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OVP POWER AMPLIFIER
OMP pWER AMPLIFIE . DULESNowemova

world-wide reputation for quality reliability and performance al a realistic price Four models
available to suil the needs ot the professional and hobby markel e, Industry Leisure
Instrumental and Hi Fi elc When comparing prices NOTE all models include Toroidal
power supply Inlegral heat sink Glass fibre PC B . and Dre circuits to power compatible
Vu meter Open and short crreuit prool Supplled ready built and tested.

OMP100 Mk Il Bi-Polar Qutput power, 110
walts RM.S into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB, TH.D 001%,
SNR —11BdB, Sens for Max. output
500mY a1t 10K, Size 365 = 115 = 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, TH.D. Typical
0002%, Input Sensitivity 500mV, S N R.
—125dB. Size 300 < 123 X 60mm PRICE
PRICE £39.99 + £3.00 P&P

OMP. MF200 Mos-Fet Qutput power 200
watts R M S inte 4 chms. Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
250, Slew Rate 50V-/uS, THD. Typical
0001%, Input Sensitivity 500mV, SN R
—130dB, Size 300 ~ 160 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 - T00KHz ——3dB, Damping Factor
350, Slew Rate 60V-uS, THD Typical
00008%, Input Sensitivity 500mV, S N.R
--130dB, Size 330 » 147 » 102mm PRICE
PRICE £79.99 - £4 50 P&P,

NOTE Mos Fetsare supplied as slandard {100KHzbandwidth & InputSensiivily 500mV| If required
P A version (S0KHz bandwidth & Input Sensitivily 775mVy Order Siandard or P A

Vu METER Compatible with our four amphitiers detailed above A
qary gecurate visual display em ing 1Y LF D diodes
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PRICE £8 60 - 50p P&P
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LOUDSPEAKERS 5" 10 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 detals.

POWER RANGE

8 50 WATT R M S Hi-Fi- Disco,

20 oz magnel 1 " ally voice coil Ground ally lixing esculcheon Res Freq 40Hz Freq Resp 1o
6KHz Sens 92dB PRICEL10 99Available with biack gnille £11 99 P&P £1 50 va

127100 WATT R.M.S. Hi-Fi/Disco

50 oz magnet 2 ally voice coil Groynd ally hixing escutcheon Die cast chassis Winle cone Res
Freq

25Hz Freq Resp 1o 4KHz Sens 95d8 PRICE £28 6C  £3 00 PRP ea

McKENZIE

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

2" ally voice coll Ally centre dome Res Freq 45Hz Freq. Resp. to 6 5KHz Sens. 98dB PRICE £29 93
+ £3.00 PAP ga

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 Guilar/Disco.

3" ally voice coil Die-cast chassis Res. Freq 40Hz Frag. Aesp, to 4K Hz PRICE £57.87 + £4. 00 P&Pea
10" 60 WATT A.M.S. 1060GP Gen. Purpase/Lead Guitar/Keyboard/Mid. P_A

2" voice coil. Res. Freq, 75H Freq. Resp. to 7 SKHz Sens. %348 PRICE £19.98 + £2.00 PAP
10” 200 WATT R.M.S. C10200GP Gultar, Keyboard, Disco.

2" voice coll. Res. Freq. 45H2. Freq Resp. to TKHz Sens, 101dB PRICE £44.76 + £3.00 PAF

15" 200 WATT R.M.S. C15200 High Power Bass.

Res. Freq. 40Hz Frag. Resp. to 5KHz Sens 101dB. PRICE £62 41 + £4 .00 P&F

15" 400 WATT R.M.S. C15400 High Power Bass.

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

WEM

5" 70 WATT A.M.S. Multiple Array Disco etc.

1" volce coil Res, Freq. 52Hz Freq. 52Hz Freq Resp to 5KHz Sens. 89dB PRICE £22.00+ £1.50 P&Pea
8" 150 WATT A.M.S. Multipie Array Disco etc.

1" voite coll_Res. Frag. 48Hz Freq, Resp to 5KHz Sens. 92dB PRICE £32 00 + £1.50 P&P ea.

107 300 WATT R.M.S. Disco/Sound re-enforcement elc.

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.

114,” 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" vaice coll Res Freq 63Hz Freq Resp lo 20KHz Sens 86dB PRICE £9 99
6, 60 WATT R.M S Hi-Fi/Muiltiple Array Disco etc

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

1" voice coll Res Freq 38Hz Freq Resp 1o 20KHz Sens 89dB PRICE £12 99
10" 60 WATT R M S Hi-Fi“Disco etc

14" voice coil Res Freq 35Hz Freq Resp o 16KHz Sens 89dB PRICE £16 49 + £2 00 P&P

£1 00 P&P ea

£1 50 P&P ea

HOBBY KITS. Proven designs including glass .
fibre printed circuit board and high quality
components complete with instructions.
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphons. Aange 100/300 metres. 57 x 46 x 14mm (9 voit)
Price: £8 62 + 75p P&P.

3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfied
professional parformance. Range up to 3 miles 35 x B4 « 12mm
{12 voh) Price: £14.48~ 75p P&P.

SINGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/
RECEIVER 27MHz. Rangs up to 500 metres. Double coded moduiation,
Receiver output operates relay with 2amp/240 volt contacts. Ideal for
many applications. Receiver 90 = 70 » 22mm (9/12 voh). Price:
E17.B2 Transmitter B0 50 x 18mm (9/12 volt). Price: £11.29
P&P + 75p esch. S.AE. for complete list

#d

3 watt FM
Transmitter

| POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
BODIES, ETC PRICES INCLUSIVE OF V. A.T. SALES COUNTER
VISA/ACCESS/C O0.D. ACCEPTED

VisA

MODULES

EN

* PRICES INCLUDE V.AT. * PROMPT DELIVERIES » FRIENDLY
SERVICE » LARGE S.A.E. 28p STAMP FOR BRRENT LIST

BURGLAR ALARM IDEAL for Work-

Beller fo be ‘Alarmed" then lernlied shops, Factories,

Thandar's famous Minder Burglar Alarm System. Offices, Home,
Superior microwave principle Supplied as lhree units NS lied
complele with intercennect:on  cable  FULLY pp
GUARANTEED ready built

Control Unit — Houses mic ave ragar uri! range
up lo 15 metres adjustatle oy sensilivity control
Three position key opera‘ec'acia swilch — ot — es?
— armed 30 seconc ex:! anc entry dela;
Indoor alarm Eleciconlc swept i
104dB output

Outdoor Alarm — Eleclicnic swept !
output Housed :n & lamper-proo’
case

Bolh the control unit and outcoor
chargeable batlerres wh.ch provia
during mains failure Powerrequiren
AC 50:60Hz Expapoable w !n doc
buttons etc Complete with instruct-ors

SAVE $138.00 Usual Prie £228 85
BKE's PRICE £89.99 - £4.00 P&P

7 Why buy a crllection of sell assembiy buaras

OMP LINNET LOUDSPEAKERS

The very best in quality and value Made speciaily 10 surt toaay s
need lor compactness with high sound output levels Finished in
hard wearing black vynic= with prolective corners grille andcarry
handle All models 8 ohhms Full range 45Hz 20KHz Size 20

157 12" Wals RM S per cabinet Sensitivity TW 1mtr dB
OMP 12-100 Watts 190dB. Price £149.99

per pair.

OMP 12-200 Watts 102dB. Price £199.99

per pair. Delivery Securicor £8 00 per pair

ow 19
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1 K-WATT
SLIDE DIMMER

* Control loads up
lo 1Kw

* Compact Size
4320
+ Easy snap in fix
ing through panel
cabinet cut out

+ [nsulated plastic
case

* Full wave con
trol using 8 amp
triac

+ Conforms to

" STEREO RACK AMPS

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

MF200 (100 + 100)W. £169.00 Securicor

BS800

* Suitable for both resist-
ance and induclive loads In-
numerable applications in

MF400 (200 + 200)W, £228.85 Delivery [ Susiry, (he home and
MF600 (300 + 300]W. £322.00  £10.00 WM price £13 95 - 75p Pep

BSR P295 ELECTRONIC TURNTABLE
* Electronic spead contral 45 & 33 rp m + Plys

Mius vanable pitch control  Belf drnven + Aly
mimam platter with sirobed rim « Cue lever v Anty
skate tbias device! + Adiustable counter balance =
Manual arm * Standard ° cartige fixings «
Supplied complete wilh cut out lemplate «+ D C
Operation 9:14v D C 65mA

Price £36 99 £300 P&P

ADC Q4 mag cartndge fur above Price £4 99 ga F&F 4

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revoluhion The low dynamic mass (nc voice coill ol u Piezo
improved transient response willt a lower distorlion ievel than ordind.y @, 0
crossoveris not required these unils con be added 10 exisiing speaker sysien AR i
(more 1l 2 pulin series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH Tw
TYPE ‘A" (KSN2036A) 3 rounc t
mesh 1deal for booksae!! a
speakers Price £4 90 each -
TYPE ‘B (KSN1005A) 3
Purose sy S isc
£5 99 each S
TYPE 'C" (KSN6O

FomE el

horn Fes quas

Price £6 99 each

KSNI1D

TYPE

STEREO DISCO MIXER

STEREO DISCO M

IXER sy 2

UNIT 5. COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 8TR TEL: 0702-527572
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POWEFI'CONDITIONER

FEATURED IN ET!
JANUARY 1988

The uflimate mams
punfier. Inlended mainty
for lowenng (he noise
lloor and rmproving the
analylical qualilies ol
(op-flight audio equipment
The massive filter seclion conlains Whirieen capacitors and
two currenl balanced induclors, togelher with a bank ol six
VDRs lo remove every |asl lrace of impulsive and RF
Inlerference A len LED logarithmic display gives a second by
second indicalion of Ihe amount of interference removed

Our approved parls sel consists of case PCB, all
camponents (including high permeabilly loreidal cores, ICs
\ransisiors, class X and Y suppresston capacifors, VDRs,

efc ) and lull nstructions

PARTS SET £28.50 + var

G
o L

i
=

Some parts are avallable separalely Please send SAE (o lisls or
SAE +£1 {or lisls circuil, conslrughion delails and furiher nformation
{irse wilh paris sel)
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THE DREAN
MACHINE

FEATURED INETI
DECEMBER 1987

Adjust the conlrols to sull your meod and iel (he gentie
relaxing sound drift over you At firsl you might hear soll ram,
sea surf or lhe wind through dislant frees Almosl hypnolic,
the sound draws you Irresistably inlo a peacelui. refreshing
sleep

For many. Ihe thoughl of waking refreshed and aleri Irom
perhaps the frst truly resllul sleep in years is exciling enough
n ilself For more advenlurous souls there are sirange and
mysterous dream expernences wailing Take lucid dreams,
forinstance Imagine being in conlrol of your dreams and able
to change [hem al will to acf oul your wishes and laniasies
With the Dream Machine Il s easy'

The approved parls set consisis of PCB all componenis
conlrals, loudspeaker, knabs, lamp, luseholders, luse, mains
power supply, prestige case and full inslructions

PARTS SET £16.50 + vaT
AVAILABLE WITHOUT CASE FOR ONLY £11.90 +var

.
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MAINS
CONDITIONER

FEATURED INETI
SEPTEMBER 1986

Cleans up mains pollution
easily and effeclively.
You Il hardly believe the
diflerence in your Hi-Fi, TV, Video, and all other sensilive =
equipment

-\

N\JIL /

[}
N

PARTS SET £4.90 + vaT
RUGGED PLASTIC CASE £1.65 + VAT

POWERFULAR ____ |
|ONISER '

FEATURED IN ETI
JULY 1986

nave been descrived as
mrs ol fhe ar by he
~ magazines and have
=rsditea with everylhing
ring hay lever and asthma lo improving cancenlratior: and o
ari end Lo insomnia Allhough some ol the claims may be
rares (here 13 0o doubl (hal ionised air is much cleaner
nd seems much more Invigoraling than dead air
ioniser caused a greal deal of excilemen! when
e 25 & conslruclionel project in ETI Aliasl an toniser
parab:e wilk (beller \han?; commerciai products
and lun! Apart from lhe serious i
53me 2! the suggested experimenls were oulrageous! .
H 'ﬂaiched sel of parts Tully approved by lhe

ihis unique project The sel includes a roller
2arc 66 componenis case mains lead
o Ihe lesler According lo one customer the
' the price ¢ bz indlvidual comaanents

/Hsrrucuons
a

< 0 Tr BLACK CASE £11.50 + var "Cluded
woThe iy heTE CASE £11.80 4 var

ETI AUGUST 1988

KNIGHT RAIDER

FEATURED IN ETI JULY 1987

The ullmale i ighling ellecis or your Lamborghun Maserali BMW
(or any olher car, tor thal matler) Piclure this eighl powerful lighls -'@&‘
Iine along the fronl and eighl along the rear You llick a swilch on e
dashboard cantrol box and a poinl of ighl moves lazily from lell lo
7ghl leaving a comet s lail behind 1l Fhip the switch agam and (he
poinl ol lighl becomes a bar, bouncing backwards and forwards
along lhe row Press again and ry one of (he olher six pallems

An LED display on the eontrol box kel s you see whal Ihe main lighls
are daing

The Kight Raider can be filted to any car (il makes an excellent fog
Dghl'; or wilh low powered bulbs Il can lurn any child s pedal car or
bicyele into 2 speclacular TV-age loy!

The parts sel consisls of box, PCB and companenls for gl i
and componenis for sequence board and lultinstructions
Lamps nol ncluded

PARTS SET £19.90 + var
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LM2917
EXPERIMENTER SET

Consists of LM2917 IC special prinled circuil board and
detalled instructions with dala and circuils for eighl different
projects to buid Can be used lo experiment with the circuits
in the ‘Next Greaf Little IC feature (ETI, December 1986)

LM2917 EXPERIMENTER SET £5.80 + vaT
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CREDIT CARD
CASINO

FEATURED IN ETI,
MARCH 1987

This wicked little pocket
gambling machine measures
only 3 x2 x/2 llwil
play all kinds of casino
games, including
e Rouletle
o Craps
» Pontoon

Qur approved parts sel comes complete wilh case;
sell-adhesive lascra; linned and drilied prnsed crull boarnd;
all components: hardware; lulf nslructions and Inree
dilteren! games 1o play!

-
PARTS SET ONLY £5.90! + VAT L
Five extra games FREE wilh E
every order! §

PROFEsSg)g

NA

FITNESS -
MONITOR

tnass it can be

Green rectanguiar LEDs
for bar-graph displays
50/or£3.50 500 for £25

100 for £6 1000 for £45

DIGITAL AND AUDIO EQUIPMENT LEDs
Assorted 3mm LEDs red, green, yellow and orange 3
25 0f each (100 LEDs) lor £6.80

pE———

Prices shown are exclusive of VAT 5o please add 15% (o the
arder tolal UK postage 15 70p on any order. Carriage and
insurance lor overseas orders £4 50 Please allow p 10 14 days
for delvery

LIMITED

SALES DEPT., ROOM 167, FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT.

T T
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MAINS
CONTROLLER

FEATURED IN ETI
JANUARY 1987

Have you ever wondered whal
people do wilh all Ihose
computer inlerfaces? Pul your
computer In conlrol, say lhe
ads The Speclrabeeb has eighl TTL outpuls  What on earth can
you centro) wilh a TTL oulput? A lorch bulb?

The ETI Mains Conlroller is a logic lo mains inferface which allow:
you lo conlrol ioads of up to 500W from your computer or logic
circulls An oplo-coupler gives isolation ol at leasl 2 500V, so the
conlroller can be connecled lo expanmental circuils, compulers
and control projects in complete safely. Follow your computer
nlerface with a mains conlroiler and you re really in business wilh
aufomatic conlrol!

The mains conlroller connecls direclly 1o most TTL families wilh
exlernal componenls, and can be driven by GMOS wilh (he
adailion of a Iransisior and iwo resislors (supplied)

=
Your mains conlroller parls set conlains: high qualily roller inned =
PCB, MOC3021 oplo-coupier; power lriac wilh healsink, mounling o
hardware and healsink compound, all componenls Including Q
snubber componenls lor swilching industlive loads; Iransistor and ¢
resistors lor CMOS interface. lull inglrctisns b

paRTS SETE6.20 + vaT!

éARMSTRONG 75W
{ AMPLIFIER

© FEATURED IN PE
 JULY 1988

A.J. Armstrong’s exciting
new audio amplifier
module is here at last! &= d
Delivering a cool 75W (conservallvely raled - you'll gel
nearer 100W), this MOSFET design embodies the finest
minimalisi design lechniques, resulling in a clean,
unclutiered circull in which every componeni makes a
precisely defined contribution to the overall sound
You can read all aboulilin the July issue of PE, but why
bolher with words when your ears will tell you so much
more?
Parts set includes lop grade PCB and all components
SPECIAL INTRODUCTORY PRICE FOR FULLY
UPGRADED MODULES,
SINGLE PARTS SET £14.90 -+ vAT
STEREO PAIR £25.90 + VAT
Please send SAE + €1 lor dala and circuns 1Ivss with pats sel). nciuding
diagrams (or malchi ly. This amplfier wil nol

power
be avaiable rom your usual aucio suppuev we produce the only designer
approved parls sel

BIO-
FEEDBACK

FEATURED IN ETI
DECEMBER 1986

Bio-teedback comes of age
with this highly responsive,
self-balancing skin
response monilor! The
powerlul circurl has lound application in ciinical situations
as well as on the bio-feedback scene. It will open your
eyes to whal GSR technigues are really all aboul

The complete parts sel includes case, PCB, ail
components, leads, elecirodes, conduclive gel, and lull
instructions,

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

Please nole Ihe book, by Slern and Ray 15 an authonsed guide lo
Ihe palential of bic-leedback techniques  I(1s nof a hobby book
and will only be of inlerest 1o Inlelligenl adulls

li FEATURED INET!
AUGUST 1987

The most anlonishing project ever to have appeared in an
eleclronics magazine Similar in principle lo @ medical EEG
machine, this projecl allows you {o hear the characlenslic
rhylhms of your own mind! The alpha, bela and lheta lorms can
be selectea lor sludy and (he three articles give masses of
nformation on their inlerpretalion and powers

In conjunction with Dr Lewts's Alpha Plan, the monitor can be
used lo overcome shyness o help you feel conlidenl in
siresslul situalions, and lo train yourself o excel at things you re
no good al

Qur approved parts sel conlains case, lwo PCBs, screening can
lor bio-amplifier all components (including three PMI precision

p leads, brass and full E i
PARTS SET £36.90 + var P
ALPHA PLAN BOOK £2.50 + vaT i

Parts sel available separalely We also have a range of accessones
prolessional elecirodes, books, elc Please send SAE lor lisls or
SAE +£2 lor lisls. conslruclion defails and lurther informalion (Iree wit

parts sel)




VOLUME 17 No 8

Page 36
¥
.-’/ ) R,
i \
!
|
I
|
|
I
|
|
1
|
|
<
N
[
=]
«
a.
Member of the
ISSN
0142-7229 ABC Audit Bure_au
of Circulation

ETl is normally published on the first Friday in the month
preceding the cover date. The contents of this publicatian
including all articles, designs, plans, drawings and programs
and all copyright and other incellectual property rights
therein belong to Argus Specialist Publications Limited. All
rights conferred by the Law of Copyright and other
intellectual property rights and by virtue of international
copyright conventions are specifically reserved to Argus
Specialist Publications Limited and any reproductian
requires the prior written consent of the Company © |988
Argus Speciafist Publications Led. All reasonzble care is
taken in the preparation of the magazine contents but the
publishers cannot be held legally responsible for errors.

here mistakes do occur, a correction will normally be
published as soon as possible afterwards. All prices and data
contained in advertisements are accepted by us in good faith
as correct at time of going to press. MNelther the advertisers
nor the publishers can be held responsible h ,for any
variations affecting price or avallability which may occur
after the publication has closed for press.

@ Subscription rates UK £16.80. Europe:
£21.00. Middle East: £21.20. Far East: £22.80.
Rest: £21.50 or US$32.00.

ARGUS
PRESS
GROUP

Telex: 8811896

1 Golden Square
London W1R 3AB
Tel: 01-437 0626

Geoff Bains: Editor

JeZ FOl’d: Assistant Editor

Paul Chappell Projects Editor
Jerry Fowler: Technical llustrator
Heather Hopkinson: Design

Ed Davis: Photography
]u|ie Capstick: Ad Manager

Heather Wust: Ciassified Sales
Andrew Selwood: Copy Control
Mark VVebb: Group Editor

REGULARS

56

6
8

Oops!

57

Read/Write

9

Subscriptions

58

Esight

Classified Ads

6l

Diary

Open Channel

6l

Next Month

33

Backnumbers

e e et =)
PCB Foil
Patterns

54

#

Blueprint

British
Electronics
Week Report

ot b e ___,.I,"| DR |
ML L

64

Book Look

66

PCB Service

Once Over

Ad Index

ETI AUGUST 1988




Published by Argus Specialist Publications Ltd., | Golden Square, London WIR 3AB.
Tel: 01-437 0626. UK newstrade distribution by SM Distribution Ltd., 6 Leigham Court
Road, London SWI16 2PG. Tel: 01-677 8I11. Overseas and non-newstrade sales by
Magazine Sales Department, | Golden Square, London WIR 3AB. Tel: 01-437 0626.
Subscriptions by Infonet Ltd., 5 River Park Estate, Berkhamsted HP4 IHL. Tel:(04427)
76661. US subscriptions by Wise Owl Publications, 4314 West 238th Street, Torrance,
CA90505 USA. Typesetting and origination by Project 3 Filmsetters, Whitstable. Printed
and bound by The Chesham Press, Chesham. Covers printed by Loxley Brothers Ltd.,

Sheffield.

FEATURES/PROJECTS

|2

Just The Ticket

Brenden Foley takes to the
tracks to give a behind-the-
scenes look at the Londons
Underground’s new automatic
ticket system

Brought To Light

Mike Barwise’s Chip In
continuesto look at the world of
opto-electronics. This month
laser diodes and fibre optics

come under scrutiny
=]

Op-amps

Paul Chappell is biased
towards the Circuit Theory of
Op-amps. The input stages of
tis building block are explained
this month

22

Ian Pitt goes Chernobyl-
checking with three pocket-
szed radiation monitors from

Porspective Scientific

ETI AUGUST 1988

PROJECT 24
The QWL

Loudspeaker

John Dix presents a novel
loudspeaker enclosure design
which takes up the space of a
small speaker but gives the
sound of the big boys

PROJECT 28

Analogue
Computer
Paul Cuthbertson finishes off
his analogue computer project

with the details of building the
main computer board

PROJECT 3 4

Phone Fun

Keith Brindley continuesthe 1st
Class for beginners with a
telephone recording pickup
project

PROJECT 3 6

Random
Number Display

Eyes down for Geoff Phillips’
three digit extra large sized
random number display unit for
clubs, pubs and anyone else

wanting an element of chance
b= SlES S

PROJECT 40

Every Breath You
Take

Paul Chappell concludes his
respiration and pulse rate meter
with all the final constructional
details and some information
on how to keep fit and live

longer
St ammaene S =]

Tech Tips

More circuit ideas from ETIs
ever-inventive readers

[nfra-Red Fault Finder

FM Bug

Anti-Thump Circuit
e
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Page 40
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RESEARCH
HEATS UP

An'mferadl has been identified by
the Instfute of Metallic Material
Research in Tsukuba. Japan

Unliie the 5 s pioneered by
iBM Zurich and the University of
Housfon, the new material contains
nio rare-earth elemient and has a
superconducling temperature 10K
above Houston's confirmed results

It consists of layers of copper and
oxygen atoms held apart by
strontivrn. calciurn and bismuth oxide

It seerns likely that one of the new
materials possible two states wilt
superconduct above 100K
(—173°C} Unfortunately this state is
difficult to purify and so. as with the
other superconductar classes, the
commercial possibilities remair
distant

third ¢lass. of superconducting

RADIO DAYS

Stand~by for a spectacular
extravaganza of sound and light
this autumn as the BBC takes over
Earls Court to mount the BBC Radio
Show

The show has been organised to
celebrate 21 years since the demise of
the Home, Light and Third services
and the introduction of Radios 1,.2.3.4
with the network of Local Radio

The show will also be used to
showcase the increasing number of
pies that BBC Enterprises now fingers,
such as the Radio Data System (and
hopefully the BBC Badged Radio).

The centrepiece of the show will be
a theatrical display entitled The Story

of Radio based around giant model

radios in period settings from the
1920s to the 1960s

There will be live broadcasts of local
and national radio with both a music
stage and a sound theatre for
audience shows (mainly Radio 4)
Mostimportant of all, ET] will be there
too!

The BBC Radio Show will run for
nine days. Tickets (£5) will be sold
either tor the matinee (noon to 5pm}
or for the evening (5pm to 10pm) and
all shows will be on a first come first
served basis. The show runs from
October 1st-9th (starts 1lam at |
weekends): For further details contact
BBC Radio Show, PO Box 100,
Chatham, Kent ME5 8L.J

WHAT PRICE PAYPHONES?

FTEL. the UK telecommunica-
tions watchdog, has announced
the deregulation of the private
payphone market in the UK and the
first private payphone is already on
the market
The Southwestern Bell Telecom
PP1000 is a desktop payphone that
| simply plugs into a normal BT master
socket for use in any supervised
environment such as newsagents
pubs and so on. The owner empties
the payphone and pays his bill in thie
usual way
The phone is programmable (pro-
gram functions and cash box are
protected by sturdy locks}) South-
western Bell presets the phones to
|charge BT rates but owners can
| reprogram them to charge whatever
they wish
| A special feature is included to
|charge weekend calls at weekday
| rates. Tariffs can be adjusted to charge
anything up to 10p a second
I This sort of programmability should

make the payphones very popular
since purchasers can recoup the cost
of the phone by overcharging the
public, as well as by bringing in custom
to the shop

The prospect is rather more dis-
turbing for the punters. The phone
does notindicate how high tariffs have
been set (this could easily have been
included on the LCD display). South-
western Bell indicate on purchase that
a sign should be displayed stating call
rates but with no proper regulation this
is unlikely to occur and the only way
of checking if you've been ripped off
will be to carry a BT chargebook and
a stopwatch

This is certainly a well designed
product, but it seems remarkable that
it should have been allowed into the
marketplace in its present form

The PP1000 retails at £215+ VAT
from Southwestern Bell Telecom. |

Southall Lane. Heston. Middlesex |
UBZ2 5NH. Tel: 01-574 2222 ;

LOGIC TOOL

handar has a new logic analyser
-on the market just a fittie mare
complicated than our Ist Class logic
probe project last month.

The TA1000 can keep wract
channels at up to 25MHz. dis
mformatlon as either timing d: ag*ar%
or data lists. Circuit loading
minimised by high impedance inp

It interfaces with RS232. Cent-
ronics and IEEE-488 standards and
has battery backed CMOS RAM for
storage.

The price is £1.799+VAT ¢
Thandar, London Road. Hu
don, Cambs PE17 4HJ Tei: {0
64646

METER MADE
IN WALES

he DM1360 is a neat little digital

multimeter from AB of
Cardiff.
The meter is a pen styled

instrument with a separate negative
probe {shown here clipped to the
meter for storage}.

It measures AC/DC volts to 500V,

resistance to 20M and is fully
autaranging
The 3V%2-digit display holds

readings in case the meler is testing in
awkward positions. and a continuity
testing function bleeps to indicate a
good path.

The DM1360 costs £36.95 from
AB. Wharfdale Road, Pentwyn,
Cardiff CF2 7HC. Tei: (0222)
733485,

he second edition of Trevor Marks'
Handbook on the IEE Wiring
Regulations is now available from
William Ernest Publishing
The guide simplifies the requlations
in more understandable language,
shows how (o use the various
caiculations and how to apply the
results in practical wiring
It costs £1575 and may be
obtained direct from the publishers if
vou cannot find it locally
WEP. 32 Kimberley Road. Nuthall,
Nottingham NG16 1DF

FREEBIES

pio-experimenters can obtain

Lambda’s 26-page coiour bro-
chure detaiiing its range of HeNe
lasers and associated stuff absolutely
free from Lambda House. Batford
Mil Harpenden AL5 5BZ Tel:
1058271 64334.

The 1988 D&M Component
Supply Service catalogue is now
available from D&M. 2 Glentworth
Avenue, Whitmore Park, Coventry
CV6 2ZHW. Tel: (0203} 333195.

IMO’s new catalogue is out listing all -
its display, switch and connection
products, Free from IMO, 1000 North
Circular Road. Staples Corner,
London NW2 7P, Tel: 01-452 6444

And lastly in this month’s list of joHy
junk mail comes Greenweld which
started its summer sale on July 1st. A
4-page list of bargains — half price or
less — is available from Greenweld,
443 Mli]brook Road Southampton
SO1 OHX. -
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GERMANY

LIBERATED

est Germany is now set to

follow Britain's lead by liberalis-
ing ity telecommunications
authorities.

The cabinet has now approved the
splitting o the Bundespost
presently a combined telecom and
postal authority similar to Britains old
Paost Office: — into three areas with
limited competition allowed,

Provided that the reforms pass
through the next two readings without
incident. the split should take place
fext suminer:

rompton is marketing an
Cexpensive but attractive set of
2lliptical bar graph displays for use in
aroject instrument panels
The graphs are 3V2ins long with a
100-segment analogue elliptical bar
4raph (1% resolution) and a 3-digit
digital readout (0.1% resolution) The
:aputs to the two displays are fully

separated so that the units could|

display two different variables if
-equired

The one-off price is £45+ VAT but
s:gnificantly less for production
suantities  Contact Crompton
Modutec, Freebournes Road.
“Witham, Essex CM8 3AH. Tel:
71376) 512601

AWARDS

his years Lloyds Bowmaker
dustrial Achievement Award:is
en for entries from electronics
ch can show an innovative
a successfully developed,
th the ability to exploit its
y in the future.

must be British-owned
with an annual turnover,
/am and £15m, and must
i business for two years.
prize is £1500 (in addition
o the significant publicity)
e are four other prizes of

ing entry date is August

atry form contact Lloyds
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BOXING CLEVER AT WEST HYDE

West Hyde Developments is
celebrating “25 years enclo
sures experience” by creating a fresh
range of boxes under the moniker
Elegant

The cases are styled to appear more
modern than the standard Veroboxes
used for most project building, with
distinctive bevelled edges and a finely
textured surface

It's expected that the enclosures will
become widely available shortly but
for the moment it is easiest to deal
direct with West Hyde, 9-10 Park
Street Industrial Estate, Aylesbury,
Bucks HP20 1ET. Tel: (0296) 20441

»
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acal Recorders in Sputhampton

has produced @& highly
advanced instrumentation recorder
that ases standard VHS video
cassettes for data storage

The \-Store recorder is designed o
be compact and rugged 1o meet a
variety of field applications from
medical monitoring to high speed data
logging.

Suth a variety of use requires a
great deal of flexibility and the V-Store
can operate at over 20 different tape
spees — from 15/ 32in/s to 30in /s
— with a carrespending increase n

bandwidth (100kHz at top speed), |

The V-Store can monitor up to:24
channels simultaneously (the number:
af channels supplied isoptionalj.and
the excellent display and sensible
contrals make the recorder easy,
reliable and fun to play with.

But of course itsnot in the pocket
money price range The price varies
from £10.000 to 20,000 depending
on the aumber of signal channels
required. e

Contact Racal Recorders; Hythe,
Southampton SO4 6ZH. Tel: (0703)
843265,

Giéén\i?éld,h'as released a very
reasonably priced optical shaft
éncader. The unit produces two
phase shiffed outputs (for position)
and & sync pulse {for speed
(nformation) on each revolution,
“The unit is supphed with com-

‘prehensive data and costs £8.50.

- Contact Greéenweld. an' (0703)
7?2-;01

ON DRILL

Aset of tools and attachments for
any 43mm collar power drill is
being offered by Electronic and
Computer Workshop

The package uses the power of a
conventional drill and provides stands
and extensions to form a precision
vertical drilling machine. a grinding
machine, an adjustable sanding table
and a horizontal lathe to turn work up
to 60cm long

ECW is marketing the set at
£12548 inclusive of VAT and
postage. For complete information
contact ECW. Unit 1. Cromwell

Centre, Witham, Essex CM8 3TH
Tel: (0376) 517413

SPEAKERS’ CORNER

he boom in semi-portable ghetto

blasters with a 3D
Super Woofer' has prompted Wilm-
slow Audio to offer a range of add-on
sub-bass speaker kits

The first two designs use a Volt dual
voice coil sub-bass drive unit taking
the bass of both stereo channels,
integrating passively with existing mini
speakers.

The other two designs use two
Peerless units in push-pull configura-
tion, for medium size main speakers.

Wilmslow will also provide elect-
ronic crossover to run the bass units
from a separate bass amplifier

More loudspeaker news concerns
Scanspeak of Denmark.

The D2008 tweeter has been
superceded by the new D2010, now
fitted with foam facia insert giving
better dispersion characteristics

Scanspeak’s new 61/2in and 8Vain
bass units with hex wired voice coil
and symmetric drive now have
polypropylene cones, making them
capable of handling higher power

For details of the sub-bass units or
the Scanspeak range contact
Wilmslow Audio, 35/39 Church
Street, Wilmslow, Cheshire SK9 1AS
Tel: (0625) 529599




READ\WRITE

PATENTLY OBVIOUS

Irecent]y designed a device that |
intend to patent, sa [ wrote off for
free information on the subject 1o the
Patent Office and the British Tech-
nology Group. Having carefully read
through all the booklets, | thouaht that
| had a teasonable understanding until
| read vour comment in reply to a
letter from Mr S Green in the April
issue. You said: ‘Only if they go into
production (which they cannot with-
out the permission of the author and
ETl anyway) can a generallsed
approval efc .

Now | cannot see you patemmg all
the projects in ET] because of the cost
and | have never seen ‘pat. app. for
against any project. Design protection
applies to external appearance only
and it has'to be new — so that is out!

Therefore it can only be copyright.
But jusi how tight is copyright? The
hand-book from the Patent Office says
that it applies to engineers’ drawings
and plans. If a manufacturer wanted
to make an identical item, he would
have to work from reproductions of
the drawings and could therefore
infringe the copyright. But what if he
changes part of the design or circuit

values —— does this infringe copyright?

Take, as an example. the project
Clockwise in the April issue. All the
sections of the device have been done
before and if a manufacturer chose to
replace the timing part with a 555 then
is the copyright infringed? Also. how
abuut the enthusiastic constructor
whio builds a project for someone else.
Is he allowed to take pavment for his
labour?

Youi sald ‘author and ETL. . "but |

amsure that | have seen in vour
magazine that all ideas and projects
have to be assigned to ETI — so surely
that leaves out the author?

Perhaps your leqal eagles could
write an article on the protection
under which vou publish so we will
know esactly where we stand? Please
note that | have left eut moral
considerations.

H Hodason

Childer Thornton. Mersewde ‘
Itis indeed copyright which protects:
the projects (and features) in ETI. As
you fand rhe Patent Offzce) say, the
copyrighton the plans fin this case the
cirouit diagram) prohibits & mani-
facturer from making an identical
item. It could even be canstrued as
prohihiting anv reader fram making
the projects but the whole copuright
isstie is a fairly clouded one and it is
generally taken as read that readers
can make the projects in magazines!

- Thisis well Hlustrated by the case of
a well known car manu{acturer which
took a smaljl company manufactunng
pattern exhausts for one ofits models
to court for breach of copyright. There
was no patent or des}gn registration
on the exhaust but by manu[acturmg
an identical copy. the smalhompany
was deemed to have infringed the.
copyright on the original biueprint.

If vou alter the design, rhmgs
change. Then it is a different:circuit
diagram. with your_copyngbt That
doesn't mean you can just ater a 100k
resistor in a project to 98k and call it
vour design! This is where the rea-
sonable man’ much loved in English
law comies in.

As arule, Arguis Specialist Fublica-
tions hasatlrights to everything which
appearsinETI However. some pro-
jects are intended by the authors to be
sold as kits and'for these we grant the
right to reproduce parts as required
fespecially the foil pattern) but onily to
the author

A WARM WELCOME TO.

have only just started reading ET1

and was surprised to see so much
packed into one magazine and how
well presented it is

[ am especially interested in the Ist
Class series as | am only a beginner
and just starting out in the world of
electronics, | am now in the process
of making the metal detector from the
June issue,

1 find your descriptions of how the
magazine is made and the ink used
interesting and amusing but couldn’t
you use the space for more readers’
letters or news?

I would like to know what
happened to June’s Tech Tips — | was
looking forward to making the test
gear

[ am also waiting eagerly for your
new Blueprint column as [ am going

to use that a lot — if it doesn't cost too
much!

Kirk Chapman

Allesley Village, Coventry

We're glad vou find ETI useful and
entertaining. The Ist Class series is
meant for newcomers to the subject
such as yourself but don't be afraid to
try your hand at the other projects too.

As to the recent Next Month pieces
on ETIs origins: well we have to have
some fun you know! As the saying
goes — all work and no play makes
Jack a really boring magazine. Sorry
the Test Gear Tech Tips were held
over from the June issue at the last
minute. They did appear in July.
however

Blueprint starts this month — and
it’s free!

Iagree with Mr K Picton’s comments
regarding cutting costs of projects
when stripboard can be used instead
of the normal PCB (May ETI). [ am
told when a house is built {or for that
matter any item) the Jlabour costs are
usually more expensive than the
materials used in the construction
This theory does not appear to apply
when building electronic projects

[ have only an hobbyist’s interest in
electronics, 1 have often wondered
why bother to buy a magazine at
£1.40. purchase all the parts of a
project, have allthe hassie of building
it and the anxiety of will it work, (and
if it does not, a heart attack). One can
often buy off the shelf aready built and
guaranteed working model at less
than the cost of the parts

| appreciate one has the self satis-
faction of having built the project
However, how much greater the
encouragement would be for your
readers. especially the young
beginners if they could save half the
cost of a similar commercially manu-
factured product

You offer ‘fame and fortune’ to
prospective contributers to ETI for
submitting projects. [ believe you
should employ an expert in the field
of electronics who has the ability to
design without being involved in the
commercial aspects of the business
Readers should be invited to write in
with suggestions of projects they
would most like to see published in
ETL You could setect the ones most
requested and your designer could
then oblige

I believe a proviso should precede
every project suggesting if the reader
intends to make and market any
project it is the reader’'s own
responsibility to take the necessary
precautions of not infringing any
patent or copyright

The same applies if you brew your
own beer, you can read how to make
itbut you cannotsellit, or even if you
make a tape or video recording of a
broadcast the same rule applies, it
should only be for one’s own use

Some examples noted in various
magazines: one advertiser offers a
digital capacitance meter kit at around
£40 In ETI a similar project is offered
at a price of £25, How nice for your
readers if your designer could publish
a digital capacitor tester at around £12
or£14 Inthe March issue of another
electronics mag, a semiconductor
tester was offered as a project and then
in kit form priced at £24 Tandy has

CHEAP AND CHEERFUL

offered a transister tester at £9.95 for
the last four years.

So come on ETI, lets have some
projects suggested by your readers
with the emphasis on choice, not
profit for the contributer. Remember
experimenting for the beginner can be
expensive

Surely the whole essence of DLY in
any field is cutting the cost of labour
with the end result equal to any
professional product. As one’s own
time costs nothing you can take all the
time and care needed. The pleasure
and self satisfaction of his successful
effort is usually the only reward he
desires

C Burton

Bilston. West Midlands.

The cost of labour is only sometimes
the major cost of manufacturing. In
electronics in particular, many goods
are manufactured in the Far East
where labour cost is insignificant
compared to European countries
Even assuming labour is the significant
cost and assuming your own labours
do indeed cost nothing (a debatable
point). there are other reasons for
building electronics projects than for
the sake of saving a buck or two.

Many ETI projects shine not
because of their cost but because they
perform tasks either better than any
other commercial unit or for which
there is no commercial unit The
Respiration/pulse Rate Meter, the
QWL speakers and analogue
computer in this issue, for example.
are items you cannot buy.

We do try to keep the cost of
projects down but asking for a digital
capacitance meter at half the price of
the cheapest commercial unit is
probably noton_Ifit can be done, we
will try to do it, otherwise no amount
of labour cost saving will help

ETI does have a Projects Editor
employed to produce novel, high
quality and even cheap projects He
is always pleased to hear of readers’
suggestions for projects. As to the
rights proviso with every project: there
is a copyright warning at the front of
the mag. [nserting one before every
project would be wasteful of space to
say the least.

By the way. you cannot sell home
brewed beer because of excise con-
siderations, not patents and copyright.
and you cannot legally copy a tape or
video a TV programme regardless of
who is going to use it

THE WRONG COMPUTER

hank vou for publishing the
excellent The Forgetten Com
puter article ir the June issue. | lock
forward to the follow-up project.
However, the front cover photo
showed the Manchester Mark [ — the
first digital stored program compuiler.
Qops!
M Robinson
Winsford, Cheshire

Curses. fofled again. Its true. We
admmt all. The picture of the Man-

‘chester Mark I was much prettier than
.any of actual analogue machines

which we couldfind. We rather hoped
no one would notice!

Glad you liked the article. though,
and hope you have enjoved the

“project too.

ETI AUGUST 1988




INSIGHT

he PCB marketplace is vastly
over-supplied, with the lower end
of the market becoming a cut-throat
field of business, claims a new report
from Key Note
Although PCBs are an obvious key
component in electronic equipment,
PCB manufacturing generally takes a
back seat in discussions of the
industry. The new report rectifies this
by examining the difficulties faced by
companies trying to keep up with the
advancing semiconductor com-
ponent industry
Excluding leading equipment
manufacturers with in-house facilities.
the majority of the UK PCB suppliers
are small outfits
Setting up a simple single/double
sided board production line is
reasonably easy and cheap, and as a
result this end of the PCB market has

[

become a cut-throat business

Larger companies setting up
production of multi-layer boards and
flexible circuits find a more solid
market but even here there is a great
deal of spare capacity

The biggest worry for UK makers of
complex boards is the advance of the
European board makers who often
operate on a scale far above even our
largest producers and are succeeding
in cutting out territory in the UK

PCB manufacturing is an ever ad-
vancing process. Improving chip
integration and operating speeds
require greater detail on PCBs. As
component packing has advanced, it
has become harder to correct faults
after component placing, so higher
quality and better pre-testing are also
demanded by equipment
manufacturers

For the average UK PCB company,
over three quarters of its costs come
direct from production and there is
little cash available for investment in
new machinery to meet the demand
for higher standards. With surface
mount technology (SMT) in a major
growth phase, many PCB companies
may be forced into restrictive loans to
keep ahead of the competition

SMT is already employed on a
large scale in Japan and the DTl is
actively encouraging UK firms to
adopt the techniques

The National Economic Develop-
ment Office’s recent report on SMT
estimates that some 16% of all com-
ponents used worldwide in 1986 were
surface mount, and expects that figure
to more than double by 1992

PCB makers that keep pace with
SMT and that can advise users on its

= - - :

special problems will attract plenty of
work but must face the prospect of
manufacturing smaller boards with
greater precision, and probably
without improved prices.

The next five years is likely to see
far greater separation between high
investment complex PCB manu-
facture and the more basic boards with
the cut-throat market place

UK companies should now decide
which path they will choose to tread

Key Note's Printed Circuits costs
£105 from Key Note Publications,
28-42 Banner Street, London ECLY
8QE. Tel: 01-253 3006

The NEDO report Introducing
SMT — Electronic Components is
available from The National
Economic Development Council,
Millbank Tower, Millbank, London
SWI1P 4QX. Tel: 01-211 3060

IAR

IEE Vacation School On Local Telecommunications Network — July
10-15th

Aston University, Birmingham Contact [EE on 01-240 1871

RSGB National Radio Convention — July 15-17th

NEC Birmingham

Image Processing And Its Applications — July 18-20th

University of Warwick Organised by the IEE. Contact IEE on 01-240 1871
Insight On-site — July 19th

Tudor Park Hotel, Maidstone. Seminar on electronic security systems. Contact
Philips Scientific on (0223) 245191

Insight On-Site — July 20th

Queen’s Hotel, Farnborough. Seminar on electronic security systems Contact
Philips Scientific on (0223) 245191

Insight On-site — July 21st

Crest Hotel, South Mimms, Seminar on electronic security systems Contact
Philips Scientific on (0223) 245191

Alvey Vision Conference — August 31-2nd Sept

Manchester University. Conference on Alvey-funded work in computer vision
and image recognition. Contact AVC88 on (0235) 445840

Insight On-Site — September 6th

Excelsior Hotel, Birmingham. Seminar on electronic security systerns. Contact
Philips Scientific on (0223) 245191,

Insight On-site — September 7th

Novotel Manchester West, Manchester. Seminar on electronic security systems
Contact Philips Scientific on (0223) 245191

Insight On-site — September 8th

Hilton National, Leeds. Seminar on electronic security systems. Contact Philips
Scientific on (0223) 245191.

Conpar 88 — September 10-16th

Manchester, Contact British Computer Society on 01-637 0471

Plasa Light And Sound Show — September 11-14th

Olympia, London. Contact the Professional Lighting And Sound Association
on (0323) 646905

European Conference On Optical Communication — September
11-15th

Brighton Centre, Brighton, Contact IEE on 01-240 1871

Comex 88 — September 13-15th

Sanddown Park Exhibition Centre, Surrey Contact Frametrack on 01-828
2905

Personal Computer World Show — September 14-18th

Earls Court Exhibition Centre, London Contact Montbuild Exhibitions on
01-486 1951
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Microjoining 88 — September 20-21st

The Welding Institute, Cambridge. Symposium on miniature electronic
assembly. Contact The Welding Institute on (0223) 891162.

European Gallium Arsenide Conference — September 24-26th
Jersey. Channel Islands. Contact The Institute of Physics on 01-235 6111 for
the venue

Semiconductor International — September 27-29th

NEC. Birmingham. Contact Cahners Exhibitions on 01-891 5051
Electronics In Engineering Design Show — September 27-30th
NEC. Birmingham. Contact Cahners Exhibitions on 01-891 5051.

BBC Radio Show — September 30th-9th October

Earls Court. London. ‘Spectacular extravaganza’ to celebrate 21 years of BBC
Radio 1. 2, 3 and 4. Exhibition, live shows and megabucks ETI stand. Contact
BBC Radio Show, PO Box 100, Chatham, Kent ME5 8L.J,

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

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

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

Metropole Exhibition Centre, Brighton. Contact Cahners Exhibitions on 01-891
5051

Testmex 1988 (Electronic Testing & Measurement) — October
18-20th

Business Design Centre, London. Contact Network Events on (0280) 815 226
IC Outlock — October 19th

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

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

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

INTRON (Irish Electronics Exhibition) — October 26-28th

RDS Main Hall. Contact SDL Exhibitions on Dublin 01-900 600.
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.

Cellular And Mobile Comms — November 10-11th

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




woreessieass, | HE MAWZONES SHEET ANTENNA

DBS or community TV
transmissions?
A MAWZONES SHEET is
the answer

Mounted flat against an internal
window surface or on a simple
roller blind fitting, it offers:

B rock-bottom cost

B DIY installation
B no planning permission
requirement
W re-pointing by a simp jeindugr Satellite signals passing through Small changes of the horn
AT Ens it come to a focus at a small desk  position are all that are needed
or table-mounted waveguide to receive transmissions from
The MAWZONES SHEET is  horn. This may be connectedto  different satellites. The major
a set of dark elliptical bands, a TV receiver or, via a digital dimension of the MAWZONES
(Fresnel Zones), silk-screen demodulator, to a personal SHEET can be less than 3 feet,
printed with conducting ink on computer, turning it into a data ~ depending on the application and
thin transparent plastic. terminal. signal frequency.

For details contact: Sales Department, MAWZONES Ltd, 6 Hodwell, Ashwell, BALDOCK, Herts, SG7 5QG, United Kingdom.

Tel: (0462 74) 2854 Int: +44 1 462 74 2854

NEW FROM NUMBER ONE SYSTEMS NEW

PCB CAD, FOR THE PC/XT/AT, THAT YOU CAN AFFORD

Have you been putting off buying PCB cad software?

Are you still using tapes and a light box?

Have you access to an IBM PC/XT/AT or clone?

Would you like to be able to produce PCB layouts up to 17"
square?

With up to eight track layers and two silk screen layers?

Plus drill template and solder resist?

With up to eight different track widths anywhere in the range
00210 .531"7

With up to 16 different pad sizes from the same range?

With pad shapes including round, oval, with or without hole, and
edge connector fingers?

With upto 1500 C’s per board, from up to 100 different outlines?
With auto repeat on tracks or other features —ideal for memory
planes?

That can be used for surface mount components?

With the ability to locate components and pads on grid or to
002" resolution?

With an optional auto-via facility for multilayer boards?

With the ability to create and save your own symbols?

That is as good at circuit diagrams as itis at PCB's?

That can be used with either cursor keys or mouse?

Which, with “EASY-PLOT’' can aiso output to a pen plotter? (A
photoplot driver will be available shortly.)

Where you can learn how to use it in around half an hour?
That only costs £275.00 + VAT.

PLEASE CONTACT US FOR FURTHER INFORMATION printer reduced from 2:1"
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Output on dot matrix

AFFORDABLE PCB CAD IS HERE!

Number One Systems Limited
Ref: ETI, Harding Way, Somersham Road,
St lves, Huntingdon, Cambs PE174WR  Telephone: 0480 61778
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If you know what this diagram is all about, you won't need to buy next
month’s ETI (but do anyway). In the September issue we are going
further into the theory than any electronics magazine has ever gone
before — all the way to sub-atomic particles and stuff like that. Get next
month’s ETI for the first readable explanation of matter!

The Spectrum EPROM emulator promised for this month will be
seeing the light of day next month instead. Brush the dust off your rubber
keyboard and turn the moribund micro into a useful development tool

For the square-eyed beginner we have a simple TV aerial amplifier
to boost your reception in a caravan or camping site or even in your
home

For the workbench there’s a very simple design of frequency meter
which will keep your measurements up to scratch without that nasty pain
in the wallet

Plus, the September issue has a review of the latest loudspeaker
kit from Maplin and all the regulars which go to make ETI the leading
magazine for the electronics enthusiast.

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

Just when you thought all
was lost and you would
never get the hang

of MID], along comes . . .

—
m CONSTRUCTOR SERIES SPEAKER KITS

Based on the famous Kef
Reference Series, these three
DIY designs give the home
constructor the

opportunity to own an

The Practical MIDI Handbook

upmarket pair of g 2
loudspeakers at a
very down-

to-earth price!

Just the thing to help you sort out your omnis
from your polys — your modes from your codes.

% Real time and step time
sequencing

|
|
l * Full explanation of
| MIDI modes and

I gianncls * MIDI computing
* Practical setups explained

et * Tables of MIDI codes

* Keyboards, guitars, drum and reference data

p=chinedland pads * Glossary of MIDI terms

For keyboard players, guitarists, electronic
drummers, bedroom recordists, in fact anyone who
ever played a MIDI note in anger. This is the

book you've |been waiting for.
160 pages - 216x138mm - 50 line drawings
# photos - £5.95 (plus 50p p&p)
iSBN 1870775104

Send vour cheque/postal order for
4 45 (payable to PC Publishing) to:
PC Publishing

22 Clifton Road

London N3 2AR

Tel 01-346 0627

With a
Wilmslow Audio
Total Kit it's easy
— no electronic
or woodworking skill is necessary. Each kit contains all the
cabinet components (accurately machined from smooth
MDF for easy assembly), speaker drive units, crossover
networks, wadding, grille fabric, terminals, nuts, bolts etc.

Model CS1 is based on the Reference 101, CS3 is
equivalent to the Ref. 103.2 and CS9 is based on the
Reference 105.2 (but in a conventicnally styled encl.).

CS1 £117 pair inc. VAT plus carr/ins £6
CS3 £143 pair inc. VAT plus carr/ins £12
CS9 £393 pair inc. VAT plus carr/ins £18

We also offer a kit (less cabinet) for Elector PL301

N Lightning service on telephoned credit card orders! g

WILMSLOW AUDIO LTD.
35/39 Church Street. Wilmslow, Cheshire
SK9 1AS Tel: 0625 529599
Call and see us for a great deal on HiFi.
(Closed all day Mondays)
DIY Speaker catalogue £1.50 post tree (export $6)
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Brenden Foley has
ticket, will travel to
recount the design ofthe
London Underground’s
new automated fare
system

TUBE

12

JUST THE
TICKET

760 million trips per year

n eager explorer, intent on locating Big
Ben, little realises his journey is just one
of 760 million such trips each year, made
by commuters, shoppers and fellow
visitors in a network which links
no fewer than 248 stations in Greater London.

As the traveller emerges at the top of an
escalator. he finds himself caught up in a huge herd
of commuters shuffling forward sardine-style towards
a bottle neck exit. A harassed ticket collector standing
by the exit, tries to check three tickets at a time as they
are waved in his general direction for a split second
before their owners are swirled away towards the
streets above

The Problem

Many of the card tickets gathered by the collector are
issued by machines designed in the late 1920s which,
despite their appeal to fans of Flash Gordon, are
tinding it hard to cope with life in 1988.

If a tourist makes a valiant attempt to stop at the
barrier to ask where to change for Westminster, the
harassed ticket collector barely has time to point him
towards the besieged information kiosk before the
traveller is swept away on the endless stream of
upwardly mobile humanity. Meanwhile, an artful fare

dodger in a pinstripe suit takes advantage of the ticket
collector’s distraction to sneak through without paying.
The pin-striped bandit goes on his way, unaware his
crime-of-the-century was responsible for an annual
fraud bill of £20 million

Into this daily sea of trouble stepped Westing-
house Cubic, which London Underground charged
with the task of creating a completely new ticketing
system which would solve the problems of passenger
flow and ease of access, while dealing a hefty blow
to the fraud figures.

Westinghouse Cubic was formed in 1978 as a
joint venture between Hawker Siddeley and the US-
based Cubic Corporation, to pursue openings in the
field of fare collection. The first main objective of the
company was to win the London Underground con-
tract. By securing the contract, they beat opposition
from ICL/CGA (France), GEC (UK) and Plessey/
Marubeni (Japan).

The Cubic Corporation has a world reputation
for solving railway ticketing problems by applying
solutions involving magnetic coding technology. They
have worked on metro systems in Hong Kong, Singa-
pore, San Francisco (Bay Area Rapid Transit) and the
New York subway.

However, the ticketing system for London
Underground posed all sorts of challenges to the
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development team. The problems i’ncluded the sheer
size of the underground system, the complexity of its
fare structures and commercial rules. as well as the
need for centralised management in the new system
and tickets which had to be compatible with London
buses and British Rail too.

The system also had to replace a manual ledger
accounting system which had changed very little in
the last half century

Between 1985 and 1987 Westinghouse Cubic
grew from five senior executives to an operation
involving 186 people, working on the largest project
ever undertaken in the specialised field of fare
collection.

The Solution

From a passenger’s eye view. the project has three
main parts — the ticket dispensing machines. the
ticket itself and the gates to get in and out. From the
operators point of view, a whole new range of
equipment. to monitor and control the new system
was needed.

The key to the design of the whole system is the
zczetitself — an innocent-looking piece of card. about
:me size of a credit card, with a magnetic coding stripe
== the back. The coding on the ticket is to a format
=zreed by a variety of major transport concerns includ-
-z London Underground and the British Rail main
ine network

The ticket contains 23 bytes of data — enough
== Zetect any irregularities in ticket use through time,
- =tory. geography and price tests.

Aithough newspaper reports have suggested
s~lar tickets on American underground system have
orged {one report claimed that a New York gang
~uilt a thriving cottage industry out of manufac-
-5 dummy tickets from cornflake packets and bits
tie tape) Westinghouse claims the London
vill be very difficult to forge. The paper is of

specific type and thickness. the print type-face
s a very unusual one, and the magnetic tape
t= © s extremely complex.

pects have always been high on the
suse agenda and these have been high-
zhe calls for improved safety following the
ire at Kings Cross underground ticket hall

1= 2n emergency. all the gates can be thrown
sunon which dumps the air pressure in their
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pneumatic power supply. This failsafe system by-
passes the complex computer controls in the station
equipment. A wider manually operated gate is avail-
able for people who would find the barriers difficult
to use and the greater number of barrier exits means
bottlenecks are less lightly to build up than in the old
single exit system.

The machines used to dispense the tickets are
of two main types. The bigger machines can provide
tickets to any underground destination, as well as over
40 destinations controlled by British Rail and other
operators. These machines accept not just coins but
banknotes as well. The second type of machine can
dispense any ticket for the 'top ten’ destinations from
that particular starting point

The prime object of the new machines was
customer acceptance and the prototype design was
tested as early as 1979 at Vauxhall station. Passengers
are guided through the system by a display and are
given visual prompts if they go astray by using the
keyboard incorrectly or not inserting the correct fare.

Network of light beams to let through just one at a time

Commuters on the London Underground are world
famous for their limited sense of humour when faced
with machine failure on the way to work at eight

2 seconds per ticket
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oclock in the morning, so speed as well as accuracy
is vital. The machines can dispense a ticket within 212
seconds of the fare and destination being entered

Production of both the ticket issuing machines
and the automatic barriers is in full swing at the
Westinghouse Signals factory in Chippenham where
lines of ticket machines are undergoing rigorous tests
When the machine’s ability to dispense change is being
tested. the testsite rings with the sound of clattering
coins like a busy night in Las Vegas.

The larger of the two machines contains four
major modules for coin handling, banknote handling,
ticket handling and a logic control processor, which
controls the overall operation. The machine records
details of all its transactions, which are passed on to
the overall management centre. The new system can
produce an exact audit for every machine and every
operator each day. Data tables control all aspects of
ticket printing and coding

Money Money Money

The machine’s ability to handle coins and banknotes
tock considerable development. It is a very difficult
task, involving both electronics and mechanisms

reliable enough to become accepted by the customer
and sensitive enough to refuse invalid coins or notes
The problem was particularly acute with banknotes,
which can remain in circulation even in a crumpled
or worn state. The electronic sensors and note
handling mechanism developed for the London
underground had to strike a delicate balance between
sophistication and reliability.

Money is carefully tracked through the machine,
with detailed records ensuring the revenue cannot be
removed at any stage without detection. All the cash
ends up in coin and note vaults which are self locking
and let the control centre know when they are nearly
full. Each one has its own identification number. Staff
access to use and maintain machines is by both
identity cards and PIN codes. similar to those used by
automatic cash dispensers at banks

To enter or leave the underground systemn, the
passenger will pass through one of a series of
automatic gates which will read the ticket coding and
then recode its value for future use. A valid ticket will
open the pneumatically powered gate paddles. The
gate paddles on the final version are taller than those
on earlier prototypes to stop the more athletically
minded miscreants from attempting to vault over
them!

The motion of the paddles is controlled by a
fiendishly clever array of light beams, designed to let
a passenger burdened with luggage through while
stopping two people trying to hustle through together
in a vain attempt to convince the wily mechanism that
thev are either one fat person or a pantomime horse
late for an engagement in the West End.

A casual observer could be forgiven for thinking
that London is full of criminally deranged fraudsters
determined to swindle the underground at all costs
but the old systern did little to discourage fare dodgers.

If old machines were out of order and passengers
had to wait in long queues for a ticket, it was predict-
able that some people. particularly those in a hurry,
would risk fare dodging Add to this the difficulty of
checking manual tickets on a crowded train and the
chance of evading a busy ticket inspector at the other
end and you can see why the old system needed to
be changed. The new system is quicker and more
reliable so not only is there less excuse for fare dodgers
— they also stand a greater chance of being caught.

The new automated ticket checking methods will
be augmented by increased numbers of mobile ticket
inspectors armed with another Westinghouse device,
a hand held ticket verifier, able to read and display the
information held in the ticket's coded magnetic strip
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Computers

The network of ticket issuing and checking units
comprises 2.200 computer-controlled machines and
300 general purpose computers which communicate
with each other by means of London Underground’s
private cable system, running alongside the train
tracks. Each station has its own computer. linked to
the main computer at Baker Street. The workload of
the computer centre is divided on either side of an
isolation point which would enable an adequate man-
agement service to be maintained even in the event
of major equipment failure. with no loss of data

Atindividual station level, staff can monitor and
control all equipment at their station. Machines can
be brought into or out or use and the direction of
passenger flow through a gate can be reversed. A
VDU screen displays the status of all machines and
gives warnings of any situation which might need
action by a member of staff

At the main computer centre faults can be
pinpointed and diagnosed. new operating and pricing
systems can be brought into operation throughout the
system. records and accounts can be gathered and
stored. The status of every machine at every station
can be constantly monitored. and potential problems
can often be avoided long befere they would other-
wise have been spotted

Perhaps the most remarkable aspect of the entire
project is that it's installation has had to be carried out
vhile the underground system remains operational
iz would be impossible to shut London down for even
= day to allow the implementation of the new system
<7 it has gone on station by station. with over 90
s:ations already up and running. Westinghouse is
~onfident that all 248 stations will be in operation by
“ne end of the year, with many of the stations being

24 hours

miles of track

transterred from the old system to the new one in just

When fully operational the new system will have
some 2.500 intelligent computer units communicating
together in real time, controlling 900 self service ticket
machines, 500 ticket office machines. 861 automatic
passenger gates and the central computer at Baker
Street. presiding over a rail empire that spans 254

The achievement is all the more remarkable
when the age of the London Underground is con
sidered — the first station was opened in 1861. By the
year 1990 the Westinghouse Cubic system will be
regulating 800 million journeys every vyear in the

ddI[1L

oldest. longest. busiest underground in the world Out thankseto Hawker Sid-
deley for the use of the
m phatographs mthlsarﬂcle |

TOP QUALITY

AUDIOPHILE NEW FROM SAGE AUDIO

COMPONENTS
100W 10 BUUW
50V 1o :75V

=sllowing the success of the original SUPERMOS we now launch a higher
cowered version with many new exclusive sound improvements not available
sn any other amplifier, kit, board, module, or ready made

FEATURES:-
= 2oly efficient distortionless PURE CLASS A
rzughout (low heat generation)
® 722 audiophile components inc best SMD's
® Zeziusively made matched custom semiconductors
® \nimal capacitor design (without DC servos)
cund colouration eliminated
nced PSU feedforward ripple elimination includi
zlly separately regulated voltage AND current |
1ages using SAGE Super-Supply circuitry
o:2! reactance (difficult speaker) drive capable

HIGHEST POSSIBLE
PERFORMANCE

SIZE 240 x 100 x 100mm

THD 0.0001%, Slewrate 685/us, f-3bd 0.5Hz-350kHz, O/P Current 80amps,
Zamping factor 340, transient power (20hms) upto 1800W max

PLUS By innovative technical design we have eliminated 5 individual sound colouration components
2.7z o sl other conventional amplifiers

EL /M,NA TED - 1) Emitter resistors 2} Zobel networks 3} HF pole compensation 4) Fixed bias
/== = _luoher and temp gen distortions 5) Capacitor sound

AN D THERES MORE  Sage exclusive CLEAN CLIPPING (not to be confused with soft

o272 siminates PSU ripple from reaching the output even when severely clipped, this together with
2 ulated supplies to all stages [Super-supplies} TOTALLY eliminates PSU component sound
s ‘A World first!)

5'3,5%!‘5'@5 Seons FAE SR LA e S I
o fag

COMING SOON The SAGE “ACTIVE PI MODE* CLASS A preamp, THE
:0 the SUPERMOS power amplifiers

AND THERE ‘S MORE . . . weeen' t possibly describe this amp fully inthis ad, to

size 8 page glossy brochure giving full details including active class A information end £7
cainplusa26p SAE (Overseas send 6IRC's) SUPERMOS 2 modules £140 (P&P £2).
RIGINAL SUPERMOS MODULES 50-150W £65 plus (£1.50 P&P)

PSU components/capacitors, gold plated plugs/sockets etc now available
Wendy (Sales Dept.), Construction House, Whitley

Street, Bingley, W. Yorks, BD16 4JH England.
Tel:[0274) 568647, TIx: 517783, Fax: (0274)551065
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PCB Manufacturers —

Which to choose?

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

choose the right one.

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

design.

Slee Electro Products can provide you
with these services and will still offer you

competitive prices on your PCB's.

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

Slee Electro Products. Tel: 0226 200717,
Fax: 0226 731817, Unit 4, Grange Lane
Industrial Estate. Carrwood Road, Barnsley,

South Yorkshire S71 5AS, England.
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Mike Barwise positively

shines as he fumbles

with his fibres
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BROUGHT

LIGHT

o do anything very interesting with optical

fibres, you need coherent light. This is the

kind of light emitted by lasers. as opposed

to that emitted from a domestic light bulb

or a conventional LED. But whats so
special about it, and about lasers?

Very basically. the laser can be considered as the
optical equivalent of the tuned circuit. Just like the
radio tuned circuit. it forms a resonant system which
amplifies an on-frequency input by means of
constructive interference. The main difference is the
resonant frequency, which for the optical part of the
electromagnetic spectrum is measured in tens to
hundreds of gigahertz (thousands of megahertz)

SENSING PLANE

{

X X X I

h 3
HETURNING OUTGOING
WAVE FRONT WAVE FRONT

i

\

ATTENUATES

Fig. 1 (a) Outgoing wavefronts coincident with |
returning wavefronts. (b) Wavefronts not coincident }

LHIP IN

Constructive interference works like this
Assuming a wave definition of energy transmission
(Fig. 1). energy reflected off an obstruction which
returns in phase with outgoing energy is added to it
(it interferes constructively). Energy waves which are
superimposed out of phase interfere destructively. as
the total energy is still the sum of all components. (This
is actually a great over simplification, but it shows the
principle)

The laser diode is in essence an LED constructed
with a cavity along which the emitted light travels. The
cavity is accurately sized to be an exact number of
wavelengths of the wanted output frequency in
length, so that it acts as an optical resonator.

This simplistic description tells us quite a lot about
the nature of the light emerging from the device —
the output from a resonant circuit is generally as close
as possible to a single frequency component and is

considerably amplified by virtue of the resonance
maintaining constant phase (this is called phase
coherence)

Thus coherent light is essentially monochromatic
(consisting of only one wavelength). phase coherent
and very intense. [t also incidentally usually forms a
nearly parallel beam,

Beware!

A warning — If you are playing with lasers never look
into the beam! Even the 0.3mW output from a laser
diode can permanently damage your eyes!

In practice. things are not as perfect as we would
like (surprise surprise!). For any given laser there is a
coherence length. the distance over which the output
beam maintains its special property of phase
coherence

Beyond this distance minor phase discrepancies
and hitherto insignificant secondary frequency
components in the output combine to disrupt the
effect

This phase coherence is the most useful thing
about laser light, For example. within its coherence
length a laser can be used to measure distances to
within a fraction of the wavelength of its emitted light
This is done by measuring the phase shift between the
outgoing and returning light

Non-coherent light could not be used for this, as
it is a composite of many constantly drifting phase
relationships

Laser Diode Driving

Unlike the earlv bulkier and higher powered gas lasers,
leser diodes need no high voltage supplies. They are
driven much like LEDs by a controlled current, usually
in the region of tens to hundreds of mA.

Thev are however extremely sensitive to
overloading. The bandwidth of the diode (1 to 10GHz
is typical) means that overloads as brief as a couple
of nanoseconds can destroy the device, We are not
just talking about static discharge — switch-on surges
and transient noise in the supply are the most
common modes of destruction.

There is, for any laser diode, a threshold current
below which it acts like a super-bright LED but does
not fase (produce coherent light). There is also an
upper current limit beyond which the device self-
destructs in the twinkling of an eye. The lower
threshold is normally in the region of 40-50 mA, and
the upper 90-100 mA.

ETI AUGUST 1988




Take Precautions

Given the working range of the average laser diode
(about 40-50 mA current differential) this is not as
disastrous a problem as it might sound if you take
common sense precautions.

The most obvious precaution is to avoid running
the laser diode at more than about 50% power. This
will allow plenty of latitude for supply current drift or
instability without exceeding the safe limit.

The very simplest driver would in this case be a
voltage requlator and a series resistor similar to the
LED current limiting resistor. This does have the
limitation that switch-on surges might get through
during the few microseconds the regulator takes to
stabilise, so an adjustable regulator should be used,
withits output voltage set as low as possible. Note that
in event of regulator breakdown (short circuit mode)
the laser diode would be destroyed.

Drive Safely

A much safer driver is shown in Fig. 2. This was
designed in consultation with Richard Cripps at
Oxford University, and is a ‘belt and braces’ design.

The first stage regulator (LM337) is used in
voltage regulation mode and is protected by reverse
current blocking diodes.

Also, C2 charges via R1 at switch-on causing the
output voltage of the regulator to rise slowly. The
C2/R1 time constant is much longer than the settling
rime of the regulatoy, so no significant voltage spike
gets through.

The second regulator {LM317) is connected in
current regulation mode {yes — it should be
connected backwards!} to supply a controlled constant
current to the laser diode.

The switch-on characteristic of the driver is
shown above Fig. 2. Note the very small switch-on
current surge which peaks nowhere near the danger
shreshold — even if the driver is delivering near
maximum current,

Note the negative supply potential. This is solely
zecause most laser diodes are packaged with their
znode connected to the case or mounting frame, and
=nis should be earthed.

Laser diodes come in various packages (Fig. 3)
— the best for critical work are simply open junctions
=~ ceramic carriers, but these are very tricky to handle
Zzsier are those mounted in small metal transistor
==ns or in SMA housings (as used for optical fibre
-cnnectors). Where the LD is to be used as an optical
~=re light source, the fibre can be factory aligned and
szzled into a metal can with the diode.

Used without addition stabilisation, the laser
=.=de can be driven fairly easily, but there will be drift
- :he output wavelength and intensity due to

==z instability, a more complex driver is used with a
-z~ control which is adjusted by feedback from a
=zrence photodiode (intensity control).

A Peltier element is frequently used to stabilise

_ T :emperature, The Peltier element is an electro-
—=rmal device which acts as a heat pump. It develops
= -=2rmal gradient between its two opposite faces
w27 2 current is passed through it. Such control

s.=izms are beyond the scope of this humble article,

ure and elsewhere.
Scme laser diode packages contain integral
-=nce diodes and/or Peltier elements.

Use And Abuse
_= I =zar vou ask (and if not — why not?), we can
z lazer diode (around £150-£350 each), we can
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Fig. 2 Laser diode driver circuit with switch-on
characteristic

drive a laser diode in a basic safe fashion, but why do
we want to bother?

This is where we return to optical fibres. You will
of course remember that light propagates in a large
diameter fibre along many different paths (there are
many modes of propagation).

This assumption introduces one of the basic
forms of optical fibre intrinsic sensor. Intrinsic here
means that it is the fibre itself that contributes to the
sensing task, rather than just being a means of getting
the light to the right place for use in a sensing task.

The mechanism is called fibre optic homodyne
sensing or fibredyne for short. The light propagating
in the fibre along all these different paths varies in
phase across the cross section of the fibre due to the
differential path lengths taken by the different modes.
This is the same effect as the smearing [ mentioned
last month in connection with comms links, except
that with coherent light the phase relationships are
relatively stable (all else being equal).

Thus a pattern of constructive and destructive
interference is established at any cross section, and
this pattern can be projected from a well finished end
onto a screen or photo diode as a circular speckly
image (Fig. 4).

Now comes the clever bit. If the fibre carrying the
coherent light is stressed (pressure, sharp bending,
vibration) the refractive index changes locally causing
a shift in the speckle pattern which can be detected
either visually or by photo electric means. This is in
effect a kind of intrinsic interferometer.

A very sensitive go/no go detector is thus
created, with one reservation — the whole length of
the fibre is sensitive. Therefore this type of sensor is
good for perimeter burglar alarms (this was
demonstrated at University College London where [
work), but not much good for point sensing as there
will be masses of spurious signal every time the fibre
between the laser diode and the ‘sensor’ wobbles in
the wind.

One of the best experimental sensors is just a
piece of fibre laid between two layers of coarse
glasspaper. When you prod the resulting sandwich,
the fibre is stressed at dozens of points alongits length.
The resulting multiple interferences can even reduce
the light to be totally extinguished at the output!

Other sensing techniques are also possible, but
most require much tighter control of the laser diode
output wavelength (greater stability). A lot of work is
going on at UCL in this field, but the required contro!
(and its cost) are prohibitive for the amateur,

Have a go with fibredyne, but once again

CHIP DIODE

TRANSISTOR
CAN PACKAGE

EMA FACKAGE

FIBRE TAILED
PACKAGE

Fig. 3 Laser diode packages

Fig. 4 Fibredyne speckle pattern
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remember never look directly into the beam of your  Qn Reflection

s laser diode. Finding out whether it's working by taking Afircal intorestis etk iie elairie curers

RF. HERE : mierasiing paint is it @CITIC ¢ TY
FOLISHED =T a look can permanently blind you! Met HS DO , Soren
__Awav light can travel in both divections at onee along the

same piece of fibre. It is therefore possible to pass
coherent light along a fibre, through a directional

Directional Couplers coupler. off a mirror, back down the same fibre. and
then split off the return signal at the coupler (Fig. 6).

Directional couplers are certainly beyond amateur

s experimentation (except for the most dedicated of
millionaires), but they are of considerable interest % -f— e _
INTERFACE Optical fibrg conducts light along itg axis by virtue | W ?\l\ sw.;iém
of the differential refractive index of its concentric 100% N MODULATOR
S . layers (step index fibre) or the gradual change in TN
GATHIOf 2 il refractive index along a radius (graded index fibre). /_// \\
The structure is such that under normal circumstances //T?T ¥ s
Fig. 5 (a) Half coupler. very little escapes sideways. If, however, we cut away /
(b} Full coupler J a portion of the side of a fibre (Fig. 5a) the refractive | [
mechanism is disrupted, and light escapes. \
Quite some time ago now, some clever person \\
worked out that if you put two such cut away pieces N A
ot fibre in contact, light will couple from one fibre into T LIGHT OUT 25%
the other. The result was the polished fibre coupler
(Fig. 5b). These are very tricky to produce, but can Fig. 6 Bi-directional optical sensing path |

be made by an expert with critically controlled splitting
ratios (the percentage of the light which follows each
path) and very low excess loss (the amount of light

This forms the basis of a sensing system | have
been working on recently. The method is somewhat

— 1 B8 L
N A lossy — vou lose 0% on the outward split and
which is wasted and follows neither path). _E’_ i e ) § 5
i . another 50% (which now contains vour sensor
There are also various ways of altering the |, i - e
; S 5 ; intormation) on the way back, plus any excess losses
coupling ratio ‘on the fly’, such as heating one half of R & e T S \
inthe system. Fortunately laser diodes are very bright,

the coupler causing a shift in refractive index

This is just one of many ways of dunamic optical
switching. There is also a cheaper and readily available
form of coupler made by heating and twisting together
two pieces of fibre. These are nothing like so good
{they have high excess losses) but they are almost
affordable.

sa there is usually enough light to spare.

I hope this has been an enlightening (1)
digression, and as we are now talking about sensors
['shall stay on that topic next month and look at the
various types of electronic sensors which abound.

HIPIN
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PROFESSIONAL CRl
SURVEILLANCE

EQUIPMENT KITS

" MTX Micro-miniature VHF transmitter, The smallest kit on the market
measuring market measuring an incredible 17mm < 1 7mm ingluding
on-board mic, Super sensitive. Fully tuneable aver FM band, 9V
aperation with rangea up to 1000m £10.95

B VTEO00 High power version of the MTX with on-board PA stage prowiding
250mW of RF Measures Just 20mm * 40mm, power reguitements
9-15V. Excsliant sensitivity and stability. Fully tuneabis over FM
band Ranges over 3000m can be expected £12 395

B VOX75 Voice-activated transmittar. Variable sensitivity trigger  leve
switches transmitter on when sounds are detected. Stays o rlime
delay variable between 1-20 sec. Fully tuneabis output covers all FM
band. Very sensitive and low standby current through CMOS
cirouity. 9V operation, range up to 1000m. Measures 30mm =
40mm R A B E£16.95

® CTX900 Sub-carrier scrambled transmitter Audio 15 double modulated
providing very secure transmissiens. Any unauthorised listenar will
not be able to demodulate signal without DSX900 Decoder unit
Variabile modulation on-board. Fully tuneabla output covering FM
band 9V operation, range up fo logﬁm Measures 30mm * 40mm

WRITE OR PHONE NOW FOR OUR FREE,
SPRING
COMPONENTS CATALOGUE

o B ki EN8.98

B DSX9000ecoder unitfor CTX300. Connects 1o earphone output of recaiver ta
descramble signal from CTX800. Monitor tsing small speaker ar
headphones  Varigble decode frequency on-board for best

rasolution. B-12V operation. Measures 35mm = 50mm £17.96

B TLX700 Micro size telephung transmittér Connects onto line atany peint and
requiras no batteries. Clearly transmits both sides of conversations

on bath incoming and outgoing calls. Undetectable by phone bsers.

Fully tuneable output covering FM band, Range up to 1000m.

Measures just 20mm * 20mm £9.95

B ATR2  Micro size telephone recording unit Connects onto line at any point
and connects into ANY normal cassette recorder, standard or micro

having MIC and REM sockets Reguires po batteries Switches

recorder on silently when phone is used lar ncoming or outgoing

calls, switches off when phone replaced Clearly records both sides

ol conversations. Undetectable by phone users Maasuras 10mm »

36mm, .o £ = £10.95

B XMLOOORF Bug Detector/Locator Wide band input circuitry detects
presence of RF field and triggers tlashing LED and piezo blesper

Variable sansitivity enabies source of transmission to be pinpointed

to within 8 inches, Max sensitivity will detect MTX or similar

transmitter at around 15-20 feet, 9V operation. Measures 55mm =

T T e e A aRa = £21.95

All kits corne tully documented with coneise assembly and Satling-up nstruchans figh
quality fibreglass PCB and afl i 5T fefe the module Al prices
are-inclusive hut please add £1.50 to cover PEP Orders aver £50.00 post free Please

state requirements clearly and enclase ohiegue or PO to cover.
Fhone arders on ACCESS or AMEX accepted Tel 0827 714476
NOTE It is illegal to aperate s transmitter in the UK without a licence
Send 5=4 S.AE for full catatogue of these and other survaillance kits

SUMA DESIGNS, THE WORKSHOPS, 95 MAIN ROAD, :
BAXTERLEY, Mr. ATHERSTONE, WARKS (V9 21F, TEL: 0877 714476 I O

B 0000000000000000000000C0000

WHEN YOU CAN'T FIND IT ELSEWHERE

WE'LL HAVE IT!
\ s number one 100% components shop - no gimmicks, no
mputers, just millions of components, all easily available by
ng atshop, or credit card telephone orders Justpick upne,
o get the cat: (no SAE reguired) - posted FREE to any
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| order
or a pen,
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mal

alogue
country on the globe

CRICKLEWOOD ELECTRONICS LIMITED
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Tel: 01 450 0995 & 01 452 0161 Telex: 914977
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-AMPS

f op-amps could be made just the way

designers want them. without any of the

constraints imposed by physics. one desirable

feature would be that the input terminals

should sense the voltages applied to them by
magic. They should not take or add any current to the
external components or interfere with the operation
of the circuit in any way.

Real op-amps can be very good in this respect,
with advanced devices requiring bias currents of the
order of tens of femtoamps (1fA=10715A, or
1/1000th of a pico-amp). On the other hand, more
run of the mill ICs which might be affordable for home
projects, are likely to need tens or even hundreds of
nA. This can put a limit on the resistor values used
:n the circuit so it certainly can't be ignored.

Bias

Figure 1 shows schematic diagrams of the input stages
! two popular types of op-amp. Figure la is the

_M358/L.M324 type and Fig. 1b the 741/MC1458

znd so on. You can see that the reason for the bias

—INPUT
TONEXT
STAGE

CURRENT
MIRROR
TO BIAS CIRCUIT

= INPUT
—INPUT

BIAS CURRENT

TO NEXT STAGE

Fgg_ 1 Input stages of two popular op-amp types. (a) The
134358/324 type. (b) The 741/MC1458 type

250nA for the LM358 and as high as 500nA for the
741 lts always advisable to take the maximum
specified figures, by the way. since designing a circuit
according to ‘typical figures is just asking for trouble
— if your sample of the IC is a little on the wrong side
of ‘typical. the circuit won't work!

As often as not. there is no resistor specifically
for bias purposes in an op-amp circuit. [n Fig. 2. see

+INPUT

i both cases is the need to supply base current
‘ferential pair of transistors. You can also see
me [Cs the bias current will flow out of the
{Fig la) and in some it will flow in {Fig. 1b)

12 sheets don't always make it clear which so
antto know — best check the internal circuit
Tne magnitude of the bias current can be up to
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Fig. 2 Spot the source of the bias current

if vou can spot where each input terminal of each op-
amp draws its bias current from. Where there is no
input capacitor. vou can assume that the circuit is
driven from a perfect voltage source. You can also
assume that the gain of each op-amp is high enough
to make any voltage difference between the input
terminals negligible. The question of where the bias
current comes from is not always as simple as it seems.
so if you reckon you know all this already. take one
hundred lines if you don't get the answer spot on. OK?

You might also like to work out the voltage at the
output of each circuit. assuming that each input stage
is of the 741 type and each input requires a bias
current of 100nA, Ideally the output should be OV in
each case — what modifications would you make to

More from maestro
Paul Chappell on the
ubiquitous chip at the
heart of many a circuit
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ot to ensure that it actually is? One of the
is acomplete dud as it stands — which one?
lon when vou've got the answers (no cheating

ce Zais the standerd shunt-feedback circuit
he addition of a capacitor for DC isolation. The
uvent for the —terminal is drawn from the op-
oulputvia R2 (1 point} and the +terminal bias
he GV supply rail. The output will be at
IV (2 points) and the easiest way to correct this
>ct the +terminal to ground via a IMO
I pointif you knew it already, or 10 points
ditout for vourselll) This will put both input
LMW and leave the output at OV,

iV;

ire 201s the series feedback circuit with a DC
lanen cap The +terminal bias comes from R1.
{ for just that purpose (1 point) and the
1l bias comes from R2 and only R2. (Five
'ou gotitright. no points if you thought it was
Zand R3. - 10 points if you thought you knew
nswer and despite my warning didn't bother to
al it closely!)

The reasan thal the bias current comes only from
s 1his The voltage across R3 s settled by the action
it which seeks to maintain the two input
atthe same voltage. If the voltage across R3
is the current through it. If you could
o the bias current of the op-amp. the
ariation you would see would be across
rent throughiit altered to supply the bias
> af the output can be calculated by
O input separately then appealing to
v [he voltage due to the —terminal bias
W\ {1 point). To this must be added
1> the —100mV at the +terminal,
- 1.000timestogive. . —100V? Oh

t1ds this deceptively OK-looking
ud (Five points if you spotted it}
us ways of reforming the circuit
a socially useful life. Most common
towde a capacitor in series with R3 (often instead
of C The value of R1 can be reduced but since this

i
There are

thalif can we

S

i

willreduce the input impedance its not usually done.
Another solution not often seen (Fig. 3a) is to insert
a IMO resistor (R4) between the R2/R3 junction and
the —terminal of the op-amp, This works by placing.
both input terminals at — 100m\/, leaving the autput
at OV, (Strictly speaking. the resistor would have to
be a little less than 1MO to hit OV spot on because it
doesntallow for the —terminal bias current which will
still be drawn through R2. You wont find the
necessary resistor value in the E12 series (or even in
the E96 series for that matter) its so close to 1MO and
there are other effects which make the difference look
foolishly small, so it's not worth bothering about).

Those of you familiar with a little basic circuit
theory will recognise that if you perform a Y-delta
transformation on R2, R3 and the new 1MO resistor.
which well call R4, youll end up with another
potential divider between the op-amp output and
ground together with a redundant resistor. which can
be omitted. between the output and ground. In other
words, the same effect can be achieved with only two
resistors.

Without doing the calculations, can you see what
values the resistors would have to be to make it work?
Thisis an excellent test of your intuition — 10 points
if you can get the values to within 1% (easier than it
sounds) without getting out the calculator, Although
a good test of intuition, sad to sau the result is no gund
for practical purposes {but you den't know unless you
try, do you?) so it's back to more practical matters.

Figure Z2c is a repeat of the dud circuit. but this
time it's DC coupled to the preceeding stage. The
+lerminal bias is drawn from the input. the — terminal
bias from R1 {and only R1 — 1 point if you got it right
after reading the last section. 5 points if vou got it right
beforehand). The output will be at + 100mV and a
quick cure would be to wire a 1kO (why 1kO?) resistor
in series with the +terminal (Ten points if you thought
of this one. no points for wiring a capacitor in series
with R2 — it may improve the circuit in other ways
but it won't alter the output offset voltage caused by
bias current.)

Figure 2d is the DC coupled version of Fig, 2a.
Once again, the —terminal bias is drawn through R2
(and only R2. One point.) and the +terminal bias
from the OV rail. The output voltage will be +100mV
and the cure is to wire a IMO resistor in series with
the +terminal (1 point).

Are there any general conclusions to be drawn?
For the shunt feedback circuit. the usual rule of thumb
Is 10 wire a-resistor equal to the feedback resistor
between the +terminal and ground. The larger the
value of feedback resistor, the more important it is to
do this — just How large the feedback resistor has to
be before it begins to cause problems depends on the
application

If you are amplifying a small signal, for example,
and the output is AC coupled to the next stage. you
may be able to get away with several volts of offset with
still enough “headroom’ for the signal. so you may
prefer to wire the +terminal directly to OV. On the
other hand. if you are DC coupling the output into,
say. a voltage comparator or another amplifier. every
bit of offset reduction may be critical and you'll want
ta balance up the inputs come what may. The enly
way to be sure is either to make a point of always
wiring in the extraresistor or to do a quick caleulation
of bias current times feedback resistor and ask
yourself: is this much voltage offset going to cause me
any problems?

With the series feedback configuration. the rule
15 to make the +terminal bias resistor equal to the
feedback resistor divided by circuit gain. For gains aver
20 or so. there is an even easier rule: make it equal
to the grounded resistor in the feedback potential
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divider (R3 in Fig. 2b. or R2 in Fig. 2¢)

This is fine when the circuit is DC coupled as in
Fig. 2¢ but the idea of making R1 in Fig. 2b 1kO
doesn't have much appeal. One of the main
advantages of the series feedback configuration is its
high input impedence so adding a 1kO resistor to
ground rather spoils the whole idea.

The situation is complicated by the fact the bias
currents are never equal. In the data sheets you find
the difference between them under the heading ‘input
offset current. What you are doing by putting in the
extra resistor is to exchange an output voltage offset
caused by bias current of (bias current x feedback
resistor) for one of (offset current x feedback resistor)
which may be a factor of 10 lower. In other words. it
nelps but doesn't cure the problem entirely.

I should point out that the inclusion of R4 in Fig
2bis not a practical solution to balancing up the circuit
— its OK as an answer to the question as [ posed it
cutis knocked on the head by offset current. Can you
see why? The only practical way to make this version
>f the circuit viable. at least where gains as high as

00 are involved. is to introduce the capacitor in
series with R3.

cz
m
i
c1
il
o il =

T

Fig. 4 Last month’'s puzzle

Before | forget. I'll give you the answer to the
problem I posed last month. which was: what would
the circuit of Fig. 4 do? It is. in fact. just another
amplifier. The gain willbe —C1/C2 (yes. that is the
right way around) and the main disadvantage is that
there is nothing to stabilise the DC levels in the circuit
If you imagine that the input and output are at OV
when the circuit is powered up. even if the input
remains firmly at OV for eternity. the output will drift
because bias current must be supplied by C2. The rate
of drift will be inas x C2 volts per second. so for a
1uO capacitor in the C2 position and a bias current
of 100nA. the output will wander by 1V every 10
seconds

If the drift didn't mess things up. the circuit would
be quite useful as a level shifter: any voltage imposed
on C2 would become the new ‘ground’ voltage about
which the signal could vary. The circuit is in fact used
occasionally but only with the addition of extra
components to Te-set it every now and again. Auto-
zeroing circuits are based on this principle and the
circuit has been used almost exactly as it stands in a
commercial PID controller

SCORES

42 points You shouid be writing this series, not

30 points -

20 points -

10 points ~

less than 10 Have vou ever considered basket weavmg

as a hobhy?
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OSCILLOSCOPES

QUIPMENT D83 Dual Trace 50MHz Delay Sweep
Tube with manual . . £350
R OSCILLOSCOPE CDU150 Dual Trace 35MHz
Sweep Dual Slate Portable 8 x 10cm Display With
al NOW ONLY £180 each
~al Froni Protection Cover Conlaining 2 Probes &
473 Hood . .£10

.ABS SM111 Dual Trace 18MHz Solid State Port-
or External DC operation 8x10cm display with

£150
"ADVANCE 08255 Dual Trace 15MHz £225

ased . £5 each (p&p £3) u2 3'/," (88Bmm}  18.00
™ SWITCHED MODE PSU 5V 40A - .12V 5A u3 51/," (133mm)  20.00
._OUIPMENTD43 Dual Trace 15MHz With Manual £30 each ip&p £4) U4 “ (178MM)  22.00
100 | OTHER SWITCHED MODE PSU available Please enquire M6U Sloped mixer console  £25.50
AZWANCE 0S250TV. Dual Trace 10MHz Wilh Manual| DISK DRIVES 5'4” - Double Sided Double Density 80 All prices Exclude VAT,
150 | track From £50 Please include £2 50 + VAT Per ltem
SIOPEX 4D10A Dual Trace 10MHz With Manual - For Post & Packing
£150 | MARCONI AF Power Meler TFBS3A 20Hz-35KHz Flat pack size = 500 x 260 x 32
ECUIPMENT 5544 Single Trace 10MHz SofidStata | 20uW-10W With Manual (p&p £7) only £36 Maximum weight = 1.5Kgs.
== Msmual £80 | MAR FPawerMe\erTFHSZA 1DC-500MHz 05
MULT'METERS u.1||p&|.| £7)  only £45 Blanking Panels, Racking Consoles
162 TMEe 800 chm,
with Batteries & Leads from £45 PP ET) F3E and Rack Cabinets also available.
ote with batterigs & Leads £90 OR DC-250MH: 50 ghm 0-100d8 Please send S A.E for further details
o 1 IMilitary version of AVD 81 Com £60 * TRADE ENQUIRIES WELCOME +
rios & Laads £65 B AM 150KH:-220MHr £45 i
tabe for AVD METERS Red K Black witn | Bar Generator KG1 B Tast Patterns i‘l;r?lne[()izl;se gssgsﬁ:hr%rr sﬁ%%ezi/e\gz: vsi;\dofgéersto‘m
- 5 &2 prods iphip £2) £5 | ONLY £40 gach

mplzte with Batleries & Luads  £40
MULTIMETER no AC current range With
£10

POCKET MULTIMETERS Philips & Taviorete
sads from £10

AVO TRANSISTOR TESTER TT169
Handheld GO/NOGO for in-situ Tesling Cemplete with
Balleries Leads & instructions (P&P £3)unused £18 each

AVQ VALVE TESTER CT160 Suitcase slyle 22 Bases
ONLY £25 each {p&p £7)

DISK DRIVE PSU 240V 1N 5V 1 6A & 12V 1 5A out Size
W125mm H75mm D1B0mm Cased Un-used only £10

‘p&p £3)
QWERTY KEYBOARD (as in LYNX MICRO1 pust lo make

EW EQUIPMENT

COPEGOA Dual Tracs 60MHz Delay
ey } Probas £875
OPE 2036 Dual Trace JDMH

Swesp Component
HAMEG QSCILLOS
¢

5 HATCH GENERATOR CMBO38B
Scalz/ Blank Ras?? Maing or Battery
|PEF £3f Un-used £18. Used £12

Gray

LATING TRANSFORMERS 240V INPUT
VA £15 (p&p £5) 100VA  £6 (p&p £3)
VA £6 (p&p £5) 200VA  £4 (p&p £4)

STEPPING MOTORS

=cs per rev. 4 Phase (5 wire) 12 24V
250z Inch will run on 5V with reduced

£15.00
s per rev. 3 Phase 12/24V {will work
£2 each 5 off £7.50

19" RACK MOUNTING EQUIPMENT CASES

=ctive, These cases ars soppiied as a flat pack kit with assembly instructions
The equipment cases feature a black powder soat 1/,
casE cOnIrUCISs (rom Tmm or Smm ‘Stalyetite' PVE
and rubber fest
19", and an enclosure width of 17'/," (438mm) by a depth of 10" (254mm).
3
ORDER CODE HEIGHT PRICE v = ~.
U1 13/," (44mm)

16.00 e

RACKZ PRODUCTS PO. BOX NO. 1402, MANGOTSFIELD BRISTOL,

ENGLAND. BS17 3R

This naw range of 18" rack equipment cases have been designed with sconofmy and versitility as their

{dmm) aluminium frantpanel with 1he rest of the
conled steel All kits include froni panel handles

They are available in the tollowing popular sizes with ail the units havmg a standard front panel width of

Tester & 2 Probag £314 v
All Dtfar Maodels Available 4‘.“:4 = BIN DERS
o BLACK STAR FREQUENCY COUNTERS PP 4 Z8 FOR YOUR VALUABLE COLLECTION
Mateor 600-600Mz £126 OF ELECTRONICS TODAY

BLACK STAR JUPITOR 500 FUNCTION GENERATOR
Sine/Square/Triangle 0 1Hz-500KHz P&P 4  £110
BLACK STAR ORION PALTV/VIDEQ COLOUR PATTERN
GENERATOR £199

HUNG CHANG DMM 7030 3% digit Hand heid 28 ranges
including 10 Amp AC/DC 0 1%. Complele wilh batteries
& leads P&P £4

INTERNATIONAL MAGAZINES

* SMART * EASY TO USE » TOP QUALITY
To ASP Readers Services, PO Box 35,
Wolsey House, Wolsey Road, Hemel
Hempstead, Herls HP2 4SS (0442-41221)

4

Clmb

in

£595
7

C.

s P&P

<

a-m? |

e RICAN PHILIPS 24 Su 4
mpsO250rpm0200e§;spi‘rsri‘;ch As above DMM 6010 0 25% £3350 I ! Please supply .. Electronics Today Internatlonal 1
o 4 er rev 120V (3 wire) Torque 250z | Carrying Case for above £3 | I Binders £5.95 inc. P&P
£4 each |
o o8 QSCILLOSCOPES PROBES, Switched =1 «10 PEF E3
‘ g T e el s it e || : Total £ ...... (Please make cheques payable to ASP Ltd.)
|
seg equipment - wilh 30 days guarantee Maruals supplied if possible I Years Required — 198........ 198........ 188........ 198........
i MALL SAMPLE OF STOCK SAE or Telephone or Lists. Please check availabilily before
0 CARRIAGE all unifs £16 VAT 10 be added 1o Total of Goods & Carnage -
STEWART OF READING Addrese

110 WYKEHAM ROAD, READING, BERKS RG6 1PL

E

T=eoncre 0734 68041 Callers welcome 9am -~ 5.30 pm Mon.-Fri, (until 8 pm Thurs.)
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Ian Pitt counts
seiverts, Rads and
Rems with handy

radiation monitors

from Perspective

Scientific

22

REVIEW

AD ALERT

f&wﬁ

A
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he disaster at Chernobyl in April 1986
caused a great deal of public anxiety
and confusion. The situation was
made all the worse by people’s inability
to understand the complex radiation
statistics issued through the news media.

Hundreds of people contacted ETI (and no
doubt other technical magazines) with questions
about the official measurements. Others decided
to take their own measurements and asked us
where they could buy a Geiger counter or how
they could make one.

Needless to say we were only too glad to help,
publishing a basic circuit almost immediatelyand a
more sophisticated circuit some time later (ETI
February 1987).

Others had also noticed this new-found
interest in radiation measurement. Within little
more than a year of the disaster a UK company
was marketing a pocket radiation monitor aimed
specifically at the anxious layman.

Of course there is a danger that this might
look like an attempt to cash-in on public anxiety
and perhaps because of this the company has gone
to great lengths to present the monitor as an
educational tool.

‘Learn about radiation and alleviate anxiety,’
the brochure promises. To this end the monitor
comes complete with a beginner’s guide to
radiation and a wealth of other information on
radiation measurements and health.

The Radalert 1310 is manufactured by
Perspective Scientific. This is the basic modelina
range of three instruments, all of which respond to
gamma and X-radiation.

The Radalert 1310 is described as a ‘high level’
monitor and measures radiation dose rates from
15 micro-sieverts/hour up to 5 sieverts/hour (the

sievert is the standard SI unit for dose equivalent in
human beings — see the tinted box).

The next model up, the Radalert 1313, has a
measurement range similar to that of the 1310 but
is energy compensated over the range 50keV to
1.25MeV. Perspective says it is intended for armed
forces, civil defence and local authority use.

The top-of-the-range Radalert 1201 is in-
tended for use in scientific and medical applica-
tions and covers the range 0.5 micro-sieverts/hour
to 10 milli-sieverts/hour. It is energy-compensated
for the same range of radiation energy levels as the
1313.

All three models are fully auto-ranging and
include a detector which provides visual and
audible warning of Geiger tube saturation. An
annual calibration service is also available.

The Radalert monitors have three operating
modes. In ‘Instant’ mode they function as rate-
meters, showing the dose rate (in sieverts) over
successive six-second periods.

The ‘integrated dose’ model is similar but
operates over 1, 2, 5, or 15 minute periods as
selected by the user. At any time it is possible to
view either the result of the previous integration or
the progress of the current count.

The third mode is described as ‘summing’ and
provides a normal Geiger-counter function. The
display shows the elapsed time and an accumulat-
ing count of the number of radiation pulses
detected.

An audible alarm system is available in the
‘instant’ and ‘integrated dose’ modes. The
threshold can be preset between 1 and 9 micro-
sieverts/hour (1 is the default value) and if the total
count in any period exceeds this figure the alarm
will sound.

The facility allows a Radalert to be used for
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unattended monitoring, operating continuously
from the (optional) mains adaptor. Perspective
claims a Radalert used in this way in North West
England would have detected increased radiation
levels from Chernobyl a day or so after the
accident occurred.

I tested two models for the review, the top of
the range 1201 and the ‘layman’s model’, the 1310.
There seemed little point in testing a 1313 since all
its features are duplicated in the other two models.

The monitors are very light and comfortable
to hold compared with most Geiger ratemeters |
have encountered. They are also very simple to
operate. At switch-on each of the functions is
flashed up in turn on the display and the user
simply presses a green button to select the
function or a red button to reject it.

For practical tests | took the Radalerts to the
R&D department of Philip Harris Ltd, a company
whose activities include supplying radioactive
sources and detectors for educational use.

With the help of some of the staff there I spent
a few hours putting the Radalerts through their
naces. Both models performed perfectly, operat-
ing correctly in all modes and producing results
which agreed well with those obtained from several
reference instruments. 1 then tried the two
instruments out at home, at work, and in a variety
of other places.

In all these environments the 1301 generally
:ndicated little more than its normal background
count level, giving higher indications only when
olaced near some obviously radioactive source
such as a gas mantle. Only on long count periods
could significant differences be detected and even
then the results were often inconsistent and
Zificult to interpret.

By comparison, the 1201 found small but
noticeable differences from one place to another
swen over relatively short count periods and gave
selievably consistent results on successive counts.

These differences do not indicate any short-
-omings, they merely confirm that the 1310 is
=xactly what the manufacturer says it is — a high-
evel radiation monitor. Unlike the more expensive
1201 it 1s not really suitable for making measure-
—ents at normal background levels.

For this reason I don’t think the 1310 will be of
== real value to the person who simply wants to
=zrn about radiation. You don’t need a radiation
—cnitor just to learn the basics and if you're
-=ckling the subject at a more serious level you will
srobably find the 1310 far too limiting.

| suspect the people who will find it most
eful will be amateur geologists, cavers or anyone
> with a direct interest in measuring radiation
ove background levels.

Similarly, the energy-compensated Radalert
2213 should be of use in a wide range of pro-
-=zsional and semi-professional applications where
-zz2sonably high levels need measuring.

The 1201 is a useful instrument by any
szzndards. It’s by no means the last word in port-
radiation monitors but it offers a professional

of performance in a remarkably compact
-zckage and is very reasonably priced. It deserves
= 2o well.

Finally, since the Radalert monitors are being
~zarketed largely on the strength of their supposed
zzucational value, it’s worth looking briefly at the
=zrature supplied with them. There are three main
. The first is a slim booklet which contains the
-nners’ guide’ to radiation written especially for
pective by a university lecturer in radiation
zwhogy. It’s a little uneven in its coverage but very
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Radalert 1310: £86. Radalert 1313: £129.
Radalert 1201: £169. Mains adaptor/charger:
£7. All prices exclude VAT. Auvailable by mail
(add £3 plus VAT for postage and packing)
from Perspective Scientific, 100 Baker Street,
London WIM 1LA. Tel: 01-486 6837.

The leaflet Radiation and You is guail-
able from the UKAEA, 11 Charles Streef,
London SW1Y 4QP. The booklet Living with
Radiation costs £1.90 and is auailable from the
NRPB, Chilton, Didcot, Oxfordshire OX11
ORQ or from any branch of Her Majesty’s
Stationery Office. ‘

readable and suntably no-nonsense in its approach

The booklet also includes operating instruc-
tions and a very useful guide to using the Radalert
for the first time.

The other items supplied are a copy of
‘Radiation and You,” published by the United
Kingdom Atomic Energy Authority, and a booklet
from the National Radiological Protection Board
called ‘Living with Radiation.” These items are both
generally available (in other words, you don’t have
to buy a Radalert to get them!) and can be obtained
from the addresses given above.

The UKAEA leaflet is brief, graphic and
highly-coloured in more ways than one! It does
provide an easily-digestible introduction to
radiation and its health effects but you don’t need
to be too much of a sceptic to find some of its
assurances a little too glib.

The NRPB booklet is better, perhaps simply
because it is longer (over fifty pages) and therefore
has space to examine the issues in greater depth.
Anyone who studies it from cover to cover should
emerge with a basic but thorough understanding of
radiation and radiation protection. However, it
also gives a generally reassuring impression, along
the lines of ‘there are problems but don’t worry,
we're dealing with them’

You may agree with this point of view (and
there are plenty of experts who would too) but
there are also others. just as expert, who would
disagree strongly

[t would have been nice to have seen — either
in this booklet or elsewhere in the Radalert docu-
mentation — some mention of these disagree-
ments, some indication that there are still funda-
mental issues to be resolved. If Joe Public is to be
educated about the dangers of radiation he at least
deserves to be told the full story.

N\EIIAEIH

RADIATION UNITS

Radiation can he measured as nuclear amwty, ahauﬂwd dns! or dose
equivalent. As nuclear activity:

1 Bg (Becqueral) = 1 nuclear disintegration per ssr.m

1 Ci {Curie) = 3.7<X10' Ba.

The units of radiation as an ahsorbed dnsa are:
1 Rad = 0.01 joules absorhed per kg of ahssrhmg Mnll
1 Gy (Gray) = 100 Rad.

In both cases the absorbing material must be aﬁeﬂhed

The units of dose equivalent take the type of mdiamm inte account so that:
dose equivalent in Rem = shsorbed dose in Rad X Q.
dose equivalent in Sv (Sievert) = 100 X dose in Rad X Q.
0 is the relative biological effectiveness, set {at present) as 1 for X-rays, Beta
and Gamma and 20 (fermerly 10) for Alpha. ' :
The current maximum recommended dose for the public is EmSv and for
radiation workers is 50mSv (although the National Radiological Protection
Board is somewhat controversially recommending a reduction to 15mSy).
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John Dix presents
an innovative
loudspeaker design
that enhances the
low frequency
response of small
units

Fig. 1 Partly assembled
enclosure

PROJECT
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THE QWL
LOUDSPEAKER

n these enlightened days of CD, DAT and all

that is silent at the source, there is propor-

tionately less in the music budget to be spent

on the loudspeakers. The loudspeaker

systems manufacturers have concentrated
on smaller enclosure designs to achieve a cost
reduction with the minimum possible sacrifice in
performance.

Although it is more difficult to maintain the
low frequency response with a small enclosure,
reducing the dimensions has a number of advan-
tages. A significant increase in structural stiffness
reduces unwanted radiation from the cabinet
walls. The narrow frontal area also improves the
sound distribution.

Larger loudspeaker systems have to be
complex because a mid-range unit is needed, with
careful integration of responses to cover the whole
frequency range. In a smaller unit, a single bass/
mid-range unit provides seamless coverage
beyond the critical mid-frequency range, easing
crossover design and producing a radiation
pattern conducive to a natural spread of sound and
a usefully wide stereo sound stage.

However if a small enclosure results in an
abrupt roll off of bass level below 100Hz, the bass
lightness becomes readily apparent and there is
therefore a limit to the economy feasible if a unit is
to provide the reasonably long throw cone
excursions necessary for adequately low
frequency radiation.

An obvious advantage of small speakers is
their convenience — often they are placed on
shelves in wall units and so on. However, close
proximity to a wall can give rise to interfering
standing wave patterns which deteriorate the
stereo image. Having the speakers away from the
wall, stably in space at a height such that the high
frequencies are not absorbed by the sofa, gives an
obvious improvement in depth and image
precision.

Bearing all these points in mind it seems
logical to consider whether the space within and
under the speaker stands could not be used to
enhance the low frequency response while main-
taining a low cost, freestanding configuration.

Enclosure Design

A freestanding loudspeaker enclosure with similar
dimensions to that of a small speaker on a stand, if
of conventional design and construction, presents
a difficult acoustic problem to the designer
because of the long narrow parallel walls. These
will tend to vibrate and resonate giving a resonant
pipe-like colouration to the low frequency sound
which is difficult to control and eliminate.

An alternative approach (satisfying from an
acoustic engineering point of view) is to
deliberately exploit the characteristics of a
resonant pipe in such a way that the loudspeaker
unit is correctly loaded and terminated at the low
frequencies, whilst adequately suppressing

unwanted pipe resonant modes.

The low frequency efficiency of such an
arrangement is somewhere between that of a horn
and a bass reflex enclosure and therefore reduces
the demands made on the low frequency excur-
sions of the small diaphragm bass speaker unit.

The principle involved utilises the properties
of a closed at one end quarter wavelength pipe as
originally proposed by Voigt in his patent No
447749 and subsequently adapted and described
by R West and R Baldock in their designs. The
design produced by R West was intended for a
corner position with the speaker unit firinginto the
corner to spread the high frequency sound by
reflection from the walls, and R Baldock’s designs
were intended for either a semi-omnidirectional
sound distribution or a wall reflected distribution.
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Present day practice favours loudspeaker
operation away from corners and walls, firing
directly at the listeners.

The Quarter Wave Loading
Enclosure

The construction of the design is depicted in Fig 1.
The bass enclosure consists of a quarter
wavelength rectangular section pipe with a linear
taper, resonant at about 50Hz.

The bass loudspeaker unit is situated at
approximately halfway along the acoustic axis in
the best position to suppress higher order
resonant modes. At resonance the acoustic
pressure is high at the tapered end and still
reascnably high at the loudspeaker unit. This
ensures that effective acoustic loading is presented
ta the loudspeaker cone and small excursions of
the cone at high pressure are manifested as much
larger low pressure movements of air out of the
nort at the bottom of the enclosure.

Such a process, similar to horn loading, con-
iributes to efficient bass frequency operation with
low distortion up to a frequency of 200Hz, where
girect radiation from the cone takes over. The
enhanced bass response produced by this method
of loading compared with that from the same unit
m a 10 litre sealed enclosure is shown in Fig. 2,
where the curves were obtained under identical
measurement conditions.

This enclosure not only satisfies the require-
ments of being free-standing with the drive units at
z convenient height but also provides an enhanced
nzss response, using the space that would other-
se have been taken up by a stand. Furthermore,
» small cone excursions are required in the bass
saded region and this places the minimum of
zemands on inearity of the cone suspension and
ine magnetic field in the voice coil gap, allowing
~=zsonably low priced drive units to be employed.

Continuing the quest for a low price design, it
< zempting to consider a wide range twin cone unit
“or use in this enclosure. Fig. 3 shows the high
Feguency 1e5ponse of a 165mm diameter paper

i b W
e

modes. Unfortunately, when a small tweeter cone
is added to the main cone to widen the frequency
range, any improvement in frequency response is
accompanied by main cone “break-up” ripple as
shown in Fig. 4.

A much smoother performer is the 165mm
polypropylene cone bass unit with a frequency
response as shown in Fig. 5 and this type is
recommended for use in the quarter wave
enclosure.

Because of the unsatisfactory response of
twin cone units, space is provided in the top of the
quarter wave enclosure, as shown in Fig. 1, to
house a suitable tweeter.

Construction

The enclosure has been designed to make the
construction as simple as possible and if the
various pieces (see Fig. 6) are cut accurately
square then there should be no difficulties in
assembly.

Referring to Fig. 7 it can be seen that there are

410 - - =T

A .EB-ENE:HLW'E

N | S
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FREESTANDING DESIGN.

Fig. 2 Comparison of bass performance

TkHz

only two angle cuts to be made, those at the top of
both the long front and back panels. All the rest are
simple 90° butt joints and it is left to the individual
constructor to decide whether to attempt the
angle joints or simply butt the joints and fill the
wedge shape gaps with whatever technique and
material is convenient.

The dimensions quoted are not critical
provided everything is checked to fit as shown in
the diagrams so that airtight joints are obtained,
particularly in the high acoustic pressure areas in
the tapered wedge and around the speaker unit

The front, back, bottom, top and internal
partition members are all made of nominally ,in
thick chipboard and should all be matched to the
same width of 7in. The two side panels are made of
nominally ¥in thick plywood and it is recom-
mended that one of the panels is marked out to
indicate where the %in thick panels are located.
These can then be cut to size and checked for fit
and the assembly pinned and glued together to
form the structure drawn in Fig. 2.

As the assembly progresses check it for
squareness and, if necessary, secure one or two
cross pieces of plywood offcuts with pins driven a
little way in to hold the assembly square while the
glue sets.

Being reasonably liberal with the glue should
ensure airtight joints but pay particular attention to
the pointed end of the wedge section and if
necessary run a fillet of glue along this particular
joint.

Finally complete the assembly by glueing and
pinning the second ¥ inch thick plywood panel into
place. It will be noted that the enclosure is reason-
ably light and stiff and this minimises the energy
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165mm POLYPROPYLENE CONE

+10

/

LY

—

N

N

10 20kHz

FREQUENCY
Fig. 5 Frequency response of
polypropylene cone unit

storage in the enclosure walls. Tapping the sides of
the enclosure produces different notes at different
positions indicating that the internal bracing and
asymmetry is working to minimise undesirable
reflections and panel resonances.

Finishing tasks involve punching the pins
home, filling and sanding prior to painting or cover-
ing with material or an iron-on veneer.

After several years experimenting with
various drive units the best solution, both in terms

5in

Y%in PLYBOARD

1Zin

x2

30%ins

4

Tin Tin Tin
A——— - ————— e e
A
&
=
m
s g
=
5
%in CHIPBOARD
tin CHIPBOARD
A v
A %incHIPBOARD
r
£
&= e =
£ § 8
: v !

-—

Bin

Fig. 6 The cutting diagram for a single QWL loudspeaker (the baffle plate is also
needed and is shown in Fig. 7)
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of cost and performance, seems to be the simplest
of crossover arrangements with a direct connec-
tion to the bass unit and a capacitor feed to the
tweeter.

The need for attentuation is avoided by
choosing a sensitivity for the high frequency unit
just below that of the bass unit. The speaker baffle
is as small as possible for rigidity and minimum
frontal area. The sloping of the baffle time-aligns
the outputs from the two units, improves the
coupling of the bass unit to the air column in the
enclosure, It also exploits an improved smooth-
ness in frequency response of the bass/mid
frequency unit observed at this angle off its central
axis rather than complicating the crossover,

The Response

Figure 8 shows the combined anechoic response
of the two units as derived from the manufacturer’s
quoted responses as a dotted line, with the in-room
frequency response as a solid line (in-room
measured using Yrd octave noise with a calibrated
mic at 0.9m height). The responses show good
integration and smoothness. A further bonus of
the simple crossover and small sloping baffle is an

‘y.\
\ BAFFLE

CUT-OUT
DETAILS

AZin

30%in

Fig. 7 Enclosure dimensions and construction

excellent off-axis response as shown in Fig.9.

The modulus of the installed bass unit’s
impedance against frequency as shown in Fig. 10.
A resonance was detected at about 250Hz but
became inaudible with the insertion of damping
material into the open end of the closed tapered
section as indicated in Fig. 1. The effect of the
damping is also shown in Fig. 10.

The damping material is a square metre of
terylene wadding (from a dressmaker), It should
weigh about 100 grams and is cut in two — a piece
for each enclosure. Each piece is folded lengthwise
in two and the resulting strip is folded again twice
to form a 25cm square, ready for insertion,

The loudspeaker units are mounted from the
outside of the enclosure and the bass unit needs a
sealing gasket cut out of a thin sheet of plastic foam
or paper depending on the surface finish of the
baffle. Use chipboard screws and do not over
tighten.

Electrical connections may be made to a
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connector block fastened just above the port. The
bass speaker lead is simply passed down through
the bass enclosure and out through the port, whilst
the tweeter lead is secured by clips down the back
of the enclosure. The series capacitor supplied
with the tweeter is a non-polarised electrolytic and
readers may wish to upgrade the performance by
replacing this component by a better quality
version. Readers may also wish to experiment with
the provision of steel or plastic spikes in the base of
the enclosure.

BUYLINES

Performance

The choice of loudspeaker is often a very personal
decision and the present design is the result of
many hours of measurement and listening.

This QWL design is relatively cheap and easy
to build but achieves a combination of good
measured frequency response, stereo imaging,
sound quality and efficiency. They occupy very
little floor space, are easily moved and are the
correct height to preclude the need for stands.

Happy listening.

The loudspeaker units recommended for this project are Tandy's 6Y%in woofer Lcat no40-101] and dome tweeter lcat no 40 1276)
- Tandy's mail order- address is Tandy Centre, Leamora Lane, Bloxwich, Walsall W2 "J’P& Tel: {0922] 750000. - : :
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Paul Cuthbertson
continues to build his
small analogue
computer for use in
the classroom or the
laboratory
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ANALOGUE
COMPUTER

ast month [ described the construction of
the analogue computer’s power supply.
This month it is the turn of the main
computer unit itself.

The suggested front panel layout is
shown in Fig. 1 It can be quite tedious to mark out
the front panel neatly yourself and so this panel is
available as part of the kit from Grampian (see
Buylines) However, you'll still have to drill your own
holes!

Use a punch to mark the centre of each hole and
a hand drill to drill a 2mm pilot hole at each position.
Hold the panel firmly in a vice near the hole position
(with a clean piece of rag in the vice to prevent
marking the panel) to prevent it bending, With a little
care good results can be had. Be particularly careful
with the potentiometer holes as these have the edges
showing

Drill6. 5mm holes for the green terminal and the
LEDs. 8mm for the 4mm sockets and large holes up
to a limit of 8mm or 9mm for the pots. If in doubt drill
a hele too small. try it out and then work up. Use an
instrument file or similar to cut a small slot in the edge
of the hole for the spigot on the terminals.

Fitand tighten all the panel components except
for the yellow sockets at the top and bottom of the
coefficient multiplier section. A ¥8in socket spanner
held in the hand can be a good tool to use here. Don't
overtighten them as the threads can strip.

Now solder the six potentiometers in place on the
pot board {Fig 2} To fix the pot board to the front
panel, you'll need a couple of special brackets made
from scrap aluminium — see Fig. 3. There’s a left
handed bracket and a right handed one

No precise measurements are given because
these will depend on your exact front panel layout.
The last two yellow sockets tighten down on the fork.
and the pot board then screws down to the small
holes. Make sure the brackets do not connect to tracks
on the pot board

Solder a 15-way D-plug on the end of the
15-way cable trapping the braid in the cable clamp for
earthing.

Drill a hole in the back right of the case, no further
than 50mm from the end of the case for the 15-way
cable. Use a grommet. Sclder a length of earth wire
to the braid and either trap the other end of this
between the bracket and the pot board or use a solder
tag onto the bolt which secures the pot board. Trim
all but the —10V REF wire down to about 40mm
length. Strip and crimp tags to the ends of the wires
and push them into a 10-way cable shell in
accordance with Table 1 (connections 63-72)

The +7V wire (position 63) needs a Sin piece
of wire to reach the overvoltage indicator (LED2) The
— 7V wire (position 67) needs a slightly longer piece
in with it. The OV wire (position 72) needs a piece of
wire about 250mm inserted with it The —10V REF
wire goes to the next cable shell at position 61 which
is why it is longer than the rest. Cut the wings off this
shell before using it

Begin populating the main board by fitting all the
connectors and all the [C sockets as shown in Fig 4
Next fit all the links using insulated single strand wire

Fit all the other components as shown in Fig. 4
making sure all the diodes and the translator are the
right way round. Don't fit the ICs yet

Seve/“ral points on the board (labelled A-[) must

/
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be connected with insulated wire on the underside of
the board. Some of these are corrected mistakes,
some are there because there is no room elsewhere
on a single sided board and others are an attempt to
preserve the designers sanity!

Connect the pads with the same letters. There
are two of most but five each of pads B and C and
three each of D and E

Testing

Most parts of the system can be tested at this stage
before the front panel wiring goes in. Don't insert the
ICs to their sockets yet but plug the leads from the
power supply into the board.

Switch on the supply and quickly check that all
supplies are present in the right places. If not, switch
off immediately and investigate.

A rather strange property of all the ICs used in
this project is that they are symmetrical. [f the supplies
are present but the wrong way round, you can plug
the IC in upside down rather than rewiring!

Make yourself a couple of test links by crimping
tags onto 200mm or so pieces of wire. Bare about
10mm at the other end. Now you can push each of
these into a six way cable shell or other test position
as appropriate, to apply signals to the various parts
of the circuit. Refer to Fig. 3 and Table 1 to see
whereabouts you are and to Table 2 to see which
guarter of the op-amp is responsible for different
‘unctions.

Insert IC6,/1300/1400. Power up and check you
-zv¢ about +10V at each of the corner pins on the
ntofthe IC. Then adjust the two pots at the bottom
e board to give precisely 10.00V. Do look at the
. master reference too to see it has not changed.
Zz.er down each time before inserting the next IC.

Insert the top left 1C (IC100/200/300/400) into
=z socket. Power up and check that all the outputs are
== 0V by probing the corner pins of the IC. (In reality

2u may expect up to about 10mV either way —
cut 0.1% full scale). Now apply each of the +
sizrences to each input in turn, monitoring at the
Z.out connector pin. +10V in should give —10V
- 2= and vice versa. The outputs should be well within
2% offull scale, for x 1inputs. Applying this input to
= « 10 input will result in about 14V output or so but
 22es mean the input is connected properly, Strange
its can be due to misconnection, solder bridges
z reversed diode
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Summing amplifier input 1,1
Summing amplifier input 1,2
Summing amplifier input 1,3
Summing amplifier input 1,4
Summing amplifier input 1,5
Summing amplifier input 1,6
Summing amplifier input 1,7
Summing amplifier input 2,1
Summing amplifier input 2,2
Summing amplifier input 2,3

Integrator input 4
Integrator input 3
Integrator input 2
Integrator input 1
Integrator initial conditions 4
Integrator initial conditions 3

Summing amplifier output 1
Summing amplifier output 3
Summing amplifier input 3,1
Summing amplifier input 3,2
Summing amplifier input 3,3
Summing amplifier input 4,1
Summing amplifier input 4,2
Summing amplifier input 4,3
Summing amplifier output 4
Summing amplifier output 2

Summing amplifier output 7
Summing amplifier output 5
Summing amplifier input 5,1
Summing amplifier input 5,2
Summing amplifier input 5,3
Summing amplifier input 6,1
Summing amplifier input 6,2
Summing amplifier input 6,3
Summing amplifier output 6
Summing amplifier output 8

Integrator output 1
Integrator output 4
Integrator initial conditions 2
Integrator initial conditions 1
Integrator output 2
Integrator output 3

Summing amplifier input 7,1
Summing amplifier input 7,2
Summing amplifier input 7,3
Summing amplifier input 8, 1
Summing amplifier input 8,2
Summing amplifier input 8,3
Coefficient multiplier input 1
Coefficient multiplier output 1
Coefficient multiplier output 2
Coefficient multiplier input 2

Coefficient multiplier input 3
Coefficient multiplier output 3
Coefficient multiplier output 4
Coefficient multiplier input 4
Coefficient multiplier input 5
Coefficient multiplier output 5
Coefficient multiplier input 6
+ 10V Reference output

— 10V Reference input
Coefficient multiplier output 6

+ 7V Supply
Overvoltage warning LED
NC

SET

— 7V Supply

HOLD

— 15V Supply

+ 15V Supply

— 10V Reference output
ov

Table 1 Connections to the main computer board

Insert IC7 into its socket This is the window
comparator and latch. Remember this one is reversed
relative to the rest (unless vou've reversed any others
yourself!). By applying +10V to a x10 input of a
summing amp or the +15V supply toa x 1input, you
should be able to see the leftmost corner pins of the
IC dropping negative. They should be positive
normally and respond momentarily to overrange
outputs. ltisnt necessary to test all the inputs this way
incidentally. just one for each summing amp
Next monitor pin eight of IC7. It should be posi-
tive if SET has not been pressed since the last overvolt
condition. Press SET and check it goes negative,

[nsert IC500. 600, 700/800 and use the same

COEFFICIENT
MULTIPLIERS

SUMMING
AMPLIFIERS

INTEGRATORS]

®0 O

®© 0 ®
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® ©

® ©

®© 06

®
ON@HO;

® 0 06

®© @©®

®©@0 ®
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Fig. 1 The front panel layout
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INPUT 1({49)

# SOCKET 1

INPUT 2 {52)

et SOCKET 2

Bt SOCKET 5

# |INPUT 6 {59 }

SOCKET 6
EARTH (72)

Fig. 2 The component overlay
for the pot board

INPUT 3 (53}
SOCKET 3
INPUT 4 (56) |
SOCKET 4
INPUT 5 (57 )

procedure for each summing amp — checking for
zero, checking all inputs and finishing with an overvolt
check on one input of each amp.

Now insert ICI500,/1501/1600/1601, IC1700/
1701/1800/1801 and 1C1502/1602/1702/1802.
These form the heart of the integrators. Power up,
press SET and see that the four corner pins of the
LM324 go close to OV. You can expect a good 30mV
here actually — about 0.3% full scale. Release SET.
The op-amp outputs should drift very slowly, (In an

PARTS LIST

ideal world this drift would be zero)

Apply +10V to the integrator input at the con-
nector pin. The op-amp output should attain —5V
in a second (approximately). Press SET a few times
to verify the op-amp output returns to zero and ramps
from there each time. It may be easier to monitor this
on a scope or an analogue meter rather than a DVM,
While this is in progress check the overvolt system
responds to the op-amp output voltages.

Check HOLD by attempting to catch the op-amp

~ RESISTORS fall 1/4W 5% uniess specified!
R25- 29,31, 107:111, 114,207, 208,
214,307, 308, 314, 407, 408, 414,
50?-505,5- '607.609, 614, 707-709,
- 714,807-809; 814; 1502, 1508, 1509,
~ 1602, 1608, 1608, 1702, 1708, 1?09

1%2..18&8 'ISGQ i CAMA%
“R30 470k 1%.
mmsa 49 41,1503, 1805 - 100K
Rﬁ 38 B S
R:W - 180k
©R4Z, 1564 1%4 1704, 1804 Mo
R4z EedlcREs
T 680R

R100-108, 200-202, 300-302, 400-402,
500-502, 500-602, 700-702, 800, 802,

1507, 1607, 1707, 1807 ]
- R112, 113,209, 309, 409 10
RUS 3
- R215, 315,415 3
" R515,615,715, 815 330k
- R1500, 1501, 1600, 1601, 1700, 1701,
1800, 1801 : 47 1%
R1506, 1806, 1708, 1806 470k
RV6, 7, 900. 1000, 1100; 1200, 1300,
1400 10K 20 tum pot
RV1500, 1600, 1700, 1800 1k0 20 tum pot

CAPACITORS
C1500, 1501, 1600, 1601, 1700, 1701,

1800, 1801 470n

- SEMICONDUCTORS

- 1C.(6/1300/1400), 7,
- 1100/200/300/400),
- 1600/600/700/800),

(800/1000/1100/1200),
(1502/1802/1702/1802),
{1503/1803/1703/1803) LM324
IC (1500/1501/1600:16011, :
{170011704/1800/1801) 4066
Q5 S RCiBIE
D1-3, 100, 101, 200, 201, 300, 301, 400,
401, 500, 501, 600; 601, 700, 701, B0O;
801, 1500-15004, 1600-1604,

14148

- red LEDC
MISCELLANEOUS
PLI =l wayDtypep%ug
PL2-22 :
SK1-4
SK5-9
SK28-50- ~ yellow 4mm socket
SK51 green 4mm socket

PCBs. Case. 6x10-way, 2x6-way PCB connectors. IC sockets,
Connecting wire, Flexible wire. Nuts and olts,

Fig. 4 The compenem overlay for the main board

30

ETI AUGUST 1988



halfway through its headlong rush. When in HOLD
the integrators do drift — in an ideal world they would
not — and this looks quite bad on a DVM (the drift
rate can be about 50mV/s) but look at it with a scope
and | would defy anyone to see it drifting from
moment to moment

On the plus side, the integrators behave very well
if you apply OV to the inputs — drifting about 1mV/s
— 5o left to their own devices they will take about two
hours to drift up to an overvolt condition! It is wise not
to use HOLD for extended periods of time but see my
comments on performance improvements below.

Insert the last IC (1C1503/1603/1703/1803)
and check the outputs follow those of the previous
stage (x2) and that when an input is applied to the IC
(initial conditions) connector position this®voltage
appears inverted at the output. Keep SET asserted for

The prototype showing the internal overboard
wiring

:nis. using a shorting link if you like, as it is easier to
see what’s going on,
Also put £15V in at the initial condition inputs
w~ithout SET asserted) to check the action of the
~vervolt connections. Calibration of the integrators
must wait until the internal wiring is installed

Wiring
Tl holes in the base of the case and bolt in the board,
2sing spacers. The board should lie right at the back
=i the case where it just clears the 4mm sockets nicely

Use small lengths of bare single strand wire to
connect each of the yellow coefficient multiplier
<ackets to the clockwise end of each potentiometer
20 the pot board. Trim down the anode (long) leads
=i both LEDs and solder a 680R resistor between
snem. Lay the front panel face down with the back
z7ge just leaning on the front of the case, so that it
-z~ ‘hinge back into position when the time comes

Starting with those sockets and connections at
=2 back. which would be awkward to reach with the
-2z of the wiring in place, cut and solder an appro-
2o ze length of wire to the socket. Refer to Fig. 3 and
zole 1 continuously. [ have chosen to number the
—outs to the summing amps starting at the top left
~orking right, then bottom left working right. The
llv essential thing is that groups of connections to
“-2 amp or integrator are kept together and a white
+ 1) socket always connects to an input with a 100k
zsistor

The coefficient multipliers are numbered one to
six rom top to bottom. Connect a wire from each pot
~zer pad to the input connector. The outputs go
= -zctto the blue sockets. Connect a wire between the
=22k OV track on the pot board and the green termi-
-z Connect the OV wire from position 72 to the
=<en terminal as well. Trim and connect the overvolt
_=D cathode to the appropriate connector position
“=m and connect the power LED cathode to the —7V
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position. Connect the +7V position to the overvolt
LED anode along with the 680R resistor which is
already in place,

Carefully lower the panel into position. Now is
a good time to make up the patch leads. Two metres
of extraflex wire will make ten leads of various lengths;
[ used six 0.25m lengths and four 0.125 ones. Con-
nect 4mm plugs on both ends of each lead.

More Testing

All that remains is to check the summing amp and
coefficient multiplier connections by applying inputs,
checking outputs and by checking the integrator
wiring and calibration of the integrators, Calibrate the
integrators by applying a 0.50V signal derived from
a voltage reference passed through a coefficient multi-
plier. Use your nice new patch leads to do this!

Using a stop watch, release SET. wait for 20
seconds and press HOLD. Make a quick mental note
of the voltage attained before it wanders too far off.
Adjust the integrator, using one of the four pots at the
left edge of the board, using the 20s check each time
an adjustment is made, until the integrator reaches ten
volts plus the offset apparent when SET is asserted.
That's the simplest method. If you've stuck with the
wiring scheme outlined, you'll see that the pots are
numbered one to four from back to front.

If you have a pulse generator which will give you
a good pulse of known and stable amplitude and
duration, you could use it to pulse the integrator and
adjust the potentiometer to give a known final voltage.
A +1V pulse for one second should resultin —1V on
the output. The important thing is that the integrators
are the same. The only reason for having adjustment
here, and not for any other circuit. is to remove the
effects of the tolerance of the capacitors (5%) and to
account for using two 470n rather than 1p0O.

Improvements
The LM324 ICs used in the computer are the biggest

LJd[0dd

Fig. 3 Brackets to hold
the pot board to the front
panel

PIN FUNCTION

|

BUYLINES

S~ ON -

I NN

1

1C100/200/300/400

Summing amp output 1
Summing amp output 2
Summing amp output 4
Summing amp output 3

1C500/600/700/800

Summing amp output 5
Summing amp output 6
Summing amp output 8
Summing amp output 7

IC7

This output not used

Latch output (drive to overvolt
LED)

Upper { + vel comparator
Lower { - ve) comparator

1C1502/1602/1702/1802
Integrator 2 first stage output

Table 2 Useful test point locations

Integrator 4 first stage output
Integrator 3 first stage output
Integrator 1 first stage output

1C1503/1603/1703/1803
Integrator 3 output
Integrator 4 output
Integrator 1 output
Integrator 2 output

1C900/1000/1100/1200

Coefficient multiplier 2 output
Coefficient multiplier 3 output
Coefficient muitiplier 4 output
Coefficient multiplier 1 output

1C6/1300/1400

Coefficient multiplier 5 output
Coefficient multiplier 6 output
+ 10V reference output

— 10V reference output

=

Mostof the components for this project are easly avalable from usual
suppliets. All the components are-available individuslly or in a
‘complete kit from Grampian Electronic Components, 266 Clifton
Road, Aberdeen AB2 2HY [Tel: (0224} 495549}

~ ThePCBisavailable from the ETIPCB Service as detailed atthe
back of this fssue.-
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source of error, particularly in the integrators where
their bias currents cause drift in the HOLD mode and
very slight asymmetric operation and drift when
running

It any improvement is considered necessary, the
biggest single step would be to replace those op-amps
in the critical positions of summing amplifier and
integrator, Some possibilities might be the LF347
which offers vastly improved bias currents or the
OP400 with its very low offset voltage of 150uV
maximum. If selecting an improved op-amp do not
be concerned with bandwidth or slew rate for this
application,

There are no other easy or relatively cheap roads
to improvement. The nextitem on the list is perhaps
the capacitors but closer tolerance types at 1p are likely
to be bulky and expensive. Using 100n instead of the
1p in the prototype will speed up the computer by a
factor of ten but will also express drift rates ten times
faster. The important resistors could be replaced by
0.1% types but these are likely to be expensive too.

Having said all this, the computer is still more
than adequate for control experiments and, dare | say
it, a lot better than certain offerings | have come across
recently.

Further Uses

The individual building blocks of the computer can
be used for many other purposes. Variable and fixed
gain amplifiers are easily implemented. There are
sufficient integrators to build two rather fine, high Q
state variable filters, although the range of operating
frequencies may be restricted.

Don't be afraid to use external components in the
patching. For example, a 10k resistor in series with any
input will attenuate the signal by a factor of two, 90k

RMAGB00 - 600 watts RMS into 4 chms 370 watts RMS into 8 ohms
RMA300 - 300 watts RMS into 4 chms. 180 watts RMS nto 8 ohms
RMA150- 150 watts RMSnto 4 chms 85 watts RMSinto 8 ohms

Avallable for the first ume MosFet power amphfier
modules derwved from nternationally acclaimed
RAUCH Pro-Audio technology

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

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

TEL:0789 731133

Orecision

RAUCH PRECISION ENG LTD
DEPT H

BLACKHILL IND EST
SNITTERFIELD

STRATFORD ON AVON
WARKS CV37 OPT

FAX:0789 7310715

g

by a factor of ten. This can be used to slow down
integrators.

A very low frequency sine wave generator is
another possibility, with the added advantage of
quadrature outputs and high spectral purity (since it
is a ‘proper’ sine wave and not something cobbled up
from a triangle wave) but the amplitude will change
slowly. Set up a state variable filter with a damping of
zero for this. (By the way, ten out of ten if you
recognised the computation in the article in the June
issue as just that — a state variable filter!)

The whole computer can be easily expanded
adding further main boards operating off the same
power supply unit. Wiring up further D-connectors
in the power supply is the way to do this.

Other functional blocks could also be added
either to this main board or to an additional one, The
possibilities are almost boundless. One thing is certain
Once the analogue computer is built, you will never
again look at a digital computer with quite the same
admiration

GENERAL SPECIFICATION FOR ALL MODULES
Frequency response 20Hz - 20kHz, +0dB - - 2dB
THD 001% @ 1kHz max,
typically 0 003%
SNR -110 db A weighted
Slew Rate 100v/uS
Input Sensitivity 0 1775v RMS, 0dB
Dimensions 137 x 76 x 42mm
Weight 0.375Kg max
Note: the above specifications only apply when the modules

are used with the correct power supply and heatsink, which we
can supply. see lishng below

PRICES excluding VAT and carriage

RMAB00 Amp Module  £74.00 built
RMAS300 Amp Module  £49.00 built £41.00 kit
RMA150 Amp Module  £37.00 built £30.00 kit
Torodal transformer 800 VA 60-0-60v for RMAB00 £36 00
Toroidal transformer 500 VA 60-0-60v for RMA300 £26 00
Toroidal transformer 200 VA 60-0-60v for RMA150 £17 00
10,000 uf 100vW PSU capacitors with clamps £11 .80
600v 35 amp bridge rectfiers £ 290
Heatsink 300 x 80 x 40mm 0 45 oC/W £12.00
24y DC fan 120mm (Papst) £2190
24v DC fan S0mm (Papst) £20.80
Thermal switch, re-setting £ 280
DC protection card £10 40 built £ 850 kit

£65.00 ki

CARRIAGE £220 FOR ALL ORDERS, CHEQUE OR
POSTAL ORDERS ONLY, S.A.E FORFURTHER DETAILS,
TRADE ENQUIRIES WELCOME!

BUY WITH CONFIDENCE - RAUCH PRECISION ARE A
WELL ESTABLISHED COMPANY WITH SALES OF
PROFESSIONAL POWER AMPLIFIERS EXCEEDING
£1,500,000 TO SATISFIED CUSTOMERS WORLDWIDE

TELEX:312242
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READ ALL ABOUT IT!

IN THE SUMMER ’88

Discount vouchers, competition, free gift and.,
of course, the latest new products.
Available at your newsagent or direct from

Cirkit at the address below.

PrICE £1.30

. VISA '
Cirkit Distribution Ltd.

Park Lane, Broxbourne, Herts EN10 7NQ

Telephone (0992) 444111 Telex: 22478
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very now and again. it happens. You wish
you had taken notes of that telephone
conversation. Whoever you were talking

telephone conversations
to had said something of vital importance

fOf pOSteI'Ity,. SeCUfIty but you can't remember it. now Or he
and blackmall made a commitment to you which you know hell

Keith Brindley records

NOTE:

Q12,3 =BCY09

L1 = 150 TURNS 30SWG
INSULATED COPPER
WIRE SCRAMBLE-WOUND
ONTO 1 INCH FORMER

L1

Fig. 1 The circuit diagram of the telephone recorder

never keep — and being only a verbal commitment,
how can you hold him to it?

The answer, of course. is to record the telephone
conversation. Then you've got a firm record of the
whole affair. However. short of dismantling your
instrument (excuse the expression) and diving into the
telephone’s circuit, how do you do it?

A simple coil of wire is used in the ETl telephone
recorder to pick up minute electromagnetic disturb-
ances corresponding to the audio tones passing to and
fro along the telephone line. The interface circuit
merely amplifies these audio tone disturbances to a
level sufficient to be recorded by any typical cassette
recorder

Telephone pickup coils are, of course, available
from many electronics outlets and any one of these
can be used as a pickup for the ETI unit, but we give
details here to make your own, out of common-or-
garden insulated copper wire. Our home-made ver-

PHONE FUN

sion gives every bit as good results. too. as the more
expensive purpose-made options

Construction

Two methods of construction are offered: PCB or
stripboard. Neither is difficult but the usual procedures
and precautions should be taken. depending on your
chosen method,

The PCB component overlay is shown in Fig. 2
On PCB:. the only precaution is to leave the transistors
until last. This way. there is less likelihood of heat
damage from a slap-happy soldering iron. Watch for
electrolytic capacitor polarisation — make sure you
get them the right way round.

The stripboard overlay is shown in Fig. 3. Make
all track breaks and solder the wire link first. before
any components are positioned. Then. like the PCB.
solder all components in leaving the transistors until
last

The pickup coilis made by winding 150 turns of
30swg insulated copper wire onto a lin former. Leave
about three inches of wire at each end of the coil free
Neither the number of turns or the former size is
critical. so don't worry if you lose count or can't find
a former which is exactly the right size. We used a
bottle of Tipp-Ex typing correction fluid as our former
(slightly over the inch in size) and that proved
adequate,

Similarly. the wire gauge isn't critical either -—
anything from about 25 to 35swg wire will do. Once
wound. slide the coil off its former and tie it with string.
facing cord. wire or tape

The ends of the coil now need to be connected
to the circuit board and screened cable should be used
for this. [f you have used enamel-covered copper wire
for the coil. you'll need to scratch off the last few
millimetres of enamel from the ends of the coil. baring
the copper. before they will accept solder If you've
used polyurethane coated copper wire. this is self-
fluxing and can be soldered direct. Whichever. solder
earth and signal leads of the screened cable separately
to the ends of the coil. Its best to insulate the
connection. too. to prevent shorting, Heat-shrink
sleeving is ideal for this but insulating tape provides
a suitable alternative

HOW IT WORKS
cm;u_n dgag:um for me Iel_ephnne fecorder__me.--.-

anfammar w’ah talephaneeqummem msy
tthesnundheard intheaarpmnonmsw '

person at thedther end. However, all talephme instruments m;et:t
acertain amount of sidetone into the earpiece circuit, which means
8 certain amount of the outgoing conversation is miked with the

hat the user can always hear his or her
; of the other participant. - 5

First stage amplification is provided by transistor Q1, corinected
ina common base amplifying mode. This presents the necessary low
impedance the pmkupcod acung metaly asmmpedanaamatchar,__:

is much igher than its input impedance, 5o any !‘pl ing stage@?
amplification can have @ more Ustal h»gha; input impedance.
Second and third stage amplification is provided by identical
amplifiers hased around transistors 2 and Q3. Theseare connected
i common emitter mode, tngethaf pﬂmdmg amund 1'30{} times:
'voitaga amplrhcatm
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PARTS LIST

10;{'iﬁ"irraxi_t;f;g.!éc'tfnlytic
100n polyester
Lo fﬁv amal electrolytic

SEMJCONDUCTGHS
’.ﬁl 2' 3 - BC108

MISCELLANEUUS 3 '

81 PP3orsimilar 9V batteey.

PCBor mplwam Screenedleact 3Oswg1nsumedwppar wire: Case
To/suit -

Setting Up
The circuit itself requires no setting up but the coil may
require some experimentation in positioning.
Generally, the coil should be positioned somewhere
near the earpiece of the phone — taped either to the
back, or better still to the front, between earpiece and
ear. Taped to the back the user won't feel the coil, but
even between earpiece and ear the phone is still
comfortable to use. Try different positions until you
get the optimum

If you really feel handy. you could mount the coil
inside the handset of the phone. and fit a sub-
miniature jack socket too. so that the phone is
normally free of dangling wires. When you want to
record a conversation. you only then need to plug in
the screened lead to the circuit board and you're away.
However, bear in mind that your telephone provider
(BT, Mercury. Hull etc) might not like you tampering
with equipment connected to the network in this way
— particularly if you only rent the telephone!

It's worth mentioning here that some phones
(older British Telecom version and some others like

The length of screened cable between the coil
and circuit board depends on your requirements but
bear in mind that the longer this is. the more sus-
ceptible the project will be to interference. The circuit
is basically a high gain amplifier, and any small levels
of interference will be amplified greatly. along with the
signal. Our prototype has about 1.5m of cable for this
nurpose and this seems to work without much inter-
ierence at all.

The output lead (the lead from circuit board to
cassette recorder) on the other hand. can be much
onger. The signal here has already been amplified
and so is much less affected by interference

We leave the housing up to you. As the project
< a high gain amplifier, a metal box earthed to the OV
cattery line would be the best choice but is by no
~eans essential [t all depends on where the circuit
soard is to be sited. If it's anywhere near a source of
- lectromagnetic interference such as a mains power
supply in a TV, computer or even your cassette
-wcorder, the circuit may pick-up the interference in
~2 form of hum_ If its nowhere near such a source

Ju may get away with a plastic box

Even though we give all this advice about
=ducing interference. it's worth noting that the pickup
~oil itself will pick up more interference than the
zcreened cable and the circuit board. because that's
- natits purpose is! In this respect. the position of the
=none is probably more important than cable and
—ousing. If the phone is close to an interference
<surce. the pickup is going to pick up interference, too

BUYLINES

Every r:ornpmennsaasy mamalm ThePCBIs' ilabl
PCE Service as detmled inthe hack of ﬂ'us fﬁsua

FROM COIL

70 TAPE RECORDER

Slimphone) have an enclosed mertal earpiece and the
coil can't really pick cient signal through the
housing for the project 1o operate satisfactorily
However, all other n 3 phones we've tried have
a plastic earpice which git uperb results. If yours
is a phone with suci learpiece. i1s worth trying
to experiment w il elsewhere. say around a
line-matching transinrmer inside the main unit, You
can but try

Setting up vaus
you Remember :
record are audio
renowned fo
your recorde
versation w
other hand

recorderis totally up to
Is vou are trying to
cular. voice signals — well
ng m amplitude. So, if
some parts of the con
rded and distorted On the
15100 low. some parts may
not be rece Trv playing around with the
recorder setting pernaps first dialling the speaking
clock service 1o give vou a rough guideline about

MNCOMEVE VOITE Siunals

 TOCASSETTE
RECORDER

FROM COIL L1 oV

Fig. 3 The stripboard track cuts and component overlay m
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Geoff Phillips presents

a tale from the country

and a project to boot

RANDOM NUMBER
DISPLAY

very week the Nether Wallop Grand

Order of Tripe Trimmers and Offal Boilers

held a prize draw. The committee were

bored tripeless with laboriously tearing off

all the ticket stubs every Saturday, folding
up each one and placing them all in a hat

They tried using a cage full of numbered balls,
but some got lost during a ping-pong game and
anyway the members were complaining that the draw
wasn'l fair.

“How can us members at the back of the hall be
sure that the ball you've drawn has the number you
say?" shouted one of the members. The integrity of
the committee was in question and drastic measures
were required. A special committee meeting was held

“Tthink we should have one of them didgy-tell
number machines like down that fancy new pub in the

:
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town." said the chairman of the committee “But the
club can't afford one of those things.” the treasurer
quickly added.

“The butcher’s son Kevin fiddles with electronical
things,” said the steward. “Ave, and he goes to Polly-
tick-nick too” chirped the chairman. So Kevin was
asked to design and build an electronic random
number generator,

What Kevin Did

There are never more than 1000 tickets sold at the
draw so a 3-digit number generator would be
adequate It had to be simple to operate (for the
committee) and the numbers had to be big enough
to be seen from the back of the concert room. Kevin
decided to use a matrix of conventional LED:s for the
display as the seven segment displays available from
his hobbuyist supplies were too small.

The next problem was how to generate random
numbers. Kevin had once visited the young people’s

Christmas disco party in the town. He wasn't too
impressive at dancing, and the town girls seemed a
little alarmed by the blood on his butcher's apron, but
what did catch his attention was the one-armed bandit
which stood in the lobby. He reasoned that each time
the lever was pulled the time period before each drum
stopped must vary slightly, otherwise a regular series
of patterns would occur. The speed of the drums at
each play probably varied too

Kevin knew how to design an electronic counter
which would cycle the digits 0 to 9 in a similar fashion
to the wheels on the fruit machine, but the speed of
cycling would be constant. He also knew how to
generate a time delay electronically so as o simulate
the time the drums spun, but again this would be
constant each time it was triggered. He knew that if
the members could spot a repetitive pattern of
numbers generated by the machine he designed,
there would be trouble (he might even be subjected
to the Grand Order’s ritual offal-dipping punishment).

lf the numbers were cycling all the time however,
and were stopped when a button was pressed, then
the number should be random — the button pressing
would not be linked to the electronic counter in any
way.

But Kevin realised people would suspect foul
play if the numbers were stopped by a committee

HOW IT WORKS

The circuit diagram 15 shows in Fig. 1. The timers 1C1,2 8nd 3 are:

connected s free running astable multivibrators which generate three
separate clock signals for the BCD counters [C5,7 and 9. Thase
counters are running continuously and asynchronously irrespective

of whether the start button has been pressed o nat,

The outputs of the three counters are fed to three BCD 1o
7-segment decadsrs which drive the numerical display formed by the
matrix of LEDs1 to B4, Four series-connected LEDs make up each
segment of each digit, The BCD decoders have builtinlatches which
can store the BCD code for any digit from 0t 8.

When the LE {latch enable) pin of the decoder js taken to logic
0, the latches are dsabled and the decoder gves the 7-segment cive
voltages to the LEDs equivalent 10 the BCD codes at their inputs
ABCD. The LED displays are seen 1o cycle though the digits 0 to
9 as the counters cycle though the BCD codas. G

When theLEpins of the decaders are taken tologic 1, thelatches
are enabled and store the code which was present on the inputs
ABCD at the time of the logic 1 application, =

The outputs of the decoders then cause the LEDs to continuously
display the number stofed. The LE ping of the decoders are controlled.
byIC4.6, and 8 which are connected asmonostables, When the start

button is presséd) all three monostables are triggered and their
outputs {pin 3! go to a logic:1 which (when inverted by 01, 2 and 3)
cause the LE inputs of the decoders to be taken to logic 0. The LED.
displays are then seen to cycle through the numbers.

The time of the manostable associated with the most significant
digit of the display is arranged to be the shortest, so this digit freezes
fiest, then the second digit and finally the least significant digit.

The counters tycie all the time and the randomness of the
number frozen is due to the completely arbitrary time when a person
presses the start button, It is similar to a biindfolded person beifig
asked 1o stop & wheel of fortune which is spinning very fast (but this -
method is much less likely to cause an aceident).
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man. The machine had to appear to operate like the
one-armed bandit with the numbers apparently
stopping of their own free will.

For a few days this had Kevin stumped. Then,
while he was trimming a particularly inspiring piece
of rump, he had a brainwave. He could make the
counters cycle all the time but only connect them to
the LED display when the button was pressed. Using
three separate time delay circuits would make the
three digits freeze one after the other just like the fruit
machine. Although the cycling time and the freeze
delays would be constant. the final number displayed

would be completely random because the button
would be pressed at random with respect to the
constantly cycling counters

He would need three separate square wave
oscillators to clock the three counters. He used 555
timers for the oscillators and the monostable or time
delay circuits, as he had dozens of them in his spares
drawer. He used the CMOS 4510 BCD counters
which were quite cheap The CMOS BDC to 7-
segment decoder was ideal for driving the LED display
because it had built-in latches which could store the
winning number
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Fig. 1 Circuit diagram of the random number display
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Fig. 2 Component overlay of the random number display

Kevin was quite good at laying out PCB artwork
and with three identical channels. the amount of brain
power reqguired was reduced still further. Once the
PCB was etched and drilled he set about construction.

The camponent overlay is shown in Fig. 2. Kevin
writes: [tis a good idea to build up the eircuit a stage

ata time and get it working before moving on to the
next stage. Build the power supply first and once you
are happy with the 12\ rail at the output of 1C13.
insert ICs 1.2.3 and their associated components
If you have access to an oscilloscope, canfirm
that the outputs of IC1.2 and 3 (pin 3) is giving a low
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frequency square wave (it may be possible to observe
the pulses with a good voltmeter)

Connect the counters IC5,7 and 9 and confirm
operation by checking that pins 6.11.14 and 2
increment correctly,

Connect up the decoders IC10,11 and 12 and
all the LEDs. Note that the LEDs are connected on
the reverse {copper) side of the PCB. Keep the coffee
handy . . . fitting 84 LEDs the right way round needs
a fair amount of concentration! Fit the associated
components but omit Q1,2 and 3 and connect
temporary short circuits across the collector and
emitter pads of each transistor (effectively connecting
LE of each decoder to OV). The LED displays should
then be seen to cycle through the digits 0-9.

PARTS LIST

RESISTORS (all W 5%)

R1-6,10 270k
87121416 10k
38 82k
R9 180k
Ri113.15 100k
]17-37 390R
CAPACITORS

220n palyester

22416V aluminium electrolytic
100n polyester

1000y 25Y aluminium electrolytic
100n ceramic

SEMICONDUCTORS
123468 555
3,79 4510
Ci012 4511
i3 7812
3R1 1KAB10 or similar 1A diode bridge
84.2,3 BC239
- red 5mm LED
MISCELLANEOUS
w1 push button

BVA mains transformer, 24015V
=C2 Case. Filter material. Nuts and bolts.

BUYLINES

‘e of the components should prove difficult to abtain, The PCB
t2d transformer is available from Farnell or from Trilogic on
684289,

PCB is available from GP Elgctronic Services, 87 Willowtree
=nue Durham DH1 1DZ,
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If one of the segments is not working, check to
see that all the LEDs have been connected the right
way around.

Finally connect Q1.2 and 3, the monostable [Cs
4.6 and 8 and all associated components. The
displays should then only cycle when the start button
is pressed. The MSD should freeze after a time delay
of approximately one second. followed by the second
and third digits at similar intervals

The finished PCB should be mounted vertically
in a suitable case with a 80mm x 180mm cut out for
the LED display as shown in the photos. The aperture
should be fitted with a suitable semi-translucent filter
material which allows light from the LEDs to pass
through but hides the PCR copperwork and soldered

joints. Professionaired filter plastic is very expensive
and it may be worthwhile experimenting with red
cellophane or other red plastic material,

The ideal place for the start button is on the top
of the box so that the operator can bring his hand
smartly down on the button without fear of the box
scooting across the table and into the audience
(erroneous results and raucous laughter may result

from such an occurrance) m
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Paul Chappell polishes
off his respiration rate
and pulse rate meter
with the final
constructional details
and some hints on
keeping fit
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EVERY BREATH
YOU TAKE

he main circuit item on the agenda for this
month is the heart-rate input section. The
circuit is shown in Fig. 1, and as you can
see I've opted to pick up the electrical
signals from the heart directly. The
simpler method of detecting changes in blood flow
with an infra-red source and sensor causes much less
wear and tear on the designer but the ear or finger clip
is inclined to fall off at the slightest provocation. OK
for a fun circuit but not too good for serious use.
Before you start worrying about the need for
expensive ECG electrodes, [ should point out that ['ve
already taken care of that problem for you When
designing the front end [ was careful to make sure it
would work effectively with a very poor signal. The
electrodes used on the prototype cost exactly 2p —
more to the point, they were 2p — a 1p coin soldered
to each input lead! It's hard to find a less suitable
electrode material yet the monitor behaved itself
perfectly. I'll suggest a few more suitable alternatives
later on
The front end of the monitor compares the
electrical signals from your hands or chest (depending
on where you place the electrodes) and helps to
extract the heart signal from the noise. A large pro-
portion of the noise is 50Hz picked up by your body
from the mains. (It's the hum you hear when you
touch the input terminal to an amplifier. The heart
signals are there too — can you hear them? [ bet you
can't! They are well and truly buried.)
Although the mains signal is very strong, it has
a large common mode component and a much
smaller differential mode component, so IC1lb and 1c

are very effective in increasing the ratio of heart signal
to mains noise. Attach your amplifier input to the
output of [Clc and you'd still hear a lot of hum but the
heart sound would also be distinguishable

The problem now is to remove the rest of the
mains noise. along with all the thermal noise, amplifier
input noise, radio signals and so on, which will all
begin to make themselves felt once the 50Hz noise
is no longer screening them,

Since the bulk of the noise is mains hum, 1 did
consider following the input amplifier with a 50Hz
notch filter. The trouble is that any single op-amp
notch filter tends to be very sensitive to component
variations. Most configurations require two adjust-
ments — one to make sure that it's centred spot on
50Hz and the other to ensure that the signal is
attenuated as much as possible when you get there.
In the simpler versions the adjustments interact, which
is no help at all

Turning to a low pass filter instead, its fairly
obvious that the standard Butterworth or Chebyshev
profiles just aren't going to give enough separation,
bearing in mind that I am limiting myself to a single
second-order section. The filter in Fig. 1 is a mad
professor's Chebyshev! The gain is pumped up
enormously below the cut off point, then the balloon
is punctured and the gain shrivels to nothing:

‘Pump up ze gain. Give me more pumpings.’

‘But professor, the passband is getting out of
controll’

I care nothings for ze passband. Let it explode.’

‘But professor, if this lot goes up it will take half
of London with it"
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c1
SK1 - qp0n

A1 R2
MO < 100k

RE
100k Lt
100k
Q A9
ELECTRODES 220R
AV —
@ R7

Fig. 1 The circuit of the heart rate detector

NOTE:
IC1 = Lmaza
D1=0a47

HEART RATE
TO R32
—

‘Don't argue with me. More pumpings!/ More
pumpings!’

The result is a filter which in this application
performs far better than you could reasonably expect.
its not the kind of thing you'd choose for your hi-fi but
since all we want to do is to detect the presence or
absence of the heart signal, distortion is not a concern.

The limit to the professor's pumpings is that
eventually the transient response of the filter will
necome too elastic — it will bounce all over the place.
The values chosen get the balance just right and the
“ilter behaves itself well

The signal is now clean enough for a simple
zmplitude level detector to sense it. IC1a combines
= level detector and monostable so that each heart
ceatresults in a pulse of well defined length suitable
or driving the logic circuit

Circuit Changes

i1s project has been cooking for quite some time
oW, as you may have noticed! Over the past few
months Tve had plenty of opportunity to make
miprovements to the prototype and since [ haven't yet
=scribed the construction there's still time to include
nem. To save you having to refer back to previous
:sues. the entire circuit is shown in Fig. 2.
Most of the changes have been made for
z=sihetic reasons. It didn't seem reasonable for the

R22
390k
SK2
it
o
"17
o1 %«n ';fo"
BREATHING
SENSOR ov
>~ O
NOTE:
102 * LM3z2q
D2 = 1Na148
AAAN
R21
1ka

Fig. 2 The rest of the circuit, with additions and modifications.
{a) Breathing rate detector.

BREATHING
RATE TO R31

breathing rate circuit to have scle charge of the LEDs,
so I've given the heart-rate section a crack at them too
by driving them from the Sc hich combines the
two signals. The result iz when you select
‘breathing rate’ the LEDs & alternately as you
breathe in and out. as before \When you select ‘heart
rate. the light flicks from are LED to the other and
back on each heart beat

W1 a1

SUPELY TO
REST OF
CIRCUIT)

HEART
RATE
‘O

SAREATHING
RATE
“ON’

Da
= F

ov TO COUNTER BR

# TO Q5 BASE

[ﬁ TO COUNTER HR

TO Q4 BASE

PL TO COUNTER

—C
CONNEGTIONS

BETWEEN SWITCH PCB “56
AND MAIN PCR 100k

oV
2} Switching circuit and power supply

NOTE

1C3 = 4001

oV Q1=BC213
Q2,3 = FS40
D39 = 1N4148
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Fig. 2 (d) Counter and display
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[ have altered the circuit around the D-type flip-
flops slightly to do away with the resistors, capacitors
and diodes. The revised circuit makes use of the
propogation delays of the ICs themselves to keep the
timing right. so you have the satisfaction of knowing
that it couldn't possibly go any faster.

The other circuit works perfectly well, so don't
worry if you've already started building it. It's just that
lfind this one more elegant, and [ do like neat circuits!

The addition to the divider chain is 1C14 to
provide the square wave for the LCD display. It may
seem like overkill to use an entire 4040 for this
purpose, but the IC costs no more than a separte
oscillator. Not many LCDs have their AC drive crystal
controlled!

The final addition to the circuit is the switching
This could have been done more easily with a rotary
switch but I chose push buttons for the sake of appear-
ance. Pressing the *heart rate’ or ‘breathingrate’ button
turns the circuit on, supplying power to the board via
Q1 and Q2. It also loads up the counter with an
estimated heart rate (80) or breathing rate (14)
IC3a/b decides which input circuit should be engaged
and IC3c/d reminds the monitor if it's on or not, just
in case it’s in any doubt about the matter.

Components

Because the main PCB is densely packed with com-
ponents, the main requirement is to choose ones that
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are small enough to fit in the space allowed for them.
The resistors should all be VaW types — which is
nothing unusual. The non-electrolytic capacitors
should be monolithic ceramics for any values over 1n0
— other types almost certainly will not fit on the PCB.

For the electrolytics | have specified the minimum
voltage in each case. Often there is nothing much to
choose in size between a 16V tantalum and a 6.3V
one, so don't be too concerned about seeking out the
very smallest voltage. Standard electrolytics can be
substituted for any of the tantalums as long as the case
size is small enough.

The crystal used is in a tall, thin cylindrical case,
roughly 8x3mm diameter. It seems usual for crystals
of the specified frequency to be supplied like this but
test check beforehand. The more common HC6/U
or 13/U packages would be far too large

Construction

Assembly of the display board was described last
month but since the components have been re-
numbered, and to help you see how the connections
20 between the various PCBs, the overlay is repeated
n Fig. 3c. Note that the project as a whole uses an
LCD. so resistors R40-60 are not required. Wire links
zre wired across their board positions,

The major task this month is to assembly the
main PCB (Fig. 3a). The only thing that makes this
=oard more difficult than usual is the close packing
2i the components, particularly at the input end of the
coard. You may have built other projects with a
zrazing torch and kitchen knife but for this one —
2rgetit! A 15W soldering iron with a fine pencil bit,
= zood pair of radio pliers and a sharp pair of side
zutters is the basic requirement.

Some through connections are made on
camponent leads and some with wire links. It's a good
222 10 begin with the wire connections, since it's much
=iore difficult to trim the wires when the board is full
22 components, If you find more than 24 connections,
< zner my counting has failed me or you've bunged
- a2 component hole. If you find less, keep looking!

The next step is to solder in all the ICs. Make the
om connections first, then go right around the
one IC at a time and make all the top con-
ns to each. Check as you go that you haven't
zny solder spikes or blobs, particularly where tracks
2n tetween IC pins.

tinally. putin the transistors, diodes and passive
~omponents. Begin with the ones physically closest
= 1he ICs and make the top foil connections as you

]
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S 53 50 BLANK

LED) LERZ

HEART RATE
ELECTRODES

TO BATTERY
CONNECTOR

(A BATTERY +

'E-- BOARD +

HEART RATE
BREATHING RATE

TO SWITCH PCB

22273350 22313350
MSD LsD

@© - THROUGH LINK
(3~ - VERTICALLY MOUNTED RESISTOR

Fig. 3 {a} Component overlay for the main board

—
CONNECTIONS TO DISPLAY PCB

EATHING RATE

CONNECTIONS TO
MAIN BOARD

HEART RATE

BOARD +
BATTERY +

et OFF
o
'-r—“-——,()N
+——- BR

m =

| .

Fig. 3 (b) Component overlay for the switch board

go. Most of the resistors mount vertically and if you
put the body on the side shown in the component
overlay you will find that all top connections are made
on the free lead. The most awkward component to
fitis D9, which needs to be soldered to the top foil at
both ends. Let it stand about 2mm clear of the PCB
at the body end, and be careful not to damage it by
soldering close to the body for too long.

Joining the boards

Connections between the display board and the main
board are made by short lengths of ribbon cable. The
connections come in the same order at the edges of
the two boards so it should be easier to wire them
correctly than to make a mistake! The boards are
mounted /zin apart and there is very little room in the
case for hanks of spare wire, so resist the temptation
to use any more than 1V2in lengths. The connections
are shown in Fig. 4.

Connections to the switch PCB are made via a
5in (at most) length of 6-way ribbon cable. The
connection points on the main board are just above
IC3. Once again, the wires connect in the same order
on both boards, with the exception of the right hand
wire (battery +) which has a slightly longer journey
to connect next to the battery input.

The battery leads connect just above R23-R26 with
the negative connection to the left. If the connector
has long wire tails. trim them to a length that will allow
a little slack inside the battery compartment.

When connecting up the wires, it helps if you twist
the strands together and tin them very lightly first. This
makes them easier to push through the holes and
prevents any stray whiskers from missing the hole and
shorting against component leads.

Testing

The display PCB is supported on Y2in plastic pillers
attached to the main board. It’s useful to have the
pillars in place during testing to rest the display board
on when you want to check the readings, so attach
them to the main PCB before you start. Attach a few
feet of wire temporarily to the sensor and electrode
inputs. Solder a diode to the sensor input and two
coins to the electrode leads.

The most expensive single component in the
project is the LCD display, so the first thing to check
is that no harm can come to it. Connect up the battery,
press either the ‘breathing rate’ or the ‘heart rate’ button
and you should see a number displayed on the LCD

Check that a 64Hz square wave drive is present
at the backplane and all segments of the display. You
can pick up the backplane drive on the link that runs
horizontally from the left of the display board to a point
just under the left hand side of the LCD. The segment
drives can be seen at the links in the R40-60 positions
If the 64Hz square wave is present on all these you
can relax. All is well.

For the moment, short the two heart rate
electrodes together — a paper clip will hold the coins
in contact with each other Pressthe ‘heart rate’ button
and a reading of 80 should appear on the display. Left
to its own devices. the monitor should begin to count
down from this reading at a rate of a little over one
count per second as soon as you release the switch
The countrate will get lower as the displayed number
decreases. Let it run and check that the count goes
all the way down to zero.

Press the ‘breathing rate’ button and the display
should show a reading of 14. This too should count
down when you remove your finger from the button

If the monitor does not behave as [ have described.
it could be that it's just picking up noise at the inputs.
Check that the LEDs are not flashing. Otherwise, the
problem will be that you've missed a through link {you
did make the link underneath [C5, didn't you?) or that
you have missed a through connection on a
component lead, shorted out a track with a solder
spike or possibly that one or more of the connections
between the PCBs is broken.

Hold the breath sensor diode an inch or so beneath
your nose or in front of your mouth and breathe on
it. Breathing in should cause one LED to light and
breathing out should light the other, Let the display
run down to zero, then check that each breath causes
the count to advance by one. If it counts by more than
one, and the LEDs seem to flicker a little as you
change from breathing out to in or in to out, the
problem is mains hum pickup on the input leads. The
circuit should be fairly immune to this but if it does
cause problems the solution is to reduce the value of
R22 or to use screened cable for the input leads (which
is a good idea for the final version in any case).
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PARTS LIST If the diode seems sometimes to miss out a breath

(as shown by the LEDs, not by the display count) the

RESISTORS (%W 5% carbon firm, except where stated) solution is to irl'crgase the va]LlJe‘ of C7.‘TheA re’a.l test
R1312141819 MO as to whether this is necessary is if there is a significant
Ré4;?0,25‘-27, 100k delay between your breath changing direction and the
29"30‘39 LEDs changing. [f there isn't, it could just be that you
RE-8 100k 1% metal fim were holding the diode in the wrong place when the
Rg 290 breath was missed! Changes to R22 and C7 shouldn't
RI122 - 290k be necessary at all — I'm just trying to anticipate every
RB’ i W5 problem that might conceivably turn up.
R1516.28.31,32 47k If you have enough patience to hold the diode
RI7 7 beneath your nose for a while. press the ‘breathing
R20.21 10 rate’ button again and check that the monitor tracks
R334 820 up and down as you breathe faster or slower. [f all the
R35 36 99k tests have worked so far then it certainly will but having
R37, M3 gone to the trouble of building it you might as well play
R38 o Bak with it for a few minutes!
RAOGO not required for LCD. Now for the heart-rate section. Hold one of the
coins against the paim of each hand. press the ‘heart
CAPACITORS (See text for capacitor types) rate’ button and watch the LEDs. The light should flick
CT#,G,Q,TZ’ T e from one LED to the other and back a little more than
et AR once a second. If you are very fit. the rate could be
7 242 3V tantalum or miniature electrolytic less than once a second but in any case the pulse
c8 10 6V3 tantalum or miniature electrolytic should be regular v
c1o 47n plate or monalithic ceramic or metalised If you loosen LT OR- @ne elec"‘?de or the
film other. the LEDs wiil flicker xx'}ld!y since the input stage
It 104 10V tantalum or ministure electrolytic relies on having both electrodes connected for its noise
C13M 220p plate ceramic immunity. Gripping both electrodes gently but firmly
C15 100 plate ceramic against the palm should restore the regular beat
cig 680 plate ceramic If there is no response when vou have both
s electrodes in your hands. i1 could just be that your
SEMICONDUCTORS palms are unusually dru If vour hands are clean,
icl,2 LM324 licking them should o« erco}mg‘the problem. If they are
(C3 4001 not clean. licking them will still overcome the problem
ic45 4013 but I'd hate to think what voull get in vour mouth
Ic6 4093 If dampening vour pi doesn't produce any
78,9 4577 worthwhile results, it's time for a serious investigation
IC1(/J,14 4040 of the problem. First of all, check that touching just
IC1112.13 4510 one electrode will give rapid fl g of the LEDs. [f
01517 1543 not, the answer lies somewhere in your soldering. so
01 BC213 or equivalent check the PCB carefuliv
02-5 FS40BC317,MPS 3648, etc.
D1 0A47
D217 1N4148 e !
LED1,2 LEDs any size, shape or colour ® HELSS888gSRngny S5584 o
DISP1-3 LED or LCD 7-segment display (3 digits) ,
MISCELLANEQUS NOT USED
B1 PP3 battery and clips
SW1-3 Push button SPST switch NOT USED
SK1,2 3-5m stereo jack socket LIl .
X1 32,768kHz crystal
. LoO DISELAY -

PCBs. 20-way SIL socket strips for LCD. Ribbon cable for CONRSEISVI SRR I
connection between boards. Stereo screened wire for 10 E 481 I8N
zlectrode/transducer board connections and leads. Y%in plastic pillars 1 L
snd suitable screws. Hand-held instrument case with battery z : S e o =
compartment and display cut-out. Plastic film. Nuts and bolts i ddddE i e y

BUYLINES

|
|
The switches used are Preh 75120-008 low profile keyboard J

switches, available form Eardley Electronics, 182-4 Camden Hill
Road, London W8.

A cemplete parts set for the project (including case and
switches) is available Specialist Semiconductors Ltd, Founders
House, Redbrook, Monmauth, Gwent for £39,57 incl. VAT,
‘ndividual components ¢an be obtained from the same source

22 23 BLANK

f 21 20
- send SAF for lists. . M50 s
The PCB is available from the PCB Service — see the back ESRNECTIDNSUIOIMAINBOARE

of this issue for details.
Fig. 3 {c) Component overlay for the display board
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LCELIL]
BEC
FDA

SWITCH PCB

Fig. 4 (a) Connections between the main PCB and
switch PCB.

EARTH WIRE
/

L N

{c) Wiring the input sockets

Make a voltage check at ICI pin 8. If this lies
somewhere between about 2V2V and 6V this is
acceptable (assuming you're using a fresh battery). If
not, it could be that you've soldered 1C1 too hot and
too long. Check that you haven't made any mistakes
in assembling the PCB — if not, replace IC1.

[f the voltage at IC1 pin 8 is within limits, reducing
the value of R9 (try 180R first and 150R as a last
resort) will set everything going. If you have the
opposite problem — however you hold the electrodes
the LEDs flash widly — increasing R9 slightly should
overcome it. The change shouldn’t be necessary but
once again I'm trying to anticipate every eventuality,

Having assured yourself the circuit is working. press
the ‘heart rate’ button again and check out your heart
rate If it's below the estimated 80, you'll survive for
a while vet. If much above, turn to the section on
training before it's too late!

Sensors And Electrodes

Although dangling a diode beneath your nose and
clutching coins in your sweaty hands will produce
usable signals. neither are very practical ways to derive
the inputs. For the breathing sensor, the best solution
I have found is to thread the diode through two
diametrically opposite holes in a piece of plastic

SCREWS

FIXING

TO CASE %,
@ MAIN FCB

DISPLAY PCH

SCREWS
SUPPORT
PILLARS

K L @H VoW
% JHG NTM T8
X Z

XYZ JKHLG NFMHE TVSW
BATTERY

CONNECTOR

O™

SWITCH PCB

(b} Connections between main PCB and display
PCB.

tubing. The type sold for wine and beer making will
be OK for taking readings of your resting breath rate
but a wider bore will make breathing much easier if
you intend to measure during training. A piece of
garden hose or tube for a washing machine may be
more sensible. You can either breathe through the
tube with one end in your mouth or fashion a cover
for your nose and hold it in place with an elastic band
There's no reason not to connect two diodes in series
to sense breathing from both mouth and nose

The simpler way is just to hold the sensor in place
just below your nose with an elastic band. Let’s face
it, whatever you do is going to look pretty damn silly
but then so do the masks used with professional
breathing analysis machines!

For the heart rate electrodes. it once again
depends on how you intend to use the monitor. If you
just want to check your resting heart rate every now
and then to see if your jogging is really making you
fitter, two lengths of copper tubing will fit comfortably
in the hands. Offcuts of central heating tubing can be
had for little or nothing

If you want to use the monitor during training. the
need to keep a steady pressure on the electrodes will
be a nuisance, so something more professional is
called for. For short sessions, the adhesive type of
electrode (Fig. 5) with a low cost gel will be fine — a
box of 100 can be had for less than £15 (15p each)
so they are not at all expensive

For long term use — for marathon runners and
the like — the silver/silver chloride porous type can
be worn for long periods without discomfort. They are
more expensive at around £1.50 a pair, but unless you
intend to run a marathon every day you won't use that
many of them! The most economical way to use the
monitor is to make do with the copper tubes for day
to day checks on your heart rate and to bring out the
ECG electrodes only for special training sessions

The adhesive electrodes can be attached to the
palms of your hands or to your chest — there is not
much to choose between the signal available so the
choice is simply one of comfort or of where they are
less likely to be disturbed,
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Final assembly

The case for this project already has a cut-out for the
display. so the holes still to be made are a rectangular
one Y2in x 11/2in above the battery compartment for
the switches, two 3mm holes (assuming you choose
3mm LEDs) above the display and two holes in the
back of the top case section to suit the jack sockets

Your main concern with the circular holes is to
drill them so that the sockets and LEDs can be
mounted without fouling any components on the
PCBs. A hole on either side of the square indentation
above the display slot is OK for the LEDs. For the
sockets. choose a position fairly high in the rear of the
case, above the level of the components on the main
PCB

Rectangular holes always sound more of a problem
than they really are. As long as you have the very basic
manual skills needed to scribe a rectangle on the case
top and then to cut or file away the surplus plastic, it’s
not at all difficult. In this case it's even easier than usual
because you have an indentation in the case to help
with the marking out. It's not quite long enough for
the three switches but at least it settles the position ot
three out of four edges of the hole

After scribing the rectangle, remove the bulk of the
surplus plastic by drilling several holes around the
inside edge of the mark. Then trim away the rest with
a sharp knife or a file. If you use afile you'll find it cuts
very quickly through the plastic. so don't go at it too
enthusiastically or you'll find yourself with a hole larger
than you intended. Easy does it!

The final cutting job is to file a flat groove in the
dividing wall between the battery compartment and
the rest of the case to allow the switch PCB and battery
connector leads to pass.

Trim the LED leads down to about Yain (if you
leave the +lead slightly longer than the —lead on
each. it will help identification later) and push the
LEDs into their holes, Hold them in place with a dob
of glue to fix them to the underside of the lid,

Push the switches through their hole, put a PP3
in the battery compartment and bring the two halves
of the case together to check how far the switches have
0 protrude to allow enough clearance for the battery
A piece of thin foam plastic glued to the copper side
=f the switch PCB will serve to prevent the battery from
rattling about and avoid shorts between the metal of
he battery case and the PCB

With the switch PCB roughly in the right position,
ziue around the switch bodies (underneath the lid!)
with quick setting Araldite. Before the resin has cured,
sut the two halves of the case together again and
make any final adjustments to the position of the
itches, Keep an eye on the switches, or hold them
: necessary, for the minute or so it takes the resin to
50 firm

Connect up the input jacks to the PCB as shown
= rig. 4c. Connect two lengths of 2-way ribbon cable
=2 the LED connections on the PCB. The LED wires
snould be long enough to allow sufficient separation
=i the case halves for you to solder the LEDs without
=—eiting the case! This is the one occasion when you
czn use longer wire than is required for the distance

Glue a piece of transparent film over the display
~=le on the underside of the case. It’s best to leave this
the last moment to avoid it becoming scratched
Zuring other acivities. Screw the main PCB to the
zzse solder the LED wires to the LEDs, bolt the two
zsockets into their holes, screw together the two

-zs¢ nalves and you're through! Reward yourself with

o of tea. a can of lager or a shot of Glenlivet,
Z=pending on your tastes
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Health, Fitness, Exercise
and Training

If you've built the project or even bothered to read the
article so far. you must have at least a basic concern
about health and fitness or be involved in a strenuous
sport of some kind. In either case you'll find the
monitor a great morale booster — theres nothing quite
so encouraging as having a quantifiable result to show
for your training efforts! Even on the crude basis of ‘the
lower the better’ the monitor will allow you to check
your progress day by day

The differences you will see are not just a matter
of a few percentage points. The resting heart rate of
a sedentary office worker (or Projects Editor!) may be
well over 80 beats per minute, whereas that of a
regular jogger may be closer to 60 and for a keen
athlete can sink towards 40. The differences are
enormous

The reason for the diminishing heart rate as you
become fitter is that your heart will develop a larger
stroke volume. In crude terms it shifts more blood on
each beat so it doesn't need to pump as fast. Just like
any other muscle. your heart becomes stronger when
called upon to work hard from time to time The
strengthening takes place much more quickly if you
can keep an eye on just what your heart is doing

Whenever you exert yourself physically, your
heart rate increases to transfer oxygen to your muscles
at a higher rate. Up to about 120 beats per minute it
can cope quite comfortably. At around 140 it is
beginning to work hard enough to encourage
strengthening. Above 160 beats per minute it is really
exerting itself and the law of diminishing returns begins
to take effect. Quite literally in this case. since it is the
venous return (the rate at which blood arrives back
at your heart) which diminishes. The blood volume
is no longer sufficient to fill the chambers properly
Higher pulse rates do pump more blood but the rate
of increase falls off as the pulse heads upwards

LJd[0dd

Fig. 5 (a) Breathing rate sensor. (b) Plastic self-adhesive ECG electrodes for short
term monitoring. (c) Porous Ag/AgCl self-adhesive ECG electrodes for long term
monitoring

A good training scheme for beginners is to jog.
cycle or exercise in some wav just enough to maintain
a pulse rate of 100 per minute Three times during
each training session a burst of extra exertion brings
the pulse rate to 140. after which it is allowed to fall
back to 100 again. At first (if voure as unfit as | am)
you'll find it takes very little exertion to raise your pulse
rate to 100 and not a lot more to bring it to 140 As
time goes on and vour fitness improves, it will take
more and more effort to give the same effect

The sessions neednt last long. About ten or
fifteen minutes a day will work wonders until you
begin to toughen up The trick is to do it every day
without fail Later on you can begin to extend the
length of the sessions and work your heart harder.
perhaps maintaining 120 beats per minute with peaks
of 145 to 150 Competitive athletes will require
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something much more arduous, sustaining rates of
140 to rise above 160 for brief periods, with rest breaks
immediately afterwards. If you're training at this kind
of level, you won't be needing ET[’s advice!

The importance of a strong heart, aside from
considerations of avoiding illness. is that it moves the
blood around efficiently and so supplies the muscles
with all the oxygen they need. At the top level. this
might help you run a marathon, On a much lower
level, you might feel better if you don't become
breathless from climbing a flight of stairs

The normal state of affairs is that the heart beats
just fast enough to supply the oxygen being used up
at the time. Your body is in ‘oxygen balance. At a
certain level of exertion your hear and lungs will be
supplying all the oxygen they possibly can but this
doesn't immediately limit the amount of energy you
can expend. Your muscles can operate anaerobically
for a short time. allowing them to burn fuel much faster
than the oxygen arriving from the blood steam would
normally allow

A by-product of the anaerobic process is that
lactic acid is built up in the muscles, causing them to
feel tired and eventually to stop working altogether
The oxygen balance is only restored when the lactic
acid has been burned off. which is why sprinters will
be short of breath and have a pounding heart for some
time after the race is over

The training for long distance runners and for
sprinters represent two extremes of a wide spectrum,
The distance runner is concerned to strengthen his
heart and lungs in order to raise the level at which the
oxygen balance can be maintained. This is also the
concern of anyone interested in general fitness. The
sprinter. on the other hand, will be primarily
concerned to increase his body’s ability to cope with
extreme short term demands and to recover quickly
afterwards,

For many sports. both are equally important
Tennis or squash players will need to sustain a fairly
high level of exertion for extended periods, with still

enough in reserve to make a full power sprint for the
ball when called for. The lactic acid from the sprint will
have to be burned off while the body is still in a state
of high oxygen demand

Improvements in your aerobic capabilities are
indicated on the monitor by a reduction of your resting
breathing rate. The best time to make measurements
is while you are still in bed in the morning — during
the day other factors can influence your breathing rate
and confuse the measurements.

Your anaerobic capacity is indicated by the rate
at which you recover from strenuous exercise.
Measure your normal breathing rate, add three to the
number you get and call this your low point. Double
the low point and call this number your high point.
After strenuous exercise (a sprint around the garden
will work as well as anything) start timing when your
breathing rate falls to your high point and stop as soon
as it hits your low point. Keep a record of these times
day by day to indicate improvements in your
anaerobic capabilities

Health Warning

As with all bio-electronic projects, the monitor must
be run only from a battery and never from the mains,
Don't use mains powered test equipment
(oscilloscopes and the like) while the heart rate
electrodes are in place. It's not just the chance of things
going wrong, it's a matter of earth leakage currents
which occur when equipment is, for most purposes,
working correctly. Make sure you're still around to read
the next issue of ETI, OK!

There have been cases, enough to cause
concern, of people harming themselves or even killing
themselves by suddenly taking exercise after years of
sedentary life. Either they try to do too much too soon
or their heart is not in top condition and just gives out
under the strain of even mild exercise. To be entirely
safe, have a general check up first. In any case, take

it easy. m
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One of the best deterrents to a burglar is a guard
dog and this new kit provides the barking without
the bitel The kit when assembled can be connect-
ed to a doorbell, lfresﬂuve mat or any other
intruder detector and will produce a random series
of threatening barks making the would be intruder
think agsin and try his luck elsewhere. The kit is
aupplied complete with high quality PCB, trens-
former, all components and instructions. All you
need is 8 mains supply. intrudar detactor and 8
little time. The kit even includes s horm speaker
which is essential to produce the loud sound
required. The “'dog’" can be edjusted to produce
barks ranging from & Terriar 10 an Alsatian and
contains circuitry to produce & random serias of
barks giving a more realistic effect

£24.00

XK125 Complete kit of parts .......

DL1000K This value-for-money 4-way chaser
features bi-direclional sequence and dimming
1kW per channel £19.25
DLZ1000K - A lowe coat uni-direchional version
of the above Zero swilching to reduce
interference £10.80
DLA/1 (for DL & DLZ1000K) Optional oplo input
allowing audic 'beat'/hght response 77p
DL3000K - 3-channel sound to light kil features
zero vollage switching, automatic ievel control
and buill-in microphone 1kW per channel £15.60

The DLBOOOK is an B-way sequencer kit with built
in opto-isolated sound to light input which comas
complete with a pre-progremmed EPROM con-
taining EIGHTY - YES 80! different sequences
including standard flashing and chase routines
The KIT includes full instructions and all compon-
ente (even the PCB :onnectors) and requires only
8 box and a control knob to complate. Other
{eatures include manual sequence speed adjust-
ment, zero volisge switching LED mimic lamps
and sound to light LED and a 300 W oulput per
channel
And the best thing about it is the price

onv£31.50

| =4

TEN EXCITING PROJECTS
FOR BEGINNERS

Thes Kit has been specielly designed for tha

and comains @ SOLDERLESS EREADBOARD,
PONENTS, and a BOOKLET with lnstnmlom tn
anable the absokute novica to build TEN fescinating
projects including a light operated switch, intercom,
burgler alarm, and olmmmc lock. Each project
inciudes a circuit diagram, description of operation
and en easy to follow layout diagrem. A section on
component identification and function is included,
anabling the beginner to build the circuits with
confidence

ORDER NO XK118 .......... £15.00

MICROPROCESSOR TIMER KIT

- ue<qued to con-
rol 4 oufputs
ndependently
sw:tching on and
at  present
es over a 7-day
le LED display
i andday easily progrRmmed via
a2y keyboard [deal for central healing
cortrolincluding ditferent swiling time for

'\:‘°kEr\dS Battery back-up circuit
~ciudes box 18 time settings
CT6000K ..

XK114 Relay kit for CTSOOO includes PCB,
connectors and one relay. Will accept up
s 4 relays 3A/240V c/o contacts | £4.30
701 115 Additional relays ... £1.80

50p* & SAE
for CATALOGUE

(AUTUMN 1987)

*refundable with first order
ORDERS: RING (01) 567 8910 — 24 HRS.

VERSATILE REMOTE
CONTROL KIT

This kit includes
all componanis
(+ transformer)
to make a sansi-
tive IR receiver
with 16 logic
outputs (0-15V) which with suitable interface
circuitry {relays, triacs, etc — details supplied)
can be used to switch up to 16 itema of
equipment on or off remotely. The outputs
may be latched (to the last received code) or
momentary (on during transmission) by spe-
cifying the decoder IC and a 15V stabilised
supply is available to power external circuits
Supply: 240V AC or 15-24V DC at 10mA
Size (excluding transformer) 9 x 4 x 2 cms.
The companion transmitter is the MK18
which operates from a 8V PP3 battery and
gives a range of up to 60ft. Two keyboards
are available—MK9 {4-way) and MK10 {16-
way), depending on the number of outputs to
be used
MK12 IR Receiver (incl. transformer)
£16.30
.- £7.50

MK18 Transmitter...,.... -
MK9 4-Way Keyboard ... .. £2.20
MK10 18-Way Keyboard. sryenesen £6.55
601 133 Box for Transmitter .......... £2.60

HOME LIGHTING KITS

Thess kits contain all necessary compon-
ents and full instructions and are de-
signed to replace a standard wall switch
and control up to 300W of lighting.

TDR300K Remote Control Dimmer ~ £18.00
MKé Transmitter for above £5.10
TD300OK Touchdimmer £9.30
TS300K Touchswitch £9.30

Extension kit for 2-wi
switching for TD3000J £2.95
LD 300K Light Dimmer £4.75

Designed to produce a
high mtmait; light pulse
at & variable fraquency of
Hz this kit also
uitry 1o trig-
ger the light from an ax-
ternal voltage source (eg. a loudspaaker) via
an opto isolator Instructions are also sup-
plied on modifying the unit for manual
triggering, as a slave flash in photographic
applications or as & warning beacon in
sacurity applications, The kit rncluduuh h
quality pch, components. connectors, &
strobe tube and full assembi lnstrucnons
Supply: 240V ac. Size: 80 x

XK124 STROBOSCOPE KIT ... £13.75
DVM/ULTRA SENSITWE
THERMOMETER KIT

Based on the ICL
7126 and a 3'/digit
liguid crystal dis-
play, this kit will
form the basis of a
digital multimeter
{only a few additional resistor
required - datails suppl
digital thermometer (- C 1

reading (115 The kit has a sensi
200mV for a full-scale reading automatic
polarity and overload indication Typical
battery life of 2 years (PP3) £17.00

XK113 MW RADIO KIT
Based on ZN414 IC, kit includes
PCB, wound aerial and crystal
earpiece and all components to

Install your own
pounds. Al

surplus stock.

1000ut

0.01 ut

Good quslity t100is selected to offer outstanding
value for money

650 004 B8in mini. Snipe Nose Pliers Serrated
jaws and retum spring £2.10
850 008 8in lap jointed side cutiers. Insulsted
handles snd return spring €2.10
650 008 Light duty cutters. Cutting capacity
0.22-1 2mm copper wire £1.60
TOOL KIT - Contains: side cutiers, snipe noss
pliers. wire stnppers, flat blade screwdriver, phil-
lips screwdriver in biack textured, reinforced end
padded case which when opened oul measures
240x206mm £0.60

650 007 Seif-adjustable automatic wire stripper

with buift-in cable cutter £3.98
880 012 Watchmakers Screwdriver Set
10/1.4/20/2 4/3 0/3 8Bmm £1.76

650 019 Set of 4 Swniess Steel Twoozorl

850 502 Rekant 5—12V dc Dril £6.60
650 500 Tran 12V de Dril £10.26
660 570 Satum Mens Drill £16.50
WE ALBO STOCK ANTEX |IRONS AND
ACCEBSORIES

Surglar alarm and save
paris avzllable separately

1.70

260

an adeal
10.00
10.50
is 1.22
1.0

he features
fele
ousiness
v with facility
dby battery
iite stgel box
uctions supplied
n and closed
alarms elc
arm delays. 2
th BS
price £39.95

2 station mamns
apr  phone
with visitors without
ding or wall
L battery for
iease button
our 701150 lock
ory and Fawn body
£27.95

BARGAIN COMPONENT PACKS }
Retill those empty companent drawers at a !
fraction of the normal price and don't be caught
without thal odd resistor or capacitor to
complete your project. All companents sup-
plied are te full spec. and are not.seconds or

Pack A: 650 x .25 watl resistor 47R-10M £4.25
Pack B: 60 x Radial electrolytics 1u!

Pack C: 30 x Polyester capacitors a of
Tut
Pack D: 35 x horizontal presets 1k-1M
Pack E: 30 x IC sockets 8, 14, 16 pin
Pack F: 25 x Fed Smm LEDS
Pack G: 25 x Green 5mm LEDs
Pack H: 30 x 5mm LEDs 10 Reg,
10 Green, 10 Yellow
Pack J: 50 x 1N4148 silicon diodes
Pack K: 40 x npn/pnp transistors BG/182/
Q/ General Purpose
Q, Soideriess Breadboard (verobloc typ
Q Whean you buy all ten packs '
Prices exclude VAT [15%)

AC Volts 0-2-20-200-500V
DC Volis  0-200m-2-20-200-1000v

AC Current 0-20m-200mA (1 2%) 0-10A (2%])
DC Current 0-20m-200mA (1 2%) 0-10A (1 5%)
Resistance 0-200-2K-20K-200K-2M (1%)
Continuity Buzzer operales @ 20 ohm  £33.00

SUPER-SENSITIVE FM
EW MICROBUG

HIGH GAIN

AMPLIFIER
H\ghlv sensitive FM transmitter measuring only

45 x 15mm, including the bullt-in
microphone  Frequency 88-100MHz enabling
reception on a slandard domestic FM radio Range
approximately 300m depending on terrain
Powered by 3V PP3({7mA) Its small size and highly
sensitive electret rmicrophone makes 1t ideal for
survelllance, baby alarm etc
INTRODUCTORY PRICE £5.50

RECHARGEABLE SOLDERING IRON

Powerful cordiess iron complete with
table-top/wall-mounting charging

bracket Reaches soldering temperature
in 10 seconds Includes lamp which
lights when soldering. Comes with
mains charging unitand 12V car battery
adaptor

Special Offer £15.95

=

fis kit cuntains a
Chip Microprocassor
displays and all elec
te produce a digital r
of weight in K
Lbs. Inrorm
wheel (patter |1m»

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 s 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
digital ruler could be made by using a wheel
with the correct tooth to diameter ratio
ES1 £6.50

make a sensitive miniature radio
Size: 5.5 x2.7 x 2cms

Requires PP3 9V battery

IDEAL FOR BEGINNERS £6.60

PROPORTIONAL TEMPERATURE

CONTROLLER KIT

Uses “‘burst fire" tech-
nique to maintain tem-
perature to within
0.5°C Ideal for photog-
raphy, incubators,
wine-making, etc. Max
load 3kw {240V ac) Temp. range up to 90°C_ Size:
7x4x2 Bems

MKa £7.80 |

ELECTRONICS
13 BOSTON RD
LONDON W7 3SJ
Tel: 01-567 8910
ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT
FREE P&P on orders over £20 (UK only}, otherwise add

75&: + VAT. Overseas P&P: Europe £2.75. Elsewhere
6.50. Send cheque/PO/Barclaycard/Access No.

with order. Giro

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

SEND 9"x6" S.A.E.&
50p FOR CATALOGUE
OR CALL AT SHOP
MON-FRI 9-5pm
SATURDAY 10-4pm

0. 529314002

ETI AUGUST 1988

49

e




Circuits and other
ideas for Tech Tips
should be sent to
ETI at 1 Golden
Square, London
WIR3AB. All items
used will be paid for.
Please include a SAE
for acknowledgement

TECH TIPS

I. Spittlehouse,
Portsmouth, Hants.

very TV service engineer knows the

difficulty in deciding whether a faulty

infra-red link is malfunctioning in the

receiver or the transmitter. A scope is the

normal solution, but this cheap and
simple circuit is far more convenient.

The infra-red receiving diode D3 is reversed
biased as normal and the pulses are passed to IC1 with
the sensitivity reduced by the 3M3 resistor — this
prevents the diode reacting to ambient light. IC1 feeds
Q1 to indicate a received signal on LEDI, and also
passes the signal to a DC clamped socket for an
oscilloscope (should further investigation be required)
LEDZ2 indicates power on and will dim when the
battery is waning.

The unit will receive up to about 18ins from a
reasonable transmitter

SENSI can be any infra-red photodiode, such
as Maplin's YH71N.

v BENS1
“ IR
PHOTODIODE

R4
10k

KT é HOTE
i a1 BEIOH
ic1 A

London E11.

his circuit operates as a small FM ‘bug’
transmitting on FM somewhere between
88 and 108MHz. This is of course
completely illegal.

Just how small the bug is will be
limited only by your design skills, although the PP3
battery prevents concealment in a telephone or secret
flower vase.

Al A5
kD &9 47k
C1 c2 i
A70n 470p =
4 +,
¥
NOTE.
01,2 =BC109
Mic1 Hi ca ne
18R l?ppT 220R
|

The microphone signals are amplified by Q1 (if
a less sensitive unit is required you could miss out
R2.34,C2 and Q1).

Q2 operates as a ground-based oscillator,
frequency determined by C5 and L1 and feedback
derived from C6 (a fairly critical component — 10p
should secure oscillation). As the audio signals arrive
at Q2. the centre frequency of oscillation is shifted
slightly producing the desired FM.

The micis a small electret with integral amplifier,
L1 is five turns of 20swg wire of Y2in diameter. Five
inches of insulated wire will serve as an antenna. C5
is variable to tune the transmitted frequency.

Anti-Thump Circuit
I. Lake,
Chilworth, Surrey.

hen a power amplifier turns on
there is usually a fairly large DC
offset on the output until the DC
blocking capacitors charge up.
The resulting ‘thump’ on the
loadspeakers is potentially damaging. particularly if

the speakers are under-rated. This circuit initiates a
delay between switch on and speaker connection,
There is no delay at switch off.

IC1 is a 555 in monostable mode, triggered by
a negative going edge provided by R2 and C2. The
output goes to the negative rail during the output
pulse, so the relay is connected between the output
and positive.

The time delay is approximately 1.1xC1xR1 —
about 4 seconds with the components shown.

f
‘ AMPLIFIER
| QUTPUTS
L R
! e e
i ;}n ;n Tkﬁnzzsw
r - ANAS
QO R2
Mo L
D1 1 p2
4 2
i S
f { /%
pe—
1

NOTE,
1C1 = NES55V

c2
D14 = 1N4002 -Em,. :

03 ?{u
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THE ‘ALADDINS’ CAVE OF ELECTRONIC & COMPUTER EQUIPMENT
[ COLOUR MONITORS | | PRINTERS | [  POWER SUPPLIES |

18" Decca, BO series budget rarae. colour monitors, featlres in- I_lulk nuichase |w|!|‘\‘g§ U \nur.cd\‘hh‘.-. savings on a range AIVr prnters to suil all applica- gy pIower ‘iLIDlT.J'-E'S aperate from #20-240 v AC Mary cther types from
cliics: PIL fube, atttacive toak styfg casa, guaranteed 80 colump ' Mam other “one oll bargaing” i be seen at cur South | andon Shop 310 10KV I Stock Contact Sales office for more dore.

resolution. only sean on Monitors cus!lng% times our price, ready HAZELTINE ESPRINT Small desitop 100 cps print speed with both  PLESSEY PL12/2 Fullgr enclosed 12v DC 2 amp PSU Regulated and
1o connect (o 8 host of computer or video ouiputs. Manidacturers RS232 and CENTRONICS interfaces. Full pin adddressable graphics profected Dim cm 135x 11 % 11 New £16.95 (B)
fully tested surplus, sold in litle or hardly Used condition with 90 day  and 6 user selecable type fonts Up to 95 single sheel and tractor AC-DC Lingar PSU autputs of - 5v (06a, + 24y 5a Fully regu-
il ATB guarantee 1000°s Sold to dates e handl.lﬂg Brand New Only £188.00 (E) lated and shont prool Dim om 2 7 Mew £49.50 [C
DECCA™80 RGB - TTL + SYNC input for BEC type interface etc NTRONICS 150 series. A real workhorse for contindous use with POWER ONE PHC 24v DC 2 amps Linear PSU fully requiated

DECCA B0 COMP 75 {1 composite viea input with interal audio  tractor leed paper, eifher in the office, home or factary, desk sianding New £19.95 (B)

amp & speaker ideal for use with videao recorder or TELEBOX ST or éﬁrg é:rnﬂssﬂ type fonts and choice of interfaces. Supplisd BRAND NE BDISHEHTr 13&?3 51.,.\,“(2;;:_ made SEDP%\ r—\,ed| _f%_.;k rm\“-‘,srr_}, EUHDFEE
&l Lise 3 m. +5v t 12252120 Ha by Dba Dimem 56 x 21 % 101
any ather audio visual Lse Omy £99.00 {E} 180-SN Up 1o S.Sglapes handiing £185.00 (E systel N -1 a,-6v 0.5a. Din mNé\irf:zg.;siEB}
150-SW up [0 14.5" paper handing £225.00 (E BOSHERT 13090 same as above spec but outputs of + 5v Ba, + 24y
HIGH DEFINITION COLOURJ 150-GR upto 14 5 paper pius full graphics _ £245.00 (E L5, 4 12v (.58 127 0,54 New £39,95 (B)
When ordering please specify 5232 or CENTRONICS interface.  GREENDALE 19ABOE 0 YWatt swich mode outputs « 5u6a. + 12y
EiFiAI‘iIQ NEW chENTHy\,?NI% 14 mc::‘nlrnerran;actliJuB sll e nnuldsgd éeb N‘\%ééan (I: 11 53\6 é %L:?T ulxh:’{] %55 e RF Tesledﬂtz'}i}aﬁ {B}
case leaturing hi res Mitsubusil .42 dot pich tube with 689 x 507 - ah grade spec compact 130 wat
pixels ?BMHE#}:-lndwnth Full 50 day illargntem. Ultra Fast 240 (_:pS NEWBUH.Y DATA switch mode PSU Qurpms&im? +5v 153 -.‘r-.-plr-'. -\9.:-12“.' 6a Dime5
Oifther a51004-N2 for TTL. - sync RGETor BBC &lc  £150,00 (E NDR 8840 High Speed Printers % 27 x 125 Curent fist pice £180, ~ Our price. New £59.95.00 (C
1003-N1 for IBM PC etc fully CGA equiv £189.00 (E Only £449 1! FARNELL G&/40A Compact 5v 40 amp switch mode fully enclosec
1005-N2 RGE Intedace for QL 85 columns.  £189.00 (E - i i New £140.00 (C
20" & 22" AV S ial A speclal purchasa fram a now defunct Goverment Dept enables us. FARNELL G24 58 Compart 24v 5 amp switch mode fully enclos
eciais 1o offer Jou this an-naz!na_EEmm Made_quality printer at deamnce New £95.00 (C)
Superbly made, UK manuiacture, PIL tube, all solid state colour Prices, SAVING YOU OVER £1500 Il The NDR8840 features high Special Offer ONLY
!11om'1<_\[:~‘» cmmljle!alév.thf-:!m1mg.tlle‘twcieuanld sourrl‘;jzl ulg. %llfalc- :Jeeegigsg :P’ ﬁi?ﬁ;ﬁaﬂ;ﬁﬁﬁ% :ﬁ%ﬁﬁb‘fgrﬁ&?ﬁé EXPE peci 10 e
Tvi teak style case. ldeal for a host of appliications including Schools. ! i AN N B s
S‘h'um;. Die?lm's Clubs etc. Suppiied " EXCELI_ENT llnle%sed con uni Jeatires 1 seleclable lype fonis gving up to 226 printable RIMENTORS PSU £16.95 (c)

dition with 90 day guarantee characters on a single line, Many oifier features include Internal e =
" i electronic vertlical a rizontzl tabs, Saf test 9 neadiie head, Upto  Made to the highest spec for BT Ihis unit gives several ful

= WO E TSN ) £2 Vorart 188,00 (F) 15.5" er, 15 milllon character ribbon carndge e and standard protected DC oltputs most stited 1o ihe Elecironics Hcmb?'is y

ina.

MONOCHROME RS232 serial interface Sold in SUPERB tested congifionwith @ day - B 24, +5-12V 1~ 244 1a and ~5v fullyfioating 2t &€
tﬂ ldeal for school labs ete, Quantity discount avalable,

uaraniee Only £442.00 2 o
MOTOROLA M1000-100 5" CFF\T igw_,_“‘% w¢51ie.| FGEEE}K\J} chassis E;tsn?h:;mg:l 5912512 ct::r?:‘lunp‘; r?t g Wﬁméfr paper g‘.r f;:_c . high ?on a Fully tested with data RFE = Removed From Equipment
maonftor measunng oy om 1160 12w, 22d, ideal for or Coim- 3 s i echanism 1o POt
putsr applicatiljusg.‘\cc'ems standard Composite video or individual  point.of sale terminals, “‘-"“9{ printers dats loggers etc Uinit features bl The AMAZING TELEBOX
HE V synce. Operates from 12 DC &l apon 0.6a Some unts may glgac&ggait)rg';ﬂggag_ S e Tt YUy Jeex Bor. Convert% &our monitor Ir‘té) 8
have minor screen marks. but still In very usable ¢ 1 Fullv ; etemal g C Lo
testad with 30 day quarantee & full iy L CENCSG withdata RFE and lested OND#V £49.95 (E:} QUALITY LOUR TELEVISION

il

Fully cased as above, with attractive moulded uaskéé‘r‘é?ﬁ'“;d?é EPSON model 542 Same spec as above modsl. fut designed 1008 5 ndraw high quality, ully cased UHF PAL TV

s above, with attractive mc  desk stan Shec as sbove mocel but desig € Brand new high quality, fully cased, 7 channal 1uner sys
and it case Dimycm 12h.14.5w 26d ) ESB?DD (C) -used.as a slip or flatbed printer, Ideal as sbed. casd or Ucket prnter tam Uni sam’g!y F!‘r_rnn&is: {0 your TV derial socket and video monor
JVC type 751-7 5' Ultra compact biack & white chassis monttor for - Supplied fully cased in attractive, small desh top metal housing. Com tuming same into a fabuous colour TV. Dot worry if your monitor
*2v 0 7a DC pperation Dim om 11h, 14w, 18d. Simple DIY clrouitdata B‘E‘EW“hdalﬂ RFE and tested . Dnly £55.00 (D) dpeqnt have sound, the TELEBOX even has an intedral audio amp for
nclided (o convert data and sepamte sync inputto composite video  PHILIPS P2000 HeavF:( dm&?ﬁ c?ig‘?"-- ol Gaisy wheel prnter. 5, \E':\‘Ll'g:lu! for Heaclljlmnm or Hi Fi sys
2 St

) 3 T a speaker plus an auxila
nput Ideal portable equipment et SthpfﬁEd with full dat; F‘:'FXEDIABLO1 QUME, WORDS e Many features in- tem !-'Hr"l hggn\rr glﬁ,:!r leatures . | alus ndicator, Smart molidec

rand New £65,00 (B) cludeiull width platten - upto 15 pape "'\[C-ﬂ case, Mains powered. Buit to 55 safety specs. Many olher Lses fat TV
KGM 324 9 Gr@er\ﬂ?_lcr?er\duge used fully cjsa(in maInFs y ?gg ﬂﬁﬁ‘ﬁsﬁéﬁ%@k"&ﬁg‘;ﬁdﬁmhan Ef:s' FREE Dot o éﬂéﬂ{gﬂe {s:uunn or video el Supplied BRAND kdbjﬁcwizh %uuv- yyear -.:l;+r:a}1|te(=
figh res manitors with slandard compaosite video input. Fully tes! = C e Sy ' Camage cod . -
2191 1 excaient conution P wheel BRAND NEW Oniy £325.09 ge.cods (0)

£49.00 (E
20/ Black & White monitors by AZTEK, COTRON & NATION(A
olid state, fully cased monitors, ideal for all types of AV or CCTV
cations.  Units have slandard composite video inputs with In-

gral audio amp and speaker Sold In good, used candition- full : =
tested) with 90 day guarantee. Only £85.00 (Fy

FLOPPY DRIVE SCOOP [** South London Shop **] |

Drlves from Onlv E39.95 bﬂﬁg‘gdmﬂglfg‘gﬁ‘ﬁg&’:eakg"iLg‘ff“__if,:ﬁ,ﬂ"m".’"ﬁ%ﬁ TELEBOX ST jor monitors with composite video input gggg

2 MASSIVE purchase of standard 5.5 disk drives enables us to. || A23and South Circular reads. Open Monday 10 Saturday from || TELEBOX STL as 5T- bt fitted with integral speaker
~iat you prinr:r.y product at al time suer low prices. All ins unless |19 to 5.30. parking is uniimited arx! beowsers are most wel- TELEBOX RGB for use with analogue RGB monitors £59.95
=tatad are removed from often BRAND equipment, fully || come. Shop callers also save the cost of carmage Colour when usedwih colour € RE RGB erion NOT saitable for TN-CLON]
tested and shipped 1o you with a full 120 day gt | Lnits — tpe ol monitors DAL sheet o request PAL overseas versions CAl L
farad operate rom +5and + 12 vohts DC, are of standand size and

FARBON, TAHTG0-5A 1B compatiie 30 rack v siied | MODEMS | [RECHARGEABLE| [COOLING FANS |

Most of the items in this Advert. pvus 3 whole range of other
electronic components and goodies zan be seen or purchased
al our

Only £39.95 (B : - Rz i o) prits ©F WA windd BT TATEL snleh ol
TANDON TM101-4 FH 80 track double sided _ Only £49,95 (B) Moders To sul al applications and suogets BATTERIES T A IR Y TN i T
JAPANESE Hall Height double sided drives by Cano:{ "i‘ec, [ ] Please contact our technical sales staf ¥ vou AC FANS Specity 240 or 110 v
Toshiba etc. Specity 40 or B0 Irack Only £75.00 (8) equire more information or assistance Marserance free, sealed longlfe LEAD ACID. 3 Fan dirm 80 % 80 x 38 £8.50 (B
TEAC FD55-F 40-80 track double sided Half Hed SPECIAL PURCHASE 4300 12v 3 Ah £13.95 (A) 3.5'ETRI sfimiineg 92 x 82 x 25 £9.95 (B
Brand New £115.00 (B) | 23008v3Ah £9.95 IA " Fan Dim 120 ¥ 120 » 38 £5.95 (B
DISK DRIVE ACCESSORIES V22 1200 baud MODEMS | 2300508v184h RFE £5.99 (A} Asabove - TESTEDAFE  Only £4.95 (C
ONLY £149 i | NICKEL CADMIUM 10 round x 3.5 Rotroh 10v £10.95 |B
24 Way Interface cable and connector smgle £5.50, Dual £8.50 (A) " Quaifty 12 v 4 Ah cell pack, Originally made DC FANS
EyC ver cable £1,75, Fully cased PSU for 2 x 525" Drives MASTER SYSTEMS 212 pecrocecees bx the TECHNICOLd—)LEIIR videt company, Papst Minialure DC fans 62x62x25 mm
.50 (A) Chassts-PSU for 2 x 8" drives £39.95 (B) sorcontrolied V22 full duplex 1200 TTES shis unit contains 10 high quallty GE nicad, B Order 812 6-12vor814 24y £15.95 (A
" fully BT approved modem smpioys al the &leg ¢ cells. configured in a smart robust 3 12vDC 12w 120 x 120 %38 £12.50
8" DISK DRIVES foslures for = - reckdod case WRINDG oUtpu conrector Dim & 24vDC 8 120X 120%25  £14.80 (B
SUGART 800/801 single sided refurbished £175.00 (E) gering speed of B 95x45%125 Ideal b i BUHLER 12v DC 62 mim £12.95 (A
SUGART 851 doubls sided refurbished £260 le Sy you S D o edupmant, =5 : . B
MITSUBISHI M2894-63 Double sided swichable Hard o Soft sec. data Gonnect time | Y2v 17 AR Ulira rugged oll weather, vitualhy AL

__BRAND NEW £275.00 (Eg B’ma away price and you ha
AL OFFER Dual 8 drives with 2mb capacz{ In smart case Ulira slim unit measures
legral PSU YE

| COMPUTER SYSTEMS |

8
~wdesiructable refillable NICAD stack by
ALCAD. Unit features 10 x individual t E TI
{lLOI'C? cj%ls In(}vﬂf)dgg_:rate. Sup;%pﬂedlrllo\:,ﬁ‘: PECIAL INTERES
Ane macie o cewer exoeptionaly MOl praase call for avafiability or further info
oulput currents & withstand long penods of aacal BERA e ool draki
;ya;e' in discharged state. Dim grnp(:ii % 14x Eégﬂ;"ﬂ%nf - fealifime, colour drafting

=T e i 25 £3950
ATUNG PC2000. Big brother of the famous EINSTEIN, the : %gostt g\\;vvenrh inmru%“%ﬁéw urn.:ssi.g ? 6%stgc! DEC VAX11/750 inc 2 Mb Rarn DZ and Tull
EX

TPC2000 professional 3 piece s;slem comprises: Cluality hrhgh res Supplied fully Tested. LENT sy
SREEN 12 monitor. Sculptured 92 key keyboard and pllrsnh unit ey condition with data and il 120 day uarstes

=i tha Z8OA CPU and all comrdl slectronics PLUS 2 integral P
TEAC'5 25780 rack double sided disk drives. Vany olher eatures
2 Dual 8' IBM format_disk cirfive support, Serial and parafiei | QUA!

full expansion port, B4k ram and ready to run software Sup-
."I'gl i@ﬁ%ﬁﬁ&(w% WORDSTAR, BASIC and accounts pacE-

oamisguenee [ Only £209(E) |

doc ete Brand New £8500
HP7580A 8 pen digital A1 drum plotter with
|EEE Intertace As ffew £4750

QUIPMENT NICAD cells by |l:
CHEETAH Telex machine £995
1.5 kw 115v 60 Hz bower source 950
2

; ~ Removed Irom equipment and believed In
; . but used concf?tlon. 'F' size 7Ah 6 for
O"]} £1490 25°B) " Also "D’ size 4An 4 for £4 (B)
— 500 watt INVERTER 24y [IC 10 240y AC sine
BRAND NEW 85 Mb wave 50 Hz outout g g;f?
Disk Drives ONLY £399 SOLDER SYSYEMS tin lead roller tinning

machine for PCE manutacture £350
End of line purchase enables this brand new CALLAN DATA SYSTEMS mi |I=|_-;rr9r_\1 INTEL
: i ith s

SOUMNOX (IMS) S100 system capable of running stther TURBO or urit o be affered atan all lime super low price  based UNIX s comple

S=card CPM - Unit features heavy duty box cmﬂhﬂnga arful s £192.00 (E) | e NEC D2246 8' 80 Mb disk dirive featunes E&E;ﬁé“‘,{g,'m e

e P P B e oh B o ciak drives, MODEM 20-1 Dkremewil.  BECES) obtpiol s iUy o S | secio e oy £3000
w8 sar software with uplo 4 RS232 serial Interfaces. Mary other PRESTEL ot EXE o5t £42.00 (E) ; ek Y TEKTHONIX i

S = access limes leave the good old STS0E inter 1411/R PAL TV test signal
nciide banery backed real time clock, all IC's socketed et THANSDATA 307A 300 bauc acousse coupier  fea Sanging Supplieg BRAND NEW with Standar] méog
ood condition and tested prior despatch, no docurmentation WaRRS232 10 Brand New 2900 &) 1 manyal Only £329.00 éﬁ TEKTRONIX R140 NTSC TV test signal
henc@grlce of only £245.00 ﬁ] _ FAS232DATACABLES 168 g 25w 0 kg o Dualdrive, plug if 135 Mb sub system for | 8 ;
B's IMS A485 64K dynamic RAM, EsiDuéBEMS AG30FDC 25way Dsocket BrandNew  Only £2.95 (A} AT unitin case with PSUsle  £1499.00 S)EP :
£85.00 (B). IMS AB62 CPU & ilo £65.00 (B) Asabave bt 2 metresiong £4.99 (A} Interface cards for upto 4 dives on IBM artable wdve speach | data
SAE for full list of other S100 boards and actessories, BT plug & cabls for mewi type sockst. £2.85{A) et available Brand new at £395.00 link 12v DG, 70 mile apge The pair £275.00
SAE O 19" Rack cabinets 1005 1n stock from £15,00

Adl prices lor LI A% d U T o total order value, Minimum order, cash £5, Credit Card €10, Official account orders from
= - a

— . Govarmmeant Diept sme —minimum sccount order value £25, Carn charges {A)£1.50, {B) £3.50 (C)
- ‘ ( ] ' L ) . ' (B - 1 1o ourstandard conditions ol sale. All guarantess given O 3 return to bass basts
! o0 LS 5 ghtiog ] < - k trade & expor enduiries maost weltam
3 |
A MAIL ORDER & OFFICES DISTEL (©) The ORIGINAL ALL ENQUIRIES

\ Open Mon-Fri 9.30-5 30 FREE of charge dial up data base
-ELECTRONICS- i S et ok henow: B 01 679 4414
Upper Norwood, 300 baud 01 679 1888, 1200/7501 679 FAX 01 5791927

London SE15 3XF : 5183 1200 FDX 01 679 B763 TELEX 894502




PCB FOIL PATTERNS

00
00}
=
+ t g

VANV A\
® on_- _mm :

+

V= A\
St

] R y__u

oSNNS M
et

=

=

-} )
&

=%

2

[a]

. 3
Kol

=

3

2

E

[=}

°

c

aQ

o o
L

=

-

.

Il

z
7
g
\

52



53

=TI AUGUST 1988




ETI PCB
SERVICE

Miss out the mess se the form (or a photocopy) for your order.  E8107-1 Systemn A Disc Input board MC-MM
3 s vy e Please fill out all parts of the form. E8107-2 System A pre-amplifier Main . :
with rc‘la'y-mddc Make sure you use the board reference number. ~ E8108-1  System A Power Amp

y ; . . i E8109-2 System A PSU
pre drilled PCBs for This not only identifies the board concerned but also E8201-2 Infant Guard

ET[pl'OjCCtS tells you when the project was pu.blished. The first two E8202-5 MM Stage Disc Pro-: amp (Tllsbrook)
numbers are the year of publication and the nexttwo  pgooe 5 Lasie Leck

the month. The number after the dash indicatesthe  E8208.1 Playmate Practice Amp (3bds)
particular project in that issue. E8212-1 ELCB .

Terms are strictly payment with order. We cannot  E8301-2 Analogue to digita] conv ZXSI/Spectrum)
accept official orders but we can supply a pro forma  E8305-3 Dual Audio Power Supply, Linsley Hood .
invoice if required. Such orders will not be processed ~ E8305-3 Balanced Input Preamplifier
until payment is received E8307-2 Flash Trigger-sound or FR .

E8308-1 Graphic Equaliser 13 Oct
Please make cheques out to ASP Ltd. Payment E8308-2 Servo Fail-safe

can also be made through Access and Visa cards by E8309-1 NICAD Charger/Regenerator 2

telephone on (0442) 41221. E8310-3 Typewriter Interface — EX42
E8311-1 Mini Drum Synth .
Send your order to: E8311-8 Moving Coil Pre-Pre-amp .,
ETI PCB Service, ASP Readers Services, 9 Hall E8312-3 Light Chaser EPROM Controlled (2 Bds)
Road, Hemel Hempstead HP2 7BH E8402-1 Speech Board . .
— — E8402-2 Modular Pre-amp Disc Input Mono
E8402-3 Modular Pre-amp Stereo Output
E8402-4 Modular Pre-amp Relay, PSU
E8402-5 Modular Pre-amp Tone Main Mono
E8402-6 Modular Pre-amp Tone Filter, Stereo
E8402-7 Modular Pre-amp Balanced Output
E8402-8 Modular Pre-amp Headphone Amp
E8404-2 Mains Remote control Receiver |,
E8405-1 Auto Light Switch . . .
E8405-2 7X81 EPROM Programmer =
E8405-3 Mains Remote Control Transmitter
E8405-4 Centronics Interface
E8405-6 Drum Synth
E8406-1 Oric EPROM Board
E8406-2 Spectrum Joystick
E8406-3 Audio Design RIAA Stage
E8406-4 AD Buffer/Filter/ Tone
E8406-5 AD Headphone Amp
E8406-6 AD Preamp PSU
__________________________ E8406-7 AD Power Amp
Please supply: | E8406-8 AD Power Amp PSU
Quantity Ref. no. Price Code Price Total Price E8406-9 AD Stereo Power Meter .
|  E8406-10 AD Input Clamp _.
| E8407-1 Warlock Alarm :
| E8408-2 EPROM Emulator ... .
E8408-3 Infra-red Alarm Transmitter
| E8408-4 Infra-red Alarm Receiver
I E8409-1 EX42 Keyboard Interface
l E8409-2 Banshee Siren Unit
l
|
|
|
|
|
|

ZORSTOMMOO

E8410-1 Echo Unit .

E8410-2 Digital Cassette Deck

E8410-3 Disco Party Strobe .. .

E8411-5 Video Vandal (3 boards)

E8411-6 Temperature Controller

E8411-7 Mains Failure Alarm

E8411-8 Knite Light . i ;
E8411-9 Stage Lighting Interface ... . . |
E8411-10 Perpetual Pendulum —— ;
E8412-1 Spectrum Centronics Interface

Post and packing £0.75
Total enclosed £

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

INETTEIG o Bl B O B, - o cooaooonoo AT TR0 A aE e ne | E8412-4 Active-8 Protection Unit
I E8412-5 Active-8 Crossover
AddIeSS . . oot e e | E8412-6 Active-8 LF EQ ... :

E8412-7 Active-8 Equaliser .
| E8501-3 Digital Delay (2 bds)
"""""""""""""""""""""""""""""" | E8502-1 Digital Delay Expander
E8502-2 Data Logger

Z—nrx~r1c_Z—l—n.-n-n*n—nm—nDDDZIZm’n—n—nmZZOI-nIc_Ix—nIC)mo—n—nIZ—n—n;n;n;n;nﬂ;n—nZx—nm—n"noz—n—nmm—nx-noo—nl—IXW

I ..................... Postcode ..................... | E8503-1 Combo Preamphf!er .

| ACCESS and VISA credit card orders can be taken on (0442) 41221 | E8503-2 THD Meter mV & oscillator boards (2 bds)
| during office hours. I E8503-3 THD Meter Mains PSU
__________________________ E8504-1 Framestore Memory

54 ETI AUGUST 1988



E8504-3 Framestore Control
E8504-4 Buzby Meter
E8504-5 CCD Delay ..... . .
E8505-5 Stereo Simulator ...
E8506-1 Audio Mixer Main ..............................
E8506-2 Audio Mixer PSU ... ...
E8506-3 Audio Mixer RIAA ..............oooovin
E8506-4 Audio Mixer Tone Control ....... ., B E8708-1 Remindalite ... ...

E8506-5 EPROM Prog MKII .. — E8708-2 Rear Wiper Alarm

E8508-1 RCL Bridge .. ...coooviivvive oo, N E8708-3 Rev Counter ...,

E8508-2 EX42/BBC lnterface ......................... E8708-4 Car Alarm S
E8508-3 EPROM Emulator .............................. E8708-5 Knight Raider .

E8509-1 Spectrum EPROM card 23t a . sae s E8709-1 Boiler Controller .. ......
E8509-2 Direct [njection Box .........coooooiiiiiii. E8709-2 Amstrad Sampler (2 bds)
E8510-9 Sunrise Light Brightener ., ..........._. . ., E8709-3 Portable PA SNBSS T e
E8511-1 MTE Waveform Generator ... ... ......... E8709-4 EEG Monitor (2 bds) =
E8511-2 Millifaradometer ...... .................. . E8710-1 Concept CPU board
E8511-3 Cymbal Synth IR E8710-2 Concept Power board
E8511-5 Chorus Effect . ekt Tedm E8710-3 Concept display board ... e AR
E8511-7 Enlarger Exposure Meter ........ ; E8710-4 Hyper-Fuzz N
E8511-8 Switching Regulator ... . E8710-5 Big Digits digit board
E8511-9 Second Line of Defence ..... .. E8710-6 Big Digits minute board . ¥ L S
E8512-1 Specdrum Connector ................. E8710-7 Big Digits battery board _....__, eaie
E8512-2 MTE Pulse Generator E8711-1 Quiz Controller s

E8512-3 Specdrum i Ry L E8711-2 256K Printer Buffer . S
E8601-2 Walkmate . (b o Feria E8712-1 Heating Management System .., e
E8601-3 MTE Counter- trmer E8712-2 SWR Meter S
E8602-1 Digibaro = E8712-3 Dream Machine (free PCB) . .. ...
E8603-2 Programmable LOQ]C Evaluatlon Board . E8801-2 Passive IR Alarm

E8603-3 Sound Sampler Analogue Board . S E8801-3 Deluxe Mains Conditioner

E8604-1 JLLH PA PSU ....oioiiinsiiiiniiiaiiiiint. E8801-4 RGB Dissolve

E8802-1 Electric Fencer

E8802-2 Telephone Intercom

E8802-3 Transistor Tester (2 bds)

E8802-4 Spectrum Co-processor CPU

E8803-1 Co-processor RAM board

E8803-2 Beeb-Scope (3 bds)

E8803-3 Jumping Jack Flash .

E8804-1 Spectrum Co-processor Interface Board
E8804-2 Combo-lock

E8804-3 Kitchen Timer .

E8805-1 Virtuoso 2U PSU

E8805-2 Virtuoso 3U PSU

E8805-3 Bicycle Speedometer

E8805-4 Dynamic Noise Reduction

E8806-1 Universal digital pane! meter

E8806-2 Universal bar graph panel meter
E8806-3 Virtuoso power amp board .

EB806-4 Virtuoso AOT board

E8806-5 Metal detector - :

E8806-6 Bicycle dynamo backup .

E8706-1 Hi-fi Power Meter ............ .................
E8706-2 MIDI Keyboard CPU . T
E8706-3 MIDI Keyboard Front Pane]

E8706-4 Flame Simulator ......... .

E8707-1 MIDI Keyboard PSU

E8707-2 Telephone Alarm . .. CmedeR
E8707-3 Nuclear Strategy Simulator ............__,

OUU‘H-L."H;T]ﬁZ

t—r—I—an;nILIIxrn;nr—m
TOZmMOmMZmORZrOT0 e mmOmec TOOC =

M

(6]

H

R

H

E8604-2 Matchbox Amplifier , . C

E8604-3 Matchbox Amp Bridging Verston s s O

E8604-4 MTE Analogue/Digital Probe ................. M

E8605-1 Microlight Intercom . E

E8605-2 Baud Rate Converter ..., .. M

E8605-3 Baud Rate Converter PSU Board C

E8605-4 Portable PA ... H

E8606-1 MIDI-CV Converter Board . H

E8606-2 MIDI-CV Converter PSU ... .. D

E8606-3 Troglograph ... ... .. =T F

E8606-4 80m Receiver ..,. ., e L H

E8606-5 Sound Sampler . R

E8607-1 Direction . .. ... E

E8607-2 Upgradeable Amp MC stage (Stereo) ssi G

E8607-3 BBC Motor Controller e s e o

E8608-1 Digital Panel Meter .. .. .. e @

E8608-2 Upgradeable Amp, MM stage (mono) H

E8609-1 Mains Conditioner .. : E

E8609-2 Experimental pre-amp F

E8609-3 Upgradeable amp, Tone board (mono) . H

E8609-4 Upgradeable amp. Output board (mono) .. F  E8807-1 Bar Code Lock (2 bds)

E8610-1 Audio Analyser Filter Board . . ... L E8B07-2 Analogue Computer Power Board

E8610-2 Audio Analyser Display Driver ... .. K E8807-3 BellBov . . . . i,

E8610-3 Audio Analyser Display IR H  E8807-4 Logic Probe . :

£8610-4 Audio Analyser Power Supply F  E8807-5 Updated FM stereo decoder

E8611-1 Audio Switcher (2 bds) . H  E8807-6 Breath Rate display board

E8611-2 PLL Frequency meter (4 bds) Q ES8808-1 Breath rate main board

£8611-3 Upgradeable Amp PSU ... J  E8808-2 Breath rate switch board .

£3611-4 Call meter, main board (0}

£3611-5 Call meter, interface board N

£5612-1 Bongo Box . . J

E8612-2 Biofeedback monitor (Free PCB) E

£5701-1 RGB Converter . F

=3701-2 Mains Controller _. D

ES701-3 Flanger : H

£8701-4 Audio Selector main board M

£8701-5 Audio Selector PSU H

£8701-6 Tacho-Dwell . . e F

Z8702-1 Ratemeter main board . . K

£8702-2 Ratemeter ranging board ... . o b &

=5702-3 Photo Process Controller (3bds) ........ ... O

£3702-4 LEDline display board (2 off) ..., o 198
LEDIine PSU and controller (2bds) ........ G

Capacitometer . e S [F

Geiger Counter JRT) R L

Credit Card Casino .......................... E

BBC micro MIDI mterface i v ol L

ETIFaker patch box ... ... . H

24Hr Sundial ... ... ... E

MIDI Keyboard keyswrtch boards (3 bds) LW

Batlite G

Budget Power Meter eyt e R S E

E8808-3 Telephone recorder ..
E8808-4 Analogue computer main board (2 bds)
E8808-5 Random number display

ozoozﬁ;oﬁEzohozkkm%zzﬁmZmozzrrmrozo
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We had some problems with the Beeb Scope digital board from the March
1988 issue. Some of the tracking from the PCB fell off at various stages of
the publication process and the component overlay for this board was
incorrectly labelled.

Both the corrected PCB foil and the re-labelled overlay diagram are given
here {approx 70% full size).
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Printer Buffer (November 1987)

The listed software for the EPROM has three errors.
The byte at 039A should be 20, at 039B 14 and
at 0492 30 (all hex). Connections tci 21c and 22¢
in the circuit diagram disagree with Table 1. The
table is correct. C3-28 are 100n as listed in the partts
list and not 10n as in Fig. 2. C1 is orientated with
the positive terminal to the right.

Dream Machine (December 1987)

The transistors used in this project are ST1702
BC108s can be substituted.

Heating Management System

(December 1987)

A 4116 is not a suitable alternative to the 6116
specified. A 4016 RAM chip will suffice. [n Fig. 1
the junction of R1,/D5 should connect to D1-4/C1
and not cross. The zener diodes above the
temperature sensor ICs (IC16-19) should be
deleted. C4 should be 220n and not 220u. C7-10
should be 10u. Q2-7 should be 2N3904 and not
BC3904.

RGB Auto-Dissolve {January 1988)

In Fig. 5 there are marked two D6's, The right hand
one should be D5 (they are both 1N148's anyway).
[n 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

Passive Infra-Red Alarm

(January 1988)

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

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

Spectrum Co-processor (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 Noise Reduction (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, 83 Gleneagle
Road, Streatham, London SW16 6AF.

QL Outport Port (Tech Tips May 1988)

Several problems with the diagram for this one. A5
should read AS — that is, address strobe. Pine 22
and 24 should be connected to +5V and the

junction of the (only) resistor and diode connected
to VPA on the QL.
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PINEAPPLE SOFTWARE

Programs for the BBC model B’ B+, Master and Master Compact with disc drive

DIAGRAM ] - nov also available for ARCHIMEDES

Diagram II is a_comeletely new version of Pineapples popular ' Diagram’
drawing software, The new version has a whole host of additional features

ich make it into_the most powerful and yet quick to use drawing Erogr‘am
available for the BEC micro, The new features mean that 'Diagram II' can
now be used for all tupes of drawings, not just circuit diagrams, Scaje
drawings are possible and the facilities for producing circles and rubber
banded lines together with the pixel drawing routines make any tEpe of
drawing possible, This advert has been produced completely using Diagram II,

Summary of Diagram IT features:-

Works on all mode! BBC computers and makes use of Shadow memcry if poss

i?agm line drawing routines with automatic joins for circuit diazgrams

futber band |ine and circle draying modes i

Makes yse of the Acorn GXR rom to produce ellisses, ares, septors, chords

- and flood fill m?. ] _ .

Pixel drawina mode sflows very fine detsil to be added

Defined areas of screen may be moved, copied, deleted or ssved to diso
creen cursor position indication allows svale drawings i be made

Keuboard keus may be defined to print User Defined Characters allowing
new oharacter sets to be used o h

Worderecessor files maﬁ be loaded and formatted into defined areas

U to 888 UDC' s if shadow memrg available, 381 withgut shadow

Comeatibie with Marconi Trackerball and most makes of *mouse

Al ’D:a?ram Weilities' are included,

Lompletely ‘spaleable print routines allow an
printed either horizontally or through
varied in 1% steps allowina UE to 18 mode
ar A4 sheet (still with readable text),

14, Smooth serelling over the whole area of the diasram

b OO R

L=

ares of the diagram tc be
g, in scales that meu be
goreens 10 be erintéd on

Diagram IT consists of a set of disc files and a 16k Eproa,
The disc is formatted 48T sided and 88T side?, Please state if this

15 unsuitable for your system, or if you require a 3.5 Compact disc

DIAGRAM I — £55 .00 + vat - ;- ..

Pineapple’ s now famous PCB drafting aid produces comelex double sided
Uer*hramdlg using any mode] BBC micro and any FX compatible dot-matrix
.~ The program 15 suppl jed on Efr‘om and uses a mode ! screen to displa
sides of the board in red and blue either separatelu or super imposed.
lawout screens are also Tr‘oduced for a silk screen mask.
The print routines allow a separate printout of each side of the boar
expanded definition high contrast 1:1 or gé scale, The print time is ty

about 5 mins. for a 1:] print of a 7" ¢ 5

superb features to adequately describe here,
details and sample printouts.

so please write or 'phone
Plotter driver to

E ss-w + vat most plotters £ 35

oard. This program has too many

PCB’ s
printer,
the two
mponent

d in an
pically

ar more

suit
.80 tvat

PCB AUTO-ROUTING

This brand new addition to the PCB program
increases the rower of the software and spe
design of PCE's even more,

A [ist of ue to 192 connections maﬁ be en
the form of a 'rats nest’ and then the comp
the rest! You may specify which side of
Yol wish a track to be on or you may leave
chaice to the comeuter, and wou may also sa
tracks should be allowed to pass between I.

The proaram is in the form of a second Ep
full features are available on a

lease write or 'phone for full

COMPLETE RUTOROUTE PACKAGE

details,

£185.00

See raview in
this issue

the b

standard model’B,’

greanlg
ede the
tered in
uter does
oard
the

E whether
. pins,
rom and

MARCONI TRACKERBALL

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

Postage and Packina on Trackerballs

IBESBS
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— Bgvgs
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(Including manual Eprom) + VAT
ADFS Utilities Rom
AU is an invalusble utility for all ADFS users, It adds over Z2 new
scommands o the ADFS filing eustem as well as providing an ewtensive Meru

facility with ouer 35 sub

comnands govering aress such as repeated disc
compaation,

creation of the reauired directories on the ADFS disc, All functicns are £ullu
aumgtib]e With UlnCheS?er{?rw&S including $BACKLP whioh allows backing up of
tnohesters onto multiple opples.

Mew scommands are as follows = #ADU, #BACKUP, SCATALL, eCHANGE, eDFSATES
SDIRALL, oDINCOFY, SDIRDESTROY ~sDIRRENNME, SDISCEDIT, SDRIVE, SFILEFIND. eEDRMAT,
oKILLATD, #L0CK, | #EN, SPURGE, SPURERI, s ALO00 WERIFY, sUFCRMAT, sUIFE

PRICE £ 29.00 + vat

1 s‘aﬁ-ﬁ”" and ]na-:i[na Rom images, auto booting of files and many more
Copding of DFS discs onto ADFS discs can be made in one pass with sutomatic

All orders sent by return

MITEYSPICE -

Powerful A.C. & D,C. circuit analyser package - £1
with Graphics output. Send for more details

Essex 1G3 ONL Tel 01-599 1476 microliok No. MAG 12085

19.68
+at




ELECTRONICS

TODAY INTERNATIONAL

frorre
I
%]

01-437 0699 Ext 292

Send your requirements to:
Heather Wust, ETI Classified Department, ASP Ltd.,
1 Golden Square, London W1.

Lineage: 54p per word VAT inclusive (minimum 15 words)
Semi Display: (minimum 2 cms)
£12.80 per single colmn centimetre + VAT

Ring for information on series bookings/discounts

All advertisements in this section mus! be prepald.

Advertisements are accepted subject o the terms and

conditions printed on the advertisement rate car (available on request)

COMPONENTS AND EQUIPMENT

WOULD YOU BUY A CAR
WITHOUT A TEST DRIVE?
THEN WHY BUY A MIXER
WITHOUT A TEST DRIVE?

Thinking about 2 new praject — from a smali
Mixer to a large studio complex — come and talk
over (deas wilh the people wig offer manulac-
turing and user experience at our new premises:

Unit D, 318 High Road,
Benfleet, Essex SS7 SHB

®

ARTRIDGE
ELECTRONICS

TO TAKE THAT TEST DRIVE —
FHONE [268-793381
{Weekend Committee visits
welcome by prior arrangement)

Head Office, 56 Fleel Aoad. Benfieel, Essex SS7 SJN
Telephane 0268-793256

FU R KITS-COMPONENTS
Tel 05435 6487

No VAT prices Wholesale/Retailcompanenis By reluraol post
We are new io ETI and offer a personalised service lo
readers/protessional user alike Eleciranic componenls and
amaleur radio components 1s our business and will be looking al
Kils for ETI projects We stack ICs plugsisockets lransisters
capacilors swilches oplo. solder. cable boxes pcb material
Semiconductors inc lcs: BC107 109 14p ea BFY 50-51 28p
2N3819 30p, 2N3054 90p 2N305560p 2N3773£180, BC547-9
10p. BCY70.7118p BDI31 245p ACA 40673 €150 40361-250p
2N5496 50p elc
Op amps: CA3130e 99p CA3140e 50p CA3240e 92p CAZ41
20p TLO 7150 TLO7268p TLO7485p Audiofin TBABO072p
TBA B10s 80p TBA 820m 80p Ua723req 52p 78LO515v 0 1a
35p la 78 sefies 48p
RAesistors: 1/4wall5% lohm 100hmohmallal 1pea 06/1 wall
Spall cart flm Melal im 1% CF series ALL 5p Elecirolylics
033-100uf Bp 10-25v radial axial 9p Phono plugs 15p sockels
{m) 20p
Torms Cheques POs cash Access Yisawihorder To FUPKils-
[ 63 Prin: lreel C Cannock Sialfs
WS11 2JT Depl ETI Generous discounis for Educalion
Businesses onabove plus lest gear Cals Ad 8 50p relundable.on
1sl purchase €5 or over Poslage £5 plus Iree other 60p

PROMs - EPROMSs - PALs
ANY PROGRAMMABLE IC SUPPLIED
OR BLOWN
Typicail prices (excluding VAT)
{Data Entry P&P extra)

2716 £4 20 ... 2732 £385
2764 £285 .. = . 27128 £4 40
BIPOLAR PROMs from £1.35
e g 825123, 188030, 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 |

SUstems

# COMPUTER SYSTEMS AND COMPONENTS

Min. toggle switch, on/off 60p
Min. toggle switch, single pole, changeover B9p
Min. toggle swilch, as above with centre off 75p
Min. toggle switch, double pole, changeover B0p
Min. toggle swilch, as above with centre off 89p
Slide switch, double pale, changeover 25p
Slide switch, as above with centre off 29p
LED's, 3 or 5mm, red, green or amber/yeliow 10p
Bulb, 12V, 3mm, red, green, amber or clear 22p
Resistors, 0.25 watt, 5% E12 series 2p
DIN plug or socket, 5, 6 or 7 pin 25p
25 way D plug, socket or shell 85p

* Prices include VAT, add 25p P&P if under £2 Cheques payable to T-systems Ltd. w
Exclusively for ETl readers, 15% off all prices shown above for the Augustissue only.

61 High Street, Orpington, Kent BR6 OJF
* ACCESS Card sales accepted on Tel: 0689 22196

SPECIAL OFFERS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Our lerms for new advertisers (semi-display
and lineage) are strictly pro-forma paymenis
until satisfactory reference can be taken up
{excluding recognised advertising agencies
Cheques and PO's should be crossed and
made payable to ARGUS SPECIALIST

Audio Mixer Kits suitable for
Studios, broadcast, discos, cassette
copying, churches, MIDI set-ups
Prices from only £9.92
Send 18p for catalogue to.-

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

PUBLICATIONS LTD and senttogether with the
advertisements to:
The Classified Dept.,
No. 1 Golden Square,
London W1R 3AB.
There are no reimburserents for cancellations

Adyiart

nis arrivingtoolate for a particular

ue will b= inserted in the following 1ssue
uniess accompanied by instructions to the
contrary. tistheresponsibility of he advertissr
toensure thatthe firstinsertion of avary senes
is published correctly, and correstions mustbe
notified in time for the second insertion,
otheswise1h shers will not accept liability

Classified advertising
could be working for
YOU!

ionin charges.

subject to Government

3 VAT. Advertisers are

thevanouslegal

race Description

Act, sex discrim act & the business
advertisements (disclosure) order 1977.
Full Terms & Conditions of Advertising

available on request.

ELECTRONIC components at
bargain prices! Write or phone for
free 1988 catalogue to A & G
Electronics Ltd, PO Box 443,
London E14 6JU. Tel: 01-519 6149.

COURSES

responsible for
requiremenlsi

CASSETTE MOTORS large and J.P.G. ELECTRONICS
small 2 for £1.00. Mono and Resistors 'aw 5% carbon E12 1P 1% metal Im E243P
stereo cassette tape heads. 2 for T e e e el i
£1.00. Microphone small for LED's Red/Green 3/6mm G eachy Yollow 1o cech
Cable Ties 751 1 £595/1,000; £49 50110,
cass. tel. etc. 2 for £1.00. Tele- Power Transisiors TiT 35C TIP3EC. 100Y, 25A TOP3,
phone buzzers at £2.50 each. B Gate:.. it e EL66 Each
) a zzer
Please add 75p p&p no VAT, Solar Cells O 45v 100mA €1 48; J00mA €350
ACCGSS Card accepted Go|den Stepping motor 4 phase 12v 7 5 step 50ohms 8 95
Orange Supplies, Brockhol-
lands Road, Woodside, Bream,
Lydney, Glos. Tel: 0594 563009.

SAA 1027 Stepping molor drive chip E£395
Miniature FM Transistor kits 100-108MHz high quality
sound deal for cordless microphones or guitars etc L7 48
Metal Latching XLR line plug £135
Line Socket £148
Ferric Chloride pack for mixing with "> itre water £140
Flux cord solder 500g reel £4 95
Automatic Squeeze action wire stripper £3 45
SPECIAL OFFERS
Computer grade capacitors with screw terminals 58,000
uf 60v £4; 4,700 uf 63v £150; 38,000 uf 20v £195,
87 000 ul 10v £1.50
Slerec LWMW/FM tuner pre-amp complete with
volumetone control and tuning scale Brand new in
makers box £5 95; Faulty £195
Circuit diagram, description and seting up procedure for
tuner assemble described above 50p
LCD display 16 digit 7 <5 dols matrnx £2 50
Quwersy keyboard 58 key uncased good qualily swilches £5
CMOS TTL 74 HC 74F linear transistor kits capacars,
resstors tools etc always in stock
Please add 75p +p per order VAT inc.
JPG ELECTRONICS, 276 Chalsworth Road,

THE KIA GIVEAWAY Request
Show . .. Any 1 item free!!

® (A) 5-12-24v-Reg-Power supply

® (B) 40 Astd Capacitors

@ (C) 10W Power ampilifier.

Delete and return advert + £1.50

coin (P&P) to: 8 Cunliffe Road, llkley

Ls29. e S B
FREE MEMBERSHIP to the Market. o]
NATIONAL COMPONENT CLUB expertise in

For details and a free gift of
components worth over £10
send only £1.00 p&p to:
Higher Ansford, Castle Cary,
Somerset BA7 7JG

ETI — Call
Heather Wust
on 01-437 0699

58

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on
REF: ETI/6./88 06267 79398

O City & Guilds
NAME Exam 271

O Radio Amateur
Licence
O Micro-
processor
O Introduction to
Television

Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. TQ14 9UN.

SWITCHES FOR SALE

S.H. COMPONENTS presents
VOICE/SOUND ACTIVATED 18 pages of very competitive-
SWITCHES easy to follow dia- ly priced semi-conductors,
grams and uses only £1.00. Com-  switches, optoelectronics, etc.
ponents and PCB's avallable: plus sample, send 85p to: 17
Herrington, 63 Home Farm Rd, Beeley Road, Grimsby, S.
Hanwell, London W7 1NL. Humberside.
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RETAIL OUTLETS

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

CRIC:EEY00D

FOR COMPONENTS
LOTS OF JEW DEVISES
LOTS OF LOWER PRICES
Phone for our calalogue:
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

AUDIO CONVERSIONS

Today to discuss
your plans.

EDINBURGH

| OMNIELECTRONICS

- I P =SO0OJ - OMPME M

stock a wide range ol eleclronic components at

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open Mon-Fri 9am-6pm Sat 9am-5pm
Send 2x18p slamps for lates! calalogue

- I P =SSO~~~ OMmMr mM

FULL WORKSHOP
SERVICE MANUALS
Any Video Recorder — £1000 + LSAE
Any Colour/Mono TV, Any Audio, Music
System — £6.00 + LSAE Amateur Radio,
Test, Vintage, Military etc
State Make/Model/Type with order.
=REE Catalogue Unigue Repair and Data
Guides with all orders.
MAURITRON TECHNICAL SERVICES
{ETI). 8 Cherry Tree Road, Chinnor,
Oxfordshire, OX9 4QY.

MENDASCOPE LTD.

REPAIR & RECALIBRATE
OSCILLOSCOPES

ALL MAKES ALL MODELS

NATIONWIDE COLLECTICN &
DELIVERY
FREE ESTIMATES

Phone 069-172-597

. NEIGHBOURHOOD WATCH
' BURGLAR ALARM D.L.Y. KIT

will offer a professional
system at a DIY price
~am mini beam 10, 15, 20
. metres Parts integrated
circuits, transistors, diodes,
valves, resistors, etc.
!\ Service Manual and parts for
Spectrum and Amstrad

Send a 8” x 5” SAE for list.

Grundig Infra-Rec  Remcte Control
“VIF-K1" consists of irarsmitter TPV355
and VIF-E1 brarc new & boxed
£4 99 p&p £2
VIF-E1 £8 99 for 10 p&p £3
Video Heads (Grundig 2 = 4 Super) with
head assembty £29 p&p £2 each
2 x 4 Super Paneis £5 95 = DTF, Servo,
Video, Croma. Sterio-ton. Motor-Board,
Modulator & Tuner p&p £1
Remote Controls Infra-red & Sonic
suitable for use with Ferguson, JVC,
Philips, Sony. Grundig, AU
£19 95 each p&p £1
SURPLUS STOCK WANTED
Stan Willets (ETI), 37 High St.,
W. Bromwich, W. Midlands B70 6PB,
Tel: 021 553 0186

M.J. SEAWARD
{Mail Order)
Dept. (ET), St. Olafs Road,
Stratton, Nr. Bude, Cornwall.
Telephone: 0288 4892

Use ETl to buy,
sell and exchange
all your
products and services

becoming actively involved.

AUDIO CONVERSIONS

is a new quarterly publication designed specifically for the interested
audiophile and incurable tweaker. The basic aim s to provide technical
information and put forward ideas to enable the enthusiast to keep up
withthe latest developments. Itis also hoped to show more people how
to save money and also get enjoyment from their audio systems by

Themagazineis written and produced by some of the country's leading
audiodesignersincluding: Russ Andrews (RATA), Les Sage of (SAGE
AUDIO electronics), David Rusby, the Editor (Lynwood Electronics),
Graham Nalty (Audiokits) and Les Wolstenholme (Avondale Audio).

To subscribe to the first 4 issues please send £5 to cover costs and
postage, or for more information write to:

AUDIO CONVERSIONS
COWLEY LANE FARM
WENTWORTH
ROTHERHAM S62 7SQ

PLANS AND DESIGNS

ELECTRONIC PLANS, laser
designs solar and  wind
generators, high voltage teslas,
surveillance devices,

pyrotechnics and computer
graphics tablet. 150 projects.
For catalogue. SAE to

Plancentre Publications, Unit 7,
Oid Wharf Industrial Estate,
Dymock Road, Ledbury,
Herefordshire, HR8 2HS.

KITS

Micro Transmittar Kit ... £3.95

= Tuncable 80.115MHr Sensiive

£14.95
3 outging
ne ling and

[ -
Telephone Monitor Kit

{Dept. ETI|, Theatra House:
454 Sistion Road, Northfield,
Birmingham B31 3TE

Plan your autumn
advertising in ETI,
call 01-437 0699

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.

Telephone
wimeem] 01-278-1768 pupann

Trade Enquiries Weocome

Design and build your own electronic
dashboard

Plans instructions circuits parts lists
£4 95 inc p&p

BURLINGTON MOTOR CO. LTD.
(G9) ARCH 39M, BATH PLACE,
LEAMINGTON SPA, CY3 3AQ.

' 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

IDEAS/INVENTIONSwanted
Call ISC 01 434 1272 or write,
Dept ASP 99 Regent St, London
Wi

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre Cedar Electronics.

Unit 12 Station Drive. Bredon.
Tewkesbury Glos Tel 0684
73127

Next copy
Deadline for
October issue
is 21st July.
Advertisers
please note that
advertising
rates are
subject to
review from the
September
issue.
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PCB'S FOR SALE

PRINTED CIRCUIT BOARDS
At very competitive rates: 4
pence per square centimetre
(less for orders of 10 plus) 1

PCB

offs; 100 offs. Enquiries:
Watlin Wires, 52 Watlin a
S'(reet,g Nuneaton, Warwick€i Wh'Ch tO

shire, CV11 6JL. Telephone
(0203) 382296.

Choose
See Page 15

Manufacturers

HAVE your electronic ideas become areality
Let Highland ltec develop and manufacture
your circuits at a low cost lor prototype and

Next copy

Sizes up to 300 x 200mm single or double-
sided Finish: Roller-tinned and drilled. For
more details Tel: (0463) 226505 or Fax (0463}
226506

is 21st July

] duct ith h i H
docurhentation which incllides: Silk screen deadline for
layouls, photo-artworks, pad-masters, solder- .
masks, bill of parts. Manufacture includes: October Issue

TS s SEn UEs TEN EED SER BN ENS GED GER LGS e .-

[ CLASSIFIED COUPON

| ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT

" DEPT, No. 1 GOLDEN SQUARE, LONDON W1R 3AB. o
P!

. PLEASE DEBIT MY ACCESS/BARCLAYCARD NO. DATEi

SENNRRRNNNRERORN

[ ] FOR sALE

EN

VISA

[ ] cOMPONENTS [ | WANTED

SIGNAL GENERATOR

Qutput 0-5Vrms Distarion <
Square Wave Output 0-10Vp-p fise Tirme

'.’nuns

{separate TTL level output capably of driving .71.1 TTL toads) o
Dimensions: 245 X 65 x 150mm deep. Mains powered

£45.00 .
POWER SUPPLIES

0:24Y DC ot 1.5A also 0-12V, 12-24V st 3A varsion
Fully wariable, anPu. n ails voliage or cuiFent

Stabifity. 2! Ripple/Noise: < 2mV.
Dimensions: 180 >< 110 X 210mm deep. Overload prolec
1A Version:  £45.00  3A Version:  £55.00

0-30V DC at 2A

Fully variable, 0-15V, 15-30V, separate ammeter and voltmeter
Variable current I|m|[ from about 20mA 10 2A, imit shown by LED
Stability: 2% Ripple/Noise: < 2mV
Dimensions. 180 >< 110 X 210mm deep

LA!!OR#TOEY FD ER SUPPLY
0-30V at 2ZA, 5V et 1A T 16V M 1A
0:30V DC fully varizble in two canges
Cosrsa and fima veliage controfs. Separate ammster and il meler
Marsabibe ctrrent himit from abour 20mA o 24, limit shown by LED.
Stabibity: < 0.2% Ripple/Noise: < 2mV &
*1svDC flxed voltage, dual tracking, 1A limit
Srab:h{y % Ripple/! foise: 2mV
gv DC, lixed vr:)lta e, 1A limit
tability: 2! Ripple/Noise: < 2mV
Dimensjons: 240 x 110 X 360mm deep RALSTARON ELECTRONICS:.
£89

SPIRELLA BUILDING, BRIDGE ROAD
LETCHWORTH, HERTS, SG6 4ET

Please send cheque or P.Q with order and add £2 85 p & p.

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.

Name

Signature

[ ] kiTs

(] OTHERWISE § STATE

TRANSFORMERS FROM

The UK Distributor for the

Standard Toroidal Transformers
* 106 types available from stock
* Sjzes from 15VA to 625VA

N

STEEL DISHED
WASHER
OUTER

NEOPRENE

SECONDARY WASHERS

WINDING

INSULATION
PRIMARY

WINDING

Write or phone for free Data Pack

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254

The UK Distributor for the
complete ILP Audio Range

* Bipolar Modules — 15 watts to 180 watts
* Mosfet Modules — 60 watts to 180 watts
* Power Booster — 15 watts (for 12v dc supply)
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‘'m a bit of an introvert. really. A

reclusive and a hermit, too. | don't
like going out the front door. [ suppose
its all part of the job — freelance
journalism, thatis If anyone happens
to be gregarious, the freelance life is
not for him (or her). Hours, days,
weeks alone researching, writing,
editing and telephoning interspersed
with only occasional forays into the
real world to pick other peoples
brains, visit the odd firm or travel to
relevant exhibitors.

Perhaps the only time | get to see
the wild side of life is when [ go to the
bank and building societies. to move
money around from current to invest-
ment accounts and pay bills

Until now this has been one of the
banes of my life. At best a nuisance,
wasting my time and making me meet
people | didn't really want to bump
into, forcing me to be sociable. At
worst an affliction I can well do
without. Its not easy being a dolphin!

The National Angle
Now, that’s all changed Thanks to
one enterpreneurial building society.
[ don't need to meet the world on its
financial terms anymore. | can
organise my finances from home with
the press of a few buttons. The
building society, namely Nationwide
Anglia, recently started a cheque
book account called Flexaccount
which gives users all the benefits of a
maditional building society investment
account (interest on invested monies)
with all the advantages of a traditional
sank account (cheque book and
cheque card). Oh yes, and you get a
plastic card enabling you to
sithdraw/deposit money into high
sireet holes-in-the-wall, too,
Nothing new in this, you may say
A growing number of building
societies are doing this, following
-zcent changes in the laws governing
ieties’ operations. Where
account is different is that users
if they wish. take advantage of
t Nationwide Anglia calls Home
Sznking

Account Deposit

—ame Banking is a banking facility
s221 Nationwide Anglia has so far not
pushing very hard in its
stantial Flexaccount advertising
refundable deposit of £10
..... ides vou with a small hand-held,
ia”er; powered unit which, coupled
vour telephone, allows you to
s a number of financial services
gh vyour Flexaccount This
me Banking unit is merely a
merical keypad (0to 9, % and R)
emits standard multi-frequency
s via a small loudspeaker.
issimple enough. You dial the
s2cietv’s home banking telephone
~_mber: an electronically produced
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voice tells you you are connected
After this, the voice steps you through
the procedures

First, you key in your customer
number (different to your account
number) through your MF adaptor
followed by a PIN number (not the
same PIN number as your hole-in-
the-wall card). Then you key in codes
pertaining to the service you want

Other codes allow you to tell the
voice to repeat the last message
cancelthe message or end the call. On
selecting the appropriate code. the
services are stepped through in a
similar manner

Straightforward
[t may sound pretty complicated from
this description but in truth its all
straightforward enough because the
voice guides you through each step of
the way

I suppose theres nothing part-
icularly new about the type of service
this offers. The Roval Bank of
Scotland combined with the Notting-
ham Building Societv a while ago to
produce their own Homelink service,
using British Telecom’s Prestel. which
allows similar facilites

What is new with Flexaccount
home banking. is that only one
account is needed In comparison,
overall. Homelink is pretty expensive
to run. Service charges for the
account. and service charges for
Prestel, mount up to a significant total.
Itis also considerably more complic-
ated to use. requiring a Prestel
terminal (dedicated or a personal
computer} The low-tech approach
which Flexaccount uses makes the
system cheap and cheerful — more
likely to catch on. I feel

Multi-Frequency

The MF home banking unit is inter-
esting. lf you have an MF telephone,
or one which can be changed from
pulse to MF during a call, then the unit
is unnecessary. All codes can be
keyed in direct through your phone’s
keypad

My Mercury phone, for example,
allows me to do this — I set up the call,
in the normal way, using the standard
Mercury button (after which the
phone automatically dials 131 in pulse
form} to connect to the Mercury
network. All numbers pressed after
this are transmitted as MF tones.

Of course, the advantage of
Flexaccount home banking is not that
it makes the user a recluse_ It merely
saves time. Mind you if you are, like
me, a natural hermit then this extra
time you have can be put to more
important aspects of hermitting
around!

Keith Brindley

Not satisfied with producing
‘perfect sound forever', it

appears many CD manufacturers are
doing their level best to improve on
this perfection!

In the beginning these same
companies were struggling with 16-bit
linear or 14-bit 4x conversion
topologies. shortly followed by 16-bit
2x and 4x oversampling systems
employing two DAC's to eliminate
interchannel phase errors

Some cynical individuals have
suggested that by playing the numbers
game most manufacturers can hope
to maintain a constant level of media
attention and so continue to fire the
consumers’ imagination

Bits And Bobs

Whatever the real motivation, some
of the latest 16-bit 4x players (Philips.
Marantz and Sony) are certainly fine
examples of the art and represent a
significant sonic advance on the
earliest machines.

If numerical one-upmanship really
is important then Cambridge Audio
are clearly outstripping the field with
their latest 32-bit 16x oversampling
CD-player! However, a couple of
very interesting players have also
recently emerged from Japan,
courtesy of Technics.

Plastered all over the front of the
SL-P990 and SL-P770 s the legend
‘4-DAC 18-bit High Resolution’, a
promise of greater things to come
perhaps. Nevertheless. once fired-up
these players certainly do sound
different

Hi-fi reviewers (including yours
truly) have commented on the
peculiar and even nondescript sound
of these units, their superficial
accuracy frustrating the usual
methods of description. Both seem to
offer exceptional detail resolution, a
thoroughly neutral balance and
realistic soundstaging but somewhere
along the line the ability for the music
to excite a strong emotional reaction
is lost

Of course. these are purely
subjective observations but a cursory
glance at the technology involved
may help 10 shed some light on this
phenomenon

Justifications
Some justification for the 18-bit logo
may be wrought from Technics’ new
4x oversampling (176 .4kHz) digital
filter Thisis purported to offer 18-bit
linearity. thereby improving the
accuracy of both the filter coefficients
and subsequent rounded solutions
that comprise the three additional
data points — a feature particularly
important at low signal levels
Quantisation errors are pushed to
higher frequencies, in-band ripple is
reduced 1o =0 0001dB while the

rejection of stop-band noise is
apparently as good as — 100dB.

A total of four Burr Brown
PCM56P DAC's are used, each pair
configured in a push-pull
arrangement effectively doubling the
number of available quantisation
levels (2'7 rather than 2'°®)
However, this will only achieve a
theoretical 17-bit resolution, not
18-bit. The positive and negative-
going outputs from each pair are duly
summed in a proprietary differential
amplifier, the overall technique
reducing what Technics term ‘Zero
Cross Distortion’,

Shifty Solution
The final trick is to shift the data stream
up by two bits when the effective
audio level falls below — 12dB. This
elevates the low-level signal resolution
by two bits to that theoretically
enjoyed by a full 18-bit convertor,
even though the working range of the
system is still contained over 16-bits,
Naturally. subsequent to D/A
conversion the level of the resultant
audio signals must be normalised and
this is achieved via a 6dB attenuator
functioning in the analogue domain
(the other 6dB or one bit is
accommodated by the complement-
ary 17-bit operation of the paired
DACs)

LSI
Data shifting and control of the comp-
lementary DACs is accomplished
through proprietary LSI {Large Scale
Integration situated after the
oversampling filter but prior to the
convertors, So it is this LSI which flags
the analogue level shifter. itself
situated after the sample/hold circuits
and differential amplifier

The process of switching in and out
an attenuator in accordance with the
instantaneous signal level is rather
more difficult to execute (synchronise)
here than in the digital domain. The
potential degradation caused by
amplitude modulation, dynamic
(TID) and thermatl distortions, inad-
equate settling time and overshoot
must surely throw a spanner in
Technics’ overall scheme of things.

Whether the constraints imposed
by precise analogue switching and
attenuation of musical transients have
any correlation with the unusual
sound quality of these playersis only
conjecture Nevertheless, these are
the only units currently employing
such techniques, indicating that
perhaps Technics have indeed been
thwarted by their own eagerness to
advance the state-of-the-art

Paql Miller
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This column is a new 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 ETI Blueprint, 1 Golden Square, London

W1R 3AB.

ow time flies. It doesn't seem so

long ago that [ was sitting in third
form maths turning the handle of my
two foot wide calculator, moving the
plastic bit to multiply by ten and
watching the numbers whizzing by
Now [ can sit on the tube and get
through twenty iterations of a fourth
order equation before we reach
Tooting Broadway. How time flies.

The tx-5000f is the latest scientific
calculator to emerge from the Casio
designers It features a two row
28-digit display (16 dot matrix,
10-digit mantissa, 2 digit exponent)
which is as happy displaying Greek
letters as it is numbers. The problems
of multiplexing a display this size is
addressed by having a contrast con-
trol so the limited angle of view can be
tailored to the table you're working
at. . . it's also useful for working in the
garden on steamy July afternoons (in
my steamy July swimsuit)

The first thing notable with the
fx5000 is the input routine. This is
quite different from most calculators
and has much more in common with
computer syntax — to calculate the
sine of 30° you would usually press
‘30°SIN, whereas here you type
‘SIN'30’ =" This seems trivial [know
but it takes some getting used to and
certainly means this isn't a calculator
to lend to your mate the day he goes
off to do his maths paper. Actually it
makes more sense this way, as it
enables long lines of calculations to be
written on the top row of display
(which scrolls) before any actual calc-
ulating is performed

This top line of display can be edited
very easily and (very useful) can be

recalled and altered when the answer
is patently obviously wrong

A quick note on the number of
functions on the keypad — it has
everything [ can think of and several
others: standard deviation, binary,
octal and hex, Boolean logic and all
the rest In fact there are so many
functions that despite Casio’s sensible
five colour labelling, it can take some
time to track down the more unusual
keys

Okay. on to the bit 've been dying
to tell you about — the programming
capabilities. Because your program is
written on the top line of the display
as you go, it is so much more easy
than the normal system of just hoping
you pressed everything in the right
order. Editing is simplicity itself — |
didn't even need the manual to sort
out what was going on. Your own
programs can be up to 675 steps,
divisable into 12 separate programs

On top of this. Casio has
preprogrammed some 128 formulas
ranging from triangle areas through
Doppler effects to minimum loss
matching The display prompts you
(in Greek if need be) for the variables’
values and calculates the result

The only problem is remembering
the number of the equation you want
to use but Casio provides a little list to
sit in the jacket next to the calculator

The fx-5000f is a lovely piece of
work — its only drawback being that
because it is so fiendishly clever you
might have problems getting it into the
examination hall. [t costs £39 95 and
[ want one!

Colin Cat

lneed a simple circuit to provide one
second duration pulses at two
second intervals. The time periods
need not be exact. The output of the
circuit must switch 12 to 15V at up to
6A

The circuit is for an alarm and
should latch on, with a simple reset
button. | am not familiar with the use
of SCRs but have several to hand.

A.E. Carpenter,

The Solution
From the stated requirement [ guess
the circuit is intended as a car alarm,
to sound the horn in one second
bursts if anyone attempts to break in
[f this is the case. then SCRs are not
suitable to switch the load because
once they are triggered they remain
on while the load current is flowing.
even if the trigger current is switched
off

It is possible that the horn current
is sufficiently discontinuous to permit
an SCR to switch off but without more
information it would be unwise to
make this assumption. Equally, one
might use a GTO (gate turn off}
thyristor but these are not so widely
available as ordinary SCRs. Also, they
require a negative gate voltage to
switch them off. which it is incon-
venient to generate

The humble relay is a cheap and
effective way to switch DC loads of a
few amps, so this is the method
chosen. The circuit shown consists of
a latch, using half a CMOS nand gate
package. a standard design of gated
oscillator using the other half, and a
pair of transistors driving a relay.

The latch is set by application of
logic O to the input pin. This point may
be connected to the courtesy light
circuit, which is switched on when the
door switch grounds one side of the
lamp. Alternatively a trembler switch
or any other suitable means may be
used to start the circuit

Several aspects of the circuit are
designed with a car in mind. The
resistors R3 and R4, in series with the
latch inputs, are there to prevent

spikes capacitively coupled into the
wiring from destroying the CMOS
chip. These resistors should be
mounted close to the IC

The addition of R7, C3. and D1 to
the power supply circuit is also to
protect the chip from destruction by
electrical spikes, which can be very
severe on car electrical systems

C1 is included in the oscillator
circuit to permit it to work smoothly
even in the presence of radiated
interference

The circuit. as shown, will continue
to sound the alarm until someone
switches it off. This fact could cause
problems if the alarm were triggered
in the absence of the person who
could stop it It may even be against
the law to leave an alarm sounding for
hour after hour, so [ have shown an
optional timer circuit which can be
added to the unit to switch it off after
a few minutes The reset switch can
still switch it off immedjately, of course.

The timer works by allowing a
capacitor to start to discharge when
the alarm is triggered When the
capacitor voltage has declined to the
Schmidt trigger level of IC2, the IC
switches and pulls the reset pin of the
latch to logic O, thus resetting the
alarm. The time period may be altered
by changing the value of R10.

The timer could have been based
on the charging of a capacitor but this
method has two advantages. First, the
capacitor is normally kept charged so
that its leakage current willtend to be
very low and will not significantly
affect the time constant. Also, if the
capacitor should become leaky in this
circuit. it will just switch off sooner than
intended [f the timing depended on
the charging of a leaky capacitor it
might never switch over

It is to minimise leakage current that
a 25V capacitor is specified but most
16V ones will work well

The power supply for IC2 is drawn
from the same point as for ICl. Note
that the unused inputs are grounded
to prevent damage

Andrew Armstrong
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Tothe
] | SHOW

he British Electronics Week is that
monster-sized show held annually
at Olympia. [t had its roots in the All
Etectronics Show started in the mid
1970s and was held for some years at
the Grosvenor Hotel in Park Lane
At the Grosvenor. the show oc-
cupied two or three rooms and it was
possible to look at everything in an
afternoon. The hyper-lobic omni-
cognate show at Olympia would
require the full three days for which it
is open toc look at everything
However, this is not necessary
because a very disparate range of
exhibitors have been gathered
together under one roof, and each
visitor is likely to be interested in much
less than half of what is on offer

Caveat

At this point a word of warning for
those who may visit the show in future
years. There are maps at regular
intervals with 'you are here’ markers
You need these, not only to determine
where you should go next but to check
along the way that you are still going
there and not somewhere else en-
tirely. Electronic route guidance would
certainly help!

When you have walked several
miles, you may feel the need of re-
freshment, Choose your snack with
care. Most of the catering makes
motorway food look cordon bleu by
comparison but edible food is
available at the show if you search

[ concentrated on the components
and test equipment sections of the
exhibition. the most useful to design
engineers and likely to be the most
nteresting to ETI readers There is
ittle new in basic components. of
course. Resistors and capacitors
remain resistors and capacitors, with
the main developments being in rel-
ability. operating temperature range
znd approval by various standards
zuthorities This last is important if
zquipment is to be exported and must
meet overseas standards

It is becoming clear that some areas
=t electronics are now ‘mature tech-
rology’ where the rate of change has
slowed and application is almost
routine. This is illustrated by the
ncreasing quantity of computer aided
2ngineering software to apply design
-iles to analogue and digital circuitry

For example. the BC108 was not
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new when [ was at college, It has
largely been replaced by its lineal
descendants such at the BC182 but
these are almost the same thing in
TO92 instead of TO18. There are few
startling developments in plain
transistors but improved power
MOSFETS and microwave devices
are announced regularly

There were more surface moun:
components on view this vear The
range available is increasing and such
things as 1% resistors are now z
standard product, though 5% :ypes
are still much more common

Judging by the relative quan
on show, | doubt that standard ca
ponents will become obsolete qu
Perhaps in ten vyears the
constructor will need to so
mount components. bur no

Another aspect of general noie is
that personal computers, often port-
ables, were being used wideiy to ill-
ustrate or just draw attention to
products even when these had little to
do with computing

There was aiso more emphasis on
custormn made components Molex,
for example. was running an
Amencan-sounding video explaining
how. with the aid of computer aided
manufacturing, customised high
quality connector products could be
produced economically in much
smaller batch quantities. This probably
means that in a few years, when you
come to repair your hi-fi system, a
connector or internal lead will only be
replacable by the special part from the
manufacturer (if he is willing to supply
it)

The same trend means cheaper
and higher quality consumer, in-
dustrial, and military products will be
available in reasonable quantities, so
that your hi-fi system should be less in
need of repair

Miscellany

Scattered around the show. in nc
obvious logical order. were several
stands showing off computer aicded
design for PCBs Thevy offered
ferent levels of facilitv roughit
according to price. A sofrware pack-
age costing around £2500. 1o run on
an IBM AT or clone, would auto-route
PCB tracks given a netlist generated
from a circuit diagram

Another package, available from
Engineering Solutions for around

lFallow manual routing with

tc move components
a lavout dragging the
with them [t also

fhe ability to print any layer
<iv onto a matrix printer
checking They sell an
on package for £500
i ograding
On 2n AT clone this software
a lavout n about the time
ne sip of coffee They say
nonan XT or even a PC
nad the patience to wait for it
i an AT and a bit of spare cash
be tempted
was surprised to see what claimed
oe the first moulded-on mains plug
n solid pins. rather than the folded
llow tupe Al first sight a pedestrian
improvement but [ have at least one
moulded plug which does not make
proper contact in all sockets because
the pin dimensions are not accurate
Another advantage of the new plugis
that the solid pins can be sleeved at the
1op to protect the ham-handed from
shocks

Solapak and Chionar were
exhibiting workmanlike arrays of solar
cells. Chronar claims to be the largest
manufacturer of amorphous silicon
cells. which are much cheaper than
crystalline ones but still rather less
efficient This vear 8% efficiency s
available but next vear Chyonar
reckons 10% of the incident ight will
be convertable to 2lectricity

Solapak, on the other nand. offers
crystalline cells which can produce
useful power at light levels where
amorphous ce! duce little. Am-
orphous cells are & duced under
the name ‘thin { con Solapak
also makes ther ¢ generating
equipment, i uTrIng propane
to provide th No doubt any of
these pow OpLions is more
reliable © el generator o

provide m nts of power for
remote un ded locations
Fakir

There much test equipment on

shic general a scope is a scope
Naortso the Thandar model
LCD screen [t has al
of oniy 200kHz but would
r field servicing as well as
enient size for constructors
ted workspace

Thurlby are marketing a Kerweood
realtime,/ sampling oscilloscope s
bandwidth is 40MHz but it uses
ling techniquesto achieve 100M
repetitive waveforms For
of the input waveform, ot

=
qL
L

the scan rate on the sc
of the input frequencu Gt ¢
this technique trigger
worse waveform biu th
display but the technigque .
manufacturer to offer a 10
cilloscope wilth cursor mieastiremei:
of voltage,

£795

time and frequency

Still on the test frent ()‘()Uﬁ‘ Spes
ialities press release claims
omically designed freauency
has a range of 5Hz 1o 1.3H: C
inspection of the phowgraph Uwv s
it means L3GH:z [t s
measunng low frequencies as W
because it uses a ("L
to vesolve to 0.0 Hz in one =
Without the PLL this wouid iake
seconds

CoYili

U()O

pmbmg, cqnwmv)nu.
high density, so long
attention is given at th
to make sure that all the poi
ing to be probed are ac
However, a special bed of iais has o

be made for each tupe of baard to be

tested, and Lhe technique =
suited to surface mount boards

A company called Contas ha
introduced a vith
moving probes, which can be pr
rarnmed to move to specific po
and apply or measure
programs can be s1ore
casily so the sa:
changed 10 test i
quickly and easity

This 15 anather
will allow smaller <
to standard

sustem

M g

M Mass proo ion ()nf: ofmez
themes w emerge from this
whelm:ng show at desigrn, man

vaupnen: mads

the use of mi

ufacture and test
adapiable by
€ssors carn bring seme econaim
scale to short run manufact:

us hope so. because that w
more and
imnovatian

chaice scope  for
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he latest volume from the prolific

processor of Mr Penfold is a catch-
all study of the MIDI standard and its
applications. Most musicians would
agree that the manuals supplied with
MID! equipment often leave much to
be explained and discovered by
experimentation. Fun as discovery
may be, a book to provide a know-
ledge base on which to build the
instrument specifics would be a valu-
able tool This is what the Practical
MIDI Handbook purports to provide
Practical MIDI Handbook by
R A Penfold, PC Publishing.
£5.95.

The book is aimed fairly low so that
musicians with little computer
experience can follow what’s going
on. This means the inclusion of basic
explanations of binary numbers,
ADSR envelopes. serial interfacing
and so on

Much of this is common knowledge
to ETI readers of course and there
really isn't much to learn in the first
thirty pages

However, the book is well written
and it isn't too much of a wade to get
through the bits you think you under-
stand (avoid skipping if you can. since
Penfold sometimes drops an illumin-
ating remark in the middle of a
humdrum passage)

The first section examines the
situation before MIDI came along, It
describes in some detail the gate/CV
methods of controlling remote key-
boards, concentrating on the prob-
lems (this is a MIDI book after all). the
lack of sophistication and the masses
of wires required (ah, but didn't it look
great!)

The serial interfacing is then
explained, the similarities to RS$232C
systems are pointed out and then the
different methods of interconnecting
MIDI sockets are clarified

The next two chapters are without
doubt the meat of the book The MIDI
modes and channels are described
fairly briefly at first so that the reader
can see the differences between
modes before getting involved with
the possibilities each offers

This is the time for MIDI equipment
owners to scurry off and get their
manuals to find out if their synth is
actually as wonderful and versatile as
the man in the shop said it was

It is almost an impossible task to
describe the actual control of MID!
signals since almost every
manufacturer and model does it
differently, What Penfold has done is
describe each message type showing
what it means and how it is made up

Just about everyone can learn from
this section and prospective MIDI
software programmers can sink their
teeth into the listings of control
numbers and coding values that
follow. A few examples might have

64

been useful here to show how the
information all fits together to form a
complete message

After this section, the book unfor-
tunately descends into a very simple
explanation of microprocessors which
again is of little use to anyone who has
ever touched on computing

A trip to your local keyboard store
for a demo will furnish you with just
as full a picture of available MID! music
packages. although to be fair Mr Pen-
fold does thankfully steer you away
from the floundering MSX packages
towards Commodore and Atari STs

The section on non keyboard/
computer MIDI is surprisingly brief (a
half page on guitars, a half page on
drums. for example) and the closing
chapter really just summarises the rest
of the book — though here at least the
kid gloves are removed and the pace
picks up

Unfortunately the book then stops

I'm not really criticising. The book
achieves its aim in providing a good
basic knowledge of MIDI. It's certainly
a better investment for the novice than
reading 20 different ‘What is MIDI[?’
magazine articles. The expert can
learn a fair bit as well but may prefer

to await a more technical and specific
guide Steve Malone

il
Ll ==

Bare Board
£17.50 T
(plus postage and VAT) 2

SINGLE BOARD COMPUTER “SBC-1”

A computer doesn't have to look like you'd expect a computer to look.
It doesn’t have to have a keyboard and a screen and floppy disks and
S0 on.

The SBC-1 has the bare minimum of chips a 280 computer can have
and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up
to 32K), a static RAM chip (up to 32K) and a pair of 8255A I/O (input
output) chips giving 48 individual lines to waggle up and down. There
are one or two additional ““glue” chips included, but these are simple
"74LS" or “HC" parts.

A star feature is that no special or custom chips (ie PALs, ULAs, ASICs
etc) are used — and thus there are no secrets, The Z80A is the fastest
and best established of all the 8-bit microprocessors — 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, mini
printer interface, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40-zone security system, modem interface for auto
sending of security alarms, code converter (eg I1BM PC keyboard
codes to regular ASCII), real time clock (with plug in module),
automatic horticultural irrigation controller.
By disabling the on-board Z80A-CPU this card will plug into our
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 1f 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,
\ leaving all your control problems to us
Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (T8E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.

[ts easy
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.

If you think you've got good reason to
complain about an advertisement, send off
for a copy of our free leaflet.

It will 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,
Torrington Place, London WC1E 7HN

This space 1s donated in the interests of high standards of advertising.
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Please state Trade/Education
or Retail/mail order Send 3" x 4"
SAE £1.00 each or £1 50 for both

19” RACK CASES

* Suitable forinstruments, high quality amplifiers and manyather applications that demand
strengthand professional finish * New improved construction and finish * Blackanodised
aluminium front panels « Separate front mounting plate; no lixing screws visibla on the front
and the side of the enclosure + Heavy gauge front pang! s of brushed aluminium finish
snhanced with two pratessional handles * With ventilation slits and plastic feet & Hear box
manulactured from 1 tmm steel finished in black. Rack mounting or free standing, Comes In
quick assembly fiat package spare front panels available.

Panel Size Rear Box , Price
Order Code \y H(nch) W H D Weight o
1U-10 19x1.75 17x1.5x10 2.4kg 23.50
2U-10 19x3.5 17x3.0x 10 2.9kg 24.50
3U-10 19x5.25 17x5.0x10 3.5kg 26.50
15% discounton
1U-10 2U-103U-10 /
with this advert.
2U-12 19x35 17x30x12 33kg £25.50
3U-12 19x525 17x50x12 4.0kg €27.50
4U-12 19%7.0 17xB65x12 46kg £29.95

Please add £300 P&P for the firsl item and £1.50 for each additional item

TEST EQUIPMENTS
NEW

No VAT to be added to the price

C550 8-DIGIT 550MHZ

FREQUENCY COUNTER

+* Autochannelselection

* Dual Decimal Points Indication

* Selection of Gate Times

* Complete with RF Cable and
Technical Manual

SPECIAL INTRODUCTORY

OFFER £79.50

offer ends 31.10.88
C550 550 MHZ Frequency Counter £94.50
C83A Digital Power Supply/Valtmeter (0/35 Volts 15 A) £49.50
C83B Digital Power Supply (0130 Volts 1 A) £40.50
CB89A Funttion Generator {2 Hz to 200 KHz) £43.50
CB86A 6 MHz Counter/Timer £55.50
C87A Autoranging Capacitance Meter (0.1 pF to 999 mf) £55.50
MV338 Metal-mains detector £4.99

Highquality test equipmenisatan incredibly low price. Customers who have bought from us
ara delighted with the quality and found them excellent value tor money, Place anarder now

We will give you your money back il youare notcompletely satisfied and return the urit within
14 days Please add £3 p/p per item (50p for MV338)

404 Edgware Road JNao | Toorder send cheque!nosla!frEde_F Quantity discount available. Customers who requira furiter
information please send S.A.E. Trade and overseas orders walcome. Mail order anly
: 400 f— "
T.J.A. DEVELOPMENTS
ALSO AT Audio i 01 Edgware Road | 4 3564 Dept. ETI, 19 Welbeck Road,
] 0 = T T 0 Harrow, Middlesex HA2 ORN.
/| il § d s
= ' 83) 292847
VISA
== (0983) 292847 Xen-Electronics (0983) A
Just a sample of stock. Ask for items not listed. Super Project Kit Bargains
G LEDs 124 | 15WCter 107 | Metal
01U 12 | S ae 34 é}iw Shi 56 | Polyseter
s 2} Plghee  slerampe | Z80 BASED CONTROLLER BOARD
4017 i O R g | IUE 180V 08 | This super little micro board using the very powerful ZBOA CPU running at 4MHz
3838 §Z x I R lize HL;,};:F o 0| hasall the necessary hardware to control menial to the most complex tasks.
4053 37 ——————— | WPlig 245 | 01uF BV 08 | The PTH PCB measuring anly 107 x 118 comprises 2K EPROM (empty), 2K
proc b3 REE Rt = g : 1 | static RAM, 16 input lines using two 74LS244 and 16 output lines using two
45148 95 | ve = | BT137600V 162 | Capacitors 04 7 | 74L8373. The port connections are via four 10W pin strips, each having eight
ZE0ACPU S e e et Eritier, | oM e data lines, one ground and either NMI, INT, WAIT or RESET. A must for the
ZTie 400 B;ﬂ:ﬁg | TLNIOSA 69 = . small application
e Tl s o | Inrefed sensor o | Order as: ZBOA-CTRL/KKitForm ....................... £20.45
558 3% o 0 ZBOA-CTRL/B Builtand Tested ................. £24.95
7 £ % | 1., Sockets o ZBAC-CTRL/K Cmos Kit Form .................. £26.95
Toamlo ik Bl z Z84C-CTRL/B Cmos Built and Tested .. ... ... .. €31.45
TLO74CP 3 275 | 3 Way 07 | 47F 10 )i
e AL i L ol % RS232 TO CENTRONICS CONVERTER
SL4B6DP 2z ag 18 Way 15 EIESFF'(I‘E:;' | This handy little interface is ideal for running parallel printers from a serial port,
L = el 5 ggw:; o | To0iE tey -4 Ve ~ | the low cost way out of buying expensive parallel ports for your computer.
$5768 266 % | 20 ey 20 | 1004F 25 X s Originally designed for the Sinclair QL and Northstar Dimension in mind. The
_ sg ES wav gg ]uéi = ? : PCB measuring 60 x 62 comprises of the 6402 UART, Baud rate generator
. 30 | Tumed pin 1004F 63V and all necessary logic, comes complete with wire and ribbon cable and 36W
Diodes ool [r=mm — | 5 Way 12 |2 100 Centronics plug. (For ‘D’ Type connector and hoods see selection on left
4002 05 | geior feal g gl b g Sinclair QL SER 1 Plug available extra at £1.68, order as 900-71052F)
N 05 i
INioos o | BCtoe 2 | 1eway 2|y TemisorBesd | Order as: RS232-8/K Kit FOMM . ... ...................... £18.40
Nioo? o5 | 8<re2 9 | 20 Way a0 | TOEI0Y 23 f Gt a0 195 RS232-8/B Built and Tested .. .................. £23.90
2w as |M000FtEV  pp | TR R
Ngaos jo | Ksion o | % ng 21 % oemomews | DISTANCE MEASURING INSTRUMENT
Soeo 3 | 20wy 80 | patat Lesd Earmel Top Adi Aninvaluable handy instrument ideal for quickly measuring rooms no bigger
Zener Diodes BD676A 32 | Connectors 06 | 1000 30 | than 50 feet sg. The ultrasonic processing PTH PCB measuring anly 77 x 85
N ool B o) [ | 3 | has all the necessary components to output the distance in four digit BCD
V5 4w 06 | BSR50 49 | 9W Plug 18 | 10Ka s0 | (multiplexed) reflecting either feet, meters or yards selactable by a three position
o) 2 oJIRES0 Sl pwiGove] | Gt 0| switch. The kit comes complete with Parabolic reflector and transducer.
I i a7 LW g e % | Available extra is aliquid crystal display board measuring 51 x 101 which can
- ——— be wired to the BCD output to the above board directly to display the distance
Mail or Telephone Orders only please to: InlGSInEnhigieigiic:
Dept 23, Samuel Whites Estate, Bridge Road, Cowes, Isle | Order as: UDM126/K Kit Form . ......................... £24.95
of Wight PO31 7LP. Please add £1 for 1st class post and M [ e e e R P, £04:05
packaging, and 15% VAT to total. Stock listing available [ LCDM4/B LCD Built and Tested .. ............... £16.95
soon, please send SAE to be put on mail list.
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ADVERTISERS INDEX

CZ ELECTRONICS.
CRICKLEWOOD ELECTHONICS
MSPLAY ELECTRONICS ..
GREENBANK ELECETHON
HART ELECTRONICS ..,
HENRYS AUDIO SYSTEMS ..
JAYTEE ELECTRONICS .
MAPLIN ELECTRONICS ..
NO 1 SYSTEMS..
OMNI ELECTRONICS |
PC PUBLISHING ..
PINEAPPLE SOFTWARE
RACKY PRODUCTS ..
SAGE AUDIO ...........
SLEE ELECTRO PRODUCTS .
SPECIALIST SEMICON DEVI
STEWARTS OF READING ..
SUMA DESIGNS ...
TJA DEVELOPMEN
TK ELECTRONICS.
WILMSLOW AUDIO...

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX * 031 667 2611

The supplier to use if you're looking for
* A WIDE RANGE of components aimed at the hobbyist %
* competitive VAT inclusive prices %
% mail order - generally by return of post %
* fast, friendly service %
- by mail order, telephone order or personal call

we do try to keep the goods we list in stock.
Whether you phone, write or call in
we'll do our best to help you.

Open: Monday-Friday 9.00-6.00
Saturday 9.00-5.00

LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER
SYSTEM

HART ELECTRONICS are specialisl producers al kits (or
designs by JOHN LINSLEY-HOOD All kits are APPROVED
by the designer

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

THE GENTLE GIANT

Described by one leading reviewer as a “gentle giant”, the 3U
case up-graded Virtuoso power amplifier must certainly be the
very best power amplifier available as a complete kit. Based upon
the latest research into Sound Quality by Graham Nalty using
the highest quality audiophile’ components available, the

Virtuoso power amplifier sets new standards in audio amplifier
sonic performance.

BUILD THIS AMPLIFIER YOURSELF AND
ENJOY IT’S SUPERB SOUND QUALITY
Full circuit description in ETI April-June 1988

Complete kit available from Audiokits —
price £840.00 + £8 p&p U.K.

NEW COMPONENTS

Contact Audiokits now for details of larger IKVA mains

transformer and special audiophile quality mains cables,

matching loud speaker cables and inter-connects of highest

quality. For full details of Audiokits components and kits please
send 9x4 SAE (U.K.)/3 IRC's (Overseas) to:

AUDIOKITS PRECISION COMPONENTS,
6 MILL CLOSE, BORROWASH, DERBY DE7 3GU.
TEL: 0332 674929

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the problem
Fitting one of our replacement heads could restore perform-
ance to better than new! Standard mountings make fitting
easy and our TC1 Test Cassette helps you set the azimuth
spot-on We are lhe actual importers which means you get the
benefil of lower prices [or prime parts Compare us with other
suppliers and see! The following Is a hst of our most popular
heads all are sullable for use on Dolby machines and are ex-
stock

Complete record and replay ¢ircuils tor very high quality low
noise stereo casselle 1ecarder Circuils are optimised tor our
HS16 Super Quahty Sendust Alloy Head Swilched bias and
eguahsation to cater for chrome and ferric tapes Very easy to
assemble on plug-in PCBs Complete with full instructions

Complete Stereo Record Play Kit £33.70
Vi Meters Lo suil £2.30 each
Repriris of original Articles 75p no VAT
860X Stereo Mic Anplifier £8.70

LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb integrated amphtier kits derived from John Linsley-
Hoods arlicles in HiFI News
Ullra easy assembly and sel-up with sound qualily to please
the most discerning hslener Ideal basis for any domestic
sound syslem If quality malters lo you Buy the kit complete
and save pounds off the individual component price

K300 35 35 Walt Discount price lor Complete Kit ~ £98.79
K300 45 45 Waltt Discount price for Complete Kit £102.36
ALH485 Reprints of Original Articles from Hi-Fi News

£1.05 no VAT

Our very latest kit for the discerning enthusias! of qualily
sound and an exotic teasl for lovers of designs by John
Linsley-Hood A combination of his ultra high quality FM
funer and slero decoder described in "ELECTRONICS
TODAY [INTERNATIONAL" and the Synchrodyne AM
recelver described in “"Wireless World” The complete und is
cased to match our 300 Series amplifiers Novel circuit
features in the FM seclion to include ready built pre-aligned
front-end phase locked loop demodulator wilh a response
down to DC and advanced sample and hold siereo decoder
(ogelher make a tuner which scunds better than the best of
ihe high-priced exotica but thanks 1o HART engineering
remains easy to build The Synchrodyne section wilh if's
selectable bandwidth provides lhe best possible results from
Long and Medium wave channels so necessary Inihese days
ol spli programming |f you want the very bestn real HiFi
listening then this s the tuner for you Since all componenls
are selecled by the designer to give the very besl sound this
tuner s not cheap bui in lerms of 1it's sound it is incredible
value for money To cater for all needs four versions are
available with variations up 1o the top of the range full AM/FM
model with any unit being upgradeable at any time Send for
our fully illustrated details

STUART TAPE RECORDER CIRCUITS
Complete stereo record replay and bias sysiem for reel-to-
reel recorders These circuits will give studio quality with a
good tape deck Separate seclions for record and replay give
ophmum performance and allow a third head monitoring
syslem to be used where !he deck has this litted Standard
250mV inpul and output levels These circuits are ideal for
bringing that old valve 1ape recorder back to life
K900W Stereo Kit with Wound Colls and Twin Meter
Drive, £65.67
RJS1 Reprints of Original Articles £1.30 no VAT

HC20 Permalloy Stereo Head. This 15 the standard head fitted
as original equipment on most decks £7.66
HS16 Sendust Alloy Super Head. The best head we can find
Longer hte than Permalloy. higher output than Ferrite. fan-
fastic frequency response £14.86
HQ551 4-Track Head for auto-reverse or quadrophonic use
Full specification record and playback head £14 60
HX100 Stereo Permalloy R/P head Special Offer £2.49
MA481 2/2 Language Lab R/P head £13.35
S§M166 2/2 Erase Head. Standard moumlng
AC type . £8.85
SM150 2/2 Erase Head. DC Type £3.60
HQ751E 4/4 Erase Head for Portastudio etc £46.80
Full specifications of these and other special purpose
heads in our lists

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level
head azimulh and tape speed Invaluable when filting new
heads Only £4.66 plus VAT and 50p postage

Tape Head De-magnetiser. Handy size mains operated unit
prevents build up of residual head magnelisation causing
noise on playback . o £4.54
Curved Pole Type for Jnaccessible heads £4.85

Send for your free copy of our LISTS Overseas please send 2
{RCs to cover surfae Post or 5 1RCs for Airmail

Please add part cos! of posl, packing and insurance as follows:

INLAND

Orders up lo £10 - 50p
Orders £10 to £49 - £1

Orders over £50 - £1 50

OVERSEAS

Please send sufiicient 1o ¢
Surface or Air Post as
required

Personal callers are always very welcome but
please note that we are closed all day Saturday

66

24hr SALES LINE
(0691) 652894

ALL PRICES EXCLUDE VAT
UNLESS STATED
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OLDERLESS WIRING
EASIWIRE

~onstruct your electronic circuits the new, quick and easy-to-learn
«zy. WITHOUT solder: with Circuigraph Easiwire from BICC-VERO

0 Easiwire all you do is wind the circuit wire tightly around the
mponent pins. No soldering, no chemicals, no extras, simplicity
==2!f. Circuits can be changed easily. and components re-used.

=zsiwire comes in kit form. It contains all you need to construct
Zrcuits: a high-quality wiring pen with integral wire cutter, 2 reels of
. a tool for component positioning and remcval. a flexible
~izction moulded wiring board. coubls-siced adhesive sheets.
scning-loaded terminals ang | '
~z7ruction book. Of course,
s=oarately too.

v offer. complete the

~ 2 take advantage of the spec 2
=oupon on the right and send = 1

3ICC-VERO ELECTRONICS LIMITED,
= znders Road,

—=dge End,

Southampton, SO2 3G

Tl e
e §§_§ S ‘$§ i w.\%%

i 7

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

| enclose cheque/postal order for.............
BICC-VERO Electronics Limited

Please debit my credit card as follows:

Card Number

EXPiry Date .......ooioiieiicieiie e
NAME asimsiaiims s
AUIESE e et s

SIGNATUIE ...t
or phone 04892 88774 now with your credit card number
(24-hour answering service).
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P ROTECT YOUR VHS VIDEO PLAYER

WITH THIS VHS VIDEO ALARM PROJECT!

Aself-contained alarm system disguised as a video cassette.
Gives audible alarm if machine moved or cassette ejected.
Full detailsin Project Book 24 (XA24B) Price 85p,

KIT PRICE

ORDER
CODE
LM27E

IDEO

ASSETTE

[GHECK THOSE UNMARKED

capacitors with this versatile, low-cost,
piece of test equipment.
Full details in Project Book 23 (XA23A) Price 85p,

KIT PRICE

ORDER
5 CODE
=] LM28F

PREMIE}
. SUPER Pt

All prices

include VAT.

IM|OSFET AMPLIFIER s s

- ‘ ) 50p lowards
150W of incredb

e High?eliigtfirlﬁtyl e iy

and performance,

with 28 tunes
and chimes
with selectable
Fulldetals  Planotoorgan
inBestofE& MM lixesounds.

“" " (XH61R)Price£t 00, Mote:caseand
. front pane! not

inkit. For full
details see
Project Book 13

dddddddddidl
Musical Annowncer

y .UCLEAR RADIATION
>~ MONITOR

bREAKTHROUGH'

Asuperb 1kW Mosfet amplifier, a major new source in sound!
Full details in Project Book 26 {XA26D) Price 85p.
This project is made up from 4 kits

{XA13P) Price 85p

KIT PRICE

> ORDER
C0DE

capable of measuring
the level of Alpha and

_, Betapartcles. andGamma | /.// JJM_.Electrenil:s

and X-Rays. Fulldetails | P,0, Box 3, Rayleigh, Essex, SS6 8LR.
inProject Book 24 f .

| - (XA24B)

> Price 85p. MORE

\ PROJECTS

| INSIDE!

Pickupa
copyofour
gianl 512 page
catalogue from
WHSMITH
forjust £1,60.

Shops at: © Sutton New Road, Erdington, Birmingham. C 302
Gloucester Road, Bristol, O 159-161 King Street, Hammersmith,
London. O 8 Oxford Road, Manchester, O 46-48 Bevois Valley
Road, Southamptan. O 282-284 London Road, Southend-on-Sea.

—_— - ——— e




