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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES [N E e e
OMP POWER AMPLIFIER MODULES Now enjoy a world-wide reputalion lor quality. relizbility and
performance al a reahshc price Four models available to suil Ihe needs of Ihe prolessional and hobby markel, 1 e  Induslry
Leisure. Instrumental and Hi-Fi elc When comparing prices. NOTE all models include Toroidal power supply. Integral heat sink
Giass fibre P C B and Drive circuits to power compatible Vu meler. Open and shorl cireul proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Cutput power 110 walts
RAM.5. into 4 ohms, Frequency Response 15Hz -
30KHz —3dB, T.H.D.0.01%, S N.H —118dB, Sens. lor
Max. output 500mV at 10K, Size 355 = 115x65mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Output power 110 watts R.M.S.
into 4 ohms, Frequency Respanse 1Hz - 100KHz
—3dB, Damping Factor, =300, Slew Rate 45V1S,
TH.D. Typical 0.002%, Input Sensitivity 500mV, S.N.R.
—125dB. Size 300 = 123 « BOmm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Qutpul power 200 walts R.M.S.
inlo 4 ohms, Frequency Respense 1Hz — 100KHz
—3dB, Damping Factor =300, Slew Rate 50V/uS,
T.H.D. Typical 0.001%. Input Sensitivity 500mV, S.N.R.
—130dB. Size 300 = 185 » 100mm.

PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300 watts R.M.S
into 4 ohms, Frequency Response 1Hz — 100KHz
-3dB, Damping Factor >300, Slew Rate 60V:uS,
T.H.D. Typical 0.0008%. Input Sensitivity 500mV,
S.N.R. —130dB. Size 330 x 175 x 100mm.

PRICE £79.99 + £4.50 P&P.

NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS STANDARD — INPUT SENS. 500mV BAND WIDTH 100KHz
PEC (PROFESSIONAL EQUIPMENT COMPATABLE) — INPUT SENS 775mY BAND WIDTH 50KkHz ORDER STANDARD OR PEC

. Vu METER Compatie with our four amplifiers detailed above. A very accurale visual
display employing 11 LED diodes (7 green, 4 red) plus an additional on'off indicator.
Sophisticated logic contral circuis for very fast rise and decay times. Tough moulded plastic
case, with tinted acrylic frant, Size B4 = 27 » 45mm

" PRICE £8.50 + 50p P&P.

*PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY SERVICE *
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS.

J MANUAL ARM # STEEL CHASSIS % ELECTRONIC SPEED CON
TROL 33 & 45 % VARI PITCH CONTROL % HIGH TORQUE SERVO
DRIVEN DCMOTOR “ TRANSIT SCREWS % 12' DIE CAST PLATTER %
NEON STROBE % CALIBRATED BAL WEIGHT # REMOVABLE HEAD
SHELL % "> CARTRIDGE FIXINGS * CUE LEVER % POWER 220 240V
5060Hz % 330x305mm H SUPPLIED WITH MOUNTING CUT-OUT

TEMPLATE
PRICE £59.99 + £3.50 P&P.

STANTON AL500
PRICE £16,99 + 50p P&P

GOLDRING G850
PRICE £6.99 + 50p P&P

THOUSANDS PURCHASED

HIGH POWER, TWO CHANNEL 19 INCH RACW BY PHOFESSIDN&L USERS

NE MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200 (100w + 100w)
MXF400 (200w + 200w) MXF600 (300w + 300w)

All power ratings RM.S into 4 ohms
FEATURES:  Independen! pawer suppies wih iwa Toroical Transformers # Twin LE D. Vu melers % Rolary
indended level controls # lluminated on off switch # XLR connectars # Standard 775mV inputs * Open and shor:
circuit proof o Latest Mos-Fais for siress lree power delivery into virually any load  High slew rate * Very low
distortion % Aluminium cases  MXFE00 Fan Cooled with 0.C. Loudspeaker and Thermal Prolection.

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

SIZES:— MXF 200 W19”xH3%" (2U)xD11"

MXF 400 W19"xH5%" (3U)xD12"

MXF 600 W19”xH5"%" (3U)xD13"

MXF200 £171.35

PRICES: MXF400 £228.85

MXF600 £322.00

OUDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.AE. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

8”100 WATT CB8100GPM GEN PURPOSE, LEAD GUITAR, EXCELLENT MID , DISCO

RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz SENS, 99d8 PRICE £28.59 + £2.00 P&P.
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD, DISCO.  EXCELLENT MID

RES, FREQ, 70Hz. FREQ, RESP, TO6KHz SENS. 100dB PRICE £34.70 + £2.50 P&P.
10" 200 WATT C10200GP GUITAR KEYBOARD, DISCO, EXCELLENT HIGH POWER MID

RES, FREQ, 45Hz FREQ, RESP, TO7KHz SENS, 103dB PRICE £47.48 + £2 50 P&P.
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE, LEAD GUITAR DISCO

RES, FREQ, 45Hz, FREQ, RESP, TO 7KHz SENS, 98dB RICE £36.66 + £3.50 P&P.
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE HESPONSE P A, VOICE, DISCO
RES, FREQ, 45Hz FREQ, RESP, TO 14KHz SENS 100dB RICE £37.63 + £3.50 P&P.
12" 200 WATT C12200B HIGH POWER BASS, KEYBOARDS, DISCO, P A

RES, FREQ, 40Hz FREQ, RESP, TO 7KHz SENS, 100dB PRICE £64.17 + £3.50 P&P.
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR, KEYBOARDS, DISCO, ETC

RES, FREQ, 45Hz FREQ, RESP, TO5KHz SENS, 106dB PRICE £85.79 + £3,50 P&P,
15" 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY. P A DISCO

RES, FREQ, 40Hz, FREQ RESP, TO5KHz SENS, 98dB PRICE £53.70 + £4.00 P&P.
15" 200 WATT C15200BS VERY HIGH POWER BASS
RES, FREQ, 40Hz. FREQ, RESP, TC 4KHz SENS, 99dB
15" 250 WATT C15250BS VERY HIGH POWER BASS
RES, FREQ, 40Hz FREQ RESP, TO4KHz SENS, 99dB PRICE £80.53 + £4.50 P&P,
15" 400 WATT C15400BS VERY HIGH POWER, LOW FREOUENCY BASS

RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz SENS, 102d| RICE £94.12 + £4.50 P&P.
16" 400 WATT C18404BS EXTREMELY HIGH F'OWER Low FREOUENCY BASS

RES.FREQ, 27Hz FREQ, RESP, TO 3KHz SENS, 99dB PRICE £167.85 + £5.00 P&P.

EARBENDERS:— HI-Fl, STUDIO, IN-CAR, ETC.

ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM.

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND

850 WATT EBB-50 DUAL IMPEDENCE, TAPPED 4 8 OHM BASS, HI-FI, IN-CAR

RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz, SENS, §7dB PFIICEE& 80 + £2.00 P&P.

107 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F|, IN-CA

RES, FREQ, 40HZ. FREQ, RESP, TO 5KHz. SENS, 99dE. PHICE£1200 +E£2.50 PEP.

107 100 WATT EB10-100 BASS, HI-FI, STUDIO

RES, FREQ, 35Hz FREQ, AESP, TO 3KHz. SENS. 96dE PRICE £27.50 + £3.50 P&F.
PRICE£21.00 + £3.00 P&P.

PRICE £73.26 + £4.00 P&P,

12 60 WATT EB12-60 BASS. HI-FI, STUDID

RES, FREQ, 2BHz FREQ, HESP, TOGKHz SENS, 9.

12° 100 WATT EB12-100 BASS, STUDIO, HI-FI, cKII',‘ELLEI‘wa DISCO.
RES, FREQ, 26Hz, FAEQ, RESP, TO 3KHz SENS, 53dB ICEES?GCH E3.50 P&P.
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURHOU

5%" 60 WATT EBS-60TC (TWIN CONE) HI-Fi, MULTI- ARRAY DISCO ETC.
AES, FREQ, 63Hz FREQ, RESE, TO 20KkHz. SENS, 82dB

615" 60 WATT EB6-60TC (TWIN CONE} HI-FI, MULT1- AHHS\\" DISCO ETC
RES, FREQ, 38Hz FREQ, RESP, TO 20KHz. SENS

8° 60 WATT EBB-60TC (TWIN CONE) HI-FI. MULT! ARRAY DIsco ETC
RES, FAEQ, 40Hz FREQ, RESP TOD 18KHz. SENS A3d

PRICE £8.99 + £1.50 P&P.
PRICE £10.99 + £1.50 P&P.
PFIICE £12.99 + £1.50 P&P.

SECURICOR DELIVERY £12.00 EACH
UDSPEAKERS

THE VERY BEST IN QUALITY AND VALUE

OMP SLIDE DIMMER
1K WATT & 2.5K WATT

CONTROLS LOADS UP TO 1KW & 2 5KW
SUITABLE FOR RESISTIVE AND INDUC-
TIVE LOADS BLACK ANODISED CASE
FAEADILY FLUSH MOUNTED THROUGH
FANEL CABINET CUT-OUTS, ADVANCED
FEATURES INCLUBE

MADE ESPECIALLY TC SUIT
TODAY'S NEED FOR COM
PACTNESS WITH HIGH QUTPUT
SOUND LEVELS FINISHED IN
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS
GRILLE AND CARRYING HANDLE
INCORPORATES 12" DRIVER PLUS
HIGH FREQ HORN FOR FULL
FREQ RANGE 45Hz-20KHz BOTH
MODELS 8 OHM SIZE H18 x W15
x D12

* FLULL BSmm SL)5E
TRAVEL
* NFON
MONITOR Il‘-')i( ETOR

CHOICE OF TWO MODELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR
OMP 12-200 (200W 102dB) PRICE £209 99 PER PAIR

SECURICOR DEL :— £12.00 PER PAIR

PIEZO ELECTRIC TWEETERS-MOTOROLA

PIEZO ELECTRIC TWEETERS — MOTOROLA

Join the Piezo revolution The low dynamic mass inG s
response with a lower distorlion level than ordina
be added to exisling speaker syslems ol up to ¢ 0¢
SUPPLIED WITH EACH TWEETER

PRICES:— 1K WATT £15,99
25K WATT £24.99 + 60p P&P

2o ¢ 3 Piezo tweeter produces an improved transient
crossover is nol required these units can
s: FREE EXPLANATORY LEAFLETS

TYPE A (KSNZOSGA) 3 round with protective wire

oocksnell and medium sized Hi-fi

rice £4.90 each + 50p P&P

B (KSN1005a) 3': super hom. For general
zx2r3 osco and P.A. systems etc. Price

DER

e retained extending down to
e for high quality Hi-fi systems
e £5.99 each + 50p P&
KSN1038AJV < horn tweeter with attrachve
e for Hi-f monitor systems etc
30c P&P

nes on a recessed mounting
g a2nc cabinet input jack socket
T Pr‘oe 2399 ~ 50p P&P.

STEREO DISCO MIXER

STEREO DISCO MIXER wit- 2

10" 60 WATT EB10.60TC (TWIN CONE) HI-FI. MULTI ARRAY [‘)lat QETE
RES, FREQ, 35Hz FREQ, RESP. TO 12KHz. SENS, 8848 PRICE £16.49 + £2.00 P&P.
TRANSMITTER HOBBY KITS

o

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS ;

3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V x 0 5AMP
PRICE £14.49 + £1,00 P&P

FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC RANGE 100-300m, SIZE 56 x 46mm SUPPLY 9¥ BATT PRICE
£8.62 + £1,00 P&P

3 watt FM
Transmitter

graphic equalisers ang twi
Vu Meters: Many outstandi rg f= ures S ing
with individual faders p o
bination of the f
3 Turntables |Mag
plus Mic with talk

tor. Pan Pot L. &
Qutput 775mV. §
220-240v

Price £134.99 — £4.00 P&P

POSTAL CHARGES PER ORDER £100 MINIMUM OFFICIAL ORDERS WELCOME FROM [TIardTn)
SCHOOLS. COLLEGES GOVT BODIES ETC PRICES INCLUSIVE OF v AT SALES COUNTER (—
VISA ACCESS ACCEPTED BY POST PHONE OR FAX -

B. K. ELECTRONICS o.;.en

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
TEL: 0702-527572 FAX: 0702-420243




POWER CONDITIONER

FEATURED INETI
JANUARY 1988

The ullimate mains

s

RAINY DAY
PROJECTS

All can be built in an afternoon!

# | i '
Ipunher Inlendad mainly _’ e *Il JUMPIN' JACK FLASH (ETI March 1988)
or lowering Lhe noise f | : K N | G HT RAI D E R Speclacular rock sfage and disco lighting effect! £6.90 v
!?‘Z;yﬂi\‘xngol:e /! g L CREDIT CARD CASINO (ETI March 1987)

& Th ked -
| FERTURED N Tty 7 Iy
The massive Idler section contains Ihirleen capacilors and i Isctated logic fo mains interace ’ £6.20 g

\wo currenl balanced inductars together with a bank of six
VDRs. to remove every las! trace of impulsive and RF
Interterence A ten LED loganihmic display gives a second by

= naghon
second indication ol Ihe amounl of inlerference removed £5  nghlleaving i Lo Hip e swilch anain nd 1ho Matchbox Amplifier {20W) £6.50  var
Our approved parts set consisls of case, PCB, all i gﬁ)‘g‘ ”l:“ Ja‘:r‘::‘r’:r“ﬁ L‘;T:I:_‘L" Malchbox Bridge Amplifier (50w) £8.90 - var
companents (including high permeability foroidal cores 1Cs %’ an LgED " : r-e-r bl i Tights L165V Power Amplifier (C wilh data arid circuils £3.90 - var
class X and Y supp! DRs, "~ aredong TACHO/DWELL METER (ETI January 1987)
etc ) and lulhnsiructions T The Knight Raider can be fited lo any car (1 makes an excellent fog Turn your Melro into a Porsche! £16.40 - vt
PARTS SET £28.50 + vaT . Night!] or wilh low powered bulbs il can lum any child s pedal car or HI-FI POWER METER (ETI May 1887)
~ bicycle nlo a speclacular TV-age loy!
i : Measures HiFr output power up 1o 100W
& Theparls sel consists of box. PCB and components for control PCB. = - includas PCB. componeals melers
A and components 1or sequence board and fullinstruchons = g e 390w
MAINS CONDITIONER PARTS SET £5.40 + VAT Lamps nol included Stereo power meler £7.20 J:

RUGGED PLASTIC CASE E1.80 + VAT

THE DREAM
MACHINE

FEATURED INETL [l
DECEMBER 1987

Adjus! lhe conlrols 10 suil your mood and let the genlle.
relaxing sound drift over you Atfirst you mighl hear soft rain
sea surl or Ihe wind through distan! Irees Aimosi hypnotic
the sound draws you Irresistably into a peacelul refreshing
sleep

For many, the thought of waking relreshed and alert from
perhaps Ihe lirsl lruly restiul sleep in years is excring enough
in ttsell For more adventurous souls lhere are sirange and
myslenous dream experiences wailing. Take lucid dreams.
Jor instance Imagine being in conlrol of your dreams and able
lo change themn al will to act oul your wishes and fantasies
With (he Dream Machine Il s easy!

The approved paris set consists of PCB  all componenls
conlrols, loudspeaker, knobs, lamp, fuseholders. fuse, mains
power supply, preslige case and fulf insiructions

PARTS SET £16.50 + vaT
BenSweetiand's best eslier GROW RICH WHILE YOU SLEEP g
lanowin stock. it

£2.95 (NOVAT)

TVBOOSTER

L Some parts are ayailabje =
Good TV pictures trom poar H ’ﬁezgd S;:PW i;;p:::l;
e - sits st v o
Boosler ges amasswe 23dB READ {free with parts s)
e V-BUILT MISTRAL IPAB
%m“’m?n I The Mistral loniser {and most of o OARD
Sl " projects) can now e gy urother Al Farimm

g

fier, the booster i |
the bes!: wideband operation from 10MHz 10 1 4 GHz, mid-band gainof up o
¥ T nr;imls‘ y el
el Mo apacial UHF constnction skils s needed —the project could be

g &

E@ The ullimale n lighling etfects for your Lamborghini Maserati BMW
|

PARTS SET £19.90 +var

contact Pefer | ag

Tel: 0272 522703, &

MATCHBOX AMPLIFIERS (ETI April 1986)
Lislen SOW of H-F1 power (rom an amp small
enough 1o fit in a malchbox!

a7, for [hat mudied). Feowre
itieing 1he

it prwful lighl
Yo

al o bght e

i

T —

The best ioniser des|
has variable ion driv
counter and enoygh

ign yet - this on
e
e, built-in ion

an out,
Soph ff almost fifieen bi!l&l;‘::
24 * 10_ ) lons every minute, or
% 5 % 10" fons per second,
With extra emitters thig can’he
increased still further!

PARTS
SET 22480 .,

The parts set
Includes case, printed

Cireuit boards, 126 lop
) Igrat!e companents, ajl
cunrrm; lamps, hardware. 2
mu.fn-pcunr phospher-hrr;n'ze
emifier and full Instructions,

capability

SRt s

ppi‘ied built, testad
I detalls, piedse

hatP | Electronies,
Eastville, Bristor BS5 61T

ULEANER

Essential 1qr
flux residyas
achieve peak

nd read fi |
Y 10 go. Fo £0.98 VAT

femoving grease ang

Wob (
U Hoad, from the Mistral PCB o

made byacareful beginrer i NTEHNAL VENings Oply brush supp“erfeﬂﬂ”ﬁance Applicator

. EMITTER c265.... JON FAN

. R i &N be Used in place of the p.g ext I £9.80 .

et socketsandhardare ft{]-'m:!e.r or both can ba ysag toge]h;’ﬂau An almost silent pigzo- ke U “var

AA1PARTSSETE12.80 + vAT fncrlfj;je highes on oulput. Pars set Operaled, mplfmpionsaway rmar:."n}'l:ms 4

AAZPARTSSETE4.80 + VAT and | és PCB, ion emitters, compon emitter andinto the room, | "
nd instructions, ents veness ofany ioniis g&.;lases the :

eroy five times!

i

POWERFU
IONISER

FEATURED INETI
JULY 1386

litnes have deors described ot
vilamins of he arr by the
healih magazines and have
been crediled with everything
from curing hay lever and asthma lo improving concenlration and
putfing an end lo insamma . Allhough some of Ihe claims may be
exaggeraled, (here s no doubt hal ionised air 1s much cleaner

antf purer, and seems much more invigorating than dead air

The DIRECT ION ioniser caused a greal deal of excitemenl when

Wl appeared as a conslruclional project n ETI Al lasl anioniser

Ihat was wilh {betler Ihan?) products

was reliable good lobuld  and fun' Apari lrom ihe senous
appiications some ol the suggesled expenments were oulrageous'
We can supply a malched sel of paris lully approved by the
designer fo build this unigue project The sel includes  roller

tinned printed circull board 66 componenls case mains lead

and even Ihe parts lor the tesler According lo one cuslomer. the

set cosls about a Ihud of \he price of he individual components
Whal more can we say” ’”S"Uﬂl'uns

S e

TN

R

are
PARTS SET WITH BLACK CASE £11.50 + vat ""“/uded -

PARTS SET WITHWHITE CASE £11.80 + vaT

ETI MARCH 1989

BURGLAR BUSTER

Burgar Buster
leaturesyou' high R
ant-tamper loap, detay waming and control-bax profection

Green reclangular LEDs
for bar-graph displays
50 for £3,50 500 for £25

100 for £6 1000 for £45

DIGITAL AND AUDIO EQUIPMENT LEDs

Assorled 3mm LEDs. red, green, yellow and orange
25 of each (100 LEDs) for £6.80

alttour PC Other
parls (case, switches, eic )are available separately, i you haven'i gol

i your spares box. Set contains 4 PCBs, [Cs, ransistors,
relays, capacilors, resisiors, diodes, regulator, piezo sounder and full
instructons

B81PARTS SETE£12.80 + VAT

U.K. orders: please add B0p pos| and packing
and 15° VAT lo lotal

Eire and overseas:

no VAT Carriage and insurance £4 50

Please allow up o 14 days for delwvery

"
{

A

Tel:(0600)3715
SALESDEPT., ROOM 107 , FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT.

There s noting quile S0 encouraging as

having a quaniiliable resuil lo show for your lraining efforts If you are not
particularly Iit your resting neart rate will be around 80 beals per minute
As your jogging aerobics or spon slrenglhens your hean the 1ale will drop
dramalically - possibly lo 60bpm or less Wilh the S101. you can walch
your progress day by day
Breathing 1s mporlant loc How eflicienlly do you lake up oxygen”
How quickly do you recover from oxygen debl. aller sirenuous aclivly?
The $101 wil lel you know.

prcnd
o

FEATUREDINETI
FEBRUARY 1989

1871 10" jons per

s, g colacnr, pri
companents including s 1. schotiky o, cemmats, VDR, zener,
17, ressions an capaciony, LEDs, phey, socket, pacivlead etz |

il Insiructies:

ARTSSET E16.40 + vaT

FEATURED IN ETI
DECEMBER 1386

Bio-feedbadk comes of age
with 1hes haghly responsve;
self-balancing sken
response monilar! The
powarlul ciscuit has lound application in clinical situations
as well as on lhe bio-leedback scene_ Il will open your
eyes o what GSR lechnigues are really all aboul

The complele paris set inciudes case, PCB, all
componentls, leads, electrodes, conduclive gel, and (ull
inslruclions

PARTS SET £15.80 + var
BIO-FEEDBACK BOOK £4.50 (no vaT)

Please nole lfe book by Slern and Ray Is an authorsed guide to
(he potenlial ol bio-leedback techniques 1415 nol a hobby book,
and will only be of inleresl to inteligent adulls

fl FEATURED INETI
AUGUST 1987

The most anlonishing projec! ever (o have appeared in an
electronics magazine Similar in principle lo a medical EEG
machine Lhis project aliows you to hear the characlerisic
rhythms o your own mind! The alpha bela and theta forms can
oe selecled tor study and the three articles give masses of
inlormalion on their inlerprelation and powers

In conjunchon with Dr Lewss s Alpha Plan the monitor can be
used lo overcome shyness |0 help you leel contident in
slresslul stualions, and lo lrain yoursel| to excel at things you re
no good al

Our approved paris sel conlains case, (wo PCBs, screening can
for bio-amplilier, all components {including (hree PMt precision
pl ), leads, brass and lull

ARTS SET £36.90 + VAT ALPHA PLAN BOOK £2,50
SILVER SOLUTION i oatng eeciocest £3.60 + VAT

arls set avaiable separalely We also have a range ol accessones

% professional elecirodes. books. elc Please send SAE lor isls. or
SAE + L2 lor hsfs consiruction delals and further ilormalion (iree with
Dars sefl

§

&
|

i

=
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ETI is normally published on the first Friday in the month
preceding the cover date The contents of this publication
including all articles, designs, plans, drawings and programs and
all copyright and other intellectual 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 con-
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of the Company é 1989 Argus Specialist Publications Ltd. All
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contents, but the publishers cannot be held legally responsible
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be published as soon as possible afterwards. Alf prices and data
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Electromagnetic

Interference

(and how to get rid of it)
Keith Brindley explores the
realms of interference and gives
some advice on prevention and

cure
=== = e ]

Construction Set

Computing

Mike Bedford explains why he
has abandoned his faithful
Microtan for an IBM PC clone
and shows how to puttogether
your own PCfor lessthan you'd
think

Competition
And Results

The lucky winners of the Nite
Sentry competition are revealed
along with details of how you
can win a Variat-lon ioniser or
Quest-lon ion meter kit from
Specialist Semiconductors
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PROJECT

Sun Power

Andrew Armstrong goes green
with alook at the current state of
amorphous silicon solar cells

Op-Amps

Paul Chappell turnsthe Circuit
Theory spotlight onto real op-
amps for a change

PROJECT 3 I

Programmer
Robert Penfold reaches the
codes other projects can't with
an ingenious friend for digital
musicians

PROJECT 3 6

Telephone

Indicator

Ali Taalf keeps his eye on the
line with a beginner’s 1st Class
project for anyone with more

than one phone
st eSS =)

Intelligent
Plotter

Bob Joyce continues to build
his stand-alone flatbed plotter.
This month all the mechanics
are described along with details

of connecting up a BBC micro
= S e

PROJECT 44

Modular
Pre-Amp Disc

input Stage

Barry Porter updates his 1983
modular pre-amp project with
a balanced input phono stage

to prove theres life in vinyl yet
e ey

PROJECT 49

Digitally Tuned
Radio

Richard Grodzk tunes his radio
with nothing more than the

press of a button

Tech Tips

More readers’ circuits to tickle
your taste buds
Car Courtesy Delay
Time Switch
Capacitor Lamp Dimmer
Opto-counter
Single Pulse Generator

Spectrum Programmable
ROM
== SO ]
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draft directive from the European

electromagnetic cornpatibility has
come in for some interference of its
own from the British DTI

The directive, due to become law
earlyin 1992, would force manufactu-
rers of any electrical and telecom-
munications equipment to prove that
EM emissions are at a negligable level
and would not present any basis for
interference.

While the need to limit EMI is
agreed by all, the DTI argues that such
a directive wot'"  apply to such a vast
amount of e 1ent that it would be
quite unw- There are also fears
that compulsory testing of telecom-
munication terminals would seriously
extend development and approval
stages of production

DIAL 0898

FOR PROFIT

“She - 0898 telephone prefix is

causinga major dispute between

British Telecom and Mercury
Communications.

BT’s premium services using the
0898 prefix charge at 38p a minute
peak and 25p a minute standard.
Lines are sold by BT fo private
companies for playback of recorded
tapes ranging from the FT Cityline’
(123456) to ‘My Coconuts' (886222),

The revenue generated by such
lines is one of the fastest growing areas
of BTs operanons soitisnot surprising
that Mercury wants to start similar ser-
vices as soon as possible.

The present argument has
occurred over the distribution of
revenues. BT gives 20p per minute to
the service provrder (regardless of call
rate).

. However, it Mercury runs services
as well, a third party is introduced,
with BT customers calling Mercury
services and Mercury customers
calling BT services.

Who gets what is the question, now
in dispute for several months and
finally referred to the Office of
Telecommunications,

The result will provide an interesting
pointer for the two comparies over
the possibility of a future Oftet ruling
on the much larger problem of normail
calls crossing betwenn the two
systems :

Commission on interference and |

OURLOSS —

EUROPE'S
GAIN?

NMOS

™he sale of INMOS by Thorm EMI

[ 15~ the biggest nail vet to be
hammered into the coffin of the UK's
semiconductor industry.

The purchasing company is
Thomson-SGS, the Thomsorn half
being owried by the French govern-
ment and SGS effectively by the
[talian government.

[nmos never did achieve the
success it deserved. The Labour
government produced Inmosin 1973
as a spearhead for the UK electronics
industry. An innovative development
team designed the transputer and put
the UK at the foretront of micropro-
cessor technology with a picneering
repulation in the field of parallel
processing.

But profits did not follow and the
company was privatised by the Con-
servatives in 1984 Thorn EMI was an
idea! purchaser, at that time on a huge
programme of expansion, ripe to fund
an innovative product in an expand-
ing market,

In the event however, continued
losses proved too much for Thom and
various potential buyers were involved
in discussions stretching as far back as
1985, just a year after the original
purchase.

Enter SGSThomson, just fifteen
months as a merged company —
strong en memories but weak on
processing and hunary 1o expand.

With the backing of two govern-
ments and by paying off Thorn with
a substantial shareholding, there is
little doubt that SGS-Thompson will
be in a far better position to give [nmos
the rope it requires:

Inmes has already swung into pro-
fit in the last six mornths and looks set
to continue reaping the benefits of
favourable markets and a recent
streamlining of production

In the imterests of a strong and
cooperative European semiconductor
indistry one must wish the combined
company the best of luck, but the loss
of a UK market leader reveals how
bitter the taste of 1992 can be,

Lo'.u cost EPROM programming is
available for BBC owners with
the UviProm 16/32 from Ground
Control

The unit, a development of the
UwProm 16, plugs into the user port
of a BBC B, B+ or Master and uses
a switched mode power supply to
generate programming voltages of
21V and 12 .5V from the BBC's power
busses

BUDGET BLOWS

[t will program 2764, 27128 and
27256 EPROMs including CMOS
and A versions.

The software on ROM uses ‘¥’
commands from the BBC to read,
blow, compare, view and test devices.

The inclusive price is just £30.00.

For full details contact Group
Control, 4 Alfreda Avenue, Hull-
bridge, Hockley, Essex SS5 6LT. Tel:
(0702) 230324

Deception and crime prevention
are the orders of the day
with a couple of pseudo-products
from Grundig and Volumatic,

Grundig has produced a dummy
front panel that clips onto any of its car
audio range, making the radio appear
sa cheap and old-fashioned that only
the most hard-up thieves would
bother breaking in to steal it.

With many people now removing
their car cassettes each time they park,
this sneaky piece of innovation shculd
relieve that nightly finger-twiddling
routin

However, should your car hi-fi be:
loo expensive to trust even to such.
artful subterfuge. Grundig also pro-
duces a quick release unit for many of
their radio cassettes to reduce fitting
and removal fime fo a minfmum,

Contact Grundig, Mill Read,
Rugby CV21 1PR. Tel: (0788) 77155.

Volumatic’s Videoguard range of;
surveillance cameras has been aug-
mented bu a new camera that doesn't
actually work but acts as a dete
to thieves and haodlums. The static

with an ex1stmg
surveillance equipmy

Contact: Volumatic
House. Endermere Ro;

CV6 5PY. Tel: (0203) 684217.

BT — CREDIT TO THE NATION

here is a new piece of plastic now

available for credit junkies
everywhere — the British Telecom
credit card
BT has run credit schemes before
but always with the necessity of going
through the operator, thereby raising
the cost of the calls to operator rates
The new card can be used from any

private or public phone using tone
dialling. After dialling 144 to connect
to the service. users enter an account
number and PIN, followed by the
phone number required. Recorded
prompts are given for each stage and
as with most PIN systems you get
three attempts before being dis-
connected from the system.

The calls are charged at rates
somethat higher than normal rates
(10p per unit) plus there is a charge
between 20p and 30p for each call.
The credit card charges are itemised
in a statement supplied to office or
home with the standard quarterly bill.

For more information contact BT on
01-356 5369
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FLATTER SQUARER AUDIO

zakers has
v finished
entitled the

Sh.;::hc_l Pawer Loud
produced a stylis
loudspeaker design
Sound Panel
Incarporating a 6in bass drive and
2in cone domed fweeter, the units are
mounted in convex square cabinets for
wall-mounting er floor standing, Studio

Power claims a sound with clarity and
punch’ with no loss of treble, a
problem in some similar designs
The speakers retail at £189.90 per
pair
Contact Studio Power, 65 Victoria
Road, Guiseley, Leeds L.520 8DQ.

Tel: (0943) 870057

CD-ROM DICTIONARY

“he enormous task of keeping the
complete Oxiford English Diction-
ary in pace with the ever changing
English fanguage is being tackled by
the electranic publishing department
at the Oxford University Press,
The original dictionary is already
available on CD-ROM (OUP £500)
with over a quarter of a million

headings and entries up to 50000
words long.

The OUP now faces the never-
ending entry of the 12000 new words
that are accepted by the dictionary
each year and the merging of the OED
supplement with the original version.

It hopes an accurate electronic
version will be avaflable by 1991.

ATLANTIC CROSSING

hristmas communications be-
tween the UK and the US made
use of the world's first transatlantic
optical fibre cable, opened on
December 14th by BT in London.
AT&T in the States and France
Telecom in Paris
In true Neil Armstrong tradition,
| Isaac Asimov spoke the first words to
| pass through the cable. “Advances in
| communications technology have
always led to advances in human
| understanding” he said, a significant
improvement on previous techno-
logical opening gambits such as
‘Come here Mr Watson’ and the ever
popular ‘Testing testing, one two’

The cable, TAT-8, can handle
4000 calls, effectively doubling
telecommunications capacity across
the Atlantic. The main cable from New
Jersey to the UK/France branching
point has two fibre pairs plus a third
for back-up

The system rate is 140Mbits /s (line
rate 295 6Mbits/s) using a wavelength
of 1310nm. Repeaters boost the
signals every 55km along the ocean
floor — cables are armoured to a
depth of at least 1000m with some
reduced protection {against sharks) to
2600m.

For further information contact BT
on 01-492 2626

CLOSING OUR HORIZONS

Bﬁt_ﬁin has again alienated itself in
the halls of the European Space
Agency, this time over its reluctance
to agree funding on the Horizon 2000
project.

The exterisive programme {involv-

ing the launching of astronomy:

satellites and salar system probes)
requiresia 25% mncrease in ESA space
seience spending by 1994 which Bri-
tain, alone among the thirteen ESA
members, claimed was excessive and

Budding electronics enthusiasts
are not as thick on the ground as
might be hoped.

ETI has been approached by the

Chemistry Department of University
College London which is despairing
in its search for development and
maintenance technicians.

‘O’ level equivalents are needed in

maths and physics/chemistry but the
overriding requirement is a genuine.

enthusiasm for electronics.
Despite advertising by all the
normal channels the department has

had virtually no success. The posts.

carry five weeks holiday and pay be-

tween £5427 and £6038 depending:

on age (16-18).

Any ETl readers interested should
contact Miss B Mann, Personnel Tech
Staff CE7, University College, Gower
Street, London WCIE 6BT. Tel:
01-387 7050.
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powerful RS232-equipped clamp-

cn meter is new on the market
from Livingston Technical Sales.

The Hall effect Bell UM-7900

measures nine parameters: true RMS

volts and amps. direct current, phase,

power factor, plus true, real and
apparent power

Results can be displayed on the
3lz-digit LCD or can be communi-
cated via the RS232 interface to a
printer or monitoring system.

Remote controi of the device is also
possible via the RS232 port:

Such sophistication does not come
cheap: The UM7900 costs
£659 +VAT. Contact Livingston, 2-6
Queens Road, Teddington TWI1
OLR Tel: 01-977 0055,

‘unacceptable.

However, the reaction t& our
announcement was strong enough to
reverse the British decision when the
{inal vote was taken on Deécember
15th.

Suggestions that Britain should
perhaps consider whether it wanted
to remain in the agency were success-
ful in reduting our demands to the
instigation of an independent review
of costs and management.

SECURITY
INTERFERENCE

Horrendous security implications
are created by the problems of
electromagnetic emissions when
related to computer security,

The Government standard for
protection is known by its NATO
codename — Tempest, GCHQ is
responsible for regulating the 50 or so
manufacturers involved in the
Industrial Tempest Scheme (ITS)

Equipment such as that produced
at MSL in Hitchin (see ETI News July
1988) can detect and process radiated
signals from keyboards, screens,
printers and cables while remaining
hundreds of feet away from the
monitored system.

Happily, both the US and UK
governments have kept a tight rein on
the sale of such equipment with the
vast majority of test rigs in the UK
going to GCHQ itself in Cheltenham
Curiously, however, systems which
are adequately protected against EMI
have until now been similarly
restricted.

In these enlightened post-Spy-
catcher days, GCHQ has informed
members of the [TS that it is keen to
see British companies protecting
sensitive data areas and has released
the barriers around the Tempest
community, [t has even produced a
second Tempest standard slightly less
stringent than the original that brings
protection costs significantly lower

Considering the success of ‘com-
puter security’ advisors specialising in
the City over recent years, the
Tempest phenomenon seems likely to
herald a new era in data security
investment
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THERMOSTAT THREAT

ith reference: to. the a’uove

Electronic Thermostat project
was
absolufely horrified when I read this

in the December issue of ETI,

article, | have been concerned with
electronics, and central heating in

particular for some years and seldom -
have [ come across such m'esponsﬂ:le :

advice:

typleal control systermn.

Iii the first place | must point out
that the low voltage cireuit on gas (and
some oil) boilers is designed to operate
the main gas valve via the hoiler
Ihermostat {not room thermostat}..
The sensor for this is contained in a

pocket in the boiler jacket. However, -

what is more important is that this
circuit is also part of the ‘fail safe’
system. A small sensor is located
within the pilot flame and as long as
that flame continties to burmn the circuit
is held closed by the sensor. Should
the pilot flame be blown out then the
sensor cools and the circuit opens and
the device is made safe. it
Obviously any interference with
this cireuit is in contravention of laid
down procedures for the installation
of central heating appliances and,
should an accident happen, would
render the majority of insurance
covers void. i
Secondly, it is the off boiler
circuits which control both the point
at which various contrals are switched

in arnd out and these include low limit.

stats, room stats; cylinder stats,
motorised valves and timeclocks. The
majority of these circuits are narmally
at full mains voltage.

Itis in'this latter part of the cirtuit
ihat devices of this type should be
installed although I weuld question

*the need for such a device; There is
lenclose the circuit diagram of a

nothing wrong with a desire o obtain

the most accurate form of contral,,
whatever the systerm. However, asany,

central h_eatmg engineer will tell you,
the reaction time of a normal system
is 5o slow that a normal mechanical

device is well within the tolerances of

the total systern and, don't forget, that

it is the reaction fime of the totai-__'
building which is the demding factor
inany system not any one room. lam’

afraid this is another electronic

‘iniracle’ device which falls into the -

category of using a 2416 hammer G}
crack a peanuf. :

T Wright

York

Andrew rArmstrong replies: Inreplyto
your first point, at the beginning of the

article I specifically referred to the use
of the contraller to replace thermostats
which operate at 24V. These com-
prise the majority of the admittedly
small numberof systems which | have
examined. [ wotld assume that many

systems installed in recent vears use:

- unless its cover w

‘thermostat

- réquires.

ﬂ THERMOCOUPLE
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i I
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MAINS
24V on the external circuits fm—sa&gyﬁ Ax mgam#s the accuracy of a
reasons. it would certainly: ‘ - . , the one in my
o use mains on a room the. badexmugh to inspire

to build rbe'ekm‘onm repiace
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! - ] enwgﬁ 'ﬂa
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DIARY(¥

Sound 89 — February 21-22nd
Heathrow Penta Hotel,

London. Contact Sound and Communications

[ndustries Federation on (06286) 67633
Which Computer? Show — February 21-24th
National Exhibition Centre, Birmingham. Contact Cahners Exhibitions on

01-891 5051

Radiowave Propagation — March 5-10th
Danbury Park Management Centre, Chelmsford, Third IEE vacation school,

Contact I[EE on 01-240 1871

Patents In Practice — March 8th

Institute of Civi Engineers, London. Seminar organised by Institute of Physics.

Contact the Institute on 01-235 6111

Magneto Optical Data Storage And Recording — March 13th
Cafe Royal, London. Conference on this blosoming technology. Contact IBC

Technical Services on 01-236 4080
Cadcam 89 — March 14-16th

NEC, Birmingham. Contact EMAP International Exhibitions on 01-404 4844
Document Image Processing — March 14-16th

Queen Elizabeth I[ Centre, London. Contact Blenheim Online on 01-868 4466
Internepcon Production — March 14-16th

NEC, Birmingham Electronics manufacturers show. Contact Cahners

Exhibitions on 01-891 5051

8

Annual European Conference On Fibre Optics — March 16-17th
Kensington Palace Hotel, London. Contact Frost and Sulivan on 01-730 3438
Cable And Satellite 89 — March 16-19th

Olympia, London. Contact Montbuild on 01-486 1951

Corporate Electronic Publishing Systems — March 21-23rd
Olympia, London. Contact Cahners Exhibitions on 01-891 5051

Open Systems — March 21-23rd

Queen Elizabeth I Centre, London. Contact Blenheim Online on 01-868 4466
Connectors 89 — March 23rd

Crest Hotel, Walsgrave, Coventry. Contact A F Hayes & Co. (0533) 881208
IEE National Conference On Telecommunications — April 2-5th
University of York. Contact the [EE on 01-240 1871

Low Energy Ion Beams Conference — April 2-6th

University of Surrey. Contact The Institute of Physics on 01-235 6111
Automan — May 9-12th

NEC, Birmingham. Automated manufacturing show. Contact Cahners
Exhibitions on 01-891 5051

Energy 89 — May 16-18

NEC, Birmingham. Contact Emap Maclaren on 01-660 8008

Scitech 89 — May 17-21st

Alexandra Palace, London. Exhibition of all the best British science and
technology. Contact British Science And Technical Trust on 01-992 0684
Image Processing And Its Applications — July 18-20th

University of Warwick. Third International Conference. Contact IEE on 01-240
1871

Holographic Systems, Components And Applications — September
11-13th

University of Bath. Second International Conference. Contact IEE on 01-240
1871

Vacuum Microelectronics — July 24-26th

University of Bath. Conference sponsored by The Institute of Physics, IEE and
IEEE. Contact The Institute of Physics on 01-235 6111
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Passive Infra-R
-Red
Ultrasonic

CONTROL UNITS
@ Automatic EModular M infra-Red Beam

W Lighting M Timer 1A CCESSORIES
o8& B Contacts B Pressure Pads
GP‘“\.\S M Security Lighting [ HOMES &

N\ B Cable Etc. Etc. | FACTORIES

PRODUCT OF THE MONTH

CA 1382 LOW COST FULL FEATURE

ALARM CONTROL UNIT SUITABLE
FOR ALL TYPES OF INSTALLATIONS

H Automatic loop test. Bl 24hr personal attack
protection. M Audible exit/entry Warning.

B Auto siren reset. Bl Easily installed.

ONLY £44.95
The Security Speciallst
RISCOMP LIMITED

Dept. ETI3, 51 Poppy Road, Callers by Apponimant
Princes Risborough, Bucks ~ Jri® hours Man—Fr
HP17 80B st i)

FgN ; :
6% (08444)6326 e Y

HART ELECTRONICS are specialist producers of kits for
designs by JOHN LINSLEY-HOOD. All kits are APPROVED
by the designer

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

tuner and ‘slero decoder

front-end. phase locked
down 10 DC and
together make a tuner whi
the- high-prceg exotic
remains easy 10 bulld
galactable bandwidih p
Long and Medium wave
ef split programmi Ly
listeming then thie &
are selectad by
tuner 15 not ch
velug for mon
available with v
model. with any unit
our fully illustrated detail

Complete record and replay clireuns for very high guality low
noise stereo casselle racorder. Circuits ara optim|sed tor our
HS16 Super Quality Sendust Alioy Head Switched bias and
aqualisation 1o cater for chrome and ferric tapes. Very easyto
assemble on plug-in PCBs. Completé with full instructions.

Complete Stereo Record/Play Kit ... £33.70
VU Meters o sult .. .. £2.30 each
Reprints of original Articles . 75p no VAT
8ROX Stareo Mic Amplifier, . ... ... £8.70

LINSLEY HOOD 300 SERIES AMPLIFIER KITS

Superb intagrated armplifier kits derived from John Linsley-
Hoods articles in ‘HiFl Mews'.
Ulitra easy assembly and sel-up with sound quality to please
the mest discerning listener. Ideal basis for any gdomestic
sound systam i quality matiers 10 you. Buy the kit complete
and save pounds off tha individual component price

Complete stereg record
reel recorders These
good tape deck Se
optimum perfarman
system 1o be |
250mVY inputl &

ATy

K300-35. 35 Watt. Discount price for Complete Kit . £98.79 bringing that ald v ecorget back 1o |ife Please add part cost of posi, p ajerd as
K300-45 45 Watt. Discount price for Complete Kit £102.36 KSODW Sterco Kit nd Coils and Twin Meter INLAND OVERSEAS v

RLH4&5. Reprints of Original Articles from ‘Hi-Fi News’ DIVE . ..o oee et e ........ £6567 Orders up to £10 - S0p Please send suflicient to cover
B e LRy . . £1.05 no VAT RJS1 Reprints of Original Articles .......... £1.30 no VAT Orders £10 to £49 - £1 Surface or Alr Post as

TODAY INTERNATIONAL"
receiver described in "Wireless World” The complete unitis Fall specifica d playback head . ....... £14.60
cased to match our 300 Series amphfiers Novel circuit
features in the FM section to include ready built pre-ahgned

being u

levels

Personal callers are always very weicome but
‘ please note that we are closed all day Saturday
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PROFESSIONAL

URVEILLANCE

EQUIPMENT KITS

Micro-miniature VHF transmitter. The smallast kit on the market, measuring an
incredible 17mm x 17mm {ncluding on-board mic. Super sensitive Fully
tuneable over FM band, 8V aperation with range up t0 1000m ... . ... ... ... £10.f

High powar version of the MTX with on-board PA stage proviging 250mW of RF
Maasuros (st 20mm x 40mm, power requirements 8-15Y Excellant seasitivity
and stapility. Fully tuneable over FM band Hanges over 300m can be
sxpaciod L : £i12.08

Vorce-activated transmitter  Variable sspsitivity trigger leval swilchas
transmitter on when sounds are datected Stays on for time delay variable
bEtween 1-20 sec. Fully tuneabie output covers all FM band Very se itive and
Iow standby current through TMOS circuifry. 8V operation range up to 1000m
Measuras 30mm x 40mm Sk A £15.08

Sub-carrigr scrambled trangmitter Audio s double modulated providing very
soCcure ir ised listenar will not be able to demodulste
signal without DSX300 Decoder unit. Vanable modulaton on-noard. Fully
wineacle output cavering FM band, 9V operation, range up 10 1000m Measures
30mm x 40mm L f £18.95

Decoder unit for CTX900. Connacts to earphone oulpul of recaiver to
descramble signal from CTX900. Monitor using small spaaker or haadphones
‘Variable decode frequency on-board for best resclution §-12V pperation
Moasures 35mm x S0mm ke e —

Micre size taipphone transmitter Gonnects onto hing at any-point and requiras
ro batteries Claarly transmits peth sides of convarsations on both ingoming
and g calls e by phone users. Fully tuneable output
covering FM band Rangs up to 1000m Measures |ust 20mm x 20mm £8.25
Micro size Talephone recording wnit Gannects onto line at any point and
connacts inta ANY normai casselle recorder. standard or micro having MIC and
REM wockets Requires no batteries Switchas recorder on silently whan phone
ts used far Qo calls, t olf whan phone replaced
Clearly recards both sides of conversations Undelectable by phone users
Measkires 10mm x 35mm o L 1]

= VTS00

= VOXT75

= CTX900

= DSX900

708

s TLX700

= ATR2

RF Bug Detector/Locator. Wide band Input circuitry datects pressnce of RF
fiald and friggers fiashing LED and plezo bleeper Variable sansitivity enables
sodrce of ransmission 10 e pinpointed to within & inches. Max sansitivity will
detect MTX or similar tranamitier at around 15-20 fest 9V operation Measures
ESmm x S5mm - St £21.98

= XML200

All nits come fully documented with concise assembly and satting-up Inatructions. high quakity
nipreglass PCO and all I t; ry to comg the module All prices ara inclusive but
plarse add £150 (o covar PAP. Orders over £50.00 post free. Plaase state reguiraments clearly and
enclose cheque ar PO to cover
Phone drders on ACCESS or AMEX accepted. Tel' 0827 714476
NOTE !t is iHegal to operate a transmitter in the UK without a licence
Send 9x4 SAE for tull catalogue of these and other surveillance kits

SUMA DESIGNS (Dept ETI), THE WORKSHOPS, 95 MAIN ROAD B
BAXTERLEY, NR ATHERSTONE, WARKS CV9 2LE. TEL: 0827 714476
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LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER
SYSTEM

Our very latest kit for the discerning enthusiast of quality
sound and an exatic feast for lovers of designs by Johr
Linstey-Hopd A combination of his ultra high guality FM
described

HIGH QUALITY REPLACEMENT
CASSETTE HEADS
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-ement heads could restore periorm-
Standard mountings make fitting
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HE20 Permalloy Stereo Head. This s the standard head litted
35 griginal aquipment on Most de .. -E7.66

HS16 Sendust Alloy Super Head. The best head we can find

¢ Ife than Permalioy. higher outpul than Ferrite, far
in "ELECTRONICS oy reEpanss oy . E14.86
the Synchrodvne AM HQS551 4-Track Head o-reverse or quadrophonic uss

STUART TAPE RECORDER CIRCUITS
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ons for record and replay
allow a third head monitaring
= the deck hes this lilted Standard
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24hr SALES LINE
(0691) 652894

ablaat any hime: Send for

HX100 Stereo Permalloy R/P head Special Offer £2.49
MAd481 2/2 Language Lab R/P head ....£13.35
SM166 2/2 Erase Head. Standard mounting
(NG Wk drwonodtoas saioo it .. £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 TCH1

One inexpensive test cassette enables you 1o set up VU level,
head azimuth and tape speed Invaluable when fitting new
heads Only £4.66 plus VAT and 50p postage

Tape Head De-magnetiser. Handy size mains aperated unil

2 " prevents L p of residual head magnetisation causing
ystem for reel-t noise on pl I S S e reiere. £A.58
tudlo quality with Curved Fai= Type for inaccessible heads £4.85

Send for your free copy of our LISTS Overseas please send 2
IRCs to cover surfae Post or 5 IRCs for Airmail.

Orders over £50 - £1 50 required
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Y pt custard
% pt double cream
1 tblsp castor sugar

Place the strawberries and redcurrants in a pan and cook with
the sugar and a little water until soft. Purée the fruit through a
sieve or in a blender.

Whip the cream until thick and fold the sweetened fruit purée
into the cream and custard.

Divide the mixture into individual glasses or sundae dishes and
cool in the fridge. Serve chilled and decorated with halved

strawberries and piped whipped cream.

: * * *
Alternatively, if you don't fancy a fool and it's food for thought you're
after, help yourself to a large slice of the April ETI instead.
TODAY INTERNATIONAL Next month’s ETI includes many tasty morsels. There’s the third and
final part of the Intelligent Plotter project with the actual on-board
intelligence added and the whole thing brought together.

THE APRIL FOOL
Ingredients (serves two):
YzIb strawberries
mxt W %Ib redcurrants
1,
177

The EASi Alarm system is a novel approach to a perennial problem

The April ETI which is both extremely expandable and simple to install. Artificial

Intelllgence comes under the ETI scruting — what it is and why

the perfect finish to a good meal  evervones sointerested in i
And last but not least, next month’s issue contains the full details of
the ultimate thinking man’s neck apparel — the Pan-Atlantic Tie.

The recipes mentioned here are in preparation but might just be too yummy to publish.

s P P s U Bwoo FE R OSCILLOSCOPES SPECIAL OFFER at ONLY £300 each
TELEOUIP‘MENT D83 Dual Trace 50 MHz Delay Sweep TELEQUIPMENT D755 (NATO approved version of D75)
es'gxgeovgmmanugd e 35MH Dual Trace. Delay Sweep. 50MHz.
. o CILLOSCOP! 150 Dua face 2
The Wilmslow Audio SUPER PUSH PULL subwoofer can Doy Swes.Dial . Porate B0 Dl i R Ay 2 NERAI T TEe oot
- < Manua . NOWONLY £180each | oy ()15 PUR GENER STAR hoe a1 i
be connected directly into systems using medium/large Oplonal Fiont Prctecion Gover Containing 2 Probes & goocﬂté; mnﬂfhiﬁrﬂﬂ e PALCAQ. egaétae‘grsy
speakers (typically 89 - 91 dB sensitivity) and needs no ViEWingHood....vcr e ¢ | Adapir i
A A A M SIE, LABS SM111 Dual Trace 18MHz Solid State. Portable AC CGLﬁUH pAHGENEFb\"‘r\p
extra amplifier. Using two special 12" (18hz resonance) orexlomal DG operalion8x10cm displaywith Manuale10 | 7t " HEEENET nuﬂ',,am

Dual Tracs 18MHz with Manual

sub-bass drive units it achieves remarkable resuits from
an enclosure of only 673 x 385 x 432mm (2612 x 15 x

GOULD/ADVANCE 08255 Y
iy s AVOTRANSISTOR ANALYSER MK 2(CT 446} Suscasestyle.
Complete with banenes & operalinginslructions only £25
each (p&p £7)

17in.). The Super PP kit SCOPEX 4D10B Dual Trace T0MHz Wilh Manual... £160
. 7 N . - : G AVOVALVETESTER CT160 Suitcasestyle. 22Basesonly £25
includes drive units, high/ LEAI;IIIE](BIUIPMENTSSMSmgIe'I?ace 10MHz. Sondsme:«gg | eachip&on
low pass crossovers, N ;?&)IBATS%(: TRANSFOF}MERE 240VI2put
. ic. refl - ut £15(p&pE5) 100VA .....£6{p&p£3)
g.""e. fab"c’ ALt port’ AVO 8 Complele with Balleries & Leads .. .. .from £50 240V Oul200VA . €4 (pape4)
binding post connectors, A\.'UHMk‘gE_?mnlda with Batieries & r,sausc, ............ £90 wg; DmvHss PSU 514&/ IN; 5‘;/ 1 g’u& 1zvd 1 SIA 8% (S'f
i (i AVC TEST SET Mo 1 {Military version of AV0 & Complete with mm. H75mm. D180mm. Cased Unusedenly £10 (p&p
Flatpack cabinet kit(inc. et L ey ? £3
stand) accurately TESTLEADS suitable for AVOMETERS Red&Blackwnhtwo OWEPWY KEYBOARD (as in LYNX MICRO) pustto make
H croc clips & prods {p&n £3) Cased il e £5eachingned)
machined from smooth BLACK ‘EVERREADY' CASESfor AVOS Unused (pp ;;4) FARNELL SWITCHED MODE PSU 5V 40A +/~12/ 54
MDF. Easy assembly-no | | ool o P dvallan‘fgg&g’;?&%ﬁg)
woodworking or MARCONIAF PowerMeter TF893A20Hz-35KHz, 20uW-OW, |  DISKDRIVES5t “Double Sided Double Density, 80track
q ; . ' With Manual (p&p £7) ., ol OV RIS | o L s From£50
electronic skills required! WARCOR RF Powerffeter 1 500MHz. 0510 NEW EQUIPMENT
i 2 hm. Wi 2.
Suitable for amplifiers of hfﬂ%%ﬁ?°ﬂg,q'&¥8’ﬁ“1'é‘}f‘§g b HAMEG OSCILLOSCOPE 604, Dual Trace 60MHz. Delay
i apwattsper - | | hmereSmROL e M
: FIELD ATTENUATOR DC-250MHz EGC U3
channel. £4) ponent Tester & 2 Probes..,
ADVANCE SG628 AM 150KHz-220MHz. AllOther Models Availabie
. LABGEAR Colour Bar Generator KG1. 8 Test Patterns p& BLACK RE
PRICE £199 inc. VAT £4) B ; on?yii”.fé‘écﬁ Maeo%oogom:z OUENCYCOUNTEHS P&msss
- Metgor B00-500MHz £128
plus carr/ins £15 STEPPING MOTORS Melaoe 1000-1GH, : £178
Type ! 200 Steps arrey 4 Phase Swie) 1224V Torgue | gt DU o OEOD L UNCTIONS
25z inchwill run on 5Y with reduced tegueg 5,00 BLACKSTAR Oﬁlgid HALTVNIDEO;C SLO
Type2 BN2Steps per rav. 3 Phase 12024V (will work on 54) GENERATO
£2each Soff . ... h I [l i b S BT
i e Type 3 NORTH AMERICAN PHILIFS 54 i HUNGCHANGDM‘VI?OSD 3z digh Handhold?Branges
m Telephone credlt card Ofdel"s — 1 wita 5y 13,\&.53\250,“ ugm FE?&DQ nsg f:ch inctuding 10 Amp AC/DC 0 1%. Complete with batteries &
WILMSLOW AUDIO LTD. oo 200Stps o, 20 Qi) e Sscuich | SBSBREL 950
. O R ach i .
35/39 Church Street, Wilmslow, Cheshire Type? WARNER 24 Sispspor o 3 Phase il oy, | Cairyng Caselorabore. .83
SKQ 1AS Tel 0625 529599 Holding torqua 450z, inch , ...E5each OSCILLOSCOPES PROBES Switched x1: x10 php €361
Uaadeqummerl with 30 days guarantes. Manuais supplied if pessible,
Call and see us for a great deal on HiFi This s VERY SMALL SAMPLE OF STOCK SAE or Telaphooe o itk Heast o availabily before
(Closed a" da Monda ) orthering. CARRIAGE all cnits £16. VAT to be added 1o Total of Goods & Carriage
y yS m STEWART OF READING E
\ DIY Speaker catalogue £1.50 post free (export $6) 110 WYKEHAM ROAD, READING, BERKS RG6& 1PL
J Tel: 0734 BB041. Fax: 0734 351696. Callers welcome 8 am-5.30 prn. Mon-Fri {(until 8 pm Thu s} |
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ELECTROMAGNETIC

INTERFERENCE
(And How 10 Get Rid Ot It)

lectromagnetic interference (EMI) is, with
a few notable exceptions, a totally man-
made form of noise (the most well-known
exception is the interference caused by a
lightning  strike). Being man-
made it is possible, therefore, to devise ways of
reducing its effects to a negligible level. (Non-man-
made noise such as thermal or sky noise, on the other
hand, is random and more difficult to control.)

In theory at least, we need only understand what
EMIlis and what causes it to be able to formulate tech-
niques to control it. So, what is it?

EMI can be considered as being interference in
the classic sense — noise generated by a noise source,
picked up by a noise victim, via a noise path (Fig. 1).

NOISE —} » NOISE
SOURCE VICTIM
MNOISE PATH

Fig.1 EMI as classic interference

The noise path can be any form of transmission
media. This is pretty self-explanatory. If there is no
source, the EMI can't be picked up. If there is no noise
path, the noise can’t be transmitted from source to vic-
tim. If there is no victim, it doesn’t matter whether the
noise is there or not.

Even from this simplified explanation it'’s pretty
obvious that there are three main points at which EMI
can be reduced — at the noise source, in the noise
path or at the noise victim. The problem, however,
is that it is often difficult to differentiate between the
three parts.

There are a number of main causes of EMI,
including:
® radio transmitters. The ether is full of radio
transmissions at frequencies of just a few kilohertz, up
to several gigahertz. These are at varying levels of
saturation. Obviously the greater the saturation, the
greater the risk of significant EMI taking place. At levels
below 100mVm-! there is negligible risk of EMIL
Between 100mVm-! and 3Vm-! there is a risk of EMI
depending on the physical dimensions of the victim
equipment. At levels above 3Vm1 there is significant
risk from EMI.
® non-radio, high frequency generators. Many items
of electrical equipment are sources of high frequency
EMI. Computers, arc welders, microwave ovens and
so on can generate EMI by radiated and/or
conductive means and so are potential noise sources.
® clectrostatic discharge. One of the main culprits of
electrostatic discharge is the man-made carpet.
Simply walking over it can create a static potential in
the human body which will discharge as the person
touches equipment maintained at a different potential.
The situation is aggravated in dry atmospheres.
® lightning. A lightning strike creates a huge
electromagnetic field, which may induce voltage
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surges in power and communications lines.
® transient EMI sources. There is a vast range of
sources such as dimmer switches, fluorescent lights,
power tools, car engines and power supplies, all of
which can act as EMI sources.
® power line interference. Although nominal AC
mains voltage is 240V, minor and long-lived variations
of as much as +10% are common. Transient spikes
may also occur due to the previous two EMI sources.
In all of these possibilities, EMI falls into one of
only two types: radiated, or communicated.

,EMl Reduction

Knowing now what EMIis, and the typical causes, we
can begin to formulate ideas about how to reduce its
effects. First, is to stop the EMI from leaving the source
at all. Second is to improve the noise path — to
prevent the EMI from passing alongiit. Third is to stop
the EMI from entering the victim. All fairly obvious.
But what isn't obvious is that the method chosen
depends on the type of EML

For example, if the EMI is caused by a radio
transmitter (say, your 100 watt per channel hi-fi amp
picks up CB conversations) then there is nothing you
can do about either the noisy CB transmitter or the
noise path — so you have to improve your amplifier's
resistance to the EMI. On the other hand, if your
amplifier produces a click through the speakers
whenever your kitchen fluorescent light is turned on,
you can do something about the EMI source and
noise path.

Generally, like the first example, the EMI source
is going to be remote and so impossible to effectively
reduce at the source. So the following EMI reduction
techniques are those which are taken at the EMI
victim. &

Radiated EMI

Primary prevention is always sought through the use
of an earthed, conductive enclosure {typically a metal
box) to house the potential victim. Steel enclosures
have better absorption loss than aluminium or copper
for thicknesses above Imm. Below 1mm thick,
copper or aluminium have similar qualities.
Enclosures which provide some 90dB or'so of EMI
attenuation are possible and provide the ultimate in
EMI protection.

Ideally the enclosure should be continuous,
without holes, connectors or seams. Outside EMI
radiation can thus not pass through the enclosure to
the victim inside. However such an ideal enclosure
is impossible. Ventilation holes, cable-through holes,
connectors, controls and what have you are always
needed and of necessity must pass through the
enclosure, providing breaks in the shielding through
which EMI may pass.

The usual steps to ensure maximum possible
EMI prevention is obtained with a metal enclosure are
to

I

From a scratchy click
in your speakers to

.total computer data

loss, electromagnetic
interference is the
scourge of all
electronic equipment.
Keith Brindley takes a
close look and finds
ways to reduce its
effects.
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® make sure all through-holes are as small as
possible, preferably using correctly sized cable glands
® use perforated grids to cover ventilation holes
® ensure all joints in the enclosure are adequately
seamed, and allow good electrical bonding

® where covers are electrically separate (say, you are
using a painted metal box with separate lid) use
braided copper jumpers bolted to both cover and main
frame.

R

Fig.2 Seaming techniques for metal enclosures

and internal shields

In the case of severe EMI radiation, use grid with
perforation holes no greater than 2mm in diameter
and ensure several copper jumpers are used, where
the spaces between them never exceed one tenth the
wavelength of the expected EML. So if the potential
EMlis known to be around a frequency of 27MHz (CB
frequencies) then jumpers should be no further apart
than about a metre. If the EMI is around 300MHz then
jumpers should be less than 10em apart,

In many cases a metal enclosure is unsuitable —
for aesthetic or cost reasons. Several EMI reducing
procedures can be followed when plastic or wood
enciosures are used. Plastic and wood provide no

CONNECTOR

NOISE SCREENED
=== ENTRY

Fig.3 (a) Radiated EMI can enter a screened enclosure via a screened
lead but (b) can be prevented with good practice

R
COMPARTMENT

EMI FIELD EMI FIELD

[ . ! A

SCREENED CONNECTOR BCHEENED
CABLE CABLE

la] th)

[

shielding whatsoever against EMI of course, so the
procedures generally try to incorporate an internal
shield of some description,

Plastic boxes are now available which are coated
at manufacture stage with a metal acrylic layer,
effectively allowing good shielding (50 — 90dB depend-
ing on EMI frequency) with a good appearance and
still remaining cheap.

Aerosol sprays exist which allow the user to
incorporate a metallised conductive coating onto the
inside of plastic enclosures. EMI attenuation up to
about 50dB is possible.

Alternative procedures usually incorporate
internal shields over parts of the equipment: either
over parts prone to EMI pickup (PCBs, cables) or over
radiating parts (power supplies, CRTs ete).

These internal shields, and indeed full metal
enclosures, benefit from good seaming techniques
(Fig. 2) to ensure that EMI does not occiir through the
seam itself.

Cabling Techniques

Much EMI can be caused by incorrect cabling within
the enclosure. EMI in this context is simple crosstalk
— radiation from one cable to another, This may be
from one part of the system to another or may be due
to external EMI entering the equipment via cable

inlets. .

The first step is to organise all cables into three
distinct groups:
® power cables, carrying AC mains. These are
potential EMI sources.
® DC control and power cables. These can be EMI
sources or victims.
® Signal and logic cables. These are generally EMI
victims but may be sources too.

Next, cables in the three groups must be routed
round the equipment separately and as far away from
each other as space allows.

If signal and logic cables run parallel to cables of
the other two groups (its on parallel runs that crosstalk
will be maximum), make sure that distances apart are
at a maximum. As a rule-of-thumb allow a space of
2.5cm between digital cables and power cables for
every metre of parallel run. Similarly, ensure that
analogue signal cables are 25¢m away from power
cables, for every metre of paralle| run.

Where cables of more than one group enter the
enclosure, separate entry holes must be made, and
cable routes outside the equipment should follow the
same separation techniques just prescribed.

Regarding cable entries, it should not be
assumed that outside radiated EMI cannot enter the
enclosure via the cable itself — even if the cable is
screened. Fig. 3a shows how radiated EMI can enter
the enclosure via the cable screen, while Fig. 3bshows
a method of cable entry which prevents this.

Cables carrying low-level digital or analogue
signals fall into three main wire types — ribbon cable,
coaxial cable and twisted pair. In all, each signal wire
should have its own return running beside it, thus
reducing signal loop area. (The larger the loop area,
the greater the risk of EMI via inductive coupling.)

Ribbon Cable

Figure 4 shows how signal wires within the ribbon
should ideally have earthed wires between. The
earthed wires create the effect of a screen between the
various signals.

Coaxial cable effectively allows a electrostatic
screen or shield, much like the screen afforded by a
metal enclosure. In many cases it can be extremely
useful in reducing the effects of EMI. However,
problems (worse than the original EMI) can occur if

[

|
GROUNDS

SIGNALS

ated by earthed wires, effectively screening signals

EQA Signal wires in ribbon cable should be separ-

care is not taken. To work correctly, the screen must
have zero resistance to earth. In this way any coupled
EMI is effectively shorted directly to earth.

If, however, the shield has a finite resistance to
earth (which is always the case when a long
connecting lead is used between remote parts of a
system because the cable has resistance) then the EMI
will generate a noise voltage between the screen and
true earth. Interference may even be worse than
without coaxial cable! With short lengths of screened
coaxial connecting cable this is not usually a problem,
however.

Interference may also be caused by sloppy use
of coaxial cable if the idea of earth’ is not fully
understood. Figure 5 shows a transducer connected
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to an amplifier by coaxial cable, in which the cable’s
screen is earthed at the tranducer and at the amplifier.
Earthing, however, is not a guarantee that voltages
at two different earth points will be identical. If even
just a tiny difference in potential between the two earth
points exists then a current will flow along the screen,
itself causing interference. This situation is known as
an ‘earth loop.

As a rule-of-thumb, when coaxial cable is used
to connect parts of a system the screen should be
connected at only one end (generally the receiving
end) of the cable run. There are exceptions,
particularly at high frequency.

Figure 6 shows a twisted pair, in which each
signal wire runs with its return. These can be highly
effective against EMI produced in differential mode
or balanced analogue circuits but are virtually useless
in common mode circuits. The protection against EMI
is given simply because interference voltages induced
in each turn of the twisted wire pair are equal and
hence cancel other out.

PCB Techniques

Many of the techniques used in EMI reduction
through cable routing and use can be adopted when
designing equipment PCB. PCB is, after all, just a
connecting method between components of the
system.

For example, earth loops can occur in analogue
circuits where two or more amplifying stages are in
series (Fig. 7a). The problem is that the two separate
earth points may have slightly different potentials and
anoise current will flow — even if the two earth points
are formed by the same conductor which may be a
single piece of printed circuit track.

In low amplification circuits this will probably
cause few problems but high amplification circuits will
be unstable. The only solution is to provide a common
earthing point for all parts of the circuit — shown in
Fig. 7b.

Circuits which require a high impedance input
stage are more prone to crosstalk than low impedance
circuits so if a high impedance input is necessary, the
‘quard ring’ approach may be useful. Here, the high
impedance amplifier is configured as a non-inverting
buffer amplifier (Fig. 8) in which the amplifier's output
impedance is much lower than that of its input. The

]

AMPLIFIER 1 AMPLIFIER 2
—L>T T
INPUT Vi=Vz DUTPUT
o : ! =5

NOISE CURRENT

fal

AMPLIFIER 1

AMPLIFIER 2

O
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Fig.7 Earth loops can occur at PCB level {a) if
separate earth points are used but {b) can be
eliminated with a common earth

guard ring is linked to the amplifier’s output, so that
it forms a low resistance path to EMI signals.

On power supply PCBs, ripple and high
frequency noise can be reduced if connections are
made as large as possible, using copper planes rather
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than individual tracks. This has the added benefit of
making the PCB slightly cheaper to make (less copper
has to be removed at the etching stage).

Generally, particularly on signal boards, it is
advisable also to leave copper on any unused areas
of board. These can then be earthed.

Communicated EMI

Where EMI reaches the victim through cables, as
opposed to being radiated, the only real solution is
to filter out the interference signal. Generally, EMI will
be in the form of voltage spikes and transients on AC
power input leads, so the obvious course of action is
to install a filter at the input to the equipment and
various types exist. Neatest are the IEC-type chassis-
mounted plug units, although many surface-mounted
filters exist. EMI attenuation up to about 60dB is a
feature.

|
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Fig.5 Earthing coaxial cable to both ends may cause an

PUT

Mains filters have the double benefit of
attenuating noise produced within a system,
attenuating the level of EMI going into the mains thus
reducing the likelihood of EMI with other equipment.
National regulations covering EMI produced by
equipment may necessitate the use of such filters.

Transients, spikes and surges on the AC power
lead may reach peaks much higher than equipment

ELECTROMAGNETIC
INTERFERENCE

TWISTED
WIRE
PAIR
i

INTERFERENCE VOLTAGES /777
ARE EQUAL IN EACH TURN
OF THE TWISTED WIRE PAIR

TRANSDUCER

<.H

AMPLIFIER

Fig.6 Principle of a twisted pair

AMPLIFIED
QuTPUT

can cope with and filters cannot dissipate the extra
energy which occurs, Suppressors must be used it
large over-voltages are expected. Two main types are
available: ‘gas discharge tube arrestors’ and ‘varistors’.

—=m
v
A I'?* O e

|1 T

INPUT O-

p— OUTPUT

HIGH INPUT .
IMPEDANCE
AMPLIFIER

Fig.8 Guard rings reduce crosstalk to high
impedance input stages

The former is connected across the input and under
usual conditions remains open circuit. However, if the
input voltage exceeds a sparkover voltage the gas
inside the device becomes ionised and effectively
short circuits the supply, until the surge ends.

The varistor clamps the AC power supply voltage
to a preset value, rather like a zener diode does for
DC supplies.
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Mike Bedford finally
gives up his Microtan
for a new hardware

man’s computer — the
IBM PC

DIY PCs
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CONSTRUCTION SET
COMPUTING

ooking around today’s home computer
scene it seems that the true technically
minded computer enthusiast is no more —
that intrepid bunch of devotees to a
number of systems which made their
appearance in the early 1980s, typified by the
Nascom and the Microtan. The Microtan in particular
became widely accepted as ‘the hardware man’s com-
puter’ and has featured widely in the pages of ETI.

Although advocates of both these systems (and
no doubt others) have battled on through the years
expanding and modifying them and proving that con-
trary to the old saying it is possible to fit a quart into
a pint pot, time waits for no man! Board based systems
have been replaced by black boxes too numerous to
mention. These plug-in-and-go machines were de-
signed primarily for games players who perhaps
wanted to dabble a bit in Basic programming.

In common with virtually all consumer booms,
the appeal of this superficial infatuation with
computers was short lived and the home computer
boom is now history. The result of all this is that the
home computer hobbyist is now considered a rare
breed and most machines now on the market don’t
lend themselves too well to hardware tinkering,

Certainly, compared to the hoards of games
players a few years ago, those computer enthusiasts
with a hardware leaning are few. Nevertheless, few
reading this magazine would suggest that our’s is
anything but a popular pastime. So what sort of com-
puter available today is able to fill the same niche as
that occupied by the Nascom and the Tangerine five
years ago but will allow its owner to experience up to
date technology such as 16/32-bit processors?

One way to tackle this question is to consider the
features of these early machines that made them so
appealing to hardware enthusiasts.

They were essentially modular systems, the
individual cards connecting via a mother board. The

advantages of this are numerous. A system can be
built up gradually to cope with increasing demands
and/or improving financial situation, Certain func-
tional blocks (keyboards. power supplies, cases) need
not be bought from the compuier supplier but could
be home made or reused from other equipment.

The modular approach encouraged third parties
to offer plug-compatible cards hence increasing the
options. For example. at least three different graphics
cards were available for the Microtan, in addition to
the offering from Tangerine. Magazines (especially
ETI) published designs for compatible cards and
owners experimented with their own designs

The other point in favour of these systems (in
common with their black box counterparts) is that they
were supported by active user groups. On the reverse
side of the coin, however. was the software availability
situation — the one area where the Microtan and
friends had to play second fiddle to the BBC micro,
Spectrum, Dragon and so on.

PC To The Rescue

So, we are still lefi with the question of what machine,
if any, fulfils the requirements outlined above and
overcomes the one limitation given? { would like to
suggest the answer is the IBM PC range and the
numerous compatibles. At this point please don't
switch off, dismissing it as a boring business black box
but read on

Black boxes most certainly are represented both
from IBM and from the numerous clone manufac-
turers typified by Amstrad at the lower end of the price
range. However, it will be the products of various Far
Eastern manufacturers which will be of interest to the
electronics enthusiast looking for a really low cost
option. These companies are in the business of pro-
viding PC components such as motherboards, PSUs
and keyboards to OEMs for incorporation into their
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B.BIT EXPANSION CARD WHIEH
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16817 SOCKET | 1ih |

BBIT EXPANSION CARD WHIGH
WONT FIT IN & 16-BIT-SLOT

rl 1 A 6
16.8IT SOCKET I | | I

Fig.1 Eight into sixteen sometimes will and sometimes won't go

own ‘badge engineered’ clones. By purchasing these
component parts, we can also assemble machines
customised to our own requirements at an absolute
minimum cost. The purpose of this article is to show
just how to go about this process, giving names of
suppliers together with typical pricings

What about the concept held by many that even
if we can build a PC ourselves, once complete it can
only be used with word processors, spreadsheets,
databases and accounting packages? This couldnt be
further from the truth. Although all these types of
package are available in abundance thisis only the tip
of the iceberg.

It is probably true to say that more software has
been written to run under MS-DOS (the PC'’s operat-
ing system) than for any other machine. The following
incomplete list is given just to whet the appetite.
Languages: Basic in many flavours, Fortran, Algol,
Cobol, C, Pascal, Forth, Lisp, Prolog, ADA and
Assemblers both native and cross. Programming
utilities: Libraries, Debuggers and so on. Applications:
word processors, spreadsheets, databases, communi-
cations, business graphics, art packages, CAD/CAM
Games: Arcade type, adventures, strategy . . . and
so the list goes on. Further more much is not sold
commercially butis available as either public domain
or user supported at very low cost,

Building Blocks

So here is the nitty gritty, a roundup of all the
constituent parts of a PC indicating all the options and
the factors which will influence your choice.

Motherboard

Otherwise called the mainboard, this is the heart of
the PC and unlike some systems, the motherboatd
is nof just a passive component allowing the active
boards to be interconnected but actually includes all
the basic circuitry. This includes the processor and its
associated glue logic, a floating point co-processor
{socketed option), RAM, the BIOS and sockets tor
expansion cards.

For PC or PC/XT compatible boards the
processor will be the 8088 whereas for PC/ATs an
80286 is used. Although it wasn't a standard which
IBM adopted, PC type boards which take an 80386
are also available but at much higher cost so probably
won't be of much interest. Whereas the original PC
had a 4.77MHz processor clock, many boards now
have a so-called turbo facility allowing dual 4.77/8
or 4.77/10MHz and similarly turbo AT boards often
give multiple speeds up to 12MHz or even 16MHz for
more expensive versions.

Another variable feature of motherboards is the
number of expansion slots — this will normally be six
or eight. On an AT board these slots will be a mixture
of 8-bit (PC compatible) and 16-bit (making full use
of the 286 architecture) sockets.

The third main variable is the RAM capacity.
RAM is usually configured in blocks of nine dynamic

\
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EXPANSION CARDS

Actuallyabitof amisnomer since with most mother boardsanumber
of such cards are required to give even a base level system. This seetion
should beread in canjunction with selecting thediskcontrollers, videa
and /0 cards described elsewhiere In this article.

. Expansion cards sre of two main types, those with an 8-bit
interface, and those with & 16-bit interface, and are intended for
plugging inte 8-bit expansion slots and 16-hit expansion slats
respectively. There s, howaver, more flexibility than this statement
would suggest. All cards have a 6 2-way edge conngctor whereas the
16-bit cards have an additional 36-way edge conrector separated a
short distance from the first.

An8-bit card canbe pluggedinto any type of expansionslot. f this
isa 16-bitexpansion slotonan AT thenthe transferof datawillbe slower
than i a trug 16-0it card were to be used in the same slot, With
inherently slow cards such as aserial IO module this won't make any
difference but use of an 8-bit memory card on an AT weuld give
considerable degradation.

Thereis aphysical constraint which gives anexception tothis rule.
Figure 1 shows aboard which could be used and aboard whichcouldr’t
and llustrates how some board shapes preclude their use in a 16-bit
slot. Now considering the opposite situation, can a 16-bit card be
pluggedinto an 8-bitsiot? Well, the normal answer to thisis nosinee
it would leave a number of the signals on the card ‘hanging' into free
space! A=
There is ane exception to this rulg — cards which have sufficient
intelligence on board to be able torecognisethis situation and configure
itself to either 8-Dit or 16-bit aperation as apprapriate, An example of
this is the generation of high performance add-on graphics cards which
have on-board processors,

RAMs which each give a block of byte wide memory
(the ninth chip is to provide parity}. Depending on the
board and the setting of DIL switches, these RAM slots
may take 64K x 1 or 256K x 1 dynamic RAMs. Some
motherboards have two such banks and therefore
only allow up 10 512K to be used. More often, four

The constituent parts of a DIY PC (iess case)
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Block 0 RAM to 64k

Block 1 RAM to 128k

Block 2 RAM to 192k

Block 3 RAM to 256k

Block 4 RAM to 320k

Biock 5 RAM to 384k

Block 6 RAM to 448k

Block 7 RAM to 512k

Block 8 RAM to 576k

Block 8 RAM to 640k

Block A Extended video RAM
Block B Standard video RAM
Biock C BIOS expansion {eg EGA}
Block D reserved

Block E reserved

Block F BIOS

Fig.2 The memory map of the
standard IBM PC

DIY PCs
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EXTENDED/EXPANDED
MEMORY

MS-DOS, writien for the 8088 processor which has 20 addresslines,
considers its address map to be 1Mbin imgth This memory map s
showninFig.2.

[t will be naticed that only 640K is officially daslgnamd asRAM

space and this is the limit for most software. However there are two.

techniques for overcoming this limitation which give rise to memory
standards withthe confusingly similar names of extended memory and
expandadmmmy Atangtimememory beyond B40K wasonlyfound
on expansion cards but since some motherboards now offer
extendediexpanded memory it Js important to be aware of the
Implications from the start.

On an AT compatible machine the phymaa! constraint of 20
addresslinesnolonger exists and, in fact, the 80286 can address up
1o 16Mb inearly. Such memory above TMbis referrad to as Extended
memory. However, the operating system imitation still applies and MS-
DOS actually usesthe 80286inits real modeinwhichitemulatesthe
constraints of the 8086. Some software does switch the processor
from real mode into ‘protected’ mode thereby allowing extended
memory tobeused hutmslsmraasndemamfsamuchgremfdegraa
of software sophistication.

Theother possible way touse thismemoryis toutilisoneof the
BIOS routines which swaps ablock of databetween base and extended
memory. Thisisthemethod used by MS-DOS toimplement aRAMdisk
in extended memory and this: will probably be the mast likely
application of t,

Expandadmemoryemplmrsatechmquewh:t:hcan beusedwith
ATs and PCs. The memory map reveals two 64K blocks which are
officially designated ‘other use’-and have been essentially unused
exceptforROMcartridgesinthelBMPC Junior. Certainly RAM could
be puthere but this would only give amaximum 128K non-contiguous
expansion. Instead, in expanded memory, anempty 64K block in the
memory map is used as @ window into a much larger area of paged
memory. So, forexample IMbwould appear as 16 pages, The standard
for page switchingis the Lotus/intel Microsoft EMS standard, Memory
adhering to this standard can either be used by specially written
application software or by MS-DOS to create a RAM disk.

banks are available allowing configurations up to 640K
or IMB to be used even though memory beyond
640K is of less general use than so called base
memory up to this level.

There are clearly a number of decisions to be
made, most fundamentally the processor type and
speed. The decision comes down to a trade off be-
tween power and price. If itis intended to experiment
with true 16-bit interfacing or if a major requirement
is say PCB CAD with auto-routing then a machine
based on an 8088 must be discounted. The turbo
version of a board will often be only a little more
expensive than the single (low) speed version. It is
worth bearing in mind the overheads of choosing a
high clock speed though —— namely more expensive
lower access time RAMs and very much more expen-
sive floating point co-processors (8087 or 80287)
although it is unlikely that many will opt for adding

Putting it all together

this chip.

The advantage of a large number of expansion
slots is obvious. A lower number, on the other hand,
results in a physically smaller board allowing use of
amore compact cabinet and also gives the advantage
of lower potential power consumption with PSU size
and cost implications.

The choice of a board wih a 512K RAM limit is
probably somewhat short-sighted as some software
does require a full 640K to operate. This discussion
refers to RAM capacity, the actual RAM fitted is nearly
always zero on motherboards so there is always the
possiblity of minimally populating initially and adding
extra on-board memory at a later date.

Itis also worth pointing out that the mother board
may not include BIOS — if not it will have to be pur-
chased separately so watch out for this. The BIOS is
EPROM resident firmware Basic Input/Qutput Sys-
tem facilities which are used by MS-DOS. If the BIOS
is bought separately it is important to recognise that
the BIOS for a PC is different to that for an AT
compatible.

As a final point before leaving the topic of
motherboards, some will be found to include a floppy
disk controller and/or serial /parallel interfaces. If this
proves to be the case, then clearly cards offering these
functions will not be required additionally. This must
be considered the exception rather than the rule,

Power Supply

Power supplies intended for use in PCs have a number
of factors in common, irrespective of the manu-
facturer. They have switched mode circuitry, are
totally housed in a screened metal box with a fan and
most importantly give outputs of +5V, +12V, —5V
and —12V. The outputs are on flying leads terminated
in the appropriate connectors for powering the
motherboard and disk drives. The respect in which
PSUs differ is their power output, 130W, 150W,
180W, 200W and 220W being common
specifications.

The smaller supplies generally have outputs for
two disk drives whereas those at the top of the range
can often power four drives in addition to the
motherboard. AT type motherboards generally draw
more current than PC types and clearly the greater
the number of expansion slots the larger is the
potential power requirement. 150W is usually con-
sidered the maximum size necessary for an 8-slot PC
with up to two disk drives. A 200W supply is the
standard type for a full size AT whereas for those with
just six expansion slots, 180W or less may be
sufficient. The 220W PSUs are normally only
required for 80386 based machines.

This is an area where there is the possibility of
substituting a non-PC component if one can be found
at the right price, however, PC PSUs are quite
competitively priced. If substituting, the following
typical output figures for a 130W supply will give some
idea of the current consumption at the various
voltages: +5V at 15A, +12V at4A, -5V at 0.4A,
—12V at 0.25A. Please also make sure the physical
size of any substituted PSU is consistent with being
fitted inside a standard PC case (if indeed you intend
to use one).

Keyboards

The first thing to point out about keyboards is that a
standard serial or parallel ASCII encoded type cannot
be used. Instead one of the special PC compatible
keyboards should be used. Although other variants
can be found, the most common ones are the 84-key
type and the 101/102-key types otherwise known as
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the enhanced AT keyboard. The main difference
between the two is that the larger variant has a
separate cursor control pad between the ‘QWERTY’
block and the numeric pad. The 84-key type has these
cursor control functions (up, down, left, right, home,
page-up and so on) as a shift of the numeric keyboard
keys. As a rough convention, 84-key keyboards are
used with PC compatibles and 101/102-key versions
with ATs. There is actually no technical reason for this
convention and if it is desired to have a more
ergonomic keyboard on a PC or shave a little off the
cost of an AT then this could be reversed.

We should also consider keyboard language. It
will be noticed that the AT enhanced keyboard was
described as having 101/102 keys. The factis that the
US version has 101 keys whereas the international
versions {including the UK type) have 102 keys. It is
probably fair to say that most people reading this
article will not be interested in the European variants
so the choice is between US and UK. Well, from a
compatibility point of view it doesn't really matter, any
flavour of PC keyboard will attach to any PC as the
MS-DOS operating system provides drivers for all the
variants. In addition, any character which does not
have a corresponding key on the keyboard (such as
£ on aUS or U on a French) can be generated by use
of the Alt key at the expense of extra key depressions.
So, the decision comes down to personal preference.

Disk Drives And Controllers

Unlike most of the home computers where a disk drive
was considered a luxury add-on, the floppy disk drive
is an absolute essential on a PC or AT compatible and
a hard disk is a highly desirable extra. As another of
those conventions which have no technical reason be-
hind them (other than the fact that disk drive tech-
nology had progressed between the introduction of
the PC and the birth of the AT) PCs have 360K floppy
drives whereas ATs have 1.2M drives. These types of
drive are both of the 5V4in variety and although never
part of IBM’s PC range, we now also have the 3%/2in
drives of the type found in the PS/2 to consider. 3Y/2in
disks have capacities of 720K or 1.44M. So long as
the disk controllers match, any of these floppy disk
drive may be used on any PC or AT compatible —

PROCESSOR TYPES

B0BG Thisis the base level Intel 18-bit processor. Itis not commonly
foundinPC compatibles afthough the Amstrad PC1512 and PC1640
mmtat_:leexcepnqnsm_«tms_mlg Ti_mpmeassm hasa!ﬁ-hnaddress

{ _néfmﬁwndeiyen
‘counteredin clones. It s essentially an 8088intemally but with an 8-bit
external databus. The purpose of this restriction was to allow it to be
used withcheaper 8-bit peripherals and toreduce thechip packagesize
However, having effectively to do two memory accesses to read or
vrite 2 16-bit word causes it 1o be inherently slower than the 8086
80286 An B086 with on-chip memory management and protéction
anid hatdware support formultitasking (a feature only used by the 0512
'mmmwnnfﬂ'nPSJZmngeLﬁdslmepmswfmminﬁw
PCIAT and compatibles. lts pipelined architecture, high speed bus and
mmptremmnesg|neabasniewI{8MHzidu|p gbout sixtimes
the power of a base evel (4,77MHz} 8086 Its 24 addresslines allow
16MBstobeaddressed, Ttannmnnmwwdsmmpmwm
the 8086/8088.

‘80386 A 32-bit processor offering the aduanced features of the
80286. memdmmmmpﬁmngwdmwmaddmss
translation ensures very high speed "mdfngurssnfMMIPS
ate claimed. As the current top of the range; 4Gb of memol
MMmemnmmmlmmmwmmﬂpmmrsi
atan object code level ;smmnmed i
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it all depends on whether it is intended to stay with
convention and/or inside a budget.

- Usually a 1.2M drive can read and write 360K
disks although this cannot be relied on. A 360K drive,
of course, cannot read or write to 1.2M disks.

There is an operating systern consideration too.
The newer disk drive types are only supported on the
more recent versions of MS-DOS. It is unlikely that
DOS of an earlier version than 3.2 will be obtained
but it should be borne in mind that V3.3 is required
to support the 1.44M drive.

Soif anything can plug into anything how do we
decide on disk configurations? As always, a lot of this
will come down to price. 360K drives are by far the
cheapest and they also happen to use the least expen-
sive media. 3%/%in disks are particularly expensive but
in terms of pence per K there probably isn't too much
difference. Of course it is possible to put a mixture of
disk drives into a single machine if there is a good
reason to do so and this is simplified by the fact that
some controllers will support more than one standard.
Use of a 1.44M 3Vein drive may be particularly
attractive on an AT compatible as it then gives the
option of substituting 0OS/2 for MS-DOS and
effectively upgrading to a PS/2 (almost).

Although for the purpose of this article I shall
consider a hard disk drive as an add-on rather than
part of the basic machine, considering it at this stage
could save some money in the long run. It is possible
to obtain controller cards which support both hard and
floppy disk drives, so if it is intended to add a hard disk
at a later stage it may be worthwhile investing in a com-
bined controller at the start. The circumstance in which
this wouldn’t make sense is if one of the increasingly
popular hard cards is eventually added. These cards
combine the function of a hard disk controller and the
hard disk in the single unit hence obviating the need
for a separate hard disk controller.

Although it is probably true to say that virtually
anybody can manufacture something like a mother
board which is totally electronic, disk drives from an
unknown manufacturer can be more suspect. This
being the case, when selecting disk drives and more
particularly hard disks, unless there is a very significant
price saving and you're prepared to accept a possibly
more unreliable product then stay with the big names
(Teak, Suggart, Seagate and so on).

Video Card

This is the last system component which has to be
considered as absolutely essential and once again a
bewildering array of choices faces us. Fig.3 gives arun
down on the screen modes provided by the various
cards and should be used as a basis for coming to a
decision. Some standards (such as the PGA) are
virtually obsolete and most people will restrict their

AST's Sixpack Plus memory expansion board
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Mode Text Format Graphics Resolution Colours Display adapter
(o] 40x25 2 MDA
1 40x25 16 CGA
2 80x25 2 MDA
3 80x25 16 CGA
4 320x200 4 CGA
5 320x200 2 CGA
6 640x200 2 CGA
13 320x200 16 EGA
14 640x200 16 EGA
15 640x350 2 EGA
16 640x350 16 EGA
17 640x480 2 VGA
18 640x480 16 VGA
19 320x200 256 VGA
— 80x25 2 Hercules
— 720x348 2 Hercules
Fig.3 The IBM ‘official’ screen modes

-

UIY PCs

VIDEO STANDARDS

Thechoice ofvideo cardsisextensive-Figure 3lists themore commion
of BM! sofﬁmalscrwnmodwndmamgwhlch modesare provided by
which cards. In fact the last mode is not an offical IBM one but the
Hercules card has nevertheless become an industry standard,
Itshouldbeborneinmindthatthe lower resolutionmodes are notlost
ingeingtoahigher performance card, Inother words all the CGA modes
areprovidedby the EGA card and all the EGA (and hence CG Al modes
areavailableonthe VGAcard.

There are also enhanced EGA cards provided by & number of
manfacturers. In'addition to the official EGA modes these provide
those VGAmodes which donotrequire more than 64 colours [modes
17 and 18) and very often go beyond even thislevel giving resolutions
of say 752x410and B0OxBO0. Furthermore, enhanced VG A cards are
riow starting to hitthe market {at anotinsignificant price), providing
these higher resolution modes|n a greater number of colours,

choice to Hercules, CGA and EGA or possibly also
the VGA if upwards compatibility with the PS/2 is
being considered.

The Hercules gives the lowest cost graphics
product, especially since it enables a monochrome
monitor to be used. The CGA card is generally
available for about the same sort of price as the
Hercules but of course a colour monitor is now
necessary increasing the overall system cost and CGA
text is pretty appalling. It is probably fair to say that
anyone who is serious about colour graphics will opt
for EGA. The EGA card supports the CGA modes as
a subset but a result of supporting both 200 and 350
line formats is that a special EGA dual standard
monitor is required. As an alternative, however, most
EGA cards now available solve this problem by repeat-
ing each line in the CGA modes twice to give 400 lines
and implementing the EGA modes as a 350 line
window within the 400 display lines, obviating the
need for a dual standard monitor. However, these
cards often provide graphics performance in excess
of EGA but to make use of these modes in addition
to CGA/EGA a multi-synch type monitor is required.
It is therefore important to make sure whether a
particular card is a clone of a basic EGA or one of the
so called enhanced EGAs.

I/O Cards

Although perhaps not absolutely essential, most
people would consider a Centronics printer port and
at least one serial RS232 port to be standard equip-
ment. The options here are more limited than in most
of the areas so far considered and the most likely
configuration will be a combined serial/parallel I/O
card which will provide both functions. Of course if
it was desired to have, say, only Centronics or only
RS232 then such a card could be obtained but it
wouldn’t be much less expensive than a combined

card. On the other hand, many video cards include
a parallel printer port and in this case then clearly a
serial [/O card will be obtained separately. A myriad
of other types of /O card are available but this would
take us into the realm of add-ons.

The Case For The Third Party

Once again, the case is a component which we could
atapinch do without or perhaps built out of chipboard
butl suspect most people willbe prepared to spend that
extra £40 to smarten the machine up and give it that
truly professional image. PC or AT cases differ in size
depending mainly on the size of the motherboard and
power supply. The larger cases also allow up to four disk
drivesto be fitted whereas the smaller ones limit this to
two (excluding any hardcards which fit vertically in the
expansion slots).

The other point to note about cases is the front
panel controls and indicators. Some have a keyswitch
tolockthe keyboard, push button switchesfor switching
clock speeds and reset and indicator lamps to show
‘Turbo, ‘Power’ or ‘Hard Disk Access’ Itis important to
ensure that any switches or indicators required by the
motherboard are available or can be fitted. However,
some switches appear to be necessary but in fact are
not. For example although many motherboards
provide the facility to switch clock speeds by use of a
push button, there is often an alternative method
provided by the BIOS in the form of keyboard key
combinations (Ctrl Alt—).

Putting It All Together

There really isn't too much to be said about this. Most
people willfind it fairly obvious how to plug the various
component parts together. What goes where doesn’t
vary much from one clone to another. The one area
which may be less obviousisthe configuring of links and
DIL switches. As this varies from manufacturer to
manufacturer this cannot be covered here but on
buying any PC system component, check amanualis
provided (even though the English may be translated
in a quaint manner).

Spending Money

Thefollowingis alist of some British companies known
to sell constituent parts of PC compatble systems.

AAA Trading Ltd .,
10, Greycoat Place,
London SW1P 1SB.
Tel: 01-222 8866

Atomstyle Ltd.,

Millmead Business Centre,
London N17 1QU.

Tel: 01-801 1838

DRAM Electronics Ltd.,
Unit 12,

Kingston Mill,
Chestergate,

Stockport SK3 0AL
Tel: 061-429 0626

This is by no means a complete list, nor are they
necessarily the cheapest, so check price lists from themn,
lookfor other suppliersand shop around. Don'tassume
that because a particular supplier is competitive on
motherboards, it is the place for the cheapest disk
drives.

Building up a system this way usually gives a
significant price advantage over the bigname low cost
clones and will be slightly cheaper than the anonymous
clones also available from many of these companies.
Table 1 quantifies this by giving typical costings for a

ETI MARCH 1989



PS/2

‘WhatabouttheP5/27 Does it really make sensetostart downthepath
‘ot PC compatible computing mora than a year after 1BM have replaced
‘thisrangeof camputersby itsnewPS! 2ange? The answer to thisques:
‘tionis 'Yes' butit's approptiate to give the reasons for this ta assure
readers this route won't lead to absolescencein a short perfod of time:

ThePSi2 rengeasavaiiableinthe UK currently consists of models
30,50, 602nd 80, The top three madels are truly what panple Consider
‘asthe new generation, having Microchannel Architecturs [the new bus
spacification and conesponding add-on cand format) and allowing use
of thenew multitasking 05 /2 operating system as analternative toMS-
DOS. The models 50 and 60 have BO2B6 processors whereas the
model 80 hasan 80386, the 80286 beingthe base level processor for
Uise of 0S/2: The model 30, on the other hand is a totally different
machine. Ithas the superficial features of the PS/2 range in terms of
styling and usé of 3%in disk drives but can only run the M5-DOS
uperating system and has the same bus specification as the original
PC. To allintents and purposes, the de facto standard for base level
personalomputing hasnot changed. By puttinga 34n disk andVGA
eardintoaPC we virtually have 8 PS/2 30. True PS/2 clones are siow
totakeoffand although BM nolonger make aPC or PCIAT compatible,
thie third parties are still very strongin this area. Furthermore there s
nothmg inherent in the AT architecture to prevent thé running of the
05/2 operating system and thereby give PS/2 50 or 60 functionality,
Theonlydifference, of course, would be thelack of the Micrachannel
Architecturs (MCA) bus. Ever this neadn't be a problem, Certainly it
meansthatany truePS/Zcards couldn't be pluggedin butithasto be
saidthatthePC bushas beenastandard forsolong thatvinually every
Imaginable add:on board is available in this format.

NewmovesbyPC manufacturers maderecentlymake the future
of original PC compatiblesand cards eVien more secure. A consortium
including such big names as Compag, AST, Wyse and Tandy (nine
companiesinall) are developing a competing architectur to the MCA
which will supportthe 32-bit data bus of the 80386,

Called the Extended Industry Standard Architecture {EISAlthe AT
bus {and hence also the PC bis)is a subset, hence allowing cards
designed for these garlier machines to be used on the new bus,

Hottom end PC compatible and a bottom end AT
compatible.

It should be borne in mind that these prices do not
include amonitor orthe MS-DOS operating system nor
do they include RAM since at the time of writing the
orice of RAMs is (hopefully, temporarily) extremely
nigh and would therefore give a false impression.

These prices may look attractive but if we're
prepared to be that bit more adventurous, top end
sustems can be built up even more cheaply. The secret
istobuyfromthefar east, probably Taiwan. Togive an
example, let's consider an 80386 based machine.

Thisis Intelstrue 32-bit processor and we haven't
really considered them so far in this article because the
oricing would normally be prohibitive (almost £1000
i1 the motherboard). A recent advertisement for a
Taiwanese 20MHz 80386 motherboard (excluding
RAM and processor) gave a price of $345 (at today’s
exchange rate, less than £200).

Admittedly this is really a high volume price and
such companies are not really in the business of pro-
widing one-offs to end users. Nevertheless, it will
orobably be possible to obtain a‘'sample’ for aslight extra
fandlingcharge. The example givenis a high value, low
weight product and is therefore the type of product
«hich is particularly efficient to import. Because of
Zeight charges, low value, heavy items such as power
supplies and cases won't be too attractive to buy from
Sverseas.

A few points should be made about buying from
ihe far east. Firstly the prices quoted will be FO.B. in
1USS. Thatisapriceincludingnothingmore than carri-
2ge onto an aircraft in Taipei (or wherever). It is the
suversresponsibility to pay for the air freight and once
23in the UK to pay import duty and VAT.
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This can all get a bit complicated so if your're
tempted to dabble in a bit of importing then contact a
forwarding agent (listed under the classification Freight
Forwarding Agents or Import Agents in the Yellow
Pages) who for asmallfee will be able to relieve you of
all this and also, of course, advise as to how much all
these extras will come to before ordering. We're not
going to give any examples of far eastern suppliers
essentially because there are so many of them and a
small sample couldn't be representative but keep your
eyes open in the PC related press. One very useful
publication is Asian Sources Computer Products, itis
not too generally available but you should be able to
obtain a copy from the publishers at:

Trade Media Ltd.,
Grand Cayman,
Cayman Islands,
British West Indies.

The Future

Clearly we are predicting a rapid increase in the
popularity of PC compatibles for home use. Fur-
thermore we expect such machines to appeal to the
more technically minded. Certainly the technology is
not new nor has this trend just begun but at the sort of
pricings we now see, this will surely mushroom. ET1

PC
Motherboard 4.77/10MHz, 640k........ 49.00
PSU 110N s0b doatabonansandaoon0aRes 40.00
Video card CGA/Printer....cccoevevenene. 27.00
F. Disk controller S0} 3 s00000508hh BRS04k Ao iR 15.00
F. Disk drive O R e e o e 59.00
1/0 card Serial. oo 14.00
Keyboard BAKEYS..ovieerieaiiiiainns 32.00
Case PC type.iiveeeieeiieaninnnes 30.00

TOTAL £266.00

AT

6/12MHz, IM.............. 215.00
200W. .ot 60.00
CGA/Printer............... 27.00
360k/720k/1.2M........ 23.00
1T2M o 68.00
Serial....ocooviiiiiieenn. 14.00
102 Keys...oovveerinaens 43.00
AT type..ccvvveieieenne. 45.00
TOTAL £495.00

Table 1 Typical ‘shop-around’ prices for a basic PC and AT

intends to support PC compatibles. A generalarticle on
PCinterfacingis planned anditis also hopedto present
designs for a number of add-on cards. However, this
dependsvery much onthe response and contributions
we receive. Although we regularly make appeals for
articlesitis appropriate at this stage to say that we would
be particularly interested in designs for PC add-ons.

e




- - Bt thidatidhdtatod A i s Lol o T W
Tel: 01-471 9338 VIEWCOM  Tix:929709 VICOMG |  § TOp QUALITY NEW FROM SAGE AUDIO  HIGHEST POSSIBLE
inli H e A A TECHNICAL
Specialised Supplier of Digital Integrated Circuits COMPONENTS PERFORMANCE
. 100W to 500W
£ 3 I3 £ 3 £ b
MICRO- NSCB0ON-1 709 | 68451 970 | MB2CBBAS 1636 | SCNBBGBICINGD STATIC RAM FSOVIGETSY
PROCESSORS  |NSC80ON-4 1586 |6845P 640 | ME71981 369 634 |6116LP-2 POA
g o fom | Seijesian - angintmons el dofonine Sel g THE
65024 470 5. 4 | 8251 290 17 592 |6264LP-15 POA |
sszp 328 | Paogsal s88 8251 4| MCueazop  sse | TMPZBAC0D 312 | COMBNIBAES _ POA - Followi MOST ADVANCED HI-FI AMP IN THE WORLD
PBOC31BH 1238 9 2 344 4 4C30P 436 - ol iai A
6809P £30 | PCBaOCAL128 1125 |soton Si | MComianp 1o | TMootsoNL. targ | oeaPNsL owing the sliccess of the original SUPERMOS we now launch a higher powered
a2 5 ;250“2“9""‘ e 828549 e 2% Wesedse 554 M?Z"lk‘m 464 | CXK58256P-12L 1780 verstlpn with many new exclusive sound improvements not available on any other
BOCBSA 450 473 |B2C54PBMHz 59 901 991 17.37 |HM4334P-3 340 1 i
BOCBBAL-2 1890 | RE5024P 731 | B2C59A-2RS 450 | MCBB75P 1199 | TMS9937NL 1037 |HMB2256LP-10 1890 r amp Ifler’ kl[' board' moﬁule, @l ready madﬁ'
e 110 |Restoze 507 |Naoiogos 780 |Miemiwan 110 |Opbmatec 364 | rumaoeon mon |
1219 | AB5C02P2 697 | AY.5-81 780 1 1 82 364 | TMS4016-1
DEdgH - 4503 |RGSGDEPS 1082 |AYDIOISD - 455 |MMsBrMAN 1284 |UPBAzaC 371 | TorooN- POR $ FEATURES:-
B Ro0S | ROaEe™ 3% |Coteuoae 372 |MaviseroRs 3o |Urbesme a3 o Highly efficient distortionless PURE
- il 3277 2 58321 4 437 1
EF6B0SEP 442 | TMPZB4CO0AP-6 COMB116P 892 | MSMA1C55Rs 507 | UPD71051C 302 r ghly € tcient distortion eSS. U CLASSA
HDG303RP 1040 CPB2CE2 572 | M5MB2IC12RS 598 {UPDR201C 650 | OUAL PORT RAM b throughout {tow heat generation)
HD6305X2P 910 | TMPZBACOOAPB | CRTT004001 990 [MSMB251ARS 465 |UPD7219C 1637 [IDT71130L-100P17 40 oT A ; A
Hossasvar | 1040 7 Dezconis 1250 SWBaCsssRSass |Uoress 277 IOTiuS 00 1740 L @ Top audiophile components inc, best SMD's.
1352 | TMPZ84C00l 490 | DB2C288-10 160 82C5! D765A 705 v 0 1
HDO4IRORIPI0950 | TWSI0ONL 2035 |DwasstzBcay | o |Uepttssic 3 1550 b ® Exclusively made matched custom semiconductors
80R1P6 17.88 320C10NL 37.80 2457 - B155HC2 447 ® Mini i i i
HD641B0RIPS 1950 | TMSI20C1ONL2  [DPB2IZN 277 55 |UPDBISBHC. 371 1 Minimal capacitor design (without DC servos}
HD6A00O-12  T3B 4725 | DPBIEN 257 | MSMB2CB4A-2RS | UPDA2IACS 562 @ ° PSU sound colouration eliminated *
HDBBO0OP-8 1520 | TMS320C25GBL DPa224N 333 690 |UPDE243HC 2 22 | E/EE/UVE PROMS b . S .
HDseoo> 525 sa07 | DPazzoN 257 | NSMBICRARS S5 | UPDBZSIAFC 267 2382212%'/112255\\// i ¢ Advanced PSU feedforward ripple elimination including
B 494 | TMS9S00NL 3315 8228 597 | MUOBI 740 8253C2 233 ’ H
HOSSO0R  7ao [ThsSoooNL 2000 |DPRIOABN 212 |NSTRASON 1160 | UPDEZSACE 2 B Al T B > internally separately regulated voltage AND current to
P 780 | UPBB284AD 332 [DP8304BWM 321 16C450| 1313 | UPD8257C2 360 i i R
Hoeshoop 573 |UPBS2eSD 623 [DPadOsaN 2060 |NSIZOSIDE 5850 | LPOBSBACY 298 gezess 12| § . ’_T_LL lstages US‘"gdlsf;A'GE Super-Supply circuitry
68 8 0 347 | DP8419N 3016 D6 5265 8279C2 274 - ¢ otal r j
ssranoger2) | UEZI0808 1206 |DSizgt 990 [NSR20D6 1166 | UPDAZCAC 378 arcased0 %0 $ tal reactance (difficult speaker) drive capable. o
10 UPD70116D-8 1788 | DS1231-20 610 | NS32202D6 3510 - 210 o ] ZE X x
1950 |UPD780C-1 298 | DS1232 590 |NS405A12N 2301 |ZBOADART 540 |27C256-15DC 730 :: . ADEHCY Ieakuty
HD68HCO00P12 ~ |UPD78OC-2 335 | DS1287 2564 | NSASSAI2N 3514 [ZBOADMA 605 |B2DA ! @ THD 0.0001%, Slewrate 685v/us, f-3dB 0.5Hz-350kHz, O/P Current 80amps,
UPDBO3SHLC 295 |DS14CBOAN 125 | NSCS1DAN4 1586 | ZBOAPIO 230 |UPD27C5120-18 @D ing factor 940, t ient 20h to 1800W
HDBBHCO00P8 1794 |UPDBOJOHLG 370 |HCPL2630 586 |NSCB31N-  B06 [Z80ASIO 475 18 & Pamping factor , transient power (2ohms) up to 1 max.
HD6BPOIMO 7800 [UPDBOBSAHC 265 |HCPL-2730 375 | P8185 3055 | Z8B0A-SION 590 | UPD27CB4-15/21V °
INSBO35N-11 338 |UPDBOBSAHC-2 344 |HCPL2731 425 | P8256A 1209 | 80451072 530 b 1
mgsoag”-s 290 |UPD8O0BED-2 12 22 ngumo 582 | P8271 1354 éggamc 340 HN27054G-‘5/21:B° @ PLUS
BO3IIN-6 394 | UPDB0BBD 1344 |HCPL-4200 582 | P8274 678 B-DART 572 i i i1 | mi sndivi E
I o o s 20 S| R oI |Z00B DT 572 | inarceas 2021y :: . Bymnovatwq!echnlcalld_es!gnwe have eliminated 5 individual sound cofouration components
INSBOGON 1365 [UPDBOCISC 444 |HD146818P 455 | PB202 2699 | 280B-510 741 880 b found in all other conventional amplifiers.
MABBO31AH-12P upoaogsng 433 ngwsomp 101 Pl:azsabw 2;32 zsagzoAas 1089 ng;g‘zgmggg b
UPDBOCAOHC 533 | HOB321F 390 | Pazos, 284C30ABS 1089 . )
MABBOOHL11P | UPDEIAD 1317 Hosaagp 806 Pasio 95 |Zecuiame 2249 MeMezcsz 202 IVl 1 ELIMINATED - 1) Emitter resistors 2) Zobel networks 3) HF pole compensation 4 Fixed bias
UPDE748H 1011 | HD6345: 1040 B5 il 6 2243 i 3 inli H o B
MC145008CP 610 [UPD748HD 1278 | HDG3484P-8 4420 | R6520 465 | 285304 9% |meMeneezs 710| @ Vbe multiplier and temp gen distortions 5) Capacitor sound.
MC146B0SE2P 969 (UPDEZ49HC 1162 |HDG3484P-4 4160 | RE522 465 | ZB536A 806 | MBM27C2564-25 @
paosaone e Derst Dy el Oossor Qa0 Hcoon R 02 TepzasmoN 00| @ AND THERES MORE ... Sage exclusive CLEAN CLIPPING (not to be confused with soft
MCGBKIP 1034 | Z0BCPY 340 ViDeB40P 470 | Posis S5z |, DYNAMICRAM Tuszste a5l 630 $ clipping) eliminatas PSU ripple from reaching the outpul even when severely clipped, this togettier with
MCB800P12 1573 | ZBOHCPU 807 |HD8B450UB 7020 551 655 g r b indivi 3 i o i mi
TG =i | TR O |(GEr D = 8% | watbto FOR | Xoe1aAD : e individua! requlated supplies to all stages (Super-supplies) TOTALLY eliminates PSU component sound
MCEBOTOP10 2938 | Z8671 894 | HD6a50P 247 |ResCaipe 523 |441464C-12  POA | xemeeands teso| 5 colourations, (A Warld firstl)
MC68010PS  20.41 |ZBEBIABIYN 838 | HDEB52P 38 |R6sC22P2 507 [41256C-1S - POA | X2864AP-35 1695 @
MCEB701S 3887 |ZB6BIBIYN 599 | HDBBAS 359 gg%cswz 1118 mgg:g:""gz F;%g ggg@%{) Z‘gﬁg b 9
MCE8BJ9P 1144 HD&8B21P 429 2675BCSN40 g 8 g @
MCBSHCO00P-10. | MICROSUPPORT |ICMTITOIPG 1061 1125 | TM54464-15 760 | X28C2560-35 7790 b Supermos £65, Supermos] £7 r
\C's IMA702IPE . £37 | SCN265ICCINZS | MBA2B4A12 240 | X28C256D-2012640 :. p 3 4 p 8! Supe mos2 £140 each
MCBBHODOPE 1590 | 1488P 060 |IM6402-1PL 553 [ , N~ - .
MSHACIIFRS | 14geP 050 |IMIOaAPL 1152 | SCNESTIACINGG, | PLEASE ADD70pP&P andthon 15% b 4 ;ﬁ{igeTHEbHE Sd M?RE A0 ‘I’Ve g:ang POSSI?W defSCflbéI! thlsAamp fully in this ad. To receive
1050 | 14C88 1. 64020PL 507 6 | VAT OVERSEAS orders, postage 1 sgﬁmsy rachure describing thess modules inc description of our class A operalion and all our products
A 0 | W 125 [IMOOORL 315 | SCN2GMBCINAC ) | chargedatcost. VAT notapplicable for ) send £1.50 cheque, PO, coins plus a 9" x12" 26p SAE (note we no longer send information without the above
MSMBOCBBRS 1580 |6522AP 540 |INSE243N 218 | SCN26BtACINZ | EXPORT orders. Prices subject to § money and SAE or BIRC's overseas) lo:
NS32008D6 3796 |6522P 330 |INS8250AN 895 5 | change without nolice. Stock items by
NSg201606 4381 |6532p 675 |INS8250 1160 [ SCN26BIACINZS | relurn of post "
NS$3203206 5850 (6551 640 |INSB250NB 709 941 i
NS&TPS0D-6 5408 |6621P 1.40 |INSB2CS0AN 1225 | SCN26BIACINAO VIEWCOM ELECTRONICS SHGE Sue_ Wilson. SB!ES Dent.. SAGE AUDIO. Construction House.
NSC800N 1160 |6840P 3.l1o INSB2CS0AY 1352 703 77 Upperion Road West 4 HLIDi Whl"E\r‘ Street. B]I’!GIEV. YOFkS BDTE 4JH El'lﬂlﬂﬂd
Please phone/write foritems not listed Plaistow, London E139LT 3 Tel: (0274) 568647  Tix: 517783  Fax: (0274) 551065

SPECIAL OFFER

FOR SPECTRUM AND BBC MICRO OWNERS

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

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

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

ASP READERS’ SERVICES (RO ET5/6)

9 Hall Road, Maylands Wood Estate,

Hemel Hempstead, HP2 7BH
Please make cheques payable to ASP Ltd.
Overseas orders add £5 (Interspec) or £10
(Interbeeb) for airpost.
Access and Visa card holders can also place
their order by phone on (0442) 41221
Allow 28 days for delivery.

'_Please supply ...... Interspecs (RO ET5) at
£29.95 plus £1.95 p&p per order.
Please supply ...... Interbeebs (RO ET6) at
£49.95 plus £1.95 p&p per order.

NAMEe iiisissiconininssancussnnssasssnsnscersasaas

Please debit my ACCESS/VISA card

...’ to the sum of

|
|
| Address ....orvvveeeemienisiriniisnens
I
|
|

CE s Signed: oo

— —— —— — —— — —
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INTERBEEB £49.95

The Interbeeb unit connects to the BBC
micro’s ITMHz bus expansion connector
and is supplied complete with its own
power supply unit.

The interface unit is housed in a plastic
case approx 4%x3x1in which contains the
top quality double sided PCB and interface
connectors.
8-bit input port
8-bit output port
four switch sensor inputs
four relay-switched 12V 1A outputs
eight channel multiplexed analogue to
digital converter
precision 2.5V reference
external power supply
15-way expansion bus
All sections of the interface are memory
mapped in the 1MHz expansion map for
maximum ease of use and compatibility
with existing peripherals.

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

INTERSPEC £29.95

The Interspec unit plugs directly onto
the expansion edge connector of the
Spectrum to provide a full range of
interfacing facilities.

The unit is housed in a plastic case
approximately 4%x3x1in which contains the
top quality double sided PCB and interface
connections.
® 8-bit input port
® 8-bit output port
® four switch sensor inputs
® four relay-switched 12V 1A outputs
® ecight channel multiplexed analogue to

digital converter
® 15-way expansion bus

All sections of the interface are I/O port
mapped and designed for maximum com-
patibility with existing Spectrum
peripherals. Power is supplied through the
Spectrum edge connector.

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

ET! has huddled together in a corner with Specialist
Semiconductors to bring you the competition to end all others (well
this one anyway). This is your chance to become the proud owner
of a complete Variat-lon ioniser with all the trimmings (though you'll
have to make up the kit yourself, but then you are an ETI reader
so that will be no problem). For two lucky runners-up we have
Quest-lon kits to give away.

All you have to do is to find the odd one out in the following lists
of items. It's a dead cinch for intelligent ETI reader types so it
shouldn't take you a trifle. When you've worked them out, write
the odd one out for each list next to the list number on the back
of a postcard or sealed envelope along with your name and address
and send it to:

ETI lon Competition
I Golden Square
London W1R 3AB

to arrive not later than February 28th.

1. Fortran Latin Pascal Forth

2. Transistor Tripod Diode Milking-stool

3. GaAs GaPs GaAsP GaP

4. Direction Question Variation Negotiation
5. Silicone Geranium Gallium Indian

6. BY127 OM335 1N4007 BAT42 1N4148

RESULTS

The Nite Sentry competition in the December 1988 issue flooded
Golden Square with hopeful entries. Alas only two of these made
it through the rigorous selection procedure (the Editor's now
infamous Lithuanian Trilby): D. C. Horwood from Cheltenham and
J. Ella from Wokingham.

In case youre still wondering what the answers were, the
ingeniously cryptic addresses were:

84 Charing Cross Road (the book, film, clockwork toy, etc)
32 Windsor Gardens (Paddington Bear)

10 Rillington Place (the incident and film)

33 Railway Cuttings (Hancock’s Half Hour)

50 Wimpole Street (The Barrett’s residence)

1 Golden Square {oh, come on!)

77 Sunset Strip (US TV)

221b Baker Street (elementary, Watson)

100 Acre Wood (Winnie, Christopher Robin et al)

11 Downing Street (the Chancellor of the Exchequer)

In addition, the first 100 entries will soon be receiving a free copy
of the Maplin Catalogue and if you think we are going to list all of
them you can think again . . .

Thanks to all who entered. Keep reading the mag for more
competitions.

CRICTARELBOD

Ofow: | VVELECTRONICS

1989 &iidee " wnces:

SEND OFF FOR YOUR COPY TODAY...

ANGE

FREE VOUCHERS!
SEND OFF FOR YOUR CATALOGUE .
AND VOUCHERS TODAY.

1 WOULD LIKE TO RECEIVE...... Tape your &1 coin

COPY(COPIES) OF THE 1989 here, or send a
CRICKLEWOOD ELECTRONICS  cheque or postal
COMPONENT CATALOGUE. I order for £1.00 for
ENCLOSE §...... every catalogue you
PLEASE ENCLOSE MY FREE require.
VOUCHERS.

ADDRESS. ..., R e

ETI MARCH 1989
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ELECTRONIC GUARD DOG

One of the best burglar daterrents is a
quard dog and this kit provides the bark-
ing Can be connected to a doorbell,
pressure mat of any other intruder detec-
for and produces random fheeatening
barks. All you need is a mains supply
intruder datector and a linle ime

KK125 £24.00

DISCO LIGHTING KITS

LBOOOK B-way seguancer kil wilh built
in opte-isolated sound tolight input. Only

quires & box and control khob o com
plete £31.50
DL10ODK  d-way thaser leatures bi-
directional sequence and dimming 1kW
per channel | £19.25
DLZ1000K Unedirectional verston of the
above. Zero switching 1 reduce in-
tarferency £10.80
DLA# (Tor DL & DLZ1000K) Optional op-
fo npul aliowing audio ‘beal {light
response Lo Tip
DL3000K 3-channel seund to. light kit
2ef0 vpltage switehing, automatic level
and built-in - mig KW par
chiannsl £15.60

POWER STROBE KIT

Produces an intgnse

light pulss at a \;\ I /
e,

variable freguency of
't 18Kz, Includes

high quality PCH, == .\"\
COMPONSN1s. oofnec: 1]

lors, SWs strobe tube and assembly in
structions.  Supply. 240V ac. Sive
80 50 % 45

AK124 STROBOSCOPE KIT £13.75

PROPORTIONAL
TEMPERATURE
CONTROL KIT

pses 'purst hret techmigque toomantam
lemprrature to within 0-5°C. |deal for
photography  Incubdters, wing-making
Max Ioad 3kW {240V ac) Temp

e up 19 80%C Size Txd4x2 5cms.
MEd £7.80

SIMPLE KITS FOR BEGINNERS

Especially aimed al the beginner. Have fun with your project even atter you nave built it ang
also learn a litlefrom building it Thase kits include high quality solder resist printed circuit
Doards: il efectronic companents (including speaker where used) and Full construction in-

siructions with circuit description

SPECIAL OFFERS ON SK KITS
FOR SCHOOLS AND TRAINING CENTRES

~contact Sales Office f

SK1 DDOR CHIME plays a tune when ac:
tivated by a pushbutton . £3.90
5K2 WHISTLE SWITCH switches a relay on
and ot in redponse 1o whistle com-
mard : ; £3.90
SK3 SOUND GENERATOR produces FOUR
different seunds. including palices
ambulance/fire-enping siran 2nd machine
gun £3.90
XK113 MW RADIO KIT based on ZN414 1C
kit includes PO, wound aerfsl and crystal
earpiece and all components o make z sen
sitive _miniature ragio. Sire: 5.5x2.7x2
cms. Requires PP3 8Y hattery £6.60

SOLID STATE
RELAY
BARGAIN

Zerg voliage

swilching—no

radio inter-

larence. 25KV

input 1o output .

Isolation. 4 KV fgrminals 1o heatsink
isolation. 3V to 32V inpul voltages easily
interfaced to TTL or CMOS logic. 24V to
240V rms load veltage Inductive load
switching  Built-in snubber  network
104 max. 44 with no heatsink at 40°C
CoZ2a0/10 £2.25

or discounts and samples

XK118 TEN EXCITING PROJECTS FOR
BEGINNERS this kit cantaing a solderless
breadboard. components, and a bookel with
Instructions to-enable the absolute novice 1o
tulld en fascinating projects including a
light operated switch. intercom bierglar
alarm, and slectronic lock Each project |n-
viudes a circult dlagram, description of
operation and an easy to follow layout
diagram. A section on companent identifica:
tlar and function is intluded. enatling the
baginner 1o build fhe cirouits  with
confidance - £15.00

ELECTRONIC WEIGHING
SCALES

RTE B ETTIR
sl
4 0UGT 426 e

SUPER-SENSITIVE
MICROBUG

VARICAR TUMNED
TRARSMITIER

SERSITIVE
ELECTRET
A RO

PEINTED CIRCL|T
KERAL OO

G OUAL LTY

FEREGL ASS PCE wiTH

SCLDER RESIST (30 & 40mm)

Only ‘45 25 3 15mm, including buiit-in
mic. BE-100MHz (standard FM radio),
Range approx. 300m depending on ter-
rain. Powsred tiy 9V BP3 (TmA) |deal tor
siirvelliance. baby atarm efc £5.50

VERSATILE REMOTE
CONTROL KIT |

Includes all components |+ irans-
former for a sensitive |R receiver with 16
logic oulputs  [D—15V) which  with
suitable interface circuitry (refays,
triacs, elc—defalls suppiied) can switch
Up to 16 jtems of equipment on or off
remotely. Dulputs may be falched to the
las! received code or momentary (an dur-
mg fransmission) by specifying tha
decoder (C-anda 15V stabillised supply is
available to power external circuits. Sup-
ply- 240V AC or 1524V OC a1 10mA
Size (exC. lransformar) S=4x2 cms
Comp fransmitter is the MK18

i
AIRENEL Y

Kit contains a single chip micro:
processor, PLH, displays and ail else-
tronics to produce a digital LEDreadout of
weight in Kgs or Sts/ibs. & PCH link
selects the scale—bathroom/ two types
of kitchen scales. & low cost digital ruler
could also be made

ES1 £6.50

% % % BARGAIN COMPONENT PACKS % * *

Refill those empty comporent drawers at a fraction of the normal price and

don't be caught out. All components

Supplied are to full spec, and are not

seconds of surplus stock, Prices exclude VAT (15%0)

which operates from a 3V PP battery
and gives a range of up to 60ft. Two
keyboards are avallable~ MKS (4-way)
and MK10 | 15-way)

MK12 1R Receiver

{inc transformer). : £16.30
ME18 Transmitter £7.50
MKS 4-way Keyboard £2.20
MET0 16-way Keyboard £6.55
601133 Box for Transmitter . £2.60

MICROPROCESSOR TIMER
Kit controls 4
outputs inge-
pendently

switching on

Pack A 650 % 25 watl resisior 47R-10M
Pack B: B0 x Radial elsclrolytes 1ut—1000ul

Pack C
Pack D

30x Polyaster capacitors a or 0.01uf-1uf
35 harizontal presats th— 1M

30 IC sockels 8, 14, 16 pin_ .

25 Hed 5mm LEDSs.

G. 25 (ireen LEDs
- 30 5mm LEDs 10 Red, 10 Grean, 10 Yellow
Pack J: 50 1N4 |48 silicon digdes

Pack K.

TK ELE

13 Boston Road
London W7 3SJ
Tel: 01-567 8910
Fax: 01-566 1916

£4.25
£3.25
£4.50
£3.00
£2.00
£1.75
£2.00
£2.50
£1.00

40% npn/pnp transistors BO/548/558 Gereral Purpose. - £2.25
FREE Splderless Braadboard (verobloc typel when you buy all ten packs

CTRONICS

£

S
il

off at 18
presel fimes

over 2 7-tlay

cycle. LED display of Hme/day easiiy
pragrammed. Includes box,
CTRO0K .- E47.20

AK114 Relay kit for CTBOOO Includes
PCB. connectors and one relay. Will ac-
cent ug to 4 relays. 387240V o/o con
facts £4.30
701115 Additional relays, £1.80

ORDERING INFORMATION. All prices exclude VAT,
Free p&p on orders over £50 (UK only), otherwise add
£1.00+VAT. Overseas p&p: Europe £350; elsewhere £10,
Send cheque/PO/Barclaycard/Access No. with order,
Giro No. 528314002. Local authority and export orders
welcome, Goods by return subject to availability,

ORDERS: 01-5678910 24 nours
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SUN POWER

he possibility of obtaining useful amounts
of electricity from sunlight by photovoltaic
generation has long been an intriguing
possibility just around the corner’ It still
seems to be around the corner but at least
the corner is now perceptibly closer. Mass produced
amorphous silicon solar cells open the door to many
practical applications of solar generated electricity,
though the national grid is not obsolete just yet.

The solar energy impinging on a square metre
of ground at the equator on a clear day is
approximately 800W. A reasonable conversion
efficiency using low cost solar cells plus a reasonable
storage method could permit the use of this energy,
with a consequent reduction of electricity generating
costs of environmental pollution.

In Britain, of course, the energy per square metre
ismuch lessbut a high conversion efficiency canrender
its use practical.

Early satellites launched in the 1950s used solar
cells costing around $1000 (£500-600) per watt. This
cost was insignificant compared with the overall costs
of putting a satellite into orbit but rendered solar cells
uncompetitive for ground based applications.

The high cost of the solar cells arose from the fact
that each cell uses a single crystal of silicon. The cost
of producing monocrystalline silicon increases rapidly
with size, so that solar cells were disproportionately
more difficult to produce than transistors.

Costs of producing crystalline solar cells have
seen reduced from £550/W in the 1950s to just
under £3/W. Both monocrystalline and polycrystal-
iine cells fall into this category, each type having
different strengths and weaknesses. Monocrystal cells
achieve a conversion efficiency of 10-14%, while
nolycrystal ones manage 10-12%. Though their cost
is similar at present, there is probably more scope for
further cost reductions in the polycrystalline cells.

Amorphous Semiconductors

At these prices, solar cells are practical and economic
‘or such applications as remote telecom repeaters,
navigational aids and the like, as well as for such
applications as small scale refrigeration in developing
countries where no reliable electricity supply is
available. Only recently, with the advent of a-Si

n
=

k‘\
ARAln=S

1000 2000
WAVELENGTH A{rm)

POWER OF THE INGIDENT LIGHT. P(4 JmW m 2 am ™"}
=

Fig.1 The spectrum of sunlight
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Chronar’s ‘Walklite’ path light with internal battery and
solar cell

(amorphous silicon) solar cells costing around £1/W,
has photovoltaic power progressed beyond this level
of application.

Amorphous semiconductor material is, as its
name suggests. not in an ordered crystalline form but
in a disordered glassy state. One might ask why this
type of material (which is easier to produce and to
work with) was not used from the start of solar cell
development. The reason is the same as the reason
why monocrystalline silicon is used for transistors and
integrated circuits — amorphous silicon as it stands
cannot be used to make semiconductor devices in the
way that crystalline silicon can.

Most of the useful things which semiconductors
can do arise from well defined differences in the
energy levels of electrons in different states. A specific
amount of energy is required to raise an electron from
the valence band of energy levels (where it is parti-
cipating in bonding atoms into the crystal lattice) to
the conduction band in which it is free to move
around. Itis vital that the conduction electrons should
have a reasonable lifetime before falling back to the
valence band or no useful functioning can take place.

In crystalline silicon, the available bonds between
the atoms are all used. Silicon has four available bonds
— itis said to be four valent. When in a crystal in which
there are atoms at the four positions needed to use
these four bonds it is said to be four co-ordinated. The
valent bonds between the atoms consist of pairs of
shared electrons of opposite spin, which serve to
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Andrew Armstrong
looks at amorphous
silicon in general and
photovoltaic cells in
particular
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Fig.2 Energy absorption characteristics of various
types of solar cell

complete the outer electron shells of the atoms
involved.

This sort of bonding occurs in atoms where the
outer shell has fewer electrons than the number to
complete the ideal pattern for that shell. The atom can
only have the number of electrons which balance the
number of protons in the nucleus or else it will carry
a net electrical charge.

Energy

Just as water flows downbhill so in general all systems
tend towards the lowest energy state. Completion of
all partial electron shells represents a lower energy
state than non-completion but charge neutrality is a
lower energy state still. Consequently an atom will not
normally carry a charge to complete all shells but if
it can share electrons with other atoms which also
have incomplete shells, charge neutrality is main-
tained while the outer shells share electrons which
complete their required patterns. This is a stable low
energy state and such bonds are often very strong,
resulting in chemically stable substances.

In an amorphous semiconductor like silicon,
which is four co-ordinated in its crystalline form, many
atoms are not four co-ordinated. They have dangling
bonds which are ready to capture any passing electron
of opposite spin. This completes the outer shell and
charges the atom negatively. The dielectric constant
of the material is sufficiently high that the fact the net
electrical charge of the material is neutral overrides
the effect of the localised excess of negative charge
and the electron is bound firmly to the dangling bond
rather than being repelled away electrostatically. This
results in a very short life for electrons in the con-
duction band and the material is about as useful to
make a semiconductor device as a piece of window
glass.

Pioneering work on the electrical properties of
amorphous solids by Sir Nevill Mott (then Cavendish
Professor of physics at Cambridge) and P W Ander-
son, which earned them the Nobel prize for physics,
opened the door to useable amorphous semicon-
ductor devices. The actual process, discovered by
Walter Spear of Dundee University, is to deposit
silicon from Silane (SiH,), by glow discharge (RE

electron bombardment). At first he thought that it was
the glow discharge which was making the important
difference, by depositing the silicon differently. The
physics of the situation showed that hydrogen from
the silane occupies virtually all the dangling bonds,
which permits electrons to remain in the conduction
band for longer. Itis the use of silane which is crucial.

Addition of phosgene (PH,) to the deposition
chamber dopes the amorphous silicon with phos-
phorous, which is five valent. In situations where the
phosphorous is four co-ordinated (approximately
50% of phosphorous atoms settle this way) there is
a vacaney for an electron to join with the spare bond
from the phosphorous. This electron is weakly bound
but while it is where the phosphorous atom is, a
vacancy or hole exists elsewhere. Thus a P-type
semiconductor is formed. N-type semiconductor
material is made by doping with boron, which is three
valent,

The conversion efficiency of a-Si (amorphous
silicon) solar cells is around 7% but will probably
exceed 10% by 1990 as it now does in laboratory
specimens. Though more cell area is needed to give
the same power output as crysialline cells, the reduced
cost per unit of power output makes amorphous cells
more attractive for most purposes.

The ‘Keylite’ solar powered keyring torch from Chronar

Figure 1 shows the spectral content of sunlight
in space and after absorbtion by water vapour, ozone,
carbon dioxide and nitrogen in the atmosphere.
Figure 2 shows the energy absorbtion of the various
types of solar cells and it can be seen that the
amorphous cells are more efficient in the visible region
(400-750mm). This gives rise to extended sensitivity
under low light levels, where a-Si cells can be more
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effective than crystalline ones.

The high absorbtivity of a-Siin the visible range
also means that a thinner layer of material will absorb
the energy effectively. A-Si cells can be of the thin film
variety, typically 1um as compared with 0.25-0.5mm
with crystalline cells.

Manufacture

One major advantage of a-Si solar cell modules is that
the interconnection between cells is an integral part
of the unit. The world’s largest a-Si solar cell manu-
facturer, Chronar, uses the following processing steps:
the P-I-N structure cells are fabricated by deposition
of the required layers onto a glass sheet. As illustrated
in Fig. 3. The first layer to be deposited is the front
electrode, consisting of a layer of tin oxide which is
laser scribed into strips. A-Si is then deposited and
laser scribed. The final layer to be deposited is the back
electrode, and this is also scribed to match with the
strips of silicon. This rear electrode thus forms the
contact between front and rear and is responsible for
connecting the cell strips in series to give the required
voltage.

Monolithic connection in this manner avoids the
need to solder individual connections between cells,
and is a significant factor in the competitive price of
a-Si modules.

Crystalline cells are manufactured as wafers from
cast ingots and by the time they have been scribed to
shape, up to 50% of the base material may have been
wasted. Considering the continued demand for silicon
wafers from IC manufacturers (the increase in demand
for RAM chips, for example, has contributed more
than is generally realised to the well-publicised
shortage while the production capacity catches up)
the price of this base material is unlikely to fall
dramatically. A-Siis cheaper and likely to remain so.

There appear to be two main companies in-
volved in solar powered systems in the UK, Chronar
and Solapak. Chronar is based in the USA, and is
primarily a manufacturer of solar panels. Solapak, a
UK based company, deals purely in applications, such
as remote telemetry for the gas board. A sister com-
pany, Intersolar, deals with domestic products such as
the Autovent. Thisis a ventilator which fitsin the top of
a car window, and leaves the car as secure as if the
window were closed withoutthe ventthere. The more
the sun shines, the hotter the car willtend to become,
and the more efficiently the solar powered ventilator
works to keep it cool.

Several other companies market cells or
oroducts in the UK. There is no indigenous British
company manufacturing solar cells, and Chronar
claims to be the only company manufacturing
amorphoussolar cellsin Britain, with their substantial
piant at Bridgend.

Solapak has a factory at High Wycombe to
assemble systems and products. Interestingly,
Solarpak is not so committed to a-Si, but prefers
monocrystalline cells for industrial applications where
performance is the main criterion.

Solapak was the main company involved in the
Solar/Wind Energy Project at Milton Keynes. In this
project, solar panels and a wind generator are used
in conjunction with storage batteries to provide elect-
ricity for nine houses. A total generating capacity of
30kW is installed, with automatic switchover to mains
electricity in the event that the batteries run too low.
The combination of wind and solar power (80% solar,
20% wind) matches the seasonal demand for elect-
ricity and the houses are designed to use passive solar
neating to minimise the electricity requirements for this
most inefficient use of electricity.
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Fig.3 Fabrication of a-Si solar cells

Electrical Characteristics

A-Si cells produce approximately 0.8V off load, falling
to 0.55V on load. Figure 4 shows the V-1 character-
istics of a typical cell. The characteristic is not linear
and there is a well defined point at which maximum
power is delivered to the load. An equivalent circuit
giving a good representation of the characteristic is
shown in Figure 5

on the intensity of the incident light and the temper-
ature. Both Chronar and Solapack (and probably
others as well) have designed load tracking units
which adjust the load applied to the photovoltaic
panels to extract maximum power from them under
the prevailing conditions. Such units are claimed to
increase by 15% the average battery charging cap-
ability by making best use of morning and evening

The precise V-l characteristic of the cells depends
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Fig.4 V-1 characteristic of a typical a-Si solar cell
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Fig.5 The equivalent circuit for

a typical a-Si solar cell
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light levels, as is shown in Figure 6.

Another advantage claimed for load optimising
units is that if the solar cells are used to power, say,
apump directly, the amount of water pumped can be
increased from 20 to 100%. This is because the pump
starts earlier in the morning and works later in the
evening. It can also run faster in the middle of the day
when the total power is greatest (even though the cell
voltage is the same). This is illustrated in Figure 7.

The load optimiser units work somewhat
similarly to switched mode power supplies, using
variable mark/space ratio switching to control the step
up/down as shown in Figure 8.

Photovoltaic Applications

At present photovoltaic power is useful in Britain only
for applications where it is not convenient to use mains
power. If the price per watt were to drop further the
applications could multiply.

To take a simple example, if solar cells were used
in conjunction with rechargeable batteries in a radio,
then the size of battery required would be less than
that needed if it had to operate the radio with no top-
up between charges. In this case, the batteries only
have to retain enough charge to cope with periods
when the light is not bright enough for the solar cells
to run the set on their own. The same argument
applies to other electronic products. Even if a separate
or built-in charger is necessary, the addition of solar
cells can extend battery life in normal use.

Already it is practical to use a-Si solar panels to
charge batteries in caravans, small boats and the like
to provide power for weekend use. With the increase
in static ‘key off loads in cars, there may soon by an
incentive to provide a solar battery charger, perhaps
in the form of a sun roof. A-Si solar arrays are semi-
transparent, rather like a dark tinted glass and could
enhance the appearance of the car while preventing
the increasing amount of continuously operating
electronic equipment in the car from discharging the
battery if the vehicle is left parked for a couple of
weeks.

No doubt the availability of top-up charge from
a solar panel would encourage the provision of more
key-off loads, such as better security devices. One
interesting possibility would be to power a ventilation
fan to keep the internal teraperature down to levels
safe for pets who may have to remain in the car. Spare
power along with an extra switch could solve that
problem, as well as making the car more pleasant to
get into after it has been parked for while in the sun.

Outland

Out in the outback solar power has been making an
impact. Australian farmers living far from mains
electricity supplies have for some time made use of
diesel generators to provide electricity for the mod
cons of contemporary civilisation. The drawback is
that the efficiency is low. The diesel generator has to
be able to supply the maximum load, which may be
required for a short period each week but it has to be
kept running all the time to maintain loads such as
food freezers, radio communication equipment and
so on.

If the diesel generator is run lightly loaded it is
inefficient but still the fuel consumed is much less than
at full load. Unfortunately a lightly loaded diesel
engine is less reliable then a fully loaded one. For this
reason, in many cases power is deliberately wasted,
for example by using an air conditioner and a heater
in the same room, to maintain the load at near
maximum. This is costly but less inconvenient than
arranging for repairs to a diesel generator set hundreds

of miles from civilisation.

A possible answer would be to use the generator
to charge batteries, and only start the engine when
the batteries run low. This can help but once again
unreliability becomes a problem. The solar solution
diminishes the problems. At current prices it is not
sensible to provide enough photovoltaic power
and/or storage to cater for the maximum load but it
is possible to provide for the base load at a cost which
is quickly repaid in saved fuel costs.

Enough storage batteries are used to provide for
the night-time operation of necessary loads and the
diesel engine will be started automatically on the rare
occasions when the stored energy is inadequate.
Normally, however, the diesel engine would only be
used when, for example, extra loads such as a washing
machine, electric iron or whatever are used once or
twice a week. The reliability of the diesel generator set
is not seriously compromised by the limited stopping
and starting required and if the generator fails the solar
panels can keep essential loads supplied. The pay-
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Solar poweredrechargeable hand lantern form Chronar

back time for such schemes is claimed to be between
one and two years.

The farthest out application, geographically, is
still in outer space. It is unlikely that a-Si will be suitable
for satellite applications because efficiency is more
important than price, and crystalline cells are likely to
remain more efficient in the forseeable future. It is
more likely that indium phosphide would replace
crystalline silicon as the material for satellite solar cells.

The reason for this is that particle radiation
gradually and irrevocably disrupts the crystalline
structure of silicon, while the structure of indium
phosphide reforms itself. So indium phosphide cells
would not suffer the slow degradation which silicon
cells suffer.

Amorphous Applications

The use of a-Si is not confined to solar cells.
Researchers at Chronar have fabricated transistors
and logic gates of up to 18 transistor functions per
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chip, and are currently developing more complex logic
functionssilicon logic circuits which can operate at up
to IMHz on supplies of 5V. This is hardly likely to
outperform RISC processors in the near future but the
performance is suitable to be incorporated into flat
panel displays. For example, if driving electronics were
to be incorporated into a liquid crystal display panel,
then each pixel could be driven separately rather than
being multiplexed.

The available contrast would then be the same
as current digital LCDs provide — much greater than
that available from multiplexed displays. Computer
displays made in this way would be easy to read,
unlike present supertwist LCDs which give limited
contrast and a narrow viewing angle.

Another application of the technology is to
produce non-volatile memories by an effect whereby
= conduction path generated by a pregramming pulse
remains in existence until an erase pulse is applied.
The physics of this is still under investigation. The likely
application is to produce memory modules as a sub-
stitute for diskettes in future generations of PCs. At
Jast an end to BAD SECTOR ON DRIVE B.

In the long run, a-Si logic would seem ideal for
use in optical page readers and general image pro-
cessing. Perhaps security cameras could be made with
electronic motion detection built in to the faceplate,
or page readers with character recognition built in,
using paralle! processing of the image.

The Future

Clearly the cost of photovoltaic power and specially
a-Si solar panels, will decrease during the next few
gears as manufacturing processes are improved and
volumes increased. Chronar says its new manu-
facturing plant at Bridgend will produce solar panels
at a cost of approximately 50p per watt when it opens
in 1989 and that this will be reduced to around 35p
during 1991. This plant will be able to produce 10MW
of a-Si solar panels per year, making it the largest such
plant.

Such a reduction in costs, if achieved, will
certainly open up many new applications. Most pre-
dictions turn out wrong or at least to have a wrong
timescale, so [ will suggest a few developments which
I would like to see.

First of all, for reasons of sheer convenience,
would like to see more products incorporating solar
cells and rechargeable batteries. This should reduce
the tendency for batteries to run flat at an inconvenient
moment. Of far more significance, though, would be
the generation of useful amounts of electricity to
reduce the need to burn coal and oil. The burning of
coal, in particular, would appear to be one of the most
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Chronar’s range of photovoltaic panels

environmentally dangerous means of producing
electricity, so even a modest reduction in the need to
do so would be desirable.

It does not seem to me that in Britain, with our
dim weather, centralised photovoltaic power gener-
ation would be attractive unless astounding conver-
sion efficiencies were achieved. The land taken up
with the solar panels could better be used to plant
trees, which could in due time be cut down and burnt
to produce electricity. However, if house roofs were
made from solar paneltiles, and the power converted
electronically to 50Hz, the overall effect could be quite
beneficial — although an electrician would then be
needed to repair a leak in the roof!

Power would only be generated during the day,
of course but it is during the day that overall power
demand is greatest because of industrial use. If the net
domestic load could be reduced or even made into
a net supply, the resultant load levelling should
increase the efficiency of power generation as well as
reducing the total requirement.

Photovoltaic power could also make a contribu-
tion to road transport. Though I cannot imagine long
range electrically powered vehicles becoming practical
or indeed possible in the foreseeable future, there
would seem to be an application for shorter range
vehicles to be used around town for shopping, taking
the children to school and the like. No doubt mains
recharging would be needed for all but the lightest use
but the use of solar cells covering all the suitable
surfaces on an electrically powered car could extend
its usefulness and help to make it practical.

A short range vehicle like this could make a
disproportionate reduction in total fuel consumption
because it is short range town driving which is least
efficient for normal cars and it is in the mile or two after
starting that the poorest fuel economy (and the
greatest engine wear) occurs. The major barrier in the
way of this development in the medium term would
appear to be the difficulty of taxing it.

Finally, to permit these and other beneficial
developments. | would hope and expect that the
efficiency of photovoltaic panels could be improved.
Chronar has a research grant to improve efficiency
and expects to achieve 10% in the near future, mainly
by improving the quality of the junctions and the
packing density. Improvements in the spectral
absorption should in theory be possible, and it may
be possible to achieve efficiencies in excess of 20%

in the next decade. E
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Paul Chappell returns
to the relative sanity
of real op-amps for a
discourse on transfer
functions, loop gain,
return difference and
the like

till on the trail of frequency response,
negative feedback and stability in op-amp
circuits, 'm going to try stalking the subject
from a different direction. In the last few
articles 've been concerned with
some of the practical aspects of designing a heating
controller and one or two of the problems you might
come across. Thistime we'll see what a more abstract
approach can do for us.

Stripped to the bare essentials, a single loop
feedback system can be summed up by the diagram of
Fig.1a. There’s an input of some kind, a forward path
A, afeedback path  and a device which combines the
signalemerging from the feedback path with the input
signal. In a simple negative feedback loop the
combination process is nothing more than the
subtraction of the feedback signal from the input.

INPUT O

COMBINER

A < OUTPUT

ta)

COMBINER

[—O ouTPUT

tb)

COMBINER

OUTPUT
{= TEMP.
OF OVEN)

=

Fig.1 (a) The stripped bare diagram of the single loop feedback
system (b) A practical version (c} Another

1AV

-AMPS

Figure 1bshows one practicalform of the system
and Fig.1c shows another. The diagram of Fig.1a is so
stripped of any kind of personality that it could
representawiderange of systems, and notnecessarily
electronic ones either. It might be a mechanical fuel
injection systemin acar, for example, oragaspressure
regulator. Anything which takes account of the results
ofits actions and compares them with the input to see
itit's doing the thingright has the same essential parts,

So if we can draw any conclusions from such
unpromising material as the diagram of Fig.1a, they will
hold good for an enormous number of apparently
unrelated (but in essence very similar) devices.

Having said all that, I'm not really aiming for
complete generality here — apart from anything else
I'd have to keep stopping to show how the terms,
conditionsand results apply to various other systems,
or to resort to heavy mathematics, neither of which I
want to do. It's op-amps we're interested in, so that’s
what I'll concentrate on.

Having settled that, we can now saythat Aisthe
ve'agegain of the op-amp, fisthe factor by which R1
and R2 (Fig.1b) reduce the output signal

3=
R, +R,
and that the combining block represents the
subtraction of the —input signal from the +input
signal that happens in the input stage of the op-amp.

OK, if 'm not aiming for generality, why not stick
to drawing proper op-amp circuits instead of boxes
with odd names? The answer is that a slight shift in
viewpoint often shows up all kinds of relationships that

wo—(%}i-. A

—{} Vo

ViD

b O Vo
m

R2
fb)

Fig.2 Putting formulae to (a) the stripped-bare
version (b) Real op-amps
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were not at all obvious before. Translating to the
frequency domain, for instance, can make it impos-
sible to miss things that were all but invisible in the time
domain.

The shift we're making here is to see things in
terms of what they do rather than what they are. We
are no longer interested to know that the subtraction
of the feedback signal from the input takes place inside
the op-amp or that the division of the output is
achieved with a pair of resistors. All we care about is
that somehow or other it happens — irrelevant
information is cast aside. The markings on the boxes
represent their transfer functions — the way they
process a signal on its way through. For the moment,
function is all!

Let's begin by working out what the voltage gain
of the network of Fig.2a will be. By inspection we can
write down:

Ve = Vi — Puoand ve = vo/A
so, combining the two equations and losing ve, which
we're not interested in, we get:
Vi — Puo = vo/A
which, after a bit of fiddling around, gives:
vo/vi = A/ (1 + Af).

Now, if the value of Ap happened to be much
greater than one, there would be not much error in
saying that the network gain vo/viis 1/f. I A, on
the other hand, turned out to be very much smaller
than one, the gain would be pretty close to A, the gain
of the forward path. Which is exactly what you'd
expect from your experience with op-amps, isn't it?
You sound doubitful.

Orientation exercises coming up. In the circuit of
Fig.2b, youd have no hesitation in telling me that the
gainwas (R, + R,)/R,. If pressed, youd also admit
that this was an approximate formula but one that
gave an answer near-as-makes-no-odds correct as
long as the demand gain was a good deal smaller than
the open-loop gain A of the amplifier.

Translating this into As and f5s, you are telling me
that the gain is 1/ff as long as 1/f8 is much less than
A. which is the same as saying that Aff must be much
greater than one, Which is exactly what I said before!

So what happens if the demanded gain gets
close to the open-loop gain of the amplifier? Or equal
to or greater than it? If you remember way back to the
earliest articles in this series, | produced some figures
showing exactly what the resulting gain would be. It
would get closer and closer to A, the amplifier'’s own
gain, and would no longer bear any relation to the
values of the feedback resistors.

Once again, the translation into As and f3s: you
now tell me that as demanded gain 1/ approaches
A it becomes a less and less reliable formula for the
circuit’s gain. If it goes way beyond A (which is to say
that AB becomes much less than 1) then the gain of
the circuit gets closer and closer to A.

All clear now? Without hesitation then, if 1
replace R1 and R2 with a pot and turn the potin the
direction to increase the circuit’s gain, am I increasing
or decreasing 8? If  set the pot so that the demanded
gain (R, + R;)/R; is equal to the op-amp’s gain A,
what will be the value of AB? And what will be the gain
of the circuit? OK, you've passed!

Have a look at Fig.3a. For reasons best known
to my psychiatrist, ['ve grounded the input of the
network and broken the loop between the output and
the 3 box. Not content with this, 'm also injecting an
input straight into the # box and looking at what comes
out of the other side of the cut. You can easily work
out what it will be: —Afvin.

In Fig.3b 've done the same thing again but in
a different part of the loop. Once again the signal that
comes out will be — ABvin, and so would it be if I cut
it yet again just before the A box. The term —Af is
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known as the network’s loop gain — it's the gain you
get if you send a signal once around the loop, no
matter where it starts and finishes.

Another quick test: there are two op-amps
circuits on your bench, each using the circuit of Fig.2b.
One is connected for a gain of 10 and the other for
a gain of 1000. Assuming both use ICs with more or
less the same open-loop gain, which circuit has the
higher loop gain? (and which has the nicer coloured
resistors?).

There’s another relationship to be spotted here.
The higher the demanded gain from the circuit, the
lower the loop gain (strictly speaking, the lower the
magnitude of the loop gain but you know what 1
mean). At the point where the demanded gain is
equal to the open-loop gain (that is, if you have an
op-amp with a gain of 10° and try to set a gain of 10°
with the resistors) the loop gain will be one and the
actual circuit gain will be almost exactly half the value
you expect. If you apply lots of feedback and to select
a gain much less than the open-loop gain, the loop
gain will be high. Have just a little feedback and the

loop gain will be low.
A TOU‘H‘UT
| Vo

# O Vi

()
i

Fig.3 Locating the loop gain

There's one more term | should introduce this
month, and that’s the return difference. In the
equation for the gain of the network of Fig.2a, the 1
+ Aftermis called the return difference — don'task
me why. Calling the various parts of the gain formula
by name, it becomes:

closed loop gain _..open loop gain

return difference
so it follows that:

. open loop gain
return difference = open 0 gali:

closed loop gain

It's given aspecial name because, like pi, it keeps
popping up all over the place, although why it isn't
called something sensible like gain ratio is beyond me.

One of the main problems with feedback theory
in general is that no two people ever agree on the
names of definitions of any part of it. The theory grew
up almostindependently in several different areas —
amplifiers, servo-mechanisms, control theory and so
on. By the time everyone realised that they were
essentially studying the same thing under different
names, it was too late.

Some call the signal which feeds the A box the
error signal, othersinsist that it is the correction. Some
like to refer to loop gain, others prefer loop feedback
factor or return ratio. So if you're browsing through a
book on feedback and find that they use entirely
different names and definitions, don’t worry — just
choose whichever you like the best!
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HIGH GRADE COMPONENT PARCELS

Unless otherwise stated, all the clearance parcels we offer contain brand new, top grade
components. If some of the offers look too good lo be true, all | can say is that the
optimists will get some stunning bargains, the cynics will never know what

they've missed, so everybody will be happy! Al offers apply only while
U NIVERSAL current stocks last — watch out for next month's parcels or, better
EVE HY'“-"NG PA RCEL still, be the first to hear about any new offers by

putting your name on our mailing list. (Please
write in, or 'phone Pete Leah on
0272 522703 after
6.30 pm).

This one conlains some of Just about any component you care to name!
There are passives (resistors, capacitors, 1ants, presais], opto devices
(couplers, LEDs of all shapes and sizes, infra-red components,
7-segment displays), semiconductors (transistors, diodes, ICs,
rectifiars), and all kinds of other odds and ends (relays, VDRs. naons,
battery conneciors, mixed components packs). A slunning range of
components — enough lo get a workshop or lab. started — at a
ridiculously low price.
The componenis are of excellent quality, in packs onginally intended to
sellatE1 each. To make sure you get a good yanety. the 20-pack
parcel will have no more than two of any ane pack, the 100 pack parcel

will have &t mast five of any ane pack Parks supphed as they come —
our choice.

PARCEL 1A: 20 PACKS for £10
PARCEL 1B: 100 PACKS for £39!

¥ MASSIVE
CLEARANCE SALE

Once again, a general purpose parcel containing a
huge variety of components: resistors, capacitors,
ICs, transistors, electrolytics, tants, triacs, LEDs,

diodes, thermistors, trimmers, VDRSs, all sorts. All new,
top quality components. This is mostly remainders from
our own stock — stuff we forgot to advertise, or have in
too small a quantity to sell individually. Guaranteed to be
worth at least eight times the price if vaiued from any
standard component catalogue! What more can | say?

PARCEL 2A: 1000+ top grade components for £12!
(Value £100+)

PARCEL 2B: 5000+ top grade components for £49!

(Value £500+) —
€IE

INTEGRATED
CIRCUITS

This parcel contains nothing but ICs. The
mixture offers TTL and CMOS logic,
interface ICs, linear, data converters,
op-amps, special functions, and so on.
Some of the ICs are pre-packed with data
sheets, some (TTL, CMOS, op-amps) we
expect you to identify for yourself, others
will be covered by the free data pack

LEDs

All shapes, sizes and
colours of LEDs. Round ones
in various sizes, rectangular ones,
red, green, amber and yellow ones,
clear and tinted lenses, all sorts.

provided, and the rest you'll have to TANTALUM
identify under your own steam. If you - PARCEL 7A: 100 LEDs for £5.90
know your ICs you'll be in for a few nice CAPACITORS

_ PARCEL 7B: 500 LEDs for £24.90
surprises.

PARCEL 3A: 200 ICs for £12!

PARCEL 3B:
500 ICs for £49!

A nice range of tants in values up to
47uF. Lots of useful caps, and we're
not mean with the most expensive
ones. A fine selection.

PARCEL 4A: 100 TANTS for £6.80
PARCEL 4B: 500 TANTS for £29!

CAPACITORS

An exciting selection of
capacitors. There are
ceramics for decoupling and
general use, Polystyrenes for high
performance circuits, dipped and
moulded polyesters in values from a few
nF up to 2.2)F {very expensive!), tants and

A first class selection of good, modemn
electrolytics. The mixture ranges from
small coupling caps up to huge power
supply electrolytics — you'll be hard
pressed o find any value between 1jF
and 2200pF that isn't represented. A
wide range of very useful components.
Go for it!

TRANSISTORS

PARCEL 5A: A mix of general purpose silicon aluminium electrolytics — just about any
1000 ELECTROLYTICS for £8 transistors, mosﬂy bip0|ar NPN and capacitor yOU‘“ ever need. Don't miss this
PARCEL 5B: one!

PNP, with a few FETs and unijunctions

2500 ELECTROLYTICS for £16 thrown in (when available) to spice PARCEL 8A:
the mixture. The contents vary from 1000 CAPACITORS for £6.50
i J month to month - at the moment there PARCEL 8B:
are BC212s, BC213s, BC548s, 2500 CAPACITORS
BC238Bs, MTJ210s, and so on. Next for £14.90

month — who knows? All top quality
components.

PARCEL 6A: UK Orders:
200 TRANSISTORS for £6! Please add £2.50

towards postage

and packing
Europe and Eire:
Please add £6.00 carriage

HIGHGRADE ' and insurance
COMPONENTS LTD - | Outside Europe:

Please add £12.00 carriage
Unit 7, 8 Woburn Road, Eastville, Bristol BS5 6TT

and insurance
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MIDI PROGRAMMER

n the early days of synthesisers, instruments

had impressive rows of rotary controls and any

desired parameter could be almost instantly

selected and adjusted. Progress resulted in

polyphonic and multi-timbral instruments
which required too many controls for this approach
to be viable, and so the numeric keypad plus single
control was born, The keypad was used to select the
required function and then the control knob was
adjusted to obtain the required sound.

Finally, things were streamlined still further, with
the control knob disappearing altogether and the push
buttons being used to select and adjust everything.
While all this was happening, the complexities of
setting up a new sound were growing, with ever more
parameters to set. The result of this has been that
sound creation has become so complicated that most
users of electronic instruments now simply settle for
the factory preset sounds or sounds bought on
cartridges (or whatever)

Matters have improved somewhat recently, with
MIDI providing the possibility of easier access to the
controls of an instrument. There are two basic
approaches and the best of these is to have a
sophisticated computer controller having an on screen
control panel that gives the same ease of access to the
controls as the analogue synthesisers of many years
ago. Unfortunately, this tends to be a relatively
expensive solution to the problem, even if suitable
equipment and software can be tracked down.

Method number two is to go back one step, and
to have something analogous to the keypad selector
and single control knob. This is somewhat slower than
the full control panel approach but it is still much
quicker and more convenient than total push-button
control. It is also something that can be achieved using
areasonably simple piece of hardware, with no need
to resort to a full-blown microprocessor based system.

The MIDI controller described here is of this basic
type but it has thumbwheel switches rather than a
keypad to permit selection of the required control
function. It will operate on any MIDI channel, and
should function with any instrument that implements
MIDI controllers.

A lot of instruments fall into this category but it
is only fair to point out that some recent instruments,
rather unhelpfully, provide access to many parts of the
sound generator circuit only via system exclusive
messages. The only MIDI controllers then imple-
mented are (usually) modulation depth, master
volume, and sustain on/off. With these instruments
full control is only really possible using a dedicated
microprocessor based system, or a home computer
with custom software. This controller will not produce
the system exclusive protocols and cannot be used for
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programrming such instruments as the Roland MT-32
for example.

As always with MIDI equipment, check the
specifications of your instruments before deciding on
a course of action, and do not jump to conclusions.
There are about as many MIDI different implement-
ations as there are different pieces of MIDI equipment.

In Control

A MIDI message consists of a header byte which is
usually followed by one or more bytes of data. The
header byte consists of two nibbles, and for channel
mode messages the most significant nibble indicates
the type of message (note-on, note-off, and so on)
while the least significant nibble carries the channel
number. There are also system common messages,
where the most significant nibble is the system
common code, and the least significant nibble
indicates the precise nature of the message (mostly
forms of clock and synchronisation signal).

In this case it is a form of channel mode message
that we are interested in. The MIDI controller header
nibble is 1011 in binary and as this is a channel mode
message, the least significant nibble is the channel
value. Values from 0 to 15 are used in the MIDI
message, but MIDI channels are conventionally
numbered from 1 to 16. The value used here is
therefore equal to one less than the number from the
channel on which the message must be sent.

The header byte is followed by two data bytes.
The first of these is the number of the control to be
altered, and the second is the new control setting.

MIDI data bytes always have the most significant
bit set to 0 (it is always set to 1 in header bytes), and
the valid range for both of these bytes is therefore 0
to 127. Things are a little more complicated than this
would suggest as some controls are grouped in pairs
and the two bytes are combined as single 14-bit value.
(Control numbers O to 31 are paired with controls 32
to 63 respectively. The control having the lower
number is the one which takes the most significant
byte.)

LJ3[0Hd

Robert Penfold

concocts control codes

with his MIDI
parameter
programmer
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ENABLE

{t is quite feasible to use our MIDI controller to

adjust one byte of a control and then click the most
I'/‘:_‘l significant digit of the hex switch through a couple of
digits so that the other byte of a control can be
_| swootTHING ||  cLock CONTROL adjusted. In practice this will not normally be
SRECT PEAILLATOR S I necessary as it seems to be rare for the full 14-bit
resolution to be implemented. Most controls have
| —  TAISTATE Al straightforward 7-bit resolution. and in some cases the
il least significant bit or bits are ignored so that only 5
OuTPUT BRIVER T or 6-bit resolution is obtained.
ETASE The manuals for your MIDI equipment should
TRISTATE HEX state the resolution of each control. Note that if only
| BUFFER SWiTCH one byte is used it will be the most significant byte (the
lower control number willbe used and the higher one
CLOCK will simply be ignored)
SENERATOA Control numbers 64 to 95 are used for switches.
— COQVT&%R | é‘.é,'.’“km The data byte is either O (off) of 127 {on), and other
values will have no effect. Control numbers from 96
I to 127 are either as yet unassigned. or are used for
Uig. 1 Block diagram for the MIDI programmer mode change messages.
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HOW IT WORKS

The general arrangement used in this unit is shown in Fig. 1
Generating the basic MID! signal rapresents no real difficulty as MID!
uses what is virtually a standard R8232C serial signal as used in
computer intefacing.

~ Itdiffers from the RS232C standard inthat the baud rate isnion-
standard (31250 baud), and the output signal isin the form of a SmA
current loop [which drives an opto-isolator ata MIDI input to guard
against differences in chassis potentiall.

The hatid rate can be accommodated using standard crystals,
and the SmA current loop merely raquires @ simple-open collector
output stage. A UART Universal Asynehronaus Receiver/Transmitter]
plus siiitable elock anid output cireuits will provide the necessary
parallel to serial conversion.

The UART must be fed with three bites in the correct sequence
{headerchaniel byte contral number, and control valug), The
headerichannel number byte is produced by a simple binary code
“generator circuit, and itis fed throtigh to the UART via abuffer which
has three state outputs.

A similar arrangement is used for the control number byte, with.
a double hex switch feeding imto the tristate buffer

The control value is generated by an ADC fed from a
potentiomater. This value oould he generated more simply uging a
hex switch, but adiustment using @ potentiometer is much quicker
and easier. Itis prabably cheaper as well. No separate tristate buffer
is needed for the ADC as It has tristate outputs.

A control circuit is needed to activate the tristate outputs in
sequence. and also to provide the start conversion puilses to the

converter, The basic course of events s for the first tristate buffer -

to be activated and fof a staft conversion pulseto be supplied to the

converter. Then the second tristate buffer s activated, and finally the

outputs of the converter are activated. This train of events s repeated
indefinitely.

The control logic circuit that provides these pulsesis: driven by 5
aclock oscillator that produces about 160 complgte messages per

sacond. This ensures that any changes in the sefting of the
potentiometer are quickly transmitted, and here is no discernable
{ag hetween adjustments being made and the instrliment responding
1o them,

that the unit should not be left transmitting while changes in the
controf nimber are made. As the hex switch is adj usted from one
control to anather, this would result inany control numbers passed
through on route being set to the current potentiometer value. A lot
of work could be very rapidly undonein this way! The enable/disable
switch allows the flow of data to bs halted, and the circuit ensures
that each three byte message js completed £ before the output signal
is cut off,
Anegatwe supply is required for the "tail’ resistor inthe ADC, and
His is derived by rectifying and smoothing some of the output from
the control circuit’s clock oscillator,
The main cirouit diagram is shown in Fig. 2, with the control logic
cirouit shown separately in Fig. 3
A standard 6402 UART (1C2) forms the basis of the circuit — the
simost identical (but sligntly cheaper) AY-3-10150 can be used,

The clock signal must be at sixteen times the required baud rate,
which works out at 500kHz inthis case, This is obtalned from & 4AMHz
.cryslaloscﬁlaior based on 0.2, and athree stage binary divider (IC1).
01 is a common emitier. switch which provides the nominal SmA
output pulses.

MIDHIN and OUT sockets are provided so that the unit can be

“connected in: line with another MIDI coritrol device. SW5 enables the

dnit 4o be switched nto citcult or bypassed, as required, IC2 requires
along reset pulse at switch-on, and this is provided by C3 and /8.

IC2 and IG5 are the tristate buffers, and ate agtually transceivers
field permanently in the ‘receive’ mode, The most significant nibble
of IC3 iz wired to-give the correct header cods, and the least
significant nibble is provided by a hex switch SW1: fn most cases,

;operanun only on MIDl channet | wiltbe suffrmmt and the hex swmn
can be oitted.

Both nibbles for C5 are provided by a two digit hex switch SW2.

:  Themost significant bit of the switch i not connected, and is held
S fpermanenﬂv low by R21. Control numbers of more than 127 are not

vahd and this prevents illegal values from being transmitted.
- The ADC (IC4} is a successive approximation type and has a built-

= in c fock oscillator which requires discrete timing capacitor C5, giving

~ aconversion time of about 204s. Conversions are therefore completed
. comfortably within the 2ms or so batween the 'start conversien pulse
 beingissued and the converter being read. The potentiometer is fed
* fromthe built-in 2,55V reference source of IC4, and RVZis ad;usted
. to give a maximum reading of 127.

A one-of-ten decoder IC8) provides the basis of the control

ireuit: Inthis case only the first three outputsare requued and s0
ioutput 3 resets the device

C10.and R25 provide IC8 with an initia reset pulse at switeh-

"o, This ensurés that the unit starts by transmitting the header byte

nd not one of the data bytes. The outputs of IC8 provide pasitive

‘pulses inverted for the buffers and converter by three stages of hex
- inverter 1C9. The other three stages of IC9 are left unused but their

G inputs are tied ta the positive supply rail in order to prevent spunous
operations.

~ IC6 provides the clock signal for the control circuit, and apart

© . from the fact IC6is alow power device, thisisa standard 555 astable
The control logic circuitincludes a disable funation, Remember

cireuit. The clock signal is supplied to [C8 by way of a gate circuit
which uses two of the 2-input NOR gates of [C7.

The other two gates form a simple bistable circuit, and when
SW4 is closed the bistable permanently enables the gate. The unit
then provides a continuous stream of data. When SW4 is opened,
the histable i reset whan 1C8 completes its next cycle, and the clock
signalis cut off. The output signal then ceases until SW4 s closed
agaim. :
The UART must be supplied with a pulse in order to initiate
transmission of each byte This signalis provided by the gated clock
signal and not from IC8.

D1, D2, and 8 rectify and smooth some ofthe ourputfrom ICH
10 generate the negative supply for IC4 {about 3V,

The main circuit requires 5V and has acurrent consumption of
about 50mA . This is obtained from B1 via monolithic voltage
regulator IC10.

It is important to realise that there is no true
<:andardisation of the contro! functions. The MIDI

Construction

l.:IE[[ DHcI

specification assigns control 1 to the modulation  The component overlay is shown in Fig. 4. The use
amount. but apart from this there is a free Jfor-alland  of IC sockets is strongly recommended for the nine
the equipment manufacturers can please themselves. DIL ICs.
i: is not necessarily the case that parameters such as A number of link-wires are required (22 swg
Zlter resonance and cutoff frequency will be assigned  tinned copper wire). Where several links run side-by-
5 separate control numbers. They may be assigned  side they must be kept quite taut, or be insulated. At
15 a single control number with the front panel buttons this stage, only fit pins to the board at the points where
i the instrument being used to select the current  connections to off-board components will eventualiv
parameter. be made. The case dimensions in Buylines represent
With some equipment it is possible to assign about the smallest case that will comfortably
‘unctions to any desired control number of the accommodate everything. The PCB is mounted on
=ppropriate type, Onee again, itis a matter of reading stand-offs as far to the rear and left hand side of the
:he MIDI implementation sheets for your equipment  unit as possible, with the battery to the right of the
o determine exactly how it handles MIDI controllers. board.
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Fig. 4 Component overlay for the MIDI programmer

PROJECT

The precise front panel is not too criticai, but
SW2 must be mounted at the extreme right hand to
avoid the PCB. | omitted the SW1, as operation on
MIDI channel 1 was all that I required and a wider case
must be used to accommodate SW1 unless it is
relegated to the rear panel.

When fitting the end cheeks to SW1 and SW2
(see Buylines), beware the threaded rods that fix them
together. If you cut them too short you can't fit the
nuts, too long and it will not fit in the panel cutout,
Cut them slightly too long and file them back. The
cutout must be accurate and is 31mm high and 17mm

ETI MARCH 1989



PARTS LIST

wide for a single switch, or 24mm wide for a double
switch.

Most of the point-to-point style wiring is straight-
forward but Fig. 5 should help with any difficulties.
This assumes that the recommended thumbwheel
switches are used for the two hex switches. Provided
SK1 and SK2 are 5-way 180 degree DIN sockets
connected as shown in Fig. 5, the unit can be fitted
into the MIDI system using standard MIDI leads.

Adjustment And Use

Most instruments implement the modulation amount
as controller 1, and this is a good one for initially
testing the unit, With ‘01’ selected on the twin hex
switch, SW3 set to connect the output through to SK2,
and the unit switched on and enabled, adjusting RV1
should control the modulation amount.

The unit can then be tried with other control
values set on the twin hex switch. The fact that this
switch is calibrated in hex rather than decimal should
not give any problems. MIDI sections of instrument
manuals seem to deal almost exclusively in hex and
binary, with little mention of decimal values.

RV2 must be adjusted to give a maximum

ETI MARCH 1989

BUYLINES

control value of 127. The ideal aid for adjusting this
preset is a computer that will display values received
at its MIDI port. In the absence of such equipment
probably the best solution is to use any switch control
of the instrument to indicate when a value of 127 has
been reached. Remember that switch controls turn on
at 127, and switch off at 0, ignoring values inbetween.
Start with RV1 set at maximum, and RV2 set fully
counter clockwise. Advance RV2 slowly, just far
enough to switch on the selected control function. The
unit is then ready for use.

{1

o
L
- T o

A g

i

RV1 SK1

Fig. 5 Off-board wiring diagram
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Ali Taalf keeps track of
his extensions with
this simple in-use
signal for telephone
circuits

This equipmentis not approved
by the British Approval Board
for Telecommunications (BART)
and so cannot legally be con-
nected to a BT telephone line.
However, if properly constructed
the Telephone Indicator will not
harm either the BT line or other
equipment connected to it.

TELEPHONE
INDICATOR

regular modem user living in a three-

storey house once had a problem. While

he was online to his favourite bulletin

board he would sometimes suffer such

severe data corruption that the computer
logged him off. He soon found the cause.

TERMINALS
1
]_
2
O o
_L T TELEPHONE
3 T | r——— CONNECTOR
O
LINE FROM
HAN
ErERACe 4 220k W SURGE
ARRESTOR
CONNECTIONS:
1. USED FOR OFFICE SYSTEMS
5 T T 2. LINE
< — 3.BELL
4 RARELY USED
5. LINE
[ 6. USED FOR OFFICE SYSTEMS
o—
ALL SOCKETS ON A SYSTEM ARE
CONNECTED IN PARALLEL
Fig. 1 The connections to a BT master socket

1StCLASS
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His wife, two stories below him, did not know that
the phone line was in use and picked up the extension
phone to make a call. Sometimes even the click of
picking it up, let alone trying to dial, could cause
problems. He asked me how he could indicate when

PARTS LIST

Stibord. Sty Phoneplogan el O phone oo

a line was in use, in such a way that the indication
would be automatic and could be used at any
extension socket.

I ascertained that his telephone system uses the
modern rectangular BT sockets and [ made some
measurements on my own telephone socket. Figure
1 shows the circuit of a standard master socket, of
which there is one per line. The function of the surge
arrestor is obvious, the resistor is there to load the line
and permit line tests even if all the telephones are
unplugged and the capacitor is to provide ringing
current to the sounders in the telephones,

Ringing current is AC and the capacitor is chosen
to provide little impedance to the frequency used.
When any handset is picked up, the ringing current
output is loaded so that dialling pulses do not cause
the telephones to tweet.

Clearly, in order to maintain indication of line
operation without injecting any foreign signal into the
system, the detector should measure across terminals
2 and 5.

When naone of the phones are in use, there is
about 50V across terminals 2 and 5. When you pick
up a phone this reduces to about 10V, which changes
still further if the number you are dialling answers, A
simple means of measuring this veltage would detect
line use and such a device with low off-state current
consumption would be ideal.

The Answer

The need for the battery to last for a long time rules
out the quiescent consumption of most ICs. However.
an ordinary junction FET {field effect transistor) can
be switched by the signal available and can have a very
low quiescent consumption.

To make a tidy and movable indicator, it should
be connected to a telephone plug and the telephone
extension socket should be changed for a double
socket. These are available with screw terminals S0
that the insulation displacement tool is not needed for
installation.

The method of installation is simple. Note which
wire(s) connect 10 which terminal number, disconnect
them. reconnect to the same terminal numbers ir the
new socket. Be sure to make good connections or else
there could be crackling on the line.

As an easier alternative to replacing the tele-
phone socket, a 2-way telephone adaptor could be
used or you could wite it permanently onto a socket
(naughty) or even build the whole project into a socket
(very naughty).

PINEBD

FROM
TELEPHONE
SOCKET
PIN 20—

Fig. 2 The Telephone Indicator circuit
=
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The circuit of the line indicator is shown in Figure
2. The N-channel junction FET is biased off by the
50V, which is connected so as to put about —5V on
the gate via the potential divider action of R1, R2 and
R3. With only 10V present (when the line is in use)
the gate of the FET is biased slight!y positive and the
FET conducts and switches on the LED. R4 sets the
LED current and | have chosen a value which will give
enough brightness to see it clearly except in bright
sunlight, while keeping the current low enough to
make the battery last. Typical on operating current is
3.3mA and typical off leakage current is SuA.

Two resistors in series are used in the input to
protect against damage to the phone system if one
should be short circuited. Telecom disapprove of
modifications or additions which may damage or
adversely affect the system. Actually I think they object
tc anything at all, no matter how carefully done but
if you make sure that there is no significant loading
on the line and that no significant extraneous signal
is injected there can be little genuine cause for
complaint.

Construction

No PCB design is given for this circuit because it is so
simple as to make the expense a little silly. Instead a
stripboard layout for the project is given in Figure 3.

This should pose no real problems. Just be
careful to solder in the FET (Q1) the right way round
and watch out for ‘bridges’ of solder between adjacent
tracks.

When you first build the circuit, connect up the
battery while the input is unconnected. The LED
should light. Then connect the wires to the socket and

it should go out. If not, try reversing the wires. If this
does not work then the pinch off voltage of the FET
may be so different from that of the prototype that
different biasing resistor (R4) values are called for.

If the LED never extinguished, then increase the
value of R3. If it never switched on, first check that
it is connected the right way round, and does light if
the source and drain of the FET are shorted together,
then decrease the value of R3. Few units are likely to
need this however.

PIN 6 -t—p
PIN 2 ~—

Fig. 3 The track cuts and component layout for
the Telephone Indicator

BUYLINES

’;’fﬁ]l the parts used in this praject are gasy to obtain. The BF244 s
" avallable from Mapiin as are the phone socket and adapter.
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19” RACK CASES

£.0d brushed nanced with wo

assempiy flat package spare front panels available

Pang! Size Rear Box apat Price
Orcer Code WH(nch)y W H D Weight ¢

srofessiona finesh + Newimproved construction and firish w Black anodised slurmnium front paneis « S

anda lor instruments, high qeality amplifiers.and many other Rppiicatjons (hal demand strength and

fror mcunting plate, no fadng screws visibla on thie front and the sios ol the enclosures » Heavy gauge front pane!
Fimi | iandlas + With ventilstion slits and plastic leat
« Flear o manutactured from 1 imm steel finishedin bisck, Hack maurting of e standing, Comes in quick

U-190 19x175 17x15x10 24kg 23.50
2u-10 19x35 17x30x10 29kg 24.50
3U-10 19%x525 17x50x10 35kg 26.50
- 6 - SR : -
1y-12 19x175 17x15x12  28kg £24.50
THE V|RTUOSO PREAMP 2uU-12 19:35 17:3.0:((12 33kg £25.50
(ETI June-November 1986) 3042 19x525  17x50x12 40kg  £27.50
4U-12 19x70 17x65x12 4.6k £29.95
NOW AVAlLA'?é-ET NOTE Piease add £3.00 P;P lor the rirstxilen:(and £1 Eogfor each additional item
Mo VAT to be added to 1he price.
AU DIOK'TS COMPO J\? o fowTost, h:;h quality test equipments available, s.a.e. for delails, To order send chequalposial order.
ACN1 9 VIRT U oso P REAM P— Quiznfity gleco unt‘:ua‘llable. Customers who require further informatian please send S.A E. Trade and overseas
orders weicome: Mall order only.
THE SECOND UPGRADE £5 T.J.A. DEVELOPMENTS

Describes how the sound quality of the upgraded Virtuoso preamp can be
substantially improved in sound quality by substituting bulk foil resistors.
polypropylene capacitors, PTFE cables, gold plated switches and heavier power
supplies. Includes full revised circuit diagrams parts lists and prices.

ACN20 REMOTE PREAMP POWER SUPPLY £1.50

Describes how to build a remote power supply (up to 500VA) for your preamp
tuner, integrated amplifier or even your power amp.

NEW NEW NEW NEW
COMPLETE STEREO AMPLIFIERKIT £99.50

The Class One Sound DM20 kit amplifer which was featured in the January and
February issues of Everyday Electronics is easy to build (ideal for schools and
colleges)and sounds asionishingly good for the price due to AUDIOKITS latest
design features including mapped star earth, low TGD and completely separate
circuits for each channel. Available built, tested guaranteed for only £149.50
(demonstrations by appointment)

TO3-P Power mosfets.

Hitachi 25K1058 (N) £4.50 25J162 (P) £4.50

For full details of AUDIOKITS audio amplifier kits and audio quality electronic
components please send sae (overseas three IRCs) to

AUDIOKITS PRECISION COMPONENTS,
6 Mill Close, Borrowash, Derby DE7 3GU
Tel: 0332 674929

Dept. ETI, 19 Welbeck Road,
Harrow, Middlesex HA2 ORN.
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BINDERS

FOR YOUR VALUABLE COLLECTION

OF ELECTRONICS TODAY
INTERNATIONAL MAGAZINES 595 $
« SMART * EASY TO USE * TOP QUALITY inc. 1
To ASP Readers Services, PO Box 35, 3 P&P §
Wolsey House, Wolsey Road, Hemel (N &
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I please supply .. Electronics Today International 1
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The plot thickens as
Bob Joyce shows his
metal for the
mechanics of his
microprocessor
controlled plotter

PROJECT
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INTELLIGENT
PLOTTER

his month we turn to the mechanics of the
intelligent plotter. The design is given in
exploded arrangements of the various
elements with greater detail where
necessary.

For those of you who are fortunate enough to
own a BBC micro there is a ROM available which
allows the mechanics to be driven from the user port
using * commands. The rest of you will have to wait
until next month for the microprocessor controller
board and keyboard.

Design Considerations

The construction provides ease of manufacture with-
out unduly compromising the overall accuracy. In
some instances alternative forms of construction are
given so that those of you without access to machine
tools can build the mechanics with the minimum of
tools and without the need to resort to outside
manufacturers

The motors specified produce 400 steps per re-
volution with an increment of 0.1mm for each motor
step. The resolution of the software and the hardware
is thus 0.Imm so it is important to ensure that the

moving parts are able to repeat their position to this
accuracy.

The Metal Bits

The frame of the mechanics comprises extended
aluminium sections and shaft holders of twin 8mm
pipe clip plastic mouldings (see Buylines). Screws
were used to fix the motor and shaft holders and ‘pop’
rivets to secure the frame sections. The designs given
are arough guide only. You can make the x or y axes
dimensions as long as you like (software limit 1m)
provided that you increase the shaft and aluminium
sections to cater for the increased weight and corre-
sponding bending moment. :

The shafts should be 8mm round ground bar,
tool steel rod (silver steel) or brass. If you really want
to save money you could make them out of 2-off 8mm
x Im long chromed gas fire pipe fitting.

. The nylon coated wire deserves a special men-
tion. Several types and diameters of cable were tried
and the nylon coated trace wire satisfied all the
requirements and is available at large fishing tackle
shops (the type used on the prototype was cardylon
nylon covered stainless steel trace wire rated at 40kg
breaking strain available in 7.5m lengths). Fig. 1 shows
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TWIN 8mm PIPE

STEPPER
MOTOR

Fig. 1 Details of the x-axis mechanics

SLIDES FOR PEN SOLENOID

the details of the x-axis, Fig. 2 the y-axis, and Fig. 3
the details of the open solenoid carrier. Note that the
x-axis carries the y-axis and motor, so care must be
taken to ensure that adequate section sizes are used
to prevent sagging of the support rails.

[ hope that my efforts may inspire you to design
your own version using my drawings as a basis. [t is
often possible to obtain old dot matrix printers or
electric typewriters cheaply and use the slideways and
bearings from them,

FIT MICRO SWs
AT ENDS OF SLIDE

Motor Pulley Drives

The pulleys can be made from aluminium brass or
steel, simply cylindrical or contoured. The pulley
diameter determines the movement per revolution of
the motor and must be calculated by dividing 40
(movement per revolution of the motor shaft) by nto
give the pitch circle diameter of the centre of the cable.
Hence a pulley diameter of around 12mm will be
required.

To obtain an exact value the diameter of the
stretched cable will need to be measured so that this
can be subtracted from the calculated pitch circle
diameter above to give the pulley outside diameter,
The cable must be wound on to the pulley carefully,
starting by trying a knot at the loose end of the cable
and fixing it into the hole and sawn slot at the bottom
of the drive pulley. Slowly wind the cable anti-
clockwise around the pulley (approx 4 turns
depending on length of travel) then take the cable
around the loose pulley at the other end of the slide
and back. Wind on to the pulley a further 4 times anti-
clockwise, finally fixing the end into the other sawn Fig. 2 Details of the y-axis mechanics
slot at the top of the pulley using a knot as before.
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Fig. 4 Alternative designs
for motor pulley drives
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SOLENDID

PEN HOLDER
% OF 10mm
TWIN PIPE
CLIP

/

PLASTIC ANGLE

N

PLASTIC ANGLE SLIDES

UP AND DOWN AGAINST
THIS FACE

{SMEAR FACE WITH GREASE}

Tmm THICK ALUMINIUM
OR BRASSPLATE

S

‘Y* AXIS SLIDES

Fig. 3 The pen solenoid carrier and attachment to the y-axis
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Fig. 6 Component overlay for the solenoid board

—— 4 OFF 10mm
7=,

SAW TO SUIT

4 OFF Bmm
PIPE OLIVES
FIX IN PLACE

WITH ADHESIVE

P I

+=— MOUNTING
PLATE MADE
ROM 3mm

design

F
ALUMINIUM

1
SIMPLIFIED DESIGN OF
MOV ING SLIDE BLOCK
{LOW COST VERSION)

Fig. 5 Simplified low-cost moving slide block
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Tension the pulley by sliding the loose pulley and
holder them rivet or screw into place, ensuring that
the loose pulley is able to rotate freely.

Slides

Figure 4 illustrates one method of construction using
a brass block and two oil pregnated (sintered)
bearings. An alternative approach would be to use a
plastic block without bearings. For a low cost design
8mm pipe olives could be used in conjuction with twin
10mm pipe clips as shown in Fig. 5.

The Solenoid Board

Construction of the solenoid PCB is straight forward
using the overlay shown in Fig. 6. A fairly hefty
heatsink is needed for Q1 (see Buylines) although if
asmaller solenoid is used a correspondingly smaller
transistor and heatsink would be sufficient. The
interrupt wires labelled CA1, CA2, CB1 and CB2 will
join to the Plotter processor board when it comes into
existance next month.

ALL OUTPUTS
3 £ 8B E B 8 g B
RN RERERERER S
: BEE [RE 3

2324 AN

X DRIVE
BOARD

2324 N

Y DRIVE
BOARD

ov
PEN  [SOLENOIDSIG
PEN
SOLENDID g v BV

FROM BBC

Fig. 7 Connections to a BBC computer
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Fig. 8 Circuit diagram for the solenoid board

HOW IT WORKS

The circuit in Fig, 8 gives detais of the pen drive eléctronics. The sole-
noid used has a 12V DC coil and is energised when per lift is
requested. When no power is given the pen releases under gravity
thus allowing for varying thicknesses of drawing material an uneven
working surfaces, On the prototype  used an A4 drawing board which
clipped to the front of the Plotter,

The power darlington transistor Q1 could be replaced with a
lower current darlington transistor if a smaller solenoid is usad.

- To operate the solenoid 2 8V signal is applied to the voltage
divider YR8 with C5 filtering the signal. IC1 inverts this signal twice
switching on the darlington transistor driver Q1 thus operating the

. solenoid. D1 is used to prevent damage to Q1 duringreverse voltage
pasiomthesoenod.
Alink is provided to change from a rising signal operating the
solenoid to & falling signal,
The limit switches are held at 5. When a limit switch s opened
the voltage from the switchinto IC1 willbe OV, IC inverts this signal

The complete listing of the test
ROM (see Buylines) is avail-
able from ETI, 1 Golden
Square, London W1R 3AB.
Enclose an A4 SAE plus
38p in stamps. Mark your
envelope ‘Plotter ROM..

sending a 5V signal onto the appropriate interrupt line to sianal the
processor that a limit has been broken. 3
Fourlimit switches are used toinform the Plotter processar board:
that the plotter had teached its end of travel, Thse limit switches
are pasitionad &t the extremities of the slides to prevent the
mechanics reaching the end of their travel, and to facilitate
datumming and repeatablity of position.
The limit switch common terminals are wired to 5V (taken from’
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the pracessor board), The normally closed contacts are connected
to their respective terminals on the solenoid board, For speed of
operation these signals are inferrupt driven and consequently
connected to the IRQ line through the 6522 VIA (Versatile Interface
Adaptor] on the pracessor board,

Testing The Mechanics

The Intelligent Plotter mechanics can be tested from
the processor board, from a BBC computer or from
a square wave oscillator (manual operation only).
The processor and keyboard interface will be
described next month. In the meanwhile if you have
a BBC computer or have built up the square wave
oscillator the mechanics can be tested right away.
The square wave oscillator simply connects to
each axis drive board clock input using two switches.
The direction can be changed on the drive board or
remotely as shown in last month’ article. Build up the
speed by increasing the oscillator frequency and try

reversing the direction whilst running and check for
play or backlash on the mechanics,

As mentioned earlier a ROM is available for the
BBC which provides various ‘star’ commands from
within a basic program or directly from the computer
keyboard to move and draw.

Note that you do not need this ROM if you are
building up the processor board as it contains its own
ROMs which provide all the move, draw and test
routines which are available directly from the Plotter’s
keyboard.

Connecting Up To A BBC

Attach the drive boards and mechanics to the BBC
user port via a 20-way IDC connector as shown in Fig.
7.

Insert the EPROM into a vacant sideways ROM
socket, connect the relevant power supplies for the
solenoid and drive board, and enter the commands:

* PLOTI (return)
# PLOTT (return)

This will initiate the plotter (% PLOTI) followed
by plotting the test program (% PLOTT) shown in the
picture. Various other ‘%’ commands are available to
operate the mechanics directly from the computer
keyboard or from within a basic program.

Next month we conclude with the central pro-
cessing board, the keyboard and interface devices.

BUYLINES

All the components are available from Elestromail [0536-204555)
and other major suppliers.

The stepper motors usedin the protofype were Electromail part
332082, the limit switches part 331-405 and the solenoid part
349.709, ;

Pile clipmouldings are available from large DIY centres — those:
for the prototype came from Do-ft-All

Aluminium sheet fs available from Maplin.

A ROM is available for a BBC micre which ellows many of the
Plotter commands to be made directly from the BBC micro keyboard
using ‘%' commands, This ROMis available for £15 from the author
Mr. R. Joyce, 104 Craythorne Avenue, Handsworth Wood,
Birmingham B20 1LN,

ET1
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Barry Porter revisits
the disc input stage of
his 1983 modular
pre-amp with a
conversion to high
quality balanced input

UPDATE

44

MODULAR PRE-AMP
DISC INPUT STAGE

our years have elapsed since the publica-
tion of my Modular Pre-Amplifier design
and if reports from satisfied builders are to
be believed (I only believe the satisfied
ones!), it has withstood the test of time
pretty well.
However, recent development work has led to
a few circuit improvements which, if implemented,
should give the basic design a new lease of life.

Disc Amplifier Stage

The original disc stage was very successful — and was
certainly good enough for at least one hifi
manufacturer to ‘borrow’ the circuit! For the past year
orso | have been experimenting with balanced input
connections for pick-up cartridges and have
concluded that the additional circuit complexity, not
to mention expense, is well justified.

A pick-up cartridge, whether moving coil or
moving magnet, is an electrical generator with anti-
phase outputs which are floating with respect to earth.
As such, it may be connected to a balanced input in
the form of a transformer or a suitable differential input
amplifier (Fig. 1). A comparison may be drawn
between a pick-up cartridge and a moving coil
microphone, They both have low impedance and
floating outputs and both generate very low signal
levels which means that until their output is amplified
to a higher level, there is a great danger of hum and
other unwanted noise being picked up by the
interconnection cable.

No-one in their right mind plugs a moving coil
microphone into an unbalanced input and I am now
convinced that the same should apply to pick-up
cartridges (even though they are not normally hung
on the end of 100 metres of interconnect cable).

Due to their low output voltage, moving coil
cartridges will benefit more from balancing than those

of the moving magnet variety but the freedom from
noise problems makes balancing the disc input stage
a very worthwhile venture, regardless of cartridge
type.

The circuit of Fig. 2 is not too far removed from
the original disc stage (Page 56 of December 1983
ETI). One advantage of the new configuration is that
the gains are now set by a single resistor (R8-R15) and,
being DC coupled at this point, the value of this
resistor may be reduced to a minimum at high gain
settings in order to keep its noise contribution as small
as possible. The original version suffered by having
to have its gain setting resistor (R4) AC coupled by
C2, which would have to be 4700u for R4 to be
reduced to 10R.

Gain Structure

With 15V supply rails, a NE5532 or 5534 will deliver
an output of more than 9V RMS before clipping. If
an overload margin of 33dB is to be achieved then
an operating level of 200mV is necessary. (33dB
below 9.0V = 9/44.668 = 201.5mV).

It would be nice to use the linear input buffer to
amplify the input signal to 200mV but unfortunately
we are dealing with a pre-emphasised signal. The
RIAA characteristic fixes the 20kHz signal level at
almost 20dB above the 1kHz level and this has to be
taken into account when fixing the input stage gain.

The answer is to arrange things so that the output
of the first stage at 1kHz, is 20dB below 200mV —
namely 20mV — and this is what is obtained with the
values shown in Fig. 2.

Having arrived at the output of IC4, the signal
may now be subjected to de-emphasis at 75us,
obtained by the action of R26, R27, and C10, Note
the move away from E96 value resistors, which are
very difficult to obtain in small quantities. In fact, the
parallel combination of R26 and R27 leads to
increased accuacy — at 10kHz, the previous error of

INTERCONNECTING CABLE

PREAMPLIFIER

TONEARM — LEFT
CARTRIDGE WIRIN OUTPUT
wHITES L
A
aLug LI SCREENS NOT |—o;}”
CONNECTED

AT TONEARM END

g RED T

n

TR

RIGHT
OUTPUT
GREENT I ( )
o -
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i S
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Fig. 1 Balanced input amplifiers using (a) Transformers (b) Differential input
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0.022dB has been reduced to 0.0033dB (assuming
R26. R27 and C10 to be zero tolerance components)
The 318 and 3180us time constants are provided by
IC5 in a similar manner to the original circuit, again
with the exception of the E96 resistors.

Input Loading

The original version had fixed input loading compo-
nents, which made experimenting with alternative
values somewhat difficult so a DIL switch is now used
to simplify the process. The values given in Fig. 2
appear to be suitable for most cartridges, offering 47k
in parallel with 220p for moving magnet types and
a choice of 33.8, 51 or 100R in parallel with 10n, 22n
or 32n for moving coils. Obviously the values of R1-R3
and C1-C3 may be changed io suit personal
preferences.
The final PCB design is given in Fig. 3.

Common Mode Rejection

The single main advantage of balancing the disc input
stage is that any hum and noise picked up by the

The easiest way to set the minimurm output is tc ob-
serve the waveform on a sensitive oscilloscope

To give some idea of the effectiveness of a
balanced disc input stage, during development the
amplifier was connected to a Dynavector moving coll
cartridge by 10 metres of unscreened twin core mains
cable. This cable was routed close to three mains
transformers, being wound three times around one
of them. (The transformers were in pieces of
equipment such as a cassette recorder and FM tuner
and were powered during the test.) With the disc
amplifier sensitivity set to 0.2mV at a pretty high
listening level. no hum was detectable from a pair of
sensitive speakers.

When the input was unbalanced. the bass unit
cones almost parted company from their voice coils,
Marmaduke. our tone deaf cat. did a fair impression
of a Saturn V at T+ 20 and our five-year-old started
phoning estate agents with & view to leaving home!

Other Circuit Changes

In spite of trying. [ have still not found an alternative
to the LM394 for moving coil input stages, although

. A O +15V
| = c18 :l: c2o0 _L k]
] 1Gp 100U == 100n 1oR
Ag R16 i Zw,:l; ,;I;
k7 10K nia i
IC3PINS
1C45 PIN 7
| el 3%
|
; 1{':18
' R17 fl o e
: 10k ,J,-, o ._I
c2
| INPUTO = G
L2 T Jz Jx = J=
.Lm'RZ B_B-[- shes C3 2_%;§§5§33 c17
220p 5 100R $E1R Rzuggg-'ﬁﬂza 22y SEI
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Fig. 2 The circuit diagram of the updated disc input stage
interconnecting cable between cartridge and pre-
2mplifier is rejected by the differential action of [C4 ATt
in order to fine tune this rejection, RV1 and CV1 are
adjusted at low and high frequencies respectively, until l e IHEf
:he common mode signal is at a minimum. With care, 1’ = X A > MILLIVOLTMETER
itis possible to reduce the output level of any common \ V) = '
mode signal within the audio band by 70dB or more, e
usually taking it below the noise floor of the amplifier
The method of adjusting the common mode rejection
is as follows: '
® Usingl con?ectli(t); fx of Fig.4, inject ? 1001}-\12 CONNECTION 8
signal at a level that gives an output from the T i ;
disc stage of +20dBm (7.75V) ey MILLIVOLTMETER
@ Change to connection B of Fig.4, and, while <
measuring the output voltage, adjust RV1 for .
minimum output. ]
® Repeat first step but using a 10kHz signal. :
® Repeat second step but adjust CV1 for )
minimum output, Fig. 4 Balancing the input stage to reduce the common made rejection
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(® = THROUGH BOARD CONNECTION

nH_/
INPUT OV

Fig. 3 The component overlay for the updated PCB
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-UPDATE

some of the low base resistance transistors now avail-
able are very attractive in view of their low cost. In
particular, the 28D7865 is almost as quiet as an
LM394 and if you turn the circuit upside down and
use PNP input devices, the 2SB7375 is only about
0.25dB noisier than a 394 but for some reason it in-
troduces a harshness to the sound that becomes quite
tiring with extended listening. | also tried replacing the
NE5534 op-amps with Linear Technology LT1028
chips but could neither hear nor measure a difference.
With a price differential of nearly 12:1, Fll stay with my
5534s,

A Word of Warning

Having switchable gain and input loading is great if
you want to change things around to get the best per-
formance from your cartridge but if you make changes
while your pre-amplifier is in use, don't lay a finger on
either switch until you have turned the volume down.

In particular, the gain setting switch briefly upsets
the DC stability of the circuit and is capable of sending
out high level ‘thumps' that are guaranteed to see off
anything short of a 15in JBL. You have been warned,
so no claims will be entertained for new speakers,
te-plastering the mansion or multiple visits to have
your fillings renewed.

Performance

Although individual methods of construction will have
some effect on the performance of a pre-amplifier,
typical noise performance is likely to be similar to that
measured with my development unit:

Noise: Disc input to main output, with Level control
adusted to give 0.5V RMS output at 1kHz.

[nput 22Hz-22kHz IEC A
sensitivity bandwidth weighted
8.0mV —84dB -91dB
5.0mV -80dB —-87dB
3.0mV —75dB —81dB
2.0mV -72dB —78dB
0.5mV -75dB -80dB
0.3mV -71dB —76dB
0.2mV —-68dB -72dB
0.1mV -63dB —-68dB

Distortion: THD at +20dBm (7.75V RMS), any
frequency 20Hz-20kHz.

PARTS LIST

Moving Magnet settings: <0.005% (Typically 0.001%
at 1kHz.)

Moving Coil settings: <0.008% (Typically 0.0025%
at 1kHz.)

At lower output level, distortion is below noise.
RIAA Equalisation Accuracy: 20Hz-20kHz: Within
0.2dB of reference curve. 10Hz-100kHz: Within
1.0dB of reference curve.
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Cartridge Connector

[ have been in touch with the majority of tone-arm
manufacturers and importers and it appears that most
arms are suitable for balanced operation, with little or
no modification required. Just ensure that with your
system, it is possible to separately access the four
cartridge outputs and that none of them connects to
an Earth of any description.

Each channel input at the pre-amplifier should
have a 3-pin connector (DIN is the natural choice, but
LEMO multi-pin connectors are the best for a top
quality system) and each plug should be connected
to the tone-arm by a twin conductor, screened cable,
with the screen only connected at the pre-amplifier
end. Earth continuity from the tone-arm and. if
necessary, the turntable, should be carried by a
separate heavy wire to the pre-amplifier Earth
terminal. The method of connection is illustrated in
Fig, 1.

The updated disc amplifier stage circuit board
layout (Fig. 4) is of identical dimensions to the original.
so no problems should be encountered in replacing
the original boards.

Further Tweaks

The original balanced output amplifier (January 1934
ETI) had arather crude method of setting the output
symmetry, which requires an extremely steady hand
to obtain the optimum balance. Fig. 5 shows a modi-
fication which, while being a more elegant solution
to the method of symmetry adjustment, is quite easy
to implement on the original circuit board. RV1 should
be a multi-turn type and with a 1kHz tone applied to
the amplifier, should be adjusted for minimum signal
at TP1.

C&
1000
PC

: c2
[
B 2P

Fig. 5 Mle_ﬁcatioﬁ-tu the balanced output stage

T SET SYMMETRY. APPLY 1hHz SINE WA 3
'AND ADJUST AV1 FOR MINIMUM QUTPUT AT TP

The final modification is concerned with the tone
control stage. If you can obtain some 10k linear poten-
tiometers with centre tapped tracks, these should be
used for the amplitude controls, the centre taps being
taken to Earth. This will give a small noise improve-
ment to the stage, will ensure a flat response when the
controls are centrally placed and will totally stop
interaction between the two sections.

[ am sure there are many other improvements
that can be carried out to the design but as time is
limited, and each change can take many months to
implement and test, the above should be enough for
the time being,




POPULAR BAKERS DOZEN PACKS
(Still avallable) X
AL RS e U each it you onder 12 \hen you L)
enlitkedd o anothar e Ploase state wiich one g
wanl Note the tigure on the extime et f ihe pack
et numbet and the next higures 15 the quantity of
items in the pack finally a short description

BO2 5 13A spuis provide a tused outlet to a nng main
where device such as a clock must 1ol be switched
ofl

BO7 4 m flex swilches with neon anofl fights  saves

s swilched on

BDY 2 Aing Irinslorrmers vprghl mournting with
foved 5

8o 1 B't speakar cabinet ideal for awtensions, takes

2 sp
your speaker Hel BO1E7

BOT3 12 30 watl réed swilohis, IS suiprising what you can
ke with ¢ — burglar alarms, secrat swil-
ches. relay g
BOZ2 2 25 watl loud 5 wo umit closs-overs
BO29 1 BUOA L sterse it |5 wonderul valoe
B30 2 nicad constani current chargers adapt to charge
almost any nicad battery
BD32 2 humidity switches, as the air becomes damper the
memibidng stretches and peprafes @ microswitch
B34 48 2 metar lengih of connecting wire all colour coded
B2 5 13A rocke: switch three tag 0 oniofi, or change
ovat with centre off
Bi4h 1 24hr time switch. ex-Electricity Board, automat-
cally adjust for lengthening and shortening day
Original cost £40 each
BD48 10 neon valves, with series resistors. these make
good night lights
BOG6 I mini umiselector, one use s for an eleciric jigsaw
puzzel, we give circuit diagram for this. One pulse
Inta motur, moves.switch through one pole
BD5S 2 lial solgno you could make your multi-lester
read AC amps with this
BDBT 1 suck o blow operated switch, or it can
ure-varhions such
BDE1 2 et molors with gearbox. Final speed
F walt rated
BD103A 1 B THOMA power supply. nicely cased with inpul
anl output leads
BD120 2 s'ripper boards each contans a 400v 2A bridge
rectiber and 14 other diodes and rechfiers as well
as dozens of condensers elc
BO122  10m  twin screened flex with white pvc cover
BOM28 10 very fine drills for p.c b. boards etc Normal cost
about 80p each
BDraz 2 Ui Bowes anuiox, 3” cube with square hole
Ihrtwgh top sa iesl for nterrupted beam switch
BD134 10 matars for model aeroplanes, spin to start so
negds no switch
BD139 6 microphione inserts — magnetic 490 ohm also act
as speakers
BD148 4 reed relay kits you gel 15 reed switches and 4 coil
sets with notes on making c'o relays and other
gadgels
BD149 6 safety cover for 13A manrkets — prevent those
Inquisitive little fingers getting nasty’ shocks
BD180 6 Ineun indicators i panel mpunting holders with
ens
BD193 6 Sarmp 3 pin flish mounting sockets makes a low
vost disco pane
BD196 1 n flex simmesstal — keeps your soldering iron etc
aiwaks al Ihe roady
60199 1 mains splenoid very pawedul has 17 pull or could
push I modified
BO210 8 keyboard swilches - made for computers but have
many aiher applications
BDZ10 4 transistors type 22055 probably the most useful
POWET transistar
B0211 1 electnc clock mains operated put this in a box and
you need never be late
BO221 5 12v alarms make a noise about as loud as a car
horn. Slightly soild but OK
BD242 2 6" x 4" speakers 4 ohm made from Radiomobile
50 very gaod qualty
B0252 1 panos canfrols autput of boiling nng from
simmer up boll
B{259 50 leais with push on ' tags — a must for hook ups
- Maifis cannesjons etc
BOZ63 2 oblong push switches for bell or chimes, these can
fmains up to 5 amps so could be foot swilch if fitted
into panress
BD268 1 mini 1 wart amp lor record player. Wil also change
speed of record plaver imatar
BD?83 3 imild stael noxes Spprowimatedy 3" x 3" x 17 deep
— standard electrical
BD293 50 mixed silicon diodes
BD305 1 tubuiar dyramic mic with optional table rest
BDGET 2 4 7ul, non-polarised block  capacitors. peb
maunting
BD400 4 Books Usetul tor beginners. Describes ampiifiers,
185t equipmenl & 1
BD653 2 Miniature dnver transiormers Rel LT44. 20K to
1k, centre tapped
BDS553a 2 3.5 volt operated relays, each with two pairs CO

contacts
Most other packs still avaifable and you can choose any as your iree
one.

POWERFUL IONISER
Generates apprex 10 times more [ONS fhan the ETH and simitie
circuits. Will refrash your harme, office, shop workroom etc
Makes you foel better and work harder — a complele mains
operated kit case includod £11.50 + £3 PAP.

25A ELECTRICAL PROGRAMMER
Leam in your sisep. Have radio playing and
ketlle boiing as yois wake — switch on lighls
to ward ol intruders — have a warm house
1o come home to You can do all lhese and
more. By a famous maker with 25 amp orv
off swilch A beauliful unit al £2.50.

ATARI 65XE COMPUTER

T ALk B e ol powe il and)
bl bon e e T Daned

now caniploto with 15U 1V o
OWnoE S Dl el L gane, Can
Tur yourss i onty €45 plus €3 Insured
— delivery
DATA RECORDERS. ACORN tr Acom Elecion, ele , reference

mmbet ALEOD. with TV Jead, manual and PSU Brand new Price £10
plus £1,50 post. Order ref 10P44

ATARI XC12 for all thew home compulers Wilh leads and handbook
Brand new Price £10 plus £2 posi. Order ret 10P53

JOYSTICK FOR ATARI OR COMMODORE for ail ail Atari and

Commodore 64 and Vic20. New Price £5. Order rel 5P126

EXTRA SPECIAL OFFER. The ATAR| Compendum cantains
compriter 85XE. dala recordos XC12, joystick and s games lor £57.50

plus €4 insured delivery.

VENNER TIME SWITCH
Mams opersted with 20 amp switch, one on
and o off per 24 hrs. repeats daily
aulomatically’ cormecting for ihe
fengihaming or shodening day. An
Expensve ime swilch bul you can have
e ooly £2.95 without case. metal cse —

‘ £2.95, adaplor kil Io convert this inio a
' normal 24 hr. fime swilch bul wilh ihe added
. advanlage of up lo 12 on/ofls per 24hrs
. This makes an ideal controlier lor the
Ex-Electricity Board. immersion heater Price of adaplor kit
Buaranieed 12 months, ' £2.30.

SOUND TO LIGHT UNIT

Complete kil of parts of a three channel sound to light it controlling
over 2000 wals of lighting Use this at home if you wish tut il is plenty
rugged enough for disco witk The unif is housed in an affractive twp
lone melal case and has conteois far each channel. ang a master on/ofi
The aduic Input and outputs are by Vi sockets and thres pan
mounling tuse holders provide thynsior proscton. A four pin plig and
socket facililale ease ot conmacting lamps. Special price 15 £14.95 in ki
bormn

ORGAN MASTER is a es
octave musical kayboard. It s
beautifully made. has gold plated
contacts and s complete with ribbon
cabie and edge connectar. Brand new,
or;lgsﬂz plus £3 postage. Order ral
12

MUSIC FROM YOUR SPECTRUM 128. we otter the Organ
Master three oclave keyhoard, complets with isds and the intedace
which plugs into your 128 You can then compose. 3y, record, store,
&, your owh music Frice £10 plus £3 special pac&inu and postage.
Order r=d 18P1

CAMERAS, Triee camesas, an by famous makers, Kodak, ste One
diso and two different instan! cameras. All in first class condition.
bafeved {o be m perecl working arder but sold as untested. You can
have the tivee for £10 ncluding VAT, which must ba a bargain - i only
lar \hi lenses, Mdsh gear, eic Oue' ol 10P58

ALBA TWIN CASSETTE RECORDER AND PLAYER
WITH STEREQ RADIO. Tris is & mams/battery paable mads 1o

sell, we understand, a1 aboul £50 bul the ones we have are ine rajacts.
They are trand now sbil in the manulacturers, boxes but have a siighil
veiec! assooiated with the cassetle section. The radio’ and amplifier
seclion, both mono and stereo, is perfecly OK Il you are handy af
imending fhings then imis should be for you, Price: £20 or two for £38
plus £3 Insured post, either package. Our ral 20P7 or 2 « 20PT

1/8th HORSEPOWER 12 YOLT MOTOR. Mage by Smiths, the
Dady iength of ihs is appronimately 3in, the diameter 3in and the spindie
S1Em of an Inch diameter, It has a cenlre flange for

fang pe can be fiked from the end by means of 2 ruts ﬂw;?

ity Protor wiich revs 8t 3.000mm. have a lame quand then s0 i
youl Fenve any projects in mind then you eoold el on for &l least
wo years. Price £6, Our red 6P1, disoount for quandiies of 10 or mose

PHILIPS LASER

This s hellum-neon and has a power rating of 1.6mW.
Completely safe 50 long as you do nol look directly Into
the beam when eye damage could result. Brand new, full
spec, £30 plus E36 d deli Mains power
supply for this tube gives 8kv striking and 1.25kv st SmA
running. Complete with case E13. No sxtra for post if
ordered with tube.

HIGH RESOLUTION MONITOR, sin biack and whie. uses
Philips fube M24/306W. Made up In a lacquerad frame and has Open
sides: Made for use with OPD computer bt suitable for mast ofhiers,
Brard riew. £16 plus £5 cost Our reference 16P1

TANGENTIAL HEATERS. We again have goad stocks of this
queet running, instant heat unis Tney reguire only & simple case of
Could be fitted [rte the- botiom of a kachen uni, efc 1.2k, which 53
vary compact liffie unit and alo & 2 Skw, which is apgrosimatily 10in
lond plis motor. Price for sitber mode! £5, Being rather fragile nesds
spedial packing so. add £2 per healer kv post a%&:ﬁlrﬁg. Con
swich for 2 Skw model arving full hest, hatf heat or Blow: Frice 50p;

MINI MONO AMP on p.cb. size 4" x 2" (app)
Fitted volume conlrol and a hole for a tone con-
frol should you require il. The amplifier
has three transistors and we estim-
ate the output to be 3W rms

More technical data will be included
with the amp Brand new,

pertecl condition, offered al the very
low price of £1.15 each, or 13 for £12.00.

BARGAINS STILL AVAILABLE

SUB-MIN TOGGLE SWITCH. Hody /e Bien -~ Atin -~ Ztn SBDT with
cheome dolly foang a4 for $1.00° Order el BDgAY

VERY POWERFUL MAGNETS Altliiugh only less than 1in long and nol
miech eker than i gl ihese e very difficult 10 pull apart Could be
s 10 operat cinbeided reed swilches, et Price 50p eacﬁ‘ 21or£1 00
Car rel BOGA? )

CLEAR LACGUER. (hiick drying for the protection ol transters, markings,
maps, et Alsy prolects wond and metal. Exceptionally clear. Large can lor
€100 (e rel BOBGO

PAPST AXIAL FAN, MANUFATTURERS REF NO TYP4580M. This is mains
operated 1hwal rating and in & metal lsame with mesal blades so 0K n high
b . Body size app Ately a0 squarm « 1% thick. £6
tach, plus £1, 00 postage Dur re 6P6
TRANSMITTER SURVEILLANCE (BUG) - tiny, easily mdden, bul which will
enahie convarsation to be picked up with FM radio. Can be housed m a
malchbox, All giectionic parts and circuil Price £2° Ref 2P52

ASTEC PSU. Mains operaled swilch mode so very compact (614" x 4" x 2
approx.). Outputs: +5 Volts 3.5 amp. +12 Volts 1.5 amp. 5 Voll 1.5
amp. Brand new. Normal price £30+. Our price only £10 Ref. 10P34.
APPLIANCE THERMOSTATS - spindle adjust type sulable lor convector
heaters or similar. Price 2 for £1 Rel BD582.

3 CORE FLEX BARGAIN No. 1 Core size 5mm so ideal lor long extension
leads carrying up to 5 amps or shorl leads up to 10 amps. 15mm for £2.
Order Rel. 2P189.

3 CORE FLEX BARGAIN No. 2 — Core size 1.25mm so suitable lor long
ension leads carrying up to 13 amps — or short leads up (o 254, 10m for
£2. Ordder Rel. 2P190.

CASE WITH 13A PRONGS - to go into 134 Sockes, nice size ant suitable for
plenity of projects such as car battery trickie aharger, speed controller, time
sm%?}, mght light. neise suppressar, dimmers etc. Price — 2 for ©1. Rel.
BD5GE.

ALPHA-MUMERIC KEYBOARD - this keyboard has 13 Keys with contactless

capacitance switches giving long trouble free Ife and no contact bounce,

The keys are arranged in two groups. the main ated fisld is 3 OWERTY array

anid on e naht is 3 15 key number pad, board size 15 approx. 137 » 4"~

%gnrj gew but offered at only a fraction of its cast namely €3, plus 1 post
1. APE7

TELEPHONE EXTEMSIONS - |t &5 now legal for you to undertake Lhe wiring
ol telephone extensions. For this we can 5U£ply 4 core telephone cable,
100m coil £8.50. Extension BT sockets £2.95  Packet of 50 plastic headed
staples £2. Dual #aptar for taking two appliances from one socket £3.95.
Leads with BT piug for changfng ola phones 3 for £2.

WIRE BARGAIN - 500 metres 0.7mm solid copper linned and p.v.c.
covered. Only £3 + €1 post. Ref. 3P31 - that’s well under 1p per metre,
and this wire is ideal lor push on connections.

INTERRUPTED BEAM KIT — this kit enables you lo make a switch that will
tnger when & steady beam of infra-req or ordinary light is broken. Man
companents — relay pholo transistor. resistors and caps etc. Gircuit
diagram but no case. Price £2. Ref 2P15

CAPACITOR BARGAIN - axial ended — 4700ut (s 25v Jap made. Normally
50p each, but you will get 4 for £1. Ref. 613.

SPRING LOADED TEST PRODS - heavy duly, made by the famous Bulgin
company. Very good quality. Price four for £1. Rel. BD597.

SOLAR POWERED NI-CAD CHARGER 4 NI-CAD batteries AA (HP7) charged
in eight hours or two in only 4 hours. It is complete, boxed ready to use
unit. Price £6. Qur Rel. 6P3.

S0v 20A TRANSFORMER ‘C’ Core construction so quite easy to adapt for
other outputs —tapped mains nput, only £25, but very heavy so please add
£5, 1f not caliecting. Oidar Ref. 25P4.
FREE POWER! Cait be yours i you use our solar cells - sturdily made
mindules with new srstam hubble magnifiers to concentrate the light and so
eliminate the nead lor actual sunshing — Mhey work just as well n bright
lghit Voltage input is 45— you |oin in series 1o get desired voltage - and in
aliel for more amps e A gives 100mA_Price ©1. Our Ref. BDB31
le G gives 400mA_Price £2. Qur ref 2P130, Module D gives 700mA,
Price £3. Gur Rel, 3P42
SWITCH AC LOADS WITH YOUR COMPUTER, This is easy and roliable if
VOU use our solid state relay, This hias no moving Earts, has high input
fesistance and acts as & noise barrer and provides 4W isolation batween
logic terminals. The fum-on voltags is not critical an fing batween 3 and
30V, intemal resistance s about 1K ohm. A% jo up 1o 104 can be
switched. Price is £2 each. Ref. 2P183.
METAL PROJECT BOX. Ideal size for battery charges, power supply etc;
sprayed grey, size B x 4V4" x 4" high, ends are louvered for ventilation
other sides are flat and undrilled. Order Ref. 2P151 Price £2.
BIG SMOOTHING CAPACITOR, Sprague powertytic 39,000uF at 50V £3
Our Ref. 3P41.
4-CORE FLEX CABLE. Cores wruammly insulated and grey PVC covered
tiverall. Each copper core sized 770, 2mm. Ideal for long telephone runs or
similar applications aven at mains voltage. 20 metres £2. Our Ref. 2P196 or
100 metres coll £9. Order Hel BP9
TWIN GANG TUNING CAPACITOR. Each section is .0005uF with trimmers
and good length %ain spindle. Unused but old and may be slightly soiled.
Sleeved prong type. £1 each. Our Ref. BD630.
13A PLUGS. Good British make complete with fuse, parcel of § for £2
Order Ref. 2P186.
13A ADAPTERS - Takes 2 13A plugs, packet of 3 for £2_ Order Ref 2P187
20v - 0 - 20v - Mains transformers 214 amp (100 watt} loading, tapped
primary. 200-245 upright mounlings £4. Order Ref. 4P24.
POWERFUL 12V MOTOR was intended for Sinclair Electric Car, rating
approx. 3 HP. Price £15 plus €2 post.
RE-CHARGEABLE MICADS ‘D’ SIZE these are tagged for easy joining
fogeiher but tigs can easity be removed, virtuaIIX unused, tested and gnitd.
£2.00 gach. Ref. 2P141, 6 for £10. Rel. 10P47.
FLIP-OVER DIGITAL CLOCK - Quite an eyecatcher. this is mainis operated.
The figures flip-over per minute and per hour and give a larger than usual
visual tisplay. Supplied complete with front and gerspax pangls to glue
logether 1o make its case £2 00 each. Our Ref. 2P205
QUICK FIX MAINS CONNECTOR - A must for your workshop. Saves
Euning on plug's as you just push the wires under the spring clips.

FDD BARGAINS
3%in made by Chinen of Japan Singie sded, B0 track Shugan
compatible intorface, |nkerchangeable with most othar 320 and
5'in drives. £26.50 plus £3 posi. 3in Hitachi, relerance
S055XA. Standard Shugan connection, works with most
computers bBut partioudarly suiabls and recommended for
Amsirad 6178, e, £30 plus £3 post.

Generous discounts for quantities

J & N BULL ELECTRICAL

Dept. ETI, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.
MAIL OROER TERMS: Cash, P.0. ar ‘with order. Orders under £20 add
£1 50 senvice charge. Monlhly account orders acczpt from schools and public
compans. Access & Bicard orders e accupled — minimum £5. Brighton
(02¥31 734648 or 203500,

when lid 1s up. Price £7.50. Our reference 7P5/1.

BY HANDSET with curly lead terminaling at BT piug. Colour cream Price
£5.00. Our reference 5P123

SINGLE SCREENED FLEX 7.02 copper conduciors. pye insulated then with

copper sreen, linally outer insulation. In fact quite normal screened flex.

éﬂm for £1. Our rel BD668. Ditto, but solid conductor, 10m for £1, Our ref
DEBBA

WHITE CEILING SWITCH 5 amp 2 way surface mounting with cord and
Eaaslgé Made by the famous Crabtree Company Price £1 each. Qur rel
5

13A SWITCH SOCKETS - Top quality made by Crabtree, fitted in metal box

erﬂ'l cutouts 50 ideal for garage, workshop, cellar, etc. Price £2 each. Our
ref 2P37

EHT TRANSFOAMERS — Mormal primary, ‘secondary 3 5v at 3mA
conlinuous or 20mA intermittent. fdeal as a spark generalor for boiler
lighting, etc., or with a simple voltage doubler circuit would make a good
i10n'i)%%r. Price €7, Dur rel ¥F7. 8ky secondary 3mA Price £10. Our ref
0P56.
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DIGITALLY TUNED
RADIO |

he humble radio has yet to be digitised at

an affordable price. The world is increa-

singly crammed with digital electronics,

populating boards from Shanghai to Shef-

field, but the radio has stuck with its
analogue roots.

This design reaches a compromise with old-
fashioned analogue married to digital techniques. The
block diagram is shown in Fig, 1. This radio has no
tuning capacitors or condensors to rotate. Instead
tuning is accomplished by means of a single push
button. This increments a counter, the autput of which
is converted to an analogue voltage across the varicap

diodes.

As the push button is kept depressed. the
resonant frequency of the tuned circuit changes
progressively, pulling in different stations. This would
mean that on switch-off. the tuning is lost. Allowance
can be made for this by winding the aerial coil on a
tube such that the ferrite rod can slide. Your favourite
station can be selected by ‘permeability’ tuning — fine
adjustment of the ferrite rod. Once positioned as you
wish, fix them with a blob of wax or hardening glue.

Construction

The component overlay for the digitally turied radio
is shown in Fig. 2. Construction is very straightforward

+5 +5
LED DISPLAY o SV v v
av':
12
REGL-
SENSITIVITY | LATOR
‘ 0-F
&Y [ [ [
]
| LADDER VARICAP - L
SWEEP-SPEED ADDE ARICA -
! WORK CIRCUIT T RECEIVER AMPLIFIER
A \ |
88
I LOUD
| THES COUNTER VOLUME SPEAKER

M rn'mql\rl,ﬁ
Ui
DVe=tii VOLTA
R i . GE
SECOND

!.
sw | f
TLI bYW oV = ov
L

CONTROL

AUDIO-FREQUENCIES

MODULATED RF

1J3[0dd

Richard Grodzik
counts on his radio to
tune him to his
favourite station

ETI MARCH 1989

49




&

60 TURINS 30 SWG ECW

vz

FEARITE ROD

0V —

16

Fig. 2 Component overlay of the radio PCB
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HOW IT WORKS

suppfvdepw&mnmm
binary count). Thus the tota

LJd[0dd

HEX
LED

15V DISPLAY

+5V +8V
c3 5y
470n 513‘_,|+ 1014

R15 100u 100n

R12 56R C8
| 3
: o
A2 71.100u
640R b o1 &, ]
+5V i bl L1 ) ica &
R3 ! u
cz '
16 1 240 Soon 1
) R7 -"Jg > B
7 Rd 20 60 TURNSON = T
3 12 g FERRITE ROD C16 14 i % 220n
0 - jon 10n
(] ZHR% 1k0 i 4 7 7
13 VOLUME
CONTROL
A6 i
> B 10 avs
NOTE:
IC1 = 4161
|3 2 '1‘.!8 1C2 = ICM75551PA
1C3 = ZN416E x ‘¢’ TYPE
i IC4 = TBAB20M iCad CELLS

icz
6lz|1
+ = J—C‘I?
c1 - 10n
10u 2
sW1
TUNE

D1=BB212 VARICAP
D2 =04BJ 126V REF
LED1 = 0,27in DISPLAY
4 (RS586-734)
LED2 = 3mm LOW CURRENT LED)

SUGGESTED PSU

Fig. 4 The full circuit diagram for the radio

using the PCB. Build from the resistors up, sockets are
recommended for [Cs and for the display LED — the
legs on this device are pretty fragile and it is also static
sensitive so take the normal static precautions.

The push-to-make switch can be mounted either
on the board or remotely, depending on how you
intend to box the unit.

The connections to the loudspeaker on the
orototype were secured with a dollup of glue, just in
case a sharp pull broke through the solder.

Lastly, when you’re fitting the rod into place, a
couple of pairs of holes are on the board to take loops
of wire towards each end of the rod. These should stop
it sliding out of place too much during testing.

The simple power supply is all mounted off-

ETI MARCH 1989

board and uses four ‘C’ type batteries. These actually
take up more room than the entire populated PCB
but can be arranged two by two to form about the
same shape. The whole unit can then be fitted quite
neatly into a rectangular case.

BUYLINES

Mast of the company nﬁfm '
_me:mmm mmwmm mtrmail
{Tel: {0538} 204555} as part ,
B ..Tmﬂcssuummmm
ohhamngszhe 2

51




- TECH TIPS

Car Courtesy Delay

K. Wood
Ipswich

ar door lights are usually simple
switches that plunge night drivers into
darkness as soon as they close the door.
This circuit is inserted between the door
switches and the courtesy light in the

+12V O

=7 s i)

DOOR NOTE:
CONTACT

|
|
|
Q1=BC214L aa |
Q2 = BC184L |
Q3 = BDA437 R0

* = SEE TEXT k0 I|
OV D Ol

i

EXISTING

COURTESY

LIGHT

[ [Nl | SN . W

Circuits and other
ideas for ‘lech Tips
should be sent to ETI
at 1 Golden Square,
London WIR 3AB. All
items used will be paid
for. Please include a
SAE for

acknowledgement.
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LIRCUITS

52

car (negative earth) to keep the light on for a few
seconds after the doors have been closed, then fade
out gently.

Opening a door shorts point A to ground,
charging C1, turning on Q1 and Q3 via Q2. Q3 drives
the light (which should not be more than about 10W).
The voltage at the junction between R12 and R13 is
still not low enough to turn Q1 off, so the lamp is
driven hard and Q3 does not get hot.

When the output voltage cannot rise any further
(with Q1, Q2, and Q3 hard off} insignificant current
flows from the supply, though the capacitor still has
to finish discharging. Again there is no cause for Q3
to get hot.

The only time Q3 will get warm is during fade-
out and this is quick enough not to matter. Q3 requires
a lot of base drive supplied by Q2 with R7-R9
absorbing some of the power dissipation that would
otherwise be concentrated in Q2.

R1 and D1 are optional to allow burglar alarms
that monitor the door light circuit to function correctly.
The actual value of R1 may need adjusting but watch
out for the power if you make it much smaller than
1k0. Change C1 or R3 to alter the delay.

Time Delay Switch

D. Ian
East Molesey, Surrey

his design was produced to replace an
expensive time delay switch for the light in
a porch. No modification of the existing
system is required, the circuit simply
replaces the previous time-switch.

The push-to-make switch charges C1, switching
on the VFET and closing the relay until C1 discharges
through the preset RV1 — in this case variable from
1 to 10 minutes.

TOCONTROLLED
CIRCUIT

RELAY

NOTE:
a1 = VEET VN10KM
OR SIMILAR
D1 = 1NA148

|
|
|
|
i
.'
|
J
|
|
|
|
|
|
1
|
|
i

oV
—0
EXISTING
CIRCUIT

25 WATTQ?

BULB

NEON

25 WATT | 40 WATT | 60 WATT
NIGHT
LIGHT 470n 1u0 2u0
HALF
POWER Tu0 1us 3u0

Capacitor Lamp Dimmer

d. Quigley
Mapperley, Notts

uilding a nightlight for a child’s bedroom

with a fully variable lamp dimmer is like

using a guillotine to clear your dandruff.

A capacitor in series with the lamp is a

quick and cheap way of reducing power
without interference. SW2 selects full power or
reduced output.

The value of C1 depends on the wattage of the
bulb and the brightness required (see table). You could
fit a multiway switch with different capacitance values
to give a variety of control.

Electrolytics must not be used, and simply
shorting out C1 may damage both capacitor and
switch. Use polyester, mixed or paper with at least a
300V rating. The neon will discharge C1 safely if the
lamp is disconnected at the mains with the mains
switch left closed.

Care must be taken when testing as the
capacitors will hold a charge for some time.
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Opto Counter

S. S. Ahmed,
Karachi, Pakistan.

his circuit is a counter/timer with start and

stop triggered by the breaking of optical

links. The applications are wide, but the

circuit was designed for use in classroom

physics experiments such as the inclined
plane experiment to calculate gravity.

There are three main sections — the timebase,
the gate control and the counter stage.

The time base itself is not described here, as
constructors will have different requirements. A 555
could be used for low precision work, or a crystal
oscillator for high accuracy.

The time base is divided by a pair of 7490s to
provide three time ranges 0.000 to 0.999s, 0.00 to
9,995, and 00.0 to 99 9s. Further ranges could easily
be added.

The light sources for the LDRs were 3V bulbs
with built-in focussing lenses. A 2cm long barrel of

card around both bulbs and LDRs works well even in
bright lighting, even better with the inside of the card
painted black.

IC3 (quad NAND gate) controls the gating logic.
The outputs of IC3a,b are normally low. The resis-
tance of LDR1 falls when the light beam is cut and the

output of ICla goes high. This sets the R-S latch 7

formed by IC3c,d and opens the input gate (IC4)
enabling the timing pulses to be counted.

When the second beam is broken, IC3b goes
high, resetting the latch and stopping the counting.

The counter and display section of the circuit has
nothing unusual — 7490s as decade counters, 74475
as decoders and display drivers, and any common
anode LEDs for the display.

SW2is a DPDT push switch, When pressed pins
2 and 3 of all 7490s go high. clearing all counters. [t
also stops the counting by pulling down the input of
1C3b.

The LDRs used were from Tandy but any LDR
that fall from 500k-1M0O to 100-300R when light is
removed will work
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hen designing counting circuits in

either CMOS or TTL it can be diffi-

cult to decipher rapidly changing

outputs. This circuit produces a

single pulse of controllable width,

A 555 is used as a monostable with the trigger
input (pin 2) decoupled to prevent false triggering.
The LED pulse indicator is powered from a shunt
regulator to allow any supply from 5-18V to be used
Note that SW1 must be a normally closed type
Outputs are buffered to ensure true logic level outputs,
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SPECTRUM EDGE CONNECTOR < e

Spectrum
Programmable ROM

K.D. Hedger
Great Yarmouth

pectrums are limited by the inability to

add or change the commands resident in

ROM. This circuit pages out the ROM,

replacing it with RAM which will be write

protected once it is switched in (and will
survive even a system reset).

The RAM is a 1K block which can be switched
in to replace areas in 1K steps selected by switches
SW1-4 (SW1 as MSB). Thus with 0001 on the
switches the RAM occupies &400 to &7FF, with 0010
the RAM occupies &800 to &BFF, and so on through

the RAM map. Larger RAMs can be used. For
example omitting SW4, D4 and 1C4d would allow a
2K RAM to be switched in 2K blocks.

Any address line on A1G-A13 not matching the
relevant switch will send the output of [C4e and so
IC6d high (disabling IC1 and 2). The output of IC4f
goes low and is blocked by D5. Any address outside
the range &0000-&3FFF will do the same via IC5.

SW5 selects whether the RAM is to be read only
or write only. In write position the normal ROM can
be read and copied to RAM ready for alteration.

IC6, Q1, IC3 and SW6 make sure the RAM
appears in the correct ROM as the 128 switches using
an 'OUT 7FFD’ instruction with bit 4 selecting the
ROM. For 48K machines everything up to SW6 can
be omitted and pin 9 of IC5d should be wired to OV,

Note that on power up SW5 must be in write
position,
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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, 88 Gleneagle
Road, Streatham, London SW16 6AF.

QL Output Port (Tech Tips May 1988)

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

Bicycle Battery Dynamo Backup

(June 1988)

C1,2 are incorrectly given as 22u in the Parts List.
The value of 220u given on the circuit diagram
(Fig. 1) is correct

QWL Loudspeakers (August 1988)

Some dimensions were missing from Fig. 7. The
bass driver port centre should be 3%ain above the
base of the baffle panel. The notches in the side of
the tweeter cut-out are 1/2in wide. The top plate is
missing from the cutout diagram (Fig. 6). This is
7 x 45/3in.

The modular pre-amp input stage solderside foil EEG Monitor (September 1987)

The wiring for the switch SW1 in Fig. 5 shows all
the wires for selecting Alpha and Beta waves
swapped. A, should read B, A, should read B,
The modular pre-amp disc input stage topside foil and so on. The easiest remedy is to swap the front
panel labelling shown in Fig. 6 so that the switch
labelling reads Theta, Beta, Alpha.

Chronoscope (November 1988)

In the overlay diagram for the counter PCB (Fig.
3) the polarity of C12 is shown the wrong way
around. SW1la-d is shown as SW1-4. In Fig. 4 the
cathodes of LED 8 and 9 are the righthand and
lefthand pads respectively. The cathodes for LED
6.7 are marked as the wrong pin. In the text section
on Battery Operation, Q1 should read T1. In Fig.
5 SW2 is incorrectly labelled SW5.

Doppler Speed Gun (December 1988)

In Fig. 2 the labelling of pins 7 and 4 of IC2 are
transposed. [C10a Pin 1 and 1C9¢ Pin 10 should
connect together and notto the 5V rail. The positive
terminal of C3 should connect to the junction of
R2/R3. Pin 7 of IC2 should connect to the 12V rail
and notto Pin 6/R1. So the pin labelling of CONN1
runs left-right on the overlay diagram, the
corresponding labelling in Fig. 2 should be 3-1-2,
reading downwards. Fig. 4 is correct in all respects
except for the orientation of Q2 for which the c and
e labels should be transposed. In addition the extra
switch to be seen in the photograph of the prototype
is a hangover from a previous incarnation. Just
ignore it!

Burglar Buster (December 1988)

The foil part of the component overlay for the basic
alarm (Fig. 1) was printed the wrong way around.
it should be rotated through 180° as in Fig. 5.

Rev-Rider (January 1989)
In the parts list RV2 is incorrectly given at 33k_ It

should be 22k as in the circuit diagram. A ‘blob’
I S I went missing from the circuit diagram. RV2, R7,

R4, C1 and D3 should all be connected.
s
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That’s what an incredibly small number of people have achieved by contributing

articles to ETI. The rest of us have had to make do with total obscurity and enough

money for a couple of pints. Nevertheless it’s all worthwhile and we need vour
contributions now!

FEATURES

[f you know what you're talking about and it
hasn't all been said before, we want you to add
to our wide ranging and informative features. [f
you have a great idea for a feature or two, send
in a brief resumé. If you don’t have the ideas but
you think you have a commanding knowledge of
a suitable subject area we want to hear from you
too.

Whatever you can contribute to ETI, take the plunge now.
We can offer a modicum of fame and a very reasonable

fortune.

PROJECTS

ETI has built its reputation on novel, worthwhile
projects well designed and accurately pre-
sented. If you have recently designed and built a
world-beater we want to hear from you. In the
first instance send us a brief descripfion of your
masterpiece along with a circuit diagram.

Write in to:
The Editor
ETI
1 Golden Square
London W1R 3AB

SPECIAL
OFFER

ETl has teamed tip with ITRON UK to bring you this microprocessor-
controlled programmable sound effects generator at a bargain price.
The Sound-FX generates all manner of preset sound effects suitable
for stage, toys, games or just for fun, plus it can be programmed to
produce more musical sounds from the keyboard.

-

Please send me Sound-FX complete |

kits at £11.99 each plus 95p postage. |
|

|

l lencloseachequeforf. ... ... made out |

to ITRON UK. '

Postcode

Send your order to:
ETI ITRON Offer

SOUND EFFECTS

| Steam train & whistle

SPECIAL
OFFER

The Sound-FX comes ready to assemble with a sturdy console type
case, two loudspeakers, pushbuttons for the keyboard and the all-
important ready-made PCB containing the custom microprocessor
and amplifier. The kit just needs soldering together and the addition
of a PP3 battery to create a wide variety of sounds.

Normally costing nearly £14, the complete Sound-FX
kit is available to ETI readers for just
£11.99
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I 1 Golden Square Helicopter Trimphone

| \ London W1R 3AB Electronic fly UFO

| Please allow 28 days for delivery Police Car Hﬂ_"v car

|E= B e I, " Foghorn Alien speech and much more!
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ELECTRONICS

TODAY INTERNATIONAL

Heather Wust
01-437 0699 Ext 292

Send your requirements to:
Heather Wust, ETI Classified Department, ASP Ltd.,
1 Golden Square, London W1.

Lineage: 54p per word VAT inclusive (minimum 15 words)
Semi Display: (minimum 2 cms)
£12.80 per single column centimetre + VAT

Ring for information on series bookings/discounts

All advertisements in this section must be prepaid.

Advertisements are accepted subject to the terms and

conditions printed on the advertisement rate card (available on request)

SITUATIONS VACANT

RECRUITMENT

£24,800 to £28,350

The Research Centre is engaged in a wide
ranging research and development programme
concerned with the utilisation and distribution
of electricity.

We employ some 350 staff and are situated
in the green belt, close to Chester.

Due to the departure of the present Head of
Electronics to form his own company, we now
have a vacancy for a highly motivated and
experienced Electronic Engineer to lead a
specialist group responsible for Electronic
research and development and providing a
service to Research Sections

Applicants should have in-depth knowledge
and substantial experience of Electronics
operating at the forefront of applied Electronics
research and development and the provision of
allied services in a research setting. Electronics

Head of
Electronics

SUBJECTTO REVIEW

knowledge must cover the range of the
discipline including design, data-processing
and instrument repair/calibration.

Applicants must be qualified to at least
degree level in Electronics. In addition they
must possess skills relevant to the cost effective
use of resources and effective communication.

Salary will be within the range £24,799 to
£28,373 plus an Assisted Travel Allowance if
appropriate.

Applications giving details of age,
qualifications, experience, present position,
grading and salary should be forwarded to the
Head of Personnel Services, Electricity Council
Research Centre, Capenhurst, Chester CH1 6ES
quoting reference number 664.

The Centre has an equal opportunity policy
and welcomes applications from disabled people.

[ LOUGHBOROUGH
.l! UNIVERSITY
OF TECHNOLOGY

Department of
Manufacturing Engineering

RESEARCH
ASSOCIATES
Grade 1A

Applications are invited for two Research
Associates to join a major SER C funded UK
research leam for threc years

The study, involving industrial partners, aims
to usc state-of-the-art CAD and control
techniques to design, configure and program
a new generation of versatile computer
controlled manufacturing machines

A good honours degree in Enginecring or
Computer Science is required. preferably with
two years’ relevant industrial experience
Starting salary within the range £13.365 to
£15,105

For further details and an application form
please contuct:

COPY DEADLINE FOR THE
MAY ISSUE IS 20th FEBRUARY

COURSES

Electricity Counil
Research Centre

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398
Telecomms

NAME TechC&G 271

= Radio Amateur
Licence C&G

= Micro-
processor

= Introductionto
Television

Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. TQ14 SUN.

Professor R. H. Weston,
Depariment of Manufacturing Engineering,
Loughborough University of Technology,

Loughborough,
Leicestershire LE11 3TU.
Tel: 0509 263171 (ext) 2907
0509 22907 (DDV)

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P CB's available:

EQUIPMENT

# Series X Mixer Kils
® up lo 1,000 inpuls
® on-board mic inpul

@ 6 auxiliaries A

® versions lor recording Herrlngton! 63 Home Farm Rd;
PA, radio, disco Hanwell, London W7 1NL.

® From £9.92

Send 19p for catalogue to:

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

BOOKS

FULL WORKSHOP

SERVICE MANUALS
Any Video Recorder — £12.00 inc
Any Colour TV, Audio, Test, Vintage, etc
£6.00 inc. Please state Make/Model/Type
with order. FREE Catalogue Unigue Repair
and Data Guides with all orders or LSAE for
your copy,

MAURITRON TECHNICAL SERVICES
{ETI), 8 Cherry Tree Road, Chinnor,
Oxfordshire, OX9 4QY.

Tel: (0844) 51694

PCB'S

PRINTED CIRCUIT BOARDS. Low
cost production service: 5p per
square centimetre (less for orders
of 10 plus) one offs, 100 offs.
Enquiries: Watling Wires, 52
Watling Street, Nuneaton, War-
wickshire CV11 6JL. Telephone
(0203) 382296.

TO ADVERTISE
TELEPHONE
HEATHER WUST
ON 01-437 0626
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EDU-SCOPE Build your own solid
state oscilliscope - complete kit of
parts excluding case. ... ... £29.69
EDU-SCOPE CASEKIT. . £11.95
LOW COSTLEAD/PROBE. £3.95

BUG-89 Micro sized surveillance transmitter - can be received by any
FM/VHS radio or our MICRO-FM - PCB size only 50x20mm. . ... £5.25
MICRO-FM A micro miniature personal FM receiver - High quality 1C
design (no alignment problems) - Great for surveillance work or for Jjust

listening to your favourite radio shows! (cased) ............... £7.99
ROBO-VOX Instantly transforms your voice into into Dalek/Robot ty

- also amazing feedback sound effects possible (cased)........ £11.95
ROBOT CIRCULAR Unique radio controlled robot - can also be
converted to control via COMpUter . ... .....ovovvorn .. ... £i8.95
THERAMIN MUSIC GENERATOR An electronic device based on an
ancient legendary mystical instrument (cased) ............... £12.75
SOLARTRONICS-88 Enterthe exciting world of Solar Electronics with
our Solar Designer's experimenterkit. ....................... £7.75

SUPER SOUND-FX MICROCOMPUTER  An easy Io use and
program single chip sound effects Micro completely self contained -
Incredible sound routines already masked programmed into the device -
this is our most popular kit at present......................... £9.95
SOUND-FXPRO CONSOLECASEKIT .. ..., ......... £3.99

Please add £0.95 per order for P&P.
For FREE Datapack on all our Kits/
Products send SAE. - Allow up to 14
days fordelivery - Make Cheques/Po's

payable to :-

ITRON UK. Y

Castle Mill, Lower Kings Road = %‘
BERKHAMSTED ﬁ > A Division of

Hertfordshire HP4 2AD =

NEW VHF MICROTRANSMITTER
kit, tuneable 80-115MHz, 500 metre
range, sensitive electret micro-
phone, high quality PCB. SPECIAL
OFFER complete kit ONLY €5
POST FREE. Access orders tele-
phone 021-411 1821, cheques/PO's
to: Quantek Electronics Ltd, (Dept
ETI), 45a Station Road, Northfield,
Birmingham B31 3TE.

ETI MAGAZINE

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

Wanted:

Constructional Projects for
publication to Electronic
Enthusiasts, good rates.

Contact: Bill Williams

Telephone: 01-444 6706

SURVEILLANCE

Design Innovations Lid.

SOLDERING PRACTICE KITS.
Don't ruin that expensive project!
£350 each (2 for £6). Large
component bags £5 inc postage.
Wonderful value! AGS Electronics,
49 Farringdon Rd, Plymouth
PL4 9ER.

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 !
01-278-1768 puitey

)
Trade Enquiries Welcome

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17.
Telsphone 01-531 1568
ENAMELLED COPPER WIRE
SWG 1Ib 8oz 402 202
81034 363 209 1.10 0388
351039 382 2.31 127 083
401043 600 320 225 161
441047 867 580 348 275
48 15.96 9.58 638 3
SILVER PLATED COPPER WIRE
141030 1010 520 293 1
TINNED COPPER WIRE
1410 30 397 241 139 094
Post Free Please add VAT at 15%
Orders under £3.00 add 50p.
SAE for hist of copper and resistance wire
Dealer enquines welcome

COPPERCLAD BOARD. Double
sided, fibre glass at 5p per sq in.
50p p&p. — Phone: Paul, 021-358
2884.

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,
Old Wharf Industrial Estate,
Dymock Road, Ledbury,
Herefordshire, HR8 2HS.

TO ADVERTISE
Tel: 01-437 0626

_SPECIAL OFFERS

J.P.G. ELECTRONICS

Resistors % w 5% carbon E12 1P 1% metal fm E243P
Resistor Pack 85 difterent E12 valves plus ohm link, total
content of resistor 1,000 i £8.95
LED's Red/Green 3/5mm 6p each; fellow 1ip asch
Cable Tigs 75mm Ip ea. £6.95/1,000: f43 &0/10,000)
Powint Traneistars T/T 35C, TIPI6C, 100V, 254 TORA,
Plastic Case .. oo E156 aach
100db Plezo Buzzer ... £150; Standard Buzzer .. B0p
Solar Cells 0.45v 100mA ... £1.48; 700mA ... £3.50
Stepping motor 4 phase 12v 7.5 step S0ohmy  E8.95
SAA 1027 Stepping motor drive chip £3.95

Minlatura FM Transistor kite 100-108MHz high quality
=sound ideal for cordless miciophonas or guitars ste £7.48
Mztal Latehing XLR lins plug . vyt -]
Line Socket T P A £1.48
Ferric Chloride pack for mixing with % litre water £1.40
Flux cord soider 500G ..o reel £4.95
Automatic Squeste action wire ... .. .. stripper £3.45

SPECIAL OFFERS
Computer grade capacitors with screw terminals 58,000

uf 60v £4; 4,700 uf 63v £1.50; 38,000 uf 20v £1.95;
87,000 uf 10v £1.50.

Sterac LW/MWHEM tuner, pre-amp complete with
vilumetore control and tuning scale. Brand new in
riakers box L5.95) Faulty (195

FREE READERS’
OFFER

HAS RATES TO
SUIT ALL

Cliroust diagram, descraption and seining up procedurs for
ADVERTISERS’ P 50, WATT AMPLIFIER | WHY NOT FAX US Ry
NEEDS. RING heatsink. Thd 0003%. New + | DETAILS OF YOUR ENER LT T et o o
01-437 0626 FOR| 1c2ds scetall SEND-USTHEAD | ADVERTISEMENT e X
MORE DETAILS Cuniiffe Rd, likley LS29. ’ ON 01-437 1006 O patess ontes 02481 311

GOVERNMENT SURPLUS EQUIPMENT

ANCHOR SURPLUS LTD

THE CATTLEMARKET, NOTTINGHAM
0602 864902

Britain's largest electronic surplus depot! 2 acre site’in central Nottingham. Millions of electronic goodi scilloscopes, radios, tuners, amplifiers, aerials,
comp S, microwave bits, signal generators, spectrum analysers. lape recorders, videos, cameras, batteries. cables. atc

IF THE ARMED FORCES USE IT — WE PROBABLY SELL IT

NOTTINGHAM DEPOT
Mon-Frigam-6pm Saturday9am-4 pm
Plenty of parking space everyday except Saturdays

HAVE A DAY OUT
Bring the wife and kids, plenty to see.
Browsers and buyers all welcome,

RIPLEY DEPOT

PEASEHILL INDUSTRIAL E E, RIPLEY, DERBYSHIRE
Tel: 0773 570537
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EDINBURGH

[OMNI ELECTRONICS

stock a wide range of electronic components at

174 Dalkeith Road, FOR COMPONENTS

CRIGiEZ:00D

LOTS OF NEW DEVISES
Edinburgh EH16 5DX LOTS OF LOWER PRICES
Phone for our catalogue:
Tel: 031 667 2611 01 452 0161/450 0995 Telex: 914 977
Open: Mon-Fri 9am-6pm, Sat 9am-Spm 40 Cricklewood Broadway,
Send 2x18p stamps for lalest catalogue London NW2 3ET.

TERMS & CONDITIONS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Our terms for new advertisers (semi-display
and lineage) are strictly pro-forma payments
until satisfactory reference can be taken up
{excluding recognised advertising agencies
Cheques and PO's should be crossed and
made payable to ARGUS SPECIALIST
PUBLICATIONS LTD and sent together withthe
advertisements 10:

The Classified Dept.,

No. 1 Golden Square,

London W1R 3AB.

There are noreimbursements for cancellations
Advertisements arrivingtoo late foraparticular
issue will be inserted in the following issue
unless accompanied by instructions to the

contrary. ltis the responsibility ofthe advertiser
toensure thatthe firstinsertion of every series
is published correctly, and corrections must be
notified in time for the second inserlion,
otherwise the publishers will not accept liability
or offerany raduction in charges
All advertising sates are subject to Government
Regulations concerning VAT, Advertisers are
responsible for complying with the various legal
requiremerts in force eg. The Trade Description
Act, sex discrimination act & the business
advertisements (disclosure) order 1977.
Full Terms & Conditions of Advertising
available on request.

BIRMINGHAM
“SUPERTRONICS” PLS

Speakers, components and test equipment 16 Central Road,

(new and used) at very competitive prices
Come and see us at Worcester Park,

BIRMINGHAM Surrey KT4 8HZ,
i Prograggéigl-%geic?esggécialists
Taéfmdgfgf.;”ég& (PALs, PROM's, PLD'’s etc). Many

9-6pm other components in stock.

ADVERTISE YOUR
PRODUCTS HERE
TO REACH A

- T P>=0IJH0MMrm
- D >=0TI-0Mr m

LIVERPOOL WOLVERHAMPTON DEDICATED
AUDIENCE OF
WALTONS OF ELECTRONICS
PROGRESSIVE RADIO WOLVERHAMPTON ENTHUSIASTS.
pleinaingiing i 10 e e s Sanorme WE HAVE RATES
Liverpool 2 L ! TO SUIT ALL
=™ s 55A Warce;:‘;’:esh-;:g;f\fn‘la\rferhamplon ADVERTISERS
Open: Tues-Sat 9.30-5,30 Mon-Sat: 86 pm Tel: 0902 22039 NEEDS.

CLASSIFIED COUPON

USE THE COUPON BELOW TO PLACE A
LINEAGE ADVERT IN ETI OR ALTERNATIVELY RING 01-437 0626

.rC-L-A-S-S-IF-I E B-C-O-lJ-P 0 N Rates: Lineage 54p per word (VAT inclusive) minimum 15 words.

Semi-display £12.80 per single column cm plus VAT NoI
l Eléf,%ﬁqﬂgﬁ? TN?]D?YGIQNLTHERNNQ;LU:H&EL'L%L’{‘BSBSP:F-,!,E F R?:BE HTREMENT reimbursements for cancellations. All ads must be pre-paid. I
IPLEASE DEBIT MY ACCESS/BARCLAYCARD No. Sﬁﬂgv g Name ..o ................................................ l
E Address .......cocoeeiiiieeiicinennne Daytime Tel. No. .......ccovvveeieeeenen. I

||_H||Hl!71lllj_| _______________________________ S M A U € R e . oo e Date .....cccooiveniiinnne
l ] FOR SALE _1 COMPONENTS ] PLANS [ SERVICES [J pcB’S I [J OTHERWISE STATEI

Ty T T 1 T & L &
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This column is a service to readers to prévide 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, W1R 3AB.

his month's enquiry is from Adrian

Moretti in Italy who has a problem
with an old circuit from another mag
{well it wouldn't be ETI, would it!)

This transistor assisted ignition
project from the 1982 Australian edi-
tion of Electronic Projects For Cars has
me stumped. | have built it on the
proper PCB, and it works fine on the
bench. When [ use it in my car, a
model 316 BMW (1980 vintage) it in-
variably burns out the ignition coil after

a few hundred kilometres. Can any-

thing be done about it?

It is difficult to solve problems at
long distance but if [ explain what the
project does and how it works in more
detail than the original article did, this
may enable you to see what the
problem is in your application.

The reason for using a transistor
assisted ignition is to provide a clean
switching signal to the ignition coil,
even though the point may not open
absolutely cleanly. To see why this
matters, we must first consider the
principles of an ignition system.

A conventional ignition system
stores energy in the magnetic field in
the ignition coil while the points are
open. When the points close, the
current starts to rise following an
exponential law, with a time constant
of L/R where L is the inductance of
the coil and R is the total circuit
resistance.

Normally the current in the coil
has time to get close to the maximum
theoretical current, given by the volt-
age and the resistance alone, so that
each time the contact opens there is
a defined amount of energy available
for the spark.

As the contact opens, it rapidly
reaches the point where the voltage
required to spark across the contacts
is greater than that required to spark
in the spark plugs, scaled by the turns
of the coil. At this point, instead of the
contacts arcing at perhaps 100V, the
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spark plug sparks over at several
thousand volts. This simple system
would work but would burn the con-
tacts and fail after a short time. The
addition of a capacitor in paralle] with
the contacts keeps the rate of rise of
voltage across the contacts just below
the rate at which the arc voltage rises
as the contacts open.

If the opening of the contacts is not
clean, which can be the case after
wear has taken place, then some of
the stored energy will be used in
sparking and burning the contacts
rather than in making a healthy spark
atthe spark plug. Itisin this aspect of
performance that a transistor assisted
ignition can help. A transistor can be
made to switch cleanly regardless of
contact bounce on the points.

The circuit of the project in
question, shown in Fig. 1, does just
this. The contacts are debounced by
the time constants of R6, R7, and C2,
C2 charges rapidly as soon as the con-
tacts open and discharges more slowly
when they close. So brief contact
bounces after the initial opening have
no effect,

SPARNK INITIATION

NATURAL RINGING OF CIRCUIT
Wi

:/P:)N\JENTIONAL IGNITION

IN TRANBISTOR ABSISTED IGNITION
01 SWI TEHES ON AT THE FIRST
MEGATIVE RING. SWITCHING ON D4

04 SNTTCHES ON
Fig.2
TVE FENNER
—— AEGULATED
BUPPLY
a1
47
=AM e TO 02 BASE
Fig.3

62

The voltage on C2 is fed to a
CMOS buffer which will normally give
saturated logic outputs despite the fact
that it is not fed from logic levels
because it has substantial voltage gain
The output logic levelis fed to a further
time constant which holds Q2 on for
approximately 1ms.

Two logic gates in series are used
to amplify the voltage change at the
junction of C3 and R8 so that, al-
though the voltage at this point
changes relatively slowly, the base
drive to Q2 switches rapidly over a
small range of voltage on the time
constant of C3 and R8.

While Q2 is switched on, Q4,
which controls the coil current, is
switched off. The rate of rise of voltage
across Q4 when it switches off is
limited by C4 to prevent damage to
the transistor or to the ignition coil due
to high voltage spikes.

There are two extra features of the
circuit. Q3 which drives the output
transistor is configured as a constant
source (though it is temperature
dependent). This maintains the
correct drive current during starting,
when the battery voltage may fall to
6V, without unnecessarily high dis-
sipation when the batteryis at 12V. Q1
is included to discharge C3 and thus
switch on Q4 if the voltage across it
rings negative. Thisisillustrated by Fig
2.

Cause Of Failure

There would seem to be two general
reasons why the coil might burn out
when the ignition system is used. The
first possibility is that the peak voltage
across the coil is higher and that this
is breaking down the insulation. The
second possibility is that too much
current is flowing, perhaps because a
ballast resistor has been wired out of
circuit and the coil is overheating. If
the ballast resistor has been shorted,
there will be too high a voltage as well,
so there will be a double reason for the
coil to break down.

These general reasons may be
caused by a number of different prob-
lems but the first thing is to identify
what the general problem is —
whether or not it is one of the two
possibilities suggested here. If an
oscilloscope is available, display the
waveform on the collector of Q4 when
the ignition system is installed in the
car and compare it with the waveform
on the points when the conventional
ignition is in use,

To protect the scope input (or
probe) use potting down resistors of
100k and 1kO0 to reduce the measured
signal to 1% of its actual level

This measurement will not
indicate small differences in output
voltage but if there is a substantial
difference in secondary voltage this
should be shown in the primary wave-
form. Look carefully to see whether
the transistor sometimes switches
when the points are closed. It is
possible that noise in the wiring of the
car could cause false triggering. If this
did occur, it would be when the dis-
tributor arm was not in the correct
position to route the output to one of
the spark plugs. The lack of a proper
discharge path for the energy would
result in a higher than normal voltage

The most likely place for noise
pickup to occur would be on IC1 pin
3, and if this is where pickup occurs
then a good way to try to cure the
problem would be to incorporate a
proper monostable to replace C3 and
R8. Fig. 3 shows a possible circuit with
less susceptibility to noise. The
component values may require
experiment.

The single most likely cause of the
problem is a shorted ballast resistor.
Before trying anything more compli-
cated, double check whether there is
a ballast resistor in your car and if so
that it is in circuit when the transistor
assisted ignition is in use.

Andrew Armstrong
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' OPEN CHANNEL

merica is slowly but surely

coming to grips with the
problems created by HDTV. To clarify,
HDTV stands for high-definition
television and it's the systemn proposed
and currently being developed by the
Japanese. It has around twice as
many scan lines as the existing
American television system NTSC
(1125 lines, to be precise)

Sidestepping, high-definition
television shouldn’t be confused with
higher-definition television, that is the
sort of television we can expect with
the MAC systems currently proposed
for European satellite television Even
so, many media pundits do mistake
the two terms, But that’s by-the-by

HDTV, which is currently under-
going a name change in the States to
advanced television (ATV). is totally
incompatible with existing systems. Its
use would mean that NTSC would
have to be scrapped. I'm sure that
many readers will say thats about
time, too — NTSC doesn' give the
best of pictures. Nevertheless. it's
taking some time for America to
realise this.

MAC

In Europe, we've already gone
through this realisation, many months
ago, which is why we turned HDTV
down at an early stage. We didnt want
a totally new television system until it
was on our terms and the tme was
right. That's why we opted for the
MAC systems. MAC. although not
capable of quite such high quality
pictures as HDTV (oops sorry. ATV)
is compatible with PAL

Viewers, wanting the higher
quality picture which MAC will
provide, can opt to buy 2 new MAC
television. Viewers with exiszing PAL
receivers can still watch the MAC
broadcasts, albeit only at PAL quality.

Even leaving compazbikry aside,
HDTV suffers from one partcularly
huge drawback that i requires
significantly greater marsmission
bandwidth. No probiem = the tans-
missions are to be received from
satellite. There's always pienty of space
in the spectrum there {pun intended).
But this greater banc: i
ment is very relevani :
television where only kmzed spectrum
is available.

The Federal Communications
Commission (FCC! America
recently took the bull ks the horns at
long last by announcing :hat no new
frequencies will be made available for
terrestrial television broadcasts and
that all new broadcas:s must be
compatible with NTSC srendards.

NTSC television channeks are only
6MHz wide, whereas HDT\ channels
require at least 8 1IMHz Sothatrules
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out the use of HDTV (in existing form)
for terrestrial television in the USA.
What's the point of one system for
terrestrial television, with another for
satellite? None — two television
receivers would be required to pick-
up both television pictures and that’s
expensive, bulky and pointless.

To be fair, the reason why America
has been wooing HDTV for so long is
that the nation is particularly
conscious that the consumer boom
has been passing it by recently, with
the Japanese taking centre stage.
America sees ATV as a way of
re-entering and eventually recapturing
the consumer market, to improve the
nation’s economy.

Where does the FCC’s recent
announcement leave the American
television industry now? Somewhere
up the mucky creek without a paddle,
I guess. Let me suggest an alternative
approach to ATV for our Western
allies. Its a wonderous television
system that will give you a great
improvement in picture and sound
quality (after all, anything’s better than
NTSC).

Further, it's proven and we can
even supply you with chips, shortly,
with which to build your television
receivers. It’s totally compatible with
terrestrial television system, it’s totally
compatible with satellite systems and,
what’s more, it only requires a trans-
mission bandwidth the same size as
terrestrial television.

It's called MAC.

Meanwhile back at the ranch, the
American Electronics Association
(AEA) has warned the country that
unless ATV is quickly and properly
developed, not only will the US con-
sumer market continue to be
dominated by the Japanese but its
semiconductor, computer and auto-
mated manufacturing markets will go
the same way.

So America is cornered. Having
misled itself over the Japanese HDTV
system for so long, it now lags con-
siderably in the race to develop its own
suitable ATV system. It will be very
interesting to watch the overdue
debat\g which is just starting over there.

s

Brits l\-lear It All

Finally, Logica has developed a voice-
printing technique which appears to
work. In fact, it works so well that soon
over 10,000 users will have their
voices analysed so that they may gain
access to a computer system merely
by talking to it. The system is to be
incorporated into a US organisation
(details, as yet unobtained), with a
potential of up to 20,000 users. The
burning question is, will it be able to
detect heavy breathers, and bar them
from access?

Keith Brindley

THE TIME
HAS COME

Britain’s First Music Magazine
for the Computer User!
Featuring Reviews on Hardware
& Software across all formats —
Micro Music is the magazine the
Computer Musician has been
waiting for.

Available 10th March from all
good Newsagents.




Miss out the mess
with ready-made
pre-drilled PCBs for
ETI projects

Please supply:

Quantity Ref. no.

Post and packing

Total enclosed

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

ETI PCB
SERVICE

se the form (or a photocopy) for your order.

Please fill out all parts of the form.

Make sure you use the board reference number.
This not only identifies the board concerned but also
tells you when the project was published. The first two
numbers are the year of publication and the next two
the month. The number after the dash indicates the
particular project in that issue.

Terms are strictly payment with order. We cannot
accept official orders but we can supply a pro forma
invoice if required. Such orders will not be processed
until payment is received.

Please make cheques outto ASP Ltd. Payment
can also be made through Access and Visa cards by
telephone on (0442) 41221.

Send your order to:
ETI PCB Service, ASP Readers Services, 9 Hall
Road, Hemel Hempstead HP2 7BH
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Millifaradometer
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Digital Transistor Tester ..............cco.ovvre,
Doppler Speed Gun (2bds) ...................
Small Fry Mint Amp ...
Thermostat ..................... .. ... .,
Burglar Buster Free PCBI ... 5 i e
Burglar Buster Power/relay Board ...........
Burglar Buster Alarm Board ...................
Burglar Buster Bleeper Board .................
EPROM Programmer mother board .........
Variat-lon updated Main Board .........,....
Variat-lon Emitter Board .......................
In-car Power Supply .......c..cocoiiiiii
Granny's' Hearing Booster ......................
Compressor/Limiter/Gate ........... S
Ultrasonic Horn ..o
Stepper Motor Driver Board ...................
Quest-lon (2bds) ............coooviiiiiiiiie
Intelligent Plotter Solenoid Board ............
MIDI Programmer .............ccoooiveeiiiannns.
Balanced Disc Input Stage ....................
Digitally Tuned Radio ...........................

sgddd

Price
code

XECCHLRIOVOZRAOCXETOTMMOO

Price
(inc.
VAT)
£1.80
£2.50
£3.25
£4.00
£4.75
£5.50
£6.62
£7.20
£8.80
£10.60
£13.10
£15.80
£17.90
£21.80
£23.90
£25.90
£29.00
£32.20
£35.80
£37.90
£40.70
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ADVERTISERS INDEX ,
AUDIEITS ons st rsimemrenstie uommisieionssisssscsssiir 9T
BK ELECTRONICS . ... iRC ®
J&N BULL ELECTRICAL " 48

CRICKLEWOQD ELECTRONICS 2
DISPLAY ELECTRONICS ... "IBC Aunlo ELEBTRON cs A E
ELTRAK ELECTRONICS ... e _

FIELD ELECTRONICS ... i 43 D|STHIBUTOns Fon
GREENBANK ELECTRONIC o 66

HART ELECTRONICS .....c.oc.ocoriurnnrciosryonsssssssssssssssmssesssererosessesssosssesseresssesssocs, ]

HENRY'S AUDIO ELECTRONICS 43, 66 » TEST |NSTRUMENTS <
AP ELEGTRONGS o8 HAMEG: METEX: BLACKSTAR: GW: HITACHI
OMNI ELECTRONICS ... o 66 CROTECH: TEST LAB: THURLBY: ALTAI

2 THANDAR: Scopes, Generators, PSU’s,

§§§§§ﬁ%ﬂ;ﬁgg§gggg , 2 Counters, DMM’s, MM's, Pattern Gen, etc.
TIA DEVELOPVEENT 2 > AUDIO PRODUCTS <

TK ELECTRONICS 2 SOUND LAB: SEAS: McKENZIE: PHONIC
WILMSLOW AUBIG " k1 ALTAI: ADASTRA: Microphones, Mixers,

Speakers etc.

0 M N | E LE CTR O N | C S Control Pane’ls,slslgg,’ lS?ilr.('a-nvs,‘Doorphones,

174 Dalkeith Road, Edinburgh EH16 5DX * 031 667 2611 Intercoms, CCTV etc.
gy L Distribution Ar:l 1;%;;"8;%; Dubbing Kits
If ."ﬁt simply send ﬁ :dJQp glanps e IoEnha[r)rcers Aerials etc g
with your name and address. 0 '
: » SUPPLIERS TO «
For a wide range of useful
ekl S TRADE  RETAIL - EXPORT « EDUCATION
For VAT inclusive pricing. OPEN 6 DAYS A WEEK - CALLERS WELCOME
For fast, personal service simply guolo GLGCTRonlcs INSTRUMENT
write, phone or call in! TELEPHONE 01 CATALOGUE
= 01-724 3564 Ref TG UK Send
o~ Open: Monday-Friday 9.00-6.00 === 301 EDGWARE ROAD, LONDON W2 1BN 3Ty
Saturday 9.00-500 == BB SALES 01-258 1831 FAX: 017240322  [BEIZU

Interak 1 [ NATIONAL COMPONENT CLUB
BUILD YOUR OWN compUTER] BN T R T

_ %) 555 TIMER (IC's)
=.ﬂ.ls.g.l....‘..-[, ‘.? .I.n " -
REARRARR Al
= b ; { 10 5

741 OP-AMPS

@
ha| LED's (5mm red or green)
GENERAL PURPOSE
INTERAK can be commenced with the minimum of outlay. Bare TRANSISTORS (BC 548, BC182 elc)
::-oards iror:-: 212.95; b‘l lbOrI’DW or lsta:}l the c(_:n[-lponen:s, or#uy
romus-a arts available separately. Mo special or custom chips
{le PALs, ULAS. ASICs efc) used —no secvete P ‘BATTERY CLIPS (PP3)

Go as fast or as slowly as your funds and enthusiasm permit.
Made for those who must know what goes inside. Full circuit

ASSORTED POTS & PRESETS

m@@ﬂ%@ﬁ@@%@m

FARRRBRRRERERRRE

diaararns and descriptrifons ar}s ?rovided, And honhestly, can you
really use a computer effectively j don't know what's inside and
hobody will tell you? o oo e I you don de ASSORTED CAPACITORS
Solid englneeringlconslruction -bsornething to be proud of. 19" 3U (Pl cofarads-z’zoauf)
rack mounting, plus in circuit boards and modular construction
keepsn;blégtes%aﬁce at bay. Eil..szc'rRC;u TIC CAPACITORS
Flourishing Indepenmlam Users GroupT. and nevglene&Hundreds of ( uf-2200u )
programes on disk at little or no cost from the Users roup.
Program in machine code (Assembler), Basic, "C", Forth, etc. 6V 1.8VA POWER SUPPLY
Database, Word Processing, Scientific applications.
Cassette tape operation or disk (up to 4 drives, 1 Megabyte 3.5"
available from us, but you can add 3", 5.25”, 8" if you want). Disk MYSTERY PACK
operating system CP/M Plus.
84K RAM, Z80 based at present with potential for expansion to a 16 CROCODILE CLIPS
Megabytes add‘re_ss space and Zilog's latest Z80280 in thg future._ (5 red and 5 black)
Needs no spefmahsedf knowledge to construct, and we will happily
get you out of a jam if you get into one.
Availability of personal and individual after sales service, impossible, 90db PIEZO SOUNDER
to obtain from large companies, who are only after your money,
Secugitg of supply - from Greenbank Electronics, established ANY Six PACKS FOR A F,VEH !
in 1970.
ALL TWELVE FOR A TENNER !
-

L Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (T3E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 ZAE. Tel: 051-645 3391,

P.O. or Cheque to: NATIONAL COMPONENT CLUB, DEPT, ETI,
HIGHER ANSFORD, CASTLE CARY, SOMERSET BA7 7JG.
Please add £1 P &P but do not add VAT.

% FREE CLUB MEMBERSHIP 3%
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MONIToRg
Vou's

[ COLOUR MONITORS | ] PRINTERS | [ POWER SUPPLIES |

18' Decea, B0 series budget rar ur montars features i il et L v Al power suppiies aperate from 220240 v AC Many aiher types from
clude: PIL tube. attractive 18ak uarantes column el A ARG 1o 10Kvin stock Contaet sales o or mare detals
resolution I-'.Jr!i\,- seen on monite 3 limes our price, ready  HAZELTINE ESPRINT Small desktop 100 cps print speed with both PLESSEY PL12/2 Full S 2 amp PSU. Regulated and
10 connect to a host of computer o its. Manufaciurers  BS232 and CENTRONICS intertaces. Full pin addressable graphics protected. Din S 11 %11 ew £16.95 (B)
fully tested surplus, soid in fitle or hard oneliticn with 20 day  and B user selecable type fornts Up tg 95 single sheet and tractor AC-DC Limear PSL outputs of +5v 5 5a, -5v0.6a, + 24vEa Fully requ
full ATB guarantes 1000°s Sald to date BJ&JE‘F hantding Brand New Only £189.00 (E) lated and short praot Dir AR 128% 7 New £48.50 [C)
DECCA B0 RGB - TTL - & i « BBEC type interface elc NTRONICS 150 series. A real workhorse for continuious use with POWER ONE PHC 24v DC 2 amps Linear PSU fully regulated
DECCA 80 COMP 75 oLt wiFh integral audin  ractor feed paper, either i the office, home or factory, desk slarting, Hew £19.95 (B)
amp & speaker ideal fior use with « =carder or TELEBOX 5T oF é?gjrpjsﬁfﬁ type fonts and choice of interfaces. Supplied BRAND NE BO[SHERT_ 13&88 s;/gnglg’ moge SEDF'D" ideal dDisk drivas or complete
\ 4 ; S2 bl system  + v ) 28a.-12 0 5a.-5 . Dil “mA56x 21
angEAerAmiY MaDeliue Only £99.00 (E) 150-SN U 10 9.5 paper handling £185.00 (E b B R - S B
o

15¢-SW ip 1o 14.5” paper handling £22 BOSHERT 13090 same a5 aiove spec bul outpuls of -5y 62, 4 24y
I HIGH DEFINITION COLOUR | 130.BR Up 10 145 haper i ruuﬁmpnlcs £245.00 (E) 1500 12v05a 1oy boa o O e 805 (B)
When ordering nlease specify R5232 or CENTRONICS interface.  GREENDALE 18ABOE 60 Wall switch mode outputs |+ Sufa. « 12y

e e

BRAND NEW CENTRONIC 14" monitors in attractive style moulded 1a,-12via 115w 1a D 11 % 20 %55 RFE Tested £24.95 [ar?
mnrfsp:\i'ﬁlfllé[uuﬁ;ﬂ 3-_1{12 d?;;[[:‘n:[gyube with 669 x 507 Ultra Fast 240 cps NEWBURY DATA E:E);?:EH 3%&?%?:;&“%3?% s\:':[:E_r}p]e_‘r: nrg-;péqic;; E{.]m“i?s

Az bandwidth FUll 90 day quare 5 switch mod UTPLLS Sy 153, 5vla +B-T2vE ;

o 221004-N2 for TTL - syne AGS1or BBC ete £159.00 (E NDR 8840 ngh Speed Printers % 27 % 12 5 Curent |ist pfice £190 Our price New £58.95,00 (C)
1003-N1 for IBM PC et fully CGA equiv £189.00 (E 0n|y £449 1 FARNELL G6/404 Compact 5v 40 amp switch mode fully enclosed
1005-N2 RGE intedace lor QL BS columns £169.00 (E New £140.00 (C

to Dﬁergg&l“}r}s $5\ﬁzgn EE;;qrr’lIsh Maua_r r?1ns’:l'liB(F‘;:nrmler at nlearam:ﬁ New £95.00 (C)

v made, UK mamfacture, PIL tube. all solid state colour  prices, ¢ £1500 Il The 8840 features higl =

5, Complete with composite e and sound inputs, atirac 'sopreegig;g o Lig agfﬂa Ao Fﬂ:j H,"{]??L”anb’fﬁ.pfpg;[ﬁi Special Offer ONLY

style case. |dheat for 2 5 0l applicath inel Sohools, R g = Le ) 5 I il or Ml mseic.Th

3i§czrsa%uggi‘:€cnr51|uﬁ:§! ﬁﬁ H(L?:ETEH;]#'IIQ%RQ'%: unit featires 10 selectable type fonts giving up to 226 printable EXPERIMENTORS PSU i-:16-95 (C)

with 90 day guirantee characters on a single line. Many cther features Include Internal : —

20" Monitor £165.00 (F) 22" Monitor £185,00 (F) electronic vertical and horizontal tabs, Self test 9 needle head, Upto ~ Made 1o the highest spec for BT this unit gives several fully
155" paper, 15 milion character ribbon carridge life and standard  protected DC outputs most sulted to the Electronics Hobab_r;_lsa[.

RS232 serial interface Soid in SUPERB tested conditi ith 90 a <8y 2a, L &-12y 1a-+ 24y taand 5 lly floating at
MONOCHROME | om ested condition w ge@:

" " N A special purchase from a now defunct Goverment Dept enables us FARNELL G24 55 Compact 24v & amp switch mode fully enclose
20 " & 22" AV Specials A o 0

fuarantos Only £449.0 Ideal for sehool labs et Quantity discount avaiable.
MOTOROLA M1000-100 5' CRT black & white compact chassis EPSON model 512 40 column 35 wide paper roll feed, high s; Fully tested with data  RFE - Remaved From Equipment
moritor measunng onty om 11 6h 12w, 22d, ideal for CCTV orcom.  matrix (3 lines per second) printer mecharssm for incorparation in

suter applications. Ancepts standard Composite video or individual ot of sale terminals, ticket printers, data !o?gers ete, Unit features bi The AMAZING TELEBOX
H & V4ynca Operates from 12v DC at apfre 0 8a Some Lnits Ty B Dt Toar Miecl Wiy tea: b ConvertséEour monitor int 8
] arks, but still | v usabie conditi 1y Requires DG v araliel e al drive Jogle Complele
have minor screan marks. but still in very usal 96;.{}“5‘209”_3: iuC E,g%dam RFE and tgsted Onfy £49.5 (C) QUALITY LOUR TELEVISION

model 542 Same spec as above model, but designed 1o b2 grand new high quality, fully cased, 7 channel UHE PAL TV funer sys

used as a siip or flatbed printer |deal as labei, card or ticket printer o 'y si:‘ﬂ%l',- r‘:nunz’uts i your TV aeral socket and video manitor
ite chassis monitor for  Supplied fully cased in attractve. small. desk top metal housing. Com- 1ming same inlo & fabious colour TV. Dant worry 1 your monitor
Simple DIY circuit data B’ﬁ?ﬂ"‘g‘gdt” HEE and lasted Py Only £85.00 (D) doosrrt nave sound, the TELEBOX aven has an integral audio amp for
put fo composite videa 2000 Heavy duty 25 eps bi directional daisy Wheel printer dying a speaker (ils an auxilary poiput for Headpiones or Hi Fi sys
uppiies with 1l dala Fully DIABLO, QUME, WORDSTAR compatibie My fealures In tom' o lany cther features. LED Stalus indicator. Smart mouided
rand New £65.00 @J E:.‘:{;ﬁ fgfgg]dgg ﬁg?ﬁ: ;Sﬂ‘f’ L 5 m}a :’,igﬁﬂ m_g;agatﬂelfieﬂsv gm%s. case, Mains powered Buil 1o BS sa{-.mﬁi s Many ather usesfor TV

y ins 2 5he ndling, supe . oupplied competa . \ ae Bl E iy allars

m;ﬁ‘l\g’fﬁ'% Ieﬁied with user manual & 90 day Jguan-antee us n’PgEE dust cover & daia SC”a‘,'.',."C;QLé ;lgé;? {%‘} Stppliect BRANG NEW v fl T year GHAIRES
i E

12w 0 7a DG operation Dimem 11h
included to canvert data and separate
Input. Ideal portable equipment

KGM 324 9 Green S
high res. monitors wit

and In excellent condition £49.00 (E) whesl BRAND NEW Only £225.00 (
2 II Blgck & \}fhlite monitors by AZTEK, COTRON S‘r NATICC)PE%! so
Al seil;stela, Tuly ceees monid HicEal fpes olaviar O] Most of the items in this Advert, plus a whole range of other TV UND
?l%r’gﬁrggi‘g a#]%ngﬂrtlﬂa‘ipes;igrmgid \rr'vﬂgood Q?é%%’?ﬂﬁ&ﬁ”}u'{.' electronic components and goodigs can be seen orgpurchased & VIDEQ
tested with 90 day guarantee Only £85.00 (| atol TLC{I!:’LE R
FLOPPY DRIVE SCOOP [** South London Shop **| £29.95
Drives from Only £39.95 fl‘}‘njcrf:g"?“?;inzg\gﬁsnfgfﬂrzzkg%ﬁ&g?gﬁﬁﬁggﬁam?@”ﬁgiﬁ TELEBOX ST for manitars with composite video input £29.95
A MASSIVE purcrase of standarc 525 disk drives enables us to || A23 and South Circuiar roads Open Monday to Saturday from || TELEBOX STL as ST- but fifted with integral speaker £34.95
affer youl prirme proc f y orices Al units unless 9 to 5.30. parking 5 undimitedt and browsers are most wel- TELEBOX RGB for use with analague RGB monitors £59.95
stated are reman NEW equipment. fully || come, Shop callers also save the cost of carnage Colour when used with colour CRTRGT v ersion NOT suitable for IBM-CLONI
t%fgteec(ljanl:l shipp ay gl.;arar:ieﬁ Al unrtsi tepe catour momitors AT sheer anrequest PAL overseas versions € A1 |
offered operate from — are of srandard size andd

accept the common st
TANDON TM100-2A BN

‘W%ues. [ MODEMS | [RECHARGEABLE| [COOLING FANS ]

on 9.9 - K W COO] i 11T With o
TANDON TM101-4 F Shly £40.08 (B) Modems To suf al applcations and bodgets BATTERIES e T
JAPANESE Half H anon, Tec, Plaase comact our lechnical sales staff ifyou L AC_ FAN: Specify
Toshiba etc. Spe Only £75.00 (B) require mare information or assistance Maintenance free. sealed longife LEAD ACID 3 Fan dim A0 x n|j x 3B £8.50 (B
TEAC FD55-F - e Halt Height CDCrIAl DIIDARACE A300 12v 3 Ah £13.85 (A) 3.5 ETRIslimline 92 » @2 » 25 £9.95 (B
Brand New £115.00 (B) SE L T A A300 &v 3 Ah £9.95 (A) 4" Fan Dim 120 x 120 x 38 £9.95 (B
DISK DRIVE ACCESSORIES V22 1200 baud MODEMS | A3006-0-6v184h RFE £5.99 (A) Asabove TESTEDRFE  Only £4.95 (C
ONLY £149 ! NICKEL CADMIUM 10 round x 3.5' Rotron 10y £10.95 (B
34 Way Interfac Adgle £5.50, Dual £8.50 (A) Quality 12 v 4 Ah cell pack. Originally made BC FANS
525" DC powe af PSU for 2 x 5.25" Drives MASTER SYSTEMS type 2/12 microproces- for the TECHNICOLd)L?H video company. Papst Miniature DC fans 62x62x25 mm
£19.50 (A) Chasss P 3 £39.95 (B) sor controlled V22 full duplex 1200 baud, This 1his unit contains 10 high quality GE nicad, D Drder B12 612y or81424v  £15.95 (A
8" DISK DRIVES rulh{BTa roved modem employs allthe latest type cells, configured in a smarl rabyst @ 12vDC 12w 120 % 120 £ 38 £12.50 (B
features for emor free data comms at the stag-  mouldad case with DC output connector. Dim - & 28v DC Bw 120 x 120 x 25 £14.50 (B
SUGART 800/801 s f £175.00 (E) gering speed of 120 characters per second, cm 195 x4 5% 125 |geal ponable equipment  BUHLER 12v DC 62 mm £12.95 (A
SUGART 851 doutd £260.00 (E) saving you 75% of }mur BT phone bills and etc BRAND NEW ;;2435 {B)  onsaloiher Linind Mowersin stack CAL
MITSUBISHI M2894-63 = fichable Hard or Soft sec- data connect time 11 Add these facts to our 12y 17 Ah Ultra rugged, all waather. virtually orSAT Tormore detarls
tor BRAND NEW £275.00 (E) give away price and you have a superb buy ! jndesisiictabie refillable NICAD stack by
SPECIAL OFFER Dia & Zmizs wih 2mb capacn{ln smart case Ultra slim unit measures only 45 mm high with ALCAD. Unit features 10 x mdividual type PECIAL 'NTERES
with integral PSU ONLY £499.00 (F) ?a”n érbtegm! realtrl:a[es such S% %L‘znol ?nﬁwer‘ XL1.5 cells in wooden crate, Supplied to the
Ul status cation 232 interface, MOD and made to deliver exceptionally high Pl =
| COMPUTER SYSTEMS Remoate emar dlagnostics, SYNC or ASYNG utout areas Bos ety k;%ﬂé DEI!'I‘:';(‘S'QU‘ Pj'éase cail for avaiability ar further info
use, SPEECH or DATA BpRching, integral storage in discharged state. Dim em 61 % 14 x Hé AL-REDAC real time, colour drafting
TATUNG PC2000 Tamous EINSTEIN, the mains PSU, 2 wire connection fo BT line étc. 52 Cost over £260 Suppiied unused & tested heD GyShl systern . £3980
TPC2000 [n mprises: Gualtty high res Supplied fully tested, EXCELLENT slightly used  complate with instructions £95.00 (E) © EP!V X11/750 inc 2 Mb Ram DZ. and full
GREEN 12 17 keyboard and plinth unit con- condition with data and full 120 day guarantee. EX EQUIPMENT NICAD cells by vioE otc Bfg{\\g New £8500

taining the Z80A C = dectronics PLUS 2 integral
TEAC 5.25 BO track ¢ = sided disk drives, Many cther feallres
inclucde Dual 8 1BM f apport, Senal and parallel
outputs, full 2 O O m ready 10 run software: SUEI

HP75804 & pen digital A1 drum platter with

IEEE interface As Ij;w £4750

CHEETAH Telex machine £895
9

Removed from equipment and believed In
Only £149 (D) good but used condition, 'F' size 7Ah 6 for
8 1.5 kw 115v 60 Hz power source £950

(B)  Aiso "D’ size 44h 4 for £5 (B)

iR " CONCORD V22 1200 baud as new £330.00(E = 500 wati INVERTER 24v DC 10 240v AC sine

ggpgl comp AR, BASIC and accounts pac CONCORD V22 12002400 BIS  £399.00 }E)g BRAND NEW 85 Mb wave 50 Hz sl £275
" Full 90 da RIXON Ex BT Moderr 27 V22 1200 £225.00 (E Disk Drives ONLY £399 SOLDER SYSTEMS tin |ead roller tinning
Original prica OVER £ O n l Y 2299 (E] I DATEL 4800 | RACAL MPS 4800 EX BT maching for PCE manufactire £350

sodem for 4800 baud syne use £205.00 () End of ine purchase enables (his brand new CALLAN DATA SYSTEMS multi user INTEL
o running ether TURBO or (08 100 SO0 AIC RS, et Gt 0a cferec atan altme super o price.Dased UNIX system complete with sotwaro
Wiy containing a powerful EX BT fully testexd it £199.00 (E The NEC D2246 8" 80 Mb dlisk drve features  and 40 Mb winchester disk drive. £2750

ook of AN e wi?#ed.!"s“:& MODEM 20-1_75-1200 BAUD for s with full CPU control and indusiry standard SMD WAYNE KERR RA200 Audio, real time fre-
At 1% (8] <A \ 50

EQUINOX (IMS) S100
standard CPM U
PSU, 12 slot S100

Two individual Z80 ¥ 4 - ; interface, Ultra high speed data transter and  QUENcy response analyzer £3000
multi user softwars : RS232 serial interfaces. Many other PRESTEL stc EX BT fullytested,  £48.00 (E} - CocSites Iea\,nghe' oo did STE06 intar- '(I]EKTT-{H':)NP!E> T4118 PAL TV tast signal
features include b ime clock. all IC's socketed elc. TRANSDATA 307A 300 baud acoustic couplar g0 Sianding Supplied BRAND NEW with standard £6900
Units in good patch. no documentation with RS232 |10 _ Brand New £48.00 (E) ¢l rmanjal Only £399.00 (E] TEKTRONIX R140 NTSC TV 1est signal
at present, he RS232 DATA CABLES 16 filong 25w D plug 1o Dual drive, plug in 135 Mb sub system for IBM - standard

5100 PCE's IMS £55.00 éBLIMS A930FDC 25 way O socket Brand New Only £9.95 (A) AT Unit in case with PSU elc.£1499.00 @ HP 3271A Carrelator system

contralier £85.00 (B) 5 10£66.00 (B) As abave bt 2 metres long £4.89 (A} interface cards for upto 4 dives on IBM PLESSEY portable Microwave speech

SAE forfut i< 7 BT piug & cable for new type sockel  £2.95 (A) etc available Brand new at £395.00 Nk 12y DC 70 mie range The pair £275.00

18" Rack cabinets 100's in stock from £15.00

nust ADD 15% VAT 1o total order value. Minimum order, cash £5. Credit Card £10.0 sucount arders fram
A ome — minimum account order value £25, Camiage charges (A) £1 50, (B) £3 50, (C)
ed subgact 1o our standasd con, sale Al 3 QIvan o arolutn 1o base basis.
prior notice. Bulk lradie | L

MAIL ORDER & LONDON SHOP ALL ENQUIRIES

X Open Mon-Fi 5 1000°s of Bargains for callers
-ELECTRONICS- e s W ooty l 01 679 4414
J Upp ] Whilghoise Lare 3 | B79.1888, 12007501 679 FAX (1 E751827

ood, London 6183 1200 FOX 01 B7 TELEX 894502




THE NEW MAPLIN CATALOGUE
IT'S OUT OF THIS WORLD

i}
3
S
s
6]
£
=}
I
=
2
@
=
D
=
Me
5]
f
>
[}
(]
D
£
=
o
B
o
=
w
£ 8
o
c
a 8
0
S
B
<
=
g
s
-]
B
&
b =
(5
w0
3
o
B
g
s
=
[
2
o
0
g
5
Q
c
S
S
S
a
@
Q
T
=
£
2
£
©
=
2.
S
w
5
s
=
3
=
£
@
Al
T
S
¥
S
3
£
Q.
I
=
o]
5
w
0
o
5
D
Q
-
S
=
]
Q.
()
=
e
S
o
S
&
>
W




