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OMP LINNET LOUDSPEAKERS 
The very best In quality and value Made specally lo suu roues 
ne d for corn paci ness wrth high sound output levels Fimsned in 
hard wearing black vymk'e with protective corners grille and carry 
handle All models 8 ohms Full range 45Hz 20KH Size 20 
15 12' Wa R M S per cabinet Sensilrvga 1 W 1 mir dB 

OMP 12-100 Watts 1 r10dB. Price £149.99 
per pair. 
OMP 12-200Watts102dB. Pricef199.99 
per pair. Delivery Secuncor £8 00 per pair 

e 

BS800 
Sunable for both resIsi- 

ance and inductive loads In- 
umerable applications is 
dustry the horse and 

ulsco s theatres etc 

PRICE £13 99 - 75p P&P 

n 

McKENZIE 
12" 85 WATT R.M.S C128EGP Lead guitar/keyboard Disco 
2" ally voice coil Ally centre dome Res Freq 45Hz F -es. Resp to c 5Krz 3 -es 98có PRICE £29 99 
+ £3 00 P&P ea 
12" 85 WATT R.M.S. C1285TC P.A/Disco 2- ally voice coil. Twin cone 
Res. Freq. 45Hz Freq. Resp. to 14KHz PRICE £.,." =9 - £3 00 P&P ea 
15" 150 WATT R.M.S. C15 Bass Guitar/Disco 
3" ally voice coil Die-cast chassis Res Freq 45Hz'-req Resp to 4KHz PRICE £5787+ £400 P&Pea 
10" 60 WATT R.M.S. 1060GP Gen. Purpose.' Lead Guitar/Keyboard/Mid P A 
2" voice coil Res Freq 75Hz Freq Resp o % 5KHz Sens 99dB PRICE £19 99 + £2 00 P&P 
10" 200 WATT R.M S. C10200GP Guitar Keyboard. Disco 
2" voice coil Res Freq 45Hz Freq Resp :o - KHz Sens 101dB PRICE £44 76 + £3 00 P&P 
15" 200 WATT R M S. C15200 High Power Bass 
Res Freq 40Hz Freq Resp to 5KHz Sens 10'có PRICE £6241 + £400 P&P 
15" 400 WATT R.M.S. C15400 High Power Basa. 
Res. Freq. 40Hz. Freq Resp. to 4KHz Sens 102015 PRICE £89 52 +£4 00 P&P 

5" 70 WATT R.M.S. Multiple Array Disco etc 
1" voice coil Res Freq 52Hz Freq 52Hz Freq Resp to 5KHz Sens 89dB PRICE£2200+£150 P&Pea 
8" 150 WATT R.M.S. Multiple Array Disco etc 
1" voice coil Res Freq 48Hz Freq Resp to 5KHz Sens 92dB PRICE £32 00 + £1 50 P&P ea 
10" 300 WATT R.M.S. Disco/Sound re -enforcement etc. 
1" voice coil Res Freq 35Hz Freq Resp to 4KHz Sens 92dB PRICE £3600 + £2 00 P&P ea 
12" 300 WATT R.M.S. Disco/Sound renforcement etc 
1l/2" voice coil Res Freq 35Hz Freq Resp l0 4KHz Sens 94dB PRICE £47 00 + £3 00 P&P ea 

SOUNDLAB (Full Range Twin Cone) 
5" 60 WATT R M S Hi-Fi Multiple Array Disco etc 
1" voce oil Res Freq 63Hz Freq Res, to 2JKnz Sens 86dB PRICE £9 99 £1 00 P&P ea 6'' 60 WATT R M S Hi -Fig Multiple Array Disco etc 
1" voice coil Res Freq 56Hz Freq Resi, '.o 23K -z Sens 8909 PRICE £1099 £1 50 P&P ea 
8" 60 WATT R.M S. Hi-Fi/Multiple Array Disco etc 
11:, voi e coil Res Freq 38Hz Freq Rese :0 20KHz Sens 8948 PRICE £12 99 It 50 P&P ea 

10" 60 WATT R M S Hi- Fi/ Disco etc 
1 V," voice coil Res Freq 35Hz Freq Resp to15KHz Sens 89dB PRICE £1649 +£200PSP 

BSR P295 ELECTRONIC TURNTABLE 
' -- -'`-s- - ' _- 

_ _ - _ - - Be - c = 

- -- J e,e- A - 

- -- .- - apstao;e oLr;er ca 
- 3 - Standard carr*ige 'longs 

J'.pL' eu .0 lplete WW1 cut oul emplace D C 
Operation 9 14v D C 65mA 

Price E36 99 E3 00 P&P 
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POWER AMPLIFIER MODULES PRICES IN 
SERVICE * LARGE FDR CURRENT LIST 

OMP POWER AMPLIFIER M DU Now en:cm a 
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ROBBY KITS. Proven designs including g 
.. fibre printed circuit board and high qu 

components complete with Instructions. 
FTA MICROTRANSMITTER MUG) 90/105MHe with vary sensitive 
microphone Range 100/300 metres. 57 . 46 a 14mm (9 volt) 

FM TRANSMRTER 3 encep controlled 
nal performance. Rang . 84 . 12mm 
Pria: E14 49+ 75p P& 

CHANNEL RADIO TRANSMITTER/ 
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DEPT 
ETI 

UNIT 51. COMET WAY, SOUTH END -ON -SEA, 
ESSEI 5152 STN TEL: 0702-527572 

. L. ELECTRONICS 

CLUDE V A T * PROMPT DELIVERIES * FRIENDLY 
S A E 28o STAMP 

LOUDSPEAKERS 5" to 15" up to 400 WATTS R M S 
Cabinet Fixing in stock. Huge selection of McKenzie 
Loudspeakers available including Cabinet Plans Large 
S.A E. (28p) for free dètails 
POWER RANGE 
8 50 WATT R M S Hi-Fi Disco 
20 oz magne) 1 ally voice coif Grounc - 
5KHz Sens 92d8 PRICEE1099Avauable. - 

12 100 WATT R M S Hi-Fi Disco 

lass 
ality 

Price: £8 62 + 75p P&P 
3 WATT WATT 85/115MHz v 
profesSio e up to '3 miles 35 
(12 voit) P. 
SINGLE CONTROLLED 
RECEIVER 27MHz Range up to 500 metres Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts Ideal for 
many applications Receiver 90 x 70 x 22mm (9/12 volt) Price: 
£17 82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11 29 
P&P + 75p each S A.E for complete list 

BKE's PRICE f89 99 - £4.00 P&P 
7 Why bu, a c,"acion of self assembla ooaros 

19" STEREO RACK AMPS 

Professional 19" cased Mos-Fet stereo 
amps: Used the World over in clubs, pubs, 
discos etc. With twin Vu meters, twin 
toroidal power supplies. XLR connections 
MF600 Fan cooled Three models (Ratings 
R M S. into 4 ohms) Input Sensitivity 775mV 

1 K -WATT 
SLIDE DIMMER 

+ Control loads up 
to 1 Kw 
+ Compact Size 41," 
+ Easy snap in fix 
ing through panel 
cabinet cut out 
+ Insulated plastic 
case 
+ Full wave con- 
trol using 8 amp 
V iac 
+ Conforms to 

M F200 '100-1001W £169 00 Securicor 
M F400 200 - 200! VV £228 85 Delivery 
MF600 300-300íW £322 00 £10.00 

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT 
BODIES, ETC. PRICES INCLUSIVE OF V A.T. SALES COUNTER VISA/ACCESS/C.O.D. ACCEPTED 

OMP100 Mk II Bi -Polar Output power 110 
watts R M S into 4 ohms Frequency Res- 
ponse 15H - 30KHz 3dB, T H D 0 01% 
S N R 118dB, Sens for Max output 
500mV at 10K, Size 355 115 65mm 
PRICE £33 99 £3 00 P&P 

OMP MF100 Mos-Fet Output power 110 
watts R M S into 4 ohms, Frequency Res- 
ponse 1 Hz - 100KHz -3dB, Damping Factor 
80, Slew Rate 45V uS, T H D Typical 
0 002%, Input Sensitivity 500mV, S N R 

125dB Size 300 > 123 X 60mm PRICE 
PRICE £39 99 + f3 00 P&P 

OMPíMF200 Mos-Fet Output power 200 
watts R M S into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz 3dB, Damping Factor 
250, Slew Rate 50V uS, T H D Typical 
0 001 o Input Sensitivity 500mV, S N R 

130dB, Size 300 150 X 100mm PRICE 
PRICE £62 99 £3.50 P&P 

Z 

X X 

OMP/MF300 Mos-Fet Output power 300 
watts R M S into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz 3dB, Damping Factor 
350, Slew Rate 60V uS, T H D Typical 
0 0008%, Input Sensitivity 500mV, S N R 

130dB, Size 330 tt, 147 102mm PRICE 
PRICE f79 99 - f4 50 P&P 

Vu METER Can pat ble won our four am pullers oelapled above A 

case win nnteo en Lc r'c^ 5 ze 84 27 45m, 
PRICE £8 50 - 50p P&P 

Better to be Alarmed then lerr f ed 
Thandar 5 famous 'Minder' Burglar Alarm System 
Superior microwave principle Supplied as :erne 's 
complete a lb interconnection cable FULLY 
GUARANTEED 
Control Unit Houses microwas radar unit r.noe 
up to 15 metres dins: pie by s nsih uty con: c 
Three position key oper led lacia swilc of ' s' - rrn d 30 se and xi and entry d lay 
Indoor alarm - lectronic seept beg s re^ 
104dB output 
Outdoor Alarm ec:ronic wept [rep s re, 98aB 
outpul Housed a tan,oer proof hea,y d iy r a 
case 
Both the control . rc o,t000r alarm 
cnarg able batteries r r' c provide lull prole. _ - 

daringmainsfallure Pc..er recwremen 200 263 c. 
AC 50.60Hz Expa^cabe with door s nsors 
bu lions etc Corns : - .. 1' nstructibns 
SAVE i l 38 00 a Jai Price 1228 85 
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IDEAL for Work- 
shops Factories, 

Offices Home, 
etc Supplied 
ready built 

50 oz magnes 2 ally voice cmi Ground a , 

3 wart 
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PIPIEAPPLE SOFTWARE 
a complet 
The new 

o the mos 
BBC nier 

II types 
ible and 
ther with 
This adue 

'Die 
al fea 
ing rr 

II' 

and r 
tee 

g Oleg 

1. Works on all model BBC computers and makes use of Shadow memory if pots. 
2. Rapid line drawing routines with automatic Joins for circuit diagrams. 
3. Rubber band line and circle drawing modes. 
4. Makes use of the Acorn Gme rom to produce ellipses, eroe, sectors.chords 

and flood filling 
5. Pixel drawing node allows very fine detail to be added, 
6. Defined areas of screen may bç moved, copied, deleted or saved to disc 
7, 0, -screen cursor position indication allows scale drawings to be made. 
9. Keyboard keys may be defined to print tiser Defined Characters allowing 

new character sets to be used. 
9. Wordprspçpepssogr files may be loaded and formatted into defined areas 
10.1.10 to 8821 14r5 if shadow memory available, 381 without shadow, 
11.Compatible with Marconi Treckerball and most makes of 'mouse'. 
12.Aí1 'Diagram Utilities' are included. 
13.Campletely 'soaleable print routines allow Key area of the diagram to be 

printed either horizontally or through OMdeg. in scales that may be 
varied in 1% steps allowing up to 18 mode 0 screens to be printed or. 

en A4 sheet (still with readable text). 
14 Smooth scrolling over the whole area of the diagram. 

Pineapple's now famous PCBdrafting aid produces complex double sided PCB's 
very rapidly using any model BBC micro and any F% compatible dot-matrix printer. 

The program is supplied on Elprom and uses a mode 1 screen to display the two 
sides of the board in red and b ue either separately or fUB1miOsed. Component 
layout screens are also produced for a silk screen mask. 

The print routines allow a separate printout of each side of the board in in 
expanded definition high contrast 1:1 or 2:1 scale. The print time is typically 
about 5 mina. for a 1.1 print of a 7' 5' board. This program has too many 
superb features to adequately describe here, so please write or 'phone <or more 
details and sample printouts, 

Is-`.ÿ r + 

PCB AUTO ROUTING 5tß="; ó'" 

COMPLETE 
(Includin 

All orders sent by return 

winchester drives including BOf'LP which 
multiple f Oppies, 
are asfol owe:- RDU eFOIX P, eCATALLLi 

m£NJ, aP P4i7bitfIIX', attRIF'd 

103 9NL Tel 01-599 

PROFESSIONAL GRADE AMPLIFIER MODULES 

RMA600.6W wane RMS into 4 utnis. 3?0 walls ROuIS rots Bohms 

CARRIAGE £2 20 FOR ALL 
POSTAL ORDERS ONLY. S AE 
TRADE ENQUIRIES WELCOM 

TEL:0789 731133 FAX:0789 731075 TELEX:312242 

Programs for the BBC model 'B', B+, Master and 

DIAGRAM I I - now also available for RRCHIHEDES 

Master Compact with disc drive 

PCB 
Diagram II is 

drawing software. 
which make it int 
available for the 
now be used for a 
drawings are pass 
banded lines toge 
drawing possible, 

ely new version of Pineapples popul 
version has a whole host of additio t powerful and yet quick to use dra 
o, The new features mean that Diag 
of drawings, not just circuit diagr 
the facilities for producing circle 

the pixel drawing routines make an rt has been produced completely usi 
Summary of Diagram II features: - 

gram' 
tures 
ogram 
can 

ale 
ubber 
of 
ram II, 

Diagram II consists of a set of disc files and a 16k Eprom. 
The disc is formatted 41T side@ and 861 side2. Please state if this 
is unsuitable for your system, or if you require a 3.5" Compact disc 

DIAGRAM I I - £ 55 .00 + vat P & P free 

MARCONI TRACKERBALL 
For Model 'B' and B+ (with Icon Artmaster) 
For Master 128 (with Pointer Rom) 
Bare Trackerball (no software) 
Pointer Rom (available separately) 
Trackerball to mouse adapters 

Postage and Packing on Trackerballs 

£ 60,00 
E 60,00 
£ 49.00 
E 12.50 
E 9.00 
£ 1.75 

+ vat 
+ vat 
+ vat 
+ vat 
+ vat 

£ 85.00 Plotter driver to suit 
+ vat most plotters f 35.66 +vat 

This brand new addition to the PCB program greatly 
increases the power of the software and speeds the 
lesign of PCB's even more. 

A list of up to 190 connections may be entered in 
the form of a 'rats nest' and then the computer doer 
the rest! You may specify which side of the board 
you wish a track to be on or you may leave the 
choice to the computer, and you may also say whethe 
tracks should be allowed to pass between I.C. pins, 

The program is in the form of a second Eprom and full features are available on a standard model'B,' 
Please write or 'phone for full details. 

AUTOROUTE PRCKR6E 
£ 185.00 9 manual Eprom) + WIT 

ADFS Uti.lities Rom 
AEU is an invaluable utility for all ADFS users, It adds over 22 new 

*commands to the ADFS filing system as well as providing an extensive Menu facility with over 35 sub commands covering areas such as repeated disc 
compaction, saving and loading _Rom images, auto booting of files and many more, 

Copying of DFS discs onto ADFS discs can be made in one pass with automatic 
creation of the required directories on the ADFS disc, All functions are fully 
compatible with allows backing up of 
Winchesters onto 

New *commands *CHANCE *DFSADFS t 

(I T W,MrF TNLLt 

BLOCK, 
$O,*IPE 

PRICE f 29.00 vat 

MITE YS PILE - Powerful A, C. S D. C. circuit analyser package - £119.0@ 
with &-aphics output, Send for more details +vat 

39 Brownlee Gardens; Seven Kings, Ilford, Essex 

RMA300-300 watts RMS into 4ohms, 180 watts RMS into 8 ohms 
RMA150 - 150 watts RMS Into 4 ohms, 85 watts RMS into 8 ohms 

Available for the first time, MosFet power amplifier 
modules derived from internationally acclaimed 
RAUCH Pro -Audio technology 

The RMA series of amplifier modules offer outstanding 
power handling capability and combine a 'Class A' 
driver stage with MosFet output devices to give 
Audiophile performance 

All of the RMA modules have been over designed for 
long term reliability, and are constructed on a glass -fibre 
solder resisted board with component legending The 
power Mosfets are mounted under the PCB and bolted 
to a substantial 9mm thick aluminium mounting plate 
This forms a compact and very robust package which 
can be easily mounted to the heatsink 

R4UCH 
preason 

RAUCH PRECISION ENG LTD 
DEPT H 
BLACKHILL IND EST 
SNITTERFIELD 
STRATFORD ON AVON 
WARKS CV37 OPT 

1476 Microlink No. MAG 12085 

GENERAL SPECIFICATION FOR ALL MODULES 
Frequency response 20Hz - 20kHz, +0dB - -O 2dB 
T H D 0 01% © l kHz max, 

typically 0 003% 
S N.R -110 db A weighted 
Slew Rate 100v/uS 
Input Sensitivity 0 775v RMS, 0dB 
Dimensions 137 x 76 x 42mm 
Weight 0 375Kg max 
Note: the above specifications only apply when the modules 
are used with the correct power supply and heatsink, which we 
can supply, see listing below 

PRICES excluding VAT and carriage 

RMA600 Amp Module £74.00 built £65 00 kit 
RMA300 Amp Module £49.00 built £41 00 kit 
RMA150 Amp Module £37 00 built £30 00 kit 
Toroidal transformer 800 VA 60-0-60v for RMA600 £36 00 
Toroidal transformer 500 VA 60-0-60v for RMA300 £26 00 
Toroidal transformer 200 VA 60-0-60v for RMA150 £17 00 
10,000 of 100vW PSU capacitors with clamps £11 80 
600v 35 amp bridge rectifiers £ 2 90 
Heatsink 300 x 80 x 40mm 0 45 oC/W £12 00 
24v DC fan 120mm (Papst) £21 90 
24v DC fan 90mm (Papst) £20 80 
Thermal switch, re -setting £ 2 80 
DC protection card £10 40 built £ 8 50 kit 

ORDERS, CHEQUE OR 
FOR FURTHER DETAILS, 

E! 

BUY WITH CONFIDENCE - RAUCH PRECISION ARE A 
WELL ESTABLISHED COMPANY WITH SALES OF 
PROFESSIONAL POWER AMPLIFIERS EXCEEDING 
£1,500,000 TO SATISFIED CUSTOMERS WORLDWIDE 
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Snooker balls, cue and 
bridge in the cover photo 
courtesy Lillywhites of 
Piccadilly Circus, London. 
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Malcolm Walmsley has emerg- 
ed from the garage with sawn 
fingers, hammered thumbs and 
a pair of Maplin loudspeaker 
kits 

Speaking For 
Yourself 

Keith Brindley takes to the road 
with a simple -to -build 1st Class 
project to give you better TV 
pictures in your caravan or tent 

Travellers' Aerial 
Amp 

Paul Chappell has the low 
down on turning last month's 
respiration and heart rate meter 
into a lucid dream stimulator 

Recurring Dream 

Frequency Meter 
Low cost is the watchword for 
this useful item of workshop 
equipment from Mark Thewliss 

ELECTRONICS 
TODAY INTERNATIONAL 

Graeme Durant, fresh from his 

exploits with the ETI Spectrum 
second processor has turned 
his humble home computer 
into a fully-fledged develop- 
ment tool 

FEATURES/PROJECTS 

Page 48 

Steve Malone goes deeper into 
theory than ever before with a 
complete explanation of the 
Universe along with instruc- 
tions for building your own! 

Spectrum 
EPROM 
Emulator 

It's A Small 
World 

Robert Penfold enters a second 
(or third?) childhood with a col- 
lection of Tech Tips for the 
model train fanatic 

Paul Chappell continues the 
Circuit Theory look at op -amps 
with an in-depth investigation 
of offset voltages 

Model Railway 
Circuits 

Op -amps 

More silly puns to announce 
the results of the July ETI bar 
code competition 

Mike Barwise has found a 
cheap laser diode for experi- 
mentation or blinding the 
neighbour's cat and he is 

devoting this month's Chip In to 
handling this versatile device 

No Holds Barred 
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SRAM, PROM, EPROM and OTP 
masked ROM formatted cards. 

The latest 64kB `smart cards' 
produced by Bull CP8 of France are 
finding applications throughout 
Europe and beyond 

The University of Rome has just 
issued 165000 cards to all students 
and staff for administrative tasks from 
enrolment to library registration 

In Australia, the Westpac Banking 
Corporation is using the Bull cards for 
its top business clients, providing a 
simple card -reader that interfaces with 
the client's PC, enabling them to 
conduct financial transactions by 
phone Multiple access codes reduce 
the risk of fraud and other Australian 
banks are expected to follow suit 

For further information contact 
Datacard, New Lane, Havant PO9 
2NR or Bull CP8, rue Eugene Henaff, 
BP45, 78193 Trappes Cedex, France 
Tel 33 1/30696050 

NEWS 
END OF INDI 

RECORDINGS 

At last Indonesia has agreed to halt 
or at least curb music piracy 

of European recordings. Until May 
such flagrant disregard of copyright 
has been legal in Indonesia and vast 
numbers of unofficial copies have 
found their way into Europe, perhaps 
the most notorious example being the 
'official' Live Aid cassettes in 1985. 

The International Federation of 
Phonogram and Videogram Pro- 
ducers has been lobbying for action 
ever since pirating was sent under- 
ground in Singapore and Hong Kong 
and many copying operations moved 
to new bases in Indonesia. It is 

expected that the next shift will be on 
to the Philippines, although hopefully 
it will be some time before operations 
will grow to reach their present 
strength - 

Indonesia's agreement to clamp 
down comes after an official investi- 
gation by the European Community. 
instigated primarily by the IFPVP. 

SPEAKER DESIGN 

a 

SOLAR FLAIR 
The summer sun should be beating 
down on tanned Eli readers this 

month and TK Electronics has intro- 
duced some giant size solar cells to 
make the most of the hot house tem- 
peratures. 

The panels are 12ins square, 
deposited on glass. Each panel can 
produce 200mA at 12V in bright 
sunlight - though TK is honest 
enough to estimate that most British 
summer days (dull and overcast) will 

NICAM 
STEREO 
UPDATE 

The slow stroll towards NICAM 728 
stereo television continues with 

both the BBC -and IBA moving for a 

national stereo network in the early 
years of the next decade. 

Although the BBC has officially 
shelved NICAM Indefinitely with a 
review In 1991, recent directives to the 
Director of Engineering show that 
transmitters will continue to be 
updated to handle NICAM as routine 
maintenance takes place. This would 
produce a complete network by the 
end of the decade. 

The feeling within the BBC Is that 
a service of sorts may well be 
underway by then. in the same way 
that stereo radio was broadcasting 
nationally for two hours a day without 
being described as an official service. 

The 113A Is testing next year and 
should have a stereo service on both 
channels in London. Yorkshire and 
possibly Somerset in Autumn 1989, 
with a national service the following 
year. 

Meanwhile you can tune your 
Nicam VCR to Wogan. Top of the 
Pops and various BBC outside 
broadcasts, all of which are regularly 
transmitted In stereo to the Home 
Counties. 

SOCCER FANS SHOWN CARD 

Memb 
Card 

Card No. 

Network 
'_' aere. ` 

The `perfect' sound of compact 
discs can be significantly 

improved, claims Arcam, the British 
hi-fi manufacturer based in 
Cambridge. 

Arcam has launched a `black box' 
digital audio interface that takes the 
delicate signal -converting stages of 
CD operation away from the host CD - 
player whre RFI leaks from noisy drive 
mechanisms and processors can dull 
just the musical accuracy that the CD 
fraternity swears by 

The unit is based around one 
custom ASIC developed in conjunc- 
tion with Newmarket Microsystems 
The ASIC takes over the processing 

20 50 100 200 500 1K 2K 5K 10K 20K 

deliver about 60mA at 11.5V, still 
useful for trickle charging a car battery, 
or NiCds to run equipment after dark 

The panels cost £14.50 + VAT and 
there is a £1.75 postage charge to 
cover the careful packing of these 
delicate items 

Contact TK Electronics, 13 Boston 
Road, Ealing, London W7 3SJ. Tel: 
01-567 8910. 

tasks generally performed by some 25 
standard CMOS chips - 1000 gates 
in all 

The launch has taken the hi-fi 
community somewhat by surprise - 
not least the Japanese electronics 
giants, whose earlier attempts to solve 
the problems resulted in add-ons that 
were prohibitively expensive for the 
consumer market. 

The Black Box Digital Audio 
Interface will retain around £250. 

Contact A&R Cambridge (Arcam), 
Pembroke Avenue, Waterbeach, 
Cambridge CB5 9PB Tel: (0223) 
861550 

n an attempt to banish hooliganism 
from the terraces, Reading Football 

Club is issuing its supporters with 
PROM cards 

The scheme is being sponsored by 
British Rail South East, and pre-empts 
the Government's insistence that all 
League division grounds must 
introduce identity systems for the 
1989 season The cards use the 
Cardkey system from Datacard of 
Hampshire 

Club members pass their cards 
through a Cardkey reader on entry to 
the ground and any banned sup- 
porters will be refused entry and set off 
a security alarm 

The credit card format of data 
retention is becoming increasingly 
popular Datacard now produces 
more than 70 million plastic cards a 
year 

Hakuto of Waltham Cross is now 
producing EEPROM cards as well as 

tp 
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A CAD package for loudspeaker 
optimisation has been produced 

by an Australian software house. 
CALSOD from Audiosoft uses curve 
fitting to develop minimum phase 
transfer functions for impedance and 
sound pressure response 

The program will handle a cross- 
over network of 60 components 
(passive only) and CALSOD 

optimises the summed acoustic 
output of the multiway speaker system 
to get or approximate -a desired 
response 

The mail order price to England is 

$330Aus - about £150 

For full details write to Audiosoft, 
128 Oriel Road, West Heodelberg 
3081, Melbourne, Australia 
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CURRIE 
MAKES MOVES 

Controversy has arisen over a 

recent article in the quarterly 
newsletter of Electronics and 
Computing for Face describing the 
shipping of obsolete medical elec 
Ironies to hospitals in Nicaragua. The 
equipment was contravening the UKs 
Health and Safety laws and was due 
to be scrapped until it was saved in 
cooperation with the Nicaragua 
Health Fund for use in the third world. 
Safety regulations in South America 
are less stringent than our own and 
medical equipment is in short supply. 

Enter Edwina Currie. brandishing 
a copy of ECP's newsletter and 
ordering an investigation by the NHS 
auditors. The NHS employees res- 

ponsible suffered quite some embar- 
rassment and distress for what would 
seem on the whole to have been a 

charitable act. 

ECP has now sent an open letter to 
Mrs Currie asking that she decide 
whether electronic equipment that 
becomes available in future should be 
allowed to be used in third world 
countries. or whether it should be 
scrapped as NHS property. 

For full information contact ECP on 
01-341 2509. 

FREEBIES 
if you're short of things to read on 

the beach this month. dip into the 
ETI guide to freebie literature. 

An interesting guide to making and 
commissioning videos is available 
from Documentary Video Associates, 
explaining in a compact 24 -page 
booklet what video could do for you 
(and why OVA should do It). It 

normally 
ET) and you'll get it for free. Write to 
DVA. 16 Femhill Road, Farnborough. 
Hants GU14 9RX. 

British Telecom International has 
published a new guide to international 
data communications. covering 
mainly Datei and IPSS and aimed 
primarily at PC users. Not only is the 
handbook free. those awfully nice BT 
people have opened a Freephone line 
to order it on. Telephone (0800) 
400435. 

West Hyde has produced a sum- 
mer leaflet covering various racks, 
boxes and bits (phone (0908) 
640695) and .JA Crew has issued a 

supplement to its 1988 hardware 
catalogue. available on (0908) 
583252. 

Hitachi has a 16 -page brochure 
describing its ZTAT (Zero Turn Around 
Time) microcomputers. Write to 
Hitachi. 21 Upton Road. Watford, 
Herts WD1 7TB. 

And lastly, for those in search of 
second-hand (but guaranteed) test 
gear, Instrumex has an 8 -page list of 
available stuff. Telephone (07531 
44878. 

COPY KITTEN 

Aneat little portable plain paper 
photocopier has just hit the 

streets courtesy of Panasonic The FN - 
P300 weighs just 6kg and can copy 
A4 or smaller using digital scanning 
(similar to fax scanning) and thermal 
printing. The front section of the unit 
is the A4 plate and the unit scans 
stationary pages rather than feeding 
sheets, which enables books and 
magazines to be copied - a feature 
often unable on other personal 
machines 

The FN-P300Is also cheaper than 
competition - it retails at £449 + 
VAT 

Information from Panasonic Office 
Automation. 300-318 Bath Road. 
Slough. Berkshire. Tel: (0753) 34522. 

PLANT 
GROWTH 

Westcode, the Hawker Siddeley 
subsidiary, is helping put some 

marrow back into the backbone of the 
UK semiconductor industry by 
opening a new £8 million manu- 
facturing plant in Chippenham. 
Wiltshire. 

Westcode is using the plant to 
produce power semiconductor 
products to the highest standards for 
use within the UK and for export to 
Europe. North America and into the 
difficult marketplace of Japan. 

The plant is one of the most 
sophisticated in Europe complete with 
ultra -clean facilities for producing 
uncontaminated silicon wafers. 
Electron beam evaporation. 
photolithographic and diffusion 
technologies are all catered for, with 
many production materials being 
specially processed in Westcode's new 
facilities. 

For more information contact 
Westcode Semiconductors, Langley 
Road, Chippenham. Wiltshire SN15 
1JL. Tel: (02491 654141. 

COURSES 

ON THE RACK 

N 
Bristol. 
produces a 
d the cabine 
constructed 

PVC pre -coated steel with aluminium 
front panels. Enclosures are supplied I'' 
in flatpack kit form with assembly . 
instructions. 

The latest range includes a sloped 
desk mixer (order code M6U) retailing 
at £29. 

For details of the complete range 

r 

REPLY 
FROM BT 

RND 
KITS 

The Random Number Display horn 
last month is now available in kit 

form from GP Electronic Services in 
Durham 

The complete kit includes all parts 
except the case and window filter and 
costs £24.98 including VAT and p&p. 
The case of the prototype was 
constructed from hardboard and a red 
plastic A4 wallet makes a good 
window filter for the 86 LED display. 

GP is also supplying the PCB for 
the project at £9.98. It is not available 
from the ETI PCB Service as we 
staved last month (orders sent there 
will be forwarded to GP) 

Contact GP Electronic Services, 87 
Wiliowtree Avenue. Durham DH1 
1DZ. 

çógts £2.95. but mention 

Surface mounting electronics tools 
form the latest range of 

hardware from CK, the toolmakers 
Pliers and cutters are all box jointed 

with good solid grips, and the tweezers 
(nine varieties in all) are manufactured 
from anti -magnetic acid resistant steel 

For details of the full range contact 
CK, Pwllheli, Gwynedd LL53 5LH 
Tel: (0758) 612254 

ineteen inch rack mounting units 
are the specialisation of 

Rackz of 
Rackz wide range of 

units (an is to slot them 
into), all from 0.9mm 

ritish Telecom has responded to 
Lithe widely reported Which? 
magazine survey that concluded BT's 
performance since privatisation has 
been "a big disappointment 

BT is still a virtual monopoly in most 
areas and has little incentive to 
perform efficiently The report 
recommends Government action to 
produce tougher legislation or 
effective competition 

British Telecom admits that through 
most of last year, many services were 
not up to its own targets But the 
Which? survey is six months out of 
date, it points out, and was largely 
based on information gathered after 
last year's storms wrecked a third of the 
country's overland infrastructure 

Many of the services suggested by 
Which? such as itemised billing and 
compensation are already on the way 
The Oftel agreement announced on 
July 7th brings a much wider range of 
services under price control BT will 
now operate a price freeze until 
August 1989 followed by a 4 -year 
Oftel price cap of 4 5% below 
increases in the RPI 
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he London Electronics College is 

now taking applicants for four 
new BTEC National Certificate 
courses starting in the autumn 

The four subjects are Software 
Engineering, Electronic Equipment 
Servicing, Computing Technology 
and Information Technology, and are 
designed to be especially useful to 
those wishing to retrain or update their 
knowledge of the latest technology 

The courses are full-time and take 
a year to complete Prices can be 
obtained from the college - the 
courses do qualify for ATS grant aid 
and employer sponsorship might be 
worth seeking 

For prices and full information 
contact The London Electronics 
Centre, Penywern Road, London 
SW5 9SU Tel 01-373 8721. 
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READ\ WRITE Â 
WORDS OF WARNING 

space prevents me from reprinting the 
circuit but it used an ICL7107 DVM 
chip to measure the voltage output 
form an LM335 temperature sensor 
IC A'zerd voltage of 2.73V wasap- 
plied to the negative differential input 
of the DVM so that the sensor output 
voltage at 0°C 12_73V) registers as (I 
on the display, 

The power supply to the DVM 
was from the car electrical system via 
a 5V regulator and the negative 
supply required to bias various por- 
tions of the chip was generated by a 

charge pump circuit clocked from the 
DVM clock signal. A CMOS buffer 
(4049 or 4050 was used to drive the 
charge pump 

The first problem rioted was that 
the reference voltagecould not be set 
to the specified IV measuring bet. 
ween ground and one end of the ref- 

erence The original Tech Tip did not 

lit and Ref Lo terminals and the urten- 
tian was that the reference voltage 
should be measured between the two 
terminals. 

The instructions were brief. which 
is the nature of Tech Tips and the 
correspondent did riot draw the ob- 
vious conclusion from the presence of 
two reference pins. With a Tech Tip. 
the reader is expected to notice and 
deduce things which would be 
explained in more detail in a proper 
protect. 

The second problem was that 
there was no negative power supply. 
The first cause of this problem was that 
there was a pin numbering error and 
the power supply pin of the 4049 was 

labefled Iii rather than 1. Such small 
but crucial errors are always a danger 
when a-dlagram is transformed from 
a rough designer's sketch to a finished 
drawing. The original may have a 

small error which may he particularly 
hard to spot. Even if the original is 

correct, mistakes can occur at the re- 
drawing stage. Such errors are 
hopefully rare, but unfortunately in- 
evitable where humans are employed. 

When the power to the 4049 was 
connected correctly. there was still not 
enough negative supply voltage The 
likely possibilities are a misconnected 
component in the charge pump circuit 
or too much load on the output (a 

damaged decoupling capacitor or a 

fault in the DVM chip). 
The third fault was that the display 

was fluctuating at some setting of the 
presets. and apparently incrementing 
in steps of more than one at other 
settings. Almost certainly the reason 
lot this is that the reference voltage is 

set so low that very small changes on 
the input cause several digits' change 
on the display For example. warming 
the temperature sensor gently could 

nificant digit per measurement cycle 
It is also unlikely that the display will 
show anything really sensible until the 
power supply voltages are correct 
The lack of a proper negative supply 

all this First of all, if something does 
not work and the power supplies are 
not correct. it is fruitless to try to correct 
any other apparent errors. 

The difference between a project 
and a Tech Tip is that the project has 
been tested In detail and the Tech Tip 
might not have been In the case of a 

project it maybe realistic to build it as 
shown in the magazine and expect it 

to work without problem (If there are 
no construction errors) A Tech Tip. 
however, should be treated as a guide 
rather than a tested recipe 

Andrew Armstrong 
Leighton Buzzard. Bedfordshire 

HOT BREATH 

DISH OF THE 
DAY 
A bit of bad timing. I fear_ Why 

should I want a £13(0 satellite 
television system courtesy of Pace and 
Vivot (your June'July competition) 
when I shall soon be able to have a 

complete system for £200 from 
Amstrad to watch Rupert Murdoch's 
new channels? If anything is going to 
kill off satellite TV (not that it requires 
much in the way of a death blow) it is 

the new satellite TV! 
Who is going to watch Sky and 

Superchannel when all the new BSB 
channels appear. I bet all those who 
have already spent £ 1300 -odd on an 
STV system are really kicking them- 
selves now. 

Alan Wilson 
Neasden. London 

Whoa! Not so fast Don't dismiss sat- 
ellite TV that easily First. the Amstrad 
system will not be able to pick up 
signals from any other satellite except 
Astra (unless it is set up to point at 
aim: her satellite. in which case it won't 
pick up Astra) Good STV systems 
(such as the prize in ETI's Reach har 
The Sky competition) have polar 
mounts and actuators so they can be 
pointed at any satellite between the 
horizons (local scenary permitting). 
Amstrad is promising an.add-on to 
allow this with r the £200 system but it 
is not known yet when this will appear 
or how much it will cost. 

With a full large steerable dish you 
are able to pick up many more 
channels from many morn satellites 
and easily fit decoders or format 
changers to suit whatever you wish to 
watch. 

Satellite TV is far (torn dead 
There are now several hundred thous- 
and STV receivers in the UK. Many 
millions more viewers wdl/ take to the 
skies when Amstrad's system comes 
along but this won't make redundant 
the dishes already out there. People 
didn't stop buying Rolls Boyers when 
the Model T Ford was launched! 

By the way. the existing Sky 
channel is one of Murdoch's. 

CHOCOLATE BARS 
Men you cant say i didn't try. Into 
WV Sainsburys I boldly strode. 
hiding my July T 1 among my basket 
of sickly chocolate cake and cured 
pork and as the girl on the till weighed 
up my mangoes I ran the ET! cover 
over their bar code machine. 

Not a blip. Nothing. Just odd looks 
from the queue behind me. 

Now come on ETI. did it mean 
anything? How am I supposed to 
,work out how to read this - the covet 
was no simple 'wide or narrow' bar 
code like the ones for the project 
inside. What was the secret message? 

(This Saturday I try Safeways.) 
Nigel Griffiths 
Peterborough. Cambridgeshire 

How dare you. Sir.' Of course there 

was a meaning to the July cover 
thhere s a deep philosophf al meaning 
to all our covers - this month the 
meaning is that ail matter is Wart 
made of bright plastic balls and that 
the Universe is finite and surrounded 
bc' six pockets) 

The code is much more comp- 
licated that, the Bar Code Lodi 
system 

It is in fact the EAN 1.1 figure 
system (as used on your chocolate 
cake and cured pork) and all is rev- 
ealed in the competition results 
elsewhere in this issue! 

Unfortunately the readers in 
Sainsburvs simply can't fit a code of 
these staggering proportions into their 
field of vision. 

Do scantly a request for help arrived 
VtAvia the offices of ETI. A reader 
had tried everything he could think of 
to get a circuit of mine published in ETI 
Tech Tips to work and he was corn 
pletely stymied Some of his problems 
and the solutions to them serve as an 
example as to how to get the best from 
Tech Tips, and indeed from Blueprint 

The circuit was of a digital thermo- 
meter, published in the car special 
issue of ETI January 1987 Lack of 

specify where to measure the 
reference voltage but the 7107 has Ref 

Congratulations on the excellent 
heart and respiration rate 

monitor recently (and finally!) com- 
pleted in the August issue of ETI 

This really is a remarkable device 
and a serious rival to many 
commercial units I have considered 
buying in the past (but much much 
cheaper!) 

could cause puzzling faults 
We can learn several things from 

In fact, it is mainly the heart rate 
section I am interested in (for medical 
experiments) and I must say that I 

have never before come across a com- 
mercial unit which combines the com- 
pactness, low cost and accuracy of 
your design Thank you! 

George Lawson 
Maidstone Kent 

une issue I bought a pair of the 
Sage Supermos modules and power 
supply components from Sage Audio 

Cm glad 1 did! I have heard many 
esoteric amplifiers in hi-fi shops 
costing up to £5000 Some of these 
are very good so I thought it would be 

interesting to compare the Sage amps 
with a friend's Kreil I may have been 
hearing things but I couldn't believe 
my ears! The Supermos sound was 
effortless and much more relaxing to 
listen to 

After several months of com- 
parisons my friend has finally 
swallowed his pride and built a Sage 
amp 

So, full marks to Sage Audio for 
an excellent product and friendly 
service, and to ETI my favourite high 
street mag More hi-fi and sound 
articles please and less computer and 
printer projects 

L Atkinson 
Carlton, West Yorkshire 

We have a pair of Sage Supermos 
modules here at ETI for review and so 
far it must be said that they live up to 
all that Sage claims for them A full 
!eview of these modules will appear 
in ETI shortly 

Meanwhile. readers may like to 
refer back to the review of Sage 
Audios Superamp bipolar amp 
modules in the May 1987 issue of ETI. 

We shall be carrying further hi-fi 
projects in ETI in the near future but 
ue cant promise to cut out all the 
computer and printer stuff too! 
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INSIGHT 

D EQUIPMENT KITS 
D 

MTX Micro -miniature VHF iransminer. The smallest kit on the market 
measuring market measuring an Incredible 17mm x 17mm including D on -board mlc Super sensitive Fully tuneable over FM bend. 9V 

ID operation with range up to 1000m. £10.96 D VT500 High power version of the MTX with on -board PA stage providing 
250mW of RF. Measures just 20mm v 40mm, power requirements 

D 9-15V Excellent sensitivity and stability. Fully tuneable over FM 
band Ranges over 3000m can be expected. . £12.96 

VOX75 Voice -activated transmitter Variable sensitivity trigger level D 
switches tra own mer on when sounds are detected. Stays on for time D 
delay variable between 1-20 sec. Fully tuneable output covers all FM 

D band. Very sensitive and low standby current through CMOS D 
circuity, 9V operation, range up to 1000m. Measures 30mm 1240mm. £16.96 D D CTX900 Sub -carrier scrambled uansminer. Audio is double modulated D 
providing very secure transmissions. Any unauthorised listener will 

D not be able to demodulate signal without 05X900 Decoder unit. 
Variable modulation on -board. Fully tuneable output covering FM 
band 9V operation, range up to 1000m Measures 30mm v 4omm 

£10.96 D 
DSX900Decoder unit for CTX900. Connects to earphone outputol receiver to 

D descremble signal From CTX900. Monitor using small speaker or 

ID resolution. 
Variable decode frequency on -board for best 

resolution. 6.12V operation. Measures 36mm x 50mm (17.96 0 o TLX700 Micro sire telephone transmitter. Connecta onto line at any point and 
requires no batteries. Clearly transmits both sides of conversations 
on both incoming end outgoing calls. Undetectable by phone users. D 

D Fully tuneable output covering FM band. Range up to 1000m 
Measures just 20mm v 20mm. .. .. _,._ £9.96 D D ATR2 Micro sire telephone recording unit. Connects onto line at any point D 
and connects Into ANY normal cassent recorder, standard or micro D having MIC and REM sockets- Requires no batteries. Switches 
recorder on silently when phone is used for incoming or outgoing D cells, switches off when phone replaced. Clearly records both sides 

D of conversations. Undetectable by phone users Measures 10mm . 

D XML900RFmBug Detector/Locator. Wide bard input circuitry £detects 

D presence of RF field and triggers fleshing LED and pieao bleeper D 
Venable sensitivity enables source of transmission to be pi pointed 
to within 6 inches. Max sensitivity will detect MIX or Similar 
transmitter at around 15.20 feet, 9V operation Measures 55mm v D 55mm. _ (21.95 

All kits corn hilly documented wan concise assernery end scorers -up u ew:Peru Mph 
quality fibreglau PC8 and all components necessary to cpnp4re Me module All pins D are inclusive but Anus, add Er.60 ro cover PAP (Wars aver t5000 peel tree. Please 

Were reguiev ants clearly and enclose chequeot PO le cover ElPhone enders o ACCESS or AMEX »reap d Tel 0,27 714476 
NOTE- It is illegal to operate a aanaminw in rid US omnout a i.sance D Send 9w4 5.A_E lei full catalogue of these and Wear anre.eanc. era 

MIA DESIGNS, TR MOOE S 12412401 LAAO EOIs, i, 
04111121/T, Ur. AM M, T0 WW2 CM 21£ T6:0427 714476 .....-j 

Consumers in Britain accept new 
products and technology faster 

than anywhere else in Europe, con- 
cludes an extensive survey into the UK 
consumer electronics market 

The report shows the UK VCR 
market to be particularly bouyant. 
Last year the `household penetration' 
of videos passed 50% and this year 
an estimated 21/4 million machines 
will be sold Just under half of these 
are people replacing old recorders, 
primarily machines that were rented 
but many are converting to VHS from 
the now mortally wounded Beta 
format. 

The most popular feature on new 
VHS machines last year was un- 
doubtedly the twin -speed facility for 
long play of cassettes - and while hi-fi 
sound is becoming increasingly 
common, this is thanks more to the 
manufacturers than the consumers, 
who are unlikely to demand audio 
improvement until NICAM stereo TV 
is officially introduced 

The television market is also 
steadily rising, though ETI readers will 
surely be appalled to discover that the 
public rates the appearance of a TV 
as almost twice as important as the 
features it possesses Price, reasonably 
enough, was more important than 
either More than 4 million sets were 
shifted last year, with FST storming the 
large screen market 

TV rental has been declining in 
recent years, slowly levelling off at 
about 24% of the total large screen 
market. The current re -explanation of 
hire purchase as `option three - rental 
with ownership after 3 years', may 
cause further decline 

In the UK audio market, the 
continuing success story is of course 
compact disc With prices still falling 
and disc catalogues blooming, the CD 
player is rapidly becoming an essential 
component of any music system 
Although often criticised by hi-fi 
purists, the sound quality is a recog- 
nisable improvement over the medi- 
ocre turntables offered in comparable 
component and stack systems and UK 
consumers have taken the affluent 
image of the CD player to their hearts 
and their hi-fis 

The only declining area of CD is the 
personal player, and hardware 
manufacturers are planning to boost 
this market by pushing the 3 -inch CD 

over the next six months. In -car CD 
is still overcoming technical hiccups 
but is expected to take off over the next 
12 months unless DAT can get its nose 
under the bonnet first. 

Despite the CD onslaught, radio 
cassettes and to a lesser extent good 
old vinyl discs are still holding the vast 
majority of music sales - taking 65% 
of the market value last year 

The report holds nothing but 
optimism for the future. The video 
market will be boosted by the appear- 
ance of S -VHS in the autumn - 
particularly in the camcorder market 
although a summer lull in sales is likely 
until the new format cameras reach 
the market. CD -video should be 
briefly noted - although the success 
of CD -audio will certainly assist its 
introduction, it must be remembered 
that video discs have flumped once in 
the UK already. 

In the audio market the appearance 
of DAT is predicted to have only a 

small impact on CD sales if it manages 
to take off as a consumer product at 
all. 

The report's greatest optimism is for 
the TV market, with satellite broad- 
casting producing a possible extra 
million units a year market by the 
mid -90s 

If the recently announced Mur- 
doch -Sugar collaboration achieves its 
target, the market may be bigger still. 
They plan to get an Astra targeted 
system on the marketplace under 
£250 by broadcasting in PAL format, 
thus removing the expense of D -MAC 
conversion decoders. 

That could be the lever that finally 
gets STV rolling as a mass market 
success. 

The report The UK Consumer 
Electronics Market was prepared by 
Ferguson, Cambridge House, 270 
Great Cambridge Road, Enfield, 
Middlesex EN1 1ND. Tel: 01-363 
5353 

Advertisement 

PCB Manufacturers 
Which to choose? 

With scores of PCB manufacturers 
falling over themselves to make your con- 
ventional boards, it can be very difficult to 
choose the right one. 

You could however, choose a PCB 
manufacturer with more to offer. Such as, 
assembly, panel printing, final build and 
design. 

Slee Electro Products can provide you 
with these services and will still offer you 
competitive prices on your PCB's. 

"We're hot on quality and delivery too. 
And being a member of the Printed Circuit 
Association, means we have to try harder." 

Slee Electro Products, Tel: 0226 200717, 
Fax: 0226 731817, Unit 4, Grange Lane 
Industrial Estate, Carrwood Road, Barnsley, 
South Yorkshire S71 5AS, England. ó 

p PROFESSIONAL 

SURVEILLANCE 
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POWER CONDITIONER 
FEATURED IN ETI 
JANUARY 1988 

The ultimate mains 
purifier Intended mainly 
for lowering the noise 

floor and improving the 

analytical qualities of 

top-flight audio equipment 

The massive filler section contains thirteen capacitors and 
Iwo current balanced Inductors, together with a bank of 515 

VDRs lo remove every last (race of impulsive and RF 

interference A ten LED logarithmic display gives a second by 

second indication of the amount of Interference removed 

Our approved parts set consists of case, PCB, all 

components (including high permeabflny loroidal cores, ICs, 

transistors, class X and Y suppression capacitors, VORs, 

etc) and full instructions 

PARTS SET £28.50 + VAT 

Some pans are available separately Please send SAE for lists or 

SAE C1 for lists mull consiruciwn details and further inlormalen 

(free will, pans sell 

THE DREAM 

MACHINE 
FEATURED IN ETI 
DECEMBER 1987 

Adlusl the controls to suit your mood and lel the gentle 
relaxing sound drift over you Al first you might hear soft rain 

sea surf or the wind through distant trees Almost hypnotic 
the sound draws you irresislably into a peaceful, refreshing 

sleep 

For many the thought of waking refreshed and alert Irom 

perhaps the Ins' Truly restful sleep in years is exciling enough 
In itself For more adventurous souls there are strange and 

mysterious dream experiences waiting Take lucid dreams, 
for Instance Imagine being in control of your dreams and able 

to change them al will to act out your wishes and fantasies 

W 1h the Dream Machine its easy! 

The approved parts set consists of PCB all components 
conlrols, loudspeaker, knobs, lamp, luseholders, ruse, mains 

power supply, prestige case and lull instructions 

PARTS SET £16.50 + VAT 

AVAILABLE WITHOUT CASE FOR ONLY £11.90+VAT 

CONDITIONER 
FEATURED IN ETI 
SEPTEMBER 1986 

Cleans up mains pollution 
easily and effectively 
You'll hardly believe the 

difference in your Hi -Fr, TV, Video, and all other sensitive 
equipment 

65+VAT 

Porn curing hay lever and asthma to improving concentration and 
pulling an end lo insomnia Although some of the claims may be 

exaggeraled (here is no doubt that Ionised air is much cleaner 
and purer and seems much more invigorating than dead air 

The DIRECT ION ioniser caused a great deal of excitement when 
A appeared as a constructional protect m ETI Al last an oniser 
Thal was comparable with (better Ihandi commercial products 
was reliable good to build and fun' Apart from the serious 
applications some cl the suggested experiments were outrageous 

We can supply a matched sel of pans lully approved by the 

designer to build this unique project The sel Includes a roller 
tinned printed mrcufl board 66 components case mains lead 

and even the pans for the tester According to one customer the 

sel costs about a Third of the price of the individual components 
What more can we say, Inslnvctipna 

one 

PARTS SET WITH BLACK CASE £11.50 + VAT 
Included 

PARTS SET WITH WHITE CASE £11.80 + VAT 

KNIGHT RAIDER 
FEATURED IN ETI JULY 1987 

The ultimate In lighling effects tor your Lamborghuli Maserali, BMW 
(or any other car, for that matter) Picture Vis eight powerful lights in 

line along the Iron( and eight along the rear You flick a switch on the 

dashboard control box and a point of light moves lazily from left to 

right leaving a come) s tail behind it Flip the switch again and the 

point of light becomes a bar, bouncing backwards and lorwards 
along the row Press again and try one of the other six patterns 
An LED display on the control box lel s you see what the maul lights 
are doing 

The Enight Raider can be lined to any car tit makes an excellent log 
light') or with low powered bulbs It can lurn any child s pedal car or 

bicycle Into a spectacular TV -age toy' 

The pads sel consists of box, PCB and components for control PCB 
and components for sequence board, and lull instructions 

Lamps not Included 

PARTS SET £19.90 + VAT 

RAINY DAY 

PROJECTS 

All can be built in an afternoon! 

JUMPIN' JACK FLASH !ETI March thesl 
Spectacular rack stage and disco lighling elledi £6 90 - VAT 

CREDIT CARD CASINO!ET March1987) 
The wicked pocket gambling machine £5 90 - VAT 

MAINS CONTROLLER !ET January 19671 

olaled logo to mains Interlace £6 20 - ver 

MATCHBOX AMPLIFIERS !ET April tgafil 
Listen 5CW of Hi -FI power from an amp small 

enough to ht in a matchbox, 

Matchbox Amplllier (20W) £650 VAT 

Matchbox Bridge Amplifier er £6 90 VAT 

LI65V Power Ampbtier IC with data and circuits £3 90 - vat 

TACHO/DWELL METER IET January 19871 
Turn your Metro Into a Parschei £16.40 - VAT 

HI-FI POWER METER IET May 19871 

Measures Hi FI output power up í0100W 
-includes PCB components meters 

Mono power meter £3 90 
Stereo power meter 07 20 

to restore the natural ion balance. hly developed circuit combined 
col clous room with life giving ions. Y 

Variable ionisation potential for maximum ion rush 

Hundreds of phosphor bronze ion thrust points 

Built-in ion counter - see the output level at a glance 

EXPERIMENTER SET 

Consists of LM2917 IC special pnnled circuit board and 
delafled instructions with data and circufls for eight different 
protects to build Can be used to experiment with the circuits 
in the Neal Great Little IC feature (ETI, December 1986) 

LM2917 EXPERIMENTER SET £5.80 + VAT 

LEDs 

hems nothing gplie so encouraging as 

neon a Wanldlable result to show for your training dons If you are not 

particularly It your resting hear) rate earl be around 60 beats per mule 
As your logging aeiobibo or sport slrenglhens your heart the rale will erst 
drawerlcally- possibly le 60bpm or Mss With the 5101 you can earn^ 

your progress day by day 

Breathing is important Be How ellicrently do you lake up oxygen, 
How quickly do you recover learn oxygen debt atler slrenumis ac'unfr, 
The S101 WI lei you know 

FEATURED 
IN ETI 75W 

SEPTEMBER 
1988 AMPLIFIER 

FEATURED IN PE 
JULY 1988 

e. tired 

energy 
ronze 

Green rectangular LEDs 
for bar -graph displays 

50 for f3 50 500 for £25 

10010/06 1000 for f45 

DIGITAL AND AUDIO EQUIPMENT LEDs 

Assorted 3mm LEDs red, green, yellow and orange 

25 0l each (100 LEDs) for £6.80 

Pr Ices shown are eeclusioe of VAT so please add 15% to the 
order total UK peelage ra 70p on any order Carnage and 
insurance for overseas orders £450 Please allow up 1014 days 
tor delivery 

LIMITED 

SALES DEPT., ROOM 107, FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT 

A J Armstrong's exciting 
new audio amplifier 
module is here el last! 
Delivering a cool 75W (conservatively ruled- you II gel 
nearer 100W), this MOSFET design embodies the Imes) 

minimalist design techniques, resulting in a clean 
uncluttered circuit In which every component makes a 

precisely defined contnbutfon to the overall sound 
You can read all about it in the July issue of PE, but why 

bother with words when your ears will fell you so much 

more, 
Pads sel includes top grade PCB and all components 

SPECIAL INTRODUCTORY PRICE FOR FULLY 
UPGRADED MODULES 

SINGLE PARTS SET £14.90 + VAT 

STEREO PAIR £25.90+VAT 
Please send SAE+cl for tlalaandcircuns lfreewuhPam seticiud,ng 

dwgrams Mr marching pre amp and power supply This amplilier will not 
Ix evadable tram you usual audio supple, -oaproduu rh. eelyoeNgrer 
approved passer 

BIO- 

FEEDBACK 
FEATURED IN ETI 
DECEMBER 1986 

Bio -feedback comes of age 

with this highly responsive 
sell -balancing skin 
response monitor' The 
powerful circuit has louno application in clinical sflualions 
as well as on the bio -feedback scene II will open your 
eyes lo what GSR lechniques are really all about 

The complete parts set includes case, PCB, all 

components leads electrodes conductive gel and lull 

instructions 

PARTS SET £13.95+VAT 

BIO FEEDBACK BOOK £3.95 (no VAT) 

Pease ride the book by 5lern and Ray is anaufhonsed guide lo 

Ile oolenhal al bio feedback techniques if is not a hobby book 
ana 00f only be eI inleresi lo inlet( gent adults 

FEATURED IN ETI 

AUGUST 1987 

electronics magazine Similar in principle to a medical EEG 
machine this protect allows you lo hear the characteristic 
rhythms el your own mind' The alpha bela and Meta 'Firms can 
be selected for study and the three articles gus masses of 
tutormallon on their interprelation and powers 
In conjunction with Dr Lewis s Alpha Plan the monitor can be 
used Io overcome shyness l0 help you feel conhdenl in 

slresslul slluallons and to Tram yourself to excel at things you re 
no good al 

Our case. two PCBs screening can 
for b Including Three PMI precision 
amp es and lull Inslrucllons 

PARTS SET £36.90 + VAT ALPHA PLAN BOOK £2.50 
SILVER SOLUTION am nlarnnene aces £3.60 - VAT 

Pans sel available saparalely We dao have a range el accessenes 
prolessional electrodes books etc Please send SAE Jar lisle or 
SAS w 02 for lists conemrdron aeleas end tureeninbrmalfon Aree was 
pana seit 
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Next month ETI is more than usually educational. 
To coincide with the start of the new academic 
year, the October issue is a careers and 
educational special. If you are about to look for 
an electronics course to take on after A -levels, 
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ELECTRONICS 
TODAY INTERNATIONAL 

you'll want to read the ETI low down on the types of course 
(diplomas, and degrees) available to the school leaver. If you 
are about to get your degree or HND we have information on 
the jobs available - the companies and who they are looking 
for. 

For those ETI readers already far beyond all this and now 
teaching others, we reveal how electronics teaching is changing 
with the new GCSE curriculum and what the teachers really 
want. 

Projects are not forgotten in the October issue. For the beginners 
we have a deafening bicycle siren to frighten the neighbours, 
a sophisticated peak programme meter for your hi-fi or 
recording studio and a super -powerful fully variable air ioniser. 
Plus, there's news, reviews, and lots, lots more in the high- 
octane October issue. 

Don't be an ocker, get the October ETI - out Sept 2nd 
The articles mentioned here are in preparation but circumstances may prevent publication 

/7// 

www.americanradiohistory.com



I
 

Stephen Malone 
accepts no 
responsibility for any 
universe created using 
the forces described in 
this look at state -of - 
the -quark physics 

R 
10 02 \ PHOTON / ^M/v 

ELECTRON 01 02 

Fig. 1 Electric force interaction 

IT'S A 
SMALL WORLD 

oes matter exist? We really should be 
told For decades scientists have been 
`discovering' particles that are getting 
smaller and smaller and smaller. Some 
people are now wondering if there is 

actually anything there at all. 
For most of this century following the 

confirmation of the nuclear model of the atom, 
scientists have been engaged in a search for the 
fundamental forces and the fundamental particles of 
nature. 

It was all getting along fine until Heisenberg hit 
them with electrons being waves and particles at the 
same time And although they took that on board, as 
they peered deeper things seemed to dissolve in the 
uncertainties of Quantum Theory. 

So what is really there among the fuzz of 
quantised energy and empty space? What holds it all 
together? Why does it hurt when you walk into a wall? 
Well since you ask. . 

Force -carrying Particles 
and Sub -atomic Structure 
First the electric force. The tricky thing about 
electromagnetic interaction is that it involves action 

at a distance - you waggle an electron over here and 
it affects that one over there. But the reaction is not 
instantaneous, the force travels at the speed of light 
(even thinking in the abstract doesn't mean you can 
violate the Theory of Relativity!). 

But what is the force? What travels at the speed 
of light? 

Well, the force -carrying particle is a photon (or 
indeed a wave -packet of electromagnetic energy, but 
if you don't know what that is, forget it). See Fig. 1. 

Richard Feynman won himself a Nobel prize for 
coming up with these nifty little diagrams - they're 
actually very useful for doing the maths as well as 
looking pretty. In practice the two electrons would 
swap many photons back and forth in the course of 
the encounter, but the simpler diagram is easier to 
understand 

Okay, but where do the photons came from? (1 

was afraid you might ask that.) 

Heisenberg's Uncertainty Principle 
This is generally expressed in terms of momentum 
and position, SPx Sx> h - the more exactly we know 
the position of our particle, the less exactly we know 
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they don't last long and don't go very far - but protons 
flash with mesons the way electrons flash with 
photons. 

That's all about the Strong Force for a while, but 
if you hang in there we'll come round to these mesons 
again. 

Confused yet? No? Okay then, here goes 
nothing! Ever wondered how a star manages to burn 
hydrogen to make helium - four protons giving two 
protons and two neutrons? Something is changing 
protons into neutrons You can go on like this as far 
as iron To get your heavy elements first explode your 
star - the resulting neutrons tack on to existing nuclei, 
some of them become protons hey presto, a 
heavier element. Something is changing neutrons into 
protons. 

The Weak Force 
This is a tricky one. It's not a force in the sense of an 
attraction or repulsion, but we're swapping 'force' 

carrying particles around and by a roundabout route 
it links with the electric force - the first glimmerings 
of unification 

Changing protons into neutrons involves us with 
quarks There'll be more later, but for now we just need 
two - the up quark and the down quark. Protons are 
made of two up quarks and one down quark. 
neutrons of one up and two down So for proton into 
neutron we have the change shown in Fig 5, or more 
exactly Fig 6. 

But what's actually happening here? How does 
the up quark become a down quark? Brace yourself - here come some more pairs of imaginary particles 

13 
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Fig. 2 Particle pairs in empty space Fig. 3 Photon as a particle pair 

Fig. 4 Nuclear force interaction Fig. 5 Proton into neutron 

DOWN QUARK O 
ANTI -ELECTRON 

UP QUARK 

Fig. 6 Up quark into down quark 

Fig. 7 Up quark into down quark via particle pair 
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its momentum and vice versa (well, it stands to reason 
really we can only measure the momentum by 
letting it move - so where is it? Somewhere between 
here and there. And if we fix it to an exact spot at an 
exact moment in time, how can we measure its 
momentum?). 

However we can equally validly express it as 
SE.St >h (you can do the dimensional analysis 
yourself), and energy and time are what we are 
concerned with here. 

In any given very short period of time, there is 
a very large uncertainty in the amount of energy 
present, and as Einstein said E=mc2 So, with a flick 
of the wrist, nothing up my sleeve guy, honest, we 
have our photon. 

It doesn't last long of course, it's not allowed to - but the electron keeps at it, flashing on and off as 
it moves along (about 1:137 on:off, don't ask me why). 
And when it meets another one, a quick barrage of 
imaginary energy and away they go. 

The scientists had lots of fun arguing about 
whether these particles of light were real or not they 
are by definition impossible to detect or measure 
and in the end plumped for calling them `virtual' 
particles But virtual or not they can change the world 
around them - much as you could get a million 
pounds out of the Autobank on Friday night, buy a 

cut-price Van Gogh in America and sell it in Japan 
(but only for a million again, don't forget the 
conservation of energy) and then get the money back 
in the bank first thing Monday. You've changed the 
world by moving a Van Gogh across the world and 
a million pounds in the other direction, without your 
bank balance changing at all! 

Of course there's more fun to be had with this 
Virtual energy can exist even in empty space because 
of the impossibility of measuring its lack of energy 
instantaneously (nice sentence, though of course its 
really the 3K microwave background that we're failing 
to measure accurately instantaneously) 

This energy can create short lived pairs of 
particles and anti -particles as in Fig. 2. These are 
always in pairs - can't go round changing the total 
amount of matter in the universe with virtual energy 
now can we! Empty space could be throught of as 
seething with short-lived particles - electrons and 
anti -electrons, protons and anti -protons (shorter lived 
because heavier) and so on. 

So, what about our little photon Well the photon 
passing between the two electrons could be thought 
of as consisting of an electron and an anti -electron 
(Fig 3) This is perhaps more figurative than literal - 
most photons would not be energetic enough to 
actually materialise a pair of particles - but the electric 
charges cancel out and the combination works just like 
a photon 

So why don't they annihilate each other? Well, 
you could say they do and the product of the 
annihilation is our friendly photon But it is a useful 
convention, emphasising that the force carrier exists 
at the very interface of the universe and anti -universe, 
and since the creation of a matter/anti-matter pair 
need not alter the net contents of the universe they 
are very useful for carrying a force whenever the need 
arises. 

Mesonic Handshakes 
The strong nuclear force is around 100 times stronger 
than the photon -carried electric force and is carried 
by mesons. This force holds nuclei together as in Fig 
4 (okay so it's an attractive force, but this is the 
convention in these diagrams) 

Why does it operate on so short a range? Well 
mesons are heavy, it takes a lot of energy to make one, 
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Fig. 8 The W+ particle Fig. 9 The W- particle 
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Fig. 11 The gauge theory 
Feynman diagram 

Remembering our uncertainty about the 
matter/energy present at any time, we can look at it 
as in Fig. 7. The up quark is replaced by the down, 
leaving us with an up/anti-down pair which is the force 
carrying particle, the W + boson (you could look at 
the electric force the same way, but it's a rather trivial 
case as the substitution of an electron for an electron 
goes largely unnoticed) 

On the right of fig. 7 we have our W+ boson 
breaking down into a neutrino and an anti -electron - it could be thought of as being made of a 
neutrino/anti-electron pair. 

Actually it's an elusive swine our W+ boson, 
fond of disguises, never know what it's going to be 
from one moment to the next (Fig. 8). 

The opposite process - neutron into proton (or 
down quark into up quark) gives us the W- boson 
(Fig 9). The + and - denote real unit charge (as 
you'll see if you balance both sides of the proton - 
neutron equation - down quarks have -1/3 charge, 
up quarks 2/3 charge if that helps). 

But there are other interactions where no change 
of charge is involved, such as interactions between 
neutrinos and quarks where the neutrino remains 
unchanged. This brings us to the W° boson in Fig. 
10. Among the repertoire of our W° boson we find 
an electron/anti-electron pair - say hello to the 
electric force! But how do the W particles vary their 
constitution? Well, remember we are dealing with 
particle/anti-particle pairs. It is not so much that an 
up/anti-down pair is the same as a neutrino/anti- 
electron pair but rather that the difference between 
the pairs of particles is the same in each case. 

So is the electric force carried by W° bosons 
then? And if not, what's the difference? Well, the W° 
particles are very shört range, very heavy, it takes a 
lot of energy to make one They could indeed be 
considered as freak cases of the electric force - if only 
one force - carrying photon in a thousand behaved 
this way, it would account for all the weak force 
interactions that take place. 

This is the first breakthrough in the direction of 
the legendary Unified Field Theory (nowadays it's the 
Grand Unified Theory and they seem to be pretty 
much there except for the elusive graviton) . Of course 
it wasn't worked out with pretty pictures, they were 
really very deep in some hairy mathematics - but it's 
so much easier to talk about some generalised `gauge 
theory' than to get into gauge transformations of wave 
equations which is what the theorists were up to their 
eyes in 

Gauge theory? Well, that's what helped them tie 
up the loose ends in the maths. The possibility of 
multiple exchanges of force carrying particles kept 
giving uncomfortable answers with apparently infinite 
forces, but Gerald 't Hooft (I only introduce him 
because of that name!) came up with the gauge 
transformation as a mathematically valid way of 
providing limits to the equations and it all hung 
together. 

The main implication for the heavy, short range 
force carriers is that they feel the force themselves (Fig. 
11) . Two particles approaching each other both send 
out force carrying particles. These meet in the middle 
and feel each other's effects which modifies their 
behaviour. 

More Quarks 
Although all the matter we meet from day to day is 
made up of protons/neutrons/electrons in more 
exotic environments (ranging from cosmic ray 
interactions at the surface of the atmosphere to the 
heart of exploding stars) peculiar variants on the 
proton and neutron are to be found. These consist of 
variations on the three quark (up up.down) structure 
of the proton using any three of the six available 
quarks in Fig. 12. The meson family of particles is 
made of any pair of quark/anti-quarks. 

Perming any three from six gives us a large family 
of proton related particles, the more so when we take 
quark spin into account With mesons it's fairly 
straightforward (Fig 13), for the proton relatives 
slightly more complicated (Fig 14) 

So looking at just the up -down -strange 
combinations we have the tree for the `souped -up' 
particles shown in Fig 15. Throw in charm as well and 
we've got a pyramid of combinations with ccc at the 
apex - I won't even think about trying to represent 
the picture with the truth and beauty quarks thrown 
in, but you get the idea. 

So far, so good But then the scientists began 
wondering quite what was sticking the quarks together 
in these combinations and came up with the 
gluons ... and quantum chromodynamics 

The Colour Force 
So why are we only allowed certain quark 
combinations: three quarks for protons, or quark/anti- 
quark in a force carrier? Why not a pair of ordinary 
quarks, or four quarks together? And why no lone 
quarks? 

This is where the colour theory comes in. It 
proposes a new quality of matter (roughly comparable 
with electric charge) called `colour. Of course the 
quarks aren't really coloured in the macroscopic sense, 
but the analogy proves useful 

All observable particles must be `white', but the 
whiteness can be produced by mixing colours in 
various ways (Fig. 16). The proton family are made 
up of one red quark, one green and one blue (anti- 
protons of one turquoise, one mauve, one yellow). 
The mesons combine a coloured quark with the 
appropriately anti -coloured anti -quark 

The assignment of a colour to a quark has no 
connection with what type of quark it is Any quark 
can be red, green or blue - in fact the operation of 
the colour force requires that each quark in the proton 
is forever changing its colour (though the combination 
must remain white). 

The force carrying particles for the colour force 
are our gluons Because they are never seen outside 
the proton they can be non-white (the colour doesn't 
have to be matched by its anti -colour), and we have 
a variety of coloured gluons. 
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Fig. 20 Quark strings 
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Fig. 21 Breaking the string 

red -mauve green -turquoise blue -turquoise 
red -yellow green -yellow blue -mauve 

In addition there are the red -turquoise, green - 
mauve and blue -yellow which, though you and I 

might think make three white gluons, in fact for `subtle 
reasons of group theory' mix together to make two 
`off-white' combinations. Well that's what the theorists 
insist -giving us the family of eight gluons, shown in 

Fig. 17. 
The force carrying gluons shuttle about between 

the three quarks of a proton changing their colours 
The operation of six `charges, (three colours and three 
anti -colours), compared with just two (+ and -) for 
the electric force means that the colour force is very 
strong indeed. But the force is essentially the same 
kind as the other cosmic forces and we can still draw 
our pretty Feynman diagram (Fig 18) Or. 
remembering that coloured gluons would themselves 
feel the colour force, we can fit it into the gauge theory 
and have this diagram (Fig 19) 

One of the peculiarities of the colour force is that 
the force is fairly weak at short ranges, but as the 
quarks move further apart they feel a stronger and 
stronger force binding them within the proton One 
way of looking at this phenomenon is to consider the 
network of interactions over a larger distance as 
forming `strings' between the quarks (Fig 20) The 
strings are conceived of as white, each gluon 
cancelling the colours of its neighbours (on the very 
small scale, at the `centre' of the proton, you would 
still have red, green and blue colours exposed and 
interacting) 

If you tried to pull a quark out of a proton, you 
could only move it by making the string longer, putting 
in enough energy to create another gluon. This 
amount of energy doesn't decrease the further away 
you get, so the force remains as strong. 

But can you break the string by pulling hard 
enough? Wouldn't this give you a lone quark? Well. 
no - because that would be like asking for a piece 
of string with only one end, or a single pole magnet 
Snapping the string simply exposes new quarks at the 
broken ends (Fig. 21) The exposed end of the string 
running back to the rest of the proton has the same 
colour as the original quark, so the proton remains 
unchanged. All you have managed to do with your 
input of energy is to create a new particle -a perfectly 
ordinary particle, a quark/anti-quark pair of opposite 
colours - an ordinary `white' meson, the strong force 
carrier. And this is where the strong force and the 
colour force tie together. 

The relation of the colour force to the strong force 
:s similar to that of the electric force to the Van der 
Waal's force between molecules in liquids A normal 
molecule is electrically neutral -a normal particle of 
nuclear matter is colour neutral (white) The Van der 
Waal's force arises through electric resonance between 

electrons in neighbouring molecules even though they 
are tethered within the molecule by electric force 
Similarly. even though quarks are tethered within 
nuclear particles by the colour force they can 
exchange relatively feeble 'vibrations' in the form of 
white force -carrying particles (Unified Field Theory? 
Who mentioned the Unified Field Theory?) 

And There's More 

What? More - you want more? No, l'm afraid that's 
it. Those are your fundamental forces (ok, ok, so I've 
left out gravity but they haven't quite sorted that out 
yet) and your fundamental particles - the quark 
family and the electron/neutrino family. Gluons don't 
have to be more fundamental than quarks - quarks 
aren't made of gluons As we have seen gluons are 
very much akin to mesons and in one sense we could 
say gluons are made of quarks ) 

But what is this with these multiple fundamental 
particles? Couldn't there be one thing from which all 

these others are built? Well, yes there is - it's called 
energy 

Everything's made of energy One type of energy 
distribution makes up quarks, with minor variations 

REST OF PROTON 
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giving us the different types. Add the requisite ones 
together and you get a net energy distribution that 
behaves just like a proton well it is one. 

Electrons are energy (even gravitons are energy). 
We know that everything is Unified, it's all made of 
energy - what we're after is a mathematical 
description that will predict and explain the universe 

So if it's all just energy, why do we see objects as 
solid? Well, we're seeing photons reflected by these 
large scale organisations of energy. What are we 
feeling? We feel the average of incalculable numbers 
of interactions at the atomic level - we feel what that 
electric pulse travelling to the brain tells us to feel. And 
why does it hurt when we walk into a wall? For the 
same reason that a Maglev train stays hovering above 
the rails - energy in the right configuration can be 
pretty damn solid when it wants 

Okay, so there you have the basis of modern 
nuclear theory - but they sorted most of that out ten 
years ago. What's new? Superstring theory, that's 
what. 

This starts with the idea of supersymmetry - the 
proposal that every force carrying particle (gluon, 
graviton and so on) must have a partner in the material 
world (gluino, gravitino). Or that every particle in the 
`world' has a corresponding particle on the 
`world'tanti-world' interface where force carriers exist 
(and then a further corresponding particle in the anti - 
world, such as electron -selectron-positron). 

And strings? Well, here comes another 
mathematical conceit All attempts to include gravity 
in the above theories kept bringing in awkward 
infinities again. This all comes about because the 
physicists, when they're not treating them as waves, 
treat their particles as mathematical points. If on the 
other hand you look on them as strings, little one- 
dimensional lines, things start to look friendly again. 

Fig. 22 Creating a 

child universe 

U 

SPECIAL OFFER 
FOR SPECTRUM AND BBC MICRO OWNERS 

Now your computer can take control for 
an affordable price. These tried and trusted 
interfaces from DCP Microdevelopments are 
offered at £20 off the normal price. 

Both units are extremely easy to use from 
both Basic and assembler/machine code and 
are supplied ready built and complete with all 
the documentation you need. 

To order by post fill in the form below (or 
a copy) and send it with your remittance to 

ASP READERS' SERVICES (RO ET5/6) 
9 Hall Road, Maylands Wood Estate, 

Hemel Hempstead, HP2 7BH 
Please make cheques payable to ASP Ltd. 
Overseas orders add f5 (Interspec) or £10 
(Interbeeb) for airpost. 
Access and Visa card holders can also place 
their order by phone on (0442) 41221 
Allow 28 days for delivery. 

Please supply Interspecs (RO ET5) att] 
£29.95 plus £1.95 p& 
Please supply In ET6) at 
£49.95 plus £1.95 p& 

Name 

Address 

Please debit my ACCESS/VISA card 

No to the sum of 
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Not only does the problem with infinities vanish, but 
gravity doesn't need to be added to the theory - it's 

already three. Gravity - specifically a graviton with 
zero mass and spin 2 - is a necessary part of any 
workable string theory of the particle world Now 
they've just got to find the elusive little particles. 

That's your lot I shall pause only to add an 
interesting cosmological rider on the quantum 
fluctuations due to SE. bt>h. 

In general relativity, gravity and mass have 
opposite energies - we label mass as positive energy 
and gravity as negative energy It is possible that the 
gravity of the universe exactly cancels out its mass so 
that the overall energy of the universe is arbitrarily 
close to zero If so, then the universe could be 
conceived of as nothing more than a quantum 
flunctuation with E very very small and t very very 
large. Fun, hey - and there's more. 

Want to make a universe? All you need is the 
energy of a large hydrogen bomb. Confine the energy 
in a matchbox to squeeze a small portion of our 
universe into a mini black hole. Conditions within 
match those early in the birth of the universe where 
quantum fluctuations could create a small bubble of 
space time. At these energies and densities the bubble 
would be forced out of our universe and a new `child 
universe' is born in another space and time (Fig. 22). 

Of course if we did create such a mini black hole 
it would explode within about 10-13 of a second Not 
very long for a universe to evolve, you might think 
But that is only the time -scale as viewed from our 
universe. The child universe is completely separate 
from our space time Inside it the whole cycle of 
inflation, steady expansion, formation of galaxies and 
the evolution of life could run its course while we were 
still opening the matchbox to see if it had worked 

INTERSPEC £29.95 
The Interspec unit plugs directly onto 

the expansion edge connector of the 
Spectrum to provide a full range of 
interfacing facilities. 

The unit is housed in a plastic case 
approximately 41/2x3xlin which contains the 
top quality double sided PCB and interface 
connections. 

8 -bit input port 
8 -bit output port 
four switch sensor inputs 
four relay -switched 12V 1A outputs 
eight channel multiplexed analogue to 
digital converter 
15 -way expansion bus 
All sections of the interface are I/O port 

mapped and designed for maximum com- 
patibility with existing Spectrum 
peripherals. Power is supplied through the 
Spectrum edge connector. 

The expansion bus provides all the data 
and address/control signals for the addition 
of further DCP modules or home -built 
devices. Connection is by multi -way PCB 
connector and all the information required 
for adding further devices is given. 

INTERBEEB £49.95 
The Interbeeb unit connects to the BBC 

micro's 1MHz bus expansion connector 
and is supplied complete with its own 
power supply unit. 

The interface unit is housed in a plastic 
case approx 41/2x3xlin which contains the 
top quality double sided PCB and interface 
connectors. 

8 -bit input port 
8 -bit output port 
four switch sensor inputs 
four relay -switched 12V 1A outputs 
eight channel multiplexed analogue to 
digital converter 
precision 2.5V reference 
external power supply 
15 -way expansion bus 
All sections of the interface are memory 

mapped in the 1MHz expansion map for 
maximum ease of use and compatibility 
with existing peripherals. 

The expansion bus provides all the data 
and address/control signals for the addition 
of further DCP modules or home -built 
devices. All the information required for 
using additional devices is included. 
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OP -AMPS 

aving successfully minimised the effect 
of an op -amp's bias current on circuits 
last month, I'll now risk upsetting you 
by saying that unfortunately this is not 
the end of the story. Another cause of 

DC errors is the input offset voltage. 
In all articles so far, I have assumed that if the two 

input terminals of the op -amp are at the same voltage, 
the output will be at OV. This is not the case and the 
reason can easily be seen by inspecting the input 
circuits of the 741 op -amp (Fig 1). Unless the four 

TO BIAS CIRCUIT 

-INPUT 

BIAS CURRENT 

TO NEXT STAGE 

Fig. 1 The input stage of a 741/MC1458 op -amp 

input transistors are exactly matched, the voltage 
needed to cause a given current in the collector will 
not be the same for both pairs Because of this 
'mbalance, the output of the op -amp will be at OV 
.vhen a small difference in voltage exists between the 
wo input terminals. This voltage is known as the input 
offset voltage, and may be around 10mV for a low cost 
bipolar op -amp. 

Taking the same four circuits as last month (Fig. 
2). let's see what effect this has on their operation, 
assuming once again that the gain of each op -amp 
`.s large enough for any variation in the input voltages 
:o be neglected. In Fig 2a, all that will happen is that 
:he output will settle at - 10mV (we'll assume that the 
Dffset has the +input 10mV higher than the -input) 

Ah . . but of course what I should say is that all 
:zings being equal it would settle at -10mV Last 
month we discovered that all things are not equal - 
-here is already a +100mV offset due to the bias 
current. In this case, the output will actually settle at 
-90mV, so the input offset has actually resulted in 
a slight improvement! On the other hand, the specified 
:OmV voltage offset could actually be in either 
±rection so the two might add up to give +110mV. 

However, it's clear that in this circuit the output offset 
due to bias current outweighs that due to input voltage 
offset. 

Adding the extra resistor in series with the 
+ terminal will bring the bias current induced offset 
down to the same order of magnitude as the voltage 
induced offset, and you could reasonably expect the 
output voltage to lie somewhere between - 20mV 
and + 20mV. Zero if you're very lucky! 

Figure 2b we have already found to be a dud 
from bias current considerations, so seeing what 
additional effect the input offset voltage will have is 

purely academic. As it turns out, the component of 
the output voltage necessary to maintain the - input 
10mV below the +input is -10V (-10mV x the 

Fig. 2 Example circuits to analyse and alter 

circuit gain of 1000), which means that the output is 

now only straining to reach 90V instead of 100V. 
Perhaps it won't quite dent the positive supply rail as 
much as before. 

In Fig. 2c we have the DC coupled version of the 
series feedback circuit which was not too bad from a 
bias induced offset point of view. On the other hand. 
the output will still amplify up the - 10mV on the 
-terminal to give -10V at the output. Not too good 

With bias currents 
safely under his belt, 
Paul Chappell 
confronts the hazards 
of offset voltages in 
the op -amp world 
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C1 AND R1 WOULD BE 
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CIRCUIT CAN BE USED 

Vin I0V) 

Fig. 3 Improved circuits from Fig. 2 

CURRENT 

OFFSET NULL POT 
(EXTERNAL) 

In Fig. 2d this is achieved by a capacitor in series 
with R1, to give Fig. 2a. In Fig. 2c the capacitor goes 
in series with R2 to give the kosher version of Fig. 2b 
(Fig. 3b). 

That's all very well for AC amplifiers, but often 
an op -amp circuit is used in conjunction with, say, 
temperature or pressure transducers, or other 
applications where very slow moving signals are 
involved. Even if you could get hold of a large enough 
capacitor for the purpose, the settling time of the circuit 
might be hours, or even days! Let's face it, sometimes 
there's no alternative to DC coupling. 

If the output offset is too large to be tolerable by 

R3 
a factor of ten or so, one way to reduce it is to apply 

1ko offset trim. Many single op -amps have terminals for 
C2 just this purpose: a preset pot is connected between 

the two terminals with its slider to one or other of the 
supply rails (depending on the type of IC). The effect 
is to vary the current ratio in the two input transistor 
collectors, to counteract the imbalance of their base 
circuits Figure 4 shows how this works for the 741 
type ICs 

SINCE 03,4 BASES ARE HELD AT 
CONSTANT VOLTAGE, CURRENTS 
IN EACH WILL DEPEND ON EMITTER 
RESISTORS. POT VARIES RATIO OF 
EMITTER RESISTORS AND HENCE 
RATIO OF CURRENTS SUPPLIED 
TO Q1 AND 02 

Fig. 4 Offset nulling in 741 type ICs 

Figure 2d is no better. Yet again the input offset 
will be amplified to give -10V at the output. It begins 
to seem as if the only practical op -amp circuit is Fig 
2a 

Thankfully, this is not the case. There is no simple 
'fix' to remove the effects of input offset voltage, but 
it certainly needn't be as high as the story so far might 
suggest Ignoring 2b, which was a non-starter anyway, 
it's clear that the large output offsets of Figs 2c and 2d 
are due to the fact that the circuits amplify at DC and 
magnify the input offset voltage by the circuit gain. The 
fact that Fig 2a is 1000 times better suggests one 
solution: reduce the gain to unity at DC. 

Trimming 
The offset can be trimmed to zero by this means, so 
it would be the ideal solution if not for the fact that the 
input offset voltage will vary with time and 
temperature. If you reckon on much more than a 
factor of 20 improvement over the IC in its 'raw' state, 
you may be unduly optimistic. Unless of course you 
are willing to keep adjusting the null pot every time 
the drift makes itself felt. 

The essential entry in the specifications table is 
the offset voltage drift - for general purpose op -amps 
it will be given in terms of so many µV per °C. For op - 
amps intended specifically for DC amplification, you'll 
probably get some indication of the long term drift with 
time too. 

Another possibility is to arrange your own offset 
null In the circuit of 2d, for instance, instead of taking 
the +input to ground, take it to the slider of a pot 
which will vary the voltage between ±10mV. Then 
adjust until the output is at OV. An even better idea 
with dual or quad op -amp packages is to assume that 
the temperature drift of two ICs in the same package 
will be similar, and incorporate another op -amp in the 
nulling circuit in the hope that they will track. This can 
often give very good results 

An obvious solution is to apply money to the 
problem Buy a better op -amp! Some very good dev- 
ices can now be had for quite reasonable cost. The 
OP77, for instance, has a maximum input offset 
voltage of 60µV, a long term offset stability of around 
400nV per month and a maximum temperature drift 
of 0 6µV per °C (all this for the GP version). These 
features and many more very respectable 
performance figures in an IC which costs less than £2! 

The ultimate solution for circuits where even the 
slightest offset is intolerable is to use one of the many 
types of chopper, stabilised or auto -zeroing amplifiers. 
The principle of the true chopper amplifier is illustrated 
in Fig. 5. The chopper FET switches the input to the 
AC amplifier continuously between the voltages at the 
+ and - input terminals. 

The amplifier is AC coupled at both the input and 
output, so its own voltage offsets have no bearing on 
the signal. The result is an amplified square wave, the 
amplitude of which depends on the difference in volt- 
age between the two input terminals, but not at all on 
their common mode voltage. 

After amplification, a synchronous demodulator 
restores the waveform to a DC level, which is then 
buffered and appears at the output. The only place 
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where significant DC errors can be introduced is in the 
output buffer, and as we've already seen it is gain that 
causes the problems. A unity gain buffer can be made 
to behave itself very well indeed 

The kind of performance possible with amplifiers 
of this kind is exemplified by the Analog Devices 261, 
with a maximum input offset of 25µV, a drift with 
temperature of 0.3µV/°C and with time of 0.514V per 
month. 

Even better performance is achieved with the 
auto -zero or `capacitor nulling' breed of amplifiers. 
Details of operation vary from device to device but all 

have the common feature that the input offset voltage 
is somehow transferred to a capacitor on one phase 
of the clock, then the voltage on the capacitor is added 
to the input signal in such a way as to cancel the offset 
on the other clock phase. It usually involves some 
fairly complicated switching - often there will be two 
separate amplifiers which are zeroed and used 
alternately, so that one or the other is always able to 
amplify the input signal. 

Figure 6a shows the bare bones of the process 
(or one way of doing it, anyway) and Fig. 6b shows 
a practical version as used in the ICL7605/6. The 
principle is that in the nulling phase, the op -amp's 
offset is transferred to the capacitor. Let's say the offset 
voltage is 10mV, with the -terminal positive with 
respect to the +terminal The circuit will stabilise with 
the output at +10mV, and a voltage of 10mV across 
the capacitor. 

In the amplify phase, the capacitor holds the 
internal amplifier's +terminal 10mV below the voltage 
at the + input of the complete amplifier If the two 
input terminals were now at the same voltage, the 
output of the amplifier would indeed be OV because 
the two terminals of the internal amplifier are held 
10mV apart by the voltage on the capacitor. 

AUTO -ZERO PHASE 

The practical version of the circuit is nothing 
more than the basic circuit doubled, with each internal 
amplifier being zeroed while the other handles the 
signal. The switching takes place at 160Hz or 256Hz 
(nominal) depending on the voltage applied to the 
`division ratio' pin, which alters the internal clock 
divider. 

The performance of the ICL7605/6 is maximum 
input offset voltage ±5µV, temperature drift 0.2µV/ °C 
and long term offset stability 0.5µV per year. 

These days the trend is for the performance of 
non -switching op -amps to catch up with and even to 
overtake that of the chopper or commutating types. 
The prices of high performance amps of any variety 
are still high, so it pays to look carefully at the design 
problem you're faced with to see whether more careful 
circuit design can relax the specification of the ICs 
needed. 

ETI's breathing rate monitor circuit is a case in 

point. The detection of slowly changing temperatures 
is an `obvious' case for DC coupling, yet by resisting 
the temptation it was possible to use a very ordinary 
op -amp and still to achieve excellent performance. 
There's no substitute for careful thought! 

Fig. 5 Principle of the chopper amplifier 

yFL" 

trai 
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H 

Last month the cure for the circuit in 
Fig 2d was giv3n as a 1MO resistor 
is series with the +terminal. The 
value should have been 1kO 

Fig. 6 (a) The auto -zeroing amplifier. (b) The ICL7605/6 
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XK125 Complete kit of parts £24.00 

DL1000K This value -for -money 4 -way chaser 
features bi-directional sequence and dimming. 
1kW per channel .... E19.25 
DLZ1000K - A lowe coal uni -directional version 
of the above Zero switching to reduce 
interference 

. £10.80 
DLA/1 (tor OL 8 OLZ1000K) Optional opto input 
allowing audio 'beat'/light response 77p 
DL3000K -3 -channel sound to light kit features 
zero voltage switching, automatic level control 
and built-in microphone 1 kW per channel £15.60 
The 01.8000K is an 8 -way sequencer kit with built 
le opto''isoleted sound to light input which comes 
complete with a pre-programmed EPROM con- 
taining EIGHTY - YES 601 different sequences 
NbNldnp standard Mahing and chase routines. 

ment, zero voilage switching LED mimic lampa 
and sound to light LED and a 300 W output per 
channel, 

And the beat thing about his the price 

ONLY £31.50 

ORDER NO XK118 £15.00 

Designed to con- 
trol 4 outputs 
independently 
switching on and 
off at present 

of time and day, easily 
way keyboard Ideal 
control including differ 
weekends Battery back-up circuit 
Includes box 18 time settings 
CT6000K £47.20 
XK114 Relay kit for CT6000, includes PCB, 
connectors and one relay. Will accept up 
to 4 relays. 3A/240V c/o contacts .. £4.30 
701 115 Additional relays . £1.60 

PP3 battery end 
Two keyboards 
end MK10 (16 - 

bar of outputs to 

MK12 IA Receiver lint transformer) 
£16.30 
£7.50 
£2.20 
£6.55 

er £2.60 

7126 and a 3'/digit 
liquid crystal dis- 
play, this kit will 
form the basis of a 
digital multimeter 
(only a few additional resistors and switches 
required - details supplied) or a sensitive 
digital thermometer (-50°C to +150°C) 
reading 0.1° The kit has a sensitivity of 
200mV for a full-scale reading automatic 
polarity and overload indication Typical 
battery life of 2 years (PP3) £17.00 

on ZN414 IC, kit includes 
PCB, wound aerial and crystal 
earpiece and all components to 
make a sensitive miniature radio. 
Size: 55x27x2cros. 
Requires PP3 9V battery 
IDEAL FOR BEGINNERS £6.60 

Uses "burst fire" tech- 
nique to maintain tem- 
perature to within 
0 5'C Ideal for photog- 
raphy, incubators, 
wine -making, etc. Max 

load 3kw (240V ec1 Temp range up to 90'C Size: 
7a4x2 5cros 

surplus stock. 
Pack A: 650 x .25 watt resistor 47R -10M 
Pack B: 60 x Radial electrolytes luf- 

1000uf 
Pack C: 30 x Polyester capacitors a or 

001 of -lut 
Pack D: 35 x horizontal presets 1k -1M 
Pack E: 30 x IC sockets 8, 14, 16 pin 
Pack F: 25 x Red 5mm LEDs 
Pack G: 25 x Green LEDs 

£4.25 

£3.25 

£4.50 
£3.00 
£2.00 
Lt.. 5 
£2.00 

Pack H: 30 x 5mm LEDs 10 Red, 
10 Green, 10 Yellow £2.50 

Pack J: 50 x 1N4148 silicon diodes £1.00 
Pack K: 40 x npn/pnp transistors BC/182/212 

derless Breadboard (verobloc type) 
When you buy all ten packs. 
Prices exclude VAT (15%) 

seine we measure° volts 
short circa torten! of over 4 

OF USES IN THE CAR OR CARAVAN, E.G 
Charging NiCads, powering low voltage circuits where mainsor batten 
supplies are inconvenient or coupled to a lead acid battery and 
simple inverter you could build yoursen a sell contained maim suoc 
for low power appliances 
Stock No 303 105 (+ £1 75 for p&p on total 

ois kit uses phase control 
techniques lo vary the power in 

a mains load by means of a d.c. 
control voltage. The control 
voltage (which may be derived 
from a potentiometer, (hennis 

to be vaned from from 210 B volts to vary the 
maximum and an amplifier is included for smaller collages. The c 
is mains powered and can control up lo 1 kW il the Iriac is liked 
a healsink. A d c supply Is alsoav 
Applications include lighting c 
aquariums and aviaries, motor 
temperature controllers The kit includes a printed circuit board, 
components together wan a circuit diagram, instructions 
applications circuits. 

i 

or driver circuits 
4 KV TERMINALS TO HEATSINK ISOLATION: Simply boll 

3V to 32V INPUT VOLTAGE: easily interfaced to TTL or CMOS 
LOGIC. 
24V to 240V rms LOADVOLTAGE. Enabling switching GI 
inductive loads. 
BUILT IN SNUBBER NETWORK Enabling swilchrng or 
inductive toads 
10A MAXIMUM CURRENT: 4A with no healsink filled al40° C 

Good quality tools selected to otter outstanding value for money 
650 001 bin mini Snipe Nose Mere. Serrated jaws and ran 
spring. 02.10 
650 005 Bin lap tainted side cullers Insulated handles and return 
spring 

02.10 
650 006 Light duly cullers Cuttings capacity 0 22-1 2mm copper 
wire. 

CI 
TOOL KIT Contains: side cullers, snipe nose pliers. wire slripp 

flat blade screwdriver, Phillips screwdriver in black textured, reinter 
and padded case which when opened out 
240 x205mm. 

650 007 Sell-adiuslable automatic wee stopper with Dulll-in cable 
cutler. £3.95 
650 012 Watchmakers Screwdriver Sel. 1.0/1 4/2.0/2 4/3.0/3.8mm. 

CI 75 
650 012 Se Steel Tweezers. Straight nosed 
nosed -revers nosed, lai nosed. 110mm long 
650 502 Re Onll. 
650 500 Titan 12V dc Drill 
650 570 Saturn Mains Doll 

WE ALSO STOCK ANTES IRONS AND ACCESSORIES 

HIGH GAIN 
AMPIIFIEF 

lee 

TINUITY BUZZER and 
10A AC/DC current 
ranges. High accuracy 
and automatic opera- 
tion - a must for the 
professional or serious 
hobbyist Size: 127069 

wheel (pattern provided) is 
made to rotate when a 

wan cue correct tooth to diameter ratio 
ES1 
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ad to dddrb.0. presume nit w any other 
intruder detector sch ml rntdm sew 
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of * utrgbar.mMYe drwm Milder 
Mew peen end try Hie eMwhere The kit re 
embed complete with high teaeer5 PCB, tone 
runner, ell components end Mstnac tons AO you 
P441 i. mains 814PN. mud« &w ow end WS time Thu In aven inductee Ilan pooled 
Witch n ...annal to produce the loud bound 
required Tir "dog" an be OdemW to produce bar. milting from Tonhr to an *keen and 
contais (aeunry to produce random non of 
badge geeing . more 'Magee aacl 

DISCO LIGHTING KITS 

The KIT Wide* lue Inawcoone end al cornea, 
enu leven tir Pfd :onn.etorst and ragten guy 

bee end a control knob to complete Other 
lemur« Incsar manual »perse. weed Won. 

IEN EXCITING PROJECTS 
EOR BEGINNERS 

llat has beet goodly beir re omens SaaDERE55 &EAOBWIO, LOM 
MISHITS, rd a 80010$T with seentawlo to 
amble tir Saisi. neo to build TEN lurirehp 
p.oeda include" a 4*M wade swill. etertern. 
Weal dam. d .natron led Each Pc et 
e«Wdn e .neat digman, emenervt of operation 
are on may lo 10151 terne dogme A teem Co 
cwryare dentdrnm ark twain n rdrded. . iahhq the Wenner to maid the wart tuft 
u liidMw 

MICROPROCESSOR TIMER KIT 

me6 over a 7 -day 
yrle LEO display 

piOç r, irr .. , 

for ein,; neat r_ 
ant sermon timet(. 

VERSATILE REMOTE 
CON fROI KIT 

Ti kit include, 
.0 components 
(s trenstonner) 
to mete sensi- 
tive IR rewriter 
with le logic 
output. 10-15V) which with ermeble nterface 
circuitry (roeye, Made. etc - death supplied) 
can be wed to switch w to 16 num. of 
equipment on or oft nmmteq. T. outputs 
may be latched (to the 6n received code) or 
m0m.M.ry ton during iren.ml..dn) by ope- 
ofwnp the decoder IC end 15V eseeed 
. apply h eveaable to power sdamel Circuit.. 
Supply' 240V AC or 15-24V OC et IOnA. 
Sae (excluding trenaomw) 9 x 4 x 2 unit 
The companion ir.n,meter h the MCiB 
which operates from 9V 
givtu e range of up to 80f1. 
e re evaaebie-Mkti 14 -warf pre dependng on the bum 
be used. 

MK19 Trammed., 
MK9 4 -Way Keyboard ... 
MK10 1eW.y Keyboard. 
001 133 Boe for Trammel 

HOME LIGHTING KITS 
These kits contain ell necessary tampon - 
ente and full instructions and are de- 
signed to (apiece e standard well awhth 
end control up to 300W of lighting. 
TD113001( Remote Came Dirent £10.00 
NM Tunicier for above E5.10 
TD3005 ToudidrrvrS. £8.30 
T13O01( TtKrAswnch f.9.30 
TDA/K Enamor kit for 2 

samdrig for TD3OO £2.95 
LD 300K Light Droner £4.75 

fDesigned to produce a 
hph mtnrry light Pules 1 eta ysrrble h.pudRy of ...I,,Ic1\ 1 to 15Hr tun kit oleo 
iMlOdee crounry to trig 
get the light horn an ex- 

ternal voltage source Íeg a loudspeaker) w 
an opto isolator Inbructione en also sup- 
plied on modlymg the unit for manual trtwit ag, se I Slave than In photographic pUiwtions or a, a warding bepdrl n 
security apphcedons This kit alludes a l t 
quality pcb. components connectors, 6W 
strobe tube and full assembly autrucaona. 
Supply 240V ac Sian. 90 a 50 a 45 
XK124 STROBOSCOPE KIT ..., £13.75 

DM-ULTRA SENSITIVE 
THERMOMETER KIT 

Based on the ICI ,nhr'.a çcv 

XK113 MW RADIO KIT 

BARGAIN COMPONENT PACKS 
Refill those empty Component drawers at a 
fraction of the normal price and don't be caught 
Without that odd resistor or Capacitor to 
complete your protect. All components sup- 
plied are to fun spec, and are not seconds or 

GIANT SOLAR CELLS 
ioda el STOCK Niagara fur isolai mrwe l2 

lam not Mirer sea, It rtes Mann m blglt 
eumyyll are +I rule MM of aeponnna 
Kenton day ILA ab watt» In bagel sen 
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wetOrdolfe od arm Ik. 
wet Mods ach led mum 

end 
end 
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SOLID STATE RELAY BARGAIN 
:Fnp /L1AGt 
bWiTCMING le 'can 
..rrme. zpcblsrs ]irV WOO- bfalTPyT 
l_L.:prION r1,M1to! 
['enacts l,.,ie c,noiup 

101115 * Inali * IDOLS 

roll Staines 
*Wee eery 
Nandi- l2V er 

omt 

t2.21 

Wage 
Flag 
Cage 

tl».$ 
rtes» 

f2 25 

AUTORANGING DIGITAL 
MULTIMETER 

High quality meter With 
features normally 
found on malais coding 
much more e c 
DISPLAY Hot 
MEMORY, CON 

o Timm 
AC VOS. 0dd0V 
DC Volts. 0200e.m 2.20.200-1000i 
AC Currant. O-20m-2000rA 11.2%) 0.10A f2%l 
OC Culne 0-200.200rA 1.2% MlleA )1 6%i RKnurte O200.2Ka20K-200Ko2MIt%I 
Continuity Buzzer ,.bate.., lt 20 ono (33.00 

N 

SUPERSENSITIVE FM 
MICROBUG 

SNiITIyE 
buttrnET wc 

vanrcnu vr.an 
TwpN9u.iTrT[x RV^am i'n 

Ç,11N 1IT 

..10r caSni. irr wirrlat5 taw win. 
I4 Gan RE5157 Ise abm.I 

Highly »nelbve FM n0Mmullor measurrrp only 45 a 25 a 15mm, including the btilbm 
mictodhOne. Frequency 138.100MHe enabling reception on a standarddomestic FM radio. Range apnonlmalefy 300m depsndmy on terrain 
Powered by SV PP3 (7nAl nismel( sine end NON'S renenee eleCeel microphone makes it deal lo, tnrwiilanca Mihy Marco etc. 

(5.50 

RECHARGEABLE- SOI (WRING IRON 

Powerful cordless iron completo with 
table-top/wall-mounting charging 
bracket Reaches soldering temperature 
in 10 seconds Includes lamp which 
lights when soldering. Cornea with 
mains charging unit and 12V car battery 
adaptor. Special Offer 115.95 

ELECTRONIC WEIGHING 
SCALES 

This kit contains a Single 
Chip Microprocessor, PCB, 
displays and all electronics 
to produce a digital readout 
of weight in Kgs or Sts and 
Lbs. In normal use a toothed 

weight is placed onto the scales, 
interrupting two in» -red beams The pro- 
cessor counts the number of teeth passing 
the sensor (up or down. depending on 
which beam is broken.hrst) and shows the 
reading on the LED display in Sta. & Lbs.. 
Lbs or Kgms. A PCB link selects the scale 
for bathroom or two types of Kitchen 
Scales. A linear version of the toothed 
wheel could also be used. Other uses 
include upfdown counters. A low cost 
digital ruler could be made by using a wheel 

£6.50 

PROPORTIONAL TEMPERATURE 

CONTROLLER KI I 

MK4 £7.80 1 

THELECTRONICS 
13 BOSTON RD 
LONDON W7 3SJ 
Tel: 01-567 8910 

SEND 9"x8" S.A.E.& 
50p FOR CATALOGUE 
OR CALL AT SHOP 
MON-FRI 9-5pm 
SATURDAY 1O-4pm 

ORDERING INFORMATION: 
ALL PRICES EXCLUDE VAT 

eniFREE P&P on orders over £20 (UK only), otherwise add 75p + VAT. Overseas P&P: Europe £2.75. Elsewhere £6.50. Send cheque/PO/Barclaycard/Access No. with order. Giro No. 529314002. 
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME GOODS BY RETURN SUBJECT TO AVAILABILITY 
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Fig. 1 The standard 
safety label. Take note 
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A 
LASER OIODE 
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FLUORESCENT 
SCREEN 

r-] 

l=c1 

DANGER 

PEAK POWER mW 

GROUNDED 
SOLDERING 

IRON 

IONIZED AIR 
BLOWER 

WRIST STRAP 

HUMIDIFIER 

CONDUCTIVE 
TABLE MAT 

GROUND 
THROUGH 
A 1M0 
RESISTANCE 

CONDUCTIVE FLOOR MAT 

BROUGHT TO LIGHT 

thought last month that I had finished my brief 
introduction to opto -electronics. However, as 

we went to press I found a source of laser 

diodes at £16 (yes - sixteen quid!). This 
caused me to postpone my revue of electronic 

sensors in favour of some basic practical information 
on how to set up an experimental laser using one of 
these diodes 

Figure 1 reproduces the standard laser safety 
lavel for non -visible output lasers. The top line means 
what it says! Although the dispersion angle of 
semiconductor lasers is quite wide (minimum 8°) 
there is a lot of power available in addition to the small 
percentage of visible light It may not look very bright, 
but your eyes can be damaged permanently by the 
invisible infra -red (IR) emission With this diode 30cm 
is the absolute minimum safe viewing distance and 
even this is not advisable. 

Figure 2 illustrates the recommended safe 

procedure for viewing the output from your diode. 
The safety glasses are not sunglasses. They are special 
green (usually) glasses designed to filter out the IR. 

The fluorescent screen emits visible light when 
exposed to IR so you can see an image through the 
glasses I suggest that you have a chat with either your 
Sharp distributor or with Kodak Professional Sales in 
London before going ahead. 

Please note that the above is no joke if you want 
to keep your sight undamaged. It is, however, 
unnecessary to assume the gormless facial expression 
illustrated in Fig 2! This takes a lot of practice and 
contributes very little to either safety or experimental 
results! 

Diode safety 
Having looked at personal safety, we now come to 
diode safety Even at £16 to £35, you don't want to 
blow up too many diodes! The bees knees of laser 

diode handling stations is shown in Fig. 3. Once again, 

the facial expression is irrelevant and I think this system 

shown is extreme over -kill. Where I work nobody uses 

humidifiers or ionisers and very few use floor mats or 
wrist straps. The conductive bench mat is definitely 
essential, as is the grounded soldering iron tip but that 
's about all that is needed provided you are careful and 
Intelligent about the static problem. 

Obviously, you should not wear a nylon shirt and 
stroke the cat for half an hour before soldering your 
.aser diode on a polypropylene carpet but it is not 

SAFETY GLASSES FOR 
PROTECTION FROM 
LASER BEAM 

Fig. 2 Safety precautions 

necessary to use a conductive neck tie attached to the 
ceiling unless you are really desperate. 

The aim is to prevent static discharge with spike 
potentials in excess of about 20V (yes twenty) This 
is surprisingly simple. All you have to do is ensure you 
are resting your bare arms on the same conductive 
surface the diode is on at all times while you are 
touching it, and before you touch it if you have lost 
contact with it. 

Here again, another warning: It is extremely 
dangerous to make a conductive mat out of metal or 
other good conductor. If your soldering iron should 
short out, you could kill yourself even if there is a 

resistor to ground proper in the lead A conductive 
mat should always have an inherent resistance of 5k 
to 100k per linear centimetre in addition to a series 
resistor of IMO at 2W rating as near as possible to the 
earthing point. 

The best system I have found is to use a 13A 
mains plug with the live and neutral pins entirely 
removed and to put the IMO resistor inside the plug 
body. A substantial yellow wire (1 5mm sq/15A 
rating) is soldered to the resistor, the tord gripped 
using a nylon tie (not insulating tape as this 
deteriorates with age and slips) and terminated in a 

standard crocodile clip which attaches to the edge of 
the mat. To strictly conform with safety regulations, 
the plug body should be painted bright yellow! 

Commercial conductive mats are expensive but 
a cheap and adequate compromise is to use a 

conductive bag. These can frequently be begged from 
electronics component shops and even a slightly 
damaged one will do. Slit it open and unfold it. and 
you have a reasonable anti -static mat, albeit not very 
durable. 

Test it with a DMM to make sure it is conductive 
as specified above, as many (mainly transparent or 
pink) bags are static passivated (they don't generate 
static) but not really conductive The bag that works 
would normally be black Another alternative for the 
more intensive experimenter is to purchase an offcut 
of proper matting These can usually be obtained quite 
cheaply from firms that make special mats for industry. 
I got a 6 x 2ft conductive polyethelene mat from 
Conductive Products as an offcut for about £15, It is 

a really durable material about 2mm thick, with a 

textured surface. The piece was not quite square but 
I trued it up with no more than a craft knife and straight 
edge 

Fig. 3 The over -kill workbench for the static mad 

Mike Barwise 
enthuses over a cheap 
laser diode but finds 
using it isn't that easy 

WAVELENGTH nm 
CLASS IIIb LASER PRODUCT 

SEMICONDUCTOR LASER 
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Fig. 8 The Sharp laser diode structure 

125um 
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HEATSINK 
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Fig. 5 The LC circuit 

Fig. 6 Optical power 
measurement 

)a) 

Fig. 7 Incorrect and 
correct diode clamping 

I b ) 
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DC POWER 
SUPPLY 

INDUCTOR 
10-100,H 

MONOLITHIC 

CAPACI 
0.3-1 5u 

LASER 
DIODE 

PHOTODIODE 1 1 3 

TWO -WIRE 
SHIELDED 

CABLE 

LC CIRCUIT NEAR 
THE LASER DIODE 

HEAT SINK 

Fig. 4 Circuit board precautions 

The Diode In Service 
Laser diode protection does not stop as soon as you 
have soldered it in place. For the diode to survive it 
must be protected throughout its life from static and 
surge currents. Figure 4 shows the Sharp 
recommended layout for this. note that an LC filter 
is assembled as close as possible to the diode. A typical 
filter is shown in Fig. 5. An ACC is an auto current 
control and an APC is an auto power control. More 
on these in a moment 

The final notes on handling concern setting up 
the drive current to avoid overload and physical 
handling of the package. 

As to power measurement, it is totally wrong and 
very dangerous to the diode to set up the power by 
measurement of input current only. The input current 
versus optical power and the lasing threshold vary 
dramatically device to device and over temperature 
for any given diode, so this is the best way to blow one 
up in less than a nanosecond. 

Optical power meters are generally very 
expensive, but a good compromise is shown in Fig. 
6. A large area photodiode (Sharp rcommends the 
SPD102) is used with a load resistor and mV meter 
(DVM set to 200mV range or lower). Using the 
SPD102 with a 1OR resistor, the output is 5mV per 
mW of optical power. With this detector, 200mV out 
should not be exceeded, as it goes non-linear above 
this 

Needless to say, this test should be done in the 
dark. A small metal or plastic box containing the 
detector diode can have a hole in it through which the 
laser diode can be inserted. 

Note that these laser diodes have internal reference 
diodes which are used for active power control in 
conjunction with a controller IC. To avoid light getting 
reflected back off the detector onto the reference diode 
(which would temporarily reduce the laser output 
power - resulting in overdrive) the detector should 
be tilted at an angle of about 15°. 

It is important the whole output of the laser diode 
falls on the active area of the detector. If in doubt, 
always place the two closer together rather than 
further apart, and do a little Phythagorus theorum on 
the basis of the dispersion angles given in the laser 
diode data before designing your little box. 

When mounting your laser diode, remember it 
is a precision mechanical structure. The glass window 
can be cracked by stress, so mount by the flange only, 
as shown in Fig. 7. Also remember that contamination 
on the window will cause severe output degradation 
due to diffraction effects (a fingerprint will act as a 
crude meaningless hologram). Never touch the 
window but after you have, clean it with ethanol or 
Isopropyl Alcohol, not India Pale Ale! Although it is 
generally recommended that these devices are 
assembled in a clean room, it is not strictly necessary. 

Precautions should be taken to avoid lumps of 
goop and pieces of fluff landing on the window during 
assembly and while in service but this is reasonably 

AC NOISE 
FILTER 

easy to ensure in the average electronics environment. 
Be extra careful if your bench is in your bedroom. If 
so, it is probably worth putting an open kettle of boiling 
water on the bench about 10 minutes before you start 
work to lay the dust. 

The Diode - At Last! 
Figure 8 shows the construction of a typical Sharp 
laser diode. The black rectangular blob in the middle 
of the active layer is one end of the resonant cavity 
I mentioned last month. It has a partial mirror at each 
end to reflect part of the light and is of a critical length 
which is an exact multiple of the wavelength of the 
primary emitted light. Figure 9 is a section of the laser 
diode package showing the relative positions of the 
laser and reference chips 

The general term `coherence' used last month 
actually encompasses two different attributes of laser 
light: temporal and spatial coherence. 

Temporal coherence (Fig 10b) is a measure of 
the spectral bandwidth of `purity' of the emitted light 
A perfect laser from this point of view might emit light 
at a wavelength of, say, 783nm, and no other 

r 

Fig. 9 Internal structure of the diode 
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WAVEFRONTS 
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t+2 3 

AVEFRONTS 

/ ENT SOURCE 

patial coherence 

1 

6V 

wavelength This is practically impossible. There is 

always some spread. As will be seen later, the spread 
is very dependent on the proportion of maximum 
power at which the diode is being driven, anyway The 
`coherence length' is the distance from the diode over 
which the emitted light remains in phase along any 
one axis. The coherence length of these cheap laser 
diodes is very short - about 2mm In fact, by the time 
the light was emerged from the package window, it 

can be considered temporally incoherent. This is 

designed -in on purpose. These diodes are produced 
for use in CD players, where excessive temporal 
coherence leads to increased noise. 

Spatial coherence (Fig 10d) is a measure of how 
perfectly the optical wavefronts conform to segments 
of concentric circles centred on the emission point of 
the diode. The better the spatial coherence, the 
smaller the area of the focussed spot through a 

collimating lens The spatial coherence of a CD player 
diode has to be good: a small spot of light is needed 
at the surface of the disc. Similarly, if you are to launch 
the light efficiently into an optical fibre (core diameters 
from 2 micron to 50 micron) you need a high degree 
of spatial coherence. 

Any lens used to focus the light from the laser to 

a small spot is a collimating lens Normally a 

microscope objective of about x 10 focal length is 

used. In this case, the diode finishes up about 2-4cm 
from the threaded (back) end of the objective and the 
focussed light is insertable into a fibre about the same 
distance from the other end. 

Warning!! Collimated laser light is extemely 
dangerous. The spot is very small so the relative 
intensity is dangerously high. Never look directly at 
the output of your collimating lens along the optical 
axis. 

To set this type of system up, you need some kind 
of rigid adjustable support for the laser diode, the 
collimating lens and the fibre or other device the light 

is aimed at. Professional aligners are costly but so long 
as you have lots of patience you can use fairly crude 
equipment if it is rigid 

Magnetic bases with clamp -on arms are available 
for mounting engineers' dial guages. These will do 
quite well with care. A steel baseplate about 1/4in thick 
is then an adequate `optical bench'. A good size for use 
with magnetic bases would be about 3in wide by a foot 
or so long, screwed down to large enough piece of 
wood to ensure the system is completely stable When 
aligning the system, the same detector mentioned 
above can be used and the different bits are 
manipulated until a maximum output reading is 

btained. I know this sounds very rule of thumb but 
:t is: just move things around until it comes out right! 

C 
22u 

The laser diode must be mounted on a sub- 
stantial heatsink (not less than 6°C/Watt) 

Driver Chips And Control 
Sharp makes a couple of driver chips which greatly 
simplify the bringing up of laser 
diodes with internal references If you should get a 

laser diode without an internal reference, then the 
driver circuit given last month will serve but it will be 
necessary to add an active cooler/heater. 

All the low cost Sharp diodes have an internal 
reference. This is not more than a photodiode 
positioned to receive a constant proportion of the light 

emitted by the laser 
The driver chip circuits are shown in Fig 11. 

They are both about £4. Figure lla shows a simple 
driver with a TTL compatible control input and Fig. 

llb is a slightly more complex circuit which allows the 
use of a thermistor attached to the laser diode heatsink 

(b) COHERENT SOURCE 

3 THERMISTOR 
BUILT-IN 
PHOTODIODE 
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current and voltage over temperature (which does not 
show much variation) and Fig. 12b shows the optical 
output power versus input current over temperature 
(which varies a lot). The transition between near - 
horizontal and near -vertical in this graph is the lasing 
threshold current. As you can see, it changes a lot with 
temperature, so it is important to keep the diode 

g/heating, use a larg heatsink and 
tched on for too long. scan be seen 
(12b) the threshold c rent at 50°C 

suitable for interferometry anyway (which is mainly 
where critical control of wavelength is required) due 
to its short coherence length. 

What is more of a potential problem is the change 
in bandwidth with optical power output (Fig. 12e). As 

most usuable types of fibre will be large diameter 
plastic (1mm approx), 200 micron plastic coated silica 
(PCS) and possibly 50/125 silica (50 micron core, 
125 micron cladding). The interference patterns 
described last month are quite easy to obtain and with 
a good 'launch' (optical insertion) it should be possible 
to throw a detectable pattern over a distance of some 

main thing is: get experimenting. You might just 
discover something important in this still experimental 
field. Above all, though: do it safely. 

The laser diodes, information about safety 
glasses, viewing screens and detector diodes are 

Electromail: silica fibre 
Lane, Chandlers Ford 
Second Avenue, Deesi 
Clwyd Cl -I5 2NX. 
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to shut it down if it overheats. There is not great 
advantage in using the circuit in 11a. Both circuits 
include slow start to eliminate switch -on spikes and 
both can be driven from TTL. 

It is important to realise that the terms ON and 
OFF do not mean what you normally think. The laser 
is 'off' as, while you can 
m region at high speed, it 
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Fig. 12 Characteristics of the LTO22MC 

Iter (Fig. 5) 
en using thes 
Id be supplied 
control input s 

Sharp LT022MC 
Now let us look at the specific laser diode I am 
enthusing about: the Sharp LT022MC. This cost £16 
+VAT at the last count. Some of its more important 
characteristics are illustrated in Fig. 12. 

Figure 12a shows the dependence of forward 

temperature as constant as possible. In the absence 
of active coolin e 
don't keep it swi A 
from the graph ur 
is about 62mA, which would overdrive the diode 
destructively at 0°C. 

Figure 12c is a dearer indication of threshold 
current change with temperature. 

Temperature change will also alter the wave- 
length of the emitted light (Fig. 12d) due to changes 
in the length of the resonant cavity. This should not 
be a problem for most applications, as the diode is not 

can be seen, the harder you drive the diode, the purer 
the output spectrum. However, it is most unwise to 
drive the diode at more than about 50 per cent power 
in such lash -ups as we are discussing, to avoid 
frequent replacement due to blow-ups. 

Coupling To Fibre 
The main use of our laser diode will probably be the 
insertion of high intensity light into optical fibres. The 

4-6 inches. Sorry folks but the `across the room' laser 
light show is not really on. Remember, also, that most 
of the power output is invisible with these lasers. 

This is the knotty point. Optical sensing using 
coherent light is a pretty complex business. There are 
many alternatives and many modes of operation. 
There just isn't the space to go into them in detail. The 

available from Access Pacific, Bury St Edmunds. Tel: 
(0284) 69661. 

Plastic Optical fibres are available from 
s from York VSOP, School 
S05 3PG or: Opital Fibre, 
de Industrial Park, Deeside, 

ETI 
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SOLDERLESS WIRING 
A W 

Card Number 

ELECTRONICS 

E Si IRE 

_:instruct your electronic circuits the new, quick and easy -to -learn 
ay. WITHOUT solder: with Circuigraph Easiwire from BICC-VERO 

-n Easiwire all you do is wind the circuit wire tightly around the 
__^'.ponent pins No soldering, no chemicals, no extras, simplicity 
=_" Circuits can be changed easily, and components re -used. 

Please rush me Easiwire kits, retail price £18 
special introductory offer £15.- (includes p & p and VAT) 

I enclose cheque/postal order for....... 
Easiwire comes in kit form. It contains all you need to construct BICC-VERO Electronics Limited 

oils: a high -quality wiring pen with integral wire cutter, 2 reels of 
+i -e. a tool for component positioning and removal, a flexible Please debit my credit card as follows 

section moulded wiring board, double -sided adhesive sheets, 
_-2r,ng-loaded terminals and jacks for power connections and an 
-s-ruction book. Of course, all these components are available 

Expiry Date e arately too. 

:ake advantage of the special introductory offer, complete the 
on the right and send it to: 

Name 

, made payable to 

SiCC-VERO ELECTRONICS LIMITED, 
=.a-ders Road, 
Yae End, 

Ec,_`^ampton, S03 3LG 

Signature .. 

or phone 04892 88774 now with your credit card number 
(24 -hour answering service) 

Address 

VERO 
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units. It is mad 
work) and finis 

All that is 

board (expensive 
a black textured vi 
of the constructor 

structions clearly 
ardwood battens 

Malcolm Walmsley 
tries his hand at putting 
together a Maplin 
loudspeaker kit. While 
that's drying, here's 
one he made earlier 

26 

SPEAKING FOR 
YOURSELF 

here was a time when loudspeaker kits 
were almost as common as their ready- 
made cousins. I've still got a pair of 
Wharfedale Dentons and a couple of Kefs 
made up from kits bought more years ago 

than I'd care to remember in `normal' hi-fi shops in 
Tottenham Court Road. 

Nowadays it seems speaker kits are only to be 
found in obscure electronics dealers and through 
obscure mail order firms. 

This is a great shame. There is nothing mystical 
or even difficult about making loudspeaker cabinets. 
Designing good ones is tricky, it's true, but putting 
together a few pieces of wood cut to someone else's 
design is (relatively) child's play. However, the savings 
over letting the nice man at the Korean factory do it 
are considerable. 

The most difficult bit is making them look as good 
as the commercial equivalents. Even that is less 
difficult than it used to be, now that commercial 
speakers seem to be universally designed to look 
unattractive. 

It's all to the good then, that Maplin has done its 
bit to straighten the record with a couple of speaker 
kits ideal for the home constructor like me with a 
bodge -it attitude to DIY and very little skill. 

The two kits are broadly similar and offer a 2 -way 
23 litre enclosure and a 3 -way 40 litre enclosure. At 
£29.95 and £35.95 per speaker, respectively, these 
are well into the large savings category. 

Both designs are rated at 50W and are based (if 
you'll excuse the pun) on a bass reflex system using 
Maplin's own bass driver unit with a flat square 
honeycomb foam diaphragm. This is supplied 
complete with a front baffle edging trim piece to both 
look and sound good. 

The 2 -way system has a single mid- 
range/tweeter unit on top of that whereas the 3 -way 
system uses a miniature dome tweeter and a mid- 
range unit as well 

The 3 -way enclosure is the subject of this review 
but many of the comments apply equally to the 
smaller system. Neither enclosure is on the tiny side - 40 litres is a lot of space to take out of your living 
room. This design is 20 x 10 x 16in in size. 

The tweeters are standard enough but the mid- 
range unit is quite unusual. This is a ferro -fluid cooled 
driver (in other words it has some magnetic fluid filling 
the cavity around the voice coil) and is enclosed in 
its own sealed metal infinite baffle. This means it can 
be simply inserted in a cabinet and forgotten about. 

The kit is not a complete MFI-type flat pack 
assemble -in -half -an -hour job. For a start, it does not 
include most of the woodwork. This kit comprises the 
three drive units, the crossover, a tuning duct for the 
reflex port, some connecting wire, damping wadding, 
screws and the front baffle. 

The front baffle is the blessing. This is supplied 
cut to size (and square - nearly impossible to perform 
in my workshop!) and pre-cut and drilled for the drive 

e of fibre but easy to 
hed with nyl coating. 
required is the other 

five sides of the box to be cut from 3/4in chipboard and 
knocked together as per the clear instructions. 

The chipboard to complete the cabinet should 
cost you about £5. Your local DIY warehouse will help 
out there. It is essential that you use the high density 
stuff. This not only works better but tends to be 
smoother surfaced too, so it looks better in the end. 

I must say that I cheated. The in 
tell you to put the box together with h 
in the inside corners. I just glued the chipboard 
directly. It worked, it's strong and it was much easier! 

Once the two sides, top and bottom are firmly 
attached to the front baffle I prettied it up! The drive 
units themselves are clearly designed to look good 
without a grill cloth and so they got none from me. 
Instead, I covered the cabinet top, bottom and sides 
with Maplin's black vinyl cabinet cloth and the front 
edge of the chipboard sides (not a pretty sight) with 
a frame made from hardwood moulding (with lovely 
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Maplin 40L loudspeaker LM2OW 

The bits are separately: 
Bass driver (YN24B) £14.95 
Mid -range driver (YP13P) £7.95 
Treble driver (FD95D) £3.95 
Crossover (WFO3D) £5.95 
Front baffle (XJ06J) £2.95 
3m Wadding (RY06G) £3.00 
Reflex port tuning tube £0.50 
Cable £1.00 
Screws, nuts and bolts £1.00 

Total £41.25 

Hardware: (approximate cost) 
Chipboard 
Hardwood 
Cabinet cloth 
Wood glue 
Screws and nails 
Cabinet feet 
Paint 

Grand Total 
for single complete speaker from kit 

27 

£35.95 

£ 5.00 
£2.00 
£5.50 
£1.00 
£2.00 
£0.50 
f3.00 

£54.95 

mitred corners - that took ages) to fit flush around 
the sides. 

For reasons of domestic decor the front frame 
was painted green. (OK, so you think it's horrible but 
I rather like it and you've got to see it in situ to really 
appreciate this masterpiece of design). 

The drive units are then simply screwed into 
position with the nice pan head bolts provided. The 
crossover is screwed to one inside wall and wired up, 
the tuning duct (a bit of plastic drainpipe to you) is 

glued into the right hole in the baffle, the wadding dis- 

tributed around the walls, the back stuck into position 
and away we go 

A minor quibble is that there is no back panel 
connection provided. Of course everyone disagrees 
over which type (push connectors, screw terminals, 
sockets, and so on) are the most hi-fi or the most 
convenient so I suppose leaving the choice up to the 
constructor is sensible enough. I would really like to 
have used those levered cable grips in a sunken panel 
as my existing speakers (which these are going to 
augment) use that system. However, Maplin doesn't 
do those (although Tandy does!) so I plumped for 

screw terminals as these are the cheapest alternative. 
Now came the acid test. What did my creations 

actually sound like? 
Well I tested them next to my favourite Wharfe- 

dale Mach 3's -2 -way reflex speakers, highly efficient 

in the Wharfedale tradition. Many purists scoff at 
Wharfedales in general and the Mach range in part- 
icular but I must confess I love the sound of these. I 

like the extended bass response of the reflex system 
(despite the large size this usually entails) and the 
crispness and clarity (some would say colouration) of 

efficient speakers driven fairly hard. 
Okay, so that's why some years ago I coughed 

up £160 -odd for the Mach 3's - what about the 
Maplin effort? Well, I was very pleasantly impressed 
The kits are overall larger than the Wharfedales and 
the bass response stretched correspondingly lower 
I found the low regions a little boomy, even after 
moving the cabinets away from the floor and walls, 
so this was no great advantage 

The treble was excellent I always have the totally 
superfluous crossover treble control on the Mach 3's 

cranked up full but even then the Maplin kits gave a 
fuller treble without any hint of tinniness or wispiness. 

The midrange is a little too subtle for my liking 

It doesn't have the real punch that I like However, this 

is a very personal view and it's unlikely to detract from 
most listeners' enjoyment 

Indeed, the whole business of choosing speakers 
is a personal one It is a shame you cannot go to a 

Maplin shop and listen to these kits made up before 
you decide However, I would venture to say that to 
compliment a reasonable hi-fi, for a price (see the 
panel) which should if not appeal at least not horrify 
most, the Maplin kits provide both a chance to let off 

some creative steam and produce some excellent 
speakers at the end of your hard work 
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TRAVELL 
AERIA 

AMP 

C 

I C, D 
INPUT 

2.3,6,6 

COMMON 

Fig. 1 Internal circuit of the Mullard 
0M335 thick -film hybrid IC 

Figure 1 shows the internal circuit of the 0M335. It is a complete 
wideband preamplifier. formed by three DC coupled transistor 
amplifying stages. The circuit really s wideband, amplifying with 
almost identical gain all signal frequencies between 40MHz and 
960MHz. Gain still occurs outside these limits and the IC will make 
a respectable 10MHz to 1.4GHz preamplifier, albeit with a none -too - 

flat frequency response For example, with a power supply of 24V. 
gain at 10MHz is 22.5dB, while gain at 1.4GHz is 13.2d8. Mid -band - 
gain at this supply voltage is around 26d13 

Input and output to and from the IC are AC coupled via capacitol8 
C' and Cr', while supply decoupling is performed by capacitor C! - 

Figure 1 shows the overall circuit which features an extra supply.;. 
decoupling capacitor and a diode to ensure no damage can be done,' 
if the power supply is accidentally reversed. 

Note that the IC is formed by thick -film techniques which means 
the individual components you see in the diagram are real 
components, built into the circuit, one by one, at manufacture 

The IC's characteristic input and output impedances are both 
75R in common with UK VHF and UHF practice and this means it is 

vital to match these im peda cestosteerclearofmismatchproblems. 
This could be done by soldering standard 75R coaxial cable direct to 
input and output pins of the IC but this makes a bit 
not to mention messy. 

Instead, the circuit board designed tor the project has tracks 
which themselves have characteristic impedances of 75R too. For 

standard 1.6mm thick epoxy glass board, an impedance of 75R 

corresponds to a track dimension of 1.5mm width with an earthed 
layer either side and underneath of the track. Using such a board with 
input and output connection track dimensions like this, it is then an 
easy job to mount the IC onto the PCB, then make coaxial cable 
connections direct to the board, 

(450-900MHz) 
n if adequate 
es are not follow 
ct can only be bui 

Keen caravanner Keith 
Brindley finds poor 
television pictures a 
bind. With this project 
he's guaranteed a good 
picture wherever he 
parks his van 

ampers and caravanners alike will know 
the difficulties in picking up a strong 
enough signal to ensure good television 
reception when touring around the 
country The main problem is, of 

course, that the typical touring aerial you use hasn't 
the same sort of gain which permanent aerials have. 
Permanent aerials can have gains up to 20dB, 
depending on size and the number of elements 
Touring aerials, if you're lucky, give around 4dB. 

What's more, your aerial at home is sitting at 
rooftop level - your touring aerial is at best stuck on 
the top of a caravan, at worst a tiny set top job, inside 
the van or tent. 

Aerial pre -amplifiers are available but most are 
mains -powered - fine for home use but not so fine 
for touring where your only source of power is often 
a car or caravan 12V battery Those which allow low - 
voltage operation have limited gain anyway - no 
more than about 10dB usually - so pictures can often 
be still marred if you happen to have pitched for the 
night in a location with poor signal reception 

The aerial amp featured here on the other hand 
gives a remarkable 23dB gain so, even with a limited 
touring aerial and situation, you should be watching 
acceptable television pictures when you're on holiday 
in next to no time 

The main component in the project is a thick -film 
hybrid IC, Mullard's 0M335. It features an extremely 
wide bandwidth (wide enough that you can use it for 
amplifying VHF radio broadcasts, too) and wide 
operating voltage (around 9-28V) These make the 
IC ideal for the purpose here, although it can also be 
used to advantage as a masthead, set -back, or MATV 
preamplifier in the home or laboratory 

Construction 
Construction couldn't be simpler With the grand total 
of three - yes only three - components mounted 
on the circuit board, the project ideally qualifies for 
1st Class category Nevertheless. a number of points 
need to be made and certain precautions must be 
taken to ensure the project works 
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HOW IT WORKS 

You must remember that a high -gain amplifier 
working at the sort of frequencies which televisions 
receive can often be subject to 
oscillatio screening and mounting 
techniqu ed. This is the reason why 
the proje It using a PCB -a double - 
sided PCB at that - and not on Veroboard The ins 
and outs are explained more deeply in the How It 
Works section. 

W 
1-3 
L.] 
En 
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Fig. 2 Circuit of the ETI Traveller's 
Aerial Amp 

Start with the case In our prototype, an 

aluminum alloy diecast box was used This not only 

gives a suitably tough enclosure for portable use but 

also allows total electrical screening of the internal 
circuit The PCB (see Fig. 3) was designed for use with 

this case so it makes sense for you to use an identical 
one but anything larger will also do. 

First, drill the case for the two co -axial aerial 
sockets and power input lead The aerial socket fixing 

holes must be drilled at about 45° angles to allow the 
bolts to pass through the case without touching the 
threaded supports inside the case at each corner. Fit 

a grommet into the power input hole. 
Next, file the PCB (without any components, at 

this stage) to fit the case, between the two inside edges 
of the two aerial sockets. The board must be a fairly 

good fit, because it is to be held in position between 
the two sockets simply by soldering the sockets' ter- 

minals to the board. 
Now solder the components into the board. Be 

extremely careful with the amplifier IC. It's not par- 
ticularly fragile but it can be damaged by excessive 
heat Solder it in one pin at a time, letting the IC cool 
'n between. Pins should be soldered on both sides of 

the board (component side and underneath) so you'll 

need a fine -tipped soldering iron to avoid touching 
:he IC when soldering on the component side 

Mount and solder the other two components 
ensuring the diode is the correct way round) and 
solder in two PCB pins, to which the earth terminals 
of the two aerial sockets can be soldered. Solder in 

power connections. About an inch from the board, 
:'.e a knot in them to prevent them from being pulled 
out and feed them through the grommet Now, insert 
:he PCB between the aerial socket terminals (the 
,:Qmponents should be on the underside). 

Solder the aerial socket terminals to the PCB at 

each end. Finally, earth the case to the PCB with a 

short connection from one of the socket mounting 
nuts and bolts to the board For your own reference, 
mark the case so that input and output sockets cannot 
ne confused. 

No setting up is required, simply connect a power 
supply of 9-28V and plug in your aerial and television 
'eads 

ET! 
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PARTS LIST 
+I2v 

INPUT 

ov 

DI 

ICI PIN CONNECTIONS 

7 6 5 4 3 2 1 

CAPACITORS 

C1 100n ceramic 

SEMICONDUCTORS 

ICI 0M335 

D1 1N4001 

MISCELLANEOUS 

Aluminium ahoy diecast box 189 35Y..3Omml, Two coaxial aeriai 

sockets. PCB. Grommet. PCB pins. Nuts and bolts. 

BUYLINES 
All parts should be easily obtained. The 0M335 IC Is available from 

Electromar on (0536} 201234 The PCB is available horn the ETI PCB 

service. 

( ,c1 ) 
Cl 

Fig. 3 Component overlay for the Traveller's Aerial Preamplifier PCB 
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TEST PROBES (PAIR) 

SEPTEMBER SPECIAL 
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IRON 

OF 
R 

IRON ALONE NORMALLY £5.80 

12V RECHARGEABLE UNIT 
10xD SIZE NI -CADS (4Ah) ENCAPSULATED IN A BLACK 
PLASTIC CASE. FUSE HOLER. GIVES 12V OUTPUT WHEN 
FULLY CHARGED. EX -EQUIPMENT - FULLY TESTED AND 
GUARANTEED £6.99 
245x75x75 MM +£185 P&P + 15% VAT 

NI -CAD RECHARGEABLE BATTERIES 
AAA -£1.25(10+ £120ea1 
AA - 90p 110+ 85p ea I 

C - E2 10 110+ £1 90 ea 
D - £2 50 110+ E2 20 ea I 

PP3 - £4 10 I10+ £3 90 ea I 

LATEST MAIL ORDER 
CATALOGUE (pes F1nNI.v £ 1 
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00- ALL 13A. FUSED W TH %EON INDI 

12p CATOR 2A 3A 5A 13A C1 00 10 
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Both volumes 
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IC TTL 
IC LIN VOLUME 1 
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Both volumes 
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Both volumes 
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E6 95 
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- 

BATTERY CHARGER 

SUITABLE FOR AAA. AA. 
C D, AND PP3 NI -CAD U U U 
BATTERY CHARGING ,.4 

(4.50 

W 

ALL -ALUMINIUM 

DIMENSIONS 
HEIGHT DEPTH WIDTH 

(n INS. INS. INS 
y- 2.0 2 25 4.5 

2.0 5.5 6.0 
2.0 5.58.0 
2.0 11 011 0 
2.5 30 40 
2 5 3.0 6.0 
2 s 4.0 8.0 
2.5 5,25 9,0 

le3.0 6.0 5.0 
3,0 6.0 8.0 
3.0 8 0 8.0 
3.0 6 0 11.0 
3.6 7.5 11.9 
3.5 75 17.0 
4.0 4.0 6.0 
4.0 6.0 6 0 
4.0 9,0 8.0 
4.0 70 8.0 
5.0 fi.0 6.0 
5-0 '6.0 11.0 
5.0 6.0 15,0 s 5.0 
5.0 

11.0 8.0 
-' 110 11.0 

5.0 11.0 150 
e70 100 70 
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ELECTRON S MAIL ORDER COMPANY - ESTAB 
100 + PAGE C LADLE - SEND El NOW FOR YOUR 

DISCOUNT TICK + ORDER, (1 OFF E10,- ORDER, ES R 

ALL ORDERS +85p P&P + 15% VAT FREE CATALOGUES TO 

UNLESS OTHERWISE STATED SCHOOLS & COLLEGES. 

I , 
STANDARD ABS BOXES 

ABS 
CK 

76 58 35 BOX MDl 
95 71 35 Box MB2 

115 
140 

95 
90 

37 Box MB3 
55 Box MB5 

lÿIer77 
207 122 77 Box Mea I\ 213 142 57 BOUMES 

1- 10+ 
f1.04 98p 
f1.14 £1.05 
£1.34 £1.24 
£1.88 f1.70 
f3.60 £3.40 
f2.70 £2.60 

BOX 
£4.99 

H 404mm W 268mm D 138mm 
THICK TOUGH POLYCARBONATE 
WHITE, BLUE, YELLOW, RED. 

PRICE - 1+ £4.99 5+ f4 50 

('' EQUIPMENT CASES 
LEATHER -GRAIN 
PVC 
COATED 
STEEL 

30 

PRICE 

1.50 
2.00 
2.70 
4.70 
1.70 
2.10 
2.60 
3.00 
2.70 
3.20 
3.80 
4.20 
4.90 
7.20 
2.70 
3.20 
4.20 
4.20 
4.30 
5.20 
6.20 
5.90 
7.60 
9.40 
6.80 
8.40 

11.90 

90 
MASTER SOCKET (SURFACE) £2.75 e- SECONDARY SOCKET (FLUSH( £1.90 
SECONDARY SOCKET (SURFACE) 

[1.85 
B.T. CABLE (PER METRE( 15p 
WIRING TOOL 5Op 
PLUG - 431A 25p 
LINE JACK CORD WITH PLUG E1 25 * EXTENSION LEAD 5 MTR. £3 90 
CONVERSION KIT WITH WIRING 
DIAGRAM £6.99 e SLIMTEL PHONE £17.35 

VISCOUNT PHONE £26 04 

TEST LEAD KIT 
PACK OF 10 
COLOURED 
LEADS TER- 
MINATING 
BOTH ENDS IN 
MINI CROC 
CLIPS, 370 mm 
LONG - 2 
EACH 
COLOUR fl 50 

HELPING 
HANDS? 
WITH !c 
MAGNIFIER 

£3 99 

CAD100M 
CA3020 
CA3086 
HA13B6WR 
LA4422 
LC7131 
LM324N 
LM3BON8-P 
LM380N14 P 
LM1011N 
LM145BN 
LM3900N 
M51513L 
M51 51 5L 
MC1307P 
MC1327P 
ML237B 
NE555 
SAS5605 
SA55705 
SAS560 
SA5590 
5N76228DN 
SN76227N 
SN76533N 
STK015 
TA7203P 
TA7204P 
TA7205AP 
TAA550 
TAA611Al2 
TAA621AX1 
TA120B 
5n50 
T6A520 
TBA53o 
TBAsa0 
TBA560C 
TBAB105 
TBA950.2A 
TCA270S0 
TUA1006A 
TDA10355 
TDA11705 
TDA1352A 
TDA2030 
TDA2530 
TDA2532 
7002560 
UPC575C2 
UPC1350C 
UPC11B2H 
UPC1208C 

16 
.20 
10 
.60 
.59 
.20 
.90 
40 
.80 
.80 
.20 
35 
.50 
.30 
15 
.99 
.50 
.30 
.20 
.85 
.85 
.85 
.85 
30 
10 
75 
20 
.50 
50 
.8O 
.5D 
50 
50 

.30 
30 
.0 

0 
sa 
50 
20 
D5 
02 
45 
.50 
99 
80 
80 
20 
20 
20 
45 
05 
75 
25 

£6.99 

LED 5MM 1+ 10+ 100+ 

RED 9p 8p 
GREEN 11p 9p 
AMBER 12p 10p 
YELLOW 12p lop 
HOLDERS 4p 3p 

FLASHING LEDs 

5p 

6p 
8p 

Bp 

2p 

1 10+ 100+ 
RED 45p 40p 35p 
AMBER 50p 45p 40p 
GREEN 50p 45p 40p 

LENGTH 144MM 
1A 1 ''R ' FUSE FITTED 

99p PER PAIR 
(ONE RED - ONE BLACK( 
NORMALLY OVER E2 EACH 

'PO 
C128 
126K 

C141 
c141K 
C142 
C142K 
C152 
153K 

C176K 
0187 
0187K 
0188 
C18BK 
CY22 
D142 
0149 
D181 1 

F114 
F115 
F116 
F121 
F124 
F125 
F126 
F127 
F139 
F178 
F239 
F2795 
SYBO 
5217 
U,10 
Y102 
400200 
A115 
A121 
A148 
A155 
A157 
B105B 
01050 
B110B 
C108 
00rC 
C109 
B urC 
C115 
C117 
0118 
0119 
0125 
0140 
C141 
0142 
0143 
01476 
0148 
01486 
0149 
c149C 
0159 
c 
C180 
C161 
01688 
0170A 

LOOK OUT 

FOR OUR NEW 

SPECIAL OFFER 

EVERY MONTH 

VISIT OUR RETAIL SHOPS 
WEM (MARCO) THE MALTINGS, HIGH ST. 10939 32763 

WOLVERHAMPTON (WALTONS) 5S0WORCE 
TER ST. 

BIRMINGHAM (SUPERTRONICS) 65 HURST ST. (021) 666 6504 

MARCO KITS 
CERAMIC 50V 1125) £3 50 
ELECTROLYTIC RAD 1100) £7.25 
FUSE 20mm 01E3180) £3.75 
FUSE 20mm A/S1801 £7.50 
NUT & BOLT 18001 £3.00 
PRE-SET POTS. HORIZ. 1120) £6.75 
PRE-SET POTS. VERT. 1120) £6.75 
RESISTORS 
0.25W POPULAR 11000) £6.50 
0.25W 5 OFF 1305) £2.95 
0.25W 10 OFF 1610) f 4.50 
0.5W POPULAR 110001 £9.50 
0.5W 5 OFF (365) £4.70 
0.5W 10 OFF 1730) £7.75 
1W 5 OFF (3651 £13.75 
2W 5 OFF (365) £21.75 
ZENER DIODES 5 OFF 155) f 3.50 

2 001 Bc328 
2 90 50337 

BF180 
11,181 

0,26W RESISTORS 1+ 2p 10+ 1.5p 
0.25W RESISTORS 1 + 2p 10+ 1.5p 

SERVISOL PRODUCTS 

SUPA FREEZE -IT £ 1 40 
SWITCH CLEANER £1,24 
FOAM CLEANSER £1 22 
SUPER 40 £1.88 

\\ 
FIRE EXTINGUISHER £3 30 
TAPE HEAD CLEANER £1 10 
ANTI -STATIC SPRAY £ 1 20 
SILICONE GREASE £ 1 38 
PLASTIC SEAL £1 35 

ANTEX SOLDERING 

C IRON 15 W £5.40 SK2 KIT C8.30 
CS IRON 17W £5.60 SK5 KIT £7.99 
XS IRON 25W £5.80 SK6 KIT £8.20 7jr 
ST4 STAND £2.20 
TCSU-D SOLDERING STATION £72.50 
SPARE ELEMENTS from £3.20 
SPARE TIPS FOR ABOVE IRONS £1.20 

SOLDER AT A RIDICULOUSLY \\I 
LOW PRICE!! 

A 500g REEL OF 22 SWG 
MULTI -CORE SOLDER 60% 0.30 

0.25 
60145 
001505 

1.821 3,430.50 
OFY50 TIN 40% ALLOY NON -CORROSIVE 

0 121 00160 1 5018E 
ONLY £4.99 

COMPRISING: - 
1 x CAMERA 1 x MONITOR 

£80 

COMPLETE 
WITH LENSE 

ILLUSTRATIONS NOT TO SCALE FOR GUIDANCE ONLY - ACTUAL ITEMS SUPPLIED 
MAY VARY FROM THOSE ILLUSTRATED 

ORDER CODE: SEC/CCTV/KIT 
PRICE - £150.000 

(COMPLETE) 

PLEASE RING FOR 

FURTHER INFORMATION 

10+ £3.75 

DESOLDERING PUMP 
£2.99 

SPARE NOZZLE FOR ABOVE - 60p 

SPARE TIPS £4.50 
ORYX GAS SOLDERING IRON £16 

ENAMELLED COPPER WIRE 

CARBON FILM RESISTORS 
'4 WATT 

LUES 1 RO ro 1 Meg 
2p 10 - 1 5p 75p per 100 

WATT 
VALUES 1 RO l0 1 Meg 
1 - 21 10. 1 5o 75o ore 100 

VEROBLOCK SOLDERLESS 
BREADBOARD 91, 46 Bmm 
FIXING HOLE 81 36mmCR 67 

POINTER KNOBS 
10- 

160 15o 

OUICK BLOW 8060, 100 125, 160, 
200, 250, 315- 400. 500, 630. BOO, 

1 0, 1 2 5, 1 5 1 6. 2. 2 5. 3 15 4. 5. 
6.3 45p1í0 
TIME DELAY 50PLA, 60 B0, 100 
125. 160 200 250 315. 400 500. 
630.800 1A, 1.25 1 6 2 2.5 3 15 
4 5 6 3. 10 90p/10 
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RECURRING 
DREAM 

hose of you who have followed this project 
from the start may have noticed something 
missing from last month's construction 
article. Remember the lucid dream 
stimulator? It hasn't been overlooked. 

Lucid dreams are those strange experiences that 
happen to many people from time to time, when they 
are able to take control of their own dreams. 
Psychologists with a particular interest in dreams are 

not content to wait until the lucid variety occur of their 

own accord and have devised a way to turn ordinary 
dreams into the more exciting type. 

to the pins in any order, so I won't draw a diagram. 
As long as you know which is which and can identify 
the signals at the other end, that's all that matters. 

Since the display board and the socket both need 
the signals, the new cable between the main board 
and socket can be soldered to the rear of the main 
PCB. Otherwise, PCB pins can be soldered into the 
J,K...W holes and both cables can be taken to the pins. 

Yet another alternative is to connect both the main 
PCB and the display PCB to the socket. There's no 
difference electrically, so do whichever looks neatest 
or easiest. 

Space inside the case is very limited, so it's a good 
idea to check the socket position very carefully before 
making the cut-out. It fits on the top of the case, just 
above the battery compartment and below the display 
PCB. A suitable hole can be made by marking out a 

rectangle of a size suitable for the socket, drilling holes 

X (RATE BELOW 
SET VALUE) 

V (RATE = SET VALUE) 

Z (RATE ABOVE 
SET VALUE) 

SW2 
SET DIGIT 2 

Fig. 1 Magnitude comparator circuit 

Paul Chappell adds on 
to his breath/heart 
rate monitor to 
produce the elusive 
Lucid Dream Machine 
and other goodies 
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O 

2 
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NO 
JO 
NO 
LO 

9 AV -4- 
SET MSD 

9V 
8 

.... 9 / 
11/--c 4..,_,..1 13 O 

0 9 = O 111 
ICI 112 
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OV+ 
1 

MQ 
NO 
PQ 
R0 

9V . 
DV 

14 

15 

6 5 

13 
NC 

2 

7 

Io 

SO 
TO V 
WO 

IC2 
9685 

6 6 
+9V 

AV -4- SW3 
SET LSD 3 12 18 

4 

OV 

CV 

11 

15 

2 

10 

1C3 
9585 1 3NC 

8 

OV 

Lucid dream stimulation relies on the fact that 
if a sleeping person is disturbed during an ordinary 
dream, it will often turn into a lucid one. The stimulator 
must therefore be able to detect the onset of dreaming 
and then when the time is right apply the necessary 
disturbance, usually in the form of a very mild electric 
shock. 

Detecting a dream sounds as if we need a mind 
reading circuit, but it's really much simpler than that. 
Dreams occur during a particular phase of sleep 
known as REM (rapid eye movement) sleep. The 
physical changes that occur in your body when you 
enter this phase of sleep include a change in your 
brainwave patterns, rapid movements of your eyes 
and ... a speeding up of your breathing rate. You 
begin to see how it all comes together? 

This month I'll be giving you, amongst other 
things, a circuit which will transform your breathing 
rate monitor into a lucid dream stimulator. Before I 

get onto that, there's some work to be done The 
breathing rate signals inside the monitor will have to 
come out, so there's a socket to be fitted before you 
do anything else. 

The Interface Socket 
The signals you need are all available at the edge of 
the main PCB, and are the very same ones that drive 
the display board. In Fig. 3a of last month's article they 
are labelled J,K,H,L (G is not required), N,P,M,R and 
TV,S,W. A ground reference is also needed this can 
be taken from the unused pad just above the Y 
connection on the display board. 

The most suitable type of socket to use, taking 
into account the number of connections and the space 
available for it in the case, is a 15 -way D socket. The 
twelve signals and ground (battery -) can be wired 
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Fig. 2 The Lucid Dream Stimulator circuit diagram 

around the inside, then removing the surplus plastic 
with a modelling knife. The flange of the socket will 
cover any rough edges. 

Magnitude Detector 
All the add-ons I'm going to suggest for your monitor 
involve detecting whether the reading is above or 

the 
all. 
DIL 
tpo 

simplified considerably as I'll explain at the appropriate 
time. 

The circuit needs little explanation. It simply uses 
three 4585 magnitude comparator ICs cascaded in 
the us 
from t 
the DI 

hing or heart rate 
value selected by 
nitor shows a rate 
X will be high. If 

output Y will go 
ate has exceeded 

the value set by the switches. 
Values are selected in BCD, so each switch can 

be set to a valu to 1001. Rotary BCD 
switches would table than DIL spc/o 
switches if the v e changed frequently. 

N 

P 

R 

S 

T 

V 
w 

OV 

COMPARATOR 

Lucid Dream Stimulator 
Fig. 2. It is 

sted in May - and why 
in changing 

it 

For the magnitude comparator you could use the 
entire circuit of Fig. 1, but you can save an IC and DIL 
switch by missing out IC1 and taking the X, Y, Z 
outputs from pins IC2. 
Having selected a also 
hardwire the switc two 
more switches. 

The top three switch sections of SW2 are set (or 
wired) to 1, 0, 0 The bottom switch and all of SW3 
are used to set a breathing rate above which the circuit 
will trigger. Set it a little below your normal resting 
breathing rate. 

The 4521 is used as a timer to allow about half 
an hour for you to fall asleep. During this time the 

NOTE: 
IC1 = CMOS 555 
IC2 = GENERAL PURPOSE OP -AMP 
X1 = PIEZO BUZZER 

Fig. 3 Circuit diagram for a training aid 

X1 
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NV4 
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D3 

2 

D1 

rev 

I RESET 

f 

71.0 

D2 
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below a certain value. so 
of Fig. 1 is common to 
upgraded' version with 
value whatsoever as a se 

magnitude comparator 
I have shown the 'fully 
switches to select any 

int but the circuit can be 

ual way to compare the breat 
he monitor with the reference 
L switches. As long as the mo 

less than the selected value. output 
the monitor rate equals the set rate, 
high, and Z shows that the monitor r 

e from 0000 
be more sui 

alues are to b 

The circuit of the stimulator is shown in 
almost the same as the stimulator sugge 
as an add-on (or the Brainwave Monitor 
not? if a circuit works well, there's no point 

13. 6 and 12 respectively of 
suitable trigger point you can 
h inputs to IC2 and 3, saving 

comparator will be looking for a breathing rate of 
above 80 per minute (since pin 14 of IC2 is high) and, 
unless there's something very odd about your 
breathing, it won't happen. After the half hour period, 
0,2, of the 4521 goes high and the comparator now 
looks at whether your breathing rate is above that set 

M= 

ryr 100k 
2 

4 

9V 

'Cl 

t0 

B 

3 

1001. 
100k 

ICZ 

19 pÓ1. 

iDDk lOn 

100n 

NOTE 
IC1 = CMOS 555 
IC2 = 4521 
01 = TI543 UNIJUNCTION 
02 = GENERAL PURPOSE NPN 
01,2,3 = 1N4148 
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N 
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AV 
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Fig. 4 Circuit diagram for baby alarm 

POWER MOSFET, 
N CHANNEL 
SUCH AS IR F212 

O 

TO ALARM 
CIRCUIT 
(BELL, BUZZER ETC.I 

the counter for another half-hour delay to be ready 
for your next dream. 

The shocker electrodes are connected to the 
output of Fig. 2 and taped to one arm or leg. Two 1p 
pieces will do - if you can afford it! Needless to say, 
the circuit must be run from a battery and not from 
the mains. 

Training Aid 
Last month I suggested a training program which 
involved raising your heart rate to 100 beats per 
minute with occasional peaks of 140. It could be that 
when you're jogging along you'd prefer to look where 
you're going rather than keep your eye on the heart 
monitor Your training won't do you much good if you 
end up running into a lamp post. 

Reaching a level of 100 beats per minute is easy - unless you're very fit already you can assume that 
a gentle jog will give at least this rate For extra bursts 
of exertion however, it could be useful to know when 
you've hit the 140 target without having to look at the 
monitor. Figure 3 shows a little circuit which bleeps 
briefly as you hit the right level. The comparator 
switches are of course set or wired to 140 

Baby Alarm 
The chances of a new born infant dying for no 
apparent reason are alarmingly high. Much higher 
:han I would have guessed if I didn't know better. If 

:here is no previous history of 'cot death' occurring in 

-_our family, the statistics give your child about 1 

chance in 500 of dying inexplicably. If there have 
ready been cot deaths, the chances of another are 

much worse - about 1 in 125. 
Already there are gadgets available which detect 

child's breathing rate and sound an alarm if it should 
op. The ETI monitor was not designed for this 

_urpose but could certainly be used in this way. The 
circuit is trivial and is shown in Fig. 4. 

The units used for this in hospitals are called 
Apnoea monitors and are based around a pneumatic 
sensor capsule. This is connected to a plastic cone 
lined with foam rubber, which is taped to the baby's 
-mmy Respiration is monitored down a plastic tube 
connected to the cone, and the sensor supplies signals 
:o the main unit Unfortunately I haven't yet 

iscovered exactly what form these signals take, and 
some adjustment to the input stage of my circuit may 
b'e needed if such a system is to be used reliably and 
safely 

The commercial devices apparently sound the 
alarm after a breathing interruption of 30 seconds 
Since the ETI monitor would take rather longer than 
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by the switches. The circuit is armed! 
When your breathing rate speeds up as you enter 

REM sleep and begin to dream, the comparator will 
detect this and trigger the 555 IC, which fires the 
shocker. This is set to give you a little tingle - just 
enough to disturb your sleep, but not enough to wake 
you up At the same time as the circuit fires, it resets 

this to register zero, the switches should be set to a rate 
of about half your infant's breathing rate. You can 
check on the delay time by simply removing the 
sensor leads and waiting for the alarm to sound 

As long as the breathing sensor is properly 
arranged, the monitor can't do any harm and may 
actually save your child's life, so it's got to be worth 
investigating 

Biofeedback 
I can't let this project go by without mentioning 
biofeedback The reason I have not raised the topic 
before is that although conscious control of your heart 
rate is easy to achieve, there's not really much point 
in doing it! However, there are a few snippets of 
information that may amuse, enlighten or bore you, 
and I'd like to take this opportunity to share them with 
you all, brothers and sisters 

The most bizarre experiment I have come across 
is the one conducted by Dr Miller of Rockefeller 
University when he took it into his head to teach rats 
to beat their hearts slower or faster The idea is wacky 
enough in itself but the good doctor went one stage 

further. Just so that the rats couldn't cheat by having 
a crafty jog around the cage or a peek at Playrat 
magazine, they were injected with curare This drug 
has the effect of knocking out the skeletal muscles, so 
the poor old rats couldn't do a thing for themselves - they couldn't even breathe 

To keep the rats in working order for the duration 
of the experiment, Miller attached them to little rodent 
respirators (I'm not making this up!) and rewarded the 
proper responses with jolts of electrical ecstasy to the 
pleasure centres of their brains 

The outcome was that the rats could indeed 
control their heart rates, Miller's students all got their 
PhDs, Dr Miller eventually received a mention in ETI, 
and the rats were disposed of by the caretaker 

Humans, without the curare and respirators, can 
usually learn without difficulty to increase or decrease 
their heart rates quite significantly - around 20 beats 
per minute on either side of the resting rate is easily 
achievable Being able to do this has clinical 
applications in the treatment of cardiac arrhythmias, 
but this really does require the guidance of a doctor 
and the aid of sophisticated heart monitoring 
equipment. The only point in doing it at home is just 
to see whether you can! 

The increased awareness of your own heart 
could be beneficial is you were ever unlucky enough 
to suffer with some kind of heart trouble - you might 
well notice the signs and be able to have treatment 
earlier. 

A veritable myriad of applications then, and no 
doubt readers will conceive more than a few more. 
Good luck, and sweet dreams! 
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F rs are rather 
f don't need 
and can thin 

incandescents with wires co 
PCB. The wires were colour 
to the segment connected 

(insulated where 
of forgetting that 
short links under 

The circuit diagram is shown in Fig. 1 

IC2e is configured as a 1MHz clock oscillator and drives 
butler stage IC2f. This clock signal is fed to the com- 
bination of IC3 and IC4 which together divide the clock 
by 10.000 

A reset pulse is output from IC4 back into IC3 to con- 
tinuously enable this pan of the circuit. A pulse is also 
output from IC3 pin 2 which clocks the three divide -by - 

ten ICs 5, 6 and 7. The four outputs at .01 secs, 1 s, I s 

and lOs intervals are selected by SW2 and then applied 
to the gating logic. 

IC8a is a 'D' type flip-flop configured to divide by two. 
The output enables IC9a which is a manostable 
dependant on the time constant of the 2µ2/680k com- 
bination on its output side. 

There is a further monostable between IC2 uin 6 and 
5 which generate the main counter reset pulse 05 is a 
buffer stage to the LEO on the front panel which 
indicates when the gate is open. 

IC8b is an overflow indicator driver which is operated 
by a pulse from the MSD 74LS90 When this occurs, the 
LEO is lit and the gate IC9b is disabled thus halting the 
count The input into the pre -amp stage is by way of a 

BNC socket on the front panel feeding a switched 
attenuation stage via Cl. Diodes DI and 02 together 
with the combination of 180k/220p also protect 01 
from damage from high -voltage spikes. 

01 and 02 are connected as a high gain wideband 
amplifier. The output from the first pair of transistors is 
then fed to the darlington pair 03 and 04. The amplified 
signal is output from the emitter of 04 The 1 k preset pot 
in the drain lead of 01 sets the stage gain of the FET and 
thus the rest of the pre -amp. 

ICI is an XOR gate which, if fed from either f 5V or 
OV changes the polarity of the square wave signal on its 
opposite input. 

The main counter input is fed from ICI pin 3. 
Each stage has three ICs - one to convert pulses into 

BCD. one latch to either pass the information or not. and 
a third IC to drive the display. The third IC (74LS471 has 
'lamp test and leading zero blanking facilities and both 
these are used. Note that the current limiting resistors 
R22-77 are only needed for LED displays. 

Each stage in the counter is identical and accepts 
pulses on the input pin of each 741590, giving output 
pulses to the next stage in the series on pin 1 l . Thus the 
LSO counts units, the next tens, the next hundreds and 
so on. 

The power supply is standard Note that there are two 
regulators fitted, this is to obviate any overload situation 
which might arise. The larger rated 78H05 device is 
mounted on the case of the instrument, necessitating a 
metal case The rectifier is protected by a fuse as is the 
mains input to the instrument All the circuitry with the 
exception cif the pre -amp is on one PCB thus simplifying 
construction. 

Mark Thewliss 
introduces a low 
cost frequency 
meter 

FREQUENCY 
METER 

requency mete expensive 
things to buy. one every 
day of my life k of much 
better things to blow a hundred quid 
on. So I decided to do something about 

it. This meter uses cheap 74LS ICs and works out 
to about £3 for each digit of the display and maybe 
£20 for the rest of the circuit. 

The design is flexible enough to be expanded 
gradually or built as the full 8 -digit version from the 
start. If you're looking for something to check 
frequencies into the gigahertz range then I'm afraid 
this design ain't the one for you as the response is 
limited by the TTL circuitry to 40-45MHz, which is 
fine by me. 

If Mr Leong of Harlow is reading (hello Mr 
Leong), he may recognise a large chunk of the 
gating logic. This appeared as an ETI Tech Tip 
some years back and I've used it here since it 
worked best in pre-prototyping trials. 

You can choose between using LEDs and 
incandescent displays - incandescents are 
probably a better bet if you can get them, as they 
do not need current limiting resistors and have a 
long life expectancy (50000 hours). Because of this 
option on the display there is no PCB to mount the 
digits, this would be an added expense in any case. 

The prototype used stripboard to mount the 
nnecting to the main 
coded corresponding 

and I really would 
recommend this as the only way to avoid total 
confusion with 56 wires flying around. This way it 
isn't as daunting as it seems. 

Construction 
To keep costs down the main PCB (Figs. 2 and 3) 
has been made single sided. This means there are 
more links on the upper side of the board than is 
usual. Begin by fitting all links 
there is a chance of shorting) n 
some lie under IC sockets. The 
the 74LS75 ICs may be fitted on the track side if 

HOW IT WORKS 
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C13 
1130 

5V 

VldltpldyI 

Cl 
100n 

R1 

8M2 

R2 
750k 

R3 
180k 

R4 
SW4 180k 

SW6 

LEDI 
R16 

1 0 2/ 220R 

11 ,10 
+'+ 

13 C9 
2u2 R17 

10R 1mH 

NOTE: 
Cl = 74LS86 
C2 = 4049 
C3 = 4020 
C4 = 4068 
C5-7 = 4017 
C8 = 4013 
C9 = 4093 
C10,13,16-31 = 74L090 
C11,14,17-32 = 74LS75 
C12,15,18 = 74LS47 

01 = BF246 
02 = ZN3906 
03,4 = BF Y90 
05 = BS48 
015=1N4148 

04 IC2a 
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Fig. 2 Off -board connections for the frequency meter 
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+SV(DISPLAn 

R1B 

p e2n 

1111) LED1 

G 
5W6 

components on 
should be the pa 
don't forget the 

For the display board (stripboard) you'll have to fly 
solo I'm afraid, since this all depends on the type of 
display you decide to use and anyway pin -outs 
differ from device to device. Whatever you use you 
should prewire the display now and check very 
carefully with a trusty multimeter as a single short 
circuit here can cause some pretty obscure faults. 
And write down the colour code you use (I used 
the resistor codes - black for segment a, brown 
for b, red for c and soon - so that in five years I'll 
still be able to understand). 

All components 
suppliers except 

102791626777. 
ETI PCB Service 

RESISTORS (AH '4W 5% unless specified) 
Al 8M2 
R2 750k 
R3. R4 180k 
R6 120R 
R7 100R 
R8 39R 
119 1k8 
R10 470R 
R11. R13 lk 
1112 lOR 
RH 1M 

R16. R20 

F117 660k 
1122-77 180R or 220R 
RV1 lk min preset 

CAPACITORS 
Cl CI6 100n 400V polyester 
C2 4711 35V tantalum 
C3 220p min polyester 
C4 4u7 35V polyester 
C5 IOuf 35V 
C6 100p silver mica 5% 
Cl 22p min trimmer 
C8 82p silver mica 5% 
C9 2u2 35V tantalum 
C10 2n2 min ceramic 
C11 1n0 min ceramic 
C12, C13 1n0 min disc 
C14. C15 2200u 25V axial electrolytic 
C17 -C24 100n min disc 

74LS86 
4049 
4020 
4066 
4017 
4013 
4093 
74LS90 

74LS75 

74LS47 
78H05 
7805 
BF246 or 2SK40 FET 

2N3906 
BFY90 

ßC548 
1N4148 
hi -brightness LEO 

incandescent or LED 

digit displays 

BR1 6A bridge rectifier 
FS1 IA fuse 
FS2 3A fuse 
11 1mH wire ended choke 
SW1 SP mains toggle 
SW2 5 -way, 2 -pole 
SW3. 5 I -pole C/0 
SW4 3 -way, 1 -pole 
SW6. 7 press -to -make 
Tl 9V 2.5A secondary 
XTAL1 1MHt crystal 
Case. IC sockets. Nuts and bolts. 

PARTS LIST 

R15; R 

desired. Next fit throughboard pins at the appro- 
priate places for off -board connections. 

IC sockets are fitted next, then diodes, 
resistors and capacitors (noting polarity where 
appropriate), gradually building the height of 

the board. Last of the capacitors 
it of 2200µ in the power supply and 
transistor Q5 between IC7 & 8. 

The two 220R resistors for the LEDs are mounted 
on the display board. 

At this point the main board should be 
finished by checking with a multi -meter for short 
circuits between power rails and between IC pins 
(except where these are supposed to be). 

19.; R21 100k 
220R 

Don't Fit The ICs Until I Say So 
ici 
IC2 

IC3 

lC4 

105-7 
IC8 

IG9 

I C 10,13,16-31 
1C11,14,17-32 
IC 12,15,18-33 
IC34 
IC35 

D1 
If you are using LED displays you will need 02 

either SIL resistor packs or individual 180R or 03, 4 
220R resistors to the front edge of the main board. 05 
Two types of SIL packs are suitable, one with D1-5 
seven resistors and a cheaper one with eight. The LEDI, 2 
cheaper one is just as good here, so remove the LED3-10 
extra legs (pins 8, 9) and fit as for the other type. 

If you are using incandescent displays then 
ignore the above paragraph and proceed from MISCEIIANEÛUS 
here. 

Wire each display segment to the main board, 
the colours of which should run from right to left in 
this order (assuming the aforementioned colour 
scheme) - green (f), blue (g), black (a), brown (b), 

BUYLINES 
should be available from the normal 
perhaps D1, available from SIC on 

The PCB is of course available from the 
orr 0442 41221. 
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H U 
4.1 

t" -Z 

red (c), orange (d), yellow 
displays. 

Assemble 
same order of 
(there is only o 
here is that Q1 
BF246 or 2SK40 FETs - 

(e). This applies to all 

using the 
ain board 
nt to note 
for either 

the overlay shows a 
BF246 as this is the more common device. 

3 \ 
_A (12iJ 

H44 

Fig. 4 Component overlay for the preamp board 

38 
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the pre -amp PCB (Fig. 4) 
construction as for the m 
ne link to fit). The only poi 
pads have been provided 

The case depends on the transformer you 
use. The prototype used the transformer from a 
ZX81 which is fairly small for a 2.5V secondary 
(which is what you need). With this, everything fits 
neatly into the recommended case, but otherwise 
a larger case is recommended. Mark and drill the 
front and rear panels to suit the switches and 
displays you are using. 

vI - 
L..; 

BNC 
INPII I 
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of the counter. As before note the current reading 
as you go and power down on anything which 
looks like a fault. Clear it and proceed to the next 
stage. 

As each digit is checked the current should 
rise by some 60 to 80mA although individual ICs 
may consume more than others. If after inserting 
all the counter ICs you have not had any major 
disasters to this point, then grounding pin 3 on the 
74LS47 ICs should light all segments. In this 
condition the 78H05 regulator will be supplying 
about 2.4A if all is well. 

Remove the temporary heatsink from the 
7805, drill the PCB for mounting and fit sticky 
stand-offs through these holes. Simply press the 
PCB into the bottom of the case et voila. The 
display board is mounted in the same way (you did 
allow for the extra length of course) and the 
remainder of the controls may now be fitted and 
wired up. 

High brightness LEDs are recommended for 
the two panel mounted devices and if the overflow 
LED does not appear to be bright enough then an 
extra transistor Q5 may be included as a buffer. 

Before the displays are finally mounted it is 
advisable to stick some contrasting material 
behind the aperture (in the case of LEDs this will 
obviously be red, but if incandescents are used 
then they can be any pretty colour you fancy). 

Final Assembly 
With the main PCB in the case, mount the pre -amp 
PCB on a bracket at the rear. The 7805 should also 
be mounted at this time. 

Connect the attenuation switch on the front 
panel to the pre -amp board with a short length of 
screened cable. At this point the preset resistor on 
the pre -amp should be set up. To do this, monitor 
the voltage at the emitter end of R11. There should 
be approximately 1.5V at this point relative to 
ground - adjust the preset and re -adjust this later 
for optimum performance. 

At this point it is the time to adjust the master 
oscillator using if possible a frequency standard. 
However if you cannot gain access to the above 
proceed as follows: construct on stripboard the 
oscillator in Fig. 5. Depending on the frequency of 
the crystal used you should be able to read 
something close to the stated frequency. 

A word here about crystals - have a chat 
with your local TV repair shop, they will probably 
be happy to part with a 4.4433619 device for a few 
pence (these are the ones used in all colour TVs 
but don't whatever you do go poking around in 
your TV). 

Having built your test signal source apply 
power to it and inject the output into the BNC 
socket, noting that it is better to start with the 
attenuation switch in the 50:1 position to begin 
with. Trim the master oscillator on the counter by 
adjusting C7. If it won't quite make it to the stated 
frequency try altering the values of C6, C7 and C8. 

All that remains to be done now is to box up 
the unit leaving it running for an hour or so and 
giving the trimmer C7 a final tweak. 

In use, you may find that when investigating 
square waveforms that the counter refuses to 
count properly. Use of SW3 will enable you to 
choose the best edge to count on. A final word 
about performance the pre -amp should be good 
for the worst case transformer in the design which 
is Q2 whose f -r is quoted at 150Mhz. 

In the counter itself the upper frequency limit 
is imposed by the TTL itself, this being 40-45Mhz. 

In 

ETI 

f +4096 - 

f+32- 5 

Fig. 5 Test frequency source circuit diagram 

Testing 
At this point it will be necessary to loosely wire 
everything together for testing purposes. Do not fit 
the main board into the case just yet. 

Assuming you haven't got a bench power 
supply capable of giving 2.5A then proceed as 
follows. Mount the mains transformer, input fuse 
and mains switch in position being careful to cover 
exposed terminals with sleeving. Also mount the 
78H05 regulator IC34 on the rear panel allowing 
enough room for the pre -amp and the 7805 
regulator IC35 as well. Temporarily fit a heatsink to 
the 7805 regulator and mount it on the main board. 

Ignoring the pre -amp for the time being, make 
connections between the 78H05 and the through 
board pin at the front of the main board. Tem- 
porarily link the case with the ground plane on the 
PCB and make the following tests. 

Insert FS1 and apply power to the unit. There 
should be AC voltage on the secondary of the 
mains transformer. This can lie anywhere between 
8V and 12V but should not be much lower than the 
:ower figure or the regulators may not work 
properly. 

Test for DC at the 22001.1 capacitors C14, 15, 
:he figure here will be somewhat higher, in the 
range of 10-15V DC. If it isn't, switch off before 
something catches fire and check, check and 
check again on your construction. 

If all is well to this point, then you should have 
-5v on all the IC sockets (you didn't fit the ICs did 
;ou?) at the relative pins. If not, check for missing 
::nks, broken tracks or pins not soldered. 

Remove FS3 and in its place fit a milliam- 
_neter, turn off the power and fit the logic ICs one 
a: a time noting the current consumption as you 

It should gradually increase from virtually 
zero to a couple of hundred milliamps, if there is a 
sudden change, power down quickly and inves- 
_gate the cause. 

If you have connected the two LEDs on the 
Eont panel one or the other may be lit. If the over- 
-=ow is lit check it goes out when you apply +5V to 
:C8 pin 4. 

If you make temporary links in place of SW2 
e gate LED should light in response to where you 

the link - if you connect IC6 pin 12 to 1C8 
11 the LED should be lit for 1 second and 

excinguished for 1 second. 
If these tests are good to this point, transfer 

-e milliammeter to the output lead of the 78H05, 
=_er first checking to see if there is +5V on its 
__put 

Power down and insert the 3 ICs for the LSD 

O 
M n 
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 Suitable forinstrumenls, high quality amplifiers and many other applicallonsthetdemand 
strength andprolessionat finish New improvedcorlstruction and finish * Slackanodised 
aluminium from panels Separate front mounting plate. noticing screws visible on Ihetronl 
and the side of the enclosure e Heavy gauge front pa nel is of brushed aluminium finish 
enhanced with two professional handles e Withventitation slits and plastic feet e Rear boa 
manutactured Irom 1,1 mm sled tin shed in Mack. Rack mountingor free standing. Comes in 
quick assembly flat package spare Iront panels available. 

2 19x3.5 
2 19x5.25 
2 19x7.0 
n 1300 P&P for 
ria added loins 

550 MHZ Frequency Counter 
Digital Power Supply/Voltmeter 1 

Digital Power Supply (0130 Volts 
Function Generator 12 Hz to 200 
60 MHz Counter/Timer 

High quality testequipmenie at an incredibly low pace. Customers who have bought from us 
are delighted with the quality and found them excellent value for money. Place an order now 
Wewlll give you your money back it you are not completely satisfied and returnthe unlethin 
14 days Please add f3 p/p per item (50p for MV3361. - 
To order send chequelposlal order Quantity dlscount available. Customers wno require tur lsur 
information please send S. A. E. Trade and overseas orders welcome Mail order only 

upmarket par of 
loudspeakers at a 
very down - 
to earth price' 

With a 

Wilmslow Audio 
Total Kit it easy 

:s 
r= 

CE Amplifier Modules 

MODULE 
CE608 
CE 1004 
CE 1008 
CE 1704 
CE1708 
CE3004 
FE908 
FE1704 
FET 3 

CPR 2 
REG 2 

FOP DUALITY 
AUDIOPHILE 

:UMPONfNTS 

S ERMOS 2 

the success of the original S 
ith many new exclusive sou 
kit. board. module. or read 

D THERES MOR 
rig! eliminates PSU ripple fro 

dual regulated supplies to al 
rations. IA Work first i 

N CUPPING (not 
when severely c 

TALLY eliminate 

confused with s 

this together w 
composed sou 

THERE S MORE ... weran i possibly describe titis amp rww 
8 -page glossy brochure giving lull details including active class A inlarmabon same 

s a 26p Large SAE (Overseas sera 6IRC'si SUPERMOS 2 modules 
THE ORIGNAL SUPERMOS MODULES 50.150W te5 plus (ít.50 pap) 

Send to 
5fTE 
%DD 

Wendy (Sales Dept I, Construction House. Whitley 
Street. Bingley, W. Yorks. BD164JH England 
Tel. (0274(568647,TIx;517783. Fax. (0274)551065 

19" RACK CASES 

Order Code 
Panel Size Rear Box Wei ht Price 
W H (inch) W H D g £ 

1U-10 19 x 1.75 17 x 1.5 x 10 2.4kg 23.50 
2U-10 19x3.5 17 x 3.0 x 10 2.9kg 24.50 
3U-10 19x5.25 17x5.0x10 3.5kg 26.50 

2U-1 
3U-1 
4U-1 

Please ad 
No VAT to 

17x3.0x12 3.3kg £25.50 
17x5.0x12 4.0kg £27,50 
17x6.5x12 4.6kg £29.95 

the first item and £1.50 for each additional item 
price. 

TEST EQUIPMENTS 
NEW 

C550 8 -DIGIT 550MHZ 
FREQUENCY COUNTER 
* Auto channel selection 
* Dual Decimal Points Indication 
* Selection of Gate Times 
* Complete with RF Cable and 

Technical Manual 

SPECIAL INTRODUCTORY 
OFFER £79.50 
offer ends 31.10.88 

C550 £94.50 
C83A 0/35 Volts 1 5 A) £49.50 
C838 1 A) £40.50 
C89A KHz) £43.50 
C86A £55.50 
C87A Autoranging Capacitance Meter (01 pF to 999 mf) £55.50 
MV338 Metal -mains detector £4.99 

T.J.A. DEVELOPMENTS 
Dept. ETI, 19 Welbeck Road, 
Harrow, Middlesex HA2 ORN. 

IllCONSTRUCTOR SERIES SPEAKER KITS 
Based on the famous Kef 
Reference Series, these three 
DIY designs give the home 
constructor the 
opportunity to own an 

- no electronic 
or woodworking skill is necessary. Each kit contains all the 
cabinet components (accurately machined from smooth 
MDF for easy assembly), speaker drive units, crossover 
networks, wadding, grille fabric, terminals, nuts, bolts etc. 

Model CS1 is based on the Reference 101, CS3 is 
equivalent to the Ref. 103.2 and CS9 is based on the 
Reference 105.2 (but in a conventionally styled end.). 

CS1 £117 pair inc. VAT plus carr/ins £6 
CS3 £143 pair inc. VAT plus carr/ins £12 
CS9 £393 pair inc. VAT plus carr/ins £18 

We also offer a kit (less cabinet) for Elector PL301 

© Lightning service on telephoned credit card orders! 

WILMSLOW AUDIO LTD. 
35/39 Church Street, Wilmslow, Cheshire 

SK9 lAS Tel: 0625 529599 
Call and see us for a great deal on HiFi. 

(Closed all day Mondays) 
DIY Speaker catalogue £1.50 post tree (export $6) 

The most sophisticated and highly 
protected modules available today. 

POWER/LOAD 
60W 8Q 

100W 4Q 
100W 8Q 
170W 4Q 
170W 8Q 
300W 4Q 
120W 8Q 
220W 4Q 
450W 4Q 

Stereo Preamp 
+/-12v Supply 

PRICE 
£25.84 Bi -Polar 
£30.44 Bi -Polar 
£33.59 Bi -Polar 
£43.26 Bi -Polar 
£43.26 Bi -Polar 
£55.05 Bi -Polar 
£38.75 MOSFET 
£66.85 MOSFET 
£83.71 MOSFET 
£53.88 
£19.66 

Prices include P+P,VAT. All modules are guaranteed for 2 
years. For more information on these modules and our other 
products including our Hi-Fi kit amplifiers. Please write 
(s.a.e.) or phone. 

CRIMSON ELEKTRIK 

PHOENIX WORKS 
500 KING ST. 
LONGTON 
STOKE-ON-TRENT 
STAFFS 

TEL.(0782) 330520 

Following 
version w 
amplifier, 

STOKE Agents: - 
BRADLEY -MARSHALL 
382-386 EDGEWARE RD. 

LONDON. 

WILMSLOW AUDIO 
35-39 CHURCH ST. 

WILMSLOW 
CHESHIRE. 

NEW FROM SAGE AUDIO HIGHEST POSSIBLE 
TECHNICAL 

( Wow to 590W) 
PERFORMANCE 

050V to s755 

THE MOST ADVANCED HI-FI AMP IN THE WORLD 
UPERMOS we now launch a higher powered 
nd improvements not available on any other 
y made. 

FEATURES:- 
Highly efficient distortionless PURE CLASS A 

throughout (low heat generation) 

Top audiophile components inc best SMD's 
Exclusively made matched custom semiconductors 
Minimal capacitor design (without DC servos) 
PSU sound colouration eliminated 
Advanced PSU feedtorward ripple elimination including 
internally separately regulated voltage AND current to 
ALL stages using SAGE Super -Supply circuitry 
Total reactance (difficult speaker) drive capable 

SIZE 240 x 100. 100mm 
THD 0.0001%, Slewrate 685v/us, f-3dB 0.5Hz-350kHz, 0/P Current 80amps, 
Damping factor 940, transient power (2ohms) up to 1800W max. 

PLUS By innovative technical design we have eliminated 5 individual sound colouration components 
found in all other conventional amplifiers. 

ELIMINATED - 1) Emitter resistors 2) Zobel networks 3) HF pole compensation 4) Fixed bias 
Vbe multiplier and temp gen distortions 5) Capacitor sound 

AN E ... Sage exclusive CLEA to be oh 
clippi m reaching the output even lipped, ith 
indivi I stages (Super -supplies) TO s PSU nd 
colou 

COMING SOON The SAGE 'ACTIVE PI MODE' CLASS A preamp, THE 
definitive match to the SUPERMOS power amplifiers. 

AND 
a full size 
coin plu 

this ad, to receive 
£1 cheque, PO or 
£140 (p&p £2). 
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EPROM 

i 

SPECTRUM 'II 
0 

EMULATOR t`711 n y t is a fact of life that when it comes to designing 
and debugging microprocessor based circuits, 
your old single beam valve oscilloscope and 
trusty Avo won't get you very far! Micro- 
processors are tricky beasts to get going at the 

best of times and specialised development and 
support tools are really aimed at the professional 
engineer in industry, where the elevated price tag is 
of secondary importance. 

itself into the Spectrum memory as an 8K location 
block starting at address 49152. 

The idea is that the Spectrum sees the emulator 
RAM as its own memory so that downloading data 
is handled automatically However, the Spectrum's 
memory map is full of its own RAM already. 

In order to overcome this, the emulator RAM is 

configured as Write -Only' memory (WOM!?) as far 
as the Spectrum is concerned. This means that if the 
Spectrum writes to these locations, the data is put into 
both its own RAM and that of the emulator If the 
Spectrum reads from these locations, it sees only its 
own RAM contents. Thus the emulator will not affect 
in any way the operation of the Spectrum, yet 
manages to receive download data at the same time 

In this way we simply use the Spectrum BASIC 
`Poke' command to put suitable data into the emulator. 
However, even more amazing is the possibility of 
assembling code into this area of memory The mere 
act of assembling source code on the Spectrum writes 
executable code into memory, and in this case into 
the emulator RAM at the same time. 

With an ordinary serially loaded EPROM 
emulator, getting executable code into the emulator 
RAM is a lengthy process. First, it is necessary to load 
the assembler into the computer, then load the source 

Graeme Durant's 
Spectrum bears more 
than a passing 
resemblance to a 
development system's 
EPROM 

41 

One extremely valuable piece of microprocessor 
development equipment is an in -circuit emulator. This 
usually takes the form of a big box of tricks and a 'pod' 
on the end of an umbilical cable, which plugs into your 
target circuit in place of the microprocessor chip. From 
then on, the emulator pretends to be the processor, 
and if desired the memory too, simulating all the 
functions in real-time. 

The emulator provides facilities to start and stop 
the processor, examine and change register values, 
and perhaps most importantly, examine and change 
the memory contents. Such systems provide an 
amazingly powerful development tool, cost many 
thousands of pounds and no, we're not going to build 
one! 

A few steps down in complexity from the in - 
circuit emulator but no less valuable, is the so-called 
EPROM emulator. Once again this provides a 'pod' 
at the end of a cable which plugs into the target board, 
this time in the place of the EPROM containing the 
operating software 

As far as the target board is concerned, the 
EPROM emulator is the EPROM -a block of read- 
only store. However, the emulator is in fact RAM and 
data can be put into it during code development, from 
some external source such as a home computer 

This means that changes to code can be made 
n seconds, without going through the hassle of 
erasing and programming EPROMs each time you 
discover a tiny bug in your software It also means that 
short test routines can be quickly employed to test and 
debug new hardware, again saving time with 
EPROMs. 

Such EPROM emulators have appeared in ETI 
before, so what is so special about this one? The major 
_=fference is in the method used to download the code 
=nto the emulator. Usually, having been compiled/ 
sc'mbled, the code is moved from the development 
computer into the emulator via a serial link. This 
-equires a program to be running in the home 
computer to transmit the data, and some hardware 
r. the emulator to receive the data and write it into the 
appropriate RAM locations. In this design all that is 
unnecessary. 

A Full Spectrum 
This emulator has been designed for use with our old 
Tend the ZX Spectrum and simply plugs onto the 
expansion port at the back. The emulator RAM maps 
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Fig. 1 Block diagram of the EPROM Emulator 

LOAD H- EMULATE 

42 

HOW IT WORKS 

or onto the -data and address lines of IC4. 

This time there are only thirteen address bits coming from the 

ETI SEPTEMBER 1988 

The block diagram for the system is shown in Fig. 1. The eprom 

emulator basically consists of a block of static RAM, its address and 

data lines being switchabie between one of two external ports. 

The port shown on the left is connected to the Spectrum address 

and data busses via the Spectrum's expansion slot. This port is write 
only, and allows the EPROM data to be downloaded into the emulator 
from the Spectrum. 

The port shown on the right goes to the target system via a cable 

and EPROM look -alike pod. This port is read-only, and emulates the 
effect of an EPROM. 

The switching of the RAM between these two ports is handled 
by some simple control logic - basically by the state of the power 

supply to the target board as sensed by the EPROM -pod power pin. 
If the target board is turned off, the emulator is switched to its 

download mode EPROM emulation starts as soon as power s sensed 

on the target board. 

The emulator board itself is always powered from the Spectrum, 
via the 5V supply connection on the expansion slot. 

The circuit diagram (Fig. 2) demonstrates operation in more 
detail. The heart of the emulator is IC4, an 8K x 8bit CMOS static RAM 

chip The switching of data and address lines to IC4 is achieved by 

means of the tn-stateable 8 -bit buffers ICt, 2, 3, 8, 9 and 10. 

Looking first at the write -only port from the Spectrum, the 
incoming data and address signals arrive on the emulator board via 

edge connector SKI, and are buffered by IC1 and IC2.3 respectively 
onto the data and address lines of IC4. 

The 8K locations present in the emulator are mapped into the 
Spectrum's memory space by IC5b and c so that they start at 49152 

(decl. IC6b detects a memory write access by the Spectrum to one 
of these locations. 

The write strobe to IC4 is derived from the output of IC6b and 

can be disabled in emulation mode by IC5a. 

Looking now at the read-only port to the target system, the 

outgoing data and the incoming address signals leave or enter the card 

via connector SK2, and are buffered by IC8 and IC9, or 10 respectively 
from 

pod, so these all go to the RAM without decoding - any decoding 
will already have taken place on the target board. 

The most significant address bit from the target system IA12) 
has a high value pull-up resistor R5 connected to it. This is there to 

ensure that this line doesn't pick up noise whist the board is emulating 
the smaller 4K EPROM 127321 with this address line floating 
unconnected. This does mean however that whilst emulating the 
2732, data should be placed in the top half of the 8K RAM, starting 
at Spectrum address 53248 Idec). 

It is worth noting too that the RAM address and data lines are 

not connected to the two external ports in the same order as defined 
by the manufacturer's data sheet, This dramatically simplifies the PCB 

layout, and has no effect on operation providing that a data line from 

a port goes to a data line on the RAM, and an address line from a port 
goes to an address line on the RAM. 

Each unique address combination will access a different RAM 

location capable of storing data; it does not matter where exactly this 

occurs on the chip! Naturally, the data and address lines on the two 
ports must match so that data put into a certain address horn the 

Spectrum end will be found at the same location at the emulation port. 

As mentioned previously, the operating mode of the card is 

determined by the state of the power supply on the target board. This 

is detectable on the pod by the voltage on the 'EPROM' power pin, 

and is handled by 01 and its associated biasing resistors. When the 

target supply exceeds about 3.5V 01 turns on (the transition voltage 

being set by R8 and R91. The state of 01 is converted into TTL levels 

by schmin inverter IC 7e. An LED driven via IC 7b indicates when the 

emulation mode is in operation. 

The circuit diagram shows this voltage sensing taking place on 

pm 28 of the 2764 pod. A second connection, via diode DI, comes 
from pin 26. This is for 2732 emulation, when the EPROM supply pin 

does not coincide with that of the larger device, and pin 28 is unused 

(diode D1 is present to protect the target system Irom a possible fault 

condition, if In the case of 8K device emulation, pin 26 of the EPROM 

socket is not open circuit as the 2764 pinout assumes). 

Imagine first that the target board power is off, and the emulator 
board is thus in the download mode, 01 will be switched off, and so 

the output of IC 7a will be low. The output of IC 7c is always the 

complement of the output of IC7a, so will be high. 

The low output of IC7a will directly enable buffers IC1. 2, 3 so 

that the Spectrum data and address signals will reach the emulator 
RAM. At the same time, the high output of IC 7c will allow IC5a to 
pass write strobes from the Spectrum to the RAM, so that the 

download information can bewritten into C4. The high output of IC7c 

also disables the address buffers (via IC6a,cl from the emulation port 
IC9. 10, and disables the data output drivers in IC4 and the data buffer 
to the emulation port IC8. 

After the download is complete, the target system power can be 

applied. 01 turns on, sending the output of C 7a high and the output 
of IC 7c low. IC 7a disables the three Spectrum port buffers ICI, 2, 3, 

thus effectively decoupling the emulator from all the Spectrum's 
influence 

Similarly, IC 7c enables the emulation port address buffer so that 
IC4 receives the required EPROM address signals from the target 
board, 

Any further write strobes from the Spectrum are stopped by the 
low signal on pin I of IC5a, so now the RAM is held in its read mode 

constantly. The logic is carefully arranged so that as long as the 

Spectrum is not trying to write data to the RAM at the time. changing 
mode from download to emulation or back can never cause an 

erroneous write pulse to be sent to the RAM, which might otherwise 

PONT 

13 ADDRESS BUS 

Z% SPECTRUM EPROM EMULATOR 

8 DATA 

'EPROM' POD 
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CONNECTIONS TO 
ZX SPECTRUM 

SK1 

DO 

D1 2A3 2Y3 

D2 2A4 2Y4 

D3 1A1 1Y1 

D4 1A2 IC1 1Y2 

D5 1A3 1Y3 

D6 1A4 1Y4 

D7 

AO 

Al 
A2 

A3 
A6 
A7 

Al2 

A4 
A5 
A8 
AS 

A10 

All 

1A3 
IC2 2V2 

1A2 1Y3 

1A2 1Y2 
2A4 1C3 2V4 

CEVdd1 
8 ÓÓÓ OÓÓÓ CE2 

EPROM 
CONNECTIONS 

i5V (PIN NUMBERS 
AS 2764( 

SK2 

1A1 
ICS 

1Y1 
1A2 1V2 

1Y1 1A1 

DO 

01 
D2 

D3 
D4 
D5 

D6 

R5 
47k +5V 

Al2 
A5 
A8 
A9 
A10 
A71 

CE 

OE 

Vcc 

, 
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program must 
hich the object 
ansmit it to the 

emulator. If a small change is required in the code, 
this whole process must be repeated. If you are 
working with floppy disks or worse still audio cassettes. 
all this loading and saving is painfully slow ann very 
tiresome. 

This design 
ustry standard 
hobbyist - th 

between the two 
hole plated PCB 
Use tinned copp 
priate hole in the 

of emulating 
ost commonly 
the 2764 (4K 

(The board is not a through 
he excessive costs involved. 
pushed through the appro 
nd soldered in on both sides 

htforward if you plan 
oard but can create p 
ICs into DIL sockets. 

time a copper 
mponent side 
e ICs must be 

ans DIL socke 
in such a way 
e component 

the component side of the board but not directly with 
a soldering iron (it would be very difficult to avoid 
rr 2Iting the plastic socket frames). The pins should be 
_ated in turn from the underside of the board whilst 

necessary. but it is always wise to put the 
semiconductors in last of all. Remember to put the 
LEDs. QI, Dl and Cl in the right way round! 

All that remains now is to fit the two connectors 
SKI. and SK2. SKI. is the edge connector for the 
Spectrum port and must be fitted so that one row of 

The two rows of pins will probably need to be 
squashed together a bit, before fitting the connector 
to the board. The pins do not go through holes in the 
PCB. they lay flat against Its surface and are soldered 
down by flowing solder onto the copper pad 
associated with each pin. Squashing the pins together 
can be achieved either using pliers or more easily, 
using a small vice. SKI should then be slid onto the 

B and soldere 
connector SK 
d provides th 

connections. The used is shown in Fig. 
connector should ly inserted and solde 
place. For extra rel t isrecommended th 

This completes the construction of the PCB itself. 
but now we must look briefly at the cable assemblies 
which connect the target system to the emulator. 
Basically, these consist of a length of ribbon cable with 
an IDC header socket at one end to plug into SK2, 
and an IDC DIL header at the other end to plug into 

code. Once assembled, the object code must be 
saved, then the serial link download 
be loaded into the computer, after w 
code must be re -loaded in order to tr 

With the design described here, once the 
assembler has been loaded into the Spectrum, it can 
stay there, as can the source code. Code can be 
assembled into the emulator, the source code can be 
tweaked and then immediately re -assembled into the 
emulator for another try - all in seconds! 

is capable the two 
ind EPROMs m used by 
the e 2732 and x 8 and 
8K x 8 respectively) and has an emulation access time 
equivalent to that of a 250-300ns device. 

Thus it is perfectly suited for use with 4MHz 
Z80A based target systems (such as ETI Spectrum 
Co -processor CPU card) , and indeed any application 
requiring such a medium speed EPROM. 

Construction 
Construction of the EPROM Emulator should not 

prove to be difficult, particularly if the recommended 
PCB (Fig 3) is used. This is a double -sided board and 
requires a number of interconnections to be made 

layers. - 

duetot 
er wire - 

board a 
Many of the required through connections are 

made via the IC pins themselves, each 
track is connected to an IC pin on the co 
of the PCB. In these cases (48 in all) th 
soldered in on both the top and underside of the 
board. 

This is straig to put the ICs 
directly into the b roblems if you 
decide to put the Sockets must 
be employed which provide access for soldering to the 

topside of the PCB. This really me is of 
the `turned -pin' variety, designed that 
the base of the pin is visible on th side 
of the PCB. 

To fit these sockets, solder into place as normal 
from the underside of the board. Then solder in on 

dabbing fine solder onto the topside of the pin, until 
solder flows to form a good joint. 

Once the through connections and the IC 
sockets (if used) are in place, the rest of the 
components can be inserted. No particular order is 

its pins are soldered to the topside of the PCB, and 
the other row to the underside. 

edge of the PC 
The other 

of the PCB an 
pinout 
be simp 
iability, i 

nuts and bolts are used through 
socket in position. 

d into position. 
2 sits at the other end 
e EPROM emulation 

4. This 
red into 
at M2.5 

the PCB to fix the 
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SKI 

There are no special parts needed to build the emulator, and your usual 

supplier should stock most of the components required. 

The miniature axial ceramic capacitors used in this project are 

available from Verospeed as order code 92-50952H. Verospeed can 

be contacted at Stansted Road, Boyatt Wood, Eastleigh, Hants SO5 

4ZY. Tel:107031644555. 

Suitable DIL sockets for soldering on the topside of the PCB 

should be commonly available, but try the turned pin range from 

Maplin if uncertain. Maplin can also supply the Spectrum edge 

connector if required, order code FG 23A. 

The PCB is available from the ETI PCB service 

Fig. 3 Component overlay for the emulator board 

the target system EPROM socket. 
A different cable assembly is used depending on 

which size EPROM is being emulated, so you may 
need to make up two types. 

Figure 5 shows the pinouts of the two types of 
EPROM we are seeking to emulate. The 2732 is in 
a 24 -pin package, whilst the 2764 is in a 28 -pin 
package. The pinouts are so designed that if you put 
the smaller device in the larger device's outline, 
matching up the ground pins, the rest of the signals 
correspond perfectly 

Obviously, the 2732 does not need as many 
signal connections as the 2764 but if the emulator 
provides all the connections for the larger device then 
:he smaller device simply uses a subset of these 
signals. So, it is possible to make the required 
Emulation connections to either device by only 
changing the size of DIL pod on the end of the cable 
assembly - no further signal switching is required. 

Figure 5 also shows the construction of the two 
cable assemblies. Care must be taken to ensure that 
the DIL plug and the IDC header socket are fitted 
exactly as shown, particularly the latter which has a 

-umber of unused socket positions. 
The length of ribbon cable used should not be 

-much more than about 200mm, since the signals 
gavelling up and down it are ordinary TTL levels, and 
are at quite high speeds. Any longer and the 
emulation could become unreliable. If it were 

ecessary to have a much longer cable, then high- 
speed twisted pair line drivers would have to be used, 
:ut this is really beyond the scope of this simple 
project. 

To actually fit the connectors to the cable, you 
should ideally use one of the special presses designed 

IDC work. Not everybody has one of these(!) but 
..ith a little care it is quite possible to use a small vice 
73 do the same job. 

First the IDC connector should be loosely 
assembled so that it sandwiches the end of the ribbon 
cable Then the two halves should be carefully 

= THROUGH CONNECTIONS 

squashed together in the vice, to make a permanent 
connection to the cable. Before the permanent 
connection is made, you must be absolutely sure that 
the ribbon cable is correctly positioned in the 
connector, because it is not easy to go back after the 
connector has been assembled. 

It is worth then plugging it into the emulator and 
testing the connections from the PCB to the DIL pod 
with a continuity tester to make sure that correct and 
reliable links have been formed. One this has been 
done, we are ready to test the Emulator itself. 

Testing 
Before plugging the board into the back of your 
beloved Spectrum, it is wise to check that there are 
not potentially damaging short circuits between the 
emulator's power and ground lines, using a multimeter 
on the ohms range. If there are, make sure that the 
shorts are found and eliminated before moving on 

Then take the plunge and push the emulator 
onto the expansion port of your Spectrum Apply the 
power. The power indicator, LED2, should light up 
and LEDs (the emulation LED) should be off. 

BUYLINES 
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0 

you can get at the 'EPROM' pin 
g a piece of wire or a croc clip. 
n on the EPROM pod (pin 28 for 
732) to + 5V somewhere on the 

emulation mode - LED1 should illuminate 
If the circuit has responded so far. the rest of the 

emulator can be tested (remove the test wire on the 
Vcc pin). Using Spectrum BASIC. poke a data value 
of 85 (dec) into the top location of the emulator 

Next, put the emulator into emulation mode by 
reconnecting the Vcc wire. The data just loaded into 
the RAM can be looked for at the pod by pulling the 
'EPROM' CE and OE lines low using further wires. At 
this point it becomes convenient to plug the pod into 
a solderless breadboard or similar to make the 

Since unconnected TTL input lines float at the 
logical high level, leaving the emulation address inputs 
open circuit on the pod will address the highest 
location in the RAM: this is where we put our test data 
previously. So, using a voltmeter or a'scope. it should 
be possible to look at the data bits coming out of the 
emulator pod one by one. checking that they are 
correct. 

[f all is well, try loading a value of 170 (dec) into 
the same location (this value in binary is the same as 
the last but with the ones and zeros swapped) and 
check for the correct bits on the pod data pins. 1f you 
are using a plug-in breadboard to test the emulator, 
it is quite easy to check a few more addresses besides 
the top location - simply pull down some of the 
address pins on the pod to 0V, having poked suitable 
test data into the RAM. This is certainly worth trying. 

After all this static testing the real proof that the 
emulator is working must be to try it in a real target 
system, after loading real executable code into it. 

connected to 
code should 
priate area o 

24 PIN OIL 
HEADER 

(PINS DOWNWARDS) 

v 

2764 
P1NOOT VIEWED 

FROM ABOVE 

,200mm 

ASSEMBLY 

BM 
BB 

A 
MI 
BB 
KZ 

MO 

N 
BB 
BB 

BB 
RIO 

CABLE LPRIBBON 

CABLE 

CABLED P 

finding stuck bits. 

E-4 

1:Z 
O 

(28) Vcc O O NOT USED 

NOT USED O O Al2 (2) 

V cc VIA DIODE O O A7 (3) 

(251 A8 O o A6 (4) 

(24) A9 O O A5 (51 

(23) A11 O O A4 (6) 

(22) OE 0 0 A3 (7) 

(21) A10 O O A2 (8) 

(20) CE O O Al (9) 

(19) 07 0 0 AO (10) 

(18)06 0 0 00(11) 

(17) 05 O O 01 (12) 

(16) 04 0 0 02 (13) 

(15) 03 0 0 GND (14) 

NOT USED O O NOT USED 

NOT USED O O NOT USED 

NOT USED O O NOT USED 

Fig. 4 IDC header plug pinout (viewed from pins) 

If all is well, fit one of the emulator cable 
assemblies so that 
connections. Usin 
connect the Vcc pi 
2764, pin 24 for 2 
emulator card to simulate the power being applied to 
the target system. This should switch the emulator into 

(Spectrum address 57343). In binary, this data value 
has alternate one and zeros, and is thus great for 

A7 Vcc 

A6 A8 
A5 A9 
A4 All 
A3 ,Vpp 
A2 A10 
Al CE 
AO 07 
00 06 
01 05 

04 

2732 
PINOUT VIEWED 

FROM ABOVE 

Vpp Vcc 
Al2 'GM 
A7 NC 
A6 A8 
A5 A9 
A4 All 
A3 OE 

A2 A10 
Al CE 
AO 07 
00 

O 
PIN 1 

28 PIN DIL 
HEADER 

(PINS DOWNWARDS) 

necessary connections. If you do not have such a 
thing plug the pod into an IC socket and solder test 
wires to the pins. 

Use 
Using the emulator in a real target system is very 
simple, so long as a few basic rules are obeyed. With 
the target system unpowered, and the emulator 

both the Spectrum and the target board, 
be assembled/compiled into the appro- 
f Spectrum RAM. 

For 2732 emulation, the starting address in the 
Spectrum should be 53248 (dec). For 2764 emula- 
tion, the starting address in the Spectrum should be 
49152 (dec). 

Orie vital thing to remember is that these starting 
addresses are equivalent to address zero in the 

POLARISING 
SLOTS 

24 PIN CABLE ASSEMBLY 

34 WAY (DC HEADER 
(SOCKETS UPWARDS) 

CROSS-SECTION OF IDC 
HEADER SOCKET 
SHOWING CABLE CLAMP 

34 WAY IDC HEADER 
(SOCKETS UPWARDS) 
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6264 

741.S1 

It' 
it 

hoe 

EPROM' - the whole `EPROM' contents are offset 
'.n the Spectrum memory by an amount equal to these 
starting addresses. 

If your assembler allows you to assemble object 
code into a different area of memory to the runtime 
locations, then you are lucky. Simply write the source 
:ode from the target system's point of view starting at 
address zero, and then assemble it into the Spectrum 
-nemory starting at the addresses listed above 

PARTS LIST 

fESISTDRS lall %W 5%l 

R1, 6, 7, 10 10k 

71'2, 3, 5 47k 

A4, 11 220R 

330R 

R9 68R 

CAPACITORS 

Cl 47µ 10v axial electrolytic 

C2-9 100n miniature axial ceramic 

SEMICONDUCTORS 

(1-3, 8-10 746244 
C4 - 150ns $k x8_CMIIOS sRAM 

C5 0 

__ 741S27 

74614 
2, 3 8C548 

Green LED 3mm diam 

__2,2 Red LED 3mm diam 

1N4148 

WfSCELLANEOUS 

' Edge -connector for Spectrum 

(28 way double -sided) 
Ex 2 34 way PC mounting right-angled 

DC header plug 

L sockets (see text). Cable assembly to EPROM pod Isee texti. PCB 

-r: copper wire for through connections. M2.5 nuts and bolts for 

Ex 

Unfortunately, the majority of software 
development tools for the Spectrum cannot handle 
such complicated concepts (!), being much less 
powerful than proper professional development 
software (though of course much cheaper!) 

The only problem this does create concerns the 
assembler generated addresses in the executable 
code. Obviously, you must assemble the code into the 
Spectrum starting from the addresses listed above. As 
far as the target system is concerned, all the absolute 
addresses generated by the assembler in the resulting 
object code wil have an inbuilt offset equal to that 
starting address. If you are able to make your code 
relocatable by using only relative addressing, then 
there is absolutely no problem. However, if you are 
forced to use absolute addresses in your program, 
then it will be necessary to correct them by hand, 
subtracting the Spectrum start address before 
download 

This whole problem could have been overcome 
during the hardware design, by mapping the emulator 
into the area of Spectrum memory starting at zero 
instead of where it is. Unfortunately, most assemblers 
for the Spectrum will not allow assembly into that part 
of the memory map, since that is where the Spectrum 
operating system EPROM sits Despite the problem 
with offsets, the actual method used at least 
guarantees that the assembler will work! 

Once the code has been assembled, the power 
can be applied to the target system and (assuming that 
the program is correct) it should spring to life. Further 
downloads can then be achieved by simply repeating 
the above process again. 

One interesting possibility worth noting concerns 
EPROM programmers Once the final working 
version of your software is available, having developed 
and tested it using your EPROM emulator, it is possible 
to use the emulator as the source of the data for an 
EPROM programmer. After downloading the code 
into the emulator, the pod can be plugged into the 
programmer, and the data read out, just as if you were 
copying a real EPROM This provides an easy means 
for the transferral of code from the Spectrum to the 
programmer, without using messy serial links and the 
like 

Just one extra reason for building this simple but 
effective development tool! 
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NOTE 
IC1 = LM358 
IC2 = CA3140E 
IC3 = 78515 
01 = TIP122 
02=TIP127 
03,4 = BC547 
D1 = 1N4002 

1111131111 

T 

T 

MODEL RAILWAY 
CIRCUITS 

output currents of up to a couple of amps. Q2 is not 
strictly necessary but with Dl it helps to suppress 
voltages generated by the motor when Q1 is switched 
off. As Q1 operates in a switching mode it only 
requires a small bolt -on heatsink. Q2 does not require 
a heatsink at all. 

For straightforward manual control a 
potentiometer circuit to drive pin 3 of 1C2 is all that 
is required. For computer or digital control a DAC is 
needed, and a very simple and inexpensive 2 -bit 
circuit can be used. 

The state of the signals at inputs 1 and 2 alter the 
resistive network determining the signal fed into IC2, 
and therefore the speed of the train. With both inputs 
at 0, Q3 and Q4 are off so that R8 and R9 provide 
a high enough control voltage to keep the controller 
output continuously high. 

Applying a logic 1 signal to input 1 or input 2 
shunts either R10 or R13 across R9, giving a lower 
control voltage and a lower average output voltage. 
As R10 and R13 have different values, the two logic 
inputs provide different speeds Taking both inputs to 
logic 1 produces a very low average output voltage, 
and the train halts. 

More transistor drivers and shunt resistors can be 
added to give a greater range of speeds. The transition 
time between speeds is proportional to the value of 
C4 and is easily changed. 

A reasonably smooth and stable 15V supply, 
with current limiting to protect the unit against the 
inevitable short circuits on the output, is provided by 
a simple smoothing and regulator circuit fed from the 
'raw' 12V DC output of a train controller. Direction 
control can be provided manually via a DPDT switch, 
or under computer control via a relay and driver 
circuit. 

IN 1 

IN 2 

the DC motors used in locomotives will activate the 
reed switches but in most cases a small bar magnet 
must be added to each train by the constructor. Note 
that the reed switches are activated when parallel to 
a bar magnet and not when one pole of a magnet is U applied to them. Switches should be mounted 
lengthwise along the centre of the track, with the W magnet mounted lengthwise along the middle of the 
floor of a piece of rolling stock. The distance between 
them probably needs to be about 10 millimetres or less - this should be possible without continual 

ETI SEPTEMBER 1988 

Robert Penfold adds 
ballast to your layout 
with a selection of 
circuits to keep you on 
the right track 

Digital Train Controller 
his is a pulse type train controller that is 

primarily intended for computer control. 
Although the range of available speeds is 
rather limited (stop, full speed, and two 
intermediate) the transition from one 

speed to the next has been made very gradual to avoid 
any unrealistic jumps in speed. The circuit can easily 
be modified to provide a greater range of speeds if 
desired 

The unit provides a variable average output 
voltage by varying the mark -space ratio of the output 
signal. Provided a suitable output frequency is used, 
this type of signal is suitable for driving DC electric 
motors. In fact it gives very good results, fine speed 
regulation and immunity from stalling at slow speeds. 

This circuit uses a standard pulse width 
modulator with IC1 to provide the triangular clock 
signal, and IC2 operating as the voltage comparator 
The clock frequency is just over 200Hz, which seems 
to give good results with any small DC electric motor. 

With the voltage at the non -inverting input (pin 
2) of 1C2 halfway between the peak to peak voltages 
of the clock signal, the output signal is a square wave 
having a perfect 1:1 mark -space ratio. Taking this input 
voltage higher results in it being exceeded by the clock 
signal for a smaller percentage of the time, and the 
high output period becomes longer than the low 
output time Reducing the input potential has the 
opposite effect. This gives the desired result, with an 
average output voltage that is proportional to the 
control voltage. 

Q1 and Q2 form a complementary emitter 
follower output stage that enables the unit to handle 

Two-colour Signal 
his two-colour red/green signal is 
automatically operated by the train via 
sensors on the track. There are several 
ways of sensing the train as it passes but 
the two most simple and reliable methods 

are to use micro or reed switches. 
I prefer reed switches positioned just under the 

track, activated by a magnet mounted just above track 
level on one of the pieces of rolling stock Sometimes 
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CUT IN 
1C2 

COM 

0 12V 

nCV 

al 
470R 

Cl 

01 

IC2 UA7912 
012 -13C337 

12 

13 

ICI 
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ICId 

ICI 
PIN 7 

R7 
1k0 

R9 
OR 

Cd Cs 
100n 100n 

C5 
470u 

QOV 

This sound effects unit is designed to simu- 
late the sound of a two-tone horn, as used 
on many diesel and electric locomotives. 
This is the type of horn that goes up about 
a fifth in pitch (about 50% higher in freq- 

1.9 

R1 CI JF 
1k0 10u 

- C2 
lu0 

03 
92k 

42 
ak 

ICI 

21 1 

C3 
15n 

41 9 

51 I G 

IC2 

C4 
15n 

RV2 
47k 

0 

1.51 
4R 

ICI 
PINS 12 13.14 

R7 
2M2 

2 

SW I 
ON.'OFF 

14. C7 T lOn 

R9 
10k 

BI 
9V J_ 

LEDI 
NOTE: 
ClI = 4001BE LED2 

GREE 

47 

derailment 
The purpose of the sensors is to set the signal to 

red as it is passed by a train and then to reset it to green 
when the train has progressed to some point further 
along the track. The circuit is basically just a S -R flip- 
flop built around IC1b and IC1c The other two gates 
of IC1 are wired as inverters and used as buffers at the 
outputs of the flip-flop. 

SW1 is the reed switch near the signal and when 
this is activated it sends the output of ICla high This 
switches on Q1 and the red signal LEDI SW2 is 
further along the track, and returns the output of ICla 
:o the low state. It also sends ICld high activating 
_ED2, the green signal. 

Two-tone Horn 

_ency) after the initial tone The basic sound is not just 
simple tone, and is actually a quite complex signal. 

Accurately simulating an intricate sound of this 
-.-pe is far from easy but results here are about as good 
23 you are likely to obtain from a simple circuit and 
e loudspeaker of about 65mm in diameter! Unless you 
are a steam only fanatic, it should certainly add a bit 
-.cre realism to your model railway layout 

The basic audio signal is generated by a 555 
- .er (IC1) used in the standard astable circuit It drives 

-,miniature high impedance loudspeaker via common 
-fitter amplifier Q2 LS1 must have an impedance 
'..54R to 80R and must not be a low impedance type 

oscillator's operating frequency works out at 
=_proximately 550Hz but we are using frequency 
- 1 dulation applied via pin 5 of the device and it does 
- _: always operate at this frequency. 

The horn starts fractionally flat, and moves up 
- :ne normal operating pitch over a period of around 
- - 'ms. regulated by Cl charging up through R1 

RV1 
100k 

R5 
3k9 

Problems with spurious triggering due to switch 
bounce or stray electrical noise in the connecting 
cables are counteracted by R4, C2 and R6, C3. If 
manual override is required, add push-button 
switches in parallel with SW1 and SW2 

It should be possible to control a ready-made 
signal, but LED types will probably incorporate current 
limiting resistors and R1 and R8 will then be 
unnecessary. The unit should also be able to control 
sub -miniature 12V filament bulbs in the same way, 
but the bulb current should not exceed about 200 mA 

A 9 or 12V battery is the easiest source of supply 
IC2 and C4 to C6 are only needed if the unit is fed 
with the raw 12V DC output of a train controller 

Pin 5 of IC1 must be pulled lower in voltage in 
order to raise the output frequency and give the two- 
tone effect. This is provided automatically just under 
a second after switch -on by IC3, a quad 2 input NOR 
gate which has three of its gates connected to operate 
as a monostable with an output pulse duration of 
around 800ms. This is triggered at switch -on by C7 
and R8 but, as it provides a negative output pulse Q2 
is initially switched off. It is turned on when the output 
pulse ends and it then pulls pin 5 of IC1 lower in 
voltage by an amount that is controlled using RV2 
In practice RV2 is adjusted 'by ear' to give the correct 
second tone from the unit C5 gives a smoother 
transition to the higher pitch for a slightly improved 
effect. 

The second 555 oscillator is used to enrich the 
sound and its output is mixed with the main tone 
signal at a much lower level, frequency modulated in 
exactly the same way as the main tone generator It 
is probably best to initially leave one terminal of R9 
unconnected so that RV2 can be adjusted with only 
the main oscillator driving the loudspeaker With R9 
connected, RV1 can be adjusted for the best effect 
This will probably be with the second oscillator just 
slightly off -tune from the main one or perhaps with 
the second oscillator set about a fifth higher 

NOTE: 
IC1,2 = NE555 
IC3=4001BE 
01 = BC337 IC3 
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Signal 

S 

C3 provides pulse at swtich-on. taki 
utput 0 high drivi nto conduction and turni 
n the green signa . The track sensors (SW I 
W3) provide a po ulse to the dock of ICI ea 

al setting of the signal might be 
does not pass the signal's switch 
ut of sequence. A push button 
SW 1,2 and 3 can be used to 

If the signal is a home-made type. a yellow LED 
will suffice for LED3 or an orange type might be con- 
sidered better, (Orange LEDs certainly seem to be 
generally much brighter than the yellow variety). 

The circuit can be powered from a 9 or 12V 

s gives the required colour sequ 
ghting in favour of a green signal. 
alter the weighting or colour seq 
A low frequency clock signal is r 

a longer cycle time can be achieved by making C2 
higher in value. Note that C2 must be a high quality 
(low leakage) type due to the high timing resistance 
values used in the circuit. Any plastic foil type should 
be suitable but electrolytics are not recommended. 

qually to this desig 
et, as sub-miniatur 
difficult to obtain. 

RI 
1M0 

'IRV1 
4M7 

R2 
IMO 

ICI 

10 

3 14 

T100 470n 

15 
IC7 

9 131 3 2 4 10 5 0 9 

GREEN I YELLOW I L RED I 

114 RO R9 
470R 470R 470R 

01 t 02 

DI m1,V1r1V1VV" 
RS 

R 1n 

O e 12v 

O0v 

cn 
UE-Z-4 

7 - 3 

Cl 
14 

C 

LEDI 
GREEN 

NOTE 1 

IC1=4017BE 
(11,2 ,3 = BC337 
D1 = 1N4148 

R6. 
470R. 

16 R5 
1e 1k0 

1k0 Q7 

LED3 
YELLON , . 

R10' 
470R' 

Three -colour Signal 
his signal is similar to the two-colour type 
but controls a three -colour (green, amber 
and red) signal and requires an additional 
track sensor 

The signal changes from green to red 
as the train passes the sensor next to the signal The 
sensor further along the track sets the signal to amber, 
and a third sensor still further along the track brings 
it back to green again. Like the two-colour signal, the 
sensors can be micro or reed switches 

Cycling Three -colour 

imilar to the three -colour signal this 
circuit cycles continuously under the 
control of a built-in clock oscillator, and 
it does not use track sensors at all It is not 
so much a matter of the train activating 

the signal as the operator having to control the train 
so that it obeys the signal The colour sequence of the 
signal is slightly different, with a green amber - 
red - amber - green sequence In order to avoid 
a lot of inactivity (and boredom) the signal has the 
colours weighted in favour of green. 

Again this circuit is based on a 4017BE one -of- 
ten decoder (IC2). In this case though, all ten outputs 
of the device are utilised. Outputs 0 through to 5 drive 

The circuit is based on a CMOS 4017BE. This 
can provide a standard divide by ten action, but it has 
ten more outputs (0 to 9), each of which go to logic 
1 for one clock cycle, in sequence. 

a reset ng 
o ng Ql i ng 
o 1 LED1 to 
S sitive p ch 
time the train is detected. R1 and C2 provide switch 
debouncing and help avoid problems with electrical 
noise 

Note that with this circuit it does not matter which 
track switch is used in which position on the line - 
the circuit merely requires a clock pulse each time. A 
switch to permit manu 
useful since, if the train 
first, the lights will be o 
switch in parallel with 
sequence the circuit through to the desired colour 

The final clock pulse of each sequence takes out- 
put 3 high but this is coupled to the reset input of IC1 
by way of Dl and it takes the circuit back to the 
beginning of the sequence 

battery or from the 12V DC output of a train controller 
using the smoothing regulator circuit from the two- 
colour signal circuit. 

the green LEDs, outputs 6 and 9 drive the amber 
LED2, and outputs 7 and 8 control the red LED3 
Thi ente with heavy 
wei Rewiring diodes 
can uence if desired. 

equired, and this 
is provided by a standard 555 astable circuit. RV1 
enables the clock frequency to be adjusted from a little 
over 1Hz to under 0.25Hz. This equates to a complete 
cycle time of between about 10 and 40 seconds but 

The notes on power sources for the two and 
three colour signals apply e n. RV1 
may have to be a large pres e types 
in this value (4M7) can be 
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Dear Mr News 
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and reserve/de 
every month. 

Points Controller 
orne model railway points are purely 
mechanical but electric points are now a 
standard accessory. These are mostly 
very basic and are really just a manual 
point with the addition of a couple of sol- 

enoid mechanisms giving the option of manual 
operation or electric remote control using a form of 

changeover switch plus a 12V DC supply. 
The points have three terminals, one of which 

is a common terminal wired to one supply rail. The 
other terminals are wired to the other supply rail via 
the changeover switch which selects the desired sol- 
enoid. By alternating this switch the points can be 
repeatedly set and reset. 

The changeover switch is slightly non-standard 
in that it is spring -loaded to a central off position, so 
that ordinarily it does not supply power to either sol- 
enoid. This is an important point, as the solenoid 
currents are quite high Applying power for more than 
a second or two risks burning the solenoid out These 
points are not always totally reliable in operation and 
the addition of a simple capacitive discharge circuit 
improves this and totally removes the risk of applying 
excessive power to the solenoids in an attempt to force 
operation. 

In this points controller circuit the input supply 
is fed to a high value capacitor Cl by way of current 
limiting resistor R1. R1 keeps the current at no more 
than about 25mA, which should be well short of the 
current needed to cause over -heating. It is also well 
short of the current need to drive the point from one 
setting to the other! This does not matter though, 
because Cl will charge to virtually the full input supply 
voltage, and can supply a large enough burst of 

current to reliably operate the points. The extremely 

low source impedance of a capacitor means that the 
large pulse of current normally removes any tendancy 
for the points to stick. 

The solenoids can simply be driven from across 
Cl by way of the changeover switch. However, things 
can be refined a bit further, as in this circuit. The switch 
selects one of two Darlington power devices (Ql or 
Q2) which control the solenoids. R2 and R3 limit the 
base currents and result in the switch only handling 
very small currents This eliminatess any problems 
with contact sparking reducing the operating life of the 
switch. A miniature toggle type which is spring -loaded 
to a central off position is perfectly suitable for SW1 

Dl and D2 protect Q1 and Q2 against any high 
reverse voltage spikes generated across the solenoids 
as they are switched off. Ql and Q2 do not require 
heatsinks Also note that it takes a second or so for 
Cl to recharge after the unit has been used and that 
the controller cannot function until Cl has almost fully 
recharged. 

OUTPUT 

SET RESET 

NOTE: 
01,2 = TIP121 
D1,2 = 1N4002 

NO HOLDS KEEP 
BARRED REGULAR 

The Bar code competition in the July issue attracted a large number 
of entries. we never knew so many readers were fluent in check- 

cut-ese and baked-bean-ian. The lucky winner was Jim McCarthy of 
Kokingham who correctly decoded the bars and guessed the secret 
-message held therein A year's free subscription to ETI goes to Mr 
McCarthy. The explanation of the bar code is given below. 

The bars were encoded in the standard EAN 13 -digit code as used 
an baked bean cans in the supermarket. This is in two sections with 

x figures in each section and a barrier code (101 or bar -gap -bar) 
between them and at each end The pattern of figures in the first section 

ves an additional figure at the beginning of the code. The last figure 
a checksum 

4 

Don't miss out on your favourite electronics mag. Why search 
high and low for a copy? Let your newsagent take the strain 

and reserve you a copy each month. 

Fill in your name and address on the form below and hand it to 
your local newsagent. It will keep you as regular as All -bran 
Alternatively, you can eat the coupon. They you'll need the 
All -bran 

ETI 
ELECTROMCS 

TODAY INtERNATKXlA1 

agent 
e a copy of ETI 
liver me a copy 

ELECTRONICS 
TODAY INTERNATIONAL 

ETI 
Note this magazine is available to your wholesaler through: 
SM Distribution. 6 Leigham Court Road, Streatham, London 
SW16 2PG Tel: 01-677 8111 

Name 

Address 

7:e code (excluding the checksum) is a series of hex figures which 
out to be the ASCII codes for ETleti Now you know! 
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This super little micro board using the very powerful Z80A CPU running at 4MHz has all the necessary hardware to control menial to the most complex tasks. The PTH PCB measuring only 107 x 118 comprises 2K EPROM (empty), 2K static RAM, 16 input lines using two 74LS244 and 16 output lines using two 74LS373. The port connections are via four 10W pin strips, each having eight data lines, one ground and either NMI, INT, WAIT or RESET. A must for the small application. 

This handy little interface is ideal for running parallel printers from a the low cost way out of buying expensive parallel ports for your Originally designed for the Sinclair OL and Northstar Dimension in PCB measuring 60 x 62 comprises of the 6402 UART, Baud rate yam, nw ^'+ ^" 'ogic, comes com ' - - - ribbon cable and 
For 'D' Type con see selection on 
Plug available e as 900-71052F). 

£18.40 
£23.90 

An invaluable handy instrument ideal for quickly measuring rooms no bigger than 50 feet sq. The ultrasonic processing PTH PCB measuring only 77 x 85 has all the necessary components to output the distance In four digit BCD (multiplexed) reflecting either feel, meters or yards selectable by a three position switch. The kit comes complete with Parabolic reflector and transducer. Available extra is a liquid crystal display board measuring 51 x 101 which can be wired to the BCD output to the above board directly to display the distance in 0.5 inch high digits. 
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WHEN YOU CAN'T FIND IT ELSEWHERE 
WE'LL HAVE IT! 

from the U.K. 's number one 100% components shop - no gimmicks, no gadgets. no computers. lust millions of components, all easily available by mail order. calling at shop. or credit card telephone orders. Just pick upne, or a pen to get the catalogue trio SAE required) - posted FREE to any 
country on the globe. 
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with Bettarid 7,AVOMP0l 

MULTIMETER AV072POtlLET MI1Li11AETEP noACu .-_..__. ,_.. NEW EQUIPMENT9Duel0 

OSC1LOSCOPE Pool Tr 

es Component COPE 2 
OSCILLOSCOPE Pr 2035 Du 

alt TaAll & Modelobes 
- Other Modelt Mode 

&ATO9 CM603a8 
r Mane a MellyAll 
used 018 Used 012 SLACK STAR FREOUENCY COUNTERS PIP U 

Meteor 1010086H, . 

Meteor 600-8008614, ... (128 

SLACK 1CJVNTOA 500 FUNCTION GENERATOR 
Sme/SyoamTnangs O 180.5030Hr PIP $4 LI10 
BLACK STAR ORION PAL TV/VIDEO COLOUR PATTERN 
GENERATOR ' ̂" 

ISOLATING - 
240V Out 500VA 
24V Out 502VA 

STEPPING MOTORS 
Type I 200 Stops pes rev. 4 Pupe IS Weil 12 24V 

Torque 25nr torn will run on EV with reduced 
torque.. 

. 116.00 w Type 2 8:12 Steps per my 3Ph 12 
. 

/24V fwill won 
on SVI £2 web 5o9 £7.60 Type NORTH AMERICAN PHIL'S 24. Steps Pal res 4 
wire 5V 3 3Amps 0 2SOrpm 0 200 PPs (8 each Type 4 200 Sep. Per ne 120V 13 tauet Tann,. 75,,, 

HoehnTorque 4501 inch LS sah 

HUNGCIIABG DMM 7030340 028mpes :reusing 10Atnp AC/DCC 1%. to batter:es 
&leads. KV f4 _ (39.50 
Aa ceova DM 6010.0 25% L33.50 
Carrying Cale nu aSoye ... L3 

L11 

Used opened - sw19 30 days mimosa Manuals w Thd le a VERY SMALL SAMPLE OF STOCK. SAE a Telephone or Um 
edehlp. CARRIAGE all units (IS VAT tobe added to Total 

(0983) 292847 Xen-Electronics (0983) 292847 
Just a sample of stock. Ask for items not listed. Kit Bargains 

IC's L.E.D.'s MTPBNIO 1.44 15W Cover 1.07 Metalised 400106 
4011UB 
4011 

12 
.12 
.12 

5mm dia 
Red 
Green 

13 
12 

TIP121 
TIP126 
TIP31C 

34 
34 
.30 

25W Sk1 

25W Plug 
25W Cover 

.60 

.53 
1.16 

n ° r:. ti 
3.3 

Polyester 

08 Z80 BASED CONTROLLER BOARD 4017 .31 Orange 21 TIP32C .30 PCB Mount 0.0 .08 4028 .29 Yellow 15 2N2646 1.18 15W Skt 1.02 .08 4040 .38 3mm dia 2N3055 .47 15W Plug .39 0.047pF100V .08 4053 .37 Red 13 25W Plug 2.15 0.1µF 63V 08 Triacs 4066 .19 Green 13 0.15pF 63V .17 4081 .12 Orange 21 2N6070A 100V 44 1 29 0.33µF 63V .33 45146 
ZBOACPU 

95 
185 

Yellow .13 BT137 600V 1.62 Capacitors 
n.Ainl I -e.1 

0470F63V 17 

Voltage 1.68 06 
4.00 alors 

11 
7.30 

.41 

36 
68 

06 
.04 Order as: Z80A-CTRL/K Kit Form £20.45 3.30 36 06 Z80A-CTRL/B Built and Tested £24.95 .25 

1.87 
36 
68 

06 
0B Z84C-CTRL/K Cmos Kit Form £26.95 Z84C-CTRL/B Cmos Built and Tested £31.45 L.IV 8 Way 07 47y1 100V 15 U.u22µh 53V .10 

SG3526N 
SG3536J 
SL4B6DP 
SL490DP 

3.69 
4.92 
2.20 
2.13 

7915 
7924 
78L05 
78L00 

.39 

.39 
28 
28 

14 Way 
16 Way 
18 Way 
20 Way 

11 

.13 
15 
16 

10µF 35V 
10µF 63V 
22µF 100V 
100µF 10V 

06 
06 
21 

06 

00..0147µF 

50V 

0.1µF 50V .05 
RS232 TO CENTRONICS CONVERTER 

serial port, 
Resistors 
Carbon Film 
025 Watt 5°/a 
1 to 102 
0.5 Watt5Wo 

02 each 

ML9260P 
S576B 

Diodes 
Wont 

N5406 

3.04 
2.66 

05 

05 
.D5 

05 
.05 
.O6 

12 

14 

78L12 
78L15 
79L05 

iuo 
BC109C 
BC1B2 
BC212 
BC546B 
BC556A 
cl»ca 

28 
36 
30 

.21 

.19 

.05 
05 
04 
.04 

.42 

22 Way 
24 Way 

Turned Pin 
6 Way 

y 

y 
y 

y 

oy 
24 Way 
28 Way 

18 
20 
23 
33 

.12 

.16 
28 
.32 
.36 
.40 
44 
48 
56 

100µF 16V 
100µF 25V 
100µF 35V 
1000F 50V 
100µF 63V 
220,1E 10V 

6V 
6V 
OV 

3V 
10V 

we 16V 
22000F 16V 

06 
07 
08 

19 

.21 

O6 

.19 
25 
.40 
63 
23 
27 
45 

computer. 
mind. The 
^"^ 'rator 

mete WPM wire and 36W Centronics plug. ( nector and hoods left. Sinclair QL SER 1 xtra at £1.68, order 
Order as: RS232 -8/K Kit Form 

RS232 -8/B Built and Tested 

DISTANCE MEASURING INSTRUMENT Potentiometers 

.32 Adj 

.32 .06 .30 
54 .11 .30 
.58 .10 .30 
49 .18 ionic .50 9V1 4W .06 IRF520 1.61 9W Cover .98 .18 2082 .50 1004W .06 IRF840 4.10 15W Skt .60 .22 10082 .50 1144W .05 J112 .57 15W Plug 53 .31 200112 .50 

Mail or Telephone Orders only 
Dept 23, Samuel Whites Estate, Bridge , Isle 
of Wight P031 7LP. Please add £1 for and 
packaging, and 15% VAT to total. Stock listing available 

soon, please send SAE to be put on mail list. 

Gin ELECTRONICS LTD OD 
WRITE OR PHONE NOW FOR OUR FREE, 

SPRING 
COMPONENTS CATALOGUE 

Tel: 01 450 0995 & 01 452 016i Telex: 914977 

Order as: UDM126/K Kit Form £24.95 UDM126/B Built and Tested £34.95 LCDM4/K LCD Kit Form £14.30 LCDM4/B LCD Built and Tested £16.95 

s from ....... £45 
Leads ........ £90 
of AVO 8) Com- 
.................... £65 
Red & Black with 
..................... £5 
& Leads ..., £40 
Trent range. With 

Loaer reb a moos ..............._ ._.......,....._...._....__ £10 
ANALOGUE POCKET MULTIMETERS Philips &Taylor etc. 
With Batteries & Leads ._ ................. _ ......._ from £10 
LABGEAR CROSS HATCH GENE 
Cross hatch/Grey Scale/Blank Raste .. .... ........ .... (p&p £3) Un - 

TRANSFORMERS 240V INPUT 
£15 (p&p £5) 100VA £6 (p&p £3) 

.... £6 (p&p £5) 200VA £4 lohe £41 

AVO TRANSISTOR ANALYSER Mk 2 (CT446) Suitcase style 
complete with ballenes and operating instructions 

ONLY £35 each (p&p £7) 

AVO VALVE TESTER CTI60 Suitcase style. 22 Bases 

DISK DRIVE PSU 240V 15:5V 1.6A & 12V 1.5A out Size 
W125mm. H75mm. D180mm Cased Un -used only £10 

Ip&p £3) 
QWERTY KEYBOARD las in LYNX MICRO) bust to make 
Cased ........................................... £5 each (p&p £3) 
FARNELL SWITCHED MODE PSU 5V 40A+/ -12V 5A 

.............. ........ E30 
OTHE ED MODE PSU available. P 
DISK Va" - Double Sided. DOubl 
track.................._...._.._... ...... 

HAMEG ace 60MHz Delay 
Sweep. ............... £575 
HAMEG al Trace 20MHz. 
Compon .................. £314 

ble. 

igil. Hand hei 
Complete wi 

pplied if possible. 
Please check availability before 
of Goods & Carriage 

AWART A 
READING 41.7111 ® 110 W HM ROAD, READING, G6 1PL&lb Telephone: 0734 68041 Callers welcome Sam -5 30 pm Mon -Fri. (until 8 pm Thurs.) 
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 These ads are only for ETI readers not engaged in buying or selling the same items or services 

on a commercial basis. 

Ads will be inserted as and when space permits. Insertion in a specific issue cannot be 

guaranteed. 
ETI reserves the right to alter or refuse ads whenever this is judged necessary. 

All ads are accepted in ne nor its publishers can be held 

responsible for any error for untruths or misrepresentations, 
nor for the activities of 

I 
I 
I 

I 

I 

I 

BIM IMO NM OM Mil Zen WM RIM Ma 8111111 IBM BIM _ 

I FREE READERS' ADS 

1- Mal ------------ MIS ---- Mal - RBI MIN 
Ads should be 20 words or less including the address and/or telephone 
number. Please write in black hlock capitals or type in the grid provided ' 

_ 1 

-J 
53 

CONDITIONS 

good faith. Neither the magazi 

sin the reproduction of ads, nm 

adeernsen or respondents. 
Mvertiser% submitting ads for this section shall be deemed to have accepted IheVe 

conditions. 

_IMIä Ilan M. 

Buy, sell or exchange through our free service to readers 

on this form or a photocopy. 

Send the form to: 
FREE READERS' ADS 
Electronics Today International 
1 Golden Square 
London WIR 3AB 

Enter your advertisement below 

ETI SEPTEMBER 1988 

RS COMPONENTS STE BUS computer system. Five cards with 
19in instrument case and PSU. All untested. £200. Tel: Jim 041-334 
0802. 
WANTED: Mordern dual beam oscilloscope minimum 15MHz and 
mono headphones with impedances:- 1k to 4k. Phone D. E. Jones 
01-249 4829. 
TANGERINE DISK SYSTEM wanted. Also Tanram. Good price 
paid. Tel: (0786) 825393 after 6.00pm. 
ONYX COMPUTERS bits, software, books wanted. Please contact 
Nick Hacking, 9A Bowmont Terrace, Glasgow G12 9LP."Tel: 041-339 
1575. Thank you. 
FISHER hi-fi cassette (single) with Dolby £39 ONO. Also Goodmans 
turntable: semi auto only £39 ONO. Ring David (0924) 498248. 
OSCILLOSCOPE Scopex 14 D 10 dual trace 10MHz with 
instruction/service manual and protective case. Home use only £175. 
David, Gt. Yarmouth 721879. 
OSCILLOSCOPE Hameg HM204, dual trace, DC-20MHz, 
triggering: DC to 50MHz, component tester, sweep delay. As new 
£330. Essex (0376) 84759. 
C64 AND 1541C drive plus software. Computer needs some repair 
Both for £175. Contact R. Nicol, 40 Ridgehill Avenue, Sheffield S12 
2GL. 
COMPETENT PROGRAMMER (6502/Z80) with BBC Master 
seeks interesting, moneysaving project (short-term). Jobs/tasks to D. 

Aspinall, 16 Viking Way, Brentwood, Essex. 
SUPERB QUALITY PSU Ex -equipment, easily upgradable to 5A 
@ 7A, -12V @ 2A, plus additional 18V 7A AC. Cardframe. 
WWPCB, UART, 17025, RS232. £35 Tel: (0892) 833590. 
OLIVETTI MS-DOS COMPUTER program £49 Advance dual 
trace 10MHz scope £150. Quantity TV/hi-fi video manuals, as new 
£100. 01-897 9603. 
COMMODORE + 4, drive, printer, many extras. VGC £250 ONO. 
Phone 021-422 5344 (after 6pm). 
WANTED - RML 380Z boards/keyboards in working order. Phone 
021 422 5344 (after 6pm). 
WATFORD, 'LE MODEM' communications modem, suit BBC 
computer etc. complete in original packing with manual, disk. £65. 
Ring Woking 72120. 
CAPACITY AND RESISTANCE BRIDGE, Hunts, also checks 
insulation and leakage resistance, good working condition. Ring 
Woking 72120. 
SIGNAL GENERATOR, RF, Advance model E2, 100kHz to 
100MHz, internal 400Hz modulation Fine/coarse attenuator. Clean 
condition. £30. Phone Woking 72120. 
OSCILLOSCOPE, doublebeam, Scopex 4D10A, 10mV sensitivity, 
10MHz bandwidth, TV field and ext. Trigger. Clean, working 
condition. Phone Woking 72120. 
COMPUTER TERMINAL Televideo 970, RS232 corn's, printer port, 
software setup via menu, only £80. Tel: (0206) 845450. 

WANTED: UK101 disk drive, DOS and manual, also Bas 3 with 
improved garbage routine Steve (0803) 842166, after 6 OOpm 
CIRCUIT DIAGRAMS, PCB foils, Vero layouts, etc, wanted on 
electric guitar effects, pre/amps. A Tuffery, 9 Grange Park Avenue, 
Raheny, Dublin 5, Ireland 
DIABLO SERIES 30 15in front loading hard disk drives 3 @ £10 
each Disks 50p each. Waterlooville (Nr Portsmouth) (0705) 266856 
evenings. 
IC DATA WANTED: HA11711, AN214, SH, Moridi PO Box 
17445-165 Tehran, Iran 
SOLARTRON DVM CT469 laboratory precision voltmeter with 
many features but needs recalibrating. Not a pocket model! £ 15 Ring 
Bradford 736106. 
LENCO TRANSCRIPTION TURNTABLE variable speed, 18-87 
RPM Phone Nuneaton (0203) 327341 
REQUIRE INFORMATION wiring diagram for Tandberg language 
system, 5000 (student tape -deck) any costs met Ring William Angus 
Ashington (0670) 855135. 
ADVANCE TYPE F MODEL 1 A/F generator Triplet 1632 sig 
Gem 200 kHz-120MHz frequency meter BC221AH leak trough line 
tuners. Offers Tel (0308) 897625 
WANTED: Circuit diagram for GEC Soundeck music centre 5 
Spectrum power supplies, 9V 1.4 amps, £15. J Bakewell. 21 
Newbarns Rd, Barrow-in-Furness, Cumbria LA13 9SG. 
CLEF ELECTRONIC PIANO six octave, fully touch sensitive, 
complete with integral amplifier, £495. Tel: (0785) 661391 
GEORGE BRAY limited brass encased elements 240V 650W, gin 
x 5/sin dia (trade price £42 47 + VAT) New for sale £5 50 Tel 

(0274) 593382 
WANTED: SUPERBRAIN computer for spare drives. Must be 
cheap, any offers? V. O. Loan, 8 Springwood Avenue, Stirling 
SPECTRUM 48K. LMT68FX2 keyboard, Swiftdisc drive, joystick, 
printer port, books, magazines Over £1,000 software on disk £320 
ONO. Twickenham 01-894 3982 
WANTED: TECHNICS TURNTABLE model SL -B2, good price 
paid. Johnny Andersen Krokliveien 3 0584 Oslo 5, Norway 
EDDYSTONE 730/4 communications receiver 480kHz-30MHz with 
BFO, includes manual, ideal for SWL, £100 ONO Tel: John 01-397 
7931 evenings. 
NON -WORKING CALCULATORS. Keypads suitable combo -lock 
project (ETI April 88) £1 including postage Dave Edwards, 5 Vulcan 
St , Aberystwyth, SY23 1JH Tel: (0970) 624671 
TOA 100w PA system 6 horn speakers, mike £100 Also XY 
recorder £75 ONOs 021-426 1197. 
WANTED old wireless set in Bakalite cabinet Need not be in working 
order but cabinet must be in VGC please Phone (0752) 671277 
evenings 
AVO Mk8 MULTIMETER 31 scales complete with probe set £80 
Phone (0359) 50634 

www.americanradiohistory.com



U 

accept official 
invoice if requi 
until payment 

CB 
E8107-1 System A Disc Input board MC -MM F 
E8107-2 System A pre -amplifier Main K 
E8108-1 System A Power Amp L 
E8109-2 System A PSU F 
E8201-2 Infant Guard C 
E8202-5 MM Stage Disc Pre -amp (Tilabrook) G 
E8206-5 Logic Lock F 
E8208-1 Playmate Practice Amp (3bds) K 
E8212-1 EI -CB F 
E8301.2 Analogue to digital cony ZX81/Spectrum) . E 
E8305-3 Dual Audio Power Supply, Linsley Hood G 
FR305-3 Balanced Input Preamplifier F 
E8307-2 Flash Trigger -sound or FR F 
E83081 Graphic Equaliser t/a Oct M 
E8308-2 Servo Fail-safe C 
E8309-1 NICAD Charger/Regenerator F 
E8310.3 Typewriter Interface - EX42 F 
E8311 -I Mini Drum Synth F 
E8311-8 Moving Coil Pre -Pre -amp F 
E8312-3 Light Chaser EPROM Controlled (2 Bds) K 
E8402-1 Speech Board M 
E8402-2 Modular Pre -amp Disc Input Mono F 
E8402-3 Modular Pre -amp Stereo Output F 
E8402-4 Modular Pre -amp Relay. PSU F 
E8402-5 Modular Pre -amp Tone Main Mono F 
E8402.6 Modular Pre -amp Tone Filter, Stereo F 
E8402.7 Modular Pre -amp Balanced Output F 
E8402-8 Modular Pre -amp Headphone Amp F 
E8404-2 Mains Remote control Receiver .__ F 
E8405-1 Auto Light Switch F 
E8405-2 ZX81 EPROM Programmer N 
E8405-3 Mains Remote Control Transmitter H 
E8405-4 Centronics Interface F 
E8405.6 Drum Synth F 
E8406-1 Oric EPROM Board O 
E8406-2 Spectrum Joystick E 
E8406-3 Audio Design RIAA Stage G 
Eß406-4 AD Buffer/Filter/Tone H 
E8406-5 AD Headphone Amp F 
E8406-6 AD Preamp PSU K 
E8406-7 AD Power Amp H 
E8406-8 AD Power Amp PSU J 
E8406-9 AD Stereo Power Meter F 
E8406-10 AD Input Clamp C 
E8407.1 Warlock Alarm M 
E8408-2 EPROM Emulator N 
E8408-3 Infra -red Alarm Transmitter E 
E8408-4 Infra -red Alarm Receiver F 
E8409-1 EX42 Keyboard Interface F 
E8409-2 Banshee Siren Unit F 
E8410-1 Echo Unit F 
E8410.2 Digital Cassette Deck N 
E8410-3 Disco Party Strobe H 
E8411-5 Video Vandal (3 boards) N 
E8411-6 Temperature Controller D 
E8411-7 Mains Failure Alarm D 
E8411-8 Knite Light D 
E8411.9 Stage Lighting Interface F 
E8411-10 Perpetual Pendulum E 
E8412-1 Spectrum Centronics Interface F 
E8412-4 Active -8 Protection Unit F 
E8412-5 Active -8 Crossover F 
E8412.6 Active -8 LF EQ F 
E8412-7 Active -8 Equaliser F 
E8501.3 Digital Delay (2 bds) T 
E8502-1 Digital Delay Expander N 
E8502-2 Data Logger J 
E8503-1 Combo Preamplifier F 
E8503-2 THD Meter mV & oscillator boards (2 bds) . K 
E8503-3 THD Meter Mains PSU F 
E8504-1 Framestore Memory M 

ETI P 
SJ?R VICE 

se the form (or a photocopy) for your order. 
Please fill out all parts of the form. 
Make sure you use the board reference number. 

This not only identifies the board concerned but also 
tells you when the project was published. The first two 
numbers are the year of publication and the next two 
the month. The number after the dash indicates the 
particular project in that issue. 

Terms are strictly payment with order. We cannot 
orders but we can supply a pro forma 
red. Such orders will not be processed 
is received. 

Please make cheques out to ASP Ltd. Payment 
can also be made through Access and Visa cards by 
telephone on (0442) 41221. 

Send your order to: 
ETI PCB Service, ASP Readers Services, 9 Hall 
Road, Hemel Hempstead HP2 7BH 

Price Price Price Price 
code (inc. code (inc. 

VAT) VAT) 
C £1.80 N £13.10 
D £2.50 O £15.80 
E £3.25 P £17.90 
F 
G 

£4.00 
£4.75 

Q £21.80 
R £23.90 
S £25.90 H £5.50 T £29.00 J £6.62 U £32.20 

K £7.20 V £35.80 
L £8.80 W £37.90 
M £10.60 X £40.70 

Total Price 

£0.75 

ETI SEPTEMBER 1988 

Miss out the mess 
with ready-made 
pre -drilled PCBs for 
ETI projects 

Please supply: 
Quantity Ref. no. Price Code Price 

Post and packing 

Total enclosed £ 

Please send my PCBs tac (BLOCK CAPITALS PLEASE) 

Name 

Address 

Postcode 
ACCESS and VISA credit card orders can be taken on (0442) 41221 
during office hours. 
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N E8705-5 
E E8706-1 

CCD Delay . F E8706-2 
Stereo Simulator F E8706-3 
Audio Mixer Main J E8706-4 

F E8707-1 
D E8707-2 
D E8707-3 
O E8708-1 

E8507-1 Noise Gate H E8708-2 
E8508-1 RCL Bridge . . ... .......... E8708-3 
E8508-2 EX42/BBC Interface E E8708-4 
E8508-3 EPROM Emulator L E8708-5 
E8509-1 Spectrum EPROM card F E8709-1 
E8509-2 Direct Injection Box E E8709-2 
E8510-9 Sunrise Light Brightener .. E8709-3 
E8511-1 MTE Waveform Generator E8709-4 
E8511-2 Millifaradometer .. H E8710-1 
E8511-3 Cymbal Synth . J E8710-2 
E8511-5 Chorus Effect H E8710-3 
E8511-7 Enlarger Exposure Meter F E8710-4 
E8511-8 Switching Regulator . . . E E8710-5 
E8511-9 Second Line of Defence M E8710-6 
E8512-1 Specdrum Connector . F E8710-7 
E8512-2 MTE Pulse Generator .. . . H E8711-1 
E8512-3 Specdrum .... . .... L E8711-2 
E8601-2 Walkmate .. ... .. . L E8712-1 
E8601-3 MTE Counter -timer .... ... . . M E8712-2 
E8602-1 Digibaro . . . .. O E8712-3 
E8603-2 Programmable Logic Evaluation Board H E8801-2 
E8603-3 Sound Sampler Analogue Board .. R E8801-3 
E8604-1 JLLH PA PSU .... H E8801-4 
E8604-2 Matchbox Amplifier .. . . . . . C E8802-1 
E8604-3 Matchbox Amp Bridging Version C E8802-2 
E8604-4 MTE Analogue/Digital Probe . M E8802-3 
E8605-1 Microlight Intercom . . .... . . . E E8802-4 
E8605-2 Baud Rate Converter . M E8803-1 
E8605-3 Baud Rate Converter PSU Board C E8803-2 
E8605-4 Portable PA ... . . ... .. ... H E8803-3 

MIDI -CV Converter Board .. H E8804-1 
MIDI -CV Converter PSU . D E8804-2 
Troglograph . . F E8804-3 
80m Receiver H E8805-1 
Sound Sampler . . . . R E8805-2 
Direction E E8805-3 
Upgradeable Amp, MC stage (Stereo) G E8805-4 
BBC Motor Controller F E8806-1 
Digital Panel Meter G E8806-2 
Upgradeable Amp, MM stage (mono) . H E8806-3 
Mains Conditioner E E8806-4 
Experimental pre -amp .. .. .. F E8806-5 
Upgradeable amp, Tone board (mono) H E8806-6 
Upgradeable amp, Output board (mono) F E8807-1 
Audio Analyser Filter Board . . . . L E8807-2 
Audio Analyser Display Driver . K E8807-3 
Audio Analyser Display .. H E8807-4 
Audio Analyser Power Supply F E8807-5 
Audio Switcher (2 bds) . H E8807-6 
PLL Frequency meter (4 bds) . Q E8808-1 
Upgradeable Amp PSU . . . J E8808-2 
Call meter, main board O E8808-3 
Call meter, interface board N E8808-4 
Bongo Box J E8808-5 
Biofeedback monitor (Free PCB) E E8809-1 

RGB Converter ..... . F E8809-2 
Mains Controller .. D E8809-3 
Flanger . .. H 

Audio Selector main board .. M 

Audio Selector PSU .. H 
Tacho -Dwell . . .. F 

Ratemeter main board . . K 

Ratemeter ranging board . F 

Photo Process Controller (3 bds) . . O 
LEDline display board (2 off) K 

LEDline PSU and controller (2 bds) .. . G 
Capacitometer . . .. . F 

Geiger Counter L 
Credit Card Casino . .. . .. E 

BBC micro MIDI interface L 

ETIFaker patch box . ... H 
24Hr Sundial .. E 

MIDI Keyboard keyswitch boards (3 bds) W 
Batlite C 

E8606-1 
E8606-2 
E8606-3 
E8606-4 
E8606-5 
£8607-1 
E8607-2 
E8607-3 
£8608-1 
E8608-2 
£8609-1 
£8,609-2 
E8609-3 
£8609-4 
E8610-1 
E8610-2 
E8610-3 
E8610-4 
£8611-1 
£8611-2 
E8611-3 
£8611-4 
[8611-5 
£8612-1 
[8612-2 
£8701-1 
E8701-2 
E8701-3 
£8701-4 
[8701-5 
E8701-6 
E8702-1 
[8702-2 
E8702-3 
ES702-4 
[8702-5 
E8703-1 
E8703-2 
E8703-3 
£8704-1 
E3704-2 
as -704--3 
M05-3 
M05-4 

.......... . 

. 

Framestore Control 
Buzby Meter 

Audio Mixer PSU 
Audio Mixer RIAA 

E8506-4 Audio Mixer Tone Control 
E8506-5 EPROM Prog MKII 

K 

H 

Budget Power Meter E 

Hi-fi Power Meter N 
MIDI Keyboard CPU U 
MIDI Keyboard Front Panel O 
Flame Simulator . G 
MIDI Keyboard PSU . H 
Telephone Alarm J 
Nuclear Strategy Simulator J 
Remindalite F 
Rear Wiper Alarm . G 
Rev Counter F 
Car Alarm F 
Knight Raider J 
Boiler Controller G 
Amstrad Sampler (2 bds) P 
Portable PA . G 
EEG Monitor (2 bds) L 
Concept CPU board . N 
Concept Power board K 
Concept display board G 
Hyper -Fuzz F 
Big Digits digit board . N 
Big Digits minute board F 
Big Digits battery board G 
Quiz Controller E 
256K Printer Buffer N 
Heating Management System O 
SWR Meter H 
Dream Machine (free PCB) D 
Passive IR Alarm H 
Deluxe Mains Conditioner G 
RGB Dissolve L 
Electric Fencer E 
Telephone Intercom L 
Transistor Tester (2 bds) L 
Spectrum Co -processor CPU N 
Co -processor RAM board N 
Beeb-Scope (3 bds) O 
Jumping Jack Flash E 

Spectrum Co -processor Interface Board N 
Combo -lock E 

Kitchen Timer E 

Virtuoso 2U PSU M 

Virtuoso 3U PSU N 
Bicycle Speedometer F 
Dynamic Noise Reduction E 

Universal digital panel meter L 

Universal bar graph panel meter K 

Virtuoso power amp board . N 

Virtuoso AOT board G 
Metal detector E 

Bicycle dynamo backup . D 
Bar Code Lock (2 bds) . N 
Analogue Computer Power Board L 

Bell Boy F 
Logic Probe C 
Updated FM stereo decoder J 
Breath Rate display board F 
Breath rate main board H 
Breath rate switch board C 
Telephone recorder .. D 
Analogue computer main board (2 bds) M 
Random number display O 
Spectrum EPROM Emulator M 
Frequency meter (2 bds) P 
Travellers' Aerial Amp E 
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(November 1987) 
The listed software for the EPROM has three errors 
The byte at 039A should be 20, at 039B 14 and 
at 0492 30 ( Il hex) Connections toi 21c and 22c 
in the circuit diagram disagree with Table 1 The 
table is correct C3-28 are 100n as listed in the parts 
list and not lOn as in Fig 2 Cl is orientated with 
the positive terminal to the right 

(December 1987) 
The transistors used in this project are ST1702 
BC108s can be substituted 

(December 1987) 
A 4116 is not a suitable alternative to the 6116 
specified A 4016 RAM chip will suffice In Fig 1 

the junction of R1/D5 should connect to D1 -4/C1 
and not cross The zener diodes above the 
temperature sensor ICs (IC16-19) should be 
deleted C4 should be 220n and not 2201..t. C7-10 
should be lOµ. Q2-7 should be 2N3904 and not 
BC3904 

(January 1988) 
In Fig 5 there are marked two D6's The right hand 
one should be D5 (they are both 1N148's anyway) 
In the text the reference to zener diode D5 should 
read ZD1 

(January 1988) 
There is confusion between the values of R7 and 
R8 in the Parts List and Fig 1 These should be: 
R7 -27k, R8 -10k and not as given in the Parts List 
In addition, ZD1 is incorrectly orientated in Fig 3 
The positive terminal should be at the southern 
end 

(January 1988) 
Fig 2(a) shows the base of Q1 connected to ground 
and to R14 It should be connected only to R14 

(February 1988) 
The foil pattern for the main board was printed 
reversed left -right on the foil pages 

(March 1988) 
Mogul Electronics, given in the Buylines as 
suppliers of the RAM chips. have moved to: Unit 
11, Vestry Estate, Sevenoaks TN14 5EU Tel: 
(0732) 741841 

(May 1988) 
The LM1894 is no longer available from the sources 
listed but it can be obtained from the author Please 
address orders to Manu Mehra, 88 Gleneagle 
Road, Streatham, London SW16 6AF. 

(Tech Tips May 1988) 
Several problems with the diagram for this one A5 
should read AS - that is, address strobe Pine 22 
and 24 should be connected to +5V and the 
junction of the (only) resistor and diode connected 
to VPA on the QL 

Printer Buffer 

Dream Machine 

Heating Management System 

RGB Auto -Dissolve 

Power Conditioner 

Passive Infra -Red Alarm 

Transistor Tester 

Spectrum Co -processor 

Dynamic Noise Reduction 

QL Output Port 

000 
000 

H 111111 I 

0000000 00000000 

000000 

00000000 

0000000000000 

00000000 000000 

000000000 000000000 000000000 
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The frequency meter main board foil pattern 
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i 1 

HEflRY'S 
ELECTRONICS FOR TRADE, INDUSTRY, 
EXPORT, EDUCATION AND RETAIL 

*INSTRUMENTS 
SCOPES III COUNTERS 

OMMS U PSU S 

GENERATORS 
ETC 

*PUBLIC ADDRESS 

i M MIXERS III 
SPEAKERS CS ETCI 

AMPLIFIERS 

COMPONEN 
oS 

rs01 cc. F 

:pCCESSORIES 
S 

r,t,tnnrn 

ACCESsuRlCO 

Ö 9 Y" 

I 

CATALOGUES WITH 
RETAIL DISCOUNT 

VOUCHERS ts* lu slnfinenisiSecunly 
r Computer 

in General Catalogue 

fREE' 
RATED 

A 

I-1EfIRT 
+S 4:Ed7w2a4r01 

3R2o3a 

d.QLond o[nW1ED 

'ALSO AT Audio Electronics 301 Edgware Road W2 01-724 3564 

SALES OFFICE 01-258 Irin Telex 298102 Fax 01-7240322 

SERVICES 

CYANOACRYLAT Totally new type of Class C fast -set General purpose 
adhesive, has good í10.15C min ) epoxy threadlock 
vibration absorbing tough easy to use compound, pr eve 
propanes and met a general purpose screws nuts etc 
little 'give" adhesive loosening under 
40 gram twin pack. 40 gram twin pack. vibration 

20 gram bottle 

Higher viscosity 
instant' glue, good 
gap tilling properhe 
15 20 second 
setting tune 
20 gram bottle 

I enclose cheque/P 0 
Please debit my Barclaycard/Access Account Number. 

COMMUNICATIONS 

INTERCOMS CB RADIO 

The frequency meter pre -amp board foil 

The aerial amp screening topside foil 

The aerial amp solderside foil 

13 TOOLS 
V ru,,- _TC. 

AWN l y l v ""`" 
SECURITY VI CB RADIO 

*SECURITY 
PANELS III PIKS III SIRENS 
DOORPHONES STROBES 

Please state Trade/Education 
or Retail/mail order Send 9" x 4" 
SAE £1 00 each or £1 50 for both 

READERS 
A.S.P. Readers Services, 9 Hall Road, Marylands Wood Estate, 
Hemel Hempstead, Herts. HP2 7BH. Tel: 0442 41221 

HI -TECH ADHESIVES 
YOUR CHANCE TO TRY OUT A RANGE OF 
MODERN ADHESIVES AT BARGAIN PRICES 
HI -TECH 
ADHESIVES 
TRIAL 
PACK OF 5 
TYPES AT 
BARGAIN 
PRICE f9.95 
+ P&P 
THIN 
CYANOACRYLATE 
Low viscosity 
"instant adhesive 
bonds rubber plastic 
metal wood etc 
20 gram bottle 

THICK FLEXI EPDXY RAPID EPDXY THREADLOCK 
E 

To: A.S.P. Readers Services, 9 Hall Road, Maylands Wood Estate, 
Hemel Hempstead, Herts. HP2 7BH. Telephone: 0442 41221 
Please send me Adhesive Packs ADH @ £9 95 

nts 

U K Inland Postage: 50p 

payable to A S P Ltd TOTAL 
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CLASSIFIED 

SPECIAL OFFERS 

FOR SALE 

Road, Worthing, Sussex BN11 10N 
Tel: (0903) 34897. Special purchase 
power supplies. Power -one Inter- 
national series type HB15 - 1.5A 

&p. Gould E 
open Trarne 

ut 5V at 20A 

COMPONENTS AND EQUIPMENT 

ALARMS 

p.' Gi:30n 905,. G111606 50p. 
O:19Op 1LOl2Bby RON&Sp 
G6 ono 18... 929.1 HLy., Liar... 
29M b.aeV 

BOOKS 

GOVERNMENT SURPLUS EQUIPMENT 

ANCHOR SURPLUS LTD. 
The Cattlemarket, Nottingham NG2 3GY Tel 0602 864902 

The UK's Largest Genuine Government Surplus Dealer 

Always a large stock of Radio, Test. 
Service and General Equipment in 
stock. Pye, Racal, Marconi Tek Redifon, 
Plessey. Mullard. 

Special: Eddystone 730/4 1-30MHz RX 
£75 £110. Pye PF2 LB FM from £25. 
Phone Rob (G4ROB) For Details. 

Mail Order, Access/Visa Welcome 

ELECTRONICS 
TODAY INTERNATIONAL 

CASSETTE MOTORS large and 
small 2 for £1.00. Mono and 
stereo cassette tape heads. 2 for 
£1.00. Microphone small for 
cass. tel etc. 2 for £1.00. Tele- 
phone buzzers at £2 50 each 
Please add 75p p&p no VAT 
Access card accepted. Golden 
Orange Supplies, Brockhol- 
lands Road, Woodside, Bream, 
Lydney, Glos. Tel: 0594 563009. 

FREE MEMBERSHIP to the 
NATIONAL COMPONENT CLUB 

For details and a free gift of 
components worth over £10 

send only £1.00 p&p to: 
Higher Ansford, Castle Cary, 

Somerset BA7 7JG 

SECURITY ALARMS. Power 
amplifiers £5, 10W @ 12V/TMI and 
40W @ 30V/TM2 reliable, + cir- 
cuits!! 100W slaves £10, built. KIA-8, 
Cunliffe Rd, Ilkley LS29 GIVEAWAY 
NEXT MONTH ... IT'S AMAZ- 
ING!! 

GWM RADIO LTD, 40/42 Portland 

output 15 VDC at 1.5A, unused 
boxed with spec sheet, open frame 
psu, £15 inc p conoflex 
type EX5-20/n -switch 
mode-outp , unused 
boxed with spec sheet, £30 inc p&p. 

TO CLEAR. Part stripped equip- 
ment, ex -government. Hobby 
cooks, manuals, etc. Ring Chorley 
75769 (02572) 24 hrs. 

Ring HEATHER WUST on 

01.437 0699 for details of 

series discounts 

TO ADVERTISE HERE 
01-437 0699 

THE SCIENTIFIC WIRE COMPANY 
811 Forest Road, London Eli 

Telephone 01-531 1568 
ENAMELLED COPPER WIRE 

SWG 11b 8 oz 4 oz 2 oz 
tto34 363 209 110 088 

351039 
4010 43 

382 
600 

231 
3 20 

127 
2 25 

44 to 47 8 67 5 80 3 49 
48 1596 958 638 

093 
1 61 

2 75 

369 
SILVER PLATED COPPER WIRE 

14 to 30 1010 5 20 2 93 1 97 

TINNED COPPER WIRE 
1410 30 3 97 2 41 1 39 094 

Pesi Free Please add VAT at 15% 

Orders under £300 add 50p 
SAE for list of copper and resistance wire 

Dealer enquiries welcome 

S.H. COMPONENTS presents 
18 pages of very competitive- 
ly priced semi -conductors, 
switches, optoelectronics, etc. 
plus sample, send 85p to: 17 
Beeley Road, Grimsby, S. 
Humberside. 

Heather Wust 
01-437 0699 Ext 292 
Send your requirements to: 
Heather Wust, ETI Classified Department, ASP Ltd., 
1 Golden Square, London W1. 
Lineage: 54p per word VAT inclusive (minimum 15 words) 

Semi Display: (minimum 2 cms) 
£12.80 per single column centimetre + VAT 

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) 

PROMs - EPROMs - PALs 
ANY PROGRAMMABLE IC SUPPLIED 

OR BLOWN 
Typical prices (excluding VAT) 

(Data Entry P&P extra) 
2716 £4 20 2732 £3 85 
2764 £2 85 27128 £4 40 

BIPOLAR PROMs from £1.35 
e g 82S123 18S030 745288 
PALS, PLDs etc from £3.26 

e g 625153 16L8 EP310 
Full design and prototyping service 

Any quantity programmed - SAE or 
phone for details 

P.L.S., 16 Central Road, 
Worcester Park, Surrey, KT4 8HZ. 

Phone: 01-330 6540 

FROM DINKY TWEETERS 
TO MASSIVE WOOFERS 

They are all in our latest illustrated cata. 
logue of quality spares and accessories 
Send today only 75p (refundable against 
first order) Fast by -return service 

STRACHAN ELECTRONICS 
(ET55), 9 Croall Place 

Edinburgh EH7 4LT 

NEIGHBOURHOOD WATCH 

BURGLAR ALARM D.I.Y. KIT 
will offer a professional 
system at a DIY price 

Ham mini beam 10, 15, 20 
metres. Parts integrated 
circuits, transistors, diodes, 

valves, resistors, etc. 

Service Manual and parts for 
Spectrum and Amstrad 

Send a 8e x 5" SAE for list. 

M.J. SEAWARD 
(Mail Order) 

Dept. (ET), St. Olafs Road, 
Stratton, Nr. Bude, Cornwall. 

Telephone: 0288 4892 

Audio Mixer Kits suitable for 
Studios, broadcast, discos, cassette 

copying, churches, MIDI set-ups 
Prices from only f9.92 

Send 18p for catalogue to: - 

K. Tek, P.O Box 172A, Surbiton, 
Surrey KT6 6HN. Tel: 01-399 3990 

F.J P. KITS -COMPONENTS 
Tel 05435 6487 

NesATprrces WholeselelRelailcomponenis Byrelurnolposl 
We are ew lo ETI and oiler a personalised service lo 
readersiprolessmnal user alike Elecuon,c components and 
amateur radro components Is our business and will be lookmg al 
kits for ETI proiecls We stock ICs plugs/sockets Iransisters, 
capacitors switches, opta, solder, cable boxes, pcbmalenal 
Semiconductors inc Its: BC107 io 9 14p ea. BFY 50-51 Pep, 
253819 30p, 2N3054 90p, 2N3055 60p, 2N3773 f1 60, 5C547-9 
10p BC770-7118p BDI31-2 45p RCA: 40673£1 50, 40361-250p, 
2N5496 50p etc 
Op em CA3240e 92p, CA741 
20p,TL Aud,olltn-TBA80®72p, 
TBA 81 g 52p, 78L05 -15v 01a 
35p, la 
Restslarb walls% 1CF e,iem allot loco 0611 wall 
5p all carb Metal him 1% CF serres ALL 5p Eledlmlybes 

0,u, Bp.10.25v cads' axially Phono plugs 15p, sockets 
Mt 20p 
Terms Cheques POs, cash, Access Visa whhorder To FJP Khs 
WS', 

2JT, d 

adsmoor, Cannock 
Depi Eri Generousdscounls for Education s 

Businesses un above plus lest year Cals A4 8.50p refundable on 
1st purchase C5 or over. Postage E5 plus Irae, other Bop. 

FULL WORKSHOP 
SERVICE MANUALS 

Any Video Recorder-£1000 + LSAE 
Any Colour/Mono TV, Any Audio, Music 
System - £5.00 + LSAE Amateur Radio, 

Test, Vintage, Military etc 
State Make/Model/Type with order. 

FREECatalogue Unigue Repair and Data 
Guides with all orders. 

MAURITRON TECHNICAL SERVICES 
(ETI), 8 Cherry Tree Road, Chinnor, 

Oxfordshire, Ox9 40Y. 

Advertise your 
Books and 
Publications 
in ETI today 
01-437 0699 

ETI SEPTEMBER 1988 

J.P.G. ELECTRONICS 
Resistors et w 5% carbon 612 1P 1% metal fm E243P 
Resistor Pack 85 different E12 valves plus ohm link, total 
content of resistor 1,000 EB 95 
LED s RedrGreen 3/5mm 6p each; Yellow 11p each 
Cable Ties 75mm pea E5 95/1,000; f49 50/10,000 
Power Transistors TT 35C, TIP36C, 100V, 254 TOPS, 
Plastic case 11 56 each 
100db PI ezo Buzzer El 50; Standard Buzzer 80p 
Solar Cells 0 455 100mA El 48, 700mA E3 50 
Stepping motor 4 phase 12e 7 5 step 50ohms CB 95 
SAA 1027 Stepping motor drive chip 53 95 
Miniature FM Transistor kits 100-108MHz high quality 
sound ideal for cordless microphones or guitars etc E7 48 
Metal Latching XLR line plug E1 35 
Line Sockel El 48 
Ferric Chloride pack for mixing with IS litre water El 40 
Flux cord solder 500g reel E4 95 
Automatic Squeeze action wire stripper E3 45 
SPECIAL OFFERS 
C ompu ier grade capacitors with screw terminals 58,000 
of 60v E4; 4,700 of 83v E1 50; 38,000 of 20v Cl 95; 
B7 000 of 10v E1 50 
Stereo LW; MW/FM tuner, pre amp complete with 
volume/tone control and tuning scale Brand new in 
makers box 5 95; Faulty £1 95 
Circuit diagram, description and setting up procedure for 
tuner assemble described above 50p 
LCD display 16 digit 7x 5 dots mains E2 50 
Orient keyboard 58 key uneased good quality switches E5 

CMOS TTL 74 NC 74F linear transistor kits, capacitors 
resistors, tools etc, always in stock 

Please add 75p +p per order VAT Tien, 

J PG ELECTRONICS, 276 Chatsworth Road, 
Chesterfield S40 2BH Callers welcome 

Access orders 10 2461 21120 2 
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(FULL TIME COURSES APPROVED BY THE BUSINESS & TECHNICIAN 
EDUCATION COUNCIL) 

2 YEAR 
BTEC National Diploma (OND) 

ELECTRONIC & 
COMMUNICATIONS ENGINEERING 

(Electronics, Computing, Television, Video, Testing & Fault Diagnosis) 

1 YEAR 
BTEC National Certificate (ONC) 

ELECTRONIC ENGINEERING 
1-INFORMATION TECHNOLOGY 

(Electronics, Satellite TV, CD, Networks, Telecomms) 

2-ELECTRONIC EQUIPMENT SERVICING 
(Electronics, Television, Video Cassette Recorders, CCTV, Testing & Fault Diagnosis) 

3-SOFTWARE ENGINEERING 
(Electronics, Assembler, BASIC, PASCAL, CADCAM) 

4-COMPUTING TECHNOLOGY 
(Electronics, Computing Software/Hardware, Microelectronic Testing Methods) 

10 MONTHS 
to (HNC) 
OBOTICS 
E, Robotics) 

OF COLLEGE BASED 
YMENTPROSPECTS 

NO ADDITIONAL FEES FOR OVERSEAS STUDENTS 

SHORTENED ARRANGED FOR 
APPL WLEDGE 

O.N.C. 19th September 1988 
FULL PROSPECTUS FROM 

ELECTRONIC PLANS, laser 
designs, solar and wind 

PCB 
Manufacturers 

Which to 
Choose 

See Page 15 

layouts, photo -artworks, pad -masters, solder - 
masks, bill of parts. Manufacture includes: 
Sizes up to 300 x 200mm single or double - 
sided. Finish: Roller -tinned and drilled. For 
more details Tel: (0463) 226505 or Fax (0463) 
226506. 

Kits 
Courses 
Surveillance 
Switches 
Plans 
Designs 

Market your 
Expertise in 
ETI by calling 
01-437 0699 

PRINTED CIRCUIT BOARDS At 

Start training now for the following 
courses. Send for our brochure - 

without obligation or Telephone us on 
REF: ETI/6/88 06267 79398 

NAME Telecomms 
Tech C&G 271 

Radio Amateur 
Licence C&G 

Micro- 
processor 

Introduction to 
Television 

Radio & Telecommunications 
12, Moor View Drive, Teignmouth, Devon. T014 9UN. 

Electronics 

Basic Electronic 
Engineering (City & Guilds) 

Electrical Engineering 

Electrical Contracting/ 
Installation 

GCE over 40 'O' and 'A' level subjects 

Turn your surplus 
transistors, IC's etc., into 

cash. Immediate settlement. 
We also welcome the 

opportunity to quote for 
complete factory clearance 
Contact: 

COLES HARDING & CO. 
103 South Brink 

Wisbech, Cambs. 
ESTABLISHED OVER 10 YEARS 

Tel: 0945 584188 
Fax Number: 0945 588844 

IDEAS/INVENTI ONSwanted 
Call I.S.C. 01 434 1272 or write, 
Dept ASP 99 Regent St, London 
W1. 

Radio, Audio 
and TV Servicing 

Radio Amateur Licence 
Exam (City & Guilds) 

Car Mechanics 

Computer 
Programming 

I 

I E 

1 

VOICE/SOUND ACTIVATED 
SWITCHES easy to follow dia- 
grams and uses only £1 00. Com- 
ponents and P.C.B's available: 
Herrington, 63 Home Farm Rd, 
Hanwell, London W7 1NL. 

ESKAN 

ELECTRONICS 
LEADING MANUFACTURERS 

AND SUPPLIERS OF 
SURVEILLANCE AND 

SECURITY EQUIPMENT. 

MINIATURE TRANSMITTERS, 
TELEPHONE MONITORING 
EQUIPMENT, AND MANY 

OTHERS. 

Send stamped addressed 
envelope for your free 

catalogue to: 
172 Caledonian Road, 

London N1 OSG. 

Telephone 
01-278-1768 

Trade Enquiries Welcome 

60 ETI SEPTEMBER 1988 

COURSES 

ELECTRONICS TECHNICIANS 
FULL-TIME TRAINING 

BTEC Higher National Certifica 
COMPUTING TECHNOLOGY & R 

(Mkroprocessor Based Systems. Feuil Diagnosis. AT 

THESE COURSES INCLUDE HIGH PERCENTAGE 
PRACTICAL WORI(TD ENHANCE FUTUREEMPLO 

COURSES OFFROM3 TO6MONTHS CAMRE 
!CANTS WrnI PRE US ELECTRON (CS VNO 

LONDON ELECTRONICS COLLEGE (Dept EE) 
20 PENNYWERN ROAD, EARLS COURT, 

LONDON SW5 9SU. Tel: 01-373 8721. 

PLANS AND DESIGNS 

generators, high voltage teslas, 
surveillance devices, 
pyrotechnics and computer 
graphics tablet. 150 projects. 
For catalogue. SAE to 
Plancentre Publications, Unit 7, 
Old Wharf Industrial Estate, 
Dymock Road, Ledbury, 
Herefordshire, HR8 2HS. 

KITS 

SURVEILLANCE KITS 
Micro Transmitter Kil £3.95 
Long Range. Tuneable 80.1 161,4144 Sensitive 
Microphone 
T618pho06 Monitor Kit £14.96 
Automatically recorde all incoming and outgoing 
calls. connecta between telephone line and 
cassette recorder Met BT appraved] 

Mauve add SOP PAP Per 0tdei 
Cheyuaa/PO's to 

QUANTEK ELECTRONICS LTD. 
MDept ET), Theatre Hour. 

46A Station Road, Northfield. 
6hrnMphem 831 31E. 

PCB'S 

HAVE your electronic ideas become a reality 
Lel Highland Iles develop and manufacture 
your circuits al a low cost tor prototype and 
small production runs with comprehensive 
documentation which includes. Silk screen very competitive rates: 4 pence pe 

square centimetre (less fororderso 
10 plus) 1 offs; 100 offs. Enquiries 
Watling Wires, 52 Watling Street 
Nuneaton, Warwickshire. CV11 6JL 
Telephone (0203) 382296. 

Correspondence School. 

MAKE YOUR INTERESTS PAY! 1 
More than 8 million students throughotu the world have found n worth their while' An ICS home.srudy course can help you get a better lob, make more money and have more fun out of life! ICS has over 90 yean eaperlence in home- Ludy coons and is the largest correspondence school In the world. You learn at your own pat , when and where you want under the guidance of expert personal' tutors. Find out how we can help YOU. Post Or phone today for your FREE INFORMATION PACK on the course of our choice `(Tick one box onyl) 

1CS 
Name 
Address P. Code 
m,eeewlConnpoednn Semi. 312/114 figh St.6etton. Surrey SMl 1141re:.0I4a7 

9566 or fil l -Tl l ?976 M tire) Dspt EOSL 

MISCELLANEOUS 
HEATHKIT U.K. Spares and 
service centre Cedar Electronics 
Unit 12, Station Drive Bredon 
Tewkesbury. Glos. Tel 0684 
73127 

WANTED 

SERVICES 
ADS REPAIR AMPLIFIERS ! ! 1 1 

Regent Road, Ilkley LS29 ... 100 
Watt slaveamp modules/£8 
Glass/pcb + 16swg-heatsink ... fr 
20HzIo3OKHzt3db .. , newand 
tested + directions. 

SWITCHES 

SURVEILLANCE 
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DEADLINES RETAIL OUTLETS 

TERMS & CONDITIONS 

E 

L 

E 

C 

T 

R 

0 
M 

A 
R 

T 

BIRMINGHAM 

NOW OPEN,. 
"SUPERTRONICS' at: 

BIRMINGHAM 
65 HURST STREET, 
BIRMINGHAM 85 
TEL: 021-666 6504 

9.6pm 

EDINBURGH 

LIVERPOOL 

TcLAssIFIED COUPON 

LONDON 

CBIr.. 0D 

SOUTH COAST 

WOLVERHAMPTON 

WALTONS OF 
WOLVERHAMPTON 
Established since 1947 

otb.g a c -r--ee it -Es. transformers 
4ut[Best>m lapactloannesiors. tuts. speakers. t9 aetp.e t eosins era bts. ids morel 

Gorr and see us at 
55A tM --- - Street. Wolverhampton 

oo-Salt 94 pm Tel: 0902 22039 

E 

L 

E 

C 

T 

R 

O 

M 

A 
R 

T 

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT 
DEPARTMENT. No. 1 GOLDEN SQUARE, LONDON WIR 3AB. 

' PLEASE DEBIT MY ACCESS/BARCLAYCARD No. DATE 

- COMPONENTS WANTED 

Rates: Lineage 54p per word VAT inclusive) minimum 15 words. 
Semi -display £12.80 per single column cm plus VAT. No 1 
reimbursements for cancellations. All ads must be pre -paid. ' 
Name ........ 

Address Daytime Tel. No. 

Signature Date, 

6 

1 

1 

Next copy 
Deadlines 
are: 

NOVEMBER ISSUE 

19th August 1988 

DECEMBER ISSUE 

20th September 1988 

CLASSIFIED ADVERTISING 
TERMS & CONDITIONS 

Our lerms for new advertisers (semi -display 
and lineage) are strictly pro -forma payments 
until satisfactory reference can be taken up 
(excluding recognised advertising agencies 
Cheques and PO's should be crossed and 
made payable to ARGUS SPECIALIST 
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OMNI ELECTRONICS 
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ithin a couple of years or so 
VW (well, three to be precise) 

drivers in London should have access 
to an automatic route guidance 
system, which is fitted into the car's 
dashboard 

The Autoguide system will provide 
drivers with voice synthesised in- 
structions regarding route at each 
junction, allowing drivers to miss busy 
spots and traffic hold-ups In theory, 
the system will save hours of drivers' 
time at the wheel 

A network of infra -red beacons 
linked to a central computer system 
will communicate with passing cars 
fitted with Autoguide and relevant 
information will be passed to the 
driver The central computer system 
is to be frequently updated with traffic 
information including accidents, hold- 
ups and roadworks 

Having spend many an hour fit to 
burst behind the wheel of my trusty 
rustbucket, I can appreciate the 
potential of such a product but I still 
have reservations. The system is 
planned with beacons only on main 
routes in the capital and if one route 
is blocked chances are the adjacent 
ones will probably be busy too 
(particularly if most other drivers 
receive the same instructions) so it 
may be of only minor efficiency 

Only the first drivers who chance to 
come upon a hold-up will benefit from 
the instructions to change route After 
a few minutes the alternative route will 
be taking twice the traffic it normally 
does and so will be blocked itself 

It may be that the system would 
need to re-route drivers along routes 
normally unused (sidestreets) as well 
as alternative main routes to ensure 
congestion doesn't occur. But I 

suppose residents in those sidestreets 
might object to my suggestion 

The Police computer system is to be 
upgraded by 1990 with a new 
network This will allow national 
access to an index of records incor- 
porating photographs of convicted 
people, criminal records and so on It 
looks as though the network will allow 
access to the Swansea computer 
which holds and vehicle licensing 
data, too 

British Airways aims to commence 
customer trials of satellite -linked public 
telephone calls from transatlantic 
Jumbo jets by the end of the year 
Initial non -customer trials have been 
successful, routed via British Telecom's 
Goonhilly earth station in Cornwall 

High-tech Cops 'n' Robbers 

High-tech Phone 

standard for encryption of European 
direct broadcast satellite (DBS) tele- 
vision services has been reached - 
after much argument. The standard 
covers scrambling of the transmitted 
picture and conditional access of the 
signal by individual televison 
receivers 

The agreement means that hard- 
ware manufacturers can now press 
ahead to develop receivers complete 
with chip sets for the European 
market, instead of purely national 
ones The exception to this appears to 
be British Satellite Broadcasting (BSB) 
and its foreseen transmission standard 
D -MAC All other countries will be 
using D2 -MAC. Careful design, how- 
ever, should ensure either trans- 
mission standard can function with the 
Eurocrypt conditional access system 

Meanwhile, BSB has been concen- 
trating on placements of chip and 
module orders, in an effort to ensure 
they are available when manufac- 
turers start to put together design plans 
for receivers. It has been reported that 
four million D -MAC transmission 
standard chips have been ordered 
from ITT subsidiary Intermetall (ITT 
already make the European -preferred 
D -MAC chips). An order has also 
been placed with General Instru- 
ments, to supply conditional access 
modules 

Instead of going for a brand new 
chip design, BSB has accepted that 
the General Instruments modules are 
to use existing technology. However, 
it doesn't appear to be clear whether 
the BSB-chosen conditional access 
system follows the Eurocrypt 
standard If not, does it really matter? 
What seems to be important is that 
BSB is pulling its finger out nice and 
early, to ensure receiver manufac- 
turers will have the goodies when they 
need them 

This is an important move by BSB 
(itself merely a programming and 
organisational body) and does prove 
a high level of commitment by them 
to ensure that British DBS television 
services are going to work, right from 
day one, and right on schedule. 
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oudspeaker designers have a 
problem. The engineers use a 

controlled environment (anechoic 
chamber) in which to perform 
measurements but this is hardly 
representative of the average 
consumer's living room. 

method of construction differs in 
several important respects. Here the 
treble unit is mounted behind the 
main driver and fires through several 
phase -compensating tubes machined 
out of the central pole piece. This is 

terminated in a concentric HF horn 
whose flare is continued by the 
exponential curve of the LF cone 
itself 

Tannoy then employs a 'phase 
coherent' crossover network to align 
the acoustic centres at one point on 
the axis However, an electrical delay 
is only appropriate for on -axis 
correction It is certainly no substitute 
for pure physical alignment 

KEF has achieved this goal by 
recourse to a new magnet material 
that offers up to 10 times the energy 
product of conventional ferrite, this 
being machined into a motor assem- 
bly small enough to sit right inside the 
voice coil of the bass driver! 

Composed of neodymium, iron 
and boron this very expensive alloy 
magnet is sourced from Sumitomo in 
Japan The Delco Remy division of 
General Motors have a similar 
material on their books known as 
Magnequench. It is apparently slightly 
cheaper but offers a lower total energy 
product 

A standard ferrite magnet is 
employed for the bass motor assembly 
while the cone is formed from BBC 
polypropylene, its curvature providing 
the optimum loading for the inset 
tweeter 

So in short, KEF have succeeded 
in manufacturing the first coincident 
co -axial drive unit that offers a 
matched directivity throughout the 
crossover region and a carefully 
controlled directivity off -axis 

Four new loudspeaker models 
(£159-£599) incorporate the fruits of 
this Uni -Q technology - the C35, 
C55, C75 and C95 but the results of 
any listening tests will have to wait until 
a future issue . Oh yes, KEF will be 
catering for the DIYer's amongst you, 
the Uni -Q driver is seemingly ideal for 
home constructor projects. 

British Telecom and Mercury are 
starting work with France Telecom to 
lay the first fibre optic cable across the 
Channel The cable will start full-time 
operations next year France Telecom 
is to own 50% of the cable, British 
Telecom and Mercury have 25% 
each The deal marks the first inter- 
national link by Mercury 

Linking Brighton to Dieppe, the 
cable will be the longest multi -fibre 
connection without signal repeaters. Eurocrypt 

View? 

BT/Mercury Can Work 
Toyelher! 

It may only be some months after 
a product's launch that a manufacturer 
can accurately gauge the broad com- 
patibility (or otherwise) of a new 
loudspeaker 

Those innovative people at KEF are 
fully aware of this problem, having 
come unstuck themselves in days 
gone past. However they have re- 
cently announced a new drive unit 
technology under the banner of Uni - 
Q - an attempt to address the 
inherent difficulties of controlled 
speaker directivity 

Directivity (both horizontal and 
vertical) is the key element here for it 
is the off -axis response of the loud- 
speaker that determines how favour- 
ably the system will interface with a 
given environment. 

There is little point having a smooth 
on -axis response if sharp discontin- 
uities appear as soon as you listen 
slightly off -axis. Furthermore, any 
ragged off -axis signals that are 
reflected from neighbouring bound- 
aries will mix and colour the perceived 
on -axis response. 

Recent evidence suggests that 
vertical reflections from floor and 
ceiling tend to result in the most 
damning subjective colourations 
rather than the equivalent horizontal 
reflections occuring off nearby walls. 

This may well be due to the relative 
ear/dispersion symmetry the brain 
judging quality through dissimilarities 
between signals arriving at the ears. 

As such it is the horizontal dis- 
persion that influences the perception 
of stereo space and whether these ref- 
lections detract from absolute 
accuracy or not, any extra spatial 
effects are usually quite pleasing. 

Anyway, though KEF have no con- 
trol over the type of listening room 
used they have decided to at least 
minimise any unpleasant interactions 
by manipulating the off -axis character- 
istics of the speaker itself. 

The Uni -Q driver adopts a co -axial 
construction but one that enjoys a 
truly coincident source. This has been 
achieved by placing a soft -dome high 
frequency unit in the throat of the 
main low frequency driver. KEF have 
therefore achieved a single physical 
coincidence of the drivers - close to 
the ideal point source This technique 
also avoids the uneven path lengths, 
subsequent time delays and crossover 
anomalies suffered by other two-way 
loudspeakers. 

Tannoy's dual -concentric driver has 
been used for many years now but its 
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occur at half scale bias current To 
achieve this result, the input signal 
from the microphone is fed to the 
inverting input of the multiplier and a 

non -inverted signal is fed forward via 
R10 to cancel the inverted output 
signal at approximately half scale bias 
current 

The output stage is simply a current 
summing stage with frequency roll -off 
to remove ultrasonic frequencies 

The sinewave oscillator which 
provides the signal to multiply 
b5 the input signal is of a con- 
.entional design, using an inte- 
grator (which provides a 90° 
phase lag) and a lowpass filter (which 
?roe ides a 90° phase lag at the corner 
frequency given by the formula 

:2xri/Rl7xR18xC7xC81) The 
rvmponent values in the integrator 
are chosen to give enough voltage 
ga:n at the operating frequency to 
prop ide about ±4V peak output The 
a.-npl:tude of oscillation is stabilised by 
Dl and D2 but the distortion products 
generated by these diodes are filtered 
our by the filter and the integrator, so 
the output is a clean sinewave 

The microphone must be able to 
respond to frequencies up to at least 
50kHz to give a useful response and 
not all types will manage this I can 
only suggest experimentation as a 
means of finding a suitable type but 
probably an electret microphone 
would be more likely to work 

No audio amplifier design is shown 
because audio amplifiers for small 
circuits are commonly available One 
suitable amplifier would be the Match- 
box amplifier as published in the April 
1986 ETI (photocopies from the ETI 
Photocopy Service folks) 

First of all, RV1 should be adjusted to 
null out any offsets The left hand end 
of RV2 (marked X) should be temp- 
orarily connected to OV and RV1 set 
to provide OV on the output of 1C4 

To adjust RV2, connect a signal 
generator providing about 40kHz to 
the input of the circuit and adjust RV2 
(still connected to OV) for no output 
from IC4 It is best to use an oscillo- 
scope for this although an AC volt- 
meter may be usable If a signal gen- 
erator is not available, the output 
signal from the oscillator could be 
used The signal level is much too 
large to feed to the input directly, so 
it must be potted down via a 10k 
potentiometer 

When RV2 has been adjusted, 
reconnect it to IC6, and the circuit is 

ready for field trials When there are 
bats to listen to, RV3 should be set to 
adjust the oscillator frequency to 
reduce the frequency of the bats by 
the correct amount The unit should 
now be working 

Adhi4iment 

Andrew Armstrong 
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This month's Blueprint request 
comesfrom S.A. Bowen of the 

Birmingham and Black Country Bat 
Group 

Bats emit ultrasonic sounds 
between 35kHz and 80kHz and we in 
the Birmingham & Black Country Bat 
Group would like to build our own 
detector to convert these frequencies 
into the audible range There are 
detectors on the market but they cost 
around £150 which is beyond our 
pnce range 

There are three obvious methods to 
tackle your problem and they have 
different disadvantages The most 
obvious is to record the sounds on a 

reel-to-reel tape recorder at a high 
speed and replay at a slower speed 

This will decrease the frequency of 
the tones in proportion to the 
reduction in speed of tape The 
duration of the tones is also increased, 
of course, and you can't listen until you 
have rewound the tape In addition, 
most tape recorders cannot be 

modified to handle such high 
frequencies. 

The second possible method is 

similar in concept. The sounds from 
the bats would be picked up by a 

microphone, buffered and fed into a 

bucket brigade delay line at high 
speed When the delay line is full the 
signals would be read out at (say) 0 1 

times the read -in speed Thus 10ms 
of sound would be stretched to 100ms 
at 0.1 times the frequency 

The big disadvantage here is that 
the bats are only being monitored for 
10% of the time However, the tech- 
nique is suitable for moderate fre- 
quency changes, for example to cor- 
rect the sound of speech on a tape 
recorder played too fast. I may provide 
a project along these lines next year 

SINEWAVE 
OSCILLATOR 

PP3 

SW16 

C5 
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The third possible approach would 
be to heterodyne the frequencies 
down so that some of the range would 
be audible. This has two obvious dis- 
advantages. First of all, the bandwidth 
of sounds used by bats is 45kHz, while 
the human ear is capable of hearing 
an absolute maximum of 20kHz 
Secondly, harmonic information is 

lost in the conversion 

For example, if a 35kHz tone has a 

harmonic at 70kHz, the 21 
relationship will be lost if the fre- 
quencies are reduced so that the 
35kHz becomes 1kHz and the 70kHz 
becomes an inaudible 36kHz This 
technique would, however, give im- 
mediate and continuous monitoring 
of the bats 

Fig 1 shows a possible system to 
achieve the required frequency shift 
This circuit produces sum and dif- 
ference frequencies of the oscillator 
and the bat sounds but only the dif- 
ference frequency is audible A 
frequency of 45kHz would be 
converted to approximately 10kHz 
and 55kHz to approximately 20kHz. 
so the higher range of frequencies 
would be inaudible However, if the 
higher range is needed then the low 
pass filter frequency and the oscillator 
frequency could be raised as appro- 
priate - perhaps two switched fre- 
quencies would be useful 

Fig 2 shows a possible circuit to do 
the job I would emphasise that the 
circuit has not beprototyped and 
require some alterations when tes:ed 
but it should be workable in 
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similar to something I hate :ee e::s 
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Satellite and Cable TV 
Scrambling and Descrambl- 
ing by Brent Gale and Frank 
Baylin. £19. Vincent Tech- 
nical Books, 24 River 
Gardens, Purley RG8 8BX. 

ficient for a competent TV engineer 
to go about designing a decoder) but 
example screen pictures are given for 
many of the scrambling methods This 
means that when you're presented 
with a moving mess on your TV 
screen you can have an intelligent stab 
at guessing the scrambling system 
being used 

Unfortunately, the rest of the book 
(around half) is devoted to discussions 
of the innumerable commercial 
scrambling and descrambling units 
available in the US Much information 
is given, including numerous photos 
of the boxes concerned and inter- 
connection details 

However, little of this is of any use 
to the European would-be viewer 
(although the various versions of 
MAC are well covered) Unless you 
are intending to try your hand at sat- 
ellite TV DX-ing and grab some US 
TV, this is all largely wasted 

It is interesting to see how the 
theory of the earlier chapters has been 
put into practise by the manufacturers 
but otherwise there's not a lot here for 
us limeys 

You are unlikely to find this book in 
your local library (although you could 
always try to persuade them to get it 
in for you) so the limited use that a 

read of it will give you is only available 
for the rather steep price of £19 

This is another one aimed at an 
American audience. It is about two 
years old and is now available in this 
country through STV specialists 
Vincent Technical Books This one 
came as something of an eye-opener 
for me I had no idea there was quite 
so much going on up there 

Everyone knows about the satellite 
TV transmissions (that's what you get 
a dish for in the first place) The same 
satellites can also carry non -video 
material such as radio, teletype data, 
telephone channels, teletext and who 
knows what else 

Many US satellites do indeed carry 
such information and this book goes 
into quite some detail of the technical 
methods of transmission of the data 
and the commercial (or otherwise) 
contents of these 'hidden' signals 

Much of the information in this 
book is by way of experimental data 
-a write-up of what the authors have 
found in many years of searching the 
frequency spectrum and investigating 
the signals they've found 

Of course the authors haven't been 
looking at the same satellites as you 
and I have available above the 

The Hidden Signals on Sat- 
ellite TV by Thomas Harring- 
ton and Bob Cooper. £20. 
Vincent Technical Books, 24 
River Gardens, Purley RG8 
8BX. 

horizon This means all their findings 
are next to useless for UK readers - 
or are they? Many of the techniques 
used for encoding the carrier signal 
with non -video data are used as much 
in this neck of the woods as in the US 
Indeed, some services mentioned - 
such as Reuters' news -view service 
are international ones and can of 
course be received over here 

The big problem is that this book is 

entirely (well, except for a few brief 
paragraphs at the end) concerned 
with the C -band satellites which make 
up the majority of transmissions in the 
US These are at a frequency of 
3 7-4.2GHz as opposed to the 
11 7-12 7GHz Ku -band' satellites 
which broadcast all the TV signals in 
this country and in Europe generally 

There are many C -band satellites 
above our skies too but you'll need a 

second LNB and probably a second 
dish to pick them up 

I am sure there are a good many 
hidden transmissions coming from the 
European Ku -band satellites too (tele- 
text is standard on the Sky and Super - 
channel stations and a satellite radio 
channel has recently started, broad- 
casting on a secondary audio fre- 
quency from one of the main STV sat- 
ellites) but these are a different kettle 
of fish and this book does little to en- 
courage the weary newcomer to ven- 
ture off his receiver's pretuned settings 

f 

BOOK LOOK 

SATÆIlt 
und 

GABL TV . 
,°.f 

t1;_ 

SieftAA4ßcdte - 

eserlbltn9 
erne, te lm - -*hull fun. - 

,e 
Hidden Signals 
On Satellite TV 
awma[c:.a 

JmMw.a.n., 
..peolega.m. ..wn.ee.ewn. . J,.,etsal.,,ffl 

T....6910.* n.l..... . , . ,mam, 
d. a...». 

Ine.,ma 
y1.gq,/*y1.1.IJyW,..MbbCi'w 

NiCptYtwnia. 

Tmf .G .GInI.HM,M- 
Iry NßsT Nnni}: nNOWfiag.Jr, 

At last the Babani stable is getting into 
satellite television with this eminently 
understandable and all -encompassing 
guide to the subject. 

Intact, it's even a little over - 
encompassing An awful lot seems to 
be standard chapters regurgitated with 
no real thought as to their relevance 
to STV enthusiasts Do we really need 
sections on scientific notation or SI 
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An Introduction To Satellite 
Television by F. A. Wilson. 
£5.95. Bernard Babani Pub- 
lishing, The Grampians, 
Shepards Bush Road, Lon- 
don W6 7NF. 

he world of satellite television rears 
its head again this month with 

three new books on the scene Interest 
here for both the newcomer to the 
subject and for STV die-hards 

A tricky subject this one Even the 
(American) authors note in the ac- 
knowledgements that all the other 
contributors wished to remain 
anonymous! However, it is debatable 
whether it is illegal to descramble STV 
signals not intended for your reception 
and it is certainly not illegal to read 
about it! 

This is an excellent book with just 
one (major) downfall - it is very Am- 
erican This not only means it is 

written in that wearing style ap- 
parently loved on the other side of the 
pond but more importantly that few 
of the scrambling systems talked about 
have relevance in Europe 

Nevertheless the book gives a good 
background to the whole subject and 
should be considered a useful read if 
you are contemplating building your 
own decoder (shame!) 

The first third of the book is devoted 
to the principles of television reception 
and display Although this naturally 
concentrates on the American NTSC 
system much mention is made of 
PAL (and SECAM for that matter) 
and so it provides a good framework 
of reference 

The rest of the book is devoted to 
the principles and practices of en- 
cryption The discussion of techniques 
used is quite fascinating After reading 
70 pages of the trials and tribulations 
of broadcasting and receiving a TV 
picuture to see all the methods used 
to louse up the process is almost 
amusing 

This section is really useful Not 
only are the technicalities of it all 
discussed in quite some detail (suf- 

units? Are the internal technicalities of 
rocket motors or even amplifiers that 
relevant? 

Where the book does concentrate 
on the subject in hand it does a good 
job The prose is pleasantly readable 
and despite the vast number of math- 
ematical equations and formulae, it 
remains for the most part 
unforeboding and positively 
encouraging for the newcomer. 

Considering this is a Babani book, 
not enough emphasis is put on the 
DIY aspects of STV. It quite correctly 
points out that building an STV rec- 
eiver is beyond all but the most ded- 
icated (and knowledgable) electronics 
enthusiast However, only scant duty 
is paid to installation - an area where 
most ETI readers, for example, can 
easily not only save a bob or two but 
often perform a better job than many 
so-called professionals 

Nevertheless, like most Babani 
offerings, this volume does offer a 
solid grounding in the subject Ref- 
reshingly it approaches the maths of 
it all neither skirting around the subject 
nor attempting the 'baffle 'em with 
science' approach 

Little is said about the material on 
offer or scheduled to grace our screens 
in the future. Although the preface 
points out that in a restaurant it is 
hardly necessary to understand the 
chemistry of cooking to enjoy the 
food', this whole book makes a meal 
out of the theory with few programm- 
ing appetisers 

For a basic reference work, as a 
clear tutor through the labyrinth of 
dish efficiencies, free space path loss 
and the like, this one is cheap and 
readable. 
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STAN WILLETTS 
37 HIGH ST, WEST BROMWICH, 

WEST MIDLANDS B70 6PB 
Tel: 021-553 0186 
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GRUNDIG INFRA -RED 
REMOTE -CONTROL 
SYSTEM VIF -Ki (13 function), 
consists of transmitter TPV 
355 and VIF -El receivers, 
suitable for use with 
GRUNDIG 2x4 SUPER 
Video. Brand new and boxed, 
complete with battery, £4.99 
p&p £2.00. 
VIF -El receivers in boxes of 
10, £9.99 p&p £4. 

GRUNDIG 2x4 video heads complete with head 
assembly, £24 p&p £4. Complete power pack, £19.99 
p&p £4.00. 

2x4 SUPER PANELS = DFT - SERVO VIDEO - 
CROMA - STERITON, Meter -board, Modulator and 
Tuner, £5.99 p&p £1.00. 

GRUNDIG REMOTE -CONTROL, £2.99 p&p £1.00. 

V2000 VIDEO TAPES, "MEMOREX", brand new and 
boxed; VCC360, £6.99; VCC480, £7.99. 

VHS VIDEO TAPES: 
"VIDEOLAB" PREMIUM 
QUALITY brand, which we 
recommend and guarantee, 
one for one exchange, £1.99 
p&p £1.00. 
TDK, SCOTCH, FUJI, £2.99; 
MEMOREX, £2.69. 

VIDEO HEAD CASSETTE 
CLEANERS 
£1.99, with full instructions. 
VHS or BETA, p&p £1.00. 

VIDEO HEAD CASSETTE 
DEMAGNATISER 
Electronic circuit, LED 
indication degausses one 
second. 
£7.99 p&p £1.00. 

VIDEO RECORDER, SONY C5 
AND C7 SANYO etc, perfect 
working order, £39.99 (caller only). 

THERMOMETER - 
COMPASS AND CLOCK 
(detachable), brand new. 
£1.99 p&p 75p. 

FREQUENCY TRANSLATOR 
8 Channel UHF and tunable 
mains voltage, used but in 
working order, £4.99 p&p 
£5.00. 

.`- t 
. _e 

fP e se supply photocopies of the following articles from 
ET complete in block capitals): 

Month .... Year Page (if known) 

.tle 

Month Year Page (if known) 

Title 

Month Year Page (if known) 

Title 

I enclose a cheque/postal order made out to ASP Ltd. to 
the value of f1.50 per photocopy ordered. 

Total remittance f Date 

Name 

Address 

Postcode 

Send the completed form and your remittance to: 
ETI Photocopy Service 

9 Hall Road 
Hemel Hempstead 

Herts. HP2 7BH 
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cord and replay circuits for very highqua 
cassette recorder Circuits .lreoplrmised 
Qualify Sendust Alloy Head Switched b 
to cater for chrome and ferric tapes Very 
plug in PC0e Complete with full rnslru 

HOOD 300 SER 
est emphher kits 
n HiFI News' 

and sel -u 
halener 

'IV matter 
Inc Indre 

lily Io pleas 
ray domesti 
kit complot 
rance 

Our very latest kit for the discerning enthusiast or quarry 
sound and en erotic least for loners of designs by John 
Linsley -Hood A combination of his ultra high quality FM 
tuner and siero decoder described in "ELECTRONICS 
TODAY INTERNATIONAL' and the Synchrodyne AM 
receiver described in 'Wireless World' The complete unit Is 
Cased to match our 300 Series ampul refs Novel circuit 
Natures in me FM section to include ready hulll pre -aligned front-end phase locked loop demodulator with a response 
down to DC and advanced sample and hold stereo decoder together make a tuner *hide sounds better than the best of 
me high-priced erotica but thanks to HART engmaerinp rental's easy to build The Synchrodyne aecfien with 'hi selectebie bandwidth providers the best possible teems trom 
Lone end Medium wave channels so necessary in these days 
of split programming it you want the very best in real HiF, 
listening then this is the tuner for you Since ail components 
are selected by pie designer to glee the very best sound this 
tuner Is not cheap bul in terms of its sound it Is incredible 
value for money To cater ror alt needs tour versions are 
available with variations up In the top of the rengelult AMr FM 
medal with any unit being upg rateable at any time Send for 
our fully illustrated details 

STUART TAPE RECORDER CIRCUITS 
Complete stereo record. repiny and bias system for reel-tn- 
reel recorders These circuits Wit, give studio quality With a 
good tape deck Separateseceons Mr record and replay give 
optimum performance and arrow a land head monitoring 
system to be used where the deck has this rated Standard 
250mV input and output loved These circuits are ideal tor 
bringing that old valve tape recorder back to !de 
101100W Stereo 811 with Wound Coils and Twin Meter 
Drove . Ee5.6r 
RJSI Reprints of Original Articles £1.30 no VAT 

BINDERS 
LECTRONICS TODAY 
RNATIONAL MAGAZIN 
RT EASY TO USE TOP OU 

....P Readers Services, PO Box Sai 
Wolsey House. Wilsey Road. Hemel 
Hempstead, Herts HP2 4SS (0442.41221) 

24hr SALES INE 

% P&P 1 
%% awe 1; 

® I Address 
A[v. I 

Do your rapes tack treble' A worn need could be Inc problem Fitting one of our replacement heads could restore perform 
arise to better than navel Standard mountings make Idling 
easy and our TGI Test Cassette helps you set the stimuli' 
spot-on We are me actual Importers vetch moans you et the benefit of lower prices for prime parts Compare us with ether 
suppliers and sear The lollpwing Is a list of our most popular heads. all are suitable for use on Dolby meet and are riv - stock 
HC20 Pemuloy Stereo Heed. This is the standard headlined 
as original equipment on most decks . 

HSts Sandust Alloy Super Head. The best head we can lint; 
Longer life than Permalloy nigher output than Ferrite, fan 
taste frequency response . £14.e6 H0551 4 -Track Head Ice auto -reverse or quedrophonlc use rclt Soeclticabun record and playback head. £14 60 
HX100 Stereo Ferroalloy RiP head Special Offer £2.49 
MA081 2i2 Language Lab RP head .. £13.35 
SM166 272 Erase Head. Standard mounting 
AC type .. - .. E8.85 
SM150 2/2 Erase Head. DC Type £3.60 
H(2751 E 4,4 Erase Head for Portastocio etc -.. C46.80 
Full specifications of these and other special purpose 
heads In our iisis 

INTERAK can be commenced with the 
boards from £10.95: beg borrow or steal 
from us - all parts available separately. N 
fie PALs. ULAs. ASICs etc) used - no sec 

Made tor se who must know what goes 
diagrams descriptions are provided. And 
really use mputer effectively if you don't kno 
nobody w II you, 

Solid engineenn 
rack mounting, 
keeps obsolesce 

Flourishing I 

programes o 
Program in 
Database. W 

ire mains operated 
magnetisation eau 

.E 
Bads C 

rident Users Group, and newsletter 
al little or no cost from he Users G 
ins code (Assembler), Basic. "C 
ocessing, Scientific app ications. 

640( RAM. Z80 based at 
Megabytes address spa 
Needs no specialised k 
get you out of a lam it y 

its write or 
lectronics 
irkenhead 

pansion to a 
In the future. 
we will happ 

ter sales service. impossible 
e only after your money. 

LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER 
SYSTEM 

HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 

HART ELECTRONICS are specialist producers of kits fur 
designs by JOHN LINSLEY-HOOD. All kits are APPROVED 
by the designer 

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS 

Complete re 
noise stereo 
HSt6 Super 
equalisation 
assemble on 

lily low 
for our 
las and 
easy lo 
ctlens 

Complete Stereo Record Play Kit £33 70 
VU Meters Io suit .... £2 30 each 
Reprints of original Articles 75p no VAT 
8605 Stereo Mic Amplifier £8 70 

LINSLEY 
Superb integral 
Hoods articles 
Ultra easy assembly 
the most discerning 
sound system if qual 
and save pounds off 

IES AMPLIFIER KITS 
derived from John Linsley - 

p with sound qua 
Ideal basis for a 

s to you Buy the 
dual component 

e 

K300-35 35 Watt. Discount price for Complete Kit £98.79 
K300-45 45 Watt Discount price for Complete Kit £102.36 
RLH4&5 Reprints of Original Articles from Hi-Fi News' 

£1 05 no VAT 

Personal callers are always very welcome but 
please note that we are closed all day Saturday 

ADVERTISERS INDEX 

HART TRIPLE -PURPOSE TEST 
CASSETTE TC1 

One inexpensive test cassette enables you to set up VU level, 
head azimuth and tape speed Invaluable when fitting new 
heads Only £4.66 plus VAT and 50p postage 
Tape Head De-magneliser. Handy s unit 
prevents build up of residual head sing 
noise on playback 4.54 
Curved Pole Type for inaccessible h 4.85 
Send for your free copy of our LISTS Overseas please send 2 
IRCs to cover sumac Post or 5 IRCs for Airmail 
Please add part cost of post, packing and Insurance as follows 
INLAND OVERSEAS 
Orders up to £10 - 50p Please send sufficient to 
Orders £10 to £49 - £1 Surface or Air Post as Orders over £50 - £1 50 required 

L ALL PRICES EXCLUDE VAT 
(0691 652894 UNLESS STATED 

A.S P. READERS' SERVICES 58 
BICC-VERO ELECTRONICS LTD 25 
CRICKLEWOOD ELECTRONICS 52 
CRIMSON ELEKTRIK STOKE 40 
GREENBANKELECETRONICS 66 
HART ELECTRONIC KITS LTD. 66 
HENRYS AUDIO SYSTEMS 58 
PINEAPPLE SOFTWARE 3 
RAUCH PRECISION ENG LTD 3 
SAGE AUDIO 40 
SLEE ELECTRO PRODUCTS 9 
SPECIALIST SEMICON DEVICES 10 
STEWARTS OF READING 52 
SUMA DESIGNS. 9 
TJA DEVELOPMENT 40 
TK ELECTRONICS 20 
WILMSLOW AUDIO ....... . 40 
XEN ELECTRONICS 52 

FOR YOUR VALUABLE COLLECTION 
OF E e II INTE ES ( £5.95 11 
SMA ALITY g inc. T.. es e -- 

Please supply Electronics Today International 1 

Binders £5.95 inc. P&P 

Total £ (Please make cheques payable to ASP Ltd.) 1 

Years Required - 198 198 198 198 

Name 

Please allow 21 days for delivery 1 

egia -1 

In terak 1 

BUILD YOUR OWN COMPUTER 

minimum of outlay. Bare 
the components, or buy 

o special or custom chips 
rets. 

Go as fast or as slowly as your funds and enthusiasm permit 
tho inside. Full circuit 
and honestly, can you 
a co w what's inside and ill to 

g construction - something to be proud of. 19" 3U 
plus in circuit boards and modular construction 
nce at bay. 

ndepe Hundreds of 
n disk t roup. 
mach Forth, etc. 

ord Pr 

Cassette tape operation or disk (up to 4 drives, 1 Megabyte 3.5" 
available from us, but you can add 3", 5.25", 8" if you want). Disk 
operating system CP/M Plus. 

present with potential for ex 16 
ce and Zilog's latest Z80280 
nowledge to construct, and ily 
ou get into one. 

Availability of personal and individual at 
to obtain from large companies, who ar 
Security of supply - from Greenbank 
in 1970. 

Greenbank 
For more deta 
Greenbank E 
Rock Ferry, B 

phone us: 
, Dept. (T9E), 460 New Chester Road, 
, Merseyside L42 2AE. Tel: 051-645 3391. 
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Hulk p vsebi,gs you incredible sa: --=-r_-.- 
lions Many other ''one or( bargains can 

HAZELTINE ESPRINT Small deskt 100 cps Tri wee: a.Tr- xc- 
RS232 and CENTRONICS irxe"-Des - ar aoce or 
and 6 user selecable type fonts 
ppaapper handlingg 
CENTRONICS 150 series A e n 

r, either n the dice -o--e 
nts and chore r Ste` BRAND NEW 

150 -SN up to 9 
150 -SW up to 1 

150 -GR up to 1 rira 
When ordering p 

Quality 
for the 

MN= INS', 5100 

N1M i 

Mar' 

p- 
BOUGHT _'5 

SOLD 5 

MONITORS 

VDU's 
&PLOTTERS 

1000`& 
SF 

S Ompu ER 

IN 5TOCK PER/ E 
S 

rrem R TYS 8 SAru,PowE9 
EPPERS fOFS AOFTEÉNT KE R'VEgB UPMENT EOUIPM BOARDS ÿAMERAS 

THE 'ALADDINS' CAVE OF ELECTRONIC & COMPUTER EQUIPMENT 

-.oe, Baracre :an- sié use guaranteed 80 column ewe= wily seen or rnOntrS -Dotre3 ernes our price. ready =me io a host d crrouler ce .5280 outputs Manufacturers 
tea we surplus. sold nee seemly used condition with 90 day Y-xarantee. 1000f Sold to date. 

.4 - SYNC input for BBC 
80 composite wcar 

arc oleo 

HIGH DEFINITION COLOUR - .£y CENTRONIC 14" morvtors in attractive style moulded a twin; hl res Mßsudshf 0.42 dot etch tube with 669 x 507 tee :3101hz antee. -1a ss1004-N2 fforrTTTL 
Fully 90nnc R _y_1FuprarBBC 

etc £150.00 E 
1003-N1 for IBM PC etc ftilyy cGA eddy £189.00 

((E1 

1005-N2 RGB interface for O. 85 columns £169.00 (E) 

PRINTERS 

tractor feed pape 
150 cps4 typefo 
Order as: 

5 ranLir 
45 paper'.ea.Gç, 
+5 weer Pus`J 
reise spe 

=-e^cTcwary 
yeaC191.00 

(pp 
:7herapta use +.iF 

£185.00 IEi 
C225.00 iiEE 

£24S001E) 
S ra^ac 

NDR 8840 High Speed Printers 
Only £449 !1 

20 u I' A special purchase from a -.. der_r ie-t p7 entrave ,s & 22 AV Specials 10 dyer ou the ata2rr ers aeri at >avarice sert. macle. UK manufacture, FIL tube,al sold state colour sien_ compote with coor mposite hos 
hm,t 

apegaatlon end s Incclludirg S' hoofs. s.. s suet, withdeal co era Discos Clubs etc. Supplied in EXCELLENT little used con 
wet e 90 day guarantee 

prices SAVING YOU 09ER £150e -mk 1rDR8640 + _rer rip 
speed 240 c sasi we 1. tutetra 7eDe rec- 
torGrpex has nee %r3 "--r -Lit a+rw «c7"! 
untt 1 selectee r.oe --. ; us te 226 p8rebte 
characters on a sinnt es la rer *ere mule wend 

20 Mon at. £men (F) 22' Monitor £165.00 (F) electronic veniczd M' e --a se - .: -Beck c S to 
15.5 per. 15 mien tar - ee arc s 
RS232 serial keeps Sx r SUPERB lac -onegr .í 
guarantee Driy £449.00 tit C'D 7OLA M1000-100 5' CRT black & white cameo! chassie EPSON model 512 4_ =tire i ì ice etc- - seec -egr speed 

Ware, reading only cmlt 6h, 12w. 22d, deal to CCN or can matrix (3 Ines per serve rvrtö Warn.- 'rrr_r_.rs., r 
aer. soicatlons Accepts standard Conposlte video or 1i-di/dual Pohl of sale ter -orals m- ei arrer_ oe - . er _re bra a i , fors Operates from 12v DC at spprx 0 be Stlme Lints may directional axt',ese and riwel-a -ol toe' -8-c-.r 7r err 
si te T, screen marks, but still in very wide pondion Fully Requires DC .tits a2 5.-oe tens, es:e -a s.e ',pc' .7e-flewem 

s et- 30 clay guarantee 8 full data Only £29.00 (C) with data RFE and t^s_c One £40.86 (C) 
rke shed as above, with aftradfve moulded, desk stand' waver EPSON model 542 Sarre ss Ke-9 -+aye v paywd t be Bra -C nets ln Wait, he cased 7 channel UHF PAL N tuner 3 rase Dm. cm 12h,14.5w,26d. £3900 (C)used as a sic or tent 7*tar .as n ape z-: 7 ter 12_kae YY yy 

JC we 751.7 5' ultra compact black & Mae chassis monitor for Suppi I'LL r 5 -Tat o' tc n T 'Can- 
esn `gl er to your ae.td ant 

worryrryd 
video malßor 

a : i r operation DM i c w. 1 8d. Simple DIY eee wen dada RFE a -e sec ,Oeyy.-e____,..°"..1Q Sl*w 9aR .t0 a fadla. colour N Den your mldlltor 
ices,: hate sore the TELEBOX even has an integral Bootie amp for am=id poet dat kip canposvl Video HIUPS P2000 -tee:. err. 25 -1te. a ores -aria a. .nee a pka an ettiaryÓuVlxRus 

indeadpLahphaa 
a Hl Fl ayS- MK Cad portable equi tc. Supplied with 1uII data Ful1y DNBLO. OUYE DTAe? oaee h4er'1 +3l?r ra F - aher fedur LE S traf Britain molded Bread New £86.00 (B) dude*J wad!^ dar;tr ,c__11V.9-......z.- y t+sieaexrs..+eas 1,1arF 7oaered. Butt t0 BS safety specs Many other uses for TV 4l7 394 P Green Screen Cite used hay cased. rnai 

OrVereo 
Sine sty! 740P ërx 3-123= Wet. Mrt Baler -per arc .r v.Ueo etc Supplied BRAND NEW with full 1 yea guarantee. Me le vAors with standenl composite video Input Fu tented wen user -esa 8 X 2. Bare ye Mew* 2.:3 sus 5 das code (K) ass r .ezlere cordtion £46.00 ( wf+E r1 AQlen NEW Only 1 30 E came 

it Karce & WNte monitors by AZTEK COTRON & NATIONAL 18» idly cased monitors, Ideal (or al types of AV or CCTV 
astLaeses Liras have standard composite video inputs wt1 in - we hric and speaker. Seed In goad used condition -le 

y guarantee. ONY £85.00 (F) 

MONOCHROME 

POWER SUPPLIES 
Al cover supplies operate fret 220-240 v AC In any other types Iront 
3v e 10Kv e' stock Contact sales office for more details 
PLESSEY PL122 Ftdv enclosed 12v DC 2 amp PSU. Reguated end 

MedLyear PSU 
Dim x 11 New £16.95 

g(B) u- 

1ate 
ard short 

POWERONE PHCo2 DCcm 5x PSU lolly 
Neewregula££4 .50 (C) 

ted 
New £19.95 (B) 

BOSHERT 13088 switch ronde supply peat desk drives or complete s-srn -5. 6e -122.58;1205a. -Sv Osa. Din cm 56 x 21 x 108 
New £29.95 (B) 

BOSHERT 13090 same as above spec but outputs of +5v 6e. - 24v 
- 5a -'2. 05a-t2v 0.5a New £39.95 (B) 
GREENDAL.E 19ABOE fib Watt switch node argets +5v 6 a. + 12v 

12'ía 55v la 0. 11 x 20 x 5.5 RFE Tested £24.95 (B) 
COWER AC1303001 High grade VDE spec tomcod 130 watt 
each mode PSU Outputs give + 5v 15a. Sv la. + 8-12v 6a. Dim 6.5 
. r .12 5 Currets list price £190. Our price New £59.95.00 (C) 
FARWELL G840A Compact 5v 40 amp switch mode fully enclosed 

New £140.00 (C) 
FAR ELL G24 5S Compact 24v 5 amp switch mode filly endosed 

New £95.00 (C) 

Special Offer 
EXPERIMENTORS PSU 

ONLY 

£16.95 (c) 
Uwe to the retest spec for BT this tire gives several fully 
steered DC outputs most suited to the Electronics Hobbyist 
-5v 2e -8.12. la 

- - 24v la and 1 5v fully 'loafing at 50rna 
nee for scoop' labs et- Otuntity discount avaiable. Ftly tested with data RFE - Removed From Equipment 

CCpp 
AMAZING TELEBOX 

QUALITY COLLOUR TELEVItSION 

Drives from Only £39.95 
aF.::ì'. _ otlfchase of standard 5p2e5" disk 

ddrrtves 
erebaes us to 

IOW z ire product at all ten 
BRANr D NEW egtprnent fully -ces All was urwess 

. np+od from often 
IBM are see to you with a full 120 day guarantee. All urns frac :crate + and + 12 volts DC are of standard size and 
tend Pe _a. nun standard 34 way .Meriace connector 71f,YA TM100.2A BM comphee 40 track FH double 

TI/101-4 FI -180 track double sided OMyy ç£49.95 (8) Modems to sue et axx2c33cra a -t .sis 1Peele SE ref Height double skied drives by Canon, Tec, Please contact t tech -era 5Y r ̂ . 
-Mess et Seery 40 or 80 track Only £75.00 (B) require more riormas r r' asss3-t e 
Tat -=-355-F -uí-80 track double skied Hatt Heel 

Brand New £ 115.00 (8) 

London Shop 

on th 68 bus rant =-c r 'e- -,ree -r -e 
9tand pe' 

Sate Crioremea 
9 to 5.30 at women are nee 
come. Shoo caters es: saw re rw r' 

MODEMS 

& VIDEO D 
UNER 
ONLY 

£29.95 
ST for monitors with composite vld 
TL as ST- but feed wth integral speaker 
GK for use with analogue RG8 renters 

r.Wwwwence free sealed tonne LEAD ACIDA300 

12v 3 
A300 By 3 Aha £ £9 95 (4) 
4.300 6.0-6 v l 8 Ah RFE £5.99 A 

IUM a as r ca tie and connector singe £5.50, Duel £8.50 (A) 12 v 4 Ah eel_ppiICKEL ackM Originally made e X pursuer cable £1.75. Fully CaseoPSU for 2 x 5.25 Drives MASTER SYSTEMS type 212 1r...:4a.,us TECHNICOLOUR video company, :i! A. D -assis PSU for 2 x B- ddkres £39.95 (B) sox controlled V22 k/ d pia 1200 bend. Tres high queißy GE raced, U 
8" DISK DRIVES nAy 

BT approved mtoaememproysattelaes Bed In a smart robust 
9008_01 e sided refurbished 

oLtie sided refurbished 
£175.00 E 

ieattlres for e nor free d coolie a 3C output connector. Din engt 
£29p,pp 

(1E genug speed d 120 
75% of four 13T phone 

r1tf17 ... Oa t2.5. deal portable uL9x5rhtaBrl) 

t H l M2894-63 Double sided swtdstie Hard Or Sott SaC- ddaate coving nnect time II Add lase tads to our 
abbillitria 

17 Ah Ultra rugged all weather, virtually a BRAND NEW C275.00 (E) eke away price and you tee a superb buy n Indestructable rentable NICAD stack by 

V 
SPECIAL0ppp PiIRMDEMS 

ONLÉ149 .! 

iar _ - Dual 8 drNm with 2mb cepecey' siren tan slim unit idea ,es trey 45 mm high we. AL A0, Unit features 10 x nt. 

ldeudal 

typa Mr t ONLY £499.00 IFl Fir y _D 
status 

sud. as Ago answer. OD cells in to crate 
e xcce0oreity h 

COMPUTER SYSTEMS Sano SYCor ASBWâdsó9 periods al aN Integral 
Watt currents 

g eal =7'.Nr' s oc0 Big brother ofthe famous EINSTEIN. the mans PSied 

hUj,,2 
ais BIOTIlIIlelre etc- 

used X22 
Cost over £i25500uS 

Allied 
unused 8 tested 

Sculptureda92 keynkacyypbopaardand pli thud*con- cores ditionetli data and N see Oe" remet. EX EQUIPMENT NICAD cells by E 
Md and all control electronics PLUS 2 Integral Removed Irom =re end believed In 
double skied disk drives. other Fealties 
format disk drive support. I a oarlike (B) 

used 'F' size 7Ah 8 lof 

wee te e7er ern port 64k ram and to run edema 
' () Also 'D' Yza 44h 41a C5 (B) 

tat M, WORDSTAR, BASIC and accounts pack 
MEW 

rd 

3,1,1rter£`iâóo PC) nly £299(E) 

featuressystem 

menu either TURBO or 
heavy duty 

le 
dbox containinganomaly' 

seaplane, & dual 9 double sided de drives 
tom boards with 192k of RAM allow the use of 

hat Inhere ulX0 4 RS232 
e try backed rSei (Sue 

sa Inl terlaces 
socke ck, al IC's y 

other «mued etc 4- 
erter 

runner. and t 
OF yested 

prior despatch. no documereatbn iaSi a6 
lirce 

554KKc 
C245.00RAM i .X 493). IMS A882 CPU 8 la 

QUUMArtNTE1 Only £1491, 
CONCORD V221200 baud as new £330.00(E) 
CONCORD V221200 2400 BIS £399.00 
ROION Ex BT Modem 27 V22 1230 £225.00 
DATEL 4800 i RACAL MPS 4800 EX ST 
modem for 4800 baud sync tie £295.00 (E) 
DATEL 2412 27903780 4 wee modern unit 
EXBT 
MODEM 201 

7e 

199.00 
(E)tl 

12PRESTEL 

etc EX BTk03 
BAUD torus 

TRANSDATA 307A 300 taud acoustic couplelly 

tested £49.00 
r(E) s 

with RS232 I/O Brand New £49.00 (E) 
RS232 DATA CAR FS 16 It long 25w 0 plug to 
25 way D socket- Brad New Only 911.96 A 
As above but 2 metres long C499 A 
BT plug & cade tor new type socket 0295 

BRAND NEW 85 Mb 
Disk Drives ONLY £399 

End eI Ina purchase enables this brand new 
unit to be offered at an all time super low pnce 
The NEC D2248 8' 80 Mb disk drive features 
full CPU control and 

theussttrry 

starnard SMD 

access tinesface 

stardingleSuppliea BRAND NEW with 
full manual Only C399.00 E1 
Dud drive. pier 135 Mb sub system for IBM 
AT uns in case with PSU etc £1499.00 IF) 
Interface rands for upto 4 dives on IBM AT 
etc imitable Brand new at 0395.00 

Sp Interface, Ultra high weed transfer and 

COOLING FANS 
Keep purr ben pan'(lilt s ( and RI 1.1,11111 weih . m.. 

one of LIRANI fooling Imo 
AC FANS Specty 240 or 110 v 
3Fancjkn80x 80x36 £8.50 B 

ETRI slhline 92 x 92 x 25 £9.95 B r Fen Din 120 x120 x 38 £9.95 B 
As above -TESTED RFE Only £4.95 C 
10'rounel x 3.S' Rotrot 10v £10.95 B 
DC FANS 
Papst Miniature DC farm 62x62x25 mm 
Order 8128-12v or 814 24v £15.95 A r 12v DC 12w 120x 120x38 £12.50 r 24v DCBw 120 x 120x 25 £14.50 B 
BUTLER 12v DC 62 tan £12.95 A 

moo( alter fans and Mown im sunk L AI L 

or SAH for rum details 

ISPECI s,1 
Please call for avadabalry a further info 

RACAL-REDAC real time, colour draftkld 
PCB layout system £3350 
DEC VAd(11/7501nc 2 Mb Ram D2 and I 

doc etc. Brand New £8500 
HP7580A 8 pen digital Al drum dotter with 
IEEE Interface As New £4760 
CHEETAH Telex machine £995 
1.5 kw 115v 80 Hz power source 
500wett NVE RTER 24V DC to 240v AC sine 
wave 50 Hz *ur.put £275 
SOLDER SYSTEMS tin lead roller tinning 
machine for PCB rrarulacture £350 
CAVAN DATA SYSTEMS mule user INTEL 
based UNIX system complete with sotware 
and 4o Mb wklchester disk drive. 02750 
WAYNE KERR RA200 Audio. reef tine Ire- 
9uuencY response analyze 
TEKTRONIX 1411!8 PAL TV test l 
TEKTRONIXE R140 NTSC TV test signal 

HP 32714 Comdata system £3d. 550 
PLESSEY portable Microwave speech r data 
Iknk .12v DC, 70 mile range perk mist nn 

tan's m stock- 
ek- 

kw 

ew= P 
-=LEC Ì IDD ÚNfI.//-- 5- 

All pones for UK Ma.dend UK Customers must ADD 15% VAT to teed order value. Minlmunt order, soh CA Credit Card C10. Oekal exam orders Iron 
Coven -seen Oeee. Universities. Schoen 8 Local Autfrorees welcome- minimum recount order sale, 225. Carnage charges IA) LI 40, (5) £3.50. (C) 
£6.5O.(D)ce.50.(E1e 1000 (F)C15,(0) eel All goose aresupd'ea subject o our standard carettio sdfed. All guarantees given one sworn to base base 
We reserve the net lo change prices 8 spenhicetions ammo t pros nonce. Bulk Wea 8 export engurtwi roost welcome 

MAIL ORDER 8 OFFICES 
Open Mon -Fn 9.30-5.30 

32 Biggln Way. 
Upper Norwood, 

London SE19 3XF 

r LONDON SHOP 1 
10005 of Bargains for tallera 

Open Mon -Sel 9-5 30 
215 WT4elorse Lane. 

V4outh Norwood, London 5E244 

DISTEL ©The ORIGINAL 
FREE of three dal up data base 

I COO s 01 erns + ado ON UNE teem 
300 baud 0167791888.1200'75 01 679 

8183. 1200 FDX 01 8798769 

ALL ENQUIRIES 

01 679 4414 
FAX 01 6791927 
TELEX 894502 

COLOUR MONITORS 
sr Insa BO series tucx monrtors features in - 

ROB -TTL 
COMP 75 1 

ker ideal for 
ummoi -e! audio visual use 

m 111114 
separate 
pment e 

type interface etc. 
wfth integral audio 
or TELEBOX ST or 

Only £99.00 (E) 

circuit data 

FLOPPY DRIVE SCOOP 

DISK DRIVE ACCESSORIES 

111111!fflN -co-tta' 
'me 

K tack 
muse Zae r IBM 

Zgr,r u.;t 5 is 

£55.00 f'LI, S A930 FDC 
a£65.00 6 

E u nJ st of other S100 boards and accessories. 

Ultra Fast 240 cps NEWBURY DATA 

Mr- 7 -te r aroeot-+e 
efettr-tpnt_ a -c T_criEe 

31.3 

** South ** 

The 

......ß.... a-. 215 Nrl ra se _are Lorica- SFYu r TELEBOX eo Input £29 95 
tram TELEBOX S £34 95 
wep TELEBOX R £59 95 

RECHARGEABLE 
BATTERIES 

this unit contains 10 
type cells, configt 
moulded case with lC 

cm195x45x 

AL INTERE 

19" Rack cabinets 

www.americanradiohistory.com



aplin ELECTRONICS 

Lever operated suction grip base holds 
tightly to smooth non -porous surfaces Ideal 
for holding small components and 
assemblies. Metal faced jaws 37 x l lmm, 
open to 35mm Base 60 x 60mm. Height 68mm 

HOBBY VICE 

III 

(=£5.99+VAT) 
PER REEL 

or in boxes of 

(=£4.34+VAT) 
PER REEL 

hobbyist. Use 
fine work, XS 

e for very 
eraluse. 

and 'How To Solder' booklet 

`s 

or in boxes of 
20 reels (10kg) 

( £4.99+VAT) 
PER REEL 

HELPING HANDS 
Remarkably low price on this most useful 
piece of eq able 
crocodile c and 
glass magn on. 

PRICE 

BS219 Grade KP, BS441 Grade 2 and BS5625 
Class 5a. The solder is a 60% tin, 40% lead 
alloy containing a non -corrosive flux. Solder 
starts to melt 183°C and is fully molten at 
188°C. Availa e on 1/2kg reels in 0.7mm dia. 
(22 swg) and 1, Perfect 
for use with all ns 
including Ante 
UNBEATABLE TRIAL OFFER 
PRICE ON.44DePTO FINE 
QUALITY SOLDERS. 

(SC2OW price £99.80). (SC21X price £114.80). 

ber one soldering equipment for the 
17W TYPE CS 

INCREDIBLE 
LOW PRICE 

MANY 
MORE 
PRODUCTS 
INSIDE! 

ALL ITEMS SUBJECT TO AVAILABILITY 

Powerful pump 
action and 

plunger 
guard 

g 

t- 

r e 

295I rt447t 

uipment Two fully adjust 
tips hold pcb's etc. firmly 
iffier allows close inspect 

SUPERB 
VALUE 

SUPPLY THE 
TOOLS! 

SO YOU CAN 
FINISH THE 
JOB WITH 

EASE! 
'' SALES 0702 554161 UNBELIEVABLE95 

ONLY YP38R 

SOLDER by, -. Dep 
Re ̀
o Top quality standard flux -cored solder aas designed for hand and machine soldering of 

electronic components. Manufactured to 

t/zkg reel 18 swg 
-'1 

20 reels (10kg 
Yrkg reel 
ONLY 

99 
I 

£ 74 
Ft -70M 

(=46.95-VAT) 
PER REEL 

at 
bl 

2mm dia, (i B swg) 
hand soldering iro 
x. Weller etc 

22 swg 

element, srtatterproot handle, It all adds up to the nutri Cen 
for gen 

rrl7 

FY69A 

SUPER 
LOW 

PRICE 

95 
FR2oW 

i ALL PRICES' 
CLIIDE VAT. 

ADD SOp 
sWARDS POSTAGE 

``i ORDER BELOW 
LS PLEASE 
ADD SOp 

NOW 
ONLY 

Pitt up a 

Eopyorout 

1ia111512 page 

catalogue from 

WRSe111 H 
lor jest 61.60, 

£ 95 l \\\fR26U 

Series at:':,:' Segue New Road. Eadege> 8ineinghem. ç 302 
óioucesto Road, &ipol.0 159-161 Keg Street. Hammersmil 
tondos 'A Oxford Aoad,0laneheeM.54&48 Bevel sVarea 
Road, Soeitrempbe. O 282-204 Undue Road. Southend -to -Sea. 

DESOLDER 
PUMP 

SOLDERING 
IRON STAND 

Extremely quick and 
easy to use Just place 
wire in jaws and 
squeeze handles, Wir 
is neatly stripped in 
one simple action. 
Also includes tension 
adjustment and cutter 
NEW LOW PRICE 

Suitable for most 
soldering irons. 

P.O. Box 3, Rayleigh, Essex, SS6 8LR. 
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