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

PRICES INCLUDE V.A.T. • PROMPT DEUVERIES • FRIE N DLY SE RVI CE 

L AR GE S AE_ 30p STA MPED F OR C U R RENT LIST. 

ih elei l aret  d e n   Suppled readY be e and * Mini 

O MP PO WER AMPLIFIER M ODULES Now euloy a wurs2-ffle reourazr  one/ niao  - 

pew-name al a reallsk once Four models avalatie to sun dne needs id1 the sindiesporial and Feat- iimra 

L eisure. instrurnenlal and Kin etc Wnen nornpanwa {Axes. NOTE 20 merles induce Tam ed mow wore » en FII3K sr, 

Glass fibre P C B and Drum woes lo paver comPuduk Va nets.' Open  PI1A e•rr1 4.04 Presi 

THOUSANDS OF M ODULES PURCHASED BY PROFESSIONAL USERS 

OMP100 Mk 11 Bi-Polar Output pow  e 110 wa- = 

R. M.S. into 4 oh ms. Frequency Response 15.r.: - 

30KHz - 3dB, T.H.D. 0.01 %, S.N.R. - 118dB. Sens. tcu 

Max. output 500rriV at 10K_ Size 355 x 115x 65m m. 

PRICE £33.99 + £3.00 P&P. 

NE W SERIES II MOS-FET M ODULES 

OMP/MF 100 Mos-Fet Output power 110 watts R. M.S 
into 4 oh ms, Frequency Response 1Hz - 100KHz 

- 3dB, Da mping Factor, >300, Slew Rate 45VUS. 

T.H.D. Typical 0.002 %, Input Sensitivity 500 mV. S.N.R 

- 125d8. Size 300 x 123 x 60 mm. 

PRICE £39.99 + £3.00 P&P. 

O MP MF200 Mos-Fet Output power 200 watts R. M.S 

into 4 oh ms, Frequency Response 1Hz - 100KHz 

-3dB. Da mping Factor >300, Slew Rate 50 V uS, 

T.H.D. Typical 0.001 %, Input Sensitivity 500 mV, S.N.R. 

- 130dB. Size 300 X 155 x 100m m. 

PRICE £62.99 + £3.50 P&P. 

OMP/MF300 Mos-Fet Output power 300 watts R.M.S. 

into 4 oh ms, Frequency Response 1Hz - 100KHz 

r - 3dB, Da mping Factor >300, Slew Rate 601 aS, 

T. H D. Typical 0.0008 %, Input Sensitivity 500mV, 

- 130c113. Size 330 X 175 x 100 m m. 

PRICE £79.99 + £4.50 P&P. 

NOTE:- NOS-CET MODULES ARE AVALAKE 04 TWO VERSIONS STANDARD - SPAt SENS. MiCiinV BAND WIDTH 1001Hz 
EEC (1-540r LSSKINAL EQUIPMENT COMPATABLEI  INPUT SENS. 775mV. BAND WIDTH 50KHL ORDER STANDARD OR PLC 

Vu METER Compatible with our four amplifiers detailed above. A very accurate vouai 
display employing 11 LE D. decides (7 green. 4 red) plus an acid:tonal on oit indicator. 
Sophisticated logic control circuits for very fast rise and decay times. Tough moulded plastic 

case, with tolled acrylic front. Size 84 x 27 x 45mm. 
PRICE f8.50 + 50p P&P. 

• VARISPEED TURNTABLE CHASSIS 

L it  R1, 407.1 1 niltel q 
STANTON ALSO°  GOLDRING G850 

PRICE £16.99 - 50p P&P  PRICE £6.99 - SOB P&P 

* tleiLk  341551$ * ELECTRONIC SPEED CON-
-4a ir cowTRa. * HIGH TORME SERVO 
DafiEM Ildr""F * 7ffler so ENS * 12DECASTRATTER * 

7 ME£ * CA X ED a-V- itifEireiT * ROADIALBLE HEAD 
S-E.- • - _A---7RO ŒPMICS * CLELEM50 * POWER 220 2400 
53-7 * .1fC  * are:. e SF4 YOLIVTNG CUTOUT 

PRICE £59.99 + £3.50 P&P. 

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 

AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 

GRILLES, CROSS-OVERS AND HIGH PO WER, HIGH FRE-
QUENCY BULLETS AND HORNS. LARGE S.A.E. (30p 
STAMPED) FOR COMPLETE LIST. 

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

ALL McKENZJE UNITS 8 OHMS IMPEDENCE 
8'100 WATT C8100GPM GEN PURPOSE, LEAD GUITAR, EXCELLENT MID.. DISCO 
RES. FREQ. 80Hz. FREO. RESP, TO 14KHz. SENS, 99dB  PRICE £29.30 e £2.00 P&P 

10" 100 WATT C101000P GUITAR, VOICE, ORGAN. KEYBOARD, DISCO, EXCELLENT MID 
RES. FRED. 70Hz FRED, RESP. TO 6KHz SENS, 100dB  PRICE £35.58 -I- £2.50 P&P 
Trf 200 WATT C102000P GUITAR. KEYBOARD. DISCO. EXCELLENT HIGH PO WER MID. 
RES. FREQ, 45Hz FREQ. RESP, TO 7KHz. SENS, 103dB  PRICE £48.67  £2.50 P&P 
17 100 WATT C121000P HIGH PO WER GEN. PURPOSE. LEAD GUITAR, DISCO. 
RES. FREQ, 45Hz. FRED, RESP, TO 7KHz. SENS. 98c1B  PRICE £37.59 + £3.50 P&P 

17 100 WATT C12100TC TWIN CONE) HIGH PO WER WIDE RESPONSE, PA.. VOICE, DISCO. 
RES, FREQ. 45Hz FRED, RESP. TO 14KHz. SENS, 100dB.   PRICE £38.58 + £3.50 P&P 
12" 200 WATT C12200B HIGH PO WER BASS. KEYBOARDS. DISCO. PA 
RES. FREQ. 40Hz FREQ. RESP. TO 7KHz.SENS,100dB  PRICE £65.79 + £3.50 P&P 
12' 300 WATT C12300GP HIGH PO WER BASS LEAD GUITAR. KEYBOARDS, DISCO, ETC 
RES. FRED. 45Hz FREQ. RFSP, TO 5KHz. SENS. 100dB  PRICE £87.51 + £3.50 P&P 
15" 100 WATT C15100BS BASS GUITAR, LO W FREQUENCY. PA., DISCO. 
RES FREQ 40Hz FREO RESP TO 5KHz SENS, 98d13  PRICE £55.05 -4- £4.00 P&P 
1S" 200 WATT C15200B5 VERY HIGH PO WER BASS. 
RES, FREQ. 40Hz. FRED, RESP, TO 4KHz. SENS. 99dB   PRICE £75.104- £4.00 P&P 
15" 250 WATT C15250E15 VERY HIGH PO WER BASS. 
RES, FRED, 40Hz FRED RESP, TO 4KHz, SENS, 99dB  PRICE £82.54 + £4.50 P8iP 
IS' 400 WATT C15400B04 VERY HIGH PO WER. LO W FREQUENCY BASS. 
RES. FRECI, 40Hz. FREQ. RESP, TO 4KHz. SENS, 102dB   PRICE £96.47 + £4.50 P&P 
18" 400 WATT C184D4BS EXTREMELY HIGH PO WER. LO W FREQUENCY BASS 
RES, FREQ, 27Hz FREQ. RESP. TO 3KHz. SENS, 99dB   PRICE £172.06 i £5.00 P&P 

EARBENDERS: - HI-FI, STU DI O. IN-C AR, ETC. 

ALL EARBENDER UNITS 8 OHMS (Exces! EB5-l:1EBra-S.1 err, ee dual m xcer,re :dized e  &C.--

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND 
8 50 WATT EB8-50 DUAL IMPEDENCE. TAPPED 46 OHM BASS, HI.FI, IN-CAR 
RES, FREQ. 40Hz. FRED, RESP. TO 7KHz. SENS, 9741I3   PRICE £8.90 + £2.00 P&P 

50 WATT EB10-50 DUAL IMPEDENCE. TAPPED 4-8 OHM BASS, HI.F1, IN-CAR. 
RES. FRED. 4011Z. FRED, RESP, TO 541Hz SENS 99dB    PRICE £12.00 + £2.50 P&P 
10" 100 WATT 5E110400 BASS. HI-Fl. STUDIO. 
RES. FREQ. 35Hz. FRED. RESP, TO 3KHz. SENS. 96d8   PRICE £27.76 + £3.50 P&P 
12 60 WATT EB12-60 BASS, HI-Fl. STUDIO. 
RES. FRED. 281-1z. FRED. RESP. TO 3KH z SENS. 92dB  PRICE 581.00 + £3.00 P&P 
17 100 WATT E1312-100 BASS, STUDIO, HI-Fl. EXCELLENT DISCO. 
RES, FREQ. 26Hz. FREQ. RESP. TO 3KHz. SENS. 93dB   PRICE £38.75 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 
5,/." 60 WATT 5135-60TC (T WIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES, FRED. 63Hz FRED. RESP. TO 20K Hz. SENS. 92dB  .  . PRICE £909 + £1.50 PAP 
61/2 " 60 WATT EB6-60TC (T WIN CONE) HI-F1, MULTI-ARRAY DISCO ETC. 
RES, FREQ. 38Hz. FREQ. PEEP, TO 2010-1z SENS, 94dB  PRICE £10.99 4- £1.50 PAP 
8" 60 WATT EBB-60TC (T WIN CONE) HI-Fl. MULTI-ARRAY DISCO ETC. 
RES, FREQ. 40Hz. FRED, RESP, TO 18KHz. SENS,89dB  PRICE £12.99 + £1.50 P&P 
10" 60 WATT EB10-60TC ( TWIN CONE)  MULTI-ARRAN, DISCO ETC. 
RES, FREQ. 35Hz FRED. RESP. TO 12K Hz. SENS. 86d13  . . PRICE £16.494' £2.00 P&P 

OMP MOS-FET POWER AMPLIFIERS, 
HIGH PO WER, T WO CHANNEL 11:1 IN CH R ACK 

THOUSANDS PURCHASED 

BY PROFESSIONAL USERS 

NEW MXF SERIES OF POWER AMPLIFIERS 
THREE MODELS: - MXF200 (100w + 100w) 

MXF400 (200w + 200w) MXF600 (300w + 300w) 
_  All power ratings H.M.S. into 4 oh ms. 

FEATURES:* Independent power supplies with hvo Toroidal Transformers * Twin LED. Vu meters* Rotary 

indended level controls *Illuminated on of switch * XLR connectors *Standard 775mV inputs * Open and SDOri 
MEW IFOOf * Lat e Mm-Feto for slress free powerdelivery into virtually any load * High slew rate * Very lOw 

distortion *  uminium cases * MXF600 Fan Cooled with D.C. Loudspeaker and Thermal Protection. 

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

SIZES: - MXF 200 W19"x H31/2 - (2U)x  l'' 
MXF 400 W151-xH51/4 " (3U)x D12" 
MXF 600 W19-xH51/4 " (3U) x 013" 

MXF200 £171.35 
PRICES:  MXF400 £228.85 

MXF600 £322.00 
SECURICOR DELIVERY £12.00 EACH 

THE VERY BEST IN QUALiTY AND VALUE 

MADE  ESPECIALLY  TO  SUIT 
TODAY'S  NEED  FOR  COM-
PACTNESS WITH HIGH OUTPUT 
SOUND LEVELS. FINISHED  IN 
HARDWEARING BLACK VYNIDE 
WITH PROTECTIVE CORNERS. 
GRILLE AND CARRYING HANDLE, 
INCORPORATES 17 DRIVER PLUS 
HIGH FREQ. HORN FOR FULL 
FREQ. RANGE: 451-U-20KHz BOTH 
MODELS /3 OHM. SIZE 4418" n W15' 
• 017). 

CHOICE OF TWO MODELS 

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 

OMP 12-1001100W 100dB) PRICE £159.99 PER PAIR 

OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR 

SECURICOR DEL.- £12.00 PER PAIR 

TWO SUPERB HIGH 

PO WER CAR STEREO 
BOOSTER AMPLIFIERS 

150 WATTS 175+75i INTO 4011M5 
300 WAT 54150+150) INTO 4 OHMS 
FEATURES:-
* HIGHS LOW INPUT ImPELIANCES 
• HIGHS LOW INPUT SENSMVMES 
• vARIABLE INPUT GAIN CONTROL 
• SHORT CIRCUIT OUTPUT 
PROTECTION 

• POWER REQUIREMENT 12V OC 
PRICES: 150 WATT f43.01:1 
300 WAIT £95.00-i- £3.00 PAP EACH 

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 

COMPLETE WITH CIRCUIT AND INSTRUCTIONS 

3w FIl TRANSMITTER 83.133MHz. VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE, RANGE UP TO 3 MIES, SUE 38 x 123nm. SUPPLY 12V la 0.5AMP, 

PRICE £14.49+ tue PAP 
RI MICRO TRANSMITTER IFIUGl 11)0-108MHz VARICAP TUNED COMPLETE WITH 
VERY SENS FETIAIC RANEE I DO-303m. SIZE 56 x 46ran SUPPLY 9V BAIT. PRICE 

»2 4' £1 06 P&P 

3 watt FM 
Transmitter 

In  POSTAL CHARGES PER ORDER cito IWNIÀIUM. OFFICIAL ORDERS WELCOME FROM 
-SCHOCtS. COLLEGES GOVT. BODIES. ETC PRICES INCLUSIVE OF VAT. SALES COUNTER. 

VISA ACCESS ACCEPTED BY POST PHD% OR FAX  , 

IIARCLAYGUID 

IEZr . 

PIEZO ELECTRIC TWEETERS - MOTOROLA 
Join the Rezo revolution The ow dynamic mass (no voice coi0,01 a Piezo tweeter produces an improved transient 
response wrth Slower c5stortion level than ordinary dynamic tweeters, As a crossover is not required these units can 
be added to existing speaker systems of up to 100 watts (more Ifnu . t SOSAS). FREE EXPLANATORY LEAFLETS 

StYPUE0 WITH EACH TWEETER.  TYPE 'A' (KSN2036A) 3" round with protective wire 
mesh. ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.90 each + 50p PAP. 
TYPE 'B' (KSN1005/4 31/2 " super horn. For general 
purpose speakers, disco and P.A. systems etc. Price 
£5.99 each + 50p P&P. 

TYPE 'C' (KSN6016A) 2" x5" wide dispersion horn, For 
quality Hi-fi systems and quality discos etc. Price £6.99 
each + 50p P8iP. 

TYPE 'D' (KSN1025A) 2.6" wide dispersion horn. 
Upper frequency response retained extending clown to 
mid range (2KHz). Suitable for high quality Hi-ti syste ms 
and quaky discos. Price £9.99 each + 50p P&P. 
TYPE 'E' (KSN1038A) 33/4 " horn tweeter with attractive 
silver finish trim. Suitable tor Hi-fi monitor syste ms etc. 
Price £5.99 each + 50p P&P. 
LEVEL CONTROL Co mbines on a recessed mounting 
plate, level control and cabinet input jack socket. 
85 x 85mm. Price £3.99 + 50p P&P. 

11.1u1g:i eliggreleleilKI ffl 

STEREO DISCO MIXER with 2 x 5 band L & R 
graphic equalisers and hvin 10 seg ment L.E.D. 
Vu Meters. Many outstanding features 5 Inputs 
with individual faders providing a useful com-
bination of the fo)lowing: -
3 Turntables (Mag). 3 Murs. 4 Line including CD 
plus Mie with talk over switch Headphone Moni-
tor, Pan Pot L. & R. Master Output controls. 

Output 775mV. Size 3605 280x 90mm. Supply 
220-240v. 

Price £134.99 - £4.00 P&P 

B. K. ELECTRONICS Dept EE 
UNIT 5 COMET WAY. SOUTHEND-ON-SEA ESSEX SS2 6TR 

TEL 0702-527572  FAX 0702-420243 
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NUCLEAR POWER 
The inevahild, il Milne nuclear atMilents is n•at. 

The drobathhIS is high. 
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THE IRISH SEA 
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and industrial ..1,11, 
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seals  d My dolphin, and sea birds hair Iled then 

deslioxed haleilals. 

Sam taerupeare ha, launi lonl a t arnottlon lo se, the 

Irish Sea demanding an end In radigiaglite disi farges and 

lo sea domino!' ol lour wastes and sludlles 

larropeare hat sent II, ship - Me Midis Mr Is • lie • nntitod 

the ruilltiteis and press its demands tor utclean Irish Sea. 
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THE GREAT WHALES 
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LOST DOLPHINS 
Hutain has lost man, ol her roastal dolphins 

and amongst, %IMF   iner fishing and mg :Mental catches 

are most like!, In hlrunr. 

To stem the decline and protect rusting stocks. 

Greimpeace has set up ils liolphin Look-Out network and is 
uniting lo establish protection /ones in arras Where dolphins 

and porpoises air still to he lound 

THANK 601) SOMEONE'S MAKING WAVES 

THANK GOD SOMEONE'S 
MAKING WAVES 
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NON-VIOLENCE 
In r %ear, ol iampaioninn Gieenpeaces Un,114,1 achieseinenl 

has liven ils refusal to resort toiodent-e. kter. 

SI least as important as opposing nuclear weapons sat inri 
whales tir Irtino ha stop Orl'an pollution is the tuai ml has 

been done 

To latenprai I. the reai r us as important as. Ihr wren' Ihr 

means is a, unporlant as the end. 

THANK GOD SOMEONE'S MAKING WAVES 

ACID RAIN 
edrain t  death and damage to bursts lakes elfin & 

mops huditinus and inimeltes. 

Soi,. scientists base rah' Mated the redm lions rn  id-Inrming 

pollutants that most he made 
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GREENPEACE URGENTLY NEEDS YOUR SUPPORT. 
Please send a personal donation of £12 or a family donation of 1.:17.50, or 
mure. In return you will receive our quarterly newsletter and campaign 
updates. Remember, the more you can afford to send us. the more we can 
do to protect the natural world. 
Please accept rns, 1-1E12 
donation Ill:  L-I Single 

t enclose chcque/Pn. for   
r-- Please charge my 
Li Visa/Access a/c no: 
1   

Signature:   

Na me: Mr/ Mrs/ MS 

1-- 1E17.50 
L A Family 

FiAdditional  . 
. idonation 

payable to Greenpeace Ltd 

I  I  
Date: 

Address: 

B C 012 

POslCOde:   LPlease return to. Greenpeace. FREEPOST. 111-31 Islington Green London NI 813R J 
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NEWS 
ENTER 
THE 

MISFETS 

Philips research laboratories in 
Eindhoven. Holland have demon-

strated another new type of transistor_ 
It's called a Meta l- insulator-

semiconductor field effect transistor 
(MISFET) and contains the now 
celebrated material, gallium arsenide 
(GaAs)  The new GaAs-GaAlAs 
heterojunction displays a negative 
differential resistance at room 
temperature and the discovery opens 
the possibility of a new range of 
analogue and digital integrated circuits 
using GaAs. 
The new technology will consider-

ably simplify conventional MOSFET 
circuitry. One example of this is that a 
MOSFET exclusive NOR gate typically 
uses eight transistors and five load 
resistors whereas the new MISFET 
gate would employ two resistors and 
one transistor with its load resistor — a 
significant reduction. 
The MISFET has two distinct 

advantages. Firstly, its structure is 
simpler with only one junction and 
secondly there is a clear negative 
resistance region which could have 
special importance for certain 
analogue applications such as 
frequency doublers. 
Philips stresses that the results 

achieved are still at laboratory level and 
manufacture is a long way off 

LAMBDA 
LIGHT 

ainbd.àPh ton es is la unching 
Lea modular, sub-miniature v's)ble 
laser system. 
Measuring only 25 x 25 x 100mm. 

the hand-held laser incorporates lens 
centering and focus adjustment with 
an integrating feedback loop to 
maintain constant light output. 
The unit will accept a specification 

range of your choice depending on its 
application. It also requires a 12V DC 
supply. 
Further information can be 

obtained from Lambda Photometrics. 
Tel: (05827) 64334 

NICAM ON 

IBA Television transmitters covering the London area and parts of 
Yorkshire have become fully opera-
tional for NICAM digital stereo sound 
on both ITV and Channel 4. 
The high quality stereo sound 

(NICAM 728) has been developed 
jointly by the broadcasting and 
receiver manufacturers. NICAM digi-
tal stereo will increase the fidelity of 
music, drama, sports and talk shows_ 
The digital coded system will find its 
way into your TV set giving high 
quality sound. comparable to com-
pact disc 
' The system is designed to be fully 
compatible with existing mono sets 
NICAM TV sets and VCRs are now 
.:redly available and it is hoped that 
'stereo transmissions will reach 75% of 
• the population by the end of 1990. 

PROOPSCOOP 
• D roops Distributors Ltd of Camden 

Town are opening their ware-
house to the public 
The warehouse contains a wide 

range of electronic surplus items and 
will be open six days a week for the 
sale of high and low tech items, often 
at a fraction of the usual cost. 
During its 30 year trading ri 

Tottenham Court Road. Proops 
brothers attracted enthusiasts from all 
,ever southern England and a. 
significant number from overseas. , 
When the shop closed last year many 
hopeful customers started visiting the 
warehouse. It was due to this demand 
that the warehouse was opened to the 

Proops can be found in Castle 
Road. Camden Town. London and is 
open 9 00-5.00 weekdays and 
10.00-2.00pm Saturdays. 

D anasonic has released its latest 
multi-band portable radio. 
The set offers many features for the 

globe-trotting listener including single 
sideband for the short wave. SSB (as 
ifs known) is being used more and 
more by broadcasters because of its 
greater operating efficiency. 
Sensitivity, stability and selectivity 

are achieved using a micro-controlled 
phased lock loop detector with quartz 
synthesis tuner to keep the receiver 
locked in to the station. 

TUNNEL VISION 

UK TERMINAL 

TIME CLOCKS 
PUBLIC ADDRESS SYSTEM 
SIGNALLING SYSTEM 
RADIO COMMUNICATIONS 
SCADA 
FIRE 
ISPABX CPUs 

MERCURY 
BRITISH RAIL 
CEGB 
ASHFORD 
BT 

40' 

KEY 
140Mbis THROUGH 

mwm.  TUNNEL FIBRE OPTIC 
TRANSMISSION SYSTEM 
34Mbis FIBRE OPTIC 
DROP AND INSERT 
TRANSMISSION SYSTEM 

GENERAL TELEPHONE SYSTEM 
EMERGENCY TELEPHONE 
64Kbis DATA 
LOW SPEED DATA 

The channel  tunnel is to be equipped with voice and data 
communication systems by 1993. 
The £20 million contract has been 

awarded to Racal-Milgo Ltd toproduce 
a system design for data transmission. 
telephone and public address for the 
tunnel. It is Lobe installed and finished 
before the tunnel is opened. 
The teams assembled by Racal 

make the project a joint venture 
between an equal balance of British 
and French companies. 

High speed fibre optic digital 
signals will run the whole length of the 
three tunnelsand will transmit data at 
rates of 140 Mbit/s. As so many 
different types of message are to be 
sent down these light guides, many 
hundreds multiplexers will be 
employed to handle the mass of 
information. 
Data content will include such 

mundane things as administration to 
the all important signalling of this high 
speed rail link. 

Station frequency can be tapped in 
to the numeric keypad for easy tuning. 
Alternatively, auto scan tuning allows 
each station to be heard in sequence 
down the band. Fine tuningcan also be 
made with a rotary dial. 
The radio has a standard clock 

alarm with a dual time clock facility to 
keep pace with other time zoned radio 
programmes in the world. 
The RF-B65D retails at £179.95 
Further information tel. (03441 

862444. 

COMPUTING 
WITH 
BRAINS 

The first international conference of Artificial Neural Networks takes 
place in London on 16-18 October 
1989. 
The subject has attracted consider-

able attention (even in this issue of Eli) 
and the conference will bring together 
researchers from Europe. the USA and 
Australia. 
Major neural network architectures 

will be reviewed along with their 
associated applications in vision. 
image processing. speech. signal and 
data processing. There will also be 
progress reports on the hardware 
implementation of neural networks 
within VLSI electronics. 
Copies of the conference pro-

gramme and registration details are 
available from: Conference Services, 
IEE. Savoy Place. London WC2R 
OBL. 
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TELECOMMUNICATION — BY HAND 

BT has produced a unique system 
of moving 'cartoon' pictures to 

allow deaf people to communicate 
over the telephone network using sign 
language. 
The system is still at the 

experimental stage but is believed to be 
the first of its kind anywhere in the 
world. 
About a quarter of a million people 

suffer from hearing loss in Britain and 
as many as 50.000 use sign language 
so thata telephone system using visual 
communication would be of benefit to 
them. The equipment has been 
designed by scientists atI3Ts research 
laboratories and at the University of 
Essex. 
So far, experimental trials using 

sign language over the phone have 
been successful. The equipment is 
based on the experimental video-
phone developed at the BT labora-
tories some time ago. The phone 

combinera video camera and a 60mm 
square TV screen. 
For the new system to operate. the 

signal has to be compressed in order to 
be carried down a 4kHz telephone line. 
The image coded algorithms. 
developed at Essex University reduce 

the picture content information to a 
point where it can be sent through 
ordinary phone lines at a rate of 14,400 
bits per second. The resulting black 
and white picture. referred to as a 
cartoon, is reduced to an outline 
depicting facial characteristics and 

more importantly. showing hand 
movements in real time. 
Larger scale trials are now being 

planned involving as many as 50 
participants but any commercial 
product is thought to be many years 
away. 

BE THERE 
OR 

BE SQUARE 

W ith BSifs satellite Marcopolo 1 
now up and in geostationary 

orbit 23.300 miles above the equator. 
concern still mounts as to whether the 
mass production of associated elect-
ronics and an on-air launch date can be 
met_ 
BSB now hopes a spring launch 

date will buy extra time for the 
completion of the descrambling chip 
developed by ITT and to the mass 
production of the much awaited 
squarial. 
Much development has gone into 

the new TV technology that BSB will 
adopt. They are using a British 
development of Multiplex Analogue 
Component for broadcasting (D-
MAC) and it gives some distinct 
advantages over all its rivals using the 
PAL system (which includes Sky TV). 
The picture quality isgreatly improved 
and removes several old problems 
inherent in the PAL system, one being 
the herringbone patterns or cross-
hatching that came from finely striped 
colours. 
Accompanying the picture comes 

high quality stereo sound — though 
this is not such much an advantage 
because NICAM stereo is now accom-
panying the PAL signal. D-MAC can 
also handle the capacity of up to eight 
high quality digital audio signals and 
data channels. Flow rate for data is at 
3Mbit is if the TV channel is being 
broadcast or at 20.25Mbitis without 
TV. 
The launch of a second satellite this 

year for BSB will mean that the iv.,o can 
provide five TV channels to the 
squarial. 
With incompatibility between the 

types of transmission systems for BSB 
and Sky. it remains to be seen whether 
the public will accept both. one or none 
at all. 

CT2 ON 
THE RAILS 

BR has given the go-ahead for 
CT2 or Telepoint. the new port-

able phone system, to be installed into 
its 2400 stations. 
The handsets can make outgoing 

phone calls only (Ell News Sept) 
provided they are within 200 metres 
of a base. station. 
BR has signed deals with several 

operators, including Phonepoint. a 
consortium led by British Telecom. 
Phonepoint. the first to launch the 

service, has also made deals to place 
bases with the Post Office. the Auto-
mobile Association, Landon Buses, 
Manchester Airport and motorway 
service stations. This should bring the 
number of sites available to 36000. 
Phonepoint's intention is to have 

a base station every 500m in city 
centres and at points along main 
roads. Progress will be slow as Phone-
point intends to have only about 4000 
bases in two years. 
Four rival companies have been 

licensed for the CT2 system, each 
developing their own system. But 
these are not compatible at present 
until a government ruling comes into 
force at the end of 1990 which states 
they must all use the same signalling 
standard called Common Air 
Interface (CAI). The benefits to the 
public will be the choice of buying any 
phone and then registering with only 
one network. 
Each of the four operators will 

have its own charging structure just to 
add to the confusion. Telepoint 
operating charges will be cheaper 
than cellphones. being about a third 
of the cost. The handsets are also 
compact and cheaper than their 
cellular counterparts. 
Manufacture on a large scale 

could see the price falling as low as 
£50 if Europe adopts the same type 
of service. 

WILMSLO W 
OF 

KNUTSFORD 

W ilmslow Audio has moved from 
its base in Wilmslow. Cheshire 

to a new building in Knutsford. There 
the company has improved facilities 
including demo rooms to present its 
range of quality speaker kits and drive 
units to the public. 

The full address is Wilmslow 
Audio. Wellington Close. Parkgate 
Trading Estate. Knutsford. Cheshire 
WA16 8DX. Tel: (0565) 50605. e 

SMART 
BANKING 

Smart cards, those pieces of plastic 
containing microchips are now 

being investigated for a variety of uses 
by Barclays Bank. 

Smart cards are being used for 
financial transactions in France and as 
we reported in September. Sky 
intends ro use them to unscramble 
satellite . TV broadcasts. Now it 
appears that Barclays Bank are finding 
more practical uses for them like 
gaining access to leisure clubs. 

KEEPING TRACK 

New opportunities exist for the 
railway industry now the popu-

larity of flying has become increasingly 
dogged by delays. 
Plans are in the tunnel for new high 

speed rail links across Europe and also 
within Australia. hut a choice exists in 
the technology to be employed — 
should it be a magnetically levitated 
train or should the more conservative 
option of wheel on steel be adopted? 
Like the -Japanese. the West 

Germans are seriously thinking uf 
adopting Maglev for parts of their 
network. The trains hover by magnetic 
repulsion on elevated track and offer 
minimal resistance owing to their 
streamlining The trains are propelled 
forward by magnetism using the linear 
motor principle. The obvious advant-
age of magnetic levitation is one of 
speed — 500km h would be typical of 
these trains and it would get you there 
with the gliding comfort of an air 
journey 
The drawbacks are the all 

important costs and the incompatibility 
with existing rail networks. 
Meanwhile Australia is goinu for 

more conventional steel on wheel 
technology The proposed Very Fast 
Train NFT) has atop speed of 350kmh 
and if laid between Sydney and 
Melbourne. • the journey would take 
three hours and offers a cheaper more 
attractive alternative to air travel. 
With its own dedicated standard 

gauge track it will have steeper 
gradients than conventional railways. 
The reason is that the train will climb 
hills more easily owing to its high 
kinetic energy_ This has led to a 
marked reduction in construction 
costs. 
Other interesting features include 

the usage of overhead cable at 1500V 
DC in town to avoid electrical 
interference and 50.000V AC else-
where and three braking systems —. 
electrical, magnetic and conventional 
discs. 
The Australian decision for con-

ventional technologyis mainly oneof 
cost. Maglev systems coming out at 
two and a half times greater. The 
situation will be reviewed in 30 years 
time when the cost ratio becomes more 
favourable. 

E'l'l NOVEMBER 1989 



TREAT YOURSELF . a 

TREATA FRIEND! 
Subscribe to ELECTRONICS 
TODAY INTERNATIONAL and 
receive these Two FREE ETI 
Special Publications — worth 
over £4.00! 

That's right, if you take out a year's 
subscription to ELECTRONICS TODAY 
INTERNATIONAL for either yourself or 
for a friend, not only will we make sure 
it's delivered to you each month at no 
extra charge*, but you or the recipient of 
your gift subscription will also receive 
the ETI Guide to Making Music and the 
ETI Top Projects Guide absolutely free! 

Just fill in the coupon below and send it 
to the address given, with a cheque, 
money order or credit card instructions 
to cover the cost of the subscription. 
We'll do the rest. 

Subscription Rates: 

UK 
Europe 
Middle East 
Far East 
Rest of the World 

Airmail Rates on Request 

* Overseas Subscriptions include 
postage. 

O R D E R F O RIVI 
Please tick 
III I would like to Subscribe to ELECTRONICS TODAY INTERNATIONAL and receive a free gift. 
E I would like to send a ELECTRONICS TODAY INTERNATIONAL gift subscription and free gift. 

My Name.   Recipient's Name: 

Address:   Address.   

Postcode:    Postcode. 

E New Subscriber  Renewal New Subscriber 

Please commence the subscription(s) with the   issue. 
I enclose my cheque/money order for £  payable to ASP.  or debit my AccessNisa Account.  I 

E Renewal 

Valid from   to 

Signature:   Date:   
I Return this order form and remittance to: The Subscription Manager (ETI/5), Argus Specialist Publications, 
, Argus House, Boundary Way, Hemel Hempstead, Herts, HP2 7ST. 
1—  

£18.00 
£22.20 
£22.40 
£24.00 
£22.70 

TERMS AND CONDITIONS 

This offer closes on Friday 
1st December 1989 and is 
also open to current HAM 
RADIO TODAY subscribers 
who wish to renew or 
extend their current 
subscription but must do 
so using the order form 
, provided. 

I Please allow 28 days for 
deliver of your gift. To 
guarantee receipt of gift 
subscriptions before 
Christmas, orders MUST 
be received by the closing 
date. 
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READ\WRITE 1 f   

„LETTERS) 

CDs — An open letter to the Recording Industry 

In the seventies, giant leaps in hi-fi system technology took place from 
the basic music-centre type system_ 
These included metal tapes, Dolby, 
moving coil cartridges, quartz locked 
DC motor turntables, synthesis tuning 
receivers, MOSFET-based amplifiers, 
ferro-fluid tweeters and a myriad of 
various poly-based loudspeaker 
cones. 
In the midst of all this we also 

suffered an appalling standard of 
pressing quality on most records, 
albums in particular. We saw the record 
industry get their knuckles severely 
rapped resulting in a considerable im-
provement in record pressing quality 
and surface noise in an attempt to save 

the record industry's profits amidst the 
evermore popular cassette tape 
medium. 
Are we now to repeat such a fiasco 

in the eighties and nineties with 
compact disc? There again has been a 
mega-leap forward for sound repro-
duction with CD players costing from 
as little as £50 up to £2500, the average 
being around £200. They sport 
advanced features such as multi over-
sampling, bit multiplication, digital 
pulse axis control plus all the user 
orientated remote control functions 
and programmable track play_ We are 
promised 100dB or more of signal-to-
noise ratio, —95dB harmonic distor-
tion, zero crosstalk + wow + flutter, zero 

hum and superb frequency response. 
Why then is it that after paying all 

this money for the latest digital CD 
player do we find that not one CD in 
the charts even nearlyapproachedthe 
performance of even a standard 
player? 
I have found that the typical signal 

to noise on many chart CDs is a little 
over 60dB (about the same as a good 
record). In addition, some have low 
levels of 50Hz hum (again typically 
— 60dB) something that should have 
been banished from all recordings 
years ago. The best CD I could find 
(Paul McCartney, 'Flowers In The Dirt') 
clocks in a mere 75dB signal-to-noise 
ratio some 25dB shortof the promised 

magic 100dB. 
The current state of CD recording 

quality makes complete nonsense of 
the latest state of the art technology 
fitted to current CD players. CDs are 
also not particularly cheap and 1 
believe the public are being totally 
misled by the promised improved 
quality when the quality of recordings 
are so poor. So I ask the recording 
industry to put some of those huge 
profits back into refurbishin cording 
equipment up toe standard that at least 
matches today's hi-fi systems. 

Les Sage 
Sage Audio Electronics 

Bingley 
Yorks 

Working on many levels 

'think Mr Linsley Hood is doing a 
A good job popularising the concepts 
of energy bands in the theory of 
semiconductors (Ell September) if his 
readers are already vaguely familiar 
with the ideas. Indeed the subject 
ought to be explainable to a child if only 
one step were not left out — where do 
'energy bands' come from? 
The conceptual step from energy 

levels in isolated atoms to energy bands 
in condensed matter (usually in the 
solid state) is easily explained in my 
simple diagram (see Fig. 1). 
As the separation between atoms 

decreases, their outer shells overlap, 
interact and perturb one another whilst 
sharing electrons in forming a 
'molecular orbital' with 2,3, . . N, . . 
energy levels. If N is large (about 1023 
atoms in 1cm3) the energy levels are 
so close together (compared with the 
ambient thermal agitation energy kT at 
room temperature), they can be 
regarded as a continuous band. 
The theory Mr Linsley Hood 

described then follows on from there. 
(The next step backward from there is 
to ask where do energy levels come 
from in atoms — energy exchanges in 
the e e aether). 
Electrons are trapped in the system 

yet are susceptible to external stimuli to 
store energy by occupying unused 
energy levels in the conduction band 
— and conduction is continuous to all 
energy levels up to the ionisation or 
'work function' energy of the material. 
The reason the energy levels 

perturb is usually called the Pauli 
exclusion principle, that no two 
electrons in a system may possess 
identical quantum numbers describing 
their electron charge-density prob-
ability distribution. This simply means 

they may not occupy the same physical 
space, that they have physical space, 
thatthey have physical volume exclud-
ing one another (unlike mere 
vibrations) and are classified as 
Fermions, obeying the Fermi-Dirac 
statistics for filling energy levels up to 
the Fermi level at OQK (these stats 
actually define the Fermi level). 
So in filling an isolated atom's 

energy levels first there is electrostatic 
repulsion separating electrons on the 
same energy level (but different 
geometrical distribution) into single 
electrons. Then the weaker magnetic 
coupling forces them to pair spins as 
the only remaining low-energy option 
for stable neutrality. 
This explains the extremely high 

paramagnetic properties of the earlier 
4d transition elements in the periodic 
table producing ferromagnetism and 
remnant magnetism in crystal arrays 

MERCY LEVELS 

cooled below a critical thermal coup-
ling constant (Curie temperature). In 
the theory of superconductors elect-
rons are supposed to pair spins 
(Cooper pairs in classical BCS theory) 
in molecular orbitals (energised 
currents) that persist throughout the 
material structure in the absence of any 
thermal disruption — though this 
theory has been brought into doubt in 
recent years since the discovery of high 
temperature superconductors fabri-
cated from ceramic mixtures. 
The theory of finite-N energy 

bands is of interest in developing higher 
density molecular memory devices in 
the coming years (using about N = 20 
atoms). 
The same theory enables us to 

understand how hydrogen can 
become metallic under extreme 
pressure and low temperature, by 
perturbing the energy levels in an array 
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of atoms so much that the valence 
band overlaps the conduction band_ 
Obviously the mathematical 

theory of wave mechanics is too 
complicated for schools, but a 
qualitative description should be easily 
appreciated by literally everyone if the 
high ideals of théstandard curriculum 
are realised in good textbooks (to help 
the teachers too). As to a definition of 
'good' it has to communicate ideas 
without the central information being 
lost in the sophistry of slick gloss. You 
can bet however there will alwaysbe a 
two-tier system of knowledge mono-
polising undersbnding for the elite — 
ouch bite your tongue! You imagined 
that it didn't happen. 
Yours sincerely, 

P. J. Ratcliffe 
Stevenage, Herts. 

Send your opinions, 
criticisms, praise and 
ruminations to the 
Editor at: 

ET!, 
Argus House, 
Boundary Way, 
Hemel Hempstead 
HP2 7ST. 

Outstanding contribu-
ons willreceive a year's 
subscription to ETI. 

ETI NOVEMBER 1989 9 



BLUEPRINT 
FROM 

PREVIOUS 
STAGE 

CI 
-r 330p 

ON!, 
LOUDNESS 

Fig. 1 

VOLUME 

TeANGE X T 

RV1 E 
100k 
LIN 

T his month I had intended to report 
1 on the testing of the amplifier 
system for the shearwater sanctuary 
(see opposite), but events including a 
defective item of computer hardware 
have delayed everything, so that the 
amplifier is likely to be complete and 
tested several days after the publication 
deadline. I shall report on this next 
month, and deal with a different audio 
subject this month. 
Mr D J Bruyns of Port Shepstone 

writes to ask if it is possible to build a 
loudness control onto a hi-fi amplifier 
without using a tapped volume con-
trol. He has added a loudness control 
using a tapped potentiometer to a pre-
amplifier for his ETI MOSFET power 
amplifier but finds that the sections of 
the pot do not track. He would prefer 
to use an untapped potentiometer of 
higher quality and have the loudness 
control totally separate. 
To answer this question, we must 

first consider the normal way in which 
a loudness control works. Fig. 1 shows 
a typical circuit using a tapped 
potentiometer. A linear potentiometer 
is used with R2 providing loading 
to the centre tap to give a piecewise 
linear approximation to a log 
characteristic. The switching is 
arranged so that this loading takes 
effect whether or not the loudness 
function is switched in. When it is 
switched in however, signal with a 
modified frequency response char-
acteristic is applied to the centre tap. 

FROM 
PREVIOUS • 

STAGE 

RV2 
100k 
LOG 

Fig. 2 

Frequency Response 
When the loudness switch is in the òn" 
position, R1 and Cl feed a controlled 
amount of extra high frequency signal 
to the tapping on the volume control of 
the potentiometer. It is not possible to 
provide extra bass without complicat-
ed circuitry, so C2 and R2 cut middle 
and treble by a controlled amount. 
leaving only-the bass unaffected. The 
net effect of all this is to cut the middle 
frequency range leaving the extremes 
of bass and treble unattenuated. 
When the loudness switch is 

turned on. however, the overall 
volume does not reduce because 
switching on the loudness cuts the 
loading to the centre of the pot. Clearly. 
the effect of the frequency shaping is 
much greater when the wiper of the pot 
is below the tap andreduces steadily as 
the control isadvanced beyond the bp. 
The purpose of this is to provide extra 
treble and bass only when the volume 
setting is low, and to diminish this effect 
as more realistic listening levels are 
reached. 
The snag with this, apart from the 

need for a tapped pot, is that the 
amount of boost and cut will only be 
correct in terms of the response of the 
ear with one particular relationship 
between signal input level and loud-
speaker efficiency. Thus. for example. 
if the whole system is accurately set to 
match the ear's response curve on say 
the tuner input setting, it will not match 
the CD input if that is at a different level. 

R3 
10k 

VOLUME 

Rd 
27k 

330p 

CO  10k 
ON 

6.10  OFF 

C-3  FIG  SINI 

RS 
61e8 

NOTE • 
ICI - NE5534 
or NE5532 

The problem isfurther complicated 
by the fact that the intention isto com-
pensate for the reduced sensitivity of 
the ear to the extremes of the audible 
frequency rabge at low sound levels. in 
order to make music sound more 
natural than it otherwise would if it is 
played too quietly. While the hi-fi purist 
may not go along with the idea of loud-
ness compensation. the perfectionist 
would wish to apply it as accurately as 
possible, which the tapped pot does 
not do. 
There is one simple way to provide 

loudness compensation, which does 
not require a tapped potentiometer. 
but which does suffer from the other 
drawback of inaccurate compensa-
tion. This method is shown in Fig. 2. 
and is often Used in cases where an 
amplifier must be repaired and a 
tapped potentiometer is unavailable. It 
has no great virtues, except that it 
works better than nothing. 
The circuit shown in Fig. 3 provides 

TO NEXT 
STAGE 

separately variable loudness which can 
thus be adjusted to suit the program 
material and the listener's ears. It uses 
the same loudness compensation 
network as the other two circuits, but 
simply adds frequency shaped signal 
to signal with flat frequency response 
to vary the overall characteristic. 
General points: the op-amps used 

in these circuits, the NE5534. and its 
dual version the NE5532. are chosen 
because they are low-noise devices 
with very low distortion, plus they do 
not have some of the audio problems 
of other op-amps. 741s most emphat-
ically will not do. 
Turning up bass and treble controls 

to simulate loudness compensation 
does not work very well in most cases. 
because the frequency response of 
Baxendall tone controls does not 
match the ear's response curve as well 
as a specially designed loudness 
control. 

Andrew Armstrong 

' NEWSAGENT'S NAME   

NEWSAGENT'S ADDRESS   

NEWSAGENT'S TELEPHONE Na   

ETI IN STOCK 

OTHER ELECTRONICS MAGAZINES IN STOCK? 

OTHER SPECIALIST MAGS AVAILABLE 
eg computers, radio, CB etc 

SEND TO: THE EDITOR, ETI, 
ARGUS HOUSE, BOUNDARY WAY, 
HEMEL HEMPSTEAD HP2 7ST 

rarely D never 
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Yes D no 

OUT ON THE 

STREETS 
I n our ceaseless endeavours to ensure the smooth and seamless 
distribution of ETI, we would like to hear from any readers who have 

had difficulty finding our illustrious mag in the high street. 

If your local newsagent stocks our competitors or other specialist titles 
but not Ell, we would be grateful if you could let us know using the coupon 
on the left. 

Bear in mind that ETI comes out on the first Friday of the month and 
a natural break occurs at the end of each period. 
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INSIGHT - 
DYFE D 
WILDLIFE 
TRUS T 

As announced last month in 
Andrew Armstrong's Blueprint 

column. ETI has become involved in 
the Dyfed Wildlife Trust's struggle to 
establish a breeding colony of Manx 
Shearwater sea birds on Cardigan 

This island offers a rare opportunity 
to re-establish colonies lost during this 
century. asthe cause of the demise of 
the threatened birds on the island — rat 
infestation — has now been elimin-
ated. 
Andrew Armstrong is designing a 

special low-voltage amplifier that will 

amplify shearwater bird-calls each 
night through the breeding season, in 
the hope that this will encourage birds 
to return. 
The equipment — solar cells, a 

special recorder from Racal Recorders. 
Deta-Leda batteries and so on — 
cannot be taken to the island by boat as 
the sea and rocks combine to make the 
voyage and landing hazardous for crew 
and impossible for equipment. 
Airlifting is the only solution. The first 
lift was scheduled for August 15th. 
Mick Baines of the Dyfed Wildlife Trust 
takes up the story. 

Dawn broke on Monday 14th with 
clear blue skies and little wind. High 
water was around 6 am and in prepar-
ation for that afternoon's meeting on 
the island. I crossed Cardigan Bay in 
my loft inflatable boat and beached it 
in a cove near the Cliff Hotel. 
Within minutes the wind gathered 

strength to gale force. It continued to 
blow hard for three days. whipping the 
sea up into dangerous surf. The boat 
remained stranded for the duration of 
the exercise. 
On Tusesday morning, the day of 

the airlift. the Visnews TV crew arrived 
at the Cliff Hoteland walked down the 
coastal path to stare helplessly at the 
pounding surf. Ferrying the crew to the 
island was too risky. 
!called Rod Penrose of the Trust up 

on the CB and relayed the disappoint-
ing news. By that time he had been 
joined on Poppit beach by Flight 
Lieutenant Allen Snowball, the RAF 
ground crew for the Sea King heli-
copter. He called up Aberporth Air 
Traffic Control from his well-equipped 
Landrover. and they in turn put us onto 
the pilot of a SWEB Bell Jet-Ranger 
operating from the airfield. There was 
justa chance that we might be airlifted 
onto the island in that aircraft. 
We joined the gathering throng on 

Poppit sands for interviews with the 
BBC. HTV and Visnews. Then Rod. 

the Visnews cameraman and I took the 
equipment up to Aberporth for a trial 
lift by the Sea King. 
The SWEB pilot was in the control 

tower with the RAF crew and readily 
agreed to ferry the Visnews camera-
man and myself onto the island. 
Initially there was talk of hundreds of 
pounds per hour plus VAT! But after a 
little discussion he brushed aside all talk 
of payment and promised us a free lift. 
First attempts to lift the equipment 

in a net brought Rod to the verge of a 
coronary but the problems were soon 
overcome. From the air the ancient 
field systems on the island stood out 
clearly. Our pilot carefully edged the 
Soay sheep away from our agreed 
landing point and settled the SWEB 
down gently on the island, in spite of 
the howling gale that buffeted the 
helicoptor. 
Lieutenant Dick Ormshaw flew his 

Sea King over the island to check our 
position before carrying out a faultless 
lift from the beach in front of TV crews 
and scores of onlookers. 
The flight out to the island took less 

than a minute, but then began the dif-
ficult manoeuvre of turning the big 
machine into the wind and gently 
winching the load down onto the 
western summit of the island. Once 
they had rested the solar-powered 
equipment on the ground. the winch-

man paid out the slack so that the pilot 
could put his helicopto-r down to one 
side, still attached to the load. The crew 
jumped out and we all helped lift the 
cabinet, weighed down by heavy 
batteries, off the net. 
With the net gathered back into the 

machine. the Sea King flew off at high 
speed to execute a spectacularly tight 
turn over the beach before returning 
the net to its owners at RAF Brawdy. 
We remained on the island for 

another hour. filming seals and sea 
views before taking off again for 
Aberporth. It occurred to me then that 
perhaps the last people to have been 
on the island in such heavy weather 
were the hapless crew of the Hereford, 

the ship that foundered on the island 
in 1934 unintentionally bringing the 
rats that had such a disastrouseffect on 
the island's ecology. 
Representatives from Racal. the 

designers of the solid-state recorder 
used in the equipment. had come 
down from Southampton for the event 
and they joined us with the RAF flight 
crew for a drink in a private club in 
Cardigan. where we waiched the HTV 
and BBC coverage. 

Next month Andrew Armstrong 
will describe the operation of his 
amplifier and we will continue to cover 
the operation tosave the shearwaters. 
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ll\l'etworks are the topic of the day_ 
Not so long ago, and in this very 

column, cordless telephones of the 
CT2 variety (second generation cord-
less phones, linked to the public 
switched network via transmitter/re-
ceivers positioned in public places) 
were described. If you're in any doubt, 
these hand-held pocket-sized phones 
are only capable of making a telephone 
call when they're within line-of-sight of 
these transmitter/receivers. They're 
also only capable of making a call — 
not receiving one. 
As such, they're only a cheap 

alternative to a full cellular telephone 
network Nevertheless, at around a 
quarter the outright cost of a cellular 
phone, and with much lower running 
costs, they would give many people 
the option of telephonic freedom at, 
perhaps, a more realistic price. CT2 
networks, in many journals, have been 
given the collective name telepoint. 
Now the whole CT2 possibility is in 

jeopardy. Our illustrious Government 
hasrecently announced plans to issue 
licences for three operators of yet 
another type of mobile telephonic 
.network, by the end of the year. Cur-
rently, it looks as though consortiums 
led by Cable 84 Wireless. Sit and 
GECiPlessey are in the running for 
licences to operate these new personal 
communications network (PCNs). But 
existing cellular telephone operators 
are not allowed to apply! This will 
probably have far-reaching effects on 
the likes of Cellnet and Racal Voda-
fone, as I'll point out later. 
Comparing the three types of 

mobile networks, a pattern emerges 
which we can consider further_ As I've 
said, CT2 allows simple two-way tele-
phone communications within line-of-
sight of transmitter/receivers, although 
calls can only be made — not received. 
Handsets are fairly cheap (around 
£150) and for a small cost a paging 
device is usually optional so that the 
user can be made aware of the fact that 
someone wishes to communicate. The 
user simply returns the call. 
Cellular communications operate 

on the principle of many individual 
cells over the country, so that a user 

within any particular cell can be con-
nected to the public telephone network 
by the transmitter/receiver located in 
the cell. Roaming between cells during 
and between calls is made possible by 
the inclusion of complex switching ex-
changes located around the country. 
Handsets range from cheap and 
cheerful versions with fewfeatures (at 
around £100 or so — in my local town's 
free paper, one enterprising advertiser 
is offering handsets free to purchasers 
of satellite TV dishes and receivers — 
but beware the small print installation 
charge) up to pretty expensive beasts 
(£1000 or so) which make the tea 
when you ask for it. Running costs, 
however, are pretty steep. First, there 
is a rental of around £300 a year, plus 
the call charges (much dearer than 
conventional landline telephone call 
charges) on top. 
PCN systems will be positioned 

somewhere between the two. They will 
be based on cellular technology (which 
is well proven) but will be much 
cheaper. The Government has left 
open the choice of standard until ap-
plications for licences have been 
received. One of two standards, GSM 
or DECT, will be used — both of which 
are digital cellular systems allowing 
pan-European operation. GSM is 
already well defined, while DECT 
probably won't be defined for a good 
few months yet, so ifs more than likely 
that GSM will be chosen. Conse-
quently, a choice of the GSM standard 
will mean that equipment could be 
available by 1992. 
Now that we've compared the 

three networks we can look at the 
consequences of their existence. First, 
if PCN is cheap yet has much better 
characteristics and features than CT2, 
it's going to reduce CT2's potential_ In 
effect. CT2 only has a year or so to get 
up and running, and to prove itself as 
a viable communications system with 
a large customer base. After this, the 
possibility of a much superior system 
just around the corner, and not that 
much more expensive, will prevent 
further customers from signing up — 
they will prefer to wait a few more 
months until PCN takes off. 
Second, PCN will be of much 

lower cost than cellular telephone 
systems. This means that cellular costs 
must come down to compete. Cellular 
operators such as Racal Telecom have 
already begun to feel the pinch, with 
recent share price falls after the 
Government's announcement to issue 
PCN licences. The Government has 
also placed some severe technical 
restrictions on the cellular operators, 
designed to handicap their effective 
current monopoly until PCN operators 
can get their systems up and running. 
The problem appears to be that a 

PCN communications system may 
damage irreparably both the corn-

munications networks it is designed to 
complement. The introduction of any 
PCN system must be closely moni-
tored to ensure neither other network 
is harmed. 

Virtually There 
Although I've given details in the past 
regarding centrex, that is use of part of 
a single local or central exchange as a 
sort of private branch exchange, a 
further note of how the situation is pro-
gressing is worth taking. Users of 
centrex do not need a private branch 
exchange as the switchboard of a 
business — instead all telephones 
within the setup are connected directly 
to the local or central exchange, and 
are software controlled such that they 
act as if a private branch exchange is in 
force. Advantages are pretty obvious: 
the large initial outlay of the branch 
exchange on the premises is by-
passed, the system is infinitely flexible, 
future options are all defined by soft-
ware changes and so on. 
The concept of centrex, however, 

is being taken to greater heights as 
network operators are looking on 
centrex to form the basis of private 
virtual networks (PVNs) — where a 
private network is setup between users 
on a national or international level. 
This incorporates more than one local 
exchange at as many business sites as 
the user desires. 
As centrex really only works when 

digital telephone networks are in place, 
PVNs are currently just starting to be 
seen in the USA, but will be more in the 
news here as British Telecom's progress 
toward the integrated services digital 
network continues. 

ITV Dilemma 
Independent television looks as 
though it's about tobe shaken up by the 
Government_ Many suggestions, 
including the Government's own that 
each regional transmitting franchise 
should come up for grabs to the highest 
bidder and that the Independent 
Broadcasting Authority should be 
reorganised without any teeth, have 
been bandied about. 
The independent television com-

panies have got together and argued 
their case that they're doing a fine job 
as they stand, and that there's no need 
to change for change's sake. Under-
neath it all of course, their fear is one of 
lost revenue as advertising shifts from 
them to the satellite channels. 
To this end, they've placed large 

(full-page) and expensive advertise-
ments of their own in national news-
papers and magazines, trying to create 
the impression that satellite television 
services cannot hope to compete with 
independent television quality. Main 
argument in these advertisements is 
one of programme cost. Figures have 
been quoted for hundreds of thous-

ands of pounds to produce some 
independent television programmes. 
while figures of just a few thousand are 
stated for satellite equivalents. These 
figures are probably true — I've no 
reason to think otherwise and they 
haven't been strongly opposed by any 
of the satellite service providers — so 
what does this lead us to believe? 
Firstly, are independent television 

programmes too expensive? Do we 
really want programmes the quality 
and lavishness of, say, Brideshead 
Revisited (one of the few quoted by the 
independents' advertisements)? If we 
do, can they not be made on a smaller 
budget? I'm not even going to attempt 
to answer these questions_ It's 
sufficient, I believe, to consider an 
example in history when television 
programming was just starting. At the 
time, I'm convinced the Hollywood 
moguls and their ilk were feeling the 
same as the independent television 
companies are feeling now. After all 
how could movies, with their budgets 
of millions (in today's terms) expect to 
compete with television's budgets of 
tens of thousands. In the long run, of 
course, the higher budgets of movies 
have won through, and cinemas and 
the moguls themselves still make 
healthy profits. 
Second, the independent tele-

vision companies are merely trying to 
create a self-imposed smokescreen. 
They really need to stop whinging and 
just get on with it. Their higher 
programming costs can. Fm certain, be 
trimmed by a great deal without losing 
any programme quality or programme 
content. In the past there has been no 
similar competition (I'm discounting 
the BBC as its revenue is from licence 
fees rather than advertising) and so 
programming costs have largely been 
self-imposed. After all, if programmes 
cost- more to produce, a simple 
increase in charges to advertisers will 
cover the difference_ With many 
satellite channels (and many more 
other potential channels by microwave 
means, and soon) advertisers will be 
able to shop around to get the best 
deals. 
But this doesn't mean that adver-

tisers will move for the sake of getting 
cheaper air time, does it? Advertisers 
will place their adverts where they feel 
most people of the category they wish 
to target will watch. And good quality 
programmes and contents will ensure 
the independents can maintain a 
reasonable share of the viewers arid so 
maintain a reasonable share of 
revenue. 
By all means keep costs to a 

minimum — they'll be able to do that 
by simply not paying such inflated 
salaries to their overpaid staff — but 
above all, belt up and get on with it! 

Keith Brindley 
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TIK FOR 
ELECTRONIC WEIGHING 
SCALES  tge 
INLit  Nriet 

:S aba 

Kit contains a single chip micro -

processor. PCB, displays and all elec-
tronics to produce a digital LEDreadout of 
weight in Kgs Or Stsflbs. A PCB link 
selects the scale- bathroom/ two types 
of kitchen scales. A low cost digital ruler 
could also be made. 
ES1   £7.20 

DISCO LIGHTING KITS 

D1.8000K 8-way sequencer kit with built-in 
opto-isolated sound to light input. 300W/ 
channel, 80 different sequences£34.60 
DL1000K 4-way chaser features bi-
directional sequence and dimming 1kW 
per channel  £21.00 
DLZ1000K Uni-directional version of the 
above. Zero switching to reduce 
Interference  .£11.80 
DLAR (for DL & DLZ1000K) Optional 
opto input allowing audio bear/light 
response  60p 
DL3000K 3-channel sound to light kit, 
zero voltage switching, automatic 
level control and built-in mic. 1kW per 
channel  £17.00 

POWER STROBE KIT 
Produces an intense 
light pulse at a  Ness,, 
variable frequency of 
1 to 15Hz. Includos.„.e ., 
high quality PCB, 
components, connec-
tors. 5W5 strobe tube and assembly 
instructions. Supply 240V ac. Size 
80 x 50 x 45. 
XK124 STROBOSCOPE KIT . . £15.00 

SOLID STATE 
RELAY  g 
BARGAIN 

Zero voltage 
switching- no 
radio inter-
ference. 2.5KV 
input to output 
isolation. 4 KV terminals to heatsink 
isolation. 3V to 32V input voltage easily 
interlaced to TU or CMOS logic. 24V to 
240V rois load voltage Inductive load 
switching_ Built-in snubber network. 
10A max. 4A with no heatsink at 40°C. 
CO240/10  £2.25 
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VOICE RECORD/PLAYBACK KIT 
RE C ORD  LEO 

MI C R O PH O NE 

AUDI O  AM 

HiGet  QUALITY  PER 

PR OCESS OR 

1250  ME MORY 

PE AKEH 

This simple to construct and even simpler to operate kit will record and playback 

short messages or tunes. It has many uses -seatbell or lights reminder in the 

car, welcome messages to visitors at home or at work, warning messages in 

factories and public places. In fact anywhere where a spoken message is an-
nounced and which needs to be changed from time to time. Also suitable for 

toys-why not convert your daughter's £8 doll to an £80 talking doll!! 

Size  78x60x 15 mm 

Message time   1-5 secs normal speed. 2-10 secs slow speed 

XK129   £22.50 

SIMPLE KITS FOR BEGINNERS 
Especially aimed at the beginner. Have tun with your protect even alter you have built it and 
also learn a little from building it. These kits include high quality solder resist printed circuit 
boards, all electronic components (including speaker where used) and full construction in-
structions with circuit description. 

Ski DOOR CHIME plays a tune when ac-
tivated by a pushbutton   £3.90 
6K2 WHISTLE SWITCH switches a relay on 
and off in response to whistle com-
mand   £3.90 
51(3 SOUND GENERATOR produces FOUR 
different sounds,  including  police/ 
ambulance/fire-engine siren and machine 
gun   £3.90 

10(113 MW RADIO KIT based on ZN414 IC. 
kit includes PCB. wound aerial and crystal 
earpiece and all components to make a sen-
sitive miniature radio. Size: 5.5 x 2.7 x2 
cots. Requires PP3 9V battery  £6.60 

XK121 
£15.95 

KK118 TEN EXCITING PROJECTS FOR 
BEGINNERS this kit contains a soideriess 
breadboard. components. and a booklet with 
instructions to enable the absolute novice to 
build ten fascinating projects including a 
light operated switch, intercom, burglar 
alarm, and electronic lock. Each project in-
cludes a circuit diagram, description of 
operation and an easy to follow layout 
diagram. A section on component idendfica-
lion and function is included, enabling the 
beginner to build the circuits with 
confidence   £15.00 

ELECTRONIC LOCK KIT 

Don't lock yourself out! This high security lock kit will secure doors 
to sheds, garages or your front door and the built-in alarm will deter 
would be prowlers. Scores of uses including area access preventing 

unauthorised use et machinery or even disabling your 
L.   KEYBOARD car. One correct 4 digit 

PROGRAM PLUG & SOCKET  Code (out of 50001 will 
LOCK CHIP  open the lock. Incorrect 

OUTPUT DRIVER  entries sound the alarm 
and disable the keyboard 

for up to 3 rains. Kit 
includes 12-way keypad. 
and operates from 9 to 
15V (50uA) supply. Will 
drive relay or 701 150 

lock mechanism. 

HIGH 
QUALITY PCB 

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

SUPER-SENSITIVE 
MICROBUG KIT 

VAR CAR vu,NO cmirerED CIPC,IST 
TRAINSART T En  co . 

SEINSIT.YE 
ECTRET 

laIER 

41/,ÉS.CR 
_  DUAL ITN, 
lEIREGt. ASS PCS WITIT 

Set DER RESIST I. . 

Only 45x 25 x 15mm. including built-in 
mic. 88-100MHz (standard FM radio). 
Range approx. 300m depending on ter-
rain. Powered by-9V PP3 (7mA). Ideal for 
surveillance, baby alarm etc.... £5.58 

VERSATILE REMOTE 
CONTROL KIT  I 

Includes all components (+ trans-
former) for a sensitive IR receiver with 16 
logic outputs (O-16V) which with 
suitable interface circuitry (relays, 
triacs. etc- details supplied) can switch 
up to .16 items of equipment on or off 
remotely Outputs may he latched to the 
last received code or momentary (on dur- • 
ing transmission) by specifying the 
decoder IC and a 15V stabilised supply is 
available to power external circuits. Sup-
ply: 240V AC or 15-24V DC at 10mA. 
Size (exc. transformer) 9 x4 x 2 cms. 
Companion transmitter is the MK18 
which operates from a 9V PP3 battery 
and gives a range of up to 601t. Two 
keyboards are available -MK9 (4-way) 
and Mkt° (16-way). 
MK12 IR Receiver 
(inc transforrher)  £17.00 
Mkt8 Transmitter  £7.80 
Mk9 4-way Keyboard  £2.40 
Mk10 16-way Keyboard  £7.00 
601133 Box for Transmitter  £2.60 

MICROPROCESSOR TIME 
Kit controls 
outputs inde-
pendently 
switching on 
/oft at 18 
preset times 
over a 7-day 
cycle. LED display of time/day easily 
programmed. Includes box. 
CT6000K  49.50 

610 0 è • 

  111-

XK114 Relay kit for CT6000 includes 
PCB, connectors and one relay. Will 
accept up to 4 relays. 3A/240V do 

contacts  £4.75 
7131115 Additional relays  £1.60 

ORDERING INFORMATION. All prices exclude VAT. 
Free p&p on orders over £50 (UK on)y), otherwise add 
£1+VAT. Overseas p&p: Europe £3.50. elsewhere £10.00. 
Send cheque/PO/Barclaycard/Access No. with order. 
Giro No. 529314002. Local authority and export orders 
welcome. Goods by return subject to availability. 

VISA 

ORDERS: 01 a 5678910 24 HOURS 
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Fig. 1 Variations in style make computer pattern-recognition a ctimplex task 

any tasks which are either very 
difficult or very time-consuming to 
carry out by hand Can be performed 
easily and quickly by computer. This 
may seem an obvious statement but 

paradoxically the converse is also true. Many tasks 
which people carry out easily and quickly are very 
difficult to program on a computer and require vast 
amounts of computing power or time. 

As an example. consider recognition of a human 
face. A face is not a simple shape to describe and 
differences between two individuals can be quite 
- subtle. Nevertheless, a young child with no formal 
training is quickly able to recognise its mother's face. 
Not only that but this recognition isn't affected by 
distance (within reason}.-.angle of view, lighting 
conditions. facial expressices;wearing of make-up, 
difference due to state of health or tiredness, portions 
of the face being masked by other objects (again within 
reason) and so on 

As an extension to this, once the child has 
learned to recognise a smile on its mother's face, the 
rules learned can be extended to faces seen for the 
first time These concepts are all extremely difficult to 
describe algorithmically the first step to writing a 
computer program. 

To bring the problem into sharper focus, consider 
the recognition of a much simpler shape. the figure 
nine. Ail the shapes shown in Fig. 1 are figure nines. 
They are all different shapes, sizes and orientations 
vet few people would have any difficulty at all in 
recognising them as nines. But if we ask People to put 
into words how they recognise them (let alone write 
a formal algorithm) or to explain what that essential 
property of 'nine-ness' actually is, then very few would 
be able to give a coherent anSwer. 

Both cases we have considered are examples of 
recognition. just one of the classes of problems 
generally lumped together as Al (artificial intelligence). 
in which research with conventional computers is 
proving su difficult. 

Since the human brain is so good at doing some 
things which a computer is so bad at, a growing band 
of Al researchers have been turning their attention 
away from trying to program conventional (von 
Neumann architecture) computers in which 
instructions are executed sequentially. Instead they 
have turned to how the human brain works. 

The Human Brain 
The human brain is made up of.ite_ 
stylised representation of such being p 
Fig. 2. The hub of the neuron is t  on-9, 
are the dendrites and the axon is t output. 
an axon connects to a dendrite of àrTé)ther neuron 
connection is called a synapse.  - 

DENDRITE 

DENDR ITE 

AXON 

AXON 

SYNAPSE 

FLOW OF 
INFORMATION 

DENDRITE 

AXON 

Fig. 2 Neurons in the brain 

Neurons are the processing elements of the 
brain. Their basic functionality is shown symbolically 
in Fig. 3. In essence. all each neuron does is sum the 
values of its inputs, applying a weighting factor to 
each, and give an output if this sum of weighted inputs 
reaches a pre-set threshold. Inputs mcv be either 
excitatory or inhibitory. (In other words the weighting 
factors may be positive or negative). 

Compared to a computer processor of the type 
we are used to, this-is an extremely Simple computing 
element and it seems incredible that this could give 
rise to the processing power of the human brain. The 
secret is not in the power of the individual neurons 
but in the vast numbers of them and the 
interconnections, h is estimated that a human brain 
has about ten billion neurons and two to three 
thousand billion interconnections. 

Neural Networks 
From what we have seen. it is fairly clear that it would 
not be a very difficult task to build an electronic version 
of a very small portion of a brain. Such a circuit could 
be represented as shown in Fig. 4. The numbers on 
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INPUTS  APPLY 
YVEIGHTINGS  SUM  THRESHOLD 

GENERATE  COMPARE WITH 

Fig. 3 Functional representation of a neuron 

the interconnecting lines represent the weighting 
factors and the numbers within the nodes represent 
the threshold. Clearly the nodes are analogies of 
neurons and such circuits are generally referred to as 
neural networks. 

At this point it would be useful to take a simple 
example to show how such a network could carry out 
a task. Let's assume that we intend to build a domestic 
robot, the duties of which are to feed the household 
pets — namely a cat, a dog and a rabbit. The robot 
is able to detect whether the animal is wearing a collar 
(either the cat or the dog), whether it has long ears 
(either the dog or the rabbit) and whether it is white 
(the cat or the rabbit). The cat is to be given fish and 
milk, the dog a bone and water and the rabbit lettuce 
and water. 

A neural network of the form shown in Fig. 5 
would be able to solve this problem. It can be seen that 
the neurons are arranged in two layers, an input layer 
and an output layer. Every member of one layer is 
connected to every member of the other. 

In actual fact this type of network is rarely used 
as it has been proved mathematically that it is not able 
to evaluate the XOR (exclusive OR) function, 
eliminating a large number of potential applications. 
Instead, at least one hidden layer of neurons is added 
between the input and output layers and the XOR 
limitation is overcome. 

The domestic pet feeder problem is re-worked 
as a three layer network in Fig. 6. In both Figures 5 
and 6 the thicker lines indicate excitatory connections 
and the thinner lines are inhibitory. In such a case the 
various weightings could be worked out without too 
much difficulty but this is a trivially simple example 
of a problem which could easily be worked out using 
a conventional computer. In the general case the 
number of neurons and interconnections would be 
too great to program the network by working out and 
applying weighting factors. Instead a network requires 
to be 'taught' using a process of trial and error. 

Learning By Experience 
In order to be able to teach a neural network, the 
circuitry needs to allow the weightings of the 
interconnections to be changed interactively. This is 
the basis of an adaptable neural network, one which 
is able to learn from experience, another of those goals 
much sought after in the realm of AI. 

A neural network does not learn by itself, it 
requires a teacher which could be a person or more 
likely a conventional computer. An un-programmed 
network will start life with all the weightings set to 
random low values. 

To start teaching it, the first pattern is applied to 
the inputs and the outputs compared with the 
required output. The difference between the actual 
and the target outputs is used to work out which 
weightings require modification. The required 
interconnection weightings are modified by a small 
amount and the process repeated. This continues, 
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perhaps hundreds or thousands of times, until the 
output converges on that required. (If an attempt was 
made to effect too rapid a convergence, the outputs 
would oscillate about the required result with each 
pass.) 

Fig. 4 Functional representation of a simple 
neural network 

Fig. 5 Example of a simple 2-layer network 

Having taught the network to recognise one 
combination of inputs the teaching continues with 
subsequent input combinations until the network is 
able to recognise all required combinations. If we 
consider that the inputs could correspond to whether 
or not a pixel of a rasterised image is illuminated, then 
we start tcik see the scope for image processing, 
character recognition and so on. 

Properties Of Neural Networks 
In the example of the domestic robot, the three layer 
network had the concept of cat, dog and rabbit 
represented by a single neuron each. In all but the 
simplest of cases th 
network of a few hundred nodes would have any 

is would not be so and a typical 
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Fig. 6 Example from Fig. 5 re-worked 
as a 3-layer network 
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particular concept represented by a particular 
combination of nodes being active. There are a 
number of important implications of this, many of 
which are common to the human brain. 

One implication of this so-called distributed 
memory is automatic generalisation. As an example, 
assume that nodes 7, 8, 15, 21 and 34 when 
simultaneously active represent 'shoe'. The likely 
representation of a closely related object such as 'boot; 
would certainly be similar — say 7, 8. 15, 21 and 48. 
Now if the network has been taught that shoes are 
worn on the feet. it is highly likely that the network 
would 'assume' that boots are worn on the feet even 
though it had never been specifically taught this fact. 

Immunity to damage is another result of 
distributed memory, one which makes neural 
networks of significant interest to the military. In a 
conventional computer, any damage to a small 
portion of the circuitry is often catastrophic — the 
whole thing just ceases to operate. Damage to a small 
part of the memory might not be fatal but certainly 
some portion of data would be lost completely. 

Not so in a neural network. A result of the fact 
that a particular concept or item is represented by a 
potentially large number of neurons is that damage 
to a small number is likely to slightly degrade the 
'understanding of various items rather than obliterate 
it. This is certainly consistent with the observed results 
of aging on the human brain. As people get older they 
often find it progressively harder to recall information, 
but never suddenly announce that they have never 
heard of a car, or cannot grasp the concept of Friday. 

Another aspect of distributed memory is the 
neural network's ability to cope with partial data, 
currupted data and slightly different variants of the 
same data (such as the figure nines discussed earlier). 
Such are the number of nodes representing say the 
figure nine, that quite a number could be missing or 
misplaced (or extra ones present) without the network 
failing to recognise it. Once again this is consistent with 
the operation of the brain. As an example of the 
versatility this offers. Fig. 7 shows a well known face 
in detail and in outline. The human brain still 
recognises both versions of this picture — a neural 
network could do the same. 

A neural network can be considered a parallel 
processing computer taken to the extreme. To those 
familiar with parallel processing (using perhaps the 
lnmos Transputer), the implications of this will be 
obvious. A neural network can operate very quickly. 
In addition the time taken to come up with a result 
does not depend on the complexity of the task. For 
a given network the time taken for signals to propagate 
from the input to the output will always be the same. 
The human brain with response times in the region 
of 0.1s (being essentially chemical in operation) is 
much quicker than standard computers for pattern 
recognition. The potential of an electronic neural 
network is really something to speculate on. 

History Of Neural Networks 
Neural networks, parallel distributed processors, 
connectionist machines - call then what you will. 
Despite all the hype about them in today's AI circles, 
they are not new. Research into simulating the brain 
goes right back to the start of the computer age and 
it was probably only because the von Neumann 
architecture 'got there first' that interest in neural 
research faded somewhat. 

Even so. the 1950s still saw a significant amount 
of effort put into neural networks. Invented by Frank 
Roseblatt, the Perceptron was a two layer network for 
classifying input patterns. Ironically, despite its success 
in the purpose for which it was designed, it served to 

put neural research into the doldrums for a couple of 
decades as it was the vehicle used by Minsky and 
Papert to show that such networks had the inherent 
XOR limitation mentioned earlier. Unfortunately the 
fact that the inclusion of a hidden layer overcomes this 
problem did little to alleviate the effect of this downturn 
in interest. Neural networks have only emerged in a 
big way again in the last three years or so as it became 
more and more obvious that the von Neumann 
architecture did not, after all, provide the universal 
panacea. 

Real Products 
So exactly who is doing what with neural networks 
and what does the future hold? Surprisingly, only 
quite modest networks have ever been built. 
However, this is about to change, as a number of 
companies including Fujitsu, Cal Tech and Synaptis 
(a new company specialising in neural technology set 
up by Dr Federico Faggin, the founder of Zilog and 
inventor of the Z80) have announced plans for 
neurochips. 

Ironically, the lack of networking hardware has 
meant that most research work on this topic has used 
software emulations of neural networks running on 
von Neumann computers! This doesn't place in doubt 
the future of neural architecture however. Although 
such simulation is possible, it is carried out sequentially 
which for an array of a few thousand nodes would 
keep even a Cray busy for quite a while! 

So just what has been achieved so far? The 
following is a selection of applications which have 
come off the drawing board: 

Fujitsu has built an experimental robot driven by 
the outputs of a neural network, the inputs connecting 
to various sensors. This robot is able to adjust to its 
surroundings and is expected to form the basis for 
developing a flexible real-time controller for use with 
industrial assembly robots. The intention is for these 
to adapt to their surroundings and hence not have to 
be programmed with a specific sequence of events. 

Nestor, one of the old timers with 13 years in this 
up and coming industry, has a number of products. 
Of particular interest is one aimed at Japanese text 
entry, a severe problem with a language of over 
30,000 characters (imagine trying to find a character 
on a keyboard eight feet square!). The Nestor system 
allows handwritten input to be read and passed along 
to a PC. Other systems for recognition of handwritten 
text are available. On a quite different tack. Nestor has 
a system to predict trends in the securities market. 

NEtalk, developed at Princeton University, reads 
plain English text and drives a phoneme speech chip 
giving a spoken language output. Certainly this has 
been done on a conventional computer but at the 
expense of a considerable degree of programming 
effort. Apparently NEtalk was trained in about a day, 
having initially produced streams of gibberish. 

Wizard, designed at Brunel University, takes 
signals from a TV camera as its input and carries out 
complex image analysis. It has been demonstrated on 
a trivial yet impressive task of learning about 
expressions on human faces and subsequently being 
able to indicate whether a face is smiling or frowning. 
More practical applications are optical character 
recognition and analysis of medical imaging. 

Conclusion 
lsuppose we shouldn't call this a conclusion since the 
whole article is just an introduction to this embryonic 
technology. Three years ago we introduced the ET1 
readership to an area of computer technology which 
had barely left the research laboratories — namely the 
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Fig. 7 Decreasing detail of a human face (photo courtesy Thorn EMI Video) 

RISC processor. At that time we concluded by posing 
a hypothetical question - whether RISC technology 
would indeed shape the future or whether it would 
be destined to just a place in the history books like 
bubble memories. Far from being committed to 
obscurity, we have seen the Acorn Archimedes being 
based on the ARM RISC processor and, in the last 
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VALUE FOR MONEY! The design uses an Audax bass 
unit and a Peerless dome tweeter integrated by a multi-
element crossover and gives excellent results for it's 
modest cost. 
The kit contains all the cabinet components (accurately 
machined from smooth MDF for easy assembly), 

speaker drive units, assembled crossovers, grille foam, 
wadding, binding post connectors, screws, assembly 

instructions, etc. 

year, RISC offerings being launched by major 
semiconductor manufacturers. 

We could say that neural networks take the 
concept of RISC and parallel processing to their 
ultimate conclusion. Let's hope that their future is 
equally assured — I for one can't wait to get my hands 
on them! 
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Geoff Martin waxes 
lyrical at the star--
studded premiere of 
London's newest 
attraction — audio 
animatronics' finest 
hour 

Fi . 

ÉOCK 
CIRCUS 

ver wanted to return to the good 
old days of rock and roll? Ever 
longed to relive those hours of ill-
spent youth at that classic live concert? 
Well you're in luck. A new permanent 

exhibition has opened in the heart of London — a 
show of animated and static rock star idols performing 
their greatest hits. The Rock Circus has come to town! 

Rock Circus is housed in the top floors of the 
Pavilion, the new shopping centre off Piccadilly 
Circus. There you can see and hear how your music 
heroes established themselves as part of our music 
culture in an entertaining and appealing presentation. 
Some might even call it revolutionary, for what you 
will see and hear cannot be experienced in public 
anywhere else in the world. 

Upstairs the show comprises a display of life-size 
robots mimicking the motions and mannerisms of 
their human counterparts from the pop music world. 
Plenty of other stars appear downstairs but unfortu-
nately they have not been granted the privilege of 
articulation. 

The Tussauds group, famous for its wax figures, 
conceived the idea about three years ago when the 
company was looking to launch a new entertainment 
in London. Market research found rock music to have 
the greatest potential as a popular theme. 

Madame Tussauds is well known for static 
displays of famous (and even infamous) characters 
past and present both at its London base where we 
are told "the wax really works", and at other display 
sites such as Windsor Castle. But to present a 
permanent display of 'stiffs' in what is a very vibrant 
and dynamic section of our culture was a bit of a non-
starter to say the least. So the only option open to 
them was to get those dummies moving. How could 
it be achieved? 

It so happens that a Walt Disney production team 
in the States was the first to produce robots in human 
form but it has been the Tussauds group that 
developed the idea further, particularly in the area of 
moving limbs and facial expressions. But there is a 
price to be paid for all this angulation. The huge 
number of mechanical parts installed into the body 
of the robot makes it impossible to fit in a power source 
and control centre. The 'animatronic' therefore does 
not have the means to move independently, and all 
movement is controlled externally. You can see this 
in the picture of the 'fab four'. No chance of Ringo 
going walkabout here! 

Not wishing to be imitated. Madame Tussauds 
patented their developments, trademarking them 
under the term audio animatronics. The skill of the 
group in producing life-like figures coupled with their 
animation techniques gives them a world lead and a 
unique exhibition. So at a cost of £10 million and 50 
figures of the biggest names in rock history later, the 
show has got underway. 

Pick Of The Pops 
Just who should make it into this immortal rock show 
was a painful and lengthy decision process but the 
choice was left to Paul Gambaccini, an acknowledged 
authority on the history of rock and pop. Just some 
of the names include: Elvis. Elton, Stevie Wonder. 
Little Richard, The Who, The Stones and of course 
The Beatles_ The fab four are in fact deemed 
important enough to appear twice — first as 'stiffs' in 
Cavern gear, then as robots in 1967 garb_ But we 
digress, so back to the storyline. 

To achieve co-ordination over such a complex 
array of moving figures, sound, lights and effects has 
taken two powerful computers and a considerable 
amount of time to work out. One computer controls 
the animatronic figures and sound. while the other 
takes care of the lighting, stage movements and 
effects. The biggest problem for the engineers was to 
program the robotic movements into the computer so 
they would synchronise accurately with the music. 
The process has taken about a year. 

When the final selections of the 'greatest rock 
music of all time' had been made, the recordings and 
introductions were mixed down onto laser disc. Many 
compact discs were compiled especially for the show 
along with a 12-inch master. Tim Rice (your robotic 
compere throughout the finale) wrote and voiced the 
scripts for the animatronic section of the show in an 
uncharacteristically punchy style. To help co-ordinate 
all the actions, a time-coded track was also recorded 
onto the master 12-inch laser disc. This sequence of 
pulses instructs both computers to operate and 
arrange everything else at the right time. 

Every action from limb movements to stage 
rotations and video effects is blown into EPROM. 
Each animatronic stage set has its own EPROM to give 
the system the flexibility of being updated at any time, 
should extra characters be introduced. With this in 
mind, there is a space called the 'hot spot' where the 
next giant of rock will stand — voted for by the 
punters. 
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Four-sprung durch technik — the prefab four operating with a little help from their tubes 

Blowing In The Wind 
The heart of the robotic action depends upon con-
verting electronic control signals into movement. This 
movement is achieved in two ways. Firstly a servo 
pneumatic system is used to give varied speed and 
proportional movements. These are used for main 
limb actions and also where slower, more delicate 
movements are called for. The incoming digital signals 
are converted to analogue voltages which then 
operate servocylinders. The change in air volume and 
pressure, proportional to the analogue voltage, moves 
a piston and so movement occurs. 

Secondly, pneumatic switches are adopted in 
actions where quick changes are demanded. This 
happens in sudden arm or eyelid movements. Here 
the signals maintain their digital form and operate 
solenoid valves which open and close the air flow to 
the cylinders. 

All movements are powered by compressed air 
working at 850kPa pressure (don't panic — that's 
120psi for old timers). As so many facial and limb 
movements are required, there is no shortage of 
plastic pipelines leading in and out of the bodies (see 
back view of the Beatles photo)! 

The Sound Of Silence 
One major new feature of the show is that all the 
exhibits take place in complete silence. You explore 
the music of Rock Circus totally in the privacy of your 

own head by using cordless headphones. Everyone 
who enters the show gets a pair of these to put on. 
It creates a strange situation - never before will you 
have seen so many people walking around wearing 
sonic earmuffs. Sometimes it gets difficult to know 
who is real and who is not. 

The way the cans work is not a new concept as 
the idea has been around since the invention of 
remote controlled TV. Ifs all done with infra-red 
beams. Digital stereo audio (from compact disc) 
frequency modulates an infra-red beam. It is 
transmitted in a cone from above, just as a downlighter 
would with light. This method of transmission creates 
a tight radiation pattern to reduce co-channel inter-
ference from the next music maker. So as you walk 
around, the sound automatically switches from zone 
to zone. Clever huh! 

The headphones detect the infra-red beam and 
the signal is demodulated to restore the audio. Hi-Fi 
stereo is then amplified and delivered to your ears in 
the normal way. Happily you do have a volume 
control to suit your listening requirements, be it mind-
blowing or otherwise. It's a good audio system (hi-fi 
but not super-fi), and is ideal in this situation. When 
you've finished with them for the day, the headsets 
are returned to be recharged overnight ready for the 
next punter, complete with sterile padcovers. 

To overcome the problem of a stage set change, 
a mountain-will-go-to-Mohammed technique was 
adopted. Put three stage sets around in a circle and 
rotate your audience on a revolving theatre in the 

IN! 
We have six pairs of Rock 
Circus tickets to giveaway. 
See page 66 for details. 
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centre — brilliant! That way you get three audiences 
on the move at any onetime. A good idea which also 
serves to get maximum audience throughput. 

In summing up I would award full marks to the 
Tussauds Group for accuracy in the features and 
appearance of the models (except Cliff Richard), no 
surprise as they have had so many years in this field. 
However, I did expect the animatronic figures to be 
a little less robotic in their movements. Knowing the 
time it took to program in those movements, and 
cramming the mechanics into such small spaces, it 
could take forever to develop what appear to be 
natural actions. 

Having said that, the highlight for me was to see 
the movements of 'Phil Collins' playing his (or should 
I say its) drum set with the drumsticks that the real Phil 
donated. This lasting memory perhaps is due to the 
accompanying effects such as the drums appearing 
from the stage below just in time for the drum break 
of 'In The Air Tonight', and the pencil beam laser light 
piercing the smoke and reflecting from the drum kit 
in what appeared to be every direction (one assumes 
that not to be the case as the engineers must have 
arranged the reflections very carefully to avoid direct 
eye contact). 

Other highlights include Bobby Dylan giving us 
a rendering of 'Times They Are A Changing' whilst 
playing guitar and harmonica. It was a treat to see 
realistic fretwork with his pneumatic left hand (air on 
a G-string, one might say). Also Madonna with her 
animated tiger whose eyes lit up on hearing some of 
her dulcet tones and on to mixed film shots of the 
space shuttle take-off with David Bowie 'floating 
round his tin can'. Finally the Beatles bring the show 

to a close in full Sergeant Pepper regalia, and 
supported by an updated set of cardboard cut-outs to 
complete the album cover recreation. This must be 
a show where, in their words — 'a splendid time is 
guaranteed for all'. 

Rock Circus is situated in the London Pavilion Piccadilly Circus. 
It is open from 10am to 10pm every day except Christmas Day. 
Prices are £4.20 for adults, £3.15 for children. 
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TESTING TESTING 

I
n our look at the theory and practice of using 
test gear, we have got as far as the moving iron 
meter which, as we said at the end of last 
month, is rather crude. It is much less linear 
than moving coil meters and remarkably 

insensitive. In order to improve measurement at low 
AC signal levels, the valve voltmeter was invented. 

The valve voltmeter is basically a moving coil 
meter preceded by a very linear amplifier and a 
compensated full wave rectifier. It was valve because 
that was the technology of its era, but an equivalent 
modern technology circuit is shown in Fig. 1. 

The first stage amplifier has a flat response over 
a wide bandwidth, a range of extremely precisely set 
gains and a very low noise coefficient. This feeds the 
second stage amplifier, Sich has unity gain but is an 
operational or differential amplifier fitted with a pair 
of back-to-back diodes in its feedback loop. The 
output of this active rectifier is buffered by a third unity-
gain amplifier, feeding the meter movement. This is 
shown in voltmeter configuration but there is no 
reason why alternative modes of operation could not 
work as well. 

OK I hear you ask, why so complex — why not 
just use an amplifier and a bridge rectifier brick? The 
answer lies in the diode forward threshold voltage. 
There is with any diode, just like with the LED we 
discussed last month, a minimum voltage which will 
cause it to conduct in the forward direction. If the 
output of a (theoretically) perfect full-wave rectifier is 
plotted it will look appear as Fig. 2. Our real compo-
nent, however, fails to conduct if the input voltage lies 
between say, —0.5V and + 0.5V, so its output will 
look like Fig. 3. When you come to smooth (integrate) 
this waveform, with a capacitor for example, the 
resulting charge on the capacitor will be a bit less than 
it should be (if the rectifier was perfect). This becomes 
obvious when you consider that you are in fact 
assessing the area under the curve. 

What the op-amp does is almost eliminate the 
loss of area under the curve. Consider the sequence 
of operation: while the input voltage is above the 
diode forward threshold Vt, the relevant diode 
(depending on the input polarity) is in conduction and 
the op-amp/diode brick acts just like a conventional 
rectifier, as the op-amp has unity gain. However, 
when the input voltage is below the diode Vt, the 
diode stops conducting. There is now no negative 
feedback round the op-amp. so its gain suddenly goes 
from unity to infinite. Infinite gain means that for no 
change at the input, the output swings hard to rail (of 
course our gain is not actually infinite; we need some 
change at the input but very little). Now, the output 
of the op-amp is rapidly moving towards say ±-15V, 
but the output is fed back via the diodes to the input, 
so as soon as it reaches Vt.._ Well, blow me down! The 
diode is conducting again! 

What we have effectively done is to smarten up 
the transition from —V to +V. There is a little 
waveform distortion by virtue of an increased gradient 
over this region (Fig 4). Although it is common mode 
to both half waves, affecting both in the same manner 
(it adds a bit of area to both) and therefore represents 
an irreducible error, the result is much more precise 
that obtained by the passive rectifier. This is 
increasingly true as the AC swing approaches 2Vt. 
Below an AC swing of 2Vt, the passive rectifier will 
not work at all whereas, with suitably low-noise 
diodes, the active rectifier can deliver excellent results 

at AC RMS in the region of 1-10mV. 
It is important when choosing or designing a 

suitable op-amp for an active rectifier like this to go 
for a high open loop gain and a very fast settling time 
(the time taken for the output to stabilise at unity gain 
after an infinitely fast 10V step at the input, and a 
measure of the square wave distortion of the 
amplifier). 

You should, however, try to avoid a high slew 
rate. This is the rate at which the output is capable of 
changing, but is measured according to rather dif-
ferent criteria and is normally expressed in V/micro-
sec. Commercially available op-amps vary in slew rate 
from about 2V/microsec to 16000V/microsec. It is a 
common mistake to consider that settling time and 
slew rate vary in proportion, to yield a 'fast' op-amp 
or a slow one. For example, two Harris 'high-speed' 
op-amps, each excellent for their own applications, 
are the HA-2539 (slew rate 600V/ps_ec. settling time 
200ns) and HA-2541 (slew rate 300V/bsec. settling 
time 80ns). Both have an open loop gain in eic'ess 
of 25000 but the 2539 requires a gain of 10 or gr'Ja‘kr 
for stable operation, whereas the 2541 is happy at 
unity gain. I think it is obvious which of the two is more 
suited to the active rectifier (yes that's right, the 2541). 

With these quite modestly priced components, 
I have performed active rectification at up to 5MHz, 
with a resolution of about 1% down to a few mV. 

The problem which results from a high slew rate 
is overshoot. You should remember that the diode in 
our active rectifier does not turn on instantly. There 
is a brief period (dictated by such factors as junction 
capacitance and measured in nanoseconds) between 
the application of Vt and the diode starting to conduct. 
During this period, the op-amp is still working at open 
loop gain so its output is still shooting towards the 
relevant rail. By the time the loop is closed by diode 
conduction, the op-amp output voltage is in excess 
of Vt in proportion to the slew rate divided by the 
diode turn-on time. 

This results in an output waveform similar to 
Fig.5. The spurious bump adds area under the curve, 
thus distorting your results. You will never totally 
eliminate this effect and it is the limiting factor on the 
operating frequency of an active rectifier. When the 
diode turn-on time td (Fig.5) becomes significant 
compared with the half-period of the AC you are 
rectifying, the size of the bump begins to matter. The 
rectifier will totally fail when the signal half-period 
equals 2td (on the assumption that the diode turns 
off at about the same speed). Suitable choice of fast 
diode and low slew-rate plus fast settling op-amp 
minimise the introduced error. 
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Mike Barwise 
compares analogue 
meters with their 
digital counterparts in 
the second installment 
of this test gear series 
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Fig. 1 Valve voltmeter equivalent circuit 
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Fig. 2 Output of a perfect full-wave rectifier 
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Fig. 3 Output of a real device 
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Fig. 4 Improved performance with smoother 
transition points 
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Fig. 5 Output problems with high slew rate 
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Returning briefly to Fig.1, the mechanism of the 
full wave rectifier is worthy of description. In addition 
to the two diodes in the active rectifier feedback loop, 
resistors are needed in practice to isolate the outputs 
from the inverting input. This circuit is really a phase 
splitter. It has two outputs, one passing positive going 
half-cycles and the other the negative ones. Each of 
these outputs corresponds to that of a half-wave 
rectifier and the two are combined by the buffer op-
amp (acting as a summing amplifier) to provide a full 
wave rectified result. If you follow the circuit through, 
you will see that positive going half-cycles are applied 
to the buffer amp in non-inverting mode, and negative 
half-cycles in inverting mode. Inverted negative equals 
positive, so problem solved! The buffer amp input not 
used on any half-cycle is connected to the virtual earth 
at the rectifier amp inverting input via the relevant 
feedback resistor. 

The Digital Alternative 
Digital meters (to date) all work on the same principle 
— an analogue to digital converter drives a digital 
display. The crucial difference between digital and 
analogue meters is that the A to D measures voltage 
whereas the analogue (electromagnetic) meter 
measures current. It is possible to achieve input 
resistances in excess of 20M using modern MOS 
components, so the question of loadings on systems 
under test really does not arise (unless you are testing 
MOS circuits!). 

The A to D is normally preceded by a network 
of passive (and sometimes active) components to 

allow range and function switching. 
Until now, the normal choice of A to D converter 

has been the dual slope A to D. These are capable of 
extremely high resolution but are very slow. The 
device works in two operational phases. First a 
precision capacitor is charged by the incoming voltage. 
Secondly the capacitor is discharged at a constant 
current, while a counter runs. When the charge on 
the capacitor reaches a critical voltage, the counter is 
stopped and the counter output represents the input 
voltage. It is possible to resolve to five decimal digits 
(1 part in 105 or 0.001%) but it does take its time: 
three readings per second is about average. 

It will be interesting to see what happens now that 
high resolution flash A to D converters are appearing: 
the update rate problem may become a thing of the 
past. 

Analogue vs Digital 
Let us now put the analogue (ffwving coil) meter in 
the ring against digital (Ato D) meter. (Ten rounds or 
a knockout). What are the pros and cons of each in 
use. 

Age before beauty so let's look at the analogue 
first. The most important point about these (including 
the valve voltmeter) is that they read continuously. 
Given a good quality meter movement, an analogue 
meter will indicate transient events and will also be 
much quicker to use in the hands of an experienced 
engineer. The human brain finds it easier to quickly 
absorb spatial information (needle about halfway 
across the scale) than to absorb numeric information, 
which needs mental processing by the logical/sequen-
tial hemisphere before it means much. 

The reading resolution will suffer (most analogue 
meter movements resolve to about +1%) but there 
are many occasions where any more resolution than 
this is either superfluous or spurious due to the 
reliability of the equipment under test. A good TV or 
radio engineer can probe about your duff gear with 
an AVO8 or similar at high speed and come up with 
a fault diagnosis quicker than you could connect up 
a digital testbed, just by watching the needle and 
knowing what to expect. 

That is the crux of the matter. If you are 
examining the totally unknown, the analogue meter 
may well not have the resolution to provide valid 
answers, especially in modern research, where the 
activities of Thursday Afternoon Particles are pretty 
imperceptible anyway. 

The other area in which the basic analogue meter 
can let you down is when you are looking at high 
impedance circuits. 20k2 (50µA) seems fine until 
you examine CMOS which draws less than 11.i at its 
inputs_ It should also be considered that the meter 
exhibits a small inductance (there is a coil in it!) and 
the effect of this on the circuit under test should be 
taken into account. The basic analogue meter is thus 
best at examining conditions which are expected to 
change relatively slowly or are expected to be stable. 
It is excellent at demonstrating when such signals are 
not as expected. 

Now for the digital meters. Theoretically there is 
no limit to the resolution of the dual slope A to D used 
in a DVM. In practice, few DVMs read beyond 61/2  
digits — it is likely that more resolution would exceed 
the accuracy of the best gear you could build. So, full 
marks for detailed results. 

However, a rate of three to five readings per 
second almost guarantees to miss important short 
events so that instead of just the AVO 8, you now need 
a DVM and an oscilloscope for even basic testing. 
Input impedances are generally in the region of 20M, 
so for normal work loading of the circuit under test 
can be ignored. You will still have to take precautions 
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you take measurements around small signal FETs and 
CMOS. 

DVMs, AC And Other Features 
It should be considered when using the average DVM 
(say up to £300 and 31/2  digits) that the AC ranges 
are normally calibrated for frequencies up to about 
lkHz and errors will begin to creep in beyond this limit 
as the active rectifier will be running out of bandwidth. 
It is possible to obtain demodulator probes for DVMs. 
which allow working from about lkHz to beyond 
1MHz but their accuracy is much lower than the meter 
could deliver within its working range. 

It also becomes important to consider the effects 
of probe capacitance when taking measurements at 
high frequencies. If you apply any probe to a tuned 
circuit (Fig.6), you effectively add a capacitor to 
ground. This will tend to lower the resonant frequency 
of the circuit under test in proportion to the 
significance of the probe capacitance. Thus if the 
probe has a capacitance of 20pF, the tuned circuit 
capacitor must be 20nF or greater to meet our non-
invasion criterion of 10-3 (see last month). Tuned 
circuits with smaller capacitance will be proportionally 
lowered in operating frequency which, for a given 
amplitude, will transfer less energy. So once again a 
high measured voltage will be lower than actual, even 
when using a high impedance probe (so as not to 
drain power from the circuit). It is not possible to 
eliminate this phenomenon but it can be compensated 
- I will show you how later on. 

Many modern DVMs come with special extra 
features. These include high current ranges (up to 
10A), capacitance-measuring ranges and diode and 
transistor test functions. A quick look at the technical 
specification (with the help of a Japanese dictionary) 
will normally show that these features come nowhere 

near the basic ranges in terms of accuracy or precision 
even though their resolution is the same. They are 
useful extras for quick checking of components but 
in no way replace the specialist instruments for 
selection purposes. Their main use is in fault finding 
and repair work but they cannot be relied on when 
you are designing things like amplifier output stages 
and want supermatched transistors, or where you are 
selecting any other components to tight tolerance. 
Unfortunately, the specialist gear capable of this kind 
of testing costs a fortune. 

To sum up then, voltage probes with little lights 
and multimeters all have their main application in 
testing static or slowly changing conditions. With due 
regard for meter input characteristics, very high 
resolution may be obtained under static signal 
conditions using digital meters (DVMs), but analogue 
meters are much better at indicating transients (in 
skilled hands) and are quicker to read. They do, 
however, suffer from generally worse input charac-
teristics and lower resolution. 

A major advance in analogue meters is the 
amplifier meter valve voltmeter, which renders the 
input characteristics similar to those of the DVM and 
can improve resolution and range _by a couple of 
orders. In most cases, the meter probes (test prods, 
bits of wire) do not contribute significantly to artefact 
when using meters. If they do. the meter is probably 
the wrong tool for the job. However, as with all other 
gear to be discussed, you must ensure that the meter 
applies an insignificant load to the circuit under test. 
If something changes (say an oscillator stops) when 
you apply the test prods, think again. Maybe you need 
some other gear, such as an oscilloscope. 

If so, you had better place your order for next 
month's ETI and the third installment of this test gear 
series. 

10 METER 

Fig. 6 Applying a ?robe to 
a tuned circuit 
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Component Solutions Ltd.  0782 287038 
Unit 62, Enterprise Centre, Bedford Road 
Stoke-on-Trent, Staffordshire 

MICROPROCESSORS 
Z80A CPU  1.10 
80085  2.50 
6502  3.20 
8031  2.00 
80C31  3.50 
68000P8  5.88 

Z80 
P1O/S10/CTC  .80 
8155  2.20 
82C12  2.20 
82C51  2.25 
82C55  2.20 

GOOD STOCKS ON ALL 
ADVERTISED LINES, 
SHIPMENTS BY 
RETURN 

ALL NEW PRODUCTS 

'answering your component problems' 

27080 
2716 
2764  1.60 
27C64  2.60 
27C128  2.75 
27127 PULLS  1.10 

MEMORY 
2.70  27C256 
3.20  27512 

6116 
62256 
41256 
PAL10L8 
PAL.12L10 

4.00 
4.00 
2.00 
14.00 
4.50 
2.25 
2.50 

BARGAINS OF THE MONTH 
Z80A CMOS 

HD63A03 

81055 

1.60 

1.80 

1.50 

D8749  3.50 

6264 SR  2.50 

27C32(P)  1.10 

ALL TRANSACTIONS CWO, 
P&P 75p + VAT 15% 

FULL PRICE LIST £1 PER COPY 
ACCESS/VISA BY 
ARRANGEMENT 

5% DISCOUNT ON ALL ORDERS 
ABOVE £20 

COMMODITY PRODUCTS TO CLEAR 
74LS - 10/1251132/373/273/153/191/193 - .12 each 

243/158/175/01/73/151 

78L08 - .10, 7812 - .10, 79L05/79L05/7905 - .14, 6N136'138/139 - .25, 
8 & 12 MHz Crystals HC18U - .20, MC 34018P - .60 

4008/4012/4040/4066/4512/4556 - .08 each 
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Wizard Kit-Packs 
THIS MONTH'S WIZARDRY 
100 Linotronix 'The Lights Fantastic' RL4850 5mm Red LEDs at   £8.50 

GEC STEREO CASSETTE UNIT 
Record/Playback. Dolby. Speed 4.75cm (19h in)per sec_ 40-12, 500Hz. Twin VU meters. With 
service manual. Brand new!   Price £12.00 or 2 Sor £20.00 p&p £3.00 

WIZARD PSU KIT 
13.8volts dc at up to 10amps. Contents of the kit.1 off main PCB. 1 off 12v dc fan. 1 off 15V 
Zener. 1 oft 25 amp bridge rectifier. 2 off 10,000 uF electrolytic, 1 off 100 ohms whv resistor. 
2 off capacitor clips. 2 off fuse holders. 1 off mains transformer. 1 Off mains filter. loft mains 
switch. 1 off heatsink. 1 off set of data sheets.   Price £25.76 

IN THE WIZARD'S DEN 
We have, from time to time, the following new and sffistock: Printers, Monitors (Mono/Colour), 
PSUs Valve Amps, Lots of odds and ends, 

MORE DATA - Send a 19p Stamp for Latest List. 
Ring the Wizard on 0225 706886 Fax 0225 708594 for more information ors Visit to the works. 

PAYMENT 
Access, Cheque. PO and Cash. Post and packing on components £15001 £1.00 for orders 
over £20.00, Please add VAT to total. 

M ERLIN SYSTE MS 
Merlin Way, Bowerhill Trg Est, Melksha m, Wiltshire SN12 6TJ 

19" RACK CASES 
* Suitable lor instruments, high quatity amplifiers and many other applications that demand strength and 
professionat finish * Nevomprovedcontetructionand finish * Blackanocksedalurninium front panels * Separate 
front rneunting plate, no1 hang screwsvisibleonthetront aridthesideolthe enclosure * Heavygauge front panel 
isof brushed aluminium finish enhanced with tvroprofessional handles ir With ventilation slits and Mastic feel 
* Rear box manufactured from 1.1mm steel finished i n black. Rac/c mounting or freestanding Corn e s in quick 
assembly sal package. 

Panel Size Rear Box Price 
Order Code w  (inch)  £ Weight 
U101  19x175 17 x 1.5 x 10 2.4kg  26.95 
U103  19x5,29 17 x 5.0 x 10 3.5kg  29.95 

19x3.5  17x3,0x12 3.3kg  £29.75 
U312  19x5.25  1745.0 x12 4.04  £31.95 
U412  1947.0  17x65x12 4.6kg  £34.95 

Please add caw P&P for the first item and £1.50 for each additional itero 
Please add VAT to above prices. Overseas orders webtorne. 

CRICKLE WOOD ELECTRONICS LTD 
40 CRICKELWOOD BROADWAY, LONDON NW2 3ET 

Tel: 01-452 0161  Fax: 01-208 1441 

S OLE UK DISTRIBUTORS 

SURVEILLANCE 
PROFESSIONAL « AL M KITS 

A range of high quality kits as supplied to leading UK security companies, ad in-house designed 
and produced, not to be confused with cheap imports. All kits come fully documented with 
concise assembly and setting-up details, fibreglass PCB and all components. All transmitters 
are fully tuneable and can be monitored on a normal VHF radio Or tuned higher for greater 
security. Build-up service available if required. 

MTX Micro-miniature audio transmitter. 17mm x 17mm. 9V operation. 1000n1 range £12.95 

VT500 Hi-power audio transmitter. 250MW («put. 20mm x 40mm. 9-12V operation. 2-3000n1 
range   £15.95 

VOX75 Voice activated transmitter. Variable sensitivity. 30mm X 40mm. 9V operation. 1000vn 
range   £18.95 

CTX900 Sub-carrier scrambled audio tansmitter. Cannot be monitored without decoder fitted 
to radio. 30mm X 4011m. 9V operation. 1000m range   £21.95 
DSX900 Sub-carrier decoder unit for monitoring CTX 900_ Connects to radio earphone socket. 
Provides output for headptiones. 35mm X 50inm. 9-12V operation   £21.95 
HVX400 Mains powered audio transmitter. Connects directly to 240v AC supply. 30mm x 35 
mm. 500m range   £18.95 
XT89 Crystal controlled audio transmitter. High performance. 103mW output. Supplied wilh 
xtal for 108MHz. Others available to 116MHz. 85mm X 28mm. 9V operation. 2-3000m 
range   £36.95 

TY.X900 Tracker/Bleeper transmitter. Transmits continuous stream of audio pulses Variable 
tone and rate. Powerful200mW output. 63mm x 25mm, 9V operation. 2-3060m range £21.95 
ATR2 Micro size telephone recording interface. Connects between telephone lines(anywhere) 
and cassette recorder. Tape switches automatically with use of phone. All conversations 
recorded. Powered from line. 10mm x 35mm    £12.95 

TLX700 Micro miniature telephone transmitter. Connects to line (anywhere) switches on and 
off with phone use. All conversations Iransmined 20mm x 20mm. Powered from line. 1000m 
range   £12.95 

XML900 RF bug detector. Variable sensitivity. Triggers LED and bleeper When in presence of 
RF field. Detects MTX 15-20 feel 55mm X 55mm. 9V operation   £25.95 

XL7000 Professional bug detector/locator. Variable sensitivity. Twin mode ten segment LED 
readout of signal strength with variable rate bleeper. Second mode AUDIO CONFIRM 
distinguishes between localised bug transmission and normal legitimate signal such as pagers. 
cellular etc. 70mm X 100mM. 9V operation   £54.95 

UK customers please send cheques. PO's or registered cash. Please add £1.50 per order for 
P&P. Goods despatched ASAP allowing for cheque clearance. Overseas customers send 
sterling bank draft or Eurocheque and add £5.00 per order for shipment. Credit card orders 
accepted On 0827 714476. Full catalogue avertable on receipt of 28p stamp. Trade enquiries 
welcome. 

DESIGNS . 

THE WORKSHOPS 
95 MAlN RD, BAXTERLEY 
NR ATHERSTONE 
wARK S 0V9 2LE 9527 714476 

METEX 8/ TEST LAB INSTRUMENTS 

YOU PAY 
TRADE PRICES! 

31/2 AND  41/2  DIGIT Drnms 
ALL WITH CONTINUITY TEST (* 

PRO SERIES IVIETEX 
31,1 & 4k DIGIT 
All With Case. 20A AC/DC 
17mm Display (3800 12mm) 
3800 32 Range 0.5% (+) 
3610 30 Range 0.3% (*) 
3530 30 Range 0.3% (•••) 
3650 30 Range 0.3% (aun) 
36506 as 3650 with Bargraph 
463064(4 Digit 30 Range Data 
Hold 0.00% (-) 
4650 as 4630 Plus 2 Freq. Ranges 

With Capacitance + With Hie O With Freq.) 
STANDARD SERIES 
31h DIGIT 12 mm DISPLAYS 
23158 17 Range 10 ADC 
23188 23 Range 10ADC (•) 

£30.66 2335 31 Range 10A AC/DC (*) 

£3886 232532 Range 10A AC/DC (•-•) 
£45:90 235532 Range 10A AC/DC (....) 
£50.90 2365 38 Range 10A AC/DC (•.°) 
£67.60  Plus Logic Probe 

£5g.68  Also Metex M80 21mm Display 
£72.36 324 Melt Autorange. Oatahold  £59.92 

£19.45 
£22.78 
£25.25 
£29.40 
£33.25 
£36.00 

TEST INSTRUMENTS 
3000 LCR AC Bridge  £103.20 
M3002A AC Millivolt Meter 1MHZ 
2020 500 KHZ Function Generator  £96.50 
416280 150 MHZ Fr Gen. Plus 6 Digit 
Counter  £172.86 
260380 1 MHZ At Gen. plus 6 Digit 
Counter  £166.16 
10200150 MHZ Rf Gen. 
(350 MHZ Harmonic)  £80.00 

1'E220 1 MHZ Audio Generator  £87.00 
3300 Autorange Digital Cap. Meter  £54.00 
61110 Signal Tracer/Injector  £52.30 
5250 150 MHZ 7 Digit Frequency 
Counter  £64.50 
OST5M 5 MHZ Bench Scope  £166.00 
243 0/24V 0I3A Variable PSU £52.13 
245 0/24V 015A Variable PSU £65.50 
154 4/15V 0I4A Variable PSU £37.39 

"POCKET" TEST INSTRUMENTS 
F20 Dual Scale Sound Level Meter 
120dB  £33.87 
225V VHS Video Head Tester  £30.39 
1065 Digital Lux Meter -3 Ranges  £148.00 
07 Logic Probe £6.10 
M625 Logic Probe/ Pulser • £14.74 
300/310 AC Clamp Meter 600A/300V! 
flesiS  £33.50 
M265 Add on AC Clamp Probe 
for Dmm's  £16.48 
501 Electronic Insulation Tester 500V £53.00 
504 Electronic Insulation Tester 1000V £65.00 
K0M6 IR Dip Meter 1.5 to 250 MHZ  £45.02 
I É152 LCD Temperature & data hold  £35.50 

392K LCD Temperature Two 1/P  £34,74 
390010 LCD Dmm With Dwell And 
Tach Ranges  £49.58 
0150 LCD 8 Range Capacitance Meter £34.84 
6060 LCD Digital True Power Meter 
6KW 19  £54.00 
21)7019 Range Multimeter 10ADC • 
6:122  £11.35 
2WOET 27 Range 10A AC/DC. Cap. 
Hie Temp. Buzz  £35.30 
5050E 41 Range FET mm •  £25.33 
0M5 Wallet A utOran ge Om m'  £16.69 
YF120 Pen Type Autorange Drum  £32.70 
850 Mains Phase Tester  -  £21.20 
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AUDIO-ELECTRONICS ARE 
INSTRUMENT DISTRIBUTORS FOR 
HAMEG • FLIGHT • BLACKSTAR 
• ALTAI • THURLBY • THANDAR 
• CROTECH • LEADER AND HITACHI 
PHONE FOR BEST PRICES. 

TELEPHONE YOUR ORDER WITH VISA/ACCESS 
OPEN 6 DAYS A WEEK FOR CALLERS 

AUDIO ELECTROrlIC5 
301 Edgware Road. London W2 1BN 
Tel: 01-724 3554 Fax: 01-724 0322 
Sales office 01-258 1831 

TRADE/EDUCATION ORDERS ACCEPTED. 

ADD 15. VAT 
(11K ONLY 

INSTRumr ., 
CA TA owe r 
WITH 

DIScouNT  
VeiCHERs 
REF TO 
send AA sA etool? £1.2.00  

CA TZLIOLL E 

EDUCATION AND QUANTITY PRICES AVAILABLE 
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A
favourite target for any snooper, whether 
'official' (police, government agencies 
and soon) or freelance, is the telephone. 
Not only is it a concentrated channel of 
information, with a high gen-to-chat 

ratio, but it also avoids many of the problems 
associated with room bugs. One of the golden rules 
for using any kind of bugging device is to get the 
microphone as close as possible to the mouth of the 
buggee. Some commercial devices may claim to pick 
up a whisper at twenty feet. Who knows, in a 
soundproof room with a very loud whisper they might 
just make it. Whether you can actually make out what 
the whisperer is saying is another matter altogether. 
With a telephone, the information provider is 
thoughtful enough to speak directly into the micro-
phone. What could be better? 

Then there's the matter of planting the bug_ 
Everything is made easy here too. All you need is 
access to the wires somewhere between the phone 
and the exchange_ Ah! There they are strung between 
building and pole in the street outside. How handy. 
Most of the time the snooper won't even need access 
to the premises. 

Now for the equipment. Because of the highly 
sophisticated nature of the modern telephone 
network, the installation of the a tap is a very tricky 
business indeed. It will take a capacitor, a pair of high 
impedance headphones, anything up to two crocodile 
clips and at least twelve seconds of concentrated 
effort, If you can't work it out for yourself. Fig.1 shows 
how it's done. If you connect up while the telephone 
is in use it will cause no end of pops and clicks. You 
may hear something like this: 
— This line's very noisy. Do you think someone's 
tapping the phone? 
— Don't be silly. Modern phone taps are undetectable. 
It's when the line's quiet you want to start worrying! 
Both laugh. Then exit, pursued by bear. 

It can be a little inconvenient, not to say 
uncomfortable, to sit up a telegraph pole for hours on 
end. Not that easy to explain either. (It's ... urn .. a 
sponsored pole-perch for charity, officer. The head-
phones? Urn... on-pole entertainment system...) 

One alternative to hanging around waiting for the 
phone to ring is to connect up a tape recorder_ Now 
we come to the really sophisticated electronics: since 
it's wasteful of tape to run the recorder continuously, 
it's useful to switch it on only when the phone is being 
used. Voice operated switches? Why bother. A relay 
will do the trick (Fig.lb). On the subject of tape 
recorders, most suppliers of surveillance equipment 
will stock ones that run at half or a quarter 'of the 
normal speed to cram several hours of recording into 
a standard cassette tape. The results won't be hi-fi, but 
perfectly good for intelligible voice recordings. 

The next step up is to use some kind of radio bug. 
In the days not so long ago when BT's standard issue 
telephone was that wedge-of-cheese shaped affair 
with a dial on the front, a favourite bugging device 
used to be the d̀rop-in' mike. The handset micro-

TELEPHONE LINES 
CAPACITOR 

100n 

CROCODILE 
CUPS 

I.) 

HEADPHONES 

Fig. 1(a) Less than complicated telephone 
tapping apparatus 

TELEPHONE LINES 

RELAY 

COIL  SWI TH 

11 I 

TO 
TAPE 
MOTOR 

(b) adding a relay saves wasting tape 

phone was a carbon granule device, quite bulky but 
easy to remove: unscrew the mouthpiece, slip off a 
pair wires from their terminals and it's out. The crafty 
buggers found a much better use for all that space than 
filling it with carbon granulés. Buying microphones 
from the very same people who supplied ST, they - 
would empty out the granules, put in a much smaller 
mike and a small radio transmitter, then seal the whole 
thing back together again.' 

Installing the bug couldn't have been easier: pop 
out the telephone mike, put in the doctored one and 
screw the mouthpiece back on. Thirty seconds if you 
take your time about it. The telephone would work 
as normal and quite a thorough inspection by 
someone who'd never heard of d̀rop-in' would show 
nothing at all wrong. Of course, everyone in the trade 
knew about them — it's estimated that the numbers 
made around the world ran into millions, so they were 
not uncommon! Still used for bugging public 
telephones, but not much good for the wide variety 
of office and home phones now in use. 

Also very common and readily available are a 
variety of bugs which connect either in series with one 
telephone wire, or in parallel across the two. The series 
bug has the advantage of only transmitting when the 
telephone is used: the parallel one transmits continu-
ously in its crudest form (and most commercial bugs 
are pretty crude) but can be a little more difficult to 
detect by simple voltage measurements. Let's face it. 
It would be a trivial matter to design a bug that is both 
triggered by use of the phone and virtually impossible 
to detect by voltage measurements, but since almost 
nobody takes seriously the idea that they may be a 

I l 

LO 
3: Towing 
The Line 

Paul Chappell 
continues our 
surveillance series and 
turns to the telephone 
system 

I We must remind readers that connection 
of unauthorised equipmentto a public (or 
indeed private) system is illegal andcould 
lead to prosecution. 
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Fig. 2(a) A series bug  (b) parallel bug 
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as a modulation of the bug's power supply. so arrange 
the input accordingly. 

The most exotic of the commonly used listening 
devices is the Infinity transmitter', so called because 
once the bug is installed, the victim can be snooped 
on from anywhere in the world. Anywhere his phone 
can be reached by direct dialling, that is. That is what 
you do: dial up the victim's number and hold your little 
back mystery box close to the mouthpiece. In the 
simplest versions, the mystery box just sends a tone 
down the line which is picked up by a frequency 
selective circuit inside the bug. The mystery box 
activates the infinity transmitter, which you previously 
attached to the victim's phone. Once activated, the 
transmitter prevents the phone from ringing, and 
instead sends down the line any sounds picked up by 
the victim's telephone, or by the bug's own internal 
microphone. 

This is how it works. On receiving the activating 
tone, the transmitter passes enough current between 
the two lines to fool BT's equipment into thinking that 
the phone has been answered, so the ringing tone is 
cancelled and the line is opened. Once connection 
is made, all the bug has to do is to modulate the line 
voltage in just the way the telephone itself would. Not 
very difficult. The victim is entirely unaware of 
anything happening and, with a hookswitch defeat 
installed, it could be his own telephone acting as a 
microphone for the transmitter. The bug will 
automatically cut out if the handset of the victim's 
phone is lifted, allowing it to be used normally. 
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Fig. 3 The exotic stuff — an infinity transmitter 

suitable target (do you think you are, for instance?) 
and therefore won't be checking, why bother with 
anything complicated? 

Figure 2 shows an example of a series bug and 
a parallel one. I don't vouch for either of these circuits 
— they are lifted from an American pseudo-under-
ground publication from the same bunch who 
produced the infamous and very nasty Anarchist 
Cookbook. With the aid of a bridge rectifier, resistor 
and choke, any of last month's bug circuits can be 
converted for series operation — the signal appears 

Figure 3 shows an example of an infinity 
transmitter circuit. Once again, it's a borrowed' design. 
and doesn't look entirely kosher as it stands. To be 
brutal about it, it's a bodge-it-and-see design, and 
reeks of self-taught experimenter. But then you can 
pay serious money for commercial circuits that aren't 
a lot better. Make of it what you will: it at least 
demonstrates the principle. 

A quick run through the circuit. The transformer 
picks the activating tone from the telephone line. Q1 
and Q2 amplify it from whence it pops into a tuned 
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selected. C2 charges up through DI when the tone 
is around, causing Q3 to yank downwards on the base 
of Q4. thereby allowing Q5 to conduct and hold on 
by way of Rl. This keeps the base of Q4 low. 

The zener unlatches Q4.5 if the line voltage 
should drop on account of the phone being used by 
the victim. Q6 onwards amplifies up the signal from 
the mike, applying it eventually to Q9 which varies 
the current drawn between the phone lines, modu-
lating it in much the same way as a carbon mike 
would. 

The purpose of the Q4, 5 latch is. in a round 
about way, to shut off Q9. When the bug is inactive, 
Q5 will not be conducting and extra current will 
be supplied to the base of Q7 via R2. R3 and D2. 
This should cause Q7 to pull down on the base of 
Q8. hopefully enough to cut out the current through 
Q9. and thus most of the loading on the telephone 
line. When the latch is activated. Q5 conducts and 
sinks all the current that R3 and D2 were diverting to 
Q7. D2 prevents it from sinking Q7's normal bias 
current (derived from the emitter of Q9) into the 
bargain. 

Much simpler than the infinity transmitter, and 
used in much the same way, is the hookswitch defeat. 
When you 'hang up' the telephone, a switch discon-
nects the handset ... unless. that is, somebody has 
doctored the phone. The simplest method is just to 
wire a resistor across the switch. In use you phone the 
victim, apologise for having called up the wrong 
number, let him hang up but keep your own phone 
off the hook to hold open the connection. Then you 
listen in. The sound level won't be very high, so you 
may need an amplifier. 

The difficulty with a plain hookswitch is that you 
need access to the telephone itself and enough time 

to dismantle 'e Il. There's als o the possionay rnal an 
innocent caller may be slow to hang up and find 
himself accidentally eavesdropping. A bit of a 
giveaway. Hookswitch defeats are easy to spot by 
anyone familiar with the insides of a telephone, but 
can often be overlooked in inspection by a suspicious 
buggee since, unlike infinity transmitters and the like. 
it could easily be part of the workings of the phone. 

Take the idea of 'looking as if it belongs' to its 
conclusion and you have the 'lost' transmitter. What 
you do is to find a large-ish component in the 
telephone (or typewriter, calculator, or whatever) 
which itself uses any signals you need access to. You 
then rush home to your garden shed and knock up 
a device which not only does what this component 
does. but contains a transmitter too. You package it 
to look exactly like the component you're replacing. 
Then you pop back one night and swap the two 
around. Anyone inspecting the phone or whatever 
will find it contains exactly the components it should 
— no more and no less. The transmitter is really and 
truly lost. 

This really is big league stuff — the kind of trick 
employees of rival governments like to play on each 
other. Not the kind of thing you will personally come 
across unless you have access to very valuable infor-
mation indeed. There's an American company called 
Fox which could be persuaded to come up with the 
goodies if you approach them in the right way and 
have the funds. They're in the phone book. 

That's all I'm going to say about telephone 
tapping, until we come on to the subject of de-lousing 
your own house, car, office and phone. Do bear in 
mind that BT are very touchy about having alien 
equipment connected to their lines, even if it's just a 
capacitor and headphones. And stay away from my 
phone, if you don't mind. ETI 
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D
ynamic RAMs are about one quarter 
the cost of static RAMs. They are also 
some of the most difficult common ICs 
to interface. The datasheets assume 
that you already know how to use the 

devices and all you need is timing information. With 
me that was certainly not the case and so I devised 
an experiment to try to find the answer. The circuit 
to be described here provides a general purpose 
interface for the devices. Firstly, it is worth looking 
DRAMs more closely. 

The problems fall into two categories. Firstly there 
is the problem of ensuring the devices are refreshed 
with sufficient frequency. This can be done simply by 
accessing them. It only becomes a problem when 
battery backup for memory is required because this 
would normally involve the system clock stopping and 
the processor not accessing the memory. For this 
reason, static RAM systems are normally used for 
battery backup. 

The second problem is much more serious. The 
dynamic devices use multiplexed addressing — 
otherwise a 50256 (256K) would need log 2262144 
= 18 address lines. This would make the devices large 
and so would increase the area of PCB required for 
memory. 

As it is, the devices use a multiplexed system with 
two lines. CAS and RAS (Column Address 
Strobe and Row Address Strobe) to tell the device 
which nine bits AO to A8 are referring to. If this did 
not make it complex enough, the order in which CAS  
and TIAS go low affects the operation of the 
device. In fact RAS must go first. If CAS goes 
low first, the device will only be refreshed and no 
memory access will take place. A list of steps that must 
be followed for each access of the devices may make 
this clearer: 
i) First address word is placed on address bus. 
ii) RAS goes low. 
iii) Second word is placed on bus. 
iv) CAS goes low. 
vi CAS and RAS go high. 
vi) Valid data appears at the output, or write occurs 
if R/W is low. 

During the read or write cycle described above, 
R/W Must be held at the correct potential for reading 
or writing as appropriate and the D, line must show 
the data to be written into the device, unless you are 
reading. The whole cycle must take less than a certain 
time which is dependant on the device being used. 
It is frequently about 20s. Obviously no micro-
processor will access memory this slowly, and so it 
only becomes a problem if you are providing a 
separate oscillator. 

If all this sounds very complex, it is not necessary 
to understand exactly how the devices work to make 
use of the circuit in Fig.l. As it stands, the circuit allows 
you to write into a DRAM using 16 DIP switches to 
control the address and two more to control Din and 
R / W 

The Output appears at an LED during a read 
cycle. It is obviously quite pointless to build the circuit 
as it stands — it doesn't serve any purpose. It is quite 
easy to adapt and if you wanted to, it could provide 
a silicon disc for your home computer. 

The centre of the circuit is a counter which counts 
up to four in its two LSBs (Lowest Significant Bits). 
These are then used to drive the other parts of the 
circuit. There are four of these — CAS, FT-A3 and 
the enable lines. The enable lines control two tristate 
buffers which are used to load the column and row 
addresses onto the bus at the correct time. In fact the 
buffers are bus exchangers and could be made to 
move data the other way (just in case anyone has a 
datasheet!), and are used as tristate buffers because 
they are 20p cheaper than the genuine article. A look 
at the truth table below for driving the circuit allows 
the appropriate logic to be placed between the counter 
and the RAM. 

Counter outputs RAS CAS  Row address  Col address 
Bit 0 Bit 1  enable  enable 
0  0  1  1  Selected  Deselected 
0  1  0  1  Selected  Deselected 
1  0  0  1  Deselected  Selected 
1  1  0  0  Deselected  Selected 
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It does not m atter w hich enable line goes to ro w 

address or colu mn address. This is because the device 

is sy m metrical. Producing the enable outputs is si mply 

a case of driving one fro m bit 1 and the other fro m 

bit 1 through an inverter. You will see that C AS is  

produced by N A N Ding the two bits together and R AS 

by N O Ring the m. It is therefore no w possible to 

produce a co mplete circuit for driving D R A Ms. 

This circuit is co mplex (to say the least) and is just 

w hat you don't need when you are trying to get your 

latest creation to w ork. To atte mpt to fill the gap 

bet ween dyna mic and static, a ne w breed of devices 

has recently arrived on the scene - the pseudo-static 

R A M. These still need accessing frequently to refresh 

the m, unless C S is held high and O T lo w, in w hich 

case they go into a standby state in w hich they do not 

need refreshing. They do not nor mally have m ulti-

plexed addressing, so they can be used al most as static 

devices. 

The snag? H ardly anyone sells the m. To order, 

m ost sales are to people w ho buy direct fro m the 

m anufacturer, w hich w ould be alright as long as you 

wanted a fe w thousand . . . 

There is no w a 32K static R A M as well - the 

H M62256. This offers the equivalent of the B B C 

Micro's entire R A M on a single chip (the B B C B used 

16 16 K bit devices). Finally, to the right is a co m-

parison of the prices of the three types. These are 

prices quoted by Hitachi, and are subject to change 

on an al most daily basis. Single devices will be sold, 

but only to people with an account. 

They are also stocked by Fa me11 (tel: (0532) 

636311 account holders only) and Trilogic (Tel: 

(0274) 691115). 
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Device  Access lime Types Approx Price per single device 
HM50256P  120 no  Dynamic  £5.60 
HM65256BP  120 no  Pseudo-s  £8.20 
HM62256P  120 no  Static  £11.80 
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With a HART KIT you have direct areeSe to the friendly HART service you 
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in knowledge, giving you guided hands-on experience of modem electronic 
techiniquee. 
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AUDIO DESIGN 80 WATT POWER AMPLIFIER 

This tantaslic amplifier is the flagship d our range, and the ideal powerhouse 
Ion your ultimate le-h system. Featured on the feint cover of the May issue of 
!Electicnics Today Inierneiond this complete stereo power amplifier offers Wore 
Class performance milts the option ola stereo LED power meter and a versatile 
passive fiord end giving switched inputs, volume and balanceoznects. Tape. CD 
players. or indeed any 'liai' input may therefore be directly connected to bypass 
tone controls or give a stand-alone facility. The amplifier can also be supplied 
in 'ewe and 'rneectiod versions witticut the passne input stage and purser melet 
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the same mostei dances as the amplifer. The power supply, using a toroidal 
transteret is in lade complete modulo contained within a heavy gauge aluminium 
chassisfhealsink and fined with I Ee mare input and coput edges& All the circuilry 
nona proper printed circuit with kw-resistance blade connectors for the six 
stabilised DC outputs. HART KITS don't leave you to fasten uteri capacitors to 
the floor of the main chassis and wire the power supply the hard way! Remember 
with a HART KIT you gel the performance you ware at Me price quoted through 
proper engineering design and the right cemponents. We do not insult your 
intelligence by tottering a kit at what seems a fair price no then tell you that you 
have to spend three times as much to get an upgraded model! 
K/100 Complete Stereo Amplifier Ka with LED Poner Meter and 3-input Passive 
Stage. Total Cast at all pans is £41588. 
Our Demount Price for the Complete Kit  £385.98 
K1100S Stereo Slave Version, with plaln Froid Mete  £309.43 
ellOOM Monobloc' mono version, with plain Freer Plate  £224.10 
RLH10 Rephms of latest 'Audio Design Amplifier' articles   £2.70 
K1100CM HART Construction Manual with  tut parts lists ............  £450 
Reprints and construction manual' can be perch ased separatefr and their cost 
credited against subsequent kit purchaSe. 
All mrs,ons are supplied eve dual pninary mains eansionsess for use on ZYY240v kan 110/115v mains. Monobloc price does not include the construction manual. ilt  
SPECIAL OFFER until the end of Nozember the K1I00 kit -will be supplied with 
the sein ALPS low noise precision pets at NO EXTRA CHARGE. 

LINSLEY.F1000 400 SERIES SUPER HIGH QUALITY 
AM/FM TUNER SYSTEM 

This is the ideal compulsen tuner to the 80W Audio Design Amplifier in 
any ultimate hr-ti system with case size, front plate layout and even control 
pitches unified for stacking. Like the 80W Audio Design Amplifier this is 
your route to £K+ performance tor a few tenths of the cost! Two designs 
by John Linsley Hood make up this combinatiort albis ultra high quality 
FM tuner and stereo decoder described in "Electronics Today 
International" and the Synchrodyme AM receiver described in 'Wireless 
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a tuner which sounds bener than the bee of the high-priced exotica but, 
thanks to HART engineering, remains very easy to build and set up The 
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possible results earn Long and Medium wave channels, so necessary 
theee days of split programming. It you want the very best in real Heei 

listening then this is the tuner for you. Since all components are selected 
by the designer to give the very best sound this tuner is not cheap, but 
in terms at its sheer sound quality it isincrediblevalue for money. To cater 
for all needs AM only and FM only versione are available as well as lise 
full AWFM mcdel. with any unit being upgradable at anytime. For further 
details see our full illustrated lies. 

K400FPJ FM Only Version, total cost ot all parts is £211.90 

Our special Discount Price tor complete Kit Only   £169.52 

K400AM/FM Full AM/FM version, Discount Price tor 
complete Kit  £249.08 

ALPS PRECISION LOW-NOISE STEREO POTS 

Square type range of famous precision audio pots all in 2-gang stereo 
format, with 20mm long 6mm dia. steel shahs. These are the smooch 
rotation type with no indents. 

Now you can throw out those noisy ill-matched carbon pots and replace 
with these, their improved track matching giving better tonal balance 
between channels and rock solid image stability. 

Values available are 10K and 100K Log, 1001< lin and 10K Special Balance 
(Zero loss in centre position). 

2-Gang Lin  £6.30 
2.Gang Log  £7.20 

2-Gang Special Balance, zero crosstalk and zero centre loss  £7.80 

Our Autumn '89 list gives full details at all our kits as well as our range 
of components, connecting leads, cassette decks and seasonal 
special offers. Write or telephone for your FREE COpy 

HIGH DUALITY REPLACEMENT CASSETTE HEADS 

Do your rapes lack treble? A worn head could be the problem. Fining one 
of our replacement heads could restore pedormance to better than new! 
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SM1e6 2/2 AC Erase Head, Standard Mount   £12.60 
HS9510 2/4 Stereo DC Erase Head   £8.70 
110751E 4/4 AC Erase Head, backs compatible with 110551 £57.08 
We can supply card reader heads for OEMs at very keen prices. 
REEL TO REEL HEADS 
999R 214 Record/Play 110mH. Suds Stuart Tape Circuits .. £13.34 
998E 2f4 Erase Head 1mH. Universal Mount Suits Stuart   £11.96 

TAPE RECORDER CARE PRODUCTS 
HART Tel TEST CASSETTE Our famous triple purpose tee cassette. 
Sets tape azimuth. VU level and lape speed   £5.36 
DEMI Mains Powered Tape Head Demagnetiser, prevents noise on 
playback duets residual head magnetisation   £4.08 
DEM115 Electronic, Cassette Type, demagnetiser    £8.61 

Our new AUTUMN '89 List is FREE. Send for your copy now. Overseas 
customers welcome, please send 2 IRCs to caver surface post. or 5 for 
Airmail. 
We accept Access/Masterchange orders by phone or post from Inland 
Or Overseas. Visa lac:Idles soon. 
Please add pan cost of carriage and insurance as follows: 
INLAND: Orders unto £20 - £1; Orders mer 020 -£250; Neel day- es 
OVERSEAS: Please see the ordering 
information with our lists. 
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THE GOOD IC GUIDE 

Taking the spotlight 
this month is the 
TEA5570 AM/FM 
radio IC. Paul Chappell 
adjusts the fine tuning. 
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or knocking together a cheap and cheerful 
pocket tranny, the ZN414 radio IC has 
long been a favourite with electronics 
enthusiasts. With little more than the IC, 
a ferrite rod aerial, a tuning cap and a 

resistor, you end up with a circuit which will pull in 
most of the MW broadcast stations and give enough 
power to drive a crystal earpiece without any further 
amplification at all. The ZN416, much the same as the 
ZN414 with the addition of an output buffer, will drive 
an earpiece with ease and might just about manage 
an 80R loudspeaker. 

With so much available for so little effort. I'm 
going to have to make a very good case indeed to 
convert you to the TEA5570. Although it's not an 
expensive IC (it actually costs a little less than the 
ZN416 from most suppliers), a look at the basic MW 
receiver circuit of Fig. la shows that it needs rather 
more external components. The reason is that the 
TEA5570 works on the superheterodyne ('superhets) 
principle, whereas the Ferranti [Cs are TRF (tuned 
radio frequency) circuits. So what difference does it 
make? Let me explain. 

TRF Versus Superhet 
A circuit which shows just how simple an AM receiver 
can be is shown in Fig. la. It's an up-to-date version 
of a crystal set. It contains all the essential ingredients 
of a TRF receiver except for amplification. The wave-
forms of Fig. lb show how the audio signal is allowed 
to hitch a ride on the RF carrier and how the circuit 
of Fig. la removes it at the other end of its journey. 
Apart from amplification, the only other addition you'll 
find in a ZN414 is a means of varying the amount of 
amplification so that it's cut back on strong signals and 
cranked up to maximum on weak signals. This is 
called AGC (automatic gain control). 

The limitation of a TRF circuit (amplification and 
AGC or no), is that it only has one tuned circuit, which 
makes it difficult to pick out individual stations on a 
crowded band. The worst situation of all is where 

you're trying to listen to a weak station and there's a 
powerful one broadcasting in the next slot along the 
band. The TRF receiver doesn't stand a chance, 
whereas the superhet can usually give you the station 
you want. 

This needs a bit more explanation. Take a look 
at Fig. lc. The two vertical lines respresent the 
frequencies (on the horizontal scale) and amplitudes 
(vertical) of the RF carriers of two adjacent radio 
stations. On the same diagram are the frequency 
response curves of various tuned circuits you might 
build into your radio receiver. By varying the 
components and the damping of the circuit, you can 
have whichever of these curves you reckon will give 
the best results. The tuning can be as peaky or as 
broad as you like. Now, it seems that to separate the 
two adjacent transmissions all you have to do is to 
make the tuning as sharp as possible: you'd go for 
curve 3. Sad to say, this won't do at all. This is where 
things start to get complicated, so take a deep breath 
before going on. 

In Fig. 2a I'm putting various tuned circuits to the 
test. All three look the same, but because of the 
components I've chosen for each circuit, the first gives 
the broad tuning of curve lin Fig. lc, the second gives 
curve 2 and the third gives the sharp tuning of curve 
3. This is, let's say, because of the different wire 
resistances in the three coils. To help with the test, the 
BBC have kindly loaned one of their broadcast trans-
mitters for the day. Nothing's too good for ETI! All I 
have to do is phone them and they'll broadcast 
anything I ask. There's a scope connected to each 
tuned circuit so we can see exactly what's going on. 

The first thing I ask for, is a constant amplitude 
carrier. All the tuned circuits, with their ferrite rod 
antennae, pick up the carrier OK. Next! ask that the 
carrier should be reduced in amplitude by a half. The 
tuned circuits will have to respond to amplitude 
variations in the carrier, so I check the scopes to make 
sure that all traces have fallen to half their previous 
amplitude. They all have. When I ask for other 
amplitudes of carrier to be sent, all the tuned circuits 
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respond equally well: by the time I get back from the 
phone I find all traces are showing an amplitude in 
proportion to the increase or decrease of the carrier 
amplitude. 

Now for the full performance: I ask for the carrier 
to be modulated with a 5kHz sine wave. Since all the 
circuits appear to track amplitude variations of the 
carrier equally well, what I hope to see is all circuits 
reproducing the continuously modulated carrier 
equally well. What! actually see is shown in Fig. 2b: 
circuit one is showing a good reproduction of the 
modulated carrier, circuit two gives a reduction in 
depth of the modulation and the carrier from circuit 
three hardly seems to be modulated at all. 

So what's going on? The answer is that although 
all the circuits will respond to variations in carrier 
amplitude, the peakier the tuning, the slower the 
response. Circuit two is having difficulty in keeping 
up with the 5kHz modulations, circuit three has pretty 
well thrown in the towel. 

Intuitively, you can look at it like this: the better 
the tuned circuit, the more it likes to do its own thing. 
Give it a blip of voltage or current and it will continue 
to produce oscillations for some time afterwards. It's 
this tendency to go its own way that makes it slow to 
respond to amplitude variations when driven by a sine 
wave. The result is that the peakier you make the 
tuning of a TRF receiver (to improve the selectivity), 
the more you restrict the audio bandwidth of the 
receiver. Flatten off the tuning to improve the audio 
quality and you have the adjacent channel 
interference back again. 

So what's to be done about the situation? To sort 
that out, we need one more basic idea: the notion of 
sidebands. If you want to modulate a 1MHz carrier 
with a IkHz sine wave, one way to do it is, in effect, 
to feed the 1MHz sine into a variable gain amplifier 
and to control the gain with the lkHz signal. This is 
more or less what goes on inside an AM transmitter. 
But in theory there's another way to do it: you add 
together three sine waves, one at 1MHz, one at 
1MHz + lkHz (1,001,000Hz), and one at 1MHz — 
lkHz (999,000Hz). Now, although this is not a 
practical way to amplitude modulate a carrier, the fact 
remains that amplitude modulation by a sine wave is 
exactly the same as adding three sine waves. The two 
extra frequencies on either side of the carrier exist, no 
matter how the wave was modulated, and if the tuned 
circuit attenuates them then the amplitude variations 
from the tuned circuit will be cut down too. 

Extending this from a sine wave modulation to 
general audio frequency modulation and instead of 
a pair of extra side frequencies, you end up with extra 
signals extending away on either side of the carrier for 
the entire audio bandwidth. The extra frequency areas 
are known as sidebands and the receiver must pick 
up the whole range without attenuation if the audio 
signal is to be recovered properly. Figure 3 sums up 
the situation: it shows two adjacent stations each with 
carrier and sidebands. It also shows the proper tuning 
response of the receiver if you're going to end up with 
both good selectivity and good audio reproduction. 

Now all we need to do is to give the receiver a 
tuning response with a flat top and steep sides. Sad 
to say, with a single tuned circuit you can't get 
anywhere near it. If you have more than one tuned 
circuit to play with, there are several ways you can 
fiddle about with them to give an approximation to 
the tuning response of Fig. 3. One possibility is shown 
in Fig. 4: this is called stagger tuning. You take two 
or more tuned circuits (three in Fig. 4) and tune them 
to slightly different frequencies to give an overall 
response that is fairly flat at the top and steep at the 
sides. The more tuned circuits you use, the better the 

results (but the more fiddly the setting up). Another 
possibility is to have two closely coupled tuned circuits 
tuned to the same frequency. At resonance one will 
tend to absorb energy from the other, which will also 
flatten the top of the tuning curve. 

There's no reason not to have more than one 
tuned circuit in a TRF receiver, but the more you have 
the more of a problem it is to make them all tune in 
unison over the entire band. Imagine trying to make 
six tuned circuits track over the entire medium wave 
band — you'd need a well-made six-gang tuning 
capacitor, which would be pretty massive apart from 
anything else. Then there would almost certainly have 
to be a pair of trimmers for each tuned circuit to set 
the top and bottom of the tuning range — what a lot 
of setting up to do! There's no doubt that the problems 
could be overcome, but thankfully there's no need to 
try. The superheterodyne technique gives a simple 
solution. 

TWO 

fal 

(b) 

Fig. 2 (a) Three circuits to be tested  (b) The test results 

THREE 

ADJACENT 
STATION 

. \..._ A GOOD 
\  TUNING 

RESPONSE 

F-1 
DES RED 
STATION 

• 

FREQUENCY 

Fig. 3 Good tuning response captures captures 
the sidebands and rejects adjacent stations 

OVERALL 
RESPONSE OF 
CASCADED 
CIRCUITS 

INDIVIDUAL RESPONSE 
OF THREE TUNED 
CIRCUITS 

Fig. 4 One way of achieving 
a good tuning 
response: stagger 
tuning 

R3 
68R 

RV1 
5k0 
LOG 

VOLUME 

/7777  /7n7 

1.1 = FERRITE ROD AERIAL 
L2 = TOKO RWR331208 ICIR KIT 36.120801 
L3 = TOKO CFT4556 (CIRK IT 16-45501) 

Fig. 5 High performance (in comparison with ZN414) M W receiver 
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THIS SWITCH 
SELECTS MW 
OR LW COIL 

THIS CAP CONNECTED 
ACROSS CV16 IN 
'LW' POSITION 

THIS COIL ACTIVE 
2  FOR MW. 

APPEARS AS A SMALL 
INDUCTANCE IN 
SERIES WITH 
COUPLING COIL FOR 
LW (NO NEED TO 
SHORT IT OUT) 

THIS COIL SHORTED 
(FOR RF) IN 'MW' POSITION 

Fig. 6 Adding a long wave option 

Fig. 7 Adding FM 

audio amplifier and a speaker. 
Figure 5 shows an AM radio circuit using the 

TEA5570.- L1 is wound on a ferrite rod — about 60 
turns close wound over the centre of the rod will do 
for the tuned part, with a four or five turn coil to couple 
into the IC. L2 is the oscillator coil and L3 is an 
assembly consisting of two IF transformers and a 
ceramic filter all in the same package. 

As shown the circuit will tune across the MW 
band. Adding LW is simply a matter of switching out 
the MW coil and switching in a LW one. At the same 
time as the LW coil is selected, an extra cap is switched 
in across L2 to reduce the frequency of the oscillator. 
Figure 6 shows how 

The TEA5570 will also handle short wave 
reception up to 30MHz, a decided advantage over the 
ZN414 and 416, both of which give up the struggle 
at about 3MHz. For best results, use a separate 
oscillator coil for the SW bands, although if your main 

VOLUME 
CONTROL 

W3R 

47k  TO 
AUDIO 
AMP 

L.1 
rn 
ri 

The way the superhet works is this. At the front 
end there's the normal tuned circuit to select the station 
you want to listen to. Tracking with this is an oscillator 
circuit. For an AM broadcast receiver, the oscillator is 
set to produce a frequency 455kHz above the selected 
station frequency: the station tuning and the oscillator 
frequency are controlled by a two gang tuning cap and 
the frequencies will always be 455kHz apart. 

The next stage is to mix the two signals together 
to produce sum and difference frequencies. The 
'mixing' is usually a fairly crude process: in discrete 
component radios it more often than not is just a 
matter of applying the received station signal to the 
base of the oscillator transistor. The sum and 
difference frequencies (and in practice a lot of other 
mush besides) are available at the transistor's collector. 

The point of doing this? What you end up with. 
after filtering out the unwanted sum of the two 
frequencies, is a 455kHz signal modulated in exactly 
the same way as the received radio signal. From the 
mixer onwards it's as if you've got a radio set eternally 
tuned to the same frequency: 455kHz, known as the 
intermediate frequency or IF. Because of this fixed 
tuning, you can put in as many filters and tuned 
circuits as you choose, tailor the response in any way 
you like. As it's all done at a single frequency, the 
setting up is as easy as anything. 

From the IF stage onwards, the radio circuit 
continues in much the same way as a TRF set: a 
detector (the equivalent of the diode in Fig. la), an 



THE Arc-MONITOR II 
100 WATT SPEAKER KIT £60.00 - £3.50 P&P (pair) 

RESPONSE: 55Hz-20kHz 

BASS POLYMER CONE D: 22cm 

DOME TWEETER: 14mm 

OVERALL SIZE 
(HWD): 382,252,204mm 

RECOMMENDED AMP POWER: 
10-100 watts per channel 
The  performance  stan-
dard  achieved  in  this 
compact design is distinc-
tively superior to any-

thing else available at the 
price.  The  drive  units 
used are of sophisticated 
design and  have been 
carefully integrated with a 
Complex  Crossover. 

Stereo performance is exceptionally good with a 
well focussed sound stage and sharp resolution 
of detail. Distortion throughout the frequency 
range is low even at quite high power input and 
this gives a great sense of dynamic range and 
openness especially when used in bi-wired 
mode. 
Supplied with: - 2 READY CUT BAFFLES, ALL 
CROSSOVER COMPONENTS, 2 BASS MID-
RANGE, 2 DOME TWEETERS, HOOK UP WIRE, 
GRILLE  CLOTH,  SCRE W TERMINALS  AND 
SCREWS. 
CROSSOVER KIT. To build 2 sets of crossovers 
£11+£1.75 post. (Featured in Everyday Elec-
tronics- May 1989 issue). Reprint Free with Kits 

AMPHONIC 125+125 POWER AMPLIFIER 

125 watt per channel stereo power amplifier 
with independent volume controls, professional 
19" rack mount and silent running cooling fan for 
extra reliability. 
Output power .... 125 W RMS max. per channel 
Output impedance   4 to 16 ohms 

(max. power into 4 ohms) 
Sensitivity   450V at 22K ohms 
Protection .... Electronic short-circuit and fuses 
Power   220-240V a.c. 50Hz 
Chassis dim   435x 125x 280mm 
Weight   10kg approx 

£ 1 2 4. 9 9 + £7.00 p&p 

J.B.L. BOLIVA 1 J NENT SPEAKERS 
10 HI-FI BASS UNIT  t VVOlCE COIL, HIGH COM-
PLIANT, RE-INFO  RF,E LDED PAPER CONE, ROL-
LED FOAM E  BIG 4W MAGNET 611 IMPE-
DANCE  £18.73 

41/2 " 100 
AND 
611 

NGE 1" VOICE COIL, PAPER CONED 
IC EDGE FITTED WITH A 31h" MAGNET. 

£5.33 

ER a/4" VOICE COIL 13/4 " CONE WITH FOAM 
MAGNET, 6.0 IMPEDENCE  £6.33 
POSTAGE £4.70 PER ORDER 

£1 BARGAIN PACKS 
BUY 10 GET 1 FREE 

Please state pack(s) required 
No-Order No.  Qty -Quantity per pack 

No  Qty 
BPD10  2 6)/2" Speaker aft 10 watt 
BP012  2 61/2 " Speaker 41t 10 watt 
13P013  3 8"x 5" Speaker 4S2 6watt made by EM.!. 
BP015A 1 51/2 " full range 12 watt 411 speaker with matching 

grill. For small pa. Otis car use. 
I3P015B 1 30 watt, dome tweeter. Size 90 x 66mil 

JAPAN made 
BP016  6 2200µf can type Electrolytic 25V d.c computer 

grade made in OK by PHILIPS 
BP017  3 33000nf 16V d.c. electrolytic high quality 

computer grade UK made 
BP018  3 2000rd 50V d.c. electrolytic high quality 

computer grade made in USA 
6P019 20 20 ceramic trimmers 
BP020  4 Tuning capacitors, 2 gang dielectric am. type 
BP021 10 3 position, Stag slide switch 3 amp rated 

125V a.c. made in USA 
EIP022  5 Push-button switches, push on push off, 2 pole 

change over. PC mount JAPAN made 
6P023  6 2 pole 2 way rotary switch 
8P024  2 Right angle, PCB mounting rotary switch, 

4 pole, 3 way rotary switch UK made by (ORLIN 
BP025  4 3 pole, 3 way miniature rotary switch with one 

extra position off (open frame YAXLEY type) 
BP028  4 4901e, 2 way rotary switch UK made by LORLIIV 
BP027 30 Mixed control knobs 
BP028 10 Slide potentiometers (Popular values) 
BP029  6 Stereo rotary potentiometers 
BP030  2 100k wire wound double precision 

potentiometers UK made 
[WW1  6 Single 100k multitune pots, ideal for varicap 

tuners UK made by PHILIPS 
6P032  4 UHF varicap tuner heads, unboxed and 

untested UK made by PHILIPS 
BP033  2 FM stereo decoder modules with diagram 

UK made by PHILIPS 
0P034  3 AM IF modules with diagram 

UK made by PHILIPS 
BP034A 2 AM-FM tuner head modules. 

UK made by MULLARD 
84,03413 1 Hi-Fi stereo pre-amp module inputs for CD, tuner 

tape, magnetic cartridge with diagram. 
UK made by MOLLARD 

6P035  6 All metal co-axial aerial plugs 
8P036  6 Fuse holders, panel mounting 20mm type 

JAPAN made 
8P037  6 In line fuse holders 20mm type 

UK made by SOLON 
13P038 20 Spin din, 180' chassis socket 
8P039  6 Double phono sockets. Paxolin mounted 
8P041  3 2.8m lengths of 3 core 5 amp mains flex 
6P042  2 Large VU meters JAPAN made 
13P013 30 4V miniature bulbs, wire ended, new untested 
13P044  2 Sonotone stereo crystal cartridge with 78 and 

LP styli JAPAN made 
8P045  2 Stereo cassette record and play heads 

JAPAN made 
BP046  4 6-0-6 4VA mains transformers, P.C. mount 

UK made 
6P047  1 24V 750mA mains power supply. Brand new 

boxed UK made by MULLAH() 
BPoe 10 0C44 transistors. Remove paint from top and it 

becomes a photo-electric cell (or P121 
UK made by WILLARD 

BP050 30 Low signal transistors n.p.n., p.n.p. types 
BP051  6 14watt output transistors. 3 

complimentary pairs in 1066 case 
(Ideal replacement for AD161 and 162s) 

BP052A  1 Tape deck pre-amp IC with recordlreplay 
switching No LM1818 with diagram 

BP053  5 5watt audio ICs. No TBA800 (ATEZ) 
BP054 10 Motor speed control ICs, as used with most 

cassette and record player motors 
8P055  1 Digital DVM meter I.C. made by PLESSEY 

as used by THANDAR with diagram 
BP056  4 7 segment 0.3 LED display (R.E.D.) 
BP057  8 Bridge rectifiers, 1 amp, 24V 
6P058 200 Assorted carbon resistors 
BP059  1 Power supply PCB with 30V 41PA transformer. 

MC7818CT IC & bridge rectifier: Size 4"x23/4 " 
BP060  1 Transcription record player motor 1500rpm 

240V a.c. 
BP061  5 6.35mm Mono jack plugs 
BP063  5 6.35mm stereo switched jack sockets 
8P064 12 Coax chassis mount sockets 
8P065  1 3mtr Euro-mains lead with a matching 

chassis sécket 

30+30 WATT AMPLIFIER KIT 

An easy to build amplifiér with a good specifica-
tion. All the components are mounted on the 
single P.C.B. which is already punched and 
backprinted. 
• 30 Wx 2 (DIN 4 ohm) 
• CD/Aux, tape I, tape II, tuner and phono 
inputs. 

• Separate treble and bass 
• Headphone jack 
Size (H. W.D.) 75 x400x 195m m 
Kit enclosed: case, P.C.B., all components, scale 
and knobs £36.80. post £3.50 
(Featured project in Everyday Electronics April 
1989 issue). Reprint Free with kit. 

TV SOUND TUNER 

In the cut-throat world of consumer electronics, 
one of the questions designers apparently pon-
der over is "Will anyone notice if we save money 
by chopping this out?" In the domestic TV set, 
one of the first casualties seems to be the sound 
quality. Small speakers and no tone controls are 
quite common and that really is quite sad, as the 
TV companies do their best to transmit the high-
est quality sound. Given this background a com-
pact independent TV tuner that connects direct 
to your Hi-Fl is a must for quality reproduction. 
The unit is mains operated. This TV SOUND 
TUNER offers full UHF coverage with 5 pre-
selected tuning controls. It can also be used in 
conjunction with your video recorder. 

£29.50 -i-£2,50 p&p 

As above but with built-in stereo head-
phone amplifier for the hard of hearing 
You can tune into the TV channel you want while 
still receiving the picture on your TV set. Intact it 
is rather like a second television, but without the 
screen. So that the ordinary TV can be placed for 
everyone to see, and the volume on it can be 
co mfortable for others, while the sound tuner 
can be placed where you can control it. You will 
need to plug in one of your own listening aids 
such as headphones or an induction loop to hear 
the sound. The tuner is mains operated, has 5 
pre-selected tuning controls and can be used in 
conjunction with a video recorder. 

Size: 270 x 192 x 65mm.  £35.90 £2.50 p&p 

52W 2-WAY COMPONENT SPEAKER 
SYSTEM f3.95 

Comprises Bin rolled surround bass unit and 21/2 1n 
tweeter for In-Car or Hi-Fi use. 4 ohm. Made by Sanyo. 

8 OH M HI-FI COMPONENT SPEAKER £1.95 
61/2 in. Audax 60w. Res freq. 45Hz bass-mid 

Rin SOUND LAB 60 W £12.95 
Res freq. 38Hz full range 

12in DANTEX 100 W 21.75 
Res freq. 23Hz bass unit 

Postage £3.20 each order 

* SPECIAL PURCHASE 
Batteries C size NiCad 2.2 Ah EVERY-READY AN220 

£1.98 each 

£15.95 

MULTIBAND RADIO 
VHF 54-176 MHz + AM CB BANDS 1-80 

Listen to: AIR TRAFFIC CONTROL, 
AIRCRAFT, RADAR 
PUBLIC UTILITIES 

RADIO AMATEURS AND 
MANY MANY MORE 

POSTAGE £2.85 
SQUELCH CONTROL 

"RUBBER DUCK AERIAL" 

A M. FM. STEREO TUNER 
KIT 

*SPECIAL OFFER!" 

£8.95 Plus £2.50 p&p 
This easy to build 3 band stereo A M/FM tuner kit 
is designed in conjunction with Practical Elec-
tronics 
For ease of construction and alignment it incor-
porates three Mullard modules and an I.C. 1.F. 
System. 
FEATURES: VHF, M W, LW Bands, interstation 
muting and AFC on VHF_ Tuning meter. Two 
back printed PCB's. Ready made chassis and 
scale. Aerial: A M-Ferrite rod, FM-75 or 300 
oh ms. Stabilised power supply with 'C' core 
mains transformer. All components supplied 
are to strict P.E. specification. Front scale size: 
70½"x2½' approx. Complete with diagram and 
instructions. 

RADIO and TV COMPONENTS ACTON LTD 
21 HIGH STREET, ACTON LONDON W3 6NG 
MAIL ORDER TERMS POSTAL ORDERS and or CHEQUES 
With orders. Orders under 120 add £3.00 service charge. Nett 
monthly accounts to Schools. Colleges and PI .0 only. 
ACCESS • VISA_ Phone orders between 9.30 & 12nn? please 

Phone: 01 723 8432 or 01-992 8430 
Callers 323 Edgware Road. London W2 

Hi-Fi stereo  cassette  deck  transport 
mechanism, complete with 3 digit rev counter 
and tape heads, 12V d.c. operation. Unused 
manufacturers surplus JAPAN made  ' 

£6.20 +C1.50 P&P  2 for £10 +£2.50 P&P 

EXTRACTABLE HOUSING FOR YOUR CAR STEREO * SIZE DIN E 
* HANDLE INCLUDED * SPACE FOR MEMORY BATTERY * 4 OR 
2 SPEAKER SYSTEM. 
ENABLES YOU TO REMOVE YOUR VALUED STEREO FROM YOUR 
CAR (WITHOUT THE AID OF A HAMMER AND CHISEL CHAINSAW 
ETC).  £995 postage £2.50 

ETI NOVEMBER 1989 33 



Go buy the board! 
Miss out the mess 
with ready-made 
pre-drilled PCBs for 
ETI projects 

Price  Price 
code  (inc. 

VAT) 
£1.80 

D  £2.50 
E  £3.25 

£4.00 
G  £4.75 
H  £5.50 

£6.62 
£7.20 
£8.80 
£10.60 

N  £13.10 
O  £15.80 

£17.90 
£21.80 
£23.90 

S  £25.90 
£29.00 

U  £32.20 
✓  £35.80 

£37.90 
X  £40.70 

En 
PZ1 

fawi 

ELECTRONICS 
TODAY INTERNATIONAL 

E8405-4 Centronics Interface   
E8406-3 Audio Design RIAA Stage  G 
E8406-4 AD Buffer/Filter/Tone   H 
E8406-5 AD Headphone Amp   
E8406-6 AD Preamp PSU   
E8406-7 AD Power Amp  H 
E8406-8 AD Power Amp PSU   
E8406-9 AD Stereo Power Meter   
E8406-10 AD Input Clamp   
E8407-1 Warlock Alarm   1,4 
E8408-2 EPROM Emulator   N 
E8410-1 Echo Unit   
E8410-2 Digital Cassette Deck   N 
E8410-3 Disco Party Strobe  H 
E8411-5 Video Vandal (3 boards)   N 
E8411-9 Stage Lighting Interface   
E8412-1 Spectrum Centronics Interface   
E8412-4 Active-8 Protection Unit   
E8412-5 Active-8 Crossover   
E8412-6 Active-8 LF EQ   
E8412-7 Active-8 Equaliser   
E8501-3 Digital Delay (2 bds)   
E85024 Digital Delay Expander  N 
E8502-2 Data Logger   
E8503-1 Combo Pre-amplifier   
E8503-2 THD Meter mV & oscillator boards (2 bds) K 
E8503-3 THD Meter Mains PSU   
E8504-1 Framestore Memory   
E8504-3 Frarnestore Control  N 
E8504-4 Buzby Meter  E 
E8504-5 CCD Delay   
E8505-5 Stereo Simulator   
E8506-1 Audio Mixer Main   
E8506-2 Audio Mixer PSU   
E8506-3 Audio Mixer RIAA   D 
E8506-4 Audio Mixer Tone Control   D 
E8506-5 EPROM Prog MKII   
E8507-1 Noise Gate   H 
E8508-1 RCL Bridge   N 
E8508-2 EX42/BBC Interface   E 
E8508-3 EPROM Emulator   
E8509-1 Spectrum EPROM Card   
E8509-2 Direct Injection Box  E 
E8510-9 Sunrise Light Brightener   
E8511-1  MTE Waveform Generator   H 
E8511-2 Millifaradometer  H 
E8511-3 Cymbal Synth   
E8511-5 Chorus Effect   
E8511-7 Enlarger Exposure Meter   
E8511-9 Second Line of Defence   
E8512-1 Specdrum Connector   
E8512-2 MTE Pulse Generator   H 
E8512-3 Specdrum•   
E8601-2 Walkmate   
E8601-3 MTE Counter-timer   
E8602-1 Digibaro   
E8603-2 Programmable Logic Evaluation Board  H 
E8603-3 Sound Sampler Analogue Board   
E8604-1 JLLH PA PSU  H 
E8604-2 Matchbox Amplifier   
E8604-3 Matchbox Amp Bridging Version   
E8604-4 MTE Analogue/Digital Probe   
E8605-1 Microlight Intercom   E 

PCB 
SERVICE 

November 
E8605-2 Baud Rate Converter   
E8605-3 Baud Rate Converter PSU Board   
E8605-4 Portable PA   H 
E8606-1 MIDI-CV Converter Board   H 
E8606-2 MIDI-CV Converter PSU   D 
E8606-3 Troglograph   
E8606-4 80m Receiver   H 
E8606-5 Sound Sampler   
E8607-2 Upgradeable Amp. MC stage (Stereo)   G 
E8607-3 BBC Motor Controller   
E8608-1 Digital Panel Meter   G 
E8608-2 Upgradeable Amp, MM stage (mono)  H 
E8609-1 Mains Conditioner   E 
E8609-2 Experimental Pre-amp   
E8609-3 Upgradeable Amp, Tone Board (mono)  H 
E8609-4 Upgradeable Amp. Output Board (mono)   F 
E8610-1 Audio Analyser Filter Board   
E8610-2 Audio Analyser Display Driver   
E8610-3 Audio Analyser Display   H 
E8610-4 Audio Analyser Power Supply   
E8611-1  Audio Switcher (2 bds)   H 
E8611-2 PLL Frequency Meter (4 bds)   
E8611-3 Upgradeable Amp PSU   
E8611-4 Call Meter. Main Board   
E8611-5 Call Meter, Interface Board  N 
E8612-1 Bongo Box   
E8612-2 Biofeedback Monitor (Free PCB)  E 
E8701-1 RGB Converter   
E8701-2 Mains Controller   D 
E8701-3 Flanger   H 
E8701-4 Audio Selector Main Board   
E8701-5 Audio Selector PSU   H 
E8701-6 Tacho-Dwell   
'2.8702-1 Ratemeter Main Board   
E8702-2 Ratemeter Ranging Board   
E8702-3 Photo Process Controller (3 bds)   
E8702-4 LEDline Display Board (2 off)   
E8702-5 LEDline PSU and Controller (2 bds)   G 
E8703-1 Capacitometer   
E8703-2 Geiger Counter   
E8703-3 Credit Card Casino   E 
E8704-1 BBC Micro MIDI Interface   
E8704-2 ETIFaker Patch Box   H 
E8705-3 MIDI Keyboard Keyswitch Boards (3 bds)  W 
E8705-4 Batlite   
E8705-5 Budget Power Meter   E 
E8706-1 Hi-fi Power Meter  N 
E8706-2 MIDI Keyboard CPU  U 
E8706-3 MIDI Keyboard Front Panel _   
E8706-4 Flame Simulator   G 
E8707-1 MIDI Keyboard PSU   H 
E8707-2 Telephone Alarm   
E8708-1 Remindalite   
E8708-3 Rev Counter   
E8708-4 Car Alarm   
E8708-5 Knight Raider   
E8709-1 Boiler Controller   G 
E8709-2 Amstrad Sampler (2 bds)   
E8709-3 Portable PA   G 
E8709-4 EEG Monitor (2 bds)   
E8710-1 Concept CPU Board  N 
E8710-2 Concept Power Board   
E8710-3 Concept Display Board   G 
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E8911-1 Smoke Alarm main board   
E8911-2 Smoke Alarm power supply 
E8911-3 Frequency Meter (3 boards) 
E8911-4 Serial Logic Scope* 
'Orders for this board will be accepted from 1st November. 

PCBs for the remaining projects are available from the companies listed in Buylines. 

Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference 
numbers. This not only identifies the board but also tells you when the project was published. The first two numbers 
are the year, the next two are the month. 
Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice 

if required Such orders will not be processed until payment S received. 

E8710-4 Hyper-Fuzz   
E8711-1  Quiz Controller   E 
E8711-2 256K Printer Buffer   N 
E8712-2 SWR Meter   H 
E8712-3 Dream Machine (free PCB)   D 
E8801-2 Passive IR Alarm   H 
E8801-3 Deluxe Mains Conditioner   G 
E8801-4 RGB Dissolve   
E8802-1 Electric Fencer   E 
E8802-2 Telephone Intercom   
E8802-3 Transistor Tester (2 bds)   
E8802-4 Spectrum Co-processor CPU  N 
E8803-1 Co-processor RAM board  N 
E8803-2 Beeb-Scope (3 bds)   
E8804-1 Spectrum Co-processor interface Board   N 
E8804-2 Combo-Lock   E 
E8804-3 Kitchen Timer   E 
E8805-1 Virtuoso 2U PSU   
E8805-2 Virtuoso 3U PSU  N 
E8805-3 Bicycle Speedometer   
E8805-4 Dynamic Noise Reduction   E 
E8806-1 Universal Digital Panel Meter   
E8806-2 Universal Bar Graph Panel Meter   
E8806-3 Virtuoso Power Amp Board   N 
E8806-4 Virtuoso AOT Board   G 
E8806-5 Metal Detector   E 
E8806-6 Bicycle Dynamo Backup   D 
E8807-1 Bar Code Lock (2 bds)   N 
E8807-2 Analogue Computer Power Board   
E8807-3 Bell Boy   
E8807-4 Logic Probe   
E8807-5 Updated FM Stereo Decoder   
E8807-6 Breath Rate Display Board   
E8808-1 Breath Rate Main Board   H 
E8808-2 Breath Rate Switch Board   
E8808-3 Telephone Recorder   D 
E8808-4 Analogue Computer Main Board (2 bds)  M 
E8809-1 Spectrum EPROM Emulator   
E8809-2 Frequency Meter (2 bds)   
E8809-3 Travellers' Aerial Amp  E 
E8810-1 Gerrada Marweh Bikebell  E 
E8810-2 Peak Programme Meter (2bds)   N 
E8810-4 TV-to-RGB Converter   E 
E8810-5 Electron RGB Buffer   
E8811-1  NiCd Charger   E 
E8811-2 Chronoscope (3 bds)   
E8811-3 Digital Transistor Tester   G 
E8812-1 Doppler Speed Gun (2 bds)   
E8812-2 Small Fry Mini Amp  D 
E8812-3 Thermostat   E 
E8812-4 Burglar Buster Free PCB  D 
E8812-5 Burglar Buster Power/relay Board   E 
E8812-6 Burglar Buster Alarm Board   
E8812-7 Burglar Buster Bleeper Board   
E8901-1  EPROM Programmer mother board   
E8901-2 Variat-lon updated Main Board   H 
E8901-3 Variat-lon Emitter Board   E 
E8901-4 In-car Power Supply   
E8901-5 Granny's Hearing Booster   E 
E8902-1 Compressor/Limiter/Gate   
E8902-2 Ultrasonic Horn   D 
E8902-3 Stepper Motor Driver Board   
E8902-4 Quest-Ion (2bds)   
E8903-1 Intelligent Plotter Solenoid Board  H 
E8903-2 MIDI Programmer   
E8903-3 Balanced Disc Input Stage   

E8903-4 Digitally Tuned Radio   G 
E8904-1 Camera Trigger   E 
E8904-3 Intelligent Plotter Main Board   
E8904-4 Kinetotie Tie Board   N 
E8904-5 Kinetotie Control Board   E 
E8905-1 Guitar Tuner   H 
E8905-2 Camera Trigger Ultrasonics (2 boards)   
E8905-3 Bench Power Supply (2 boards)   H 
E8906-1 PC edge connector   
E8906-2 MIDI converter CPU  N 
E8906-3 MIDI converter keyboard  N 
E8906-4 MIDI converter control   
E8906-5 AF signal generator   G 
E8906-6 Mini bleeper   
E8906-7 Caravan heater controller   G 
E8907-1 MIDI Patch Bay   G 
E8907-2 Priority Quiz Switch   E 
E8907-3 Camera Trigger Infra-reds (2 boards)   G 
E8907-4 Aerial Amplifier main board   E 
E8907-5 Aerial Amplifier power supply   E 
E8908-1 Intercom master station   
E8908-2 Intercom slave station   
E8908-3 Intercom power mixer   E 
E8908-4 Digital joystick-to-mouse conversion   H 
E8909-1 Twin Loop Metal Locator   H 
E8909-2 Trembler movement detector   D 
E8909-3 Field power supply (spec 3)   
E8909-4 Micro monitors active filter   
E8909-5 Chronoscope auto-reset   
E8910-1 Multimeter   H 
E8910-2 MIDI Mapper   

r] 
bi 

TELEPHONE 
ORDERS 

may be made on 

(0442) 
66551 

ACCESS or VISA 

TO: ETI PCB SERVICE, READERS' SERVICES, 
ARGUS HOUSE, BOUNDARY WAY, 
HEMEL HEMPSTEAD HP2 7ST 

Please supply: 
Quantity  Ref. no.  Price Code  Price  Total Price 

Post and packing  £0.75 

Total enclosed 

Please send my PCBs to: (BLOCK CAPITALS PLEASE) 

Name   

Address   

  Postcode   

CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd. 
 _t 
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Graham Nalty's super-
fi amplifier receives a 
MOSFET update 

4.1 

VIRTUOSO PO WER 
AMPLIFIER 
REVISITED 

S
ince the Virtuoso power amplifier was 
published in ETI (April-June 1988), 
many people have asked for a kit for a 
MOSFET power amplifier. In response I 
have redesigned the Virtuoso, using as 

much of the original design as possible — if only 
because I think it is a very high quality design which 
would be difficult to improve upon. 

Most readers will be familiar with the Hitachi 
power MOSFETs such as 2SJ50 and 2SK135. In the 
next few months. I hope to have a new integrated 
ampfifer design using the very latest TO-3P versions, 
but for the MOSFET Virtuoso I am using MOSFETs 
developed for use in switch mode power supplies. 
These have the special advantage that they can be 
directly substituted pin for pin with bipolar darlingtons. 
This considerably simplifies the redesign. 

The output MOSFETs chosen here are the RCA 
types RFM1ON15 (n-channel) and RFM10P15 (p-
channel). These are rated at 150V and 10A each with 
a peak current rating of 25A. Two features of their 
electrical performance need special care in applying 
them to any power amp circuit. 

Firstly both types exhibit a positive temperature 
coefficient up to 2A (n-channel) or 6A (p-channel). 
This means that when the gate voltage is fixed the 
effect of conduction will cause the devices to generate 
heat. The increase in temperature will cause a higher 
current to flow for the same gate voltages and this will 
increase the temperature further. In bipolar transistors. 
this effect — thermal runaway — can cause 
destruction of the output devices. It is usually 
prevented by placing low value high power resistors 
in series with the emitters. A further refinement used 
in the original Virtuoso power amplifier is to make the 
bias voltage reduce as the temperature of the output 

-v 

Fig. 1 Output stage protection for the MOSFET 
Virtuoso 

devices increases so that the no-load current in the 
output stays reasonably constant irrespective of 
temperature. This is achieved by placing Q53 on the 
same bracket as the output devices. In the MOSFET 
Virtuoso the presence of Q53 provides more than 
adequate temperature control of the output so that 
series resistors in the gate circuit which would degrade 
the sound quality (upgrading the quality of these 
resistors in power amps can easily be shown to 
improve the quality of sound) are not needed. 

Secondly, conduction does not occur in the 
RFM10N15 and RFM10P15 until the gate voltage 
across each device is 3-4V. This means that the bias 
voltage set by Q53 is around 7V. In practice this is 
achieved by changing the value of R60 to 150R. 

Redesign 
Using MOSFET output devices, design of the output 
stage protection circuit is considerably simplified (see 
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Fig. 1). It is only necessary to prevent the gate-to-
source voltages from exceeding 20V and this can be 
achieved using a diode and zener diode in series. Also 
FS2 can be replaced by a link. On consideration of 
the most likely causes of failure which could cause 
external damage. this fuse would not afford any 
additional protection on top of FS3 and FS4. Sound 
quality will be improved. A 220R resistor is placed in 
series with each gate to prevent radio frequency 
oscillation. 

The full circuit diagram is shown in Fig. 2. A 
further change to the design was the removal of Q41. 
Q42. C56 and changing R48 and R4-9 to 220R. This 
change was necessary to eliminate oscillation which 
occured on a test 'awkward load'. Readers who are 
tempted to substitute MOSFET transistors for bipolars 
in other designs should be advised to test the stability 
performance of the amplifier before use. 

Construction 
Construction is straightforward except for the 
installation of the gate resistors. The PCB layout is 
modified to include positions for the gate resistors on 
the underside of the board as close as possible to the 
gates. If you already have one of the original circuit 
boards you will need to cut the track in six places close 
to the four gates (see Fig. 3). At two of the gates you 
will have to cut the track in two places and later join 
them back, but avoiding connection to gates. When 
the MOSFETs are in place, then connect the 220R 
resistors from the gate terminals to the track which 
originally connected to that position. 

A total of nine wire links is needed on top of the 
boards. Two are used for both bipolar and MOSFET 
versions in positions reserved for parts only used for 
the inverting amplifier version (see Eli June 1988). 
Two are used to link across the base to collector 
positions of each Q54 and Q55 and the final four are 
used to link the source of each MOSFET to the output 
in place of R75. R79. R83, R87. The final link replaces 

the loudspeaker fuse FS2. 
Attach the links first together with the small 

diodes (1N4148) and resistors, then attach other 
components in order of ascending size. 

Transistors Q45-47 are T0126 cases and are 
attached toa small aluminium heatsink. Q45, 46 have 
their metal side facing the input side of the board. Q47 
the other way. 

Attach the bracket for Q50.51 with fibre washers 
underneath and mount the transistors — Q50 is 
insulated from thé bracket by a T0220 insulator. 

Now fit RV1 and the main heatsink bracket. The 
four output transistors Q56-59 are mounted via 
flexible T03 insulators and the gate and source pins 
are inserted through the PCB. Don't solder them in 
yet. Attach the 6BA x 3/sin bolts via a washer on the 
top side of the transistor_ Insert an insulating bush from 
the other side into the PCB, into the metal bracket over 
the bolt. A 6BA solder tag and nut should be attached 
to the four bolts nearest to the end of the board, a 
washer and nut on the other four (screw them finger 
tight). Then attach Q53 with a 3/4in bolt, small nylon 
bush, then Q53. 10220 insulator, bracket, through 
the PCB to a washer and nut. 

Now screw all nine bolts tight and check with a 
meter for shorts between the transistor 'S and bracket. 

Complete the board with C41.42.45.46.48,49. 
54,55 (if you are using 'wonder caps' in the upgraded 
amplifier, you can use the offcuts of wire to parallel 
all the high current tracks). 

Solder all the power transistor leads to the PCB 
and connect the drains of the T03 transistors by 
soldering the solder tags to the PCB tracks. Connect 
the gate resistors R93-96 from the gates to the track 
either as described earlier or to undrilled pads in the 
modified PCB. 

To test the amplifier you have built, remove fuses 
F53 and FS4 and turn RV1 fully anticlockwise. 
Connect the power supplies and switch on. Check 
that the DC offset voltage does not exceed around 
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041 
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343 

RS1 
R45  846  847  S 1OR 
22k  1k0  lkO  049 
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2208  2206 
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Fig. 2 Complete circuit diagram foithe amplifier board 

V 

R65 
108 
1W 

894  Q56 

R95  CIST 

cos 
1u0 

WIRE LINKS ON TOP OF PCB 

FS3 

863 
7208 
4W 

V 
FROM Cl 

NOTE 
043,44 = 8C184C 
045-47 - 813139 
048.52 = 8C184C 
049 = BC214C 
Q50 = 130244C 
051.53 = 80243C 
056,68 = RFM1ON15 
057.59 = RFM10P15 
1341,42 = J507 
043-46,49.50 - 1N4148 
047.48 = J510 
135854 = 15V 1W ZENER 
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PO WER AMP 
BOARD 

Fig. 4 Connection of the MOSFET Virtuoso to a single supply 

X - CUTS IN TRACKS 

LFig. 3 Amending the PCB for the ga te res istors  
(replacement foil pattern shown on the foil pages) 

250mV (the DC offset will be higher than the original 
bipolar design due to the removal of Q41 and Q42). 
If all seems right. turn RV1 clockwise until the collector 
to emitter voltage of Q53 reaches about 6.8V. Make 
a fine adjustment until about 30V is measured across 
R63 and R64.  t this setting the output current is 

around 70mA per MOSFET. If all seems OK, switch 
off, give the power supply capacitors a few minutes 
to discharge and insert FS3 and FS4. 

The power output of the amplifier was measured 
in a standard Virtuoso power amplifier to the output 
stage and with the low current regulators set at ±45V. 
Output power prior to clipping was measured at 95W 
into 8R ohms and 170W into 4R. 

The MOSFET Virtuoso power amplifier board 
is designed as part of the complete Virtuoso power 
amplifier. Ideally it should be used with a high quality 
power supply such as! described in ET1April and May 
1988. The supply voltage of the low current stages 
must not exceed ±50V due to the voltage ratings of 
parts used. The supply voltage to the output should 
be within about 5-8V of the voltage used for the low 
current side. Ideally it should be used with separate 
power supplies for the low current and output stages, 
but will work off single supplies if connected as shown 
in the circuit of Fig. 4. The use of separate power 
supplies for low current section and output section 
gives an improvement in sound quality which does 
justify the. extra cost. 

As more enlightened readers will appreciate the 
MOSFET Virtuoso sounds different from the original 
design. High frequency sounds are reproduced with 
greater clarity and with a greater sense of the dynamic 
— a loud high frequency sounds louder than when 
using the bipolar output. Initially low frequency 
sounds are less prominent, due to the extra dynamics 
of higher frequencies, but bass lines in music are 
reproduced more clearly as if the MOSFET amplifier 
has greater dynamic control over movement of the 
bass cone. Drums are reproduced in a manner which 
is closer to the real instruments. This effect would be 
expected to some degree from the removal of the 
emitter resistors. 

The overall effect of the MOSFET amplifier is one 
which is very close to that of the bipolar version on 

a brief comparison, but is a quite large improvement 
in terms of its ability to convey musical enjoyment of 
the performance.  " 

Further improvements to the performance of the 
amplifier can be achieved by using a DC servo to 
extend the low frequency performance and at the 
same time eliminate the capacitors C45 and C46 in 
the feedback loop. In future articles in ET!. I hope to 
describe the design of DC servo circuits that can be 
applied to any power amplifier and also to preamps 
such as the Virtuoso preamp. 
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PARTS LIST   
Standard version  Upgraded version 

ï, RESISTORS 
e R41  100k metal film  100k Holco H8 
.... R42  3k3 metal film  3k32 Holm H8 
1,- R44  220k metal film  221k Nalco H8 
È: R45,52  22k metal film  see 041,042 
R46,47  1k metal film  1k Holco H8 
P48,49  49 220R metal film  221R Holco H9 ,   
.. P. 50.  330R metal film  332R Holco H8 
R51  lOR metal film  10R Holco H8 
.j R53  3k32 Holco H8  3k3 Vishay VSRJ 
R55  221k Holco H8  220k Vishay VSRJ 
iR57,58  10k metal -film  see 043,44 
t', R59  33R metal film  33R2 Holco H8 
L R60  15OR metal film  150R Holco H8 
P P63,64  22044W w.'w  2208 4W w.Vv 
f., 865  10R 1W  1OR Holm H2 
F..1.'..R31  10R metal film  10H metal film 
fi. R93-96  220R metal film  221R Holco HS 
;bt RV1  2k2 carbon preset  2k2 cermet preset 

li 
t, 

eMISCELLANEOUS 
If 52-4  5A Audiofuse 
tinted circuit board. Heat sink bracket. Driver transistor bracket. 

: Input bracket. 4.':T03 insulators. 2 xT0220 insulators. 8 403 
bushes. 3x10220 bushes. 2 x 4BA shakeproof washers. 
.,2 x4BAx. %in bolts. 4 x RBA insulating fibre washers. 4 x6BA>: ":4 in 
bolts. 5:x 6BA x3,tin bolts. lx 6,3Ax 112in bolt. 9 x SBA x in bolts. 
14 x 6BA nuts. 10x684 washers 9 x 68A shakeproof washers. 
4 x 68A solder tags. 6:‹PCB half fuseholders. 4 x:"<in blades. 
4' :Y: in x 6BA snacers. 
Items in bold are changes or additions to the original parts list. 
*items marked ere not required if a DC offset servo loused with the 
amplifier. 

CAPACITORS 
041 
C42 
C43 
C45' 
C46* 
C47 
C48,49 
C50 
C51 
C54 

470n polyester 
4n7 polystyrene 
470p polystyrene 
10u polycarbanate 
lOn polystyrene 
22p polystyrene 
470n polyester 
10n polypropylene 
100n polypropylene 
1r polyester 

SEMICONDUCTORS 
043,44  ac 184C 
045-47  8C139 
048,52  BC184C 
049 
Q50 
Q51,53 
056,58 
057,59 
D41,42 
043,44 
045,46 
047.48 
049,50 
D53,54 

BC214C 
BD244C 
BC 243C 
RFM1ON15 
RFM10P15 
see R45.52 
1N4148 
1N4148 
see R57,58 
1N4148 
15V 1W zenef 

250n EXFSiRP 

470p EXFSIRP 
104 Wonder cap 
lOn EXFS.fRP 
22p Silver Mica 
680n Wonder cap 
6n8 or 8n EXFS;RP 
100n Wonder cap 
1.5g KRDMT 

MATO2FH lone) 
BD139-10 
BC184C 
BC214C 
BD244C 
60243C 
RFM1ON15 
RFM10P15 
J507 
Red LED 
1114148 
J510 (4.7mA? 
1114148 
15V 1W zener 

BUYLINES   
The parts and kits for the Virtuoso are aye 
Close, Borrowash, Derby DE7 3GU. Tel: 
Component pack prices for standard 
£125.00. 
Complete kit price 2U case £330.00 or 

ilable from Audiokits, 6 Mill 
103321674929. 
£60.00, upgraded board 

3U case £790.00 

e 
ir:© AL COMPCmsetuce 

% 

SPECIAL OFFERS * SPECIAL OFFERS 

SCANNER KIT(T) 
A complete, six channel LED chaser kit for less than a fiver! 
The kit comes complete with all components, including PCB 
and instructions simple enough for even a complete novice. 
Works from 6-15vdc.  De& e 
MAINS POWER SUPPLY FOR ABOVE  e 

SPECIAL OFFER PACKS 

gal)  ASSORTED CAPACITORS  it1 
tb  ASSORTED TRANSISTORS  e 
zee ELECTROLYTIC CAPACITORS  e 
g,  LED's (5mm red or green)  gg 

g  555 TIMER IC's  e 
g  741 OP-AMPS  e 

FREE MYSTERY PACK WITH 
ALL ORDERS OVER £6 

14, 

Please add £1 P&P, but do not add VAT. 
P.O. or cheque to: NATIONAL COMPONENT CLUB, DEPT ETI, 

BAILEY HILL, CASTLE CARY. 
SOMERSET BA7 7AD 

We now accept Access -phone (0963) 51171 

* FREE CLUB MEMBERSHIP et 
Just phone above number or write for details 

410 

BRIAN PRICE — BOHM ORGAN STUDIOS 
389 ASPLEY LANE, NOTTINGHAM NG8 5RR  Telephone/Fax: 0602-296311 

32 years' experience in high quality Organ and Keyboard design behind every BOHM 
product  Equipment for Home and Professional use. 

- ,  Latest from BOHM 
Portable or Spinet 

—  * 49 note keyboards. Touch Sensitive 
* 16 Bit Sampled voices .1,. 

* Stereo Sounds 
* 22 Sampled Rhythm instruments 
* 16 Live Rhythms, Fills. Intros. Breaks 8, Endings 
* Tempo Readout 
User Programmable voices, Rhythms & 
Accompaniments 

* Souncloard Programming 
* 15000 note Sequencer 
* Full MIDIIINfOUT/THRU 
* 160w Stereo 1-11•FI Amplifier 

BOHM MUSICA FUTURA 620 Kit form Price £2230 inc. Stool. Built Price £2563 
BOHM DOUBLE KEY 520(P) Kit form Price £2069 Inc Stool. Built Price £2275 
Loudspeakers extra for Double Key 2 x E3100 £474.00 100 watts if required. 

Supplied in Kit form or Built by: 
THE BOH M SPECIALISTS 

Part Exchange welcome.  Please write or phone tor lull illustrated literature and price list. 

19" RACK MOUNTING EQUIPMENT CASES 
This range of 19- rack equipment cases have been designed with economy and versatility anther 
objective. Tnese cases are supplied as a flat pack kit with assembly instructions. 
The * NEW IMPROVED DESIGN • now featureS a black powder coat 165W0 (1.5mmi steel trosi 
panel with the rear box constructed from .9mm PVC coated steel. 
All units are 10" (254mm) deep and are available in the /allowing popular sizes--

TYPE  HEIGHT  PRICE 
U1  1" (44mm)  20.33* 
U2  3" (88mm)  2392 
U3  5" (133mm)  22.72* 
Ud 7" (178mm)  25.46* 
*Special Otter Price 

DELIVERY INCLUDED (UK ONLY) 

All prices INCLUDE VAT 

Blanking Panels, Racking Consoles 
and Rack Cabinets are also available 

Please send S.A.E. lot details. 

* TRADE ENQUIRIES WELCOME * 

TEL 0275 823983 FOR ACCESSNISA SALES  >  
OR CHEQUE WITH ORDER TO:-  

RACKZ PRODUCTS  , 
PO BOX NO. 1402, MANGOTSFIELD, BRISTOL, ENGLAND BS17 3RY 
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Gary CaRand alerts us 
to an alarm that can 
save lives 

IR LED 
TI MER 

At- Aetr -e 
Pee e 

SMOKE 
ALARM 

I
t is almost every week that we hear of the tragic 
death of a family caught asleep in the night 
while their house burns due to a carelessly 
misplaced cigarette end or faulty electrical 
equipment. Even the lucky ones who escape 

the flames have to contend with the prospect of a 
gutted shell of a house where their home once stood. 

Property and more importantly lives could be 
saved if a fire alarm system were fitted as in all public 
buildings and work places. However, commercially 
available comprehensive fire alarm systems are 
expensive and messy to fit and few people think the 
risk of fire warrants such a large expenditure. 

Recently, small battery-powered fire alarms 
costing around £20 each have appeared and these 
provide an acceptable alternative to a full alarm system 
as two or three units strategically placed around a 
house can provide complete advanced warning of 
trouble. 

REFERENCE 
VOLTAGE 

COMPARATOR 

IR LED IR PHOTOTRANSISTOR 

5V 
REGULATOR 

NAND GATE 
SWITCH 

Fig. 1 Block diagram of smoke alarm 

LO W BATTERY 
INDICATOR 

LATCH  ALAR M 

u 

Usually it is not the heat of the flames that kill 
people but the plumes of choking and often toxic 
smoke which pour out from burning material. As so 
much smoke is produced even from the smallest 
flame, it seems logical to use this smoke to trigger the 
alarm. 

This is often performed by using expensive gas 
sensors. However the battery powered Smoke Alarm 
described here uses an equally sensitive but cheaper 
infra-red beam method of smoke detection which 
means it costs less to build than most units in the 
shops. The Smoke Alarm, once triggered, sounds 
indefinitely until reset. It is loud and piercing and 
should wake anyone from the deepest sleep. 

Battery life was a major consideration in its design 
and every effort has been made to conserve battery 
power. When, inevitably, the batteries begin to run 
down, a red light warns that a battery change will be 
needed soon. Further drainage of the batteries to an 
extent that the Smoke Alarm won't work correctly 
results in the alarm sounding to warn that the batteries 
need changing now! Alternatively, if the Smoke Alarm 
is mounted near a mains socket, batteries will be of 
no worry as the alarm can be powered from a battery 
eliminator, or by the purpose-built mains unit also 
described here. 

In general, the Smoke Alarm is small, portable 
and cheap — an attractive alternative to an 
unprotected home. 

A Simple Explanation 
Fig. 1 breaks the Smoke Alarm into simple sections 
so that its operation can be easily considered. The 
detector circuitry is powered via a constant 5V 
regulator as the falling potential of a battery with time 
could interfere with the correct operation of the 
Smoke Alarm. Any battery voltage in the range 6-9V 
can hence operate the alarm correctly. The minimum 
voltage is about 6V and so a red light is illuminated 
by the low battery indicator section when this voltage 
is reached. 

Smoke particles are detected as the intensity of 
the infra-red beam is reduced. This reduction is sensed 
by an infra-red phototransistor. Infra-red waves are 
used as opposed to ordinary light so the detector is 
relatively unaffected by external light sources. 
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Fig. 2 Complete circuit diagram for the alarm 

NOTE: 
ICI = ICM7SE5 
IC2 = 4011 
ICI = 741 

IC4 = 78LOS 
IC5 - 4093 
0.1 - 5C2121.5 

02 = T1L713 
D1 = 0A91 
201 = 5V6 ZENER 

EATTI 
9V  I 

SKI 

LED1  10274 
LED2-3  RED LEDs 
BUZZ1 = P132720 
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'The circuit diagram is shown in Fig. 2. A 5V sup*. to most of the 

HO W IT WORKS   

,cscurt is provided by the voltage regulator1C4 with the help from C3 
• and C4. A tow power CMOS 7555 timer iCi in the c stable mode 
provides the timing for the, infra-red LED. The CMOS version is used 
to reduce current consumption. Pin 3 is high for a length of time given 
by T higti= 0.7 R2C1 seconds. The values shown gives T (high 
= 5 seconds and T flow) = 0.5 seconds_ PNP transistor DI is 
switched on by a low from 1C„1 via R3 and illuminates LED1 and LED2 
with current limiting by R4. Pin 3's also connected to a NAND gate 
of 1C2a so that the gates output is high when pin 3 is low. 
The changing current through the phototransistor is converted 

into a corresponding voltage by R5 and is fed to the non-inverting pin 
of 1C3. This 741 op-amp acts as a simple comparator. A preset 
potential divider RV1 provides a reference voltage which is fed to the 
inverting pin of 1C3 and then compared with the phototransistor 

voltage. The output from the comparator, either high or low, is fed 
to pin Sot NAND gate 1C2b. The output from IC2b is usually high, 
and only goes low when both inputs to it are high. This can only 
happen when the IR LED is on and the IR beam is attenuated by smoke 
See the timing diagram of Fig. 3. 
Any glitches- produced by the output of 1C2b and 1C2a are 

smoothed out by capacitor C2. 
The latch is formed by the remaining 2 NAND gates of 1C2 and, 

is a set-reset flip-flop. Its two inputs are held by the NAND gate IC 2b 
and the resistor R6. When the set input connected to IC 2b goes low 
the output from the flip-flop changes state and goes high. The output 
Will remain high until the reset input goes low, which occurs when 
Switch SW1 is pressed. The high output switches the audio oscillator 
•circuit on, This is formed by 105 via diode Dl. The audio alarm can 
be tested by pressing switch SW2 and diode DI prevents the logic 
high interfering with the operation of the flip-flop latch. 
Diode DI is a germanium type which drops only about 0.2V 

across it as opposed to the 0.7V for a silicon type. This is important , 
as a logic high from IC2 is about 4.5V since the LC is powered from 
a 5 volt supply. ICS, however, is powered from 9V and has a high/low 
threshold voltage of about 4V. A silicon diode would drop too much 
Voltage across it and ICS would always see a low whether the output • 
from 1C2 was high or low and the alarm would never sound! 
1C5a is activated by a high at pin Sand oscillates at about 511z 

set by C5 and R8. This switches the oscillator formed by IC 5b, C7 
and R10 via C6 and R9. C6 and 59 block the DC output from IC 5.? 
when it is not oscillating. The resulting pulsed 3kHz tone from IC 5b 
/sled tolC5d, across which a piezoelectric resonator is attached. By 
connecting thesesonator across r 5d rather than from IC 5b's output 
to ground, the voltage fed to the resonator is virtually doubled to 18V 
so producing a louder sound volume. 
The remaining NAND gate 1C5c is used for the low battery 

indicator. About 5V is always maintained across zener diode ZD I. 
There is about 4V across R7 which is interpreted as a logic high by 
IC5c, its output is low and 1ED3 out. As the battery voltage drops, 
so does the voltage across 57 until,: when the batteries reach 6.5V, 
the output of IC5c goes high so illuminating LED3. 

LED1 draws a considerable amount of current 
and if left on continually it would quickly drain the 
batteries. As a result, the IR LED timer only switches 
the LED on for about 1/2 second in every 5 seconds. 
See Fig. 3 for timing diagrams. 

The infra-red beam from LED1 shines into the 
phototransistor a short distance away, and a voltage 
is produced inversely proportional to the intensity of 
the beam. This is fed into one input of a comparator, 
and is compared with a reference voltage at the other 
input. When an unobstructed beam is present, the 
phototransistor voltage is lower than the reference 
voltage and the output from the comparator goes low. 
See Fig.3. When there is no beam present, or the 
beam intensity is reduced slightly by smoke, the 
phototransistor voltage is greater than the reference 
voltage, and the comparator output is high. 

Because the comparator output is high both for 
no beam and a reduced one, a NAND gate switch is 

included so that the comparator output is only 
considered when the IR LED is on (the NAND gate 
switch output only goes low when a reduced intensity 
IR beam is detected). A low triggers the latch and 
audio alarm only to be cancelled when the latch is 
reset. 

Construction 
Virtually all the components are mounted on both 
sides of the PCB to simplify construction as much as 
possible. Start by mounting the components on the 
normal side first. See Fig. 4. No specific order is 
necessary except that the three links should be 
soldered in first. It is always wise to leave 
semiconductor devices until last to reduce heat 
damage as much as possible. IC sockets should be 
used since this also reduces heat damage and static 
damage to the CMOS devices. 

When this is complete, turn the PCB over so that 
the copper side is up (see Fig. 5) and solder the two 
press switches SW1 and SW2 in position leaving 
about 3-4mm of lead showing. The slide switch SW3 
is soldered as close to the PCB as possible. The 
piezoelectric resonator is soldered in and mounted on 

IR LED 
TIMER OUT 

IR LED OUT 

0.5 

4   5 secs  .1 

 n ....... LED ON 

COMPARATOR  COMPARATOR GOES HIGH 
WHEN IR BEAM IS OFF 

STATES DO NOT CHANGE 
AT EXACTLY THE SAME 
TIME - PRODUCES GLITCHES 

TIMER 
NAND OUT 

INPUT TO 
LATCH 

LATCH OUT 

COMPARATOR 
OUT 

I  I  I I 
NtGLITCHES - WOULD TRIGGER  

LATCH. SMOOTHED OUT BY 
CAPACITOR C2 

LATCH OUT LOW - NO ALARM 

.."", COMPARATOR REMAINS HIGH 
SINCE SMOKE IS PRESENT 

TIMER  n   
NAND OUT 

INPUT TO 
LATCH 

LATCH OUT 

\ \ BOTH HIGH 
-IN PUT 
LATCH 

GOES LOW 

'4.---- LATCH OUT GOES HIGH - TRIGGERS ALARM 

Fig. 3 Timing diagrams for the complete circuit 

NO SMOKE 

SMOKE 
PRESENT 

top of a plastic tap washer using superglue so that it 
is several mm from the PCB. The two red LEDs (LED 
2,3) should be soldered with their bases about 9mm 
from the PCB, but the IR LED and the phototransistor 
should have as much lead showing as possible. In fact 
the phototransistor will need lead extensions soldered 
on so that it is in line with the IR LED. They should 
be left unbent as this stage. The holes for the LEDs 
and switches can now be carefully drilled and filed in 
the front of the case. The hole for the optional power 
socket can be anywhere as long as it does not interfere 
with the PCB. 

The PCB is attached to the case by using 25mm 
6BA bolts which are glued onto the inside of the case 
using Araldite epoxy resin. Alignment of the 6BA bolts 
is best done as follows. Loosely place the bolts in the 
PCB holes with their heads on the copper side, with 
nuts screwed on to prevent them falling out. Put a 
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Fig. 4 Component overlay of smoke alarm 
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Fig. 5 Arrangement of Infra-red LED and photo-transistor 

Fig. 7 Circuit of power 
supply for smoke 
alarm 
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small quantity of epoxy resin on each head and place 
the PCB in the case so that the LEDs and switches 
come through the front panel in the desired final 
position. The bolts can now be accurately positioned 
and left to set. 

The battery holders are glued onto the case lid 
using epoxy resin and wiring up is straightforward. All 
that remains is for the infra-red LED and phototran-
sistor to be bent towards each other as in Fig.6. They 
can be covered by a plastic pen top or similar to 
provide a more attractive finish, as long as this does 
not interfere with the infra-red beam. 

Operation 
When switched on, the alarm should trigger but this 
can be reset by the coned button. After this, the sense 
LED should come on every 5 seconds, and the alarm 
should sound again since the reference voltage will 
not be set correctly. To do this, firstly make sure the 
IR LED and phototransistor are accurately facing each 
other and then turn the preset fully anti-clockwise. 
The alarm should not sound when the LED comes 
on. Gradually turn the preset clockwise until the alarm 
just fails to sound. The alarm is now set, and it should 
be found that placing a finger or a clear polythene bag 
in the beam path will trigger the alarm. 

External light sources will have no effect on the 
Smoke Alarm and so correct operation will be 
maintained day or night. Mean current consumption 
is less than 5mA and so the batteries should last a 
considerable length of time. Alternatively, a 7-9V 
battery eliminator or the mains power supply 
described may be used. 

The cost of the project should be about £10 less 
case and PCB. 

68A BOLT 

CABLE TIE 

TO SMOKE ALARM 

6BA BOLT 
Fig. 6 Layout of power supply 

Fig. 8 Component overlay of power supply 
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PA- RTS L- I- M   rower bupply 
RESISTORS ;all ',"‘W ±5%) 
RI  690k 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RV1 

CAPACITORS 
CI 
C2 
C3 
C4 
C5 
C6 
C7 

100k 
470R 
47R 
220R 
10k 
470k 
33k 

10k min. horizontal preset 

10y tantalum 
0.4711 electrolytic 
34 electrolytic 
34 electrolytic 
10u electrolytic 
100n polyester 
100n polyester 

SEMICONDUCTORS 
ICI  ICM7555 CMOS 555 Timer 
IC2 
IC3 
IC4 
IC5 

4011 quad dual NAND gate 
741 op-amp 
781.05 5V voltage regulator 
4093 quad schmitt NAND gate 

MISCELLANEOUS 
BUZZ1  P52720 piezoelectric resonator 

1  

SW1,2  PCB mounted press switches 
SW3  SPOT slide switch 
3 2 x1 HP7 battery holders. IC sockets, 4 25mm 68A bolts. 3. 
jack socket Case 115x 95x 37 ABS plastic box. PCB, wire.  

• 

If a mains powered version of the Smoke Alarm is to 
be built and a suitable battery eliminator is not available 
then this custom designed PSU can be used. Once 
built the PSU can be used to power other equipment 
requiring about 9V and drawing less than 100mA of 
current as well. 

The PSU is extremely simple as Fig.7 shows. A 
mains transformer converts mains 240V into a low AC 
voltage via a 100mA fuse FS1. This low voltage AC 
is rectified by diodes DI and D2 and the DC peaks 
are smoothed into an unregulated but steady 9V by 
capacitor Cl. 

Construction is equally simple. with the few 
components mounted on the PCB which fits inside 
any suitable plastic case. See Fig. 8. Note that cable 
ties are used to prevent the cables from being pulled 
out from the case. The approximate cost of the supply 
is £3.00 less PCB and case. 

PARTS LIST  
DI  111411 % 4007 rectifier diodes 
CI  10001116V electrolytic 

t MISCELLANEOUS 
FSI  100mA, 20rnm fuse 
T1  6V-0-6V 100mA mains transformer 
2 20mm fuse clips. 2 grommets. 2 cable ties. 26 BA bolts. Cable, 
case, PCB. 

BUYLINES   
Maplin or Electromail can supply infra-red diodes and photo-
transistors. Piezoelectric resonators can be also obtained from Maplin. 
Contact Maplin on (07021554161 or Electromail on l0536) 204555. 

Ell 

HOBBYKIT introduces 

The smart kit range of over 
120 electronic kits 

Each smart kit has been tried and tested 
having been available in europe for the 

last 8 years 

SMART KITS ARE EDUCATIONAL 

SMART KITS ARE RECREATIONAL 

db  NO PRIOR ELECTRONIC  dà 
KNOWLEDGE IS NECESSARY w 

All you need is a soldering iron everything 
else is provided in each blister packed 

smart kit 

Comprehensive catalogue available 
including special introductory offer 

Please send 34p s.a.e. to: 

HOBBYKIT LTD 
UNIT 19 CAPITOL INDUSTRIAL PARK 
CAPITOL WAY LONDON NW9 OEQ 

FAX: 01-205 0603 

Q b c e n  n 
E l e c t r o n  c s 

e  • 

1515 
• Intel/pent 
• Schematic 
• Input 
• System 

ISIS schematic capture complements our  PCB 

PRO/AR circuit board layout software to give an 

integrated design system. 

It features a workstation quality graphical user 

interface yet runs on an IBM PC and costs a very 

affordable £399. 

ISIS is packed with functionality too - major 

features  include full  support for  hierarchical 

design,  automatic  wire  routing  and  object 

oriented 2D drawing as well as a comprehensive 

library system. 

If you've been put off CAD by near impenetrable 

user interfaces why not take a look at ISIS - call 

now for your free demo disk. 

14 Marriner's Drive, Bradford, BD9 4JT 

Telephone: 0274 542868 
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No. 1 LIST BAKERS DOZEN PACKS 
All packs are £1 each, if your order 12 then your ase entitled 
to another free Please state which ore youvrant Note the figure 
On the extreme left is the pack ref number and the next figures 
lathe quantity of items in the pack. finally a short description. 

B02  5 

807  4 

809  2 

8011 

BD13  12 

0022  2 
1:1029  1 
B030  2 

1:1032  2 

5042  5 

B045  1 

B049  5 

BD56  1 

191)59  2 

BD67  1 

BD103A  1 

BD120  2 

00128  10 

80132  2 

80134  10 

80139  6 

60149  4 

B0149  6 

BD180  6 
60193  6 

00196  1 

B0199  1 

130201  8 

130211  1 

00221 

80242  2 

BD252  1 

BD259  50 

00263  2 

BD268  1 

80283  3 

130293  50 
130305  1 
80657  2 
BD400  4 

B0653  2 

13A spurs provide a fused outlet los ring main where 
device such as a clock must not be switched off 
in flax switches with neon on/off lights, saves leaving 
things switched on 
6v. lA mains transformers upright mounting with fixing 
clamps 
61/2 " speaker cabinet ideal for extensions. takes your 
speaker. Ref 130137 + 50p. 
30 watt reed switches. ifs surpnsing what you can make 
withe these - burglar alarms, secret switches, relay etc. 
etc 
25 watt loud speaker two unit croas-overo 
B.O.A.C. stereo unit is wondertul breakdown value 
nicad constant current charges adapt to charge almost 
any nicad battery 
humidity switches, as the air becomes damper the 
membrane stretches and operates a microseetch 
13A rocker switch three tag soon/oft. or change over with 
centre off 
24hr time switch. ex-Electricity Board, automatically 
adjust for lengthening and shortening day. 
neon valves, with series resistors, these make good night 
lights 
mini uniselector, one use's torso electric tigSavr puzzle, 
we give circuit diagram for this. One pulse into motor, 
moves switch through on pole 
flat solenoids- you cloud make your m u tti -tester read 
AC amps with this 
such Or blow Operated pressure switch, Or it Can be 
operated by any low pressure variations such as water 
level in water tanks 
8y 750MA power supply, nicety cased with input and 
output leads 
stopper boards each contains a 400v 2A bridge rectifier 
and 14 Ether diodes and rectifiers as well sa dozens of 
condensers etc 
very fine drills tor p.c.b. boards eba Normal cost about 13Cp 
each 
plastic boxes approx. 3" cube with square hole through 
top so ideal for interrupted beam switch 
motors for model aeroplanes, spin to start so needs no 
switch 
microphone inserts - magnetic 490 ohm also act as 
speakers 
reed relay kits you get 16 reed switches arid 4 coil sets with 
notes on making cío relays and other gadgets 
safety cover for 13A sockets - prevent those inquisitive 
little fingers getting nasty shocks 
neon indicators in panel mounting holders with lens 
5 amp3 pin flush mounting socketsmakesalowcost disco 
panel - need cable clips 
in Itex simmerstat - keeps your soldering irons« always 
at the ready 
mains solenoid very powerhe has 1" pull or could push 
if modified 
keyboard switches - made for computers but have many 
other applications 
electric clock mains operated put this in a box and you 
need sever be late 
12v alarms make a noise about as loud ass car horn. 
Slightly solid but OK 
6" x4 Speakers 4 ohm made horn Radiomobilesovery 
good quality 
panostat controls output of boiling ring from simmer to 
boil 
leads with push on Vii" tags - a must for hook ups - 
mains connections etc 
oblong push switches for bell or chines, these can mains 
upto 5 amps so could be foot switch if feed into pattress 
mini 1 watt amo for record player. lAfill also change speed 
of record player motor 
mild steel boxes approximately 3" x 3" x 1" deep - 
standard electrical 
mixed silicon diodes 
tubular dynamic mic with optional table rest 
4.7uf, non-polarised block capacitors. pcb mounting 
Books. Useful for beginners. Describes amplifiers test 
equipment and kit sets 
Miniature driver transformers. Ref LT44. 20k 10 1k. Centre 
lapped 

80553a 2  as volt operated relays, each with two pairs CO contacts 
There are twer 1,000 Items in our Bakers Dozen List. If you want a com-
plete copy please request this when ordering. 

EQUIPMENT WALL MOUNT It is a multiediuStable metal 
bracket thal could be used for mounting flood light. loudspeaker, TV 
camera, even atan and on almost any sort of wall or ceiling even between 
wall and ceiling. The main fixing brackets rotate such that an inward or 
an outward corner Can be accommodated. Front panel also tilts upward 
or downwards loa reasonable angle and can be easily removed separately 
for wiring. A very useful bracket. Regular price would be around £6 each. 
Our price only £3. Our ref 3P72. Or 2 for £5. Our ref 5PI52. 

EXTRA SPECIAL CROC CLIPS Medium size. just right for 
most hook-ups. Normally sell for around 10p to 15p each. mese are 
insulated and have a length of wire connected to them but this isvery easy 
to snip off if you do not need it. 20 for £1. Our re:1110117A. 

COPPER CLAD PANEL For making PCB. Size approx 12in 
long x 81/2 in wide. Double-sided on fibreglass middle which is quite thick 
(about 1/16in) so the would support quite heavy components and could 
even form achassis to hold a mains transformer. etc. Price £1 each. Our 
ref EO M 

FET CAPACITOR MICROPHONE EAGLE CI.200 
Output equivalent to a high class dynamic microphone while retaining the 
characteristics ola capacitor microphone. Price £1. Our ref B0646. 

SUB.MAN TOGGLE SWITCH. Body size 8mm x4mmx7mm 
SBDT with chrome dolly fixing nuts. 3 for £1.00. Order ref BD649. 

POWERFUL IONISER 
Generates approx. 10 times more IONS than the ETI and similar 
circuits. Will refresh your borne, office, workroom etc. Makes 
you feel better and work harder - a complete mains operated 
kit, case included. £12.50+£2 P&P. Our n3f 12P5/1. 

REAL POWER AMPLIFIER tor your car, it has 150wattsoutput. 
Frequency response 20 hz no 20Khz and signal to noise ratio better than 
60cUb. Has built in short circuit protection and adjustable input level to 
suit your existing car stereo, so needs no ore-snip. Works into speakers 
ref. 30P7 described below. A real bargain at only £5750. Order ref: 57PI. 

REAL POWER CAR SPEAKERS. Stereo pair output 100w 
each. 4-Ohm impudence and consisting al 61/2" woofer, 2" mid range and 
1" tweeter. Each set ma compact purpose Witt shelf mounting unit Ideal 
to work with the amplifier described above. Price per pair £2926. Order 
ref: 30P7. 

STEREO CAR SPEAKERS. Not quite so powerful- 70w per 
channel. 3" woofer, 2" midrange and 1" tweeter Again, in a super purpose 
built shelf mounting unit. Price per pair: £27.95. Order ref: 28PI. 

ELECTRONIC SPACESHIR 
Sound and impact controlled, responds 
to claps and shouts and reverses when 
it hits anything. Kt with really detailed 
instructions. Ideal present for budding 
young electrician. A youngster should 
be able to assemble but you may have 
to help with the soldering of the com-

ponents on the pcb. Complete kit £6 Our ref 8P30. 

12" HIGH RESO WTION MONITOR. Bieck and white 
screen, beautifully cased for free standing, needs only a 12v 1.5 amp 
supply. Technical data eon its way but we triderstand these are TTL input. 
Brand new in meet's cartons. Price: £2500 plus £5 insured delivery. Order 
ref 28P1. 

14" COLOUR MONITOR made by the American Display Tek 
company. Uses high resolution tube made by the famous Japanese 
Toshiba company Beau td u Ily made unit intended for conscde mounting. 
but top and sides adequately covered by plated metal panels. Full technical 
spec. evils way to us. We have limited number of these. All brand new 
still in maker's cartons. Price £89 each plus £6 insured carriage. Order 
ref 89P/1. 

BUSH RADIO MIDI SPEAKERS. Stereo pair. BASS reflex 
system, using a full range din driver of 4 ohms impedance. Mounted in 
very nicely made black horded walnut finish cabinets. Cabinet size approx 
81hin wide, 141n high and 3tain deep. Fitted with a good length cd speaker 
Ilex and terminating with a normal audio plug. Price £5 the pair plus £1 
post. Our ref 5P141. 

31/2 in FLOPPY DRIVES. We still have two models in stock: 
Single sided. 80 track, by Chi non. The is in the manufacturers metal case 
with leads and IDC connectors. Price £40, reference 40P1. Also a double 
sided, 80 track, by NEC. This is u n cased. Price £5950, reference 60P2. 
Both are brand new. Insured delivery £3 on each or both. 

  ATARI 65XE COMPUTER. 
At 641< this is most powerful and suitable 
for borne and business. Brand new, 
complete with PSU, TV lead, owner's 
manual and six games. Can be yours for 
only £45 plus £3 insured delivery. 

REMOTE CONTROL FOR YOUR 65XE COMPU-
TER. With this outfit you can boas much as 20 feet away as you will 
have a joystick that can transmit and receive to ¡Aug into and operate your 
computer and TV. This is also just right a you want to use it with a big screen 
TV The joystick has two fire buttons and is of a really superior quality, with 
four suction cups for additional control and one handed play. Price £15 
for the radio controlled pair Our ref 15P27. 

ASTEC PSU. Mains operated switch mode, so very compact. 
Outputs: +12v 25A, +5v 6.4. ±5V 5A. al2v 5A. Size: 7114in long a 43/8in 
wide x 2314M high. Cased ready for use. Brand new. Normal price f30+. 
our price only £1225. Our ref 13P2. 

VERY PO WERFUL 12 VOLT MOTORS. 1/3rd 
Horsepower. Made to drive the Sinclair C5 electric oar but adaptable to 
power ago-kart, a mover. a rail car, model railway, etc. Brand new. Price 
£20 plus £2 postage. Our ref 20P22. 

PHILIPS LASER 
This is helium-neon and has a power rating of 2mW. 
Completely safe so long as you donor look directly into the 
beam when eye damage could result Brand new, full spec, £30 
plus £3 insured delivery. Mains operated power supply for this 
tube gives 8kv striking and 1.251ov at SmA running. Complete 
kit wrth case £15. As above for 12v battery. Also £15. Our 
ref 15P22. 

ORGAN MASTER is a three 'octave musical keyboard. It is 
beautifully macle, has full size (piano size) keys, has gold plated contacts 
and is complete with ribbon cable and edge connector. Can be used with 
many computers, request information sheet. Brand new, only £15 plus 3 
postage. Our ref 15P15. 

FULL RANGE OF COMPONENTS at very keen prices are 
available from our associate compnay SCS COMPONENTS. You may 
already have their catalogue, if not request one and we will send it FOC 
with your goods. 

HIGH RESO WTION MONITOR. 9in black and white. used 
Philips tube M24/306W Made up in a lacquered frame arid has open side. 
Made for use with OPD computer but suitable for most others. Brand new, 
£16 plus £5 post. Our reference 16P1. 

12 VOLT BRUSHLESS FAN. Japanese made. The popular 
square shape 41/2in x 41/2in x 13,ein). The electronically run fanS not 
only consume very little current but also they do not cause interference 
as the brush type motors do. Ideal for cooling computers. etc., or for a 
caravan. £8 each. Our ref 8P26. 

MINI MONO AMP on p.c.b. size 4' n 2 (app.: 
Fitted Volume control anda hole for a tone control 
should you require it The amplifier 
has three transistors and we estimate 
the output to be 3W rms. More 
technical data will be included 
with the amp. Brand new perfect 
condition, offered al the very low 
price Of £1.15 each, or 13 fOr 

J & N BULL ELECTRICAL 
Dept. E.T.I., 250 PORTLAND ROAD, HOVE, 

BRIGHTON, SUSSEX BN3 5C/T. 
MAIL ORDER TERMS: Cash, PD. or cheque with order Orders under £20 
add £2.00 service charge. Monthly account orders accept from schools 
and public companies Access d Barclaycard orders are accepted - 
minimum £5. Phone (0271) 734648 or 203500. 

POPULAR ITEMS -MANY NE W THIS MONTH 

JOYSTICKS for BBC. Alan, Dragon, Commodore, etc. All £5 each. 
State which required. 
TELEPHONE TYPE KEY PAD. Reel), first class rear mounting 
und. White lettering on black buttons. Has conductive rubber Cadets with 
soft dick operation. Circuit arranged in telphone type array Requires 70mm 
by 55mm cut out and is connected by lOpin IDC socket. Price £200 each. 
Order ref 2P251... 

TELESCOPIC FM AERIAL. Stands up enfolds over. Solidly 
Constructed and heavily nickel plated. Supplied complete with fixing nut. 
Price £1 each. Order ref 80717. 

SUB-MIN PUSH SWITCHES Not much bigger than a plastic 
transistor but double pole. PCB mounting. Three for £1. Our ref 80688 

CARTRIDGES lor the Double Microdnve Price 4 Ice £5.0ur ref 5P146 

NICAD CHARGER UNIT Metal pronged, plastic case contains 
mains transformer and rectifiers with output lead and plug - made to charge 
two cells but no doubt adaptable or wonderful spares val ue. Only 50p each, 
two for £1. Our ref 80385. 

EDGE WISE PANEL METER it you are shon ot panel space then 
this may be the answer. It has a F313 of 100i.rA and a nice ull vision scale. 
It MS through a hole approx l'/ris x Yiin. Another feature is that it has an 
indicator lamp behind the scale which you could light up, it would then Serve 
as an on/off indicator. Price £1. Our ref B0700. 

AA CELLS Probably the most popular of the rechargeable NICAD 
types. 410m £4. Our ref 4P44. 

COMPUTER SPECIAL The perex 16rneg Byte tape streamer 
These are brand new and really an exceptional bargain. Afee only so hurry. 
Only £15. Our ref 15P29. 

20 WATT 4OHM SPEAKER With built in tweeter. Really well 
made unit which has the power and the quaky for hi-fi reproduction. 61/2 in 
diameter. Price £5. Our ref 5P155. It is heavy so please add £1 to cover 
postage if not collecting. 

MINI RADIO MODULE Only about 215 square with ferrite aerial 
and solid dia tuner with its own knob. 11 is a superhet and it operates from 
P P3 battery and would drive a crystal headphone direct but be better with 
our mini mono amp. Price £1. Our ref 60716. 

BULGIN MAINS P WG AND SOCKETThe old faillifin 3pin 
with screw terminals. The socket mounts through a Phin bode and the mains 
is brought in by the insulating plug. used to be quite expereive but you Can 
have2 pairs for £1 or 4of either plug or socket For £1. 'trollop& makeyourself 
a neat and compact bench panel with these. Our ref 06715, BD715S or 
Br.7715P 

MICROPHONE If you canto low cost microphone then just arrived 
we have a very small hand-held dynamic miciiiith °Me switch in the handle, 
its lead terminates with one 35 plug and the other a 25 plug for remote 
control. Price only £1. Our ref B0711. 

EXTENSION CABLE WITH A DIFFERENCE It is Salon 
one side making it easy to fix and to look tidy. It is 4 core so suitable for 
telephone, bell, burglar alarms, etc. 50 yard coil for £5. Our ref smsa 

MOSFETS FOR POWER AMPLIFIERS AND HIGH 
CURRENT DEVICES140v 100w pair made by the famous Hitachi 
Company. Reference 255413 and its component 25J118. Only £4 the pair 
Our ref 442. 

BATTERY OPERATED TRAVEL MECHANISM On a 
plastic panel measuring approx. gin x 3112in. Is driven by a reversible 12v 
battery motor, fitted witha pulley and belt which rotates through a threaded 
rod and causes a platform to travel backwards and forwards through a 
distance of approx. 5m. Price £5. Our ref 5P140. 

MAINS OPERATED WATER VALVE with hose connection 
for inlet and outlet suitable for low pressure. Auto plant wafering. etc. Only 
£1 each. Our ref 50370. 

20 VOLT 4 AMP MAINS TRANSFORMER Upright 
mounting with fixing feet. Price £8 Our ref 3P59. 

16 OHM PM SPEAKERSApprox. Tin x 4in  watts. Offered at 
a verylom price so yOuean usetwo in preset tO giveyOu 10 wateal 8 Ohma 
filon two. Our ref 80684. 

EHT TRANSFORMER 4kv2snA Ex-unused equipment. £5. Our 
ref 59139. 

4 COUR TINSEL COPPER LEAD As fitted to telephones. 
terminating with flat HT plug. 2 for £1. Our ref BD639. 

EHT TRANSFORMER 8/ar 3mA. £15. our ref 10P56. 

VERY USEFUL MAGNETS Flat, about lin long, foin wide and 
Viin thick. Very power:tut 6 for £1. Our ref 130274(a). 

ACORN COMPUTER DATA RECORDER Ref ALPO& 
Made for the Electron or BBC computers but suitable for most others. 
Complete with mains adaptor, leads and handbook. £1000. Ref 10P44. Add 
£2 special packing. 

SOLAR CELLS Will give good current (depending on size) from 
sunlight or bright daylight. Module A gives 100mA_ Pnce £1. Our ref 80631. 
Model C gives 400mfa Price £2. Our ref 2'199. Model ()gives 700mA. Price 
£3 Our ref 3P42. 

SOLAR POWERED NI-CAD CHARGER 4 Ni-CAD 
batteries AA (HP7) charged in eight hours Or two in only 4 houes. It is 
complete, boxed ready for use unit. Price £6. Our ref 6P3. 

METAL PROJECT BOX Ideal for battery charger, power supply 
etc.. sprayed grey, size 8" x Vd " x rr high, ends are [aimed for ventilation 
other sides are flat and uncirillect Price £a Order ref 3P7s. 

CAPACITOR BARGAIN Axiai ended -47000 at 25v Jap mace. 
Normally Kip each, but you will get 4 for £1. Ref 613, 
SINLGE SCREENED FLEX 7112 copper conductors, put insulated then with 
copper screen. finally outer insulation. In tact quite normal screened flex. 
10m for £1. Our ref 8D668. 

3 CORE FLEX BARGAIN No. 1 Care size 5mm so ideal for long 
extension leads carrying up tab amps or short leads up to 10 amps. 15m 
f2. Ref 2P189. 

3 CORE FLEX BARGAIN No. 2 core size 1.25mm so ideal for 
long extension leads carrying apto 13 amps or short leads apto 25k 10m 
for £2. Order ref 2P190. 

ALPHA-NUMERIC KEYBOARD This keyboard has 71 keys 
with contactless capacitance switches giving long trouble tree life and no 
contact bounce. The keys are arranged in two groups. the main area field 
is a OWERTY array and on Me right is a 15 key number pad, board size 
is approx. 137 s4- -brand new but offered steely a fracion of its cost 
namely £3 plus £1 post. Ref 3P27. 

Vs HORSEPOWER 12 VOLT MOTOR Made by Smiths, the 
laxly length of this is approcimately 3in., the diameter 31n. and the spindle 
3/16th clan inch diameter. It has a centre flange for fixing or can be fixed 
from the end by means of 2 nuts. A very powerful little motor which reves 
at 300Orpm. We have a large quantity of them so if you have any projects 
in mind then you could rely on supplies for at least two year. Price £6. Our 
ref BPI. discount for quantities of loor more. 

44 ETI NOVEMBER 1989 



OCTOBER 1989 

NEWS 

• Over 3000 product lines 

• Many new kits including 
RF Frequency Counter 
2 Power Supplies 
3.5MHz Converter 

• Construction feature — 
2 watt Stereo Amp 

• Latest Books 

• Competition — £180 
Audio Signal Generator 
as 1st Prize 

• £10 worth of Discount 
Vouchers 

• Full details of the new 
range of Multimeters. 

Only £1.50 (inc p&p) 

SALES COUNTERS AT: 
Park Lane. Broxbourne. 
Herts EN10 7NQ. 
Telephone: (0992) 441306 

53 Burrfields Road. 
Portsmouth, Hants P03 5EB 

\ jelephone: (0705) 669021 ,) 

Cir et 

Cirkit's new range of Digital Multimeters offer a quite 
unbeatable combination of features and value: 

C  0  ®  ® 

rte-e  " 
11111133112 Mill 

• Ranges include: frequency, capacitance and 
temperature 

• Housed in strong ABS cases 
• Overload protection on all ranges 
• Full one year warranty 
• 31/2  digit, auto zero, auto polarity LCD, plus low 

batt indication 
• 200 hour battery life 
• All meters supplied with test leads, battery and 

manual 

TM5315B 
• Remarkable value 
• 18 ranges 
• 10A dc current 

Price £19.99 

dc volts: 200mV-1kV 
ac volts: 200V. 750V 
dc Current: 200uA-10A 
resistance: 20011-20MD. 

Continuity and diode test 
Basic dc accuracy:  0.8% 
Size: 128 x 72 x 33mm 

TM5375 
• Frequency measurement 
to 20MHz 

• ac/dc current to 10A 
• 24 ranges 

Price £35.75 

dc volts: 200mV-1kV 
ac volts: 200mV-750V 
dc current: 200uA-10A 
ac current: 200u4-10A 

Resistance: 20011-20Mi1 
Frequency: 2kHz-20MHz 
Continuity, diode and HFE test 
Basic dc accuracy =0.5% 

TM5365 
• 30 ranges 
• Frequency and 
capacitance measurement 

• Compact size 

Price £37.90 

dc volts: 200mV-1kV 
ac volts: 200mV-750V 
dc current: 200uA- 10A 
ac current: 200uA-10A 

Resistance: 2001-2-2000Mil 
Frequency: 2kHz-200kHz 
Capacitance: 2nF-20uF 
Logic. continuity, diode and HFE test 

TM175 
• Frequency measurement 
to 10MHz 

• Capacitance measurement 
from 1pF to 20uF 

• 39 ranges 

Price £57.49 

dc volts: 200mV-1kV 
ac volts: 200mV-750V 
dc current. 200uA-10A 
ac current: 200mA-10A  test. 
Resistance: 200i1-2000Mil 

Capacitance: 2nF-20uF 
Frequency: 2kH z- 10M Hz 
Continuity. diode. HFE. .ogic & LED 

TM135 
• Temperature measurement 
• Capacitance measurement 
• 40 ranges 

Price £45.95 

dc volts: 200mV-1kV 
ac volts: 200mV-750V 
dc current: 200uA-10A 
ac current: 200uA-10A 

Resistance: 200f1-2000M11 
Temperature: 200c-750°C 
Capacitance: 2nF-20uF 
Diode. HFE and continuity test 

TM115 
• 0.5% accuracy 
• Transistor HFE test 
• 26 ranges 

Price £33.60 

dc volts: 200mV-1kV 
ac volts: 200mV-750V 
dc current: 200uA-10A 

Resistance: 20011-2000M1). 
Continuity, diode and HFE test 
Basic dc accuracy -L- 0.5% 

Prices inc VAT. Please add 90p for p&p. 

Cirkit Distribution Li 
Park Lane, Broxbourne, Herts EN10 7NO. Telephone 

L, 

09 e44411 

VISA 
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SERIAL LOGIC SCOPE 

Richard Grodzik 
shows how serial data 
can simply be 
displayed. 

E-1 
L.1 

his project will allow you to capture serial 
data and display the alpha-numeric mes-
sage on an LCD screen. The unit is simple 
to use and is menu-driven. The data 
capture and character display allows the 

display of characters in both hex and ASCII form on 
the 2-line by 16-character display. The display may 
be moved forward through the 40-byte buffer by keys 
which will auto-repeat if held down. A full operating 
procedure is given. A trigger function allows the user 
to define a character within the serial data and any 
message after that point will be recorded. 

The Menu selectable parameters are as follows: 

Acquire mode: automatic, capturing and displaying 
any number of characters up to 40. 

Receive baud-rate: 150,300,600,1200,1800,2400 

Data bits: fixed, 8 

Parity: automatic, any 

Trigger: off, on (&00H-&7FH) 

Serial Data Transmission 
To reduce the number of connecting wires required 
to send digital data over long distance, serial 
transmission is preferred and in this case requires only 
two wires, the signal wire carrying the digital informa-
tion and a common ground return. No handshaking 
has been included in the design, since the baud-rates 
(speed of transmission) are relatively low. 

Alpha-numeric characters are invariably ASCII 
coded digital words sent asynchronously, with a start 
bit, a stop bit and a parity bit framing each 7-bit ASCII 
character (see Fig. 1) thus forming 10-bit words. Note 
that this communication protocol, which is known as 
the RS232 standard, uses logic voltage levels which 
follow negative logic. TTL level ASCII signals can just 
as easily be sent in a serial format with just the 
inclusion of an inverter to satisfy RS232 logic protocol. 
The reason for higher RS232 logic voltage levels is 
to provide better noise immunity to long lengths of 
serial transmission. typically 2000 feet at the lower 
baud-rates. 

ASCII Codes 
Codes range from &00 to &7F, the first 20 codes being 
assigned to control characters. These are the codes 
produced when a carriage return key is pressed on 
a computer keyboard. A table of ASCII control 
characters is shown in Table 1. 

HEX  ASCII 
CODE SYMBOL 
00 nul 
01  soh 
02  stx 
03  etx 
04  eot 
05  enq 
06  ack 
07 _bel 
08  bs 
09  ht 
OA  If 
OB  vt 
OC if 
OD  CT 
OE  so 
OF si 
10  dle 
11  dcl 
12  dc2 
13  dc3 

1 14  dc4 
15  nak 
16  syn 
17  etb 
18  can 
19  em 
lA  sub 
1B  esc 
1C  fs 
1D  gs 
lE  rs 
1F  us 
20  sp 

MEANING 
nul 
start of text 
start text 
end text 
end of transmission 
enquire 
acknowledge 
bell 
backspace 
horizontal tab 
linefeed 
vertical tab 
form feed 
carriage return 
shift out 
shift in 
data link escape 

reserved for xon/xoff 
handshake 

negative acknowledge 
synchronous idle 
end transmission block 
cancel 
end medium 
substitute 
escape 
form separator 
group separator 
record separator 
unit separator 
space 

Table 1 ASCII control characters 
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PARTS LIST   

erroRs 

CONDUCTO-RS: 
-- .7400 

271E, 
74373 
• r.44S. 
LEO 

ptz 
sPsT toggle switch 
Socketliqokf   isee ext) x.AA Niced 
crystal thpley. Olin DI header pins. 0.8mr, 

éircuit -Wing pins. length single-core screened lead. Spin _ 
it On or 25-way D-type socket. 

ALWAYS LOW 

STOP 
BIT 

1  X 

ALWAYS HIGH 

BIT I 
—e 10ELL.r.-7  

06  05  D4  03  D2  DI  DO 

PARITY BIT 

1  0  0  0  0  0  1 

4114 

1 WORD 

o 

ASCII CHARACTER 'A' 

LOW -3  +15V 

HIGH -3  - 15V 

START BIT 

BINARY LOGIC LEVELS 
AFTER INVERSION 

Fig. 1 Format for asynchronous serial data transmission 

ASCII codes &21 to &7F are decoded by the display 
to include all upper and lower case alpha-numeric 
characters and punctuation signs, as well as the 
symbol for the Japanese Yen. Are they trying to tell 
us something? 

Construction 
The display CMOS device is static sensitive so all 
precautions should be taken to protect this expensive 
part. It is recommended that this is the last component 
to be inserted into the PCB. Short out the connecting 
header pins with conductive foam. Two rows of DIL 
0.1 inch headers are inserted in the LCD connecting 
holes. Minimum time should be taken to solder these 
in place. The LCD then can be protected by the con-

RESET  ADVANCE  ARM/SEL 

Fig- 2 Component overlay for serial logic scope 
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--'4V0  1 4V8 

'1 C10 l RESET 
E IREDI  IOU 

SW1 
H5 
8KZ 

SW? 

ADVANCE (BLACK) 

4V8 
114 
SK6 

1„9,4„ 
334 r  r33p 

20 

Li 

5 
18  19  17  73 

XTAL1  DSPN 

ST 

Voc 

GRO 

 12  P3.2 

SW3 

I ARM/SEL (GREEN) 

SKT1 
RxD  R1  01 
INPUT  47k 

GND 
o  

iTe77 

4v8 

R2 
4k7 

D/ 1 4148 

10011 

ADO 

AD2 

AD3 

AA04D5 
AD6 

AD? 

A 

Al 

cc  IC3  All 

P3.3 

ALE 

O 

Al2 

39 

6 

4v8 

IC2b 

-L c2 

3 

37 

3 

34 

32 

22 

24 

30 

e  

4 
7 

03 
04 

07 

E 

AS 

OE 

O 

o 21 124 

Vpp Vcc 

IC4 

4V8 

AS 
A4 

AS 

Al 

CND 

c6 
7 100n . 

A77 

8 

a 

1134 
17 
18 
11 

4 

25 

IC1b 

6 

Fig. 3 Circuit diagram of serial logic scope 

5 

14 

ICIc 

2 

8 

16 

ICS 

12 

19 

2 

16 
15 
12 

2 

2 
4V8 

10 
-L. C4 -r lOOn 

4 

07 06 D5 D4D3 D2 D1 DO  RS vdd  

E  LIQUID CRYSTAL DISPLAY 
16c2 

ESD  H/W-

4V 8 

2 

3 
R6 
100 

5 

RV1 
4k7 

CONTRAST 

_r 4 V 8 
C11  ±  C3 

'Ou r   
47 

4V8 

100n 

SW4 

4x,AA 
NiCad 

BATTERY 

DC SUPPLY  e in 

NOTE. 
IC1,2 = 7400 
IC3 - 8031 
IC4  2/16 
ICS = 74373 
1:11 - 2113053 

HO W IT WORKS   
The circuit diagram is shown in Fig. 3 and a block diagram in Fig. 4. 
The unit is built around IC3 — an 8031 single chip 8-bit 

microcomputer which incorporates an onboard software 
programmable UART and 128 bytes of RAM, 
The input serial data, RS232 level or inverted «rn_ level is buffered 

and inverted by transistor 01 to present normal positive logic TTL data 
to the microcomputer IC3. The clamping diode Dl prevents base-
emitter reverse breakdown l6VI of the transistor when the 8S232 
voltage swings to —15V. 
Address decoding is provided by ICI and IC2. /Cie band c enable 

the display when address line Al2 is high and the write pin of IC3 is 
low. ICU' which forms a simple AND gate enable the EPROM data 
buffer whilst address line A8 provides the address decoding M 
conjunction with A10 and All. 

Port 2 of IC3 provides a multiplexed low order address and data 
bus which is dentiltiplexed by octal latch ICS and IC2. 
The liquid crystal display is an intelligent alphanumeric dot matrix 

module with an integral CMOS microprocessor and LCD display 
drivers It utilises a 5 x 7 dot matrix format and is capable of displaying 
the full ASCII character set. 
Three control push switches SW1. SW2, and SW3 ate polled in 

turn by the system software which configures the trigger byte if 
needed, and receive baud-tate ASCII data is fed to the microcomputer 
and saved in its internal RAM, for subsequent output to the display. 
RV1 provides a contrast control for the display for different viewing 
angles and ambient light conditions. Finally, the onboard nicads power 
the unit for approximately five hours with a typical current 
consumption of 100mA. 

ductive foam until final insertion into the PCB. when 
the foam is removed. 

Connecting Up 
A single core screened cable is used to connect the 
unit to any computer. The screen of course is the 
common ground return (OV). The connections to the 
BBC model B or Master are to a 5-pin 'domino' DIN 
plug as shown in Fig 5a. For connecting a PC. a 
standard 25-way D-type socket is required. This is 
shown in Fig 5b. 

Batteries 
Please do not be tempted to use primary zinc carbon 
or any non-rechargable batteries in place of the NiCds, 

since you will get a total emf of 6V which is above the 
manufacturers maximum recommended rated value 
of 5V for the liquid crystal display. Also reverse polarity 
battery connections to the display will cause 
irreparable damage to the expensive display. So 
double check everything before you power-up. 

BUY-LINES   
The 12MHz crystal is available from Maplin catalogue na WO7H. The 
LCD display is from Electromail catalogue na 588-516. The 8031 can 
also be obtained from Electromail. A pre-programmed EPROM is 
available for £15 inclusive of the EPROM from the author. 
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eînere RE ET  c, 
ADVANCE 

4,‘AA 
NI-Cad 
BATTERY 

ENABLE  DO-7 
LIQUID 
CRYSTAL 
DISPLAY 
Ig e 

F.5 4 

Fig. 4 Block diagram of serial logic scope 

Software 
Two software listings are shown here, one for the BBC 
in basic, and for those of you with an 8088 Assembler 
a source program listing which reads the keyboard. 
prints to screen and sends serial data from the serial 
port. Communications software is also widely avail-
able for the PC, as well as public domain software, 
notably TELIX. A quick check of the unit can be made 
by connecting a TTL low frequency source to the 
input. This will cause random repetitive data to be 
displayed. 

This program reads the keyboard, prints to screen and send the 
character in ASCII format from the serial port. A control C will 
cause an exit to MSDOS. 

SSEG  SEGMENT STACK 
ORO 0100011 
DW 10 DUP (?) 

SSEG ENDS 

CSEG SEGMENT 
ASSUME CS:CHG,DS:DSEG,ES:DSEG 
MAIN PROC FAR 

PUSH DS 
SUB AX,AX 
PUSH AX 
MOV AX,043 
INT 014 
MOV DX.003FC 
MOV AL,003 
OUT DX,AL 

REPEAT:  MOV AFf,006 
MOV DL,OFF 

1,00P1:  INT 021 
JZ LOOP1 
(IMP AL,OOD 
JZ CAR-RET 
CM? AL.003 
JZ CONTE-C 
MOV DL,AL 
PUSH AX 
INT 021 
MOV CX,08000 

DELAY:  LOOP DELAY 
MOV DX,003FD 

Listing 2 Source listing for PCs 
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;300 baud rate 

TOP 
RTS 

OV 

5-PIN COMPUTER 
SOCKET 

DATA 
CND  OUT 

4.1 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

PC 25-WAY D-TYPE PLUG 

Fig. 5 Connections for the BBC 
computer or a PC 

This program reads the keyboard. prints to screen and sends the 
characters in ASCII format from the serial port. 
10 CLS 
20 'FX 8.2  :150 baud 
30 IX 2,2  :Keyboard enabled, serial EX on 
40 A=1NEEY(1)  A= -1 TI:i.EN 30  lino key press GOTO 30 
451F A=13 OR A=10 THEN GOSUB 100 ;Return linefeed? 
50 *FX 3,9  ;Screen enabled, serial TX on 
60 VDU A  :Display data 
70 *FX 3,0  ;Screen on, serial TX off 
80 G010 30 
100 A =10:VDU A 
200 A =13:VDII A 
300 RETURN 

NOTE — Line 20 selects the baud rate. Replace 8.2 with the following 
numbers for different baud rates: 
'FX 8,3 300 baud 
*FX 8,4 1200 baud 
*FX 8,5 2400 baud 

Listing 1 Basic program for BBC computer 

BACK: IN AL,DX 
TEST AL,020 
JZ BACK 
SUB DK. + 05 
POP AX 
OUT DX,AL 
affP REPEAT 

CAR•RET:  MOT DL,00A 
MOT AH.006 
INT 021 
MOV DL,OOD 
MOT AH.006 
INT 021 
JMP REPEAT 

CONTE-C:  MOT CX,08000 
DELAY":  LOOP DELAY1 

RET 
MAIN ENDP 
CSEG ENDS 
END MAIN 

Line 10 of the program defines the baud rate. Following are the values 
of AX for different baud rates: 
023 = 150 baud 
063 = 600 baud 
083 = 1200 baud 
0A3 = 2400 baud 
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NO TRIGGER 

SWITCH ON 
RED 
reset 

Trigger 

BLACK 
advance 

SYSTEM INITIALISED NO TRIGGER BYTE 

GREEN 
select(arm 

• FF 

PRESS SELECT BUTTON (GREEN) 

150 Baud rate 
Trigger 

BAUD RATE SELECTED —150 

▪ FF 

PROCEDURE G 
PRESS ADVANCE BUTTON (BLACK) 

300 Baud rate 
Trigger 

BAUD RATE SELECTED — 300 

▪ FF 

KEEP BUTTON DEPRESSED, RELEASE BUTTON WHEN BAUD 
RATE SELECTED 
BAUD RATES: 150, 300, 1200, 1800, 2400 

PRESS SELECT/ARM BUTTON IGREEN) 

DISPLAY BLANKS 
SYSTEM ARMED AND WAITING FOR SERIAL DATA INPUT 

SERIAL DATA ENTERED 

The quick brown 

ALPHA-NUMERIC DATA DISPLAYED 

PRESS ADVANCE BUTTON (BLACK) 

he quick brown f 

DISPLAY ROTATES 

KEEP ADVANCE BUTTON PRESSED 

456789 The quick 

SHOWING 40 CAPTURED BYTES 
CURSOR INDICATING FIRST BYTE 

Table 2 Menu-driven operating procedure 

PRESS SELECT/ARM BUTTON (GREEN) 

00 
Position ASCII 

54 
HEX 

BYTE RECEIVED=1ST ASCII CHARACTER =T HEX CODE---54H 

PRESS ADVANCE BUTTON (BLACK) 

01 
Position ASCII 

68 
HEX 

SUBSEQUENT CHARACTERS ARE DISPLAYED (Position 00 to 39) 
KEEPING BUTTON PRESSED WITH ADVANCE CHARACTER 
POSITION 

PRESS RESET BUTTON RED 

Trigger 

SYSTEM RE-INITIALISED 

• FF 

OPERATING PROCEDURE FOR TRIGGER in f E 
PRESS RESET BUTTON (RED) 

Trigger   

SYSTEM INITIALISED 

FF 

PRESS ADVANCE BUTTON (BLACK) 

Trigger  00 

TRIGGER BYTE IS 00H 

KEEP BUTTON PRESSED, RELEASE WHEN DESIRED TRIGGER 
BYTE SELECTED 

Trigger   

ASCII CHARACTER '8' 
TRIGGER BYTE SELECTED 

8 38 

PRESS SELECT/ARM BUTTON (GREEN) 

150 Baud rate 
Trigger 

BAUD RATE SELECT MODE 
GO TO PROCEDURE 'G' 
'MENU DRIVEN OPERATING PROCEDURE' 

8 38 
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0000 
0010 
0020 
0030 
0040 
0050 
0060 
0070 
0080 
0090 
00A0 
0080 
0000 
OODO 
00E0 
00F0 
0100 
0110 
0120 
0130 
0140 
0150 
0160 
0170 
0180 
0190 
01A0 
0180 
01C0 
01D0 
01E0 
01F0 
0200 
0210 
0220 
0230 
0240 
0250 
0260 
0270 
0280 
0290 

79 00 
FF FF 
CO DO 
DO 80 
78 10 
20 DO 
80 02 
OB CO 
72 69 
B2 00 
85 
B3 
1F 
75 
00 
FF 
CO 
04 
07 
75 
EO 
79 
02 
AO 
BD 
00 
00 
00 
B2 
OE 
FF 
FF 
12 
01 
OF 
7B 
06 
01 
08 
02 
7C 
18 

6B 
24 
BF 
6B 
00 
FF 
80 
16 
34 
6E 
04 
00 
SE 
00 
FF 
32 
00 
00 
F7 
FO 
FF 
FF 
02 
74 
3F 
00 
FO 
74 
41 
7C 
EF 
7F 

74 
FF 
CO 
DO 
90 
80 
01 
80 
67 
00 
12 
30 
00 
00 
00 
FF 
54 
85 
30 
00 
84 
78 
D2 
00 
02 
C2 
02 
75 
90 
11 
FE 
FF 
SA 
OB 
20 
30 
80 
08 
52 
98 
BB 
FE 

20 
FF 
80 
DO 
10 
04 
FF 
83 
67 
E5 
04 
B2 
FC 
02 
00 
FF 
FO 
80 
22 
90 
14 
10 
A9 
C2 
79 
AB 
AB 
09 
10 
20 
FF 
FF 
12 
CO 
20 
B3 
EC 
CO 
4D 
BB 
05 
1F 

78 10 
FF FF 
7E 10 
22 FF 
00 74 
84 19 
90 10 
FO 11 
65 72 
68 90 
00 85 
FA 05 
BE 00 
00 64 
00 12 
FF FF 
C4 12 
6C 22 
DO 80 
10 00 
F3 80 
90 10 
D2 AB 
98 E5 
77 B5 
E6 FO 
00 00 
04 75 
00 74 
12 02 
FF FF 
FF FF 
02 8A 
80 83 
20 20 
OF 12 
C2 84 
80 83 
45 44 
02 02 
02 7C 
BF 00 

Listing 3 EPROM du mp 

F6 08 138 38 FB 
FF FF FF FF FF 
18 7F FF 1F 13F 
FF FF FF FF FF 
11 CO 80 83 75 
FO 80 OB 00 00 
00 74 CO FO 11 
20 DO 80 04 B4 
20 20 20 20 20 
10 01 FO 11 20 
6D FO 11 20 85 
68 CO DO CO 80 
F6 DO 80 DO DO 
00 00 00 00 00 
02 BA 30 B3 FD 
‘!1* FF FF FF FF 
04 16 85 80 6D 
C3 CO 80 94 OA 
34 2F 22 FF FF 
74 OC CO 80 83 
09 30 38 38 06 
01 75 98 50 75 
132 AF 00 00 80 
99 A2 DO B2 07 
68 02 79 77 B9 
12 04 A9 08 88 
32 80 07 7F OB 
08 89 32 20 63 
OA FO 11 20 74 
8A 12 02 8A 00 
FF FF FE FF FF 
FF FF FF FF FF 
90 10 00 74 80 
FO 11 20 DO 80 
42 61 75 64 20 
06 00 30 B2 F7 
90 10 00 74 CO 
FO 11 20 DO 80 
20 20 FF BE 00 
7C CC BB 03 02 
F3 02 04 30 CO 
FC BE 00 F6 DO 

74 
02 
00 
FF 
6B 
30 
20 
17 
00 
74 
6C 
7E 
74 
00 
02 
FF 
DO 
40 
FF 
FO 
OC 
89 
FE 
54 
77 
38 
1F 
03 
18 
00 
FF 
FF 
FO 
04 
72 
OB 
FO 
04 
02 
7C 
DO 
80 

00 02 
04 6E 
FC BE 
FF FF 
FF 00 
38 38 
90 10 
F4 80 
00 D2 
20 .F0 
FO 11 
10 18 
80 85 
00 00 
02 00 
FF FF 
80 54 
07 DO 
FF FF 
12 00 
80 02 
20 8C 
80 FC 
7F AD 
02 80 
02 80 
BE 00 
02 08 
FO 11 
00 00 
FF FF 
FF FF 
11 20 
84 19 
61 74 
12 02 
11 20 
B4 12 
7C 30 
E6 88 
CO EC/ 
DO MO 

00 40 
FF FF 
00 F6 
FF FF 
FO 11 
06 OC 
01 74 
OC 54 
83 C2 
11 20 
20 30 
7F FF 
6B 03 
00 00 
FF FF 
FE FF 
OF 12 
EC 34 
FF FF 
20 DO 
01 FF 
8D 00 
02 02 
6B F6 
03 00 
08 00 
FC 22 
00 30 
20 74 
80 D9 
FF FF 
FF FF 
90 10 
F4 80 
65 FF 
8A BB 
90 10 
F4 80 
BB 101 
04 02-

78 FF 
22 FF 

02A0 
0280 
02C0 
02D0 
02E0 
02F0 
0300 
0310 
0320 
0330 
0340 
0350 
0360 
0370 
0380 
0390 
03A0 
0380 
03C0 
03D0 
0380 
03F0 
0400 
0410 
0420 
0430 
0440 
0450 
0460 
0470 
0480 
0490 
04A0 
0480 
04C0 

20 
00 
FF 
FF 
FF 
FF 
90 
CO 
30 
84 
83 
BB 
F4 
11 
14 
04 
FF 
FF 
FF 
FF 
FF 
FF 
12 
00 
02 
83 
6E 
90 
00 
12 
04 
FD 
74 
06 
C4 

B2 
12 
FF 
FF 
FF 
FF 
10 
80 
20 
OF 
FO 
03 
80 
20 
74 
32 
FF 
FF 
FF 
FF 
FF 
FF 
02 
20 
01 
FO 
2E 
10 
12 
00 
00 
12 
OC 
20 
25 

06 
02 
FF 
FF 
FF 
FF 
00 
83 
BB 
F4 
11 
14 
04 
DO 
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1 MILLION W ATTS 
Of pure class A amplification 

Yes, since their inception in 1986 the Supermos range of pure class A Hi-Fi 
power amplifier modules have clocked up a total power of 1 million watts and 
over 4000 customers and still growing fast. Thousands of modules have been 
sold worldwide and with three distributors in Sweden. Canada and Australia 
we are now the largest UK exporter of class A Hi-Fi modules. 
Just some of our customers include domestic H-Fi enthusiasts, clubs, mobile 
disco's. PA contractors, Hotels, TV/Radio stations, Universities, schools, 
Science institutes, Government depts. Cancer research — the list is endless. 

If you're thinking of builiding a new power amplifier or upgrading your 
existing one — then compare before you buy. 

No other amplifier, either in kit form, a module or ready built unit can match 
the Supermos2's performance or sonic qualities. No other kit amplifier in the 
world can boast ANY of these features: 

Totally pure class A operation even up to full output 
tppm distortion at full output for ultra clean sound 
685V/us slew rate for unbelievable sonic accuracy 
Top quality SMD components including custom built, 
matched semiconductors. PSU feedforward 
eliminating PSU induced distortions. Clean PSU 
ripple free clipping (a world first) 

Eliminate the rather dubious, and variable uncertainty of performance obtained 
from other kit amplifiers. Take the guesswork out of Hi-Fi construction, 
remember the Supermos modules are ready built, tested, and with a 
guaranteed performance level. Don't just take our word for it, here are extracts 
from just some of the hundreds of unsolicited letters were receive: — 
Compared to a £40.000 system al 'Rapsody' my Supermos2's have more refined detail and 
accurate placing of instruments. — A. Houtapells. 
My wife is an oratorio singer, and sound has to be of very high quality or she will not stay 
in the room, with C Supermos2's driving active isobariks even my wife can now enjoy 
listening; you have done the Collier family a great service. — Or Collier 
have to hand many upmarket Hi-Fi systems to compare with my Supermrim's when fed 
from a Mission PCM 7000 CD feeding Van de Hut 102/2 speakers the sound is marvellous. 
lam very pleased I now want to build a Supermos2 system. — E. Andreski. 

STOP PRESS! Just released, the SAGE AUDIO "Digitrap" digital filter for all 
types of CD players resolves up to 30 times more detail. SAE for details. 

Supermosl £85 Supermos2 £140 Digitrap1 £39-85 Digitrap2 £59-95 
There's so much more to the Supermos2 that we cannot tell you in this ad. Send 

now for an eight page glossy brochure giving full details. 
To receive a brochure please send £1.50 cheque or coins and a g x12 28p SAE; 

Overseas send 6 international reply coupons to: — 

SfiGE 
FLUID 

SAGE AUDIO, Construction House. 

Whitley Street. Bingley, Yorks, 6D16 4JH. England. 

SURPLUS STOCK 
CLEARANCE 

A wide range of Regulated Power Supplies 
FOR SALE 

for full details, contact:— 

Electronics Division 

Telephone:  (0202) 482284 
International: (44) 202 482284 
TFeaxl : 

(0202) 470805 
41276 GRSXCHG 

Somertord Road. Christchurch, International: (44) 202 470605 
Dorset BH23 3PH, England  Gold:  74 ELP209 

BINDERS 
FOR YOUR VALUABLE COLLECTI ON 

OF ELECTRONICS TODAY 
INTERNATI ONAL M AGAZINES 
• SMART• EASY TO USE-TOP QUALITY 
To ASP Readers Services, 
Argus House, Boundary Way, 
Hemel Hempstead HP2 7ST (0442 66551) 

sir 

g  £6.20 t 

inc.  1 

%  P&P 
e 

Please supply   Electronic Today International 
Binders £6.20 inc. P&P 

Total    (Please make cheques payable to ASP 

Years Required:  198   198   198   198   

Name   

Address   

Please allow 21 days for delivery. 
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Bare Board 

£17.50 

(plus postage and VAT) 

Inferak 1 
p  efej..._ 

‘, 
In e  L71' 

;I 

SINGLE BOARD COMPUTER "SBC-1" 
A computer doesn't have to look like you'd expect a computer to look. 
It doesn't have to have a keyboard and a screen and floppy disks and 
so on. 

The SBC-1 has the bare minimum of chips a Z80 computer can have 
and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up 
to 321<), a static RAM chip (up to 32K) and a pair of 8255A 1/0 (input 

output) chips giving 48 individual lines to waggle up and down. There 
are one or two additional "glue" chips included, but these are simple 
"74LS" or "HC" parts. 

A star feature is that no special or custom chips (le PALS, ULAs, ASICs 
etc) are used — and thus there are no secrets. The Z80A is the fastest 
and best established of all the 8-bit microprocessors — possibly the 
cheapest too! 

Although no serial interface is included, it is easy for a 280A to waggle 
one bit up or down at the appropriate rate — the cost is a few pence 
worth of code in the program: why buy hardware when software will do? 

Applications already identified include: Magnetic Card reader, mini 
printer interface, printer buffer, push button keypad. LCD alphanumeric 
panel interface, 40-zone security system, modem interface for auto 
sending of security alarms, code converter (eg IBM PC keyboard 
codes to regular ASCII), real time clock (with plug in module), 
automatic horticultural irrigation controller. 

By disabling the on-board 280A-CPU this card will plug into our 
Interak I CP/M Plus disk-based development systems, so if you 
don't fancy hand-assembling Z80 machine code you don't have to! 

The idea is Of you are a manufacturer) you buy just one 
development system and then turn Out the cheap SBC-1 
systems by the hundred. If you are realty lazy we can write 
the program for you and assemble the SBC-1 cards so 
you can get on with manufacturing your product, 
leaving all your control problems to us. 

Greenbank 

For more details write or phone us: 
Greenbank Electronics, Dept. (T10E), 460 New Chester Road, 
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391. 

Oscilloscopes 
TEKTRONIX 2213 Dual Trace 60MHz Delay Steep £400 
TEKTRONIX 465 Dual Trace 10011Hz Delay swam 
lb\ IHONIX 454 Dual Trace 15 Hz Delay Sump 
GOULDADVANCE 0S3C00A Dual Trace 40MHz DelaySweep £300 
TRIO CS1566A Dual Trace 2011Hz Delay Sweep  £250 

TELEOUIPMENT 075 030 Trace 500Hz Deld;SIweep ....... £275 
KIKUSUI 5530e Dual Trace 351.1Hz ...................................£250 
HP 12200 Dual Trace 15MHz  £200 
GOULD ADVANCE OS1120 Dual Trace 3044Hz 
GUJLD ADVANCE 0S255 Dual Trace 15MHz  _ .  £210 
CO55ORCOU159 Dual Trace 35MHz Delay Sweep So6:ISlale 
Portable 8 elOcrn Display  ,  £150 

Ogional horn awer Peening 2 glees etc ..............—____ £10 
SE LABS SM111 Dual Trace 1818•17 Sec/ Slate Poneale AC cr 
external DC operaban 8.10Cm Display EVO 

SCOPES 42108 Dual Trace 10MHz .  £150 

MARCONI 112015 Ail FM 10•52014Hz Sag Gen with 

MARCONI 1F2010 turnout Syreironiser  . £425 
MARCONI 112016 AM FM 1010{z1204.8M with Synchronise 
112173  £400 

MARCONI 112010 without SyrxecenSer..............................£300  
MARCONI SANDERS SO SOURCE 61:1558 850-2150MHz . £500 
DYMAR 1525 AM FM 01-18469z Sig Gen  £200 
HR 961 SWEEP OSCILLATOR 7-124G Hz  £600 
HE 620 S !Mal Generator 7.11596 .  .. . ....£400 
HP 6145 Signal Genera, 80321*36111z ....................£450 
rTERROGRAPH 0752 Recarder 7E51 SES .  .  £275 
WOEU<WE lrenw & Fluter Klee biElce  .Z100 
,_EADER LAW 186tt Two channel MIIIWoloneter 5H2-566Hz 
1000V-300V 

LEVEL! 1132500M 10zdtAHZ SorarSguare  .... £125 
MARCONI Autorraic Distortie Meter T123370 400Hz a 10Hz. 

MARCONI 112703 UNIVERSAL LCR Bridge. Beery Operated 
. Prom MO 

PHILIPS PIA6156 FM Stereo Generator . .........................£95 
ADVANCE S0628 AM 1501062-220Alltz  £45 (P&P £71 
TEKTRON£( CURVER_TRACF_R type crn  £325 
TRIO 56402 AM Sag Gen 1C0kHz-30MHz Unused  £75 
MARCONIATTENUATOR TF2162DC-1MHz 6030hm0-11k113 in 
0 Ir1B Steps  £.15(P&P C7) 

MARCONI RF POWER METER TF1152A/1 DC 5004.6180525W 
500O0n wIth manual...................ONLYEHS(P&P137) 

TELEPHONES — YES! REAL DIAL TYPE TELEPHONES — 
that don't side around Ina desk Type No 7e6 Supolles cAl 
game EiT plug I user. Only  ea (P&P £3). Overtly disco= 

SPECIAL OFFER 
HEWLETT PACKARD 

OSCILLOSCOPE TYPE 1740A 
Dual Tubs 1DCOliz Delay Swewd Thger View £678 

HAMEG MODULAR SYSTEM 
4013001 Main Ramie with 0118032 Sod Ware Genera, 
200z.20141Hz 0e448030 2 Foncfee Genera*, 0.141,11* SaraSSI 

Triaogle anal HM9011 2 Digital MultimCe• 4i. Nit 

ONLY £400 
RACAL-NCITSK Keyboard. CASED ASC11 Crated  Rinctim 

FARNELL SWITCHED MODE PSIS sv 4Ort & el- 12450 
£30 wee (P&P £4) 

OTHER SWITCHED MODE PSUs avadable. Please ordure. 
DISK DRIVES 53'n DS/DO 80 tren . from £50 

MULTIMETERS (P&P M AVOs Do) 
AVO 8 Complete rnth Beeres & Lees  rem £50 
ATO 8 MW Compiele seth Batteries & Leads .. .  . £90 
ASO TEST UT No 1 year/ version ol free 18 
Complete en Settees & Leads ................ . £65 

TEST LEADS soitaMe for /6081ETERS Red & Back we 
2 Croc.Clips & 2 Prods  £5 (P&P C3) 

slack "Eve FILmcly" caul Ice AVO$. Unused .  £15 (P&P t4) 
BATTERIES 15 eolt .  Ca each. 10 elf £251P&P extra) 

OVO TRANSISTOR ANALYSIS 44I12 0044E Suindase epe. 
complete *in eateries and °demon Inane/Iona 
{P&P £7)  ONLY £25 each 

NEW EQUIPMENT 
lemEG oscILLoscopE 604 Dual TraceBOMFIL Delay Seep. 
Component Tesler - 2 Probes  £575 

HAMEG OSCILLOSCOPE203.6 Dual Troce201biz.Compobenl 

Testen 62 PreSas All Caner akscleb "iwarlade 

SLAP( STAR FREOUEreCY COUNTERS P&P e,'4 
petede 100-10044uz 
Meteor 600-600MHz ..  £129 
Mete. 1£00-15Hz  . £178 

BLACK STAR JUPLTDR 500 FUNCTION GENERAZOR 
SterSquarerTriangle 0.90.8 P&P £4  £110 
BLACK SIM ORION PALiVNIDEO COLOUR PATTERN 

GENERATOR  £269 

HUNG CHANG DAIM 8730 SIn d9t. Hand had 28 ranges 
nctaading 10 Amp AC M 0.1%. Carri e@ we batteries & 

R5P  1:39.50 
AS above DAIM 6010 0.25%  £33-50 
Carry ng Case 'or above  £3 

OSCILLOSCOPES PROBES. Switched x1. a10. ........£11 each 

Used equipment — with 30 days guarantee. Manuals supplied if possible 
This s a VERY SMALL SAMPLE OF STOCK, SAE or Telephone for lists. Please check availability 
before Ordering. CARRIAGE all units £16. VATIO be added to Total of Goods & Carriage 

STE WARTS OF READING 
110 WYKEHAM ROAD, READING, BERKS RG61PL 

Tel: 0734 68041 Fax 0734 351696. Callers welcome 9a1n-5.30pm Mon-Fri (until 8pm Th.urs) 

AUDIOKITS PRECISION COMPONENTS 
BUILD THE MOSFET VIRTUOSO  BUILD YOUR OWN 

The Virtuoso Power Amp was designed by Graham Nalty to surpass the 

sound quality of all other published amplifier designs by a large margin. 

It achieved that by use of very large power supplies and passive parts 

chosen for their sonic qualities. Now with the latest fast switching mosfet 

power transistors, the sound quality is dramatically improved at very little 

cost and the upgraded version now costs less. 

NOW AVAILABLE FROM AUDIOKITS 
Virtuoso Mosfet Power A mp — Standard version  £60 
Virtuoso Mosfet Power A mp — Upgraded version  £125 

Mosfet Power A mp Modification Pack 

All the parts to convert the Virtuoso version 
standard £24.50  Upgraded £27.00 

Complete stereo Mosfet Power Amp Kits — Standard £330  3V Upgraded £790 

COMING SOON: Audiokits DC Servo Amp. Get rid of excessive DC offsets, 
expensive large capacitors & improve sound quality. Watch this space for details. 

HI-FI AMPLIFIER 
AUDIOKITS 

OFFERS THE WIDEST CHOICE 
Class One Sound DM20 Integrated Amplifier 

30 + 30 Integrated Amplifier (3 versions) 

Apex Preamp — Standard & Improved versions 

Apex 45W Power Amp — Standard & Improved 

Virtuoso Preamp — Standard, Upgraded 
& Second Upgrade 

Virtuoso 90N Power Amp — Standard & Upgraded 

Al! Audiokits Standard Grade Kits include high quality parts such as 
metal film resistors etc, that are used in Hi-Fi quality amplifiers. 
Audiokits Improved & Upgraded Kits include parts of the highest sonic 
quality which we sell separately to customers wishing to improve the 
sound quality of their own amplifiers. 

All parts used in Audiokits Amplifiers can be supplied separately or 
as a complete kit including specialy designed high quality cases. 

Please phone to check availability of cases for longer running projects. 
All PCBs available from stock. 

Audiokits also supplies parts for many other Hi-Fi Amplifier. 

Amplifier projects include Valve Preamps, Audiokits Component Notes 
give valuable technical information on components, component 
applications and upgrading amplifiers. 

For full details of AUDIOKITS Components and Kits, please send 9" x6" SAE (Overseas — 3 IRCS) to: 

AUDIOKITS PRECISION COMPONENTS 
6 Mill Close, Borrowash, Derby DE7 3GU.  Tel: 0332-674929 
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THE   ORIGINAL SURPLUS WONDERLAND! 
THIS MONTH'S SPECIAL! 

• Very high resolution, fully cased 14" green or amber screen 
monitor with non-glare screen and swivel/tilt base. The very 
latest technology at the very lowest pricel Fully compatible and 
plug compatible with all IBM PCs and clones fitted with a high 
res Hercules or equivalent card' Enables superb graphics and 
resolution, all at a give away price. Has many extra features 
Induct ng aux +5 & 12v DC outputs to power at least 2 di sk dri ves, 
if your PC power supply is getting hail Supplied BRAND NEW 
and boxed. State whether amber or green screen required. 

Amber ............£79  Green  .£89  E 

COMPUTER SYSTEMS 

FLOPPY DISK DRIVES 
BARGAINS GALORE! 
NE W 51/4  Inch from £29.951 

Massive purchases of standard 51/4' drives enables us to 
present prime product at Industry beating low pricesi All units 
(unless stated) are removed from often brand new equipment 
and are fully tested,afigned and shipped lo you with a 90 day 
guarantee and operate from +5 & +12vdc. are of standard size 
and accept the standard 34 wa connector. 
SHUGART SA406. BRAND N  £29.95(B) 
TANDON 77.1100-2A IBM compatible DS  
TANDON TM101-4 80 Track DS  £49 9 B 
CANON,TEC etc.DS half heightState 40 or 80T  £75.00(B) 

TATUNG PC21300. Big brother of the famous Einstein. The TEAC ED-85-F.40-80 DS half height BRAND NEW £99.00(B) 
TPC2000 Professional 3 piece system comprises: (Duality high  31/2  INCH BRAND NE W AT £19.951! 
resolution Green 12" monitor. Sculptured 92 key keyboard and Never before seen price for a 31/2 " drive. Standard size believed 
plinth unit containing Z80A CPU and all control circuits. PLUS 2 to be by Canon. Brand new and packaged - mint condition] 40 
Integral TEAC 5.25 80 track double sided disk drives. Generous track SS, run from +5 & +12vdc with standard power connec 
other features include dual 8" IBM format disk drive support. for  Only   £19.95 or 2 for £34,50(B) 
Serial and parallel outputs, full expansion port 64K ram and  CHOOSE YOUR 8 INCHI 
ready to run software. Supplied complete with CP/M, Wordstar Bhugart  80D ,80 .1 ss  refurbished  & tested  
and Basic. Brand new and covered by our famous 90 day 

Shugart 851 double sided refurbished & tested 
guarantee and backup. Normal price of this unit Is over £14001 Mitsubishi 1.12894-63 double sided switchable 

Our price .... only  £299 (E)  hand or soft sectors- BRAND NEW 
PC-AT 286 CLONE Lowest ever priced 8 mhz PC-AT done 

SPECIAL OFFERSII complete with a 20mhz hard drive, a 5.25* 360k floppy, 640k of Dual  8- drives with  7 megabyte  capacity  housed  in a smart  case  
RAM plus Hercules card compalability. The keyboard Is NCR with built in power supply!  Only £409.00 (F) 
with 85 keys In an attractive beige, grey and cream finish to Ideal  as  exterior  drf „ si 
match the computer. The monitor Is very high resolution 14" End  o f line  purchase  scoop'  Brand  new NEC  D2248  8. 85  
non-glare, with your choice of amber or green screen. A very megabyte of hard disk storagel Full CPU control and industry 
nice package at a super prioel  standard SMD Interlace. Ultra tri speedtransfer and access rime 

Our price .-. only  £799 (E)  leaves the good old S1506 Interface standing. In mint condition 
and comes complete with manual. Only  £399(E) 

SPECIAL PURCHASE 
V22 1200 baud modems 

£125.00(E) 
£195.00(E) 

£250.00(E) 

MAINS SUPPRESSORS & FILTERS 
The "Filtan* from Cretan is a British made high current mains 

We got a tremendous buy on further stocks of this popular spike suppressor and RF filter in one, capable of handling up 
Master Sysbams2/12 microprocessor controlled V22 full duplex to 10 ampsIThe attractive case has an Integral 13 amp socket 
1200 baud modem - we can now bring them to you at half lest for yourequlprnent plug and a flying lead terminates in a quality 
advertised price! Fully BT approved unit, provides standard plug (to BS 1363A standard) to go to the mains socket. There 
V22 high speed data comm, which at 120 cps, can save your is an internal fuse plus one in the plug. Two LED indicators, one 
phone bill and connect time by a staggering 75%1 Ultra slim 45 forpower on and the otherlights if the Internal fuse tails. Dims:6" 
mm high. Full featured with LED status indicators and remote x 3" x 2'. Brand new. Normal distributors price Is £65.001 
error diagnostics. Sync or Async use; speech or data switching; cur  p  fi „ o nl y £15.95 each or 2 for £29.95(B) 
built in 240v mains supply and 2 wire connection to BT. Units Belling-Lee type 12127 mains RF1 filters rated at 250 volts 3 
are In used but good condition. Fully tested prior despatch, with amps maximum. Comes complete with a built In mains cable 
data and a full 90 day guarantee. What more can you ask for - 
and at this pricell  ONLY £69 (D)  (English coding), and a three pin miniature non-reversible sock-

et and a mating plug, to go to the equipment. Ideal for those 
who are bugged by RF interference. Very compact. Dims 3-1/8" 
x 2.5"x 1.5"  .£3.95 eoch or 3 for £10 (A) 

Write to us today and get your name on our mailing 
list for our FREE eight weekly bargain flyer Ve Durricry 

NÇWs with thousands of unadvertised special offers.  

MONITORS 
COLOUR MONITORS 

Deuce 16" 80 series budget range colour monitors. Features 
Include PIL tube, housed In a beautiful teak style case and 
guaranteed 80 column resolution, features witch are only nor-
mally seen on colour monitors costing 3 times our price' it is 
absolutely ready to connect to a host of computer or video 
outputs. Manufacturers fully tested surplus, sold in title Of hardly 
used condition with 90 day full 191-81 guarantee. Decca 80 
COMPO 75 ohm composite video input with Integral audio amp 
& speaker. Ideal for use with video recorder or our Telebox ST, 
or any other audio visual use. Any  t y p e o nl y  £99.00 (E) 

HI-DEFIN MON COLOUR MONITORS 
Brand new Centronic 14" monitor for IBM PC and compatibles 
at a lower than ever pricel Completely CGA equivalent. 1-1I-res 
Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Blg 28 Mhz 
bandwidth. A super monitor-In attractive style moulded case.Full 
90 day guarantee.  Only  £149 (E) 

20",22" and 26" AY SPECIALS 
Superbly made UK manufacture. PIL all solid state colour 
monitors, complete with composite video & sound Inputs. Attrac-
tive teak style   Perfect for Schools,Shops,Disco, Clubs. 
In EXCELLENT late used condition with full 90 day guarantee. 

20"....£155 22"....£170 26"....£185 (F) 
MONOCHROME MONITORS 

Wang green screen 12" chassis monitor with composite video 
Input. Adjustable for tilt. Requires 12 vdc. Brand new and boxed 
in perfect condition.  Only £39 each or 2 for £75 (F) 
facture's kt1000-100 5" black & white compact chassis measur-
ing only 11.6H x 12W x 22D. Ideal for CCTV or computer 
applications. Accepts standard composite or Individual H & V 
syncs. Needs 12vdc at only 0.8a. Some units may have minor 
screen blemishes. Fully tested with 30 day guarantee arid full 
data.  £29.00(C) 
Fully cased as above In attractive moulded desk standing 
swivel. Dim 12x 14.5 x 26cm.  £30.00(C) 
JVC 751 ultra compact chassis monitor for 12vdc 0.7a. Dim 11 
x 14x 18cm. Simple DIY data Included to convert to composite 
video Input .Full data. BRAND NEW  £65.00(B) 
20" Black & white monitors by Aztek, Cotron & National. PlI 
solid stale, fully cased monitors ideal for all types of AV or CCTV 
applications. Standard composite video inputs with integral 
axis amp and speaker. Sold in good used condition - fully tested 
with 90 day guarantee.  £85.00(F) 

LARGE CILIONTITES OF ()SCILL 

COOLING FANS 
Please specify 110 or 240 volts for AC fans. 

3 Inch  AC. 11/2' thick  £ 8.50(B) 
31/2  Inch  AC ETRI slImilne.Only 1" thick.  £ 9.95(B) 
4 Ube  AC 110/240v 11/2 " tNcic.  £10.95 ) 
4 inch  AC 11/2 " thick  £ 0.95 B) 
10 Inch  Round.31/2 thick. Patron 110v  £10.95B 
62 mm  DC 1" thick. No.812 for 6/12v.814 24v. £15.95(A) 
92 mm  DC 12v. 19 mm thick.  £10.95(A) 
4 Inch  DC 12v. 12w 11/2 " thick  £12.50(8) 
4 Inch  DC 24v 8w. 1" thick.  £14.50(B) 

RECHARGEABLE BATTERIES 
LEAD ACID 

Maintenance free sealed long life. Type A300. 
12 volts  12 volts 3 am  ours  E1395 (A) 
6 volts  6 volls3 am  ours  £ 9.95(A) 
6-0-6 volts Centre tapped 1.8 amp hours  £ 5.95(A) 
12 volts  12 volts 24 amp hours. A200. RFE.  £29.00(8) 

SPECIAL OFFER! 
100 amp/hours at 6 volt! Brand new Chloride Powersafe 
31/B11. Leakproof with additional snap-on security lid. Perfect 
tor uninterruptable power supplies, portable power source, 
caravans etc. Normally costs £801  £39 (E) 

NICKEL CADMIUM 
Quality 12v 4ah cell pack. Originally made tor the Technicoidor 
video company. Contains 10 GE lop quality D nicad cells in a 
smart robust case with a DC output connector. Ideal for portable 
equipment. Brandnew.  £19.95(B) 
Ex-equipment NICAD cells by GE. Removed from equipment 
and in good, used condition:  D size 4ah  4 for £5(B) 

F size 7ah  6 for £11(B) 

SPECIAL INTEREST 

Recel-Fiedec real time colour drafting PCB layout system. In-
cludes furniture and huge monitor.Complete ready to gol £3950 
DEC VAX11f750 inc. 2 Meg Ram DI and lull documentation. In 
brand new condtioni  £3900 
Large Calcomp plotter  £ 650 
Tektronix FI 4528 Waveform Monitor  £ 300 
1.5kw115v 60hz power source.  £ 950 
Wayne Kerr RA MA . audio real time frecires.analyser.  £3000 
VG Electronics 1033 Teletext Bridge  £3750 
Tektronice R140 NTSC TV test signal standard.  £ 875 
Versatek V80 Printer plotter  £1500 
DEC LS11/02 CPU board  £ 150 

SPECIAL EXPERIMENTERS PSU's 
These 2 PSUs are built to BT's rigorous specs and give fully 
protected DC outputs ideal for the electronic hobbyist & ex-
perimerrter. Type EPSU1 input is 240v AC; outputs are 5v 0 
2a,±12v @ la, 24v 0 la, 5v fully floating 50ma. EPSU2 Input 
Is 30-70vdc outputs are 5v @ 6a,12v le la-12v @ 0.5a & 5 
others. Circuit diagram on request for EPSUl. No data with 
EPSU2 - hence the price' Both at parts alone pricel 
EPSU1  ri 6.95 (C)  EPSU2  £9.95 (C) 

BARGAIN PARTS & BOARDS PACKS 
Its stock taking time once more so we have made up slot of our 
famous bargain parcels againl These parcels represent the best 
value for money available and the greatest bargains of the 
century - a real thrill to open them up when you find that you 
have bought equipment and components (mostly brand new) 
for well under a third of our normal low priceill 
Mix of general electronic parts & equipment: 
5k1o* weight for.... £8.95(B) 20 klos weight tor ....£22-50(D) 
Boards Parcels for ports recovery: 
Parcels contain almost any type of boards inducting ICs. 
memory, logic, passives and vast assortments of parts' 
10 board percel....£7.50(B) 20 board parcel....£13.95(C) 

POWER SUPPLIES 
All PStla 220-240vac input and are BRAND NEW unless 
tasted. Many types ranging from 3v to 10Icv always In stock. 
Byte B0301 5vdc 0 1.6a. 12vdc  1.5a.Parlect for itisk drives; 
with Molex sockets.Very attractvely cased.filum. se. £10.50(13) 
Greendele 'SA ME 60 watts switch mode.+5v @ 6a,..t12y 
la.t 15v e la. RFE and fully tested.11 x20 x5.5cms. £24.95(0) 
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v 

15a,-5v Ç, 1 a,±12v t 6a27 x 12.5 x 6.5cms 
£49.95(C) 
Bothert 13090.Switch mode.Ideal tor drives & system. +5v0 
6a, +12v @ 2.5a. -12v 0 0.5a. -5v @ 0.5a_ 
£29.95(B) 

IBM KEYBOARD DEAL 
A replacement or backup keyboard, swItchable for IBM PC. 
PC-XT or PC-AT. LED's for Caps,Scroll & Num Locks. Standard 
85 keyboard layout. Made by NCR for the English & US markets. 
Absolutely standard. Brand new & boxed with manual and key 
template for user slogans on the function keys. Attractive 
beige,grey and cream finish, with the usual retractable legs 
underneath. A generous length of curly cord, terminating in the 
standard 5 pin DIN Mug. A beautiful clean piece of manufac-
turers surplus. What a dean 

BRAND NEW AND BOXED ONLY.....  £49 (B) 

THE AMAZING TELEBOX! 
Converts your colour monitor into a 

QUALITY COLOUR W U 

  Tv  some . . 
ritenozz & VIDEO 

TUNER! 

Brand new high quallty.fully cased, 7 channel UHF PAL TV tuner 
system. Unit simply connects to your TV aerial socket and colour 
video monitortuming saine into a fabulous colour TV. Dont worry 
Il your monitor does'nt have sound, the TELEBOX even has an 
Integral audio amp for driving a speaker plus an auxiliary output 
for Headphones or Hi Fi system etc. Many other features: LED 
Status Indicator, Smart moulded case, Mains powered, Built to 
BS safety specs. Many other uses for TV sound or video etc. 
Supplied BRAND NEW with full 1 year guarantee. 
Telebox ST for composite video input monitors.........129.95(B) 
Telebox SU as ST but with Integral speaker  £34.95(B) 
Telebox RGB for analogue RGB monitors  £59.95(B) 

NOT suitable for IBM or Clone type colour monitors_ 

BRAND NEW PRINTERS 
Epson MX-80 FT One of the most popular printers around 
81-directional printing with full logic seeking. 9 x 9 dot matrix for 
enlarged.bold,co ndensed etc. Standard parallelinte rface. Brand 
label removed from front. Hardes tractor.fanfold and Indvidu al 
paper. OK with IBM PC and most others_ A tremendous buyl 

£129.00 (E) 
Hazeltine Esprint small desktop.100 cps with RS232 and 
standard parallel. Full pin addressable and 6 user selectable 
fonts. Up to 9.5" paper. Sheet & tractor feed.  £149.00(E) 
CentrOnicS 150 senes. Always known for their reliablity In con-
tinuous use - real workhorses in any environment. Fast 150 cps 
with 4 fonts and choice of Interfaces. 
150-SN up to 9.5" paper  .£155.00(E) 
150-SW up to 14.5" paper  1199.00(E) 

Specify whether serial or parallel required. 
CALL FOR THE MANY OTIIERS IN STOCK 

INCLUDING DAISY W HEELS. 

Visit our Shop - Technical help always on hand 
plus many un-advertised specials. You can buy a 
colour television for as little as £29! Come and 

join the gang at 215 Whitehorse Lane! 

()SCOPES AND TEST GEAR (wo ws AVAILABLE - CALL NOW! 

MAIL ORDER & OFFICES 
Open Mon-Fri 9.00-5.30 
Dept ET, 32 Biggln Way, 

Upper Norwood, 
London SE19 3XF. 

LONDON SHOP 
100's of bargainsl 

Open Mon-Sat 9-5.30 
215 Whitehorse Lane. 
South Norwood, 
London, SE25 6RB. 

DISTEL SI The Origin 
Free dial-up database! 
1000's of items-i-Info On Line 
300 bd 01-679-1888, 

1200175 bd 01-679-6183, 
1200/1200 bd 01-679-876 

ALL ENQUIRIES 

01-679-4414 
Fax- 01-679-1927 
Telex- 894502 

NURUCEI 
Visa 
giere» 

-Electronics- All prices for UK Hartland. UK customers ADD 1 5% VAT to total order anvoui. Minimum order £10. PO orders born Governmen.Unnerstes,Schoobs S Local Authorities 
weloome-minimum account older £25. Carriage charges (A)-£1.50. (8).£3.50. ici-e5.50. (0j-03.50. (E)-£1 2.50 (F)-215. (G)-Cal. Ad goods supplied subject to OW. 
standard Conditions of Sale and unless othenvi se Mated guararteecl form drys. AM guarantees given on a return to base basis We reserve Ilva net to dame prices d 
specifications vie:hoot prior notice. Orders acoripted subject to dock Ouotabons  wren for Seer quartnes than those stated. 



DIGITAL 
FREQUENCY 

METER 

Dennis Stanfield 
shows how, by careful 
design, a very low 
cost frequency meter 
can be built 

E-1 
La] 

P-1 

L
et's face it, a large proportion of the 
enjoyment.derived from a hobby interest 
in electronics comes out of the designing 
and building of a project from the germ of 
an initial idea. When at the end of the 

process we are the proud possessors of a useful piece 
of electronic wizardry then the pleasure is of course 
multiplied many fold, though we would all no doubt 
admit to having at least a small pile of part constructed 
projects in a corner somewhere, which we will "get 
around to finishing sometime:' 

If, like me, you take a perverse pleasure in doing 
things your own way you will no doubt begrudge the 
thought of paying out anywhere between 25 and 30 
pounds for a single IC containing almost all the logic 
circuitry for a frequency counter. After all, part of the 
fun has gone. 

Mind you such chips have, thankfully, effectively 
disposed of some of the marathons of TTL-based 
construction which have been seen in the past, with 
30 to 40 ICs being common. It is however a fact of 
life that the amateur constructor purchasing in one-
off quantities pays dearly for such convenience. 

After some thought it became clear that a 
frequency counter could be realised using mainly 
CMOS logic, only reverting to TTL or 74HC devices 
where such speed was essential. This is possible at 
considerably less cost than the usual '7216' route and 

Fo INPUT 0  

47n 

INPUT Ca7 —I 

MOUNTED ON 
SW2 

C2 
100u 

Cl  0/1. 

xl 

RI 

R2 
20k  C3 

220p • . 
Fig. 1 Ci cuit diagram of Input Amplifier 

C4 
220p 

R3 
lkO 

D1  02 

with no penalty in terms of performance or power 
requirements (in fact, ignoring the prescaler chip all 
parts except the case should cost about the same, or 
very little more than a 7216 chip alone). 

Although the resulting circuit is more complex, 
construction is straightforward and any error will not 
have such dire and costly effects_ 

The circuit described here is capable of counting 
to around 200MHz and operates at 5V TTL levels 
with a power requirement of about 150mA. Accuracy 
is limited only by the stàbility and adjustment of the 
crystal oscillator at the heart of the control gating 
circuitry. 

A little added extra which I have not seen in any 
other published design is the provision of a crystal 
controlled square wave output (at TTL 5V level) at 
11 spot frequencies in the audio to ultrasonic range. 
The working prototype excluding case cost £35. 
How's that for value? 

Construction 
The counter is constructed on three single-sided 
PCBs, the design resulting in a minimum of off-board 
wiring for ease of construction Although a double-
sided board could have been specified for the main 
logic circuitry the space saving would not have justified 
the considerably increased costs to those who wished 

R5 
220R 

R9 
1OR 

C6 
lOn T 1 220u / I 220u 

Li 
1mH 

(i i  NOTE: 
04  01 = 8E256 

02.4 = 8E241 
01,2 = 1N4148 
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Fig. 2 Component overlay of Input Amplifier 

to purchase ready-made boards from the ETI PCB 
service. 

This has however unfortunately necessitated the 
use of a considerable number of on board wire links 
but these are, in the main, duplicated through the 
design and are easy to follow. 

The boards comprise an input conditioning 
amplifier (Fig. 1) housed in a screened case to exclude 
noise pick-up from adjacent logic circuitry, a main 
logic and PSU board and finally a display and square-
wave output board. In order to keep costs down 
transistor drivers and standard LEDs of the type 
available on the 'surplus' market are used. This gives 
good results at the expense of some added circuit 
complexity. The display gives a low level output and 
constructors may wish to experiment further with this 
(see Fig. 8). 

It should be noted that high-efficiency LEDs 
would give improved display brightness. The current 
output capacity of the 4511 driver is only about 25mA 
per segment — and remember that due to the 
multiplexed display each digit is driven for only 10% 
of the time resulting in an average of 2.5mA per 
segment. High-efficiency LEDs were found to give a 
bright display but standard LEDs are very much less 
expensive. 

It is recommended that the boards be con-
structed in the order of display, logic, and input amp, 
as each board may then be used to check the correct 
operation of each following board. For checking this 
procedure an unregulated power supply of 9-12 volts 
is required. All mains potential connections should be 
sleeved and fully insulated in the case and proper 
cable strain-relief grommets used as a matter of 
course. A knot in the cable will not do. 

Construction should follow the order of: on-
board links, sockets and off-board connectors, passive 
components and finally transistors, diodes and crystal. 
Neither ICs nor fuse FS2 should be installed yet. The 
input amp-conditioner is totally enclosed in a small 
metal box for screening purposes and holes must be 
drilled for connecting wires. It is important to ensure 
that component leads on this board are as short as 
possible. 

Initial Testing 
The display may be powered up for testing using the 
same power supply as before being careful to observe 
correct polarity (LEDs have a very low reverse voltage 
tolerance). A 330R resistor must be used in series with 
the segment drive lead to limit drive current. 

With no ICs (except the 7805 regulator) fitted, 
the main logic board may be powered up and a check 
made that the correct voltages are present at the 
relevant points on the board. 

If all is well remove the power, remove fuse FS2 

• 
RS 

GND 

OUTPUT 

V 

and connect an ammeter reading to >200mA across 
the fuseholder and insert all ICs noting correct 
polarity. 

The display board may now be connected and 
on re-application of power the meter should read a 
current of around 150mA. If not switch off and 
recheck your work, especially correct polarity of 
components. 

If the count input pin is connected to OV, the 
display should settle to a 0 reading at the least 
significant digit. Connect a flying lead between +V 
and point 'X' on Figs 3 and 4 (above R22) and all eight 
digits should light '0'. When completed, the input amp 
may be connected and a signal applied. 

Assembly 
The front and rear panels are drilled out and all holes 
should be de-burred and the paint removed from 
around the rear of the aperture for SKT1 and from 
around the transformer mounting holes to ensure a 
good earth connection. 

Front panel legends on the prototype are rub 
down transfers of the type available from Maplin, the 
2.5mm series being a useful size for this application. 
The display is mounted with the overlapping filter 
hiding the countersunk screw heads. 

All inter-board connections use 0.1in or 02mn 
connectors to make any service work easy, when 
required. Cl is mounted directly behind the input 
socket and C2, C3, R1 and R2 are all soldered around 
switch SW2. 

A final check over the interconnections and the 
mains wiring should be made and if all is well power 
can be applied. After 1-2 seconds the display will 
stabilise reading 0Hz. 

Setting Up 
It should be noted that the 8629 prescaler in the high 
range will read quite low frequencies provided these 
have very fast rise and fall times (10s of nanoseconds) 
but the rather lazy risetime of sine or triangle wave-
forms will give misleading readings at much below 
10MHz. 

Count accuracy is set by adjusting CV1 which 
varies, over a very small range, the oscillation 
frequency of the 4060/XTAL oscillator. This must be 
done while feeding the unit a precisely known input 
frequency, at as high a frequency as possible on the 
low range — say around 30MHz. The building of a 
test crystal oscillator is not recommended unless a 
known counter is available for comparison, as that 
crystal may also have an adjustment tolerance and we 
would be simply transposing any error. 

Once a correct test readout is obtained the case 
top should be fitted loosely and the counter and 
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PARTS LIST   
RESISTORS fan V4W 5%) 
RI 
i R2 
I R3,51 
R5,8 

L., R6 
R7,12,13 
R9 
.R11 
.$14 
R15-20,33-40 
.R21,30,31,41 49,52 
7$22 
R23-29,50 
• R32 

CAPACITORS 

E-C1 C2 

-C4  
3C':6,8,9 
ClA 7514 
'ClO 
Cil 
C12,1315-22 
1 

SEMICONDUCTORS 
ri 
2 
3 
IC4-6 
7-10 

1M 
20k 
lkO 
22OR 
1k8 
47OR 
lOR 
8.2k 
4k7 
47k 
10k 
100k 
22R 
10M 

47n1400V 
100g 10V 
220p 
lOn 
224 10V 
27p 
220g 16V 
100e 
Trimmer 65p 

SP8629 
74LS132 
74HC4518 
4518 
4508 

IC11 
IC12 
C13-15 
IC16 
IC17 
IC18 
Q1 
Q2-4 
05-14 
01,2,4-20 
BR1 
LED1-8 

SWITCHES 
SW1 
SW2,4 
SW3 

MISCELLANEOUS 
XTAL1 
Ti 
Li 
FS1 
FS2 

4511 
4043 
4017 
4060 
7805 • 
4040 
8E256 
BF241 

2N3706 
1N4148 
50V1A 
FN0353 or hi-brightness LED 

one DPST 
rotary 1P12 way 
rotary 3P4 way 

3,2768MHz 
12W250mA 
min "Iran 

Chassis fuseholder & fuse 
PCB fuseholder & fuse 

IC Sockets — all except Cs 17, 18. BNC chassis socket. imm chassis 
sockets. Knobs. PCBs, Shielded box 100 x 50 x 25mm. Casa 

BIJYLINES   
Components were obtained from various sources. The pre-scaler can 
be obtained from Watford Electronics, tel: (0923137774. Chips from 
Grandata Ltd tel: 01-900 2329. Transformer and passive components 
from Mapfn, tel: 10702) 554161, and the displays from Bi-Pak. 
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Fig. 5 Circuit diagram of display board and front panel wiring 
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Fig. 6 Circuit diagram of power supply 
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Fig. 7 Component overlay of display board 
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Fig. 8 Circuit diagram of boosted LED driver 
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1 .-HO W IT WORKS 
i-Î Input Amplifier (Fig 11: This comprises an input attenuator folloWed 
by a super source-follower 101. 0 2) and an amptifieribuffer 103, Q4). 

!.!. This outputs the signal at a TTL compatible !evel up to about 30MHz. 
.',..',. The counter iun-orescaled) wit count beyond that frequency but 
yj: accuracy becomes suspect and 30MHz is regarded as the upper limit 
- for the low range The input amp frequency response let prescaler 
compatibleleveis! is limited only by the 5F241's bandwidth of up to 
450MHz, well beyond tha presoak limitations. 
Prescaling and gating (Fig 31: Output from 04 is fed simultaneously 

Illig  - to ICI !a 5P8629 +100 chip with an upper limit of about 200MHz 

and 100nAl sensitivi1V1 and IO2 (a TTL•Schmitt gate which gives final 

Ilk  -squaring-uo' of the un-prescaled signal). 102 also selects either the 
'straight-through or 'pressured  signal. 

. Circuit timing: 1016 is the clack oscillatoridivider operating at a 
k.frequency of 3.2768MHz (a readily available and cheap crystal', and 

. Foutputs a frequency of 400Hz to IC15 which controls the digit-strobe 
' transistors 105-121 and output latches 11Cs7-10). 

The carry-out output of IC15 is further divided by ICs 13,14, the 
CI and 05 outputs of 1013 controlling the signal gate flipiflop 12b. 
,  Q5 outPut of 1013 strobes the iatch enable inputs of ICs 740. 07 
Ëi'output of 1013 resets IC 13 arid counter 1Cs3-6 to zero 
Display Output is in 8 digit form strobed as above at 400Hz. Display 

enable is controlled by 1C12a to blank ieading zeros as follows: 012e 
is reset low by output 09 of IC15. Display driver IC11 is therefore 
disabled. 

1C15 strobes through the digits from MSD to LSD a high level 
on any of the BCD lines is detected by diodes 01-4 and sets 1012e 
high so enabling the display from that digit on (until /012a is again 
reset by Q9 of iC 151. 
If no high level is detected then IC 12a is set by output 07 of 1C15 

Ivia DE) so enabling display Of the least significant zero. 
Positions of decimal points are selected by range switch via 

diodes 017-20 which switch power to the relevant decimal point via 
transistor .013. 
It must be noted however that due tote fairly low output current 

capacity of the 4511 digit driver high efficiency LED displays would 
be preferable; normal LEDs being somewhat dim but quite adequate 
in use provided the display is shaded from direct glare. 

The power supply is of straightforward design supplying a 
regulated 5V at up to 200mA. 
The Q4 output of 1C16 is taken to 1018, a 4040 counter which, 

from the 204800Hz input frequency provides 11 switchable 
squarewave outputs in the range 100-102400Hz. Transistor 014 
provides a low impedance output at TTL 
, . 

source frequency left running for an hour or so. Any 
further adjustment after that time should be very 
minor, if any. The TTL outputs can be switched 
through and checked for correct frequency on the low 
range. 

The ranges are approximately: 
Low - 0 to 30MHz at 1Hz resolution. 
High - 0 to 200MHz at 100Hz resolution. 
All readings are ± 1 least significant digit and are 

subject to the short and long term stability of the crystal 
oscillator. 

The input attenuator allows the reading of very 
high voltages, from valved circuits for example. but 
the attenuation may be adjusted as required by 
changing the value of R2_ Input sensitivity is around 
350mV rms. By switching the input at-ten uator switch 
to '0/P' the TTL output frequency may be read off 
directly. ETI 

PHONE 
0474 560521 

FAX 
0474 333762 

TELEX 
SELECTROt1 HOUSE, SPRINGHEAD ENTERPRISE PARK  966371 
SPRINGHEAD ROAD, GRAVESEND. KENT DA11 8HD TOS-PM 

P. M. COMPONENTS LTD 

VALVES 
BRIMAR - COSSOR - EIMAC - GEC 

- HIVAC - MAZDA - MULLARDS - RCA - 
SIEMANS - SELECTRON - TEONEX - ETC 

Over 3 million valves available from stock. Please 
phone for a competitive quote. 

We offer specially selected pre amp valves; a wide 
range of matched power valves; high quality CV 
and ruggedised valves; transmitting, receiving, 
industrial and rare vintage wireless valves and 
sockets. 

We also offer: Semiconductors; Video Heads and 
Belts; Integrated Circuits; Diodes; Industrial 
Cathode Ray Tubes. 

How to buy: You may phone our sales desk 0474 
560521 (24 hour answering service) and order by 
credit card or send your order with cheque/postal 
order and we will despatch all ex stock items the 
same day. 

UK orders p&p £1.00 per order. 
Please add 15% VAT to prices shown. 
Export orders welcome, carriage at cost. 

A selection from our stock of branded valves 
2A3 
5R4GY 
5U40 
6CA7 
6CG7 
6CW4 
6DJ8 
6DK6 
6EJ7 
6FQ7 

16.50 
4.95 
4.50 
3.50 
4.50 
8.50 
1,35 
1.50 
0.85 
4.50 

6GK6  3.95 
6JB6A  9.50 
6JS6C  9.50 
6KD6  10.50 
6L6GC  3.50 
6LQ6  9.50 
6SN7GT  1.95 
6U8A  1.50 
6Y6GT  2.50 
6X4  1.50 
12AT7  1.50 
12AT7WA  2.50 
12AU7  0.85 
12AX7  0.95 
12AX7WA  2.50 
12AY7  3,95 
123117A  4.95 
128Y7A  3.50 
12E1  19.50 
211  25.00 

5728 
805 
811 
812A 
813 
845 
872A 
5636 
5642 
5751 
5814A 
5842 
5881 
5899 
5963 
5965 
6057 
6136 
61468 
6189 
6201 
6267 
6360 
6550 
6550A 
6870 
68838 
6973 
7025 
7027A 

59.00 
59.00 
15.00 
35.00 
27.50 
59.50 
20.00 
5.50 
9.50 
2.95 
3.25 
11.00 
9.95 
4.50 
1.75 
2.15 
3.75 
2.50 
9.50 
4.50 
6.45 
5.00 
4.50 
8.95 
13.95 
11.50 
9.95 
8.95 
2.50 
10.00 

7119  9.00 
7247  8.50 
7551  8.50 
7581A  11.95 
7586  15.00 
7587  19.50 
7591A  8.95 
7868  8.50 
8417  8.95 
E81CC  5.50 
E82CC  4.50 
E83CC  4.50 
E88CC  3.50 
E88CC01  6.95 
E182C,C  9.00 
E188CC  7,50 
EC8010  12.00 
ECC81  1.50 
ECC82  0.85 
ECC83  0.95 
ECC83.SP 3.50 
ECC801S  6.95 
ECC802S  6.95 
ECC803S  6.95 
ECF82  1.50 
ECF804  6.50 
ECF805  2.50 
ECL82  1.00 
ECL86  1.50 
EF86  2.50 

EF/3046  19.50 
EF805S  25.00 
EF806S  25.00 
EL34  3.25 
EL84 
EL86 
EL519 
EY88 
EZ80 
GZ32 
GZ34 
KT66 
KT67 
KT77 
KT88 
M8136 
M8137 
M8162 
M8195 
PL504 

0.95 
1.75 
6.95 
0.95 
0.75 
4.50 
4.50 
5.00 
9.00 
15.00 
15.00 
7.00 
7.95 
5.50 
6,50 
1.25 

PL519  4.95 
TT21  45.00 
QQV0310  5.50 
0:W03.20 25.00 
QQV05.40A 27.50 
U19  9.50 
UCH41  2.50 
UL84  1.95 
VR150.30  2.50 
Z759  15.00 

THOUSANDS OF OTHER TYPES AVAILABLE 

ETI NOVEMBER 1989 59 



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. In 
Fig. 4a, Q3 is shown with its collector connected 
to the emitter of Q4. This is wrong — it should be 
connected to R5 and the base of Q4 as on the PCB 
overlay. 

Audio Design MOSFET Amp (May 1989) 
For home constructors of the power amp PCB 
(Fig. 8). the copper area connecting the negative 
of C7. C14 and R20 ¡sa OV #2 connection and 
should be linked to the OV #2 copper area at the 
junction of C16 and C18 + Hart's kit PCB has a 
ground plane and no mod is necessary. Note that 
the preset at the bottom right of Fig. 8 takes the 
place of an external RV3 rheostat when bench 
testing and is not normally required. In Fig. 7 RIA 
is not shown — it should be in series in the negative 
feedback line between C8 and D3. Also in the parts 
list C20 is 100uF and R9 is 2k2. 

Bench Power Supply (May 1989) 
In the Parts List. Q3,4 should be BC237 not 
BC307. The value in the circuit diagram is correct 

How To MIDI A Piano (June 1989) 
In Fig.  5 the connection from pin 19 of IC8 
(FIRECà should go to pin 12 of IC7a, not pin 13 
as shown. The component overlay is correct. 

MIDI Patchbay (July 1989) 
Figure 3 shows Q1-6 as npn transistors. They 
should in fact be pnp and their emitters should be 
connected to R2-12 respectively (R12 is unlabel-
led). Although the bases are all connected together 
they should not be connected to their emitters. 

Reflex Action (July 1989) 
Two lines in the listing on page 30 need 
amendment. Line 180 should read 
180 PRINT 'Enclosure volume ---;vb:PRINTtuned 
to"; fb:"Hz”:PRINT- — 3db at "; f 3:PRINT 
Ripple ":r:"db 
Line 280 should read 
280 1— (2700'a)/ (vb'fb 2))-096(a 0.5) 

Chronoscope Revisited (September 1989) 
In the paragraph headed 'Connections', D10 should 
read LED8 (on the sensor board). Also in Fig. 2. 
IC10 is shown reversed. The notch should be next 
to R49. 

Field Power Supply (September 1989) 
Figure 2 was printed with the artwork densities 
reversed, rendering a trifle tricky to interpret It was 
reprinted together with a omitted col winding data 
on P62 of the October 1989 issue. A free 
photocopy is available from ET! Editorial on receipt 
of an SAE. 

o 

PCB FOIL 
PATTERNS 

o 
o 

s. 
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The serial logic scope topside foil 

The serial logic scope copperside foil 

• 
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The frequency meter input amplifier foil 
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The frequency meter mail board foil 
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The frequency meter display board foil 

The Virtuoso power amplifier upgraded foil pattern 
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The smoke alarm main foil 

z 
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The smoke alarm power supply foil 
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REPRESENT 
YOUR REGION 
AND ATTRACT 
MORE CUSTOM 

BIRMINGHAM 

"SUPERTRONICS" 
Speakers, components and test equipment 
(new and used) at very competitive prices 

Come and see us at 

BIR MIN GHA M 
65 HURST STREET, 
BIRMINGHAM B5 
TEL: 021-666 6504 

9-6pm 

EDINBURGH 

OMNI ELECTRONICS 
stock a wide range at electronic components at 

174 Dalkeith Road, 
Edinburgh EH16 50X 
Tel: 031 667 2611 

Open, Mon•Frl 9am-6prn, Sat 9am-Spm, 
Sand 2x180 stamps 10, latest catalogue. 

RETAIL OUTLETS 

LONDON 

DIRECT ELECTRONICS 
ELECTRONICS COMPONENT SPECIALISTS 

627 ROMFORD RD, 
MANOR PARK 

LONDON E12 5AD 
Tel: 01-553 1174 

Mon-Sat 10-6 pm/Thurs 10-1pm 
We stock a large range of TV & Video spares 

LIVERPOOL 

PROGRESSIVE RADIO 
8793 Dale Street  Tel: 051 236 0154 

47 Whilechapel.  Tel: 051 236 5489 

Liverpool 2 

•THE ELECTRONICS SPECIALISTS' 

Open: Tues-Sat 9.30-5.30 

TO ADVERTISE 
YOUR RETAIL 
OUTLET IN 

ELECTROMART 
TELEPHONE: 

0442 66551 
TODAY 

FOR MORE 
INFORMATION 
ON SERIES 

DISCOUNTS FOR 
THE ELE CTROMART 

CONTACT 
JOHN BRASIER 

ON 
0442 66551 

WOLVERHAMPTON 

WALTONS OF 
WOLVERHAMPTON 
Established since 1947 

Offering a complete range — ICs, transformers 
switches, pots capaCitors.resiStOrs kits, speakers. 
test equipment. books and lots, lots more. 

Cone and see us a! 

55A Worcester Street, Wolverhampton 
Mon-Sat: 9-6 pm  Tel: 0902 22039 

E 

E 

o 
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ELECTRONICS 
TODAY INTERNATIONAL 

CLASSIFIED 
John Brasier 
0442 66651 Ext 310 
Send your requirements to: 
ETI Classified Department, ASP, Argus House, 
Boundary Way, Hemel Hempstead, HP2 7ST. 
Lineage: 50p per word (+ VAT) (minimum 15 words) 

Semi Display: (minimum 2 cms) 
£13.50 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). 

COURSES 

TRAINING 

HNC in Microprocessor 
Systems 
A one year full time course, is offered by Milton 
Keynes Skillcentre. 

The course includes 20 weeks work placement 
in Industry. 

This is a Training Agency funded equal 
opportunity course and training allowances will 
be paid. 

Please telephone 0908 670001 for an application 
form or write to: 

Milton Keynes Skillcentre 
Chesney Wold 
Bleak Hall 
Milton Keynes 
MK6 1LX 

SkillsTraining Agency 

[ .... More than 8 million students throughotu the world have found it worth their while! An ICS 
Ironic-study course can help you get a better job, make more money and have more fun out of 
life! IS has over 90 years experience in home-study courses and is the largest correspondence 
school in the world. You learn at your own pace. when and where you want under the guidance 
of expert 'personal' tutors. Find out how we can help YOU. Post or phone today foryour FREE 
INFORMATION PACK on the course of your cho:ce. 
(Tiçk one box only!) 

MAKE YOUR INTERESTS PAY! 

Electronics D 
Radio, Audio 
and TV Servicing 7 

Basic Electronic 
Engineering (City & Guilds) D 

Radio Amateur Licence 
Exam (City & Guilds) 7 

Electrical Engineering CI Car Mechanics D 

Electrical Contracting! 
Installation 0 

Computer 
Programming r.._J 

GCE over 40 '0' and 'A' level subjects 17 

Name   

Address  P Code   
international Correspondence Schools. 312/215 High St. Surion. Surrey SIM 1PR 
Tel ni-043950e or 541.221 2926 (2P. hrs.) Pee ESSB3 

Start training now for the following 
courses. Send for our brochure — 

without obligation or Telephone us on 
0626 179398  (Ref ETI 9189) 

Name   Telecomms 
Tech C&G 271 

E  Radio Amateur 
Licence C&G 

D  Micro-
processor 

 E  Introduction to 
Television 

Radio & Telecommunications Correspondence School 
12 Moor View Drive, Teignmouth, Devon TC114 9UN 

WANTED 

Turn your surplus 

transistors, ICs etc, into 

cash. Im mediate settlement. 

We also welcome the 

opportunity to quote for 
complete -factory clearance. 

Contact: 
COLES HARDING & CO. 

103 South Brink 

Wisbech, Ca mbs. 
NOW ESTABLISHED OVER 15 YEARS 

Tel: 0945 584188 

Fax Nu mber: 0945 588844 

TO ADVERTISE 
IT ETI MAGAZINE 

CALL 
0442 66551 

EQUIPMENT 

• Series X Mixer Kits 
• up :o 1.000 inputs 
• pn-teard TIC inpu: 
• 6 aumkancis 

PA. radio. disco 
• weeds la recording 

• From £9.82 
• 100mm:odes. circle 
diagrams. eimioTem, 
rep« tape lineime 
aueo cables 

Send 19p tor catalogue t0: 
K. Tek, P.O. Box 172A, SurbIton, 
Surrey KT6 6HN. Tel: 01-399 3990 

SURVEILLANCE 

SURVEILLANCE & 
COUNTER 

SURVEILLANCE 
EQUIPMENT 

WE MANUFACTURE AND SUPPLY 
TOP QUALITY 
SURVEILLANCE 
AND SECURITY 
EQUIPMENT 
7i.±%ting VHF Transmites 
Auromatic Teleobone 
Recorders. Recording 
&Pleases. Bug 
Detectors. 

• Telephone 
Counter-lap Unite 

"-lre zke der a complete 
—fle e ."'e  range of accessories. 

:acluding miaccassene recorders mi,crophones. 
receters. cassetes and t.,arrene-E. 

CCTV AND SECURITY 
SYSTEMS SPECIALISTS 
ti.:rre or phone fora derailed raralogue ro   

ESKAN ELECTRONICS LTD.  
DEPT. El. 172 CALEDONLAN ROAD. LONDON. NI 

,O1.278 1768 

MISCELLANEOUS 

HEATHKIT U.K. Spares and 
service centre Cedar Electronics, 
(HR), Unit 12 Station Drive, Bredon, 
Tewkesbury, Glos. Tel: 0684-73127. 
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FOR SALE 

DO YOU RANT 
SCOPES • GENERATORS 
POWER SUPPLIES 
POWER METERS 

DVMs • OSCILLATORS 
ATTENUATO RS 

TEST EQUIPMENT 

Contact: 

COOKE INTERNATIONAL 
Unit 4, Fordingbridge Site, 
Main Road, Barnham 

Bognor Regis, 
West Sussex P022 OEB 
Tel: 0243 545111 
Fax: 0243 542457 

E3 Wide range of ite ms available 
Send for lists 

A&G ELECTRONICS LTD 
If you are buying Electronic Components 
elsewhere you are almost certainly paying 
too much! Write lo us for a free 1989 
catalogue and start saving money. 
(Please send tr.o 19p stamps towards postage) 

100 Park Avenue, London E6 25R 
Tel; 01-552 2386 

FOR SALE 
Oscil1oscope Tektronix 54513 dual time base 
with re:Bey & good selection of probes and 
graticules  £195.00 
Digital multimeter Philps PM2522 (needs 
sers(co)  £39.00 
Avorneter model 8  £49.00 
Timer mueter Advance TC9A (not worktng)  £900 
LP Oscillator wide band Advance SG67A  £39.00 
Ounle Sprint 5 daisy wheel printer 
ineeds service)  £49.00 
Putishauser tractor feed for Owner Sprint 
2,5 7.89  £39.00 
Citer 64K sompuertwm (800M525" 
drives with WordStar and Multiplan software  £14900 
Amstrad PC916512 comp uer and printer with 
WordSlar and Multiplan software  £225.00 
Amstrad CPS 9256 Paralle nerial Interface  £24.00 

All prices molude VAT 

01-995 0586 or 01-423 0567 

• ale 

CAMBRIDGE COMPUTER SCIENCE LIMITED 
'C.4eBy:e W-x-riester. Lsed, t rronins wry .....  42 00 each 
525 Disk DPW'S. 90 Tk. DODO  £34.00 each 
525' De Drives. 80 Tk. DSOD. used, no wly  .01500 each 
525' Deis. DS00. 499k. 60040 in 10  £3.00 ibox 
5£1W PSU. 5V GA. t2V 25.4, -590 00. -32.V.084 cram each 
Gated PSU 0-311(85A. Graded quantify only al .145.00 each 
&Doe Bata wad (sac Mero io Dis• DM% ......... £2 90 each 
Dual Dan Hid ;BBC Moro lo 2 Disk Drives)  .. £4 000006 
Power lead (8BC Micro to Disk Drive)  .. £1 DO each 
Oval leads (88C MiCTO Oto Osk Driv e  £200 each 
68000 CPUs (the first orders get 10MHz chips) .. 1150 each 
PaLSPTL. brand new CoI  11.20110 

010.00/100 
SKByte NV raer crups .  £3.00 each 

£10.00 four 
20-pin dl he profile IC sorbets.  . £0.50 MO 

£4 531100 

25.001100 
Kaybrae.100 keys os ward. LCD  mere  . 0900nxch 
Tcrocial neon rambene. 1204.5 8 OS& 120-12 

CIA 8 02A. 9-0-9 02A.. .... ..... £40031  
06.0072 
28 00)3 

All earns new 810050 00 00 Add 150e VAT to all prices 
Prices rnclede postage Add 50p to orders bete £500. 
Send an SAE foros, latee r.st e for env info 

Dept Ell, 374 Milton Road, Cambridge. Clit4151.1 
Tel; 0223 424602 

PCB'S 

PCB Design Program for 
IB M PC and compatibles 
Many features, including: 

• Double sided boards 
• High quality 1:1 or 2:1 output 
• Powerful editing features 
• Up 10 20,002 structures per artwork 
• 4 Pad sizes - round or Square 
• 5track widths 0.0125" loor 
• Epson compatible dot matrix output 

All this for only £29.99 tally inclusive 
For more information, end asvriple printout, sendSAEto: 

CADsoft Systems, 18 Ley Crescent, Astley, 
Ty Wesley, Manchester 1%129 7BD 

SPECIAL OFFERS 

FREE MAIL ORDER 
CATALOGUE OF 

ELECTRONIC COMPONENTS 
VELLEMAN PROJECT KITS 

TOOLS, ETC. 

Also evadable are 

P.C. B. DESIGN/MANUFACTURE 
ASSEMBLY 

REPAIR/SERVICE COMMERCIAL 
P.C.B.s & EQUIPMENT 

R.J.E. COMPONENTS 
207 GODMAN ROAD 

CHADWELL-ST-MARY, GRAYS 

ESSEX RM16 4TR 

SWITCHES 

VOICE/SOUND ACTIVATED 
SWITCHES easy to (Clow dta 
grams and uses only £1.00. Com-
ponents and P.C.B"s avaiable: 
Herrington, 63 Home Farm Rd, 
Hanwell, London W7 1NL. 

PLANS 

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. 

JPG Electronics 
careen (E12)  4p. 7ee meal Urn  . 3p 

Res..., Pack 85 clinceen. 6,0 values +. zero &en link, mo 
reinnu 'coo iewsle 
LED's 3-mm cr 5rnm ,eu a, green. epe.gerr. Yea", ire pee", 
Cable 1,es 75 m Tp oar, es.g5 per 1.000. sense per 101300 
Stepong motor e phase 120 75 Oop   08 95 
50.5 rom oepong nth, d+reo crap  .  el9Ç 
Fm Transminer kn ead quality sound  . £700 
Hkar, 004109 Moro ree.re cropo clef epoxy grass board,. 

Denen,,ore  5,91e aided  Double ,.ne,O 
3.4 .ncrea  roes  11.07 
4,4 ,01,5, cous  na na 
5,12 in,es  £520 

irene Croes 
Special «On 

greclecapacMes tolb sere« lomte38000.4120ví2 50 
87001>2 rev oros 680eCuf naos' ,CODOut roe C1 50 
.,gmeo Common mode LEO deploy 42.,0n  C045 
L4129318750 loedmp 0,800 repulaior 10220 package (DOS 

S0559 nanmem 10092 ONO .  . £195 per 100 
741.5056e inene ormo p.r 100. use, 3748 l'Asicrttrok,i3U1 
Soren LWsnJnnr tured0,9Me oerf na- flreotre onto aid 

Lonjseale Efednee,MITIPalieS carbn  FeJTy£250. 
CeRel tic for abcve £050.5Orge  elOO/Ornaresticoduelo [4.95 
lider count. twee 7 okir 240os, 50nI  £2.95 
LCD &splay ro ,a5 dds dot maltix  £250 
OMER , keyboad 58 key 9X10 ouakty 00303, 05 £0 53 
Wide range at CS.408 ilL 71,1C 74F I.e. nrnnonao, 005 

CISOKIIINS. 10013 oc. »earIr uock 
ROe s, 400 r',Ar pirn oer crde. Var 

JPG Electronics. 
276 Chatsworth Road, Chesterflela $ae 2BH 
Ocoee% orders (0246) 211202 - Callers welcome 

KITS 

NEW VHF MICROTRANSMITTER 
kit, tuneable 80-115MHz. 500 metre 
range, sensitive electret micro-
phone, high quality PCB. SPECIAL 
OFFER complete kit ONLY £5, 
assembled and ready to use £8.95 
post free. Access/Visa orders tele-
phone 021-411 1821. Cheques/Plis 
to: Quantek Electronics Ltd, (Dept 
ETI), 45a Station Road, Northfield. 
Birmingham B31 3TE. 

0442 66551 
TO ADVERTISE 

CLASSIFIED COUPON 
ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT 
DEPARTMENT, ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP27ST 

EXPIRY 
PLEASE DEBIT MY ACCESS/BARCLAYCARD No.  DATE 

  I 

Or I enclose Cheque/PO £   

E FOR SALE  E COMPONENTS  D PLANS 

Rates: Lineage 50p per word + VAT minimum 15 words. Semi-
display £13.50 per single column cm plus VAT. No reimbursements 
for cancellations. All ads must be pre-paid. 

Name   

Address  Daytime Tel. No.   

Signature   Date   

No, of insertions   

SERVICES  E PCB'S 7 OTHERWISE STATE 
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NEXT 
MONTH 

Pr he December issue ETI is the first of our oh-so-
1 generous FREEBIE give-away issues — we strongly 
recommend an early visit to your local neighbourhood 
newsagent to reserve your copy before they all go. 

On the December cover we'll be giving away a bag 
of components for you to build your very own 
surveillance bug. 

In January there will be a PCB with enough space 
to construct two such bugs, plus a telephone surveillance 
device, plus our counter-surveillance spy catcher. 
Outstanding value for nothing, we think you'll agree! 

Then with the February issue of ETI we'll be giving 
away an extra special issue of ETI — absolutely free, no 
catches, no strings attached, honest guy. How do we do 
it? Ten per cent inspiration, eighty per cent perspiration 
and the rest in used fivers. And gallons of coffee. 

But we digress_ Back in the December issue there's 
plenty to keep you busy while you tune in to your free 
bug. Build a digital noise generator — useful for testing 
or for sound FX. Build the Pedal Power project to feed 
a line of guitar effects as well as pre-amping the axe itself. 
Beginners can construct an alarm to announce the failure 
of mains power. 

We'll be looking at safety — the dangers of home 
construction and the points often missed even on 
professional gear. The Patent Office comes under scrutiny 
—is a patent worth the bother and how do you get one 
if it is? 

Plus we'll have reviews of EPROM Programmers. the 
return of our reader's circuits pages. and much much 
more. 

So don't get left out in the cold — get your copy of 
the December ETI — out November 3rd. 

The above articles are in preparation but circumstances may prevent publication 

8031  64180  80188 
LO W COST CONTROL MODULES 

Module  CPU  RAM  EPROM  I/O  Cost from 

uE31  8031  32k  32k  40  £45.95 
uE180  64180  32k  32k  48  £69.95 
uE188  80188  32k  32k  48  £79.95 

uE — BPS 5 volt PIS — Backplane — RS232 £49.95 
uE — OPTO 8 channel Optically isolated input  £59.95 
uE — RLY 5 Channel Relay board  £39.95 
SB51  8031 Cross Assembler — PC Host  £39.95 

GNC ELECTRONICS 
Tel: 0379 644285 
Unit 2B Gilray Road Diss Norfolk IP22 3EU 

- 

T hanks to Rock Circus. The Tussauds Group and the 
1 sponsors Fuji Film, we have six pairs of tickets to Rock 
Circus (see pages 18-20). Although strongly tempted to 
hang on to them ourselves, we've decided to give them 
away to six readers who can complete the classic album 
titles below and send the missing words on a postcard to. 
ETI Rock Circus Competition, Argus House. Boundary 
Way, Hemel Hempstead HP2 7ST. 

You need to move fast — the tickets are valid only 
until December 31st so we'll close the competition on 
October 17th and post the tickets to the winners that very 
day. Only one entry per person. 

1. DARK  OF THE MOON 

2. THE WHITE   

3. PHYSICAL 

4. NO  REQUIRED 

5. VENUS AND 

ADVERTISERS' INDEX 
AUDIO KITS  52 
BARCLAYCARD  insert 
BK ELECTRONICS   IFC 
BRIAN PRICE ELECTRONICS  39 
CIRKIT HOLDINGS  45 
COMPONENT SOLUTIONS  23 
CRICKLE WOOD ELECTRONICS 24, 27 
DISPLAY ELECTRONICS  53 
ELECTROVALUE  20 
EMINENCE  39 
GARDNERS ELECTRONICS  51 
GNC ELECTRONICS  66 
GREENBANK ELECTRONICS  52 
GREENPEACE  3 
HART ELECTRONICS  29 
HENRYS AUDIO  24 

HOBBYKIT  43 
J&N BULL ELECTRICAL  44 
LABCENTRE ELECTRONICS  43 
MAPLIN ELECTRONICS  OBC 
MERLIN SYSTEMS  24 
NATIONAL COMPONENT CLUB  39 
NUMBER ONE SYSTEMS  IBC 
PM COMPONENTS  59 
RADIO & TV COMPONENTS  33 
RISCOMP   17 
SAGE AUDIO  24 
SOLEX INTERNATIONAL  Insert 
STEWARTS OF READING  52 
SUMA DESIGNS  24 
TK ELECTRONICS  13 
WILMSLOW AUDIO   17 
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MAKING ELECTRONICS C.A.D. AFFORDABLE 
TINY-PC PCB CAD, FOR THE PC/XT/AT EASY-PC 

- Are you still using tapes and a light box? 
- Have you been putting off buying PCB CAD software? 
- Have you access to an IBM PC/XT/AT or clone 
- Would you like to be able to produce PCB layouts up to 17" square? 
- With up to 8 track layers and 2 silk screen layers? 
- Plus drill template and solder resist? 
- With up to eight different track widths anywhere in the range .002 
to .531"? 
- With up to 16 different pad sizes from the same range? 
- With pad shapes including round, oval, square, with or without hole and 
edge connector fingers? 
- With up to 1500 IC's per board, from up to 100 different outlines? 
- With auto repeat on tracks or other features - ideal for memory planes? 
- That can be used for surface mount components? 
- With the ability to locate components and pads on grid or to 002" 
resolution? 
- With an optional auto via facility for multilayer boards? 
With the ability to create and save your own symbols? 
- That can be used with either cursor keys or mouse? 
- That is as good at circuit diagrams as it is at PCB's? 
- Where you can learn how to use it in around an hour? 

THAT ONLY COSTS FROM £49 inc VAT 

SMITH CHART PROGRA M  - Z MATCH 
For IB M, PC/XT/AT and clones inc. Amstrad 1512 
and 1640 and BBC B. B+ and Master. 

0FF.C101.=1.731 ...---\- -  -- T' ., t   ----,...  NRUFUNRIHS HANDS 
,  .,:jy,---   : 

INGLE:149.57 OFG .„,''  

,  
.......,  ,.,,...,.,,r _.,.., 

SNR=6.47 

s>(' 4-

j  I 

el   

\  ' 

.  , 
\c: 

2°18 OEM  8.167+0.265 

FREIP118 

OIELEC.00115181e1  8.3434113.244 

Z- MATCH - Takes the drudgery out of R F. matching 
problems. Includes many more features than the standard 
Smith Chart. 

Provides solutions to problems such as TRANSMISSION 
LINE MATCHING for AERIALS and RF AMPLIFIERS 
with TRANSMISSION LINE. TRANSFORMER and STUB 
MATCHING methods using COAXIAL LINES 
MICROSTRIP, STRIPLINE and WAVEGUIDES. 
The program takes account of TRANSMISSION LINE 
LOSS. DIELECTRIC CONSTANT, VELOCITY FACTOR 
and FREQUENCY. 

Z-MATCH is supplied with a COMPREHENSIVE USER 
MANUAL which contains a range of WORKED 
EXAMPLES 

1000=8.457? 

) REVS : 
RIO CIRCLE 

'Y 
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£130 for PC/XT/AT etc. 
£65.00 for BBC B, B+ and Master 
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CIRCUIT ANALYSIS BY CO MPUTER111 il 
For IBM PC/XT/AT and clones inc. Amstrad 1512, 
1640, R.M. NIMBUS, and BBC B, 8+, and Master. 

mrouft. 
TV IF AMPLIFIER 

"ANALYSER II" — Analyses complex circuits for GAIN, 
PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE 
and GROUP DELAY over a very wide frequency range. 

Ideal for the analysis of ACTIVE and PASSIVE FILTER 
CIRCUITS. AUDIO AMPLIFIERS, LOUDSPEAKER 
CROSS-OVER NETWORKS, WIDE BAND AMPLIFIERS. 
TUNED R.F. AMPLIFIERS, AERIAL MATCHING 
NETWORKS, TV I.F. and CHROMA FILTER CIRCUITS, 
LINEAR INTEGRATED CIRCUITS etc. 

STABILITY CRITERIA AND OSCILLATOR CIRCUITS 
can be evaluated by "breaking the loop". 

Can save days breadboarding and thousands of pounds 
worth of equipment 

£195 for PC/XT/AT etc. 
£130 for BBC, B, B+ and Master 

All prices Ex-VAT 

W RITE OR PHONE FOR FULL DETAILS:- REF ETI 

Number One Syste ms Ltd '. 

Harding Way, St Ives. Huntingdon Cambs, PE17 4VVR 
Tel: St Ives(0480) 6177814 lines) 
We provide full after-sales support with free telephone 
'hotline help' service. 
Software updates are free within 6 months of purchase date 



AMAZING le PRICE 
SOLDERING IRONS 
FLAME 
HOT GAS 

MASTER 
SOLDERING 

Superb Pocket Size Portable Gas 
Soldering Iron 

TOOL 

FLAME MASTER 
51N 1 HOT GAS TOOL KIT 
Complete with tough moulded to measure case and including: 

MULTI-PURPOSE TOOL 
* 4 Interchangeable Soldering Iron Tips 
* Soldering Iron 
* Hot Cutting Knife 
* Wide Area Flame Torch 
* High Temperature Flame Torch 
* Hot Air Blower 

GREAT FOR 
7 Electrical and Electric Work 
* Cutting Plastics and Fibres 
* Sealing, Bonding and Shrinking 
* Removing Paint and Putty 

The Flame Master hot gas tool kit has many uses. It can be a soldering iron, 
a pencil flame torch, a hot air blower or a wide (flat) flame torch. 
You can fit the soldering head with a selection of soldering tips and the hot knife, or you 
can fit the flame head, onto which you can attach the hot blower or the wide flame unit. 
The choice is yours! 

* Interchangeable Tips * 

* Powered by Butane Gas 

* Simple to Refill 
* Temperature up to 400̀C (750°F) 

* Up to 2 Hours Continuous Use 

P ost Your a rdor N o w . 

Order Coupon  Send this coupon to P.O. Box 3, Rayleigh, Essex SSG 8LR 
Quantity Description Code Price 

Name   Add Carriage 
If order below £5 

Address   please add 50p 

Post Code   Total 

50p 

I authorise you to debit rey Credit Card account for the cost of goods despatched. 

Credit Card No. 

Access Amex Visa   Delete as required. 

If ordering by Credit Card please sign   

Expiry date of Credit Card   ETI 

ELECTRONICS 
C REDIT C ARD H OTLI NE 

0702 554161 
PHONE BEFORE 5PM FOR SAME DAY DESPATCH 

ALL PRICES INCLUDE VAT. 
All items subject to availability, both items will be on salo in our shops in 
Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Nottingham, 
Southampton and Southend-on-Sea. 
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