.511. t0A at 30V DC or 250V AC

DOUBLE POLE cbangeover.. 30V
DC or 250V AC
R4-100 3 Cott 6V DC 15.1 to 959I
R46-111 905 Coot 12V DC 0037 to 19951
RL6.114 7. Cott 24V OC Rat to 075I

'SOP

1900
1080
200p

AMPHENOL PLUGS
IEEE 24 Way
Centronics Parallel 36 Way solder
Centronics Parallel 36 Way IOC
cesson.sa as way tDC Pena.

350
530
405

520p

CRYSTALS
32.780Kflf 100
100101a 235

200KHe 265
45.H 370
13111. 273
1.008M 275

1.2861111 390
.80110 .6
1.Hz 395
1.13432.1 SOD

01411a a225
2.46769 2110

3.21814 150
3 57946 241

368646 300
4014110 150
4.03219110 290
4.801.a .0

19.01.1 200
4.43381914 100
50k1He 1110

5.18561. 300
5.242886 990
6 DIAN 1.
6144Plia 150
6.55366111f 225
7.01.1N2 50
7.160.0 250

73160144 250
200

0.0101. 30
80893336 396
8.867236 176

9.001414x 200
175

113.246.H. 200
10.7.42 30
12.0.142 175
12.5251.1 300
14.3181414 170
1601010 200
130kala 180
0.4328 150
19.668MHz 150
2006100 200

4.0.1z 170
24.8306110 226
26.69686 150
2764 170
97 1456 leo
38666740 175
49.080Hz 170
WOO..
116.010Fir

BUZZERS
mchature ...stele 6V. DV 6 12V
P1620 TRANSDUCERS P132720

700
55p

LOUDSPEAKERS
Miniature. 0350

Don 40 54 of 80 200

ASTEC UHF MODULATORS
StStandard 00-10 3253
WIPP. 51.1N. .00

* SEIKOSHA GP -700
The. Colour Printer that has
broken all price barriers.
A 7 colour graphic printer at
the price of a standard Dot
matrix printer. Its unique 4
hammer method enables text
&high res graphics to be drawn
in 7 basic colours or 30 shades.
7 x 8 matrix. Up to 106 char. per
line at 50 CPS. Variable line
spacing to 1/120". Tractor or
Friction feed. Centronix inter-
face standard.
Special Introductory Offer:
Only £399

NEC PC8023 PRINTER
Bi-directional, 80 col., 100CPS, Logic seeking,
Hi-res block graphics. Proportional spacing, 2K
Buffer, etc. Only: £320 (C7 car)

BROTHER 8300 DAISEY WHEEL
PRINTER/TYPEWRITER

Provides very high quality type in any six
interchangeable style typefaces. It is therefore
ideal for business use. Portable. Can also be
used as a stand alone typewriter. Centronics
interface standard. Friction feed; 11 CPS; 12"
max width; 5 different colour ribbons. Hard
Cover with carrying handle. Only: £399

MONITORS

MICROVITEC 1431. 14" Colour Monitor. RGB input
(as used in BBD prog) £248

 KAGA RGB 12" Standard Res. Colour £199

KAGA RGB 12" Medium Res, Colour £240

ZENITH 12" Green Monitor, Hi -Res £75

Carriage on all Monitors is £7 (Securicor)

FLOPPY DISC DRIVES TEAC
(BBC Compatible)

FD5OA - Uncased Single, 40 track, 51/4", S/S, 100K £130
CS5OA - Single Cased with PSU, 40 track, 51/4" S/S 100K £170

 CD50A - Twin Cased with PSU, 40 Track, 51/4" S/S 200K £340
CS50E - Single Cased with PSU, 80 Track, 51/4" S/S 200K £250

 CD5OE - Twin Cased with PSU, 80 track, 51/4" S/S 400K £475
CS5OF - Single Cased with PSU, 80 track, 51/4" D/S 400K £275
CDSOF - Twin Cased with PSU, 80 track, 51/4" D/S 800K

53MITSUBISHI SLIM LINE: Uncased, Double track, Double Censity£0n5e
Megabytes. WA". Track Density 96TPI, Track to track access time
3mSec £220
Drive Cables for BBC. Single £8; Double £12

10 Verbatim or 3M Diskettes 51/4" S.S.S.D. (5 yrs warranty) £20
10 Verbatim or 3M Diskettes 51/4" D.S.D.D (5 yrs warranty) £30
10 Verbatim or 3M Diskettes 8" S.SD.D. (5 yrs warranty) £28

NB. Carriage is extra on all Disk Drives end Peripherals

CASSETTE RECORDERS
for M

Slimline, Portable, Cassette Player, special for
Micros with counter. AC/DC operation £24
Computer Grade Cassettes C12 40p

BBC & MICROS PERIPHERALS

We specialise in BBC Micro Hardware,
Software & Firmware like disc Drives, Dis-
kettes, Printers, Interfaces, Dust Covers,
Plinth, Listing Paper, Monitors, Graphic
Tablet (Plotter), EPROM Programmer,
Various Connectors, Leads, Light Pen Kit,
Joysticks, 13 ROM Socket Board, EPROMS,
Speech Synthesiser, WORDWISE, 1 6K D FS
with 62 Files, FORTH on Tape & in ROM,
Numerous Books, A vast selection of
Games, Educational, Business & Utility
Software.

Send SAE for our Free descriptive list.
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Stepby-step
fully

illustrated
assembly

and fitting instructions

sr* included
together

ith circuit descriptions.

r Highest
qua

co

lip

mponents
ere

used throughout.

%1,04,1! AT.E10

AT -80

BRANDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM

fi 1 E

Electronic Car Security System
 Arms doors, boot, bonnet and has security loop to protect

fog/spot lamps. radio/tape, CB equipment
 Programmable personal code entry system
 Armed and disarmed from outside vehicle using a special

magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen  Fits all 12V neg earth vehicles

 Over 250 components to assemble

SX 1000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg earth vehicles

,7.

> SPECIAL OFFER
"FREE' MAGIDICE KIT WITH
ALL ORDERS OVER £45.00

MN =I

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

Capacitive Discharge
 Contact breaker driven
 Three position changeover switch
 Over 130 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg. earth vehicles

VOYAGER Car Drive Computer
 A most sophisticated accessory  Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd  Affords 12 functions centred
on Fuel, Speed. Distance and Time.  Visual and Audible alarms
warning of Excess Speed, Frost/Ice, Lights -left -on  Facility to
operate LOG and TRIP functions independently or synchronously
 Large 10mm high 400ft-L fluorescent display with auto
intensity  Unique speed and fuel transducers giving a
programmed accuracy of + or -1%  Large LOG & TRIP
memories. 2,000 miles. 180 gallons 100 hours  Full Imperial
and Metric calibrations  Over 300 components to assemble
A real challenge for the electronics enthusiast'

TX1002
Electronic Ignition
 Contactless or contact triggered
 Extended coil energy storage circuit
 Inductive Discharge  Three position
changeover switch  Distributor
triggerhead adaptors included  Die cast
weatherprbof case  Clip -to -coil or remote
mounting facility  Fits majority of 4 Er 6 cyl.
12V neg. earth vehicles  Over 145
components to assemble.

TX2002
Electronic Ignition

 The ultimate system  Switchable
contactless  Three position switch with

Auxiliary back-up inductive circuit
 Reactive Discharge Combined capacitive

and inductive  Extended coil energy storage
circuit  Magnetic contactless distributor trigger -
head  Distributor triggerhead adaptors included

 Can also be triggered by existing contact breakers
 Die cast waterproof case with clip -to -coil fitting s Fits

majority of 4 and 6 cylinder 12v neg earth vehicles
 Over 150 components to assemble

AU SPARKRITE products and designs are fully covered by one or more World Patents

IIIN
SPARKRITE 82 Bath Street. Walsall. West Midlands WS 1 3DE England

SELF
ASSEMBLY KIT

SX 1000 £12.95
SX 2000
TX 1002
TX 2002
AT 80
VOYAGER

£19.95
£22.95
£32.95
£32.95
£64.95

MAGIDICE £9.95
PRICES INC VAT POSTAGE & PACKING

111.1.O.1 MO Nil MI

MAGIDICE
Electronic Dice

 Not an auto item but great fun
for the family

 Total random selection
 Triggered by waving of hand

over dice
 Bleeps and flashes during a 4 second

tumble sequence
 Throw displayed for 10 seconds
 Auto display of last throw 1 second in 5
 Muting and Off switch on base
 Hours of continuous use from PP7 battery
 Over 100 components to assemble

1M11 11 NM I= NM
Tel 109221 614791 Allow 28 days for delivery

NAME ET10,
ADDRESS

I ENCLOSE CHEQUEISI/POSTAL ORDERS FOR

KIT REF
CHEQUE NO

MEI - Mr NEI INN 111111 1=1 CUT OUT THE COUPON NOW!
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WERNATIONAll

Project
As the majority of our readers will be all too aware,

the dear old British summer doesn't last that long, and
it'll be all too soon before the evenings start to close in,
the clocks go back, and thoughts turn back to project
work. Well, the November issue of ETI will provide
plenty to keep you busy, because in our usual winter
effort to lure readers away from the competition (what
competition?) we shall be publishing ten projects in just
the one issue. No silly plastic give-aways from us, we'll
just simply deliver where it counts - the contents!

Projects will include a simple design for an active
loudspeaker, which, while perhaps not offering the

Special
ultimate in audio performance, will certainly be very
cost effective and relatively easy to build; a drum
synthesiser module so that you can build up a small kit
by using several all set to produce different noises; an
add-on unit that will help to make many home-made
alarms legal; an analogue amplifier/filter module for use
with computer ADCs and DACs; and much, much more
that we're still working feverishly on!

Add to this the fact that the next issue of ETI will
be over 100 pages in size, and it looks as though there's
only one possible choice of magazine for you to buy
next month.

Optical Fibres
We've heard all about the industrial and

communications use of optical fibres - now ETI takes a
look at the home use of them, with, as you would
expect from us, a practical guide showing how it's done.

ALL THIS AND MORE IN THE NOVEMBER ISSUE
ORDER NOW, OR RISK MISSING OUT!

Audio Design
John Linsley Hood continues his examination of

some of the problems in audio designing with a look at
distortion, and this is followed up by some practical
designs for moving magnet and moving coil magnet
pick-up amplifiers.

OF ETI, ON SALE OCTOBER 7TH. PLACE YOUR

Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.
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THE PREMIER SHOW FOR THE
ELECTRONICS ENTHUSIAST!

Cunard International Exhibition Centre, Cunard Hotel,
Hammersmith, London W6

Improved Venue
We have transferred BREADBOARD to the Cunard Hotel, offering improved facilities to the
visitor, including car parking and ease of access by rail, tube and car, all in a modern attractive
setting. See below for our arranged reduced hotel/rail fare package to attract enthusiasts from
all parts of the country.

Planned Features include
 Lectures: covering aspects of electronics and

computing.
 Electronics/Computing Advice Centre.
 Demonstration: electronic

organs/synthesisers.
 Holography presentation.
 Practical demonstration: 'How to produce

printed circuit boards'.
 Computer Corner -`Try before you buy'.

FRIDAY November 25th
10am - 6pm
SATURDAY November 26th
10am - 6pm
SUNDAY November 27th
10am -4pm

 Amateur Radio Action Centre.
 Computer controlled model railway

competition.
 Pick of the projects - Demonstration of the

best from ELECTRONICS TODAY
INTERNATIONAL, HOBBY ELECTRONICS
and ELECTRONICS DIGEST.

 Giant TV screen video games.
 Robotic display.

Why not make your visit to Breadboard '83 the
most enjoyable yet. At these *prices, why not
bring a partner, do your Christmas shopping,
have an evening on the town, see the lights,
and have a weekend in London!

*see next page



HOLIDAY WEEKEND PACKAGE
* Accommodation in a first class hotel with private bath, direct dial telephone, radio and

colour television.
* Return 2nd class rail travel from local British Rail station to London.
* Ticket to Breadboard '83.
* Breakfast at the hotel.
* Prices quoted are inclusive of service and VAT.

Please note this offer closes on 1st November 1983.

REGION

Beds, Berks, Bucks, Essex, Herts,
Kent, Surrey and Gtr London
Cambs, Hants, Northants, Oxon,
Suffolk, Sussex, Wilts
Avon, Derbyshire, Dorset, Glos,
Gwent, Herefordshire & Worcs,
I.O.W., Leics, Lincs, Norfolk,
Notts, Somerset, Staffs,
Warwickshire, West Midlands
Cheshire, Devon, Glams, Humber,
Lancs, Gtr Manchester,
Merseyside, Powys, Shropshire,
West & South Yorks
Cornwall, Cumbria, Dyfed, Glwyd,
Gwynedd, North Yorks
Borders, Cleveland, Durham,
Dumfries & Galloway
Northumberland, Tyne & Wear
Central, Lothian, Strathclyde
Fife, Tayside
Grampian, Highland

SINGLE TWIN

1 Night
£29.25

2 Nights
£54.25

£32.50 £57.50

£35.75 £59.75

£40.25 £64.25

£44.25 £69.25

£48.50 £73.50

£51.75
£55.00
£58.25

£76.75
£80.00
£83.25

1 Night 2 Nights
£47.75 £84.75

£57.25 £94.25

£59.75 £96.75

£67.50 £104.50

£75.00 £112.00

£83.25 £120.25

£89.50 £126.50
£95.00 £132.00
£101.50 £138.50

BOOKING FORM
Name.

Add ress:

Date
Nun
Roo

BR c

Reg

tel:

of arrival: 25th Nov E 26th Nov E
tuber of nights: 1 night E 2 nights E

m(s) required: single E twin E

departure station:
on: Signature

Cheques should be made payable to
ASP Ltd. and sent to ASP Exhibitions,
145 Charing Cross Road, London WC2H OEE

I enclose cheque value £
OR please debit my Access/B'card number:
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16 -Bit CMOS
Micro

arris Semiconductor has an -
I nounced its 80086 high per-
formance CMOS 16 -bit
microprocessor and a family of
peripheral devices. Intel Corpora-
tion, developer of the industry
standard HMOS 8086, will also
manufacture the new CMOS
devices.

The Harris 80086 is a com-
pletely compatible CMOS alter-
native for the Intel HMOS 8086.
This includes pin -for -pin replace-
ment, TTL level input/output
specifications, performance pari-
ty at a 5 MHz system frequency

and complete software com-
patibility. The Harris CMOS
80086 will operate with existing
assembly and high level language
programs.

The 80086 features a standby
power supply current of 500
microamperes maximum guar-
anteed over the full operating
temperature and voltage ranges.
The operating current of
10 mA/MHz maximum is
dramatically lower than the
HMOS 8086 which operates at
340 mA maximum at 5 MHz.
With CMOS, operating power is
reduced as the system's frequen-
cy is reduced. The static design of
the 80086 and all other members
of the family allows system design

F-1

at lower frequencies (down to
DC) to further reduce operating
power. For maximum power
reduction, the system clock can
be stopped with all power re-
quirements falling to the standby
level (500 kiA for the 80086,
10 µA for other family members).

The Harris 80086 is available
now with a 5 MHz operating fre-
quency. The 80086-2, an 8 MHz
system frequency compatible ver-
sion, will be introduced later.

The 80086 is packaged in the
industry standard 40 pin 0.6"
centre ceramic and plastic dual -
in -line (DIP) packages. Har-
ris/MHS Semiconductor, Harris
Systems Ltd, 153 Farnham Road,
Slough, Berks, tel 0753 34666.

Mr Kit Fix -It
There's a new service for all
our not -so -nimble fingered

readers, being offered by WEB
Logic Systems Ltd. They will, for a
fee (nothing in this life is com-
pletely free) build or repair your
kit for you.

WEB say that they will also
consider repairing any magazine
project provided that it's built on
a proper PCB, as published with

the magazine article. What they
suggest doing in either case is
ringing them and talking over
what's involved, and how much
it's likely to cost. Alternatively, if
you can't phone, they suggest
sending the project in with all the
information you have (instruction
booklet or full magazine article,
etc) and authorisation to debit
your credit card by up to so
much.

WEB say that they will have a

go at - and, more importantly,
they have the equipment for -
pretty well anything, because
they've been offering a similar
service to industrial clients for a
while now. They expect to be able
to turn most jobs around within
five days of receipt of the gear.

Further information can be
had from WEB Logic Systems Ltd,
Gainsborough House, 15 High
Street, Harpenden, Herts AL5
2RT, tel 05827 62119.

Breadboard
'83

Breadboard '83 will be held on
the 25th, 26th, and 27th

November at the Cunard Interna-
tional Hotel, Hammersmith. This
should make it a lot easier for
many people to get to since Ham-
mersmith has good rail and bus
connections and the hotel is

within a few hundred yards of
two NCP car parks.

Breadboard has always had a
friendly atmosphere regardless
of where it has been held, and
moving to the carpeted splendour
of the Cunard Hotel should not
only preserve this atmosphere but
also ensure less wear on the feet!

The dates for the exhibition
have been moved nearer to
Christmas in response to popular
demand . . this way, the ex-
hibitors are happy because the
vistors are likely to spend more,
and the visitors are better placed
to drop hints to their loved ones
about what they would like in
their Christmas stockings instead
of socks, after -shave, or cheap
perfume!

At last year's exhibition the
lectures proved a popular
feature, so much so that at times
the lecture room threatened to
burst at the seams! This year we
will again have a broad range of
topics, so check well in advance
and make sure you're there early
to ensure a place.

Model railway enthusiasts will
be interested in our computer
controlled layout competition.
The rules are very simple, amoun-
ting to little more than a restric-
tion on the size of the layout.

Bearing in mind the crowds at
last year's Computer Corner, the
'advice'/'hands on' area will be
larger so as to be able to cope
with all those would-be pur-
chasers of computers.

For the benefit of those who
live a long way from Ham-
mersmith, we have arranged a
special package deal that will in-
clude rail travel, first class hotel,
breakfast, ticket to Breadboard,
and various optional extras
(tickets to shows, discount
vouchers, etc). You can go to the
exhibition while your boy/girl
friend, husband/wife or whatever
does the Christmas shopping and
then meet up afterwards.

Breadboard will continue as
an exhibition for the enthusiast
(or would-be enthusiast!) in the
world of electronics. There will be
no three ring circuses, fashion
shows or the like, just com-
ponents, magazines, books,
equipment, projects, and all the
assorted peripherals in which you
the reader (enthusiast?) are in-
terested.

ETI OCTOBER 1983 13



HOME UGHTING KITS
These kits contain all necessary components and full
instructions & are designed to replace a standard well
twitch and control up to 300w. of lighting.
TDR3OOK Remote Control £14.30

Dimmer
MK6 Transmitter for above £ 4.20

TD300K Touchdimmer £ 7.00

TS300K

TDE/K

LD300K

Touchswitch £7.00
Extension kit for 2 -way
switching for TD3OOK £ 2.50

Rotary Controlled £3.50Dimmer

ELECTRONIC LOCK KIT XK101
This KIT contains a purpose designed lock IC,
10 -way keyboard, PCBs and all components
to construct a Digital Lock, requiring a 4 -key
sequence to open and priividing over 5000
different combinations. The open sequence
may be easily changed by means of a pre -
wired plug. Size: 7 x 6 x 3 cms. Supply: 5V to
15 V d.c. at 40uA. Ouput: 750mA max.
Hundreds of uses for doors and garages, car
anti -theft device, electronic equipment, etc.
Will drive most relays direct. Full instructions

supplied. ONLY £10.50
Electric lock mechanism for use with latch
locks and above kit £13.50

"OPEN -SESAME"
The XK103 is a general purpose infra -red transmitter
receiver With one momentary (normally open) relay
contact and two latched transistor outputs.
Designed primarily for controlling motorised garage
doors and two auxilliary outputs for drive garage
lights at a range of up to 40 ft. The unit also has
numerous applications in the home for switching
lights, TV, closing curtains, etc. Ideal for aged or
disabled persons.
The Kit comprises a mains powered receiver, a four
button transmitter. complete with pre -drilled box.
requiring a 9V battery and one opto-isolated solid
state switch kit for inter -facing the receiver to mains
appliances. As with all our kits, full instructions are
supplied.

ONLY £23.75

XK113 MW RADIO KIT
Based on ZN414 IC, kit includes PCB, wound
aerial and crystal earpiece and all components
to make a sensitive miniature radio. Size: 5.5 x
2.7 x 2cms. Requires PP3 9V battery. IDEAL

FOR BEGINNERS. £5.00

3 -NOTE DOOR CHIME 42
Based on the SAB0600 IC the kit is supplied
with all components, including loudspeaker,
printed circuit board, a pre -drilled box 195 x
71 x 35mml and full instructions. Requires
only a PP3 9V battery and push -switch to
complete. AN IDEAL PROJECT FOR BEGIN-
NERS. Order as. XK 102. £5.00

FA'
41.)
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ALL AT VERY COMPETITIVE PRICES.
ORDERING IS EVEN EASIER JUST RING THE NUMBER YOU CAN "T

FORGET FOR PRICES YOU CAN'T RESIST

MINI KITS
MK1 ELECTRONIC THERMOSTAT
Uses LM3911 IC to sense temperature
11)1PC max) and etas to switch heater
11 KW). Mains powered. E4.00
MK2 SOLID STATE RELAY
Switches 240V ac motors, lights,
heaters from logic/computer circuits.
Zero voltage switching, opto-isolated.
Supplied without triac E2.50
MK4 PROPORTIONAL
TEMPERATURE CONTROLLER
Uses "burst fire" technique to main-
tain temperature to within 0.5°C. Ideal
for photography, incubators. wine
making, etc. Max. load 3KW (240V
act. Temp. range up to 90°C. E5.55
MK5 MAINS TIMER
Mains powered timer enabling a load
up to tKW at 240V ac to be switched
on for off) for a variable time from 20
mins. to 35 hrs. Longer or shorter
periods possible with minor
component changes. E5.00
MK15 DUAL LATCHED SOLID
STATE RELAY

 Comprises two MK2s with latch circuit
enabling the MK12 kit to control two
mains loads independently. Two
output Macs pot supplied. (See
remote control kits.) E4.50

NEW MK19 DC CONTROLLED
AUDIO AMPLIFIER

May be used with virtually any stereo
audio amplifier to control bass,
volume. treble and balance remotely
either using a wire link or the MK11
infra red receiver. A I of 10 decoder
with LEDS is also included for remote
input selection/display. (See remote

control kits) E10.70

5-6-7 8-9-10 ort
At 1,-,\Nrr

VV( 6A ) :

COMPONENTS
a wide range in stock including:

I R

555 .17
556 .40
741 .15
748 .35
AD590 3.30
Al -3-1270

7.20
CA3080 .72
CA3130 .75
CA3140 .43
1C17106

7.00
1CL7107

9.00
1CL7126

6.00
1C18038

3.10
CMOS555

.79
1E351 .44
LF 353 .80
LF356 .90
LM324 .35
LM3342 .90
LM335Z

1.20
LM339 .50
151348 .133
04358 .45
1M377 1.45
LM380 .80
LM381 1.15
LM382 1.00
151386 75
LM1458 35
1M11330

1.50
1M2017

1 60
1M3900 48
1M3909 .60

LM3911
1.20

LM3914
2.10

LM3915
2.20

LM13600
1.10

LS7220
2.75

LS7225
2.60

MF1OC 3.30
ML922 4 10
ML924 1.95
M1925 2.10
M1926 1.40
ML927 1.40
ML928 1.40
ML929 1.40
MM74C911

6.50
515474C915

96
MM74C922

2A0
MM74C926

4.50
NE566 1.40
NE567 .97
55666 2.15
55760 2.15
SA90600

2.50
51440 1.75
51441 1.35
5L490 1.70
51490 2.40
TBA800

.68
TBASIOAS

1.00
TM51121

8.50
TMS1601

10.00

T041024
130

TDA2020
2 85

T0.44290
1.98

T1061 40
1L062 60
11.064 98
TL071 30
1L072 .50
11074 95
TL081 25
T1082 .45
T1004 95
TL170 50
TL507C

1.80
UA2240

1 20
0102003

0152004
.85

20414 A8
20425 3.40
25427 5.70
20428 4.10
2141034E

140

400V

P'f'6'/ .42
4A .49
13A .58

12A .85
I6A .95
25A 1.90
0400611

.85
MOC3020

1.10
Disc .18

LAI RS
78105.12,

15 .26
79105. 12

15 60
7805.12

15 35
7905 AO
LM317T

1 80
LM331315

LM72341g

EMI
4000 .11
4001 .11
4002 .11
4007 .12
4011 .11
4012 .12
4013 .20
4015 .39
4016 .20
4017 .29
4019 .24
4023 .15
4025 .15
4026 .72
4027 .20
4028 .36
4040 .39
4043 38
4046 46
4049 .21
4050 .21
4060 .42
4089 .13
4070 13
4071 .13
4077 18
4081 .12
4093 .20

4501
4511
4514

.24
55

1.15

2114 AO
6810 1.25
2716 2.00
2732 4.80

280A cote
265

280A tic
2.60

280A pio
2.50

80351 ASO

Red 9p
Green or
Yellow 12p

FrommFlashing

Red 49p.
Red 52p
Tricolour
Smrn Round

50p
Rectangular

S5p

3" cc Red

5" c
75p

c ca
Red 85p

(---1-CE--11 COMPUTER
SHOWROOM

iterJuP
ACE

SPECTRUM

ALL PRICES EXCLUDE VAT

MICROPROCESSOR CONTROLLED
MULTI -PURPOSE TIMER

Now you can run your central heating, lighting, hi-fi system and lots
more with just one programmable timer. At your selection it is
designed to control four mains outputs independently, switching on
and off at pre-set times over a 7 day cycle, e.g. to control your central
heating (including different switching times for weekends), just
connect it to your system programme and set it and forget it -the
clock will do the rest.

FEATURES INCLUDE:-

* 7mm LED 12 hour display
* Day of week, am 'pm and output status Indicators
* 4 open collector outputs for driving relays, Macs. etc
* 50,60Hz mains operation
* Battery backup saves stored programmes and continues .10 keeping

during power failures )Battery not supplied'
* Display blanking during power failure to conserve battery power
* 18 programme time sets
* Powerful 'Everyday" function enabling output to switch corny day but

use only one time set
* Useful 'sleep' function turns 011 output Lorne hour
* Direct switch control enabling output to he turned on immediately or

after a specified time interval
* 20 function keypad for programme entry
* Programme venbcation at the touch of a button
* Plastic box with attractive screen printed front panel 1 5 10 5.5cm

    
Now only £39.00

)Kit includes all components, PCB,
box, assembly and programming
instructions)
Order as CT6000

Xtt 114 OPTIONAL RELAY KIT
Kit includes one relay. PCB to accommodate
up to loin relays, terminal blocks, etc..
to fit inside CT6000 box. Provides up to
lour 3amp 240V AC changeover contacts

£3.90
Additional relays (1.65 each

00MODEL I3

JOy stir k,
wide range of books
50)1,/,,d14? for ahnve

cm11111PrS rludlr:glSF
SEND S A E FOR LIST TODAY'

COMPONENT PACKS
PACK 1650 Resistors' 47 ohm to 10 Mohm -

10 per value E4.00
PACK 240 X 16V Electrolytic Capacitors

10oF to 10000F - 5 per value £3.25
PACK 360 Polyester Capacitors 0.01 to

1 0F/2 50V - 5 per value E5.55
PACK 445 Sub -miniature Presets 100 ohm to

1 Mohm - 5 per value E2.90
PACK 5 30 Low Profile IC Sockets 8, 14 and 16

- pin - 10 of each E2.40
PACK 6 25 Red LEDs ( 5min dia.) E1.25

24 HOUR CLOCK/
APPLIANCE TIMER KIT

Switches any appliance up to 1kW on and off at
preset times once per day. Kit contains:
AY -5-1230 IC, 0.5" LED display, mains supply,
display drivers. switches, LEDs. tribes. PCBs
and full instructions.
CT1000KBasicKit E14.90
CT1000K with white box
(56,131x 71mml...E17.40
(Ready Built) £22.50

FAIT SERVICE -TIP QUALITY. LOW LOW PRICES

TEECTRON
11 11.13 Boston Roac!CS
London W7 3SJ

No circuit is complete without a call to -

ETI

ACCESS
and

BARCLAYCARD
welcome

DISCO LIGHTING KITS
DL 1000K
This value for money kit fea-
tures a bi-directional se-
quence, speed of sequence
and frequency of direction
change. being variable by means of poten-
tiometers and incorporates a master
dimming control. £14.60
0121000K
A lower cost version of the above, featuring
undirectional channel sequence with speed
variable by means of a pre-set pot. Outputs
switched only at mains zero crossing points
to reduce radio interference to a minimum.

£8.00
Optional opto input DLA1
Allowing audio ("beat") - light
response.
DL3000K
This 3 channel sound to light kit features
zero voltage switching, automatic level
control and built in 'lac. No connections 'to
speaker or amp required, No knobs to adjust
- simply connect to mains supply and
lamps. IlKw channelioniy" £11.95

LCD 31/2 DIGIT MULTIMETER
vI8 ran

d
ges including DC voltage (200 mv-1000

en AC voltage, DC current (200 enA-10
and resistance (0-2 M) + NPN & PAP transistor
gain and diode check. Input impedance 10M.
Size 156x81141 mm. Requires PP3 9v battery.

Test leads included If

HOME CONTROL CENTRE
This kit enables you to control up to 18 differen1
appliances anywhere in the house from tIM
comfort of your armchair. The transmitter
injects coded pulses into the mains which are -
decoded by receiver modules connected to the
same mains supply and used to switch on the
appliance addressed. The transmitter also
includes a COMPUTER interface so you can pro-.
gramme your favourite micro leg. ZW11 to
switch lights, heating, electric blanket, melte
your morning coffee, etc.. automatically
without rewiring your house. JUST THINK OF
THE POSSIBILITIES. The kit includes all PCB!
and components for one transmitter and two
receivers, plus a pre -drilled box for the

transmitter.

Order as XK112. £42.00

Additional Receivers XK111E10.00

REMOTE CONTROL KITS
FORA DETAILED BOOKLET ON REMOTE CONTROL
- send 30p . 6" k 9" S.A.E.
MK6 SIMPLE INFRA RED TRANSMITTER
Supplied with hand-held plastic box. Requires 9V
(PP3) battery E4.20
MK7 INFRA RED RECEIVER
Mains powered with Mac output to switch up to

cc. Range 20 ft. orvoff or
momentary control. £9.00
(RC 500K - special price for MK &MK 7
MK9 4 -WAY KEYBOARD E12.601
For use with MK 16/MK 12 transmitter receiver
where only 4 channels are required E1.90
MK1016.WAY KEYBOARD V340
MK11 10 channel 3 walegue trip receiver
A mains powered LR receiver providing control
signals to 10 oroof f and 3 analogue circuits. May be
used for controlling the volume of an amplifier,
brightness of a lamp. etc. E12.00
MK12 16 -CHANNEL LR RECEIVER
A mains powered LR Receiver providing up to 15
outputs for switching. £11.115
MK18 based on the SL490. This kit includes all
components to make a coded transmitter. Requires a
PP3 battery and keyboard OAK 9. MK10 or MK131site
El 5 2 X 1.3crn Range approx. 60 ft. E11.20
MK13 11 way keyboard for use with MI(18 and MK11
kits E4.35

DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is based on
the ICL7126 hi lower power
version of the ICL7106 chip)
and a 31/2 digit liquid crystal
display. This kit will form the
basis of a digital multimeter
(only a few additional resistors and switches
are required -details supplied), or a senskive
digital thermometer 1-50°C to +160°C)
reading to 0,1°C. The basic kit has a
sensitivity of 200mV for a full scale reading,
automatic polarity indication and an ultra
low power requirement -giving a 2 year
typical battery life from a standard -9V PP3
when used 8 hours a day. 7 days a week.

Price £15.50

Add 65p postage & packing + 15% VAT t.
total Overseas Customers;

Add £2.50 (Europe), £6.00 (elsewhere) for
P&P

Send S.A.E. for further STOCK DETAILS.
Goods by return subject to availability.

970T.5174
(pMmo r( toat rri)

OPEN
CLOCK TOWER

UttneltDOE ROAD

CAR
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AL INC& NOR H
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Multi -Purpose
Scope

Brown Boveri claim to have
scored a world first with their

M2050 Digital Scope Multimeter.
Measuring a mere 257 x 169 x
88 mm this (almost) pocket sized
instrument combines a 31 digit,
32 range digital multimeter, a

digital oscilloscope featuring a

128 x 64 dot matrix flat screen
display, and a transient recorder
with two independent 512 x 8 bit
memories.

The M2050 will operate for up
to eight hours on its internal
NiCad batteries and when switch-
ed off will retain information
stored in the transient recorder
memory for up to three months.
One set of input range switching
serves both the multimeter and
the oscilloscope and the two out-
puts are displayed simultaneous-
ly. The multimeter features AC,
AC/DC, and DC operation, will
operate down to 15 Hz, and has a
true RMS option available on the
AC and AC/DC ranges. The
oscilloscope has comprehensive
triggering facilities, a choice of
eight timebases ranging from

100 uS/div to 6 minutes/div, and
a roll facility which allows slowly
changing inputs to be displayed
without irritating flicker. The
transient recorder has a max-
imum sampling rate of 500 kHz
and features a save facility which
prevents accidental overwriting
of stored data.

The manufacturers claim that
combining three instruments in
this way reduces costs by
eliminating unnecessary duplica-
tion of common circuitry and
speeds up measurement by
removing the need to connect up
several (often incompatible!) in-
struments. Aside from such ob-
vious advantages as saving space
in the lab and enabling the ser-
vice engineer to make more
sophisticated on -the -spot meas-
urements, suggested applications
include the measurement and
recording of such variables as
temperature and pressure in the
field.

The instrument is available as
described for £975, or with the
addition of a hard copy output
for £1150, from John Minister In-
struments, 137-139 Sandgate
Road, Folkestone, Kent CT20
2DE, tel 0303 41598.

Portable
Computer

mmediate Business Systems
I have introduced NOMAD, a
portable computer the size of a
book yet half the weight and
which offers the power of a

desktop computer.
Nomad provies up to 256K -

bytes of non-volatile bubble
memory and has been specifically
built for outdoor and harsh en-
vironment applications, so it is

totally waterproof and shock
resistant and can operate within
temperature ranges of - 30°C to
+ 70°C.

Using Microsoft M -BASIC 80
software, Nomad can be pro-
grammed directly on its full
alphanumeric keyboard, or can
be loaded with software
developed on any CP/M-based
microcomputer. Nomad has a
two-line 80 character display
panel, but can also be connected
via an inbuilt interface
(V24-V28/RS232) to drive a visual
display unit or printer.
Rechargeable batteries make the
Nomad totally portable for in the
field computing, and the use of a
Z80 microprocessor provides fast
processing and conservation of
power.

Nomad is ideally suited for all
applications where portable data
processing is required, including
such computer -unfriendly en-
vironments as oil exploration,
steelworks, coal mines, construc-
tion, military, etc. Immediate
Business Systems plc, 3 Claren-
don Drive, Wymbush, Milton
Keynes MK8 8DA, tel 0908
568192.

Computer
Drive
Amplifier

Following the launch of its first
computer -drive New Class A

amplifier, the SU-V303, Technics
have now introduced two further
models, the SU-V505 and the
SU-V707. Unfortunately, they
forgot to send us any bumf on the
SU-V707 so we can only tell you
about SU-V505!

The SU-V505 incorporates a
number of special features. The
Computer Drive New Class A
system is designed to eliminate
transient crossover distortion:
sensors feed information on
signal level and transistor
temperature to a microprocessor
which then calculates the op-
timum bias. To combat elec-
tromagnetically induced distor-
tion, all the high current circuitry
is placed in what Technics call a
concentrated power block, effec-
tively isolated from the rest of the
amplifier. Other features claimed
for the amplifier include the use
of linear feedback (no, we don't
know what it is either) as opposed
to mere negative feedback and a
computer controlled protection
system. Output is 2 x 60 W into
4 or 8 ohms, both channels
driven, with distortion at no more
than 0.004% (still rather worse
than our own NDFL amp . . ).

Available in either black or
silver finish, the SU-V505 sells for
£177.95 and is available through
Technics' nationwide dealer net-
work. National Panasonic (UK)
Ltd, 300-318 Bath Road, Slough,
Berkshire, tel Slough 34522.

Superbrush
The Superbrush is a compact
tool which will clean and

polish a variety of surfaces in-
cluding, but not limited to,
metallic materials. Applications
include PCB track cleaning,
switch and battery contact clean-
ing, rust removal, etc.

The brush length is controlled
by a knurled cap to give a clean-
ing action ranging from fine

emery cloth to coarse sandpaper.
Twist the cap to expose a long
brush length for a fine abrasive
action, retract the brush until the
bristles just protrude for a coarse
action.

Recommended retail price of
the Superbrush is £2.29 and in-
quiries are welcomed from stores
and distributors as well as end
users. Eraser International Ltd,
Portway Industrial Estate, An-
dover, Hants. SP10 3LU.

Desk -Top
Cases

Anew, lightweight case in -

tended primarily for desk -top
applications is now available
from West Hyde.

Attractively styled with
smooth contours, the Empress
case is manufactured from 2mm
aluminium and has a black and
natural anodised finish. It has a
sloping top surface at the front

which places switches, knobs and
meters at an ideal angle. The four
sizes available all have a common
profile, so that two or more can
be placed side by side on a
worktop to form attractive
'suites'.

The Empress case comes com-
plete with self-adhesive feet and
is available ex -stock from West
Hyde Developments Ltd., Unit 9
Park Street Industrial Estate,
Aylesbury, Bucks HP20 1ET, tel
0296 20441.
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COIVITECH ELECTRONICS
TRANSISTORS

BC 1078
BC 108C
BC 109C
BC 113/4
BC 115/6
BC 119
BC 139
BC 140
BC 141
BC 142
BC 143
BC 160
BC 161
BC 169C
BC 1718
BC 172C
BC 173C
BC 1778
BC 1 78C
BC 179
BC 182
BC 1826
BC 183B
BC 183C
BC 1848
BC 184C
BC 212
BC 2128
BC 2136
BC 213C
BC 2148
BC 214C
BC 237
BC 238
BC 239
BC 251
BC 300
BC 301
BC 302
BC 303
BC 304
BC 307
BC 308
BC 309
BC 327
BC 328
BC 337
BC 338
BC413C
BC414C
BC 415C
BC 416C
BC 477
BC 478
BC 4 79

12p
12p
13p
16p
17p
28p
32p
28p
29p
27p
27p
30p
32p
10p
9p
9p
9P

17p
17p
18*

Sp
9p
9p
9p
9p
9p
9p
9p
9p
9p
9p
9p
7p
9p
9p
9p

409
35p
35p
35p
359
10p
10p
10p
129
12p
12p
12p
10p
1011

lop
10p
25p
23p
24p

LINEAR

CA 3046 72p
CA 3065 190p
CA 3080 72p
CA 3086 56p
CA 3089 170p
CA 3090AQ

3009
CA 3130E 959
CA 3140E 44p
CA 3160E100p
CA 3161E140p
CA 3240AE

165p
CA 3240E 110p
CA 3260E 100p
CA 810QM

250p

LF 347
LF 351
LF 353
LF 355
LF 356
LF 357

1609
45p
80p
85p
88p

110p

LM 301A 26p
LM 307 54p
LM 311 60p
LM 318 120*
LM 324 409
LM 339 46p
LM 348 60p
LM 358 48p
LM 380 689
LM 380-8 809
LM 381 140p
LM 381 1213p
LM 384 125p
LM 386 689
LM 387 135p
LM 393 70p
LM 555 16*
LM 556 45p

BC 546
BC 5468
BC 5478
BC 5486
BC 548C
BC 549C
BC 550C
BC 556
BC 5568
BC 5578
BC 557C
BC 55813
BC 558C
BC 559C
BC 560C
BC 637
BC 638
BC 639
BC 640
BCY 70
BCY 71
BCY 72
BD 115
BD 131
BD 132
BD 133
BD 135
80 136
BD 137
BD 138
BD 139
BD 140
BD 203
BD 204
BD 205
BD 206
BD 239A
BD 239C
BD 240A
BD 240C
8D 241A
BD 241C
BD 2424
BD 242C
BD 2434
BD 243C
BD 244A
BD 244C
BF 180
BF 181
8F 182
BF 183
BF 184
BF 185
BF 194

10p
10p

9P
9p
99
9P

10p
10p
10p
9p
9p
9p
99
9p

10p
20p
20p
22p
22p
180
18p
17p
50P
45p
48p
70p
30p
30p
30p
35p
350
35p
70p
70p
70p
70p
409
50p
42p
50p
42p
54p
42p
54p
55p
68p
64p
78p
30p
30*
30p
309
30p
30p
12p

BF 195 .12p
BF 196 12p
BF 197 12p
BF 198 10p
BF 199 12p
BF 200 40p
BF 224 15p
BF 244C 22p
BF 245 25p
BF 256C 32p
BF 256LC 35p
BF 257 32p
BF 258 329
BF 259 35p
BF 336 36p
BF 337 39p
BE 338 40p
BF 457 32p
BF 458 32p
BF 459 37p
BF 494 12p
BF 595 16p
BF 596 209
BFX 29 28p
BEX 30 289
BFX 84 28p
BFX 85 28p
8FX 87 27p
BFX 88 23p
BEY 50 23p
BEY 51 22p
BEY 52 22p
BSY 95A 23p
BU 205 140p
BU 206 150p
BU 208 140p
MJ 2500 230p
MJ 2601 245p
NU 2966 909
MJ 3000 210p
MJ 3001 225p
MJE 340 48p
MJE 350 70p
MJE 370 80p
MJE 371 840
MJE 520 609
MJE 521 68p
MJE 2955 80p
MJE 3055 68p
MPSA 05 213p

MESA 06 209
MPSA 12 22p
MPSA 13 22p
MPSA 42 23p
MPSA 43 23p

CM 565 1009
LM 567 150p
LM 709 35p
LM 710 709
LM 711 60p
LM 733 75p
LM 741 14p
LM 747 50p
LM 748 350
LM 1458 36p
LM 3900 47p
MC 1455
MC 1458
MC 1496
MC 1748
MC 3302
MC 3401
MC 3403

16p
34p
70p
35p
72p
68p
65p

NE 529 220p
NE 531 1609
NE 532 56p
NE 544 2009
NE 550 1609
NE 555 169
NE 556 45p
NE 558 170p
NE 565 410p
NE 560 1509
NE 567 110p
NE 570 350p
NE 571 320p
NE 644 380p
NE 645 270p
RC 4558 48p
SAA1027 550P
SAA1056 4959
SAA5000 350p
SAA5010 5809
SAA5020 620p
SA A5030 E10
SAA5040 £18

SA A5041 £25
SAA5050 £10
SAA5052 £10
SL490 300p
SN76115 98p
SN76660 90P
TBA12OS 709
TBA5200200P
TBA550 2409
TBA5700200P
TBA625 100p
T8A800 7012
TBA810A59511
TBA810S 959
TBA820 75p
TBA82OM 78p
TBA920 195p
TBA950 210p
TCA270 120p
TCA800 250p
TCA940 180p
TDA1022550p
TDA1024 130p
TDA2002100p
TDA2003150p
TDA2004 2059
TDA 2005M

3959
TDA2006240p
TDA2020250p
TDA2030 220P
TDA2040450P
TDA2054M

130p

T L061 40p
TL062 809
T L064 120p

ULN2001 869
ULN2003 85p
U L52004 85p

MPSA 55
MPSA 56
MPSA 63
MPSA 64
MPSA 92
MPSA 93
TIP 29A
TIP 296
TIP 29C
TIP 30A
TIP 308
TIP 30C
TIP 31A
TIP 318
TIP 31C
TIP 32A
TIP 328
TIP 32C
TIP 33A
TIP 34A
TIP 41A
TIP 41C
TIP 42A
TIP 42C
TIP 110
TIP 115
TIP 120
TIP 121
TIP 122
TIP 126
TIP 127
TIP 2955
TIP 3055
T1S44
TIS 90
TIS 92
251613
251711
25 1893
252218
252218A
2N2219
252219A
252221A
252222
2N2222A
252368
2N2369A
25 2484
2N2646
252904
252904A
2N2905
252906A
2N 2907

20p
30p
22p
22p
24p
24p
30p
33p
33p
30p
339
36*
33p
35p
37p
33p
35p
37p
55p
609
46p
60p
46p
60p
45p
45p
70p
7009
70p
70p
709
709
70p
20p
24p
20p
30p
30P
309
24p
25p
24p
25p
209
18p
20p
23p
15p
24p
48p
22p
23p
23p
22p
23p

CAPACITORS

Electrolytic
radial/axial.

Value/ V price
0.47 25 5p
0.47 63 69
1µF 63' 611
2.2 16 5p
2.2 63'
4.7 25
4.7 63'
10µF 10
10µF 16
10µE 25' Bp
10µF 63" 7p
22µF 16 6P
22µF 25 6p
22µF 63' 9p
471AF 10 7p
47µE 25 8p
47µE 63 12p
100 10' 6p
100 16 8p
100 25 10p
100 63 10p
220 10' 8p
220 16 10p
220 25' 149
220 63 24p
470 10 14p
470 25' 20p
1000 10 180
1000 25* 28p
2200 10 32*
2200 25* 45p

13P
6p
5P
1311

axial' only
available these
values, radial
available on all
of above.

252907A 25p
2N3053 23p
2N3054 56p
253055 50p
25 3055H 75p
253440 589
2N3441 120p
2N3442 120p

25 3702
2N3703
253704
2N3705
2N3706
2N3707
2N3708
253771
253772
2N3773
253819
253823
2N3866
2N3903

253904
253905
2N3906
2N4030
254033
254037
25 4058
254059
2N4060
254061
2N4062
2N4400
2N4401
254402
254403
255400
2N 5401
255457
255458
25 5459
255460
25 5550
25 5551
2N6027
256028

10p
10p
10p
10p
10p
10p
10p

170p
170p
190p
20p
50p
95p
10p

10p
10p
10p
30p
30p
40p
10p
10p
10p
10p
10p
15p
15p
15p
15p
18p
20p
28p
27p
25p
38p
18p
20p
23p
23p

THYRISTORSl's'P 4000C 116D 70p
C 126D 900
C 126M 98p
MCR 101 30P
MCR 102 34p
T 28000 130p
T 280051 190p
254443 120p
254444 130p
255060 23p
2N5061 24p
2N5062 29p
255064 32p

-TRIACS -
C 206 55p
C 225D 60p
C 226D 70p
C 226M 90p
C 236 90p
C 236M 120p
C 246D 98p
C 246M 140p
BR 100 3

-1=1-
400 mW
2V7 -36V 6p
1.3 W
4V7-51 V 12p

I

BRIDGE
RECTIFIERS
W005
55 01
W 02
W 04
W 06
W 08
3A/50V
34/100V
3A/200V
3A/400V
6A/50V
6A/100V
6A/200V
64/400V 94p
25A/100V185p
25A/200V198p
25A/400V220p
LED's

18p
20p
22p
24p
28p
32p
40p
42p
44p
46p
75p
80p
88p

3mm red 7p
5mm red 7p
3mm green 10p
5mm green 10p
3mm yellow1Op
5mm yerlow10p
clips 3p
rectangular
Red 10p
Green 14p
Yellow 14p

ORDERING INFORMATION: Please add 40p P&P to all
orders under £6, then VAT to total order. Cheques or
postal orders made payable to Comtech Electronics.
Official orders welcome, trade please enquire. All items
held in stock despatched same day. LARGE SAE brings
full list. Data sheets 10p each.

COIVITECH

Tantalum bead.

Value/ V price
0.1 µF35 12p
0.22 35 12p
0.33 35 12p
0.47 35 12p
0.68 35 12p
1 pF 35 12p
2.2;1E35 16p
3.3 JIF 35 18p
4.7 pF 25 20p
6.8 81 25 20p
10µF 16 20p
15µF 16 28p
22µF 16 35p
33µF 16 60p
33 1.11 10 36p
47µl 10 60p
68 81 10 80p
60p1 6.3 60p
10006.3 70p
10003 38p
1508E6.3 90p

Ceramic Plate
63/100 V
1.80F to 457
5P.

Polystyrene 5%
63 V: 10 pF to
1 nF 9p each.
1n2 to 10 nE
12p each,

Polyester C352
series 250 V
0.01, 0.015,
0.022, 0.033,
0 047 6p.
0.068, 0.1 89
0.15,0.22 109
0.33, 047 12p
0.68 189.1 p
22p.

Disc Ceramic:
1054p

DIODES

AA 119
BAX 13
BAX 16
0A47
OA 90
0A91
OA 95
OA 200
0A 202
1544
16921
1N914
15916
1N4148
1N4149
1N4001
154002
1N4003
154004
154005
1N4006
154007
155401
1N5402
1N5403
155404
1N 5405
1N 5406
155407
1N5408
6A/100V
6A/200V
6A/400V

9p
5p
6p
9p
7p
7p
8p
7p
81,
6p
99
3p
4p
3p
4p
3p
4p
4p
5p
5P
6p
6p

11p
12p
13p
13p
14p
14p
15p
16p
25p
28p
309

HEATSINKS

T05 push on
6mm 18.0*C/W)
16p each.
12rnrn160)C/W)
28p each.
TO3 14'C/W
30p each.
T03 10'C/W
110p each.
TO126/220
1 8'C/W 25p.
All in matt
black finish.

CMOS

4001
4002
4006
4007
4008
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4035
4040
4041
4042
4043
4044
4046
4048
4049
4050
4051
4052
4053
4066
4068
4069
4070
4071
4072
4073
4074
4075
4077
4078
4081
4082
4093
4098
40161

V. Watt Carbon
film 5% E24
series 4.7 R -
2M2 1p each.
Yr Watt Carbon
film 5% 512
series 1R -10M
2p each.
% Watt Metal -
film 1% E 24
series 10R -1M
4p each.
250p per 100,
one value only.
280* per 100
mixed values.
2.5 Watt wire -
wound 0R22-
10 ohms 512
series 25p each.
Presets: mini-
ature horizon-
tal & vertical
8p each 10011.
500K.
Multiturn cer-
met trimmers
100R -500K
80p each.
Single turn
cermets. 3/8"
square, side
and top adjust-
ing 100R to
1M 25p each.
Poten-
tiometers:
Single gang
1K to 1M
32p each.
Single gang
with DPST
switch 68p
each.
Dual gang 80p

each.

CPU IC's VOl TAGE
14p 40162 52p 6800 395p RECCI 410tts
14p
14p
50p
169
509
14p
15p
24p
54p
46p
24p
42p
47p
30p
46p
42p
46p
14p
38p
14p
84p
29p
42p
48p
18p
56p
48p
48p
42p
44p
44p
55p
309
25p
25p
52p
52p
540

15p80

2

15p
15p
15p
15p
15p
15p
159
15p
15p
15p
15p
32p
780

205 STURDEE ROAD
LEICESTER

ELECTRONICS LE2 9FY
Telephone: (0533) 779578

52p

40163
4501
4502
4503
4504
4506
4508
4510
4511
4512
4513
4514
4516
4517
4518
4520
4522
4526
4528
4529
4530
4531
4532
4541
4544
4551
4553
4554
4555
4556
4557
4558
4559
4560
4566
4568
4569
4572
4573
4574
4575
4580
4584
4585
4599

52p
16p
55p
34p
989
70p

145p
50p
52p
48*
98p

110p
55p

180p
52p
55p
65p
64p
56p
72p
92p
70p
88p
70p

120p
88p

180p
148p
489
48p

1600
110p
3909
170p
120p
270p
1413p
42p

198p
198p
198p
280p

38p
74p

178p

IC SOCKETS
8 pm

14 pin
16 pin
18 pin
20 pM
22 pin
24 pin

6802 550p
6808 520p
6810 2509
6820 2509
6821 190p
6840 595p
6850 180*
6852 360p
6880 140.p
6885 130p
6889 140p
68000 POA
8126A 140p
8728
8T95
8T97
8T98
8080A
8085A
8156C
8212C
8216C
8224C
82280
8251 AC
8253AC
8257C
8259C
8288

120p
1409
140p
140p
4009
500p
600p
198p
140p
220p
4509
495p
800p
750p
900p
£16

TMS9980A£22
TMS99815£25
TMS9901N590p
TM:399025550p
Z80A 4M 580p
Z80A P10500p
Z80ADMAf16
21014A 350p
2114-4 120p
2147-70nS 600p
214745nS 700p
2716 400p
4164-150116E10
4016-200nS £7
5101LC 3409
5101 LC -1 385P

7p pin 16p
8p 40 pm 20p
9p SPECIAL OFFERS

11p 25x 22 pin 270p
14p 25 x 28 pin 340p
14p 10 x 40 pin 185p
16p 25 x 40 pin 440p

HARDWARE

Positive
100mA
78L05
78L12

30p
30p

78L15 30p
78L18 45p
78L24 45p
1 A TO220
7805 36p
7808 559
7812 36P
7815 36p
7818 36p
7824 40p
5 A T03
78H05 540p
Negative
100 mA
79L05 50p
79L12 50p
79L15 50p
1 A TO220
7905 45p
7906 659
7908 659
7912 55p
7915 55p
7924 65p
-Variable-
LM 309K 120p
LM 317K 250p
LM 317T 98p
LM 3371 180p
LM 350T 3959
LM 723CN 35p
781105 5400

OPTO

TIL 32 55p
TIL 38 409
TIL 78 50p
TIL 100 1009
TIL111 85p
2N5777 509
4525 809
4N28 70p
4N33 128p
4535 150p
4537 100p
BP X 38 390p
BPX 43 340p
TIL 221 209
(high output
clear red)

each
4x703 mounting kits 20p 64 mm Loudspeakers 8R 70p
4xT066 mounting kits 20p 648 78p each . 300mVV rating.
5 xT0126 bushes/washers 14p PP3 battery snaps 6p each.
10xT0220 bushes/washers 22p 4xH P 7 battery holder 22p
5 x TO3P bushes/washers 14p 6xHP7 battery holder 32p
20mm panel fuseholder 32p 20mm chassis fuseholder 7p
4mm plugs 12p. 4mm sockets 20p. 4mm insulated ter-
minals 30p. 3.5mm jack socket 15p. 3.5mm jack plug 15p
Phono sockets 15p. Switches: miniature toggle, SPST 600,
SPDT 68p, DP DT 78p each. Miniature push buttons: 1A/
250V push to make 16p. push to break 23p. Midget rotary
switches, pcb terminals 2P6W, 4P3W, 3P4W 39p each.
Slide switch 1A/250V DPDT 122 x 12x 8 mm) 16p.

BRAND NEW COMPONENT PACKS
CP10060 IC sockets, 8, 14, and 16 pin 20 of each 440p
CP101 20 BC182/BC212 transistors, 10 of each . 130p
CP102 20 BC183/BC213 transistors, 10 of each . 120p
CP103 20 BC184/BC214 transistors, 10 of each . . 130p
CP104 20 EIC549C/BC559C transistors, 10 of each 130p
CP105 20 BC550C/BC560C transistors, 10 of each 160p
CP106 100 15 914 switching diodes, 75-100V/75mA 240p
CP107 100 1N916 switching diodes, 75/100V/75mA 2809
CP108 100 154148 switching diodes,75-100V/75mA 160p
CP109 500 154148 switching diodes,75-100V/75mA 680p
CP110 30 154002 IA/400V rectifiers 100p
CP111 10 MC1458 Dual op amps (741 type) . . . 320p
CP1 12 100 400mVV zeners, 4 of each 2V 7 to 33V 450p
CP113 100 13W zeners, 4 of each 4V7 to 51V 850p
CP114 4 LF351 *ET op amps, Low noise . . . . . 170p
CP115 4 LF353 *ET op amps, dual low noise . 300p
CP117 50 mixed LED's 3mm/5mm /rect/

red/green/yellow 400p
CP119 100 154002 1A/100V rectifiers 270p
CP120 10 C106D 400V/4A thyristors 250p
CP121 10 NE556 dual timer IC's 400p
CP124 100 mixed electrolytic capacitors

10-63V/1-1000AF
CP125 5 LM317T 1A/T0220 variable regulators . . 440p

SPECIAL BULK PURCHASE

£6

C1060 400V 4A Thyristor 28p each. 10 for 250p. 25 for
475p. 100 for £20. 300 for f54. 500 for £85. 1000 off POA.
LM317T 1A/Adj. Regulator 98p each. 10 for 880p. 25
for £21. 100 for E74. 300 for £204. 500 for £320. 1000
off POA. 1N4148 switching diodes 3p each. 100 for 160p.
500 for £6.80. 1000 for £12.50. Larger quantities please
enquire. 15 914 switching diodes 3p each, 100 for 240p,
500 for £11.00. 1000 for f18. Larger quantities please
enquire. Generous quantity discounts available on most
lines.

*SAME DAY DESPATCH*

*COMPETITIVE & RELIABLE*
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Fibre -Optic
Lasers

Two new CW-operated injec-
tion laser modules and a new

series of long wavelength tran-
simpedance preamplifier
photodiode modules have been
announced by RCA, designed
specifically for fibre -optic com-
munications systems.

The C86041E (pictured below)
is a gallium -aluminium -arsenide
CW laser module with an output
wavelength} of 820 nanometers
which is 41I -matched with the
wavelength , of silicon
photodiodes. The C86042E is an
indium -gallium -arsenide -phos-
phide CW laser module with an
output wavelength of 1300
nanometers which is well -

matched with the wavelength of
InGaAs/InP photodiodes. Both
types are constructed with a 0.5
meter length of fibre -optic cable
internally coupled to the emitting
region of the laser chip and are
supplied in a special dual -in -line
package for simple mounting and
good thermal dissipation. The
package also contains a
photodiode which monitors the
laser output, and which may be
used in a negative feedback cir-
cuit to stabilise the output of the
laser. An RTD temperature detec-
tor is provided for high duty -cycle
pulsed operation at case
temperatures up to 70°C.

The C30986E Series are high
speed InGaAsP (p-i-n)
photodiodes with a hybrid
preamplifier supplied in a 14 -pin
dual -in -line package. A glass win-

dow provides optical access to
the photodiode and a 50 urn
graded index fibre pigtail is in-
cluded. This device provides high
responsivity between 900 and
1700 nanometers and is optimis-
ed for the detection of 1300 and
1550 nm sources.

Additional information may
be obtained from RCA Electro-
Optics and Devices, Lincoln Way,
Windmill Road, Sunbury -on -
Thames, Middx. TW16 7HW, tel
09327 85511.

Motor Speed
Controller
Ferranti

Electronics has recently
introduced the ZN411E which,

with a minimum of external com-
ponents, provides precise speed
control for electric motors.

Originally designed for use in
a professional power drill made
by a well known UK power tool
manufacturer, the ZN411 will
operate from the AC mains or a
suitable DC supply and has an
on -chip shunt regulator. The cir-
cuit has a power down reset

facility and a 'soft start' capability
whereby the speed builds up
smoothly to the set speed. It pro-
duces negative triac firing pulses
and has a triac retrigger facility. A
reversing input on the chip will
stop the motor, which then goes
through the soft start to reach the
speed set for the reverse direc-
tion.

The device is available in an
18 lead plastic Dual in Line
package. Details from Ferranti
Electronics Limited, Fields New
Road, Chadderton, Oldham, Lan-
cashire, OL9 8NP, tel 061-624
0515.

New Op -Amps
Burr-Brown International have
introduced two new opera-

tional amplifiers - a high power
hybrid and a low bias current
monolithic device with a JFET in-
put.

The OPA501 is rated for con-
tinuous 80 W operation and will
withstand peaks of at least 200 W
without damage. It can deliver
10 amps peak into a 2 ohm load,
4 amps continuously into 5 ohms,
and has output current limiting to
protect both the amplifier and the
load in the event of excessive
drive or a fault occurring. Unity
gain bandwidth is 1 MHz and the
full power bandwidth is typically
16 kHz. Common mode input im-
pedance is 250 M ohms and dif-
ferential configuration input im-
pedance is 10 M ohm.

The device is housed in an
eight pin TO -3 package, the outer
can being electrically isolated in
order to simplify heat sinking
(why aren't more power
devices?). The OPA501 is design-
ed to operate on supplies from
± 10 V to ± 36 V, and is very
tolerant of supply voltage varia-
tions. Suggested applications in-
clude servo amplifiers, actuator
controls and audio amplifiers.

The OPA100 JFET monolithic
operational amplifier has a bias
current of less than 0.5 pA at
room temperature and less than
1 pA at 75°C but does not
sacrifice performance in other
areas to achieve this. Maximum
offset voltage is 250 uV, offset
voltage drift is 5 uV/°C max-
imum, and input impedance is
1012 ohms. All specifications are
guaranteed over the temperature
range - 25°C to +85°C.

Supplied in an eight -pin
TO -99 package, the OPA100 uses
the standard 741 type pin connec-
tions. Suggested applications in-
clude current -to -voltage conver-
tors, precision sample and hold
amplifiers, and voltage amplifica-
tion in high impedance circuits
using biological probes, pH elec-
trodes, etc. Burr -Brown Interna-
tional Ltd, Cassiobury House,
11-19 Station Road, Watford,
Herts WD1 lEA.

Small Memory
WANG Laboratories Inc, has

introduced a low-cost high -
density dynamic random access
memory module. Called SIMM
(single in -line memory module)
the module more than
quadruples the density of the
memory that can be positioned
within a specified printed circuit
board area, using industry -
standard mounting practices.

Measuring only .75 x 3.00 in-
ches, the WANG SIMM integrates
nine separate 64K DRAMs and
related decoupling chip
capacitors into 64K bytes of
memory with parity (error detec-
tion). Suitable for either direct
mounting or socketing on a PCB,
the module offers the potential
for clustering as much as one full
megabyte of memory within a
three -by -four -inch area of the
PCB. WANG say that the SIMM
could significantly lessen the
need for -256K technology, since it
is denser than 256K and is

available now. WANG UK, 661
London Road, Isleworth, Mid-
dlesex TW7 4EH, tel 01-560 4151.

New CCDs
From Plessey

Plessey
have introduced four

new CCD arrays: the
MS1002-1 and 2 850 bit registers,
and the MS1003-1 and 3 910 bit
registers. All these devices are in-
tended for video line storage, an
application to which CCDs seem
to be well suited.

The MS1002-1 is for analogue
storage with interrupted clocks;
the MS1002-3 is for delay -line
operation with a continuous
clock. Both have a video band-
width of over 5 MHz with a clock
frequency of 13.3 MHz, three
times the PAL sub -carrier fre-
quency.

The MS1003-1 and 3 are
similar, but are intended for use
with a 14.3 MHz clock, four
times the NTSC colour sub -carrier
frequency.

The advent of satellite TV, if it
ever does happen, will increase
the damand for storage facilities
within receivers; as regular
readers may recall, the C -MAC
system chosen for UK transmis-
sions involves a large degree of
time -multiplexing of the TV
signal, as opposed to frequency
multiplexing which is the
predominant form used at the
moment. Plessey Semiconduc-
tors, Cheney Manor, Swindon,0
Wilts SM2 1QW, tel 0793 36251.
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BUILD YOUR OWN

cortex
16 bit, 64 RAM

colour computer
Standard
features
 High speed 24K byte extended basic interpreter
 Powerful TMS9995 16 bit microcprocessor
 48 bit floating point gives 11 digit accuracy
 High resolution (256 x 192) colour graphics
 Screen memory does not use up user memory

space

 16 colours available on the screen together in
graphic mode

 Fast line drawing and point plotting basic
commands

 High speed colour shape manipulation from
basic

 Full textual error messages
 String and Array size limited only by memory size
 Real time clock included in basic
 Interval timing with 10mS resolution via TIC

function
 Named load and save of basic or machine code

programs
 Auto -run available for any program
 Powerful machine code monitor
 Assembler and Disassembler included as

standard
 Auto line numbering facility
 Full renumber command
 Simple but powerful line editor
 Buffered i/o allows you to continue executing

the program while still printing
 Flexible CALL statement allows linkage to

machine code routines with up to 12 parameters
 Basic programs may contain spaces between

key words to make programs readable without
using more memory

 Over 34K bytes available for basic programs
 Extended basic includes IF -THEN -ELSE
 Supports up to 16 output devices:

Screen and cassette interfaces included as
standard

 Supports bit manipulation of variables from
basic

 Error trapping to a basic routine included
 Basic supports Hexadecimal numbers
 Separate 16K video RAM for graphics

.*\
With this powerful machine (featured in Electronics Today

International as a constructional project) you have access to
highly advanced systems and software developed specially by
MPE Ltd for the CORTEX. For business, education, R & D - or
simply increasing your knowledge and understanding of
computers - it beats comparably priced off -the -shelf machines
hands down!
STATEMENTS PRINT TIME RENUM MAG
IF WAIT BOOT TOF
ELSE SAVE GRAPH TON
ON LOAD TEXT DIM
GOTO 1 UNIT MOTOR PLOT LET
GOSUB BAUD ESCAPE UNPLOT DEF
POP CALL NOESC COLOUR NEW
REM DATA RANDOM CHAR END
FOR READ ENTER SPRITE BIT
NEXT RESTOR LIST SHAPE CRB
ERROR RETURN PURGE SPUT CRF
INPUT STOP NUMBER SGET MEM

Self assembly kit

£295
Ready built £395

All prices exclusive of
VAT. Carriage paid.

Optional extras
RS232C interface kit £9.20
Floppy disc interface £65.50
Pair of 51/4" disc drives £300.00
Hardware kit & connectors £49.50

MWD
BASE
COMMANDS *
RUN
SIZE
CONT
MON .0

DELIMITERS $
TO
TAB
STEP
THEN

/ INT
ll LOG

FUNCTIONS
FNA-FNZ
ABS
ADR
ASC
ATN
SIN
COS
EXP
FRA

Ready built
CORTEX B - Basic machine
+ RS232C £410.00
CORTEX C - as above + disc drives £895.00

TIC
SGN
BIT
CRB
CRF
MEM
MWD
LEN
MCH

POS
COL
MOD
RND
KEY

OPERATORS
OR
LOR
AND
LAND
NOT
LNOT
LXOR

Full assembly instructions and 216 page user's manual.

POWERTRAN cybernetics
Portway Industrial Estate, Andover SP10 3ET . Tel: 0264 64455

I
I
I
I

I
I

OM. MN ME - NMI IIMIN 1111 =lip
To POWERTRAN CYBERNETICS, Portway Industrial Estate,
Andover, Hants SP10 3NM.

Please send me

I enclose cheque for or charge to:
Access/
Barclaycard
A/C No.

Name

Address

Tel.

1

I
I
I

I
I
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Competition
Regisbrook of Reading have
challenged the electronics

world to a test of imagination
with an astonishing new device -
the problem is that they can't
think of any use for it!

The device is a highly effective
portable humidity sensor - so
sensitive that it will react to the
moisture in exhaled breath at a
distance of two feet. It is battery
powered and pocket sized, with
an adjustable mounting bracket
and no on/off switch. The unit
features a sensing grid of in-
terleaved gold filaments on a
ceramic substrate, a robust
plastic case, and hermetically
sealed electronics for long term
stability. It has an integral alarm

bleeper which cannot be trig-
gered by short circuiting the gold
grid and which stops when the
sensing grid is wiped dry.

A grand prize of a magnum of
champagne, and ten second
prizes of the actual moisture sen-
sors are offered by Regisbrook for
the best suggestions (serious or
imaginative) of what to do with
the things. Ever anxious to be of
service (and to assist in the
disposal of alcoholic beverages)
ETI would like to suggest that a
few samples be sent to Conser-
vative Central Office for use in
the selection of suitably 'dry'
parliamentary candidates.
Readers with better suggestions
should contact Regisbrook Ltd.,
Studio House, 215 Kings Road,
Reading, Berks.

Improve Your
Knowledge
Here

Cailing all would-be hams!
Bradford & Ilkley Community

College are running a 1 year
course in preparation for the
Radio Amateurs Examination.
Enrolment starts on 6th
September. Those interested
should contact P. Nurse, Course
Tutor, Bradford & Ilkley Com-
munity College, Great Horton
Road, Bradford, West Yorkshire
BD7 1AY.

For those unable to get to
Bradford, Frank Fear is running
a similar course at Barr Beacon
Comprehensive School, near the
M5/M6 junction. Enrolment is on
22nd September and there's even
a special 10 week crash course for
those with basic electrical
knowledge. Further details,
telephone Aldridge 52706.

If amateur radio isn't your
scene why not try Information

Technology? Thames Polytech-
nic's new four year honours
degree course starts in October
and includes a year's industrial
experience. Details from the
Academic Registrar, Thames
Polytechnic, Wellington Street,
Woolwich, London SE18 6PF.

Salford University are running
a series of one and two day
courses on various aspects of the
CBM/PET microcomputer. The
first course starts on 13th
September and the complete
series will be repeated in three
months time. For details,
telephone 061-736 5843, exten-
sion 248.

Would-be movie directors
should take their megaphones
and folding chairs down to Pic-
cadilly where JVC are holding two
and three day courses in video
production. The courses, which
cater for both beginners and the
more advanced, are repeated
twice monthly. Dates, etc from
Phil Compton or Mike Whyman
at the JVC Video Information
Centre, 82 Piccadilly, London
W1, or telephone 01-491 3775.

Shorts
 Not one but two catalogues
from Ambit! One is aimed at in-
dustrial and commercial users
and comes free on request; the
other is for lesser mortals and
costs 80p from your friendly local
newsagent. Ambit International,
200 North Service Road, Brent-
wood, Essex CM14 4SG.

 Concerned Technology, an ex-
hibition of microprocessor based
aids for the disabled and those
with special needs, begins its
twenty-nine stop tour in Hastings
on September 8th. Details from
Nancy Shawcross or Sue Hard-
wick on 01-789 4055/6.

 Silicon Valley, eat your heart
out! The London borough of Isl-
ington is so proud of its local
micro -electronics industries that
it has made a film about them.
"Silicon Green" runs for thirty
minutes and is available to
schools, business promotions,
etc. Contact Jane Smith, 01-226
1234, ext. 268.

 NAHBO, the National Associa-
tion of Hospital Broadcasting
Organisations, is holding its
autumn conference at the Lad -
broke Mercury Hotel, Watford,
on 14th/16th October. Exhibitors
and individuals interested in
Hospital Radio are welcome.
NAHBO, 56 Fleet Road, Benfleet,
Essex SS7 5JN.

 Sinclair Research are offering a
ZX81, a 16K RAM pack, and a
software cassette all for £45.
Available for a two month trial
period, the 'starter pack' will save
you f30 on current prices and is
on sale at Boots, John Menzies,
and other Sinclair stockists. How
long will it be before they start
giving away computers with
packets of breakfast cereal?

 The Intron IFG 422 is a 0.1 Hz
to 2 MHz function generator of-
fering sine, square, triangle,
ramp, and pulse waveforms. It
has 50 ohm and TTL outputs, is
light and compact, and costs £195
from House of Instruments, Clif-
ton Chambers, 62 High Street,
Saffron Walden, Essex CB10 1EE,
tel 0799 24922.

 Cable Check FC is a bench top
go/no-go tester for insulation
displacement type ribbon cables.
It can test all cable/connector
combinations up to 37 ways for
both continuity and shorts. Cable
Check Systems, Sanderson Cen-
tre, Lees Lane, Gosport, Hants,
tel 07017 28396.

 The South Coast Hi-Fi Show
will be taking its bucket and
spade and an awful lot of audio
goodies down to Brighton on the
11th, 12th and 13th November.
Venue is the Royal Albion Hotel,
Old Steine, and details are
available from Tim Purcell, 137
Marina, St. Leonards-on-Sea, East
Sussex TN38 OBT, tel 0424
715133.

 Market Logic's new Macrobyte
printer buffer stores computer
data output until the printer is
ready for it, allowing the com-
puter to carry on at its own
speed. Designed to work with a
Centronics interface, the
Macrobyte comes in 16 k, 32 k
and 64 k versions and prices start
at £99.95. Tel 0432-70 456.

 Alcon Instruments claim their
new pocket sized direct reading
capacitance meter is as good as
most bench -mounted bridges.
The CP570 has five ranges from
0-50 pF up to 0-0.5 uF, a three
inch meter scale, a basic accuracy
of ± 3% and costs £51.06 com-
plete with leads and case. Alcon
Instruments Ltd, 19 Mulberry
Walk, London SW3, tel 01-352
1897.

 Advanced Micro Devices now
have available a 256 K EPROM
which has an access time of only
170 nS. The Am27256 is organis-
ed as 32 K x 8 bits, requires a
single 5 V supply, has TTL com-
patible inputs and outputs and
uses the standard 28 pin con-
figuration. Advanced Micro
Devices (UK) Ltd, AMD House,
Goldsworth Road, Woking, Sur-
rey GU21 11T, tel 04862 22121.

 For those whose penchant is
listening to Stockhausen in the
sauna, Fuji have introduced a

high temperature cassette tape.
The GT-1 will withstand 110°C
(230°F) without damage to either
shell or tape and is intended for
use in cars. Bell & Howell, Alper -

ton House, Bridgewater Road,
Wembley, Middlesex HAO 1EG,
01-902 8812.

 Just when you'd got all your
accessories colour coordinated,
Hanimex go and introduce their
LC751. Described as a high
fashion calculator, it is superslim
and has a glossy black lacquer
finish highlighted by gold keys
and trim. And when fashions
change, you can always use it to
work things out on!

 With one snap of their power-
ful jaws, 3M's new TH212 and
TH213 will strip both solid and
stranded wires without damage
to the conductor. The TH212
covers wires from 0.2 mm to
0.9 mm and the TH213 covers
wires from 0.75 to 6 mm, both
types adjusting automatically to
all wire sizes within their range.
3M UK, 3M House, P.O. Box 1,
Bracknell, Berkshire RG12 1)U,
tel 0344 26726.

 Roxburgh Suppressors Ltd
have introduced two mains filters
designed for direct mounting on-
to printed circuit boards. The
PC103 and PC105 are rated at 3
and 5 amps respectively and are
full encapsulated. Roxburgh Sup-
pressors Ltd, Eagle Road, Rye,
East Sussex, tel 07973 3725.

 An Apple a day has clearly
done wonders for the California
based computer company.
They've just produced the one
millionth Apple personal com-
puter and to celebrate are giving
an Apple Ile to every school in the
state.
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electrotze AUTO -ELECTRONIC PRODUCTS
KITS OR READY EMTz/

TOTAL ENERGY DISCHARGE
ELECTRONIC IGNITION

TOM. tittiteil InSCIMMS

11%01116 *M*
lit*StWA

IS

YOUR CAR
AS GOOD AS IT COULD BE ?
* Is it EASY TO START in the cold and the damp' Total Energy

Discharge will give the most powerful spark and maintain full output
even with a near flat battery.

* Is it ECONOMICAL or does it "go off",*
ignition performance deteriorates?
much more output and majntains

* Has it PEAK PERF
where the ;_,;,

TOtal
eliigttrenit filter s

* Do the P
engine
arcing a
stays "s
performanO. 'either. Larger plug gaps can be used, even wet or
badly fouled plugs can be fired with this system.

* TOTAL ENERGY DISCHARGE is a unique system and the most
powerful on the market - 31/2 times the power of inductive systems -

3'htimes the energy and 3 times the duration of ordinary capacitive
systems. These are the facts:
Performance at only 6 volts (max. supply 16 volts)
SPARK POWER - 140W, SPARK ENERGY - 36mJ
SPARK DURATION - 500pS, STORED ENERGY - 135mJ
LOADED OUTPUT VOLTAGE

50pF load - 38kV, 50pF + 500k - 26kV
We challenge any manufacturer to publish better performance
figures. Before you buy any other make, ask for the facts, its
probably only an inductive system. But if an inductive system is
what you really want, we'll still give you a good deal.

* All ELECTRONIZE electronic ignitions feature:
EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER
SWITCH, STATIC TIMING LIGHT and DESIGNED IN
RELIABILITY (14 years experience and a 3 year guarantee).

* IN KIT FORM it provides a top performance system at less than half
the price of comparable ready built units.The kit includes: pre -drilled
fibreglass PCB, pre -wound and varnished ferrite transformer, high
quality 2pF discharge capacitor, case, easy to follow instructions,
solder and everything needed to build and fit to your car. All you
need is a soldering iron and a few basic tools:

Most NEW CARS already have electronic ignition. Update YOUR CAR

the

"arr itiw revs.
461"Discharge gives

lines ma %yen with

MANCE:SMOO
scharge,

spark of
st an

e etc.
need changing to bring the

Piet y Discharge eliminates contact
by removing 6heavy electrical load. The timing
end the contact condition doesn't affect the

PROTECT
YOUR CAR

WITH AN
ELECTRONIZE

ELECTRONIC ALARM

2000 COMBINATIONS provided by an electronic key - a

miniature jack plug containing components which must match
each individual alarm system. (Not limited to a few hundred
keys or a four bit code).

60 SECOND ALARM PERIOD flashes headlights and sounds
horn, then resets ready to operate again if needed.

10 SECOND ENTRY DELAY allows owner to dis-arm the
system, by inserting the key plug into a dashboard mounted
socket, before the alarm sounds. (No holes in external
bodywork, fiddly code systems or hidden switches). Re -
closing the door will not cancel the alarm, before or after it
sounds, the key plug must be used.

INSTANT ALARM OPERATION triggered by accessories or
bonnet/boot opening.

30 SECOND DELAY when system is armed allows owner to
lock doors etc.

DISABLES IGNITION SYSTEM when alarm is armed.

IN KIT FORM it provides a high level of protection at a really
low cost. The kit includes everything needed, the case,
fibreglass PCB, CMOS IC's, random selection resistors to set
the combination, in fact everything down to the last nut and
washer plus easy to follow instructions.

FITS ALL 12 VOLT NEGATIVE EARTH VEHICLES.
SUPPLIED COMPLETE WITH ALL NECESSARY LEADS
AND CONNECTORS PLUS TWO KEY PLUGS

Don't Wait Until Its too Late -
Fit one NOW!

fill in the coupon and send to:

ELECTRONIZE DESIGN Dept E. Magnus Rd  Wilnecote  Tamworth  B77 5BY tel 0827 281000
mi so mi so sr In in um im im EN an go so Es MB Eli IM IN ME MI No

TOTAL ENERGY DISCHARGE 16 or 12 volt negative earth)

El Assembled ready to fit £2610 £19.95
 D.I.Y. parts kit £15 £14.95

TWIN OUTPUT for cars and motor cycles with dual ignition

 Twin, Assembled ready to fit £3645 £29.95
piTwin, D.I.Y. parts kit £24155 £22.95

INDUCTIVE DISCHARGE 112 volt only)

Fi Assembled ready to fit £15196 £12.75

Prices Include VAT. P+P £1-00 (UK)

CAR ALARM
Assembled ready to fit
DIY. parts kit

£37.95
£24.95

I enclose cheque/postal order OR debit my Access/Visa card

L1.1 I II 11 II 1111 III 101
Name

Address

Code



PROJECT

TYPEWRITER
INTERFACE
Daft, isn't it? You can't get a daisy -wheel printer for less than
about £400, but you can buy daisy -wheel typewriters containing
not just the printer, but a keyboard and some electronics for just
over £200. Jon Tyler shows us how you can interface one to
your micro.

The Silver Reed EX 42
typewriter is logically divided
into two parts. The keyboard

is controlled by its own 8049
microcontroller while the printing
mechanism is controlled by an 8039
with an EPROM containing the
software appropriate to printing the
required character set. Information
is passed between these devices
using a serial interface. It is possible
to interface to the machine via an
edge connector on the main PCB
but if it is to be used as an output
device only, a simpler interface may
be constructed which operates in
parallel with the existing keyboard.

The keyboard is arranged as a 8
x 8 array of keyswitches which are
positioned according to the normal
QWERTY convention. There are 25
connections made between the
keyboard and the electronics, these
taking the form of one 10 -way and
one 15 -way ribbon cable connector.
The modification to the typewriter is
to disconnect these and reconnect
them through suitable plug -socket
pairs. In the prototype, these
connectors were made from a
40 -way wire -wrap IC socket cut into
suitable lengths.

Construction
The prototype was constructed

in a plastic box measuring about 3"
by 4.5" by 1.5". A 26 -way ribbon
cable and matching connector was
used to connect to the typewriter
and a 12 -way connector used to
connect to the micro -computer
parallel port. The ribbon cable was
connected to the typewriter using
the home-made adaptors shown in
Fig. 5. These were made by cutting
a 40 -way wire wrap socket into 10

PIN No. 18
x0

17 YO

16 Y1

15 Y2

14 Y3

13 Y4

12 Y5

11 Y6

10 Y7

19 20 21 22 23 24 25
X1 X2

Fig. 1 (above) Keyboard matrix with
pin connections.
Fig. 2 (right) How the typewriter scans
the input multiplex lines to the
keyboard.

X3

and 15 way lengths which were
soldered to strips of Veroboard. The
ribbon cable was then soldered to
these adaptors, the 26th way being
left free and fitted with a solder tag.

The typewriter cover is removed
by unscrewing the two grub screws
at either end of the platen (roller)
using an Allen key. Remove the

X2

X3

X4

X5

X6

X7

X4 X5

xo -LI

X6

e OC

X7

-j
u

U
U
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TO KEYBOARD

SKI

." D70
cc
0
CC

0

cc 04 0

U
2 01 0
0

V

D50

03 0

02 0

DO 0

GROUND

8

R1
10k

16

18

21

12

1C1

--ovcc
22

17

16

R2
287

MM

9

10

11

23

19

13

14

RV1
100k

+ C1
4u7

15 141 12

15

10

13

12

R3

PIN 14
IC2,3

PIN 7
IC2,3

7

9

R5
10k

11 10 9

IC5

2 3 4

Ft4
10k

LI
 :1 BUSY VCC
cc 0 0
1..w 0

STROBE

880

C2
0.47u

61 7

Re
120k

C

'MICROCOMPUTER Vcc

Fig. 3 Circuit diagram for the interface.

5

16 1C4

GROUND

3

2

1

13

12
11

10

3

4

vcc

NOTE:
IC1 IS 2716
IC2 IS 741S86
IC3 IS 74LS32
IC4 IS 74LS148
IC5 IS 74LS123
ICS IS 74L$138
D1-8 ARE 1N914

BUYLINES
The only difficult item here is the wire -
wrap socket. We suggest you experiment
with any odd DIL wire -wraps you may
have around before splashing out on
anything fancy. 26 way ribbon cable is
easily obtained by chopping up 30 or 34
way, etc. RV1 is available from Maplin,

10k 16

8

14

3

12

D1-8

SK2

25

24.

23
22
21

20
19

18

17

16

15

14

13

12

11

10

the 26 way PCB plug and socket from
Ambit, the 2716 and other semiconduc-
tors are available from several of our
advertisers, and the PCB can be obtain-
ed from you -know -where (but see page
77).

26 WAY RIBBON CABLE
TO INTERFACE

VEROBOARD

-1111V
CUT LENGTH OF

WIRE WRAP SOCKET

TYPEWRITER
MAIN PCB

-HOW IT WORKS"'Imm...
The microcomputer is programmed to
put out an 8 bit ASCII coded character
via a parallel port. The codes used to
denote the X and Y position of the
typewriter keys do not correspond to the
ASCII codes, and upper and lower case
character are selected by pressing the
'shift' key. Each character to be printed
by the microcomputer must therefore be
translated into the required 3 bit X and 3
bit Y code together with the one bit shift
code. This may be achieved either in the
microcomputer software (see Fig. 6) or
alternatively by programming a suitable
EPROM. A listing of the required codes
is given in Table 1.

The eight 'X' lines XO to X7 are scan-
ned by the typewriter as shown in Fig. 2.
These lines are connected to IC1 in the
interface which encodes the 8 line signal
into a 3 bit code. The three outputs AO,
Al and A2 from this priority encoder
form the logical inverse of the 3 bit col-
umn number which corresponds to the
'X' line currently enabled. These three
bits are compared with the least signifi-
cant 3 bits of the output byte using IC3
and 1C4 which perform an exclusive -OR
operation. When a match occurs, pin 6
of IC4 goes low and this is used to con-
trol the 'Y' outputs.

The pressing of a key is detected in
the typewriter by reading in the eight -bit
value on the 'Y' lines and comparing this
with the previous value. When a key is
pressed, the corresponding 'Y' line,
which is normally held at '1' by a pull-
up resistor, will be made '0' when the
appropriate 'X' line is enabled. The
typewriter saves the current 'X'
(column) code together with the 'Y'
(row) code whenever a 'Y' line goes low.
To simulate this, a 3 line to 8 line
decoder, IC2, is used. The select inputs
A,B and C are connected to bits 3,4 and
5 of the output from the microcomputer
parallel port.

The shift operation is invoked by

lressing
the shift key, which is a normal-

y open switch separate from the scann-
ed keys. This switch operates the inter-
rupt line INT to the 8049 microcontroller
in the typewriter and is normally held
low. In the interface it is connected to
bit 6 of the parallel output. There is a
similar arrangement to select the 'alter-
nate character set' which is required for
3 of the ASCII codes. This function was
assigned to bit 7.

The typewriter manufacturers give a
maximum printing speed of nine
characters per second. A monostable,
IC5, is used to achieve the correct
operating speed. IC5 is triggered by an
output strobe line which in the pro-
totype was arranged to be active on the
positive going edge.

After a valid character has been out-
put from the microcomputer, the strobe
line triggers the monostables, and the Q,
output is used with the output of the
exclusive -OR circuit to activate the 3 line
to 8 line decoded IC2. The monostable
output Q2 is used as a busy signal by the
microcomputer.

Fig. 4 (left) This shows how the im-
provised connector is made and how it
is fitted into the typewriter.
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PROJECT : Typewriter Interface

PARTS LIST
RESISTORS (5% 1/4W)
R1,4,5,7 10k
R2,3 2k7
R6 120k
RV1 100k multi -turn
CAPACITORS (10V working min)
C1 4µ7 tant (see text)
C2 470n polyester
C3 100µ tant
SEMICONDUCTORS
IC1 2716 EPROM
IC2 74LS86
IC3 74LS32
IC4 74LS148
IC5 74LS123
IC6 74LS138
D1-8 1N914 or similar
MISCELLANEOUS
26 -way PCB mounting plug and socket
(BICC-vero 901-71105D or similar);
40 -way wire -wrap socket (see text); PCB;
ribbon cable; connector and cable to
suit microcomputer used.

Fig. 6 (below) Program to drive the in-
terface, to be used when an EPROM is
not used.

Fig. 5 (above) Overlay diagram of the interface PCB.

10 REM PRINTER SIMULATOR ROUTINE

20 DIM D(128)

30 FOR N=1 TO 128

40 READ D(N)

50 NEXT N

60 INPUT "FILENAME ",BE : REM READ A FILENAME

70 OPEN 1 BE : ON EOF GOTO 340

80 GET 1 CE

90 FOR P=1 TO LEN(CE) : REM GET EACH CHARACTER

100 AE=MIDE(CE,P,1)

110 GOSUB 200

120 IF Ai=CHARE(13) GOTO 140: REM CHECK FOR CR

130 GOTO 180

140 AZ=CHARE(10) : REM IF SO PUT IN A IF

150 GOSUB 200

160 FOR N=1 TO 125 : REM AND A DELAY

170 NEXT N

180 NEXT P

190 GOTO 80

200 X=D(ASC(Af)+1) : REM SUBROUTINE TO PRINT A CHARACTER

210 OUT(16R7E)=X : REM OUTPUT TO A SUITABLE PORT

220 OUT(16R7F)=0 : REM ISSUE THE STROBE

230 OUT(16R7F)=1

240 Y=IN(16R7F) : REM CHECK FOR BUSY

250 Y=MOD(Y,2)

260 IF YoO GOTO 240

270 RETURN

280 DATA 2,2,2,2,2,2,2,2,2,2,9,2,2,12,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2

290 DATA 8,120,124,83,112,104,108,96,100,88,82,94,39,16,27,31,28,56,60,48

300 DATA 52,40,44,32,36,24,18,30,231,92,220,95,17,122,107,115,114,113,118

310 DATA 106,110,101,98,102,90,99,111,89,93,121,117,126,105,97,119,125

320 DATA 127,109,123,209,8,145,8,80,96,58,43,51,50,49,54,42,46,37,34,38,26

330 DATA 35,47,25,29,57,53,62,41,33,55,61,63,45,59,8,159,8,8,2

340 CLOSE 1

350 STOP

360 END

paper pan which is clipped in
position under the platen, then
unscrew the four screws in the base
and remove the top cover by gently
raising it at the back and pulling it
forward. The keyboard may then be
removed from its clips and turned
upside down so as to gain access to
the ribbon cable connectors. These
are then removed from their
receptacles on the PCB and the
adaptors fitted. The 26th way from
the ribbon cable must be taken to
ground; a suitable point exists on
the typewriter PCB marked 'GND'.
The typewriter should then be
reassembled and the interface
connected to the microcomputer.

The period of the monostable
must now be adjusted. Set up the
microcompter to send a reasonably
long text file and adjust the preset
(RV1) to give a printing rate of
about nine characters per second.
Allowance must be made for the
time taken to perform a carriage
return and line feed. If this is not
done in the microcomputer's
standard software (normally by
sending an appropriate number of
'null' characters) then CR and/or LF
must be detected in the interface
program and suitable delays
introduced. (See BASIC program,
Fig. 4.)

Note that if you decide to use
your micro to do the character
coding rather than the EPROM (see
How It Works and Fig. 6), then the
EPROM should be ommitted and
what would have been its pins 1 to
8 should be linked to pins 17, 16,
15, 14, 13, 11, 10 and 9 respective-
ly. If you want to retain the option
of using an EPROM at a later
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PROJECT : Typewriter Interface

Z
0

t f)

Z
ILI

Z
0
P
U

2 8 2
00 02 20
01 02 ! 21

02 02 22
03 02 $ 23
04 02 f 24
05 02 % 25
06 02 & 26
07 02 27
08 02 ( 28
09 02 ) 29
OA 09 * 2A
OB 02 + 2B
OC 02 2C
OD OC 2D
OE 02 . 2E
OF 02 / 2F
10 02 0 30
11 02 1 31

12 02 2 32
13 02 3 33
14 02 4 34
15 02 5 35
16 02 6 36
17 02 7 37
18 02 8 38
19 02 9 39
1A 02 . 3A
1B 02 3B
1C 02 3C
1D 02 = 3D
1E 02 3E

1F 02 3F

ce cz
V) IL Z V1 L/J Z V)

Z C.)V0 i /. 0 Z
10Z

i= i g i= UJ
IL LIJ

Z < U Z < L.) Z
0,Ucd8 = z 8 cd

i r 1 0
= c...)

08
78
7C
53
70
68
6C
60
64
58
52
5E
27
10
1B
1F
1C
38
3C
30
34
28
2C
20
24
18
12
1E

e)
5C
DB
3F

@ 40 11 60 60
A 41 7A a 61 3A
B 42 6B b 62 2B
C 43 73 c 63 33
D 44 72 d 64 32
E 45 71 e 65 31
F 46 76 f 66 36
G 47 6A g 67 2A
H 48 6E h 68 2E
I 49 65 i 69 25
J 4A 62 j 6A 22
K 4B 66 k 6B 26
L 4C 5A 1 6C lA
M 4D 63 m 6D 23
N 4E 6F n 6E 2F
0 4F 59 o 6F 19
P 50 5D p 70 1D
Q 51 79 q 71 39
R 52 75 r 72 35
5 53 7E s 73 3E
T 54 69 t 74 29
U 55 61 u 75 21
V 56 77 v 76 37
W 57 7D w 77 3D
X 58 7F x 78 3F
Y 59 6D y 79 2D
Z 5A 7B z 7A 3B
[ 5B D1 7B 08

5C 08 7C 9F
] 5D 91 7D 08

5E 08 7E 08
5F 50 7F 02

Table 1 EPROM contents and what they do.

stage, then perhaps the best way of
doing this is with a header plug in
the IC socket.

Once source of trouble that you
may have is with the stability of Cl.
We've specified a tantalum type,
but you may find it necessary to use
a polystyrene (we known, we know,
they're big and expensive). The ex-
act value of Cl isn't important, but
it must not vary too much over time
or with temperature and elec-
trolytics are capable of doing just
that.

One option you might like to
use is to connect two on off toggle
switches between the 5 V rail and
pins 6 and 8 of the connector SK2.
These allow the selection of 15
characters per inch type spacing
and of an alternative keyboard to be
selected, both independent of the
computer output.

This isn't necessarily the end of
the story. We're so impressed by
the keyboard on the EX42 that
we're looking at ways of using it
too. Watch this space!

ETI

DON'T MISS THE OCTOBER ISSUE
OF HOBBY ELECTRONICS!

In it you will find a special pull-out
supplement containing over 20 useful
everyday circuits that form many of the
basic elements of electronic design.
Presented in conjunction with Bernard
Babani (publishing) Ltd, it is illustrated
by practical examples from the pages
of Babani Books.

AT YOUR NEWSAGENT FROM SEPTEMBER 9th
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HARD DISK DRIVES DISTEL ©Fully refurbished Diablo/DRE Series 30 2.5 mb hard
disk drive for DEC RKO5, NOVA, TEXAS etc

Front load £550.00 - Top load £295.00 The UK's FIRST free of charge, 24 hr. public
PSU type ME3029 for 2 drives £125.00 access data base. Get information on 1000's

ORE 44A/4000A/B 10 mb 5+5 all configurations from of stock items and order via your computer
£995.00. Call sales office for details.

.,141 and credit card On line now, 300 baud.
CCITT tones, full duplex, fully interactive.

caused by mains interference. Matchbox size- Up to 5

DON'T MISS THOSE 1AirltfAsFRINEES

7 days par
5 AMP MAINS mamas

amp 240 v load As recommended by the ZX81 news-

CALL NOW
weak S4 hxs.

Cure those unnerving hang ups and data glitches

' letter. Suppression Devices SO5A £5.95. 01-679 18E18

4300LI IAtiS
Keep your hot parts L

N
and R LIABLE

with our range of BRAND NEW professional
cooling fans.
ETRI 99XU01 Dim. 92 x 92 x 25 mm.
Miniature 240 v equipment fan complete with
finger guard £9.96.

kY) 4 4 3 4
THE ALADDIN'S CAVE OF COMPUTER AIM ELECTRONIC EQUIPMENT

001IPUTIIR 'CAB'
All in one quality computer
cabinet with integral switched
mode PSU, Mains filtering, and twin fan cooling.
Originally made for the famous DEC PDP8 computer
system costing thousands of pounds. Made to run 24
hours per day the PSU is fully screened and will deliver a
massive +5v DC at 17 amps, +15v DC at 1 amp and -15v
DC at 5 amps. The complete unit is fully enclosed with
removable top lid filtering, trip switch, 'Power* and 'Run'
LEDs mounted on Ali front panel, rear cable entries, etc.
etc. Units are in good but used condition - supplied for
240v operation complete with full circuit and tech. man.
Give your system that professional finish for only
£49.95 + Cam Dim. 19" wide 16" deep 10.5" high.

5__"h11.5"
Also available LESS PSU, with FANS etc. Internal dim.

A_ 8 EIT WORD - NO 1PA8/TY Per deZT 419"w. 16"cl 10.5"h. E19.95. Carriage & insurance £9.50.

8" FLOPPY DISK DRIVES
drives utilise the finest technology to give you 10096

BUHLER 89.11.22. 8-16 v DC micro bus compatibility with most drives available today. The
miniature reversible fan Uses a brushless only difference being our PRICE and the superb
servo raptor fof extretneN, high airflow, manufacturing quality!! The 7100 single sided drive
almost silent running and guaranteed 10,000 accepts hard or soft sectoring IBM or ANSI standard
hr life Measures only 62 x 62 x 22 mm. formats giving a massive 0.8 MB of storage. Absolutely SHUGART, BASF,
Current coat £32.00. OUR PRICE ONLY SIEMENS etc. compatible. Supplied BRAND NEW with user manual and full 90
£12.95 complete with data. day warranty. 7100 Single sided £225.00 + Carriage and insurance £10.00.
MUFFIN -CENTAUR standard 4" x 4" x 1.25"
fan supplied tested EX EQUIPMENT 240 v at Optional accessories: Full technical manual £20.00 alone. £10.50 with drive. Refund
£6.25 or 110 vat £4.95 or BRAND NEW 240v of difference on drive purchase. DC and AC power connector and cable kit £8.45. 50
at £10.50. 1000's of other fans Ex Stock way IDC connector £5.50. 50 way ribbon cable £3.20 per metre.

II for Details. Post & Packing on all fans £1.60

U JEI-3AR Dim. 3" x 3" x 2.5" compact Unbelievable value the DRE 7100 8" floppy disk
very quiet running 240 v operation. NEW £6.95

RECIIAINEAKE NICADS
RAFT VR2C 1.2v 'C' size nicads. 18
cells in ex equipment pack Good
condition - easily split to single cells.
1050 + £1.90 post and packing.

SUPER DEAL? NO - SUPER STEAL!.
The FABULOUS 25CPS TEC Starwriter

Daisy wheel printer at a fraction of its original cost.
RAMOstiti At 'ONLY a-4 VA Tt------,
Made to the very highest

Fspec
the TEC Ste nvrIter .

'P1500-25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb registration and
print quality. Micro-
processor electronics
offer full DIABLO/QUME
command computability
and full control via CPM Wordstar etc.
Many other features include bi directional
printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upto
163 characters per line, friction feed rollers for single sheet or continuous paper,
internal buffer, standard RS232 serial interface with handshake.
Supplied absolutly BRAND NEW with 90 day guarantee and FREE daisy wheel
and dust cover. Order NOW or contact sales office for more information.
Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tractor feed
£140.00. Spare daisy wheel £3.00. Carrie e & Ins. (UK Mainland) £10.00.

S 0

AS1155
0

r`-\
1/ imp -

FROM Et 95 + CAR + VAT
Fully fledged industry standard ASR33 data
terminal. Many features including ASCII
keyboard and printer for data I/O auto data
detect circuitry. RS232 serial interface 110

off line data preparation and ridiculously
baud, 8 bit paper tape punch and reader for

".. -cheap and reliable data storage. Supplied in
'good condition and in working order

Options: Floor standE 1/.50 + VAT
KSR33 with 20ma loop interf aceE125.00 +

Sound proof enclosure E25.00 + VAT

) SOFTY 2
The amazing SOFTY 2. The complete "toolkit"
for the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
of the 2516, 2532 variety. Many otherfeat ures
include keyboard, UHF modulator. Cassette
interface etc. Functions exceed capabll Ries of
units costing 7 times the price! Only
£169.00 pp £1.95 Data sheet on request

DATA MODEMS
Join the communications revolution with our
range of EX TELECOM data modems. Made to
most stringent spec and designed to operate
for 24 hrs per day. Units are made to the
CCITT tone spec With RS232 i/o levels via
a 25 way 'D' skt Units are sold in a tested
and working condition with data. Permission
may be required for connection to PO lines.
MODEM 13A compact, async, same size as
telephone base. Up to 300 baud, full duplex
over 2 wires, but call mode only £75.00
MODEM 2B/C Fully fledged up to 300 baud
async, ANSWER & CALL modes, auto answer,
auto switching, Ideal networks etc. Just 2 wire
connection to comma line. e85.00
MODEM 20-1 Compact unit for use with
PRESTEL or full duplex 2 wire link 75 baud
transmit - 1200 baud receive. Auto answer.
£130.00
MODEM 20-2 same as 20-1 but 75 baud
receive 1200 baud transmit £130.00
MODEM 20-3 Made for data rates up to 1200
baud in full duplex mode over 4 wire circuit or
half duplex mode over 2 wires. £130.00
Carriage 13A £4.50. 2B/C & 20 £9.50.
DATA PUMP MODEM compact unit upto
1200 baud full duplex over 4 wires or half
duplex over 2 wires. BELL specification with
data i/o via RS232 25 way D socket remote
test etc 240 v operation. Supplied complete
with data £65.00 cam £4.50.

For more information or details of other types
of ex stock modems contact sales office.

SPECIAL MODEM OFFER
EX TELECOM. Direct connect 2 wire, European standard, 75/1200 baud data
modems. Normally priced at £140.00, we have a limited quantity of guaranteed
working, but cosmetically defective Modemsscratches and scuffs on panels etc.) units
at a super low price of only E49.95. Modems are made to the highest standard
and conform to the CCITT tone spec. Ideal for MICRONET, PRESTEL or
DISTEL's forthcoming high speed ports. Standard RS232 data i/o via 25 way
D skt With data.
MODEM 2A Early version of modem 2B/C 300 baud full duplex, send -receive,
auto answer. RS232 i/o. With data but untested. End of line clearance.
Only E35.00. Supplied complete with data Carriage & Ins £9.50

II 10 MONITORS
12" CASED. Made by the British KGM Co.
Designed for continuous use as a data
display station, unit is totally housed in an
attractive brushed aluminium case with ON -
OFF, BRIGHTNESS and CONTRAST
controls mounted to one side. Much
attention was given to construction and
eliability of this -unit with features such as,
nternal transformer isolated regulated DC

supply, all components mounted on two
ibre glass PCB boards - which hinge out for

ease of service, many internal controls for
inearity etc. The monitor accepts standard
5 ohm composite video signal via S0239
ocket on rear panel Bandwidth of the unit
estimated around 20 Mhz and will display
ost high def graphics and 132 x 24 lines.
nits are secondhand and may have screen

ms. However where burns exist they are
nly apparent when monitor is switched off.

Although unguaranteed all monitors are
tested prior to despatch. Dimensions
- pprox 14" high x 14" wide by 11" deep.

upplied complete with circuit 240 volt AC
peration. ONLYE45.00 PLUS £850 CARR.
4" CASED. Again made by the KGM Co
ith a similar spec as the 12" monitor.
riginally used for large screen data
isplay. Very compact unit in lightweight

- Hoy case dim. 19" H x 17" D x 22" W. All
ilicon electronics and composite video
nput make an ideal unit for schools, clubs,
hops etc Supplied in a used but working

ndition.
121.55.00 PLUS E9.50 CARR.

4" COLOUR superb chassis monitor made
a subsidiary of the HITACHI Ca Inputs

re TTL RGB with separate sync. and will
lug direct into the BBC micro etc.
xceptional bandwidth with good 80 col.
finition. Brand new and guaranteed

omplete with full data & circuit 240 v AC
orking. Dim. 14" x 13" x 13".
LY E199.00 Mt 59.50 CARR.

WINCHESTER price SLASH
S100 Bus 19 Mb. Subsystem. A cancelled order and change
of policy by a major British disk drive manufacturer enables us
to offer you 'last year's model' at a plug in and ready to 90
SUPER LOW PRICE. Our own custom controller pugs direct into
the S100 bus and will control 2 disk drives, offering a total
storage of OVER 36 Mbs! and at data transfer rates in excess of
7 Mb/sec seeing is believing!! Supplied complete with user
configurable BIOS etc. Save a fortune, Limited quantity only.
310019 Mb. Disk drive 0099.00 PSU unit £165.00
CD1100 controller & BIOS 045.00 PSU extension cable £9.95
Full tech Manual £20.00

Special SUBSYSTEM prices. 1 x 3100 disk + PSU + Controller £799.00
or 2 x 3100 disks + 2 PSU + Controller £1295.00
All prices + VAT and carriage. 90 day guarantee. Data on request.

MOO

H PLUS VAT

SEMICONDUCTOR
`GRAB BAGS'

ixed Semis amazing value contents
nclude transistors, digital, linear, I.C.'s triacs,
lodes, bridge recs, etc. etc. All devices
uaranteed brand new full spec. with manu-

acturees markings, fully guaranteed
0+52.95 100+E5. 15.

TTL 74 Series A gigantic purchase of an
"across the board" range of 74 TTL series
L.'s enables us to offer 100+ mixed
'mostly TTL" grab bags at a price which two
r three chips in the bag would nnormally
ost to buy. Fully guaranteed all I.C.'s full

spec. 100+56.90 200+512.30 300+519.50

CALLING DEC
USERS

Brand new and boxed
RSX 11M 3.2 Documentation kits, fill 3
feet of your bookshelf! Under half price
only El 20.00 carr. £6.50 0 vat on manuals.
DEC MSV11-DD 32k x 16 bit RAM E195.00
We are always keen to buy all types of
used or surplus DEC equipment.

All prices quoted are for U.K Mainland, paid cash with order in Pounds Stirling PLUS VAT. Minimum ordervalueE2.00, Minimum Credit
Card orderEf0.00. Minimum BONA FIDE account orders from Government depta, Schools, Universities and establishedcompanies
E20.00 Where post and packing not indicated please ADD 609+ VAT Warehouse open Mon -Fri 9.30 - 5.30. Sat 10.15 - 5.30.
We reserve the right to change prices ancispecifications without notice. Trade, Bulk and Export enquines welcome._nrrr

II
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A' 7 7 1 100
40 118 84

..09.,.50 ,2,_.P4°". `. 8C244C 7 00
11102.54 t 142204. 256 14 '`' -n

220 113 17p "40 way 889 FORCE OA Colours as above L870, "UNDER- 2N3709 itip 445195 990 41114 724 BC25613 240 50205c 130-
POLYSTYNEM

10EN

220 25 22p
220 40 24

34
PCB

SOCKETS
24 ,  z540, 5.25

0151.1.54
SOCKETS

2 4 ,Op

Op

POINTERS 15mm

Sale Cutters
43" 14.55

1890, Snipe appe

STANDING-
Sohd State

4,95

203710 111,
2N3711 10p
2113712 2.00

415196 1 08
4,5209 240
415210 250

05125 72,
OF 126 725
03139 eop

,..2-02,5°C,, ,24_18

.s... .....BC251. 26p
802.64 1 20
802.6C 1 50
9C294 2 00

6% ON METIER
148. 15p..
220. 270

220 61
220 100 40570 16 24

21.0

MAT
OR.406 ONE 1.114 PLUS

TYPES

3 ran se 56
i 90.
,... 14

4 22.1.1
Colours as above

811

Pliers 52"
10.35

ChM& 4.95
Car Electomcs

26,337217,1 27:68

293715 3.31
22:04552222? 2555P

2145222 214
*1 172 55 . ." P

M 178 311.
c8CeC2,25,52'1C9 222 1:2219 .8 06: 722:50:1 222 .31;

330. 38lof .
4754. 6114. 470 40 330

410 63 44
17° 100 50P

GLASS PCS
$111/13LE -MOW
178 . 240mn,

......1...
Stspepor gual1111

500 MM.° 81-.°1
.11. 209

DIALS I Sown

L870. Slope Nose
Pliers 4,7"

10.35

4.95
Securoty El..<
tronocs 4.95

2537113 3.00
2143724 440
253725 855

45223 14
205224 314
2045276 25p

0200 455
AFT01 755
AF239 ssp

802526 218
90_,252C4, 24
4,..8Ctf,-' 24.,_4

90433 79580 24 56,,
80435 di1110. 220..,

---,-, -----"",,,,,,
1000 16 300
1000 25 310

1-9G420, 195mm
1 95

ti......09 4¶._50

^.06-. .0
Plasoc Rs,"
Yen,. Preen

Red -Point 269
6,,, _ 0°,1, 65

Point 289

L160. Long Nose.h.,. 14.95CommunocabOns
Poop.. 4.95-

253730
253732 2.as
253734 130

255226 25,
45227 24
45245 325

AF240 1.62
42708 1 19
412796

4.". s.
BC253C 245
8(756 24

110435 pi
50.437 89:

'474F . Bac..
10 1 5. 120

1000 40 460
M°12 63 65P
3000 16 400

420, 246,
2,9p

8ov. 61 100
SCR 40p

B.. 14

IMONOCHAS

Grey -
Cl,,s 1 10 10260
C,ear Tape, 26p

CK TOOLS
4.95

Computer 253735 2.45
21.121P

45246 415.
155247 455

1.19
AL 102 149
613106 4 57

pc2s64 264-
w.

BC2568 275

90838 1100
90439 90,50..5

2 24. 3 3,0 135 .F , 4g, 2200 25 64
-

FERRIC BNC 509 SOCKETS
C80 41/4" Side
Cutter 10.02

Science 1 4.95
M.prpprocessOrS

200 155248 465 4.1110 2. 20
8

BC'52 24 1104411 0- I':

104 ,5p 2200 .0 700
2200 63 134p

01600106
PELLETS

581:3,, 110
1 00

Sw9,s 111.
Elual

DIALS 21.p.
Red -9017+1 !!t : ''' -S'd78

4.95 Nr3741 2.76
W3056 280

B0441 asp

541.619160 MICA
I%

PLEASE Mow

4200 16 69
4700 25 690.,

cu.', 9......ins
L...-4611;,:70.11/1.

Line sk t 1.15

C04)(1710
en Mete/

0 e.
BATTEPT21%

CONNECTORS

22 ;I
Grey, 5.55 2,p
Clear 1 to 10260

CC

C72 415" Pile.
1Snipel '7.52

253771 1.75
2113772 1,113

45293 910
15,5295 1_37
2,45266 Las

BC 101. 14
2,9,408 ,..,,,,,,,

1218

90259 755
6C1598 265

8°536 7%
6°537 .._

S 0 L D E R

POLYESTER

0.0..b.
Sermshits

.

ETCH RESIST
PEN

'.1i.5 255
Sockel 25p

PP3 Soaps 105
599 Snaps 12p

Clear 60884 24
DE.SOLDERING

.
C24Ar l'n,1519,

2037/3 1.99
253773

N45298 1.37
2745302 3.20

951066 ,2,,
BC MSC 14.

(5C159C 27p
9C28° 34

pos,,, p°,7.

1313539 SOOold V
10 16 80
22 M 4
12 16 4
47 10 718

C200
711PE1410115.1

250.M.. 14.
224. 334.

11,4 Spare
Noln 991

5.0111EsIST

Lana Skr 101

CANNON TYPE
A0"." PLUGS

Bo. na 41.7

soy for 6NP7215
3318

STANDARD
KNOBS

All for '4 ''

PUMP
ST 100. High
Suction
Anodised 4.55

4.95

5.25
' -

Malmo], 2.67
2:3372330CA

175

Thomson 2.n

45303 3.90
45305 2061
45306 37545357 .55
45300 290

pc109 ,,A,
BC109B 14
8c109c 145, 3
80 114 14

802608 320
8C26°C 3480261 339002614 34
BC 2610 360

.
60539C 1.53
posAso op0054pc i,20.D. ..

i7.
47.. 08.
1004 7.
15CM, 204F

47 16 90
100 10 4
100 16 100

TRANSFERS
1. Tom 44.
2. Tinck loners

13 PO XLRI
Mai, 1.70
Fermi. 1.06

9. for .P11up....
33,, Grub Semen

Fitting
to: Teflon ..

'''''P
iState Irani 2.06

024064
No 2 tSma.I

V437,0 1.70
253789 3.2/
293790

8/5354 14
255355 19.
2°5..,,356 2,.._35

90115 225
sc o ,6 32,,

BC' 14 34

BC2615 34
00262 315
501624 325

80576
pa627 2pp

TEST
METERS

,55
33,,,,,, 4,0

.43.

220 10 14
220 16 14
470 10 14

3. Into bonds
4. 'Cepa pppp,
5 OIL pads

Sockets
ICA...
Male 50
Female

TRANSISTOR
SOCKETS

1-0180C109,

Black Plastic
4  metal
nsprt 349

1.P
No. 3 Wed I 8011
No. 6 01.4tcrol

2.73
203791 2.47
253792 2.69
25.3794 25,36.

11.4.44 aoP
255362 2115
2054075,

OC 1 11 190
BC 118 195

6'2628 12511C262C 34p

pp,, , ,,32
80712 1 32

,. .30

eiceol COL

Push Button
2 amps

694F 14
15F 22,,
1 5ni 4,

420 16 MP
100D 10 24
1000 16 240

6. Towson.

7 Dee s..holes

2.35

A6C991.9915
705 P1650

351

60130,. 2. 33mrn -
rnta,1 insert 39p
t21...-1,0

05p

LS256825E%*
No 90 oSrnallo

2N
413820 385
193821 1.64

13470

255416 1.54
255442 169 OCI25 34

13C26X 34
°------ -s. -

1 25, 37,p

-

221)0 10 345
2200 18 440

8, 0, 4- .4).
connectors

44.0.cli.....
Mommity
1114449how

03121430551

v
do m .metal DC/O1..1KV DC 8Sp

No 51 Med
253822 Na 45440 190

205449 214
pc 232 39,4

80134
BC26.48 44
80166 34

8 0 X67 8 5.15
131)15. 1.70mom

P01.1 -C
94, Asp, 1.84,04

33C0 10 54
3300 16 96,
4700 10 11114

9 54Iure
5,,, s.,,, 0.
,hove 35,,

-KEMIECTOR-
0.79410 31440

Safey 910.

nsert 5 skot
39p

M4. As M3

7504 AC
Fully guaranteed34,0

i953,

No. 52 Ow , *Sp

753823 450
253824 1.70
253826 7.5
203921 74

255450 24
2N5451 255
2.B1151 290

300
95135 400
BC 1 36 455
BC137 34

9C2698 391
5C256° 34
BC ---.1.° 455

GG"G '''''
90'55 1 9°
110952 6-25

',on. 3,
%- swp, 33,

14. 1n5. 2n2
3n3. 4n. 418 75

47C0 16 669
- '

0110-10
SENteriVE PC9

li- Mar
Moro 0706

pp,,p,4,
1 to 10 39p NM TESTER

&wee 126..Haw. 2,6 913864 44p2a3656 3,34,
2.5458 290255459 24 OT134 96P9,440 n5 9C3G1 '11P90302 43p

618950 1"
130Y62 2.34

42. 1n I2n,
19., 22n.

CAN
ELICTR°13.1C9

1st Cr. Erre
......20.`'''' "1....

120 lEC MAIM
M5. As M3 but
30,5, 42p

Pocket Site 22swo 3 10 4138550 110p 2°,450 24
255461 605

BC141 375
-142

95303 470
8C30.! 40.

9°'52 175
99115 350

7n. 33n. 39n. 2.50
Gots Fr Pew IS nen Meal 5414"3"51 6,16. As 1%44 b.,

1000 OPV
Analog TRANS 211385 45p

253850 34 255482 605
BC 295
13C143 43p '11C30, 14 8E119 1 00

47n 4 4704F 63V 3.60
10.006$64 so. ay.ng Grose 74. 2018 8k0.4.1 54 30mm 420 Meter 5 55 S 1 5 1 OR S 27438584 370 255188 4°8 47 19C3074 145 8E171 7139

San. 6115.113.
164. 154 105 1"

,, ,_,v

15.0. Yd.
3/5 nwn Mono

129
Clwrss-Skt
(Pons, 3, M7. Pointer 24 UK's Goss.%

RNN V...
413859. 3103,4

295485 29p
45490 7.37

BC1474 N4
a, i aka iny

BC20717 165
SC3013 14

4123 700
/8127 86,

TONTALLtaa
WADS

00.160 .10
100 . 220 293
203 . 114 1 5)

3a no, 61.10
369

45 19151451

Lone 3.1.
Pins sop
Chesw Nort

16811.fl SOLID
ALUMORUM

M1CROTEST 80
Superior 20,000
OPV 1000v

80.....
not

2,421316" ors.'73.77. W.
103900 2

205492 1.50
255494 1.37
2.15.96 2-59

Er 147C 204-.

BC 1413 10p
191484

15C3064 125
LIC3008 149
4309 149

E$153 390
51154 20.
98157 5110

SIMON
PG."5% 100V 7.10101

104, 120n.
0 1 35V 14p
22,35V 14.
33,3511 tip

233 , 220 510
IMAM new

Aro'36020pIHoieso 50p MATCHING
KNOBS

AC/DC. SAD[.
2.5A AC. 0.10 to

ow Ow to
iofInaent 2. 2 3.33

253903 14
45543 12.00
205551 370

14actor tag
951480 14

eT3054 WO
K33511 1411

8E158 219
9E159 54

054 11 p 4"3' 140 ' °° * ' 5° 2-" 'RAMP 168. 15narn 44 5.4
space

°47....4".."'.... 5. . 214640 465 1/C309C 17p 4160 Sap
104. 224.
270n 4_ 61135V 14

10351/ 140
MO . 220 2.30
703.114 210

JAMISOCRETS
Chassis

1104IESTiC
P,  Fuse 50P

M9. 24mm GGP 1900
68OR 20.000

2.2N= .13.,"

253906 1318

3.565.4 311,
2945786 SO.

:Cc 3g8s r°,
6,449C 14

8C317 16p
8C318 160

BF161 MO
56163 509.44_ ,441.

33C5'...' ..'474. MO/ 24 2 216814p2 21358 14
233,120 59)
Davalopor to

ono 208
s' Stereo 25p Adaptor 2 i.,M'

M10. 30mrn .._"° OPV 000v D
2000v AC, 0-10

7,94. 33,,
25923 gdp
2149294 45.

203924 8.30
203915 960

21.58/ 3 230
MGM" 519

RC15.2 wip
00153 3, eC330 24

80321 2s9
414 575
08167 24

6114 30,
14' .1°°'"' MP

400V

PGRYISTIR

13,351/ 111,
115168 ila
47,35V 24

6 8.25V 214
6 635V 24

above Ido not
us. Sorurn
HYdross5,,
500.11 2.95

1% non Mono
155

3", mm Mono
15p

Line

1.959C327
1-171111, ski 92p

S 5
' A 6

litlierni.
to 1051 32.00

nErn3sin
25930 2018
?Nam, 3,9,o
a/1731 249
2N1132 250

203952 34
2N3964 1.32
2°1030 14
254031 .
M.032

245°86 5-9546027 34
28.6111 1"2.6031 6-96
2706061 11.99

BC 154 275
13C1 57 115

"1521 li.3C1579 13p
13C158 10,

14.
LC328 1111

0C333387 40"
BC.? MP

88170 74
a" 73 24
9E8011747 7507718

9F1 78 34
Io. Io6. 4243. 47, anS.317,',Cc,: rv5., ;,... 111.1111.11

'4- Mono 200
 /.-Metal 40,ALUMINIUM

-.E. 2Orm+Sloys Fmt
100mA DIL REED

100VA Normally

251302 450
251303 .65

o.P
2144036 635
2144037 469

256099 1.20
208101 1.41

BC158/11 125
MAIM

BC350 214
9C382

08119 315
741911 34

101 109
14. 22n. 15 16V 22, 1. - Stereo 30P CASES

COored
19p 1518

25OrnA open 11 empl
2,304 94
25,306 sap 254058 109 066109 1.15

14
OC159 115 BC342L 92p SEIM 30008001.06011

0.i- COMER
CLAD34 ,,,,

OW.
15 25V 32p
21r6 4 214

'4 " Mere., Metal with
Mock wit

.2 4, , 3..... 2.2 . rot,: ltop7t1 2.22.121; tar. tiC,3,11._.59.4 ;2.2. ww0C343

361

...3.334

818309 373
164 140 22'180 24

, , v
. a " 3 ' 830 3% nyn mono"" 050151.9...00 315mA & Screen 2.95 25,88g sop 204061 100 756122 610 OCIem- 119

4

.--- .109 373

160.. 220. 119 33110V 39. 25.5 999 150 1 6.411s1 h." , ip ,s.
12v 530f1 1.99 251890 54 2,062 100

254014 1.15
2,4123' 60
3.6124

BC 0° 433
9C1(0 aap

p,,,s, pp,- 14 , 94 12,
3.14 314
470. 1119.

.713 3° 3011 3 75.3 75 99p
3,75.5 1.14

3% mm Mo.,
111. 305

2.35
2 EN5.2" 2.75

500mA
17p 109 210 290 1.99

2.1893
252060 7.14. 2144069 too 2148125 8618 0c161 109 8E190 Ili
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CRICKLEWOOD ELECTRONICS
Si()CAII1(1 Ili if t.5 ott7t?,- str.)tos

LTD CiiI7!1()1 I-L'ilL:11 I

Securicor available. OPhone your order quoting Credit
number. Wall in. You will be more than welcome.

Card*

rrillifillikSA

*ACCESS
BARCLAY -* c.60

40 CRICXLEWOOD BROADWAY, LONDON NW2 3ET.
TELEPHONE 01-452 0161 TELEX 914977 4 Official

ALL PRODUCT FIRST GRADE FRANCHISED SOURCE orders accepted from Govt. Depts., Schools, Colleges, * VISA
* AMERICAN

All advertised items are guaranteed to conform with, or surpass Armed Service Establishments, P.L.C.s and approved exptiess

manufacturer's current data sheets. This list represents a fraction of accounts. El Overseas orders by Bank Draft in Sterling and £2.00

our stock. New items are constantly being brought into stock. minimum post and packing. DHL plus £65.00 no V.A.T.
ricklewood Electronics keep up with the times. Please phone about to U.K. only. Please add 15% after adding P&P

an our electronic needs. or eapplicabler. No V.A.T. on books and datasheets.

HOW TO ORDER: UMail order with cheque, P.O., Bank Draft, Regis DELIVERY all in stock items despatched same day (95% of all adver-
tered Cash, or write Credit Card * number on order with signature. tised items are in stock), items out of stock n a few days - any
Please add 60p post, packing and insurance, more for heavy goods, problems and you will be informed immediately.

81191 129
.1202 ,,. ,,,,7
°F 41"

915101 760
ME 8001 477
ME8002 627

0043 400
1045 450
0545 450

2 5 W.
524 54545

7 5 158
,..

CA3033 5.44
CA3034 5.15
143035 2.65

4.481309 110
L5111307 2.75
1M13106 1.45

TAA522 2.47
TAA 550 7377

144560 2.35

70922 990
71633 990

9.004MIIMI
1.44404=m4094

74/500 110

7,9339 1.89
745445 SEN
7415490 2.20

4016 190
4017 324
4018 45p

7515289 3.25
7415289 126
7415287 105mal3011

'-'81200 75o7.6,940
802240 327
192211 3547

54E8003 SOP

ME9001 567
ME9002 56p

risa 7 49p
SOP

1,5894 .2.
14548''''' 10e 20,W01 II I

260

'' '.
SW wired ended
'0517.,119

C43039 1.50
CA3041 3.47
CA31342 147

114133061 2.25
LM1458 449
LM1496 75p

744570 2.34
144621 2.96
TAA6614 2.60

IMIZEIMI
7400 I 1p

74.502 110
741.503 120

84,,
7415541 1.20
7415640. 990

4019 2%
4020 427
4021

390

7415288 2.25

EIF 240 up M.1481 1.69 11590 289
W0212001
W0412001 28p voltages only CA3043 2.75

69p
LM1800 3.24

2.99
TAA6615 2.60 7401 I 741504 120 7419641 4022 3/9

4023,
LOG IC S

90241 3lp 41.1491 171
14.1802 3.99

3
71592 3E9

1601318001 403 301 3V8, 403, CA3046
CA3047 4 60

LM1801
LM1812 11.00

TAA700 2.60
TAA9304 2.60

lip
7403 111,
7403 12p

741.505 12p7,605 18,
745643 990
7415644 92p

31,26-" - -
anc COMP

912444 319
1912448 311, 51.1900 2_90

61'20,...,1 3-10
11593 540

277,77., -944.46 609
407, 508. 705.
81/Z. 81., 9V1 .

CA3048 2 15
CA3049 3.21

1611818 4.00
LM 1820 2.15

7449308 163
744970 245.

7404 153 741.510 129 7415669 994 4025 129
4026 76P

SUPPORT

ACC0804 4.40602451 308
612458 Slp
81246 520
102464 390

923,11.4, 2.50
74-'1001 3.00
5°J14973 380
51.12500 2.19

1.44105M 500
VN4640 Oft
V746640 850
ZTX107 11277

50111m 37p
5021200 400
5,74007 408

60818001 550

107/. 12V. 207/.
3361. 51V. 62V.
6447, 1_25

CA3050 4 11
043051 3.80
043052 2.91
043053 1.00

LA/ 1E128 4.7s
LA411330 2.44
13.41845 4.12
LM1848 2.00

784 12045 690
764500 2.97
1845000 3.11
184510 2.95

7405 150
7405 190
7407 199
7408 140
7409 /49

744911 1%29

741612 1

744513 1547
74.514 240
744515 130

7415670 1.19
7415673 5.50
7.8587., 990

741.56813 1.19

4027 190
4028 390
4029 4/0
4030 1447

4000816 14.%
ADC0617 10.39
4011013A 300

812068 5,p
912474 540 MJ2501 2....25

140,,,..2955

IT/ 108 105
211109 1273

. 11.61110174
Sauare w.th hole

20W Pos.. Stud
.. CA3054 1.66

C43059 2.80
11.11850 2.76
LM1871 3.25

11345100 3.06
2.57

7410 14p 141.520 130
mzsaini 4031 1.19

4032 790
11551671 20.00
1951771 14.50

902078 550
69254 3%

.1.1.41.

74.,-"^"' .1. ZT X 300 131,
ZT X 301 15p

0-,wo, 11001 524 values
205.75V 2,10 CA3060 4.09 LM 1872 4.39

114520
0052013 2.75

7411 160
7412 lip

741.521 1213
741.522 12p

74500 28p
14502 240 4033 1.19 7.14661. 8.95

BF 255 42p
19256/1 35p

M03001 2 25
514032 228

27/1302 159
218303 23p

9111021200/ 7167CA3062
PW0414001 850 1:93472

13.64
CA30135E 4.62

1481877 855
1541886 7.44

18A530 2.55
1845300 2.79

7413 180
7414 250

744.527 124,
1.528 140

74504 249 4034 1.29
4035 449

MC1488 550
MC1489 bbp

8125613 450
87256C 520
9.257 30p

14.14035 3 66
5424502 309
MJ 150034 SS

276304 15p
211310 358
21.31, 320

011/0616001 909
254001w.
Met. cladvoth
504

lw.99:49
/E0 LAMS

0= Roll
G . 4344%

013068 4.23
CA3070 3.20
CA3071 130
CA3075 110

LM1889 3.77
LM2907N 175
114290648 2410
LM291714 1.88

164540 2.72
0365400 2.74
184550 3.25
7445500 3.27

7476 19p
7417 1%
7420 150

74/530 130
744.532 138
741533 140

74520 370
74530 130p

74532 700

4036 249
4037 1 13
4038 590
4039 245

MC4024 3.25
MC4044 3.25
111350250 1000
61650398 6.36

5/258 327
9E259 350

7.7.i 14004 5.55 211312 350
271(313 310 60111001 2.20 V .. %Mow 043076 142 LM291768 7544560C 2.87

7421 190
7422 19. -

74/537 140
741530 15p

74540 1,4574,964 1126060 3% .3,33 6.25

8E262 80e,
51263 900
80270 650
81271 6117

6/1150152 46
ve j7,0,6 3.34
64.14340 539
NUE 370 970

Z16314 24111

218320 350218330 3,
2 80

10212001 130
60414001 2.80
50618001 140
8YW 64 195

Large 0.flusecl
1. 50+

950 9p 7
050 159 12.7

1430787 125
C43080 1.69
CA30804 196
CA3080E 70p

1.401

154 3701 .110
LM3302 740
1143401 650
1613404 75p

184570 2.37
1845701) 2.48
TBA581 3.11
184641 2.80

7423 19,
7425 Ifte
7428 1157
7427 190

74/540 130
741.142 280
741.547 350
741.551 140

74565 1.02
74574 75p
74585 2.99
74558 620

4041 310
4042 39P
1043 3%
4044 3

141.15307 12 75
54545357 22 -SO -
484867106 14_00

51A571°5 12°5

°"" 3*19336 3673

Br 33? MP11338 480
06355 6%

.06377
44105520 9237

540,547 .4.
114JE 2955
MJE3055 690

.2783E1

210501 1447

206502 14.
216603 17p
Z14504 210

39 6400 V 3.%

171040400,

15413 1.20tr
Y50 16012p

Small 01119349
820 lIp 17,
G20 1247 1044

043081 1.90.
CA3085 1.35
CA3086 48p
143089E 1.95
CA309040 170

1143405 1.46
1613524 6.77
L143900 450
043905 1.25
1143909 799

184651 1.90
184673 4.16
TEI4700 2.36
113470130 2.47
TBA72040 2.50

7428 28p
7430 149
7432 220
7433 22p
7437 25p

741554 149
74/555 lip
741.573 1111
741.574 leo
741975 153

745112
745713 90.
745124 195
745132 1.09
745133 804

4045 990
4046 44
4047 39p
4048 390
4049 220

MM57160 13.00
11%57161 12.00
MM58174 11.100
602513LC 8_50
902513110 6.50

9(362 85p
8E163 160

488999
126

42°5442
1-66 271510 24p

210530 910
80003700 - 1.191
4716° OP

120 12p 10p
65.6" .

CA31305 87p
C431307 110

103911 1.20
1143914 2.50

78A750 2.16
7847500 2.16

7438 2*
7440 150

74/576 190
744.578 180

745436 97p
745139 1.10

4050 230
4051 4111

5445003 3.00
5445010 710

...,

10459 62o
10469 eep
80470 660
9494 299
86495 2%

611,8121 1.81
11188122 1.44
MP8512 ' 1 89
mPF 102 39p
1471103 295
W4104 29p6,109 298
5480 112 5947

716531 25p'
6 450/TX 50

81179 92p
---

DIACS
01100 25p
ST2 250

RID 25p 220
610 27p 250
91D 270 25p

Large clew
R5C 107 100
057 17p 13p
750 17p 13p

CA31406 3%
C431407 960
CA316045 990
0431616 1.59
CA31625 149
CA32406 1.04
641386W 2.40
HA 1 388 2.54

1.03915 2.50
1613918 2.50
1M425CCH 2.63
1M42506 236
1M13600 Sip
MB3712 2.18
1033756 3.90
1488719 7.95

11347904 2.11
014800 798

184820 707
113482061 850
184920 1.95
1849200 1.97
108950 2.25

7441 55p
7042 320
7443 89p
7444 8%
7445 490
7446 590
7447 MP

440

741_583 360
70185 110
74L5136 160
74/590 240
741592 290
741593 24
7.595 3%

745140 2.50
14$193 7.95
745157 2.20
745163 3.00
745174 2.50
749175 120
745188 1/0

4052 580
4053 491>

4054 711.
4055 838
4056 839
4059 4.35
4060 420
4063 710

SAA 5012 710
SA45020 550
SA45030 9013
5445040116.00
SAA5041 15_00
$445050 8.50
$444062 9.50
6445070 16.95

MIEMEI
151344 304.
10821 70p
19823 920 =

S....._ ..1,.. 6..
104

E10939 227 M71,21 1.88 16914 dp 1017108 6.B5 mC1304 2.50 TBA990 215
7448
7650 150

741_596 93p
74/5107 35p

745169 1.40
745194 1 904066 TM56011 3.66

...4a 220
801141 22p

MP56518 47p
04056530 450

19916 6p
1191184 2_95

.

4..3311...14'
2715060 300

StapPr bright
14.70 706

1C17107 9 50
10.8038 2.99

MC1305 3.10
5401307 2.75

11349900 2.74
T[4105 3.00

7451 15p
7453 150

1415109 230
744.5112 220

745200 4.50
745201 2-40

4067 2.39
4068 1441

9126 95p
BT28 I 20

.07. 4, 04656560 4577 147790 7.7
255061 320

Empieney. Al 1CM7555 939 48c1310 1.45 TCA210 2.75 7450 140 /475113 19p 745225 140 4069 110 8195 850

90480 220
91181 220

MOS6S62 45p
5.05405 230

161192 175
151190 1, es 255°62 35P

2115063 370

4%0100 times
briehter 794

107120 120
107130 3.40

MC1330 2.25
MC1352 2.26

701220 3.44
TC4270 2.44

7460 158
7470 34p

7415114 220
320

745261 3.00
74.5261 890

4°....70. 1.%
.8"" .....

8197 S.%
811595

90890 2 77
11(528 2 96

1405406 250
14405410 2-,

1191194A 1.80
.

IN11964 2 41 255064 400a., .....
pandard1.507
e 0,Of  sun.

LC7137 3.95
LF347 1.50

mC1456 2.25
MC1458 440

TC/1440 2.69
TCA450 2.65

7472 250
7473 26p

7415123 3/64
7419124 810

74.5287 2.19
745288 199

4072 139
4073 150

811196 11%
ens97 96.

EW561 1 00
130598 1 10

1405611 258
6105413 No 1512014 978

 '''''89103 699
89139 800

NrohNO
950 38p 299

LF351 alp
LF353 92p

MC1466/ 0.95
MC 14681 4.30

TCA6608 4.15
104730 4.80

7474 191
7475 250

74/5125 24p
74/5126 250

745289 1.57
745301 3.20

4025 130
4016 460

811598 1110
8622 3.19

4.
87145 4 --19166 248011155.301`

BFW /0 1 48

51011114 45.7
5145416 300
Mo5A 10 650

7572044 1.00
757206 1.20
154007 4.

88155-100 60P
6217
507

050 4203471
y5L1 4* 340

17356 630
11356 920
1E357 1.09

-

PAC1495 4.90
1,701496 76p
MC3302 1.00

TCA740 4.00
TCA 750 4.85
7c4 NO 2.75

7476 250
7490 49p
7481 1.19

744.5132 290
741.5136 242
74/5136 240

746470 3.25
743471 1.25
746473 12.60

4.2,7! 1.,_30

7..a°, ....,_.0

11.-1. I 'N1

86224 100
6532 5.70
6821 119

,o
60411 1 ".`.
5E727 2
01X30 21p

MPSA 20 456
005442 497
mpsq43 8,

1144002 1MM,
144003 SP0.4004 5,8

T1C44 359
T1C47 507

RECTANGULAR
LEDs

7,.,...... pn.
15397 152
1F13201 2.99
1F13331

MC3340 1.20
6113357 2.48
MC3401 800

714800 3.50
11103000 3410
TCA8XIS 1.90

7482 644,
71413 380
7484 690

7415139 930
2115145 6%
7413147 996

745474 3.99
745475 7.116
745571 OEN

4082 1*
.

III' 1.11

40854

-4.16"'
61345 6.90
0641 150
61350 1.10

91X34 100 V054 55 20p
61954.56 309

154005 Tep

144006 613p
,

4, o 6 12 Amps
to End
9946 17p

19137476 6130
11137416 590

MC3403 75p
5103404 7

104910 2.19
1CA940 tes

7485 6973
1486 107

74/6148 750 74$573 9.00 4089 1.23

4°9_3 197
6852 2.40
6875 885

09037 700 .7,,,,, 404 ,,,,,, 70 Temes 10220 050 lap 14110CH &SO MC3405 1.41 TDA 1002 3.30 7489 1.88
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7415153 390 74 CMOS 4094 8% 8131 3_75

8'643 76587884 277 MPS466 477
11175410 454

154009 208
154148 30

%Ric A = 100V
8 ' 2000

950 19.
-

LM I 101.1 150
LM114 7.50

#403446 126
MC4024 3.26

1051003 3.94
1041004 3.94

1490
7491 360

7415154 7%
7416155 Mp

011 4095 71p
1098

6054
8155 150... .._'''-"'" "1280

09085 28p
2,5.

m054.92 3%
1405493 316

154150 180
154008 2*

C ,. 300V
0 , 000V

RECTANGULAR
LEDs WITH

14830149 959
16130145 19p

5104044 /25
MF 10 344

1041005 3.94
TDA 1006 194

7492 268
7493 25p

>415154 36p
)415157 24p

.,510..
.97 4-°°
4098 740

6212 1.10
8216 9%74002 34

...°F.040.2

''' --- ...0
M051.01 400
5405151 1%

165400 1213

155401 130
M =6005

TIC1064 4417
1.06E0 TOP
ITeanbstone1

1M305.411 190
.16130514 8017

MM5387 9.86
5.458174 7.60

TPA 1008 209
00A1010 1.79

7494 380
7495 360

744.5158 294
7.5160 6011

.,740°4 130
LP.

4099 890 8223 1.80
5224 1'10BF/89 1 75

90019 1 10
,745,037 440
7,73.07 7.32

765402 149
755404 .44, .

14C1008 47p
TIC1060 416

858 2%
654 22p

L030714 600
1-013078 4

14529 2.25
NE5316 1.36

1041022 4.06
1041024 1.14

7496 35p
7497 6%

7415161 360
7415162 36p

.,...-4C°6.
4--..`; ..--4.

4502 550
8226 2.60
8228 2.19

8"37 1 2°EIPY50 2* 6105U05 55p 1445406 116 " TICI060 49p '5° 23p 114308/114 3.05 055401. 4.110 7041170 3.10 74100 7* 74/.8163 350
cs-.....'-' ....--°

'"''''' --"" 4503 3110 8230 5.75

WV" 230
8°"2

5105U06 516
m75007 75p

155407 1%
1195408 200 T1C1066188p MISC. OPTO

LM308471 29%
LM3086 950

2.50
0(5449565445 1.M .

TD.42002 3.25
TDA2003 3.25

74104 490
74105 MP

1.5164 404
7415165 480

,...,., ..._
''.."-... ".°17

4507 330
4506 1.26

8243 2 40
8250 5.40

23PB(153 310 mpsu51 es., 1s44 1%249777
TIC1164 616

444 1613085 MO 5E555 107 .TDA2020 2.31 74107 190 7411168 NO /4142 9% 4510 44p 8251 7_50

6(158 315
5485455 5110
54850,6 5%

16131 4011
15134 560 T1C1168 880 295778 809

295779 70p
Lm3096 1.35
1M31014 1.95

NE556 454
NE558 1.89

1D/12030 2.05
'1042622 4.20

74109 250
74110 M.

74151841 6e.
7419170 1610

74048 510
1774°-.7,1 Th.,.

4511 444
0512 40.

8253 3_96
8254 10_00

5F40..5g4 5,82- ' - '4o0.183 1110

M057057 1.10
1,119475 150

44119 28p
BA102 250

8ATIC118C 71p
TIC 1160 730
TIC 11661800

0125 74p
4421 74p

1M3105 189
11431174 1.01

6E560 125NE565TDA2530
11342523 105

3.30
74116 4%24. up 7441173 4%1...124 34,  -" ""'"7.78 604

4514 1.13
4515 1.13

8255 2.19
8257 100

B$V611 1 95
0428 74 IM31 IN MO NE566 1.4$ 1042532 4.95 74119 605 741_5175 340 74°83 1'29 4516 550 8259 162

85119 2%
415020 24p JUST 1401264 770

T1C1268 7247

87100 100
BPW 34 1.43

11743175 2.90
LM3177 1.75

NE567 1.37
NE5713 4.07

106.2540 4.10
T0A2541 4.10

7412 51100
74121 25p

7415181
741S183 1,06994

74085 1.26
74186 1.10

4518 31p
4519 290

8279 3.16

9601 120

55811 44,
96027 lip RELEASED 1241111213C 730

PC1208770
88625 2.47

2.4717/3166
LM311314 2.40

1.49
NE571 3.59
NES92 1.66

TOA2560 4.10
IDA2571 4.40

74122 35,
74123 35p

741519.9 30,,
7415191 3ap

7.19 3.95
9*C9° 9 '06

4520 416
4521 806

9052 2.20
280ACTC 210

85828 aft
55629 346
851954 204
1%104 2 22

04 ILLUSTRATEt.,1 -

TIC 126548%

DOMESTIC
BC1111/161415

8604EL 176
80660 175
817061 148
1317863 2.93

1613196 248
111431974 110
1M32414. 290
161335 1.30

485534 544
NE55344 1.25
0.335 7.30
01.1024 4.96

TDA2581 3.76
1042582 3.05
7042590 5.20
TDA259I 4.73

74125 3%
74126 3/0
74128 360
74132 2%

7415191 36,
7415193 370
74/5194 3%
7411195 3%

7.93 506
.2,4.9.9., 1.,2!'".'"' ."9.740151 2 05

45 684
4521 6*
4528 710

11786

MOADART 5.50
78040484 8.70
28044703 2.70
217425E8 3_39

80105 4 70
04108 195

CATALOOOF. 264444 1.00
81101.5000

874 SSP
11074 907

LM33714 4.39
LM337MP 105

011034 12.75
004136 510

1042593 3.15
T0A2603 698

74136 270 7.5196 41p7./9794 4%
''''74C157 2.10 4434 310

4536 2.44 274426E8 2_17

80109 129
8U/26 47 .. 1 . 00 1...

61106 2.25
11074 195
113271 406

1.75
11.433946 1.60

804194 3.04
RC4195 195

0342610 3.90
TO428114 150

74142 1,73
74143 2.011

7441221 5%.
74/9240

5%

2.160 105
74C161 1.06
4C162 1.08

4538 1084,, .. 15421348 4.06

80204
B11205

.25
75 inc.VAT. [j& P

8111605e11111861744124210461 25p
10466 1.45

LM33914 44p
OA 3456 8 60

2.59
SAA 1024 199

1042640 144
1043000 2.111

74144 2.09 7441241
550

774,14,
' - ' 1.06

4543 twit.
4553 2.26

=Dm
.,,au,25',..

- -..'
59
96

87119 2.37
87120 2.27

.10468 1.66
10471 27p

L10308. 62p
1M34964 1.09

5A83209 196
$4133210 118

1043300 1590
7047000 3.56

74147 740
74148 SSP

7415243 6%
7.5241 1%.

74C164 1.20
24C115 1.20

4555 360
4556 307

150e oleo
1.046-11193464 BAV49 158

00226
'9355

020088 2.14 84113 10084,, 01121 2.22 10476 1.20 063500 4.60 545580 159 11061 400 74150 4* 7415245 89p 740173 1 4560 1.49 - Pomo. -
81.13265

5U466811407

35113478..
-''.

4620119
1.,

TIP29A 150
11429C 384

110
134138 208
84144 15p

1.45
10479 1.65
1C1481 27p

154359N 1/4
14838071 3.88
1M371351 650

501670 219
545580 165
SAS590 2.96

11062 6011
11064 960
11071 210

71151 380
74153 99p
74154 534

74/5241 4%
741.5248 660
74/5249 55p

-1,,,,-4C,4,14,, lg.
-;;.....,..;

1481'

'

4566 1/9
4569 1.65
4694 3116

1004.1
70.064 21p
791.13A 2%

54'4°8811409

45

-3525

To53,4 35,
TIP30C 3%

SAY93 10p
B13103 704 Texas 400V

102200,e
10486 1.25
10408 1.70

11437714 1.69
1143704 3.40

SFF963494 709
5/470 147

11.072
11074 910

74155 3%
74154 389

7415251 207
74/5253 3%

..1:1,-....16.2 .:-.

."....,:... .,..01
f,,,,'"-:49° 4,-..Th

4585 5% 791.154 2%
781.244 216

101503
.,,, 95

110314 3317

TIP31C 340
889068 997_..
881040 00 11120601441660

7112250164)74p
L0189 1.89
10599 810

11713795 850
114384314 75p

51490 3.47
516100 4.00

11081 240
71082 150

74157 220
74159 7%

741.5257 2%
7415258 M.

'..s-. ....740203 8.50 11133M133 50101 10202
." '91.N21 1

00
10

117324 387
TIP320 427

88135 621
1391054 57o

71122031841816 MO03020 1.49 L14390103 1.50
11.138146 2.20

616110 400
54.6120 4.00

11083 750
11084 OPP

71100 516 7415259 544 7.221 1.54

74C504 52P

CPUs
1802 150

790561 UP
78120 116.

910023 1

04)824 1

10
10

119330.7, 990
933 789

9810513 5%
681090 650

TIC239011261
818

05812 954
7132 717
71138 440

13,1343111 1.40
16438214 1.12

$1.620C 8.00
$1.8210 100

11170 489
11430 619

74181 407

74163 3%

7415261 910
7416266 1% 7.903 670

8502 3 1450, 2.10
71315/1 581
71342M 58.

BUV25 00 710344 740 87126 110
1102460116A1

1.22 5%. 1103831 3.40 51623C 10.00 444170 1.69 74164 3%
7416273 MP
7,95275 1.26 8802 2.40 1 Awm 70220

91M" A.20 ,
50y455

4°00, 11173. 889
TIP354 1.01

r9V921
130134 520

T11253012041
1.90

1181
111100 72p

1483845 110
16438651 800

516300 100
51.840C 100

11441130 1.69
4152003 780

74165 4%
71166 480

74/5279 2%
76L52110 88,

..,7,....04.4904 .,5...70

....°"'"
740-...7 6711 0335 3.49

790ST
3%78121 60

6430
0300

99
...,
--'"

11735C 1.21
TIP380. 1. 57182 1.288,884 650

0.'209

710263012541
2,11

111118 1.10
T11134 210

11638654 120
11438814 2.43

51641C 6.00
50478008 3.10

UPC575C2 260
U011024E1 990

74170 1.39
74172 2.49

741.5283 394
7.6289 170

7.908 1.10
,29S911 _0112

11060 1010
8000* 290

78151 390
76241 3%

2310
53°7440407 2.,

110380 1.39
P A 4%11 41

360
597°7 360

1(7,2536
1254130M 2.46

11139 2.40
111.209 * LM38714 1.25

1936155° 1'1°
SN76018 /90
9N93°°31N 215

UPC102514 3.95
0PC10725 1.10

74173 59.
71161 540

7415290 3%
7415213 3%

'11,91. 9.9
740)14 1.10

NON 3.411
NEN 5775 -1.5196000037605. 139

8060402 30p
1/50404 2..

7,
T1P44C 5-'"711.24 55pOtherBY223 1.29

91797
4416 Triacs

98211 140
711212 140

L14391680 113
1543925 710

56760136 2.96
557802314 2.96

1J9C1035C 196
UPC 1156H 2.n

74175 419
71110 399

74L5295 746
74152.38 7*

,74,...9,4.5 .1' 51..
-1...,.........

9900 19-99
SCMP1 20.44

78416 1.31
78150 1.31,

5400411 3e,mo0.72 3, 110420 590
111349 1 28

8929 554 25575611051
1.44

1.02
711313 1.02

1543934 964
1143946 310

55780336 2.96
5618477 4.20

1)001158H 9110
L101118114 1.11/7

74177 450
74178 7110

741.6299 1.19
7415323 164

'`14'.' "..4.7.922 4.115
2804 2 16
2808 5.86

78246 1.36
-

440473 .-'
50.50414

4.140481 4 5P

TIP50 1.40
3,53 1.67

1 5,71054 .

91655-350 629
90101'350 1.10
81671-603 1.M

296070 100
2561551701271

;34

111401 3.50
111403 3.90
111405 4.10

1.1839611 13.46
17478948 MP
1.14709CH 1.00

$576550 MP
57416666 190
50410 1.1a

48011826 375
48011534 280
UPC11866 845

74190 4017
74181 1.15
74182 moo

7416324 1.46
74LS325 288
7411326 2.311

740523 4.114

.11,91.0 12. ---- -.. MIESEMEll 1009.4 TOSI
791.05 4%

ME0462 454 110115 744, 11144 10p 4043210.,..7 1117224 19. 116710CH 807
534

5042P 195 48111804 1.1$ 74184 SIN 74/5327 2.36 64(928 126
74C939

2102412 1.34 242,2 444
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nP112 900
111.115 86,
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2,23
40488170511.65 =MEM L1471015

LM71106 1.39
1671106 7%

147066 845
167072 3.40
1A7073 4.25

UPC11804 4.60
UPC1190C 2.50
00C12120 1.40
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74156 4.60
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7013/8 00.

11.4D
740930 4.40

1.95

2111 1 100
2114(20064411p
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20421 44.
T 202800.99 0ME1075 4605422361

7441,00
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4IP

,,,
110120 690
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1.50
0410 70P
0447 2017

40512 2.70
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671.5050 556
403 59103.58

11672X11 06,
144123C5 350
1.5172SCH 1110
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747130 1.79
1307202 4.48

0011213C 2.00
UPC 122811 1.37
000144231 1.40

74188 2.48
74190 4%
74191 45P

7415362 6107.932
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,11,3193 55P
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ME3002 25p
ME4001 ..
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T 4125
'

119127 N6
TiP130 936
110132 9317
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0495 20/

40842 1.92o7.13... 473 8912 1.40
254CA30184 1.111

C83020 1 SI1

11.1226C5 119
11.4733C6 619
170741CH 1410

TA7203 4.MI167204UPC20026
747205 1.20

1$70147C41 1.29
2.96

UPC2002V 2.98

61192 451/
74193 450
71194 ael.
74195 39P
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74/5366 2%
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211774153M 3116

,01 100
442 P4006

"'Ile

2764 5 M
4027 100
4060 SAO

793451 6%
1 Amp. 702.20

79051 W.IIEE=Ell
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E24 Swim
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/M7410414 609
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747210 6.1111

1A7222 1.75
TA7223 3.56

802206 2.93
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AUDIO DESIGN PART 2
As a general classification, one can divide linear
ICs into two broad categories: purpose-built or
dedicated ICs, aimed at the performance of one

specific application; and general purpose ICs, such as
the operational amplifier types, which are designed for
use as versatile building blocks in a wide range of circuit
configurations. The first of these categories contains a
host of useful devices, whose numbers increase daily,
that are capable of doing a very wide range of jobs,
from providing well stabilised, ripple free, power
supplies, to complete radio systems or audio amplifiers
in a single package.

As a rule, hi-fi circuit designers and their customers
tend rather to look askance at such purpose-built ICs in
audio applications, since these devices are intended main-
ly for use in mass-produced consumer hardware, to
simplify and reduce the cost of manufacture of com-
petitively priced domestic electronics. A hi-fi specification
is not usually either part of the IC designer's brief or of the
customer's cost expectation. Nevertheless, some of these
dedicated ICs perform extremely well, and have found
their way into some of the most prestigious of audio
systems. One must, therefore, try not to harbour
preconceived opinions about their potential quality, but
rather to judge these devices on their individual merits.

So far as the circuitry associated with these dedicated
ICs is concerned, although it is great fun to explore their
internal construction and to work out schemes for using
them in applications their designers had never envisaged,
this is rather an exotic field, and full of pitfalls for the un-
wary. So, in general, it is prudent to stick fairly closely to
the circuit applications and component values recom-
mended by the manufacturers in their application data
sheets (which one should make sure one gets with the
device) since it will probably be difficult to improve greatly
upon these recommendations. With general purpose ICs,
these constraints upon the method of possible use do not
exist, and a very wide range of circuit uses can be
envisaged.

Basic IC Amplifier Layouts
Taking the op -amp gain block as a starting point, this

will be familiar as a simple, fairly wide bandwidth amplifier
unit, having two inputs - one phase -inverting, one non -
inverting, an output pin, and two further pins for connec-
tion to a +ve and -ve DC voltage supply. Some ICs of this
type (in fact, most of the packages which contain just one,
gain block) also have two further pins which can be used,
when connected to an external trimmer potentiometer, to
adjust the DC output level of the amplifier when this is us-
ed as a DC amplifier stage. Such an op -amp IC will normal-
ly be designed to work over supply voltage ranges from
± 1.5v to ± 15v, or indeed, in a suitable circuit layout,
from a single DC supply within the range 3-30 volts.

+VE SUPPLY (+Vcc)

INPUTS{ OUTPUT

(D.C.
ADJUST)OFFSE T

-VE SUPPLY (-VDD)

Fig. 1 Conventional circuit drawing of an operational
amplifier.

The conventional circuit drawing for such an op -amp
is shown in Fig. 1, where, as ever, the + and - symbols on
the input leads imply the non -inverting and inverting
amplifier characteristics. Although on this drawing I have
shown the + and - supply connections to the IC, it is a
cornmon practice to take these as read where the ICs are
used from a symmetrical or otherwise unremarkable
power supply arrangement, and I propose to follow this
convention and omit the power supply connecitons,
where these are standard, in future drawings.

Most of the popular op -amps of the 741 type are what
is known as internally compensated, which implies that
negative feedback can be used in the circuit by the con-
nection of a suitable network between the output and the
inverting input pins, without having to worry about
whether the amplifier will then be stable. In some of the
earlier op -amp ICs, internal HF compensation was not pro-
vided, on the grounds that the necessary worst -case (unity-
gain) compensation would lead to a less good HF perfor-
mance from the IC, at higher than unity -gain conditions,
than if the compensation was done by a suitably chosen
network of Rs and Cs external to the IC package.
However, this situation has been overtaken by progress in
IC design, and most of the contemporary IC designs will
give a good HF performance without the need to accept
an inconvenient external RC network.

Typical values of open -loop (ie, before any negative
feedback is applied) small signal, low frequency voltage
gain are in the range 100,000-200,000, and the rejection of
unwanted noise and voltage fluctuations on the voltage
supply lines is usually of a similar order. The common
mode rejection ratio (the ratio between the open loop gain
and the 'fault' gain you get when you tie the + and - in-
puts together and use them as if they were just one input)
is usually in this range also, but it is very difficult to
organise any circuit layout which will allow gains much
higher than 1000 to be achieved. The most common pin
configurations for IC op -amps are shown in Fig. 2, and a
typical circuit for a small signal AC voltage amplifier is
shown in Fig. 3a.

The circuit will give a stage gain determined by the
ratio (R, + 122)/R2. For the resistor values shown this is 48,
and this circuit will have a frequency response at 1 V out

(TOP VIEW) (TOP VIEW) (TOP VIEW)

OFFSET
OUT

NULL OUT +VccQ OUT

-IN +VCC-IN OUT -IN
IRA Alpo

-IN

61 U.+IN OUT +IN -IN +IN 1111 +IN

-VDD-VDD +VCC

OFFSET +IN
NULL +IN 111 III +IN

SINGLE OP -AMPS
(741 Mc)

OFFSET NULL
VCC

+Vcc
(BOTTOM VIEW)

(BOTTOM VIEW)

Fig. 2 Common op -amp pin connections.

DUAL OP -AMPS
(TL072 etc)

-VDD

+IN

-IN

OUT

+IN

-IN

OUT

--IND i -IN

OUT El OUT

QUAD OP -AIM
ITL074/LM14B)
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Problems and ICs often, as we all know, go together. John
Linsley Hood takes a look at the two of them in audio.

(RMS) - assuming a ± 15 V DC supply - which is substan-
tially flat from 10 Hz to 30 kHz, the LF limit being set by
the value chosen for C1 (bigger = lower) and the HF end
being determined by the characteristics of the IC itself, as a
consequence of its internal HF compensation.

At 1 V RMS and 1 kHz, a typical distortion figure into a
2k ohm load, would be about 0.02% and a S/N ratio
(assuming a low source impedance) of about 75dB, when
measured over the 10 Hz -30 kHz bandwidth. Substituting
one of the newer designs of IC intended for audio use,
such as a TL071 or a LF351, would halve the noise, in-
crease the bandwidth to about 300 kHz, and reduce the 1
kHz distortion to some 0.002%. Such is progress!

Such a gain block, particularly when built using a
TL071 or a LF351, both of which have high impedance FET
inputs and very low noise characteristics, makes a very
respectable hi-fi amplifier stage, in any application where
a flat gain/frequency response is appropriate. To take ad-
vantage of the convenience of a single power supply rail,
which facilitates joining IC circuity on to discrete transistor
layouts, the circuit of 3a can be rearranged as shown in
Fig. 3b without any loss of performance. (To assist in com-
paring the layout of 3b with that of 3a, I have retained
some of the component numbering of 3a in 3b.) Lower
supply voltages diminish the available output swing and
tend to worsen the THD (total harmonic distortion) at any
given output, though this will only become conspicuous
as the expected output signal level begins to get near the
maximum available due to the DC supply provided.

Both of these op -amp gain stages compare favourably,
both in terms of the cost of the components and in terms
of performance, with the comparable separate transistor
versions, the only major snag being the limit on the possi-
ble output voltage swing imposed by the ICs restricted HT
supply capability. It is no use, therefore, to try to use an IC
of this type if one wants a 100 V P -P signal output.

As shown in Fig. 2, IC op -amps of this type are
available in packages which contain up to four separate
amplifiers on the same chip, usually with very little
sacrifice in performance, and with only minimal signal
breakthrough from one to another. In particular, the dual
op -amp TL072 and LF353 types have become very popular
among audio circuit designers as a means of handling a
pair of stereo signal channels in one device.

Frequency Response Shaping
While quite a lot of audio signal handling can be done

with stages with linear gain/frequency characteristics, it is
very useful to be able to modify this frequency response. I

have mentioned above, in the case of Fig. 3a, that the LF
response was determined by the value of C1. This is

because, in a feedback amplifier, the gain of the stage is
really determined by the ratio of the impedances in the
two limbs of the feedback network. So long as the im-
pedances of any capacitors (or inductors) in these limbs
can be ignored in comparison with the resistive elements,
the gain will be independent of frequency. However, if the
effects of these reactive components are significant within
the audio band, this linearity of frequency response will be
modified, and this gives the designer considerable scope.

In order to do this kind of design work properly; it is
very desirable to be able to work with complex numbers
(ie, those containing the so-called imaginary value i or j,
which is the square -root of -1). Doing the necessary

- +1 SV

INPUT

OUTPUT

(a) I b )

Fig. 3 Simple op -amp circuit. Note that in theory Cl should
be unpolarised, in practice an electrolytic is used. (b) is the
circuit arrangement for use with a single -rail power supply,
in all other respects it is equivalent to (a).

calculations with this type of equation is not really at all
difficult, once some simple rules have been memorised,
and this allows one to work out quite precisely how a cir-
cuit containing capacitors and inductors will operate, and
gives both the actual gain and the phase shift. However, it
is very hard to find text books which give a simple ex-
planation and I propose, later on in this series, to give a
non -mathematician's brief guide.

However, for the moment it is sufficient to remember
that the -3dB point (the frequency at which the gain is
reduced to 71% of its flat response value) occurs in a stage
such as that shown in 3a when the impedance of the
capacitor C1 (given by Z.c = 1 /(27rfC)) is equal in value to
R2. Where the impedance of Cl is either very much less
than R2 or very much greater than R2, the stage gain

2u2

INPUT

OV

4k7

(LIFT) BASS (CUT)
10k 100k

4k7 100k

TREBLE

10k

TL071

Fig. 4 'Baxandall' type tone -control circuit.

INPUT 0-1
1u0

160p

ov

Fig. 5 Compensated ceramic pick-up input amplifier.

1MO

1MO

TL071

OUTPUT

OUTPUT
(x10)

OV
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calculations can be simplified to (R3 + R2)/R2
or (R3 + Z,)/Z,. If one draws a graph and smoothly joins
these three points, one will get a near -correct idea of the
true way the circuit will behave.
INPUT FROM

MAGNETIC
PICK-UP

OV

Fig. 6 Conventional RIAA-equalised magnetic pick-up
amplifier stage (gain = 100 at 1 kHz).
INPUT FROM

MAGNETIC
PICK-UP

71(5

OUTPUT

OV

OUTPUT

OV OV

Fig. 7 Improved RIAA-equalised magnetic pick-up amplifier
(stage gain a 100 at 1 kHz).

Thus the circuit varies its response according to fre-
quency, and this is entirely due to the presence of the
reactive components (more usually capacitors than induc-
tors). Very many practical and useful designs are made
possible: some examples are Fig. 4, which is a tone control
circuit, and, as explained in the captions, Figs. 5, 6 and
7 which are pick-up amplifiers that accord with the
RIAA specifications as shown in Fig. 9. The circuit arrange-
ment shown in Fig. 7, in which the necessary double -step
correction of the curve shown in Fig. 9, is done in two
stages, is more accurate, particularly in respect of the
sonically important transient performance, than the
simpler, more commonly used arrangement of Fig. 6. The
ceramic cartridge equalisation has a different requirement,
since this is an amplitude - rather than velocity - sen-
sitive device, and requires the type of replay curve shown
in Fig. 10. Otherwise, when it is used with an adequately
high input impedance to give a flat LF response, the
reproduced sound is rather lacking in treble.

Combining bass cut and treble cut stages allows one to
make local lift and local cut response circuits, such as
those shown in Figs. 11a and 11b and whose performance
is illustrated in Figs. 12a and 12b. Figs. 11a and b are really
both the same circuit, but with the 'shelf' frequencies
moved sideways.

I have illustrated all these later circuits using op -amps
+20d8

RECORDING
LEVEL

(VELOCITY)

+3d8 -

0 -
-3dB-

-20dB

//
74/

i

20Hz 100Hz 500.5Hz 1kHz 2 1kHz 10kHz 21kHz

Fig. 8 Recording velocity charactoristics employed in RIAA
pre -emphasis convention for 33 and 45 RPM discs.

30

R.I.A.A. EQUALISATION CURVE

20

10Hz 60Hz 1kHz 10kHz 20kHz

Fig. 9 Required replay curve for magnetic (velocity sensitive)
pick-up cartridges.

6dB -

I I I I I

20Hz 500Hz 1kHz 2kHz 20kHz

Fig. 10 Required replay curve for flat frequency -response
output from ceramic (displacement sensitive) pick-up
cartridges.
(a TL071 will work satisfactorily in all these). Let me con-
fess that this was at least partly for convenience - it's
much simpler (and easier to follow) if one can just show an
amplifier as a triangle with three leads going to it.
However, this also makes the point that circuit design (and
circuit lay -out in the PCB) with op -amps is very much
easier than with the equivalent discrete components (this
is provided, of course, that the devices you are using have
adequate performance in terms of output capability,
distortion, noise, etc). But I still have the feeling that, for
'ultimate-fi', circuits using discrete components alone can
be superior, if only because one can get the equivalent
results with far fewer components (remember that a
typical op -amp can contain the equivalent of 39 separate
resistors, transistors, diodes, and capacitors, each with its
own imperfections, all of them contributing to an ac-
cumulated total imperfection). Instinctively, I feel that the
less one handles a hi-fi signal the better the end result.

Steeper cut circuits using two or more RC elements
100k 50k

INPUT

OV

INPUT

OV

OUTPUT

OV

OUTPUT

OV

1131

Fig. 11 Combined bass and treble cut circuits.

ETI OCTOBER 1983



FEATURE . Audio Design

(.1

FREQUENCY

500Hz 1kHz 2kHz

( b I

FREQUENCY

500Hz 1kHz 2kHz

Fig. 12 Response curves for the two circuits in Fig. 11.

can be built, and if these RC groups are included in the
feedback network we are now building active filters.
These are great fun, but working out just what is going to
happen requires rather more tricky maths, and a few
useful dodges. Again, this is a topic I will defer until later.
So, while I certainly use ICs in my own designs, and I ac-
cept that I will do so even more in the future as they get
better and more versatile, nevertheless I do not see them
displacing the circuits built up with separate transistors
and resistors yet awhile. On the other hand, if one is mak-
ing something like a car radio to which hi-fi standards are
not really appropriate, or an FM tuner where the discrete
component circuitry would be very cumbersome, not to
use ICs would be truly ostrich -like behaviour.

Noise And Distortion - And Other
Problems!
So far, I have largely pretended that we are living in an

ideal world, where everything is as good as we would
wish. Unfortunately, this isn't true, and the extent to
which we will be successful in the field of audio design -
as in any other - will depend on our ability to recognise
the possible existence of defects, and to shape our
designs, both on paper and as hardware, to avoid them.
The problem, of course, is that it just isn't possible to op-
timise everything simultaneously, so what one ends up
with must be a working compromise in which one has
tried to assess what are the most important problems likely
to affect one's listening pleasure, and to make sure that
these are adequately dealt with.

This is, incidentally, one of the areas in which the DIY
designer has a great advantage over the person who simp-
ly goes along to his hi-fi shop and hands over a wodge of
pound notes for the latest black and chrome creation. This
is because the commercial hi-fi is built to provide a good
specification/price ratio, which will get a good review in
the buyers' guides and ensure healthy sales. Unfortunate-
ly, no one really knows what makes hi-fi equipment, such
as amplifiers, tuners and recorders, sound well; so, in the
absence of any firm knowledge, a series of specifications
relating to bandwidth, signal-to-noise ratio, power output,
distortion and channel separation, have arisen - and
these are the specs for which the commercial manufac-
turers seek to get good values. Whether the final thing
sounds well cannot be so easily specified, but there are
some areas, and I will look at these later, where something
which measures less well does indeed sound better. So, if
one is doing ones own thing one can design for sound
rather than specifications.

Noise
If, in this term one includes all unwanted intrusions in-

to the signal output, this cons&s of five main categories.
These are: thermal noise, defective component noise,

radio breakthrough, impulse noise, and hum (from the AC
mains power supply). There are also some other kinds of
device noise with transistors (and ICs) which relate to the
device operating conditions, and I have lumped these with
thermal noise. I will leave this until last.
Hum: in any normal domestic environment, there is a
possibility of the local (in the UK, 50 Hz) AC mains field in-
truding into the circuitry, even when this is battery
operated. The only answer, in this case, is full screening of
the lot, and care in the layout of connecting wires. Diecast
metal boxes, such as those made by Eddystone and ITT,
provide ideal housings for low-level and high -gain cir-
cuitry. Where one is powering equipment from the mains
anyway, these problems multiply. Here one must make
sure that one does not earth the equipment separately in
more than one place (the all too familiar earth loop pro-
blem), one must make sure that the mains transformer has
an adequately low external AC magnetic field, and that it is
sited as faraway as possible from low signal level areas.
Also, one needs to remember that the currents flowing in
the transformer secondary, rectifier, and reservoir
capacitor loop have very high peak values and will pro-
duce quite significant voltages across even small wiring
resistances. Take care, therefore, to take off the DC supply
from across the reservoir capacitor, including your OV
return! A further important point to watch is that there is
no incipient instability in the circuitry of any amplifier, in
that this will make it very prone to a hard rasping hum
sound - similar to that given by two different earthing
points on the mains DC supply.
Impulse noise: this has a lot in common with radio
breakthrough, and is that annoying problem of clicks and
bangs when other mains operated equipment in the same
locality, lamps, fridges, central heating equipment, and so
on, is switched on and off. This can be caused, partly, by
the same things as radio breakthrough (see below), but is
particularly exaggerated by incipient instability and un-
necessarily wide gain bandwidth. If one had a moving coil
head amp feeding the PU input, and if the head amp had a
10 MHz bandwidth, one would expect impulse noise pro-
blems. Thorough screening will also help here.
Radio breakthrough: for those who suffer from it, this is
one of the most infuriating of problems - worse even than
noisy neighbours. There is, unfortunately, no universal
answer. In general, the problem arises because the various
connecting leads act as aerials feeding signals into the
amplifier, which are then rectified by slightly less than
perfect plug -socket connections, transistors or IC semicon-
ductors, or even by poor soldered joints. Decoupling
those earth returns which are not directly connected to
the chassis, via a non -inductive (eg, ceramic disc)
capacitor will help, as will the connection of judicious 100
to 1000 pF ceramic capacitors between input transistor
emitters and bases. Also, putting a few ferrite beads on
likely live -side input leads can help. Alas, the trick which
works in one case may be useless in another, so this re-
quires a lot of experimentation, and not a little luck.
Defective component noise: in my early days as an elec-
tronics enthusiast, resistors which crackled, capacitors
which spluttered, sizzled, and hissed, and valves which
rang like a bell when one tapped them, were just part of
life - and one tried, by replacement, to end up eventually
with a good set, until yet another component 'went noisy'.
Happily, things have changed for the better, and
nowadays defective components are relatively rare, at
least at normal signal levels, where an electrolytic
capacitor installed with reversed polarity is likely to be the
major noise culprit.

However, at low signal levels, such as at the phono in-
put to an audio amp, this isn't so reliably the case, andf
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while proper selection of components for the application
will help, for very low level use there is no real substitute
for individual testing to guarantee good performance.
Remember also that most electronic components don't
like heat, so if one has had to spend a lot of time with the
soldering iron bit close to the component in question -
perhaps in taking it out of a PCB and in reinstalling it - it
may not be as good afterwards as it was to begin with.
Thermal noise: this is the result of the random motions of
electrons - the basic carrying elements - as a conse-
quence of their being excited by heat. This noise compo-
nent increases with absolute temperature
(°K = 273 + °C), and with the amount of resistance in the
circuit. The formula for calculating this is

V = . . R
where V is the mean AC output voltage, k is Boltzmanns
constant (1.38 x 10-23), T is the absolute temperature
(° Kelvin), dF is the measurement bandwidth and R is the
circuit resistance. It follows from this, immediately, that
the larger the amount of resistance in the circuit (other
things being equal) the worse the noise. A graph showing
this relationship is given in Fig. 13.

30-

RESISTOR (THERMAL.) NOISE AT 20°C

100 1k

V =44k.T4F.R

10k 100k

RFAIRTANCF

Fig. 13 Resistor thermal noise at 20°C.
Other sources of noise, related to circuit resistance,

occur in junciton and other transistors. These are those
due to what is known as base spreading resistance (which
decreases as the chip size and dopant concentration in-
crease), and shot noise, which is a statistical problem and
decreases, within limits, as the ratio of the total emitter
current to the fundamental electronic current lumps, the
electrons, increases. There is also modulation or lir noise,
which is proportional to the current and inversely propor-
tional to frequency: this is very much depedent on the
device used. Finally, there is reverse leakage noise, which
worsens as the collector (or drain in the case of an FET)
voltage increases.

To summarise this, the lowest noise in a transistor
stage will be given by an optimally chosen device (in
respect to type and performance), operated at the collec-
tor current which is best suited to its base and emitter cir-
cuit resistance and its chip size, at the lowest sensible
temperature and operating voltage, and the lowest input
impedance. Since all of the noise sources are bandwidth
dependent, those which arise before a bandwidth limiting
filter, such as an RIAA equalising stage, are less obstrusive
than those which occur after this - other things being
equal. Also, those noise sources which are inductive in
character, such as a magnetic pick-up on the input to a
preamplifier, have an impedance which increases with fre-
quency, and will therefore give a worse noise level -
since the ear sensitivity increases with frequency up to a
few kHz - than a simple calculation based on its DC
resistance would suggest. ETI
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 Do you know what addressing
modes are possible on the 6809
CPU?

 What is the pin -out on the Z8420
PIO?

 Do you know the address of Texas
Instruments' UK office?

 Which of the chip select inputs on
the 6810 static RAM are active
high?

 What is the standby mode
dissipation of the 2716 EPROM?

The answers to these and many other
questions are to be found in Autumn

copy of Electronics Digest,
Microprocessor Data For
Experimenters, out now.
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(pantechnic) THE POWERFET
SPECIALISTS

OEM USERS
Pantechnic present the most adaptable high powered amplifier ever.

FET SYSTEM AMP
Features:
 HIGH POWER. 1.2KW (single ended).
 LOW VOLUME. 1/15 Cubic foot inc. Heat Sink.
 VERSATILE. Delivers more than 1 KW into l/2 to 8 ohms.
OR 2 x 600W into 2 to 8 CZ
OR 4 x 300W into 2 to 4 S2 (200W intoS2.

1 x 600W into 2 to 8E2
OR S1 x 300W into 2 to 412

1 x 150W into 4 to 81-2
Etc. Etc.

Having been closely involved in a wide varietyof OEM applications of
their amp boards, Pantechnic became aware of numerous imple-
mentation problems often left untackled by other amp board manu-
facturers.These problems specifically of size and thermal efficiency
became particularly aggravated at high powers and considerably
lengthened OEM product developmen, time.
By including thermal design in the totalityof board design it has been
possible to reduce the size of the electronics, and increase the
efficiency of the transistor to heatskink thermal circuit. The com-
bined effect of this has been to dramatically increase the volumetric
efficiency of the amplifier/heatsink assembly. The SYSTEM Amp
offers 1.2KW of power in a space of 102mm x 102mm x 77mm,
excluding PSU and Fan.
The basis of this considerable advance is the PANTECH 74 Heat
Exchanger, newly designed and manufactured by us. By
eliminating the laminar air flow found in conventional, extruded heat
sinks, heat transfer to the environment is greatly enhanced.
The flexibility of the 1.2KW amp stems from its division into 4 poten-
tially separate amplifiers of 300W each (downrateable with cost sav-
ings to 150W.) These can be paralleled, increasing current capability
or seriesed (bridged in pairs) doubling voltage capability. In conse-
quence a large variety of amplifier/load strategies can be imple-
mented.
As ever Pantechnic offer a full range of customising options includ-
ing DC coupling, ultra high slew etc. Contact Phil Rimmer on 01-800
6667 with your particular application problem.
P.S. Specs, as ever, are exemplary.

OTHER POWERFET AMPLIFIER MODULES
Model Price Range Dynloads Notes

(Rrna)
PFA100 20.85 50-150W 412, 8

'PFA200 27.35 100-300W 4 0, 8
PFA/HV 38.04 200-300W 4 ,8n,18n

Physically small (32 x 78 x
108mm)
High watts/E ratio
5dB dynamic headroom
Drives 70V line direct.

*PFA500 42.00 250-600W 2 u,4 u, 8ii 25A cont. output current.
52.50 mounted on type 74 Heat Exchanger (see below).

*The power output of these amplifiers can be increased by approx
15%with no diminution in quality by adding PSU102 (£7.61) to your
existing power supply.

Some Other Products & Components
Type 74 Heat Exchanger. Dissipates 300 W (1.2KW fan cooled)
£7.50
25A 400PIV Bridge Rect. £2.17
10,000uF 80v electrolytic with clip £4.75
PAN20 Pre -amplifier module. Very low noise and distortion £7.61
PAX2/24 2 Way active crossover (specify frequency) £10.10
PSU103 Powers 2 x PAN20 + 2 x PAX2/24 £6.91
PAN1397 20W power amp. (LOW THD) £5.04
PSU101 Powers 2 x PAN1397 £3.43
Transformer for above £4.30 (inc. postage)

Nom. VAC 160VA
40-0-40 10.43
45-0-45
50-0-50
70-0-70

TOROIDAL TRANSFORMERS
with special low flux windings
225VA 300VA 500VA 625VA
12.00 13.04 -
12.00 13.04 18.98 -- - 18.98 19.84- - 18.98 -

750VA

22.00

(for PFA/HV)
Transformer prices include postage. Ask for leaflet "Choosing a Transformer."

Carriage 75p. Add VAT at 15% to all prices.

THE POWERFET SPECIALISTS

pantechnic
Mail order only 0,

Dept E T I 148 Quarry Street, Liverpool L25 6HQ
Telephone 051-428 8485

Technical enquiries
Phil Rimmer 01 8006667

sit81111
DIGITAL ULTRASONIC DETECTOR

US 5063

 3 levels of discrimination against false
alarms

 Crystal control for greater stability
 Adjustable range up to 25f t.
 Built an delays
 12V operation
This advanced new module uses digital signal
processing to provide the highest level of
sensitivity whilst discriminating against potential
false alarm conditions. The module has a built.
tn exit delay and timed alarm period, together with
a selectable entrance delay, plus many more
outstanding features. This advanced new
module is available at
only f 13.95 + V.A.T.

ULTRASONIC MODULE
US 4012

 Adjustable range from 5-25f t.
This popular low cost ultrasonic detector is
already used in a vviderangeof applicationsf tom
intruder detectors to automatic light switches
and door opening equipment. featuring 2 LED
indicators for ease of setting up, the unit
represents outstanding value at

£10.95 + V.A.T.

INFRA -RED SYSTEM
IR 1470

Consisting of separatetransmitter and receiver
both of which are housed in attractive moulded
cases. the system provides an invisible
modulated beam over distances of up to 50f t,
operating a relay when the beam is broken.
Intended for use in security systems, but also
ideal for photographic and measurement
applications, the system is available at

only f25.61 + V.A.T.

POWER SUPPLY & RELAY UNIT
PS 4012
Provides stabilised 12V output at 85mA and
contains a relay with 3 amp contacts. The unit
isdesigned to operatewith up to 2 ultrasonic units
or 1 infra -red unit IR 1470. Price E4.25 + V.A.T.

SIREN MODULE SL 157
Produces a loud penetrating sliding tone which,
when coupled to a suitable horn speaker,
produces S.P.L.'s of 110dbs at 2 metres.
Operating from 9-15V, the module contains an
inhibit facility for use in 'break to activate'
circuits. Price £2.95 + 9.8.7.

5Y2" HORN SPEAKER HS 588
This weatherproof horn speaker provides
extremely high sound pressure levels 1110dbs
at 2 metres) when used with the CA 1250, PS
1865 or SL 157. Price £4.95 + V.A.T.

3-POS. KEY SWITCH 3901
Single pole. 3-pos. key switch intended for use
with the CA 1250 Price £3.43 V.A.T.

All modules are supplied with
comprehensive instructions.

Units on demonstration.
Shop hours 9.00-5.30 p.m..
Wed. 9.00-1.00 p.m.
SAE with all enquiries.

Add 15% VAT to all prices.
Add 50p post & packing to all
orders.
Order by telephone or post

using
your credit card.

ALARM CONTROL UNIT

CA 1250

The heart of any alarm system is the control unit.
The CA 1250 of fers every possible feature that
is likely to be required when constructing a
system whether a highly sophisticated
installation, or simply controlling a single
magnetic switch on the front door.
 Built-in electronic siren drives 2 loud speakers
 Provides exit and entrance delays together

with fixed alarm time
 Battery back-up with trickle charging facility
 Operates with magnetic switches, pressure

pads, ultrasonic or I.R. units
 Antitamper and panic facility
 Stabilised output voltage
 2 operating modes full alarm/anti-tamper

and panic facility
 Screw connections for ease of installation
e Separate relay contacts for switching external

loads
 Test loop facility
Price f19.95 + V.A.T.

SIREN & POWER SUPPLY MODULE

PSL 1865

A complete sirenand power supply module which
is capable of providing sound levels of 110dbs
at 2 metres when used with a horn speaker. In
addition, the unit providesa stabilised 12V output
up to 100mA. A switching relay is also included
so that the unit may be used in conjunction with
the US 5063 or US 4012 to form a complete
alarm.

Price £9.95 + V.A.T.

HARDWARE KIT
HW 1250

only
f9.50

+ V.A.T.
This attractive case is designed to house the
control unit CA 1250, together with the
appropriate LED indicators and key switch.
Supplied with the necessary mounting pillars and
punched front panel, the unit is given a
professional appearance by an adhesive silk
screened label.

HARDWARE KIT

HW 5063

only
£9.95

+ V.A.T.
This hardware kit provides the necessary
enclosure for a complete self-contained alarm
system which includes the US 5063, PS 1865,
loud speaker type 305 and key switch 3200.
Attractively styled, the unit when completed,
provides an effective warning system without
installation problems.

ULTRASONIC MODULE

ENCLOSURE

only
f2.95

+ V.A.T.

Suitable metal enclosure for housing an individual
ultrasonic module type US 5063 or US 4012.
Supplied with the necessary mounting pillars and
screwsetc. For US 5063 order SC 5063; for
US 4012 order SC 4012.

RiSCOMP LiMiTED
Dept. ETI 15
21 Duke Street,
Princes Risborough,
Bucks. HP17 OAT
Princes Risborogh 1084 44) 6326
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New cats for old !
SEND US THE COVER FROM ANOTHER COMPONENT SUPPLIERS CURRENT
CATALOGUE, PLUS A 40p STAMP, AND WE'LL SEND YOU A FREE COPY OF THE
LATEST (SUMMER) AMBIT CONCISE COMPONENT CATALOGUE. ALTERNATIVELY
YOU CAN SIMPLY BUY A COPY FROM YOUR NEWSAGENT - OR SEND 80p TO

THEADDRESS BELOW

TINERNATIONAL

* MANY PRICE REDUCTIONS :PRICE ON THE PAGE

Telephone:
t

995194
Ambit G

0277) 230909
Telex:

Essex

200, North Service Road, Brentwood,
0114 45G

* AVAILABLE AT NEWSAGENTS, OR DIRECT FROM ......

ambit INTERNATIONAL
200 North Service Road
Brentwood
Essex
CM14 4SG

Telephone 0277-230909
Telex 995194 AMBIT G

Data 0277-232628 REWTELD
300 BAUD DUPLEX
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FEATURE

MACHINE CODE
PROGRAMMING
Machine code programming has two uses: firstly, as a way of
getting your (normally BASIC -loving) microcomputer to go faster;
and secondly, it's the only way to get a 'naked' microprocessor
to do what you want. This latter use is what will primarily
interest ETI readers. However, it's pretty difficult to learn on a
bare micro, so in this short series, Bob Bennett will be showing
us how it's done on a home computer, with some comments on
using a microprocessor in the raw.

The best way to learn to programme using machine
code is to have a go, after all, that was how you learn-
ed to programme in BASIC. But then, BASIC does bear

some resemblance to everyday English, and machine code
looks like . . . well . . . code, so how is it done? To answer
that you need to have an insight into what is happening in-
side the computer - not a lot, just enough to make
machine code programming clearer. In this magazine, star-
ting in August of 1982, Owen Bishop wrote an excellent
series on designing micro systems, and explained how all
the pieces are put together to make a computer. I'll start
with a short recap of some of the points relevant to machine
code programming.

Deep In The Heart (of Texas?)
At the heart of any computer is a processor, and in most

home computers it is a single chip. The Jupiter, Lynx, Spec-
trum and many others use a Z80 type, whilst the processor
in the BBC, Vic 20, Apple, etc, is a type 6502. Each pro-
cessor has its own instruction set, which is a repertoire of in-
structions the processor will obey, and each processor has a

CENTRAL
PROCESSOR
UNIT (CPU)

CPU
REGISTER

I/O DEVICES

CONTROL BUS

RAM & ROM

DATA BUS

ADDRESS BUS

Fig. 1 Layout of a minimal computer.

register sets most of which can be used directly by the pro-
grammer. It is by the judicious use of the instruction set that
the programmer manipulates the data in the registers to ex-
ecute, in a controlled sequence, the various effects which
constitute the desired aim of the overall programme.

CPUs differ quite a lot in both the sizes of their instruc-
tion repertoirs and in the number of registers that they con-
tain. We'll be looking at registers in a moment.

The two more common types of memory used in home
computers are random access memory (RAM), and read on-
ly memory (ROM). Fundamentally they appear the same in
general makeup, inasmuch as they both have a number of
locations (called addresses) where data can be placed, but
in ROM that data is sealed in and cannot be altered, hence
read only. It is in the ROM where the designer has put the
routines to control all the effects I mentioned earlier, such
goodies as PRINT, PLOT, SCROLL, etc, in fact everything
your computer can do. RAM is where the machine code
programmer (that's you!) places the instructions (program)
which the processor hopefully will obey. The designation
random is a bit of a misnomer: there is nothing random in
the way the memory is accessed, at least, not (we hope) in a
computer!

Bits And Pieces
So what's the connection between RAM, ROM,

registers and the processor? The answer is a bus. Not the
number 8 to the office, but another name for a connecting
wire, or, as is more usual in a computer, a group of wires (or
tracks on a PCB). These wires carry information in the form
of electrical signals, and it is the level of the voltages present
on the bus which conveys the meaning of the signals. An
acceptable high level can be taken to mean a 1, and an ac-
ceptable low level can signify a 0, which leads us to use
binary notation on computing (convenient isn't it?).

If there are n wires making up a bus, then the total infor-
mation on the bus can be represented as 2". Most home
computers have eight -bit registers (where bit is a contrac-
tion of Binary digiT), so the highest number this register can
hold is 28-1 which is 255 if all the bits are 1 s. These eight bits
are known as a byte.

255 is not a very high number to play around with so it
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is arranged that registers can be used in pairs, but only in
certain combinations. This combination broadens our
horizons somewhat because we can now use numbers up
to 216 which is equal to 65,536 decimal. The normal way to
present data is one byte at a time, so our data bus usually
has only eight wires. However, because we need a lot of
memory, we use 16 wires on the address bus which allows
up to 65,536 addresses, or locations to be used. This is
known as 16K or 16 Kilobytes because it gets tedious writing

CONVERSIONS
CONVERSION OF HEXADECIMAL TO DECIMAL
A single hexadecimal register holds up to 256, and, as we do when
counting in tens, we split this into a 16' figure and a 1600 figure (as
in tens and units). A register pair would hold figures for 163, 162, 16'
and 16°.

hex 163 162 16' 16°

0 0 0 0 0

1 4096 256 16 1

2 8192 512 32 2

3 12288 768 48 3

4 16384 1024 64 4

5 20480 1280 80 5

6 24576 1536 96 6

7 28672 1792 112 7

8 32768 2048 128 8

9 36864 2304 144 9

A 40960 2560 160 10

B 45056 2716 176 11

C 49152 3072 192 12

D 53248 3328 208 13

E 57344 3584 224 14

F 61440 3840 240 15

Using the table: decimal 15 in a register pair = 000F whereas 240
decimal in a single register would = FO.
A080 hex = 40960 )- 176 = 41136 decimal
FEDC hex = 61440 + 3854 + 208 + 12 = 65514

CONVERSION OF DECIMAL TO BINARY OR HEXADECIMAL
Conversion can be achieved in two ways, successive division or by
spotting powers of two. Let's look at an example:
To convert 365 into binary by successive division goes as follows:
365 divided by 2 is 182 remainder 1
182 divided by 2 is 91 remainder 0
91 divided by 2 is 45 remainder 1
45 divided by 2 is 22 remainder 1
22 divided by 2 is 11 remainder 0
11 divided by 2 is 5 remainder 1
5 divided by 2 is 2 remainder 1
2 divided by 2 is 1 remainder 0
1 divided by 2 is 0 remainder 1

all successive divisions by 2 will yield the result 0 and the remainder
o.
The very first remainded we obtained the value of 2°, the next is 2',
the next is 22, etc
So the binary for 365 is 0001 0110 1101 and the hex is 01 6D.
Spotting the powers of two would work as follows:
365 is over 256 (2°) but under 512 (29) so the binary bit correspon-
ding to 2° is 1
365 - 256 = 109
109 is less than 128, so the bit for 2, is 0
109 is greated than 64 so the bit for 26 is 1
109 - 64 = 45
45 is greater than 32 so the bit for 2° is 1
45 - 32 = 13
13 is less than 16, so the bit for 24 is 0
13 is greater than 8 so the bit for 23 is 1
13 - 8 = 5
5 is greater than 4 so the bit for 22 is 1
5 - 4 = 1
1 is less than 2 so the bit for 2' is 0
1 is equal to 1 so the bit for 2°
We follow this through in the same way as before.

BIT No. 7 6 5 4 3 2 1

20 1 - VALUE OF INDIVIDUAL BIT

21-2

22-4

23-8

24 16

e 32

26 64

27 - 128

255 TOTAL DECIMAL

Fig. 2 The make-up of an eight -bit register.

out complicated binary numbers in decimal all the time. A K
is 210, and this is equal to 1024 - it's the nearest convenient
binary number to 1000, but note that a capital K is used to
distinguish it from the decimal k (-1000). We just have to
hope that the context is such that any numbers are obvious-
ly not absolute temperatures (ie in degrees Kelvin or K)!

When you see advertisements extolling the virtues of
home computers you will probably notice something along
the lines of "16K ROM and 16K RAM". You will know that
the ROM is for the routines that the designers have built into
the machine. The start of the ROM area is usually (but not
always!) address 0, so in the example given, it will extend
up to address 16 x 1024 -1, ie 16383 (the -1 is because
we've started counting, at 0 rather than 1 as is usual outside
computers - think of a street with 16 houses, if the first is
numbered 0, the last will be number 15).

Unfortunately, this doesn't leave the RAM entirely free
for the user to place all his or her programs, data, etc,
because the computer needs some space to use for its own
internal housekeeping (it stores what are known as the
systems variables). It is very important not to over -write or
corrupt the areas that the computer needs for this purpose
- doing so is a very effective way of bringing your micro to
its knees (or whatever the micro equivalent of a knee is).
However, even in the most modest of systems, there will be
more than enough space left for a decent machine code
program.

Do You Do Voodoo?
If you are a student of the occult you may have come

across the word hex before (I believe it has something to do
with casting a spell), but in computing circles it is a word
that machine code buffs drop all over the place. Actually it
is short for hexadecimal, where hexa is from the Greek per-
taining to six, and decimal of course is all about tens, so put-
ting them both together means we are counting using the
base 16. Some people may believe that this is the Martian
base for counting because they have sixteen fingers! Starting
at zero (written as 0) we count up to 9 and then we go from
A to F where A = 10 decimal and F = 15 decimal.

Note that we would write down 10 decimal as OA hex
(or OAH), and 15 decimal is OF hex (or OFH): you must get
used to the idea of writing hexadecimal numbers as two
characters; for example, F on its own is meaningless
whereas OF equals 15 decimal, and FO equals 240 decimal.
FF hex equals 255 decimal which, if you remember, is the
maximum that a register can hold, and also the number that
eight bits would represent if they were all 1s which in turn
represents one byte (see how it all fits in?), so two hex
characters equal one byte. All this means that it is possible
to write a machine code program in either binary, decimal
or hexadecimal and still get the same result, but I think that
you can discount using binary because it's far too cumber -
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FEATURE Machine Code Programming

some (although a knowledge of the binary system is essen-
tial for some applications as you will see).

To sum up so far: a machine code program is written to
(or placed in) addresses in RAM one byte at a time, some
bytes representing instructions, and some representing
data. Registers, either singly or in pairs, are used to
manipulate the instructions and data, and the processor

'sorts out all that little lot. According to the information in
the programme, different routines in ROM are called into
use to give different effects. This is a very simplified explana-
tion, but essentially correct, and although I have only been
talking about typical home computers, very much the same
sort of process happens in larger computers, only on a
much grander scale.

8 BITS 8 BITS

A F

B C

D E

H L

I R

IX

IY

PC

SP

16 BITS

CAN BE USED
AS PAIRS

USED SEPARATELY

USED AS A 16 -BIT
REGISTER

Fig. 3 The Z80 register set. Note that there is also an alternate
set of registers A,B,C,D,E,F,H, L, usually referred to as A',B',
etc.

I mentioned earlier that I would discuss registers in
greater detail, so here we go. Using the Z80 set as a model
(Fig. 3), the A register is historically called the accumulator
because it was used to accumulate the results of computa-
tions. It is still a hard worked register, and there are certain
operations that can only be carried out using the A register,
but more of that later. The F register is the flags register alias
the status register. This is so important to machine code pro-
gramming that it warrants a section to itself. The B,C,D,E,H,
and L registers are general purpose registers which are not
found in a lot of CPUs.

When an input device requires the attention of the CPU
it sends out a signal called an interrupt. What happens then
depends on the CPU type, but usually an indicator signals
the fact that an interrupt has occurred, and then the inter-
rupt routine is entered. The Z80 has a rather unique way of
dealing with an interrupt, however. Once an interrupt has
been acknolwedged, the decive puts the low byte of an ad-
dress onto the data bus. The high part of the address is in
the I register, the two parts forming the address of a routine
to handle the interrupt.

The R register is a simple counter (0 to -255) which is us-
ed to periodicaly refresh memory cells in RAM in order not
to lose the contents. When a GOSUB is used in BASIC the
computer uses a portion of RAM as a stack to store the ad-
dress of the next instruction to be executed after meeting a
RETURN. The stack is also used when pushing and popping
(more later) to keep tabs on the addresses. It seems quite
logical therefore to have a stack pointer to hold the address
of the last item to be put onto the stack, this is the SP pair.
The last registers in this set are the two used as a program
counter (PC), the PC holds the address of the current
instruction.

I have saved the two sets of register pairs IX and IY until
now because not many CPUs have these sets. They are used
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for indexed addressing which, very simply, is this, using IX
. as an example. The IX pair are made to hold the address of a
table, where information relating to your program has been
stored, this is known as the base address. When required
the IX pair will meet instructions pertaining to their role in
the program. These instructions are in two parts, the first
part is a number, which is added to, or subtracted from the
base address. This will point to an address in the table. The
second part is an instruction relating to what will happen at
that address, and this may, or may not influence what hap-
pens next in your program.

BIT No. 7 6 5 4 3 2 1 0

S Z - H - P N

Fig. 4 The f ags available in register F.

FLAG NAME

CARRY

SUBTRACT

PARITY/OVERFLOW

HALF CARRY

ZERO

SIGN

A Bit Of Flag Waving
As well as the general purpose registers, each processor

will have a flag, or status register. These are constructed in
exactly the same way as any other register, but the bits are

or flags, to signal whether or not certain
conditions have been met. The convention is that when a
bit is set it is 1, and when reset, it is 0; when the condition
has been met the flag is set, and reset otherwise.

Every micro I know of has a zero flag of some sort -
one that is set when the contents of a particular register are
zero. As an example, let's look at what is involved in the ex-
ecution of a FOR -NEXT loop; something like this will be tak-
ing place: load a register with n (the loop count); do the task
contained in the loop; decrement the count (n n - I); test
the flag to see if the register is zero. If it is not, then go back
and do the task again; if it is, go on to the next task. Note
that both conditions of the flag can apply, and we program
the computer to do one thing if the flag is set, another if it
isn't.

The more usual flags are zero, parity/overflow, sign,
carry, half -carry, substract, and others may be interrupt,
decimal and break. Whatever flags your processor uses, get
to know them along with the instruction set. Any good com-
puter handbook should give the instruction set, and any
good library will have a computer section with a good selec-
tion of books on micros.

Other registers will include the stack pointer (SP),
which may be a pair or a single register, which is used as a
pointer to the stack area of memory. Index registers may
come singly or in pairs, and are usually designated X and Y
singly, and prefixed with I in pairs. As their name implies,
these are used for indexing along tables of data. If you
remember, a program is stored in a number of addresses, so
a program counter (PC) is used as a pointer to these ad-
dresses. One last register: dynamic RAM will need
refreshing (electrically) every now and again so that infor-
mation isn't lost, so there is a refresh register (they think of
everything). This list isn't exhaustive and don't worry if it
isn't all completely clear what's going on. However, I hope
that your appetite is whetted enough to probe further into
your computer. ETI
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17 exciting electronic projects
to build and run on your own micro.

ILIGHT PEN
PICTURE DIGITISER
KEY PAD
MODEL CONTROLLER
WEATHER STATION
+ OTHER EXCITING &
INTERESTING PROJECTS

REALISE THE REAL WORLD POTENTIAL OF
YOUR MICRO.

A newly released book written by well known author
Owen Bishop and published by Bernard Babani
gives fully descriptive details on how to build all 17
projects - all are fairly simple and inexpensive to
construct - The most complex component (the
DECODER) is supplied in kit form ready to assemble
with all components and plated through PCB. -

for the projects are readily available
locally or found in your workshop drawers.

Once assembled and connected to your micro the
decoder is able to run any or all of the projects
simultaneously.

Simple Programmes are included to get you started
but of course the more experienced programmer
can have hours of fun writing complex programmes
to take full advantage of these easy but exciting
projects.

oinio am ems - stash tan- am >i< am
Please Send By Return (allow 28 days for delivery)

QTY REF DESCRIPTION PRICE TOTAL

HB/2000 "EASY ADD-ONS" + DECODER
KIT & BOOK £24.00

HB/2001 "EASY ADD-ONS" BOOK ONLY £3.00
HB/2002 DECODER KIT ONLY £22.00
HB/2003 DECODER PCB ONLY £8.00

TOTAL
Price *nclusive of VAT & carriage. Please allow
21 days for delivery. Cheques, PO's or signed Access orders welcomed.

Please Send Full Hobbyboard Mail Order Catalogue 0 on
with full range of PCB materials & Hardware

Name
Address

a division of
KEUN ENGINEERING Ltd I
Hookstone Park
Harrogate, N. Yorks I

ETI/10/83
1/41mm am mo um INN um mw OM MI lin Or

complete P.C.B. workshop

THE 1984
GREENWELD
CATALOGUE

Now in the course of production,
the 1984 GREENWELD catalogue
will be published in November. It's
Bigger, Brighter, Better, more
components than ever before.
With each copy there's discount
vouchers, Bargain List, Whole-
sale Discount List. Bulk Buyers
List, Order Form and Reply Paid
Envelope. All for just £1.00! Order
now for early delivery!

MOTORIZED GEARBOX
These units are used in a computerized
tank, and offer the experimenter in
robotics the opportunity to buy the
electro-mechanical parts required in
building remote controlled vehicles.
The unit has 2 x 3V motors, linked by a
magnetic clutch, thus enabling turning
of the vehicle, and a gearbox contained
within the black ABS housing, reducing
the final drive speed to approx 50rpm.
Data is supplied with the unit showing
various options on driving the motors
etc. Suitable wheels also available;
details in next ad.
Motorized gearbox price £5.95

COMPUTER GAMES
2901 Can you follow the flashing light/
pulsating tone sequence of this famous
game? Supplied as a fully, working PCB with
speaker (no case) plus full instructions.
Only £4.95
Z902 Probably the most popular electronic
game on the market - based on the old
fashioned pencil and paper battleship
game, this computerized version has
brought it bang up to date! We supply a
ready built PCB containing 76477 sound
effect chip, TMS1000 micro -processor
chip, R's, C's etc. Offered for its component
value only (board may be carcked or
chipped), it's only £1.95. Instructions and
circuit, 30p.

TREAT YOURSELF TO A NICE NEW
DIGITAL MULTIMETERI!

KD55C A DVM for the professional - this
31h digit multitester has overload protec-
ton, low battery and over range indication.
Full auto -polarity operation.
AC Volts: 0.2-700
DC Volts: 0.2-1000
AC Current: 200uA-10A
DC Current: 200uA-10A
Resistance: 200R -200M
Total 28 ranges for just £44.95

MICROPROCESSOR PANELS
Z903 Panel 240 x 165 with 6802uP,
6821 PIA, 6850 ACIA, 4040, 4512 x 2,
LSOO, LS367 x 2, 555 x 2 all in sockets,
plus R's,C's, plugs, sockets etc, also 12V
sub -min relay. £4.95
Z904 Panel 240 x 165 mm with 6 x
4099, 723 all in sockets, 14 x 8A 200V
trlacs, 45 small signal transistors, 14
R/C networks, 30 x 1 N4001, sub -min
relay, R's, C's, etc. £4.95

HEATSINK
2905 Finned black ally heatsink 125 x
198 x 23 mm with 4 x 2N3055 and 4 x
OR25 5W R's. Only £2.50

RIBBON CABLE

Special purchase of multi-
coloured 14 way ribbon cable
-40p/metre; 50m £18;
100m £32.00; 250m
£65.00

TTL PANELS
Panels with assorted TTL inc LS
types. Big variety. 20 chips £1.00;
100 chips £4.00; 1000 chips
£30.00

RELAYS
Reed relays like RS 348-970 etc.
W950 12V SP make 500R 60p
W953 12V SPCO 500R 90p
W954 24V SP make 750R 60p
W955 24V DP make 750R 90p
W922 Mains 240V ac solenoid, 10% duty
cycle, push or pull, 18mm travel. 50 x 20 x
18mm. Only £1.50
W733 11 pin plug in relay, 240v ac, 3PCO
5A contacts £2.50. Base 36p
W848700R 24V 4PCO"continentar relay
35 x 30 x 18mm, only 84p,10/27.00
WI114737R5-10V relay, SP 3Acontact, PCB
mntg 11X30X20. 95p lona.so
W893 Omron LY4 mains relay, 4PCO 5A
contacts. £2.50
W925 5V OIL reed relay. SP make 75p
W924 6V reed relay, 500R coil, DP break
contacts. 60p
W926 24V Omron relay type 02L 113P,
PCB vert mntg. 28 x 25 x 10mm 75p

1 OW AMP PANEL
Neat board 115 x 62 mm with
Class B output. Uses 2 x 2N5293,
2 x BFY50, BFX29. Supply can be
either 36V or 18-0-18V Input
sensitivity IV for 1011/ output.
Small H/S on board: £2.95. Suit-
able transformer, bridge not,
smoothing and o/p capacitor:
£5.50. Supplied with circuit/
connexion data.

NICAD CHARGER
Versatile unit for charging AA, C, D
and PP3 batteries. Charge/test
switch, LED Indicators at each of
the 5 charging points. Mains
powered. 210 x 100 x 50 mm
£7.95

STABILIZED PSU PANEL
A199 A versatile stabilized power
supply with both voltage (0-30V)
and current (20mA-2A) fully vari-
able. Many uses inc bench PSU,
Nicad charger, gene purpose test-
ing. Panel ready built, tested and
calibrated. £7.75. Suitable
transformer and pots £6.00. Full
data supplied.

ALL PRICES INCLUDE VAT: JUST ADD 60p P&P

GREENWELD
443A Milibrook Road Southampton S01 OHX
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PROJECT

SUPPLY
PROTECTOR
Does that flickering of the house lights all too often indicate that
your ZX has just had its memory corrupted? Here's a very simple
remedy, designed by Phil Walker.

Designed primarily with the
ZX81 home computer in
mind but applicable to many

others, this project aims to protect
the program that you've just spent
three hours correcting from short
term mains failure or accidental
supply disconnection. The sort of
thing we mean is the temporary (or
worse) dimming of the lights caused
by lightning strikes on the grid lines
or load switching at a sub -station.
These effects usually only last a few
tenths of a second but can cause
your computer to forget itself and
delete your program - resulting in
instant frustration!

The solution is embodied in this
project. What is needed is that the
computer should be rapidly
switched over to a standby battery.
This need only be able to supply
the current drawn for a few minutes
until the normal supply is restored.
The ETI Zippy does this and also
sounds an alarm to tell you that
something is wrong

The Circuit
The main part of the circuit

consists of B1, D1 and IC1. B1 is a
Nickel- Cadmium rechargeable
battery with a capacity of 110 mAh
at a voltage of around 8.4 volts. This
means that when fully charged it
should be able to supply a ZX81 for
at least 6 minutes - longer if you
do not have many extras plugged
in. This will even give you time to
save your program on tape
(provided you have a battery
powered tape recorder). D1 effects
the switch -over from normal supply
to Zippy's internal battery while IC1
recharges the battery while the
mains is available. The rest of the
circuit provides the audible warning
signal from the piezo-electric
sounder when the normal supply
voltage drops too low.

It is probably a good idea to
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NOTE.
IC1 IS L81334.2
IC2 IS 004093
01 1313C182L
01 IS 1N4148
201 IS SZY8/3C15V
X1 is P132720

WORKS
81 is the main energy store with a
capacity of 110 mAh and a terminal
voltage of 8.4 volts. IC1 is a constant
current device whose operatinf current
is set at about 0.6 mA by Rl. This level of
current can be sent through the battery
constantly with little degradation of per-
formance and will keep it ready for use.

131 blocks current flow from the
power pack to the battery but will allow
current to flow from the battery on to
the supply lines if the power pack
voltage drops below about 7.7 volts.
This ensures that the supply lines never
drop below this level. The internal
regulator in a ZX81 needs about 6.5 to 7
volts minimum at its input pin to keep it
working correctly.

While the input voltage from the
power pack is more than a volt or so
greater than the battery voltage, Q1 will
be turned on by current flowing through
R3. This will keep Cl discharged. This

will cause the outputs of IC2a and IC2c
to stay high and IC2b and IC2d to stay
low.

If the input voltage falls below this
level, Q1 will turn off and allow Cl to be
changed via R4 until it reaches the swit-
ching threshold of IC2a. The output of
IC2a will now go low and Cl will be
discharged via lt4 until it reaches the
lower switching threshold of IC2a
whereupon IC2a output will fo high
again to repeat the cycle. While IC2a
output is low the output of IC2b will be
high. This enables a similar oscillator
configured around IC2c. The frequency
of IC2a oscillator is of the order of 2 Hz
while that of IC2c is around 2 kHz; the
resulting output from IC2c is bursts of 2
kHz which when applied to the piezo
sounder make a slow bleep -bleep noise.
IC2d is used to invert the output from
IC2c and increase the signal voltage ap-
plied to the sounder.

charge the battery periodically so
that you don't get caught out.

Construction
The project can be built into a

small plastic box of the type made
by Bicc-Vero (see Buylines). It is a
tight fit in the one specificed so
some care must be taken when

siting the switch and input socket.
The PCB is designed to fit along one
side of the box with the battery
along the other. Don't forget to cut
the corners off the PCB where
marked.

Assembly of the PCB is
straightforward but care should be
taken when fitting the diodes,
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PROJECT : ZX PSU Protector

PIEZO
SOUNDER

Fig. 2 Component overlay for the PCB

transistor and ICs that they are the
right way round. Connect all the
lead -out wires except those to the
sounder before assembling the
complete unit.

In our unit, the sounder was
glued to the outside of the case and
the wires taken inside through a
small hole. Holes should also be cut
for the switch, input socket and
output wire. Make sure everything
will fit before deciding where these
holes will be.

For a ZX81, the input connector
is a 3.5mm jack socket and the
output wire is terminated in a
matching plug (after assembly), but
for your system these can be as
required. Beware ... not all power

-GATT +BATT .
IVIA SWITCH)

supplies have the centre conductor
positive, so check this before wiring
up.

When everything is ready, put
the PCB, switch and input socket in
the case, thread the output lead out
through the hole provided for it
(you did cut one, didn't you?) fit a
grommet if you want it to look nice,
and wire up the sounder and other
components as neatly as possible.
Do not have the battery connected
while you do this, as it has a very
low impedance and can discharge
with some violence. The PCB can
be fastened in with a bit of sticky
tape if you want but it cannot move
about much in the limited space
available. ETI

PARTS LIST
RESISTORS (1 W 5% carbon film)
R1 6BR
R2 10k
R3 100R
R4 10M
R5 1M
CAPACITORS (disc or plate ceramic etc.)
C1 47nF
C2 470pF
SEMICONDUCTORS
IC1 LM334Z
1C2 CD4093
D1 1N4001 (Germanium or

Schottky of 1A + rating
may improve
performance)

ZD1 BZY88C15V (or similar
15V zener)

Q1 BC182L
MISCELLANEOUS
X1 PB2720 piezo sounder
B1 8.4 V 110 mAh PP3 size Ni-

Cd
SW1 min. on/off slide switch
Box Vero general purpose

202-21024B
3.5 mm jack plug & socket or as re-
quired; PP3 battery connector; PCB;
small grommet, wire etc.

BUYLINES
There should be no problems in obtain-
ing any of the components.

THE

* Exciting range of authentic voices

* Preset sounds-Piano, Harpsichord, Hawaiian Guitar (with glide),
Banjo (with repeat), Accordion

* 16 modern rhythms with superb sounds including handclap

* Full range of `Easi-Play' features * Custom Programmed ROM

* Walking Bass on Lower Manual and Pedals

* Real wood veneer cabinet with American walnut finish

* The only organ with update facilities for synthesizer and
"add -a -chord" unit

* Starter kit from £98.80 + VAT

* Full kit £280.54 + VAT Carriage extra on kits

ORGAN

Send for a demonstration tape today only £1.95 inclusive. Hear the difference yourself.
Full details & specification on request

LEIGHTON ELECTRONIC SERVICES

17 BRIDGE STREET, LEIGHTON BUZZARD; BEDFORDSHIRE LU7 7AH TELEPHONE (0525) 382504
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MASTER
ELECTRONICS

NOW!
The PRACTICAL

YOUR CAREER ..YOUR FUTURE ..YOUR OWN BUSINESS YOUR HOBBY

THIS IS THE AGE-OF ELECTRONICS !
itie worlds fastest gnanith industry...

There is a world wide demand for designers/engineers and for men to service and maintain all the electronic equipment
on the market today - industrial - commercial and domestic. No unemployment in this walk of life!
Also - the most exciting of all hobbies - especially if you know the basic essentials of the subject.
A few hours a week for less than a year - and the knowledge will be yours...
We have had over 40 years of experience in training men and women successfully in this subject.

Our new style course will enable
anyone to have a real understanding
of electronics by a modern, practical
and visual method, No previous
knowledge is required, no maths, and
an absolute minumum of theory.

You learn by the practical way in
easy steps, mastering all the essentials
of your hobby or to start, or further, a
career in electronics or as a self
employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write personally at any
time, for advice or help during your
work. A Certificate is given at the end
of every course

You will do the following:
 Build a modern oscilloscope
 Recognise and handle current electronic

components
 Read, draw and under stand circuit diagrams
 Carry out 40 experiments on basic

electronic circuits used in modern
equipment using the oscilloscope

 Build and use digital electronic circuits
and current solid state 'chips'

 Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,

VCR and microprocessorcomputer
equipment.

CACC British NaticmalRadioecElectronics School Reading,Berks.RG1 BR

r nu!
COLOUR BROCHURE

Please send your brochure without any obligation to

NAME

ADDRESS

I am interested in:

COURSE IN ELECTRONICS
as described above

I

LBritishltationalRadio&ElectamicsSchool
MMMMMMI OM NM Mill IMO - - - - - - -- - - - - -Beading,Berks.RG1 113Rj

POST NOW TO

OR TELEPHONE US-
BLOCK CAPS PLEASE 0734 51515 OR r =Ur=

ETI/10/841
TELEX 22758
(24 HR SERVICE) CACC
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AMPLIFIERS I LIP
Over the last few years we have received feedback via
the general public and industry that our products are
from Taiwan, Singapore, Japan, etc... I LP are one of
the few 'All British' electronics Companies manufacturing
their own products in the United Kingdom. We have proved
that we can compete in the world market during the past
12 years and currently export in excess of 60% of our
production to over twenty different countries - including
USA, Australia and Hong Kong. At the same time we are
able to invest in research and development for the future,
assuring security for the personnel, directly and
indirectly, employed within the UK. We feel very proud
of all this and hope you can reap some of our success.

I . L.Potts - Chairman

WE'RE INSTRUMENTAL
IN MAKING A LOT

OF POWER

In keeping with ILP's tradition of entirely self-contained modules
featuring, integral heatsinks, no external components end only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.
With over 10 years experience in audio amplifier technology I LP
are recognised as world leaders.

BIPOLAR MODULES

Module
Number

Output
Power
Watts
rms

Load
Impedance

n_

DISTORTION
T.H.D.I.M.D.
Top at 60fiz/
1KHz 7KHz 4:1

Supply
Volume

TYP

Size
min

WT
gme

Price
isle.
VAT

HY30 15 4-8 0.015% <0.006% ± 18 76 x 68 x 40 240 £8.40
HY60 30 4.8 0.015% <0.006% 1.25 76 x.68 x 40 240 E9.55
HY6060 30 + 30 4.8 0.015% <0.00ek a 25 120 x 78 x 40 420 £18.89
HY124 60 4 0.01% <0.006% ± 26 120 x 78 x 40 410 £20.75
11 Y 128 60 8 0.01% <0.006% .± 35 120 x 78 x'40 410 £20.75
HY244 120 4 0.01% <0.006% ± 35 120 x 78 x 50 520 £25.47
HY248 120 8 0.01% <0.008% ± 50 120 x 78 x 50 520 E25.47
HY364 180 4 - 0.01% <0.006% ± 45 120 x 78 it 100 1030 £38.41
HY368 180 8 0.01% <0.006% ± 60 120 x 78 x 100 1030 £38.41

Protection: Full load line. Slew Rate: 15v/ps. Riaetime: spa. S/N ratio: TOOdb.
Frequency response -3d81 50KHz. Input sans tivity: 500mV rms.
Input Impedance: 100K11. . Damping factor: 100Hz >400.

PRE -AMP SYSTEMS

Module
Number

weals Functions Current Price inc.
VATRequired

HY8 Mono pre amp Mic/Mag. Cartridge/Tuner/Tape/ 10mA £7.60
Aux + Vol/Bass/Treble

HV66 Stereo pre amp Mic/Meg. Cartridge/Tuner/Tape/ 2OmA £14.32
Aux 4-Vol/Bass/Treble/Balance

I -1Y73 Guitar pre amp Two Guitar (Bass Lead) and Mit +
separate Volume Bass Treble + Mix

20mA £15.36

HY78 Stereo pre amp As HY66 less lone controls 20mA £14.20

Most pre -amp modules can be driven by the PSU driving the main power amp.
A separate PSU 30 is available purely for pre amp modules if required for
E5.47 (inc. VAT). Pre -amp and mixing modules in 18 different variations.
Nesse send for details.
Mounting Boards
For ease of construction we recommend the 86 for modules HY6-HY13 E1.05
line. VAT) and the 8118 for modules HY66-HY78 £1.29 (inc. VAT).

POWER SUPPLY UNITS (Incorporating our own toroidal transformers)

Model
Number

For Use With Price ins.
VAT

PSU 21X 1 or 2 HY30 E11.93
PSU 41X 1 or 2 HY60, 1x HY6060, 1 x HY 124 £13.83
PSU 42X 1 a HY128 E15.90
PSU 43X 1 x MOS128 E16.70
PSU 51X 2x HY128, 1 x HY244 £17.07

MOSFET MODULES

Module
Number

Output
Power
Watts

Load
ImpedanceA

DISTORTION
T.H.D. I.M.D.
Typ in 00fiz/

Supply
Voltaire

TYP

Size
mm

WT
gms

NIP
inc.

VAT
rms 1101s 7KHe 4:1

MOS 128 60 4-8 <0.005% <0.006% ± 45 120 x 78 x 40 420 £30.41
MOS 248 120 4-8 <0.005% <0.006% i 55 120 x 78 x 80 850 £39.86
MOS 364 180 4 <0.005% <0.006% 155 120 x 78 x 100 1025 E45.54

Protection Able to cope with complex loads without the need for very special
protection circuitry (fuses will suffice).

Slew rate, 20y/ps. Rita time. 3ps. S/N ratio: 100db
Frequency response 1-3d61: 15Hz - 1005Hz. Input sensitivity: 500enV rms
Input impedance: 100K11 Damping factor: 100Hz >400

'NEW to I LP' In Car Entertainments
C15
Mono Power Booster Amplifier to increase the output of your existing car radio
or cassette player toe nominal 15 watts rms.

Very easy to use.

Robust construction. £9.14 (inc. VAT)
Mounts anywhere in car.

Automatic switch on.

Output power maximum 22w peek Into 411.
Frequency response (-341B) 15Plz to 30KHz, T.H.D. 0.1% at lOw 1KHz
S/N ratio (DIN AUDIO) 80dB, Load Impedance 3.11.
Input Sensitivity and impedance (selectable) 700rnV rms into 15Kfl 3V rim into 811.
Size 95 x 48 x 50mrn. Weight 256 qms.

C1516
Stereo version of C15.

Size 95 x 40 x BO. Weight 410 gms.

£17.19 (inc. VAT)

Model
Number

For Use With Price inc.
VAT

PSU62X 2 x HY124 E17.07

PSU 53X 2 x MOS128 C17.86

PSU 54X 1 x NY248 C17.86

PSU 55X 1 x MOS248 £19.52
PSU 7)X 2x HV244 E21.75

now X in pert no. indicates primary voltage Please insert "0" in place of
X for 110V, "1" in place of X for 220V, and "2" in plac of X for 240V.

Model
Number

For Use With Pram inc.
VAT

PSU 72X 2 x HY248 (22.54
PSU 73X 1 x HY364 122.!.(4

PSU 74X 1 x HY368 124.70
PSU 75X 2 x MOS248. 1 x MOS368 124.20
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TOROIDALS
The toroidal transformer is now accepted as the standard in
industry, overtaking the obsolete laminated type. Industry has
been quick to recognise the advantages toroidals offer in size,
weight, lower radiated field and, thanks to I.L.P., PRICE.
Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within 7 DAYS
together with a short lead time on quantity orders which can be
programmed to your requirements with no price penalty.

*Gold service available.
21 days manufacture for urgent
deliveries.

*Orders despatched
within 7 days of
receipt for single or
small quantity orders.

*5 year no quibble
guarantee.

TYPE
SERIES SECONDARY

No Wills
MIS

Conant
PRICE TYPE

SERIES SECONDARY
No Volts

RMS
Current PRICE

SERIES SECONDARY RMS
TYPE PRICE

No Volts Current

15 VA 0,010 6+6 125 120VA 4410 6+6 10.00 300VA 7,013 15415 10.00

62 x 34mm Ox011 9+9 0.63 . 90 x 40mm 4,011 9+9 6.66 110 a 50mm 7,014 16+18 8.33

-. 0.35Kg 0412 12+12 0.63 £5.12
1.2Kg 4x012 12+12 5.00 2.6Kg 7,015 22+22 6.82

Regulation
19%

0413
0414

15+15
18+18

0.50
0.42 + p & p C0.78

Regulation
11%

4x013
4x0.14

15+15
18+18

400
3.33 £7A2 Regulation 7x016 25+25 6.00 £10.88

6% 7x017 30+30 5.00

Ox015 22+22 0.34 + VAT e0.89 4x015 22+22 2.72 + pa, p £1.72 7x018 35+35 4.28 + p a p C2.05

0,016 25+25 bao TOTAL £6.79 4x016 25+25 2.40 + VAT C1.37 7x026 40+40 3.75 + VAT C1.94

Ox017 30+30 0.25 4x017
4x018

30+30
35+35

2.00
1.71

TOTAL £10.51 7,025 45+45 3.33 TOTAL 014.87
7,033 50+50 3.00

(encased in ABS plastic) 4x028
4429

110
220

1.09
0.54

7x028 110 2.72
7x029 220 1_36

4,030 240 0 50 7,030 240 1.25

30 VA 1.010 6+6 2.50
70 x 30Mm 1.011 9+9 1.66 ec A n 160VA 5x011 9+9 8.89 500VA 8x016 25+25 1000

0.45Kg 1.012 12+12 1.25 Aeoraf.0 110 x 40mm 5x012 12+12 6.66 140 a 60mm 8x017 30+30 8.33

Regulation
18%

1x013
1x014

15+15
18+18

1.00
0.83

+ P6PE110
+ VAT £0.99

1.8Kg
Regulation

5013
5414

15+15
18+18

5.33
4.44

4Kg 8x018 35+35 7.14 £14.38-Regulation 8026 40+40 6.25

1x015 22+22 0.68 TOTAL £7.58 8% 5015 22+22 3.63 £8A3 4% 8,025 45+45 5.55 + p 8 p C2.40

1,016 25+25 0.60 5x016 25+25 3.20 + p 8 p £1.72 8x033 50+50 5.00 + VAT C2.52
TOTAL

1,017 30+30 0.50 5017 30+30
35+35

2.66
2.28

+ VAT El .52
TOTAL £11.67

8x042 55+55 4.54 £19 30
8028 110 4.54

50 VA 2x010 6+6 4.16 5.026 40+40 2.00 8029 220 2.27

80 x 35mm 2011 9+9 2.77 5x028 110 1.45 8x030 240 2.08

0.9Kg 2x012 12+12 2,08 5x029 220 0.72
Regulation 2x013 15+55 1.66 5.030 240 0.66

13% 2,014 ts+ts 1.35  I 3£61
2x015 22+22 1.13 + p 8 a £1 .35 625 VA 9x017 30+30 10.41

2x016 26+25 1.00 + VAT C1.12 140 x 75mm 9x018 - 35+35 812

2x017
2428

30+30
110

0.83
0.45

TOTAL 0.60 225VA
110 x 45mm

6x012
6013

12+12
15+15

9.38
7.50

5Kg 9x026 40+40
7.81 £17.12Regulation 9x025 45+45 6.94

2x029 220 0.22 2.2Kg 6,014 18+18 6.25 4% 9x033 50+50 6.25 + p8 p C2.55

2.030 '240 0.20 Regulation 6x015 22+22 5.11 9x042 55+55 5.68 + VAT.C2 95

7% 6.016 25+25 4.50 £9.81 9x028 110 5.68 TOTAL C22.62

8o VA 3x010 6+6 6.64 6.017 30+30 3.75 + p 8 p £2.05 9x029 220 2.84

90 x 30mm 3x011 9+9 4.44 6x018 35+35 3.21 + VAT 01.78 9x030 240 2.60

1Kg 3x012 12+12 3.33 6x026 40+40 2.81 TOTAL £13.64
Regulation 32013 15+15 2.66 £6.66 6x025 45+45 2.50

12% 3x014 18+18 2.22 +13617e112 6433 50+50 2.25
3015
3x016

22+22
26+25

1.61
1.60

+ VAT C1 .26
TOTAL C9.64

6x028
6x029

110
220

2.04
1.02 ALSO AVAILABLE

3017 30+30 1.33 6x030 240 0.93 Sizes up to and including 5KVA are
3x028 110 0.72 manufactured to order.
3429 220 am
3x030 240 0.33

The benefits of ILP toroidal transktioors
ILP toroidal transformers are only half the weight and height of their laminated

equivalents. and are available with 110V. 220V or 240V primaries coded as follows'

IMPORTANT: Rqukition -M voltages °Mod are FULL LOAD. Please add regulation figure to secondary
lo Olen on kW volt*.

NEW PRODUCTS
HYBRID REGULATOR MODULES
The HR314 and HR614 regulated power supplies provide
a constant 13.8 volt d.c. output at up to 3 Amp or 6 Amp
respectively. The modules are encapsulated to an integral
heatsink and are fully short circuit protected making them
suitable for home or bench running of CB, car stereos or
any 12 volt d.c. equipment required for many hobby or
professional applications.

HR314 £10.23 inc. VAT
HR614 £18.51 inc. VAT

For 110V primary insert "0 in place of in type number

For 220V primary (Europe) Insert :1- in place of X. in type number.

For 240V primary (UK) insert 2- in place of "X in type number.

Also available at Electrovatue,Maptin.

TECHNICAL SPECIFICATIONS

MODULE HR314 HR614

Output Voltage +13.8v±5% +13.8.45%

Output Current Up to 3A Up to 6A

Current limit (nominal) 3.5A approx 7A approx

Maximum Input Voltage +30v .30v

Minimum Input Voltage +16v +16v

Maximum Input Voltage for nominal
output current

+20v +20v

Maximum output current at 30v input 1.8A approx 3.5A approx

Output ripple (100Hz) . See Note 1 ,10mV rms r 10mV rms

Size in mm. 76 x 68 x 40 high 120 x 78 x 40 high

POWER SUPPLY UNITS: comprising toroidal transformer
plus 90 x 50 x 55 mm high printed circuit board containing
smoothing add rectification
PSU31X Suitable for running one HR314 at full rated current. £13.17 inc. VAT
PSU56X Suitable for running one HR614 at full rated current. £19.13 inc. VAT

For 110v operation insert 0 in place of X - brown primary leads.
220v (Europe) operation insert 1 in place of X - pink primary leads.
240v (UK) operation insert 2 in pia& of X - orange primary leads.

For mail order please make your crossed cheques or postal
orders payable to ILP Electronics Ltd. Barclaycard/Access
welcome. Trade orders standard terms.

Post to ILP Electronics Ltd. Graham Bell House Roper Close0 Canterbury CT 2 7EP Kent. England
Telephone 102271 54778 telex 965780

IL
_
.ELECTRONICS LTD.

I.1 (iIVIS1011 01

II P E lectronx., I RI,
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CURVING
ELECTRONS
Magnetic fields can be mind -bending when you try to
understand what's going on. They can also bend the paths of
poor little innocent electrons, too. John Dance shows us a
practical import of this phenomenon.

Discovered as long ago as 28th October, 1879 by Ed-
win Hall of the John Hopkins University,
Baltimore, the Hall effect found few applications

until high quality semi -conductor materials became
available since it is so small that it is difficult to detect in
metals. Hall found that if a magnetic field is applied to a
current carrying conductor at right angles to the direction
of the current flow, a potential difference appears across
the material in a direction which is at right angles to both
the direction of the current flow and to that of the
magnetic field.

In Fig. 1(a), the potential applied between the two
electrodes causes an electric current to flow through the
material. If this material is homogeneous and no magnetic
field is present, the current flow through it is of uniform
density. In the case of the P -type semiconductor material
shown, current is effectively carried by the majority hole
carriers which behave as positive charges, and these move
in the same direction as the conventional current flow in
the external wires.

If a magnetic field is now applied so that its direction is
into the paper, Fleming's left-hand motor rule indicates
that the moving holes will experience a force towards the
left and will tend to curve in this direction, as shown in Fig.
1(b). As holes cannot flow out of the left-hand face of the
block of P -type material, some positive charges will ac-
cumulate there. Similarly, negative charges will ac-
cumulate on the right-hand face of the block of material
since no holes can flow into this face.

The electric field created by these charges tends to
repel the holes from the positively charged left-hand face

P -TYPE
SEMICONDUCTOR

ELECTRODE

A A

A

A

A

A A

1
ELECTRODE

NO
MAGNETIC

FIELD

lal

MAGNETIC
FIELD

INTO PAPER

(b)

A

MAGNETIC
FIELD

INTO PAPER

A

A

A

A

HALL
ELECTRODE

A

A

HALL _
VOLTAGE

Fig. 1 (a), (b) and (c) The Hall effect illustrated by hole flow.
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towards the negatively charged right-hand face. The field
increases until the positive charges are again moving
uniformly across the block of semiconductor material as
shown in Fig. 1(c). Any tendency on the part of the
positive charges to move to the left will increase the elec-
tric field, causing the charges to move directly across the
block of material so that the balance is accurately restored.
A pair of Hall electrodes placed in the position shown in
Fig. 1(c) can be used to detect the Hall voltage produced
in this way.

In the case of N -type semiconductor materials in

which the majority carriers are electrons, the flow is in the
opposite direction to that of the conventional current in
the external wires. The left-hand rule again shows that the
charge carrier movement is towards the left, but in this
case the negative charge carriers build up a negative
charge on the left-hand side and a positive charge on the
right-hand side. Thus we can use the Hall effect to
distinguish between N and P -type materials by detecting
the polarity of the Hall effect voltage produced.

In most metals one obtains a Hall effect voltage with
the same polarity as in an N -type semiconductor material,
since conduction is by means of electrons. However, the
Hall voltage is much smaller than in semiconductor
materials and a few metals, such as zinc, produce a Hall
voltage of the opposite polarity; in such metals the interac-
tion of the moving electrons with fixed positive ions
results in the current being effectively carried by holes. In-
trinsic (pure) semiconductor materials show a small Hall
effect; although the numbers of electrons and holes per
unit volume are approximately equal, the electrons are
more mobile, and the overall behaviour is normally like
that of an N -type material.

The Hall effect in semiconductor materials produces a
much larger Hall voltage than in metals because the
number of charge carriers per unit volume is far smaller.
The Hall voltage, VH, is given by the equation:

BI

Net
where B is the magnetic flux density

I is the current flowing through the specimen
N is the number of charge carriers per unit

volume
e is the charge of an electron (1.6 x10-19

coulombs)
t is the thickness of the specimen.

If one considers a piece of copper of thickness 1 mm carry-
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ing a current of 1A in a magnetic field of 1 Tesla (10,000
Gauss), V works out as a mere 62.5 nV, since N is about
1029 electrons per m3 for copper. It is extremely difficult to
measure 60 nV in such a circuit. In silicon, however, N
may be 10,000 times smaller, so under the same condi-
tions one obtains a VE, value of 625 µV which is a much
more reasonable voltage for measurement. Hall first VOLTAGE

detected the effect using a thin gold foil.
The Hall effect has been widely used in materials

science research where it enables information to be ob-
tained about the charge carriers. When indium an-
timonide semiconductor Hall cells became available, they
were used for the measurement of magnetic fields, but in-
dium arsenide produces a Hall cell with about one -tenth
of the temperature coefficient of indium antimonide,
although its Hall output voltage is lower. Hall cells can be
used as multiplying devices, for example in wattmeters,
where a voltage is used to generate a proportional current
through a Hall cell using a series resistor, while the load
current passes through coils which generate the magnetic
field in which the Hall cell is placed. Thus the output is
proportional to the product of the voltage and current.

Other important applications of discrete Hall devices
include their use in brushless DC motors in which the con-
ventional brush and commutator system is replaced by
Hall effect devices and suitable amplifiers. The use of such
brushless motors avoids the inconvenience of brush
replacement and improves reliability, but the elimination
of sparking at the brushes is perhaps the most important
advantage where low electrical noise is important (such as
in high quality tape recording equipment).

Hitachi developed a Hall effect tape replay head in
1977 which is stated to have a high signal-to-noise ratio
and excellent transient response (since it is non -inductive).
A thin film of indium antimonide is employed, the output
being determined only by the magnetic flux present so
that a constant response is obtained at the lower frequen-
cies - even down to zero frequency.

Monolithic Hall Devices
Silicon Hall effect devices have the great advantage

that other circuitry can be integrated on the same silicon
chip using normal IC production processes. Unfortunately
the Hall voltage from silicon cells is about a hundred times
smaller than that of Hall devices made from indium
arsenide, but the temperature stability of silicon devices is
far better and the small output levels can be amplified by
on -chip components. Typical Hall voltage outputs from
silicon cells are in the millivolt to tens of mV region,
depending on the operating conditions.

Although most Hall effect devices are used in swit-
ching circuits, there are plenty of applications for linear

@ NC

OUT

OUT

Fig. 2 Block diagram of a monolithic linear Hall effect
device.
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Fig. 3 Output voltage versus magnetic flux density for a
UGN-3501M.

0.28 0.32

Hall devices. The basic internal circuit of the Sprague
UGN-3501M linear device is shown in Fig. 2; it can be
seen that the small output from the Hall cell itself is

amplified by an op -amp. Offset output nulling facilities are
included in this eight -pin DIL device, but not in the
UGN-3501T which has only 3 connections. The
UGN-3501T operates on from 8 to 12 V and the
UGN-3501M from 8 to 16 V power supplies. The output
voltage from a UGN-3501M device at various values of
magnetic flux density with a 12 V supply, a 10 k load and
two different values of resistor between pins 5 and 6 are
shown in Fig. 3. The frequency response of these devices
extends to about 25 kHz (- 3dB). The sensitivity of the
UGN-3501T is roughly twice that of the UGN-3501M.

Fig. 4(a) shows an application of the UGN-3501T as a
ferrous metal detector and Fig. 4(b) is the circuit used. The
pole of the magnet is fixed in contact with the Hall device
and the output falls by 20 mV peak as the 25 mm steel ball
rolls above the sensing device. This signal is amplified by a
741 device and drives the 2N8512 to conduction so that
0.5 A passes through the load. The low frequency
response may be controlled by changing the value of the
22 µF coupling capacitor and high frequency attenuation
may be introduced by using a small capacitor to shunt the
feedback resistor of the 741.

By attaching the opposite pole of the magnet to the
STEEL BALL

DIAMETER 25mm

MAGNET

+12V

3501T

N

S

(a)

161

Fig. 4 (a) and (b) A ferrous metal detector using the
UGN-3501T.
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+8 to +16V R2

Fig. 5 A Hall effect switch using the UGN-3501M.

Hall device, it can be made to sense the absence of fer-
romagnetic material rather than its presence.

Fig. 5 shows the use of a LM324 operational amplifier
to supply a voltage gain and to transform the differential
output of a UGN-3501M into a single-ended output so that
the circuit can drive a load which has one side earthed.
The LM324 can be operated from a single power supply
provided that the output does not swing below OV. The
connections shown are suitable for the detection of the
field from a south pole, but if that from a north pole is to
be detected, pins 1 and 8 should be reversed.

Another application for linear devices is in flux -

meters, but calibration will be required. A typical
UGN-3501M provides a differential output of about 1.4
mV in a 0.1 T field. The response is quite linear to 0.1 T,
but the useful linear range can be extended to 0.3 T if a
resistor of about 47 R is placed between pins 5 and 6 (see
Fig. 2).

Linear devices can also be employed in current
measurement applications. The device may be placed in
the gap of a toroid and the current passed through a coil
on the toroid. This may be used for overload detection in
electric motors, current limiting, etc.

Siemens have recently introduced a KSY 10 linear Hall
effect position sensor in which a gallium arsenide (GaAs)
substrate is employed. This device is unique in that it is
manufactured by an ion implantation planar technique
which produces a doped layer only 0.3 Arn in thickness;
the use of this thin layer enables a sensitivity of 200 ± 30

V/AT to be obtained with a temperature coefficient of only
about ±5 x 10-4 per degree K. For example, it will provide
a Hall output of about 200 mV with a 5 mA control current
in a field of flux density 0.2 T. The sensitivity can be
selected in the range 30 to 300 V/AT by choosing the
appropriate ion doping level during manufacture. The two
Hall voltage output connections and the two control cur-
rent connections are interchangeable, since the active
sub -regions are symmetrical.

The output from the KSY 10 device is proportional to
the effective magnetic field and to the control current
passing through the device. The sensor is only 1 mm deep,
so it can easily be positioned in the magnet yoke of current
converters for current measurements. The active area itself
is a mere 0.2 mm by 0.2 mm and lies 0.35 mm behind the
front of its mini -plastic case. The device is very suitable for
determining the position or speed of toothed gears or of
rack and pinion mechanisms. The wide band gap of the
gallium arsenide material used enables this device to be
used at temperatures of up to 150°C, so applications in the
engine compartment of motor vehicles are envisaged and
it may also be used in brushless DC motors.

It is interesting to note that Yoshito Takehana's Group
of the Electronic Devices Development Division of the
Sony Corporation of Tokyo has developed a very sensitive
silicon Hall effect sensor inside a special transistor. The
output terminals of this magnetic sensor are in the reverse

biased depletion layer; a magnetic field perpendicular to
the flow of the charge carriers between the base and col-
lector terminals will produce an output of about 85 V/cm
at a flux density of 0.1 T. If such a linear device is suc-
cessfully developed to the production stage, a much wider
field of application may be opened to Hall effect sensor
devices at some future date.

Switching Devices
Switching or digital Hall effect monolithic devices are

especially easy to use and are finding many applications in
keyboards, in vehicle circuits, in toys and in any applica-
tions where movement must be converted into an elec-
trical digital type of signal.

The basic circuit of a typical Hall effect switching
device is shown in Fig. 6. An on -chip regulator is usually
incorporated in the device, since this is necessary to pro-
duce a constantly repeatable performance, especially in
automobile applications where the supply voltage can
vary over a wide range. The regulator supplies a constant
current through the Hall cell (shown by a X in Fig. 6) and
the two connections which supply the Hall output voltage
feed the inverting and non -inverting inputs of a com-
parator device which in turn drives a Schmitt trigger circuit
and an output stage.

V+

OUTPUT

Fig. 6 Block diagram of a monolithic switching Hall effect
device.

When the magnetic flux density in the Hall cell
changes, the Hall voltage from this cell will change so that
the comparator will switch the state of the Schmitt trigger
circuit. A suitable amount of hysteresis is built into the cir-
cuit so that if a small increase in the magnetic flux density
causes the output to switch into its other state, an ap-
preciably larger decrease in the flux density will be re-
quired to cause the circuit to switch back to its former
state. This prevents repeated rapid switching between the
two states for very small changes in the flux density.

The Sprague UGN-3019T device (formerly coded
ULN-3006T), is an economical product very suitable in
most applications for the experimenter. This is encap-
sulated in the T -type package shown in Fig. 7, the Hall ele-
ment itself being at the centre of one face of the device as
indicated. As Hall effect devices are used in conjunction
with a magnetic field, it is obviously important that the
package used should allow the device to be easily orien-
tated with respect to the field and to be easily mounted.
The type of package shown is, in the opinion of the writer,
usually more convenient for magnetic field sensing than
the dual -in -line packages sometimes used for Hall Effect
sensors. The UGN-3201M (formerly designated
ULN-3006M) is very similar to the UGN-3019T, but is
mounted in an 8 -pin dual -in -line package.

The UGN-3019T may be used in the basic circuit of
Fig. 8. In the absence of any magnetic field, the internal
output transistor is cut off and passes only a very small col -
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Fig. 7 The UGN-3019T - "T" type package.

lector current (typically, 1µA, maximum 20 µA). The out-
put voltage is therefore 'high' and has a value which is
almost equal to the positive supply voltage; this supply
voltage may have any value from +5 V to +16 V with an
absolute maximum of +20 V (above which the device
may be damaged).

+5 to +16V

OUTPUT

Fig. 8 A Hall effect switch using the UGN-3019T.

If a magnetic field of adequate flux density and of the
correct polarity is now applied perpendicular to the face of
the device, the internal Hall cell provides a voltage to the
comparator of Fig. 6 which switches the Schmitt trigger so
that the output transistor in the device conducts. The out-
put falls to its low state with a typical value of +0.15 V and
a maximum value of +0.4 V. The UGN-3019T can sink a
current to its output of up to 15 mA, so the load resistor R1
of Fig. 8 must be chosen so that not more than 15 mA will
flow into pin 3 with the particular value of positive supply
voltage used.

The writer found that a UGN-3019T would switch to
its low voltage output state when a small bar magnet was
brought within about 3 mm of the centre of the body of
the device. Owing to the built-in hysteresis in the internal
circuit of the device, it did not revert back to the 'high'
output state until the bar magnet was withdrawn to a
distance of over 10 mm. The hysteresis characteristics of
the ULN-3019T are shown in Fig. 9. A typical device swit-
ches to the 'low' output state at a field of 0.05 T and all
devices are certain to switch at a field of 0.075 T at the
centre of their face. A typical device reverts to the 'high'

12

OUTPUT
VOLTAGE
IN VOLTS -

0

0 0.01 0.02 0.03 0.04

MAGNETIC FLUX DENSITY (TESLA)

Fig. 9 Output voltage versus magnetic flux density for a
UGN-3019T.

output at 0.0225 T and all devices at a value not less than
0.01 T. The device is unaffected by small stray magnetic
fields from any transformers, relays, etc. which may be
near to it.

UGN-3019T circuits are unaffected by the application
of a field of the opposite polarity to that required to switch
the output to the low voltage state. If the field is too weak
to cause switching to the low output state, an improve-
ment in the sensitivity can be obtained by placing a piece
of iron or other ferromagnetic material on the far side of
the device from the magnet as close to the device as possi-
ble. A greater increase in sensitivity can be obtained if the
device is placed between two magnets with opposite poles
on each side of the device. It is important that the magnet
should be moved on a line directly towards the centre of
the device, since a displacement of about 3 mm from the
centre line can more than double the required flux
density.

The UGN-3019T requires a supply current of about 7
mA (maximum 9 mA) with a 5 V supply and about 12 mA
(maximum 16 mA) with a 12 V supply. A particular advan-
tage of Hall effect switching devices over mechanical con-
tact switching is their high speed of operation, the rise and
fall times being measured in nanoseconds with operating
speeds of up to about 100kHz. The output pulses are
'clean' without the 'bouncing' which is characteristic of
mechanical contacts. Monolithic Hall effect devices are
comparable in price to reed switches.

Using Hall Switches
An important use of Hall effect switching devices is for

the detection and measurement of rotation. Many types of
mechanical system arrangement are possible. In the 'slide
by' mode one or more small magnets are mounted on a
spinning disc and these magnets pass close to the face of a
Hall effect IC. Each time a magnet passes the device, the
circuit switches first to its low output voltage state and
then back to the high output voltage state as the magnet
moves away from the device.

An alternative system is the 'vane switch' technique,
in which soft iron vanes attached to the rotating metal disc
pass between the magnet and the Hall device. Each time alL
vane passes through this gap, the magnetic flux no longer
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Fig. 10 (a) and (b) Ring magnet revolution indicators.

reaches the Hall device owing to the shielding effect of the
iron in the vane, and the Hall circuit switches back to its
high output voltage state.

Fig. 10(a) shows a system for detecting rotation which
uses a radially -magnetised ring magnet. Suitable inexpen-
sive ring magnets for use with either type of system are
readily available. Up to eight pulses per revolution per 10
mm diameter of the magnet disc are possible, so 80 pulses
per revolution can be obtained from a 100 mm diameter
disc. These two arrangements have been designed for the
UGN-3030T device; this is similar to the other devices
discussed except that switching to the low voltage state oc-
curs at a typical flux density of 0.016 T (maximum 0.025 T)
and return to the high voltage state at 0.011 T (minimum
-0.025 T). The power supply current required is only
about half that needed for the UGN-3019T. It should be
noted that to ensure switching of the UGN-3030T back to
the high voltage state, a field of the opposite polarity is re-
quired of flux density -0.025 T; this is provided by the use
of alternate polarity magnetic poles in the ring magnets of
Figs. 10(a) and 10(b).

Rotational systems as described above have a very
wide range of use in engines and machinery. One that
many readers will have first-hand experience of is in car
ignition circuits, where the contact breakers are replaced.
This leads to the ignition timing being a once -and -for -all
setting, as there is no wear, and this can only help improve
fuel economy and lower exhaust pollution.

The same sort of sensor head can be used for measur-
ing rotational speeds and counting the number of revolu-
tions. In this case possibly the best course to take with the
electronics is to have a pulse -generating circuit after the
Hall effect device, so that the pulses can either be counted
or fed to an analogue meter (to get a rate of revolution
indication).

When fitted to a vehicle wheel such a system could
have a further important use, namely in an anti-skid
braking system. In this the electronics would detect when
the wheel was not turning while the car was still moving.
The system would then momentarily reduce the brake

Fig. 11 A Hall effect pressure switch.

Fig. 12 An acceleration sensing system.

force to the wheel so that it would turn again and control
would be restored, after which full braking force would be
restored. This has the effect of pumping the brakes - but
be warned, it's not eary to construct such a system, and
we strongly recommend not trying!

Hall effect devices can be used to detect linear mo-
tion; Fig. 11 shows a simple pressure switch. Coupled with
a push-button, this sort of arrangement is common in key-
board switches. A similar application is as an acceleration
detector, and Fig. 13 shows how this can be done. In this,
acceleration forwards or backwards causes the magnet to
move nearer to one of the two Hall devices. Conversely,
the tilt sensor in Fig. 13 works by detecting when the
magnet moves away from directly above the Hall device.

Fig. 13 A Hall effect tilt sensor.

As transducers go, Hall Effect devices can give a
relatively large switching capability, being capable of sink-
ing ample current to interface directly with TTL. Fig. 14
shows a suitable circuit for interfacing to CMOS devices.

Fig. 15 shows a handy buffer circuit that can be used
to drive larger loads, such as a 12 V relay coil. In Fig. 14,
when the magnetic field is strong enough, the output from
the Hall device will be low and the transistor will be off.
Hall devices can drive reed relays directly provided that
they do not pass too much current, and provided that a
transient suppressing diode is connected across the coil to
prevent the back-EMF froth destroying the Hall device (the
diode cathode should go to the positive terminal of the
relay coil).

If a Hall device such as the UGN-3030T is required to
control a triac such as the RCA 40669 which can handle
up to 8 A RMS, a transistor amplifier stage is required bet-
ween the Hall device and the triac as shown in Fig. 16.
When the Hall device conducts, a current of 9 mA flows
from the base of the PNP 2N5811 transistor which in turn
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+12V -12V VDC 4-12V
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Fig. 14 (left) Driving CMOS from a Hall effect device.
Fig. 15 (right) A current amplifier for the Hall device.
supplies 80 mA to the triac gate to turn on the load cur-
rent. It should be noted that the Hall device is connected
to one side of the mains supply; this could be avoided by
the use of an opto-coupling device between the Hall IC
and the triac circuit.

+12V

115/230 VAC
HIGH

ETI

AC AND +12V
COMMON

Fig. 16 AC power control using a Hall effect device.

EDITORIAL ASSISTANT

Due to promotion, Computing Today is seeking an Edi-
torial Assistant. The person we are looking for is an
accurate worker with a sense of humour who will be able
to maintain the high standards of the magazine while
keeping to deadlines. Knowledge of program assessment,
development and debugging is required, both in BASIC
and machine code/assembly language (preferably for the
Z80 and/or 6502). Applicants should be able to express
themselves in English but no journalistic experience is
necessary. training in technical journalism will be pro-
vided.

Familiarity with other languages, particularly
Pascal and FORTH, would be an advantage, as would a
general knowledge of electronics.

Salary is negotiable depending on age and exper-
ience. All applications will be treated in strictest confi-
dence. To apply, send a CV to:

CT Vacancy,
Ron Harris, Managing Editor,
Argus Specialist Publications Ltd,
145 Charing Cross Road,
London WC2H OEE.

MM= announce two NEW handheld instruments
COMBINES THE PERFORMANCE OF BENCHTOP MODELS WITH THE CONVENIENCE OF PORTABLE UNITS

3002 AUTO -RANGING
CAPACITANCE METER
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CAPACITANCE METER
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In the palm of your hand - a capacitance
meter that behaves like a benchtop
model. Just look at the features that GSC
have built into the Model 3002:

 3'2 -digit liquid -crystal display
 Eight ranges from 1 pf to 19 990 uF
 Dual -threshold technique for high

accuracy
 Accuracy down to 0.2%
 Measures only 193 x 95 x 44mm
 Battery or mains operation
And that's not all - because the 3002's
d.c. charging characteristics allow it to
determine the true capacitance of cables,
switches and other components as well as
capacitors. All this - plus the option of
rechargeable battery or mains operation -
for only £144.

GLOBAL SPECIALTIES CORPORATIONMO=

5000 COUNTER -TIMER
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AC
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GSC's new Model 5000 counter -timer
sets new standards in hand-held
electronic instrumentation.
Why? - because the 5000 not only
incorporates the latest developments in
high-speed low -power C-MOS circuitry to
pack benchtop features into a pocket -
sized instrument - it also adds extra
features like pulse -width measurements
signal conditioning, and automatic master
reset logic to eliminate erroneous
readings.
The cost? Only £239 - and this buys you
a full 0 1Hz-50MHz instrument in a
package measuring only 193 x 95 x
44mm. The 5000 also offers the option of
mains or rechargeable battery operation
and its so easy to operate.
Has there ever been a better bargain?

GSC (UK) Limited
Freepost -Saffron Walden, Essex CB11 3AQ Tel: Saffron Walden (0799) 21682 Telex: 817477



It's easy to complain
about advertisements.

Every week, millions of advertisements appear in the press,
on posters or in the cinema.

Most of them comply with the rules contained in the
British Code of Advertising Practice and are legal, decent,
honest and truthful.

But if you find one that, in your opinion, is wrong in some
way, please write to us at the address below.

VVe'd like you to help us keep advertising up to standard.

The Advertising Standards Authority.
If an advertisement is wrong,we're here to put it right.

A.S.A. Ltd., Brook House,Torrington Place, London WC1E 7HN.

THANDAR PORTABLE TEST BENCH
A wide range of high performance instruments, at prices that are hard to heat, puts
professional test capability on your bench.

OUNTERS - TF200 10Hz to 200M Hz; TF040 10Hz to 40MHz; PFM200A 20Hz to 200MHz
(hand' -held model), TP600 orescalesto 600MHz, TP1000Prescalesto 1GHz.

ULTIMETERS -TM351 0 1% 31/2digit LCD; TM353 0.25%31/2 digit LCD; TM355 0 25%
31/2 digit LED; TM354 0 75% 31/2digit LCD (hand-held model); TM451 0 03% 4v2 digit
with autoranging and sample hold.

SCILLOSCOPE -SC110A 10MHz, 10mV sensitivity, 40mm CRT with 6mm
raticule divisions.
HERMOMETERS -TH301 - 50 C to *750'C, rresolution; TH302 40 C to 4 1100'C
nd -- 40 F to 2000 F, 0 1 and 1 resolution. Both accept any type K thermocouple
ENERATORS-TG100 1Hz to 100kHz Function, Sine, Square, Triangle Wave; TG102
2Hz to 2MHz Function, Sine, Square, Triangle Wave; TG105 5Hz to 5MHz Pulse, Free
un, Gated or Triggered Modes.

LOGIC ANALYSERS - TA2080 8 channel 20MHz; TA2160 16 channel 20MHz
ACCESSORIES- Bench rack, test leads, carrying cases, mains adaptors, probes,

Send for our latest catalogue and price list.
Thandar Electronics Ltd,
London Road, St. Ives,
Huntingdon, Cambridgeshire PE174HJ.
Telephone (0480) 64646. Telex 32250.

-#\/-71\thandar 11412
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T.V. SOUND TUNER
BUILT AND TESTED
In the cut-throat world of
consumer electronics, one
of the questions designers
apparently ponder over
is "Will anyone notice if
we save money by chopp-
ing this out?" In the
domestic TV set, one of the
first casualties seems to be
the sound quality. Small speakers
and no tone controls are common
and all this is really quite sad, as the £24.95 + £2.00p&p.
TV companies do their best to transmit the highest quality sound. Given this background a
compact and independent TV tuner that connects direct to your Hi-Fi is a must for quality
reproduction. The unit is mains -operated.
This TV SOUND TUNER offers full UHF coverage with 5 preselected tuning controls. It can
also be used in conjunction with your video recorder. Dimensions: 111S"x 81L"x 3/."
E.T.I. kit version of above without chassis, case and hardware. £12.95 plus £1.50 p&p.

PRACTICAL ELECTRONICS
STEREO CASSETTE
RECORDER KIT ,,,?M`CEATSEE
ONLY £31.00 plus £2.75 p&p.
 NOISE REDUCTION SYSTEM.  AUTO
STOP.  TAPE COUNTER.  SWITCHABLE
E.Q.  INDEPENDENT LEVEL CONTROLS.
 TWIN V.U. METER.  WOW & FLUTTER
0.1%.  RECORD/PLAYBACK I.C. WITH
ELECTRONIC SWITCHING.  FULLY
VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TYPES.
Kit includes tape transport mechanism, ready punched and back
printed quality circuit board and all electronic parts. i.e. semiconductors,
resistors, capacitors, hardware, top cover, printed scale and mains transformer.
You only supply solder & hook-up wire. Featured in April P.E. reprint 50p. Free with kit.

STEREO TUNER KIT
This easy to
build 3 band
stereo AM/
FM tuner kit
is designed
in conjunction
with P.E.IJuIy
'811. For ease of construction and alignment
it incorporates three Mullard modules and an
I.C. IF System.
FEATURES: VHF, MW, LW Bands, interstat-
ion muting and AFC on VHF. Tuning meter.
Two back printed PCB's. Ready made chassis
and scale. Aerial: AM -ferrite rod, FM -75 or
300 ohms. Stabilised power supply with 'C'
core mains transformer. All components supp-
lied are to P.E. strict specification. Front scale
size 10%"x 2W' approx. Complete with dia-
gram and instructions.
SPECIAL OFFER! £13.95 +E2.50 P&P.
Self assembly simulated wood cabinet sleeve
to suit tuner only. Finish size: 11%"x814"x3%".
E3.50 Plus E1.50 P&P.

STEREO CASSETTE
DECK
Stereo cassette
tape deck trans-
port with elect-
ronics.
Manufacturer's
surplus - brand
new and operat-
ional - sold
without warranty.

£11.95
plus £2.50 p&p.

Just requires
mains transform-
er and input/
output sockets
and a volume
control to com-
plete. Supplied with full connection details.

125W HIGH POWER
AMP MODULES

The power amp kit is a module for high
power applications - disco units, guitar amplif-
iers, public address systems and even high
power domestic systems. The unit is protected
against short circuiting of the load and is safe
in an open circuit condition. A large safety
margin exists by use of generously rated com-
ponents, result, a high powered rugged unit.
The PC board is back printed, etched and
ready to drill for ease of construction and the
aluminium chassis is preformed and ready to
use. Supplied with all parts, circuit diagrams
and instructions.
ACCESSORIES: Stereo/mono mains power supply
kit with transformer, £10.50 plus £2.00 p&p.

SPECIFICATIONS:
Max. output power (RMS): 125 W. Operating
voltage (DCI: 50 - 80 max. Loads: 4 - 16 ohm.
Frequency response measured @ 100 watts:
25Hz - 20KHz. Sensitivity for 100w: 400mV
@ 47K. Typical T.H.D. @ 50 watts, 4 ohms:
0.1%. Dimensions: 205x90 and 190x36mm.

MIK

KIT £10.50 BUILT £14.25
+£1.15 p&p +E1.15 p&p.

AUDAX 8"
HIGH QUALITY 40 WATTS
RMS BASS/MIDRANGE
Ideal for either Hi-Fi or Disco use this speaker
features an aluminium voice
coil a heavy 70mm diameter
magnet. Frequency res: 20Hz £5.95
to 7KHz. Impedance: 8 ohms. +£2.20 P&P.

AUDAX 40W Ferro -Fluid Hi-Fi
Tweeter

- 22kHz. 60mm
X /over on 5kHz

square. 8 ohm.
£5.50
+60p o&p.

SPEAKER BARGAINS
2 WAY 10 WATT
SPEAKER KIT
8- bass/mid range and 3'4"
tweeter. Complete with screws,
wire, crossover components
and cabinet. All wood pre-
cut - no cutting required.
Finish - chipboard covered
wood simulate. size 14%"x
814"x 4". PAIR for ONLY
£12.50 plus £1.75 p&p.

All marl to
21E HIGH STREET, ACTON, W3 6NG.

Note. Goods despatched to U.K. postal addresses only.
All items subject to availability. Prices correct at
31/5/133 and subject to change without notice.
Meese allow 14 working days from receipt of order
for despatch. RTVC Limited reserve the right to up-
date their products without notice. All enquiries send
S.A.E. Telephone or mart orders by ACCESS welcome.

ALL CALLERS TO 323 EDGWARE ROAD,
LONDON W2. Telephone: 01-723 8432.
15 ',mutes walk from Edgware Road Tube Stationl
Now open 6 days a week 9 - 6 Paces include VAT

R

CLEF ELECTRONIC MUSIC
MICROSYNTH

2'2 Octave Music Synthesizer with two Oscil-
lators. two Sub-Octs. Switched Routing and
Thumbwheel. A comprehensive instrument offer-
ing the full range of Synth. Music & effects.
FULL KIT £137 Also available in 3 parts.

PERCUSSION
MICROSYNTH
TwoChanneltouch Sensal ive unit plus
variable angle L.F.O., phaser, internal
and external triggering.
COMPONENT KIT £89

BAN D -BOX PROGRAMMABLE
BACKING TRIO

THREE PIECE BACKING BAND
Generates the sounds of three instrumentalists
to back Soloists

DRUMS + BASS + KEYBOARDS
Over 3,000 chord changes (60 scores) on 132 dif-
ferent chords -extendable to 200 scores. Master
Rhythm also required.
FULL KIT £235 EXTENSION £82

88/72 NOTE PIANOS
SPECIALISTS SINCE 1972
Using Patented electronic technique to give advanced emula-
tion of Piano Key Inertia.

lotCOMPONENT KITS
including Keyboard

£286
72 NOTE £234
The above may also be pur-
chased in four parts.

DOMESTIC KITS
inc. Cabinet, PA., & Spkr.

88 NOTE £442
72 NOTE £398

88 NOTE

STAGE MODEL
inc. Cabinet & Stand

72 NOTE £383

ALL PRICES INC VAT, CARR.. & TELEPHONE ADVICE
SAE for full Specs & MANF. PRICES. VISA -ACCESS

CLEF PRODUCTS rELECTRONICS! LIMII ED rOeot ITil
44A BRANIHALL LANE SOUTH BRAMHALL

STOCKPORT CHESHIRE SKI IOH

TEL 061439 3297

MASTER RHYTHM
PROGRAMMABLE DRUMS

Twenty -Four Rhythm programm-
able Drum Machine with twelve
instruments. Eight sections are ex-
tended to 24/32 measures for two
bar programming. Sequence opera-
tion and instrument tone adjust.
COMPLETE KIT £79

STRING ENSEMBLE £198.50
ROTOR -CHORUS £98.00

SQUARE FRONT KEYBOARDS
88 NOTE £60 49 NOTE £29
73 NOTE £50 30 NOTE £19
KEYSWITCH ITEMS ALSO AVAIL-
ABLE

9" MONITOR in attractive case. Non Standard
Input With Info £25 each. Carr C7. Matching ACSII
coded Overly Keyboard with Numeric Keypad and
27 Function Keys. £25 each P&P C5. The Pair £40.
Carr C7
12"MONITOR. Cased. Non Standard Input With
Info, E20 each. Carr C7 With Matching ASCII coded
Ouerly Keyboard with Numeric Pad and 24 Function
'ZT£35 the Pair. Carr C7

20" black & white monitor. Video in 450.TV
style 20" Monitors £30
INSTRUMENT CASE standard 19' width x 16"
depth x 10" high. £5 each. Carr C7.
FLOPPY DISK DRIVE 8" by MEMOREX. Connection
details E75 each P&P ES
CREED 75 TELEPRINTER. Very good con
ditiOn. £25 each. Carriage C7.

ELECTROLYTIC CAPACITOR 15,000 mid 25V.
20p ea 10 off £1.50.
SLOTTED OPTO SWITCH with data 50p. 10 on
£4.
INFRA RED QUARTZ LAMP 230V 620 Watts.
Size 13'd x'/:" dia £1 .50 ea. 10 off £10.
FERRANTI PHOTOCELL type MSI 5 - 50p ea.
10 off £4
AMPLIFIER BOARD complete wth heal sink & 2
output transistors type 2N5293. 12/24V Input. At
least 5 Watt output. Circuit supplied £1.50.
VARIAC 2 amp. Ex-eq. Good condition £12 ea.
P&P £4,
LED type TIL209 Red with holder - Bp ea 10
oft 70p
I.C. SOCKET 16 pin -- 8p ea. 100 off £6.
GEARED MOTOR 117/234 Volt Input 50H2. 4" die
x 6 I" deep, 1- Platt. New 0 leech P&P £4
MOTOR 12V DC Input. 3" die x 41" deep. 1"
shaft. New 0.617 each PEP O.
DC MOTOR 6.12 Votes. Mechanical Conetant
Speed Control 1 1" dia. Li each.
MOTOR 12V DC with pulley Et semi -conductor
speed contrd. El each.
SYNCHRONOUS MOTOR 2 Phase 9 volt AC. 375
RPM. Good torque ineede 30-40 mfd capacitor.
Suitable for Robitics/Inotters etc. £1 each.

OTHER SYNCHRONOUS/STEPPING MOTORS
AVAILABLE. PLEASE ENQUIRE

GEARED MOTOR 120V 50HZ a Watt I rpm 2' die
x 11" deep. 0E0 each.

CENTAUR FANS 41", 115V New, £4.00 each.
MUFFIN 115V 41-, unwed, 0 each PEP Q.
TRANSFORMERS - AN brand new. tie 240 volts
input.
S. 25.5V 2.5A. Site 31 e 21 n 21". 02.150 each.
Sec 115V1A lautol wish. S. 6V 1 66A 0.50
S. 12V 100MA 60p each.
TRANSFORMER 120 Volt Input. Sec 10-0-TOV IA
75p each
Sub Min TRANSFORMER 0-120-240V Input. Sec
12-0-12V 4VA 75p each 10 off CI
TOROIDAL TRANSFORMER 0-115-230V Ingo.
Sec 13.5-0-13.5V 8VA. CIAO each 10 off £12
TOROIDAL TRANSFORMER 0-120.240V Input.
Sec 0-12V; 0.12V 10VA per winding. Encepadeted.

Sub Min PULSE TRANSFORMER. Sec canes tap-
ped. Suitable for Thyristor triggering 20p each. 10
off £1.50.
RAPID DISCHARGE CAPACITOR 8 rnfd 4KV 6
each PEP 0.
TELEPHONES. 706 style black, blue. green. grey,
05.50 each. 10 off C45.
Discoloured DI each. 10 off 00. 746 style black or
grey 0.60 inch. POP 12 each. 4.10 unite A. Over
10 by wave/rants.
TOXIN NOISE FILTER VG2I5FU. 250VAC 15A
50 /60HZ. With fixing bracket. New 0 each.
VU METER. Screed 0-5, size 11 x 7/8", 60p each
10 off £4.
I.T.T. LOUD SPEAKER. 3 1" die. 50 ohm 0.2 Watt.
New. 76p each. 10 off 06.60.
E.H.T. CABLE. Overall dia 5rrorn, 10p per metre.
100 metre drum £7.50 PEP £4.
Multi Colour RIBBON CABLE 10 wey, SOp per
metre. 10 0101/0.1 £4. 14 way 76p per metre, 10
metres CS. 100 metres £40.
ILLUMINATED ROCKER SWITCH. 2 pole 250V13
Amp, orange, 60p each. 10 off £4.
JOYSTICK SWITCH 4 direction., CI each. PEP
Q.
PCB KEYBOARD PAD. 19 push contacts, 0-9; A -F
plus 3 optional, £1.50 mech. 10 off £12.
KEYBOARD PAD. 12 Alma Reed Switches, push
to 'wake, 0-9; '; Er Blank. size 3 x 21 x 2" high, £4
each. 10 off £16. PEP O.
EPROM 2716 Single rail, £1.50 each. 2564 C3
SPECTRAL RELIANCE TEN TURN POT. 100 ohm
± 1%. Brand new, 75p each 10 on di.
SLIDER POTENTIOMETER. Twin Gang, 200K or
2M, 35p each 10 off O.
PANEL MOUNTING FUSE HOLDER for 1 1" fuse,
20p each. 10 off L1.60,
BELLING LEE CHASSIS MOUNTING FUSE
HOLDER for 1 1" fuse, 16p each. 10 off Cl.
I.E.C. MAINS LEAD. 2 metre length, heavy duty,
00p each. 10 off 0.
4 CORE CURLY WIRE extending to 2 metres, 20p
seek 10 off 0.80.
MICROPHONE/EARPIECE INSERTS. Brand
new. lie each. 10 off 1311.
TORIN SNAIL type BLOWER 230Volts 22 Watts
Overall size 5" x 1"2" £4 each P&P C2
TURNTABLE STYLE 240V AC MOTOR. Size 82 x
75 x 78mm. Shaft 43 x 4mmdia £1.50 ea P&P C2,
TRANSFORMER Input 0-220.240V Sec 0-12:
0-24V I Amp. £2 each.

EXECUTIVE TELEPHONE -PUSH BUT-
TON. Functions include 10 number
memory; repeat dialing; internal Mic-
rophone & Speaker and separate handset
etc. Will connect direct to British Telecom
System. BRAND NEW. ONLY £25 ea.
P&P£4.
Minimum Order of Goods CI. Minimum PEP
moo. VAT .15% MUST be sodded to TOTAL OF

GOODS E PACKAGING.
Many more components and teat equipment

assailable. S.A.E. or telephone for Neb.

STEWART OF READING
VISA 110 WYKEHAM ROAD, READING, BERKS. RGS 1Pt.

Tel: 0734 18041
Callers welcome 9 am -5.30 pm Monday to Saturday inclusive



TECH TIPS
ZX81 Background
Reverse
F.W. Picken,
Stoke on Trent

This simple circuit uses readily
available (and cheap!) components
to provide white symbols on a dark
background. It can be put together
on a small piece of circuit board
which could then be housed inside
the case of the computer and held in
position by double -sided tape or
Araldite.

The change -over switch, used for
switching from black symbols on
white and vice -versa, can be

mounted on the side of the case, a
push -on push -off type probably being
the most suitable due to ease of
mounting. The power requirement is

NOTE:
IC1 IS 40118
DI IS 1N4148

very low, and can be taken from the
ZX81 supply line.

Action of the circuit is very sim-
ple: IC1a and c carry the negative -
going sync pulse and nothing else,
thus ensuring that this is not inverted.
The remainder of the video signal is
inverted by ICI b. The value of RV1
needs careful setting to obtain the
best results.

UK2

DUI/
MODULATOR

IC

CUT CONNECTION BETWEEN
MODULATOR AND PCB. UK2
AND CONNECT A -A AND B -B

Sophisticated 5V
Supply
A.J.J. Gilchrist,
Paris

This supply will deliver up to 6A at
+5V. It has an active overvoltage
clamp on the output. Current is

limited at around 6A and has
foldback short-circuit protection.

Starting on the line side, S1 is a
transient suppressor which helps pro-
tect the supply against high voltage
transients (studies have shown spikes
of 5kV to be common on the
domestic mains!), and Cl, R1 cut
down on switch arcing when the sup-
ply is switched off. R2 is a bleed
resistor which. is useful if the suply is
not permanently connected as it
prevents the output staying high after
the unit is switched off.

Q2 is the pass resistor, it is swit-
ched on by R3 when more than
100mA is being drawn from the supp-
ly. Q1 and Q3 provide the current
limiting. When current through R7 is
6A the voltage on the base/emitter
junction of Q3 is given by:

R5*(Vout + R7*6)V = Vou, -
(R5 + R6)

= 0.58V for the values shown.
Thus Q3 begins to conduct, swit-
ching Q1 on, which increases the
base voltage of Q2, thus limiting the
current.

This arrangement also provides
foldback limiting. If we consider the
output shorted, the voltage at the
base of Q3 will be about 0.6V; thus
the voltage at the collector of Q2 is
approximately given by:

V = 0.6(R6 + R5)/R5
= 0.7V

NOTE.
ICI IS 78510SC
01 IS 2N5194
02 IS MJ2955
03 IS 2N3705
04 IS 2N3055
BRI IS 7A BRIDGE RECTIFIER
ZD1 IS 5.4V ZENER
LED1 IS ANY LED
SS1 IS TRANSIENT St/PRESSOR

240:10V
7A

thus the current supplied will be
i = 2.3A. The foldback current may
be changed by altering R5, R6 and
R7. I have set this high to ensure the
supply starts up under heavy loads.

ZI, R9 and Q4 provide an active
overvoltage clamp. When the output
voltage rises above the zener drop
plus the switch -on voltage for Q4, Q4
conducts. This circuit is capable of
sinking 15A indefinitely (with a pro-
per heat sink) with a much higher
peak current. This ensures that the
fuse blows before the protection cir-
cuit. This active clamp is necessary
because one of the most common
types of failure in power supplies is
the pass transistor failing with the col-
lector/emitter junction shorted.

Note that Ql, Q2 and Q3 should
all be mounted on heat sinks, and Q1
must be capable of passing the max-
imum output current of the 78M05
(500mA).

R7
0.3R
12W

R10
470R

+51/

OV
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Ramped Pu Ise
Generator For
Stepper Motors
Clive Pantrey
Farnborough

A circuit that I needed for use with
an experimental robot arm was one
which would ramp up or down the
pulse repetition rate of pulses
delivered to a stepper motor drive cir-
cuit. With the motor stopped, the
command 'ramp up' should start the
motor at its base speed (ie the speed
at which the motor will start and stop

SET
RAMP
SPEED

RV1RI 22M
100k

C2r
+5V 0-±il

CI
4.7u 1 9

8

R2
10k

+5V 0.

ICIa

6

12

1C1cY-L-C
13

R3 R4
IL10k 10k

RAMP 0
UP

ft
RAMP O.
DOWN

+5v 0

C3
0.1u

C4
0.1u

D2

R6
10k

+5V0

4

15

11

under load, without loss of syn-
chronisation), ramp up to maximum
speed (the top speed available
without loss of synchronisation) and
run for as long as required. The com-
mand 'ramp down' should make the
motor slow down to base speed and
then stop.

The figure shows the circuit that
was eventually produced. 1C1a/b
provide clock pulses (Ramp Speed) to
a four -bit binary up/down counter,
IC2. On receipt of a ramp up com-
mand IC7c/d sets count up and
IC7a/b enables the counter. Unless a
ramp down command is received the
counter will reach its maximum
count (Max Speed) and hold at this
until the ramp down command is

received; this will set count down
and enable the counter, which will
count down to zero (Base Speed),
and hold again, until the next ramp up
command. The counter output drives
a D -to -A IC3 whose ramping output
controls the VCO, IC4. The lower fre-
quency of the VCO, (Base Speed) is
set by the bias adjustment of Q1. Up-
per frequency (Max Speed) is set by
the 100k pot at pin 11 of IC4. IC5 pro-
vides open collector drive for the out-
put pulse train and also the on/off
gate, controlled by IC6, when the
counter is at zero. IC1c/d provides a
set zero pulse to IC2, to ensure that
the output, at pin 3 of IC5, is at base
speed and off each time the
generator is switched on.

16

IC2

4 BIT
BIN UP/DN
COUNTER

6 10

11

14 12

10 7

1C1b

IC1d

R7

5

IC3

D to A

C5
22u

R10
4.7k

C6
0.1u

01

16

2

3

4 I IC6

5

+5V

R11
1k0

6

2

41

IC4

V.C.O.

NOTE
IC1 IS HEF4093
IC2 IS HEF4516
IC3 IS 251425
IC4 IS MC14046
IC5 IS UHP407
IC6 IS HEF4002
IC7 IS HEF4001
01 IS 13C108
01,2 ARE 1N916

C7
6 T 2.2n

IC5

0/P DRIVER

R12

3

RV3
100k

0/P TO STEPPER
0 MOTOR DRIVE

CIRCUIT

SET
MAX
SPEED

RESET

SET

TRUTH TABLE

.
SET RESET

..
OUT

0 0 NC
0 1 0
1 0 1

1 1 1

NC = NO CHANCE

D3

VSUPPLY

OUT

'SEE TEXT

NOTE:
IC1 IS ANY OP -AMP
01-3 ARE 1N4149

Analogue Set -Reset
Latch
T. P. West, Lancaster

Although CMOS gates are common-
ly used to provide analogue
amplifiers, the operational amplifier
is often overlooked for use in digital
applications. Often, a circuit design
calls for a set -reset latch within an
analogue circuit: this normally re-
quires digital circuitry to be included
in the design. By the use of this cir-

cuit, spare op -amps in a package may
be utilised to provide the set -reset
function. The op -amp used may be of
any type with the low and high
voltages at the output being only a
function' of the op -amp's internal out-
put drive circuitry. The resistors R1
and R2 should be chosen so that R2

2.4R1 and R2 < Vsupply/0,05.
Although the circuit is shown for a
single supply rail, it will work on a
dual supply but produces a low of
around the negative supply voltage.
All changes in state occur on the low -
to -high transition. ETI
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01-452 1500 TFAAINomATIc LTD 01-450 6597
BBC

OFFICIAL
DEALER

Micro Computer System
Please phone for availability

WORD PROCESSOR 'VIEW'
16K ROM £52

TELETEXT ADAPTOR
£195.00

BUSINESS, EDUCATION & FUN SOFTWARE IN STOCK

BBC Model B 099
including VAT plus £8 carr.

Model A to Model B
Upgrade kit £50
Fitting charge £15

Individual upgrades
also available

WORDWISE
8K ROM £39
TORCH Z80

DISC PACK £780

FLOPPY DISC INTERFACE
Incl. 1.2 operating system

£95 + £20 installation

BBC FLOPPY DISC DRIVES
Single drive WA" 100K £230 + £6 carr.
Dual drive 51/4" 800K £699 + £8 carr.

BBC COMPATIBLE DRIVES
These drives are supplied in BBC matching

colour cases.
SINGLE 100K £150; 200K £215*; 400K £265
SINGLE WITH PSU 100K £185; 200K £260*

400K £330
DUAL WITH PSU 200K £355; 400K £475*; 800K £595

These drives are supplied with a switch between 40
and 80 tracks.

Drive Cables: Single £8 Dual£12
Disc Manual & Formatting Diskette £17.50

Phone or send for our BBC leaflet

CASSETTE RECORDER
BBC Compatible Cassette Recorder
with Counter and Remote Control

£26.50 + £1.50 carr.
SANYO Data Recorder Model DR101

£39.50 + £1.50 carr.
Cassette Leads £3.50

Computer Grade Cassette
£0.50p each £4.50 for 10 + £1 carr.

NEC PC 8023 BE -C
Features include:
80 cols 100CPS,
Bi-Directional, Logic seeking,
Proportional Spacing,
Forward Et Reverse Line
Feed, Hi -Res and Block
Graphics, International
and Greek characters,
Auto -Underline,

, Friction ft Tractor,
2K Buffer, Cartridge Ribbon.

£345 + £8 carr.

MONITORS
MICROVITEC 1431 14" Colour Monitor £249 + £8 carr.
MICROVITEC 2031 20" Colour Monitor £319 + £8 carr.
KAGA 12" RGB Monitor £255 + £8 carr,
Lead for KAGA/SANYO RGB £10
SANYO 12" Hi Res Green Monitor ... £99 + £6 carr.
SANYO Hi Res RGB Monitor £445 + £8 carr.

PRINTERS
SEIKOSHA GP 100A
80 Cols 30 CPS
Full ASCII e GRAPHICS
10" Wide paper

Now only£180+ £6 carr.
GP250A £235 plus £8 parr:

Parallel Printer lead for BBC/Atom to most printers £13.50
Variety of interfaces, ribbons in stock

2,000 fan fold sheets 91" x 11" £13.50 + £3 p 8 p

BBC BOOKS
Basic on BBC £5.95
30 Hour Basic £5.95

Programming the BBC Micro £6.50
BBC Micro An Expert Guide £6.95
Assy. Lang. Prog for BBC £8.95

6502 Machine Codes for Beginners
£6.95 (No VAT) + £1.00 p&p

EPSON RX80 and FX80
RX80 100CPS 8000L

Tractor Feed £298
FX80 160CPS 8000L

F&T Feed £389
MX100 F/T3 £425

(Carr./printer £8)
Full specification

on request

'RUGBY ATOMIC CLOCK
This Z80 micro controlled clock/calender
receives coded time data from NPL Rugby.
The clock never needs to be reset. The
facilities include 8 independent alarms and for
each alarm there is a choice of melody oralternatively these can be used for electrical34
switching. A separate timer allows recording
of up to 240 lap times without interrupting
the count. Expansion facilities provided.
See July/August ETI for details. Complete Kit
£145+ £2.00 p&p

ID CONNECTORS
Header Recep- Edge

Plug tacle Conn
10 way 90 85 120p
20 way 145 125 195p
26 way 175 150 240
34 way 200 160 320
40 way 220 190 340
50 way 235 200 390

CONNECTOR
JUMP LEADS

4in Ribbon Cable with headers
14 pin 16 pin 24 pin 40 pin

1 end 146p 166p 240p 360p
2 ends 210p 230p 346p 540p
24in Ribbon Cable with sockets

20 pin 26 pin 34 pine° pin
1 end 160p 200p 280p 300p
2 ends 290p 370p 480p 525p
24in Ribbon Cable with D. Conn

25 way Male 600p Female 560p

.

SYSTEMS
AMPHENOL CONNECTORS

36 way plug Centronics Parallel
Solder £5.25 1DC £4.95

36 way socket Centronics Parallel
Solder £5.50 IDC £5.20

24 way plug IEEE
Solder £5.00 IDC E4.75

24 way socket IEEE
Solder £5.00

RIBBON CABLE
Grey/meter

10 way 40p
16 way 60p
20 way 85p
26 way 120p

way 160p
40 way 180p
50 way 200p
64 way 280pD -CONNECTORS

No of Ways
9 15 25 37

Male
Solder 80p 105p 160p 250p
Angled 150p 210p 250p 365p
Female
Solder 105p 160p 200p 335P
Angled 165p 215p 290p 440p
Hoods 90p 85p 90p100p

IDC 25 way plug 385p
Socke 450p

RS 232 Jumpers
25 way DI

24" Single end Male £5
24"Single end Female £5.25

Test Clips
14 pin 275p
16 pin £3
40 pin £8

EDGE
CONNECTORS

0.1" 0.156"MICROTIMER6502 Based Programmeable clock timer with40p
* 224 switching times/week cycle
* 24 hour 7 day timer
* 4 independent switch outputs directly interfacing 10

thyristoritnacS
* 6 digit 7 seg. displays to indicate real time, ON/OFF and Reset

times
Output to drive day of week switch and status LEDS.

Full details on request. Price for kit £57.00

24" Female -Female £10
24' Male -Male £9.50

24" Female -Male £9.50
EURO

CONNECTORS
DIN 41617

2x18 way - 340p
2x22 way 190p 2
2x23 way 175p -
2x25 way 225p 220p

DIL HEADERS
Sotyldpeer tvl DpC.

14 pin 40p 100p

16 pin Sop 1 1 op

24 pin 100p 150p
40 pin 200p 225p

Plug Skt
21 way 160p 165p
0_31INw4a 170p 170p

Y1612
Z432 way St. Pin 220p 275p
2x32 way Ana* Pin 275p 320p
3x32 way St. Pin 280p 300p
3x32 way Ang. Pin 375p 350p

2x28 way 190p -
1043 way 260p -
2x43 way 395p
1x77 way 600p
5100 Conn 600p

TEXTOOL ZIF
Sockets

24 pin £5.75
28 pin £8.00
40 pin £9.75

DIL
SWITCHES
4 way 70p
6 way 85p
8 way 90p

10 way 140P

DISC DRIVES FOR THE FORTH COMPUTER
51/4" Teac FD55 Slim Line Mechanisms
FD55A 40 track SDD 250kbytes unformatted

bare: £135 Cased: £155
2 x FD55A 40 track SSDD 500kbytes unformatted

cased + psu £350
FD55E 80 track SSDD 500kbytes unformatted

bare: £180 Cased: £205
2 x F055E 80 track SSDD 1 Mbyte unformatted

cased + psu £475
51/4" Mitsubishi M4853 Slim Line mechanism
80 track DSDD 1 Mbyte unformatted

bare: £225 Cased: £245
2 x M485 2 Mbytes Cased + psu £590
Single drive cable £8 Dual Drive cable £12
Other parts for FORTH COMPUTER available send SAE for details.

SOFTY II INTELLIGENT PROGRAMMER
The complete micro processor development system for Engineers and Hobbyists. You can
develop programs, debug, verify and commit to EPROMS or use in host computer by using

softy as a romulator. Powerful editing facilities permit bytes, blocks of bytes changed, deleted
or inserted and memory contents can be observed on ordinary TV. Accepts most 5v Eproms.

Softy If complete with PSU, TV Lead and Romulator lead E160

SPECIAL OFFER

2532 360p
2732 350p
2764-25 450p
27128-25 £25
4164-2 450p
6116P - 15ONS 350p

PLEASE SEND SAE FOR PRICE LIST

UV ERASERS
UVIB up to 6 Eproms 917.50

UVIT with Timer E60.00

UV140 up to14 Eproms £61.50

UV141 with Timer 01100

(Carr f2/eraserl
All erasers are fitted with
mains switches and safety
interlocks

E.T.I.
PROJECTS

Semiconductors inc.
I.C., Transistors,
Displays, Connecors
and Sockets for most
projects are stocked
by us.

BOOKS (No VAT p&p £1)

CRT Controller H/Book es.so
Programming the Z80 E11.50

Z80 Microcomp. handbook 96I5
Programming the 6502 £10.25

6502 Assy. Lang. £12.10
6502 Applications £10.20
6502 Software Design 13.05
6502 Games £10.52

Large selection of databooks, Inter-
facing books, books on BBC, etc in

stock. As for our list.
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Z80 CONTROLLER
COMPUTER
The UK is now full of MARVINs just sitting there rusting, or
worse, complaining about the pain in their diodes all down one
side. Peter Grigson and David Harris tell us about the software
needed to make them all spring into life.

The following is split into two
sections; the first is a general
introduction on machine code

programming the Z80. Without
writing an entire book, we can't
really tell you all about it, so what
we've aimed at doing is to give you
a flavour of what's involved. There
are quite a large number of books
on the Z80 in particular, and on
microprocessors in general, and we
would suggest getting hold of one of
these. Alternatively, elsewhere in
this magazine is the start of a series
on maching code programming.

The second section will move
on to a brief description of the
operating system for MARVIN that is
pre-programmed into his EPROM.

Writing Z80 Programs
The nice thing about machine

code programs is that they run the
computer very fast and need a
comparatively small amount of
memory to achieve what can be a
fairly sophisticated task. In general,
machine code programming is
much more appropriate to control
functions because it enables you to
tell the computer exactly how you
want a particular task to be carried
out.

Every silver lining has a cloud,
and the cloud over using machine
code is that a program consists of
nothing but numbers, as has already
been pointed out on page 35.
However, common practice is to
substitute mnemonics for the code
when doing the writing, and
convert the instructions into
machine code using either a special
program (an assembler) or a table
and a great deal of hard work. Such
is life ..'. For the sake of clarity, we
will use mnemonics for the
remainder of this article.

Getting Into The Z80
Internally, the Z80 CPU has

seven eight -bit registers, A (the
accumulator) and B,C,D,E,H,L.
There are three pseudo -16 -bit
registers, made by pairing B and C,

have different machine code
equivalents, not just the same
instruction with a different register
address to be loaded.

Contents of registers can also be
transferred. Any eight -bit register
can be loaded with the contents of

0000-07FF MARVIN operating system
0800-OFFF User program. The operating system hands over to the routine at 0800 after reset

and so this should contain the first instruction of your program.
8000-83FF RAM. The first 32 bytes from 8000 to 801F are used by the operating system and

the stack extends down from 83FF. The rest is freely available.

Fig. 1 Memory map of MARVIN.

D and E and 1-1 and L. There are
also the two 16 -bit index registers,
IX and IY. Each register can only be
used with certain commands and it
will pay you to make yourself
familiar with the rules. All registers
can be loaded directly with a
number, and the mnemonic for this
will be LD (reg), (number), where
(reg) is the register to be loaded and
(number) is the binary (or
hexadecimal) number to be stored;
for example, LD A, 23 stores 23
(hex) in the register A; LD HL, 1234
stores 1234 in the HL pair as a
16 -bit number.

Remember that the above is
written in mnemonic code, and that
unless you have another micro to
do the work for you, you will have
to translate this into machine code
before MARVIN will be able to
understand what it means. Also
worth noting is that the two
instructions LD A and LD HL will

another. For example, LD B,D
copies the contents of D into B.
Sixteen -bit registers can only be
copied by two operations on their
component registers; to transfer HL
to BC LD B,H then LD C,L.

You will very often need to
operate with more numbers than
the available registers can hold and
so numbers must be transferred
between RAM and the CPU
registers. The accumulator or any
16 -bit pair can be stored at a
specific address. For example, the
instruction LD (8234), A stores
contents of A in RAM at address
8234. The instruction LD (8234), HL
involves storing 16 bits so L goes
into memory at 8234 and H at
8235.

Any of the other eight -bit
registers can.be stored at the
location pointed to by the contents
of HL: LD HL,8349 then LD (HL),E
puts the contents of E at 8349.

OUT (n),A
OUT (C),r
IN A,(n)
IN r,(C)

Output accummulator contents to port n. 0 n <10.
r is any of A,B,C,D,E,H,L. The contents of C register define the port. 0 < C<10.
Load accummulator with data on port n. 0 n < 10.
r is any of A,B,C,D,E,H,L. The contents of C register define the port. 0 < C <-
10. Load register r with the data on port C.

Fig. 2 The Z80's Input/Output instructions. Note that it is recommended that out-

but
is channeled through the operating system if you wish to operate on individual

its.
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PROJECT

Another useful source of
temporary storage is the stack. This
is a 'pile' of 16 -bit numbers in RAM
onto which more can be added by
the instruction PUSH: PUSH HL
puts the contents of HL onto the
top of the stack. The number on top
can be retrieved by the instruction
POP, eg POP DE removes the
number from the top of the stack
and puts it in DE. A special CPU
register, SP, is used to point to the
stack and is updated by each PUSH
and POP.

Only simple arithmetic and
logic instructions can be carried
out. Any eight -bit number or
register can be added to, subtracted
from, ANDed with, XORed with,
ORed with the accumulator and the
result is stored in the accumulator,
eg ADD A,27 ; SUB A,C ; AND A,E ;
OR A,H ; XOR A,255.

As far as 16 -bit registers are
concerned, any of them can be
added to or subtracted from
HL,IX,IY with the result being stored
in HL,IX,IY. For example, ADD
HL,DE adds the contents of HL to
the contents of DE and stores the
result in HL.

The order in which the code is
carried out can be controlled by use
of JP (equivalent to the BASIC
GOTO) and CALL (equivalent to
GOSUB). When using an assembler,
various points in the code can be
identified with labels by writing the
label at the beginning of the line
with no preceding gap and
following it by a colon. This tells the
assembler to assign the value of the
program counter at that point to the
label so that when the label is used
in conjunction with JP instructions,
the appropriate 16 -bit address is
assembled. Labels can also be used
in conjunction with other
instructions that require 16 -bit
addresses, for example, LD A,
(LABEL). The instruction JR is used
for local jumps within 128 bytes and
assembles to a relative dispfacement
instruction. RET is used to return
from a CALLed routine.

Decision making in machine
code is carried out by the use of
flags. These are set according to the
result of each logical or arithmetic
operation. The most useful flag is
called Z (the zero flag) and is set if
the result of an operation is zero. It
is also set if A equals B in compare
instructions, eg CP A,B. There are
several other flags indicating other
conditions and you should refer to 'a
book to find out what these are,
and when they are set.

The flags are used in
conjunction with JP, CALL, JR, RET

ETI OCTOBER 1983

which can be made conditional on
the state of a particular flag.For
example, after executing the
instructions CP A,3 then JP
Z,FINISH the processor will only
have gone to FINISH if A was equal
to 3.

The most useful instructions on
MARVIN however are those
involved with I/O. There are several
to choose from, and Fig. 2 shows
them . Note that it is best to avoid
using the output instructions directly
but to use the operating system
output routines which will also
correctly set the port masks (see
below).

In order to follow the example
program in Fig. 3 you will need to
know one or two more things. An
instruction called LDIR is used
which shifts blocks of memory
around. It takes a number of bytes
from memory starting at the
location defined by the contents of
HL and copies them to memory
commencing at the location defined
by the contents of DE; the number
of bytes it copies depends on the
contents of BC.

DEFB is not a true Z80
instruction but one to the
assembler. It is followed by a series

OUTPUT NEXT
NUMBER

Fig. 3 An example program to drive a stepper motor. The two operating system
routines used are 5, which reads the keyboard and returns a number at location
801BH, and 7, which outputs successive numbers in a sequence each time it is call-
ed. IX is the beginning of the table; IX +0 is the table; IX +1 is the position in the
table of the first one to be output; IX + 2 is the first byte in the sequence, etc.

NKEY:

NEXT:

BAK:

FWD:

STOP:

FTAB:
BTAB:

ORG 800H
JR STOP
DEFB OF7,4
LD A,(801BH)
CP A,OBH
JR Z,BAK
CP A,OF
JR Z,FWD
CP A,00
JR Z,STOP
LD BC,990
DEFB OF7,5
LD IX,8020H
LD C,1
DEFB OF7,7
JR NKEY
LD DE,8020H
LD HL,BTAB
LD BC,6
LDIR
JR NEXT
LO DE,8020H
ID HL,FTAB
LD BC,6
LDIR
JR NEXT
ID HL,8020H
ID DE,8021H
LD BC,6
LD 11-11.10

LDIR
JR NEXT
DEFB 4,0,10,6,9,2
DEFB 4,0,2,9,6,10
END

Set start of prog. to 800H in memory
Stop motor at beginning
Instruct processor to execute op. sys. routine 4
Number of key returned to 80113 - transfer to A
Compare content of A with 08H
If comparison true go to routine at BAK
Compare with OFH
If true go to FWD
Compage with OOH
If true, go to STOP
Start of 10 mS pause; for 10 mS put 990 in. BC
Call op. sys. routine which waits 100+ 100C mS
Set pointer to beginning of table
Sequence to be output from port
Call op. sys. routine to outPut next byte
Return to start
Start of sequence table in RAM
Point HL to table in RQM
6 bytes to be copied
Copy the backward sequenoe to RAM
Goto NEXT
Start of sequence in fIAM
Point HL to table in ROM
6 bytes to be copied
Copy the forward sequence to RAM
Go to next
Fill RAM sequence with Os



PROJECT : Controller

of eight -bit numbers which the
assembler places directly in
memory. This can be used in
MARVIN programs to assemble the
special instructions for calling the
operating system routines which
consist of two bytes: F7 (hex)
followed by the number of the
routine, eg DEFB F7,03.

An example of a typical
MARVIN program is shown in Fig. 3
This program turns a motor
forwards if key F is pressed,
backwards if key B is pressed and
stops it if key 0 is pressed. It uses
several of the operating system
routines described below.

A stepper motor is connected to
output port 1 using power
transistors so that to turn it forwards
the sequence

10, 6 ,9, 2
must be sent, one number every 10
mS. In order to turn it backwards
the reverse sequence must be sent.
The motor stops if nothing is sent.

The Operating System
The operating system has two

tasks: it controls the system, and
this involves such chores as dealing
with start-up initialisation, dealing
with interrupts, communicating with
other systems, etc; the other task is
to provide various useful routines
for controlling MARVIN's
peripherals.

When power is applied or the
reset switch is pressed, the
operating system first clears all ports
and sets the interrupt vectors to the
beginning of the user program. It
also sets the stack pointer to the top
of RAM (83FF). It then tests to see if
the user EPROM socket contains a
RAM IC or an EPROM. If it detects
the latter then control is transferred
to the program in the EPROM at
0800H. If it detects a RAM then it
enters a routine which can receive
data from a microcomputer and
place it in the RAM. In order to be
suitable for connection your micro
must have an eight -bit user output
port and either a separate user input
port or a single handshake input
line; Z80 PIO and, 6522 VIA are
suitable. This facility is extremely
useful for testing prototype
programmes without having to blow
an EPROM each time.

Interrupts
In order to define MARVIN's

response to interrupts, the user
program should place eight vectors
in RAM to define the start of
routines to deal with interrupts on

each channel. Interrupts can then
be enabled by an El instruction and
the appropriate routine will be
called (with all registers and flags
preserved) on receipt of an
interrupt.

User -available routines include
the following:
Output Port Control Since the Z80
only provides for alteration of all
eight output bits of a port at once, if
the user wishes to change a bit or
bits without affecting any others a
note must be kept of how each bit
has previously been set. The
operating systems deals with this by
storing masks of each output port in
RAM and, if the user ensures ports
are written to via the operating
system routines, then the masks will
be constantly updated. Routines are
provided for the setting/resetting of
individual bits as well as whole
ports.
Outputting a sequence Certain
devices such as stepper motors
require a sequence of bytes to be
output in order to operate. The
operating system provides a routine
which will output consecutive bytes
of a sequence each time it is called.
Timing If a real time clock is not
available then the operating system
is capable of generating pauses of
between 100 AS and 0.65 secs to
the nearests 10µS and also between
0.1 and 25 seconds to the nearest
0.1 seconds.
Peripheral Control Routines are
provided to : 1. read a keyboard of
up to 64 keys consisting of simple
switches connected between an
input and output port ; 2. display
alphanumeric data on a 7 segment
display connected to an output port ;

s
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BUYLI N ES
The following will be available from ARK
Electronics, 3 Barnhill, Pinner, Mid-
dlesex, HA5 2SY (please note this change
of address).
EPROM containing the monitor pro-
gram, 4 MHz clock, f6.00; 3 MHz (or
lower) clock £4.00;
Main board PCB, £6.00;
Complete 4 MHz kit for the Main Board
excluding the operating system EPROM
£26.00.
I/O Board PCB £1.50;
Interrupt Board PCB £1.50.

Because the remaining components
for the I/O and interrupt boards are very
easily obtainable, ARK have not judged
it worthwhile making kits available from
them.

3. detect the last code sent by the
MARVIN remote control ; 4. send
allophones to the MARVIN speech
board ; 5. output a frequency burst
of between 40 Hz and 10 kHz.

The other peripherals avaiable
(D/A, A/D, light dimmer) are
accessed simply by writing to or
reading the relevant port.

All the routines are accessed by
2 byte routines of the form : F7, nn
where nn is the number of the
routine in question.

Full details of exactly how to
use all the routines are supplied
with the operating system EPROM.

Readers who have been
puzzled by the naming of MARVIN,
or who have found little sense in
the humour adopted in this project
series (and throughout much of the
rest of the magazine) are referred to
'The Hitch Hiker's Guide To The
Galaxy' et seq., copies of which
should be on sale from all leading
component suppliers in the Alpha
Centauri district.

ETI



HEC1RYZ
rAUDIO ELECTROCIICSI

COMPUTERS  COMMUNICATIONS  TEST EQUIPMENT  COMPONENTS I°

VISIT OR PHONE  OPEN 6 DAYS A WEEK  ALL PRICES INC VAT

THERMAL MATRIX
8 LINE PRINTER

COMPLETE WITH EELL INC

HANDBOOK 3 ROLLS PAPER sVO VAT
£113.00  VAT (UK post etc C1.0511List approx E1871
150 to 180 LPM  Full 96 CH ASCII. 40 CPL  280 Dots
P/L  Auto -underline  50 Graphic Symbols  Back Space
Sell Test  VU/HOB TABS  7 x 10 Matrix  4.4" Wide
Paper  Bidirectional  220/240 V AC 
Size Approx 9.8 x 2.8 x 7.7'

THERRY'ADD-ON KEYPAD
A compact 16 button keypad
suitable for use with cherry
keyboard to extend its functions.
Supplied brand new with data.
A 40 4 non -encoded single
mode keyboard.

£5.n, (inc. RAJ)
°`11 UK C/P Free

RECHARGEABLE BATTERIES
AA or HP7 size batteries 4 for £3.00
11.11( Cif' 30p)
Charger takes up to 4 any size
1)/211 rechargeables 0100.1 x PP3 size £6.95
IUK C/P 65p)

DIGITAL MULTIMETERS
with case 'rotary switches'

+Side button - case £2.95
K D25C  13 range 6.2A DC.
2 meg ohm £23.50
KI/305 16 range 10A DC.
2 meg ohm £26.95
K D30C  26 range 10
AC/OC 20 meg ohm £29.50

K 055C  28 range 10A AC/OC 20 meg ohm £32.50
Metes 3000  30 range 104 AC/OC.
20 meg ohm £33.24
6010  28 range 10A AC/DC 20 meg ohm £34.40
70304. AS6010 high acc 0 l'o basic £41.30
101615  16 range 104 OC 2 meg plus
Hie tester £39.95
SIFAM 2200821 range 2A AC/OC 20 meg £39.95
Bench Models
TM355 29 range LEO 10A AC/OC 20 meg.
Thandar £86.25
TM356 26 range LCD 10A AC/OC 20 meg.
Thandar £97.75
TM351 29 range LCD 1 OA AC/OC 20 meg.
Thandar £120.75
SIFAM 250024 rangeLCO 2A AC/DC 20 meg £99.95
ALSO IN STOCK Thurlby. Metrix and Beckman.
Professional series incl. True Rms. etc.

SPEAKERS, TWEETERS
AND CROSSOVERS

HIF2OESM 8 ohm 30/50 watt Bass/Mid
range 8" £5.95

tipHIF2OESM 4 ohm version 8'
IUK C/P £1.00) £4.95

H Tger2',, ohm 15 watt't
Pair £3.50

ligHIF87 BSM 4" 8 ohm 30/50
watt mid range £4.95

PH303' 8 ohm 15 watt
4 tweeter, Pair £3.50

TM HT315F x 3' 8 ohm
30 watt tweeter. Pair £5.50

1-111rt.; C N38 3 way 8 ohm 15 watt. Pair £2.00

SM3D0 40 wan version. Pair £3.00

IUK C/P 65p per Ito 3 items)

MULTIMETERS IUK 65p)
HM10282 20K/V 10A OC 22
range & cont. buzzer £13.50
ETC5000 21 ranges. 50K/V.
Range doubler. 10A DC £18.95 
TMK500 23 ranges 30K/ V.
12A OC plus cont. buzzer £23.95
NH56R 20K/V. 22 range pocket
ETU102 16 range 2K/V pocket
830A 26 range 30K/V. 104 AC/DC overload
protection. etc.
360TR 23 range 100K/V. Large scale 10A
AC/DC plus Nle
AT2100 31 range 100K/V deluxe. 128
AC/OC
AT1020 18 range 20K/V. Deluxe plus Hfe
tester
YN360TR 19 range 20K/V plus Hfe tester

£10.95
£6.50

£23.95

£39.95

£33.50

£18.95
£15.95

IN STOCK
Large range of semi -conductors, tools. components.
accessefies, cordless and electronic telephones.
C.B. equipment. etc.

SIGNAL GENERATORS 1220/240v AC)
FUNCTION : All Sine/square/
triangle/ TTL. etc T61001 HZ - 100 KHZ £90.00
TG102 0.2 HZ - 2 MHZ £166.75
PULSE
TG105 Various facilities 5 HZ i 5 MHZ £97.75
AUDIO : Multiband Sine/Square

LAG27 10 Hz to 1 MHz 690.85
A6202A 20 Hz to 200 KHz (List £94.50) £83.50
RF
S6402100 KHz to 30 MHz Hist £79.50) £69.50
LSG17 100 KHz to 150 MHz £79.35

LOGIC PROBES
LP10 10 MHZ £28.50
DLP50 50 MHZ with carry case and
accessories £52.33

HIGH VOLTAGE METER
Direct reading 0/40 KV
?OK /Volt. £23.00 (OK C/P 65p)

DIGITAL CAPACITANCE
METER
0.1 pi to 2000 mid LCD 8 ranges
0146013 £52.75

TRANSISTOR TESTER
Direct reading PNP: NPN, etc.
TC1 £21.95
(UK C/P 65pi

OSCILLOSCOPES
Full specification any model
on request. SAE by post.

'NM' Series HAMEG: 'SC'
THANDAR: ES' TRIO:
'3' CROTECH Safgan

SINGLE TRACE OK C/P £3.00
3030 15 MHZ 5mV. 95mm tube plus component
tester C/P 3.00 £177.10
SC1 I OA. Miniature 10 MHZ battery sortable
Post tree £171.00
HMI03 15 MHZ 2m1.1 6 x 7 display plus
component tester C/P £3.00 081.70
wOptional carry case E6.84 AC adaptor £6.69
Meads E12.50 DUAL TRACE (UK C/P £4.00)
OT 520 Dual 20 MHZ £241.50
HM203/4 Dual 20 MHZ plus component
tester £303.60
C81562A Bail 10 MHz (List E321.001 £265.50
3131 Dual 15 MHZ  component tester £276.00
CSI566A Dual 20 MHZ All facilities (List £401.351

4L3 9.50
HM204 Dual 20 MHZ plus component tester
sweep delay. £419.75
OPTIONAL PROBE KITS
XI £7.95 Xl- mo 010.50 X 0 £9.45

VARIABLE POWER SUPPLIES
(UK C/P £1.00)
PP24I 0/12/24V. 0/1A £35.00
PP243 3 amp version £59.95
PS1307S 8/I5V
7 amp twin meter £24.95

HEfIRY'S

FREQUENCY COUNTERS
PFM200A 200 MHZ hand held pocket
8 digit LED £77.60
MET1008 411161ED bench 2 ranges 100 MHZ £102.35
M ET6008 digit LED bench 3 ranges 6(6 MHZ £132.25
MET1000 8 digit LEO 3 ranges 1 GHZ E182.115
TF040 8 digit LCD 40 MHZ. Thandar £126.50
TF200 3 digit LCD ZOO MHZ. Timothy £166.75

Cubeg to Limited

404-406 Edgware Road, London. W2 1E0
Computer: 01-402 6822 Components: 01-723 1008
Test Equipment & Communications: 01-724 0323

AUDIO ELECTROnICS
301 Edgware Road. London, W2 1BN
01-724 3564 (All mail to this address)

JUST A SELECTION
OF OUR STOCK.

CALL IN AND SEE
FOR YOURSELF.

FREE CATALOGUES -
SEND LARGE S.A.E. (20p UK)

ORDER BY POST OR PHONE.

"71!A

Midwich
EAST ANGLIA'S LEADING SUPPLIER OF MICROCOMPUTERS
AND COMPONENTS TO EDUCATIONAL ESTABLISHMENTS.

BBC Microcomputers
Model B 34295
Model B +Disc Int. 431.95
140 Credit cards are not accepted in payment for
BBC Microcomputers.

BBC Micro Econet
Full range of products available. Installation
service available

BBC Compatible Disc Drives
Cased drives, finished to match the BBC Micro are
supplied complete with connecting cables, manual
and utilities disc.
All single cased drives may be expanded to dual
configuration by the addition of the appropriate
uncased mechanism.
Disc capacity Single Dual Uncased
100K 195.00 335 00 14200
200K 235.00 449.00 21200
400K 29100 545.00 260.00
Trade/quantity discounts are available.

BBC Micro Upgrade Kits
BBCA2B Complete A TO B 44.75

BBC3 Disc Intetiace 84.95

Fitting service available.

BBC Micro Connectors
BBC21 Printer Cable
BBC22 User Port Connector
& Cable
BBC23 Cassette Lead
BBC24 7 Pin Din Plug
BBC25 6 Pin Din Plug
BBC22 5 Pin Din Plug

BBC Micro Accessories
BI3C45 Joysticks

BBC Micro Software
View Wordprocessor
1.2 MOS

7.50

2.45
320
aso
0.60
aso

11 .30

52.00
10 00

BBC Micro Software
Full range available. Please telephone for stock
position.

Memories
21141..200NS DI 0.80
2708 450NS D2 295
2716 4SONS DI 245
2716 35ONS Dl 4.95
27163 Rail Dl 725
2532 45ONS D2 3.45
2732 45ONS DI 3.45
2732 35ONS DI 545
2764 30ONS DI 795
4116 'SONS DI 0.85
4116 20ONS D2 0.80
4110 'SONS DI 3.25
5516 20ONS D2 945
6116150NS Dl 330
6116 Low Power

15ONS D2 495
4164 20ONS

TI D3 325
4164 20ONS

NEC D3 325
4516/4816

ICONS D2 2.25
4532 20ONS D2 225

6800 Family
6800 D7 2.25
6802 DS 2.50
6809 D6 6.30
6810 DI 1.15
6821 D3 1.00
6840 D4 3.75
6645 05 6.50
6850 D2 1.10
68488 D2 7.30
681100 D7 5.25
68009 D61200
68010 Dl 226
68021 D3 2.20
68040 D4 6.00
68050 D2 2.20

Z80 Family
Z80 ACPU D2 2.99
780 BCPU D2 9.00
Z80 ACM Dl 2.60
Z80 BCTC DI 9.00
Z80 ADAPT Dl 5.60
Z80 ADMA D2 6.95
Z80 APB/ Dl 275
Z80 BPI° Dl 9.00
Z80 ASIO D4 9.00

8080 Family
8085A D4 320
8212 1.10
8216 1.00
8224 ZIO
8229 327
8251A 135 2.50
8253 4.00
8255A D5 2.25

6500 Family
6502 D3 3.25
6502A D3 5.00
6520 DI 2.50
6520A Dl 3.16
6522 135 3.00
6522A 136 5.50
6532 D2 5.50

Floppy Disc
Controllers
8271
FD1771
FD1791
FD1783
FD I 795
FD1797
WD1691
WD2I43-01

Buffers
811.595
841.596
8IA597
811,500
8T26A
8T28A
8T95
8T97A
8T98

OpFOR FAST,
IMMEDIATE
SERVICE YOU

CAN TEL. YOUR ORDER To:

DISS (0379) 898751
Midwich Computer
Company Limited,
Rickinghall House,
Hinderclay Rd,

48.00
05 15.00
D622.00
D6 23.00
D6 28.00
D6 28.00
D212.00
D2 6.99

0.80
0.80
0.80
0.80
0.90
0.90
0.90
ago
0.90

Interface Devices
6402 380
75107 0.47
75110 aso
75150 0.64
75154 0.77
75160 256
75161 2.80
75162 325
75172 125
75173 1.44
75174 125
75175 144
75182 as°
75183 aso
75198 0.37
75189 0.37
75451 0.22
75452 0.22
75453 0.22
75454 0.22
75468 088
75491 031
75492 0.42
AY31015 D2 3.00
AY31270 6.47
AY38910 D6 4.40
AY53600 D2 270
DP8304 DI 2.50
MC1488 Dl 0.37
MC1489 DI 237
NC3242A 630
MC3446 Dl 250
MC3448A DI 3.75
MC3480 135 7.30
MC3487 Dl 2.00
MC14411 DI 725
MC14412 9.45
RO32513L Dl 6.50
R0325130 DI 650

UHF Modulators
UM1111
6MHs DI 2.60
UM1233
8MHs Dl 3.90

Linears
1203
LF398N
LM301AN
LM308N
LM311P
LM319N
LM324N
LM348N
NE555P
NE556CP
TL06110

1113

11.062
T1064
TL066
11071
11.072
11.074
11081
11082
11084
11091
11.092
TIAN
T1.487
11.489
TL494
11.496
11.507
725
741
747
748

0.65
4.75
0.24
048
050
129
0.30
aso
0.16
ats
0.39
0.29
0.49
0.98
0.29
0.29
0.47
1.00
026
0.46
128
0.40
0.58
1.34
0.62
022
1.63
asp
133
1.60
0.14
0.48
0.27

Regulators
781.05
78LI2
78L15
7805
7812
7815
7905
7912
7915
LM309K
LM317K
LM323K
LM338K

030
030
0.30
a40
0.40
0.40
aas
045
045
1.20
240
450
225

Data Convertors
UPD7002 Dl 4.26
ZN425 DI 3.45
ZN426 Dl 3.00
ZN427 Dl 299
ZN428 DI 4.75
ZN429 Dl 210
ZN432 D113.00
ZI4449 Dl 2.55

Crystals
1MFis 2.75
1.8432 MI -1s 1.92
4MHs 0.64
8MHs 0.86

DIL Sockets
Pins Tin Gold W/W

14 10 26 35
16 10 29 40
18 13 33 50
20 15 37 60
22 17 38 65
24 21 46 70
28 24 55 BO

40 30 76 99

ZIF Sockets
24 Pin
28 Pin
40 Pin

275
8.20
9.75

Data sheets are
available on items
marked D.
Prices are as follows
DI 0.75 D5 2.00
D2 1.00 136 3.00
D3 1.25 D7 4.00
D4 2.00 138 5.00

A full range of the
following products is
carried in stock and is
listed in our FREE
catalogue.

* 74LS Series 'ITC
* 4000 Series CMOS
* TI Bipolar Memories
*9900 Series Micros
* Crystals
* IDC, Card Edge &

D -Type Connectors
* Dip Jumpers
* Monochrome &

Colour Monitors
(NEC& KAGA)

* Eprom Programmers
& Erasers

* Custom Cable
Assemblies

Carriage Orders up to E199 are sent by 1st class
post and EEO+ by Securicor.
0.11000.50 EICO-E199 1.25E200+ 5.00 by Securicor
Prices quoted (+ carriage charges) are exclusive
of VAT and are subject to change without notice.
Quantity Discounts are available on many
products, please sing for details.
Official Orders are welcome from Education
Establishments, Government Bodies and Public

Crnia.

t:aunts are available to others subject
to status. Payment is due strictly nett by the 15th of
the month.
Credit Cards are accepted (Access and Visa) for
telephone and postal orders and NO SURCHARGE
is made.
Out of stock items will follow automatically, at our
discretion, or a refund will be given if requested.

Fa more information about the hardware and software
available send for our FREE CATALOGUE

Post to: Midwich Computer Company Limited. Rickinghall
House, Hinderclay Road, Rickinghall, Suffolk 1P22 IHH.

Name

Address

Rickinghall, 121:=1 Postal Cede

1P22lk Telephone
Suffo1HH.
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BECOME A
RADIO AMATEUR
Train now for the Radio Amateur Licence
examination. No previous knowledge
needed, only a few hours per week of home
study for 3 to 6 months. Post coupon now
for details or tel. 0734 51515 (24 hr service)

British National Radio 8, Electronics School Reading, Berks. RG1 1BR

FREE brochure without obligation from:-

CACC British Nat -km -al BadioecElectzonics School I

READING, BERKS. RG1 1BR

Name

Address

L ETI /10/846 BLOCK CAPS PLEASE j

HAPPY MEMORIES
Part type 1 off 25-99 100 up

4115 200ns 1.25 1.15 1.10
4816 100ns For BBC comp. 1.95 1.85 1.75
4164 200ns 3.85 3.45 3.30
2114 200ns Low power 1.15 1.00 .90
2114 450ns Low power .95 .85 .80
4118 250ns 3.95 3.55 3.40
6118 15Ons CMOS 3.35 3.00 2.85
2708 45Ons 3.25 2.95 2.80
2716 450ns three rail 5.75 5.00 4.65
2716 45Ons Intel type 3.35 3.00 2.85
2532 450ns Texas type 3.35 3.00 2.85
2764 250ns 4.35 3.90 3.75

Z80A-CPU £2.99 Z80A-P10 £2.99 280A-CTC £2.99
6522 PIA £3.70 7805 reg .50 7812 reg .50

Low profile IC sockets: Pin 8 14 16 18 20 22 24 28 40
Pence 12 13 14 16 18 22 24 27 38

Soft -sectored floppy discs per 10 in plastic library case:
5 inch SSD £17.00 5 inch SSD £19.25 5 inch DSDD £21.00

5 inch DSQD £26.35
8 inch SSSD £19.25 8 inch SSDD £23.65 8 inch DSDD £25.50

74LS series TTL, large stocks at low prices with DIY discounts start-
ing at a mix of just 25 pieces. Write or 'phone for list.

Please add 50p post & packing to orders under £15 and VAT total.
Access & Visa welcome, 24hr service on (054 422) 618

Government & Educational orders welcome, £15 minimum.
Trade accounts operated, 'phone or write for details.

Happy Memories (ETI)
Gladestry, Kington

Herefordshire HR5 3NY
Tel: (054 422) 618 or 628

MULTIMETERS
IUK C/P 65p1 '

RANGE DOUBLER 10A DC1
Special price £15.95
ETC 5000/5001 121 Ranges
50K/V Range Doubler 10A DC

£16.50
TMK 500 23 Ranges 30K/V 12A
DC Plus cont. buzzer £23.95
NH56R 20K/V 22 Range Pocket

£10.95
360TR 23 Range 100K/V Large
scale 10A AC/DC plus Hfe f36.95
ATI 020 18 Range 20K/V. DeLuxe
plus Hfe Tester £17.50
ST303TR 21 Range 20K/V plus Hfe
Tester £16.95

SPEAKERS
P.A., Disco, Bass Guitar)

8" 60W . . . £11.95
10" 50W . . . £12.95
12" 100W . . . £26.95
18" 100W . . . £39.95

MOTOROLA PIEZO
TWEETERS IN STOCK
RETAIL  MAIL ORDER
EXPORT  INDUSTRIAL

EDUCATIONAL
Order by Post
with cheques,
Access/Visa or
you can
telephone your
orders.

ALL PRICES

INCLUDE

VAT

FREE

CATALOGUE

SEND LARGE

SAE

(UK 20.

MUSICRAFT 303 EDGWARE RD, LONDON W.2. TEL 01-402 9729 2898

Digitise at up to 10 MHz. Store, then display on a UHF
TELEVISION. Single shot Capture up to 250 KHz. Storage
Facility for less than £100.
The Tele-Scope is a new concept in data capture utilising
the latest Digitising techniques. The Tele-Scape acts -
controls - displays much like a conventional scope but
does much much more.

A kit.version is available for £89 and a Built unit for £109. A
manual is included and specialist parts are available
separately.

Prices exclude V.A.T. at 15% with postage and packing at
£2.95 inc. The manual is available separately for £1.50 inc.
which is refundable on subsequent purchase of a unit.

NAME & ADDRESS

Cheques PO. made payable, I enclose Cash p

HAWK ELECTRONIC TEST EQUIPMENT
Bircholt Road, Parkwood Industrial Estate, Maidstone, Kent ME15 9XT. 0822 686811

FREQUENCY COUNTERS
HIGH PERFORMANCE
HIGH RELIABILITY
LOW COST

The brand new Meteor series of 8 -digit Frequency Counters offer the lowest cost professional performance available anywhere.

* Measuring typically 2Hz - 1.2GHz * Low Pass Filter

* Sensitivity <50mV at 1GHz * Battery or Mains

* Setability 0.5ppm * Factory Calibrated

* High Accuracy * 1 -Year Guarantee

* 3 Gate Times * 0.5" easy to read L.E.D. Display

PRICES (Inc. adaptorIcharger, P Er P and VAT)

METEOR 100

METEOR 600

METEOR 1000

(100MHz)

(600M Hz)

11GHz)

£104.07

£133.97

£184.57

Illustrated colour brochure
with technical specification
and prices available on request.

O
Designed and
manufactured
in Britain.

Black*Star
BLACK STAR LTD 9A Crown Street, St Ives
Huntingdon. Cambs. PE17 4EB, England.
Tel: 10480) 62440 Telex: 32339
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FEATURE

DON'T SNEEZE!
There are places on this earth where a sneeze can be very
expensive indeed - and where spotlessness will be only just
clean enough. Stephen McClelland elucidates.

An anecdote, popular in the silicon chip industry,
relates how, in the recent past, a certain chip com-
pany found its production going haywire. The

devices it made suddenly became duds because of con-
tamination of the otherwise ultra -clean process areas, but
no one knew where the trouble lay. At length, after a
massive investigation during which the factory was almost
taken apart, the Company discovered to its considerable
embarrassment that the person responsible for cleaning
the operators' overalls had changed the washing powder.
Contaminant had migrated from the freshly washed
overalls into the process line, and so to the chips
themselves.

Although an extreme case, the tale serves to illustrate
how careful chip manufacturers have to be to ensure their
production environment is flawless and the paranoia that
descends when it isn't. Setting up these facilities, the
cleanest places on the planet, is prodigiously expensive -
upwards of £300 per square foot.

Such facilities are now becoming necessary because
the complexity demanded of silicon chips takes them into
the VLSI (Very Large Scale Integration) domain. These
chips have features, therefore, which are unprecedentedly
small - about 1 micro metre (or 0.04 thousandths of an
inch) in most cases. As a result even the most minute par-
ticles of dust are capable of settling on the silicon circuit
during its sensitive process stages and causing havoc.

Indeed there is evidence to suggest that even the max-
imum pure air conditions presently achieved might not be
clean enough for future chips under some conditions. But
even to get to this state (dubbed Class 100 by the US
because it contains a bare 100 particles per cubic foot in
the critical size range) requires enormous efforts. Class 100
requires a clean-up factor of more than 100,000 times on
atmospheric air (containing about 10 million particles per
cubic foot).

Such clean rooms are generally maintained at positive
atmospheric pressure (to prevent outside air -borne dirt
from being driven in) with a wide host of complicated ac-
cess doors and passages. In the cleanest facilities, floors
and ceilings are both perforated to allow the filtered air to
be pumped through them downwards in parallel vertical
lines. The laminar flow creates a minimum of turbulence
which might otherwise re -distribute the particles already
present.

In addition, these areas need a formidable battery of
support services. The water used to wash the silicon chips
themselves must approach absolute purity - and the in-
adequacy of most conventional distillation techniques
means that the water is usually the most expensive
chemical the plant has to purchase. The gases used to pro-

cess the silicon can also present a hazard - either because
they are toxic, or flammable, or both. This is one reason
why even small semi -conductor houses in California -
especially those located near the San Andreas fault -
maintain elaborate fire fighting teams.

But getting a clean room 'clean' is only half the story
- keeping it so is rather more difficult and research throws
an interesting light on the most significant source of dirt -
people themselves.

A NASA study conducted by James Useller turned up
some surprising conclusions. He found that one of the
most destructive things you can do in a Class 100 environ-
ment is simply to write on an ordinary sheet of paper with
an ordinary ballpoint pen - this alone can generate par-
ticles up to 20 micrometres in size. Stamping on the floor
(whether due to a fit of pique or just through lack of exer-
cise the study neglects to say) is almost as bad. Even
workers properly clad - in astronaut -like boots, trousers,
smocks and hats - can generate or redistribute particulate
matter by merely moving about irregularly.

Normal breath, in fact, should produce no increase of
atmospheric dirt but the best advice one can give to
smokers is that they shouldn't breathe at all - NASA
detected significant numbers of particles 20 minutes after
the subjects had finished smoking. Personal hygiene is en-
couraged. Anti -social habits like scratching yourself
(which releases dead skin cells) are not. Sneezing is singl-
ed out as being a big offender - it can push the particle
count up by as much as 20 times. Even an overtly social
act like pulling out a handkerchief to suppress it can spray
the same amount of contamination into the air.

An equally insidious source of contamination is the
purely chemical kind as the story at the beginning shows.
Sodium ions (whether from sweat, chemicals or soap
powder) can be lethal to many types of devices particular-
ly the MOS (Metal -Oxide -Silicon) varieties. Some
engineers have even suggested that MOS chip factories
should never be built near sea coasts because of possible
salt contamination.

Silicon chip companies are aware that the contamina-
tion risk will eventually become so strong even with con-
ventional clean rooms that chip making will have to be
taken - quite literally - out of human hands. IBM has
already gone some way towards making an automatic pro-
duction line that is enclosed completely in its own clean
environment. Other companies are deterred by the enor-
mous amount of investment required to overcome the
tricky problems of silicon water handling. Ironically,
micro -electronics, of all industries, might be very difficult
to automate fully. ETI
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row zags

£145 Kit £110
+ VAT (p h p £2.50)

£220 Kit £160
+ VAT (p & p £4.50)

NTL04 POWER SUPPLY
0-30V. 0-2.5A  voltage setting with 10T pot giving 0.1V
resolution  fully pebbled floating output  Selection of
currentlImIting occurrent foldback mode  3digh disPleYefor
voltage 8 current with 0.1% FSD accuracy  automatic
dissipation control  One stability 0.01% for 3 10% mains
voltage change  bad regulation 0.02% foe 100% load
change  ripple 21iV typ.  transient rag:Ales < 50us

NTL06 POWER SUPPLY
0-60y. 0-3A  voltage setting with 10T pot. giving 0.15
resolution  folly protected floating output  automatic
changeover from constant voltage to constant WT.., mode
 3 digit displays for voltage 8 current can be used for
external measurement; range -9.9y to 99.9V,0.1V resolution;
0 to SA 0.01A resolution; meter accuracy 0.01% FSD 
automatic dissipation control  hne 001% for +10%
mains voltage change  bed regulation 0.01% for 100% bad
Change  ripple I mV two.  current stability with current
control 0.1% +1rnA lyp.  transient response <50us  LED
function indicators

XR2206 FUNCTION GENERATOR
frequency range 1011. to 220Hz  linear setting over 8
ranges  waveforms sine, triangle, square  sawtooth
negative pulse at approx. twicathe let frequency available 
distortion of the sine wave <1%st 1 KHz  output AC for ell
waveforms sdiusted 0-100W. 0-100inV, 0-1V, impedance

£79 Kit £49 Worm 5 ohms  output SYNC amaze or negative pulse TTL
+ VAT (p & p £2.50) compatible

DT155 DIGITAL THERMOMETER
alternate reading of 2 measuring points  temperature range
-55°C to +100'C  resolution 0.1*C  3 digit 18mni red LED
display  automatic changeover of the probes at 10 sec
interval with LED indication  sensor probes can be located
et a chasms of up to I 0Orn from the instrument  mains
soppy for permanent operation  brushed anodised alum.
enclosure 138 x 47 115rnm(15 x H x 0)  choice of 3 sensor
probe:
LM 136 -85"C to +1006C £10 Kit C 8
LM 235 .40"C to +100"C £ 8 Kit £ 6
LM 335 -10"C to +100°C C 6 Kit £4
DT600 DIGITAL THERMOMETER
precision thermometer with one P1100 platinum film probe to
001904 grade 11 covering -70"C to +800'C in 2 ranges: -
-70'C to +icies.c., resolution 0.1*C; .70'C to +800°C,
resolution t'C  lineentra circuit guaraMees accuracy of
0291, 31 dign and entire range  measuring rate 3/sec 
response time 10sec to 99% in moving .water  memory
switch  3 wire probe connection allows measurement over
extension cable up to25in  probe witti handgrip, 1 bre spiral
cable 8 Spots OIN socket  battery 9V PP3 for approx. 3011
operation  low battery indicator

£49 Kit 936
+ VAT (p& p 51.50)

£145 Kit E110
+ VAT (p p £1.50)

Our kits content en the inalwlel required for the avowal*
InahAdlog pee. smalown, miaowed treatpieseliettebestronle
pea. A eareOnshilliteleYeeeriblyntertipillepreded with *Sep
by step Instruction.. got. description.

TECHNICAL TRAINING
IN ELECTRONICS,
TELEVISION AND AUDIO
IN YOUR OWN HOME-AT YOUR PACE
ICS can provide the technical knowledge that is so essential
to your success,knowledge that will enable you to take advant-
age of the many opportunities open to the trained man. You
study in your own home, in your own time and at your own
pace and if you are studying toren examination ICS guarantee
coaching until you are successful.

City & Guilds Certificates

Radio Amateurs
Basic Electronic Engineering (Joint C&G/ICS)

Certificate COUZ8e8

TV and Audio Servicing
Radio & Amplfier Construction
Electronic Engineering! and Maintenance
Computer Engineering* and Programming
TV, Radio and Audio Engineering
Electrical Engineering,* Installation
and Contracting *Qualify tor In Associate Meetberehip

Approved by CACC - . Member of MCC

POST OR PHONE TODAY FOR F REF El()OKI I T

Please send me your FREE School of Bectronics Prospectus.

Subject of Interest

Name

Address

ICS Post to: Dept M265

160 Stewerts Road 01-622 9911
ICS School of Electronics

London SW84JJJ (Al Hours)
we as No se is

IEW
WOG2206 SWEEP GENERATOR
 makes easy work of establishing and displaying on the oscilloscope

frequency responses of equalisers, active fitters, crossover networks,
audio amplifiers, etc.

 excellent function generator: frequency range 0.2Hz to 200KHz
 professional appearance at low cost
 save pounds and enjoy assembling kit version

function raineatter 0.2Hz to 200811. with linear setting over a ranges  waveforms eins squirm.
triangle  sine were distortion11010  sine mangle continuously adimarible ftcht5n1V10
I5UPIX grant gee.  traps tram 12m5 to 12V  DC offset adiustabre to sine it bran* gees
sweep egioratort Sweep rated 0.50.0 to to sec  internal sweep Mew 100:1. loitentlanic 500:1
(1000:1 bp.)  Mow output 5V 7T1 £115 Kit £70
Priests are subject to 15% VAT + VAT (p Er p £2.50)I

SHROPSHIRE

ELECTRONIC DESIGN & MARKETING
P.O. BOX 10 LUDLOW

SY8 1DB
TELEPHONE : 0584 5620

FREL LTD.

LB ELECTRONICS
FRUSTRATED EXPORT ORDER BRAND NEW
& BOXED. EPSOM FX80 PRINTERS £350.00
+ VAT (carriage £12 tnt)

SPECIAL OFFERS (while stocks last)
Mullard .2" Red L.E.D.'s 0.06p, 7805 38p, 7805KC 5 Volt 1.5A 75p,
78H05 5V 3 AMP £3.50p, 5K 3/4" multiturn trim pots 14 for
£2.50p

DISC DRIVE BONANZA
PERTEC FD650 DSDD £199 + VAT
TEAC FD -55F 1/2 Height DSD 80 track/

40 track selectable at our new low price £199 + VAT
PAPST 3" Box Fan 220 volts 50hz require

1uf capacitor £7.95 p/p £1.00
As above but 12" 22mhz band width £88.70 + VAT
ASCII coded qwerty Keyboard ,manufactured by Alphanumeric
(Woking UK). Model 60K brand new plus data £19.95p p&p
£1.50
25 WAY 'D' Types, plugs £1.85, sockets £1.85 (solder tail) p&p
30p. Telephone for bulk prices.
8" Drive Cabinets complete with power supply (LINEAR) to take
two 8" Drives, Brand New £99.95p + VAT (carriage cost)
Twin 5" Cabinets with power supply £30.00 + VAT (providing a
disc drive is purchased from us, if drives purchased elsewhere
£40.00 + VAT)
9" Green Phosphor Monitors Brand New and Cased Composite
Video Input 18mhz band width £80 + VAT each (carriage cost)
Textool 24 dil Zif Skt (used) £3.95p p&p 30p
Brand New 13" Colour monitor fully cased. Full warranty 540 x
236 pixel. RGB TTL Input plus apple Input £220 + VAT
(carriage at cost).
BNC Lead Bonanza coax lead with BNC plug at one end, 2 metres
plus £1.00 p&p 30p and 10 metres plus £2.50 p&p 75p

LB ELECTRONICS
11 HERCIES ROAD, HILLINGDON,
MIDDLESEX UB10 9 LS, ENGLAND

TEL: UXBRIDGE 55399

American
Express
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ZX 80 TAPE MOD
When we published the article on modifying the ZX81 tape out-
put to get reliable cassette operation, a plaintive cry went up:
"What about my ZX80?". Ian Ridout to the rescue.

The predecessor to the ZX81,
the ZX80, is still a popular
machine especially if fitted

with the replacement Sinclair ROM.
However, like the ZX81, it suffers
from unreliable SAVEing onto
cassette tape and LOADing from
tape.

A previous article in this
magazine (February 1983) gave
details of how to improve the
reliability of SAVEing programs onto
tape for the ZX81. This article gives
details of the simple modifications
required to allow the ZX80 to enjoy
the same SAVEing reliability onto
tape. The modification costs less
than £1 to do and takes only a few
hours.

If you have experienced
difficulty with SAVEing programs
onto tape with your ZX80, observe
the following recommendations
before implementing this
modification:
 Make sure that the EAR socket on
the ZX80 is connected to the
EARPHONE socket on the cassette
and likewise that the MIC socket
goes to either the MICROPHONE or
AUX socket on the cassette (we
don't want to insult your
intelligence, but you'd be surprised
how often . . .);
 Remove all traces of the brown
magnetic tape material from the
heads in the cassette player by
using cotton buds dampened (not
dripping wet) in white or surgical
spirit;
 Use computer tapes or the higher
quality audio tapes;
 When SAVEing and LOADing,
keep the cassette player as far as
possible from the television because
the television line -scan and frame-
scan signals will be picked up by
the cassette player;
 On playing back from tape (ie
LOADing) keep the volume as high
as possible without the television
picture breaking up. If the picture
begins to break up, this indicates
that the input level is overloading
the computer circuitry and the
playback volume on the cassette
should be slightly reduced. Having

found the correct level, rewind the
tape to the beginning and try to
LOAD the program into the ZX80
again.

If these recommendations still
fail to give you reliable SAVEing and
LOADing then this article could well
help you. The problem is probably
due to the low signal level coming
out of the MIC socket when
SAVEing.

The tape system in the ZX80 is
very similar to that in the ZX81, the
major difference being the
component numbering! As before,
one IC output is for both the TV
modulator and the tape out socket,
via a simple filter with a peak at
3.4 kHz and a roll -off of 6dB per
octave on either side of the peak.
Like the ZX81 filter, the loss is
-66dB at the pass frequencies,
which leads to only 2 mV of signal
at the tape output.

IC19
74LS74_

14 T

TO OTHER
CIRCUITRY

Circuitry Modification
The reasons behind choosing a

FET for this modification were
discussed in the previous article, so
I won't repeat them here. The new
circuit differs slightly from that used
on the ZX81 to take account of the
different PCB layout.

The DC biasing conditions of
the FET are such that the source
voltage should be between 1 volt
and 3.5 volts and this is achieved by
making the source resistance about
4k and the drain current about 0.5
milliamps.

C13 (47nF) and R34 (1k0) are
retained in their original positions
but C14 (47pF) is moved and R35
has to be changed in value only if a
manual record -level tape recorder is
used. For use with an automatic
record -level machine R35 (1M0) is
retained but one end has to be
desoldered from the printed circuit

R35 C14
smg 47p

C1347n R34
1k0

inn oV

Fig. 1 Origina tape-recording circuit.

MIC
66i SOCKET

+5V

14
I

C14
47p

+5V
0

01
d,Sc C15'

22u

MIC
SOCKETIC19

R
R46
3k9

R34
1k0

C13
47n

0

NOTE
Q1 IS 2N3819, 2N3823, TIS34, ETC

*SEE TEXT

2N3819
TIS34

2N3823

FET CONNECTIONS
(VIEWED FROM PINS)

s = SOURCE
g = GATE
d = DRAIN

Sc = SCREEN

Fig. 2 New circuit; note the difference between this and the circuit published
in February.
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PROJECT ZX80 Mod

board. See Table 1 for the values of
both R35 and the gate bias resistor
that I have called R45.

Most machines used for storing
programs on tape are of the
automatic record level type. If, with
the resistor values shown for R45
(39K), the recording sounds
distorted on playback through the
cassette loudspeaker, R45 should be
reduced in value to 6k2 or 8k2. The
sum of the values of R35 and R45
should be within the range 900k to
1M1 to preserve the filter
characteristics.

Doing The Modifications
Remove the five white and two

black plastic studs holding the
bottom half of the case to the top
half and to the keyboard. These are
removed by first pushing the centre
plastic pins through the outer part
of the studs and then pulling the
complete stud out of the case.

PUSH THE
CENTRE PIN

Ar)

TWO HALVES
OF THE CASE

Fig. 3 How to get inside the ZX80.

Now remove the three plastic
clips holding the PCB to the back
half of the case by carefully
squeezing them and pushing them
through the PCB.

For use with manual record -
level machines, remove R35 (1M0)
and insert one end of the new R35
(820k) into the left hand end of the
position vacated by the old R35. For
use with automatic record -level
machines, desolder only the right-
hand end of R35 (IMO). The rest of
these instructions apply irrespective

of the type of cassette machine to
be used.

Carefully remove C14 (47pF)
and resolder it in series with R35 so
that its right-hand end is soldered
into the PCB hole from which the
right-hand end of R35 was removed.
The left-hand end of C14 should be
soldered to the free end of R35 and
trimmed off as short as possible.

Solder R45 (See Table 1 for
value) in the position shown in Fig.
5. Solder the negative end of C15
(22µF, 16 volt) as shown keeping
the lead short and leave its positive
end unconnected for the moment.

If the metal cased 2N3823 is
used, solder the drain and screen
leads together and then cut one of
them off. Solder the drain lead to
the +5 volt PCB line shown.
Connect the FET gate lead to the
junction between C14 and R45.
One end of a 3k9 resistor (R46) is
soldered to the OV lead shown and
its other end connected to the
positive end of C15 and the source
of the FET. It is important to check
the connections to the FET and to
make sure they are not touching
each other.

Put the PCB and the back of the
case together again, securing them
as before, with the three push -
through plastic studs inserted from
the back.

At this point test the
modification by plugging in the
television (tuned to channel 36) and
the computer power. When the
normal computer television picture
appears, plug in the two cassette
leads to the computer and the
cassette, write a two or three line
program and SAVE it. LOAD it into
your ZX80 observing the suggestions
earlier in this article.

MODULATOR

0

PCB TRACKS
LEFT OUT

FOR CLARITY

9V

0

0

0

EAR

 EliFi 
< GUI

ROM
IC

0

Fig. 4 Before (left) and after (right) the modification.
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MIC

0

Fault Finding
The FET gate should be at

0 volts, the drain should be at
+5 volts and the source at about
2 volts (1V to 3.5V). If not, check
the connectins and the layout.

SAVE a short program on to the
cassette and listen to it through the
cassette loudspeaker. If it sounds
distorted, reduce the value of R45
as mentioned earlier.

See the February '83 issue of
this magazine for a fuller fault
finding guide.

PARTS LIST 

This is a list of the newcomponents
required:
RESISTORS (I w 5%)
R35 see Table 1.
R45 see Table 1.
R46 3k9

CAPACITOR
C15 22µF, 16 v axial

electrolytic.

SEMICONDUCTOR
Q1 2N3819, T1S34 or

2N3823

TABLE 1
R35

Manual Recorders 820K
Auto -level Recorders 1M

*See text

R45

220K
39K*

Table 1 Values of R35 and R45

BUYLINES

Nothing, but nothing should cause you
any problems here. You don't even need
a PCB!

CB

0

ETI
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MULTIMETERS
THANDARTM351
 Bench/portable  31/2 -digit 0.5" LCD  0.1%
basic accuracy  29 ranges.  Battery life
typically 2000 hrs  Complete with batteries &
test leads. £113.85.
Accessories. Carrying case £6.84. Universal
test lead set £12.65. Service Manual £3.00.

THAN TM353
 Bench/portable  31/2 -digit 0.5" LCD  0.25%
basic accuracy  26 ranges  Battery life
typically 3000 hrs  Complete with batteries &
test leads £88.25. Accessories as TM351.

THANDAR TM354
 Pocket size.  31/2 -digit 0.5" LCD,  0.75%
-basic accuracy.  14 ranges  Battery Me 200
hrs £45.94. Carrying case £3.45. Universal
test lead set £12.65. Service Manual £3.00.

THAN T111451
 Bench/portable  41/2 -digit 0.4" LCD  0.03%
basic accuracy  Full auto -ranging or manual
 Sample hold  Audible continuity test
 Complete with battery and leads £171.35.
AC Adaptor £7.99, Universal test leads £12.85.
Service Manual £3.00.

OSCILLOSCOPE
THANDAR SC110A
 Bench/portable  Low power  10 MHz
bandwidth  10mV sensitivity £171.35. Carry-
ing case £8.34. AC Adaptor £7.99. Recharg-
able battery pack £12.65. X1 probe £8.05. X10
probe £8.20, X1 X10 Switched probe £10.93.
Sprung hook trimmer pack £2.88. Manual
£3.00.

GENERATORS
THANDAR TG100 Function 1 Hz to 100 KHZ
£90.85
T0102 Function 0.2 Hz to 2 MHz £186.75
TG105 Pulse 5 Hz to 5 MHz £97.75

AUTUMN CLEARANCE SALE
ALL YOUR FAVOURITE MODULES AT

RIDICULOUS PRICES WHILST STOCKS LAST!

31000 SLC
The famous high performance
three channel sound to light
modulator with automatic
switching to chase.
1000W per chan. £25

MULTI -4
Various four channel chaser
effects in both manual and
sound modes, plus LED
drive circuits. £32

31000 SL
Basic three channel sound to
light modulator with high
performance filters Bass-
mid-treb-master.
1000W per chan.

PA3 - (MAG OR CER)
The popular compact disco
module with all the facilities
for a stereo deck
Drives any power
amplifiers.

£17

£29

41000 SLC
Similar to the 3SLC but four

channels and auto level
filters and LED drive

circuits.
£32

41000LCS
Four channel forward man/
sound chaser, as other
modules up to 1000W
per channel. £18

FASCIA PANELS
For all types of lighting
modules, complete with knobs/
rocker switch, and
some with LEDS.
Blue/white. £5

AC01
Active crossovers for three way
sound system. Individual
channel and master
controls.

£12

POWER DIMMER MODULES
Forband and theatre applications,these modules provide the ideal do-
it-yourself package for custom designed lighting systems. Available in
local or low voltage controlled remote formats and various chase/
sound to light effects.
Extensive information upon request.

PHONE OR WRITE FOR FREE DATA SHEETS.
NOTE: ALL PRICES INCLUDE VAT.

Please add 75p for postage on individual modules.
Cheques/PO/Access all welcome.
Tel: 01-640 6053 or 01.889 4138

L&B ELECTRONIC
34 Oakwood Ave., Mitcham, Surrey

ELECTRONIC COMPONENTS AND

TESL EQUIPMENT
35 HIGH BRIDGE NEWCASItE

UPON 1YNE NE1 111N 111 0632 126729

FREQUENCY COUNTERS
THANDAR TF20010Hz to 200 MHz
 Bench/portable  8 -digit Liquid Crystal Dis-
play.  Frequency range 10 Hz - 200 MHz 
Resolution better than 1 ppm  Sensitivity
typically 10mVrms  Time base accuracy 0.3
ppm.  Battery life 200 hours  Frequency,
time average period, totalize & reset; 2 ranges,
5 gate times; external clock facility  Complete
with batteries. £166.75.

THANDAR TF040 10 Hz to 40 MHz
 Bench/portable  8 -digit Liquid Crystal Dis-
play.  Frequency range 10 Hz - 40 MHz
 Resolution 1 Hz.  Sensitivity 40 mV rms.
 Timebase accuracy 0.5 ppm  Battery life 80
hours.  Frequency, totalize & reset: 2 gate
times  Complete with batteries. £128.50.

ACCESSORIES FOR TF200 & TF040 AC
adaptor £7.99, Carrying case £6.48, X1 Probe
£8.05, X10 Probe 0.20, Service manual
£3.00. TP600 prosesier £51.75. TP1000 pro -
scaler £74.75.

THANDAR PFM200A 20 Hz to 200 MHz
 Pocket size  8 -digit LED display  Fre-
quency range 20 Hz - 200 MHz.  Resolution
0.1 Hz. Sensitivity typically 10 mV rms. Timebase
accuracy 2 ppm  Battery life 10 hours.  Fre-
qucny; 2 ranges, 4 gate times  BNC input soc-
kets £77.82. Accessories. Carrying case £3.45,
AC adaptor £7.99, X1 probe £8.05, X10 probe
£9.20, Service Manual £3.00.

Full spec available on all instruments, just phone
or write:

Schools, colleges, universities supplied on
official orders.
Prices include VAT. Please add £1.00 postage to
orders under £20.00.

FOR HI-FI & ELECTRONICS ENTHUSIASTS

CONCEPT ELECTRONICS LTD
51 Tollington Road, London N7 61)13

Mall order only
We are the specialist of electronic kits and rack mounting cabinets. A catalogue with
complete range of products including pre -amp modules, power amp modules, pre and
power amplifier modules, complete kits of amplifiers, equalizers, reverberation
amplifiers (with cases), alarm clocks appliance timers, Cl3amplifiers, test equipment,
control modules, music generator, battery flourescent light and high quality rack
mounting cabinets etc. with illustrative pictures now available at the cost of 35p +
25p p&p.
Professional rack mounting cabinet Pens! Size Rear Box Price

W H D AL STEELW H (inch)
19 x 5 17 x 4.5 x 10 27.54 23.54
19 x 4 17 x 3.5 x 10 25.24 21.24
19 x 3.5 17 x 3 x 10 24.09 20.09
19 x 3 17 x 2.5 x 10 24.09 -
19 x 2.5 17 x 2 x 10 22.94 18.94
19 x 6 17 x 5.5 x 12 28.69 24.69
19 x 5 17 x 4.5 x 12 27.54 2a54
19 x 4 17 x 3.5 x 12 25.24 21.24
19 x 3.5 17 x 3 x12 24.09 20.09
17 x 3.5 15.5 x 3 x 9 21.79 17.79
17 x 2.5 15.5 x 2 x 9 20.64 16.64
17 x 4 15.5 x 3S x 12 25.24 21.24
17 x 3 15.5 x 2.5 x 12 24.09 20.09
Please add £2.50 p/p per item

* Wholly made of black anodised aluminium sheets * Suitable for high quality
amplifiers and many other purposes * Top, side and rear cover removable for access
* Separate front mounting plate * Heavy gauge front panel is of brushed aluminium
finish enhanced with two professional handles * With ventilation slits and plastic
feet.

The low cost steel version is also available. The size and features as well as the front
panel is the same as the aluminium cabinets except the rear box is manufactured from
steel painted in black,

CONTROL MODULES

TY-7 Electronic touch switch
£2.90 KIt £4.50 Ass.

TY-11 Light activated switch
£2.20 Kit £3.50 Ass.

TY-18 Sound activated switch
(Clap switch) £4.50 Kit £5.95 Ass.
TY-38 Sound activated switch
(voice -switch) £5.50 Kit £7.50 Ass.
TY-41 infra -red remote control
(Receiver and transmitter)

£17.20 Kit £21.95 Ass.

HI-FI AMPLIFIER MODULES

TA -323A 30W + 30W stereo amplifier
£18.95 Kit 223.95 Ass.

TA -820 60W + 60W stero amplifier
£27.50 Kit £33.50 Ass.

TA -920 70W +70W stereo amplifier
£35.50 Kit £42.50 Ass.
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CAR ALARM
Alarmed at the prospect of your car taking a walk? Ian Forster
shows you how to protect it, or your house, a little better.
Development by Phil Walker.

This multi -purpose alarm unit
can be used in a car, or, if
desired, in the home with the

addition of a 12V power supply.
The basic version provides for a
fairly simple alarm that can be

triggered either by a negative -going
or a positive -going pulse.

If the source of the alarm is
removed, the unit will reset itself, as
is required by law (and one's
neighbours!). There is a delay of

approximately 16 seconds before
sounding a piezo alarm, which
could be used as a warning, and the
main car horn will be sounded after
about 24 seconds.

There seems to be a good

RESISTORS (all 1 W 5%)
R1, 2, 5 56K
R3 560K
R4, 8 10k
R6 470k
R7 100k
R9 1k0
R10, 12 270k
R11 820k
R13 18k
R14 33k
R15 680R
R16, 17, 18, 19, 20,
21 18k
R22 100k
R23, 24 2k7

CAPACITORS
C1, 2, 3 100n ceramic or

polyester

C4, 6, 8, 9

C5

C7

C10, 11

C12

C13, 14

33µ 16V axial
electrolytic
100µ 16V axial
electrolytic
100n or 1µ
unpolarised (see
text)
100n ceramic or
polyester, 24V min
100,u axial
electrolytic, 24 min
100n ceramic or
polyester

SEMICONDUCTORS
IC1 4093BE
Q1, 2 BC212
Q3 BC182, TIP31,

BD131

Q4, 6

Q5, 7
D1-6
D7-10, 12-15
011
LED1

MISCELLANEOUS

BC182, TIP31,
BD131
BC212
1N4148
1N4148
0A91
single LED

RLA1 12V (or 24V, see
text) relay, NO
contacts

Piezo tweeter or piezo horn (see text),
normally open push-button switch,
PCB, wire, etc.

NOTE: Items in italics are for the
extension options.

Fig. 1 Circuit diagram: the basic circuit is shown in black and the optional sections in blue.

HORN
SENSE

INPUT 1 INPUT 3

PIEZO
HORN

RELAY
012)

RELAY
1+24)
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PROJECT

R18
18k

011
HORN
SENSE

INPUT 1

R19
18k

06

C

R1
56k

R2
56k

01

C3 1 R3
560k

C13
100n

C1
100n 2

INPUT 2 0-11
C2

100n

NO

+v

07
R20
18k

INPUT 3 R21
18k

C14
100,,

D

R22
100k

ICla

D12

3
D2

5

R5
56k

R6
470k

R23
2k7

R24
2k7

D13

014

015

NOTE.
ICI IS 40938E
Q1,2,5,7 ARE BC212
03,4,6 ARE BC182,TIP31,BD131
01.10.12-15 ARE 1N4148
D11 IS 0A91
LED1 IS SINGLE LED
RLA1 IS 12V(or 24V, SEE TEXT) RELAY,
NO CONTACTS
PIEZO TWEETER OR PIEZO HORN (SEE TEXT),
NORMALLY OPEN PUSH-BUTTON SWITCH.

Fig. 2 Component overlay for the PCB.

33u

IC1b

8

100k

or 1u0
(SEE TEXT)

12

R11
820k

- - 33u

/7177 C9 R12
R17270k33u

13 (Cid

R10
270k

11

C4 1,*

33u

D5 R8

D3

(47

TO PIEZO
HORN

(SEE TEXT)

R14 03 613605 LED1
33k

V

R13
18k

064

010

HOW IT WORKS

D4

+C5

+v

Q2

R4

0 +V

10k

RLA1

CAR
HORN

/7777

+V

05

TO PIEZO
HORN
(SEE TEXT)

The basic circuit is that of a latch, built
round IC1a and IC1b, and two drivers
for the audible alarms, built round IC1c
and Q1, and IC1d and Q2. However, it's
not quite that simple . . .

On switch -on, C4 and C5 share cur-
rent via D3 pulling one of the inputs of
IC1b low, which disables the latch until
C5 is charged and C4 discharged via R3:
this prevents the circuit being im-
mediately activated at switch -on. If any
troubles develop in this respect, it may
well be because the values of C4 and C5
are not correct, electrolytics having very
wide tolerances. On switch -off, C5 is
discharged via D4 and R4.

A negative -going pulse at INPUT1 or a
positive -going pulse at INPUT2 will trig-
ger the latch, causing the output of IC1a
to go high. C6 charges via R6 and C8 via
R11, and LED1 is lit via R14, Q3, R15.

When C6 reaches a sufficient voltage,
IC1c will start to oscillate at a frequency
determined by C7/R7. For use with a
piezo tweeter as a horn, C7 should be

100n which will give an oscillation fre-
quency of 3 kHz. This can be fed to a
piezo tweeter via R8 and Q1, to make a
very unpleasant sound in a would-be
thief's ear! R9 is needed to discharge the
tweeter because there is no DC path
through these beasties, and it would
otherwise just sit at around + V.

Similarly, when C8 reaches a suffi-
cient voltage, ICid will begin to oscillate
at about 1.5Hz, and this will turn the car
horn on and off via R13, Q2 and RLA1.
D6 protects Q2 against back-EMF from
the coil of RLA1. The output of ICld is
also used to pump down C4 (via D5 and
R10) so that the latch will be reset after a
period, but will retrigger almost im-
mediately if the input conditions persist.

Circuit A allows a 24V relay to be used
instead of a 12V one. C7 should be
changed to 1u0 to lower the oscillation
frequency of lad to 300 Hz. C10, D7,
D8 and C11 and C12 form a fairly
straightforward voltage doubler to pro-
vide the 24V necessary. Q4 is needed to

invert the output from Q2 and pull
down rather than up.

Note that in either case, you connect
the relay contacts to suit your car - we
have shown how to conned them when
your car switches on the positive line to
sound the horn, but some (eg Minis)
switch the negative side, the positive
side of the horn being permanently con-
nected to the 12V supply.

Circuit B can be used to substitute a
self -oscillating piezo-horn for the piezo
tweeter - this could be useful if you use
a 24V relay with circuit A.

Circuit C passes a small current
through the car horn; if the connection
to the horn is interrupted, the alarm will
be triggered.

Circuit D is the fast -acting circuit;
when the normally open external con-
tact is closed, Q7 is turned on, and this
charges C6 and C8 via R22, and D12 and
D15, as well as latching the alarm in the
usual way through C14. D13 and 14 and
R23 and 24 are necessary to reset this
circuit.
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PROJECT : Car Alarm

supply of 24V relays around at
bargain prices, mainly because
they're a lot less convenient for
most circuits than 12V types. For
this reason, the circuit can be
adapted to drive a 24V type, as
shown in circuit A (shown in blue
on the main circuit diagram). This
circuit has the disadvantage that
you cannot use the piezo tweeter,
and circuit B shows how to connect
a self -oscillating piezo horn instead.

A common thieves' tactic is to
cut the lead to the horn before
attempting to break into the car
itself. This can be foiled by circuit
C, which will trigger the alarm if this
is done - note that once the horn
lead is cut, there is no way that it
can be used, so just the warning
siren will go off.

Finally, there may be some
items that you may want to protect

e

BC182L
BC212L etc. TIP31 e 813131

with a fast -acting alarm, and circuit
D provides for this: all that is
needed is a set of normally open
contacts that can be arranged so as
to close.

The method you use to trigger
the car depends on how your car is
wired up. Most cars have courtesy
light switches mounted in the door
pillars, and these could be used.
Another possibility is to use mercury
switches to detect any motion or
disturbance.

Construction And
Setting Up

Construction of the PCB should
present no problems, provided the
usual precautions are followed.
Things being what they are, it
would also be best to make up your
mind which options you want
before building, though at a pinch

Fig. 3 Transistor pinouts.

bits and bobs can be added later.
As mentioned in How It Works,

should there be any problems with
the circuit arming at switch -on, then
C4 and C5 are the most likely
culprits.

If you use circuit A with a
particularly current -thirsty relay,
then it may be possible that R9, C10
and C12 will need revising (R9
should be reduced in value, C10
and C12 should be increased); Q1
may possibly need upgrading to a
high gain medium power type
and/or heatsinking, as might Q4.

Otherwise, your biggest
headache will be the triggering
switches. Unfortunately, we can't
advise you generally on this
because everybody's car or home
will vary; but let us say that careful
though put into this aspect will not
be wasted. ETI

BUYLINES
Nothing here should present any pro-
blems. A self -oscillating piezo-alarm is
available from Maplin and the PCB is,
as ever, available through our very own
PCB service.

BUILD A BETTER AMPLIFIER!

How can you own a top class HiFi amplifier, of comparable standard to Nelms, Meridians, Quads etc., for an outlay of less than £250?
- Simple! Built it yourself - with a Crimson kit.

It is not necessary to spend a small fortune to obtain true Hifi performance. Crimson Kits offer all the features and sound quality of themost
esoteric amplifiers available and their ease of assembly ensures that they work first time and continue to do so. Not only do Crimson Kits offer
outstanding value, but they also have the flexibility to adapt to any users needs. All the P.C.B.'s are ready assembled and tested (theyare not pot-
ted" as we believe disposable modules are rather extravagant!) therefore constructing a kit is pleasurable in itself and,once built, will give years
of untroubled service. So, whether you use a simple record player or a compact disc, you can be sure to get the most from your system. E.T.I. said,
in their review of the CK1010/1100: "I can say no more than that for £250 it is a bargain and one that will become the reference point for kit
amplifiers from now on." Need we say more?
PRICES * Summer Special Offer. Buy a CK1010 and any CK power amplifier and get an MC2K board freell* *
CK1010 - STEREO PRE -AMPLIFIER (moving magnet, tape, tuner input) takes power from any CK power ampor separate p.s.u. type

P.S.K £92.00
CK1040 - STEREO POWER -AMPLIFIER 40 watts R.M.S./Chanel £121.00
CK1080 - STEREO POWER -AMPLIFIER 80 watts R.M.S./Chanel £1 34.00
CK1100 - STEREO POWER -AMPLIFIER 100 watts R.M.S./Chanel £151.00MC2K - Moving coil add on kit for CK1010 £25.00
P.S.K - power supply for CK1010 (if not used with a CK power amp) £20.00

also supply power amp, pre amp and electronic crossover modules, power supplies and hardware - too much to list here - but on
receipt of an S.A.E. we will be happy to supply full details.

TO ORDER Send C.W.O. or quote your access card no (phone orders accepted) Crimson Productsare also available from Bradley Marshall Ltd,
325 Edgeware Road, London.

* Offer closes 31st July 1983 (Return this ad with your order)

CE5 CRIMSON ELEKTRIK STOKE
MANUFACTURERS OF PROFESSIONAL DOMESTIC & INDUSTRIAL AMPLIFICATION

PHOENIX WORKS, 500 KING STREET, LONGTON, STOKE-ON-TRENT, STAFFORDSHIRE. ST2 fEZ ir0782 330520
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electronics today international

BOOK SERVICE
How to order. indicate the books required by ticking the boxes and send this page together with your payment to ETI Book Service,
Argus Specialist Publications Ltd, 146 Charing Cross Road, London WC2 OEE Make cheques payable to ETI Book Service Payment in

sterling only please. All prices include P t3 P Prices may be subject to change without notice

BEGINNERS GUIDE

B eginner's Guide to Basic Programming Stephenson
Beginner's Guide to Digital Electronics
Beginner's Guide to Electronics
Beginner's Guide to Integrated Circuits
B eginner's Guide to Computers
Beginner's Guide to Microprocessors

COOKBOOKS

Master IC Cookbook Hallmark
Microprocessor Cookbook M. Hordeski
IC Op Amp Cookbook Jung
PLL Synthesiser Cookbook H. Kinley
Active Filter Cookbook Lancaster
TV Typewriter Cookbook Lancaster
CMOS Cookbook Lancaster
TTL Cookbook Lancaster
Micro Cookbook Vol. 1 Lancaster
BASIC Cookbook K. Tracton
MC61109 Cookbook C. Warren

ELECTRONICS

Principles of Transistor Circuits Amos
Design of Active Filters with experiments Berlin
49 Easy to Build Electronic Projects Brown
Electronic Devices & Circuit Theory Boylestad
How to build Electronic Kits Capel
How to Design and build electronic instrumentation Carr
Introduction to Microcomputers Daglecs
Electronic Components and Systems Dennis
Principles of Electronic Instrumentation De Sa
Giant Handbook of Computer Software
Giant Handbook of Electronic Circuits
Giant Handbook of Electronic Projects
Electronic Logic Circuits Gibson
Analysis and Design of Analogue Integrated Circuits Gray
Basic Electronics Grob
Lasers - The Light Fantastic Hallmark
Introduction to Digital Electronics & Logic Joynson
Electronic Testing and Fault Diagnosis Loveday
Electronic Fault Diagnosis Loveday
Essential Electronics A -Z Guide Loveday
Microelectronics Digital & Analogue circuits and systems Millman
103 Projects for Electronics Experimenters Minis
VLSI System Design Muroga
Power FETs and their application Oxner
Practical Solid State Circuit Design Olesky
Master Handbook of IC Circuits Powers
Electronic Drafting and Design Raskhod off
VOM - VTVM Handbook Risse
Video and Digital Electronic Displays Sherr
Understanding Electronic Components Sinclair
Electronic Fault Diagnosis Sinclair
Physics of Semiconductor Devices Sze
Digital Circuits and Microprocessors Taub
Active Filter Handbook
Designing with TTL Integrated Circuits Texas
Transistor Circuit Design Texas
Digital Systems: Principles and Applications Tocci
Master Handbook of Telephones Traister
How to build Metal/Treasure Locators Traister
99 Fun to Make Electronic Projects Tymony
33 Electronic Music Projects you can build Winston

COMPUTERS & MICROCOMPUTERS

BASIC Computer Games Ahl
From BASIC to PASCAL Anderson
Mastering Machine Code on your Z.X111 T. Baker
UNIX - The Book Banaham
Z80 Microcomputer Handbook Barden
Microcomputer Maths Barden
Digital Computer Fundamentals Barter
Visicalc Book. APPLE Edition Bell
Visicalc Book. ATARI Edition Bell
Introduction to Microprocessors Brunner
Programming your APPLE II Computer Bryan
Microprocessor Interfacing Carr
Microcomputer Interfacing Handbook A/D & D/A Carr
Musical Applications of Microprocessors Chamberlain
30 Computer Programs for the Home Owner in BASIC D. Chance
Microcomputers Dirkson
APPLE Personal Computer for Beginners Dunn
Microcomputers/Microcomputers - An Intro Gioone

£5.35
£5.35
£535
035
£5.35
£5.35

£10.15
£7.70

0425
£7.70

£13.40
£11.15
01.85
£10.95
£15.30
£500
£7.25

£8.50
£11.30
1330

113.20
0.55
1335
0.20

£15.00
£11.40
£12.95
£17.35
£11.75
0.55

£3025
£11.30
0.70
£525
0.85
£625
£7.50

£12.70
£8.30

04.10
£9.40

125.00
02.85
02.15
£8.50

f2&85
£730
£4.50

£17.35
02.00
£7.60

£15.20
£1520
£12.95
£1010
£600
0.50
035

13.35
£9.95
£725
015

£10.95
£11.90
0.90

£15.55
£15.55
03.00
£925
£7.70
£9.50

08.85
£925
£9.30
£9.50

£11.80

Troubleshooting Microprocessors and Digital Logic Goodman 025
Getting Acquainted with your VIC 20 Hartnell £8.50
Getting Acquainted with your ran Hartnell £5.95
Let your BBC Micro Teach you to program Hartnell 0.90
Programming your ZX Spectrum Hartnell £8.50
The ZX Spectrum Explored Hartnell £6.95
How to Design, Build and Program your own working Computer System
Haviland £9.30
BASIC Principles and Practice of Microprocessors Heifer £7.15
Hints and Tips for the 0181 Hewson 1325
What to do when you get your band one Microcomputer Holtzman £9.95
34 Mors Tested Ready to Run Game Programs in BASIC Horn 0.70

£12.40
£14.55
£720

£18.20
£925
£9.50
£6.40

£13.95
£11.35
£12.95

Microcomputer Builders' Bible Johnson
Digital Circuits and Microcomputers Johnson
PASCAL for Students Kemp
The C - Programming Language Kemighan
COBOL Jackson
The 0111 Companion Maunder
Guide to Good Programming Practice Meek
Principles of Interactive Computer Graphics Newman
Theory and Practice of Microprocessors Nicholas
Exploring the World of the Personal Computer Nilles
Microprocessor Circuits VoL 1. Fundamentals and Microcontrollers Noll

0.80
Beginner's Guide to Microprocessors Parr £5.35
Microcomputer Based Design Peatman £11.30
Digital Hardware Design Peatman £9.80
BBC Micro Reaysaled Ruston 0.45
Handbook of Advanced Robotics Safford £14.45
1001 Things to do with your own personal computer Sawusch 13.50
Easy Programming for the ZX Spectrum Stewart £7.15
Microprocessor Applications Handbook Stout £34.40
Handbook of Microprocessor Design and Applications Stout £37.60
Programming the PET/CBM West £17.80
An Introduction to Microcomputer Technology Williamson £820
Computer Peripherals that you can build Wolfe £12.40
Microprocessors and Microcomputers for Engineering Students and Techni-

cians Wooland 0.10

REFERENCE BOOKS

Electronic Engineers Handbook Fink 06.45
Electronic Designers Handbook Giacoletto £59.55
Illustrated Dictionary of Microcomputer Technology Hordeski £8.45
Handbook for Electronic Enginsering Technicians Kauffman £27.50
Handbook of Electronic Calculators Kauffman £35.00
Modern Electronic Circuit Reference Manual Marcus £44.00
International Transistor Selector Towers 00.70
International Microprocessor Selector Towers £16.00
International Digital IC Selector Towers £10.95
International Op Amp Linear IC Selector Towers £8.50
Illustrated Dictionary of Electronics Turner £12.95

VIDEO

Servicing Home Video Cassette Recorders Hobbs £12.95
Complete Handbook of Videocassette Recorders Kybett £925
Theory and Servicing of Videocassette Recorders McGinty £12.95
Beginner's Guide to Video Matthewson £5.35
Video Recording: Theory and Practice Robinson £14.40
Video Handbook Van Wezel £2130
Video Techniques White £12.95

Please send me the books indicated. I enclose cheque/postal order for
Prices include postage and packing

I wish to pay by Access/Barclaycard. Please debit my account.

51212141 1 I I I I 1 1 1 1 1 1

4 1 9 1 2 1 9 1 I I I I I I I I 1 1 I

Signed

Name

Address
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BUY NOW WHILE STOCKS LAST!
TRANSFORMERS British made transformers at very attractive prices.

Primary Secondary Current 1 + 10 + 100 +
240v: 4.5-0-4.5v 400m/a 50p 45p 35p
240v: 6-0-6v 100m/a 58p 52p 43p
240v: 6-0-6v 500m/a 65p 60p 48p

;:- (Postage & Packing: 45p per transformer or £1.60 per 10,
£4.50 per 100)

These very high quality British made two pin European ADAPTORS
EUROPEAN

adaptors are ideal for driving Radios, cassette recorders,
TV games, calculators etc. The adaptors fit the UK
shaver socket
REF. D.C. Voltage Current 1 + 10 + 100 +
EOB 4.5V 200m/a 50p 45p 32p
EM3 6V 200m/a £1.00 80p 55p
E09 6V 400m/a £1.50 £1.25 85p

(Postage & Packing: 45p per adaptor or £1.60 per 10,
£4.50 per 100)
Send now for our latest catalogue, 35p plus 30p p&p, over
72 pages packed with complete range of components.
Includes special offer list, order form and pre -paid
envelope.
Please add 15% VAT to the above prices. I

MARCO TRADING, DEPT. ETI/10
THE MALTINGS, HIGH STREET, WEM, SHROPSHIRE, SY4 5EN

All orders depatched by return of mail. Tel: (0939) 32763

1 MODULAR AUTOMATIC
N E W: TELEPHONE SYSTEM
Each ready built module is a complete exchange
providing up to ten extension lines

* Simply connect 'phones and power supply
* Only two wires to each telephone
* Uses ordinary dial or push-button 'phones
* Complete privacy for conversations
* Range of several miles
* Fully expandable system

£24.50
+ £1 p&p

Each module allows two 'phones to be used at one time,
two modules allows four, etc.

RECONDITIONED
TELEPHONES
Push Button Trimphones £15
+ £1.80 p&p. 2 for £28 +
£2.50
Push Button 746 £9.75 +
£1.80. 2 for VI 8 + £2.50
Recent Style Dial Phones
£4.75 + £1.80. 2 for £9 +
£2.50. 5 for £20 + £5
Seconds (in good working
order)
Class 1 £3.50 + £1.80. 5 for
£15 + £5
Class 2 (discoloured) £2.25 +
£1.80. 5 for £9 + £5

TEMPERATURE GUAGE 0-120°C
Remote sensor on 38" capilliary, panel mounting dial
55mm. dia. Only £2.50

18A 240V RANCO THERMOSTAT
Wide control range (low room temp. to over boiling point).
Sensor on 22" capillary. 2.30, including control knob

BUY ONE EACH OF ABOVE FOR £5.50

GEARED Synchronous motor, 8 r.p.m.240VA.C.3 Watt
£2.

SOLENOID GASVALVE. 240VA.C. 5 P.S.I.suitable for
non -corrosive fluids. £2.20UNISELECTORS. 50v, 4 Bank

- Homing Bank, 25 way £3.50

BULGIN 3 pin free plug & panel socket. 2A 240V
50/3Desk -top Ten Way Manual Ex-

change (key & lamp unit)
with instructions
£8 + £1.80 P&P

DIAL -OUT WITH YOUR COMPUTER. PCB.'s convert
binary to dialing pulses and enable your computer to
dial -out (with suitable interface). Ex -equipment.
Tested. £12 with explanatory notes.

Send S.A.E for free leaflet on
telephone systems.

L.E.M.E M"
-

SERVICES ADD 50p P&P.

Warwick,
ORDERS OVER11101 22 Einscote Road,

87.50 POST FREEWarwickshire
Tel: 0926 490740 unless stated othenvlse

ALL ITEMS - MONEY BACK IF NOT DELIGHTED

Mani Display UM*
Burroughs MT686 VDUs
These versatile micro
controlled programmers
terminals have 3 RCA
1802 CPUs and 64K of
memory. 12- Green
screen x 251 RS232.
106 key detached key-
board. Can also be used
r quality video monitor.
£1411 + E15 caw. WHILE
STOCKS LAST.

CONTRONNO
1110f1MIS

protease/1*T feet
compact line-perter. SO
columns, 120 cher/ties.
Parallel i/f. Quell* at 
silk price. Verticailannst
unit. To inc. ageratlene
manual ONLY 045.0.
carries* Rssfose
£17.50. Tech 'or serf
(230 poes4)414.11

MAWS0
124 140nArd Rd.

WE ALSO BUY COMPUTERS 01-7111
AND COMPUTER PERIPHERALS

MOM INSC IMPRIS

Fantastic MEMOREX
560 8' dims mounted in
arecre cre With
power supply and fen.
Shugart standard 60 way
interface. Space for
emend drive. n10 Icon.
MAIN.

%WPM, by sepeiMment
Whissessda weenie not glad

., i 'Dept.
HORIZON ELECTRONICS

. (Midand)
H/H Charlotte St. Rugby Tel:
quality. TERRIFIC PRICES. Mail order

\
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ABOVE' Just a few exmples Send S.A.E./List
ADD: 65p p&p to all orders under £5.00
VAT: add 15% VAT to total order value 42k

ELECTROVER

Please
mention
this journal
when
applying

`Access' facilties
Aerosols
Batteries
Boxes
Breadboards
Computers &

equipmnt.
Capacitors

THE ET.I.
ENTHUSIASTS

BUYING GUIDE
It's amazing what you'll find in the
pages of our current price list, be
you beginner, expert or profes-
sional. The list below gives some
idea of the enormous stocks we

carry and our service is just
everything you look for.
Write, Phone or call for our

Summer price list now!

It's FREE!
Good Bargains

Good choice
Prompt mail order service

Connectors
Discounts
Electrolytics
Ferrites
Grommets
Hardware
1.0s.
Knobs

Lamps
Meters
Opto-electrncs
Quantity prices
Quartz crystals
Rsistors
Relays
Semi conductrs

Switches
Solder tools
Tools
Transformers
Vero products
Visa 'facilities
Zeners

ELECTROVALUE LTD. 28 St. Jude's Rd., Englefield Green, Egham, Surrey
TW20 OHB. Phone - Egham 33606 (STD 0784: London 87) Telex: 264475:
Northern Shop 680 Burnage Lane, Manchester (Callers Only) EV (061-432
4945) Computing shop 700 Burnage Lane M/c. (061-432 4866).

111111*Iiiic4i0c111111
Full Kits Inc. PCBs, hardware, Wee.
**riles, cases (unless stated). Less
belfries.
Project reprints 45p extra. Separately
45p + pap

BALANCED INPUT PREAMP May 83 no 5888

COMPRESSOR/LIMITER May83 nocase
£10.55

£19.43
MAXAMN THERMOMETER Apr 83 £43.75
DUAL LOGIC See3pt 83 £14.99

£2457
ALITO
DUAL LOGIC PROag..82 £14.55

INSULtin. See 82 84.28 Mss case
t17.87

HIGH QUALITY PFIONIMIRIPian Feb 82
MOVING COIL STAGE less case 215.75
MOVING MAGNET STAGE lees case ti see
PEST CONTROL Feb 82 £7.46

GUITAR TUNER Jan 82 231.87
COMPONENT TESTER Dec 81 11.5.75
CAR ALARM Nov 81 £15.77

Fir""ric" l1.etitem:-.3-1.1kRECHARGEABLE
SYNTHESISER Aug81 £32.55

WAN PHASE JuneSI . Less pedal £14.75
LED JEWELLERY June 81. Cross £2.5111
Star £9.91 spiral £7.08
GUITAR NOTE EXPANDER April 81
DRUM MACHINE I 81

El 7.1115RS268.117ENGINEE STETHOSCOPE Mar 81 £20.
SOUND PRESSURE LEVEL METER Feb 81 ales
INFRA Ago ALARM Feb 81
4 INPUT MIXER Dec 80 74
MUSICAL DOORBELL Dec 80

et2121

METRONOME Nov ID 14.50
ULTRASONIC SURGLARALARMAug 80 ... £20.60
CAPACITANCE METER Aug 80
CMOS LOGIC TESTER Auo 80 fill
CLICK ELIMINATOR April 79 £87.70 Or less case
t45.55

MAGENTA ELECTRONICS LTD
ET7, 135 Hunter St., Burton -on -Trent
Staffs., DE14 28T. Mail Order Only
(02u)65435
Add 50p pity to all orders. Prices
Include VAT. Access 4 Visa phone/post

Official school orders welcome.
gvERSEAs: Payment must be in sterling.
IRISH REPUBLIC + BFPO - UK PRICES.
EUROPE: UK PRICES + 10%.
ELSEWHERE: WRITE FOR QUOTE
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FEATURE

HOW PERMANENT
IS PERMANENT?
With the silicon revolution in full swing, everybody from private
individuals to the governments of nations are dependent on the
use of magnetism for the storage of information. Is our faith in
the technique misplaced? Vivian Capel investigates.

Some years ago it was reported that the BBC were con-
sidering whether or not to dispose of their vast library
of sound recordings on disc after dubbing them on to

tape. The decision was against, because although there
would be considerable savings in space, magnetic recor-
dings were deemed to be too ephemeral to trurst as the
medium for preserving so many historic and unrepeatable
sounds.

This decision would seem to be justified by the fact
that on more than one.occasion broadcasts have had to be
cancelled because the tape had been inadvertently wiped.
Imagine if this had happened to an historic only copy!
Most users of magnetic storage for sound, video and com-
puter programs will know that this is all too easily done!

in particular would seem to be
vulnerable. Each picture field with all its colour informa-
tion and light and shade detail is stored in a single micro -
thin magnetic diagonal line, much narrower than a human
hair, across the width of the tape which itself is a thin
plastic film. Compared to that a cine film seems positively
robust.

As most readers are aware, erasure of a magnetic
recording is usually done with a magnetic field. In modern
equipment, this is nearly always an alternating field ap-
plied either from an erasing head or from a special erasing
unit. In some older cheap reel-to-reel recorders erasure
was achieved by bringing a permanent magnet into con-
tact with the tape.

Quite fascinating stories have circulated which tell of a
credit-card company that was almost put out of business
when a workman walked through its computer centre
with a magnet in his toolbox, thus erasing all the
magnetically stored data. An even more interesting one
concerns the Inland Revenue records that were wiped
clean by a nearby airport radar! Hope springs eternal . . .

Another way that the magnetization of a tape can be
destroyed is by heat. Apart from the effect of heat on the
plastic substrate, above a certain temperature (known as
the Curie point), a magnetic material will lose its ability to
hold magnetization. This phenomenon is made use of in
some brands of thermostatic soldering iron. Here, a disc
made of magnetic material is placed in the bit of the iron.
In the barrel of the iron is a small magnet, which, because
it is attracted to the material in the bit, holds a contact
shut. When the iron comes to the required temperature,
which is also the Curie point of the bit, this attraction
ceases, opening the contact and cutting off the heating
current.

Now before everyone dashes out to dispose of their
video recorders and floppy disc drives so as to get the best
price before the rush starts, let us take a closer look at the

process of demagnetisation. A fully magnetised tape, like
any other magnetised material, needs a certain minimum
field strength applied to its surface to impress or remove
magnetism. This field strength is known as the coercivity
of the material. To understand how this works, you could
think of a thug trying to get you to do something you didn't
want to do - for example, hand over your money. If the
thug applies enough coercing force, you must give way.
However, your capacity to resist will depend on how
strong you are. It's just the same with magnetic materials
- some are much harder to magnetise (and to de-
magnetise) than others.

For audio cassettes a figure for coercivity of around
300 to 400 (ie 2.4 to 3.2 x 104 Alm to our SI readers)
oersteds is common, video tapes are usually somewhat
higher. This means that a magnetic field of that order
would be required to demagnetise a fully magnetised (or
saturated) tape. Of course, tapes are not recorded into
saturation otherwise the recorded signal would suffer
distortion, so a normally recorded tape would be com-
pletely erased by a lesser field that that of the specified
coercivity. Even so, it would take a field of at least 100
oersteds to do any daMage to the recording.

So what sort of fields do we find around domestic
equipment? External fields depend on the current flowing
in the apparatus and the number of turns if a transformer,
motor winding or other inductive component is involved.
It also depends on the efficiency of the internal magnetic
path. For example, a toroidal mains transformer is more ef-
ficient in containing the field through its core than a
laminated type. Thus there is very little field external to a
toroidal transformer. Equipment screening is another
factor.

Magnetic tape - too ephemeral for the BBC.
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A power drill running under full load will take a heavy
current and the internal magnetic path is not particularly
efficient taking in, as it must do, the rotating motor
amature. So we can expect a sizeable external field. Sur-
prisingly, the field at the casing of a domestic power drill
under load has been measured at around 10 oersteds. This
is well below that which could affect a recorded tape.
House wiring and flexOle mains leads also generate fields,
but even when carrying 'a heavy current these are not
great(The reason is that cable is reasonably straight and so
constitutes only a single turn compared with the hundreds
of turns of a transformer or motor windings. Further more,
both live and neutral are contained within the same cable,
and as these are carrying equal and opposite currents,
there is a high degree of cancellation of the produced
field. (For maximum cancellation the conductors would
need to be tightly twisted.) So there is not much to worry
about from these.

Permanent magnets are fairly common in domestic
equipment - a few examples are in loudspeakers, tin
openers, magnetic door catches, magnetic switches for
burglar alarms, etc. Some of these produce fields of 1,000
oersteds and more, and could constitute a real hazard.
Any such device coming into direct contact with a record-
ed tape or disc would certainly wipe that portion of the
recording clean.

One factor which saves endangered recordings is that
magnetic field is very strongly dependent on distance. For
a single magnetic pole, the magnetic field would be pro-
portional to the inverse square of the separating distance.
However, magnetic poles come in opposite pairs, and this
has the effect of making the field fall off even more quickly
- the further you get away from the one pole, the more
the field from the other pole tends to cancel out the field
altogether.

This has the consequence that the casing around a
video cassette, for example, will be sufficiently thick to
protect it from contact with most small magnets - but it's
still probably not a good idea to have a magnetic catch
on the door of the cupboard in which you keep your
tapes, just in case!

The situation is somewhat different with a floppy disc.
This is contained in a protective packing similar to an or-
dinary record sleeve except that the disc is played inside
the cover through a slot. The sleeve is there mainly to pro-
tect against finger marks and other minor handling
hazards. It is not very thick, about 0.5 mm, so any magnet
that was brought into contact with it would almost certain-
ly wipe part of the information on the disc. Therefore,
some care is needed in handling and storing these.

Then what about those stories of chain -reactions, with
whole shelves of tapes being wiped out by a single stray
field? It is possible for such a reaction to take place along
the length of a single tape if the recording is of very low
level. This was demonstrated some years ago by a team
who were developing a method of recording very high fre-
quency square waves with zero bias. The recorded signals
were of very low amplitude but at one stage the recording
level was accidentally increased to ten times that of nor-
mal. It was found that the previous 1,000 feet or so of
recording had been wiped out by the excessive flux form
the recording head at that one point travelling backward.
To verify that this in fact was the cause, the conditions
were repeated and other possible factors eliminated. The
result was the same: erasure of the entire reel.

This however, does not happen under normal cir-
cumstances. In fact, it is a common practice to erase part
of a tape by, re-recording it, while the remainder stays
unaffected. Audio tape enthusiasts having open reel
machines often eliminate clicks and bumps in amateur

productions by judicious use of a permanent magnet, and
post -recorded fades can be made by sweeping a magnet
over the particular length of tape while gradually raising or
lowering it.

So with normal recordings the tape affected is only
that portion which comes in close proximity to the
magnetic field. As for several tapes being wiped by chain
reaction, this is just a myth. The only way a number of
tapes could be affected would be if there were a pervading
field of such intensity as to exceed the tape coercivity at
the surface of the tapes themselves.

There are stories in circulation about flash bulbs being
triggered off by radar installations, and demolition teams
that won't use electrical detonators nearby; and indeed,
directly in front of a radar dish a magnetic field of several
thousand oersted can exist. This would certainly be
enough to wipe any magnetic tape clean, but any person
in the vicinity would already be experiencing a few pro-
blems on their own account! In any case, airports and
other users of radar don't like bodies getting in the way, so
the antennae are usually mounted well away from people.

However, the question of whether or not a strong
electromagnetic radiation field could cause erasure is

worth exploring. 3M, the tape manufacturers conducted
some experiments to determine this in America. The ob-
ject was to discover the effect of microwave energy. Reels
of recorded tape were actually placed in a microwave
oven and the power applied until the reels and the tape
began to melt and burn. Those parts of the tape that were
not physically damaged were examined and the recording
was found to be unaffected. The tape had not
demagnetised.

A further experiment was tried using radar. Reels of
recorded tape were placed directly in front of a radar dish
having a range of 250 miles, Two lots of tape were used,
one placed at a distance of 18 feet, and the other much
closer at 16 inches. These were scanned by the radar
beam for 16 minutes, then removed and examined. It
might be anticipated that the nearer tapes would have suf-
fered from the magnetic field, but in fact both lots were
unaffected. There was no physical damage, and the
recorded signal level was the same as before.

So, radar can be eliminated as a hazard for magnetic
recordings, but there is another potential danger for tapes
that are transported by air travellers, and also by air
freight. Firstly, baggage, or packages that are sent through
the post which for some reason may give rise to some
suspicion, may be examined by means of X-rays. In other
experiments by 3M, recorded tapes were exposed to
X-rays of much higher level that those normally used for
parcel examination. Again there was no ill effect and the

Floppy discs - the most vulnerable to demagnetisation.
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FEATURE : How Permanent?

recordings were intact, with no loss of signal level.
Secondly, at most air terminals, passengers are re-

quired to pass through a weapons detector with their hand
luggage. These devices are magnetically operated, so what
effect could they have on a recording? The majority are
passive, that is they do not produce a magnetic field of
their own but measure changes in the earth's magnetic
field caused by ferrous objects. These pose no threat at all
to recordings.

Other detectors are active. These produce a magnetic
field in a doorway or other region through which the
passenger must pass. Any metal object distorts the field,
and the change is detected by instruments. Usually the
field employed is quite low, in the region of 20 oersteds,
which is insufficient to affect a magnetic recording. There
are some detectors, though, that go up to 100 oersteds.
Although below the coercivity of fully saturated tapes,
they do constitute a hazard. While in most cases no
damage may result, if there is reason to suspect that a high
intensity field is in use it may be safer to advise the staff
that you have recorded tapes, and request a visual
examination instead.

Could, under normal circumstances, the temperature
ever go sufficiently high to affect recordings? Certainly it's
common experience that the temperature inside a car with
its windows closed can soar to the unbearable - par-
ticularly in countries blessed with warmer climates than
Britain. However, for iron oxide the Curie point is around
850°F (450°C) and physical damage to the tape substrate
or case (or to the recorded itself) would occur long before
this temperature was reached.

The Curie point for chromium dioxide is 250°F

(120°C) which, although still above boiling point and
hence unlikely to be attained in a domestic environment,
can still cause problems. This is because as the
temperature rises towards the Curie point (remember that
physical phenomena are governed by the absolute
temperature, and although 50°C looks a long way from
120°C, the equivalents 323°K and 393°K look a lot closer)
magnetic materials become much more susceptible to
small magneitc fields. This principle was at one time used
in the copying of videotapes: heat was used to transter the
magnetic pattern from the master tape to an intermedaite
medium and from that to the copies.

So one possible effect of excessive heat is print -
through, ie signals from one layer of tape getting superim-
posed on an adjacent one to give pre- or post echo. This
can and does happen at normal temperatures when thin
(long playing) tapes are spooled up without playing, for
long periods. High temperatures can therefore increase
this risk. Print -through is also more likely in the presences
of an external field which would be insufficient to erase
the tape.

To sum up, there is not very much danger to magnetic
tapes in most domestic environments apart from print
through, provided the common sense precautions are
taken. Obviously, if you allow a combination of hazard
factors to occur together, the risk to the recording is in-
creased commensurately.

I would add on a personal note that audio recordings
made by me some 30 years ago have survived various
hazards and sound as good today as they did on the day
they were made.

ETI

FEEL HEALTHIER
WITH ZEPHION

Bring fresh clean air into your home with
the Zephion Air Ioniser.

Air free from smoke, dust and other pollutants of modern
day living can bring to many the relief of breathing com-
fortably once again.

We are confident that you will be delighted with the
Zephion Air Ioniser, but if you are not entirely satisfied a
full money back guarantee is available if items are
returned in good condition within 28 days.

BUILD IT YOURSELF!
TO:- Dataplus Developments

81,Cholmeley road
Reading, Berks.
ROI 3LY TEL:- 0734 67027

EjZEPHION KITS M £24.15p
(Kits include all parts)

ZEPHION AIR TONERS
BUILT AND TESTED. 4( £34.50p

NAME:-

clip the

ADDRESS: -

Money immediately refunded if
items returned in good condition.

Prices include V47' 6 postage; allow 14 days for delivery. DATAPLUS ETI

Interak 1

BUILD YOUR OWN
COMPUTER

Where have all the constructors gone?All the people who some
years ago would have been building their own low distortion
amplifiers, their own synthesisers, speaker cabinets, digital
alarm clocks and so on?
From our experience they're still here - what they're building
now is the "Interak" computer.The trouble is, a supplier like usof
the necessary materials is in dreadful competition in the "con-
sumer" home computer market - flooded with companies
backed by millions of pounds of venture capital, and all
seemingly hell-bent on boom or bust, so we have to make do with
"low profile" adverts like this to spread the word.

The excitement of computers now goes on in the board -room
wranglings and wheelings and dealings, and mostly there's no
excitement or sense of participation left for the poor old user,
who is simply used as a pawn in the power game. Several years
ago things were different: the only computers in ordinary hands
were ones which were painstakingly built by the individual con-
structor- often with chips costing fifty poundsa time,which had

to beordered speciallyfrom the USA. When you had built a com-
puter like that, you had something you could be proud of! There
was more pleasure in building your own computer then than
buying any number of today's "plastic" computers. And as a
bonus you had the benefit of gaining riches beyond price - the
know-how-the abilityto understandwhat reallygoes on inside,
almost to be able to see the electrons flowing down the wires
and through the chips!
Those days are not quite gone: you can still build your own rack
and card computer - Interak!

Example prices (excluding VAT): 4 MHZ Z80A CPU card £10.95,
Manual £1.50, Main Parts £13.41 (everything is available
separately, and full after sales service in case you make a
mistake).
40 type -written pages of description, specification, price lists
etc. are yours for the asking (a 20p stamp and/or SAE is a help,
but not essential, or telephone if you prefer).

Greenbank

Greenbank Electronics (Dept. T10E), 92 New Chester Road,
New Ferry, Wirral, Nerseyside L62 5AG

Telephone: 051-645 3391
ETI October 1983
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PCB FOIL PATTERNS

MARVIN's Interrupt Board
(from ETI Sept)

ZX Supply Protector

r

Car Alarm

1

111111111h
MARVIN's I/O Board (from
ETI Sept)
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IT LIVES AGAR',/,'
From the past it came, growing daily, striking terror into the hearts of lesser publications, and spreading its influence across
the country in its quest to infiltrate every town, every home, every mind.
Not a horror story, but a success story. And if electronics theory strikes terror into you, then you neea the help of Elec-
tronics - It's Easy. Originally a long -running series in Electronics Today International, Electronics - It's Easy \Nes printed
as a set of three books. They sold out. It was reprinted as a single volume. It sold out. Now this phenominally sucnesstril
publication is available again, in its third reprint. Electronics - It's Easy is a comprehensive and simply -written guide whin))
explains the theory land the practice) of electronics step by step. Every aspect of the subject is covered, starting with the
basic principles and working through to the how and why of today's -technology.
You can obtain your copy Of Electronics - It's Easy by mail order using the coupon below. Make cheques or postal orders
payable to ASP Ltd, alternatively ycu may pay by Access or Barcaycard.

r -Send to: Sales Office (Specials).
513 London Road, Thornton Heath
Surrey CR4 6AR

Please send me copies of Electronics -
It's Easy. I have enclosed £ (£4.95 each
including pEtpl.

1

NAME

ADDRESS

Please debit my account
My Access/ Barclaycard No. is

Signature
L J
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MAIL ORDER PROTECTION SCHEME
If you order goods from Mail Order Advertisers in this
magazine and pay by post in advance of delivery, this
publication will consider you for compensation if the
advertiser should become insolvent or bankrupt,
provided:

1. You have not received the goods or had your money
returned; and

2. You write to the publisher of this publication explain-
ing the position not earlier than 28 days from the day
you sent your order and not later than 2 months from
that day.

Please do not wait until the last moment to inform us.
When you write, we will tell you how to make your claim
and what evidence of payment is required.
We guarantee to meet claims from readers made in
accordance with the above procedure as soon as
possible after the advertiser has been declared bankrupt
or insolvent to a limit of £1,800 per annum for any one
advertiser, so affected, and up to £5,400 p.a. in respect of
all insolvent advertisers. Claims may be paid for higher
amounts, or when the above procedures have not been
complied with, at the discretion of this publication, but
we do not guarantee to do so in view of the need to set
some limit to this commitment and to learn quickly of
reader's difficulties.
This guarantee covers only advance payment sent in
direct response to an advertisement in this magazine
(not, for example, payments made in response to cata-
logues, etc, received as a result of answering such

advertisements):

CLASSIFIED ADVERTISEMENTS ARE EXCLUDED.

THEATRE & BAND
LIGHTING

12 x 1K LESS THAN £200!

The days of hiring your electronics are over.
You know we manufacture a range of power
packs, desks, lanterns, stands, etc. NOW
WE ARE PLEASED TO INTRODUCE THE
APD SERIES OF MODULAR DIMMERS.
Incorporating technology that allows the
control of Inductive as well as resistive
loads, you build a system exact to your
requirements, and save a fortune in pro-
cess. So where is the sense in hiring????

Contact our sales for free infor:

The Sales Manager
MJL SYSTEMS LTD

45 Wortley Road
W. Croydon CR0 3EB

Surrey, U.K.
Tel: 01-689 4138

(Mon -Fri 9-5pm)

-v-
t"--1

IT'S A BETTER BUY THAN MOST AT
LESS THAN £4 PER MHZ.

THE PRICE IS AS CRISP AS THE IMAGE.
ORDER TODAY -WE'LL SHIP RIGHTAWAY.

All major Credit 'Cards accepted.

Phone for details of cased and open
frame monitors.

CROFTON ELECTRONICS LTD.
35 GROSVENOR ROAD, TWICKENHAM, MIDDX 01-891 1923/1513Telex 295093

PARNDON ELECTRONICS LTD.
Dept. 23, 44 Paddock Mead, Harlow, Essex. CM18 7RR. Tel: 0279 32700

RESISTORS: Vo Watt Carbon Film E24 range t 5% tolerance
Bandoliered and colour coded. Full Range 1R0 -10M

£1.00 per hundred mixed Min 10 per value) £8.50 per thousand mixed (Min 50 per value)
Special stock pack 60 values. 10 of each £5.50

RECTIFIERS
1 Amp 3 Amp

50V
100V 4

3p 14
14pp

200V 5p 14p
400V 6p 19p
600V 8p 20p

1000V 9p 25p

31/2 Digit LCD Display: 1 colon, 3 decimal points
plus/minus sign and lo bat indicator.

Complete with low power 7106 A/D converter display driver.
Driver set £8.95

Display £3.50 Driver £6.50

DIODES: 1N4148 £1.60 per hundred

DIL 8 pin - 10p. 14 pin - 11p. 16p pin- 12p. 18p pin - 19p. 20p pin -21p
SOCKETS 22 pin - 23p. 24 pin - 25p. 28 pin - 27p 40 pin - 42p.

Full List Available - Send SAE
ALL PRICES INCLUDE V.A.T. & POST & PACKING - NO EXTRAS
MIN ORDER - UK £1.00 OVERSEAS £5 CASH WITH ORDER PLEASE

Same Day Despatch

PROBLEMS WITH
THAT PROJECT?

We will -* BUILD
* TEST
* REPAIR

All your Electronics Kits and projects.
Prices from only £5.00

* Call us now for a quote. *

WEB Logic Systems Ltd
15 High Street, Harpenden, Herts.

05827-62119
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ETI PCB SERVICE
The best way to get a really professional finish to your project is to use a professionally made PCB -
look no further, here they are!

In order to ensure that you get the correct board, you must quote the reference number when
ordering - if you don't, you may get sent the wrong board. The code can also be used to identify the
year and month that a particular project was outlined in: the first two numbers are the year, the third is
the month and the number after the hyphen indicates the particular project.

Note that these are all the boards that are available - if it isn't listed, we don't have it.
Our terms are strictly cash with order - we do not accept official orders. However, we can provide

a pro -forma invoice for you to raise a cheque against, but we must stress that the goods will not be
dispatched until we receive payment.

1979  E/8111-2 Car Alarm 2.81  E/8212-4 Spectracolumn 4.82
E/794-1 Guitar Effects Unit 2.64  E/8111-3 Phone Bell Shifter 2.96
E/794-2 Click Eliminator 6.64  E/8112-1 Alcoholmeter (2 boards) 5.21 1983

E/796-1 Accented Beat Metronome3.60  E/8112-3 Bodywork Checker 1.75 E/831-1 Fuel Gauge 3.00
 E/8112-4 Component Tester 1.49 E/831-2 ZX ADC 2.25

1980 E/831-3 Programmable PSU 3.00
E/803-1 Signal Tracer 2.27 1982 E/833-1 SoundBoard 11.16
E/808-1 CMOS Logic Tester 2.64 E/821-1 Parking Timer 2.20 E/833-2 Alarm Module 3.15
E/808-3 Ultrasound Burglar Alarm E/821-3 Guitar Tuner (2 boards) ..5.55 E/833-3 ZX81 User Graphics 0.93

E/8010-1 Cassette Interface
2.87
2.93

0 E/822-1 Ripple Monitor 1.92
E/822-2 Allez Cat Pest Repeller ....1.68

E/833-4 Logic Probe 2.17
E/834-1 Real Time Clock 7.60

E/8010-2 Fuzz/Sustain Box 3.27 E/822-5 Moving Magnet Stage 3.49 E/834-2 Thermemeter
E/8011-5 RIAA Preamp 1.93 E/822-6 Moving Coil Stage 3.49 (2 boards) 8.47
E/8011-6 Audio Test Oscillator 3.13 E/823-4 Capacitance Meter E/834-4 Stage Lighting - Main -11.94
E/8012-1 Musical Doorbell 2.80 (2 boards) 10.14 E/834-5 Stage Lighting - Display 3.00
E/8012-3 Four Input Mixer 2.64  E/824-5 Voltage Monitor 1.86 [j] E/835-1 Compressor/Limiter 5.38

 E/825-1 DV Meg 2.72 E/835-2 Single PSU 2.73
1981  E/825-2 Analogue PWM 3.06 E/835-3 Dual PSU 3.49

LED Tacho 4.13  E/825-3 Slot Car Controller 4.51 E/835-4.2 NDFL Amp 6.85
E/811-2 Multi -Option Siren 3.20 E/826-1 Ion Generator E/835-5 Balance Input Preamp -2.81
E/812-1 Universal Timer 3.31 (3 boards) 8.00 E/835-6 Stage Lighting
E/812-2 IR Alarm (4 boards) 6.64  E/826-4 MOSFET Amp Module ....6.78 Autofade 5.38
E/812-5Pulse Generator 3.57 E/826-5 Logic Lock 3.06 E/835-7 Stage Lighting -
E/813-1 Engineer's Stethoscope ....2.65  E/826-6 Digital PWM 3.34 Triac Board 4.12
E/814-2 Drum Machine (2 boards)  E/826-7 Optical Sensor 1.74 E/836-1 to 3 PseudoROM

5.60  E/826-9 Oscilloscope (3 boards) 3.15
E/814-4 Guitar Note Expander 3.20 (4 boards) 11.60 E/836-4 Immersible Heater 2.00
E/816-8 Waa-Phase 1.53 E/827-7 TV Bargraph Main 4.56 E/836-5 Atom Keypad 4.50
E/816-9 Alien Attack 3.48 E/827-3 TV Bargraph Channel 2.28 E/837-1 Flash Sequencer 2.32
E/817-1 System A -Input E/827-4 Hotwire 2.63 E/837-2 Trigger Unit Main Board ..2.32

(MM or MC) 2.65 E/827-5 Bridging Adapter 2.38 E/837-3 Trigger Unit Transmitter ..1.44
E/817-2 System A - Preamp 5.17 E/828-1 Playmate (3 boards) 7.20 E/837-4 Switched Mode PSU 14.00
E/817-3 Smart Battery Charger 1.97 E/828-4 Kitchen Scales 1.84 E/838-1 Graphic Equaliser 7.91
E/818-3 Hand Clap Synth 3.97 E/828-5 Sound Track 4.25 E/838-2 Servo Fail -Safe
E/818-5 Watchdow Home E/829-1 Auto Volume Control 1.84 (four -off) 2.55

Security (2 boards) 5.31 E/829-2 Dual Logic Probe 1.93 E/838-3 Universal EPROM prog ....8.38
E/819-1 Mains Audio Link E/8210-1 Message Panel E/839-1 NiCad Charger/Regen 3.28

(3 boards) 7.35 (2 boards) 10.70 E/839-2 Digger 2.96
E/819-4 Laboratory PSU 4.53  E/8211-4 Pulse Generator 5.29 E/839-3 64K DRAM 12.24
E/8110-1 Enlarger Timer 3.40  E/8212-1 ELCB 2.41 D E/8310-1 Supply Protector 1.90
E/8110-2 Sound Bender 2.65  E/8212-2 Servo Interface E/8310-2 Car Alarm 3.46
E/8111-1 Voice Over Unit 3.97 (2 boards) 5.87 E/8310-3 Typewriter Interface 3.63

Prices quoted are valid until December 1983

How to order: indicate the boards required by
ticking the boxes and send this page, together
with your payment, to: ETI PCB Service, Argus
Specialist Publications Ltd, 145 Charing Cross
Road, London WC2H OEE. Make cheques
payable to ETI PCB Service. Payment in sterling
only please. Prices subject to change without
notice.

Total for boards f.
Add 45p p&p 0.45
Total enclosed £.

PLEASE ALLOW
28 DAYS FOR

DELIVERY

Signed

Name

Address
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ELECTRONICS TODAY INTERNATIONAL CLASSIFIED
Lineage:
35p per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£10.00 per single column centimetre
Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available on request)

ALARMS

FREE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440
AD ELECTRONICSI 217 WARBRECK MOOR

AINTREE, LIVERPOOL L9 OHU 5IC

Al t91 RU'ulS AtARMS l TO
4HOtf 54l E. SUPPLIES

MAil U RI,E4 DEPT

Bell Boxes £6.00
Dummy Boxes £4.50
Bell 6" £7.50
SIRENS
Minimite £4.50
Electronic £7.50
Cable (4 core) £7.00
PRESSURE MATS
Stair £0.95
Standard £1.50
CONTROL PANELS
Battery T/E/E £20.00
F.S.N. 20/40 236.00
CONTACTS
'Aluminium £1.85
Surface £0.75
Flush £0.65
Quickfits £0.75
BEAMS
Infra Red £31.50
Ultrasonic comp £36.00
Rec Battery £6.95

Dftatres en wan.? - Mrs AN AM
VAT

MA ORDERS LESS THAN Of POP 12.81
OVER DO P&P RIME

At ALARMS LSO
N Derby Lane. Old Swan, thwpool

FREE
catalogue of Burglar

ALARM
Equipment

Top quality D.I.Y. systems
and parts at trade prices.

Send SAE or phone:-

C-TEC SECURITY
Dept ETI

60 Market Street
Wigan WN1 1HZ
Tel: 0942 42444

78

BURGLAR ALARM EQUIP-
MENT: As used in the trade. JN
Security Centre, 176 Syden-
ham Road, London SE26 5JZ.
01-778-1111. Showrooms
open six days.

ULTRASONIC ALARM
SELF-CONTAINED

LOUDSPEAKER DESIGN
* Easy installation
* Adjustable sensitivity control
* Automatic reset after time out
* Motion Detection using

"Doppler Effect"
* Delay time features for exit and

re-entry to premises
* External speaker or siren can be

connected to the phono jack for
remote monitoring

* Normally open relay contacts for
auto switching of external devices
during alarm mode

* Applicable for home security systems:
Screw terminals available for the
connection of normally closed (NC)
type magnetic or trap switches

* AC/DC operation (requires mains
adaptor)

Fabulous value RRP £39.99.
Our Pnce £19.99 +£2.50 p.p.& insurance
(Note: we have a few units returned
under guarantee which are unchecked
and sold without guarantee @ £12.00
+ p.p.
Send cheque, postal order or phone with
credit card details
Access -Barclaycard - Diners

INN 6-10 Market Road,
London N7 9PP.
Telephone: 01409 4526

ST WOO

COMPUTERS

6802 MICRO COMPUTER
This micro is designed for control
applications both in industry and the
home. Two models are available, PIA
or VIA. Both are crystal controlled and
have a 5V reg, 128 bytes of Ram, 18 in/
out lines + 2 input fines. The via also
has two 16 bit timers and a shift regis-
ter. The programs are held in EPROM
(not included). Types 2716, 2516 and
2732 are accepted. 6862 pia kit
£19.95. 6802 via kit £21.95. As-
sembled add £3.00. Please add 15%
VAT. Discount available on 5+ qty.
Orders to - Xanar, 20 Baldwin Road,.
King's Lynn, Norfolk PE30 4AN.

01-437 1002
EXT 282
Send your requirements to:
Julie Bates,
ASP Ltd.,
145 Charing Cross Road,
London WC2H OEF

SPACE TO LET

Aerial Mast Space
To Let

by Tender
Thames Water Authority is offering Aerial Space on two
of their 18.3 metres masts in Kensington (base of masts
O.D. Newlyn 57.82 metres).
Copies of tender documents to be obtained from the
Surveyor, Thames Water Authority, 20 Blyth Road,
Bromley, Kent BR1 3UB. (Ref. MCF/38/L/2).

Thames Water

APPOINTMENTS

GLC
Working for London

-Traffic Signals Inspectorate -

Electronics
Technician

The Council employs a technical inspectorate within
the Transportation and Development Department to
check the traffic signal equipment maintenance work
carried out by contractors, monitor equipment fault rates
and investigate and remedy faults.

The traffic signalling equipment involved incorporates
a wide range of technologies, including microprocessor
based control systems, electro-mechanical equipment,
street hardware and cabling and vehicle detectors. Many
junctions are controlled by a central computer system
using data transmission over telephone lines.

We now seek a technical officer with practical
electronics experience and a background in light current
electrical/electronics who has diagnostic ability and the
capacity to use electronic test gear. Experience of traffic
signal control equipment would be an advantage. The job
involves frequent site visits and officers must be capable of
working alone on -site and be prepared to work outside
normal hours when necessary.

Salary: £6,498-£9,258 inclusive.
Candidates should preferably be qualified to at least

ONC level, or equivalent; and hold a current driving
licence.

Reply to: Transportation and Development Department,
Greater London Council, Room 454B, The County Hall,
SE1 7PB or telephone 01-633 779113476. Closing date:
23rd September 1983.

The GLC welcomes applications from all sections of the
community, irrespective of an individual's sex, ethnic origin,
colour or sexual orientation and from people with disabilities
who have the necessary attributes to do the job.

The GLC is an equal opportunities employer...NNW
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CLOCKS FOR SALE EQUIPMENT

L.E.D. ALARM CLOCK
BARGAINS

Returned to our Service Department
within guarantee period.
(1) Offered at £2.95 each or £7.95 for
three plus £1 p&p (Available new for
£18.00 each).
(2) Offered at £5.95 each or £14.95 for
three plus £1.00 for P&P (Available new
for £32.00 each).
These will be sold as received from our
customers with the existing fault(s) and
without guarantee. U.K. only.
Further discounts available on bulk
purchases.

Send cheques or Postal Orders to:
PRESCOTT CLOCK & WATCH CO.

LTD.
Prescott House, Humber Road,

London NW2 6ER Tel: 01-462 9871

KITS

WRONG TIME?
MSF CLOCK is ALWAYS CORRECT -

nevergains or loses, SELF SETTING at
switch -on, 8 digits show Date, Hours,
Minutes and Seconds, auto GMT/BST
and leap year, also parallel BCD (in-
cluding WEEKDAY) output for alarm
etc, receives Rugby 60KHz atomic
time signals, built-in antenna,1000Km
range, £72.70.

60KHz Rugby Receiver, as in MSF
Clock. £24.20.

Each fun -to -build kit includes all parts,
printed circuit, case, instructions, by -
return postage etg money back as-

surance, GET yours NOW.

CAMBRIDGE KITS
45 (TXA)Old School Lane, Milton,

Cambridge

PRINTED CIRCUITS Make your
own simply, cheaply and quickly!
Golden Fotolac light-sensitive
laquer - now greatly improved
and very much faster. Aerosol
cans with full instructions, £2.50.
Developer 35p. Ferric Chloride
60p. Clear acetate sheet for
master 15p. Copper -clad fib-
reglass board, approx. 1mm
thick £2.00 sq. ft. Post/packing
75p. White House Electronics,
Castle Drive, Praa Sands, Pen-
zance, Cornwall.
TUNE SYNTHESISER KITS.
25 well-known tunes plus 3
chimes, using door chimes or in
toys £12.15. Made-up units
attractively boxed £21. 3 note
chime kits £5.20. Prices
include VAT and P&P. R.J.P.
Electronics, 27 Denham Way,
Camber, East Sussex, TN31
7XP. Tel: 0279 225549.
DIGITAL WATCH REPLACE-
MENT parts, batteries, displays,
backlights etc. Also reports pub-
lications, charts. S.a.e. for full list
Profords Conersdrive, Holmer-
green Bucks. HP15 6SGD

BOOKS & PUBLICATIONS

PARAPHYSICS JOURNAL
(Russian translation); psycho-
tronics, kirlianography, heli-
phonic music , telekinetics .
Computer software. S.A.E.
4 x 9", Paralab, Downton ,
Wiltshire .

CABINET FITTINGS

B Carlton Cowl. 0,,,ye,R,,ad
Southend-onSe4

ELECTRONIC ORGAN KEY-
BOARDSand other parts being
cleared out as special offer.
Elvins Electronic Musical
Instruments, 40A Dalston Lane,
London E8. 01-986 8455.

100W AMPLIFIER - £9.95
built! or use the same board for
50W, 150W, 200W into 4 or 8
ohms etc., by using alternative
output transistors and PSU.
SAE for full details to - ESS
Amplification, Innovation House,
Guildhall Road, Hull.

SHEETMETAL FOLDERS 18"
x 18c Steel, 16G Aluminium
bench or vice held. Hobby or
Light industrial use. £38.
01- 890-7838. Day/evening.

DUAL FLOPPY DRIVES. Ex -
equipment. Large capacity.
£125 each. S.A.E. details.
Farrel, 78 Glenfield Road,
Paisley. 041-884 6240.

MINIATURE FM transmitter
104-108 MHZ. PP3 battery
size. Broadcast quality speech
from built in microphone.
Range 2 miles. Ideal bug or
radio mic. Supplied complete
including battery £7.89 inc vat
p&p. Limited period offer. SAT
Electronics, 235 Cross Street,
Sale, Cheshire.

BARGAIN PACKS: 100PC
electrolytic capacitors plus
100 resistors. £2.00. T. Merrill,
97 Goodwood Road, Leicester.

WANTED

TURN YOUR SURPLUS tran-
sistors, IC's etc into cash. Con-
tact Coles Harding & Co., 103
South Brink, Wisbech, Cambs.
Tel: 0945 584188. Immediate
settlement.

EQUIPMENT
1. 1.

4,1194
ma

Printed Circuit Boards
to your specification
from artwork through to
finished board.

QUICK DELIVERY -
COMPETITIVE PRICES

35 Grosvenor Road,
Twickenham, Middlesex
TEL:01.891 1923/1513 Telex:29509

Promote your
service to your

readers by
using :

ETI
Classified

01-437 1002

BURGLAR Alarm Equipment.
Please visit our 2,000 sq. ft.
showrooms or write or phone for
your free catalogue. C.W.A.S.
Ltd., 100 Rooley Avenue, Brad-
ford BD6 1DB. Telephone
0274 308920.
RS232 CABLES and D -type
connectors at competitive
prices. 25 -way D connector
plate/wallbox for only £5.25.
Write or phone for details. VEP
Limited, 5 Hewens Road, Ux-
bridge UB10. Tel: 01-848 7207.

SURPLUS - ExEquipment
120 watt (60 + 60) power -
amplifiers ... case, controls +
sockets, smoothing, glass/
PCB + heatsinking. Boxes +
data £10. KIA-8, LS29-9DZ.

AERIAL AMPLIFIERS improve
weak television reception.
Price £6.70. S.A.E. for leaflets.
Electronic Mailorder, Rams -
bottom, Lancashire, BLO 9AGH.

WIRES 'N CABLES

THE SCIENTIFIC
WIRE COMPANY

811 Forest Road, London Et 7
01-531.1568

ENAMELLED COPPER WIRE
SWG lIb 8oz 4oz 2oz
8-34 3.63 2.09 1.10 88p

35-39 3.82 2.30 1,26 93p
42.43 5.20 2.91 2.25 1.60
44.47 8.56 5.80 3.49 2.75

48 15.96 9.58 6.38 3.69
SILVER-PLATED COPPER WIRE
14-30 9.09 5.20 2.93 1.97

TINNED COPPER WIRE
14-30 3.97 2.41 1.39 0.94

Prices include P&P and VAT. Orders under
£2 add 20p. Dealer inquiries welcome.

JOHNSON INTRODUCES THE NEW

_77Tele-ReCOrder
AotornalltIly record every
telephone call

 Swot, compact
woobtroairo
 Suet 2-woy
spud 'tarty

British Talmo
Mowed
 Numb op to
3 boon so s standard
C120 taps
Minoan Electronics (Works). Star Werehoust

Camden Goode Depot, Chalk Fenn Rood.
London NW1 01-296 6119

E95 1+ £2 p&p)

REPAIRS, electrical, elec
tronic measuring equipment. A
complete service at a highly
competitive price. Postage,
estimates free. 14 day Turns
Round. British Tele-Comm
approved. Ledon Instruments
Ltd, Gladstone Road, Folkstone,
Kent. (0303) 57555.

Reach over
55,000

potential
customers by

advertising here.

Tel: 01-437 1002
extn . 282

COMPONENTS

BUMPER BOX OF BITS
WOW! We've got so many components in
stock, we can't possibly list them all- So
buy a box. I n it you'll find resistors, capaci-
tors, displays, switches, panels and tran-
sistors, diodes, IC's etc., coils, pots... and
so on. All modern parts - guaranteed at
least 1000 items, minimum weight 10Ibs.
ONLY £8.50 inc. 48 page catalogue 50p.

ELECTRONICS WORLD
le Dews Road, Salisbury,

Wilts SP2 7SN

BARGAIN component packs.
Digital/linear IC's, resistors,
caps, switches etc. Worth at
least 5 times price of only £3
each, 40p P&P. Farrell, 78 Glen -
field Road, Paisley.

PLANS 'N DESIGN

CONVERT any TV into large
screen oscilloscope. External
unit plugs into aerial socket of
TV. Circuit & plans £3 or S.A.E
details. J. Bobker, 29 Chadder-
ton Drive, Unsworth, Bury,
Lancs.
AMAZING ELECTRONIC
plans, lasers, gas, ruby, light
shows, high voltage teslas, van
de graph surveillance devices,
ultrasonics, pyrotechnics, new
solar generator, 150 more pro-
jects, catalogue. S.A.E.
Plancentre, Bromyard Road
Industrial Estate, Ledbury
HR8.
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COMPONENTS

DO YOU WISH TO LEGALLY
TRANSMIT AUDIO SIGNALS OVER

BRITISH TELECOM CIRCUITS?
We manufacture approved Interface Equip-
ment for NARROW or WIDE BAND PRIVATE
WIRE and PUBLIC SWITCHED TELEPHONE
NETWORK circuits.
Also TELECOM LINE CIRCUIT SAFETY
BARRIERS.

PARTRIDGE
ELECTRONICS
The Mixer People

56 Fleet Road, Benfleet,
Essex, SS7 5JN, England.
(Telephone 03745 3256)

FREE CATALOGUE
Our massive comprehensive
electronics catalogue was
ready, but now it isn't. Owing to
modernisation and rapid expan-
sion it was out of date before it
was printed.
The new one is on the way and
until then we can offeryou a tem-
porary catalogue FREE.

Send a large s.a.e. to:
ANNLEY ELECTRO

190 Bedminster Down Road
Bedminster, Bristol

RECRUMNG?
SELLING A PRODUCT?

OR A SERVICE?
GET MAXIMUM BENEFIT FOR

YOUR MONEY
FIND OUT ABOUT OUR WHOLE
RANGE OF PUBLICATIONS IN:

COMPUTING
VIDEO
RADIO

ELECTRONICS
Simply telephone

ASP CLASSIFIED
01-437 1002

(We take Access and Barclaycard)

CLASSIFIED ADVERTISEMENT - ORDER FORM
Advertise nationally in these columns to over 100,000 readers for only 35p per word (minimum charge 15 words).

Simply print your message in the coupon and send with your cheque or postal order made payable to
Argus Specialist Publications Ltd to:

CLASSIFIED DEPT., ELECTRONICS TODAY INTERNATIONAL
145 Charing Cross Rd., London WC2H OEE. Telephone: 01-437 1002

Please indicate classification required.

Name
Address

Tel. No. (Day)
WE TAKE ACCESS AND BARCLAYCARD

Please place my advert in E.T.I. for 0 months. Please indicate number of insertions required.
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AVON

ANNLEY ELECTRO
190 Bedminster Down Road
Bedminster Down, Bristol

Tel: 0272 632622
Open: Mon -Sat 9am-6.30 pm Wed 9am-2pm

MONTHLY IN
ELECTRONICS TODAY -
YOUR OWN 'WHERE TO

BUY IT' GUIDE

IRELAND

IRELAND
Call A&A ELECTRONICS

For wide range of kits.
17 Cuala Road

Bray, Co. Wicklow
Tel: 01 862422

LANCASHIRE

ETESON ELECTRONICS
15B Lower Green,

CCPoulton-le-Fylde, Blackpool
Tel: (0253) 885107

Open: 9.30am-12.30. 1.30-5.30. Closed Wed & Sun.
Electronic Component Specialists.

T

ADDRESS:

TEL. NO.:

OPENING HOURS:

RETAIL Li WHOLESALE MAIL ORDER 1

MERSEYSIDE

MYCA ELECTRONICS
2 VICTORIA PL, SEACOMBE FERRY,

WALLASEY, L44 6NR.
Tel: 051 638 8647

Open Mon -Sat 10am-5.30pm
Mail Order price list 50p refundable

PROGRESSIVE RADIO
93 Dale Street. Tel 051 236 0982

47 Whitechapel,i Tel 051 236 5489
Liverpool 2

THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

NORTHAMPTONSHIRE

* A new company selling electronic components.

* Mail order and walk -round supermarket.

* Vast stocks and very competitive prices.

10
Nigh March, Oaventry. NNII 4111).
Telephone 03272 5523.10mi 311245.
toff A45 opposite John 0' Gaunt.)

TYNE & WEAR

NOW OPEN IN NEWCASTLE
FOR THE BEST IN ELECTRONIC COMPONENTS

TEST EQUIPMENT AND ACCESSORIES
Marlborough Electronic Components

15 Waterloo Street, Newcastle NE1 4DE1
Tel: 618377

Open 9am-6pm Mon -Sat Easy Parking
STOCKISTS OF

TRANSISTORS, RESISTORS, CAPACITORS,
I.C. DIODES, ELECTRONIC BOOKS Etc.

REPAIRS UNDERTAKEN

TYNE & WEAR
COMPEX (UK) LTD

66 J. F. K. Est, Washington, NE38 7AJ
Tel: 091-416-7814

Mail order list of 500 bargains free: Ind user 100+
price list 7500 items free: Includes cap's, diodes,
transistors f rom 11/4p, ICs from 9p, res 5%1/4w £4.00
1000- Nicads, leds, pots, switches & v.rs.

S. WALES

STEVE'S ELECTRONIC
SUPPLY CO. LTD.

45 Castle Arcade, Cardiff
TEL: 0222 41905

Open: Mon -Sat 9-5.30
For components to computers

WORCS W. MIDLANDS

114/11,11/IBillitt
103 Coventry St., Kidderminster
Components, computers, car radios,

C.B.'s, amateur radio
Spares & Repairs

Open: Mon -Sat 9-6,

TEL: 0662 2179

th UM.)

YORKSHIRE

ACE MAILTRONIX LTD.
3A Commercial Street,

Batley. Tel: (0924) 441129
Open: Mon -Fri 9am-5.30pm. (Sat fpm)

Retail and wholesale.

Please include my business details in the next available issue of ELECTRONICS TODAY
INTERNATIONAL:

BUSINESS NAME:

s ON/
t171 "-

%

.0 MI

(Please tick)

CONTACT: (FOR OFFICE USE ONLY)

J
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Build and test your
own circuit with the New
Verobloc Kit

4
AAA

4,

Try the new prototyping method of building and
testing circuits with the British -made Verobloc kit.
It consists of:

1. Verobloc. 2. A pad of design sheets for planning
the circuits. 3. A component mounting panel for the
larger components, i.e. switches, etc.

You can expand the circuit area by simply
interlocking two or more Veroblocs and, of course,
with normal usage, they can be used time and time
again without damaging contacts or component leads.
The glass nylon material is virtually unbreakable and
able to withstand temperatures from -60°C to +120°C.

So take advantage of our special price of £5 per kit
(including VAT) by completing the coupon below, or
telephone (04215) 62829 (24 hours). This offer closes
December 31st, 1983.

We are exhibiting at the following exhibitions, so why
not come along and see the products for yourself.

 Personal Computer World, The Barbican,
September 28 -October 2. Stand No. 159.

 Electronics Hobby Fair, Alexandra Pavilion,
October 27-30. Stand Nos. 625 and 725.

Our new catalogue containing over 150 new products is
available from mid -October.

BICC Vero Electronics Limited,
Retail Dept., Industrial Estate,
Chandlers Ford, Hampshire,
SO5 3ZR.

BICC vero

rwish to purchase Verobloc kit/s
at £5 per kit inclusive of VAT for a total of £

I I enclose my cheque/postal order or Debit my
Access/Barclaycard No. (Delete where appropriate)

I Name.
Address

L.
Postcode J

1
I

I

I

VISA

E.T.I.-OCTOBER 1983
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Low -price
robots from
POWERTRAN
- hydraulically powered
- microprocessor controlled

The UK -designed and manufactured range of Genesis
general purpose robots provides a first-rate introduction to
robotics for both education and industry. With prices from as
low as £425, even the home enthusiast can aspire to his or her
own robot.

Each robot in the Genesis
range has a self-contained
hydraulic power source
operated from single phase 240
or 120v AC or from a 12v DC
supply. Up to 6 independent
axes are capable of simultaneous operation
with positional control being provided by
means of a closed -loop feedback
system based on a dedicated
microprocessor. Movement sequences
can be programmed by means of a
hand-held controller or the systems
can be interfaced with an
external computer via a
standard
RS232C link.

GENESIS
P101

The top -of -the -range P102 has dual speed control,
enhanced memory and double acting cylinders for increased
torque on the wrist and arm joints. There is position
interrogation via the RS232C interface, increasing the
versatility of computer control and inputs are provided for
machine tool interfacing.

All Genesis robots are available either ready -built or in kit
form. The latter provides not only
extra economy but also
valuable additional
training as an
assembly project.

HEBOT II
Turtle -type
robot

For under £100, Hebot II takes programming off the VDU and
into the real world. Each wheel is independently controlled by a
computer, enabling the robot to perform an almost infinite number
of moves. It has blinking eyes, a two-tone bleep and a solenoid -
operated pen to chart its moves. Touch sensors coupled to its shell
return data about its environment to the computer enabling
evasive or exploratory action to be calculated.

The robot connects directly to an I/O port or, via the interface
board, to the expansion bus of a ZX81 or other microcomputer.

HEBOT II
Weight 1.8kg
complete kit with assembly
instructions £85
Interface board kit £10

MICROGRASP

A real, programmable robot for under £200! Micrograsp has an
articulated arm jointed at shoulder, elbow and wrist positions. The
entire arm rotates about its base and there is a motor driven
gripper. All five axes are motor driven and servo controlled, giving
positive positioning. The robot can be controlled by any
microcomputer with an expansion bus - the Sinclair ZX81 being
particularly suitable.

MICROGRASP
eight 8.7kg, lifting capacity

g
Robot kit with power
supply £145.00

GENESIS S101

Universal computer interface
board kit £48.50
23 way edge connector £2.50
AX81 peripheral/RAM pack
splitter board £3.00

5 -axis model (kit form) £475
5 -axis complete system

Weight 29kg, lifting (kit form) £737
capacity 1.5kg 5 -axis complete system
4 -axis model (kit form) £425 (ready built) £1,450

GENESIS P101
Weight 34kg, lifting capacity
1.8k9
6 -axis model (kit form) £675
6 -axis complete system
(kit form) £945
6 -axis complete system
(ready built) £1,650

GENESIS P102
Weight 36kg, lifting capacity 2kg
6 -axis system
(kit form) £1175.00
6 -axis system
(ready built) £1950.00
Powertran Cortex
microcomputer
self -assembly kit £295.00
ready -built £395.00

POWERTRAN
cybernetics

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3ET. TEL (0264) 64455 Telex 477407
ALL PRICES ARE EXCLUSIVE OF VAT



with a MAPLIN MODEM KIT\

Exchange programs with friends, leave or read messages from the
various Billboard services, talk to computer bureaux, or place
orders and check stock levels on Maplin's Cashtel service. A
Maplin Modem will bring a whole new world to your computer and
vastly increase its potential.
Now you can exchange data with any other computer using a 300
baud European standard (CCITT) modem and because the Maplin
Modem uses this standard, you could talk to any one of tens of
thousands of existing users.
Some computers need an interface and we have kits for the ZX81,
VIC20/Commodore 64, Dragon and shortly Spectrum and Atari,
whilst the BBC needs only a short program which is listed in Projects
Book 8.
A Maplin Modem will add a new dimension to your hobby.
Order As LW99H (Modem Kit) excluding case. Price £39.95.

YK62S (Modem Case). Price f9.95.
Full construction details in Projects Book 5.

NEW MAPLIN STORE
OPENS IN MANCHESTER

Our new Manchester store offer-
ing the full range of Maplin's
electronic components, compu-
ters and software will be opening
16th August, 1983. Part of the
new store will be a self-service
area where you can browse
around and choose the parts you
want. Counter service will be
available as well. Upstairs you will
find our computer demonstration
area with displays of hundreds
and hundreds of different soft-
ware packages for Atari, BBC,
Commodore 64, Dragon, Sord M5,
Spectrum and VIC20.
You will find us at 8, Oxford Road
opposite the BBC, between Picca-
dilly and the University complex.
We're just a few steps from

Manchester's Oxford Road station
and about five minutes walk from
the city centre. There is excellent
parking on meters in the adjacent
sideroads and we're about five
minutes drive straight in from
junction 10 on the M63 at the start
of the M56.
Call in and see us soon!

Great Projects
From E&MM

Our new book "Best of E&MM
Projects Vol. 1" brings together
21 fascinating and novel pro-
jects from E&MM's first year.

Projects include Harmony Gen-
erator, Guitar Tuner, Hexadrum,
Syntom, Auto Swell, Partylite, Car
Aerial Booster, MOS-FET Amp
and other musical, hi-fi and car
projects.
Order As XH61R. Price f 1.

* 1983 *
CATALOGUE

Over 390 pages
packed with data
and pictures and
all completely re-
vised and includ-
ing over 1000 new
items. On sale in
all branches
of W.H. Smith. Price £1.25. Or
send £1.50 (including p&p) to our
mail-order address.

See us at t
RONIC

IES FAIR
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Maplin's Fantastic Projects'

Full details in our project
books. Price 70p each.

In Book 1 (XAO1B) 120W
rms MOSFET Combo -Amplifier
 Universal Timer with 18 pro-
gram times and 4 outputs 
Temperature Gauge  Six Vero
Projects.

In Book 2 (XAO2C) Home
Security System  Train Con-
troller for 14 trains on one circuit

Stopwatch with multiple
modes M iles-per-Gal Ion
Meter.

In Book 3 (XAO3D) ZX81
Keyboard with electronics 
Stereo 25W MOSFET Ampli-
fier  Doppler Radar Intruder
Detector  Remote Control for
Train Controller.

In Book 4 (XAO4E) Tele-
phone Exchange for 16 exten-
sions Frequency Counter
10Hz to 600 MHz  Ultrasonic
Intruder Detector  I/O Port for
ZX81  Car Burglar Alarm 

Remote Control for 25W Stereo
Amp.

In Book 5 (XAO5F) Modem to
European standard  100W
240V AC Inverter  Sounds
Generator for ZX81  Central
Heating Controller  Panic But-
ton for Home Security System 0
Model Train Projects  Timer for
External Sounder.

In Book 6 (XAO6G) Speech
Synthesiser for ZX81 & VIC20 
Module to Bridge two of our
MOSFET amps to make a 350W
Amp * ZX81 Sound on your TV
 Scratch Filter  Damp Meter 
Four Simple Projects.

In Book 7 (XAO7H) Modem
(RS232) interface for ZX81/
VIC20  Digital Enlarger Timer/
Controller  DXers Audio Pro-
cessor  Sweep Oscillator 
CMOS Crystal Calibrator.

In Book 8* (XAO8J) Modem
(RS232) Interface for Dragon 
VIC Extendiboard  Synchime 
Electronic Lock  Minilab Power
Supply  Logic Probe  Door-
bell for the Deaf.
*Projects for Book 8 were in an
advanced state at the time of
writing, but contents may
change prior to publication (due
13th August 1983).

LEARN ROBOTICS
- with Hero 1; the new robot
who sees, hears, speaks and
detects movement!
This remarkable microprocessor -con-
trolled robot is the perfect robotics
training system for industry, home
and schools. Hero 1 can see, hear,
speak, detect moving and stationary
objects and determine their distance,
pick up small objects, move in any
direction and can learn from your
instructions.
Hero 1 is a superbly doctimented
Heathkit kit.
Order As HK2OW (Robot Kit) Price £1,599.95.

nvoun
ELECTRONIC SUPPLIES LTO

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR Tel: Southend-on-Sea (07021 552911
Shops at: 159-161 King Street, Hammersmith, London W6. Tel. 01-748 0926

284 London Road, Westcliff-on-Sea. Essex. Tel: (07021 554000.
Lynton Square, Perry Barr, Birmingham. Tel. 021-356 7292
8 Oxford Road, Manchester. Tel- 061-236 0281 (Opens 16th Aug. 1983)
All shops closed Mondays.

All prices include VAT & carriage. Please add 50p handling charge if total order value is under f5.


