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OVP POWER AMPLIFIER MODULES
OMP POWER AMPLIFIER MODULES vow ey 5

world-widg reputalion for cuality rehability and perfarmance al a realistic price Four models
available to suit the needs of the professional and hobby markel 1e . Industry, Leisure
Instrumentatl and Hi-Fi1 etc When comparing prices. NOTE all models nclude Toraidal
vower supply Integral heat sink Glass fibre P C B and Drive circuits 1o power compatible
Vu meter Open and short circuit proof Supplied ready built and tested.

OMP100 Mk Il Bi-Polar Qutput power 110

watts RM S into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB, THD. 001%,
SNR —118dB, Sens for Max output

500mV at 10K, Size 355 X 115 X 65mm
PRICE £33.99 ~ £3.00 P&P.

OMP MF100 Mos-Fet Output power 110
watts RM S into 4 ohms, Frequency Res-
ponse 1Hz - T00KHz —3dB, Damping Factor
80, Slew Rate 45V uS, THD Typical
0002%, Input Sensitivity 500mV, SN R
—125dB. Size 300 X 123 X 60mm PRICE
PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200
watts RM S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
250, Slew Rate 50V uS, THD Typical
0001%, Input Sensitivity 500mV, S N R
—130dB, Size 300 » 150 X 100mm PRICE
PRICE £62.99 - £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300
watts RM S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V uS, THD Typical
00008%, Input Sensitivity 500mV, S NR
—130dB, Size 330 x 147 » 102mm PRICE
PRICE £79.99 - £4.50 P&P,

NOTE Mos Felsare supplied as standard {100KHz bandw dih & Input SensiLivily 500mV) I required
P A version (50KHz bandwidth & Input Sensivily 775mV) Order — Standard or P A

Vu METER Compatible with our-four amplifiers detailed above A
very accurate visual display employing 11 LF D diodes (7 green 4
red) plus an additional on off indicator Sophisticated logic
circunts for very fast nise and decay times Tough moulded
case with tinted acrylic front Size84 - 27 - 45mm
PRICE £8 50 - 50p P&P

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 details

POWER AANGE
8" 50 WATT R M.S. Hi-Fi~
20 oz imagral ” ally vo

Disco
ol Ground ally fixing esculcheon Res Freq AOHz Freq Resp 1o
GKHZ Sens 9208 PRICEL10 8%Aya lable with black grille £11 99 P&P £1 50 e,

100 WATT R M.S. Hi-Fi ' Disco
50 oz magnel 2" ally voice coll Ground ally lixing esculcheon Die cast chassis White cone Res
Freq
25Hz Freq Resp to 4KHz Sens 95dB PRICE £28 60

£3 00 P&P ea

McKENZIE

12" 85 WATT R.M. s C1285GP Lead guitar/keyboard/Disco

2" ally voice coil Ally centre dome Res Freq 45Hz Freq. Resp, to 6 5KHz Sens. 98dB 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 £31 49 + £3.00 P&P ea

15" 150 WATT R.M.S. C15 Bass Guitar/Disco.

3" ally voice coil Die-cast chassis Res. Freq 40Hz Freq Resp. to 4KHz PRICE £57 B7 + £4 00 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, to 7 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. to 7KHz 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 101dB PRICE £62 41 + £4 00 P&P

15" 400 WATT R.M.S. C15400 High Power Bas:

Res. Freq. 40Hz. Freq, Resp, to 4KHz, Sens 102dB PRICE £89 52 +£4,00 P&P

WEM

5" 70 WATT R.M.S. Multiple Array Disco eic.

1" voice coil Res. Freq. 52Hz Freq. 52Hz Freq. Resp. to 5KHz Sens 89dB PRICE£22.00+ £1 50 P&Pea
8" 150 WATT R.M.S. Multiple Array Disco elc.

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 £36.00 + £2,.00 P&P ea
12" 300 WATT R.M.S. Disco/Sound re-enforcement etc.

11," voice coil Res, Freq, 35Hz Freq. Resp. to 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" voice coll Res Freq 63Hz Freq Resp Lo 20KHz Sens 86dB PRICE £9 99
6, 60 WATT R M S Hi- F|/Mult|ple Array Disco etc

1" voice coll Res Freq 56Hz Freq Resp lo 20KHz Sens 89dB PRICE£1099- £150 P&P ea
8" 60 WATT R M S. Hi-Fi/Multiple Array Disco etc.

1" voice coil Res Freq 38Hz Freq Resp to 20KHz Sens 89dB PRICE L1299 | £1 560 P&P ea
10" 60 WATT R M § Hi-Fi“Disco etc

1%, voice col Res Freq 35Hz Freq Resp to 15KHz Sens B83dB PRICE £16 49 + £2 Q0 P&P

u BHOBBY KITS. Proven designs including glass -
A tlbre printed circuit board and high quality
components complete with instructions. .

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm {9 wvoit)
Price: £8 62 + 75p P&P,
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfied
professional performance. Range up to 3 miles 35 = B4 x 12mm
(12 volt) Price: £14.49+ 75p P&P.
SINGLE CHANMNEL RADIO CONTROLLED TRANSMIPTER/
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.

£100 P&P ea

L. S
3 watt FM
Transmitter

| POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
OHDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
| BODIES, ETC. PRICESINCLUSIVE OF V A.T. SALES COUNTER
- VISA/ACCESS/C.0.D. ACCEPTED

VISA

PRICES INCLUDE V.A.T. + PROMPT DELIVERIES * FRIENDLY
SERVICE = LARGE S.A.E.28p STAMP FOR RRENT LIST

BURGLAR ALARM IDEAL for Work-

Belter 1o be ‘Alarmed' lhen terrified shops, Factories,
Thandar's famous ‘Minder' Burglar Alarm System. Qffices, Home,
Superor microwave principle Supplied as three units ete S u led
complete wilh inferconnechion cable  FULLY pp
GUARANTEED ready built
Control Unit — Houses microwave radar unil range
up lo 15 melres adjuslable by sensilivity conlrol
Three posilion key operated facia swilch — ol! — (es!
— armed 30 second exit and entry delay
Indoor alarm Eleclronic swept freq
104d8B oulpul

OQOutdoor Alarm — Elecironic swept lreq siren 98dB
output Housed in a lamper-prool heavy duty metal
case

Both the control unit and outdoor alarm contain re
chargeable ballenes which provide [ull proteclion
duringmains lailure Power requirement 200,260 Volt
AC 50/60Hz Expandable with door sensors panic
buttons etc Complete with instructions

SAVE t138.00 usual Price 122885
BKE's PRICE £89.99 -+ £4.00 P&P

? Why buy a cnllaeclion of sell assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in quality and value. Made specially Lo suil todays
need for compactness with high sound oulpul levels Finished in
hard wearing black vyni’ > wilh protective corners grille andcarry
handle All models 8 ohvms Full range 45Hz 20KHz Size 20"
15° - 12" Wals R M S per cabinet Sensitivity TW 1mir dB

OMP 12-100 Watts 170dB. Price £149.99
per pair.

OMP 12-200Watts 102dB. Price £199.99
per palr. Delivery Securicor £8 00 per pair
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" STEREO RACK AMPS

siren

1 K-WATT
SLIDE DIMMER

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.

X B5800
MF600 Fan cooled. Three models (Ratings k.:'::......u-,._
R.M.S. into 4 ohms). Input Sensitivity 775mV anca and | =
MF200 (100 + 100)W. £169.00 Securicor I'r"d”u""f:"f

MF400 (200 +200)W, £228.85 Delivery
MF600 (300 + 300)W. £322.00 £10.00

disGo 5 th
PRICE £13.88

edlires £1

BSR P295 ELECTRONICTURNTABLE

* Electronic speed control 45 & 33/ . rpm # Plus
Minus variable pitch control ® Belt driven « Alu
mmum plaiter with strobed rim + Cue lever * Ant
skate {bias device) * Adjustable counler balance +
Manual arm + Standard ' 7 carlnige lixings «
Supplied complele with cul oul templale * D C
Operation 9-14v D C 65mA
Price £36 99 £300 P&P

ADC Q4 mag cartndae lor above Price £4 99 ea  P&P 50p

PIEZO ELECTRIC TWEETERS MOTOROLA

Jeun ing! Pizs
Improved irans
Crossover 1S No

STEREO DISCO MIXER

STEREO DISCO MIXER witn 2 - 5

grapihie eguaiisers and twin 10 Nt
LED YuMe Many outstanding F atures
5 Inputs with i idual faders prowit
useful combi 1of the followrr
3 Turntables (Mag) 3 Mics, 4 Line plys
with talk over switch Headphone Monitor
Pan Pot L & R Master Oulpul controls Qul
put 7756mV Size 360 - 280 - 90mm
Price £134 99 — £3 00 P&P

DEPT

B. K. ELEGTRONICS ::

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
SS82 6TR TEL: 0702-527572

L.
EER

ESSEX.
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1 @ TOPOUALITY NEW FROM SAGE AUDIO HIGHEST POSSIBLE §
© PROFESSIONAL g et
]
1 ] COMPONENTS ( 100W 10 § PERFORMANCE :.
3 o 500W b
0 0 9 250V 10 275V b
L L
& 0 4 3
THE MOST ADVANCED HI-FI AMP IN THE WORLD 1 I
1 i 4 4
% EQU I PMENT KITS % b Following ll't\]e success of the original SUPERMOS we now launch a higher powered
g version with many new exclusive sound improvements not available on any other
o | i amplifier, kit, board, module, or ready made. y
MTX Micre-miniature VHF t itter. Th liost kit on th ket, mea b t
a - Micra-miniature VHF travamitier The smalost kit o g market messurng sy U @ EE ATURES:- :
D tuneable over FM band, 3V operation with range up to 1000m ... ... . E10.98 E] ' N e n 3 :
Oow VTS00 High power version of ths MTX with on-board PA stage providing 250mW of RE. [ b : ® Highly efficient distortionless PURE CLASS A 4
Maasures just 20mm % 40mm. power mu-ren:‘sng g8V E&ce!];;; sanatiyity ¢ throughout {low heat generation) .
O AL P e e il e e eSS c12.8 ) % ¢ Top audiophile components inc best SMD's :
0O =VvOX78 Voice-activatad Arlnsmmer Varénale‘ sar‘;{mny |-I:gg[ar le;all nwn:n?s [0 € ¢ Exclusively made matched custom semiconductors 3
it an ds A atected Stays on for tima dolay variabie ini 3 " it
D g:‘::ueﬂ ‘:rﬁgl;e‘: Full:‘:ﬁ:eno?eeoulput SOV :III Fi oand Vary sunvmlwc and D b ¢ Minimal capacnor d,emgn‘(w,nhom De servos) b 4
0 Iow standhﬁumnl through CMOS circultry. BV operation. range up to ;EEI.n; O b ¢ PSU sound colouration eliminated 4
Maasures m x 0mm . A £ 3 ) ¢ Advanced feedf . BB Frm & B 4
O = CTX900 Sub-carrier scrambled tranamitter Audio 19 double modulated providing very 7] :: i . BT Dl L 0 y
sacure transmissions. Any unauthorised listenar will not be able 1o demodulale 3
mgnal withoul DSxX900 Decodar unit Varnable modulalion on-bDoard Fully ‘; K]EeLma”y separau;l/y;{;eEglglawd ;0|tag|e AND'Currem N :
O tuneaple output co\ler:nglFM band. 9V operation, range up to 1000m. Measures O e (S - uper- UDRY circulsy. : :
| 30mm x 40mm = - ciaes ] @° Total reactance (difficult speaker) drive capable b
[ MDSXO00  Secossn iy S Soriee e samtons AR O SRS O 4 S OO, 3
O Variable decoda trequency on-board for bast resolution $12V oparation. $ THD 0.0001%, Slewrate 685v/us, f-3dB 0.5Hz-350kHz, O/P Current 80amps, b
Measuras 55mm x S0mm . £ € Damping factor 940, transient power (2chms) up to 1800W max. L
@ ping P P
O = TLXT0O Micro size telsphone transmitter, Conneats onto |ine &t any point and requifes F L 4
| 4
no batteries Clearly tranamits both sides of convarsations on both incoming I 1
and going calis. U by phone users. Fully luneable output L 4 3 g A = o o 4
O PLUS i
covering FM band Range up to 1000m. Measures just 20mm x 20mm 95 E - By innovative technical design we have eliminaled 5 individual sound colouration companents &
O = ATR2 Micro e talaphona fecording unit Gonnects ante line at any point srd. 1 g found in all other conventional amplifiers 1
E‘. F‘%rms:u inta ;N\" nommal :a-.:ur:g’rssc:r‘dﬁr smnnsf_l:m :‘m-flranr'!;:v:'!hg Mlc;'snd I:] b 9
phat: {:] Ifes NO D8 i . lchas recorcar on stel en pnong - . . . .
0 plafistiops 5.,.;.,':,‘.'.—..; r_\,%u‘g:."g calls. switches off when phons replaced EI.IMINA TED - 1) Emitter resistors 2} Zobel networks 3) HF pole compensation 4 Fixed bias §
Clearly records both siges of conversationa Undetectable by phans users 4 Vbe multiplier and temp gen distortions 5} Capacitor sound @
U Maasuras 10mm x I8mm * cio.es D r :
B " XMLOOO  7F Bup Dotactor/Losstor Wide band nput cicutsy datects presarice of AF = e »;\ND THERES MORE Sage exclusive CLEAN CLIPPING {not to be confused with soft @
Ninld and triggers flashing LED and piezn blescer Variable sensitvity snatbes 7] @ clipping) eliminates PSU ripple from reaching the output even when severely clipped, this together with €
van i ithin 6 inches. Max sansiivity will L el i 1 verely clipped, this together with &
O ooy ot s 15.20 faet 3¢ aperation Maasures [7] @ indvidual regulated supplies to all stages (Super-supplies) TOTALLY eliminates PSU component sound &
= 55mm ¥ S&mm. £31.95 = | colourations, (A World first!) 4
L L 4
y ) L R . i b . .

] Al Bl ssoummnnt win covtion susacinty nd seting up oerictons Pl audily [ @ COMING SOON The SAGE "ACTIVE PI MODE™ CLASS A preamp, THE §
I—_‘i plfggsggllﬁp’ £l s r:n cover PAP. Orders over £50.00 u:\s’; frea Pleasa state requirements c-ln;!r.'v int; (m 1. definitive match to the SUPERMOS [P amphflers L :
B oaciose cheque or PO fo cover s ’ 4

Ll Fhone vrders an ACCESS or AMEX accepted, Tel' 0827 714476 B | A'I"VD THERE SFM OR? e - Mo canl paskil Saeriof Nixamp i iz ac Lo recoli g
. i = - : ik b afull size & =8y brochure giving Jull details including active class A informatipn send £1 cheque, PO or
I3 NOTE! It is illegal to operate a transmitter in the UK walna‘ut a In.em.e ] : coin plus - s SAE [Dverseas send 6IRC's|, SUPERMOS 2 modules £140 (qp&p €2). :

0 Send 9x4 SAE for full catalogue of these and other surveillance kits O THE ORIGINAL SUPEAMOS MODULES 50-150W £65 plus {£1.50 p&p)

3 SUMA DESIGNS (Dept ETI), THE WORKSHOPS, 95 MAIN ROAD B O s Wendy (Sales Dept.), Construction House, Whitley B
[] BAXTERLEY, NR ATHERSTONE, WARKS CV9 2LE. TEL: 0827 714476 0 Street, Bingley, W. Yorks, BD16 4JH England. 1
B 0ooDOOo0ON00D0D000000000C0C0000cE il Tel. (0274) 568647, Tix. 517783, Fax:(0274) 551065

Inferak T— 'O MNI ELECTRONICS

atpyld 174 Dalkeith Road, Edinburgh EH16 5DX ¢ 031 667 2611

The supplier to use if you're looking for
* A WIDE RANGE of components aimed at the hobbyist %
* competitive VAT inclusive prices %
* mail order - generally by return of post %
SINGLE BOARD COMPUTER “SBC-1”’ * fast, friendly service x

Bare Board
£17.50
(plus postage and VAT)

ﬁgompt;lttir doetsrr\;t havekto Igok Ici’ke yé)u'd expect ac;:?lmput%r_ tﬁsloo'; = by mail order, telephone order or personal call
oesn't have to have a keyboard and a screen and flo isks an

500, V i 1988 CATALOGUE NOW READY — SEND 2x18p STAMPS
The SBC-1 has the bare minimum of chips a Z80 computer can have st t

and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up we do try o keep the QOOds 'we list in .StOCk'

to 32K), a stalic RAM chip (up to 32K) and a pair of 8255A l/O (input Whether you phone, write or call in

output) chips giving 48 individual lines to waggle up and down. There '
are one or two additional "glue” ¢hips included, but these are simple we'll do our best to he|p you.

“74LS" or “HC" parts, 0 _Fri N
A star feature is that no special or custom chips (ie PALs, ULAs, ASICs e Open. é\g?:l%aa\; ';rggysg(')%o 6.00 z

i) are used — and thus there are no secrets. Tha Z80A is the fastest
and hest established of all the 8-bit microprocessars — possibly the
cheapest too!

Although no serial interface is included, it is easy for a Z80A to waggle
one bit up or down at the appropriate rate — the cost is a few pence
worth of code in the program: why buy hardware when software will do?
Applications already identified include: Magnetic Card reader, minl
printer interface, printer buffer, push bution keypad. LCD aiphanumeric
pangl interface, 40-zone security system, modem interface for auto

19” RACK CASES

 Suitable for instruments, high quality amplifiers and many other applications that demand strength and
professional finish » New improved construction and finish = Black front panels w Sep
tront mounting plate, no fixing screws visibf e the side of th * Heavy gauge front panel
isof brushed aluminium finish with two proh &l handles = With venilation slits and plastic feet
 Rear box manufactured from 1. 1mm steel finished in black. Rack mounting or free standing. Comesin quick
assembly flat package spare front panels available

sending of security alarms, code converter (eg IBM PC keyboard Order Code 12ne! Size Rear Box Weight Price
codes to regular ASCII), rea! time clock (with plug in module), T %H(‘In;;i \1N7 1H5 1% 2itkg ga f0
. . A . - x1. X1.9X 8 0
automatllc horticultural irrigation contro!len . . ST e AR Bay i
By disabling the on-board ZBOA-CPU this card will plug into our 3u-10 19x525 17x50x10 35kg 26.50

Interak | CP/M Plus disk-based development systems, so if you
don't fancy hand-assembling Z80 machine code you don't have to!

The idea is (if you are a manufacturer) you buy just one
development system and then turn out the cheap SBC-1
systems by the hundred. If you are really lazy we can write

the program for you and assemble the SBC-1 cards so

you can get on with manufacturing your product,
i feaving all your control problems to us.
Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (T11E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.

1U-12 19x175 17x15x12 2Bkg £24.50
2U-12 19x35 17x30x12 33kg £25.50
3u-12 19x5.25 17x50x12  4.0kg £27.50
4U-12 19x70 17x65x12  4.6kg £29.95
Please add £3.00 P&P for the firsl item and £1.50 for each additional item
No VAT to be added to the price
Arange of low cost, highg y st @qul i s.a.e. fordetails. To order send chaqua/postal order.
Quantity digeount a\ra?iamn Customers who require further information please send S.A E. Trade and ovarseas

orders welcome. Mail arder anly
T.J.A. DEVELOPMENTS
Dept. ETI, 19 Welbeck Road,
Harrow, Middlesex HA2 ORN.
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Competition
Win Maplin’s stylish calendar
clock in our free-to-enter date
matching competition

Control

Strategies

Keith Brindley gets matters
firmly under control with ‘an
explanation of loops, open and
closed, Bode plots and other

such tools of the control trade
e S oS SRS S SRR R

The Norton

Difference
Ray Marston launches forth
with a short series on this much

underused breed of op-amp
AETTEcT sew e ———

2

Behind Bars

Malcolm Brown explains how
to read those ftroublesome
baked bean cans with a full
explanation of bar codes in
general and the July ETI com-
petition in particular
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Making Sense

Mike Barwise turns the ChipIn
spotlight on sensors and trans-
ducers with the first of two looks

at this wide field
PESETNNSNSIS

Op-amps

Paul Chappell continues the
Circuit Theory look at op-amps

as differential amplifiers
Sl SR e
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Tester

Robert Penfold’s tester checks

for the good, the bad and the

leakage
TSI
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NiCd Charger

Keith Brindley charges the
batteries other 1st Class projects
cannot reach with this simple-

to-build charger for beginners
ot e =]
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Paul Chappell explains how to
use the free components on this

month’s cover to protect your
home and valuables

PROJECT 4 3

Chronoscope

Paul Brow can tellif Superman
really is faster than a speeding
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club companion to speed test
your pellets
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lt is with great regret that we have to
announce a 10p rise in the price of
your favourite electronics mag, as of
this month

Despite our continued success i
since the new-look ETl was launched |
in April, our man with the desktop
calculator and sharpened HB in his
mouth tells us that the price of trees
has risen something shocking this
season

We deeply apologise and hope
that you will consider the extra coin to
be money well spent

DOMESTIC

ARGUMENT

overnment intentions to allow

large industrial eleciricity users
to sign direct contracts with generating
companies will lead to increases in
domestic charges, warnisanew report
from economist Dr Dieter Helm,

In erder to compete with these
direct sales the area distribution
boards would have to reduce indus-
trial prices and raise domestic charges
to balance the equation:

Ui Helm details the importance of
getting the details of regulation (and
preferably the regulatory body itself)
established quickly and before privat-
isation. to examine contracts in the
period before the splitting of the
CEGB and creation of the area
boards.

The report Requlating the Elec-
tricity Supply Industry costs £5 and
may be obtained from Blackwells, 108
Cowley Road, Oxford.

SLIMLINE TONIC

WQst Hyde has introduced a new

slimline case designed for use
with memibrane keypad switches. The
case is sealed to standard IP65 so that
with hermetically sealed membrane
switches the whole unit can be safely
doused with Nescafé,
West Hyde has also announced
significant price reductions particularly

MAIL ORDER

Anew matii order service for com-
~4ponents. tools and equipment is
being offered by EES from their
Southampton address. There is to be
no minimum order and all normal
credit cards can be used fortelephone
ot written orders

A catalogue is under production
and can be obtained by ringing the
number below

One handy service that EES is
offering s one-off customised sheet
rnetal working for enclosures, includ-
ing hinging. panel cutting and silk
screening,

For full details and the catalogue
contact ESS, Harrison House, Harri-
son Road, Swaythling, Scuthampton
S02 3TL, Tet: (0703) 671166,

on Teko, Intemorm and Combicatd
500 products which are benefiting
from exchange rates and higher pro-
duction quantities.

For tull details contact West Hyde.
9-10 Park Street Industrial Estate.
Aylesbury HP20 1ET. Tel: (0296}
20441,

Panasonic has produced Mini-
vision, its new compact portable
TC-L3 colour television with a flip-top
screen to make use of environmental
lighting.

The unit is battery powered
though can be powered from the
mains or from a car battery (perhaps
not the safest place to watch it. . ).

The 3in screen achieves a sharp
clear picture thanks to Panasonic’s
Active Matrix technology — liquid
crystal display with a thin film tran-
sistor on each LCD segment o control
over 100000 pixels,

The TC-L3 should be available
this month at a retail price of £329.95.

For more information contact
Panasonic Consumer Electronics,
3000-318 Bath Read, Siough 511
6JB. Tel: (0753) 34522

24V at £7 90+ VAT.

ith burglars to bust this month,
Carters has introduced a very
reasonable motorised bell which pro-
duces a 95dB ringing tone when
triggered. The enclosure for the motor
is fully weather protected and the bell
dome is fitted with anti-tamper clamp
screws

The bells are available for two
voltages: 12V at £7 60+VAT and

Contact Carters, A&G Security
Electronics, Wrigley Street, Oldham.
Grearter Manchester OL4 1HW. Tel:
0U61-633 3033

Avast selection of literature and lists
are up for the price of a stamp
this month.

Omnis new mail order catalogue of
components, tools and accessories is
now available for two 18p stamps. Tel:
031-667 2611 or visit the shop at 174
Dalkeith Road, Edinburgh EH16
5DX.

Welwyn has produced a compre-
hensive guide to its SM resistors (Tel:
(0670) 822181) and Multicore has
written a trouble-shooting wallchart
identifying the problems of SM solder-
ing (Tel: (0442) 233233).

Hitachi has published an excellent
16-page guide to its CMOS and
biCMOS gate arrays and also a short
brochure on combo codec [Cs.
Contact Hitachi, 21 Upton Road,

224422

Rittal is giving away a thermal
management slide rule to stop your
enclosure overheating (Tel: (0909)
567871) and [nstrumex has issued the
first update to its Instruments for
Industry Blue Book, Tel: {(0753)
44878,

Handy for Chip In, Hamlin Elec-
tronics has a 16-page catalogue of the
company’s magnetic proximity
sensors. Tel: (0379) 644411,

Topax has a full colour brochure
of industrial mains conditioners (Tel:
01-977 0055) and lastly Axion Elec-
tronics has a free guide to CMOS
special functions from Turnpike Road,
Cressex Estate, High Wycombe HP12
3NR. Tel: (0494) 461616.

CD-INFO

ergamons launch of the CD-
ROM verssicn of the 10-volume
International Encyclopaedia ‘of
Education includes a free Hitachi CD-
ROM drive with every copy. The
Hitachi drive is for IBM compatible
computers and has been left undedi-
cated so that other CD-ROMs may
also be read

The software for the encyclo-
paedia atternpts to be as simple to use
ds. possible so that casual use in
libraries and schcols can be encour-
aged. Search topics are defined in the
users own words rather than being
picked from the indexing system.
Figures and illustrations are included
and all displays may be printed out.:

Meanwhile Nimbus is embarking
on a series of discs aiming to place the
entire World Heath Knowledge Base
onto CD-ROM . Firstin the seriesis an
AIDS information and expert system,
with a diagnostic aid to examine
symptoms and identify diseases that
a physician should consider treating.
Further details of such treatment can
then be accessed

For details of Pergamon’s CD-
ROM operation contact PCS, Head-
way House, 66-73 Shoe Lane,
London EC4P 4AB. Tel: 01-377
4918. Nimbus Records is in Wyestone
Leys. Monmouth NF5 3SR. Tel:
(0600) 890682.

ETI NOVEMBER 1988




MISSION OF

SUCCESS

llowing up our education special
& last' month. a Lancashire-based
comp, ny. is offering a collection of
- and project packages for
collegm and home

‘ctronics Success Ltd is an
fiusualcompany. [t has been set up
oup of christian electronics and
ng- engineers to generate
I eapital for a schooling project in the
Far East. The vision is to run two
schools: ane as a fee-charging
residential contputing school, and the
other as a free school for those unable
-t6 pay, supported by the fees from the
first.

“an ambitious project and
ynics Success are hoping to
rate the initial capital over the
(f twa years.

'_l;he‘re‘ are five packages ranging
3 e £30 Elementary Learning

‘280 Complete Consiructors
{with 15 books, 3000

d;soldei‘ing iron)

¢ For full details contact Electronics
Success. PO Box 10, St Annes on
Sea, Lancashire FY8 1SA.

SGUDDEPOCDERCREES
& dSGvaessw
vomeduIceEee

he Digisound Modular

Synthesiser projects that
appeared in ETlback in 1980 are now
available in kit form again

in improved form together with a
range of new units including a key-
board controller and a sound sampler
Also available are analogue and digital
VCO:s, a profusion of filter modules,
processors and effects units.

From these can be constructed a
modest monophonic instrument or a
TanDram special like the one pictured
here,

The variety of components
makes price listing a lengthy business
but a catalogue with kit information
and price lists is available free from
Digisound, 16 Lauriston Road,
London SWI19 4TG Tel: 01-546

i

Mercury has opened its offensive
on the UK public payphone

| market with 26 callboxes in London's

Waterloo station. The units are cash-
free with payment made using
Mercury’s own phone card, the
Mercurycard. Unlike BT's Phonecard
boxes. the kiosks can also accept
Access, Visa, Amex and Diner’s Club
cards.

The design of the boxes has been
the subject of some criticism. Mercury
invited proposals from ten design
houses and has selected three final
kiosks to be adopted. A range of
kiosks provides a ‘sympathy with en-

vironment not available with the
single BT kiosk, says Mercury

The three designs are an art-deco
totem, a Gothic glass canopied
standing kiosk. and a dreadfu!
classically columned box that is
unlikely to be sympathetic’ anywhere
beyond the gates of the British
Museum

However Mercury can be proud of
its technology and price structure
Every kiosk is directly connected to
Mercury's digital optical fibre network
— although this does limit new
payphone sites to areas already
covered by its own network.

The payphone unit itself, supplied
by GPT, is sensibly laid out with simple
instructions on LCD display and the
usefu! addition of a volume conirol
Allunits will be serviced daily and are
self fault reporting.

The charges are also lower than
BT callbox rates by an average of 5%
{infand} plus the major advantage of
phenecard units being 5p rather than
BT's 10p, which will halve the cost of
brief local calls

For more details contact Mercury,
90 Long Acre, London WCZ2E 9NP.
Tel: 01-528 2000

1
The original modules are available

0467
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DESIGNER

AWARDS

he Young Electronic Designer

Awards sponsored by Texas
Instruments and Cirkit have grown
aver the years into quite a major
event,

This year’s awards ceremony was
held in a plush London conference
centre with ‘personalities’ in
attendance and Education and
Science Minister Kenneth Baker
handing out the prizes of cash. cert-
ificates, trophies and Tl calculators to
the winners in the three age groups.

In the under 15 age group the
winner was Nicolas Adams {14) who
had designed an effective pillow
vibrator alarm to alert deaf people that
other alarms (clocks, smoke detectors,
burglar alarms, etc) were sounding.

The 15-19 group winner, Paul
Dagley-Mortis (17), also won last year.
This vear he again concentrated on
the disabled market with a radio linked
panic button for existing alarm
syslems in retirement hornes and so
on. :

Hugh Mair (20) won the 19-25
category with a 20MHz digita storage
oscilloscope add-on for a PC along
with some impressive software.

The cash prizes ranged from £50
for the runner up in the youngest
category to £500 for the 19-25 winner
along with £600/annum course
sponsorship, vacation employment
and a guaranteed job with TI after
graduation,

MATRIX MANAGEMENT

Professional prototyping using a
customised version of a standard
board is the service being offered by
Matrix Systemns.

The initial board uses the Intel
8052AH BASIC together with an on-
board EPROM programmer, 8K of
EPROM, 8K of static RAM, various
ports (for VDU, printer and so on)
Further hardware is then built on to
the board {plenty of space is available}
either by the user or by Matrix who
offer production assistance form ASIC

design through to case desngn

As an example of the ability of
such asystern, a CPU card, bus card,
[/O card and ADC card can all be
replaced by one Matrix board plus
three additional 1Cs to give
16-channel 8-bit dafa sampling wﬁh
24 relay control lines,

For more stuff contact Matrix
Systerns, 356 Silbury Boluevard,
Milton Keynes MK 2LR, Tel: {0908)
604848

hurlby is marketing a new hig ah
accuracy bench digia! eter.
an improved version of the successful
1503
In addition to normal funciionsthe
unit measures frequency up o 4MHz
(7MHz with overflow ignored) with
100Hz resolution, and 0 UO”’)% full-

scale accuracy

Resolution for normal multimeter
functions is 10uV, 10mR and 1InA
The unil can be powered from mains
or batteries and costs £185.00 + VAT.

Contact Thurlby Electronics, New
Road, St Ives, Huntingdon, Cam-
bridgeshire PE17 4BG.




PARTICLE
ARTICLE

With reference to your article on
particle physics in September,
may | expound an alternative view?

electron meets a positron the result is
mutual annihilation with formation of
two gamma photons, each with
energy of 0.51MeV. Conversely a pair
of photons at or above this energy can
interact to form an electron/positron
pair. The logical explanation is that an
electron therefore consists of a
0.51MeV photon constrained into a
circular path by its own relativistic field
A path length equal to the wavelength
gives a circle radius of 3.863x
10 -13m with toroidal symmetry

Further, if the photon’s plane of
polarisation rotates 360° with one
wavelength then its tield becomes
consistent with that of a magnetic
dipole (perhaps with a small
gyrational component). How the
dipolar electrical field of a free photon
becomes a unipolar field when
constrained into a circular path [
cannot yet explain

Neutrinos are similar but have no
magnetic dipole or unipolar electric
field — my guess is that these are
analogous to AC rather than DC, with
their fields constantly inverting.

simply leptons
neutrinos) travelling at such high
speeds that almost all their mass is
relativistic in nature,

Henry Earle
Nottingham

Yes and no, Yes, E=mc?. Yes, an
electromagnetic field can become a
matter fieid and vice versa. But they
|are not the same thing. The
| 9.11x10-31kg rest mass of an elec-
| tron can be released as a 0.51MeV
photon but the electron is not merely
a photon in disguise. Photons only
travel at the speed of light because
they have zero rest mass — a phrase
which should not be interpreted as
meaning they might have mass in
some other circumstances

m Mgy

fp= e
e?

No matter what circular path vou
constrain them in, photons are mass-
less. Electrons cannot therefore be
made of electromagnetic energy and
the points about toroidal symmetry
and so on do not follow. You cannot
make matter out of photons without
changing them into something efse —
in which case the other arguments
don't really work

It is well known that when an|

[ also propose that quarks are |
(electrons and|

J

RANDOM
ERRORS?

cannot see how the Random

Number Display (August 1988)
can work. After every ten clock cycles
a single digit will be back to its original
state with the same interval between
itand the next digit. After ten states the
‘random’ numbers will wrap around

Adding time delays before a digit is
latched simply alters the intervals
between the digits

The only way for the circuit to work
is as a single counter from 000 to 999
| stopped at random (or with a delay)
i by the Tripetrimmers Committee
| A Thorne
|  West Morrs, Dorset

You have assumed that all three
counters are locked in phase. In
practice even if the oscillators were the
same frequency they would drift in
phase so that all combinations of
000-999 could be obtained

EAN MEANS
BEANS

have often wendered about the bar

code on my beans and was looking
forward to the solution to your puzzle
I am quite at home with binary, hex
and checksums but after reading your
solution I still have ne idea how to
decode my beans (I dor't even know
what EAN stands for). [s this the best
your staff writers can do?

While my blood is up, there is
another thing. Although an accasional
jest is welcome, [ find your schoolbou
compulsion to squeeze a pun into
every other line tiresome. Imagine
trying to find Mike Barwise's Brought
to Light series from the index in two
year's time, Any editor that allowed
that piece to be published without
laser or diode in the title should be
tarred, feathered and hung out to dry,
head downwards, from the top of
Nelson's Column on a thin piece of
string

Niel Mackay
Hastings. East Sussex

OK we give in. The profusion of letters
demanding a detailed explanation of
bar code encryption are answered on
page 21, It fook a whole page to
explain — the original soiution simply
did not have enough space to go into
detail.

As for the indexing, all articles are
cross referenced and appear under
both title and subject to avoid just this
problem. Please put that thin piece of
string away!

Walms Speaking For Yourself in
your September issue and cannot let
his remarks pass without comment.

Spealeer kits are ‘only to be fourid
in obscure electronics dealers ‘and
through obscure mail order firms’ We
are in our 30th year and with a £1M
turnover are hardly obscure.

1 have sent you a copy of our DIY
speaker cataiogue which miay help to
bring Mr Walmsley up to date. Our
“Total kits include cabinets in flatback
form. These are accurately machined
from 18mm MDF with baffle aper-
tures, rebates, etc ready cut. We can
supply iron-on veneer for the cos-
metic finish of the cabinets. Con-
struciors often send us photographs of
the completed speakers — usually
beautifully done and the finish is
superior to all bui the very best of the
ready-mades.

Edge glued ¥4in chipboard without
battens and then covered with vynide.
Yuk weak construciion and
probably not airtight. Ifs encugh to put
potential constructors right off the
idea.

Dick Stephens
Managing Director
Wilmslow Audio -

Malcolm’s obscurity comments in his
review of Maplin’s speaker kits were
directed at the apparent lack of
speaker kits in the high street hi-fi

dealers today. There was a time when-

mest hi-fi dealers sold speakers in kit
form as well as ready made. We
accept that Wilmslow Audio has been
trading for 30 years and are happy to
hear of vour exceffent turnover,
however, the fact remains that to the
vast majorriv of the audio-buying

SPEAKING FOR OTHERS

have justread the article by Malcolm

populace speaker kits are nowadays
conspicuous by their absence,

Maleoims chipboard cabinets. are
certainty. airfight and streng. Most
commercial speakers are stilf made of
chipboard and even without the
ubiguitous battens. the cabinet we had
in the ET] office for photography was
strong enough to survive a fall down
the stairs (sorry Malcolm!) withaut a
scratch, As to the finish, Malcolm
could well have purchased some
veneer to make his speakers fook like
everyone else’s but the vinyl covering
and wood front frame was chosen as
a tough and durable finish which looks
both attractive and different. The
materials chosen are also comimen-
surate with the low price of the Maplin
units. :
We appreciate the extra ease of
construction of your Total kits
faithough the expense is corres-
pondingly greater) and we f(or
Malcolm) would be happy to build up
areview pair of one of your models in
the future.

INFORMATION

ORK
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INSIGHT -

apans electronics industry is

presently in a period of painful
readjustment to the outside world.

The willingness of major manu-
facturers to expand and relocate
production facilities in Western
Europe and America is not simply to
facilitate the harmonious global elec-
tronics industry — as promoted in the
literature of the EIAJ (Electronics In-
dustries Association of Japan).

Japan's exports are suffering badly
from the continuing strength of the
Yen against the American dollar and
the move away from home pro-
duction is a direct result.

Trade contracts are conducted
almost exclusively in dollars so that
products made with Yen capital are
more expensive on the world market.
Manufacturing abroad allows the
Japanese companies to compete
with foreign firms on equal terms,
(although this damages Japan’s
balance of payments). Many
products, particularly consumer
electronic equipment, are now being
sold back to Japan by Japanese
companies but are manufactured in
Asia, Europe or America.

The advantages for other
countries are obvious — capital
investment, employment
opportunities since most of the
workforce wil| be local, not to mention
a major reduction in Japanese
imports. Japan, in the guise of the
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EIAJ, carefully takes into account local
communities and industries to ensure
mutual prosperity and minimising of
any initial resentment of the Japanese
working practices.

However, the rising yen is not the
only problem facing the Japanese
economy. There is also the increasing
competitiveness of countries in Asia
such as Taiwan and South Korea —
the NIEs (Newly Industrialising
Economies).

Products from Asia are not only
gaining global market ground but are
beginning to encroach on Japan's
home territory. Combined with
attractive prices courtesy of the yen,
Japanese imports of video equipment
for instance rose by almost 300% last
year, colour televisions by almost
900%. While they remain as only a
fraction of the vast Japanese pro-
duction, gains of this magnitude need
little time to make significant inroads.
The climate that is promoting imports
to Japan shows no signs of change
and the Government can do little in
the face of continuing international
demand for improved access to
Japan’s home market.

In 1987 the home market for con-
sumer equipment in Japan exceeded
the export market for the first time.
This is mainly down to the export
market being lost to NIEs and the
effect of the strong yen, as well as it
being supplied by Japanese manu-

facturers abroad. Export reductions —
particularly to the US, now at half their
1985 levels — led to an 11% decline
in home production. The reversal in
relative importance of imports and
exports marks a major change to the
structure of the industry.

Home demand has been boosted
both by some strong stimulative

measures taken by the government-

and by the introduction of new
products — HDTV, digital audio, CD
video and DBS receivers. The
decreasing likelihood of HDTV being
accepted as a global standard will
reinforce the domestic market as the
major driving force for consumer
equipment in the next few years.

In contrast, performance in the
field of industrial electronic equipment
shows less cause for Japanese con-
cern. Production rose by just under
10% last year with computer per-
ipherals (US markets) and wire com-
munications doing especially well.
Domestic demand for the former is
also booming and this sector of elec-
tronics seems to be relatively
trouble-free.

Thirdly comes the component
industry. Although exports of all
components increased (ironically
often through use by those NIE
consumer equipment manufac-
turers), the demand for each area is
unstable, with the exceptions of PCBs
and LCDs.

There has also been a good deal
of trade friction in recent years
regarding dumping and subsequent
pricing regulations of memory chips
between Japan and the US. The
semiconductor industry suffers from
painful cyclical supply shortages and
gluts (we are at present in a DRAM
memory famine with prices more than
four times their 1986 levels).

Japanese companies lost perhaps
$4 billion in the early eighties by
continuing production while US and
European companies were moving to
other areas. The reward was to
massively enlarge the Japanese share
of the market and to give them what
is now estimated as a two year lead in
processing techniques.

With memory demand now
booming again only the Japanese
have been able to meet demand and
large profits have resulted. The
Japanese are however well aware that
the future is far from assured.
Motorola and Siemens are re-starting
memory production and NIEs,
notably South Korea, are biting
increasing large chunks from the
market. The future seems to be
clouded by political issues to a far
greater extent than in the early years
of the decade.

For more information contact the
EIAJ, 1 Deans Yard, Westminster,
London SW1P 3NR. Tel: 01-7999811.

Southern Electronics Show — October 18-20th
Brighton. Contact Trident International Exhibitions on (0822) 614671

BBC Radio Show — 30th September -9th October

Earls Court, London. ‘Spectacular extravaganza' to celebrate 21 years of BBC
Radio 1, 2, 3 and 4. Exhibition, live shows, etc. Contact BBC Radio Show
PO Box 100, Chatham, Kent ME5 BLJ

Electronic Displays 88 — October 4-6th

Wembley Conference & Exhibition Centre, London, Contact Blenheim Online
on 01-868 4466

Computer Graphics 88 — October 11-13th

Wembley Conference & Exhibition Centre, London. Contact Blenheim Online
on 01-868 4466

Digital Signal Processing Seminar — October 13th

Heathrow Penta Hotel, London. Contact ERA Technology on (0372} 374151
Desktop Publishing Show — October 13-15th

Business Design Centre, London. Contact Database Exhibitions on 061-456
8383

ASIC Awareness Seminar — October 17th

London. One of three dates in UK section of tour Contact organisers and
sponsors LSI Logic on (0344} 426544

Satellite Systems For Mobile Communications And Navigation —
October 17-19th

IEE. London Conference organised by IEE. Contact [EE on 01-240 1871
Internepcon — October 18-20th

Metropole Exhibition Centre, Brighton. Contact Cahners Exhibitions on 01-891
5051
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Testmex 1988 (Electronic Testing & Measurement) — October
18-20th

Business Design Centre, London. Contact Network Events on (0280) 815 226
ASIC Awareness Seminar — October 17th

Cambridge. One of three dates in UK section of tour. Contact organisers and
sponsors LSI Logic on (0344) 426544

IC Outlook — October 19th

Centre Point Building, London. Market overview seminar. Contact Dataquest
on 01-583 9171

ASIC Awareness Seminar — October 17th

Manchester. One of three dates in UK section of tour. Contact organisers and
sponsors LSI Logic on (0344) 426544

Commercial Awareness And Business Skills For Young Engineers —
October 21-23rd

Strand Palace Hotel, London. Contact [EE on 01-240 1871

SMECTS 88 — October 24-25th

Surface Mount Electronic Components Seminar. Post House Hotel, Heathrow,
London. Contact Components Technology Institute on (0425) 73578
INTRON (Irish Electronics Exhibition) — October 26-28th

RDS Main Hall. Contact SDL Exhibitions on Dublin 01-900600.
Instrumentation Wembley — October 26-27th

Wembley Conference Centre, London. Contact Trident International Exhibitions
on (0822) 614671

ITEX 88 — November 1-3rd

Barbican Centre, London. Information Technology Exchange backed by DTI.
Contact Cahners Exhibtions on 01-388 9871.

Engineering Products And Technology — November (date to be
finalised)

Exhibition and Conference Centre, Doncaster. Contact Trinity Exhibitions on
(0895)’58431.

Electronic Information Delivery — November 8-9th

Tara Hotel, London. Contact Blenheim Online on 01-868 4466,
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complete your project

surplus stock

1000uf
Pack C: 30 x Polyester c:
0.01 uf-tuf

50p* & SAE

(+ transformer) s

10 make  sansi- : GIANT SOLAR CELLS I
tive IR receiver i NOW IN STOCK (hese gianl size solar panels 12
with 18 logic ~ x12ins will deliver over 12 volls 200mA in bright
outputs {0-1 sw which with suitable .mm =~ = sunlighl and 11 5 volls 60mA on a lypical Brilish
circuitry (relays, triacs, stc ~ details supplhd) summer day (dull and overcasl) In bright sun:

One of the best deterronts to 8 burgtu i 8 guard

and this new kit provides the without T~ shinewe measured 17 volls {opsn circult) and a
m&!mknw sssamblad can b’:gaonﬂm- can be used to switch up to 16 items of | short ciroull current af over 480mA HUND‘REDS
od to a sure mat or any other eqt 1t on or off . The OF USES IN THE CAR OR CAR.
intruder detector .”dpro:l produce a random series mav be latched (to the last m:mvad code) or | Crarging NiCads, pawenng limge carcusts whaps msp or bafiery
of supplies are incanvenienl or coupled 1o a lead acid ballery and &

threatening barks making the would ba intruder y (on during ion) by spe-
ik pgun acl Y *-I-mhwnpc{ah kit im clfylng the decoder IC and a 16V stabilised
o, ﬂm mam ;;'"‘,;u supply is available to power extemnal circuits,
nesd is s mains supply, intruder detector and s Supply: 240V AC or 16-24V DC at 10mA.
litthe time. The kit even includes & hom Size (excluding transformear) 9 x 4 x 2 cma,

wNeh iu sssentisl to produce the loud sound The companion transmitter is the MK18 MK 14 AC POWER CONTROLLER KIT

required. The “dog’* can be adjusted to produce which operates from & 9V PP3 battery and f§ ns ki uses pnase control

: . jar gives a range of up to 60ft. Two keyboards [J echmiaues lovary the powerin
mt:w;ﬂi:grc:my (ormlkuce':"r:‘ndom series of are available—MK9 (4-way) and MK10 (16- amains load by meansotad ¢

control vollage The conlrol

XK125 Complete kit of parts ....... £24.00 wnv{'-:;mndins on the number of outputs 1o § .ojiage (which may be derved

simple inverter you could build yourself a self conlained mains supply
for low power appliances £14.50
Siock No 303 145 {+ £1.75 Jor p&p on tolal order|

i

be u: trom a polentiometer, Ihermis
MK12 IR Recsiver (incl. transformer) Iar light dapondot ros o adgital io anilogis comester needs
£16.30 lo be varied Irom from 2 lo 8 volls lo vary the load power Irom zerg i
. T maximum and an amplifier is included for smaller vollages The circliil
DL1600K This value-for-money 4-way chaser MK18 Transmitter .. - £7.50

1s mains powsred and can conlrol up 10 1 kW if he Iriac is filled with
. £2.20 ateatsink. Ad.c supply is sise avallabis b pwsnng axdamal cruly

£6.55 include lightin for slage and Ihealre,
= AQUATKIMS. ar, BYIENSE, TLA0T apped cotrdis-and |38l sesponas
lemperature conlrollers. The kil includes a prinled circuit board, &ne
comganents \opether wih & cireuil disgekin, Ihetructions 300

features bi-dirsctional sequence and dimming MK8 4-Way Keyboa
1kW per channel .. ... ..., £19.25 MK10 16-Way Keyboa
DLZ1000K - A lowe coat uni-directional version 801 133 Box for Tranamitter
of the above. Zero switching to reduce

inlerference ..._..... £10.80 applications circuils. £5.70
DLA/M (for DL & DLZ1000'<] GCptional opto input
allowing audio 'beat’/lighl response —i] all S N VICOM PO

DL3000K - 3-channel sound to light kit festures
zero voltage switching, automatic leve! control
and built-in microphone. 1kW per channel £15.60

ents and full instructions and are de- SOLID STATE RELAY BARGAIN I
signed to replace a standard wall switch § "7er0 volTane

and control up to 300W of lighting SWITCHING No radio
TDR3IOOK Remote Control Dimmer  £18.00

inferference problems.

The DLBOOOK is an B-way sequencer kit with built s * 25KV INPUT lo QUTPUT
In opto-isolated sound to light input which comes ?I)K’.OOK }mnmln;‘%" bove g;g z?"LaATI?N: No risk oll
SOCEr EPROM con- | y8300K Touchswitch £9:30 | _orcmarchadie oo
ining EIGHTY - YES 80t different sequences TDE/K E kit for 2-wi * 4KV TERMINALS TO HEATSINK ISOLATION: Simply bolt onlo
Inciuding standerd flashing md chase routines. for 7930';? £2.95 a heatsink
The KIT includes full i and alt w mm £475 Eé(lso 32V INPUT VOLTAGE easily interfaced lo TTL or CMOS

onts (even the PCE :onnectors) and requires only
a box and & control knob to complete. Other
features include manual ssquance spesd adjust-

» 24V (0 240V rms LOADVOLTAGE: Enabling swilching of
|nducl|ve toads.

» BUILT IN S\ NETWORK Enabiling switchi
ment, zero voitage switching. LED mimic lamps Demgnad to produce a mduclwe loads S
and scund to light LED and a 300 W output per high intensity light pulse * 10A MAXIMUM CURRENT 44 with no heatsink fitled at 40° C
channel. ! at a varisble frequency of  J| CD240/10 £2.25
And the best thing sbout it is the price _F7 =TT N\ 1 1o 15Hz thie kit also
1 includes circultry to trig- < 3 3
onv£31.50 r the light from an ex- TUDES * TOOLS = 1O0LS

2 finsh in phutngmpi'uc
cations or n o warming bescon in
security ications. The kit includes a ni
quality componants, connectors, B
ss::‘;-g.-y :t;w\'/n:’cf'gliz:%“:' lﬂ:lz\g_:tw'w- :su 004 bin mini Shipe Nose Phers Sevalec aws and et

XK124 STROBOSCOPE KIT .... £13.75 550 005 6in lap joinled side cutiers insulaled nandtes and remim
oS : DVM/ULTRA SENSITIVE
TEN F.f_\l_.l“N'_‘i PHUJF_(.Th THERMOMETER KlT
FOR BEGINNERS Based on the ICL
7126 and a 3'/digit
liquid crystal dis-
play, this kit will
form the basis of a
digital multimeter
{only & few additional resistars and switches
required - details supplied} or a sensitive
digital thermometer (-50°C w +150°C)
reading 0.1°. The kit has a sensitivity of Csiﬁe?w Seli-adjuslable aulomalic wire stipper with bulltin cab\:
ggﬁ'r‘l‘x '::‘ da :}‘;ﬁ ﬁ::‘lja I’:;E;:Fﬂ:”‘?;:?;;i 650 012 Walchmakers Screwdriver Sel 1 0/1 412 0/2 413 013 e
§ ' 1.75
f battery life of 2 years (PP3) £17.00 B 650 012 Selof 4 Stainless Steel Tweezers Slraigh nosed, slra\ghl
-1 action, benl fosed. &t rosed. Vilmmilpng ELE
ORDER NO XK118 ............ £15.00 XK113 MW RADIO KIT st it g P ESEUE
it i 650 500 Tilan 12V dc Dl £10.25
E(a:séed veguﬁsmégri‘la(f‘ g:—:dmg:vg&si 650 570 Salurn Mains Drili £16.50

Good guallty o ssfecian 1o o oure

£2.10

240 x 205mm

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

plied are to full spec, and are not seconds or

Pack A: 650 x .25 watt resistor 47R-10M  £4.25
Pack B: 60 x Radial electrolytes 1ut-

Pack D: 35 x horizontal presets 1k-1M £3.00

f CA mLOGUE Pack E: 30 x IC sockets 8, 14, 16 pin £2.00
or Pack F: 25 x Red 5mm LEDs £1.75
AUTU MN 1987 Pack G: 25 x Green LEDs £2.00
*rs(efundable with first orc)jer RackH:.30x smm LEDs 101Req,
10 Green, 10 Yellow £2.50
ORDERS: RING (01} 567 8910 — 24 HRS. Pack J: 50 x 1N4148 silicon diodes £1.00
ety ST = = : : = Pack K: 40 x npn/pnp transistors BCHB2/212
ELECTRONIC GUARD DOG KIT VERSATILE REMOTE = General Purpose £€2.25
ONTROL KIT : Solderless Breadboard (verobloc type).
This kit includes When you buy all ten packs
all components ) Prices exclude VAT (1500)

All components sup-

£3.25
apacitors a or
£4.50

AUTORANGING DIGITAL
MULTIMETER

High quality meter with
features normally
found in meters costing
much more eg.
DISPLAY HOLD,
MEMORY, CON-
TINUITY BUZZER and
10A AC/DC current
ranges. High accuracy
and automatic opera-
tion - a must for the
professional or serious
hobbyist Size: 127 x 69
- x 25mm
AC Volts:  0-2-20-200-500V
DC Volts:  0-200m-2-20-200-1000v
AC Current: 0-20m-200mA (1.2%) 0-10A (2%)
DC Current: 0-20m-200maA (1.2%) O- 10A(1 5%}
Resistance: 0-200-2K-20K-200K-2M {
Continuity Buzzer operates ® 20 ohm . £33 o0

SUPER-SENSITIVE FM
\N MICROBUG
N E Y"A:l::-An:';u-ﬁ‘qED FEINTED CRGUIT

SERSITIVE
. -

AMPL IFIER

ngﬂly SENIilivie I'M transmitier measuring only
45 26 x 1B6mm, including the built-in
nrul.mphr-ne Frequency BB-100MHz enabling
reception on a standard domestic FM radio. Range

300m or ferrain,
Powarsd by av PR3 TmA) s small sire and highly
senaifive alectrat microphone makes it ideal for
surveillance. baby alarm. ec.

£5.50

RECHARGEABLE SOLDERING IRON

Powerful cordless iron complete with
table-top/watl-mounting charging
bracket. Reaches soldering temperature
in 10 seconds Includes lamp which
lights when soldering. Comes with
mains charging unit and 12V car battery
adaptor Special Offer £15.95

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 atoothed
wheel (pattern provided) is
made to rotate when a
weight is placed onto the scales,
interrupting two infa-red beams. The pro-
cessor counts the number of teeth passing
the sensor (up or down, depending on
which beam is broken.first) and shows the
reading on the LED display in Sts. & 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 up/down counters: A low cost
digltal ruler could be made by using a wheel
with the carrect tooth to diameter ratio

. WE ALBO STOCK ANTEX IRONS AND ACE
earpiece and all components to

ES1 ... £6.50

make a sensitive miniature radio,
Size: 5.6 x 2.7 x 2cms.

Requires PP3 9V battery.

IDEAL FOR BEGINNERS £6.60

PROPORTIONAL TEMPERATURE

Designed to con-
trol 4 outputs
independently
switching on and
off at present
times over a 7-day
cycle. LED display
of time and day. easily pro
way keyboard  ideal for cen
control including different swi
weekands Batiery Tback
Inclides box 18 fime seltin

CTB000K .......ooovonemerscssrnsnannsn,

13 BOSTON

Tel: 01-567

perature to within

ruphv, incubators,

ELECTRONICS SEND 9"x6" S.A.E.&
LONDON W7 3SJ MON-FRI 9-5pm

CONTROLLER KIT ORDERING INFORMATION:
T TTraT=rat ALL PRICES EXCLUDE VAT
nique to maintain tem- FREE P&P on orders over £20 (UK only), otherwise add

& 75p + VAT, Overseas P&P: Europe £2.75. Elsewhere
DisiHlCes onphoton n f?G 50. Send cheque/PO/Barclaycard/Access No.

XK114 Relay kiéforCTGlooo,W_" o e ing, e1c, Max. with order. Giro No. 52931 2.
e et D P iE losd ko (240 ac)Temp. range 10 90°, St LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
b / ts .. £4.30
701 196 Addiional roays ... . £1.80 | Txéome Fa GOODS BY RETURN SUBJECT TO AVAILABILITY |

RD 50p FOR CATALOGUE
OR CALL AT SHOP

8910 SATURDAY 10—4pm
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Chronoscope in this issue) we have the first DIY radar speed gun.

Wext W A Touch Of Spring
(44
Good for both vehicles and fast moving friends, this portable unit

-
For Winter
gives direct readout in miles per hour.

The December issue of ETI continues some of the themes in
For those dark winter nights there’s an all-electronic thermostat
to drag your central heating system into the eighties. A simple

this month. There’s the next part of the Burglar Buster free
wire-in replacement for most of those yukky mechanical jobs,

project with the constructional details and the PCB free on the
TODAY INTE RN ATION AL the ETI thermostat gives you accurate heating contol and even

cover. To continue the speed measuring theme (see the
tells you the temperature.

Is that all? Of course not. The December ETTis brimming over

with goodies to make the winter seem shorter. There’s the usual
De'c em b er E TI favourites — Chip In and Circuit Theory plus the News stories
that matter, the readers’ letters that natter and reviews that are
- 0 u t - really good (well you try and think of a suitable work to rhyme
with ‘atter’. Answers on a postcard, please. . .)

N 0 Vem b er 4 th Winter wouldn't be the same without ETI. Don’t miss your copy.

The articles mentioned above are in preparation but circumstances may prevent publication

Make A Date

It's competition time again — and time is the right word (as are date
and year) because this month ET! has teamed up with Maplin to give
away six of Maplin's 200 year calendar clocks to lucky readers who
can solve the cryptic puzzle below.

These clever and stylish clocks feature 12 or 24 hour time display
along with date and year and a complete calendar for the current
month. There’s an alarm built-in too with a four minute snooze.

Its an ideal way to keep track of time and a certain way to be sure
you never miss that all important first Friday of the month when ETI
is published!

Winning one of these clock/calendars couldn’t be simpler. Allyou
have to do is to match up the ten dates below with the ten cryptic
descriptions on the entry form. So, if you think that ‘Old long since’
is referring to 4th November write ‘4/11 next to the first clue. When

vou've matched up all ten datesin the list, fill in your name andaddress =~ Massacre / Fools
and send the coupon, to arrive no later than 7th November, to: Great Ending Next ETI

|
ETI Clock/Calendar competition Red [/ | Spooky !
1 Golden Square Silent Night Gartfield’s Birthday |

London WI1R 3AB :
Name |
The first six correct entries out of the editor’s deerstalker will win a
clock/calendar each. Address

1/4  24/12 31/10 14/2  19/6
4/11  31/12 1/5  5/11  11/11 : |
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Although micros now
seem to rule our lives,
they can’t do
everything. Keith
Brindley shows how
analogue techniques in
systems control will
never be overtaken by
those nasty little bits

CONTROL STRATEGIES

ortunately for us, most things in the real

world are analogue. Digital techniques can

only be utilised to good advantage in the

approximation of how they function.

Analogue techniques still need to be con-
sidered, even if a digital representation is to be the final
result.

Control

Any electronic system requires control of some sort.
Whether it’s a simple power supply or a guided missile,
some internal part controls the output. In the power
supply, voltage regulation and stabilisation ensure

REQUIREMENT

OUTSIDE
FACTOR
CHANGE

fa)

SYSTEM |

OUTPUT

QUTSIDE
FACTOR
CHANGE
-
REQUIREMENT |
O—>{  SYSTEM ! L cuTPUT
|
| STAGE TO
| COUNTERACT
b} |___FACTOR CHANGE
OUTSIDE
FACTOR
CHANGE
REQUIREMENT
[ SYSTEM p——a OUTPUT
| FEEDBACK
CIRCUIT

Fig.1 Three control strategies (a) open-loop control
(b) feedforward control (c) closed-loop control

(c)

—
-
as
—
=
O
)
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smooth DC voltage output. In the guided missile some
technique ensures the missile hits the target.

There are three basic strategies used in any con-
trolled system. Readers will probably be familiar with
the strategy names although it’s still worth summaris-
ing what they are. First is open-loop control, shown
in Fig.1a. It's a sort of ‘point and shoot’ method in
which the output of the system is specified and the
system merely attempts to achieve it. If all things
remain equal, open-loop control will produce the
required output. However, open-loop control does
not take into account factors which may change —

FEEDBACK
LOOP <
H)
f
o LT " AMPLIFIER sl -
INPUT 5] QUTPUT

Fig.2 A general closed-loop feedback control system
block diagram

load in the case of the power supply, or wind direction
in the case of a guided missile.

Second is known as feedforward control shown
in Fig.1lb where factors which might change are
monitored and actions are taken to counteract the
effects of the changes. This method is still a ‘point and
shoot’ procedure but the system is adapted according
to the factor changes.

Finally, Fig.lc shows closed-loop control
sometimes called ‘feedback control’ in which part of
the final output is compared with the requirements
and a control signal (sometimes called an error signal)
adjusts the system.

Of the three strategies, the closed-loop one is
arguably the best because it alone measures the effects
of the outside factor changes. Feedforward control
measures the factor change itself, re-aligning the
system to suit. Open-loop control, of course, takes no
effects into account at all.

This is not to say that feedback control must be
used as the control strategy. Far from it, feedforward
control is very effective as long as only a few factor
changes occur — and can be a lot cheaper than
equivalent feedback control systems. The problem
arises when there are too many factor changes (so that
measuring and correcting circuits become too
involved and expensive) or when unforeseen factors
change and no correcting circuits exist, or when gain
variations occur. Often, a combination of feedback
and feedforward methods is used.

Defining Feedback

Most readers will be aware of feedback (it's how all op-
amps function) but a quick definition of terms involved
wouldn’t go amiss. Fig.2 shows a general block
diagram of a feedback system and can represent
anything from a single op-amp circuit to a complex
stage in a large control system. The amplifier has a
gain of G and the feedback has a gain H. The input
i is summed with the output of the feedback loop f,
such that an error signal e is produced, where:
e=i—f

Note that the error signal is input minus feedback.
This means that the system is a ‘negative feedback’
system. The minus sign can be thought of as signifying
that the output signal has been inverted, or turned
through 180°. This is an important point. Positive
feedback systems exist of course but are usually only
used in oscillators and such like.

We can work out, that:

f=oH and o=eG

so:
e=i—eGH
which, rearranging, gives the system error:
o i
1+GH

If the quantity GH (known as the ‘loop gain’
because it is the overall gain of the closed loop) is large
then the 1 in the denominator is irrelevant, so
e=i/GH. Conversely, the input i=eGH.

Now, the output o=Ge, which means we can
generalise the system gain (because gain =
output/input) as: Ge/eGH or 1/H. That is, so long
as the loop gain is large, the system gain becomes
entirely independent of the amplifier gain. So, the
general closed loop feedback system can be repre-
sented by a single block, as shown in Fig.3.

The fact that gain variations can be made virtually
irrelevant is the real reason why closed loop feedback
systems represent the most versatile control strategy.
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INPUT OUTPUT
i CLOSED-LOOP a
D — SYSTEM o
[HH)

Fig.3 With a high-gain amplifier the general closed-
loop feedback system simplifies to a single stage
effective system

Stability

In a simple systemn comprising one or even two feed-
back stages, stability (or rather lack of it) is usually no
problem but in more complex control systems, with
perhaps three or more stages, a potential exists for
instability. The problem is that any closed loop
feedback system has a phase shift between input and
output. Further, this phase shift is not constant but
varies with applied signal frequency.

Generally, instability wili occur if at any particular
frequency a total phase shift of 360° occurs when
overall gain is equal to or greater than unity. At a phase
shift of 360°, the negative feedback has, in effect,
turned into positive feedback and so the system will
tend to instability, oscillating or even locking up at the
frequency at which it occurs. If we remember the
introduction to negative feedback given previously,
we know that negative feedback is the equivalent of
a 180° phase shift in the feedback Joop, so only a
180° phase shift in the overall system will create a total
of 360° phase shitt.

How can the designer tell if a system is going to
be unstable except by building the thing and turning
on? Well, there are complex mathematical methods
of modelling system performance but there is an
extremely simple graphic approach which will do
equally as well. This concerns Bode plot diagrams,
which many readers will be familiar with. These show
a circuit’s performance in two graphs — one of gain
variation in decibels with frequency and one of phase
shift with frequency. Fig.4 shows an example. It’s the
fact that any frequency phase shift as wel! as gain is
represented that allow the Bode plots to be of use

Initially, the whole closed-loop system has to be
considered without its feedback loop — as an open-
loop system. Fig.5 shows an example of a three-stage
control system without its feedback loop. Fig.6 shows
Bode plots of all three stages, plotted on one pair of
‘Bode plots. Lets say that the Bode plot of the first stage
of Fig.5 is that of a second-order high-pass filter (it has
a roll-off of 40dB per decade and phase shift up to
180°). The second stage is a perfect amplifier, with
gain of 7.5dB and a bandwidth greater than the limits
of our Bode plots, so no phase shift occurs. The final
stage is a first-order low-pass filter with a roll-off of
20dB and phase shift up to 90°. None of the indi-
vidual plots show any tendency to instability because
:he phase shift in any single plot is never as high as
180° with unity gain (0 dB).

Now, with series coupled gain stages (as these
three stages are) the overall gain can be calculated
simply by multiplying together the individual gains.
However, because the first of the two Bode plots has
= vertical axis of gain in dB (it is logarithmic) the over-
2l gain can be plotted linearly simply by adding the
three gains together. Similarly, as the vertical axis of
:he second of the two Bode plots is a linear measure-
ment of phase the overall phase shift can be calculated
sv adding the three phase shifts.

The final pair of Bode plots becomes that of
7. This shows that a phase shift of 180° occurs at
reguency of 2.2kHz, when the gain is unity. That,
the 180° phase shift of the negative feedback
i1self when the feedback loop of Fig.5 is closed,
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means that a total of 360° of phase shift occurs. So,
according to this estimate, when the feedback loop
is closed, the system experiences positive feedback
at that frequency and will oscillate!

That's all well and good you may say, but this
estimate is based on an open-loop. So how do we
really know what will happen to the system when the
feedback loop is closed? Is our estimate good enough?

Fortunately, control engineers have evolved
another graphical method of interpreting theoretical
results. Itis known as the Nichols chart, which is simply
a collection of open-loop gain and phase shift data,
corresponding to the resultant closed-loop gains and
phase shifts. A Nichols chart is shown in Fig.8 where
the horizontal axis is of open-loop phase shift, while
the vertical axis is of open-loop gain. On top of these
perpendicular axes are superimposed a large number
of plots of closed-loop phase shifts and gains.

Its use is pretty simple, although tedious. From
the results of the final pair of Bode plots from the
previous example, plot a line of points corresponding
to gain and phase shift at a number of frequencies.
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Fig. 4 A possible pair of Bode plots. The upper plot has gain {in dB) as the vertical axis
with frequency as the horizontal axis. The lower plot has phase shift (in degrees} as

its vertical axis
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Fig.5 To model a control system, it is neceésary to
initially consider the system as an open-loop control
system without its feedback loop
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This is shown in Fig.8. Generally, you should always
mark the frequencies on the Nichols chart, too. But
as room is limited here, frequencies aren’t marked in
Fig.8 but the direction of increasing frequency is —
this is important, as well see later.

Now from the closed-loop axes, take off
measurements of gain and phase shifts at those
frequencies and re-plot them onto a new pair of Bode
plots, asin Fig9, to see what the closed-loop frequency
response is really like. As we would expect, the phase
shiftamounts to 180° at 2.2kHz, when the gain is afew
dBs above unity gain. S, this method proves the system
will be unstable too.

Incidentally, control engineers have a rule-of-
thumb when using Nichols charts which alleviates the
need to re-draw the closed-loop response on a final
Bode plot. This is: if the closed-loop frequency
response phases to the right of or intersects the
0dB/—180° open-loop intersection when viewed in
the direction of increasing frequency, the system is
unstable. In the example of Fig.8, the curve intersects
the intersection, so we know the system is unstable.
However, if stage 2 of the system had a lower gain
then the curve would have passed to the left of the
intersection and so the system would have been stable.
With experience, control engineers can read informa-
tion from a Nichols chart as easily as from a Bode plot.

The amount by which a stable system’s response
passes to the left of the intersection can be referred
to as a ‘gain margin’ — the amount of gain which, if
added to the system, would cause the response curve
to pass through the intersection. Alternatively, it can
be referred to as the ‘phase margin’ — the amount of
extra phase shift which, if added to the system, would
cause the curve the pass through the intersection.

Controllers

In the simple systems we have looked at so far, stages
have been little more than amplifiers or filters. There
are many more types of stages used in contro}
systems. For example, often a stage may follow a
mathematical equation of an integrator, in that the
output is an integral of the input. The stage could be
modelled by the expression:

1 f T
utput=— input dt
output=" , inpu

where Tr is the integral time of the controller,
generally adjustable with front panel controls or
presets.

Other types may be ‘proportional’ — the output
is simply the input multiplied by a constant factor (a
simple amplifier is a proportional controller), again
adjustable with controls.

Others may be derivative in that the modelis one
of mathematical differentiation, following the
expression: di
output=T

dt
Some controllers are combinations of more than one
type, the most common probably being the ‘pro-
portional plus integral controller, also known as the
‘P+T controller or simply the ‘PI’ controller and may
be modelled by the expression:

1 T
output=K(input+— f input dt)
Ti 0

Similarly, the ‘proportional plus integral plus
derivative’ controller or P+1+D or PID controller is
common. In fact, generally speaking, any mathe-
matical model can be used as a control system stage,
given that the electronic circuit equivalent can actually
be made.

Which controller to use in any given system
depends largely on the system, of course, and it's the
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Fig.8 A Nichols chart showing open and closed-loop
gain and phase shift axes with a frequency response
curve, taken from the results of the Bode plots of
Fig.7. transferred onto a Nichols chart

engineer with skill and experience who must design
the control system to suit.

Loop De Loop o

Single-loop closed-loop control systems, as we've
seen, can be complicated enough. Sometimes, the
engineer has to resort to a more complicated version
of the closed-loop strategy.

The problem arises because the single-loop
systern is sometimes affected by disturbances within
the control loop. Thinking back fo the general closed-
loop feedback system of Fig.2 and 3, the stage gain
is specified as 1/H as long as the amplifier gain Gis
sufficiently high. In reality other factors matter too. The
simplified expression relies on applied signals being o
within a specified bandwidth and disturbances at [ N R R LS L I S e 0 R
sorme places within the loop have a greater effect than GRECLENCY
at others. Also, it's not always the case that a
sufficiently high gain is available or possible within the
bounds of the overall system performance.

The answer to the problem is constructing b
multi-loop closed-loop systems. Such methods are
often used where disturbances would otherwise be
uncontrollable. Fig.1 shows ‘cascade control in which 80—

—10 -4

GAIN {dB)

—20

1wo control loops exist, one within the other. Two ?
controllers are used, one for the inner loop and one % B
‘or the outer. Of course, cascade control is only 2 160
possible if there is some intermediate stage capable B!
of being controlled. Large disturbances within the I
inner loop can be effectively reduced, particularly as —240—
thie loop gain of the inner loop may be very much s Bl
higher than that of the outer loop without affecting

320

verall system performance so the disturbance may
then come within the bounds of controllability of the
lswer gain outer loop.

Often cascade control is used to reduce the time T T T LR T ) 1 (R L
stant of a part of the process, although the inner - SN g 10Dk
should generally only be placed around the

] - Fig. 9 Final Bode plot estimate of closed-loop frequency response of the system of

somponent with the smallest time constant. Fig. 5 when its feedback loop has been closed. Taken from closed-loop response as
Ovwerall benefits of cascade control are a wider shown on the Nichols chart of Fig. 8

szndwidth, with significantly greater reduction of

ETI NOVEMBER 1988 15




DUTSIDE
FACTOR
CHANGE 2

QUTSIDE
FACTOR
CHANGE

CONTROLLEA 1 4, | CONTROLLER2 !
INPLIT T H—@—» T == VALVE 2 TANK 2 - VALVE 1 TANK 1 fg\‘;g’:’
Kleq+1/Tq; Teqdn) Kieg+1/T (Tegdt) =
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TRANSDUCER |
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TRANSDUCER |
1
Fig.10 An example of cascade control, a muiti-loop closed-loop control strategy. Disturbances in the inner loop may be greatly
reduced by cascade control
¥
QUTSIDE
FACTOR
CHANGE 1
FEEDFORWARD
TRANSDUCER Loop
3
OUTSIDE
FACTOR
CHANGE 2
"1 conT & | CONT - -
S AOLLER ROLLER p| VALVE 2 TANK 2 VALVE 1 TANK 1 eyl
1 o
1
mms;:uczn
THANSDUCER |
1 =+
( Fig. 11 Feedback control, used with the cascade control example of Fig. 11 to reduce the effects of
N/ disturbances which take place outside the inner cascade loop
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inner loop disturbances. More and more loops can be
used, if enough intermediate stages exist. However,
each cascade as you might expect makes the
engineer’s job more difficult in that modelling of the
system and consequent stability forecasting become
increasingly complex.

Feeding More Forward

Finally, let's not forget feedforward control, where a
disturbance is measured before it has an effect on the
control system and counteracting measures are taken.
Coupled with a cascade control system such as in
Fig.11. feedforward control can be effective in
reducing the effects of a disturbance outside the inner
cascade loop.

One specific example of feedforward control is
‘ratio control. Here a control system is used to
maintain the ratio of two variables. A possible system
might exist in a car’s fuel injection system, where the
ratio of fuel to air must be strictly maintained so as to
ensure the correct mixture is always taken into the
engine’s combustion chamber. Fig. 12 illustrates such
a system. The mass of air being sucked into the engine
is measured, the amount of fuel required to give
correct fuel-to-air ratio is then calculated by a
controller and a valve (the fuel injector) ensures
exactly the right amount of fuel is added.

FEEDFORWARD
LOOP

TRANSDUCER

CONTROLLER

> FUEL
INJECTOR

AR O

4 FUEL & AIR

Fig.12 Ratio control. A specific case of feedback
control used to control the ratio of two variables in a
control system. The example shown is of an auto-
mobile fuel injection system in which the incoming
air mass is measured and from this measurement a

Y

MIXTURE

controller calculates the length of time a fuel
injection valve must be opened to present the
correct amount of fuel to the combustion cylinder
such that exactly the correct ratio of fuel-to-air is
sucked into the cylinder
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Ray Marston presents
the first part of his
guide to the current
differencing op-amp

IN2+ g
I

/
INT+
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4
ouT1

ouT2 —2

IN2— -—E
7
GNfD’J;7_

Fig. 2 Connections of the
LM3900 quad Norton op-amp
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THE NORTON
DIFFERENCE

ost popular op-amps (Fig. 1a) give an

output proportional to the difference

between their two input terminal

voltages and are thus known as

voltage-differencing amplifiers or

VDAs. There is however a type of op-amp which gives

an output voltage proportional to the difference
between the currents applied to its two input pins.

These devices are known as current-differencing

amplifiers or CDAs. Figure 1b shows the standard
symbol of the CDA, also known as a Norton op-amp.

Va— O ouT

Vp=— O

Fig. 1 (a) A conventional op-amp.
(b) A Norton op-amp

The two best known Norton op-amps are the
LM3900 and the LM359. The LM3900 is a low-cost
medium performance IC that houses four identical
op-amps in a 14-pin PIL package (Fig. 2) and can
operate from a single-ended 4 — 36V power supply.
Each of its op-amps has a unity-gain bandwidth of
2.5MHz with an open-loop gain of about 70dB, and
gives a large output voltage swing. This IC is
particularly useful in DC and low frequency
applications where several op-amp stages are needed
in single-ended supply circuits.

On the other hand, the LM359 is a very fast dual
Norton amplifier in which each op-amp has a unity-
gain bandwidth of 30MHz with an open-loop gain of
about 72dB, and in which most of the op-amp
parameters are externally programmable. This IC is
particularly useful in video and high frequency
amplifier/filter applications.

The LM3900 and LM359 operate in a very
different way to conventional op-amps and require
the use of special biasing techniques. We will first take
alook at the LM3900 and next month we'll move on
to the faster LM359.

Inside The Box

The LM3900 incorporates four identical current-
differencing op-amps, each having the circuit shown
in Fig 3. To aid understanding of the complete circuit,
Fig. 4 shows six simple stages in the development of
the final design

Figure 4a shows a basic inverting amplifier circuit
Ql is a common emitter amplifier with a high-
impedance (constant-current) collector load, and
gives a high-gain inverting action. Q2 is an emitter
load. The high frequency response of the complete
amplifier is rolled off by C1, to enhance circuit stability

Note that the output of this circuit can swing to
within a few hundred mV of both zero and the positive
supply rail voltage, and that its overall current gain
equals the product of the two transistor current gains.

Figure 4b shows how the current gain of the
above circuit can be increased with little loss of
available output voltage swing, by adding PNP

transistor Q3. The output of this circuit can typically
source up to 10mA (via Q2) but can sink only 1.3mA
(via Q2’s constant-current generator).

Figure 4c increases the sink current by wiring Q4
so that in over-drive conditions it gives class-B
operation.

Figure 4d shows transistors Q5 and Q6 used as
constant-current generators (biased via a network that
is built into the LM3900 IC),

Current Mirrors

The Figure 4d circuit forms the basis of each of the
LM3900 amplifier stages, but gives an inverting
action. The non-inverting LM3900 requires the
assistance of the current mirror circuit of Figure 4e,
which is made up of two matched and integrated
transistors and simply draws an output current that is
almost identical to the input drive current.

The input current is fed to the bases of both Q7
and Q8. Let’s say both have current gains of x 100,
and both are drawing base currents of 5uA. In this case
both collector currents are 500uA plus both base
currents. The input and output currents of the circuit
are thus almost identical (within a few percent), ir-
respective of the input current magnitude.

Figure 4f shows the current mirror circuit
connected to the basic Fig. 4a circuit to give the
current-differencing action of the Norton amplifier.
The mirror circuit is driven via the non-inverting input
terminal, and the mirror current is drawn from the
inverting input terminal. also connected directly to the
base of the Q1 amplifier stage. Consequently, the base
current of Q1 equals [~ - [*. This is the difference
between the two input currents. The complete
amplifier (back in Fig. 3) thus gives the current-dif-
ferencing op-amp action already mentioned.

Note that since both input terminals of the op-
amp are connected to transistor base-emitter
junctions, both inputs act (in voltage terms) as virtual-
ground points, Consequently, these CDA circuits can
be made to act like conventional voltage-differencing
op-amps by wiring high-value resistors in series with
their input terminals, so that the input currents are dir-
ectly proportional to the input V/R values, When this
technique is used, there is no upper limit to the

JMNPUT
an Ga

() INFUT

¥n

Fig. 3 Circuit of each of the four identical
op-amp stages of the LM3900
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(a ) BASIC INVERTING
AMPLIFIER CIRCUIT

o1
3p0
e
ourt
(=} INPUT ¥ 13ma

{d ) CONSTANT CURRENT GENERATORS
ADDED TO THE (¢ ) CIRCUIT

1 Fig. 4 Development of the LM3900 op-amp circuit

(b) IMPROVED INVERTING
AMPLIFIER CIRCUIT

{e ) CURRENT MIRROR CIRCUIT

{c) IMPROVED AMPLIFIER,
WITH BOOSTED OVERDRIVE

{1 BASIC NORTON OP AMP

available input common-mode voltage range of the
[L.M3900 op-amp.

Biasing Techniques

The basic amplifier stages of the LM3900 have high
current gains, and the output of the amplifier starts
to swing down through the half-supply point when the
input bias current of Q1 starts to rise above 30nA or
so. This input current is normally equal to the
difference between the two input terminal currents,
which should normally be restricted to the range
0.5uA to 500uA (ideally about 10uA).

In linear applications an op-amp is normally
biased so that its output takes up a quiescent value
of half-supply volts to accommodate maximum
undistorted signal swings, and Fig. 5a shows how the
LM3900 can be biased to meet this condition.

R1, R2 and C1 generate a decoupled half-supply
reference voltage, which applies a reference current
0 the non-inverting terminal via R3, and a negative
‘eedback current is applied from the op-amp output
10 the inverting terminal via R4. The basic action is
such that the op-amp output automatically adjusts to
such a value that the two input currents equalise and
nence reduce the internal Q1 base current to near-zero

about 30uA) — in Fig. 5a this occurs when Vou
equals V. In practice, the single reference voltage
source can be used to apply biasing for several op-amp

stages.

A variation of this biasing sustern is shown in Fig.
5b. The non-inverting terminal is biased from the
positive supply rail via R1. which has a value
approximately double that of R2. causing the output
to bias at a quiescent value of half-supply volts. A
minor defect of this biasing technique is that it allows
supply line ripple to brezk through 1o the output, with
gain of 0.5

Note that in Figs 5a and 3b. the input signal is
shown connected to the inverting terminal of the
amplifier, but in practice the signal can be connected
to either input

Figure 5c shows an alternative biasing technique
that can be used when the op-amp is to operate only
as an inverting ampiifier. In this case the non-inverting
terminal is disabled. and feedback potential divider
R1, R2is appliec benween the output and the inverting
terminal. Conseguentiv. since the inverting terminal
acts as a transistor hase-emitter junction (V. about
0.55V at 10uA tias). the output automatically takes
up a quiescent vaiue of V_ X (1+R1(R2)). This is

“about 6V with the component values shown,

Linear Amplifier Circuits

Six ways of using the LM3900s op-amps as linear
amplifiers are shcwn in Figs 6 to 11. In Figure 6, R2
and R3 bias the output to a quiescent half-supply

v Vi
Ra f2 i
1 R1
47k g 2M2 ™o ,\.mn.
) {(=2xR2) I
i C2 e <
o > N o} now it
O c1 —eY
e OUT =¥ a1
Az
R3
o 100k =055V (14R1/A2]
Vegt {b ) SUPPLY-LINE BIASING
TO OTHER '
AMPLIFIERS

3 | VOLTAGE-~REFERENCE BIASING

Fig. 5 Methods of biasing LM3900 op-amps for linear operation

{c) N x Vi, BIASING

\l'+
A2
A MO
¢l M2 }
470n aLM3800
i R1 SR
T 100k ® —0
IN ¥
ouT
AV = —R2/A1
o, O

nJr70V

Fig. 6 Inverting AC amplifier with
supply-line biasing

A2
1Mo
1
4700 % LM3900
I A1
L e o
i A3
100k ouT
AV=RZ/R1 |
e, O

”Jnuv

Fig. 7 Inverting AC amplifier with
N x Vbe biasing

'r AV=R2/R1 I

° ﬂlﬂw —0

Fig. 8 Non-inverting amplifier
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Fig. 11 DC voltage-following
buffer '
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.
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value, and the input signal is fed to the inverting
terminal via R1. The voltage gain is determined by the
R1, R2 ratio — this acts as a x 10 inverting amplifier.

Figure 7 shows an alternative x10 inverting
amplifier, in which biasing of the type in Fig. bcis used
and the gain is determined by the R1, R2 ratio.

Figure 8 shows a non-inverting amplifier with a
gain of approximately ten. Supply-rail biasing is again
used, but the input signal is applied to the non-
inverting pin via R1.

ouT
L 10k
a1
Il 2N3904
o—

m;’o\.r

Fig. 9 Wideband (200 kHz) high-gain {x 100)
amplifier

The LM3900 op-amps are fairly slow devices
with slew rates of only 0.5V/ s, and thus very limited
useful bandwidths. Figure 9 increases the useful
bandwidth by connecting an external common emitter
transistor to the output and transposing the input
connections of the standard amplifier. This makes a
x100 ‘compound’ amplifier with a 200kHz
bandwidth.

Because of its very high overall gain, this circuit

may be unstable if care is not taken in layout. R7 and
C2 can be used to slightly reduce the bandwidth and
enhance stability if required.

+15V F180V

R3 R4
c1
470n 2"""’% Re 15ua S0
o AAAN—
100k O 0UT
¥| 75ua l {75V NOM)
c2
22p
I
‘ > o1
Y LM3g00
o—
pa

Fig. 10 High-voltage amplifier with x 100 gain

Figure 10 shows the same circuit modified to give
a peak-to-peak output voltage swing of 150V (or
whatever voltage is used to power Q1). Note that the
output voltage of this circuit has a quiescent value of
75V, causing 7.5uA to be fed to the non-inverting
terminal of the op-amp via R2. To give correct biasing,
R3 (powered from the 15V supply rail of the op-amp)
must also apply 7.5uA to the inverting pin of the op-
amp, as shown.

Finally, Figure 11 shows how to connect an
LM3900 op-amp as a unity-gain non-inverting amp-
lifier or voltage following buffer. The input is
connected to the non-inverting terminal via R1 (giving
the non-inverting action) and R1 and R2 have equal
values thus giving unity gain (note that the circuit
would give a gain of x 2 if R1 were half the value of

R2).
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BEHIND BARS

he bar code competition of the July 1988
issue caused quite a response. Not only did
many readers enter (and most got some-
where near the truth) but it stirred up an
inquisitiveness among many as well.
[t seems there is a strong desire to know how to read
a can of baked beans and so this short article will
describe how the EAN13 bar code system works.

A European Atticle Numbering (EAN) code is
now printed on just about every item you are likely
to buy in a high street store. These codes uniguely
identify an itern for use both by the manufacturer and
shipper and by the retail store. The codes do not
themselves contain price information but merely
identify the item for the retailer’s point of sale computer
which can then look up the price and description of
the article.

There are four EAN code systems in use. The
EANS system contains just eight digits and is used
mainly for in-factory tagging, quality control and the
like by manufacturers.

The EAN13 system has 13 digits and it is these
codes which are to be found on the proverbial baked
bean tin

Of the 13 digits the first two or three classify the
code into broad categories. Codes starting with 978
and 979 for instance are books as these prefixes
identify the International Standard Book Numbering
(ISBN) system.

Most of the prefixes identify the country of origin
of the product. Each country operating the EAN
systemn has its own regulating body to assign the rest
of the code. In the UK the body is the Article
Numbering Authority (ANA) and the UK prefix is 50.
The ANA assigns five digits to the manufacturer and
five to the item identifier. You will also see a number
of codes starting with numbers between 20 and 29 as
this signifies an in-store code.

Breaking The Code

So how are the numbers actually encoded? Well —
extremely complexly! This system is far more
complicated than the simple black/white on/off
sustern used in the Bar Code Lock project in the July
ssue

The 13 digits are represented by 12 groups of
seven equal width bars (either black or white). Itisin
offect a 7-bit code. From the first six of the 12 digits
:his produces, a 13th digit is decoded. This is usually
written below the bars at the start, outside the bar
oattern. The last digit of the 13 is always a checksum.

The two fields' (the groups of six digits) are
separated and surrounded by a ‘guard pattern’ of two
Slack bars separated by a white bar (the centre guard
:self is surrounded by white bars as well). These do
ot contribute to the code itself but serve to initialise
cach read and to determine the speed of movement
% the reader over the barcode or vice versa,

The first field is made up of code patterns from
zther of two sets, set A or set B (see Table 1). Set A
satterns are odd parity with bar seven black, bar one

nite and either three or five black bars in total. Set
3 patterns are even parity with bar seven black, bar
-ne white and either two or four bars black. The
second field is made up of codes from set C. These
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are also even parity with bar one black, bar seven
white and either two or four bars black in total. Set C
is in fact the reverse of set A

The choice of the sequence of set A or set B
patterns for the digits of the first field determines the
derived first digit. Table 2 gives the set patterns for the
derived digits 0-9. The second field is relatively
straightforward with all six digits taken from pattern
set C.

The final digit of the code is the checksum. This
is calculated by the following complex formula:
C=(10—{(3x% (D2+D4+D6+D8+D10+D12)+ D1
+D3+D5+D7+D9+D11) MOD 10)) MOD 10

The Competition

The July competition barcode (as you will all know
by now) represented the digits

45 54 49 65 74 69
which are the ASCII codes in hexadecimal for ETleti.
The derived digit was therefore 4 and from Table 2,
it can be quickly seen that this requirs a pattern set

ZINVH

Malcolm Brown
reveals the truth
behind the pretty
pattems on your

By popular demand

sequence of ABAABB. The checksum is: groceries
a 1 2 6 7 -] 9
SET A
0 1 2 ; 6 7 % 9
SETB
3 4 5 6 7 8 9
SETC
Table 1 The three pattern sets used in the EAN system
C (10—{i3x: 3—1—91—5+4+9)+4+5+4+6 I
+7+6: MOD 10,; MOD 10 DERIVED 4
= (10-i:3x36~ 32, MOD 10)) MOD 10
= (10-(140G MOD 10y MOD 10 [ 1] GUARD
i 610—01 MOD 10 m SET A 5
Table 1 can now be ,:ed to determine the bar patterns (TR SET B 5
requlged;or eact it tashshown in 'l'la]lile S - s SET A 4
o there uou have it. It may seem like an awtully
complicated method of labelling your groceries (and T SET A 4
so it is) but at least now ycl;u cz;ln wandir arOLlind the T, SETB 9
supermarket :mpressing the shoppers by pic ing up
a can of beans and announcing proudly Aha! This is I SETB 6
a can of beans! — Saturdays will never be dull again. 1 0 1§ GUARD
3 i I SETC 5
et sequence erived digit
AAAAAA 0 IITHD SETC 7
AABABB 1 1 SET C a4
AABBAB 2
AABBBA 3 N1 SETC 6
ABAABB 4
ABBAAB 5 L L IL SETC 9
ABBBAA 6 I SETC 0
ABABAB 7
ABABBA 8 a GUARD
ABBABA 9
Table 3 The competition barcode
Table 2 The set patterns for the derived digit revealed
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MAKING SENSE

ith increasing automation and

computerisation of tasks in all fields

of engineering from design, testing

and production through to the con-

trol of everyday appliances like
washing machines and cars, a vast variety of sensors
and detectors has come into being. These are the
fundamental mechanisms by which computers and
controllers observe the outside world and without
them no control system could operate

There are two basic sub-divisions into which all
sensors fall — the continuous or static state monitors
and the transition or event detectors. The first group
(group A) provide an output which indicates the
current state of affairs at any given moment and which
is able to track with changing input.

The second group (group B) provide no output
at all until the monitored state changes. When this
happens an output is provided, which indicates that
something has happened but gives no information
about the size or degree of change.

Within each of these two categories there are
many alternative sensing techniques and it is in many
cases even possible to make the same device operate
in either mode. There is also a third category (a rather
grey distinction, however) which delivers information
about the order of change (group C).

The Great Detectives

We will now look at some real world things we can
detect and at a selection of commercially available
devices for detecting them. The following is arandom
list of detectable phenomena:

sound, light, heat, magnetic field, electric current,
speed, proximity, motion, acceleration, position,
frequency, displacement, pressure. This list is not
exhaustive but it shows the variety of stimuli available
to the properly designed robot or automation.

Let’s look at each in turn, bearing in mind that
many overlap in mechanism or purpose. Sound can
be detected by means of a microphone within certain
frequency limits (say, 20Hz-20kHz). The microphone
converts airborne pressure waves into electrical energy
by electromagnetic means (moving coil or dynamic
microphones and ribbon microphones) or by piezo-
electricity (crystal microphones).

The former method delivers a current output and
the latter a voltage. The output of either device may
be measured continuously via an amplifier (group A)
or integrated (averaged) (group C), or it may be used
1o trigger a comparator set at a critical threshold to
provide a group B event detector

Sound can, however, also be used as a detection
medium for other events such as distance and speed
and as a communication channel for more complex
information transfer. Typical devices are the ultrasonic
ansducer and detector and the doppler module.

The ultrasonic transducer and detector are a
‘loudspeaker’ and ‘microphone’ designed to operate
at frequencies above the audible range (30-60kHz),
with normally very narrow operational bandwidth
Instead of the 1000:1 frequency range of the
~onventional microphone and loudspeaker, you can
expect a range of say +10%. Working at these
Frequencies and narrow bandwidth has the advantage
¢ being inaudible, not being affected by normal
znvironmental sounds and being very directional. The
nigher the frequency, the less the sound waves
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disperse, which is why ‘tweeter’ units in hi-fi systems
are frequently so complex and expensive (as we don't
want high directionality in a hi-fi tweeter).

Distance is measured by emitting a stream of
short ‘bleeps’ and measuring the time before the bleep
is reflected back from the target (the echo time). This
is how ASDIC and SONAR work. The directionality
of ultrasound is useful here, as it allows comparatively
accurate target selection. For this purpose, the
frequency of emission is relatively unimportant but the
bleep length must be short and the echo delay timer
has to be very stable. A block diagram is given in Fig. 1.

Speed along the transmission axis can be
measured by doppler shift using the same kind of
transmitter with a more sophisticated detector which
has a wider detection bandwidth. A continuous signal
at a very stable frequency is emitted towards the target
and the frequency of the reflected signalis measured.
If the target is moving towards the sensor, the

NIdIHJ

Mike Barwise turns
his attention to the
enormous range of
sensors available
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| Fig. 1. The principles of sonar detection

wavelength of the return signal is compressed, raising
the frequency. If itis moving away, the wavelength is
stretched. resulting in a lower frequency. Relative
speed between the sensor and target can be very ac-
curately determined in this way (Fig. 2)

As a communication channel, ultrasound has
several advantages It passes through dense, opaque
and electrically shielding media (water, concrete,
plastics and so on). it is easily detected and coding is
simple. [ts disadvantages are short link distance and
low data rate. The two most common communication
techniques are pulsed carrier (the transmitter emits a
series of discrete bleeps) and frequency modulation
or FM (the transmission is continuous but the
frequencu varies with time). Amplitude modulation
isnot arecommended method as it is prone to fading
(just like AM radio)

Light is another very familiar sensing-medium
Some months ago | introduced the optical interrupter

]

| e

| | FREQUENCY
|CDMPARATOH

R

‘ AfDISPLAY

STRETCHED

‘ Fig. 2. Doppler shift speed measurement

ULTRASOUND
WAVE FRONTS

| e
0

WAVELENGTH

~o—_o°

23




//
o
£

2] LIGHT
REFLECTED
BACK

?{w
e g
S
=
e SR

LIGHT
ESCAPES

Fig. 3. A refractive fluid

level sensar

24

CHIP IN

and we have recently been discussing the esoterics of
fibre optic sensors. However, in the real industrial
context, there is a plethora of alternatives. The
mechanism of the reflectance interrupter can be
modified by the inclusion of a lens system to allow
operation over distances or 300mm or more, while
the transmittance interrupter can be split into two
separate boxes and used over distances of several
metres in burglar alarms and so on.

However, there are many more subtle and
sophisticated optical sensors. A direct spin off from
the ordinary interrupter is the optical fluid level sensor.
In place of the free path between the emitter and
detector there is a piece of glass or plastic which has
arefractive index such that the light from the emitter
falls on the detector via the reflected path while it is
dry. If some other medium (a fluid) covers this
material, the resultant change in its refractive
properties causes the light to escape without falling
on the detector (Fig. 3).

Of course, photocell light meters are well known
and used for many light monitoring tasks from
photography to health and safety, and in level
detectors such as burglar alarms but there are some
tricks up our sleeve still to come.

There has been a recent fashion for domestic
exterior lighting which switches on when someone
approaches, rather than just when it gets dark. These
lighting units use a device known as a pyroelectric
detector. This consists of an element made of a
complex metallic doped ceramic which exhibits a
change in conductivity when exposed to changing
infra-red flux. Under constant conditions, no output
is obtained so this is a group B sensor. It is remarkably
sensitive and can detect the change in flux due to body
heat as a person moves across its field of view. These
devices need quite a lot of care in handling, as they
are subject to damage by over-intense illumination
and are prone to some unwanted effects such as piezo-
electric action (they are vibration sensitive). However
they are very useful for the detection of thermally
emissive bodies. A typical detection circuit is given in
Fig. 4.

One of the more sophisticated applications of the
pyroelectric sensor is the sorting of objects of differing
temperatures. For this, a ‘chopper is required.
Although the sensor only detects changes in intensity,
the magnitude of the output change is proportional
to the intensity change. A rotating vane set (a
‘windmill') between the sensor and the objects to be
monitored rotates at a constant speed (Fig. 5) and the
sensor monitors the objects and the vane set
alternately. A continuous sequence of comparisons
is made between the vane temperature and the object
temperature, The vanes must of course be maintained
at a constant temperature.

The detection of heat is a field where some rapid
progress has been made in recent years. The earliest
and most common heat sensors with electrical output
are thermocouples. These are twisted or welded
junctions of dissimilar metals which generate a voltage
proportional to the temperature of the junction. They
come in various types with differing characteristics and
all have the advantages of general robustness, small
size and the ability to withstand very high
temperatures. However, they are not very linear in
their response and their signals require considerable
amplification for normal uses. Most common appli-
cations are furnace temperature control and the like
where the fairly long response times (>0.1s) and
+0.5°C precision are not limiting factors.

Next to thermocouples, thermistors are the next
oldest group A or continuous temperature sensors.
These are in effect resistors with a large linear or non-

linear temperature dependency. They are positive or
negative working — the resistance increases or
decreases with temperature — and can be obtained
with a sharp transition temperature between cold and
hot resistance, as well as a linear characteristic.
Thermistors have severe limitations on accuracy
and tolerance but they serve well in applications such
as inrush limiting in high current circuits (high wattage
negative linear characteristic), over-temperature
protection (low to medium wattage positive rapid
transition characteristic) and the like. They can also
be made very small and can substitute for
thermocouples in many applications.

RECOMMENDED PREAMPLIFIER
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Fig. 4. Pyroelectric detector, a typical circuit
and detector unit construction

It is well known (and frequently complained
about) that semiconductor reference diodes are
temperature dependent. Typically, a two-terminal
current reference will have an output current which
drifts linearly with temperature. 1 suppose this
characteristic struck some clever person as interesting
and they came up with the temperature sensor. The
current drift with temperature has been increased and
rendered more linear, until we get a device (such as
the RS590) which delivers an output current
proportional to absolute temperature over the range
—55 to +150°C. Thus 0°C is represented by
298.2uA, as the device is referenced to Absolute
temp. Feeding this current through a transimpedance
amplifier or measuring the voltage drop across a fixed
resistor carrying this current gives us a voltage
proportional to temperature.
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The capacitive proximity detector works on a
similar principle, except that the other component of
the tuned circuit is influenced by the detected object.
and working distances are generally smaller.

Motion and acceleration are two of the most
tricky things to detect and measure. There are so
many kinds of motion! Demands range from shait
rotation speed to linear velocity, to displacement
versus force, to tracking the erratic path of a randomly
moving object. A whole issue of ETI would not be
large enough to cover the subject in depth, so next
month we will pick a few simple systems.

In the meantime, examples of all the sensors
discussed here should be available from decent
component stockists.

Even more clever is National's LM35 whichis a
direct temperature to voltage sensor. This has a power
pin, a ground pin and an output pin, the two versions
have working ranges of 0 to 100°C and —40to +
110°C respectively, These devices are quite simply
foolproof and in addition have no offset.

The final sort of temperature sensor to be
mentioned is the assortment of mechanical devices
— thermostats and thermal switches. These depend
mainly on bimetallic elements, wax filled bellows, gas
expansion and so on. They are widely used as
emergency limiting devices but they are really too slow
and too inaccurate to be considered in the same
context as the other sensors mentioned here.

Magnetic field and current sensors have long
been based on conventional electromagnetic effects
— a current carrying conductor is surrounded by a
magnetic field proportional to the current flowing. The
commonest technigue has been to cause the magnetic
field to influence an inductive component in the
detection circuit, altering the resonant frequency of

a tuned circuit or directly inducing a current which can
be measured

However. some time ago a gentleman called Hall
discovered the Hall effect whereby the behaviour of
certain semiconductor devices is influenced by
magnetic fields. Small devices (the size of TO220
transistors. for example) are now available, which are
influenced by quite small magnetic fields, such as can
be induced by a bar magnet about 4mm by 12mm.
The Hall effect sensor delivers an output voltage
proportional to the magnetic flux or field strength and
although the sensitivity of individual devices varies
quite a lot, the response is pretty linear and the devices
are very robust. One possible use could be for key
pressure sensing in keyboards. There are also Hall
effect sensors which have inbuilt logic circuits to
provide on/off switching

Having already looked at speed sensing in terms
of doppler shift techniques (sound). let us move on
to proximity detection.

Industrial proximity cetectors are generally based
on inductive. capacitive and optical techniques. We
have discussed the optical devices, so let’s look at the
others. The inductive proximity detector works very
like the metal detector used by treasure hunters. An

ges its frequency of oscillation
material is brought close to its
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Paul Chappell
continues to look at
op-amps used as
differential amplifiers
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OP-AMPS

arrying on from last month’s

investigation of a simple differential

amplifier, we now have the turbo-

charged versions. The first pretender to

the title of Ultimate Differential
Amplifier is shown in Fig,. 1.

Fig. 1 Last month’s circuit with added front ends

This circuit arises from a bull-at-a-gate approach
to the problems I mentioned last month. If you
remember, the main shortcomings of IC3 and its
associated resistors as a differential amplifier were its
sensitivity to the output impedances of the drive circuit
and the critical dependence for good common mode
rejection (CMR) on the matching of R1/R2to R3/R4.
Attacking these defects directly, what do you do?
Buffer the inputs and trim the resistor match, of
course!

It's easy to be unkind about this circuit, but you
have to remember that it arose in the early days of op-
amp ICs when designers were still much more in tune
with discrete component circuits than with plastic
packaged amplifiers. If your discrete instrumentation
amplifier is affected by source impedances, what more
natural than to use a FET or Darlington to buffer the
inputs? Figure 1 is the result of applying the same in-
stincts to an op-amp circuit. But if you have three
whole op-amps at your disposal. there’s a darn sight
more effective way to use them than this!

O
)

Fig. 2 The improved 3 op-amp circuit

Figure 2 shows the most common high perfor-
mance configuration. The only difference between
this and Fig. 1 is the addition of three resistors, but
what a difference they make!

The first thing to notice about the circuit is that
because IC1 and IC2 act to maintain their respective
input terrninals at the same voltage, the voltage at the
top of R7 willbe v, , _, and at the bottom will be Viie.
The second thing to spot is that any current whic
flows through R7 must also flow through R5 and R6.

Suppose the circuit is driven by a pure common
mode input — that is to say, the inputs V() and
V,.(+) change in voltage by exactly the same amount.
The voltage across R7 will remain constant and so will
the current through it. If the current is unchanged, so
will be the voltage across R5 and R6. The result is the
input voltages, the —input terminals of IC1 and IC2
and the outputs of IC1 and IC2 all move up and down
in unison. The signal is passed to the outputs of ICs
1 and 2 without alteration.

Now picture the situation where the two inputs
are varying differentially. Since the input voltage
appears across R7, by Ohm's law you can easily
calculate that any difference in voltage is magnified
by 1+(R5+R6)/R7 by the time it appears at the
outputs of ICs 1 and 2. The values of R5,6 and 7 are
often chosen to give front end gains of 1000 or more
in instrumentation amplifier circuits.

The situation we have, then, is that IC3 and its
associated resistors form a differential amplifier which
is no better than the one described last month. To be

Fig. 3 Additional trimming capacitors for frequency|
compensation

more accurate — it's exactly the same! The difference
is that, with the front-end turbo charger in place, the
differential component of the signal is already 1000
times bigger in comparison to the common mode
component by the time it hits R1 and R3. This means
that. in theory at least (and not so far off in practice),
vou can add 60dB to the CMR figure that would be
achieved by IC3 alone!

lf you think I'm about to tell you that the values
of R5.6 and 7 have to be chosen to some absurdly
tight tolerance, you're wrong! For reasons which won't
be apparent from this simple analysis of the circuit, it's
a good idea to make R5 and R6 the same value but
matching them to 1% is more than enough. In pre-
packaged instrumentation amps (ICs or hybrid cir-

Vi [+ D=

Vinl=10

Fig. 4 The 2 op-amp compromise circuit
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cuits) R7 is usually an external resistor chosen to set
the gain of the circuit and (within reason!) can be any
value you like.

The requirement that R1 and R3 should be
driven from low resistance sources is settled by the
very low output resistances of ICs 1 and 2. In op-amp
and resistor versions of the circuit, final tweaking of
CMR is usually made by trimming the value of R4.

The circuit still has the requirement that the
output resistances of the circuit generating v, ., and
Vi) should be very low in comparison with the
input resistances of the differential amplifier. The input
resistances we are dealing with this time though are
those of IC1 and 2 which will be several orders of
magnitude higher than those resulting from the
resistors in last month’s circuit. One thing you have to
watch is not to spoil this advantage with the bias
resistors to the +input terminals of IC1 and 2. In Fig.
2 | haven't shown any bias resistors at all. The ideal
situation is that the input op-amps should draw their
bias current from the driving circuit. If this is not
possible, you've got a bit of juggling to do to make sure
that the resistors are large enough to have negligible
effect on the CMR but not so big as to cause excessive
offset voltage at the output of I1C3.

One thing to be aware of with this circuit is that
if you aim for huge CMR figures, the calculated values
will only be achieved at low frequencies. When I say
low. | mean low! Try for 110dB, for example, and you
will probably find the CMR beginning to fall at fre-
quencies in the 10s of Hz. The main reason is unequal
phase shifts of IC1 and 2. This can be compensated
for, to some extent by including a pair of capacitors
to trim the CMR at higher frequencies (Fig. 3). If you
use the circuit for (say) audio rather than instrumen-
tation purposes, the general scheme is to settle for a
lower differential gain (otherwise you'll have frequency
response problems), to aim for a lower CMR (other-
wise you'll be disappointed!) and to trim the low and
high frequency CMR individually.

The next circuit (Fig. 4) aims to achieve similar
results to Fig. 2 but with only two op-amps. It's not
often seen but is an excellent compromise between
the cheap "0 cheerful single op-amp circuit and the
full blown instrumentation amplifier.

If last month’s circuit was a pair of scissors, this
one is a nutcracker! Figure 5a shows the situation
where the two inputs are at the same voltage, and it
fairly clear that the condition for the output to remain
at OV under these conditions (and therefore for any
common mode component of the input to cancel) is:

R2/R1=R3/R4.

Vx

W77 77777777 L TL LT LT AT

l
l fal
I
|

MR TTT T 7SI LT
Fig. 5 The nutcracker analogy for Fig. 4
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Figure 5b shows how an output is generated
when the inputs are at different voltages. As with last
month’s scissors, you can push the analogy as far as
you like if you find it helpful.

The circuit has Fig. 2's advantage of high input
resistance but also two of the serious flaws associated
with the single op-amp circuit: there’s no way to trim
the gain and CMR independently and the CMR is
critically dependent on the matching of two resistor
ratios.

Wi+ O

Vint=l0O

Fig. 6 The improved 2 op-amp circuit

RE

=

Both of these defects can be overcome by the
addition of a single extra resistor, as shown in Fig. 6.
The action of Rb is very similar to that of R7 in Fig.
2. The differential input voltage appears across it by
the action of IC1 and IC2 maintaining their + and —
inputs at the same voltage and it allows you to ‘steal
extra differential gain from the circuit without affecting
the CMR trim.

That completes our tour of differential amplifiers
but before I go I'd like to show you one more circuit.
It’s not a differential amp but it's another circuit which
relies on the matching of two resistor ratios for its per-
formance, which you're probably becoming rather
wary of by now! You may also be able to spot some
similarities between this circuit (Fig. 7) and last month’s
subtractor.

| Fig. 7 Not a differential amplifier but a circuit with
i many faults in common

The icea is that if R1/R2=R3/R4, the output
current will be directly proportional to the value of v, |
and will have a value independent of the resistance
of the load. In other words, the circuit is a voltage to
current converier

My reasons for showing it to you are threefold.
It's another example of a circuit which works well on
paper but not so well in practice (in fact, this one is
so bad that ['ve only once seen it used!). The reason
for its shortcomings are the same as those for the
differential amps, it's another circuit where the
problems are caused by the configuration rather than
the quality of the op-amp. It is also (I think, anyway)
fairly inscrutable so you might like to exercise your
brain cells by trying to come up with an intuitive
explanation of why it works! Working out the ‘formula’
is easy enough but how would you convince someone
with no algebra whatsoever that it does (in theory,
anyway) do what it's supposed to? You have ten
minutes, starting . . . NOW.

2




£s
et K INTERS

DfSK DR
ENT KEYBQA:EDSS&

ALL
OF

F_QU'.PN"

THE ‘ALADDINS’ CAVE OF ELECTRONIC & COMPUTER EQUIPMENT

[ COLOURMONITORS |

16' Decca, B0 series budget ranoe, colour moritors. features in
clude: PIL tube, altractive teak style case, guaranteed 80 column
resolution, only seen on monitors costing 4 times our pace, reacly
1o connect 10 & host of computer or viden outputs. Manufacturers
fully testec] surplus, said inlitfle or hardly used condition with 90 day
full ATE guarantee. 1000's Sold 1o date.

DECCA 80 RGB - TTL + SYNC input for BRC IVFE interlace eic.
DECCA B0 COMP 75 (| compasiie video Input with Inteqral audio
amp & speaker ideal for use with video recorder or TELEBOX ST or

any other audio visual (Se Only £99.00 (E)
[ HIGH DEFINITION COLOUR |

BRAND NEV CENTRONIC 14" manitors In ghiractive style moulded

case featiring hires Mitsubushi 042 dot pitch tube with 668 x 507
gie{s. 28MhZ bandwidtn, Full 90 da%c_;uarameg
rder as1004-N2 for TTL. + sync RGE Tor BBC etc £159.00 (E|
1003-N1 frr IBM PC et fully CGA equiv £189.00 (E
1005-N2 RGHE interface for QL 85 columns.  £169.00
n n H
20" & 22" AV Specials

Superbly made, UK mantdacture, PIL tube, all solid state colour
maonitors, complite with i_':omﬁoi'ne video and sound inpruts, attrac-
tive teak style case, |deal for a host of applications including Schools,

5. Disco's, Clubs etc. Supplied In EXCELLENT (iitle Uised con:

dition with 90 day quarantee
20" Monitor £165.00 (F) 22" Monitor £185.00 (F)

MONOCHROME |

MOTOROLA M1000-100 5' CRT black & white compact chassls
monkor measuring only em 11,6h 12w, 22d, ideal for CCTV o cam-
Eltrter applications. Accepts standard Composite video or Individual
&V synes. Operates from 12y DC at appr .83, Some units may
have minor screen marks, but stil in very usable condition. Fully
tested with 30 day guarantee & full data Only £29.00 [Ci
ully cased as abave, with altractlive moulded, desk standing swivel
and Till case Dim. om 12h,14.5w,26d £39.00 (C)
JVC type 751-7 5" ultra compact black & white chassis monitor for
12y 0 7a DC oparation Dim cm 11h. 14w, 18d. Simple DIY circult data
included to canvert data and separate sync input to composite video
Input. Ideal portable equipment ate, Su&:plled with full data
rand New £65.00 (B)
KGM 324 9' Green Screen, Lithe used fully cased, malns powerad
high res monitors standard composhe video Input Fully testad
and in excellant condition 49.00 (E
20" Black & White monitors by AZTEK, COTAON & NATI
All solid state. fully cased monitors, ideal for all types of AV or CCTV
applications, Units have standard composite video inputs with in-
tegral audio amp ard speaker. Sold In good. used condition- full
tested with 90 day guararites Only £85.00 (

FLOPPY DRIVE SCOOP
Drives from Only £39.95

A MASSIVE purchase of standard 5.25° disk drives enables-us to
offer you prime product at ail time supet 1sMN%rices. All units unless
stated are removed from often BRAND NEW equipment, fully
tested and ::hip(m?{i 1o you with a full 120 day guarantee, All unils
offered aperate from + Sand + 12 volts DT, are ol standard size and
accegt the comimon standard 34 war inlerface connector,

TANDON TM100-2A IBM compalible 40 track FH double sided

Only £39.95 (B
TANDON TM101-4 FH B0 Irack double sided Onl %_49.95 B
JAPANESE Half Height double sided drives by Canar{ ac,
Toshiba elc. Specify 40 or 80 track Only £75.00 (B}
TEAC FD55-F 40-80 track double sided] Half Height

Brand New £115,00 (B)

DISK DRIVE ACCESSORIES

34 Way interface cable and connector sérégle £5.50, Dual £8.50 (A)
5.25" DC power cable £1.75. Fully cased PSU for 2 x 5.25" Drives
£19.50 (A) Chassis PSU for 2 x 8" drives £39.95 (B)

8" DISK DRIVES

SUGART 800/801 single sided refurbished £175.00 (E
SUGART 851 double sided refurbished 2260020 E
MITSUBISHI M2894-63 Double sided switchable Hard or S -
ior ) ) Bf)!AND NEW £275.00 (E)
SPECIAL OFFER Dual 8" drives with 2ml capacr[[ In smart

with inegral PSU ONLY £499.00 (F)

| COMPUTER SYSTEMS |

TATUNG PC2000. Big brother of the famous EINSTEIN, the
TPC2000 professional 3 plece system comprises: Cuality high res
3REEN 12" monitor, Sculpiured 82 key keyboard and plinth unlt con-
alning the Z80A CPU and all cortral slectronies PLUS 2 irtegral
TEAC 5.25" 80 track double siled disk drives. Many other features
nclude Dual 8" IBM format (iisk drive suppor, Serlal and paraliel
witputs, full expansio?’ &ort 64K rarm and ready (o run software. Sut»
W

slied complete with CPM, WORDSTAR, BASIC and accounts pac
\ge.  BRAND NE

Full 90 day guarantee, I Only £299(E) l

Jriginal price OVER £1400

‘QUINDX q:MS} 5100 system capable of running efther TURBO or

ndard CPM  Unit features heavy duty hox ccnta!nln% g{mwmw
'SU, 12 slot 5100 backplane, & dual 8° double sided drives
wo individual Zao EJ:M poards with 192k of RAM allow the use of
Wit usar software with upto 4 RS232 serial intarfaces Many othar
sallres include battery backed real time clock, all 1C's socketed etc.
Inits in good condition and tested ﬁg %espmch. no documentation

I present, hencg price of only £2:
50 PCE's IV i ) ess.00 0 {B)IMS AS0FOC
(8)

1100 PCH's IMS Aag5 64K dynamic A
ontroller £85.00 (B). IMS As62 CPU & io £65.

SAE for full lst of other $100 boards and accessories:
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HAZELTINE ESPRINT Small
RS232 andd CENTRONICS
and 6 user selacable

I
BETRONICS

Order as:

G eredilhe syngs on o mnge of ponlens o suil ull applics.
v Ny nrher "o ol giine” van e sckn il sar Sooih L ondonShop
desidop 100 cps print speed with both
nmzdm;eg Full pir:! addressable graphics
type fonts. Up to 8.5 single sheet a
Brand New Only £159.00 (E)
150 serles. A real workhorse for continuous use with
Iractor feed paper, either in the office, hame or factory, desk standin
tSiJi cps4 typefonts and cholee of interfaces. Supplied BRAND NE

All {I]WE‘F supplies operata from 220-240 v AC Many other types from
v to 10Ky In stock Contact sales office for more detalls.

PLESSEY PL12/2 Fulg enclosed 12v DC 2 amp FSU. Regulated and
protected Dimerm 135 11 x 11 New £16.95 (B)
AC-DC Linear PSU ouUtpLits of +5v 5 Sa, -5y 6a, + 24v5a Fully requ
lated and short prool Dimem 28 €12 5% 7 New £49.50 [C)
POWER ONE PHC 24v [JC 2 amps Linear PSU fully regulated
il ) . New £19.95 (B)
BOSHERT 13088 switch mode supplg ideal disk drives or complete
system. +5v 6a,+ 12 2.5a,-12 0 .6a,-5v 0.5a. Dim cm 5.6 x 21 x 10.8

tractor

150-SN upto 9 5'g)aper handling £185.00 (E New £29.95 (B)
150-SW up to 14.5" paper handiing ] £225.00 BOSHERT 13090 same as above spac but oulpits of +5y 64, + 24y
150-GR up to 14.5" paper plus full graphics £245.00 (E 1.5a, +12v.0.58 -12v (.53 New £39,95 (B)
When ordering please specify RS237 or CENTRONICS inferface.  GREENDALE 19ABOE f0 Watt switch mode outputs +5v6a, + 12y
: 13, 12y 13, + 15y 1a0 11200 x55 RFE Tested £24.95 (B
Ultra Fast 240 cps NEWBURY DATA | CONVER AC130-3001 High grarie VDE spec compact 130 wa
£ switch mode PSU, Outputs give ~ 5y 15a. 5v fa. +&-12vBa Dim 8.5
NDR 8840 High Speed Printers: x27 %125 Corrent list price £180.  Our price New £5.95.00 (C
Only £449 H HaE FARNELL G&/40A Comipact 5v 40 amp swich m(ﬁn hﬁgll); Eggg o
ew .
A special purchase from a now defunct Goverment Dept enables Us FARNELL G24 55 Compaci 24v 5 amp switch mode hlly enci .
to offer you his amazing Brilish Made, quaﬂg |:|pnnlm' at clearance New “-_95_00 ()
prices, SAVING YOU OVER £1500 |1 The NDAB84O0 features high
spoech 240 cps xint speed with I_i'rg‘i'f:g“aal, :ulry aﬂ'iustahfe paper trac- Special Offer ONLY
tar, aving exceptional fast r Iy mulli part forms ete. The
it Joattres 30 selectal:igalﬁem lon!s]g up?g 226 printable EXPERIMENTORS PSU £16.95 (c¢)
characlers on a shﬁle fine. Many other features include Internal
electronic verfical and horizontal tabs, Self fest 9 needle head, Upto  Made to the highest spec for BT this unlt ghves saveral full
155" paper, 15 milllon character ribbon carfridge iife and sta protected DC outputs most suited to the Electronics Hons%mz
RS232 serial interface Sokd In SUPERB tested Gondition with 90 da fov 2a Hh-1av 1a-+24v 1a and + 5 fully lipating at 50ma

guasran:ee

PSON model 512 40 column 3 5" wide
matrix (3 lines per sﬂc:prxll

point of sale terminals, tickel
directional printhead and ntegral roll
Requires DC
withdata, RFE and lestec
EPS

per

Only £49.9
el 542 Same spec ag above moddl, but designed to

used as a slip

Blelewnhda a. RFE and tested

HILIPS P2

Fully DIABLO,

clude full width platten -up to 15°
e sheel paper handling, supe

singl
w!tl?user manual & 90 day guarantes EJAH
whesl BHRAN

paper roll feed, high
printer mechanism for incomotation in
printers, data Io?gars ele, Unitfeatures bi

eecl mech with tear bar
volts and simpla parallel extemal drive |

g or fiatbed! printer Ideal as label, card or ticket printar.
Supplied fuIIY cased in attractive, small, desk top metal housing. Comi-

: Only £55.00 {D}

000 Haa\g duggs cps bl directiona! daisy wheel printear.
QUME, WORDSTAR compatible. Many features in-
paper, host of avallable daisy wheals,
auality é:rlnl. Su
REE dusi cover & dals

D NEW Only £225.00 1E¥

El

ldeal for school labs ele. Guantity discount available
Fully tested with data RFE = Removed From Equipmert

cThe f_\tMAZING TEil.t.EBDX
onve our mopitor ng)
QUALITY COLOUR TELEVISION
Brand new high quality, fully cased. 7 channel UHF PAL TV luner sys-
tem Unit simply connects fo your TV aeral socket and video monitar
turning same into a fabulous colour TV. Dant womy if your mopitor
doesn i Nave sourd, the TELEBOX even has an Integral atidio amp for
dfiving a sgc-aker lus an auxilia ouléjul for Headphones or Hi Fl sys-
tem etc. Many ciher fealures: LED Status Indicator, Smart moulded
case, Mains powersd. Buit to BS sarmKJ%’Em' Many other uses for TV
sourdd orvideo aic Supplied BRAND with 7l 1 vear guarantes
Carmiage code (B)

Only £449.00 (F¥
spead

lc.Complete
(C)

be

lad complete

at our

Most of the items in this Advert, plus a whole range of ther
electronic components and goodies can he seen or purchased

TV SOUND
& VIDEO
TUNER

|** South London Shop **|

ONLY

9 to 5.30. parking is unlimited and

Located at 215 Whitehorse Lane, London SE25. The shop is
on the main 68 bus route and orly a few miles fram the maln
A23 and South Clreular roads. Open Monday to Saturday from
browsers are most wel-
come, Shop callers also save the cost of carrage.

|| £29.95

TELEBOX ST for monitors with composite video input £29.95
TELEBOX STL a= ST burt fitte with integral speaker £34.95
TELEBOX RGE for Lise with analogue RGB monitors £59.95

Calour when used with colour C RT. RGBversion NOTT suitable for IBM-C1LONI:

L

type colour monitors AT A sheet on request. PAL overseas versions CAlLL.

| MODEMS |

Modems to suit all applications and budgets
Please contact our technical sales staff i you
reduire more Information or assistance.

SPECIAL PURCHASE
V22 1200 baud MODEMS
ONLY £14911. =

MASTER SYSTEMS type 2/12 microproces-
sor controlled V22 tull duplex 1200 baud. This
fully BT aPproved modem employs all the latest
features for error free data comms at the stag-
gering speed of 120 characters per second
Saving you 75% of Your BT phone bills an
data connect timn?l 1 Ad'_crja\t}hese factsb tg ol+|r
ive away price and you have a superb buy !l
8hra slim ul:r’m measuires only 45 mm high \Xﬂh
mamf_Eirrtegral features such as Auto arswer
Full LED status Indication, RS232 interdace,
Remote srror diagnostics, SYNG or ASYNC
use. SPEECH or DATA swltchlr& integral
maing PSL, 2 wire connection 1o line &te.
Supplied P‘Uﬂ% Tested, EXCELLENT slightly used
condition with data and full 120 day diarantee,

Only £1490)

CONCORD V22 1200 baud as new 2330.00(EE);
E

CONCORD V22 1200-2400 BIS  £399.00
RIXON Ex BT Modemn 27 V22 1200 £225.00
DATEL 4800 / RACAL MPS 4800 EX BT
mcciem for 4800 baud sync use.  £205.00 (E)
DATEL 2412 2750/3780 4 wire modem unit
EX BT fully tested £199.00 (E
MODEM 20-1 75-1200 BALID for use with
PRESTEL aic EX BT fully tested. £49.00 (E)
TRANSDATA 307A 300 baud acoustic coupler
with RS232 110 Brand New £49,00 (E)
RS232 DATA CABLES 16 ft long 25w D plu? 1o
25way Dsocket Brand New ~ Only £9.95 (A
As above but 2 matres lang £4.09 (A
BT plug & cable for new type socket  £2.95 (A

RECHARGEABLE COOLING FANS
Keep i O ol R TN L iy o
AND NEW. conding [iins:

: BATTERIES AC Spectly 240.0r I](IJV
Maintenance free, sealed longite LEAD ACID 3 Fan din 80 H!jx.‘la .50 (B
A300 12v 3 Ah £13.95 (A) 3.8 ETRIslimiine 92 ¥ 92 x 25 £8.95 (B
A300 6y 3 Ah £9.85 (A) 4" Fan Dim 120x 120 x 38 £9.95
A300 6-0-8 v 1.8 AR RAFE £6.99 (A) Asabove - TESTED RFE Only £4.95 (T

NICKEL CADMIUM 10 round x 3.5' Folron 10V £10.,95 {8

DC FANS

Sy 12 u.2 S col peck Orgiraly made K TN istive. DC fans 8246225

for the TECHNICOL

R videg company,
this uriit contains 10 high quality GE nicgg,B Order 812 6-12vor 81424y £1595 (A
type cells, configured N a smart robust 4 12vDC 12w 120% 12038 £12.50
noulded case witlh DC outpat connector. Dim 8 24vDC 8w 120 x 120 %25 £14.50 (B
em195x45x 125 |deal portable equipment BUHLER 12v DC 62 mm £12.95 (A}

alc BRAND NEW £24.95 (B)
12v 17 Ah Ultra %ged, all weather, virually
Indestructable r ble NICAD stack by

AD, Unit features 10 x Individue
XL1.5 cells in wooden crate. Supplied to the
MOD and made 1o deliver excetionally high
ouiput currants & withstand long periods of
slorage in drsr:halged state, Dim cm 61 % 14 x
22 Cost over £25 Sﬁ:phed unused & test
complete with Instructions £95.00 (E
EX EQUIPMENT NICAD cells by |
Removed from equipment and believed In
gouwj but Used condktion. 'F* size 74Ah 6 for

8 (8) Also D' size4ih 4 for £5 (B)

NIRRT b othed Lk ool Bloavets i siock €A
S T e Oetals

ISPECIAL INTEREST]

=,

Please call for availabiiity of furher info

RACAL-REDAC real time, colour draftin
PCB layout system 0
DEC VAX11/750 inc 2 Mb Bam BZ. and full
duoc et Brand Ne
HP7S80A B pen digial A1 drum

As

IEEE interface

CHEETAH Telex machine £985
— 500 watt INVERTER 244 D10 540y AS S
wa' Ay 02 Sine
BRAND NEW 85 Mb wave 50 Hz autput £275
Disk Drives ONLY £399 SOLDER SYSEEEMS tin lead roller tinning
rcnachme Fgﬂﬁ_{iﬂ é!‘:asnulactsum i IEI:QFEE:-
End of line purchase enables this brand new TEMS mudt user INTE
e desia g vt Riics R A0 v oy

3 I sk drive features @ : 3¢ Cirtve:
full CPU control and indus slancfag? SM,E Wu':‘chEr IFg:El’il':imi’laﬂzlrz0 :irudb. real !ir;golm
1! , Ultra high speed data 1 o se analyze 00
bbbl K 6 STEC o, TEKTHONDG 1411/ FAL TV test S

i’;\ccess tmes !agvetl?ﬁ.gagg EI’GJDSEE& im%;; M o

& 5t Wi

ey o PR TEKTRONIX R140 NTSC TV. test signal
ands 78

HP 32714 Correlatar systermn S

Tull manial Only £398.00 AI'EUZ
Dual drive, plug in 135 Mb subsystem for il

£350

PLESSEgémr!able Microwave speech [ data

fink 12v DC. 70 miie rangeThe pair £275,00

AT unit in case with PSU ete.  £1499.00 g?
lnlerlac.eid ?rds for upgu :glves mt'ngg.ﬂﬁ 2
elc avallable rand new .
M = 12" Rack cabinats 100's In slack from £15.00

Adl prices lor UK Mainiand. LK Custo st ADD 15% VAT to lotal order value. Minimum order, cash £5, Credi Card £10, Officiai anoount orders from
Governmant Depls, Universities Schools & Local Autharities walooma — minimum sccount order value £25. Carriage charges (A) £1.50, (B} £3.50, (C)
£6.50, (D) £8,50, (E)E10.00, (F) E15, (G) All goods are supplind subject Lo ourstandard conditions of sale. All guaraniees dreEn on a retuim 1o base basis.
We rasarve the night ie change onces & s ications withou! pior natice. Bulk trade & export anguines most welcome.

MAIL ORDER & OFFICES LONDON SHOP DISTEL (© The ORIGINAL
Open Mon-Fni 8.30-5.30 1000°s of Bargains for callers FREE of charge dial up data base
32 Biggin Way, Cran Mon-Sat 8-5.30 1000's of items < info ON LINE NOWI!
Upper Norwood, Whirehaorse . 300 baud 01 579 18688, 12007501 679
London SE19.3XF th Norwood, London SE25 6183. 1200 FDX 01 678 8768

DISFLAY

-ELECTROMICS-

ALL ENQUIRIES

01679 4414

FAX 01 678 1827
TELEX 894502
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DIGITAL
TRANSISTOR
TESTER

e
o
S .

his transistor tester was developed to fulfil
the need for a unit that would provide a
quick and convenient means of testing DC
current gain (hg,) and leakage, Some
other testers are inexpensive to build but
provide only basic go/no-go checking or are relatively
slow and difficult to use.

There are also some simple but effective circuits
based on moving coil meters but the relatively high

cost of meters these days makes these designs less

TEST DEVICE TEST DEVICE

Fig. 1 Basic test circuits for NPN and PNP
transistors
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attractive than they once were. On the other hand,
an equivalent circuit using a digital readout is
substantially more complex but not necessarily much
more expensive. A 2-digit display gives better
accuracy than most of the moving coil meters
currently on sale and certainly more than adequate
accuracy for this application.

This design has proved to be quick and easy to
use in practice. It can test both NPN and PNP devices
and has two gain ranges 0-99 and 0-990. This enables
reasonably accurate checks to be made on anything
from low gain RF and switching devices through to
very high gain audio devices.

An over-range indicator is included on the 2-digit
LED display and simple leakage tests can also be
made using the unit. Power is obtained from an
internal 9V battery.

Testing Theory

Most simple transistor testers operate using the basic
test set-up of Fig. 1a. Battery Bl supplies power to the
test device with the correct polarity and meter M1

Robert Penfold scorns
the analogue and lets
his digits do the
testing
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— —
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Fig. 2 Block diagram of the digital transistor tester

registers the flow of current in the collector circuit. The
current flow from the collector to the emitter is
normally very low and would typically be about one
microamp or less for a silicon device. This is termed
the ‘leakage’ current. Providing a small forward bias
current to the base terminal results in a much larger
flow of current in the collector circuit. The current gain
of the transistor is equal to the collector current divided
by the base current.

In this case R1 provides a small reference current
to the base of the test device. The higher the gain of
the device, the greater the collector current that will
be registered on M1. In fact the circuit can be arranged
so that M1 provides a readout direct in current gain
For instance with the value of R1 chosen to give a base
current of 1uA and M1 having a full scale value of
1mA (1000uA) M1 would accommodate a current
gain range of 0-1000.

This assumes the leakage current is very low and
is not inflating the collector current flow but as
explained previously, with silicon devices the leakage
current is almost invariably insignificant.

Fig. 1a shows the test setup for NPN transistors
but the arrangement for PNP testing is essentially the
same and is shown in Fig. 1b. It is just a matter of
reversing the polarity of the battery and the meter.

This type of testing has a slight flaw in that it is
not checking the gain at specific collector currents and
voltages. These both vary according to the gain of the
test component (high gain giving increased collector
current and reduced voltage). The uncertain collector
voltage is not of great importance as quite large
variations in this factor have a minimal effect on the
gain of test components, Variations in collector current
have a greater (although still fairly small) influence on
current gain. Results are perfectly acceptable in
practice provided test components are not tested at
very low collector currents. The use of two or more
measuring ranges ensures that low gain devices can
be checked at an acceptable current and also that they
will give a high enough reading to provide reasonable
good accuracy

System Operation

The block diagram of Fig. 2 shows the general
arrangement used in this transistor tester. The unit
breaks down into two distinct sections, one providing
the display and the other converting current gain into
a suitable driver signal for the display circuit. The bulk
of the circuit is used to provide the display.

The display section is a simple frequency counter

ETI NOVEMBER 1988
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Fig. 3 The circuit diagram of the display section

HOW IT WORKS

Thie display section (Fig. 31 is built around two CMOS 40110BE
iftegrated circuits which each contain a decade counter, latch and
7-segment decoder/driver. They also have 'toggle enable inputs that
affectively give a built-in gate that avolds the need for an extemal gate
circult, The 40110BE is ectually an upidown counter but in this
application it is only used as a straightiorward up counter

Unlike most CMOS devices, these have a fiigh output current
capability and they directly drive the common cathode LED displays
via curentlimiting resistors. The carry output of IC6 s used todrive
apositive edge triggered monostable based an IC5 and & trigger signal
is only pravided to IC5 if an averfiw aceurs, IC5 then activates the
overflow indicator LED for just over one second; giving clear warning
that the. malndlsplay readingis-erroneous. The overflow indicator [s
the otherwise unused decnmal point segment of the most significant
display digit.

Thie low ftequency oscillator uses two gates of IC1 wired as
inverters and connected in the standard basic CMOS astable
conflguration. The oscillator operates at approximately 20Hz birt due
to a divide by ten action inthe control fogic cifcuit this equates to only
aboit two readings per second.

The control logic eircuit is built around IC2, which is 8 CMOS
40178E one-of-ten decoder. Output O [pin 3] going high resets the
caunters tozero and output 1 (pin 2} going high generates the gate
pulse. It does so by triggering monpstable multivibrator |C3, This
generates anegative gate pulse of about 17ms atits @ output which
is used to drive the gate inputs of ICB.and ICT,

With this type of dispiay clrcuit both gate inputs must be driven
and not just the one belonging to-the least significant aigit. Qutput
9 drives the latch inputs of the counter chips and latches the new
reading prior to a new cycle commencing and the counters bsing
reset. IC1c is used to invert this signal so as to give the negative
fatching pulse required by IC6 and IC7. Note that outputs 2 to 8 of
IC2 as well as its canry output are left unused. Also, one gate of ICi
is left unused but its inputs are tied to the pasitive supply rail in order
to prevent spurious operation.

Power is obtained from a 8V battery but a small 5Y regulator
provides a well regulated BV supply for the entire circuit. This ensures
the unit provides consistent restilts as the battery valtage drops.

Inthe input circut (Fig. 41 R19 and R20 farm & centre-tap on the
supply lines and this drives the base terminal of the test device via
one of two switched current limiting resistors {R21-R22). These
srovida the unit with its two measuring ranges and SW2 is used to
select the desired base feed resistor. By driving these resistors from
the mid-supply voltage there is no.need to bother with any NPN/PNP

be 4530 1o cut off the base
3de.
irror circuit, with R23
any accidental short
oE

orin the PNP mode
ieved using justa DPDT

switching

ched pair to obtain an
In practice, quite wide
any great discrepancies
way of ensuring really
for Q1 and Q2 initially and
wel matched transistors
es. However, this is by no
ould suffice. It is advisable
=in group [say, two BC559Bs).
Noresistoris used between
s time as short as possibe.
t totally dependent on the
. ATLC55ECP s specified
jower current consumption
ms to be somewhat faster in
earityl. The callector current at
ndent on their current gain but
mps.

Between
acourats
tothenu
froma b
means as

1J310dd

+5v

Q1,2 = BC559

8

NOTE:
1C8 = TLC555CP

NPN/PNP

COLLECTOR

Ica

QUTPUT
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a
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e A
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1

Fig. 4 The circuit diagram of the input section
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circuit. This is controlled by the low frequency
oscillator and a simple logic circuit. First the two
decade counters are reset to zero and then a gate at
theirinput is activated. Input pulses then flow into the
2-digit counter circuit until the gate pulse ends.
Another pulse from the control logic circuit then
activates the two latches, which store the count and
feed it through to two 7-segment decoder drivers, The
2-digit display therefore shows the number of pulses
received during the gate period.

This cycle is then repeated, with the decade
counters being reset again. Note though that resetting
the counters does not affect the latches and the old
countis displayed until a new one has been taken and
has been fed into the latches. The unit accordingly
provides a continuous readout which is updated
approximately twice per second. If the count goes
beyond 99, this is detected by a monostable driven
from the second counter, and this activates a warning
LED.

The display circuit requires the collector current
of the test components to be converted into a
proportional frequency. This is not difficult and all that
is needed is a CCO (current controlled oscillator)
having a reasonably linear control characteristic. This
leaves a slight problem in that the CCO operates as
a current sink which will operate properly with PNP
devices (which act as current sources) but is
incompatible with NPN transistors which act as current
sinks and must be fed from a current source. The
solution to the problem is to drive the CCO direct from
PNP transistors but to drive it via a current mitror for
NPN transistor testing.

A current mirror is a very simple circuit which
provides an output current that is equal but opposite
to the input current it receives. One pole of the
NPN/PNP switch connects the collector test socket
to the input of the current mirror or the CCO, as
appropriate. The other pole connects the emitter test
socket to the appropriate supply rail. A bias generator

provides two switched base bias currents and these
provide the unit with its two measuring ranges.

Construction

Apart from the usual off-board components (controls,
sockets. and battery) all the components fit onto the
printed circuit board, as detailed in Fig. 5. All the ICs
are CMOS types and the usual anti-static handling
precautions should be observed when dealing with
these. In particular. they should al! be fitted in sockets
but should not be plugged into the circuit until the unit
is complete in all other respects,

It is also advisable to fit the displays in sockets
Apart from eliminating the risk of them sustaining heat
damage when they are fitted to the board, this is also
advantageous in that it raises them clear of other
components on the board. Remember that the dis-
plays must be positioned just behind a window cut in
the front panel and this will not be possible if other
components protrude significantly higher above the
board. 0.5 and 0.56in displays are compatible with
the PCB layout but the larger type generally seem to
offer slightly higher brightness for a given LED current
The displays must be common cathode types.

A dozen link wires are required and these can be
made from the leads trimmed from the resistors, Fi:
single-sided pins at the points where connections tc
off-board components will be made.

A plastic and metal case having approximate
outside dimensions of 180%120x39mm will
comfortably accommodate allthe components. This
assumes a reasonably small battery such as a PP3 iz
used. The current consumption of the unit is quite
high at around 65uA and if a small battery is used it
must be a ‘high power or nickel-cadmium
rechargeable type.

The four controls and the test sockets are
mounted on the front panel but the case is uses
vertically so that this effectively becomes the top panei
lused a 3-way DIN socket for SK1-3 and most smail
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Fig. 5 Component overlay and inter-wiring diagrams for the digital transistor tester

PARTS LIST

RESISTORS fall KW 5%)

f1 470k

R? 150k

R3 W8

R4-R18 390R

R19,20 39

R21 680k

A22 88

R2324 220R

CAPACITORS i

o= 100n polyester

2 47n polyester

£5 100y 10V radialelectrolytic =
c6 /3300 polyester s
Ci 220 palyester
SEMICONDUCTORS

iC1 4D01BE

ic2 40178E

IC35 40478E

IC4 78LO5

IC6,7 401108BE

Ic8 TLCB55P

012 BC559

LEDAZ {1,5/0.58in common cathode 7-segment
aisplay

MiISCELLANEOUS

B1 9V [PP3| battery

SK1-3 3-pin DIN socket

SW1.3 SOST toggle

Sw2 SPOT toggle

Swi4 DPDT toggle

PCB. Case {180 120x 39mm). Battery clip. IC sockets. Connecting
wire. Nuts and bolts, :

rransistors will connect satisfactorily with one of these.
An alternative would be to use three 1Imm sockets
mounted in the same triangular pattern. Either way,
a set of test leads terminated in small crocodile clips
will be needed in order to make connections to unco-
operative devices.

The printed circuit board is mounted on the rear
panel (base) of the case, using 12mm stand-offs so
:he fronts of the displays are brought suitably close to

ETI NOVEMBER 1988

the front panel, A window for the displays must be cut
in the front panel. This is not too difficult using a
coping saw or fretsaw to make a rough initial cutout
and then carefully filing this out to precisely the
required size. Some red display window material is
then glued in place behind the cutout

To complete the unit the hard-wiring is added as
detailed in Fig. 5. This is all pretty straightforward and
should not give any difficulties.
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In Use

After giving the wiring the usual final check, switch
the unit on and observe the display. This should an
initialrandom number, followed about half a second
later by 00. If this does not happen, switch off at once
and recheck the wiring.

Assuming all is well, try connecting a few test
devices to the input sockets, remembering to select
NPN or PNP, as appropriate. It is unlikely that any
damage will occur to silicon devices if the wrong
setting is inadvertently tried but greater care should
be exercised when dealing with germanium devices
With silicon transistors the leakage currents are
generally so low that a 00 display should always be
obtained when making leakage tests. Any other

Calibration

[n common with many transistor testers, this one has
no means of adjusting readings for calibration
purposes. Provided C2, C7, R2, R21 and R22 all
have tolerances of 5% or better, the unit should give
good accuracy. The vagaries of transistor gain
parameters are such that there is little point in getting
too pedantic about the accuracy of a simple transistor
tester. Also, to calibrate the unit it would be necessary
to have areliable transistor tester or reference devices
having accurately known gains.

Beware of the transistor checkers built into some
multimeters. The accuracy of these ranges often seem
to be unspecified and the hte range of my analogue
multimeter seems to under-read by about 50%!

;r-‘“ reading almost certainly indicates that the device The best calibration source is probably a few
--mi—? under test is faulty. transistors which have had their gains accurately
The situation is less straightforward with  checked by feeding them with accurate base currents,
3 = germanium transistors, where quite high leakage measuring the resultant collector currents and then
F '\ currents are not unusual. Leakage readings of up to  reaching for the calculator to work out the current
[ ST about 8 are quite normal but anything much higher  gains. This is the method used to derive the optimum
™= . = than this would suggest the device under test is of  values for the prototype. If you wish to calibrate the
g B i dubious quality. Remember that gain readings must ~ finished unit, despite the difficulties involved, trim the
?,5’5"?@**“; be adjusted downwards by the apropropriate amount ~ value of R2 to give the unit the correct level of
T if a significant leakage level is detected. For example,  sensitivity.
Eﬁ: if a transistor has a leakage level of 6 and a gain of 45 m
_ﬁﬁ'\-—._‘,-gﬁ_:l%‘ is measured on the x1 range then the true gain of the
i component is only 39.
—— The tester can be used to check diodes. With the
p— cathode terminal connected to the collector socket
5 / _ and the anode connected to the emitter socket, there B UYLINE S
Rl should be an overflow indication with the unit set to ;
Foe s ' the PNP mode. With SW4 set to the NPN position, Nane of the components used in this projects should cause particular
:’ﬁ ‘. the display should read zero for silicon diodes and a problems. Alf are available from usual suppliers. The PCB is available
fm-a‘imy very low reading should be obtained with germanium from the ETI PCB service as detailed in the back of this issue,
. types.
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NiCd CHARGER

ost readers will know the benefits of
nickel cadmium cells — they are
secondary cells and, as such, maybe
recharged when flat. Their only real
disadvantage (the high purchase
price when compared with primary cells) is more than
outweighed when you consider that they can be
recharged over 500 times during useful life.
Naturally users of NiCds need a charger, many
of which are available over the counter. The ETINiCd
Charger has one advantage over most of these
commercial counterparts in that the cell type is
selected with a rotary switch, so that most available
types (in fact, all popular types) may be recharged
This switched selection means those cells and
batteries of lower capacity (PP3, AAA,AA) can be
recharged at a higher than usual charge rate, thus
reducing the time till charged. This can be most useful
if yourein arush — a PP3-sized NiCd battery can be
charged from flat in a little under 20 minutes! Details
of charging procedures are given later.

Construction

Two methods of construction are offered: PCB or
stripboard. Neither method creates any particular
problem but the usual procedures and care should be
taken, depending on your chosen method.

The PCB component overlay is shown in Fig.3
while the stripboard layout is in Fig.4. There’s nothing
difficult in either. Solder in the links first (there’s only
one in the PCB) followed by circuit board pins if you
use them (we recommend them!). If you're building
your project on stripboard, now is the time to make
allthe track cuts. Next, solder in passive components,
ensuring capacitor C1 is inserted the right way round.
Finally, insert and solder bridge rectifier BR1 and
integrated circuit IC1, making sure they are both the
right way round

Now, drill the case to mount the circuit board.

HOW IT WORKS

Full-wave rectification of the transformer’s 12V AC output is
performed by bridge rectifier BRT (see Fig.1). The resuitant DC voktage
is smoothed by capacitor C1 to around 17V (12x+2).

Integrated circuit IC1 is a 7805 voltage regulator which, under
normal circumstances, would regulate this to a highly stable and
requlated bV DC output, However, the connection of a resistor
between the IC’s cutput and its common connection changes its
gperation from a voltage regulator to a constant current generator
{Fig.2). Cutput current of the constant current generator is given by:

ot = In + J(eg
but, I
l=550E

where V is the regulator nominal voltage. So;

|out;¥7+|r§g et

By switching into circuit different values of resistor, ditferent
constant currents may be generated. Resistor values are calculated

oy rearranging the above formula, so that, - <~

charge currents in the ETI NiCd Charger.

T pEmt
Tl

b

|

I

e

Batteries flat? Find out
what shape they should

be with Keith Brindley’s

simple charger.

il
H2
R3

_L 0] _L Wv%gu —0 +VE

BN
240V ' ¢
o 2 ES
P g Fj:‘;gu NOTE:

|C1= 7805
BR1 = 14 BRIDGE RECTIFIER

com | O

=== auT

Fig.1 Circuit of the ETI NiCd Charger

Lite <

: Fig.2 Showing how a 7805 voltage regulator IC may
be configured as a constant current generator,
| suitable for recharging NiCd cells
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PUSH TERMINALS

" BLUE 2
INEUTRAL) _##

= GREEN/YELLOW
{EARTH}

Fig.3 PCB component layout and wiring

NiCd
type

PP3
AAA
AA
PP9
C

D

i
Capacity Current at 10h lout —hreg Calculated NPV Practical

(mAh) charge rate (mA) {mA) resistance (R) (Rl current (mA)
110 N 8.5 770 820 12
180 18 13.5 370 390 48
500 50 455 100 120 48
1200 120 115.5 43 47 115
2200 220 2155 23 27 200
4000 400 395.5 12,5 15 340

Table 1 Listing NiCd cell/battery types, capacities, charge rates and
calculations for resistances used in the ETI NiCd Charger

36

15! CLASS

switch SW1, terminals, fuseholder, grommet and
transformer. Case markings should be applied now.

Mounting the circuit board depends on which
constructional method you've chosen. The PCB is
best mounted with a fixing bolt and spacer on the
bottom of the case. The stripboard can be fixed using
self-adhesive pads. Integrated circuit IC1 needs to be
bolted to a heatsink or, if you use a metal case like us.
to the back panel of the case. As well as eliminating
the requirement for a heatsink , bolting IC1 to a metal
case provides a second fixing point for your circuit
board, too. Mount all the remaining parts.

Following the wiring layout in Fig.3 or Fig.4, wire
up your project. This is where circuit board pins come
in useful — your circuit board is fixed in position, and
it is a relatively simple job to make all interconnections
between parts.

No setting up is required but a check can be
made on operation if you possess that most useful
piece of test equipment, a multimeter. You'll also need
at least one NiCd cell (a low resistance resistor — say,
1RO, provides an adequate simulation). Cornect the
multimeter and the cell(s) or resistor in series and set
your multimeter to read at least 350mA FSD. Turn on
and check that current values correspond
approximately to those given in Table 1 in the practical
current column. If differences of more than just a
couple of percent are found, check all components
for polarity and value.

In use, you'll need a cell holder of some
description, depending on which size of cell. and how
many, you want to charge. At the charge rates used
(a maximum of 340mA) no problems will be
encountered if you want to use cheap plastic cell
holders. PP3 and PP9-sized batteries can be
connected to the Charger with simple battery
connector clips.

THEORY

e

i cells are rated by capacity — the total amount of electrical
v expressed in AhormAh — which can be obtained from them
flily charged state. In common with other forms of secondary
s capacity (given the notation C) depends on the rate of
& s0it's best to express C under fixed conditions — usually
ich brings the cells to an end-point of 1V in five hours —

From this capacity we can calculate rates of charge so that the

cel 1 be damaged by excessive currents. A couple of rules-
0r-ihuma helo nere. First, a totally discharged cell can be recharged
b o 2 given length of time, calculated from the capacity,
Thus I with a 1Ah capacity can be recharged from fully

1A current for 1h or a 100 mA current for 10hor a
inutes (0.1h) and so on.

) arise, however, because you cannot always be sure
13Ged, so the cell may become overcharged before
the calculated rachargs cycle time has elapsed.

Under certain conditions, an overcharge may not cause damage.
Many celis Imost singie cells, such as AAA, AA, C and D-sized cells)
are vented so the gases given off when overcharged are released to
the atmosphere. Some cells, on the other hand {button cells used in
the construction of PP3 and PP9-sized NiCd batteries) are not vented
and will explode if overcharged.

This is where the second rule-of-thumb comes in. If a cell or

e
S

battery is charged ata rate of C/10, no damage will occur if the charge
cycle time is extended by, say, 50%. At & charge rate of C/16, most
single cells can remain permanently on charge, Button cells, however.
can only remain on charge permanently with a charge current of
C1oo.

The ETINICd Charger s set by resistance values to give acharge
rate of C/10 to connected NiCd cells or batteries, thus ensuring an
overnight charge is sufficient to give a full recharge. Nearest preferred
resistances used in the project, however, mean that a charge of
slightly more than 10 hours is required — around 12 to 16 hours, in
fact.

Saying all that, itis stil perfectly feasible to recharge NiCd cells
much more quickly than this, as long as you're sure they are fully
discharged! A fully discharged PP3-sized NICd battery, for example,
may be recharged by charging it at the D-cell charge rate (340mAl,
for & sharter period of time. A quick calculation:

0 oo
300 60=194

tell us the battery can be recharged in a little over 19 minutes. If you're

going to do this, mind you, keep checking the battery temperature, i
particularly towards the end of the cycle. And for the sake of your |
living room's decoration, don't forget the battery's on charge!
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PARTS LIST

RESISTORS (%W 5%, unless stated)

R1 820R

R2 390R

R3 120R

R4 47R

R5 27R W

R6 1R, 2W

CAPACITORS

e : 1000y, 25V ¢lectrolytic faxial for PCB,
single-ended for strip). -~

€23 220n polyester :

SEMICONDUCTORS

BRY WO05, o similar, 1A bridge rectifier

IC1 7805 Y voltage régulator

MISCELLANEQUS s .

FS1 500mA fuse & holder

Wi 6-way rotary switch

T 12V 6VA mains transformer

PCB or stripboard. Case. Knab. Terminals. Battery holder. Wire,

BUYLINES

None of the components used in the project s difficult to obtain and
all should be found at your Jocal outtet or mail order store, The PCB
is avallable from the ETIPCB Service,

Fig.4 Stripboard layout wiring, and track cuts on reverse




Paul Chappell stands
by to repel burglars
with this simple alarm
to use the free
components on this
month’s cover

PROJECT
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BURGLAR BUSTER

y this time next year, if statistics are any-
thing to go by, over five hundred ETI
readers will have become victims of
burglary. | don't mean to imply that there
are civil service bureaucrats beavering
away somewhere over ETl-related crime figures, I'm
just assuming that electronics enthusiasts have about
the same chance of being burgled as anybody else,
and doing my sums accordingly.

The aim of this project is to make sure that our
readers are no longer a representative sample of the
population. If most of you build the alarm system (and
since the components and PCB are free, theres no
excuse not tol!) then perhaps only a hundred or maybe
only ten or possibly none at all will suffer burglary!

A simple alarm circuit with some of the more
popular detection devices is shown in Fig. 1la. The
sense circuit consists of a complete loop of wire which
visits each of the detection devices in turn. As long
as all the switches remain closed, the control box sees
the loop as a short circuit. If any single switch opens,
the loop is broken and the control box causes the bell
to sound. Cutting the wire in the sense loop also
sounds the alarm.

For this very basic circuit, all youd need in the
control box would be arelay and a mains transformer.
If the relay drew its coil current via the sense loop,
breaking the loop would cause its contacts to open

PASSIVE
INFRA-RED
DETECTOR
DODR
| swiTcH
POWER
|
e ———
Tl
L. 7
/ r}
PRESSURE MAT oPEKnE;TED
SWITCH
o) CONTROL

KEY.OP
SWITCH
r“________?O_FF_—mI 10 BE
r—'—o LL
i —0"’:— |~ CIRCUIT
| oN |
| |
: é :r-"‘/l—c— : 0}
I a:“% i I' SENSE LOOP
| E ol
} s 110 ARELAY i O
|
| [
L

CONTROL BOX

{b)

Fig. 1 A typical alarm system. (a) The detection loop.
(b) The simplest possible control circuit

Figure 1bis about the simplest circuit you could
get away with. I'm assuming here that the bell is self-
powered and regards the situation where it has the
transformer’s secondary voltage applied to it as
‘normal and looks upon losing that voltage as a signal
to ring. The reason for doing things this way around
is to make sure the alarm rings if someone cuts its wires
or yanks out the control box mains plug.

When the key switch is in the ‘off position, the
bellis always supplied with a voltage and the relay can
pull in and drop out to its heart’s content as people
open and close the doors in the house. When the
switch is turned to the ‘on’ position, as long as the loop
is closed the relay will be energised and its contact will
be closed.

As soon as the loop is broken, the relay drops
out, its contact opens to withdraw power from the bell
and the alarm rings. Since the contact is also in series
with the loop and the relay’s own coil, restoring the
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loop won' stop the alarm from ringing. It must be
turned off with the key.

With little more than a relay (and another relay
and some batteries for the bell) we already have a
working circuit with a certain amount of resistance to
being tampered with. What more can be added? The
answer is that it depends just how secure you want
to be and how much you want to spend on the alarm.
Most systems have more sophisticated anti-tamper
arrangements (although Fig. 1b won't stand for having
its loop wires cut, shorting them together will knock
out every switch downstream of the short!) Some have
several loops, so that if one is out of action the others
will still be on the alert. It's simply a matter of
anticipating possible weaknesses and doing all you
can to overcome them.

One little problem with Fig. 1bis how do you get
out of the house once the alarm is turned on? You
have the choice of either leaving the front door
without a loop switch or of putting the key switch
outside the house. Both put a point of weakness in
the systemn — the first for obvious reasons, the second
because any self-respecting burglar could lay his
hands on the tools to uproot the switch and could then
de-activate the alarm without difficulty.

Most alarms overcome this problem by allowing
time for entry or exit through one particular door.
Once you turn on the alarm you have maybe thirty
seconds to leave the house and close the front door
before the switch is armed. When you come back in,
you have the same amount of time to dash to the
control box and turn the alarm off.

The ETI alarm, using just the free PCB and
components, is a two loop system: one sense loop
and one anti-tamper loop. There is also space on the
PCB for timed entry and exit circuitry which you can
add if you wish. The resulting alarm can be used with
just about any commercial detection apparatus from
pressure mats and window foils to infra-red beams and
body heat sensors. Heaven help the poor burglar who
comes within range!

The Circuit

The alarm circuit you can build with the free
components is shown in Fig. 2. It has two loops —
one to sense any attempt to break into your house.
:he other to detect interference with the wiring or
fttings. Both loops must be closed to prevent the
alarm from sounding,

In the ‘off position, the key switch supplies 17V
‘o the alarm sounder and allows the relay to pull in
whenever both loops happen to be closed. In the on’
position the relay will only remain energised as long
2s both loops are intact. As soon as anything is
Zisturbed, the relay drops out, removes the 17V
supply to the alarm sounder and also breaks the cir-
cuit to its own coil so it can’t pull in again even if the
‘cops are restored. The only way to stop the alarm
“Tom ringing is to turn it off with the key

Figure 2b shows a suitable power supply (you
zzn use any 12V mains transformer) and Fig. 2cis a
simple alarm sounder. Under normal conditions the
sounder’s relay will be energised and the battery will
charge via D1 and R2. As soon as the control circuit
semoves the power from the sounder, the relay drops
sut (D1 prevents the battery from holding it in) and
me battery becomes connected across the bell,

In the control circuit, R3 drops the surplus 5V not
=zeded by the 12V relay, R2 and C1 help to avoid
zccidental triggering of the alarm by interference
sicked up on the loops, R1 sets a suitable loop current
zad base drive for Q1 and D1 protects Q1 from the
=.gh voltage that would otherwise be generated on
==moving current from the relay coil.
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ANTI TAMPES

Fig. 2 The Burglar Buster circuit. (a) The main control
box. (b) A suitable power supply. (c) A simple alarm

| sounder. {d) Ahterations for an always-on anti-tamper
loop

Instead of ce-activating the alarm entirely, you
might prefer to leave the anti-tamper loop running at
all times. Figure 2d shows how this is done: the extra
standby’ position on the key switch disables the sense
loop but keeps the anti-tamper circuit in operation.

The Anti-Tamper Loop

The usual way to wire an alarm system is shown in
Fig. 3 and since all commercial fittings are intended
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to be used this way, it's as well to stick to it! Both pairs  is exactly the same). The wiring inside the junction box
of loop wires travel together along a single four-core  looks complicated but the idea is just to allow the sense
cable. Whenever a detection device is to be fitted, the  loop to be broken by the detection device and the anti-
cable enters a junction box. (Some of the more tamper loop to be broken if anybody removes the
complicated devices such as infra-red sensors and so  cover to interfere with the wiring.

on will have an internal junction strip but the principle If a burglar attempts to interfere with the wiring

WINDOW FOIL | I

MICRO |

o o - SWITCH I

{FOR DOOR etc)
CONTROL BOX
. JUNCTION pancon
SENSE BOX 2%
& TO OTHER |
p — SENSING
| DEVICES 1
1a]

ANTI-TAMPER

7 |
(o) e e)
- —-
LEAF-SPRING CONTACT

T sense THE WIRES BARED
WIRES BUT WHAT NEXT?

| SPRINGS APART WHEN
COVER SCREW REMOVED

SENSE WIRES

\'\j /

ANTI-TAMPER
WIRES

I - = OUT

Fig. 3 The anti-tamper loop in action. (b) Wiring a standard detector unit. (c) The stripped wires in the loop
tell a would-be burglar nothing
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elsewhere, he will be faced with four wires (Fig. 3¢).
What does he do? Cutting any one of them will sound
the alarm, and so will shorting either of the sense wires
to either of the anti-tamper wires. Will he risk shorting
two wires together to see what happens? Not if he’s
got any sense!

The control box can protect itself against attack
in the same way — a micro switch held closed by the
lid can be wired in series with the anti-tamper loop to
prevent anybody getting at the insides. Another pair
of wires on the same circuit can run up to the bell just
to confuse the issue if anybody has a go at the wiring
but unless the burglar carries a 17V power supply in
his tool kit he’s not going to be able to do much harm
there

Parts and Equipment

Just about any electronics catalogue will offer a range
of burglar alarm parts: junction boxes, suitable wire,
proximity detectors, pressure mats, window foils, and
so on. Much of the equipment you can make yourself
quite easily. To wire up doors, for instance, you could
simply use a micro switch in the door frame (on the
hinged side of the door) mounted so that the plunger
is held down when the door is closed. It's usual to fix
a metal plate to the door to prevent the plunger from
digging a hole in the wood

Proximity detectors (in this case, a posh name for
areed switch and magnet) are considered to be more
reliable than micro switches and once again you can
fiix up a reed in the door frame and magnet on the
door without having to go for the commercial versions
{which come encapsulated in plastic but apart from
that are exactly the same).

The most important thing is to get all the doors
z2nd windows wired up. Once you've done that, you

can add more exotic devices at your leisure. I hardly
need point out that you'll find all kinds of alarm-related
projects if you flick through the pages of your back
numbers of ETL

Key-operated switches are readily available from
component suppliers but if you're keen to save money
you could nip down to your local car breakers (no, not
the type who say ‘ten-ten till we do it again’ or
whatever, [ mean the ones who sell odds and ends
from old cars) and buy an old ignition switch. As long
as they've also got the key. that is!

Therelay needn't have a coil resistance of 300R
on the dot — a common resistance for small relays
seems to be 280R and that’s just fine. If the resistance
is too far out, you'll have to change the value of R3
to suit. Calculate the current taken by the coil at 12V,
then choose R3 to drop 5V at the current you've just
calculated. Even easier — make R3 about 5/12 of the
coil resistance, to the nearest preferred value, or
perhaps one notch below to allow for the voltage drop
across Q1 and the supply voltage drop under loaded
conditions. Try to avoid coil resistance below about
250R — it increases the dissipation in Q1 and R3
unnecessarily.

Next Month

There’s not much point in starting on the construction
right now — you havent got the PCB yet. It will arrive
on the cover of next month's mag. so start queueing
at your newsagent right away! (Or take out a
subscription . . .)

[ will also be teliing vou how to adapt the circuit
to give timed exit and entry — there’s room on the
PCB for this too. There will be a bleeper to let you
know that you have thirry seconds to escape from the
house before the alarm erupts and deafens you. . .
and all kinds of things besides. Don't miss it!
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| INTERBEEB £49.95

i The Interbeeb unit connects to the BBC

! micro’s TMHz bus expansion connector

. and is supplied complete with its own
power supply unit.

. The interface unit is housed in a plastic

' case approx 4%x3x1in which contains the

i top quality double sided PCB and interface

| connectors.

8-bit input port

8-bit output port

SPECIAL OFFER

FOR SPECTRUM AND BBC MICRO OWNERS

Now yo

both Basic

To orde

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

are supplied ready built and complete with all
the documentation you need.

ur computer can take control for

and assembler/machine code and

r by post fill in the form below (or

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 TMHz expansion map for
maximum ease of use and compatibility
with existing peripherals.

The expansion bus provides all the data
znd address/control signals for the addition
2+ further DCP modules or home-built
sevices. All the information required for
using additional devices is included.

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 4'2x3x1in 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.
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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 £5 (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.

|
|

£29.95 plus £1.95 p&p per order.
Please supply ...... Interbeebs (RO ET8) at I
£49.95 plus £1.95 p&p per order.
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POWER CONDITIONER

FEATURED INETI
JANUARY 1988

RAINY DAY [
PROJECTS [t

All can be built in an afternoon!

JUMPIN' JACK FLASH (ET) March 1988
Speclacular rock slage and disco ighting elfect”

CREDIT CARD CASINO (ETI March 1987)
The wicked packel gambling machine

MAINS CONTROLLER (ET! January 1367

Tne ulimate mains
purilier Intended mainly
for lowering Ine noise
llgor and improving Ine
analytical quahties of
1op-thigh! audio equipment

£6.90

- KNIGHT RAIDER

FEATURED IN ETI JULY 1987

£5.90

The massive filter section coniains thirleen capacitors and g‘ﬁ Isolated logic lo mans inlerface £6.20
Iwo current balanced induclors (ogether with a bank of six g MATCHBOX AMPLIFIERS |ETI apri 1988,
VDRs o remove every lasl Irace ol impulsive and AF fir Listen SCW af Hi-Fi power Irom an amp small
inlerference A len LED loganihmic display gives a second by § enough |o il in a malchbox!
second indication ol the amounl ol inlerference removed = i Malchbox Amplitier (20%) £6.50
OrapUEE e eegs AT e §«§ o Ao Luln;lz:m'l:‘s i I-lraar.l'a Malchbox Bridge Amoliher £8.90
Juchng mgh permeabilily lorodal cores 1CS E) | Snme wi e AgUIVANG iy 6 fr 1 GIer B PG L1685V Power Amplifier IC with dafa and circuils £3.90

components {including igh p y S An LED Hiptay o0 Ihe comidl bak RE S niu 6 what M man gh
fransisfors class X and Y suppression capacitors, VDRs . smdong TACHO/DWELL METER (ET! January 1987)
elc | and lul mstruclions § T i can o e b aay cae o ke Turn your Melro into a Porsche' £16.40
PARTS SET £28.50 + var B | W pwatacauls Lo it any ohilo =g HI-FI POWER METER (ETI May 1987,

. Fie i & npecimulie TY-age Wy . Measures Hi-Fi ouloul power ug 1o 100W

- o ol box, P rd companarte lonconbal PER B

- ncludes PCB componenls meiers
Mono power meler
Stereo power meler

Some garls are avalable separalely Please send SAE for sl or
SAE +£1 lor bsls crcull consiruclion delals and ludher inlormation
iiree wih parls sely

and componens lor sequence board and full inslructions

£3.90
£7.20

¢
¢

Lsmps nal inciuged

parTs SET-£19.90 + wr

THE DREAM
MACHINE

FEATURED INET! |
DECEMBER 1987

Adjus' lhe conlrols o suil your mood and lel he genlle
relaxing sound drift over you Al lirst you might hear soll rai:
sea surl or the wind (hrough distanl Irees Almos| hypnalic
Ihe sound draws you wresislably info a peacelul refreshing
sleep

Formany lhe thoughl of waking refreshed and alerl Irom
perhaps lhe firsl Iruly restlul sleep in years 1s exciting enough
intsell For more adventurous souls there are slrange and
myslerous drear sapeilences waiting Take lucid dreams

lor instance Imagine being in control ol your dreams and able
1o change Ihem atf will lo act ou! your wishes and laniases
Wilh the Dream Machine il s easy!

I IIII. .|||
L
Illllllﬂl'ﬁﬂlslwl'lllﬂl ! IH %ﬁ

!
Ll
g

The approved parls sel consisls ol PCB all components
conlrols loudspeaker knobs. lamp. luseholders fuse mains
power supply. preshige case and lull instruclions

PARTS SET £16.50 + var

.
AVAILABLE WITHOUT CASE FORONLY £11.90 +var

ERAPHICS DISPLAY BFFER

1Nese beaufiful gop malriy LC|

instrumentafign AL Iy Ordered f 4

M manufaciurer, Lnf ! B0 Iroin Hitachi by g tq
K . - Unforunately thej i e
0(0r2 they even fad & ghance fo open e carr:}zg:’v S

il wind that bigy
the chafica 1o gwn ; S oNS ooy an

Ds wera orlin

CONDITIONER

FEATURED IN ET|
SEPTEMBER 1986

fiight

partable ‘soopa - yas ditchag

Butii's an

¥ 8000, Because of

Cleans up mains pollution n#gn grade graphics

i bad management you's

x h 3 S
easlly and elfechvely Hitach distibutors wi = Ulap[ay module at 2 fing frant oW have
You ll hardly believe the & £35¢ utars wilt tharge £312 eath fir hose displays Fr finy fI'HC.JUn ol'the normal orice
difference in your Hi-Fi, TV, Video, and all olher sensilive ¥S. From s, while &t

GRS fast, it
equipmenl The Lizsg L .
B LM23E disnlay m
©aCh pivel can be ag
DEchium analvser g

Odule hias a 91y y 4
Cessad indiyidually, 1)
5play. 3 graphics moj

: aés_play area, made up of 540 v 200 Pixels: Sing
8 display is equally at homa as 3 ICE‘DD. o
MIAr Or 3 fext sormen ST

8

R
f
\

ine display, ma
Yo mauntad on the bagk i
| i 1B DK 18 3 corrn) b,
34108 izt G0 anc allos e sprog oA 20 L5 Cs.

€ SCIeEn o be filed via 2 Simpie aight-bip-

5 seltsufficient in | ;
= L (afaf -h "
PAATS SET £4.90 + vAT : 3 fransf 915016 - you must kno oy o

181, Apart from fhega
RUGGED PLASTIC CASE £1,65 + vaT these basics. the gatg SUpplied
100for£6 1000 for £45

0081 It up and funning:
DIGITAL AND AUDIO EQUIPMENT LEDs

Assorled 3mm LEDs: red, green, yellow and orange
25 of each (100 LEDs) for £6,80 ¥

LM2917
EXPERIMENTER SET

Consisls of LM2917{C special prinled cireull board and
delailed Inslruclions with dala and circuits for eight different
projecis to build Can be used lo experimenl wilh Ihe circuits g
inthe ‘Nex| Greal Liltfe IC feature (ET). December 1986)

LM2917 EXPERIMENTER SET £5.80 + var i

POWERFUL AIR
IONISERS

lons, the miraculous
vilaming o the air
have been creoitec
wilh almos| magical
powers

Trey are saic o Improve cancenlration reduce biood oressure
help you sieep belier anc 2.en < raise you IQ' Athough some
ol the claims may e exaggerated (hére s no coubl hat onised
ai s cleaner purer ang more Mvigarating lhan oeaa air
Anyone who nas owec ar (67 iser woulc rever again wanl 1o oe
wilhout one'

Green rectangular LEDs
for bar-graph displays
50 for £3.50 500 for £25

g
£

i

Prices shown are exclusive ol VAT so please add 15% 10 the
order Iolal. UK poslage 1s 70p on any order Carriage and
Insurance lor cverseas orders €4 50 Please allow up 0 14 days
for delivery

DUCTORS

LIMITED

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

The Direcl:lon causeo a sensalion wher * appeaed as a
project in ETI Two years later v Ociober 1938 the Mistra: was
unvelled. Which will you go 'or - the compacl powerlu! value
for money Direc! lon or Ine sopnsicatec no comoromise
Mistrzl? The choice 1s vours

7

N

g

MISTRAL IONISER PARTS SET £24.80 - VAT ;.
DIRECT-ION PARTS SET (BLACK CASE1 £11.50- VAT |
DIRECT-ION PARTS SET [WHITE CASE) £11.80- vaT

42

! iy el i e alle. IF ped 60 no|
parlicuiarly I your resling near! rale will be around 80 beals per minute
As your jogging aerobics or sporl sirengthens your nearl [he rale will grop
dramalically - possibly o 60upm or less Wilh Ihe S10¢ you car walch
your progress day oy day
Brealhing is mporlanl oo Haw elficienlly do you lake up oxygen?

How quickly do you recover from oxygen debl aller slrenuous activily?
The $101 will fel you know

awy b o 3EE f01 15's 01

s consiiuction Geails and Iraning pian liree wih parls sel

| FEATURED IN PE
JULY 1988

AJ. Armstrong s eaciting
new audio amplifisr
medufe is here at last!
Delivering a cool 75W (conservalively raled - you ll gel
nearer 100W), this MOSFET design embodies the fines!
minimalisl design techniques. resultingin a clean,
unclullered circuilin which every componen( makes a
precisely delined conlribution lo (he overall sound
You can read all about 1t in lhe July Issue of PE, bul why
bolher wilh words when your ears will tell you so much
more?
Parts set includes lop grade PCB and all componenis
SPECIAL INTRODUCTORY PAICE FOR FULLY
UPGRADED MODULES.
SINGLE PARTS SET £14.90 + VAT
STEREO PAIR £25.90 + VAT
Please send SAE + L1 lor dala and circulls (Jree wilh parts sel} including
diagrams lor malching pre-amp and power supply. This amplifier will nol

be avallabie rom your usual audio supplier ~we produce the only designer
approved pars set

%

B10-
FEEDBACK

FEATURED INETI
DECEMBER 1986

Bio-feedback comes of age
with this highly responsive,
seil-balancing skin
response monilor! The
powerful circuil has found applicalion in clinical situations
as well as on the bio-feedback scene Il will open your
eyes lo whal GSR lechnigues are really all aboul

The complete parls sel includes case, PCB, ail
components leads electrodes, conductive gel and full
Inslructions

PARTS SET £13.95 + vaT
BIO-FEEDBACK BOOK £3.95 (no VAT)

Plzase nole lhe book by Slern and Ray s an authorised guide lo
Ihe polenlial of bio-leedback lechniques 1115 not & hobby book,
and will anly be ol inleres lonteiligen! agulls

FEATURED INET
AUGUST 1987

machine Ihis project allows you 10 hear (he characlenslic
rnylhms of your own mind! The alpha bela ang Inela lorms can
be selecled lor sludy and the three arlicles give masses of
informalion on (heir interprelabon and powers

tnconjunclion wilh Dr Lewis s Alpha Pian lhe monilor can be
used 10 overcome shyness. lo help you leel conhidenl in
stresslul siluaions: and 1o train yoursel! (o excel al things you re
no good al

Bur apgravad parls set conting case. jwo PCES SEIERMINg Lan
i riplife 84 comporant (includicg theas PMI precssn
leds. pragseiesrodes ano iUl nstructions

PARTS SET £36.90 + VAT ALPHA PLAN BOOK £2.50
SILVER SOLUTION o yaing eectoaess £3.60 + VAT

Parls sel available separalely We aiso have a range of accessaries
piofessional eleclrades. hooks elc Please send SAE for lists or

SAE = €2 lorlisls conslruclion aetails and luriher informalion (free with
parls sell

P
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CHRONOSCOPE

chronoscope is a device for measuring
the velocity of an air gun pellet. Those
of the shooting fraternity will realise how
useful a chronoscope can be, to check
the consistency of the gun, monitor its
power output and compare how different pellets
perform.

Commercial products are available but as usual
:hey are expensive! This unit can be built for less than
nalf the cost and perform equally as well.

The chronoscope is basically a counter with start
and stop sensors. A pellet passes through the start
sensor triggers the counter, covers a measured
Zistance and halts the counter by passing the stop
sensor. The pellet velocity can then be calculated from
she display reading. Pellet velocities cover a wide
rznge but typical values are 500 feet per second (0.22
zzlibre) or 800 feet per second (0.177 calibre).

Infra-red LEDs and photodiodes are used in two
smoups of three to detect the moving pellet. Three
sznsors are used to ensure that the small diameter of
<me pellet is reliably detected by providing a large det-
zction zone (see Fig. 1). 0.177 calibre pellets are
smeller, faster and more difficult to detect but this
zrangement works well

The chronoscope is mains powered, although it
czn easily be modified for battery operation. The
fay is a four digit LED type with a separate LED
=z an, overflow indicator (counter exceeded 9999).
= dlsplay units are 0.5 us counts of frequency
_‘ fHz. this value being convenient for the formulae
zzscribed later.

Construction
Tz chronoscope has been designed to maximise the
printed circuit boards to ease construction. Only
=wo components (infra-red emitters) are mounted
=0 ='ately Following the component overlays (Fig

£ and 5) assemble each PCB with the smallest
onents first — wire links, then resistors. [C
13, capacitors, transistors with regulators and the
==asiormer last.

Double check polarities. Use reasonable caution

ETI NOVEMBER 1988

when soldering semiconcu
on the joint too long Do
the regulators require a
should be made up as st

The digital dispiay
main board using 0.1
links could be use

On the subjec
solder the three |
inserting them in piace
to the main boara w
the holes markec Th
the sensor board vertica
tube.

The LED on ihe di
slightly off the heard
displays — a tre
here. The senscr
mounting the
soldered on the
exactly six inches
centre to cen

ctors Dontkeep the iron
sert the le yet. Note

ﬂ F1g. 6.

igned to plug on to the
PCB connectors. Wire

k3. make sure that you
er the displays before
play board is secured
ight angle brackets using
‘pe of brackets secure
next to the plastic sensor

snlav board should stand
maich the seven segment
unting pad can be used
needs special attention when
nira- 'e” photodiodes. These are
‘e of the PCB and must be
zpart \no metric units around here!)
e component overlay to align
. Ensure the sensitive face

is to the PCB trac
(see Fig 7 i ode details). with the type
markings to mponent side

The preserp entometers are not the usual 0.4in
standard type anc mav be difficult to obtain (see
Buylines). Soider the 4-way ribbon cable to the sensor

gy

PHOTODIODES

INFRA-RED
LED

LARGE DETECTION ZONE

Fig. 1 The enlarged detection zone

LJd[0dd

Paul Brow shoots off

about an ingenious

device to measure the

speed of air gun

pellets.
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PROJ ECT

HOW IT WORKS

The heart of the chronoscope is the ZN1040E counter. This provides
all the counter logic and display multiplexing. Two inverters of [C2
form a simple crystal oscillator with  frequency: of AMHz.
This is divided down to 2MHz by histable 1€ 3b, which supplies

IC1 counter input {pin 22), While IC1 inhibit [pin 23) Is held low, IC1
will not count. The inhibit input is toggled by the sensor board
whenever a pellet is detected. If thecounter overflows, the carry
output IC1 pin 18} is used to set istable IC3a indicated by LEDs. IC3a
is reset by SWS5, which also zetos the cotnter [C1. R28 and C11
provide power.on reset. SW1 selects various options on the counter
IC1. SW1a ON enables leading zeros. SW1b ON provides a segment
125t on the display. SW1c ON blanks the display (really useful?), SW1d
forces ICT to count down:{wel, 4-way Dﬂ. switches are easy to
obtain!)

7 are the segment dnvers 08 and 01 are digit drivers
xing).
e sensor board controls’ fCT mh|b|t er very h|gh gain

operatiorial amplifiers together with their associated photodiodes
form the detectors. Infra-red light from LED & causes & current flow
in D1-3 holding the non-inverting innuts below the hias voltage set
by RV1.

ft light to any photodiode is interrupted momentarity, the non-
inverting input rises above the bias valtage, causing & high output.
The outputs feed an OR gate IC7b, Any one causes bistable IC8a to
be set driving IC1 inhibit high via Q15 and starting the counter, An
identical arrangement IC9, IC7, IC7a will reset IC8a and stop the
counter. {C7a OR gate allows reset from SW5. Q14, D10 and Q16,

~ D11 monitor the bias setup, both LEDs set just off, for maximum

sensitivity.

C15 are power supply decoupling ta supbress unwanted spikes
and noise.

The power supply is & standerd bridge rectifier capacitor
arrangement, supplying twa voltage regulators IC4 ang IC5 for 5V
and 12V respectively. C1-8 providss decoupling far the ICs,

boarcd. This then plugs on to the main board with a
0.1in PCB connector (SK4).

Solder twin ribbon cable to the infra-red LEDs
and again use PCB connectors to piug on to the
sensor board, observing polarity, The LLEDs are fitted
to the specially made brackets (see Fig. 8) using
standard LED clips

The main counter PCB is fairly straight forward
but note the transiormer pinout arrangement. | have
noticed variations among suppliers. The DIL switch
SW1 is optional and can be replaced with links to save
costs. Secure the regulators to the heatsink with
suitable nuts and boits

The boards must be mounted in a case for mains
safety and to enclose the photodiodes from external
light sources. A suitable tube, 5543 inches long was

used in the protolype to protect the electronics from
stray pellets and to give the unit a more professional
finish. A piece of plastic gutter dewnpipe (2in
diameter) is idea. The tube, infra-red emitter brackets
and sensor board are secured to a base plate, made
from plain SKBF. aluminurm or fibreglass.

Secure the tube cenirally to the baseplate and
then position the sensor PCB and LED brackets to
mark the fixing holes. See '}u 9 tor the case layout
Secure the sensor chassis and main board to the case
with small self tapping screws. Fig. 10 shows the panel
drilling details. The sensor hole in the front and rear
panels is large {1/2in). [ used a Q-Max hole punch
for this but if you don’t have one, then drill small holes
inside a marked circle and file to finish (you'll wish you
had bought a Q-Max punch!)
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Fig. 2(b} Circuit diagram of the sensor board

Unfortunately, the rectangular hole for the Fitared diffuser ianv piece of red transparent plastic
display must be drilled out and filed laboriously, unless ~ film) behind the front panel to enhance the display
vou also have a suitable rectangular punch. Paintthe ~ digits. Slide the panel into the case slots — you will

] inside surface of the front and rear panels near the haveto bow’ the panelslightly to clear the reset switch.
| sensor hole with matt black paint to limit stray light.
| = -
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= . g
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Fig. 3 The component overlay for the counter PCB
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Fig. 4 The component overlay for the sensor PCB
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" Fig. 5 The component overlay for the display PCB
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Note that a mains on /off switch is not used. The
Live/Neutral wires are soldered directly to the board
and exit via a grommet in the rear panel. Cut a slot
for the grommet so that the rear panel can still be
removed easily. Finally, a mains plug fuse of 3A or
less should be fitted.

Set-up And Testing

Caution! The PCB tracks near the transformer are live!
Before inserting the ICs, check allthe connectors are
made and power up. Check that 5V is present across
IC1 pin 14 and IC1 pin 8. Check that 12V is present
across C15 on the sensor board. Power off and if all
is OK. insert the [Cs.

Set the 4-way switch bank all off. Power up and
the display should illuminate. If you have an
oscilloscope. you could check the clock circuit. There
should be a 4MHz square wave (roughly!) at IC2 pin
8 and 2MHz at IC3 pin 9.

Set up the sensors in normal light conditions
(with no strong direct sunlight and shield them from
artificial lights). Adjust RV1 and RV2 so that LED8
and LED9 just go off. Press RESET and the display
should now zero Interrupt the infra-red beam at D1-3,
The counter should clock happily and overflow!
Interrupt the beam at D4-6 and the counter should
stop. If allis well. fit the cover and prepare for the final
testing with an airgun. Be careful! Air weapons are
inherently dangerous and should be used with care!
If you have a pellet trap. fine — if not, make one! A
cardboard box with an opening 4in square, with a
thick (lin to 2in) piece of wood (or Va steel) in the end,

stuffed with old rags should be OK. Place this behind
the chronoscope pellet ‘exit’ within a foot or so. This
will catch your pellets safely and avoid shooting next
door’s cat.

Fabricate a mount for the rifle muzzle so that it
rests centrally and straight, at the chronoscope ‘inlet’
Zero the unit and fire a pellet through the tube, into
the trap. You should obtain a reading without
overflow.

Trouble Shooting

If the unit does not trigger, check that stray light is not
interfering with the sensors and re-adjust RV1 and
RV 2. If this fails, suspect the IC2,3 clock circuit.

If the clock is started but will not stop, re-adjust
RV2. (Check you are shooting straight, too!) No
display at all means the 5V supply is missing or that
SWic is on

A corrupt display shows a fault around Q1-7 or
IC1 and a missing digit signifies a fault in Q8-11 or IC1.

Battery Operation
To use the chronoscope with a 12V battery for
portable, on-the-range operation, omit Q1, BR1, C7,
C8 and IC5 and link the two outer pads of IC5.
Connect the battery to the + and — pins of BR1.
A 12V rechargable battery is recommended due
to the fairly high current consumption of the chrono-
scope (typically 450mA).

Results

The chronoscope display actually shows only the
number of clock cycles measured between the pellet

Type Cal. Grains
Eley Wasp 0.22 14.55
Hustler 0.22 12.4
Milbro Caledonian 0.22 13.0
RWS Superpoint 0.22 14.34
RWS Superdome 0.22 14.33
RWS Hobby 0.22 12.2
Bulldog 0.22 13.9
Barracuda 0.22 20.7
Eley Wasp 0.177 7.2
Silhouette 0.177 9.15
Milbro Caledonian 0.177 7.85
RWS Superpoint 0.177 7.9
RWS Superdome 0.177 8.3
Table 1 The pellet weight for a selection of
types
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PARTS LIST

RESISTORS {all %W B%unless othewise stated!
R1-6,26,27 1k0

L R13 k8
R14-20,
2225 100R
R21,28,45 4k7
R29,30,40,
42,4346 10k
R31 180R
‘R32,36 180R 1W
R33-35,
3739 330k
R41,44 680R
RV1,2 50k horiz preset
CAPACITORS
C1 10¢ 16V axial electolytic
€2,370,16,
17,1819 10n polyester
€458,
18,14 100n polyester
cé 2200u 25V radial glectrolytic
€9 n0-polyester
N 474 18V radial electrolytic
€12 100y 16V radial electralytic
C15 220u 28Y axial electrolytic
SEMICONDUCTORS
IC1 ZN10408
IC2 74504
IC3 TALST74
IC4 7805
IC5 7812
i€6,9 TLOB4 OR TLO74 quad op amp
IC7 40758
IC8 40138
-7 BC212L
081113 8C184L
012141518 BC547 BC107 or similar}
LED 14 FND500 J2in 7-segment display
LED 5,89 Red LED
LED 6,7 TIL38 infra-red LED or similar
D6 TIL00 or simitar
8RI Woos
MISCELLANEOUS
L 4-way PCB connector
2256 2-way PCB connactor
Fi3 10-way PCB connector
Fld 5-way connector
SXi 4-way angled PCB connector

2-way angled PCB connector

10-way angled PCB connector

5-way PCB conngctor :

2-way PCB connector

4-way DIL switch-

push button SPST

0-12 012V 0.5A PCB mounting mains
transformer

XTALT 4MHz crystal

=85 Case. [C sockets. Display fitter. 2in drain pipe. Cable. Nuts and
bolts.

- 1 ——————————————»|

ALUMINIUM SHEET 1/16in

55mm
5] ——
e— 33—
- 24 —| ————m

F ] 1

28
1S
}_ BEND HERE 90°
HOLES 3mm

|-1-—-- 43—
|

Fig. 6 The heatsink for 1C4,5

-
TYPE CODE—
THIS SIDE

SENS]TIVE SURFACE

Fig. 7 The TIL100 photodiode

PELLET TYPE: ELEY WASP (7.2 grains)

READINGS: 1188, 1178, 1194, 1180.
1177.
1182, 1176, 1209, 1207,
1163
AVERAGE OF ABOVE READINGS: 1185

VELOCITY = 1,000,000 = 843ft/s
1185

POWER = 843x843x7.2 = 11.36
450240

Table 2 Typical results obtained by the
author

velocity (ft/s) = 2000000 x 1/
display

= 1000000

1 ]
dispiay

3mm
- POSITION FOR
_—REAR BRACKET
> 5|‘ G
N HOLE A = &5mm
T 4{-’ Il % HOLE B = 3mm
‘\5 N

the sensor diodes in place

|

|

Fig. 8 The bracket to hoid
{front shown} \
1}

i :g the front and back sensors. To calculate the

S of the pellet or the power of the gun, some cal-
~ulziions must be performed.
.zlzcitu = distance

time

= counter frequency x measured distance

display reading

The measured distance is 6in (Y2ft} and the clock
==guzncy is 2MHz. so:
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Fig. 9 The layout of the major parts of the prototype chronoscope
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Fig. 10 Case cutouts for the recommended case

The power output of the gun can be calculated with:

power (ftlbs) = velocity? x pellet weight
450240

The pellet weight is in grains (438 grains=1
ounce). lf you don't know the pellet weight your local
airgun stockist should be able to help. Some are given
in Table 1. Alternatively, the author can supply a list
for common pellets (see Buylines).

Typical results are shown in Table 2, obtained
using a BSA Mercury S 0.177 calibre airrifle. Note that
the legal power limit for an air pistol is 6ftlbs and for
a rifle 12ftlbs, above which you need a firearms
licence.

To conclude, we should stress again the care that
must be exercised when firing guns and rifles through
the chronoscope. Always use a pellet trap of some

sort,

CHEQNOSCOPRE

BUYLINES

Mostof the companents are readily availabl 2 Rapid Electronics (Tel:
{0206] 272730), Manlin (Tel, 10702) 552911), Electromail [Tel:
{05361 204555) and Facnell {ordat from Trilogic on (02741684289
can supply the more unusual parts.

The transformeris avaflable from Fatnellas part 141-481 as are
the presets. The T-segment displays are available from Maplin
{FR41U) or Rapid {57-0115]. IC1 (the ZN1040E is available from

Electromail as part 306-285, The case used for the prototype is a
Retex RE3 type avallable from Rapid as part 30-0910,

The author s able to supply any or all parts for the Chronoseops.
Senda SAE to ETI Chronoscope, 40 Victeria Aventie, East End Patk,
Leeds 59906 for aprice list, For alistof the welghts of pellets, send
2 SAE to the same address.
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TECH TIPS

8-way Stereo Selector

D. Ian
East Molesey

his circuit provides noiseless remote selec-
tion and routing of eight audio signals,
either stereo or balanced pair mono, using
simple non-locking push-switches.

The BCD counter IC2 is disabled
from counting ICT's IMHz clock rate by the wired high
on pin 1. A momentary closure of SW2, say, is suf-
ficient and the switching action is effectively

debounced. The code 0010 is now present on all the
ICs so that LED 2 on IC4 is now lit and inputs A2 and
B2 are connected to the outputs of IC5 and IC6.

SW8 selects BCD 1000 inhibiting the 4051s and
providing an ‘off facility, [Cs 5 and 6 may, of course,
be remote from the selection and indicating circuitry
— advantageously sited with respect to the audio
signal paths.

The power requirement is only about /2mA
above that required by the LEDs. Select R3 to suit the
supply voltage assuming 25mA for the LED (so 140R
for 6V, 260R for 9V, 380R for 12V. 500R for 15V and

S0 on).
—C #3:18Y
R3 R4
Bk {SEE
TEXT)

3 B
el 2
W
g
3
al
g:"-'; TS 1ai 18 | | 18 13 o i
74 4
B O
B 1 1 75 FE
b4 iz i 0] 2 S ¢
5 CO 7 ice ica L3
=
gig 1: E la 5
:5lle, 2 u--L —
| 5 NOTE
B ] Hee 1C1 = 4011
Sl IC2 = 4518
‘ 163 - 4028
IC45,6 = 4061
o 0oV Q1-BC109

Guitar Preshaper

I. Harvey
Hastings
ome upmarket bass and guitar amps are
fitted with a preset tone circuit to give an
instant clean modern sound without the
tedious EQ setting. In this circuit IC1b
filters high and low frequencies then re-
:ombines them to produce a frequency response
oroximately as shown. This produces a clean bright
sound for either 6-string guitar or bass.

+13dB

130Hz
——

=TI NOVEMBER 1988
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o

2 Bt

o

cHAOVd:

NOTE:
IC1=TL0O72

The circuit can be built as a footpedal powered
from a PP3 (no power LED is included to extend
battery life). If fitted in your amplifier between preamp
and power amp then the buffering and level shifting
circuitry can be omitted leaving just the components
between A and B.
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Touch Controlled
Pre-amp

A J Bird
Walsall

touch controlled pre-amp with touch
plate selection of inputs and volume,
bass, treble and balance can be easily
constructed with the help of the
L.M1037 and 1035 audio control [Cs.

The touch plate sensors rely on the tied inputs
of the AND gates (IC1, 11, 21, 31, 41) floating low
and being taken high by a touch on the plate.

IC2, 3 form a latching arrangement so that
each touch on an input selector plate will set the
relevant flip-flops and reset the others.

The four flip-flop outputs are used to switch
on a pair of inputs to IC5 through to IC6. This uses
the DC voltage from the four identical volume,
bass, treble and balance circuits to filter and
attenuate the stereo channels.

The DC control voltage is obtained by
weighting the 4-bit output from up/down counter
IC13 (23, 33 and 43). The counter is ciocked by the
555 timer in astable mode and enabled to count up
or down by IC11 and IC12.

Cheap Touch Switch

R J Fletcher
Penzance

his circuit, originally designed as

the switch of an alarm system for a

disabled person, takes advantage of

the high input impedance of the

2N7000 ‘FETlington.” The high value
resistor R1 pulls the gate of Q1 to the positive rail. If
the operator’s finger is placed across the sensor
contacts, the gate voltage falls close to zero. This
switches Q1 off.

Q2 acts to invert the signal from Q1 and so the
relay is normally de-energised. R3 and R4 provide
the correct voltage at the base of Q2. C1 adds
some delay to overcome any ‘contact’ bounce
from the sensor,

The type of transistor used for Q2 is not
critical and nor is the supply rail voltage. R1 may be
reduced to 10M to reduce sensitivity. With a value
of 22M it was found the switch could be activated
by breathing on the sensor! For the protctype a
small piece of stripboard was used for the sensor.

NOTE:
IC1 = 40938
Q1= BC237

Q2,4 = BC337
Q35 = BC327

BZ1= KSN 1005A
PIEZQ TRANSDUGER

+12V,

50

Low Current Siren

G Landry
South Africa

his efficient circuit provides an
output of 10V RMS (approx 103dB at
1m) at a current consumption of only
30mA.

Low frequency oscillator ICla
varies the frequency of audio oscillator IC1b by
switching in and out C2. The rapidly varying audio
signal is gated by IClc to output amplifier stage
Q2,3 and an inverted signal is passed to Q4,5.

The piezo transducer is connected between
the stages with 20V peak-to-peak across it.

Resistors R5 and R6 serve to limit the current
and stabilise the output stages.
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PHASE
INVERTOR

Super Woofer

AMPLIFIER

Philip Day,
Ponteland, Tyne and Wear.

his circuit enables a single centrally placed
woofer to be added to a stereo system. This
gives a cost effective bass enhancer which +

LEFT
AMLIFIER

c2
250

w A i BR 1
still preserves the stereo picture via the LEET|4i3 SRLL |RiGHT

NOTE:
IC1=741
L1=3mH

original speakers.

The right channel is driven in antiphase and the
right hand speaker is reverse connected to restore the
phase.

C1 and C2 as shown give a crossover at about
800Hz — other values could be tried.

The single bass speaker is bridge connected
across the antiphase outputs via inductor L1. This has

RIGHT
SIGNAL

the incidental advantage of cancelling out in-phase
hum and vertical turntable rumble.

Note that for a system playing records only, the
inverting IC circuit could be removed be reversing one
half of the stereo cartridge

cdd0Vdd

removed resistors and so to the colour inputs of [C36.
The four components fit on a small piece of
stripboard which can sit in the Spectrum case.

Spectral Spectrum 128

K. D. Hedger,
Gt Yarmouth, Norfolk.

ol I[1JH]

his circuit modifies the Spectrum 128 to

allow selection of any one of eight different

palettes, each with eight colours. This

makes full use of the 64 colours available

from the Spectrum 128’ video chip, the

TEAZ2000. The palettes are selected by a simple ‘OUT
instruction from either BASIC or machine code,

Inside the Spectrum 128, you will see that the

three unused inputs of the TEA2000 (IC36) are tied - M’“““

to ground with R96,R97 and R98. With these resistors i L A0

carefully removed, this circuit ORs WR, IORQ, A6, Tl el - HisaEn
Ab and A4 together to detect an ‘OUT 31 instruction. I = —S—AAAA—E—— i | 10,15,16
The corresponding data is latched from D5,6 and 7 PIN (C2 = -5V Hed

onto the outputs of the enabled IC2, These outputs S,?ifi.',’dls L 1036 ON SPECTRUM :.,_-\Rg/g,.._.g i

{RO,G0 and B0) connect to the right hand pads of the o) ov

Envelope Generator

T. Allgood,
Hornchurch, Essex.

his envelope generator was designed to

boost the performance of my ancient

monophonic synthesizer which came

equipped with only one. This way I can

control either the VCA or VCF with each

generator, It’s ano frills ADSR generator and it's small
znd cheap.

C1 charges at a rate set by the attack pot when

the gate goes high {at ihe start of a note). At a certain
voltage (setby RV2) . the fip-flop of ICla,bresets and
C1 discharges at a rate set by the decay pot until it
reaches the voltage set by the sustain pot. When the
gate isremoved (note offi C1 discharges through the
release pot

RV1 sets the maximum sustain level which
should be set to march the voltage controlled device.
[C4 buffers the voltage across C1 for the output.

I used this circuit with a Moog Rogue with
excellent results

Py OUTPUT
Icda

O
R1 RZ
100k 100k

NOTE:

IC1 = 4001 BE

IC2 = 4016 BE

IC4 = LF 352 OR EQUIVALENT
D1,2 = 1N4148

RELEASE |
|

ICAPIN8IC12=PIN 14 Q—TO 6V TO 18V

=— 100n

1IC1.2=PIN7 ov
100n

IC4a,b PIN4

440 —6V TO — 18V
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Miss out the mess se the form (or a photocopy) for your order. ~ E8107-1 System A Disc Input board MC-MM ......... E
with rezdy—made Please fill out all parts of the form. E8107-2 System A pre-amplifier Main .................. K
g Make sure you use the board reference number. E8108-1 System A Power Amp ... L
pI'C-dI’IHCd PCBs for This not only identifies the board concerned but also Egég?g [SnytetmGA PEU LRI X0 SO 2R T £
ETI projects tells you when the project was published. The first two jo hanl SuaiCo o e G
p J numbers are the year of publication and the next two Eggggg &Mlcsngkaxsc Pre= amp (TlISbrOOk) """" C[;_-
the month. The number after the dash indicates the  Fgopg.1 Plagymate Practice Amp(des) """""""""" K
particular project in that issue. E8212-1 ELCB ... DL O R  F
Terms are strictly payment with order. We cannot  E8301-2 Analogue to dlgl'[al conv ZX81/Spectrum) E}
accept official orders but we can supply a pro forma  E8305-3 Dual Audio Power Supply, Linsley Hood .. G
invoice if required. Such orders will not be processed ~ E8305-3  Balanced Input Preamplifier ...........i....... F
until payment is received. E8307-2 Flash Trigger-sound or FR ...................... F
Please make cheques out to ASP Ltd. Payment 522881 Graphic Equaliser /3 Oct ..o M
can also be made through Access and Visa cards by 2 oLl susidias C
telephone on (0442) 41221 E8309-1 NICAD Charger/Regenerator ................. F
= E8310-3 Typewriter Interface — EX42 . e F
E8311-1 Mini Drum Synth ..........ocooiiiii F
Send your order to: E8311-8 Moving Coil Pre-Pre-amp ...................... F
ETI PCB Service, ASP Readers Services, 9 Hall E8312-3 Light Chaser EPROM Controlled (2 Bds) .. K
Road, Hemel Hempstead HP2 7BH E8402-1 Speech Board ........ s weiee M
E8402-2 Modular Pre-amp Disc Input Mono .......... F
i i . . E8402-3 Modular Pre-amp Stereo Output ............. F
Price Price Price l?"ce E8402-4 Modular Pre-amp Relay, PSU ................. F
code (inc. code (inc. E8402-5 Modular Pre-amp Tone Main Mono .......... F
VAT) VAT) E8402-6 Modular Pre-amp Tone Filter, Stereo ........ F
C £1.80 N £13.10 E8402-7 Modular Pre-amp Balanced Output .......... F
D £2.50 0] £15.80 E8402-8 Modular Pre-amp Headphone Amp ......... F
E £3.25 P £17.90 E8404-2 Mains Remote control Receiver ............... F
Q £21.80 E8405-1 Auto Light Switch ... 58
F £4.00 R £23.90 E8405-2 ZX81 EPROM Programmer ................... N
G £4.75 S | E8405-3 Mains Remote Control Transmitter .......... H
£25.90 )
H £5.50 T £29.00 E8405-4 Centronics Interface AR AT F
J £6.62 U £32'20 E8405-6 Drum Synth .. ... ... &
0 E8406-1 Oric EPROM Board ................covovinins O
K £7.20 \Y £35.80 E8406-2 Spectrum Joystick .............. Lo e E
L £8.80 y ;.'.37.90 E8406-3 Audio Design RIAA Stage ..................... G
M £10.60 40.70 E8406-4 AD Buffer/Filter/Tone .............c........... H
E840§—5 AD Headphone Amp ......................... F
_____________________ E8406-6 AD PreampPSU .................oceeeie K
_____ —l E8406-7 AD Power Amp ..............c..ocoooeivnn.. H
| Please supply: E8406-8 AD Power Amp PSU _......................... J
. . | ’
| Quantity Ref. no. Price Code Price Total Price E8406-9 AD Stereo Power Meter ....................... F
| |  E8406-10 AD Input Clamp ... oo C
E8407-1 Warlock Alarm .................o.ocoiiii. M
| I E8408-2 EPROM Emulator S ——\
l E8408-3 Infra-red Alarm Transm]tter P S T e =
| E8408-4 Infra-red Alarm Receiver ... .. ............... 15
| | E8409-1 EX42 Keyboard Interface ....................... B
l I E8409-2 Banshee Siren Unit ...,.......................... F
| E8410-1 Echo Unit ............. ... .. F
| E8410-2 Digital Cassette Deck ..............cccovvivonn. N
I | EB8410-3 Disco Party Strobe . T T o |
Post and packin £0.75 E8411-5 Video Vandal (3 boards) ....................... N
} p g9 I E8411-6 Temperature Controller ......................... D
| Total enclosed £ | ESZH; ]li(/l:iltzslljzl}[ire Alarm il et g
E84119 Stage Lighting Interface ...................... F
l Please send my PCBs to: (BLOCK CAPITALS PLEASE) l E8411-10 Perpetual Pengdulum ......................... E
|
| E8412-1 Spectrum Centronics Interface ................ F
|| Name mwmon vam s s e stansaas ol mos coms, G sae s | E8412-4 Active-8 Protection Unit ....................... F
E8412-5 Active-8 Crossover .............ccccoeiivinnii.. F
I AdAYCSS . . . . . .o .rais s e S5 SRR e I A e RS e A e hia | E8412-6 Active-8LFEQ ........... ovesnmrarne s paensessaes B
| E8412-7 Active-8 Equaliser ..............................., F
| | E8501-3 Digital Delay (2bds) ... ......ccocooiiiiiiiiin T
l """""""""""""""""""""""""""""" | E8502-1 Digital Delay Expander ......................... N
E8502-2 Data Logger ...................... : J
,,,,,,,,,,,,,,,,,,,,, Postcode ...................-- | E85031 Comb fier
> - o Preamplifier ................co F
| AC('ZESS a.nd VISA credit card orders can be taken on (0442) 41221 | E8503-2 THD Meter mV & oscillator boards (2 bds) . K
| during office hours. || E&503-3 THD Meter Mains PSU .............oovevnnn... F
__________________________ E8504-1 Framestore Memory ............................ M
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E8504-3 Framestore Control ... ...
E8504-4 Buzby Meter
E8504-5 CCD Delay o
E8505-5 Stereo Simulator
E8506-1 Audio Mixer Main
E8506-2 Audio Mixer PSU . . ...
E8506-3 Audio Mixer RIAA ... ciieiieiiiviesiieseiinins
E8506-4 Audio Mixer Tone Control ....................
E8506-5 EPROM Prog MKl ... .
E8507-1 Noise Gate e LB IR e ey
E8508-1 RCL Bridge ...... S e eraney o |
E8508-2 EX42/BRC [nterface (S
E8508-3 EPROM Emulator .. oo b SR . e Saa
E8509-1 Spectrum EPROMcard ..................._.....
E8509-2 Direct Injection Box —
8510-9 Sunrise Light Brightener .. et
E8511-1 MTE Waveform Generator ..., . ....... ...
E8511-2 Millifaradometer . N
EB511-3  Cymbal Synth .oucaimsmmm e iasar .o
E&511-5 Chorus Effect ... YA ;
E8511-7 Enlarger Exposure Meter ...............
E8511-8 Switching Regulator ...........................
E8511-9 Second Line of Defence ...............
E8512-1 Specdrum Connector
E8512-2 MTE Pulse Generator
E8512-3 Specdrum
E8601-2 Walkmate . R T e P DU
E8601-3 MTE Counter-timer ............................
E8602-1 Digibaro
E8603-2 Programmable Loglc Fvaluatlon Board
E8603-3 Sound Sampler Analogue Board |
£8604-1 JLLH PA PSU S AR e AR AR
£8604-2 Matchbox Amplifier ...... .. e
E8604-3 Matchbox Amp Bridging Versron E8802-2 Telephone Intercom ......... ... ... .
E8604-4 MTE Analogue/Digital Probe .., oo M EB802-3 Transistor Tester (2 bds) . ...
£8605-1 Microlight Intercom ...iveiiii E8802-4 Spectrum Co-processor CPU ............ ...
£8605-2 Baud Rate Converter ..., E8803-1 Co-processor RAM board ..........
£8605-3 Baud Rate Converter PSU Board E8803-2 Beeb-Scope (3 bds) ...,
£8605-4 Portable PA ... ; E8803-3 Jumping Jack Flash . o “i
=8606-1 MIDI-CV Converter Board - E8804-1 Spectrum Co-processor Interface Board i
£8606-2 MIDI-CV Converler PSU ......... E8804-2 Combo-lock .
£8606-3 Troglograph ... .. EBB04-3 Kitchen Timer wwucsesiesivinasstniis. sammsl|
£8606-4 80m Receiver .., R e e T E8805-1 Virtuoso 2UPSU .. ... . v I
E3606:50Sound Sampler =z vl il i E8805-2 Virtuoso 3U PSU ..
£8607-1 Direction ... . . E8805-3 Bicycle Speedometer Califir AT
28607-2 Upgradeable Amp MC stage (Stereo) i EZ805-4 Dynamic Noise Reduction ... ..
=3607-3 BBC Motor Controller .............. : E8806-1 Universal digital panel meter .. o
=3608-1 Digital Panel Meter . - E8806-2 Universal bar graph panel meter ... .
£3608-2 Upgradeable Amp, MM stage (mono\ : E8806-3 Virtuoso power amp board
£2609-1 Mains Conditioner ... .. T E8806-4 Virtuoso AOT board ...
22009-2 Experimental pre-amp ... ., E8806-5 Metal detector .........
=2609-3 Upgradeable amp, Tone board (mono) E8806-6 Bicycle dynamo backup 3
Upgradeable arnp, Output board (mono) ... E8807-1 Bar Code Lock (2 bds) .. ..
Audio Analyser Filter Board ... E8807-2 Analogue Computer Power Board .
Audio Analyser Display Driver . E8807-3 Bell Boy .. i .
Audio Analyser Display ... . E8807-4 Logic Probe L
Audio Analyser Power Supply E8807-5 Updated FM stereo decoder
Audio Switcher (2 bds) . - E8807-6 Breath Rate display board
PLL Frequency meter (4 bds) ... ... . E8808-1 Breath rate main board .. .
Upgradeable Amp PSU ... . . E8808-2 Breath rate switch board .. .
Call meter, main board E8808-3 Telephone recorder . . .
Call meter, interface board . E8808-4 Analogue computer main board (2 bds)
Bongo Box ) A E8808-5 Random number display .................. ...
Biofeedback monitor (Free PCB) ey E8809-1 Spectrum EPROM Emulator
RGB Converter ... ... oo E8809-2 Frequency meter (2 bds)
Mains Controller ............... E8809-3 Travellers' Aerial Amp
Flanger E8810-1 Gerrada Marweh Bikebell ..., ... .
Audio Selector main board E8810-2 Peak Programme Meter (2bds)
Audio Selector PSU et E8810-3 Variat-lon ioniser
lecho Dwelll samt. et ottt ez s : E8810-4 TV-to-RGB converter
Ratemeter main board . P E8810-5 Electhron RGB buffer
Ratemeter ranging board e T e o E8811-1 NiCd Charger ..............................
Photo Process Controller (3 bds) ........ : E8811-2 Chronoscope (3bds) .........oooiiiii
LEDline display board (2 off) ... E8811-3 Digita! Transistor Tester
LEDline PSU and controller (2 bds) r

E8705-5 Budget Power Meter ..., e
E8706-1 Hi-fi Power Meter ..., ... T LT F
E8706-2 MIDI Keyboard CPU . e
E8706-3 MIDI Keyboard Front Panel ... ..
E8706-4 Flame Simulator b
E8707-1 MIDI Keyboard PSU

E8707-2 Telephone Alarm ... SR
E8707-3 Nuclear Strategy Slmulator e
E8708-1 Remindalite .. ... e

E8708-2 Rear Wiper Alarm

E8708-3 Rev Counter ........._.

E8708-4 Car Alarm ... .

E8708-5 Knight Raider

E8709-1 Boiler Controller e
E8709-2 Amstrad Sampler (2 bds) )
E8709-3 Portable PA jieics

E8709-4 EEG Monitor (2 bds) _.
E8710-1 Concept CPU board .

E8710-2 Concept Power board

E8710-3 Concept display board ...
E8710-4 Hyper-Fuzz :

E8710-5 Big Digits digit board S
E8710-6 Big Digits minute board .. ...
E8710-7 Big Digits battery board
E8711-1 Quiz Controller .

E8711-2 256K Printer Buffer ... ... ...
E8712-1 Heating Management System
E8712-2 SWR Meter ...
E8712-3 Dream Machine (free PCB) ...
E8801-2 Passive IR Alarm e e et e
E8801-3 Deluxe Mains Conditioner ................._._
E8801-4 RGB Dissolve

E8802-1 Electric Fencer
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The Chronoscepe sensor BCB

SR

The Burglar Buster PCB -
avaiiabie free with ETlInext month

56

Dream Machine (December 1987)
The transistors used in this project are ST1702.
BC108s can be substituted.

Heating Management Sgstem

(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 ([C16-19) should be
deleted. C4 should be 220n and not 220u. C7-10
should be 10u. Q2-7 should be 2N3904 and not
BC3904.

RGE Aute-Dissolve (January 1988)

In Fig. 5 there are marked two D6's. The right hand
one should be D5 (they are both IN148's anyway).
In the text the reference to zener diode D5 should
read ZD1.

Power Conditioner (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

Fassive Infra-Rad Ajarm

(January 1988)

Fig. 2(a) shows the base of Q1 connected to ground
and to R14. It should be connected only to R14.

Iransistor Tester (February 1988)
The foil pattern for the main board was printed
reversed left-right on the foil pages

Spectrum Co-processoy (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.

Dynamic Neise Heduction (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.

GL Qutput Pori (Tech Tips May 1988)

Several problems with the diagram for this one. A5
should read AS — that is, address strobe, Pins 22
and 24 should be connected to +5V and the
junction of the (only) resistor and diode connected
to VPA on the QL.

QWL Loudspeakers (August 1988)

Some dimensions were missing from Fig. 7, The bass
driver port centre should be 33/4in above the base of
the baffle panel. The notchesin the side of the tweeter
cut-out are Y2in wide. The top plate is missing from
the cutout diagram (Fig. 6). This s 7 x 45/&in.
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ELECTRONICS

TODAY INTERNATIONAL

K=

Heather Wust
01-437 0699 Ext 292

Send your requirements to:
Heather Wust, ETI Classified Department, ASP Ltd.
1 Golden Square, London WA1.

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
2784 £2,85) it s 27128 £4.40
BIPOLAR PROMSs from £1.35
e.g. 825123, 185030, 745288
PALs, PLDs etc. from £3.26
e.g. 825153, 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

| T-SYSTEmMS LTD_

PUTER SYSTEMS AND COM

: L
Q
: =
i 3
C

50 P&ER f und:
€2 &5 payabie 1o Tsystems Lid. =
Exglu for ETi readers; 159 off all prices
shown above for the August issus only,
81 High Street, 3rplnglun.
Kent BRG OJF
* ADCESS Card sales acoepted on
Tol: DEAS 22196 »

® Senes X Mixer Kils

® up (0 1,000 inputs el

® on-board mic inpul mﬂa
® § auxilaries —_— \;——

® versions for recording
PA, radio, disco

® From £9.92
Send 19p for catalogue to:

K. Tek, P.O. Box 172A, Surbiton,
Surrey KT6 6HN. Tei: 01-399 3990

FREE
ILLUSTRATED CATALOGUE

From Tweeters to Woofers
from Banana Plugs to TV Aerials
Microphones to Multimeters
Fast By-Return Service Visa Card accepted

STRACHAN ELECTRONICS (ETF)
9Croall Place, Edinburgh EH7 4LT

| LIGHTING EQUIPMENT
FOR THEATRE, GIGS, DISCO
w; Ml

TERMS & CONDITIONS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

i for new agvertisers {semi-tisplay

g) are strictly pro-forma paymants

ory reference can be taken up

sermE

recognised advenlsing agenoies
= and PQ's should be crossad and
= payable to ARGUS SPECIALIST
LICATIONS LTD andsent together with the
z2=esmsements to

The Classified Dept.,

No. 1 Golden Square,

London W1R 3AB.

2 noreimbursements for cancellations
ents arnvingtoo late for a particular
inserted in the following issue
panad by instructions to the

=spansibility of the adveriser
atthe first insartion ot every saries
d correctly. and corrections must be
me for the second Insertion,
pubiishers will not Bocept lability
&r any reduction In charges
salee arg subject to Govemment
srming VAT, Advertisers are
lying with the various legal
= ed. The Trade Dascription
strrmination act & the business
ements (disclosure) order 1977.
ms & Conditions of Advertising

available on reguest

= one:

Components
are the
biggest

selling item
in ETT so
why not
advertise

yours here?

WANTED

_ 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

BOOKS

FULL WORKSHOP
SERVICE MANUALS
Any Video Recorder — £1000 - LSAE
Any Colour/Mono TV, Any Audio, Music
System — £5.00 + LSAE Amateur Racio
Test, Vintage, Military etc
State Make/Model/Type with order
FREE Catalogue Unigue Repair and Data
Guides with all orders.
MAURITRON TECHNICAL SERVICES
(ET!), 8 Cherry Tree Road, Chinnor,
Oxfordshire, OX9 4QY.
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BUG-87 Matchbox sized surveillance transmitter -

can be received by any FM/VHS radio ...... £4.95
ROBO-VOX Instantly transforms your voice into
Dalek/Robot type - also amazing sound effects
PEOSSAIE 566 0 oo oo 0 oo 0 o SHEI ok B, £11.95
ROBOT CIRCULAR Unique radio controlled robot - can
also be converted to control via computer.£18,95
EDU-SCOPE Build your own oscilliscope with solid
state display ..vvviivriiiinniiieenen, £39.99
EDU-SCOPE CASE KIT ........vveveevnrnnnn. £11.99
THERAMIN MUSIC GENERATOR An electronic device
based on an legendary mystical instrument.£12.75
RAD-X CONTROL A complete ready built 2 output
RADIO CONTROL SYSTEM . ..vvvu'rvrrunnnnnn.. £19.75
SUPER SOUND-FX MICROCOMPUTER An easy to use and
program single chip sound effects Micro completely
self contained - Incredible sound routines
possible with this unit. #%STAR VALUE®® ..£9.95
SOUND-FX PRO CONSOLE CASE KIT

Please add £0.95 per order for P&P., For FREE
Datapack on all our Products/Kits send SAE.

Cheques/Po's payable to:-

IMAGINA-TRONICS

Aberdeen House, The Street, Charlwood, Surrey
RH6 0DS.

—

ETI Classified

now accepts
ACCESS
LA
and
VISA

Telephone Bookings

01-437 0699

or write to the

Classified Department
1 Golden Sq, W1R 3AB

VHF MICROTRANSMITTER KIT.
Tuneable 88-115 MHz, 500 metre
range, sensitive electret micro-
phone, size 25mm x 20mm.
Special offer: complete kit only
£3.95 post free. Access orders tele-
phone 021-411 1821 (24 hours),
Cheques/POs to Quantek Elec-
tronics Ltd (Dept ETI), 45a Station
Road, Northfield, Birmingham
B31 3TE.

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre. Cedar Electronics,
Unit 12, Station Drive. Bredon,
Tewkesbury, Glos. Tel. 0684
73127
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APOINTMENTS FOR SALE

COMPUTER/ELECTRONIC
ENGINEERING

MICRO SYSTEM MAINTENANCE LTD

MSM is a national independent third party maintenance company
specialising in maintenance of microcomputers and associated
peripherals.

Due to expansion we have vacancies for electronic or trainee
system service engineers and bench technicians in most areas. We
have our own training school to be able to start you in a very
interesting career in computer servicing.

Formal qualifications are welcome but not essential. If you feel
you have the experience as an amateur in electronics or computing,
you could start a rewarding career with MSM.

You will need a good basic knowledge of electronics, a very keen
interest in computers and a driving licence.

MSM will provide a company car, tools and an attractive employee
package, with any benefits for secure employment.

Please write giving brief details of your qualifications and

27512 EPROMS £7 each. Toshiba
TMM 27512 D-20. Full spec devices,
end of production run. Quantity
discounts available. Please add £1
p and p. Tel 021-377 6637, 243
Marsh Hill, Erdington, Birmingham.

Eproms ex equip all blank and tested:
2764, £1 each, £9 for 10; 2756, £2 each, £18
for 10; 200 stepper motors, 24/12 volts, £3
each. Add £1 p&p
EXTECH, THE COMPUTER CENTRE,
53 Queens Street, Morley LS27 8DB
Tel: (0532) 537219

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.

CALMA DIGITIZER, 6' x4’ screen,
approx 8yrs old. Any offer con-
sidered. 0432 274251.

AMAZING GIVEAWAY ... 40 PCE
ASSORTMENT! + Datapack, 12
full-spec transistors, ZTX500/
BC212 (PNP), BC108/9 (NPN) etc,
and Mullard CR25 resistor pack.
RETURN ADVERT + 50p coin
{Lps&zg) to KIA-8, Cunliffe Rd, llkley

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17.
Telephone 01-531 1568
ENAMELLED COPPER WIRE
SWG 11b Boz 40z 20z
Bto 34 363 209 110 0.88
351039 382 2.31 127 093
401043 600 320 225 1.61
441047 867 580 349 275
48 15.96 958 638 369
SILVER PLATED COPPER WIRE
141030 1010 520 293 197
TINNED COPPER WIRE
141030 197 241 139 094
Post Free, Please add V.AT at 15%
Qrders under £3.00 add 50p.
SAE for list of copper and resistance wire
Dealer enquiries welcome.

3 HART CASSETTE Recorder Kits,
fully assembled and working, plus
4 sole solenoid operated cassette
front loading decks with stereo
heads, never been used. Worth
£275, sell for £125 ono. — Tel: 0934

58

513438.

SALE OF SURPLUS COMPONENTS

experience to:

Alan Welbelove (National Service Manager)
Micro System Maintenance Ltd

Unit 15 i Top grade Electrolytic Capacitors. 22,000 mFd 80 V 22 A ripple with
Westmead Industrial Estate MOUNTING ClID! suriezass tomtbhos - szisesh toe ot saaiens s BaT et scoies B £9.95 ea
Westlea Bridge Rectifiers

; YO LK oo oo e AR pooBa o e—rmeae e porcaconoc i, e £1.50 ea
Swindon O ATD0DVA. i i s g S TS £2.50 ea
Wiltshire Plastic Mos-FET Power Transistors
SN5 7YS Hitachi 160V 7A 100W with full data

P-Channel 2SJ 83 ..........c...cceimivsnvson .« ki simsiysrsssismssssiien siess £5.00 ea
N-Channel 28K 227 ........c.ccoooviiiiiiriiicciciiiiiiic e, £5.00 €@
or £9.50 a pair

Tel: (0793) 616888 or (01) 391 2994

SPECIAL OFFERS

J.P.G. ELECTRONICS

Resistors % w 5% carbon E12 1P 1% metal fm E243p

DIL PCB relays 4K ohm coif 48V
2 C/O contacts rated 2A ..o .. 99D, €
THIS MONTH NEVER TO BE MISSED BARGAIN
Heat Sink mounting bar with 6 2SK 227 and 6 2SJ 83 Power Mos-FETs,
incorporating 4 PCBs with a weaith of assorted components
£39.95ea 2 for£69.95

FREE MEMBERSHIP

TO THE Resistor Pack 85 diferon: 12 valves pus ohm ik otal Heat Sink to fit above assembly, suitable for fan cooling ..... £5.95 ea
ntent o resistor 1, . . . . N P
NATIONAL COMPONENT CLUB LED's RediGroen, /6mm 65 eoch Vellow T1p cach Ask for list of Power Transistors — S.A.E. with all enquiries please

Cabie Ties 75mm 1p ea £5 95/1,000; £48 50/10,000
Power Transistors T/T 35C, TIP36C, 100V, 25A TOP3,
Plastic case <. £1.56 each
100db Plezo Buzzer . £150; Standard Buzzer | BOp
Solar Cells 0 45v 100mA £1.48; 700mA .. £3.50
Stepping motor 4 phase 12v 7.5 step 50ohms £8.95
SAA 1027 Stepping motor drive chip E3:95)
Miriature FM Transistor kits 100-108MHz hugh quality
sound ideal for cordless microphones or guitars etc £7 48
Metal Latching XLR line plug £1.35
Line Socket £148
Fercic Chloride pack for mixing with Y litre water £140
Flux cord solder 500g reel £4 95
Aitomalic Squeeze action wire = stripper £3 45
SPECIAL OFFERS

Computer grade capacitors with screw terminals 58,000
uf 60v £4: 4,700 uf 83v £150; 38,000 uf 20v £195;
87 000 uf 10v £150

Stereo LW MW/FM tuner, pre-amp complete with
volume tone control and tuning scale Brand new in
~akers box £595; Faulty £195

C recurt diagram, description and setting up procedure for

Please allow £2.00 towards carriage on any quantity of capacitors and
this month’s bargain assembly. Other items allow £1.00 if goods purchased
over £5.00. Otherwise Post Free

OMICRON (B. J. McNaug’hton)
33 Acfold Road, Handsworth Wood
Birmingham B20 1ED

PROJECTION ALARMS

For details and a free gift of
components worth over £10
send only £1 p&p to:
Higher Ansford, Castle Cary,
Somerset BA7 7JG

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. tuner assemble described above 50p AMAZING PROJECTOR turns any
Zlease ac;dd 75p pgt@d FI% \I/QT Ecw%fésf:goﬁds'g'%zyﬁcﬂ?éi oo sy swiches 5 | Size television into a 7it TV screen! NEIGHBOURHOOD WATCH
Orange - Supphios. — Brookhol. | e ssscesonodo % | Easyto assomblel £15 — quantity | BYRGLAR ALARM D.LY. KIT
lands Road, Woodside, Bream, J.;g;‘;ﬁsimogﬁs;ﬁgc'é}aﬂm?rﬁ”»f?d, iy ' ' will offer a professional
Lydney, Glos. Tel: 0594 563009. Aacess orders (0246) 211202 system at a DIY price
Ham mini beam 10, 15, 20
e Kits BUSINESS metres. Parts  integrated
circuits, transistors, diodes,
® Courses OPPORTUNITIES PLANS AND DESIGNS valves, resistors, etc.
® Surveillance Service Manual and parts for
® Switches _— INVENTOR E:SEig;rs'?ONslgarpLg”ds’ les'?é Spectrum and Amstrad
® Plans \ﬁ/étlgb’(‘lleh:géa‘%enagﬂelgamtilt?arkeientenainmenl gener_ators, high voltage te;las, Send a 8” x 5” SAE for list.
° Designs ELECTRONICS BOFFIN surveillance devices,
Market your for further RESEARCH and DEVELOPMENT. pyroLechmcE il
1 > PARTNERSHIP &ri=02 for suitable person with graphics tablet. 150 projects. M.J. SEAWARD
Expertise in relalive experience preferznly 1 the N Easl area. For  catalogue. SAE to {Mail Order)
ETI by calling Write giving brief cv to Plancentre Publications, Unit 7, Dept. (ET), St. Olafs Road,
BT Old Wharf Industrial Estate, | g¢ratton, Nr. Bude Cornwall
01-437 0699 | ol Dymock  Road,  Ledbury, Telephone: 0288 4892
Herefordshire, HR8 2HS.
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Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on
REF. ET1/6/88 06267 79398

O Telecomms
NAME TechC&G 271

7 Radio Amateur
Licence C&G

0 Micro-
processor

O Introductionto
Television

Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. TQ14 9UN.

QUALITY PRINTED CIRCUITS

* Established 15 years «
* Single or double sided boards *
» Plated through hole boards »
* Personal service «

PAYNE ELECTROPRINT LTD
Marcus Road, Dunkeswell
Nr Honiton, Devon EX14 ORA
Tel: Sales 040 489 646/664

HAVE your electronic ideas become areality.
Let Highlang Itec develop and manufacture
your gir 2! 2 low cost for prototype and
smas N runs with comprenensive
docurmemi=tion which incluges: S(|k screen
layouts. photo-artworks. pad-masters, solder-
masks ot of parts. Manufacture includes:
Sizes up 10 300 x 200mm single or double-
sided, Finisn: Roiler-tinned and drilled. For
more cetalls Tel: (0463) 226505 or Fax (0463)
226505

MAKE YOUR INTERESTS PAY!

Mare than 8 million students throughatu the wortd have found it worth cheir while! An ICs
home-study course can help you get 2 hetter job, make more maney and have more fun out of
lifel ICS has over 90 years experience in home-study eourses and is the largest correspondence
school in the warld. You learn at your own pace, when and where you want under the guidance
of expert 'persanal’ tutors. Find ot how we can help YOU. Past ar phone today for your FREE
INFORMATION PACK on the course of your chalce

(Tlck one box anly!)

— w— — — — — — — — —

f Radio, Audio l \
, l;ectromcs o and TV Servicing O |
| | Basic Electronic Radio Amateur Licence =il |
Engineering (City & Guilds) O | Exam (City & Guilds) @
I Electrical Engineering [0 | Car Mechanics [u] I
Elecerical Contracting/ Computer
l Installation 0 | Programming O |
GCE over 40°0’ and ‘A" level subjects a
I Name - = I
Address = P.Coda
‘ | Intermatonal Correspondesice Schooks, 31 20354 High St Sutton, Surrey 5M1 (PR, ,
Tel 01643 9568 ar 41201 1926 (24 hre.) Dept EESS&
T S— — — — — —— — — — w— —

REFRIGERATION CALIBRATION

CALIBRATION

Need not cost a fortune. For a free quote
an your D.M.M,, oscilloscope or frequency
counter. Send type of instrument. make
and model details to:

REFRIGERATION

Fridges, Fridge-freezers
and Washing Machines
Stocks available, manufacturer

3V2 DIGIT  Calibration Service.
guarantees returns (well-known D.M.M.  Blueharrow Limited,
manufacturers). FROM £5  Brookside Cottage,
(calibrator  Main Road, Brightstone.
Please contact Steve on 10 BS5750) 1.0, PO30 40
Rhyl (0745) 343277/343816

Fax: 0745 343038 or write to

PRINTED CIRCUIT BOARDS At
very competitive rates: 4 pence per
square centimetre (less for orders of
10 plus) 1 offs: 100 offs. Enquiries:
Watling Wires. 52 Watling Street,
Nuneaton. \Warwickshire, CV11 6JL.
Telephone {0203) 382296.

PCB
Manufacturers
Whichto
Choose
See Page 15

|labcencer

electronics

PC-B £80

See review in Elektar magazine
At last, an affordable PCB de-
sign tool for your Amstrad PC.
Plotting service available.
Send SAE for further details,
or £2 for demo disk.
Labcenter Electronics
14 Marriner’s Drive,
Bradford, BD9 4JT.
Tel: 0274 542868

SURVEILLANCE

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 0SG.
m Telephone — }
~m 01-278-1768 |
Trade Enquiries Welcome

o =)
Omigian 2 |

(1 Tdeal eavesdrmpper or baby mmitor
[ Liews thun %5 matchboy siee e
O Absolutely shoskproof housing
[ Butlt-in sensitive micoophiame
O Bartery fife 72 hrs (Alkuline
O Fuil 12 momths wirrmiy A
Simply clip Omicron 2 to batiery and hide — no adjusiments,
no fiddling, no fuss. Hear every sound perfectly on an ordinary
M radio up to % mile away. This must be the easiest to use,
best value surveillance device available.

No quibble 14 day money back guarantee.

TRADE_MILLEA ELECTRONICS 7

WELCOME HUDDERSFIELD HD7 4QF. 46013
p— e

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P.CB's avallzhle:
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.

ENQUIRIES  470-472 LEYMOOR ROAD, (0484) J

C.E.S.
14 Edward Henry Street
Rhyl, Clywdd, N. Wales

TO ADVERTISE IN ETI MAGAZINE
TELPHONE HEATHER WUST ON 01-437 0626

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
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ADVERTISERS

Telephone
Heather Wust
on 01-437 0626
or write to
her at

1 GOLDEN
SQUARE,
LONDON W1R 3AB

TERMS & CONDITIONS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS
Our tarms lor new advertisers (sambdisplay
and lineage) are strictly pro-forma payments
until satisfactory reference can be taken up
(excluding recoanised advertising agencies
Cheques and PO's should be crossed and
made payable to ARGUS SPECIALIST
PUBLICATIONS LTD and sent together with Ihe
advertisements to:
The Classified Dept.,
No. 1 Golden Square
London W1H 3AB.
There are no reimbursements for cancellations
Advertisamanis arrivingtoolate for a particular
issue will kre inserted in the following issue
unless accompanied by instructions o the
contrary. Itisthe responsibility ofthe agvertisar
toensurethatthefirstinserlionol every senes
is published correctly, and corrections mus e
notified in time for the second insertion,
otherwlse the pubiishers will not accept liabiny
or offar any raduction in charges
All adventising sales are subjact to Govemmatt
Regulstions concarning VAT Ad
respansible lor complying with the
requirements in force eg: The Trad
Act, sax discrimination act & fhe business
advertisements (disclosure) order 1977.
Full Terms & Conditions of Advertising
available on request

- I P SO - OMmMmr m

BIRMINGHAM

NOW OPEN

“SUPERTRONICS”

BIRMINGHAM
65 HURST STREET, BIRMINGHAM B5
TEL: 021-666 6504

Open Mon-Sat 9 am-6 pm
Closed on Wednesdays

EDINBURGH

[OMNIELECTRONICS |

stock a wide range of elecironic components al

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open: Mon-Fri 9am-6pm, Sal 9am-5pm
Send 2x18p stamps for lalest cataiogue

FOR COMPONENTS
LOTS OF NEW DEVISES
LOTS OF LOWER PRICES
Phone for our catalogue:
01 452 0161/450 0995 Telex: 914 977
40 Cricklewood Broadway,
London NW2 3ET.

SOUTH COAST

Classified advertising
could work for you.
Ring Heather Wust

Today to discuss
your plans.

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street Tel: 051 236 0154

47 Whitechapel. Tel: 051 236 5489
Liverpool 2

‘THE ELECTRONICS SPECIALISTS’'

Open: Tues-Sat 9.30-5.30

'CLASSIFIED COUPON

EI.ECTR[]NI[!S TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT
l DEPARTMENT, No. | GOLDEN SQUARE, LONDON W1R 3AB.

IPLEASE DEBIT MY ACCESS/BARCLAYCARD No.

DTTTTTTTTTITTTT]

O FOR SALE

O COMPONENTS

EXPIRY g Name
DATE
E Address ...
. Signature ...
O WANTED OKITS

WOLVERHAMPTON

WALTONS OF
WOLVERHAMPTON
Established since 1947

ng a cnrnpl;ll’!?. rahge I 1r'|rﬁ[r‘rm By

55A Worcester Street Wolverhampton
Mon-Sat: 9-6 pm  Tel: 0902 22039

apce’'s

- WP SO0TJI - OMPMPFM

.. Daytime Tel. No. ................

(J OTHERWISE STATE

Rates: Lineage 54p per word (VAT inclusive) minimum 15 words.
Semi-display £12.80 per single column cm plus VAT. No
reimbursements for cancellations. All ads must be pre-paid. I

e e el
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ho played at Wembley this

year? Apart from the mega-gigs
that have been so prominent in the
news over the summer, some 120
exhibitors were also at the Wembley
Conference Centre to show off their
latest wares in this year’s British Music
Fair. All the big names in musical
instruments were there as well as most
of the lesser known companies,
although it was not always easy to find
who you were looking for, big or
small, as the conference centre has a
rather confusing layout.

What this venue does have is
around 6,700 square feet of air-
conditioned exhibition space which
allowed a less cluttered layout thus
avoiding some of the claustrophobic
scenes from last year at Olympia.

Who's Got What?

Let’s start with the big boys shall we?
Yamaha had a wealth of new products
to show from all the divisions, At the
pro end of the market we have two
new synths designed to make FM
synthesis easy for all — the YS200
and the cut-down 8-track sequencer-
less YS100. Both are multi-timbral
and feature 5-octave touch sensitive
keyboard, pitch and modulation
wheels and a control panel that looks
like a Crazy Golf course. £790 for the
200, £700 for the 100.

From the portable keyboard wing
comes the PSS-680 (below) — a
5-octave mini keyboard complete with
pitch bend wheel, eight drum pads
and MIDI capabilities all for just £250.
Also into this category comes five
expander boxes to enhance the sound
of porta-keyboards that have come in
for some stick in the past. The EMQ-1
Sequencer (£299), the EMT-1 and
EMT-10 voice expanders (£220 and
£300 respectively), the EMR-1
Drumbox (£220) and the EME-1
Reverb unit (£220).

Obviously Yamaha see the portable
market as one to get serious about.

I'll Be Blowed!

By contrast, Casio seem to be taking
the pro market by storm with products
ke the DH-100 Digital Horn (see
photo) which allows wind instru-

mentalists access to all the electronic
sound he wants for just £99.

Following on from the success of
their DG-20 MIDI Guitar Casio have
now launched the PG-380 which, if
the demos on the stand were anything
to go by, gives the most demanding
of guitarists an armada of sounds (up
to 192) tracked perfectly

What's nice is that the sounds and
ROM cards are compatible with
another new product from Casio, this
time the keyboardist (just in case you
were allfeeling left out). The VZ-1 flag-
ship synth certainly leaves a keyboard
player with no complaints as far as
performance controls and options go.
The sounds arentbad either. Further-
more, for the master keyboard
devotee, you can buy the VZ-1 in rack
mounted format as the VZ10-M.

Back In LA

Roland’s main push on their stand was
behind the E-20 and the E-10 key-
boards which seem to be straddling
two markets. This idea seems to be
that these two keyboards will give pro
musicians the benefit of all the little
tricks that portable keyboard owners
have enjoyed allthese years. So now
you can have the combination of the
sounds of a D-20 synth without the
programability but with some rather
clever auto accompaniment routines
which can be stored in the on-board
sequencer and dumped onto RAM
card for long-term storage.

I can see what theyre getting at
because a lot of musicians wotild like
to work out songs and arrangements
at home but don’t want the hassle of
turning a room into a small studio

Also of interest was the- T-110
sampled sound module which won't
record sound samples but plays ROM
cards of ready-made samples which
are available thanks to the S-10 series
As the majority of sampler users just
play with presets anyway this would
sound like a good investment to a
musician at around £600,

What A Combination

This is the first year the UK has seen
any evidence of the Yamaha aquisi-
tion of Korg. The new catalogue

proves interesting reading with the
launch of Korg’s Professional Perfor-
mance series spearheaded by the M1
MIDI Workstation — a full spec master
keyboard multi-timbral sampler,
digital effects processor and eight track
sequencer for around £2000. To add
to your sound library, Korg also has
two sound modules with specific
tasks. The P3 is a sampled piano
module with two types of piano
onboard (titted Piano 1 and 2!
however it will accept ROM cards as
well. Symphony is the other expander
from Korg and it has several internal
orchestral type sounds and, once
again access to that Korg ROM
Library.

Street Cred Kawai

Its only in the last two years that Kawai
have gained the credibility it needed
in the pro market. This year it has
done it once again with the K1 synth
and the keyboardless K1m expander.
Although without the sequencing frills
of its rivals it is certainly the most easily
programmed and usable as an ex-
pander for sameone who wants per-
formance control and a bit more than
presets

Akai — Hard To Beat?
Not a whole heap new at the Akai

stable There's the S1000 top of the
range sampler which features 16-bit
stereo sampling and a 2Mb memory
for £2899. For rhythmists the ME35T
Drum Pad to MIDl interface was being
thrashed by some prospective custo-
mers — price nearly £260. To compli-
ment this the XE8 drum expander for
£500. gives any MIDI instrument a
further eight 16-bit sampled drum
voices which can be changed via cart-
ridges {wot! No ROM card?).

Akai launched one of the first
master keyboards — the MX 73 which
is still popular today. However, they
have wisely decided not to sit on their
laurels and have come up with the
MX76 which has an extra three keys
on the keyboard, is weighted and has
both velocity sensitivity and after-
touch along with four programmable
sliders which could, for example, be
used to control tempo, portmento
rate. volume and so on all via MIDI.

Akai also had a rather unusual use

musical applications are out. DJs,
Rappers and Housemasters may find
them useful for effects

Typically Tropical

Cheetah gets the prize for the most
tropical stand at the show with the
sounds of the jungle sound effect
record, the astro turf presumably
nicked from the local greengrocer and
of course the inflatable gorilla. Not a
lot new, though — just what's been
advertised for the last five months.

Sound Effects

Sound Technology, the UK distributor
for Alesis effects and analogue synth
masters Oberheim had new things for
both at the show.

Alesis had two new additions to its
Micro effect series which are the Micro
EQ and the Micro Cue Amp, both
£125, Planned for the Autumn is the
sequel to the excellent Midiverb and
the Midiverb 2, the Quadraverb with
100 programmable effects which can
be chained together in fours which will
get over the problem that most multi-
effect units have.

From Oberheim comes the Matrix
1000, a sound expander with 1000
presets on it. The unit is six voice but
no mention is given to it being multi-
timbral, Nevertheless £450 is still good
value for that many options.

Additional Highlights
Having trolled round the big names
you may well be forgiven for thinking
that that's all that there was of interest
Nothing could be further from the
truth.

The Farfisa stand was showing the
Midimic — an audio-to-MIDI con-
verter which not only receives a mono
sound source from the in-built micro-
phone but also has a line level input
for non-MIDI instruments such as
guitars, saxophones or even old key-
boards. From the demo I received the
tracking is excellent and at £200
means anyone who can even whistle
a decent tune can now get into pro-
fessional music

for low cost sampling technology.
Instead of shoving it into a mini key-
board and putting kids off sampling for
life. they have put it into the U4 phase
trainer. This is a sort of sampler cum
pitch shifter which allows you to
sample a riff and slow it down without
altering the pitch. It could be useful for
amusician who needs to practice a riff
as he can slow it down to learning
speed and keep repeating it, speeding
up as he gets better. The audio
bandwidth is none too hot, so serious

Darrin Williamson
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he potential UK videotex market
' is huge. There are, after all, well
over 50 million of us living on these
fair isles and if even only a tenth of this
potential is tapped, there's many a
fortune to be made.
Yet the present state-of-the-art here
in Britain is ridiculously small. Only a
few hundred thousand terminals are
in use and the aim of the services
appears to be primarily towards the
business sector. | would strongly
suggest this is a short-sighted attitude
and one which must change

ar po UWIT TRUST ASSOCIATION
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2 What are Unjt Trusts 7
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fi nbers Directory
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O CitiService

The Prestel service is hardly a
service at all, At the risk of being
contradicted (I would dearly love to
be, if anyone can tell me otherwise)
cost is basically prohibitive to all but the
keenest of private users and uses of
the service are limited such that it is
hardly worth the bother, anyway

This is a preposterous situation. We
have, potentially, an extremely good
system — on its initiation back in 1979
(yes, nearly ten years ago) it was the
best of its kind and should have been
constantly developed to remain so
through the years, British Telecom,
back in the days of the Post Office.
thought it would increase telephone
revenue and were at that stage
reasonably happy to put funds into it

However, once developed. Prestel
was (and still is) allowed to rot and so
now falls at about the bottom of the
pile compared with other systems
Where Prestel’s task was to increase
the publics use of the telephone
system (it didn't, and still doesn't) other
later systems such as France’s Minitel
have taken videotex to new heights
with every year of their use.

The British problem is one of sheer
mis-management and poor market-
ing. Where UK users have to fork out
our hard-earned pennies (well,
hundreds of pounds, actually) to buy
aterminal or buy software to convert
a computer into a terminal, the French
equivalent of BT (France Telecom)
gives the damned terminals away to
interested users at the rate of one
million terminals a year! France
Telecom expects to give everyone a
terminal by the end of the century.

Further, whereas we have Prestel
and its limited existing uses, France’s
Minitel is based around an electronic
adaptation of the telephone directory.
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Instead of looking in a paper directory
or phoning Directory Enquiries (that
is if you can actually reach Directory
Enquiries) French users merely use
their free terminals. This electronic
directory automatically ensures the
terminals will be adequately used and
will even pay for themselves given
time

Apart from a few technical details |

(Minitel is a much easier-to-use system
than Prestel — it's menu-based rather
than the difficult page-based Prestel)
other services remain similar —

electronic shopping, travel agencies |

and so on, although a number of new
services have arisen due to Minitel's
wider acceptance by the public.

Incidentally, just in case you're a bit
suspicious about whether the termi-
nals can pay for themselves, France
Telecom estimates each terminal
given away pays for itself in the extra
revenue generated, within a year!

Minitel presently generates some
70 million calls a month, which
translates to some 84 million hours
connected to the service and that
means a lot of money — more even
than 1 get paid by ET! for writing this
column! Only around 3.5 million
terminals have yet been given away,
too. The final figure, when everybody
has a terminal, will make BT ex-
ecutives’ faces (and, | suspect, those
of the Government} go positively
green with envy.

Now come on! Can't we take a lesson
from all of this? What are we thinking
about? I know it's not cricket, but who
said we were playing a game, anyway/!

l = Y yPEPEE———
| TEST HATCH
| LENBLAND v SRT LANKA - RESULT

1N}

MEST IHDIES TOU
3 SRI LANKA TOUR...

| 4 KEITH PROKHSE HOSPITALITY DETRILS

Me are providing up-to-the-minule
reEn-by-run coverage of

the one Test Match and

an= fas-Bau Internationais

o 2p
. 2p

We who invented the hovercraft,
the jet engine. the computer (there
must be others but for the life of me
I can't think of any more, ofthand)
can' even seem to get our act together
on this one. Yes. [ know the Prestel
system doesn't lend itself to the same
sort of things that Minitel can do but
what the heck!

If Prestels no good scrap it and let’s
do it right. We've got ten years
experience (give or take a few
months) of how our system doesn’t
work and isn't much good

Now, lef’s do it right

Even in today’s hi-tech world there
remains plenty of scope for the hi-
fi hobbyist to improve his system by
paying meticulous attention to detail.
Indeed, there is many a way in which
systems may be ‘tweaked’ — allin the
name of enhancing the musical
experience!

Over the years such techniques as
tightening-up cartridge bolts,
employing rigid and spiked loud-
speaker stands and using good quality
interconnection end speaker cables
have evolved into a thoroughly logical
upgrading process.

However, acting as a foil to these
perfectly sensible ‘tweaks’ there exists
a stubborn fringe element insisting on
employing quite ludicrous methods to
improve audio performance

One of the silliest ideas to emerge
in recent years involves sticking little
black squares of metallised polyester
over everything in sight. Now, in some
cases this process might effect a
change in the sound of a system
though whether such differences are
actually improvements has as much
to do with the placebo effect as
rational science.

I shall return to this subject at a later
date but for now [ would like to high-
light a particularly illogical and
potentially damaging ‘tweak’ that has
surfaced in the hi-fi arena

This latest concept concerns the use
of shorting plugs to load the coaxial
digital outputs of the more up-to-date
CD players. Apparently by terminat-
ing the output in this fashion, the
overall sound quality of the CD player
is said to be improved, Daft but true

The tentative rationale for this
improvement is thought to be that the
plug somehow stops electricity from
leaking out the hole!

Most manufacturers employ
transistor-transistor logic (TTL) to
drive this digital output either via a
resistive pad or transformer that
isolates the digital and analogue
ground lines, Now, whether this digital
output is shorted or open circuit there
will always be a degree of
mistermiation that results in signal
reflection, so perhaps these outputs
are best loaded with plugs that match
the universal output impedance of
75R

According to the Red Book
standard, the peak voltage of a digital
output should be set to 0.5V with a
master clock frequency of 5. 65MHz,
a signal that will be injected directly
into the earth line if a shorting plug
(loaded or unloaded) is employed.

As you might expect from TTL,
stages could be permanently
damaged by this inappropriate
loading. In the case of a shorting plug
this peak voltage could realise a
current of up to 6.66mA which will

itself set up voltages across common
earth lines due to small series in-
ductances.

Of couyse, this effect will depend
very much on the layout of the PCB
but with interference set up between
digital and analogue earths it is not
difficult to imagine jitter effects being
exacerbated.

In addition, a greater demand will
be placed on the integral power
supply as more current is drawn just
as fairly significant RF (5.6MHz)
magnetic fields may also be de-
veloped. The subjective con-
sequences of RF interference are
becoming more widely appreciated by
the more sane elements of the hi-fi
industry and it is likely that this
situation will snowball once we enter
the ‘RF conscious’ European Market

Early research work indicates that
down-band products of very high-
order difference intermodulation may
be responsible for certain grainy and
coarse high frequency colourations
observed during critical listening tests.
Certainly my own experiences of a
vast number of CD players point to
them sounding worse once the digital
output is shorted — a logical con-
clusion considering the added stress
this imposes on the player

Other enthusiasts, unaware of the
electronic consequences of their
actions, may expect a change in
sound quality and this difference’ may
inadvertently be interpreted as an
improvement. | am quite sure that if
CD players were manufactured with
shorting plugsin place then the fringe
element would currently be proposing
their removal

The ideal situation is presented by
those up-market players which enable
the user to switch the TTL output on
or off when required. Nevertheless, if
the presence of localised RF fields is
undesirable from the subjective point
of view then an unterminated digital
output is likely to be preferable to one
thatis shorted. 1 now wait with baited
breath for someone to suggest we
short out any redundant analogue
outputs as a way of improving sound
quality!
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This column is a service to readers to provide electronic designs to order.
Many a project never gets further than the drawing board because of
difficulties with one small part. If you are stuck for a circuit or a technique,
let the ETI expert help you out. Send your requirements, with as much
detail as possible, to ET1 Blueprint, 1 Golden Square, W1R 3AB.

he request for a Blueprint design
this month comes from Herbert
Jones of Hove, Sussex

[ would like to build an integrating
current meter which, finked to a solar
cell, would give a reading of average
daylight intensity over a period. [ have
seen a paper describing a device
which integrates current by plating
metalfrom one electrode to another
The electrodes have to be weighed to
obtain a measurement. A digital
readout would be much more useful

There is a practical way to make a
digita! integrating meter. The most
versatile solution would be to use a
microprocessor but this would take far
too much time to write the program
in machine code. Also, many people
do not have EPROM programmers
The circuit in Fig.1 uses 4000 series
CMOS to achieve the aim and uses so
little current that a battery can be used
to power it

The system shown here uses a
voltage controiled oscillator (VCO) to
convert an analegue signal 1o a
frequency. The clock pulses from the
VCO are counted and the total is
displayed when required

The =
A solar cell converts light into elect-
ricity by means of incident photons
giving up their energy to an electron
on an individual basis. That is to say,
the energy of the electron freed from
the atom depends on the energy of
the photon which it has absorbed
Silicon solar cells have certain bands
of possible energy levels for 'bound’
and ‘free’ electrons and they can only
absorb photons having an energy cor-
responding to a jump between levels
iy the requisite bands. This means the
voltage generated by a solar cell
Zepends on the energy band structure
he cell, rather than on the incident
nt {assuming the incident light
judes photons of the right energy
sange)

Circuit

Although the electron energy is not
= good indication of the incident light

=vel, the short circuit current is a
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Fig. 1
Vg reasonable indication. This is because The counter outputs are fed to
ov | thenumber of electrons raised tothe  BCD-to-seven segment decoder/
conduction band depends on the drivers and thence to 7-segment
number of photonsin therightenergy  displays. If a long series of counters is
— TEST L — range which fall on the cell. This to be used, it may be unnecessary to
d correspondance is not perfectbecause  use displays and drivers on the least
L5 e A A [ the cell will have defects but it is very  significant digits.
T e o good. For many purposes, adequate reso-
I_ Jution would be provided by using
i c= ouY ; displays on the four most significant
= oz In iiaht digits (assuming that measurements
T s To make use of this characteristic of  in the same range are needed). More
- - solar cells, the cell is connected to a  displays on less significant digits
current-to-voltage transducer, Inthis  would, however, display a useful
A =0 circuit, so long as the op-amp is not  reading with shorter measurement
- overloaded, feedback keeps the volt-  periods, The displays have been
o == . age across the cell almost at zero. The  shown with a push-to-read switch to
SCALE current fromthe cellaltflowsinR1and  minimise battery consumption.
SET __“__4 RV1, so the voltage output of the
Zg',:‘k%o 100n current-to-voltage transducer canbe . =~ | Skt
~ calculated by Ohm's Lawif youknow 5 S pHEEtions
. the current output from the cell, Clearly, the integrating meter patt of
+ TRV All this only works if the cell is the circuit can be used to integrate any
o connected the right way round. Ifitis énalogue voltage measurement hav-
not, the output of the op-amp will "8 arange O.f approx1matefly'0—£'l\/
s remain stubbornly at OV trying but not With the c1r§u1t shown, the llmltétlon
succeeding to reach a negative ©7 convertlpg some types of signal
e 985\!'2#50 _ potential. source ‘r.o suitable range is the lack of
ALl The output from the current to 2 negative power supply.
1mv/oC 0 voltage transducer feeds the VCO Fig. 2 shows a suitable means of
10mv/°c 10k controlinput of 2 4046 phase locked ~ 3¢nerating a negative power supply,
Fig.3 200mV/7C 200k loop IC. The frequency of the VCO is and Fig. 3 shows a temperature meas-

1000 5= LM335 12k

ADJUST ‘SET ZERO’ FOR 2,73V

TOVCO
100mV/°C

Fig. 4
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proportional to the control voltage. A
slight error will be introduced here
because the relationship is not per-
fectly linear but the error is only small.

Cui For The Count

The VCO output is fed to a dual
decade counter and from the first
decade counter to as many cascaded
stages of counting as may be required
to count the total number of pulses
from the VCO.,

uring circuit which uses the negative
supply, As an alternative, the more
complicated circuit shown in Fig. 4
does not need a negative supply to
measure temperature.

Both of these circuits are assumed
to be Celsius reading. The tempera-
ture sensors provide a Kelvin scaled
output but this is unlikely to be of use
to determine the difference between
a warm day and a cool one,

Andrew Armstrong
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he welcome associated with the

glow of a home must be as old as
are glowing homes. In the days when
the glow was caused by the roaring
hearth there was not a lot you could
do to automate the glow so it would
be there on your return and not
wasting fuel all day

Come the advent of electricity {and
more importantly, electronics) and
things changed.

Now it is quite possible to have a
light at your doorstep which comes on
to greet you or visitors only when
someone approaches and only when
the sun has set. You can't go much
further in the way of automated
welcomes and there can't be a much
more economic solution either.

It is just such a unit that Maplin has
been selling for a while now. Called
the Nite Sentry on the box and simply
the Outdoor PIR in Maplin’s catalogue
it has the order number XG96E and
a price of £39.95,

The catalogue name gives the
game away. This is yet another in-
genious application of the passive
infra-red detector idea based on a
pyro-electric sensor.

The Nite Sentry is mains powered
and connects up just like any outside
light. It is similar in many ways to the
passive infra-red alarm project of the
ETI January 1988 issue

Body heat from the visitor is
collected by way of a special Fresnel
type lens onto a concave mirror where
it is focused onto the pyro-electric
sensor. The mirror angle can be easily
altered to change the height of the
detection area over a range of about
1158

The sensor responds to changes in
radiated infra-red heat received. The
Fresnel lens creates a pattern of
detection zones so as a visitor crosses
the area covered by the unit, he will
move into and out of the amay of
sensitive zones, triggering the unit

So it is much like any passive infra-
red alarm, In this case, however,
rather than connect the unit up to an
alarm system (such as the Burglar
Buster!) it connects a built-in light
socket (up to 100W) to the mains and
powers an auxiliary output too for
extra lights (up to 600W)

Once triggered, the light stays on for
a preset period from about ten
seconds to 15 minutes. The Nite
Sentry even includes a photosensitive
cell to disable the unit during the hours
of daylight. The photocell is sensibly
mounted on the underside of the unit
to receive ambient light only and not
direct sunlight.

The whole thing — detector and
lamp — is encased in a slightly weird
cream coloured ABS box with a
pearled light cover. It is entirely
waterproof and easily mounted on a
wall with the mains cable entry
through the rear.

Once on the wall it looks rather like
a 1960’s attempt at bringing the
carriage lamp up to date! However, it
is not too obtrusive and certainly
warrants a position on the wall.

The sensor is rated with a range of
a quarter circle 10m in radius. Once
up over the front door, the effective
range seemed to be nearer 5m but as
most front gardens are about this
length and passing cars can trigger the
detector, this reduction in range is
probably a good thing

Otherwise the unit performed per-
fectly. It is easy to install. An add-on
angled mount is provided if necessary
and even a sticker for the photocell is
included so the unit can be tested in
the daylight. It takes only about 15
minutes to put up, it means you'll
never have to leave the light on again
and even acts as a mild deterrent to
unwelcome visitors. What more can
you ask for £40?

Malcolm Brown

CRICKLEWOOD ELECTRONICS

SUFFERING FROM COMPONENT
DEFICIENCY?

Symptoms:Frustrated, half-built projects, sleepless
nights, non-working equipment, out of stock blues.

SEE YOUR SPECIALIST!

The components stock centre —
the fast solution to component problems,
old, new, rare and common

a I
ELECTRONICS LTD
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MAIL ORDERS, TELEPHONE ORDERS,
CREDIT CARDS, CALLERS WELCOME
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CRICKLEWOOD ELECTRONICS LIMITED

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Tel: 01 450 0995 & 01 452 0161 Telex: 914977

[tS casy
to complain about
an advertisement.
Once you know how.

One of the ways we keep a check on the
advertising that appears in the press, on
posters and in the cinema is by responding to
consumers’ complaints. _

Any complaint sent to us is considered
carefully and, if there's a case to answer, a full
investigation is made.

I you think you've got good reason to
complain about an advertisement, send off
for a copy of our free leaflet.

It wall tell you all you need to know to
help us process your complaint as
quickly as possible.

The Advertising Standards Authority. /
If an advertisement is wrong, we're here to put it right.

ASA Ltd, Dept 1 Brook House,
Tornington Place, London WCI1E 7HN

‘ s
This space 1s donated in the interests of high standards of advertising,

ETI NOVEMBER 1988




Introducing
Digital Audio:_
CD, DAT and sampling j
Ian R. Sinclair

112 pages = 216 x 138mm
55 line drawings * £5.95 + 50p p&p
ISBN: 1 870775 05 8

The techniques of digital audio
involve methods and circuits that
are totally alien to the technician
or enthusiast who has previously
worked with audio circuits. This
book bridges the gap of
understanding and explains the
principles and methods of digital
audiom but the mathematics and
theory are avoided.

Digital electronics and signals.
Analogue to digital conversion.
Digital to analogue conversion.
Studio digital methods. The CD
system. Consumer digital tape
systems, S-DAT and R-DAT.
Sound synthesis.

I enclose my cheque for

Dyl

Please send me
copy(ies) of Introducing Digital Audio (£6.45 each)

cop(ies) of Practical Digital Electronics Handbook
(£7.45 each)

tal\ Practical Digital

. Electronics
o Handbook
Mike Tooley
January 1988 » 208 pages

216 x 138mm * 100 line drawings
£6.95 + 50p p&p ISBN: 1 870775 00 7

‘A very useful book’
Elektor magazine

A practical introduction to digital
electronics for enthusiasts,
technicians and students.

Digital circuits. Logic gates.
Bistables and timers.
Microprocessors. Memory and
input/output devices. RS-232C
interface. IEEE-488 and
IEEE-1000 microprocessor
buses. The oscilloscope.

Full constructional details for
nine test gear projects. TTL and
CMOS pinouts; binary
conversion tables.

made payable to PC Publishing.

TELEQUIPMENT D83 Dual Trace 50 MHz Delay Sweep.
Large Tube with manual ................... ... £350
COSSOR OSCILLOSCOPE CDU150. 35MHz
Delay Sweep. Dual State. Portable 8x10cm Display. With

Name
Address
Send this coupon to PC Publishing,
139-141 High Street, Edenbridge, Kent TN8 SAX
OSCILLOSCOPES SPECIAL OFFER at ONLY £300 each

TELEQUIPMENT D755 {NATO approved version of D75)
Dual Trace. Delay Sweep. 50MHz.

TRIO RF SIGNAL GENERATOR type SG402

55 Dyal Trace nal

ual Trace f5MHz. Wil
ADVANCE QS250TV. Dual Trace 10MHz. With Manual£150
SCOPEX 4D10A Dual Trace 10MHz. With Manual ., €150
TELEQUIPMENT 8544 Single Trace 10MHz. Sofid Stale with

100KHz-30MHz. Unused (p&p £7)................... £only £75
o NOWONLY<1B0each | - o of 1R PAR GENERATOR ype PALLMC101 8 patierns
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AVOTRANSISTOR ANALYSERMEK 2(CT 445] Sultcasestyle
Complele with batleries & operating instructions only £25
each (p&p£7)

AVOVALVETESTER CT160 Suilcasestyle. 22 Basesonly £25
each(p&p £7)

Manual £90
MULTIMETERS

AVO 8 Complete with Batteries & Leads....., .- from £50

AVO 8 Mk V Complete with Batleries & Leads ........... £90

AVOTEST SET No 1 {Military version of AVO 8. Completo wilh
Batteries & Leads

TEST LEADS suilable for VOMETERS. Flad & Blackwith two
£r0c Clips & prods (PEAEY). ... 5
BLACK'EVERREADY' CASESfor AVOS. Unused (p&p£4)

MARCONIAF Power Meter TFB93A 20Hz-35KHz. 20uW-10W.

With Manual (DB £7)..............coucvvvececrmnnernrnins only £35
MARCONI RF Power Meter TF11524/~ DC-500MHz.05t0
25 watts 50ohm. Wilh Manual (p&p £7).............. only £45
MARCONI ATTENUATOR TF2162. DC-IMHz 600ohm.
O-111dB on 0108 Stepa (PP 7). ..ocovvc v £35
HATFIELD ATTENUATOR Dgzsom Hz.500hm (-100dB (p&p
£4) E £60
ADVANCE 5G62B AM 150KHz-220MHz . ..... L D)

LABGEAR Colour Bar Generalor KG1. 8 Test Patterns (p&p
BAY st i - 0Ty €40 aach

ISOLATING TRANSFORMERS 240V Input
240V Qut500VA ... £15(p&pES) 100VA ... £6(p&p£3)
240V Out 200VA 4 (&p £4)

DISK DRAIVE PSL 240V IN5V 16V & 12V 15A oo Sizs
W125mm H75mm 0180mm Cased Unusedonly £10 (p&p

£3)
QWERTY KEYBOARD (as in LYNX MICRO) pust to make

Cased ... socivnieenno DS QRCN (PR £Y)
FARNELL SWITCHED MODE PSU 5V 40A +/-12V 5A£30
each pé&p £4)

ATUIEN SUITALIEN LR e B

OTHER SWITCHED MODE PSU avaitable. Piease enquire.
DISKDRIVES 5% “Double Sided. Double Density. 80 rack
i From £50

STEPPING MOTORS
Trpe | 200 Steps per rev. 4 Phase (5 wire) 12 24V Torque
250z inch will run on 5V with reducad torqua£15.00
Type2 B12Steps perrev. 3Phasa 1224V (willwork on 5V)
E2mpeh Boll...... . et £750
Typed NORTHAMERICAN PHILIPS 24 Staps per rev. 4
wire 5V 3.3Amps 0.250rpm 0.200 PPs, . £6 each

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 604, Dual Trace 60MHz. Delay
Sweep. Component Tester + 2Probes..................... £578
HAMEG OSCILLISCOPE 2036 Dual Trace 20MHz, Com-
ponenl Tester & 2 Probes AR £314
All Other Models Available

BLACK STAR FREQUENCY COUNTERS P&P £4

Meteor 100-100MHz ............ £99
Meteor 600-600MHz,, ... ...
Metaor 1000-1GHz v EATE

BLACK STAR JUPITOR 500 FUNCTION GENERATOR

Sine/Square/Triangle 0.1Hz-500KHz p&p £4............ £110
BLACK STARORION PAL TV/VIDEO COLOUR PATTERN
GENERATOR ... . ..-£199
HUNG CHANG DMM 70:0. 3% digit. Hand held 28 ranges
including 10 Amp ACIOC 0.1%. Complete with battenes &

£126

[C——————— — — — —

Please supply photocopies of the following articles from
l ETI (complete in block capitals):

I Month .............. Year ......coo...... Page (if known) ......... I
I e R o & I
l Month ............... Year ............. Page (if known) ......... I
Tl comormonconsoonopsobooeros o Mec ey oot vardyernrerpes Moty B I
I Month ................ Year g Page (if known) .........
R D |

I [ enclose a cheque/postal order made out to ASP Ltd. to
I the value of £150 per photocopy ardered.

...................................................... Postcode ...................

W e} Sz 1305, PEAPEA. ., o £39.50
L A e As sbove D 0100251 Bt
TypeT WARNER 24 Steps per rev. 3 Phase (6 wire) 26V, arrying Case forabove ... £ 3 8

Holdingorque 450z.inch ... t5each | OSCILLOSCOPES PROBES Swiched xT-x10p&p £361t Send the completed form and your remittance to:

U WA dag Wanoals supglied | possibl, I ETI Photocopy Service
Thisisa VERY SMALL SAMPLE OF STOCK. SAE or Telaghone or Lists. Please check availability before 9 Hall Road
ordering. CARRIAGE all units £16. VAT 1o be added to Total of Goods & Carmiage. H 1H tead

— emel Hempstea I
STEWART OF READING ~I Herts. HP3 7BH

= 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Tel: 0734 68041. Fax: 0734 351696. Callers welcome 9 am-5.30 prmi. Mon-Fri (until 8 prm Thurs)

b e e e e
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FORTUNE

That’s what an incredibly small number of people have achieved by contributing

articles to ETI. The rest of us have had to make do with total obscurity and enough

money for a couple of pints. Nevertheless it’s all worthwhile and we need vour
contributions now!

FEATURES PROJECTS
If you know what you're talking about and it ETI has built its reputation on novel, worthwhile
hasn’t all been said before, we want you to add projects well designed and accurately pre-
to our wide ranging and informative features. If sented. If you have recently designed and built a
you have a great idea for a feature or two, send world-beater we want to hear from you. In the
in a brief resumé. If you don’t have the ideas but first instance send us a brief description of your
you think you have a commanding knowledge of masterpiece along with a circuit diagram.
a suitable subject area we want to hear from you
too.
) Wirite in to:
Whatever you can contribute to ETI, take the plunge now. The Editor
We can offer a modicum of fame and a very reasonable ETI
fortune. 1 Golden Square
London W1R 3AB
m CONSTRUCTOR SERIES SPEAKER KITS
ADVERTISERS INDEX - Based on the famous Kef
DK L DS e ey Reference Series, these three
8?'3&5?&%? nEcISE%TsRON'CS ...... DIY designs give the home
PIELD ELECTRONICS " constructor the
e opportunity to own an
HART ELECTRONICS ... .. . upmarket pair of

HENRY’S AUDIO ELECTRONICS loudspeakers at

MAPLIN ELECTRONICS ..,

OMNI ELECTRONICS ................. very down-
PC PUBLISHING .. .. .. ... 3 : |
SAGE AUDIO ... . .. to-earth price!
SLEE ELECTRONICS .. With a

SPECIALIST SEMICON DEVICES . Wilmslow Audio

STEWARTS OF READING ...... I

SUMA DESIGNS ......... Total Kit it's easy
TJA DEVELOPMENT | = .

TK ELECTRONICS ... no electronic

STAN WILLETS ..

e e or woodworking skill is necessary. Each kit contains all the
WILMSLOW AUDIO ELECTRONICS ...,

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 conventicnally styled encl.).

FOR YOUR VALUABLE COLLECTION

CS1 £117 pair inc. VAT plus carr/ins £6
OF ELECTRONICS TODAY Rl CS3 £143 pair Inc. VAT plus carr/ins £12
INTERNATIONAL MAGAZINES 5" £5.95 CS9 £393 pair inc. VAT plus carr/ins £18
* SMART * EASY TO USE * TOPQUALITY § inc.  §
e e W s ) Ny PP " We also offer a kit (less cabinet) for Elector PL301

Hempatead, Herls HP2 4SS (0442-41221) ) J Il

- o . - e we W - . - i i i i r I T l 7
leate Tunly. - Fluciiontes Tooay Micwe oy N Lightning service on telephonad credit card orders! 38

i
: Binders £5.95 inc. P&P i WILMSLOW AUD'O LTD.
f, 'SHLE - (Fisate make cheques payabishel SSEIRIC) : 35/39 Church Street, Wilmslow, Cheshire

1 Years Required — 198........ 198........ 198........ 198........ i SKg 1AS Te|: 0625 529599
' Name 1 Call and see us for a great deal on HiFi.
B == Address I (Closed all day Mondays)
<o | g:l Please allow 21 days for delivery &3 : DIY Speaker catalogue £1.50 post free (export $6)
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A LOT OF STYLE FOR A LOT LESS
ROM ARGUS AND GRATTAN

Argus Specialist

Publications and Grattan
have got together to bring
you two superbly stylish
offers at prices which you
won’t beat anywbhere.
Order today

and discover
Just how little
it costs to have

style. e =
Casual Jackets | MOON Phase Wiatches %

£ 3 2 ‘99 EACH £49-99 EACH RECOMMENDED PRICE £99.99

More than just good-looking, All warches rell the time, Many give the date. But here's one which also

/"” m %

f/
LT

tells che phase of the moon

zaese colourful padded jackers are

2150 very practical.
Both are made trom casv-care

e e LN | e e The recommended price is £99.99

HALF
St ws e offering chem for zn incredible PRICE

= 2=5.99 each 5o you can save £50,

Now that's veal style.

Postcode

a = ‘ ‘ ‘ | ] Grarran ple, Anchor House,
Ingleby Road, Bradford BD99 2XG

—_——————— — = D
'EXCLUSIVE OFFER Sendto;Grattan Response,
| HOW TO ORDER (“Argus Offer”), Admail 79, |
5 Tocal Value Leeds LSI IXE I
Chest sizes: 34/36, 38/40, I Feas Sndine e e S
1244 ins. | Blue/Navy Jacker 50G273 HB3 £32.99 Name l
Jade/Black Jacket SOK274HB3 £32.99
| Grev Black/Burg. Jacker 50C105 HB3 £32.99 |
| Grev Biack Yellow Jacker SO0H 106 HB3 £32.99 |
: 26H902 HB3 £49.99 Address
~6T905HB3 £19 99 |
= ok r pavable to pecp 120 '
il GRAND
o TOTAL |

Reg. No. 249001 England
S = Delivery subject to availabilicy '
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