
Australia AS 2.70 
Canada CS 3.25 
Denmark DKR. 33.25 
Germany DM. 7.00 
Greece DRA. 190.00 
Holland DFL. 8.50 

ly L 37.00 
Zealand NZ$ 3.00 

NKR. 26.00 
MS 5.50 

75.00 
. 7.00 



For colour brochure contact: 

FARNELL INSTRLMENTS LIMITEC 
WETHERBY LS22 4DH 
TELEPHONE (097) 61961 
TELEX 557294 FARIST G 

v Farrell 

Single detector head covers \Aide 
frequency and power band 

25MHz to 1GHz 20mW to 100W and 
VSWR from 1 to 3 

Head can be used 1.5m from meter 
(e.g. inside closed car boot) 
Fully portable-works from internal 
battery or vehicle battery 
Mains adaptor/charger and rechargeable 
battery available 
Manufactured, tested and inspected to 
Min. Def. Std. 0524. 

WW --001 FOR FURTHER DETAILS 



on Nascom 
Process control 
Current 

umping 

'tter 
eo 

New concepts of system modelling 
such as 'data marshalling' and 
'thinking fatigue' are linked to 
hyperautism - this month's cover 
depicts the 'shell' condition - in R. 

E. Young's perceptive analysis. 

NEXT MONTH 

Low -frequency stereo imaging 
is improved using simple delay 
technique. 

Professor MaCausland finds 
persistant inconsistencies in 
Einstein's Special Theory of 
Relativity 

Ray Macario shows a need for 
monitoring the accuracy of 
world time standards. 

Complementing his 
description of a 6809 -based 
Forth computer, Brian 
Woodroffe starts to describe 
the Forth language. 

Flow diagrams enable a 

program for ladder network 
insertion loss and delay 
equalization for a ZX81 to be 
modified for other computers. 

Current issue price 80p, back issues (if 
available) £1, at Retail and Trade Coun- 
ter, Units 1 & 2, Bankside Industrial 
Centre, Hopton Street, London SE1. 
Available on microfilm; please contact 
editor. 
By post, current issue £1.23, back issues 
(if available) £1.80, order and payments 
to EEP General Sales Dept., Quadrant 
House, The Quadrant, Sutton, Surrey 
SM2 5AS Tel: 01-661 8668. 
Editorial & Advertising offices: Quad- 
rant House, The Quadrant, Sutton, 
Surrey SM2 5AS. 
Telephones: Editorial 01-661 3614. Ad- 
vertising 01-661 3130. See leader page. 
Telex: 892084 BISPRS G. 
Subscription rates: 1 year £15 UK and 
£19 outside UK. 
Student rates: 1 year £9.35 UK and 
£11.70 outside UK. 
Distribution: Quadrant House, The 
Quadrant, Sutton, Surrey SM2 5AS. 
Telephone 01-661 3248. 
Subscriptions: Oakfield House, Perry - 
mount Road, Haywards Heath, Sussex 
RH16 3DH. Telephone: 0444 459188. 
Please notify a change of address. 
USA: 544 surface mail, 593.80 airmail. 
Business Press International (USA). 
Subscriptions Office, 205 E.42nd Street, 
NY 10017. 
USA mailing agents: Expediters of the 
Printed Word Ltd, 527 Madison Avenue, 
Suite 1217, New York, NY 10022. 2nd 
class postage paid at New York. 
Qc Business Press International Ltd 1983 
ISSN 0043 6062. 
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RF LINEAR POWER AMPLIFIERS LOW NOISE GASFET PREAMPLIFIERS 

TYPE 904510KHz.-100 MHz. 4 watts 

TYPE 9045 

VMOS WIDEBAND LINEAR 
POWER AMPLIFIERS 
4 watts and 20 watts max. 
RF output. Without tuning. 
Power gain 10 dB 

£49.50+E2.50 p&p 
TYPE 9050 20 MHz. -200 MHz. 4 watts £49.50+E2.50 p&p 
TYPE 906610 KHz.-100 MHz. 20 watts £120+£5 p&p 
TYPE 9064 As above with integral mains power supply unit £t80+E10 p&p 
TYPE 9067 20 MHz. -200 MHz. 20 watts. £120+E5 p&p 
TYPE 9065 As above with integral mains power supply unit £180+E10 p&p 

TYPE 9052 

TELEVISION LINEAR 
POWER AMPLIFIERS 
Bands IV or V. 
Channel group 'A' 21-34, 'B' 
39-51, or 'CD' 48-68. 

TYPE 9061 150 mV. input. 10 W. output. Adjustable gain 
TYPE 905210 mW. input, 500 mW. output. Adjustable gain 
TYPE 9059 500 mW. input. 5 watts output 

TYPE 9054 

£120+E5 p&p 
£120+£5 p&p 
£150+E5 p&p 

VMOS LINEAR 
POWER AMPLIFIERS 
Tuned to your specified fre- 
quency in the range 1-250 
MHz. 

TYPE 9054 200 mW.-2 watts inpu , 20 watts output. Gain adjustable 10-20 dB £120+£5 p&p 
TYPE 9080 As above with integra mains power supply unit £180+£10 p&p 
TYPE 90681-8 watts input, 80 watts output. Gain adjustable 10-20 dB £160+£5 p&p 
TYPE 9057 As above with integra mains power supply unit £210+E10 p&p 
TYPE 9084 FM TRANSMITTER. 88-108 MHz. 50 watts RF output. 24V. + supply. Complete modular system 

£345+£15 p&p 
TYPE 9085 As above with integral mains power supply unit £395+£20 p&p 

IF YOU REQUIRE 
EQUIPMENT MODIFIED TO 

SPECIFICATION PLEASE 
CONTACT OUR TECHNICAL 

DEPARTMENT 

TYPE 9100 n 9010 

THREE STAGE GASFET 
STRIPLINE PREAMPLIFIERS 
Television bands IV or V. 
Channel group'A' 21-34, 
'B' 39-51 or 'CD' 48-68. 

TYPE 9100 Three stage Gasfet preamplifier. N.F. 0.7 dB. Gain 25 dB. High Q filter. 12V. a DC £85+£2 p&p 
TYPE 9102 UHF three stage Gasfet preamplifier. N.F. 0.8 dB. Gain 25 dB. Aligned to your specified frequency 
in the range 250-500 MHz. High Q filter. 12V. + DC £85+£2 p&p 
TYPE 9012 Gasfet preamplifier mains power supply unit £24.50+£3 p&p 
TYPE 9010 Masthead weatherproof unit £6.50+ £2 p&p 

TYPE 9026 

GASFET/MOSFET 
RF PREAMPLIFIERS 
Aligned to your specified 
frequency in the range 1-250 
MHz. 
Masthead/local use. 

TYPE 9026 N.F. 1.0 dB. Gain 10.40 dB. variable £39.50+E2 p&p 
TYPE 9026FM As above. Band II88-108 MHz. £39.50+E2 p&p 
TYPE 9006 Gasfet. N.F. 0.6 dB. Gain 10-40 dB. variable £65+£2 p&p 
TYPE 9035 Mains power supply unit for above £24.50+£3 p&p 

-0000000"m 
TF 2170B 

TF 20028 
MARCONI TF 20028 SIGNAL GENERATOR 10 KHz: 88 MHz. 2V. RF output. AM/FM modulation. Fitted with 
MARCONI TF 21708 DIGITAL SYNCHRONISER frequency stability 1 part in 106. Digital) setting of frequency 
in 10 Hz. increments £1200 
TYPE 9113 TELEVISION FREQUENCY CONVERTOR. Changes channels in the range 40-1000 MHz 

£242 + £5 p&p 
TYPE 90561500 MHz. PRESCALER. Divides 100-1500 MHz. by 10 £59.50+E2 p&p 
TYPE 8033 PHASE LOCKED SIGNAL SOURCE using low frequency reference crystal. Specify output in the 
range 1-600 MHz. Output 10 mW. + 10 dBm £64.50+£2 p&p 
PLEASE ADD 15% V.A.T. ON TOTAL 

RESEARCH COMMUNICATIONS LTD. 
UNIT 3, DANE JOHN WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP 

TELEPHONE: CANTERBURY (0227) 56489 

ALL EQUIPMENT IS 
DESPATCHED BY FIRST 

CLASS RECORDED 
DELIVERY 

WW - 040 FOR FURTHER DETAILS 

FREQUENCY COUNTERS HIGH PERFORMANCE 
HIGH RELIABILITY 
LOW COST 

The brand new Meteor series of 8 -digit Frequency Counters offer the lowest cost professional 

* Measuring typically 2Hz - 1.2GHz 

* Sensitivity <SOmV at 1GHz 

* Setability 0.5ppm 

* High Accuracy 

* 3 Gate Times 

* Low Pass Filter 

* Battery or Mains 

* Factory Calibrated 

* 1 -Year Guarantee 

* 0.5" easy to read L.E.D. Display 

PRICES (Inc. adaptorlcharger, P Et P and VAT) 
METEOR 100 1100MHz) £104.07 

METEOR 600 1600MHz) £133.97 

METEOR 1000 (1GHz) £184.57 

Illustrated colour brochure 
with technical specification 
and prices available on request. 

performance available anywhere. 

Designed and 
manufactured 
in Britain 

Black*Star 
BLACK STAR LTD, 9A Crown Street, St. Ives, 
Huntingdon, Cambs, PE17 4EB, England. 
Tel: 104801 62440 Telex: 32339 

WW - 056 FOR FURTHER DETAILS 

e P.&R. COMPUTER SHOP Se* 
IBM GOLFBALL PRINTERS from £70 EACH + Y.A.T. 

INTERFACE FOR IBM GOLFBALL £40 + V.A.T. 
*BRAND-NEW LA36 DEC WRITERS -SALE £200 EACH + V.A.T. 
CENTRONIC 779 PRINTERS -£325 + V.A.T. 
CENTRONIC 781 PRINTER -£350 + V.A.T. 
POWER UNITS, 5 -VOLT 6 -AMP -£20 EACH 
FANS, PCBs, KEYBOARDS AND LOTS MORE 
8 -INCH IBM FLOPPY DISC DRIVES. 

COME AND LOOK AROUND 

SALCOTT MILL, GOLDHANGER ROAD 
HEYBRIDGE, MALDON, ESSEX 
PHONE MALDON (0621) 57440 

WW - 049 FOR FURTHER DETAILS 

FUSES, WIREWOUND RESISTORS 
British -made by Beswick, Osborne 

Stock items available at 30% extra discount 
Also Carbon film resistors (Asian) stock items 

available at 50% extra discount 
Send or phone for stock lists 

Our regular lines always available: 
Audible Warning Devices (single sample price including vat and postage 
shown in brackets) 
Banshees (£23), Cybertones (£11), Solotones (£4), Bleeptones (£7), Minib- 
leeps (£8), Multimounts (£3.50) 
Markers Sleeves - pvc, silicone rubber, neoprene, etc., printed or plain 
Elma range of Collet knobs, dials, etc. 
Crimp terminals. R.f. Chokes (Greendale) 
Pcb self-adhesive guides, 18.5mm wide x any length 

Write, call or phone 10732) 851345 

NOVAPRODUCTS (APB Ltd) 
Crystalate Works, Golden Green, Tonbridge, Kent TN11 OLH 

Member Crystalate Group 

WW - 046 FOR FURTHER DETAILS 
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TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

L1 
49/51 Fylde Road Preston 
PR1 2XQ 
Telephone 0772 57560 

[ 

reliable high 
performance & 
practical controls. 
individually 
powered modules - 
mains or dc option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size -low 
weight -realistic 
prices. 

Fylde 
Electronic 
Laboratories 
Limited. 

WW - 018 FOR FURTHER DETAILS 

KONTAKT 
The European name of Aerosol 
Excellence. Special cleaners for all 
electrical contacts and switches. 

Kontakt 60 
Dissolves oxides and sulphides, 
removes dirt, oil, resin and traces 
of metal abrasion. Protects 
against erosion. Ensures perfect 
contacts. 

Kontakt 61 
Special cleaning, lubricating and 
anti -corrosion fluid for NEW (non 
oxydised) and specially sensitive 
contacts. An excellent lubricant 
for all electrical and electro 
mechanical systems. 

Spray Wash WL 
A rapid cleaner for reliable wash- 
ing and degreasing of electrical 
equipment and components. For 
removal of dirt, grease, oil, solder- 
ing residues and other impurities. 

ALSO AVAILABLE: 

A COMPLETE RANGE OF INDUSTRIAL AEROSOL SPRAYS 

SK10 Soldering Lacquer, K75 Cold Spray, K70 Plastic Spray, K88 Oil Spray, K701 
Vaseline Spray, K90 Video Spray, K33 Graphite Spray, K100 Antistatic Spray, 
K101 Fluid Spray and, of course, Positiv 20 positive photo resist for printed 
circuits. 

Details from: 

Special Products Distributors Ltd. 
81 Piccadilly, London, W 1 V OHL 

Tel: 01-629 9556. Telex: 26500 (answerback RACENI. Cables: Speciprod, London, 
W1 

WW - 028 FOR FURTHER DETAILS 
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THE SOURCE OF ALL IMI3C1112 uSEI TEST EQU/PMENT 
ANALYSERS 
Dranetz 
606-3 Line Disturbance Monitor £2500.00 
Hewlett Packard 
1615A/001 Logic Analyser £4750.00 
5004A Signature Analyser £550.00 
8407N8412A Network Analyser 

£1800.00 
Marconi 
TF2303 Mod Meter £480.00 
Tektronix 
AA501 opt 01 Distortion 10Hz - 100KHz 
to Less than 0.0025%....... ....£1450.00 
DAS 9103 opt 01 02. Logic Analyser 

£11,000.00 
DF1 Display Formatter For 7D01 ¿850.00 
308 Portable 8 Channel 20MHz Data 
Analyser £2100.00 
491 Spectrum Analyser 10MHz-40GHz 

£7500.00 
492 (opt 01, 08] Spectrum Analyser 
50KHz-21 GHz £13000.00 
492P (opt 01, 2. 3) Programmable Version 
of 492 £20000.00 
7L5 Spectrum Analyser with opt 25 
[Tracking Gen) and L3 [502 input) 20Hz - 
5MHz £7300.00 
7L12 Spectrum Analyser 100KHz-1 8GHz 

£8000.00 
7L13 Spectrum Analyser 1 KHz-1 8GHz 

£7500.00 
7L14 Spectrum Analyser 10KHz-1 8GHz 

£9450.00 
7L18 Spectrum Analyser 1.5GHz-60GHz 

£7500.00 
TR502 Tracking Generator (for 7L12. 13 & 
14) £3200.00 
TF1503 Tracking Generator [for 492/496 
series] £3250.00 
5L4N Spectrum Analyser 20Hz-100KHz 

£2350.00 
7001 16 Channel 100MHz Sample Rate 

£2450.00 
7002/01 Logic Analyser £3950.00 

OSCILLOSCOPES 
Hewlett Packard 
1332A High Duality CRT Display 
9.6 x 11 .9cm £1250.00 
1809A 100MHz 4 Channel Plug In 

£2000.00 
11321A Timebase Plug In £1000.00 
Philipe 
PM3232 Dual Beam 10MHz £495.00 
Tektronix. 
305 Portable battery scope/DMM, 0 T 

5MHz £975.00 
335 Dual Trace 35MHz Smal portable with 
delay T'Base £1300.00 
465 100MHz Portable £1 550.00 
200C Trolley for 400 Series ¿120.00 
7313 100MHz Storage Mainframe 

£2225.00 
7603 100MHz Mainframe £1850.00 
5440 50MHz Mainframe £1000.00 
5441 50MHz Variable Persistance Storage 
Mainframe £1800.00 
7704A Scope DC-200MHz Mainframe 

£2500.00 
7613 Storage Scope Mainframe 
DC-100MHz £3250.00 
7834 Storage Scope Mainframe 
DC-400MHz £7200.00 
7844 Dual Beam 400MHz Mainframe 

£7750.00 
7854 Waveform Processing Scoi 
PC-400MHz £9000.00 
7904 opt 02, 03 500MHz £5350.00 

TEKTRONIX TM500 
SERIES 
We stock a very wide range of thee* 
versatile modular equipments 

TEKTRONIX PLUG INS 
We stock a complete range of Plug Ina 
for use wIth 7000 and 5000 series 
Mainframes. 

TEKTRONIX TV TEST 
EQUIPMENT 
148 Sigg Gen £4000.00 
141A Sig Gen £1500.00 
1485R Waveform Monitor £3200.00 
651 HR PAL Monitor £2100.00 
655HR-1 Monitor £3800.00 
656HR PAL/SECAM Monitor £3900.00 
671 PAL Monitor £1800.00 

MISCELLANEOUS 
Bruel i Khmer 
2209 Sound Level Meter £850.00 
Dateiabe 
0L901 Transient Recorder £750.00 
DL905 Transient Recorder £995.00 
Fluke 
515A Portable Calibrator £1750.00 
883 AC/DC Differential £815.00 
845 AB Null Detector £810.00 
93lBDiffV'Meter £1 000.00 
2020A -3-6 Printer ¿500.00 
3010A Logictester. Self Contained 
Portable. Full Spec. on Request ..£8500.00 
8921A DMM £885.00 
Hewlett Packard. 
32008 Oscillator £950.00 
467A Amplifier £725.00 
415E VSWR Meter £950.00 
214A Pulse Gen £850.00 
3556A Psophometer £850.00 
435A Power Meter £880.00 
3552A Trans Test Set £1,500.00 
53008/53064 DMM/Counter 81,200.00 
5340A Counter 10Hz-18GHz 8 Digit 

£3750.00 
8013B Pulse Generator £750.00 
8350Á83525A Sweeper System 

£9,500.00 
4815A Vector Impedance Meter 

£3850.00 
11720A Pulse Modulator £1950.00 
Marconi 
TF1313A LCR Bridge £775.00 
TF2120 Waveform Gen £850.00 
TF2603RFMilwoltmeter C750.017 
TF2300B Mod Meter £1500.00 
TF2000 Oscillator £575.00 
TF2015/2 + TF2171 AM/FM Sig Gen 

£1950.00 
Raul 
9301A RF Mifivoltmeter £495.00 
Tektronix 
106 Square Wave Generator 1 nS riseume 
10Hz-1 MHz without accessories .£175.00 
832 Data Comme. Tester £925.00 
833 Data Comme. Tester £1350.00 
2701 Step Attenuator 502 0.79dB in 1 dB 
steps. DC to 2GHz £285.00 
2901 Time -Mark Generator £ 195.00 

See us at TESTMEX'83 

venor 
Stand 86 

Gr $ept 13 15 House 

STOP PRESS New Catalogue 
Just Out 

Send for your free copy now 

Please note: Prices shown do not include VAT or carriage. 

Electronic Brokers Ltd., 61165 Kings Cross Road, 

London WC1X 9LÁ. Tel:01-278 3461.Telex 298694 =I= I=I= I=I= I =al = I=I 
=I = I =m1 I =al ICI = 

Electronic Brokers I =I = I =I = I = I 
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AMATEUR RADIO AND ELECTRONICS 

EXHIBITION 
BIGGER AND BETTER THAN EVER .. . 

on 

6th, 7th & 8th OCTOBER, 1983 
at 

THE EXHIBITION CENTRE 

DONCASTER RACECOURSE 

MAGNIFICENT EXHIBITION HALL 

(LEGER WAY) 

EXCELLENT CATERING AND BARS 

FREE CAR PARKING 

ADMISSION: £1.50 
OAPs & CHILDREN £1 
PARTIES OF 15 AND OVER: 

£1.25 (inc. postage) 

Contact: 
FRED HOPEWELL (G4PGC) 
48 GLADSTONE STREET 
LOUGHBOROUGH 
LEICESTERSHIRE LE11 1 NS 

THE ODDS ARE 100-1 YOU 
WILL ENJOY THE SHOW! 

gee 

f500 
VOUCHER PRIZES 

IN 

FREE 
RAFFLE! 

(Open 10am to 6pm) 

TALK -IN BY G3UER 
(S22 & SU8) 

4 WIRELESS WORLD SEPTEMBER 1983 



IICRO AVE MODULES LTD 

TUNE INTO THE WEATHER .. . 

USING OUR COMPLETE'METEOSAT WEATHER SATELLITE 
RECEPTION SYSTEM 

We supply the complete system from antenna to video monitor, at the 
lowest price ever imagined for such a comprehensive system. View the 
entire globe on your video screen, or select any enlarged portion of the 
earth, for example Europe, as seen by the satellite from 20,000 miles 
above the earth. Both visible light pictures and infra -red pictures can be 
selected, the latter giving useful temperature information. 

Our complete system consists of the following items: - 
1. ANTENNA: 1.1 metre diameter parabolic dish with feed, supplied in kit 

form to reduce costs and make transportation easier. 
2. ANTENNA PREAMPLIFIER: Gasfet low -noise preamplifier to be jolted 

on to the antenna, to overcome feeder losses and provide maximum 
sensitivity. 

3. 1690 MHz CONVERTER: Frequency converter from 1690 MHz tc 137.5 

MHz to allow a conventional receiver to be utilised. 
4. 137 MHz RECEIVER: The FM receiver, which demodulates the re:eived 

encoded signal. Orbiting satellites on the 136-138 MHz band can also 
pe received using this receiver. 

5. DIGITAL FRAME STORE: The audio signal from the receiver is stored 
n a large Dynamic RAM memory, which then drives the monitor to 
provide a continuous display. 

6. VIDEO MONITOR: A high quality black -and -white monitor, with 25 

MHz bandwidth, ideal for displaying this type of image with excellent 
definition. 

The above items are all that are necessary to obtain first-class pictures 
from Meteosat. ALL FOR £1,295+VAT. 

Individual items from the above system are also available. 

Write or phone for further details. 

MICROWAVE MODULES 
BROOKFIELD DRIVE, AINTREE, LIVERPOOL L9 7AN, ENGLAND 

Telephone: 051-523 4011 Telex: 628608 MICRO G 

WW - 050 FOR FURTHER DETAILS 

PRODUCTION 
TESTING 

DEVELOPMENT 

SERVICING 

POWER UNITS 
Now available with 

3 OUTPLTS 

Type 250VRU/30/25 

OUTPUT 1 0-30v, 25A DC 

OUTPUT 2 0-70v, 10A AC 

OUTPUT 3 0-250v, 4A AC 

ALL 
Continuously 

Variable 

Vctl'iJio 
VALRADIO LIMITED, BROWELLS LANE, FELTHAM 

MIDDLESEX TW13 7EN 
Telephone: 01-890 4242/4837 

WW - 019 FOR FURTHER DETAILS 
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DEC SALE 
a selection from our 
huge stocks. All items 
reconditioned unless 
otherwise stated. 

SPECIAL PURCHASE 
OF PDP11/34A 
PROCESSORS 
11/34A CPU 
MS11 JP 64KB MOS Memory 
DL11 W Console Interface 
KY11 LB Programmers Panel, 
M9312 Bootstrap 
BA11 L 5 1/4" Chassis 
ONLY £2,500 

DEC LSI PROCESSORS 
11 /03LX KD11 HA CPU, 
KEV1 1 EIS/FIS, BDV11 AA 
Terminator/Bootstrap. 
BA11 N 51/4 Chassis with 
Backplane and Power Supply. 
No memory included. 
NEW £1200 
11/03N KD1 10 CPU, 
KEV11 EIS/FIS, BDV11 AA 
Terminator/Bootstrap. BM 1R 
5W Chassis with Backplane 
and Power Supply, MSV11 DD 
32KW MOS 

NEW £1495 

DEC MAG TAPE 
TE16 Slave £4,500 
TE16 Master with TMO2 

£5,750 
TE16 Master with TMO3 

£6,250 
TS11 Inc. Unibus Ctl 

NEW £6,250 
TU77 Master with TMO3 

NEW £14,500 
All above include DEC Cabinet 

NEW 
AUTUMN' 83 CATALOGUE 
now Out 
send for your 
free copy 

DEC MUX AND COMMS 
DH11 AC Multiplexor £1,500 
DH11 AD Multiplexor £2,750 
DH 11 AE Multiplexor £2 400 
DM 11 DA Line Adaptor £525 
DMC11 AL I/P Link £975 
DMC11 AR Network Link £995 
DMC11 DA EIA Link £675 
DMC11 MD Int. Modem Link 

£925 
DZ11 B Multiplexor £995 
DZ1 1 D Multiplexor £995 

DEC DISK DRIVES 
RK07ED 28MB £2,500 
RKO7PD 28MB £2,500 
RLO1A 5MB £995 
RMO2AD 67MB NEW 

£6,250 
RMO3AD 67MB NEW 

£6,250 
RMO5AD 256MB NEW 

£14,750 
RM80 124MB £9,500 
RX11 BD Dual Happy £995 
RX211 BD Dual Floppy 

£1,725 

VT50-AF EIA 
VT52-AB 20mA 
VT52-AF EIA 
VT55-EB 20mA 
VT55-EF EIA 
VT55-FB + Copier, 20mA 

£710 
VT55-FF + Copier, EIA £750 

DECSCOPE TERMINALS 
VT50AB 20mA £199 

£225 
£350 
£395 
£450 
£495 

scoop TEKTRONIX 
GRAPHICS EQUIPMENT PURCHASE OF 

EX -DEMONSTRATION STOCK IN ORIGINAL MANUFACTURER'S 
PACKAGING, HUGE SAVINGS ON NEW PRICES 

ONLY SLIGHTLY USED - COVERED BY FULL WARRANTY 

HIGH RESOLUTION BIG SCREEN 
GRAPHICS DISPLAY TERMINALS 
4014-1, 4015-1 and 4016-1 
19in. Screen providing 4096X by 
3120Y displayable points or 8512 
alphanumerics (models 4014 and 
4015]. 25in. Screen providing 4096X 
by 31 0Y displayable points or 
15,000 alphanumerics [model 4016]. 
APL Character Set (model 4015]. 
Plot -10 compatible. Prices include 
Enhanced Graphics Option. Extra 
Memory Option and Programmable 
Keyboard Option. 
4014-1 £6,950.4015-1 £7,250. 
4016-1 £8,950. 
Other Tektronix graphics equipment 
currently available includes 4006-1, 
4010-1, 4027, 4051 , 4952, 
606/606A/606B and 611. 

ADD 15 % VAT TO ALL PRICES Carriage and Packing extra 

Electronic Brokers Ltd., 61/65 Kings Cross Road, 

LondonWC1X 9LN. Te1:01-218 3461.Telex 298694 
I 1 _ 1=14 _ I 1 _ I 1 _ I _ 
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EASIBINDERS 

1 

Quick, neat and easy! 
It's so easy and tidy with the Easibind 
binder to file your copies away. Each 
binder is designed to hold six issues and is 
attractively bound and blocked with the 
WIRELESS WORLD logo. 
Price U.K. £4.30 including postage, pack- 
ing and V.A.T. 
Overseas orders add 35p per binder 
Nat. Giro No. 5157552. 
Please allow 3/4 weeks for fulfilment of 
order. 
Payment by ACCESS/BARCLAYCARD/ 
VISA. Send coupon below detailing credit 
card no. and signature. 
Why not place your order now? Send the 
completed coupon below with remittance 
payable to: 

U 1L'Ú.4.12) 42 Hoxton Square 
London N1 6NS 

ION IM MI MI ffl 
Order Form WIRELESS WORLD 

I enclose P.O/cheque value for binders 
Years required 
BLOCK LETTERS PLEASE 
Name 
Address 

3 Date Registration No. 735718e 
AB OM Mall MI OM BIM - - all BBL/ 

9m. MONITOR in attractive case, non standard input 
wdh info. us. 

Matching ASC II coded QUERTY KEYBOARD with 
Numeric Keypad and 27 function key5 f25 each. 
RAPES. THE PAIR E40. 

12ín MONITOR cased, non-standard input, witgh info. 
CM each. 

With matching ASC 11 coded WARTY KEYBOARD 
with Numeric Keypad and 24 function keys, £35. 

INSTRUMENT CASE, standard 19ín. width x thin. 
deep x 10in. high. £5 each. 

FLOPPY DISK DRIVE Bin by MEMOREX with control 
electronics. £75 each P&P E5. 

HARD DISK DRIVES by DATA RECORDING. Series 30. 
Front load with info £125 each. 

TEKTRONIX STORAGE DISPLAY UNIT type 611. 
Screen size 8112in. x 61/2in. E495. 

AZTEC 20in. black and white monitor. Video in £50. TV 
style 201n. monitors, £10. 

COSSOR VDU type CDD3000, 12ín. green screen, £00. 
CREED 75 TELEPRINTER. Very good condition. £25 

each. Carriage £7. 

Item No. 
1 TEKTRONIX OSCILLOSCOPE type T935A. Dual Trace 

35MHZ Delay Sweep As New _. 500 
2 TEKTRONIX STORAGE OSCILLOSCOPE type 5648 with 

3A6 and 3B3...___. _._.. ___£ä5 
3 TEKTRONIX OSCILLOSCOPE type 5458 with IA2. Dual 

Trace 33MHZ Dual TB ___£160 
4 SE LABS OSCILLOSCOPE type SMI11 Dual Trace 

2OMHZ. Solid State ...£275 
5 COSSOR OSCILLOSCOPE type COUrtS Dual Trace 

20MHZ. Solid State ._£150 
6 SOLARTRON OSCILLOSCOPE type CD1400 Dual Beam 

15MH2. Delay Sweep __. E90 
7 MINISTRY OSCILLOSCOPE type CT436 Dual Beam DC 

- 6MHZ _.__. E60 
8 B&K AUDIO FREQUENCY SPECTROMETER type 2113. 

Unused E050 
9 B&K ELECTRONIC VOLTMETER type 2409 2HZ-20)KHZ 

.... £50 
10 B&K MICROPHONE AMPLIFIER type 2604 £50 
11 BAK FREQUENCY ANALYSER type 2105 __£150 
12 BAK AUDIO FREQUENCY SPECTROMETER type 2109 

£125 
15 BAK RANDOM NOISE GENERATOR type 1407 _..£125 
16 MARCONI UNIVERSAL BRIDGE type TF2700 _. _.Q25 
17 MARCONI RE ELECTRONIC MILLIVOLTMETER type 

TF2603 50KHZ-1.5GHZ ___£175 
18 MARCONI SIGNAL GENERATOR type TF144H/4. 10KHZ- 

7MHZ ...._ _ E125 
20 MARCONI FM/AM SIGNAL GENERATOR TFI066B/1 10. 

470MHZ Int and Est. AM/FM Mod ......1250 
21 MARCONI FM/AM SIGNAL GENERATOR TF995A/3S. 

15-220MHZ. AM/FM Mod..... .....£150 
23 MARCONI RF POWER METER TFI020A/1 50 ohm DC- 

250MHZ ..._. _. ..._... £75 

Stockists of NEW SAFGAN OSCILLOSCOPES. Also 
many other ITEMS OF TEST EQUIPMENT AND COM- 
PONENTS in stock. For further details contact 
DWAYNE STEWART 

24 MARCONI SIGNAL GENERATOR 7F1060Ì2. 450- 
1200MHZ. Late style _.._ ___E150 

26 MARCONI FM/AM SIGNAL GENERATOR TF995A/5. t 5- 
220MHZ. AM/FM Mod _. _._ ____..£725 

27 MARCONI UNIVERSAL BRIDGE TF8688...._ .....E120 
28 MARCONI RF POWER METER TF1152 range. 50 ohm E50 
29 MARCONI SIGNAL GENERATOR TF2002A/S AM/FM 

10KHZ 72MHZ AM/FM Mod _. £475 
30 MARCONI SIGNAL GENERATOR 1T2002 As above. AM 

on31 

MARCONI POWER METER TF893A 2OHZ-35KHZ _._175 
32 MARCONI VACUUM TUBE VOLTMETER TFI0418..._. n0 
33 MARCONI CARRIER DEVIATION METER TF791D. 4- 

1024MHZ.._.. E95 
34 MARCONI SENSITIVE VALVE nOLTMETER TF2600 

10HZ-10MHZ. 1mV300 Volts .._£75 
36 MARCONI DISTORTION FACTOR METER TF142F. 100- 

8000HZ _.. __. £65 
37 MARCONI VHF SIGNAL .ÇENERAOR TFI0648/5M 09- 

108/118-185450-47DMHZ _. 195 
38 MARCONI AUTOMATIC DISTORTION METER TF2337 

... ........ ..._ ................___.£225 
44 H.P. VHF SIGNAL GENERATOR type 608C 10-480MHZ 

_.-. ... _...... __.._ _......£150 
46 H 431B POWER METER with head type 84788 

10MHZ-18GH2 ......... _._._ .............. f250 
48 HP LOG VOLTMETER AMPLIFIER grryope 7563A __. L55 
51 WAYNE KERR SOURCE & OETECTUF1 SR268_ .._£150 
52 WAYNE KERR VHF ADMITTANCE BRIDGE type 88018 

_..._... _ 
__.£95 

53 H P. UHF SIGNAL GENERATOR type 612A 450- 
1230MHZ -. __.£175 

61 AIRMEC MODULATION METER type 210.3-300MHZ 

68 ADVANCE FM/AM SIGNAL GENERATOR SG63A. 7.5- 
230MHZ __ _............ 175 

71 ADVANCE SIGNAL GENERATOR type JIA 15HZ-50KHZ 

87 JERROLD SWEEP GENERATOR SYSTEM Model SS -300- 
5B. 0-300MhZ £350 

100 KAY SWEEP & MARKER GENERATOR type 1500C 
20HZ-200KHZ ......£125 

III BRADLEY OSCILLOSCOPE CALIBRr.TOR type 156...£175 
113 RADIOMETER type AFM1 MODULATION METER. 35- 

320MHZ _. ........... E150 
125 BONTOON POWER AMPLIFIER type 130A. 10-500MHZ 

RF Output 0-30V _ £100 
62 AIRMEC WAVE ANALYSER type 244 5-306MHZ. -.. £75 
65 AIRMEC SIGNAL GENERATOR type 365. AM/FM 1- 

302MHZ. _£130 
84 R&S SWEEP SIGNAL GENERATOR SWH BN4242/4 

50KHZ-12MHZ £95 
85 R&S NOISE GENERATOR SKTU 054151405 I- 

1000MHZ _. .._ E50 
88 FLUKE DIFFERENTIAL VOLTMETER Model 8215_.. E50 

EXECUTIVE TELEPHONES PUSH BUTTON 
Many functions including 10 numbe' memory, repeat 
dialling. etc Will connect to GPO System. Brand New. 
£25 each. P&P £4. 

EQUIPMENT IN WORKING ORDER 
Please check availability before ordering Carriage all units. 
f7; VAT to be added to total of Goods and Carriage S A 
for LISTS 

BARCLAYCARD 

STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 1 PL 

Telephone: 0734 68041 
Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive 

6 
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TOROIDALS 
The toroidal transformer is now accepted as the standard in 

industry, overtaking the obsolete laminated type. Industry has 
been quick to recognise the advantages toroidals offer in size, 
weight, lower radiated field and, thanks to I.L.P., PRICE. 

Our large standard range is complemented by our SPECIAL 
DESIGN section which can offer a prototype service within 7 DAYS 
together with a short lead time on quantity orders which can be 
programmed to your requirements with no price penalty. 

*Gold service available 
21 days manufacture for urgent 
deliveries. 

*Orders despatched 
within 7 days of 
receipt for single or 
small quantity orders. 

*5 year no quibble 
guarantee. 

SERIES TYPENo SECONDARY RMS 
Volts Current PRICE TYPE SERIES SECONDARY RMS 

No Volts Current PRICE 
SERIES SECONDARY RMS PRICE TYPE No Volts Current 

120 VA 4x010 6+6 10.00 300 VA 7x013 15+15 10.00 e e Nel 90 x 40mm 4x011 9+9 6.66 110 x 50mm 7x014 18+18 8.33 

15 VA 0x010 6+6 1.25 1.2Kg 4x012 12+12 5.00 
4.00 

2.6Kg 7x015 22+22 6.82 
Regulation 7x016 25+25 6.00 

62 x 34mm 
0.35Kg 

Regulation 
19% 

0x011 
0x012 
0x013 
0x014 
0x015 

9+9 
12+12 
15+15 
18+18 
22+22 

0.83 
0.63 
0.50 
0.42 
0.34 

£5.12 LJ L 
+ p & p CO 78 
+ VAT £0.89 

Regulation 
11% 

4x013 
4x6 14 
4x015 
4x016 
4x017 

15+15 
18+18 
22+22 
25+25 
30+30 

3.33 
2.72 
2.40 
2.00 

£7A 2 / eY 
+ p & p £1.72 
+ VAT £1.37 

TOTAL £10.51 

6% 7x017 30+30 5.00 £10.88 
7x018 35+35 4.28 + pap £2.05 
7x026 40+40 3.75 + VAT £1.94 
7x025 45+45 3.33 TOTAL£14.87 

3.00 
0x016 25+25 0.30 TOTAL£6.79 4x018 35+35 1.71 7x033 50+50 

2.72 
0x017 30+30 0.25 4x028 

4x029 
110 
220 

1.09 
0.54 

7x028 110 
7x029 220 1.36 

(encased in ABS plastic) 4x030 240 0.50 7x030 240 1.25 

30 VA 1x010 6+6 2.50 500 VA 8x016 25+25 10.00 
70x30mm 

0.45Kg 
1x011 
1x012 

9+9 
12+12 

1.66 
1.25 LJ `'F e £5. An 160 VA 

110 x 40mm 
5x011 
5x012 

9+9 
12+12 

8.89 
6.66 140 x 60mm 8x017 30+30 8.33 

4Kg 8x018 35+35 7.14 
Regulation 

18% 
1x013 
1x014 
1x015 
1x016 
1x017 

15+15 
18+18 
22+22 
25+25 
30+30 

1.00 
0.83 
0.68 
0.60 
0.50 

+ p & p f l 10 
+ VAT£0.99 
TOTAL £7.58 

1.8Kg 
Regulation 

8% 

5x013 
5x014 
5x015 
5x016 
5x017 
5x018 

15+15 
18+18 
22+22 
25+25 
30+30 
35+35 

5.33 
4.44 
3.63 
3.20 
2.66 
2.28 

£v8.43 
+ p & p £ 1 72 
+ VAT £1.52 

TOTAL £11.67 

Regulationula 8x026 40+40 6.25 
£14.38 

8x025 45+45 5.55 +p&p£2.40 
8x033 50+50 5.00 + VAT £2.52 
8x042 55+55 4.54 TOTAL£19.30 
8x028 110 4.54 

50 VA 
80 x 35mm 

2x010 
2x011 

6+6 
9+9 

4.16 
2.77 

5x026 
5x028 

40+40 
110 

2.00 
1.45 

8x029 220 2.27 
8x030 240 2.08 

0.9Kg 2x012 12+12 2.08 5x029 220 0.72 

Regulation 2x013 15+15 1.66 c 
£6.1i 3 

5x030 240 0.66 

2x014 
2x015 

18+18 
22+22 

1.38 
1.13 *0600135 625 VA 9x017 30+30 10.41 

35+35 8.92 
2x016 25+25 1.00 + VAT £1.12 140 x 75mm 9x018 

5Kg 9x026 40+40 7.81 
2x017 
2x028 
2x029 
2x030 

30+30 
110 
220 
240 

0.83 
0.45 
0.22 
0.20 

TOTAL £8.60 225 VA 
110 x 45mm 

2.2Kg 
Regulation 

7% 

6x012 
6x013 
6x014 
6x015 
6x016 

12+12 
15+15 
18+18 
22+22 
25+25 

9.38 
7.50 
6.25 
5.11 
4.50 

ß]Q £9.1 v 

Regulation 9x025 45+45 6.94 £17.12 
4% 9x033 50+50 6.25 + p & p £2.55 

9x042 55+55 5.68 + VAT £2.95 
9x028 110 5.68 TOTAL£22.62 

80 VA 
90 x 30mm 

3x010 
3x011 

6+6 
9+9 

6.64 
4.44 

6x017 
6x018 

30+30 
35+35 

3.75 
3.21 

+ p & p £2.05 
+ VAT£1.78 

9x029 220 2.84 
9x030 240 2.60 

1Kg 3x012 12+12 3.33 £6.66 40+40 
1 

TOTAL £13.64 

Regulation 3x013 15+15 2.66 V 6x025 45+45 2.506x026 

12% 3x014 18+18 2.22 + p & p £1 72 6x033 50+50 2.25 
3x015 22+22 1.81 + VAT £1.26 6x028 110 2.04 ALSO AVAILABLE 
3x016 
3x017 

25+25 
30+30 

1.60 
1.33 

TOTAL £9.64 6x029 
6x030 

220 
240 

1.02 
0.93 Sizes up to and including 5KVA are 

3x028 110 0.72 manufactured to order. 
3x029 220 0.36 
3x030 240 0.33 

The benefits of ILP toroidal transformers 
ILP toroidal transformers are only half the weight and height of their laminated 

equivalents. and are available with 110V. 220V or 240V primaries coded as follows 

IMPORTANT: Regulation - All voltages quoted are FULL LOAD. Please add regulation figure to secondary 

voltage to obtain off load voltage. 

For 110V primary insert "0" in place of "X- in type number 

For 220V primary (Europe) Insert "1" In place of "X" in type number 

For 240V primary (UK) insert "2' In place o1 "X . . in type number 

%Also available at Electrovalue,Maplin,Technomatic and Barrie Electronics. 

WW - 025 FOR FURTHER DETAILS 

For mail orde please make your crossed cheques or postal 
orders payable to I LP Electronics Ltd. Barclaycard/Access 
welcome. Trade orders standard terms. 

Post to ILP Electronics Ltd. Graham Bell House Roper Close. 

Canterbury CT2 7EP. Kent. England 

telephone (0227154778 Telex 965780 

la division of 

ILP Electronics Ltd) 

TRANSFORMERS 

RECHARGEABLE 
BATTERIES 

PRIVATE & TRADE ENQUIRIES WELCOME 

Full range available to replace 1.5 volt dry cells and 9 
volt PP type batteries, SAE for lists and prices. £1.45 
for booklet, "Nickel Cadmium Power," plus catalogue. 

* COMPLETE RANGE OF CHARGERS 

SANDWELL PLANT LTD. 
2 Union Drive, Boldmere 

Sutton Coldfield, West Midlands, 021-354 9764 
After hours: LICHFIELD 57977 

Now open Saturday morning 9.30 to 12.30 

WW - 021 FOR FURTHER DETAILS 

METER PROBLEMS? 

y íJ , 
_ ,,ai 

it4J.9..9 

137 Standard Ranges in a variety of sizes and stylings available 
for 10-14 days delivery. Other Ranges and special scales can be 
made to order. 
Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAY'S INN ROAD, W.C.1 Phone: 01-83 7937 

Telex: 892301 

WW - 022 FOR FURTHER DETAILS 
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L 
THORN EMI 

The new 
AVO 1000 Series 

of analogue testers 
feature a 

breakthrough 
in design. 

A slot in the handle is the key to 
simple lead stowage, but that's only 
one aspect of our breakthrough. This 
series, designed and built in Britain, 
also features top entry leads with 
right angled fittings, moulded channels 
to contain spare prods and clips; easy - 
to -read analogue scales; simple range 
selection, a separate battery and fuse 
compartment and a handy tilt stand. 
The specification is equally 
outstanding. 

The AVO 1001, for instance, offers 
voltage testing to 1 kV (a.c. and d.c.), 
current up to IA d.c. and resistance 
up to 2M1Z. 

See your usual distributor 
for further information 
and a demonstration. 

Chances are you'll want 
to drop it into 
your toolbag right 

away. Which is 

fine, we've 
designed them 

for precisely 
that. 

2C 

80' V 

50 20 ¡1 

s 

/ u , 

t1 

The test of ability 
THORN EMI Instruments Limited 
Archcliffe Road, Dover, Kent CT17 9EN. Telephone: 0304 202620. Telex 

WW - 048 FOR FURTHER DETAILS 
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6FT. PARABOLIC 
DISHES 

FROM ONLY £85 nusv.s... 

6ft. dia. dishes, feed horns and electronics for 
use in 4GHz satellite reception. GaAs Fet tran- 
sistors, SMA connectors, P.T.F.E., etc. available. 
Please send s.a.e. for full details and data sheets. 

Harrison Bros. 
Electronic Distributors 

22 Milton Road, Westcliff-on-Sea, Essex SSO 7JX 
Tel. Southend (0702) 332338 

WW - 010 FOR FURTHER DETAILS 

SMC77 SMC582 

GAIN ANTENNAS FOR PMR 
Windsor Range 60-500MHz 

ANTENNAS 
LOW BAND 3/8X HIGH GAIN 
SMC-370F 66-74 MHz 
SMC375F 71-79 MHz Fold over 
SMC383F 78-88 MHz bases whips 

HIGH BAND 7/8X HIGH GAIN 
SMC77FL 160-166 MHz Foldover 
SMC77FH 166-172 MHz Foldover 
or the sprung versions 
SMC77SL 160-166 MHz 
SMC77SH 166-172 MHz 

HIGH BAND 5/89. 
SMC910 Fixed 
SMC920 Foldover 
SMC930 Sprung 

HIGH BAND 1/2k 
SMC910 Fixed 
SMC920 Foldover 
SMC930 Sprung 

UHF 5/8X + 5/s? COLINEAR 
6DBi GAIN 
SMC582H 454-464 MHz 
SMC582L 427-441 MHz 

All antennas in the WINDSOR RANGE are 
fully interchangeable (on any base option) 
giving complete and easy choice from the 
wide range available. Unique low band 3/8 

being probably the first improvement on 
the /4 wave low band ever. All antennas 
are available in commercial quantities. 

BASE OPTIONS 

WING MOUNT 

GUTTER MOUNT 

- - ] 

MAGNETIC MOUNT 

TRUNK MOUNT 

BODY MOUNT 

SOUTH MIDLANDS 
COMMUNICATIONS LTD. 

RUMBRIDGE ST., TOTTON Telex: 477351 SMCOMM G 
SOUTHAMPTON SO4 4DP Tel: Totton (0703) 867333 

mi'dwim 
COMPUTER COMPANY LIMITED 

choice for microcomputer components 

BBC MICROCOMPUTERS 
Model B 346.95 
Model B + Disc Int. 431.95 

BBC MICRO DISC DRIVES 
BBC31 Single 100K 195.00 
BBC32 Dual 100K 335.00 
BBC34 Dual 400K 525.00 
All disc drives include all Cables. 
Manual & Utilities Disc. 

BBC MICRO UPGRADE KITS 
BBCA2B Complete ATOB 44.75 
BBC1 16K Memory 18.00 
BBC2 Printer 7.50 
BBC3 Disc 84.95 
BBC4 Analogue 6.70 
BBC5 Serial & RGB 7.30 
BBC6 Bus 6.45 
Fitting service available. 

BBC MICRO CONNECTORS 
BBC21 Printer Cable 7.50 

(not assembled) 
BBC22 User Port Connector 

& Cable 2.46 
BBC23 Cassette Lead 3.50 
BBC24 7 Pin Din Plug 060 
BBC25 6 Pin Din Plug 0.60 
BBC26 5 Pin Din Plug 0.60 

BBC MICRO ACCESSORIES 
BBC45 Joysticks 11.30 

BBC MICRO SOFTWARE 
View Wordprocessor 52.00 
1.2MOS 10.00 

ACORNSOFT 
Full range available. Please 
telephone for stock position. 

MEMORIES 
2114L.200NS 
2708 450NS 
2716 450NS 
2716 35ONS 
27163 Rail 
2532 450NS 
2732 450NS 
2732 350NS 
2764 300NS 
4116 15ONS 
4116 200NS 
4118 15ONS 
5516 200NS 
6116 15ONS 
6116 Low Power 

15ONS 
4164 200NS TI 
4164 200NS NEC 
45164816 100N5 
4532 200NS 

6800 FAMILY 
6800 
5802 
6809 
6810 
6821 
6840 
6845 
6850 
68488 
68600 
68809 
68810 
68821 
68840 
68650 

Z80 FAMILY 
Z80 ACPU 
Z80 BCPU 
Z80 ACTC 
Z80 BCTC 
Z80 ADART 
Z80 ADMA 
ZOO APIO 
Z80 BP10 
Z80 A510 

8080 FAMILY 
8085A 
8212 
8216 
8224 
8228 
82514 
8253 
8255A 

6500 FAMILY 
6502 
6502A 
6520 
6520A 
6522 
6522A 
6532 

FLOPPY DISC 
CONTROLLERS 
6271 
F01771 
FD1791 
FD1793 
FD1795 
F01797 
WD1691 
W D2143-01 

DI 
02 
01 
01 
01 
02 
01 
D1 
01 
D7 
02 
DI 
02 
DI 

02 
D3 
D3 
132 

DI 

D7 
D5 
06 
01 
133 

D4 
D5 
02 
D1 
07 
D6 
DI 
D3 
04 
02 

D2 
D2 
01 
D1 
Dl 
02 
01 
DI 
D4 

0.80 
295 
2.45 
4.95 
725 
3.45 
3.45 
545 
7.95 
0.85 
0.80 
3.25 
345 
3.30 

4.95 
3.95 
3.95 
2.25 
295 

2.25 
2 50 
6.30 
1.15 
1.00 
375 
6.50 
1.10 
7.30 
525 

12.00 
2.26 
2 20 
600 
2.20 

299 
9.00 
260 
9 00 
5,0 
6.95 
2.75 
900 
9.00 

04 350 
110 
1.00 
210 
327 

05 2 50 
4-00,- 

05 2 25 

03 325 
03 500 
D7 250 
D/ 316 
D5 300 
05 5 50 
02 5.50 

48.00 
05 15 00 
D6 22.00 
D6 23.00 
136 28 00 
176 28 00 
02 1200 
D1 6 99 

INTERFACE DEVICES 
6402 
75107 
75110 
75150 
751M 
75160 
75161 
75162 
75172 
75173 
75174 
75175 
75182 
75183 
75188 
75189 
75451 
75452 
75453 
75454 
75468 
75491 
75492 
AY31015 01 
AY31270 
AV38910 D6 
AV53600 D1 
DP8304 D1 
MC1488 01 
MC1489 DI 
NC3242A 
MC3446 D/ 
MC3448A D1 
MC3480 D5 
MC3487 DI 
MC14411 D1 
MC14412 
R032513L D/ 
R032513U DI 

3.80 
047 
0.56 
0.64 
0.77 
2.56 
2.80 
3.95 
1.95 
1.44 
1.95 
1.44 
0.50 
0.50 
0.37 
037 
0.22 
022 
0.22 
0.22 
0,88 
031 
042 
3-00 
6.47 
4.40 
6.70 
2.50 
0.37 
0.37 
6.30 
2.50 
3.75 
7.30 
2.00 
7.65 
9.45 
6.50 
6.50 

UMF MODULATORS 
UM1111 6MHZ DI 2.60 
UM1233 8MHZ DI 3.90 

BUFFERS 
81L595 
81L596 
81A597 
81L598 
87264 
8T28A 
8T95 
8T97A 
8T98 

LINEARS 
L203 
LF398N 
LM301AN 
LM308N 
LM311P 
LM319N 
LM324N 
LM348N 
NE555P 
NE556CP 
TL010 
TLo61 
TL062 
T1064 
TL066 
TL071 
TL072 
TL074 
TL081 
TL082 
TL084 
TL091 
TL092 
TL094 
TL487 
TL489 
TL494 
"1496 

0.80 
0.80 
0.80 
0160 
0.90 
090 
090 
090 
0.90 

0.65 
4.75 
024 
048 
0.50 
1.99 
0.30 
0.60 
0.16 
045 
0.39 
0.29 
0.49 
0.98 
0.29 
0.29 
0.47 
1.00 
026 
0.46 
1.58 
0.40 
0.58 
1.34 
062 
0.62 
1.63 
0.60 

TL507 
725 
741 
747 
748 

REGULATORS 
78105 
78112 
78115 
7805 
7812 
7815 
7905 
7912 
7915 
LM309K 
LM317K 
LM323K 
LM338K 

DATA CONVERTORS 
UPD7002 
2N425 
ZN426 
ZN427 
ZN428 
ZN429 
ZN432 
ZN449 

CRYSTALS 
1MH2 
1.8432 MHZ 
4MHZ 
8MHZ 

OIL SOCKETS 
Pens Tin Gold 

8 7 16 
14 10 26 
16 10 29 
18 13 33 
20 15 37 
22 17 38 
24 21 46 
28 24 55 
40 30 76 

ZIF SOCKETS 
24 Pin 
28 Pin 
40 Pin 

1.33 
1.60 
0.14 
0.48 
0.27 

0.30 
0.30 
0.30 
0.40 
0.40 
0.40 
0.45 
0.45 
0.45 
1.20 
2.40 
4.50 
6.25 

01 4.26 
01 3.45 
D1 3.00 
01 5.99 
01 4.75 
D1 2.10 
D/ 13.00 
DI 2.55 

2.75 

1.92 
0.64 
0.86 

WAN 
25 
35 
40 
50 
60 
65 
70 
80 
99 

5 /5 
8 20 
9 75 

Data sheets are available on 
items marked D 
Pekes are es lollows 
Dl 0.75 D5 2.00 
02 1.00 136 3.00 
03 125 07 4.00 
04 2.00 08 5.00 

A lull ranee of the following 
products is carried in stock and 
is listed in our FREE catalogue. 

74LS Series TTC 
4000 Series CMOS 
T.I Bipolar Memories 
9900 Series Micros 
Crystals 
IDC, Card Edge & D -Type 
Connectors 
Dip Jumpers 
Monochrome & Colour 
Monitors (NEC & KAGAI 

E prom Programmers & 
Erasers 
Custom Cable Assemblies 

SPECIAL OFFER! SPECTRUM 32K UPGRADE KIT 124.85 

Carriage Orders up to E199 are sent by 1st class post, 
and 1200+by Securicor. 
0-1100 0.50 1100-1199 1.25 E200+ 5.00 by Securicor. 
Prices quoted I + carriage charges) are exclusive of VAT 
and are sublect to change without notice. 
Quantity Discounts are available on many products, 
please ring for details. 
Official Orders are welcome from Education Establish- 
ments, Government Bodies and Public Companies. 
Credit Accounts are available to others subject to status. 
Payment is due strictly nett by the 15th of the month. 
Credit Cards are accepted (Access and Visa) for telephone 
and postal order and NO SURCHARGE is made. 
Out of stock items will follow automatically, 
at our discretion, or a refund will be 
given if requested. l9 = 

ENE MOVE UST SNOWS JUST A FEW Of 111E REMS W SM. RASSE 
TEIEMONE YOUR REOUMEMEMs - OR SETIER STILL SEND FOS OUR FREE DATSWOUE 

Coo va< 
com c emir coupon for e caer al our FREE 

' NAME 

ADDRESS 
1 

4yf 

MIDWICH COMPUTER COMPANY LIMITED 
RICKINGHALL HOUSE. RICKINGHALL. SUFFOLK IP22 1 HH 

TELEPHONE (0379) DISS 898751 

WW - 023 FOR FURTHER DETAILS 
WW - 035 FOR FURTHER DETAILS 
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CET 
POWER 

iF2 Modular 
Amplifiers 

the third generation 
Due to continous improvements in components and design I LP 
now launch the largest and most advanced g^neration of 
modules ever. 

WE'RE INSTRUMENTAL 
IN MAKING A LOT 

OF POWER 
In keeping with I LP's tradition of entirely self-contained modules 
featuring, integral heatsinks, no external components and only 5 
connections required, the range has been optimized for efficiency, 
flexibility, reliability, easy usage, outstanding performance, value 
for money. 
With over 10 years experience in audio amplifier technology ILP 
are recognised as world leaders. 

BIPOLAR MODULES 

Modul. 
Number 

Output 
Power 
Watt 
rms 

Load 
Impedance n 

DISTORTION 
T.H.D. I.M.O. 
Typ at 6OHz/ 
1KHz 7KHz 4:1 

Supply 
Voltage 

Typ 

Size 
mm 

WY 
gms 

Price 

VAT 

y 01 15 4.8 0.015% <0.006% t 18 76 . 68 , 40 240 E8.40 
I 17101 30 4.8 0.015% <0.006% 3 25 76 x 68.40 240 19.55 

I .Iil4ill 30 30 4.8 0.015% <0.006% T 25 120 . 78 , 40 420 C18.69 
1Iv114 60 4 001% <0.006% t 26 120, 78, 40 410 E20.75 
1r3128 60 8 0.01% <0.006% 335 120e 78.40 410 E20.75 
Il0144 120 4 0.01% <0006% 1 35 120 x 78 , 50 520 (25.47 
tr 148 1 20 8 0.01% <0.006% t 50 120 . 78 , 50 520 E25.47 
0y 164 180 4 0.111% <0.006% t 45 120 . 78 e 100 1030 (38.41 
H0 168 180 8 0.01%, <0.006% t 60 120 x 78 x 100 1030 (38.41 

Protectlun Full load Ilne, Slew Rate 15v/ps. RueOme'. Sus. S/N ratio 100db. 
Frequent response -3d8) 15H - 50KHz. Input sens 110118: 500mV rms. 
Input Impedance IOOK fl . Damping factor 100Hz>400. 

PRE -AMP SYSTEMS 

Module 
Number 

Module Functions Current 
Required 

Price no. 
VAT 

H V 6 Mono pre amp Mic»Maq. Cartridge/Tuner/Tape/ 
Aux Vol/Bass/Treble 

10mA (7.60 

11066 Stereo pre emu M.c/Mag. Cartridge/Tuner/Tape/ 
Aux Vo';/Bass/Treble/Balance 

20mA (14.32 

Hv73 

11078 

Gu Iar pre amp 

Stereo pre amp 

Two Gu.tar (Bass Leadl and MIc 
separate Volume Bass Treble M., 
Au Hv66 less lone controls 

20mA 

20m4 

E15.36 

E14.21) 

Molt pre -amp modules can be &even by the PSU driving the main power amp. 
A separate PSU 3015 available purely for pre amp modules If required for 
E5.47 (Inc. VATI. Pre -amp and mot mg modules In 18 different variations. 
Please send for details. 
Mounting Board. 
For ease of construe bon we recommend the BO for modules HY6-HY13 E1.05 
l)ne. VAT) and the Beg for modules HY66-HY78 E1.29 (Inc. VAT). 

POWER SUPPLY UNITS llncorporat.ng our own toroidal transformers; 

Model 
Number 

For Um With hip inc. 
VAT 

PSU 21X 1or2HY30 E11.93 
PSU 41X 101 2 HY60, 1 x H96060, 1 x 130124 £13.83 
PSU 42X 1 o HY128 E15.90 
PSU 43X 1 x MOS128 E16.70 
PSU 51X 2 x H Y 128, 1, H Y 244 E17.07 

MOSFET MODULES 

Module 
Number 

Output 
Power 
Watts 
ros 

Load 
Impedance n 

DISTORTION 
T,H2O, I,M,D, 
Typ et 50Hz/ 
1KHz 7KHz4:1 

Supply 
Voltage 

Tve 

Sae 
mm 

WT 
gms 

proa 

VAT 

MOS 128 
MOO 248 
MOO 364 

60 
120 
180 

4-8 
4-8 
4 

<0.005% <0.006% 
<0.005% <0006% 
<0.005% <0.006% 

t 45 
I 55 
t 55 

120 , 78 , 40 
120 , 18 VV 

127 , 78 x 'f t.. 
. . 

.. . 

Protection Able to cope with omplex loads without he need for very specie, 
protection circuitry (fuses will suffice). 

Slew rate'. 20v/ps. Rise time 3ps. 5/N ratio 100db 
Frequency response 1«3d81 1514, - 100KHz. Input sensitivity. 500m! rms 
Input impedance 100K11 Clamping factor. 10014z >400. 

'NEW to ILP' In Car Entertainments 

C15 
Mono Power Booster Amplifier to increase the output of your existing car radio 
or cassette player to a nominal 15 watts rms. 

Very easy to use. 

Robust construction. £9.14 (inc. VAT) 
Mounts anywhere in car. 

Automatic switch on. 

Output power maximum 22w peak Into 4R 
Frequency response 1-3dBI 15Hz to 30K Hz, T.H.D.0,1%at lbw 1KH, 
S/N ratio (DIN AUDIO) 80dB, Load Impedance 3f1 
Input Sensitivity and Impedance (selectable) 700mV rms into 15K O 3V ms into BIl 
Sloe 95 x 48 , 50mm. Weight 256 gms. 

C1515 
Stereo version of C15. 

Size 95 x 40 x 80. Weight 410 gms. 

£17.19 (inc. VAT) 

Model 
Number 

For use With Prig inc. 
VAT 

PSU 52% 2e HV124 £17.07 
P0)3530 2 e M 05128 f 17.86 
PSU 54% 1 e Hv248 E17.86 
PSU 55X 1 e MOS248 E19.52 
PSU 71% 2 , H0244 (21.75 

Name note- X in part no. indicates primary voltage Please insert "0" le piece of 
X for 110V. "1" in place of X for 220V. and "7" in place of X for 240V. 

Model 
Number 

For Use With 
e 

PrIce In.:. 
VAT 

POU 72% 2e H0248 .. - 
PSU 730 1 x Hv364 
PSU 74X 1 e 1,368 C1.' 
POU 75% 2 n MOS248. I , M00368 -. .._ 
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WITH A LOT OF 
HELP FROM CD ELECTRONICS Lro 

PROFESSIONAL Hill THAT EVERY ENTHUSIAST 

CAN HANDLE... 
Unicase 
Over the years I LP has been aware of the need for a complete 
packaging system for it's products, it has now developed a 

unique system which meets all the requirements for ease of 
assembly, adaptability, ruggedness, modern styling and above 

all price. 

Each Unicase kit contains all the hardware required down to 
the last nut and bolt to build a complete unit without the 
need for any special tools. 

Because of I LP's modular approach, "open plan" construction 
is used and final assembly of the unit parts forms a compact 
aesthetic unit. By this method construction can be achieved in 

under two hours with little experience of electronic wiring 
and mechanical assembly. 

Hi Fi Separates 
UC1 PRE AMP UNIT: Incorporates the HY78 to provide a 

"no frills", low distortion, (<0.01%), stereo control unit, 
providing inputs for magnetic cartridge, tuner, and tape/ 
monitor facilities. This unit provides the heart of the hi fi 
system and can be used in conjunction with any of the UP 

Unicase series of power amps. For ultimate hum rejection the 
UC1 draws its power from the power amp unit. 

POWER AMPS: The UP series feature a clean line front panel 

incorporating on/off switch and concealed indicator. They are 

designed to compliment the style of the UC1 pre -amp. 
Performance for each unit which includes the appropriate 
power supply, is as specified on the facing page. 

Power Slaves 
Our power slaves, which have numerous uses i.e. 

instrument, discotheque, sound reinforcement, feature in 

addition to the hi fi series, front panel input jack, level 

control, and a carrying handle. Providing the smallest, 
lowest cost, slave on the market in this format. 

__._-_ _ 

HIFI Separates 

Price inc. 
VAT 

UC1 Prearnp £29.95 

LP1 X 30 + 30W14-811 B.polar Stereo H.F. f54.95 
UP2X 60W/411 Bipolar Morro H.F, £54.95 

UP3X 60W'811 Hipola Mono HiFi £54.95 

UP4X 120W/411 Bipola Mono HIE. £74.95 

UP5X 120W/8n Bipoiai Mono HIF. £74.95 

UP6X 60W14-811 MUS Mono H,F. £64.95 

UP7X 120W-4-811 MUS Mono HF. £84.95 

Power Slaves 
US1 X 60W/411 Bipolar Power Slave £59.95 

US2X 120W-411 Bipolar Power Slave £79.95 

US3X 60W4-811 MOS Power Slave £69.96 

US4X 120W/4-811 MOS Power Slave £89.95 

Please note X r 1 part number denotes mains voltage. Please insert 'O' in place of 

X fur 110V '1' n piace of X for 220V (Europe), and '2' in place of X for 240V 

.(r\ u{ it Orporate oar own toroidal transformers, 

TO ORDER USING OUR FREEPOST FACILITY 
Fill in the coupon as shown, or write details on a separate sheet of paper, 

quoting the name and date of this journal. By sending your order to our 
address as shown at the bottom of the page opposite, with FREEPOST 
clearly shown on the envelope, you need not stamp it. We pay postage for 
you. Cheques and money orders must be crossed and made payable to I.L.P, 
Electronics Ltd. if sending cash, it must be by registered post. To pay C.O.D. 
please add £1 to TOTAL value of order. 

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF 
REQUIRED 

IlL 11112 
ELECTRONICS LTO 

Post to 1LP Electronics Ltd., Freepost, 5 

Graham Bell House, Roper Close. 

Canterbury. CT2 7EP, Kent. England 
Telephone 102271 54778. 
Technical 102271 64723. 
Telex 965780 

Please send me the following - 

Total purchase pricett 

I enclose ChequeLJ Postal Orders[' Int. Money Orders 

Please debit my Access/Barclaycard No 

Name 

Address 

) Signature r 
WW - 024 FOR FURTHER DETAILS 
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HF COMMUNICATIONS RECEIVERS 

FOR 

POINT TO POINT/TRANSPORTABLE 
AND 

MARINE SYSTEMS 

DESIGNED AND MANUFACTURED TO HIGHEST INTERNATIONAL SPECS 

Fully Synthesised 
10Hz or 100Hz steps 

Continuously Tuned 50KHz to 30MHz 
Modes LSB/USB/CW/AM/FSK 
Stability ± 1 part in 107/0C 

Tuning Keypad/Spin/Decade 
Power Supplies 

110V/240V AC and 24V DC 

WE ANNOUNCE NEW MODELS 
(a) SR 520 To meet new C.E.P.T. Spec for Ships Main Receiver. 
(b) SR 522 with Preselector for Point to Point/Transportable. 
(c) SR 530 As (a) above but MICROPROCESSOR/KEYPAD controlled, 

200 channel memory, Scanning. 
(d) SR 532 As (c) above but for Point to Point/Transportable 
OPTIONS. Full Remote Control by VHF Radio or Telephone L ne, Dual 

Diversity, FSK Demodulator and 600 ohm Line Amplifiers. 

SEND FOR TECHNICAL BROCHURES TO: 

VIGILANT COMMUNICATIONS LTD, UNIT 5, PONTIAC WORKS, FERNBANK ROAD, ASCOT, BERKS, ENGLAND 

TELEPHONE: (0344) 885656 TELEX: 849769 VIGCOM G 

WW - 052 FOR FURTHER DETAILS 

Hay Lane, 
Braintree, 
Essex CM7 SST 

Telephone: (0376) 362711117 

24 -Hour Ansaphone Service 

reatech LTD lect i ro n c s 
DISPLAY a COMMUNICATION PRODUCTS 

R.F. POWER TRANSISTORS NEW VALVES 
Many other typea available National, Varian, Mullard, RCA, ITT,,, 

2N3375 5.85 SD 1005 6.48 MRF 221 12.05 E8OCC 15.00 6AU6A 2.30 
2N3553 1.50 SD 1006 1.80 MRF 231 9.36 E8OF 13.30 6AU5GA 4.25 
2N3733 3.20 SD 1012FL 7.50 MRF 234 13.80 E88CC 4.50 6AW8A 2.85 
2N3866 1.00 SD 1013 7.50 MAE 237 2.75 E180F 8.00 688 3.10 
2N3926 9.85 SD 1088 23.00 MRF 238 12.60 EC91 8.65 6BA8A 3.40 
2N3927 11.02 SD 1089 25.64 MRF 239 15.00 ECC81 1.19 6BH6 2.55 
2N4418 0.75 SD 1098 32.82 MRF 240 18.55 ECC82 1.19 6B07A 3.45 
2N4427 1.00 SD 1127 2.60 MRF 243 28.08 ECC83 1.19 6BR8A 3.50 
2N4440 6.50 SD 1135 8.42 MRF 245 30.10 ECC88 2.30 6626 2.50 
2N5016 8.72 SD 1136 11.80 MRF 247 34.00 ECC91 3.75 6CB6A 2.30 
2N5090 16.80 SD 1143 8.50 MRF 260 5.00 ECH81 2.50 8CD6GA 4.65 
2N5109 201 SD 1219 11.40 MRF 261 7.00 EF86 1.35 6CL6 3.40 
2N5179 0.86 SD 1229FL 7.80 MAE 262 10.40 EL34 2.68 6CW4 6.85 
2N5485 0.62 SD 1272 10.20 MRF 264 11.00 EL84 1.00 6DK6 2.65 
2N5486 0.66 SD 1272FL 10.20 MRF 314 25.06 077 6.80 6005 5.50 
2N5589 4.70 SD 1407 22.50 MRF 401 10.84 PC92 4.00 61)0613 4.00 
2N5590 6.85 SD 1410 19.68 MRF 406 11.83 PCF802 1.60 6EA8 2.50 
2N5591 8.90 SD 1412 27.18 MAE 421 31.57 PCL805 1.00 6GK6 2.46 
2N5635 5.20 SD 1416 30.00 MAE 422 35.52 PL509 4.75 6J4 4.20 
2N5636 9.70 SD 1418 26.22 MAE 449A 14.00 PL519 4.75 6,15 4.30 
2N5637 11.25 SD 1428 23.00 MRF 450A 11.40 PY500A 2.98 6J6A 4.90 
2N5641 5.35 SD 1429 13.98 MRF 453 13.30 00V02-6 6JB6A 4.05 
2N5642 7.90 SD 1444 3.00 MRF 454A 16.80 /6939 15.75 6JS6C 5.00 
2N5643 13.00 SD 1488 26.25 MAE 455 13.80 00V03-10 6K6GT 2.75 
2N5913 2.10 2SC730 3.84 MRF 460 15.78 /6360 9.50 6KD6 5.60 
2N5944 6.90 2501165 5.88 MRF 464 31.57 00V03 -20A 6L06 6.00 
2N5945 8.95 2SC1177 16.14 MRF 472 2.50 /6252 63.00 65N7GTB 2.75 
2N5946 11.40 2SC1306 1.44 MRF 475 2.40 00V06 -40A 6080 11.00 
2N6080 5.10 2SC1307 2.34 MAE 476 1.71 /5894 45.00 6146A 7.70 
2N6081 6.75 2SC1678 1.44 MRF477 10.70 OV03-12 61468 7.70 
2N6082 8.45 2SC1946A 18.54 MRF 515 2.70 /5763 5.80 61598 18.00 
256083 8.75 2SC1947 9.24 MAE 604 1.60 UCL 82 1.60 6201 6.30 
256084 11.70 2SC1970 2.76 MRF 607 2.20 2021 2.85 6360 6.00 
256094 5.00 2SC1971 7.50 MRF 629 4.10 3828 14.95 6550A 6.70 
2N6095 6.90 2SC1972 10.32 MRF 646 26.24 4Cx250B 37.10 6688 9.80 
2N6096 8.40 2SC2237 15.00 MRF 648 35.14 4CX350A 69.50 6689 12.24 
256097 13.30 25C2538 1.62 MRF 901 2.58 5U4GB 2.50 6883B 7.70 

5670 3.40 6973 385 
Normally stock items are shipped by return post. 5726 2.40 7360 9.50 
We can supply nearly ANY TYPE OF VALVE or RF POWER 

58 3.50 755 9.50 

TRANSISTORI- ring for quotation. S81144 Á 3.50 75588 9.50 
5842 11.20 7591 A 3.80 

TERMS: Cash. Postal Order or Cheque with order 5965 3.25 7868 3.95 
6AH6 4.75 811A 14.75 

CREDIT: Accounts available subject to approved references 6AK5 3.55 812A 18.55 
6AK6 2.00 813A 60.00 

POSTAGE Add 60p to order 6AN5 4.40 866A 15.00 
6AN8A 3.20 872A 15.65 

VAT: AN prices are exduding VAT, please add 15%to order 6A05A 2.15 8298A 4.90 

GUARANTEE All goods brand new and to specification 
6AS6 
6ASTG 

6.15 8417 
6.45 931A 

8.20 
18.20 

6AT6 1.35 12AY7 3.75 
6AU5GT 4.50 12BY7A 2.60 

WW - 041 FOR FURTHER DETAILS 

WRONG TIME? 
MSF CLOCK is ALWAYS CORRECT - never gains or 

loses, SELF SETTING at switch -on, 8 digits show Date, 
Hours, Minutes and Seconds, auto GMT/BST and leap 
year, parallel BCD (including Weekday) output for alarm 
etc and audio to record and show time on playback, 
receives Rugby 60KHz atomic time signals, only 
15x5x8cm, built-in antenna, 1000Km range, GET the 
RIGHT TIME, £72.70. 

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data 
output for computer, decoding details and Basic list- 
ings, £24.20. 

Audio Oscillator, 10Hz-200KHz, sine, square, £21.60. 
Each fun -to -build kit (ready made to order) includes all 
parts, printed circuit, case, instructions, by -return postage 
etc, money back assurance, so GET yours NOW. 

CAMBRIDGE KITS 
45 IWW) Old School Lane, Milton, Cambridge. Tel 860150 

Bird Electronic 

THRULINE® Wattmeters 
TERMALINE® loads 

and accessories from stock 

Aspen Electronics Limited 
The exclusive 
UK representative for Bird Electronic 

2/3 Kildare Close, Eastcote, 
Ruislip, Middlesex HA4 9UR 
Telephone: 01-868 1188 
Telex 8812727 

WW - 033 FOR FURTHER DETAILS 
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C Essex tin g u asicsustem 
Choi a for 

Tiny Basic Computer 
systems. Its ata 

acquisition 
and is an Ideal 

inter- 
ruptsprovidecrystal controlledtimer 

iss n 
to meal dfastrnd;nter- 
ensur eVents. while ganatchd 

timer 
es reliable operationh P 

watchdog entered and test g timer and then be 
tested from grams can b 

Instant RO copied into EPROM 232 terminaa. M modules maybe used both 
A/ternatively dg 

s the 

development 
and /or program NI ROM' storage, dunnc- 
hademark 

of Greenw,rh Instrun,p,I1,ti 

eases TMy BASIC 
COM:WTeA 

1T -y iGi 
e 

e Essalluffertimer 
A convenient means of buffering the I 0 lines 

of the Essex Tiny BASIC Computer provides 

24 inputs, 16 outputs and four hardware timers. 

11, .. 

C+rr r m - - 

EseEX dus rCn , rlrACN , 4qp 

C Essex 
Connects tot 

Opto -Isolate 
toC nnec s toan 

he Essex Tiny BASIC system and 12ovide o additional 
12 opto-isolated'r 

bus connection outputs per card forsate 
action to external equipment. 

isolation t voltage = 1500 
volts. 

all prices 
exclude V.A.T. 

substantial 
quantity discounts 

available 
w 

carriage 
within U.K. f2 

Aex 
E35 

A powerful software utilities package that pro- 

vides the user with an enhanced edRor and all 

the tools needed to program eff ciently in 

assembly language. 

* Text Editor * Assembler 
* Disassembler * Debug Monitor CC 
Supplied as a 4K EPROM 
with comprehensive manual. 

Esset Backplane 
A four slot backplane with printer and terminal 
connectors to accept these cards. 

Essex Electronics Centre 
Wivenhoe Park. Colchester. Essex C04 3S0 
Telephone: Colchester (0206) 8E5089 

is Y 4( 
EE IBl I a \ I _ Pra+/ ( 

ìCA.EtNpgE F ¡i i i Ì Nq4F I fOßlO I S S 1 Asa «.. 
MI J MI J Z J V lir e w J )i 
W 4aaIZ MW /MU IIIII IMa lliMe I r/Ma Y aMIMe e 

MI I_ / maim m r ARII i I I I w2le 
81 1111B 1M _ IM11 MI be. II\ / B> I IL Ma III ti 
1116\-1 1 1 7 MI I MA I "X IM 

TEST EQUIPMENT CENTRES OPEN SIX D DDELS AYS A WEEK 
ALL N 

AY 

RETAIL MAIL ORDER EXPORT INDUSTRIAL EDUCATIONAL 

DIGITAL MULTIMETERS (UK C/P 

MAWS 3le ). 
Na7r r C/i44& . 

Spre12 

HAND HELD With tree carry case 

K025C13 range 0.2A DC 2 meg ohm £24.95 
KD306.t8 range 10A DC. 2 meg ohm £29.95 

9030C.26 range IA AC/DC 20 meg ohm £34.95 
KD55Ca28 range 10A AC/DC 20 mac ohm £39.95 
6010+ 29 ringe 10A AC/DC 20 meg ohm £34.40 

7030+ As 8010 but 0.1% basic. £41.30 
KD6153I8 range IOA DC 2 meg plus Hie lester£39.95 
189M 30 range 10A AC/DC.20 meg plus Hle 

tester Dam 
111330 III range 0.2A AC/DC 2 meg ohm £41.95 
14030/8 As above plus cont. buzzer £44.50 
HD31 22 range 10 AC/DC 2 meg ohms plus cont. 

buzzer £58.95 
D M2350 21 range IDA AC/DC 20 meg ohm 

miniature hand held auto range £49.95 
B eckman TI0034 range 10A AC/OC 

20 meg ohm £58.35 

Beckman T110 At T100 pins Cont. test 

etc. 

Slfam 2200821 ringe 2A AC/DC 

20 meg ohm 

+Optional wry case £2.95 

BENCH MODELS 
TM353 27 range LCD 2A AC/DC 

1M355 29 range LED 10A AC/OC 

TM35129 range LCD IDA AC/DC 

00tlonal carry case £6.84 

2001 28 range LCD 10A AC/DC plus 5 range 

Cap. Meter with use £108.00 
TM451 4'/z digli LCO every lacllity 10.02°'°1 £171.00 
1503943/, digit LCD every Wilily 10.05°°I £171.00 
1503Ha 0.03°° basic version of above £189.00 
1504 true RMS version £201.25 
Slfam250024 range LCD 2AAC/DC £99.95 
Melrlx (ITT) prolesslonal I/a 41 digit 

DMM's standard á true. RMS 4 models stocked 
£77.00-£201.25 

£67.85 

£39.95 

£86.25 
£86.25 

£113.85 

FREQUENCY COUNTERS 

PFM200A MHZ hand held pocket 8 digit LED £77.80 
8110A 8 digit LED bench 2 ranges 100 MHZ £77.00 
88106 9 digit LED bench 2 ranges 930 MHZ £113.85 
80008 9 digit LED 3 ranges 1 GHZ £178.00 
TF040 8 digit LC040 MHZ £128.50 
TF200 . t digit LCD 200 MHZ £188.75 

Optional carry tau C6.84 
Prescalers - Extended range of mut counters 
TP600 500 MHZ £43.00 
TP1000 I GHZ £74.00 

ELECTRONIC INSULATION TESTER 
YF 501 500 V/0. 100m with wry cue £83.00 

MULTIMETERS (UK C/P 65p) - 

H M102Z20K/V 10A DC 22 range 

& cont. buzzer £13.50 
HM1022 20 K/V _ 
22 range & cent buzzer £14.95 
ETC5000/5001 21 ranges. 50K/9. 
Range doubler. IDA OC. £18.95 

TMK500 23 ranges 30K/9. 12A DC plus 
cont. buzzer. £24.75 

N H568 20K/V. 22 range pocket £10.95 

ETU 10214 range 2K/V pocket £6.50 

830A 26 range 30K/V. IDA AC/DC overload 
protection. etc. £23.95 

36011123 range 100K/V. Large scale 
10A AC/DC plus Hle 

AT102018range 20K/V. Deluxe plus Hle 

tester 

YN 380111 19 range 20K/V plus Hie tester £15.95 
Metric Professional multlmeters 
In stock 3 models from 

£39.95 

£18.95 

£74.75 

SIGNAL GENERATORS (220/240+ ACI 

FUNCTION : All sine/square/ 
triangle/ITL. etc T6100 HZ - 100 KHZ 

T91020.2HZ-2MHZ 
PULSE 
10105 Various fealties 5 HZ - 5 MHZ £97.75 

AUDIO: Multiband Slne/Squire 

LA027 10 Hz to 1 MHz £90.85 
AG202A 20 Hz to 200 KHz (List £94.501 £83.50 
RF 

56402100 KHz to 30 MHz Ilbel£79.501 £88.50 
LS917 100 KHz to 150 MHz £79.35 

VARIABLE POWER 
SUPPLIESIuK C/P £I.DOI 

PP241 0/12/249.0/IA 
£35.00 

PP243 3 amp version £59.95 
PS 1307S 8/15V 7 amp twin meter £24.95 

OSCILLOSCOPES 

£90.00 
£188.75 

Full specilicallon any model on request. SAE by post 

'HM' Series NAMES: 'SC' THANDAR: 
'CS' TRIO: '3' CROTECH 'DT' Salgan 

SINGLE TRACE UK C/P £3.00 

3030 15 MHZ 5mV. 95mm tube plus component 

lester C/P £3.00 £177.10 
SC110Aw Miniature 10 MHZ battery sortable 

t171.00 Post Ires 
HM103 15 MHZ 2mV 6 s 7 display plus 

component tester C/P £3.00 £181.70 
Optional carry case £6.84 AC adaptor £6.69 

Ninas £12.50 
DUAL TRACE (UK C/P 04.00) 
DT 520 Dual 20 MHZ 

HM203/4 Dual 20 MHZ plus component 
láBi 60 tester 

CS1562A Dual 10 MHz (List £321.001 £269.50 
3131 Dual 15 MHZ component tester £276.00 

CS1566A Dual 20 MHZ All tacililies(Llsl£4351 
9.50 

HM204 Dual 20 MHZ plus component tester 

sweep delay. £419.75 

CS 1820 Dual 20 MHz with extra Iacililles 
ILlst £508.301 £485.00 

0X710 Matrix dual 15 MHZ component liner 
£304.75 

OPTIONAL PROBE KITS 
XI -£7.95 XI -X10£10.50 X10 £9.45 0100 £16.95 

£241.50 

DIGITAL THERMOMETER G 
TH301 LCD -50 C to 750 with 
Thermocouple £88.43 

HIGH VOLTAGE METER 
Direct reading 0/40 KV 

20K/Voll (UK C/P 65p1 £2-;7411/1111 

AC CLAMPMETER 
ST300 0/300A. 0/600 
VAC. 0/ I Kohm 9 ranges 
With carry cue IUK C/ P 65p( £28.50 

LOGIC PROBES 
LPIO IOMHZ £28.50 
DLP5O 50 MHZ with carry 
case and accessories ,£52.33 

DIGITAL CAPACITANCE 
METER 
0 1 pl la 2000 mid LCD 8 ranges 

DM6013 £52.75 'Carry case £2.961 

TRANSISTOR TESTER 
Direct reading PNP. NPN. etc. 

kr 
ICI £21.95 
(UK C/P 65p1 

ND LLAIif! 
Cubegate SAE UK20 AUDIO ELECTROf11CS Llrndcd 

301 EDGWARE ROAD. LONDON W2 IBN. TEL: 01-724 3564 

ALSO AT HENRYS RADIO. 
404/406 EDGWARE ROAD. LONDON. W2. TEL: 01-724 0323 

HENRY'S COMPONENT SHOP. TEL: 01-723 1008 

I UES 
Vqr 

Order by Pon .ase CMI°Vas,CCI.L 
VISA w you can iM.peo,v your wave 
Ab orar. aá weed .een S ave 
unlayroorlyroa 
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If you can buy it cheaper 
we'll refund the difference* 

This month's offer is another winner - a consignment of 
14" R.G.B. colour monitors manufactured by J.V.C. - at 
prices never seen before in the U.K. Suitable for use with 
BBC Micro, Lynx, Oric, Apple II, Apple Ill and IBM, etc. 

RGB MEDIUM RES £199 
Resolution, 370x235 Pixels. 
Display, 80 charactersx25 lines. Slot Pitch .63mm. 
Input, Video - RGB Analogue with TTL input. 
SYNC - Separate SYNC on RGB. Features, On/Off switch 
with pilot light. Brightness control. 
Power 220/240V 50/60HZ. 

RGB HIGH RES £299 
Resolution, 580x235 Pixels. 
Display, 80 charactersx25 lines. Slot pitch .41 mm. 
Input, Video - RGB Analogue with TTL input 
SYNC - Separate SYNC on RGB. 
Features, On/Off switch with pilot light. 
Brightness control. Power, 220/240V 50/60HZ. 

IBM COMPATIBLE £349 
Specifications as above with IBM interface. 

VIEW DATA TERMINALS 
PRESTEL. Built-in modem 

Slimline design 

ONLY £199 
LIMITED QUANTITY 

Green characters/black background 
24 lines x 40 characters 

NASHUA FLOPPY DISCS 
Minis 8" Discs 
S/S S/D £16.95 for 10 S/S S/D 
S/S D/D £19.95 for 10 S/S D/D 
D/S D/D £22.95 for 10 D/S D/D 
S/S 80 Track £24.95 for 10 
D/S 80 Track £26.95 for 10 

With full 5 year warranty. All mini discs have hub rings 
and a FREE plastic library case. 

£17.95 for 10 
£23.95 for 10 
£24.95 for 10 

12" GREEN SCREEN 
MONITOR 

One year warranty, ex stock delivery, 18MHz, Phono 
connector. Limited quantity only £69.95 

Lead to connect to BBC £5.95 

It's a safe to put a cheque in the post today. Eecause, if 
you find someone who's cheaper, we'll refund the 
difference. 

8" DISC DRIVES SHUGART 
COMPATIBLE 

FD514 S/S Dual density. Formatted 600K Byte 

F0650 D/S Dual density. Formatted 1.2M Byte 
Certec 90 -day warranty. 

only £149.00 

only £199.50 

Case to hold 2 drives - complete with power supply and an 
only £99.95 

TEAC DISC DRIVES 
TEAC 55F D/S 80 -TRACK DRIVE 

* Single drive in case complete with all leads 
only £249.95 

(Gives single density 400K, double density 800K) 
* Dual drive in case with own P.S.V. and all leads 

only £499.95 
(Gives single density 800K, Double density 1.61V b) 

* Uncased drive £229.00 
Ribbon leads: single £12; dual £15 
Power leads: single £5; dual £6 

DUAL CASE WITH PSU & BLANKING PLATE £39.95 

JAPANESE DISC DRIVES 
TEAC 55A/CANON MDD 6106 

S/S 40 -TRACK FROM £129.95 
Formatted single density 100K 

Double density 200K 
Case to hold single drive £9.95 

*Our price pledge only applies to the JVC moritor 
To order: Add carriage at the following rates: 

Discs 85p. Other goods £7 Add VAT at 15% to total and 
send your order to: 

OPUS SUPPLIES 
.14\ 

=21115 

158 Camberwell Road, London SE5 OEE 
Tel: 01-701 8668 (3 lines) 01-703 6155/6/7 

Government and educational 
orders welcome 

.111(IARAIID 
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!LOOK AHEAD: 
WITH MONOLITH MAGNETIC TAPE HEADS - 

VIDEO HEAD REPLACEMENT KIT 
DOES YOUR VCR GIVE WASHED 
OUT NOISY PICTURES- ITS 
PROBABLY IN NEED OF A NEW 
HEAD- FAST FROM OUR EX -STOCK 
DELIVERIES. 
SAVE £££'s ON REPAIR CHARGES. 

OUR UNIVERSAL REPLACEMENT 
VIDEO HEADS FIT ALL MODELS OF 
VHS OR BETAMAX VCR's. 
FOLLOWING OUR REPLACEMENT 
GUIDE AND WITH A PRACTICAL 
ABILITY, YOU CAN DO THE WHOLE 
JOB IN YOUR OWN HOME WITH 
OUR HEAD REPLACEMENT KIT. 

CATALOGUE KIT CONTAINS- NEW VIDEO HEAD, 5 CLEANING TOOLS, 

For our full Catalogue of Replacement 
HEAD CLEANING FLUID, CAN OF AIR BLAST, INSPECTION 

Mal MIRROR, ANTISTATIC CLOTH, VHS/BETAMAX MAINTENANCE - Video and Audio Cassette/Reel to Reel MANUAL, CROSS HEAD SCREWDRIVER, HANDLING 

Heads, Motors, Mechanisms etc. Please GLOVES, MOTOR SPEED DISC, SERVICE LABEL, HEAD 

forward 50p P. & P. REPLACEMENT GUIDE. 

MONOLITH THE SPECIALISTS 
mg lim in TO MOST OF THE U.K.'s LEADING Z. _ DISTRI BUTORS AND SERVICE ORGANISATIONS Anli 

_. 

HOW TO ORDER, 
PLEASE STATE 
CLEARLY THE MAKE 
AND MODEL OF YOUR 
RECORDER. THERE 
ARE TWO VERSIONS 
OF THE VHS HEAD 
AND YOUR ORDER 
CAN BE PROCESSED 
FASTER IF YOU 
CHECK THE SIZE OF 
THE CENTRE HOLE OF 
THE HEAD WHICH 
WILL BE EITHER 5mm 
OR 15mm DIAMETER. 

MONOLITH 
electronic products gig 

11.1 

IMO 

ZZMI 

- THE MONOLITH ELECTRONICS CO. LTD - 5-7 Church StceeL, Crevvkem e, Su ra.rset TA1E3 7HR, England 
Telephone Crewkerne (0460) 74321 

Telex 46306 MONLTH G 

WW - 007 FOR FURTHER DETAILS 

VHS KITS £53.25 
BETAMAX KIT £85.25 
Prices include P. & P. 

and V.A.T. 

el POLAR & FET POWER AMPLIFIERS 

HEAVY DUTY POWER AMPLIFIERS 

STANDARD MODULES 
MAX. 0/P 

I TYPE POWER 
p CE 608 60W/81í 
o CE 1004 100W/411 
L CE 1009 120W/89 
A CE 1704 200W/49 
R CE 1708 180W/81! 

CE 3004 320W/411 

CRIMSON AMPLIFICATION 
First Choice of the Professionals! 
Whatever your application, Crimson Modular Amplification provides a 

simple, efficient, and reliable solution. As many engineers in produc- 

tion, development and research will testify, when you need a particular 
amplifier you need to deal with a company who can answer your 

queries and supply a working unit quickly. - CRIMSON will do exactly 

that! 
We supply a standard range of power amplifier modules (both Bipolar 

and Mosfet) which can be incorporated in most systems from recording 

studios to home hi-fi or for more difficult loads such as induction loop 

transmitters, vibrators, servos and line transformers. For really complex 

applications, our technical department can usually supply a dedicated 

module on request. 
All modules are guaranteed for two years and offer outstanding per- 

formance and value. If you would like more details please return the 

coupon with a s.a.e. 

SUPPLY VOLTAGE 
TYPE MAX. THD TYP. 
± 35 ± 40 < .01% 
± 35 ± 40 < .018% 
± 45 ± 50 < .01% 
± 45 ± 63 < .015% 
± 60 ± 63 < .01% 
± 60 ± 63 < .02% 

PRICE INC. 
V.A.T. & POST. 

£21.50 
£25.00 
£28.00 
£35.50 
£35.50 
£49.50 

FE 908 90W/8S! ± 45 ± 60 < .01% £30.00 

FE 1704 170W/411 ± 45 ± 60 < .025% £39.00 
S 

All prices include V.A.T., Post and Packing (quantity discounts available). 

To order send c.w.o. or quote Access/Mastercharge card no. All modules are available from Bradley 

Marshall Ltd., 325 Edgware Road, London. Export: Please write for a proforma. 

CES 
CRIMSON ELEKTRIK STOKE 

PHOENIX WORKS, 500 KING STREET, LONGTON 

STOKE-ON-TRENT, STAFFS. - Tel: 0782 330520 

Please send me details on- 
POWER AMPLIFIER MODULES 

HIFI KIT AMPLIFIERS 

191N. RACK MOUNTING P.A. AMPLIFIERS 

I enclose a S.A.E. 

Name 

Address 

W W 9/83 

Send to: Crimson Elektrik Stoke, Phoenix 
Works, 500 King Street, Longton, Stoke -on - 

II Trent. J 
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LANGREX SUPPLIES LTD 
RST 

Climax House, Fal%sbrook Rd., Streatham, London SW16 6ED 
Tel: 01-677 2424 Telex: 94670: 

SEMICONDUCTORS 
AA119 0.10 
AAY30 4.17 
AAY30 0.17 
AA213 4.15 
MZIS 0.15 
AA217 0.15 
AC107 0.55 
ACI25 0.25 
AC126 0.25 
AC127 0.25 
AC128 0.30 

ASZ15 1.20 
AS216 1.10 
ASZI7 1.00 
ASZ20 I.30 
ASZ21 2.50 
AU113 2.50 
AUYIO 3.00 
BA145 0.13 
BA148 0.15 
HA154 0.10 
0A155 0.11 

BC173 0 i 
BC177 0.28 
BC178 0.28 
BC179 0.28 
8C382 0.11 
BC183 0.11 
BC184 0.11 
BC212 0.11 
BC213 0.11 
BC214 0.11 
5C237 0.11 

BD132 0.48 
BD135 0.40 
81)136 0.40 
81)137 0.40 
13D138 0.48 
5D139 0.40 
BD140 0.50 
BD144 2.00 
BD181 1.20BFS98 
80183 0.54 

13132387 0.54 

BF257 0.27 
BF2S8 0.27 
0F259 0.28 
BF336 0.34 
BF337 0.33 
BF338 0.36 
BFS21 4.00 
BFS28 2.25 
BFS61 0.20 

0.20 
BFW10 0.97 
BFWII 0.96 
BFX84 0.30 

GEX541 5.00 
G13M 1.50 
GM0378A 1.75 
KS100A 0.45 
At[_E3/0 0.60 

370 0.73 
E371 0.71 

MfJEE520 0.17 
MJEi21 0.73 
M 5295 1.30 
MJE3055 1.10 
MPF102 0.35 

OA2207 -130 
OC16 2.50 
OC20 2.50 
0C22 2.50 
0C23 4.00 
0C24 3.00 
OC25 1.00 
0C26 1.50 
0C28 2.00 
0C29 2.00 
0C35 1.50 
0C36 1.50 

j ÓC205 2.75 
OC206 2.75 
OC207 2.50 
OCP71 2.00 
ORP12 1.M 
020088 2.54 
R2009 2.25 
R2010132.00 
T1C88 0.27 
T1C226D 1.20 
TIL209 0.16 
TIP29A 0.43 

ZTX504 
ZTX531 
2111550 
1N914 
1N916 
1244001 
1244002 
1144003 
1N4004 
1N4005 
1N4006 
1N4007 

0.21 
0.24 
0.25 
0.05 
0.06 
0.06 
0.06 
0.06 
0.07 
0.09 
0.11 0.12A 

2N1671 5.00 
2N1893 0.32 
2N2147 4.00 
2N2148 3.75 
2N2218 0.32 
2N2219 0.32 
2N2220 0.20 
21J2221 020 
2142222 0.20 
2142223 4.25 
2/42368 0.25 

T i 2N3819 0.30 
2N3820 0.39 
2N3823 0.60 
2/43866 1.00 
2N3904 0.17 
2N3905 0.17 
2N3906 0.17 
2244058 0.20 
2N4059 0.20 
2644060 016 
2144061 016 

ACI41 0.28 
AC141K 0.35 
AC142 0.28 
AC112K 0.35 
AC176 0.30 
ACI87 0.28 

RA156 0.10 
5AW62 0.05 
BAXI3 0.06 
BAX16 0.06 
BC107 0.16 

.16 BCI08 00.16 

5C238 0.11 
BC301 0.33 
5C303 0.34 
8C307 0.11 
BC308 0.11 
BC327 0.12 
BC328 0.12 

BDX10 0.91 
5DX32 2.00 
BDY20 1.50 
BDY60 2.75 
BF115 0.35 
BF 152 0.16 

BFX85 0.30 
BFX87 0.30 
BFX88 0.30 
BFYSO 0.25 
BFY51 0.25 
BFY52 0.25 

MPF103 0.35 
MPF104 0.35 
MPF105 0.35 
MPSA06 0.26 
MPSA56 0.28 
MPSUOI 0.53 
MPSUO6 0.65 

0C41 0.90 
0C42 0.90 
0C43 1.50 
0C44 0.85 
0C45 0.65 
0071 0.55 
0072 LOO 

T1P30A 0.45 
TIP3IA 0.33 
T1P32A 0.36 
T1P33A 0.54 
T1P34A 0.67 
T1P41A 0.44 
TIP42A 0.42 

154009 
1244148 
1625400 
1145401 
1544 
15920 

0.07 
0.06 
0.13 
0.13 
0.06 
0.08 

2N24840.54 00.25 .25 
2242646 0,50 
2142904 0.32 
2142905 0.32 
2242906 0.21 
2N2907 0.21 

2N4062 0.16 
2N4124 0.16 
254116 0.16 
2/44286 0.15 
2N4288 0.18 
2N4209 0.18 
2N4400 0.11 

ACYi7 1.34 
ACY18 1.15 
ACY19 1.10 
ACY20 1.10 

CY2I 1.15 AACY39 

13C1Ì3 0.15 
BC1I4 0.15 
HC115 0.18 
8C116 0.19 

C117 0.23 BBCI 

BC337 0.12 
BC338 0.12 
BCY30 1.25 
BCY31 1.50 
BCY32 1.50 

BF153 0.16 
BF154 0.17 
BF159 0.17 
13E160 0.17 
BF167 0.24 

BEY64 0.30 
BFY90 0.95 
BSX19 0.27 
05X20 0.27 
BSX21 0.29 

MPSU56 0.69 

NKT01 
0.45 

14KT403 2.50 
2481404 2.20 

0073 1.00 
0074C'7 0.70 

0076 1.00 
0077 1.00 

T1P2955 0.70 

T1s 04355 

0.56 

ZS140 0.25 
ZS170 0.21 

15921 
200301 

2G pg 
2N404 

0.09 
1.00 
1.00 

1.30 

2242924 0.26 
2N2925 0.22 

2N3053 0.26 
2N3054 0.55 

2N4401 0.11 
2/44402 0.11 
2N5457 0.32 
2N5458 0.32 
255459 0.32 

AD149 0.2.50 

D161 4.35 AAD162 
0.35 

18 0.18 
BC125 0.18 
BC126 0.18 
BCI35 0.15 

BCY33 1.10 
BCY34 1.00 
13C1r39 3.40 

.." 

BF173 0.30 
BF177 0.35 
BF178 0.35 
BF179 0.35 

BT106 1.20 
BTY79/400R 

2.00 
BU205 1.30 

0A5 1.20 
0A7 0.60 
0A10 0.55 
OA47 0.12 

0081 0.65 
00812 I.20 
0082 0.90 
0083 I.54 

25178 0.54 
25271 0.23 
25278 0.57 
21X107 0.12 

2N696 
214697 
2N698 

0.32 
0.32 
0.32 
1.25 

2N3055 0.65 
2143440 0.70 
2N3441 0.85 
2/43442 1.25 

2S017 10.00 
25019 12.00 
25026 25.00 
25103 1.50 

AF106 0.35 
AF114 0.75 

BC136 0.19 
0C137 0.19 

BCY25302 4Ì 2.30 
BCY43 0.30 

BF180 0.28 
BF181 0.18 
BF182 0.30 
BF183 0.18 

1311206 1.50 
BÚ208 2.00 
BY100 0.40 

OA70 0.25 

0Á81 0.17 

0084 0.80 
2.75 

0C123 2.00 

2TX108 0.12 
ZTX109 0.12 
ZTX300 0.13 

2N7061 
2N708 

2/412 131 

0.25 
0.25 
0.25 
0.30 

2/43614 2.20 
2143702 0.11 
2N3703 
2243704 0.11 

2.00 
25303 1.50 
2S322 3.50 

AF116 0.75 
AF117 0.75 
AF139 0.33 
AF186 1.00 

BC148 0.12 
BC149 0.13 
8C157 0.03 
BC158 0.13 

BCY70 0.17 
BCY71 0.18 
BCY72 0.17 
BCZII 1.75 

BF184 0.28 
0F185 0.30 
BF194 0.14 
BF195 0.12 

BY126 0.13 
BY127 0.14 
BZX61 0.17 

BZY88 0.10 

ONO0.17 
0A90 0.08 
OA91 0.08 

0.08 

0C139 3.00 
OC140 4.00 
OC141 4.25 
0C170 1.25 

ZTX301 0.14 
2731302 0.18 
ZTX303 0.18 
ZTX304 0.20 

2N1132 
2241302 
2N1303 
2141304 

0.30 
1.20 
0.54 
1.20 

2143705 0.11 
2/43706 0.11 
2143707 011 
2/43708 0.10 

25701 2.00 
25745A 0.95 
25744A 0.95 

AF239 0.39 BC159 0.13 1313115 0,42 BFI% 0.13 
0A200 0.15 OC171 1.25 ZTX311 0.13 2141305 1.00 2N3709 0.11 AFZII 4.00 

AF211 4.00 
BC167 0.11 
BC170 0.11 

BD121 1.70 
81)123 2.80 

BF197 0.14 
BF200 0.40 

RSI/40 0.64 
CRS3/40 0.75 

0.15 
0A211 1.50 

0C200 1.50 
0C201 2.50 

ZT8314 0.25 
ZTX500 0.14 

2/41306 
2/41307 

1.50 
1.10 

2N3710 0.10 
2N3711 0.10 ASY26 1.40 BC171 0.21 13D124 2.00 BF224 0.25 CRS3/60 0.90 

0A2200 1.50 0C202 2.75 ZTX501 0.14 2/41308 1.75 253771 1.40 ASY27 1.00 BC172 0.11 B1)131 0.44 BF244 0.20 GEX66 3.00 
0A2201 1.50 
0A2206 1.50 

0C203 3.00 
0C204 3.00 

ZTX502 0.18 
ZTX503 0.19 

2N1309 
2N1613 

1.20 
0.32 

2143772 1.60 
2/43773 1.00 VALVES 

A1834 !.54 
A1547 13.54 
A2134 17.59 
A2293 16.44 
A2426 18.75 
A2521 12.54 
A2900 22.50 
A3343 15.54 
A231 2.75 
A241 2.64 
BK448 114.90 
BK484 155.35 
8590 58.00 
BS/52 64.00 
BS810 64.00 

EIBOCC 10.50 
5180F 9.90 
5182CC 13.25 
E186F 13.14 
E18BCC 8.25 
52130F 22.51 
5283CC 12.54 
F2se('.0 17.50 
EA52 32.25 
EA76 2.50 
EABC80 1.25 
EAC91 3.50 
EAF42 2.50 
EAF801 2.00 
EB41 4.00 
EB91 1.50 

EF86 1.75 
EF99 2.50 
EF91 2.95 
EF92 6.37 
EF93 6.50 
EF94 2.50 
EF95 5.99 
EF98 2.00 
EFI83 2.00 
EF184 2.00 
EF8045 12.00 
EF805S 9.80 
EH90 1.75 
51(90 1.50 
EL32 2.50 
EL33 4.54 

GXU1 15 300 5 
GXU2 30.00 
GXU3 25.00 
GXU4 44.50 
GXU50 20.00 
GY501 3.00 
GZ32 2.50 
GZ33 1.75 
GZ34 3.00 
GZ37 4.75 
8161 5.00 
KT66 8.00 
KT88 15.00 
KTW61 2.50 
KTW62 2.50 
KTW63 2.50 

Pca6 2.50 
PC82 2.50 
PC95 1.75 

C97 1.75 Ppc900 
1.75 

pCC84 1.50 
P1x85 1.50 
PCC88 2.00 
PCC89 1.75 
PR189 2.50 
PCC805 1.60 
PCC806 160 
PCE82 2.00 
PCF80 2.00 
PCF82 1.50 
PCF86 2.50 
PCF87 2.00 

QY4-250 73.15 
QY4ó00 76.80 
Q1(5-500 175.00 
Q1(5 -3000A 

335.00 
QZ0620 32.70 
R10 6.00 
R17 3.00 
R18 3.00 
R19 9.20 
R20 2.50 
8003-250 32.68 
RG3-250A 32.60 
RG3-1250 59.50 
RG4-1250 61.60 
8004-3000 99.45 

R3-250 

UF85 1.75 
UF89 2.00 
UL41 3.54 
UL84 1.75 
UM80 2.06 
UY41 2.25 
UYSS 2.25 
VLS631 15.00 
XG1-2500 45.80 
XG2ó400 

141.90 
XG5-500 26.64 
RG2ó100 

161.54 
XR1-1600A 

53.75 

4C35 78.00 
40(2505 40.00 
4CX350A 73.00 
4X150A 60.00 
4X150D 56.00 
5B254M 35.00 
511255M 35.00 
5C22 160.00 
51180E 1650.00 
5R4GY 3.50 
5UIG 3.00 
5U4005 2.50 
5V400 2.50 
5Y3GT 2.50 
5Z3 4.00 
5240 2.50 

6CW4 
61)2 
6DK6 
6DQ6B 
6EA8 
6EB8 
6EW6 
6F6 
6F23 
6E28 
6F33 
6141 
614214 
611314 
6H6 
6 4 

8.00 
1.50 
3.00 
4.75 
3.00 
2.50 
2.25 
3.00 
1.60 
1.60 

33.50 
11.54 
2.75 
2.75 
3.00 
5.50 

12BA6 2.50 
12B56 2.50 
128147 1.50 
128Y7 3.00 
1251 20.00 
12EIITT 170.00 
12E14 35.00 
1351 20.00 
19114 27.50 
19145 47.50 
24B9 67.25 
30C15 2.00 
30C17 2.00 
30018 2.00 
30F5 1.68 
30FL12 1.38 

5670 4.50 
5675 28.00 
5687 6.00 
5696 4.50 
5718 7.50 
5725 5.50 
5726 11.37 
5727 7.05 
5749 2.50 
5751 4.00 
5763 4.50 
5814A 4.00 
5840 4.00 
5842 11.00 
5876A 31.50 
5879 5.00 8T5 58.95 

BT17 151.80 
BT19 44.05 
111-29 349.15 
BT69 354.80 
8195 129.00 

EBC33 2.50 
EBC41 2.54 
EBC81 1.54 
EBC90 1.25 
EBF80 1.50 
EBF83 1.75 

EL34MUI 3.00 
51.36 2.50 
51.41 2.80 
E[42 2.50 
EI.81 5.25 
E1.83 6.00 

M8079 12.34 
M8080 8.25 
M8081 9.82 
M8082 9.69 
M8083 8.58 
M8091 10.43 

'PCF200 3.25 
pCF201 3.25 
PCF801 2.50 
PCF802 2.50 
PCF805 1.70 
PCF806 1.70 

40.00 
83-1250 15.75 

S13012 
65.00 

S130P 6.00 
S7'V280-40 

14'00 

X10-3200 80.97 
XR1-3200A 
XRIá100 

102.00 
YD1120 395.00 
YD1240 351.00 

52400T 2.50 
6301_2 1.75 
6A54 1.75 
6AB7 3.00 
6AC7 3.00 
6AF4A 4.25 

6 6 
6 7 
6 464 
6K6GT 
6K7 
688 

8.93 
1.75 
2.50 
2.75 
3.00 
3.00 

30FL12 1.00 
30FL14 2.00 
30L1 1.50 
30L15 2.54 
30L17 2.00 
30P4 2.50 

5866 15.00 
5963 2.50 
5965 3.50 
6005 2.25 
6021 4.50 
6057 10.23 CBL31 4.00 

CL33 4.00 
EBF89 1.54 
EBL31 4.00 

ELM 2.25 
EIS6 2.75 

M8096 6.80 
M8097 8.10 

PCF808 1.70 
PCL82 200 

STV280-80 
Z759 25.00 
ZM1000 8.00 

6AG7 3.00 
6AH6 5.00 

6K66 
6L6G 

7.00 
3.00 

30P19 2.50 
30PL1 3.00 

6058 12.34 
6059 6.00 CY31 3.00 

CIR 20.00 
C3A 22.00 
C3 JA 22.00 
DA41 25.00 
DA42 18.70 
DAF9I 1.75 
DAF% 1.75 
DET22 35.05 
1)E124 40.00 
DF91 1.75 
DF96 1.75 
DK91 1.75 
1)892 2.00 
131196 1.75 
DL92 2.54 
DL94 1.75 
131.96 1.75 
DLSIO 14.00 
DIS15 12.50 
D1S16 12.50 
DLS19 12.50 
DM70 2.00 
DM71 2.00 
DM160 4.75 
DY87 1.50 
DY002 1.50 
555L 22.00 
E8000 8.81 
E80CF 11.27 
E80F 13.58 
E8OL 13.37 

EC90 1.25 
EC9I 8.00 
EC92 1.75 
EC157 325.40 
ECC33 4.50 
ECC35 4.50 
ECC/O 4.50 
ECC81 1.75 
ECM 1.75 
ECC83 1.75 
ECC84 1.75 
ECC85 1.75 
ECC86 2.50 
ECC88 2.10 
502139 2.00 
ECC9I 8.93 
ECC189 2.10 
ECC807 1.75 
ECC808 3.50 
ECF80 1.55 
ECF82 1.50 
ECF86 2.50 
ECH35 3.00 
ECH42 3.50 
ECH81 3.00 
ECH83 2.50 
ECH84 2.50 
ECL80 1.50 
ECL81 1.75 
ECIA2 1.50 
ECL83 3.00 
ECL84 1.50 

EL90 2.25 
EL9I 9.69 
EL95 2.00 
EL156 25.00 
EL360 8.50 
EL500/504 3.00 
EL509 7.00 
EL821 13.00 
EI822 13.97 
EM34 5.00 
80480 2.50 
EM81 2.50 
83084 2.00 
EARS 2.75 
EM87 2.50 
EN32 17.46 
81491 7.50 
E/492 6.% 
EY51 2.75 
EY81 2.50 
EY83 2.50 
EY84 9.24 

. EY86 1.75 
EY88 1.75 
EY500A 3.89 
EY802 1.75 
EZ35 1.75 
5240 2.50 
5241 2.50 
F280 1.50 
EZ81 1.50 
5290 2.00 

M8098 6.15 
548099 8.00 
M8100 9.52 
M8136 10.23 
M8137 10.23 
M8140 6.00 
M8141 6.50 
M8142 8.75 
M8144 7.50 
M8149 6.50 
M8161 9.35 
M8162 10.40 
M8163 8.25 
M81%5.00 
M8195 10.85 
M8196 7.50 
M8204 7.05 
M8212 11.37 
M8223 6.00 
M8224 6.30 
M8225 4.50 
M8248 14.03 
MD2001 60.00 
MU14 2.50 
MX119 55.00 
MX123 72.00 
MX145 56.70 
50C151 17.25 
MX152 131.25 
MX161 152.25 
MX163 20.25 
MX164 25.52 

PCL83 3.00 
PCL84 2.00 
PCL85 2.50 
PCL86 2.50 
PCI.805/85 2.50 
PD500 6.00 
PE06.4014 30.00 
PFL200 2.50 
PL36 2.50 
P1.81 1.75 
PL81A 2.00 
PL82 1.50 
P1.83 2.50 
PL84 2.00 
PL504/5 2.50 
PL508 2.50 
PL509 6.00 
PL519 6.00 
P1.801 1.50 
PL802 6.00 
PY33 2.50J 
PY82 1.50 
PY83 2.50 
PY88 2.00 
PY500A 4.00 
PY800 0.50 
PY001 i'40 QQV02ó 16.50 
QQV03-1011.00 
QQV03-20A 

21.00 
SU41 5.00 
SU42 10.00 
1D03-10 35.00 
T2303-IOF 35.00 
TT15 35.00 
1T21 23.00 
1T22 23.00 
TfIOO 60.00 
112-125 60.00 
TW4-400 71.40 
TY4-500 98.35 
Ty5-500 175.00 
TY6-800 188.00 
TY6-5000A 

375.00 
TY6-50008 

395.00 
Ty6-S000W 

325.00 
TY7-6000A 

374.00 
TY7ó000W 

303.64 
TZ40 25.00 
U18-20 3.50 
U19 13.75 
U25 2.50 
U26 2.50 
1237 12.00 
UABC80 1.25 
12AF42 2.50 

ZM1001 8.00 
2M1020 9.00 
2361021 9.00 
ZM1022 9.00 
2M1023 9.00 
2301040 19.36 
ZM1041 16. 44 

1B3°,2 
1GT 

3.00' 
1B24 25.00 
1B35A 48.54 
02363 64.00 
IRS 1.75 
255 1.75 
114 0.75 
2AS15 11.50 
2C39A 60.00 
2C43 70.00 
2D21 3.25 
2E26 8.25 
2 42 98.00 
2J55 175.00 
2 700 383.00 
2 705 336.00 
2 25 125.00 
3-400Z 85.00 
3-500Z 85.00 
3135 3.00 
31324 11.00 
3528 15.35 
3029 20.00 
313240M 17.50 

OAKS 7.10 
6AK6 2.50 
6A1.5 1.50 

'6AM4 4.00 
6AM5 1.64 
6AM6 6.54 
6AN5 4.75 

3.50 
6AQS7.77A 2.25 
6A56 8.66 
6A070 8.75 
6A16 1.25 
6AU5GT 5.00 
6AU6 2.50 
6AVSGA 4.58 
6AV6 1.54 
6AX500T 3.00 
6B7 3.25 
658 3,25 
6BA6 1.54 
6BA7 5.00 
68ABA 4.00 
60C4 4.00 
68E6 1.50 
68/16 2.50 
61336 1.25 
66K4 4.50 
651.0 85.00 
613L7GT 4.50 
60M6 115.00 
60616 2.00 
65Q7A ).50 

6L600A 
6L6GC 
6L60T 
6L7 
6N2P 
6N3P 
6N7 
6P25 
6Q7 
6R7 
6SA7 
ó,SC! 
6SP7 
6SH7 
6517 
65 7 
6SK7GT 
64N7GT 
6SQ7 
6SR7 
6537 
6USG 
6U8A 
6V667 
6X4 
6X501 
7B7 
7C5 
7C6 
7117 
787 
7S7 

2.25 
3.00 
3.00 
2.50 
2.50 
2.50 
3.00 
400 
3.75 
3.25 
3.54 
2.75 
2.50 
3.00 
3.25 
3.50 
3.00 
3.54 
3.40 
4.54 
2.7i 
3.50 
2.25 
2.25 
2.00 
1.75 
2.50 
4.00 
2.50 
4.54 
4.25 
3.50 

30PL14 1.00 
30PL15 1.00 
35W4 1.00 
5005 1.50 
75B1 6.05 
75C1 4.50 
85A1 7.50 
85A2 4.45 
90AG 12.96 
90AV 12.% 
90CI 6.54 
90Cä 14.54 
90CV 15.45 
92AG 12.96 
92AV 12.% 
1501 8.15 
15002 6.34 
15083 835 
I50C2 3.25 
150C4 6.00 
211 35.00 
723AB 125.00 
803 25.00 
805 45.00 
807 3.75 
811A 18.33 
812A 25.33 
813 125.54 
833A 193.16 
866A 20.03 
872A 20.00 
922 6.00 

6061 6.00 
6063 3.75 
6064 8.58 
6067 10.23 
6072 6.00 
6090 34.00 
6097A 235.00 
609713 344.00 
61465 8.25 
61465 8.25 
6179B 19.00 
6189 9.55 
6201 11.40 
6442 20.00 
6883B 17.56 
6973 4.00 
7025 3.00 
7551 6.25 
7586 12.00 
7587 16.50 
7609 56.00 
7868 6.00 
70% 11.54 
8005 114.40 
8068 14.00 
8122 54.00 
8136 2.50 
6117 6.54 
18042 11.53 
18045 14.40 

Tested E81CC 8.04 
1381L 12.57 

8.10 

ECUS 0.50 
ECL86 1.75 

A 
5.00 

FW4-500 3.50 
Fes/4400 330 

MX166 147.00 
MX168 48.54 

QQV00-4044' ÚB41 3.00 
UBCII 2.25 

3B241µ 17.50 
3C23 25.00 

6587 600 
6BRBA 3.50 
6507 6.00 

7Y4 
7Z4 

2.25 
2.00 

93IÁ 18.50 
1624 4.00 

Ec-FFqquipmeot 
4CX25ÌIB 6.54 

1ì83CC 8.40 EF39582CC 

01.371K 35.00 1478 15.00 QQV07-50 66.90 UCC84 1.75 3CX5100A5N.50 65W6 6.00 
11E3 55.00 1625 1.50 

E86C 8.25 EF40 5.00 
0551K 12.00 0A2 3.25 QQZ06-40A UCC85 1.85 47.00 6BW7 1.50 

12AH8 5.00 2050 7.U11 

EB6C 8.25 EF41 i.50 
0180.204 17.50 

G240.2D 

0A3 2.50 
0A4 62.20 UCF80 2.54 3E29 45.00 68X7001 5.00 

12AT6 
I2AT7 

1.54 
1.75 

4212E 300.00 

MCC 8.00 EF42 4.50 
12.00 

G400.1K 17.50 OB2 /.35 
Q1237 12.50 
QV03-12 6.80 

UCH42 2.50 384 2.00 6BZ6 2.75 12A116 2.50 5544211 81.97 E9uLt 8.61 EF50 2.50 GN4 9.00 OB3 2.50 QV047 3.50 
UCH81 2.50 3V4 1.75 6C4 1.25 12A137 1.75 5545 102.00 E90F 9.00 

591H 6.25 
E92CC 8.75 
E99F 9.10 

EF54 5.00 
EF55 3.50QV08-100 
EF80 1.75 
EF83 4.00 

GN4A 9.00 
GS16 06.00 
GTIC IS.54 
GUS° 20.00 

OC2 4.35 
0C3 2.50 
OD3 2.50 
0Z4 3.50 

136.85 
QY3ó5 54.26 
Q13-125 60.40 

00L82 1.75 
UCL83 1.75 
UF41 2.00 
UF42 2.10 
UF80 1.75 

465A 60.00 
4-125A 60.00 
4150A 80.00 
4400A 87.00 
4832 20.00 

6C06A 2.50 
6CD6GA 5.00 
6C07 2.50 
6C136 13.54 
6CL6 3.75 

12AV6 
12AV7 
12A27 
12AY7A 
12134A 

2.50 
3.50 
1.75 
4.00 
3.50 

5551A 114.90 
5552A 155.35 
5642 9.00 
5654 3.00 
5651 4.45 

BASES 
B7G unskined 022 
B70 skirted 0.30 
B9Aunakirted 0.22 
B9Aakirted 0.30 
Inc Octal 0.35 
I.octd 0.55 
Nuvistor base 0.75 
SpiuDIL 0.05 
14 pin 1311. 0.15 
1óppinDlL 0.17 
Vsiveurcening 
caosa0sius 0.30 

CRTs 5AD 35.00 
SBPIPI l0.54 

2AP1 8.50 5CP1 10.00 
2BP1 9.00 SCPIA 40.00 
313F1 11.00 5pPISA 15.00 
3DP1 5.00 5UP7 15.00 
3EG1 10.00 DG7-5 63.32 3FP7 6.00 1307-31 58.07 
300P1 6.00 1)07-32 58.07 
31F1 8.00 DH3-91 56.8374120 
3JP2 8.00 13117-11 113.12 3JP7 10.00 VCR97 12.00 3KPI 15.00 VCR138 12.00 3RP1 35.00 VCR138A 12.50 
3WP1 20.00 VCR139A 8.00 

VCR517A 10.00 
V R517B 10.00 
VR517C 10.00 

Tube Bases 
Prices 
application 

INTEGRATED 
7401 0.17 
7402 0.07 
7403 0.17 
7404 0.18 
7405 0.18 
7406 0.43 
7407 0.43 
7408 0.20 
7409 0.20 
7410 0.17 
7412 0.29 
7413 0.32 
7416 0.32 
7417 0.32 

CIRCUITS 
7425 0.30 
7427 0.30 
7428 0.43 
7430 0.17 
7432 0.30 
7433 0.40 
7437 0.32 
7438 0.32 
7440 0.32 
7441 0.90 
7442 0.72 
7447A64 1.17 
7450 0.18 
7451 0.18 

0.28 
74 Ó 0.38 
7472 0.33 
7473 0.38 
7474 0.38 
7475 0.54 
7476 0.42 
7480 0.56 
7482 0;75 
7483 0.00 

7484 1.05 
7486 0.39 
7490 0.60 
7491 0.82 
7492 0.60 

7495 0.73 

7497 3.15 
74100 1.54 
74107 0.45 
74109 0.73 
74110 0.51 
74111 0.71 
74116 1.85 
74118 1.00 
74119 1.54 

0.83 
74121 0.43 
74122 0.62 
74123 1.18 
74125 0.58 
74126 0.58 

741364 

74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74154 
74155 
74156 
74157 
74159 
74170 
74172 

0.51 

2.30 
2.60 
2.60 
1.00 
2.00 
1.76 
1.80 
0.94 
l.00 
0.90 
0.90 
0.75 
2.20 
2.40 
4.40 

74175 1.02 

74178 1.36 
74179 1.36 
74180 1.20 
74190 1.00 
74191 1.90 
74192 1.90 
74193 1.90 
74194 1.25 
74195 1.20 
74196 1.35 
74197 1.35 
74198 2.70 
74199 2.30 
TAA570 2.30 
1AA630S 3.50 

T#AAs300Q 2. 
TBASS OQ 3.Ì2 
TBA56000 

3.22 
T5A673 2.20 
TBA700 1.52 
TBA720Q 2.30 
TBA750Q 2.07 
TBA800 1.20 
TBA920 2.90 
TBA920Q 2.90 
TBA990Q 2.90 
TCA270Q 2.90 
TCA760A 1.38 

7420 0.18 
7422 0.20 

7453 0.18 
7454 0.18 

7493 0.60 
7494 0.82 

74128 0.63 
74132 0.72 

74173 
74174 

1.42 
1.60 

TAA700 3.90 
T5A480Q 1.84 

Terms of business: CWO. Postage and packing valves and semiconductors 50p pe order. CRTs £1.50. Prices excluding VAT, add 15%. Telephone Price ruling at time of despatch. 
Telex In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to presa. E. & Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1.50 on credit orders. 

01-677 2424/7 
946708 

O.E. 
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for an y types not listed. S.A.E Open to callers Monday -Friday 9 a.m.-5 p.m. 

. 

ww-11 

16 WIRELESS WORLD SEPTEMBER 1983 



MICROWAVE MODULES LTD "Instruments for Industry" 
1 

DO YOU HAVE A REQUIREMENT FOR 

VHF/UHF RECEIVERS OR TRANSMITTERS? 
We have a comprehensive range of professional quality FM receiver and 

transmitter units, which can be supplied either as working printed circuit 

boards for inclusion as a sub -assembly in a more complex unit or as 

complete encased products, to operate in the frequency ranges: 130-180 

rr"UNIT TYPE AR21 AR71 

Description VHF FM Receiver UHF FM Receiver 

Frequency Range 130-180 MHz 400-500 MHz 

Number of Channels Available 2 (6ch also available) 2 (6ch also available) 

Sensitivity 
0.25µV P.D. for 20dB Sinad Selectivity>80dB a '_25kHz 

nputtImpedance Input 50 ohm I 50 ohm 

Audio Output Power 3 watts into 4 ohms 

Squelch Range 0.2-1.0µV I 0.2-1.0µV 

Supply Voltage 12.5 volts (11v min, 15.6v man) 

Current Consumption 50-600mA dependent on audio level 

Dimensions 
135 x 123 x 26mm 

UNIT TYPE AT25 AT75 

Description VHF FM Transmitter UHF FM Transmitter 

Frequency Range 130-180MHz 400-500MHz 

Power Output 
4 watts (normal) 

0.5 watts (reduced) 
2 watts (normal) 

0.5 watts (reduced) 

Output Impedance 50 ohm 50 ohm 

Supply Voltage 12.5 volts (11v min, 15.6v max) 

Current Consumption 
0.8 amp for 4w output 0.6 amps for 2w output 

0.5 amp for 1w output 0-4 amps for 0-5w output 

Dimensions 
135 x 102 x 26mm 

UNIT TYPE exc. 

AR21 VHF FM Receiver £149 

AR71 UHF FM Receiver 

AT25 VHF FM Transmitter 

£177 

£84 

110 
A175 UHF FM Transmitter 

The above items carry a 12 month guarantee, and we normal y carry 

good stocks to ensure the minimum of delivery delays. If you have a 

requirement, or would be interested in quantity discounts, please contact 

.r colas department. 

MICROWAVE MODULES 
BROOKFIELD DRIVE, AINTREE, LIVERPOOL L9 7AN, ENGLAND 

Telephone: 051-523 4011 Telex: 628608 MICRO G 

WW - 051 FOR FURTHER DETAILS 

Í -1c'.3y5 

-meri re iIF aes eatt111ETFs 

This superb range of hand- 
held and bench multimeters 
offers a unique choice of 31/2 

or 41/2 digit specifications and 
features. Engineering excel- 
lence at competitive prices 
with numerous supporting ac- 
cessories to suit design, pro- 
duction and service needs. 
Now available ex -stock from 
one of the U.K.'s most exper- 
ienced electrical mea- 
surement specialists. The 
complete range of Anders in- 
struments and panel meters 

is described in the "Instruments for Industry" catalogue. 

For your personal copy contact: 

ANDERS ELECTRONICS LIMITED 
48-56 Bayham Place 
London NW1 OEU 
Tel: 01-387 9092. Telex: 27364 

WW - 017 FOR FURTHER DETAILS 

RADIOCODE CLOCKS 
ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT 

IderceOlactos 0661 Paws 121: 

111 
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SOLVE 
PROBLEMS 

NEW PHASE -MODULATION SYSTEMS 

Until recently, atomic time and date information was only available on v.l.f. 

transmissiulation. ies of 

equipment ouses thns eset apnlsm ssions 
mitude 

dto offer high enose immunity 
RCC 8000AM 

andand high 

accuracy, particularly at very long range. 
The new RCC 8000PM series of equipment uses, for the first time, phase 

modulated tranmissions with massive radiated powers of up to 2 Mega - 

Watts to offer long range, excellent noise immunity and no scheduled 

maintenance periods. 

NEW PRODUCTS 
The AM and PM series of Radiocode Clock equipment has been further 

expanded to include seven new models (from top) 8000S - combined 

clock, frequency standard and optional stopclock. Internal standby power 

supply - with dual rate constant current charger. Time -event log - prints 

hours, minutes, seconds, milliseconds and day of year, on receipt of a log 

pulse. Speaking clock - time announcement or audio recording. Slave 

controller - total control of single -standard master/slave systems ie one 

pulse/sec. Dual standard slave controller - total control of two different 

and independent slave systems, ie. one pulse/sec and one pulse/half min. 

Slave distribution amplifier - maximum flexibility for the largest 

master/slave installations requiring dual standard operation, multiple cir- 

cuits and complete master/slave backup. 

NEW OPTIONS 
A continuously expanding range of fully integrated software and hardware 

is available for both series of Radiocode Clock equipment. Standard op- 

tions now include: 
(RIG B precision serial o/p Time code generators 

RS232/V24 1mS resolution Intelligent slave systems 

General purpose parallel o/p Standard frequency outputs 

FSK record/replay system Stopclock operation 

Keypad entry of alarm times Calibrated systems for 

Keypad entry of time/date increased accuracy 

Radiocode Clocks Ltd* 
Unit 19, Parkengue, Kernick Road Industrial Estate 

Penryn, Falmouth, Cornwall. Tel: Falmouth (0326) 76007 

(nA Circuit Services Associate Co.) 

e 
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Basic QSOs in Spanish 
How to talk to Spanish-speaking 
amateurs in their own language. 

Ring -Beam Antenna for 144 MHz 
A new design by F C. Judd G2BCX, 
giving 8dB gain over a dipole with a 
very clean radiation pattern 

íeelieel 

IJLJ 
ON SALE NOW 

BUM 1914 
George Jessop G6JP 

begins a nostalgic look at 

the hobby in the days 

when you not only built 

your own equipment, you 

had to make moS, of the 

components too. 

SEPTEMBER ISSUE 90p 

THE RADIO MAGAZINE 

f The Wings Appeal 
Fund helps to maintain 
the RAF Association 
Home for Disabled 
and Chronic Sick. 
Care is essential for 
those who have served 

ive as 
they Gave 

theircountry and who are 
in need, So please help by 
giving all you can for an 
emblem in WINGS WEEK 
in September or send a 
donation to show that 
you care. 

To : Royal Air Forces Association, 
Appeals Dept., (DS) Portland Rd., 
Malvern, Worcs. WR14 2TA. 

I enclose a donation of 
for the Wings Appeal Fund. 

Name 

Address 

Please tick if receipt required 
or information on RAFA Space donated by 

Wireless World 

PIANOS SPECIALISTS SINCE 1972 
DOMESTIC OR STAGE 
SIX OR 71/4 OCTAVES 
KITS OR MANUFACTURED 

DOMESTIC PRICES 

SIX 7t/ 

Comp 234 266 

Full 398 442 ` MFD 620 695 

The most advanced 
form of touch -sensi - 

ove action simulat- 
ing piano key nenia 
by patented tech- 
nique 

Four mixable voices 
for serious tone 

ariation plus 
electronic chorus 
and Hanger effects. 

Component Kits in. 
dude Keyboard 

Kit - sex 
£314 An Electronic Backing 
Mfd TRIO. Drums, Bass & 

Chord Instrument. 
£469 User Programmable 

VOCAL & INSTRU- for 50-100 scores. 
MENTAL SOLOISTS! using microprocesso.. 

MASTER RHYTHM 
User Programmable 
DRUM MACHINE. 
Twenty-four patterns. 
Eight parallel tracks. 
Twelve instruments 
sequence operation. 

Kit 
£79 

Built 

E129 
Write or Phone for full details of our range c. 
high quality Kit and manufactured Electronic 
Musical Instruments. Prices include V.A.T., Carr , 

& Ins. and we operate Telephone BARCLAY- 
CARD/ACCESS. 
Competitive EXPORT Quotations given. 

CLEF PRODUCTS (ELECTRONICS) 
LIMITED 

Dept. W, 44e Bramhall Lane South 
Bramhall, Stockport, Cheshire SK7 1AH 

061-439 3297 
WW - 043 FOR FURTHER DETAILS 

Full Kits further con- 
tain Cabinets, Har- 
ness, Power Amp 
and Speaker 

RADFORD 
Audio Measuring Instruments, 
Audio Amplifiers, Loudspeakers and 
Loudspeaker Components for the 

professional and enthusiast 

RADFORD AUDIO LTD. 
10 BEACH ROAD 

WESTON-S-MARE, AVON BS23 2AU 
TEL. 0934 416033 
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HEMMINGS ELECTRONICS AND 
MICROCOMPUTERS 

ate ==I 
16 BRAND ST 
HITCHIN 
HERTS 
SG5 1JE 

Tel: 10462) 33031 
Shop open Mon -Sat. 9 a. m -5 30 p m 
Closed all day Wednesday itte 

Professional quality electronic components, brand new and fully guaranteed. Mail 
order by return of post. Cash/Cheque/POs or Banker's Draft with order, payable to 
Hemmings Electronics Ltd. Official orders from schools, colleges and universities 
welcome. Trade and export enquiry welcome. P.&P. add 45p to all orders under E10. 

Telephone your Access orders, using our 24 -hr. Ansaphone service. Please send SAE 

for full price list 
VAT - All prices exclusive of VAT - Please add 15% to total cost including P.&P. 

No VAT on export orders or books. 

COMPUTER 
ICs 

6502 350p 
6522 340p 
6800 290p 
68800 450p 
6802 345p 
6809 845p 
68809 1350p 
6809E 1295p 
6810 120p 
6821 160p 
68821 215p 
6840 390p 
68840 580p 
6844 1295p 
6845 795p 
6850 140p 
6852 250p 
6854 680p 
6875 490p 
8T26A 120p 
8728 120p 
8795 90p 
8T96 90p 
8797 90p 
8T98 90p 
80351 340p 
8039L 290p 
8080A 350p 
8085A 450p 
8155 450p 
8212 155p 
8216 100p 
8224 160p 
8226 195p 
8228 250p 
8251 300p 
8253 450p 
8255 290p 
8257 450p 
8259 450p 
8279 450p 
75107 90p 
75108 90p 
75110 88p 
75112 160p 
75182 95p 
75450 85p 
75451 509 
75452 Sgp 
75453 72p 
75461 40p 
75491 70p 
75492 70p 
AY -3-1015D 

AY-5-1013A300p 
3009 

MC1408 296p 
MC1488 66p 
MC1489 56p 
MC3459 265p 
UPD7002 450p 
Z8OACPU 360p 
Z80APIO 300p 
Z8OACTC 300p 
Z8OADART 

750p 

MEMORIES 
Static RAM 

2114L-200nS 
90p 

6116P3-150nnSS 

6116LP3-1631rp 
450p 

Dynamic RAM 
4116200nS 

4164-200nS75p 
4609 

Eilrom 
2706-450ns 

220p 
2716-450nS 

210p 
2532-450nS 

2732450nS380p 
380p 

2764-450nS 
496p 

CRYSTALS 
32.768KHz 100p 6.000MHz 190p 

1.0000M11z 320p 6.1440MHz 1110p 

1.8432MHz 240p 61380MHz 240p 
2.0000MHz 225p 8.000MHz leap 
24576MHz 225p 10.000MHz 170p 

3.0000MHz 240p 16.000MHz 190p 

3.5795MHz 120p 18.432MHz 150p 

3.6864MHz 240p 19.6608MHz 240p 

4.000MHz 150p 20.000MHz 200p 
4.1943MHz 190p 27.000MHz 1714 

5.1:688MHz 240p 48 00011111z 170p 

2 x 15V at 100mA 
2 x 20V et 67mA 155p 

6VA 2 x 8V at 500mA 
2 x 12V at 250mA 
2 x 15V at 20omA 
2x20Vat150mA 275p 

ROM MC 
61oSIBELIESE 

FD1791 1950p 
UPD765A1850p 

CRT 
CONTROLLER 
SFF96364 8009 

ZENER 
DIODES 

BZY88 Series 
500mW E24 
2V7 to 39V Sp 
43V to 110V 

12p 
BZX61 Series 

1.3W E24 
2V7 to 39V 15p 
43V to 82V 259 

BRIDGE 
RECT1FERS 

1A/100V 25p 
1A/400V 309 
1A/800V 40p 
2A/100V 40p 
2A/400V 50p 
2A/800V 70p 
6A/400V 969 
10A/400V 220p 
35A/400V 315p 
BY164 52p 

TRIALS 
TIC206D 56p 
TIC226E 95p 
128000 95p 

DIACS 
29-37V 25p 

PCB TRANSFERS 
Make your own Printed Circuit 
Boards with Alfac Etch Resist 
PCB Transfers 
*Draw your artwork on 0.1" 

grid 
*Transfer to copper board 

using carbon paper * Burnish the Mac transfers to 
the board using a spatula 
using carbon marks to assist 
in accurate alignment 

*Use Mac chemical eraser to 
correct mistakes 

*Etch In Ferric Chloride 

EC900/1 0.1" Edge Connector 
EC902/1 0.156" Edge Connector 
EC908 0.063" Pads 
EC9100.094" Pads 
EC911 0.189" Pads 
EC9400.016" Lines 
EC941 0.031" Lines 
EC942 0.039" Lines 
EC9430.049" Lines 
EC9440.061" Lines 
EC9450.079" Lines 
EC9460.100" Lines 
EC9470.124" Lines 
EC950/1 0.031" 90' Bends 
EC950/2 0.061" 90° Bends 
EC951/1 0.031" 30°, 49°, 60' 
Bends 
EC952/2 0.061" 30', 45°, 60' 
Bends 
EC960/1 TO -5 Transistor Pads 
EC993/1 IC Pads 
EC997/1 IC Pads with tracks be- 
tween pads 
5 identical sheets in sealed pack 

196p 
Individual sheets 45p 
Spatula AR4 for burnishing 46p 
Alfac Chemical Eraser 40p 
Alfac Precision Grids: Polyester 
film, matt finish 0.14mm 
thickness, 20 lines/in 

Á4100p; A3 195p 
Double Sided Fibreglass Board 
1/16" thickness, l oz Copper 

5"x4"35p;5'x8"80p 
Dalo Etch Resist Pen 85p 
Ferric Chloride Crystals Dissolve 
in 1/2 Litre Water 85p 

CHASSIS MOUNTING 
6.0.8V at 100mA 120p 
9-0-9V at 100mA 125p 
12-0-12V at 100mA 145p 
15-0-15V at 0.5A 350p 
9-0-9V at 1A 270p 
12-0-12V at 1A 320p 
15-0.15Vat1A 396p 
30-0-30V at 0.5A 3959 * EPSONFX-II * 
We now have in stock the new 
Epson printer, the FX-80, which 
replaces the MX80 F/T Ill. If you 
thought the MX80 was good, you 
will agree that the FX-80 is 
brilliant. All the MX80 features 
are there plus the following 
extras: 
*160 cps print speed 
*80 cps special quiet mode 
*Program selectable character 

set which can be downloaded 
from your computer 

*9 different bit image modes up 
to 1920 dots per line 

*Print styles emphasised, 
condensed, proportional, elite. 
italic and all MX80 styles 

*Program control of skip -over 
perforation, number of 
columns, character sets 

*Fully compatible with MX80 
control codes 

£3I5+VAT 
SECURICOR f6 

3mm Red 
3mm Green 
3mm Yellow 
5mm Red 
5mm Green 
5mm Yellow 
Panel Clip 3mm or 5mm 4p 
Chrome Bezel 3mm 35p 
Chrome Bezel Strom 42p 
Square LED 5mm x5mm Red 25p 

Green or Yellow 30p 
Tri -colour LED 
A Red and a Green LED which 
produces Yellow when both are 
on 70p 
Red Flashing Led 3Hz at 5V 45p 

OPTO ELECTRONICS 
LIGHT EMITTING DIODES (LED) 

1 

15p 
15p 
t 
15p 

RELAYS 
PCB TYPE 

Microminiature Printed Circuit 
Relay Single Pole Change -over 
Contacts rated 2A or 125V maxi- 
mum contacts are Gold on Silver 
Palladium Pinson 0.1" Grid 
5V dc 56ohm, 12V dc 320 ohm. 
24V dc 1280 ohm 115p 

PRINCE MONITOR 
A 12"monochrome monitor 
24MHz video bandwidth ideal for 
most personal computers, word 

Iprocessing,scientific work etc. 
NPUT VIDEO1 
volt compositevideo 

EXTERNALp CONTROLS 
Contrast, brightness, vertical 
hold, on/off 
INTERNAL CONTROLS 
Horizontal width, linearity, 
frequency, phase, focus, black 
level, vertical height and linearity 
TECHNICAL CHARACTERISTICS 
Scan 625lines/50Hz, Deflection 
110', Character display 80 by 24 
lines, Video input PHONO, X-ray 
radiation to IEC spec no 85 
SCREEN PHOSPHORS 
Black/white, green, or orange 
Green or orange fitters available 
to order 

£II + VAT 
SECURICOR E6 

INFRARED 
TIL32 PN Gallium Arsenide IR 

Emitting Diode Power Output 
Typ 1.2mW Sbh 
TIL38 PN Gallium Arsenide -IN 
Emitting Diode Power Output 
Typ 12mW 50p 
TIL78 NPN Silicon Phototransis- 
tor 
TIL100 Large -Area Silicon PI 

Photodiode 70p 

7 SEGMENT DISPLAYS 
TIL312 0.3" Red Common A 

Ó6F 
111313 0.3" Red Common Ca- 
thode 1069 
HA1141R 14mm Red Common 
Anode 140p 
HA1143R 14mm Red Common 
Cathode 140p 
25mm Height Common Anode 

250p 

LIQUID CRYSTAL 
DISPLAY MODULES 

PCIM177 Frequency Counter 5 
Digits, 0.35" FM, SW, MW, MHz, 
KHz Annunciators, Sample and 
Hold Capability, Reset Capability, 
25 Selectable IF Offsets, 
Prescaler Available, 
Incandescent Backlighting, 
Supply Voltage 5v, Operating 
Current 4mA 17í5p 
PCIM 176 Digital Voltmeter, 3 /2 
digits, 0.5", +, - and Decimal 
Point, 200mV Full Scale Input, 
True Differential Input, 
Guaranteed 'O' Reading, Single 
9v Operation, Power 
Consumption 20mW, Accuracy 
0.15%, +1- 1 Count, 
Temperature drift 8oppm/C, Low 
Battery Indicator 11150p 
Both Modules are supplied with 
a data sheet. 

INCANDESCENT BULBS 
Lilliput LES IT1 1/21 6V or 12V 16p 
Capless 6V 60mA 

14V 80mA 20p 

TEMPERATURE METER 
A fully self-contained digital tem- 
perature meter, battery operated 
with an LCD display 
*Temperature range 0-99.9°C 
*Accuracy 0-40'C +1-0.2°C * 40-70°C +/-0.4C * 70-99.9°C +/-1,0°C 
*Battery 9v alkaline. Lifetime 

approx. 1 year 
*External temperature probe 

NEONS 
Panel Mounting Neon with Self 
Contained Resistor for 250V 4Bp 

LIGHT DEPENDENT RESISTORS 
ORP12 96p 

TRANSFORMERS 
PCB MOUNTING TYPE 

All types have dual primaries of 
0-120, 0-120 for inputs of 120V or 
240V - Primary and Secondary 
wound on a Split Bobbin provid- 
ing superior Isolation 
3VA 2 x 6V at 250mA 

2 x 12V at 125mA 

THE COMMODORE 64 
MEMORY SIZE 
System memory 20K ROM 3K 
RAM 
User area 36K RAM or 54K if 
BASIC Interpreter is not used 
SCREEN DISPLAY 
Full colour display 25 by 40 
255 combinations of screen and 
border colours 
16 Text/Character colours 
displaying alphanumerics or PET 
graphics 
Connection to a TV set or a 
colour or monochrome monitor 
UHF modulator internal to the 
computer 
GRAPHICS 
High resolution graphics 320 x 
200 pixels 
62 predefined graphic symbols 
available from the keyboard 
displayed in normal or reverse in 
all 16 colours 
SPRITE GRAPHICS 
High resolution moveable object 
blocks 24 pixels wide by 21 pixels 
deep 
Up to 8 Sprites which can be 
layered for 3D effects 
Sprites can be one of 8 colours or 
multicolour up to 4 different 
colours in one sprite 
Sprites can be moved 
independent of text, graphics or 
other Sprites 
SOUND 
Music Synthesis chip provides 3 
voices, 8 octaves 4 waveforms - 
sawtooth, triangle, pulse or noise 
Programmable attack, decay, 
sustain and release 
Programmable filter - low pass, 
band peas, high pass or notch 
outputs 
Variable resonance and master 
volume control 
INPUT/OUTPUT 
User port with RS232C 
Cartridge port for games and 
ROM 

O 7My 
based software 

22 AoNGUAGE 
ddle/light pen ports 

BASIC interpreter future options 
are BASIC compiler, Pascal, 
COMAL, LOGO and FORTH 

NOW ONLY £181 + VAT 
SECURICOR f0 

The Keithley 179A 

I _1 3 LI C. L 0 

A M EASU RE OF 
ACHIEVEMENT. 
Specification ... Versatility ... Accuracy .. 
Price. In almost every major area the new 
179A- a 41/2 digit bench/portable DMM - 
from Keithley Instruments sets some pretty 
impressive standards: 

20 amp capability Full function: 27 
ranges including true RMS AC Measurement 

Year's guarantee on spec 0.04% DC 
accuracy IEEE option Large display 
and 10µ V dc resolution. 

For those requiring 10 times more sensitivity 
and an analogue output there's the 177, a 

unit with similar specification to the 179A. 
Both models are part of a vast range of test 
equipment from one oif the world's leading 
manufacturers. 
For more information fill in the coupon at the 
bottom of the page. 

OP Alternatively, phone our Instant IL Information 
Service on 
0734 861287 now. 

KEITH LEY 
Keithley Instruments Ltd 
1 Boulton Road Reading Berksh rreRG2 ONL 
Telephone (0734) 861287 
Telex 847047 

'--s....--- MINI - MUM BMIIMMIII 

i I'd like to know more ... 
i Name 

I Position I 
Company ' 
Address ' 

1 ' 
Telephone 

WW 9 

Bo ma mu im um um mu _mi 11113 BB MI MI MI MI MII 11 
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Test it onTest 
n Site 

RANGES, 

10 i0 MUM r.F 
1M TO KM 

BENC'...ORE : METER CAPACFtON-RNovcroa ANAlrxea 

CAPACITCti+w I INQUCY4Ar anFödttl várcM 

(JAIME 0010F EAU} RAM MERE 

The "Z Meter" capacitor -inductor 
Analyser, from Sencore, now gives 
you the fastest, most accurate 
means of batch testing even from 
semi -skilled operators - and 
we're prepared to come round 
and prove it. 
For an on -site test and more information: - 
Mike Dawson 01-897 6446. 

Fieldtech 
Heathrow 

Fieldtech Heathrow Limited 
Huntavia House 420 Bath Road 
Longford Middlesex UB7 OLL 
Telex: 23734 FLDTEC G 

WW - 015 FOR FURTHER DETAILS 

PROVED IN SERVICE THROUGHOUT THE WORLD 
EDDYSTONE MODEL 1837/2 

LOW COST HIGH STABILITY COMMUNICATIONS RECEIVER 100kHz to 30MHz 

* Capable of operation under the most stringent conditions of 
service, professional and military 

* Manual tuning plus accurate digital frequency readout and 
high stability working with Eddystone patent digital lock 

Complies fully with MPT Specifications 1201, and 1204: 
CEPT Draft Recommendations and DEF 133/L2 

Provides inexpensive teleprinter terminal when fitted with 
Model 1529 FSK Unit 

Details on request 

Eddystone Radio Limited 
Member of Marconi Communication Systems Limited 

Alvechurch Road, Birmingham B31 3PP, England 
Telephone: 021-475 2231 Telex: 337081 

YEARS OF 
DEPENDABLE 
SERVICE 

1923-1983 

WW - 038 FOR FURTHER DET AILS 
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Technology and people 
As has perhaps been mentioned before on 
this page, it can be extremely dispiriting to 

take stock of society's scale of values, 
particularly when technology is the subject 
for discussion. Offensive weaponry, 
expensive trivia and the means to dispense 
one-way `communications' constitute the 
overwhelming majority of applications in 
the field of electronics while other, more 
pressing, needs go unattended. 

All the more encouraging, then, to 
report work which is supportive rather 
than sinister and which is designed to 
assist instead of to anaesthetize. In this 
issue, R. E. Young writes of his 
investigations into the alleviation of mental 
handicap by the breaking down of the 
communications barrier which is one of 
the symptoms of hyper -autism - the 
`shell', as it has been called. The work 
stems from enquiries into human 
behaviour during unexpected 
emergencies,* in which people can exhibit 
some of the characteristics of mental 
handicap. 

The use of technology to gain an insight 
into the ways in which humans operate and 
to alleviate abnormalities in behaviour 
illustrates the similarities between 
electronics and the human mind - if that 
is the word to use. It is possible that the 
similarities are contrived because we work 
in electronics and tend to think of most 
processes in electronic terms, but the 

* Crisis control, R. E. Young, WW June, 
July, 1982 

correlation is quite marked. Young refers 
to "gating interfaces", "delay time", 
"inversion" and the blocking effect caused 
by the accumulation of too much data for a 

handicapped person to accept, sort and act 
upon. 

Whatever the connexion, it is evident 
that even the most severely handicapped 
autistic has a latent capability and can be 
assisted to break the shell by a deeply 
understanding approach - one which 
recognises that communication is the basic 
problem and that removal of stress and 
help in carrying out even simple actions to 

achieve some kind of pride in performance 
are beneficial, particularly when 
previously considered to be impossible. 

Electronics and other technologies can 
be of great and increasing help to workers 
in this field, since the similarities between 
the mind and electronic systems enable the 
patient to be included in a system, so that 
small irregularities in behaviour can be 

discovered in a reasonable time. Simple, 
continuous observation of behaviour is not 
of great value, since irregularities must be 

encouraged by conditions, and detection 
must be certain. 

One of the most remarkable aspects of 
this research is the persistence shown in 
the face of disbelief, and the insight to 
recognise the `concealed person' on the 
basis of extremely slight evidence - some 
of it offered diffidently for fear of ridicule. 
This is an important and humanitarian 
application of engineering skill and 
deserves ultimate success. 

WIRELESS WORLD SEPTEMBER 1983 
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Better batteries 
There can be few areas of more conse- 
quence to the future progress of portable 
communications, lightweight television 
production equipment and consumer - 
electronics equipment than the de- 
velopment of higher -density and/or more 
cost-effective batteries. Current progress is 
reported from the USA on the standard 
carbon -zinc cell, including the use of a zinc 
chloride electrolyte and oxidation -resistant 
coated -paper separator, (according to 
Ralph Brodd of Broddays Inc.) that is 
claimed, at low and medium drain over 
protracted periods, to provide perform- 
ance comparable to the considerably more 
expensive alkaline cells. For low -power 
consumption over very short periods in 
microminiature applications, mercury -zinc 
and mercury -silver cells offer extremely 
high efficiency, but recent zinc -air button - 
cells are claimed to offer much higher 
power densities, of up to 15 watts per 
cubic inch. A disadvantage of the zinc -air 
button -cell is a life limited to about one 
month, due to continuous energy con- 
sumption once it has been put into use. 

The rechargeable lead -acid cell appears 
to be gaining renewed interest for use in 
portable equipment as a result of the de- 
velopment of new forms of sealed, main- 
tenance -free batteries, in addition to the 
older jelly -acid ("gel") cells: in some re- 
cent "flooded" designs the electrolyte is 
soaked in porous pads. With these starved 
acid -lead cells there is no emission of gases 
or acid, as oxygen released from the posi- 
tive plate when the cell is overcharged 
reacts at the negative plate to reform 
water. 

Layer batteries. In the 1930s there was a 
widespread belief that a long-lasting match 
had been invented, but that the match -box 
firms had brought up the patent and 
blocked production. I have no idea 
whether there was any foundation for this 
story, though it circulated widely. In "The 
Secret War of Charles Fraser -Smith" 
(Michael Joseph, 1981) a somewhat similar 
anecdote appears relating to improved dry 
batteries. 

Charles Fraser -Smith, as an official in 
the wartime Ministry of Supply, was res- 
ponsible for obtaining a wide variety of 
items for use by the intelligence, escape 
and special operations organizations. One 
of his tasks was to acquire miniature radio 
receivers that could be smuggled into the 
prisoner -of -war camps, so that morale 
could be raised by reception of news from 
Allied radio stations (though the news in 
the first few years could seldom have done 
much for morale!). 

For this purpose he arranged for the 
production of some miniature receivers 
but encountered a "distinct lack of enthu- 
siasm" when he approached the manage- 
ment of a large battery firm seeking more 

compact, longer -life batteries. He was told 
firmly that this was "not feasible". 
However when he later met the firm's 
chief engineer the immediate response was 
that this could certainly be done, with an 
improvement of about three -to -one on 
existing batteries. The book claims that 
when the management heard what had 
been promised one of them remarked 
"Don't let on to the Board of Trade.... If 
these ever get on to the regular market 
we'd lose a fortune ... customers would 
need only one in place of three ordinary 
ones. And they cost about the same." 
What emerged was a battery of layer -type 
construction instead of the former round - 
cell h.t. batteries! These did reach the 
public post-war, but initially in the USA. 

Polarization 
modulation? 
In one of the now traditional "April Fool" 
articles in a recent amateur radio mag- 
azine, an elaborate spoof was based on a 
complex "polarization modulation" tech- 
nique. However this reminded a reader, 
Eric Harman of the IBA, that back in 
1968, Mark Epstein of the Radioscience 
Laboratory of Stanford University pub- 
lished a report of experiments in "commu- 
nication by polarization modulation" 
(Proc. IEEE, June 1968, pp.1114-5) in 
which he suggested that channel capacity 
on h.f. could be doubled by the use of 
antennas that launch and receive waves 
whose polarizations correspond to the 
limiting polarizations of the magneto -ionic 
modes. 

Experimental results over a 1900 -km 
path from Lubbock, Texas to Stanford, 
California using signals switched alterna- 
tely between left-hand and right-hand cir- 
cular polarization showed a better than 
15dB separation on one -hop signals. This 
suggested to Epstein the possibility of in- 
creasing channel capacity by modulating 
the transmitted wave polarization of exist- 
ing on -off and f.s.k. telegraphy systems - 
two communications channels instead of 
one. That was 15 years ago but there seems 
to have been little follow up to this system - except as the basis of the April Fool 
article! Polarization diversity is an estab- 
lished h.f. technique, as is the use of mixed 
polarization to combat fading due to Fara- 
day rotation - so why not polarization 
modulation? 

III -V semiconductors 
Further developments in 111-V semicon- 
ductor technology have been reported 
from the Central Research Laboratories of 
Thomson-CSF. Following work on in- 
diumphosphide (InP) metal semiconductor 
field -effect -transistors (InP mesfets) for 
microwave power amplification, the 
laboratories have recently produced de- 

vices in which the gate is insulated by a 
silicon -oxide (SiO2) layer. The InP misfet 
devices have achieved power outputs at 
9GHz with 4dB gain of up to 1 watt, repre- 
senting 3.5W/mm power per unit gate 
width, or roughly double that achieved 
with experimental gallium arsenide mesfet 
devices. The laboratory has also proposed 
a new form of GaAs enhancement -mode 
transistor with metal -insulated -metal gate. 
It is claimed that mim -gate fets would 
combine the advantages of both GaAs mes- 
fet and GaAs misfet devices. Experimental 
devices have shown an enhancement cur- 
rent handing capability double that of 
more conventional mesfet devices. 

Meteor aero -radio 
Last April we noted the growing interest in 
the USA in meteor -trail communications 
for civilian as well as for secure military 
systems. The large number of meteors that 
enter the earth's atmosphere create short- 
lived ionized trails roughly 70 miles above 
earth. With computer -controlled high- 
speed burst transmissions it is possible to 
sustain teleprinter traffic at roughly nor- 
mal speed, provided that the link is not 
required to provide instant access. 

R. E. Martin of Guildford has pointed 
out that a good deal of work into extending 
the use of meteor -scatter systems has also 
been carried out in the UK, both for the 
NATO military systems and with a view to 
specialized civilian systems. Last year, at 
ICAP2, Dr H.P. Williams noted the po- 
tentiality of meteor -trail systems for 
medium -distance links over distances of 
up to about 2000km, using high frequen- 
cies when these are above the m.u.f. and 
therefore under-utilized. Dr Williams' 
paper (briefly noted on this page in July, 
1982) pointed out that frequencies as low 
as 14 MHz or so can be used for these 
systems. 

R. E. Martin points out that meteor -trail 
systems appear most attractive for provid- 
ing, for example, economical r.t.t.y. net- 
works for administrative purposes for 
power authorities, especially in developing 
countries. In such places there are often 
only inadequate PTT networks and 
distances of one or two -thousand kilo- 
metres are frequently involved. Provided 
that short delays are acceptable and speech 
communication is not required, the meteor 
systems have the cost advantage of not 
requiring any costly powered microwave 
repeater sites, can utilize low v.h.f. (or 
even above-the-m.u.f. h.f.) and do not 
encounter so many of the usual problems 
in obtaining frequencies. 

R. E. Martin also draws attention to one 
of the curiosities of meteor communica- 
tions - the greater number of meteors 
that enter the atmosphere in the morning 
than in the evening, due to the effect of the 
rotation of the Earth. 
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This point has also been noted in the 
investigations into meteor -scatter cur- 
rently being made at the Royal Aircraft 
Establishment with a view to the use of 
meteor -trails for air -ground communica- 
tion, as first suggested by A. J. Hannum et 

al (IRE Trans. Com. Syst. vol. 8, pp.113- 
133) in 1960. In a paper ("Meteor scatter 
communication in an air -ground environ- 
ment") given at ICAP3, P.S. Cannon and 
G. Richardson of RAE note that the arrival 
rate is random with a 4:1 variation between 
the maximum in August (a "shower" 
period) and minimum in February. There 
is also a 4:1 variation between a maximum 
at around 0600 local time and a minimum 
at 1800 local time. Unlike amateur -radio 
use of meteor -scatter, which usually seeks 
to use only the longer -lasting "over -dense" 
trails created by the larger particles, com- 
mercial/military burst systems utilize the 
underdense trails which provide scattered 
signals that are "remarkably space and 
time -coherent", and are affected by the 
local time variations. 

The RAE experiments have been based 
on an h.f. (27MHz) link between Kinloss, 
Scotland and Farnborough, Hampshire - 
a ground path length of 712km, with path 
losses of about 178dB, and a median "wait- 
ing time" of two seconds. The 27MHz 
frequency was chosen because of equip- 
ment available but future work is to con- 
centrate on v.h.f. where less interference is 

likely. Cannon and Richardson conclude 
that the close correspondence between 
predicted and experimental results for a 

ground -to -ground link provides confi- 
dence in the prediction equations; they 
note however that the design of an air- 
borne meteor -scatter system will be more 
difficult than, and different from, a 

ground -based system. Aircraft -to -ground 
communication is expected to be easier 
than ground -to -air; Faraday rotation of 
polarization is foreseen as a problem. 

Ki 
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Spiralling up 
The cost to UK radio amateurs of "top -of - 
the -market" American and Japanese ama- 
teur -radio equipment has been rising at 
many times the official "inflation rate" due 
to the changes in the exchange rates, and 
the frequent up -dating of designs to in- 
clude more and more "new technology". 

Nowadays retailers and distributors, 
particularly in the USA, are increasingly 
coy about publishing prices, with list 
prices often heavily discounted. However a 

quick check shows that the top -grade Col- 
lins KW380 h.f. transceiver is now likely 
to cost a British purchaser almost £2200 

compared with about £1600 a year ago - 
an increase of around 30 per cent. The 
comparative price in the USA (without 
vat) is around $2850. The Drake TR7A 
transceiver is about £1200 in the UK, un- 
der $1400 in the USA, whereas a year ago 

the earlier TR7 model, with power supply 
unit, could be bought new in the UK for 
under £1000. Japanese equipment prices 
have risen less steeply but are some 12- 

15% higher than at this time last year: the 
Yaesu FT -One, for example, has gone 
from just under £1300 to about £1450. 
There are signs that the present high cost 
of top -grade h.f. equipment is depressing 
demand despite the continued rise in the 
number of British licences. A more wel- 
come change is the number of home -con- 
struction projects now appearing, although 
it is recognised that an h.f. transceiver 
design fully equivalent to the top factory 
models represents a major project beyond 
the capabilities of most home constructors. 
Although all -solid-state linear power ampli- 
fiers of up to about 1 kW rating are now 
possible using modules based on either 
bipolar or power mosfet devices, there still 
appears to be a cost differential of at least 
two -to -one on the higher power units in 
favour of valve amplifiers. The solid-state 
models base their appeal primarily on be- 
ing wideband designs permitting band - 
changing without retuning. Also appearing 
are increasing numbers of aerial tuning or 
matching units with automatic tuning, but 
here again it is clear that operating conve- 
nience costs real money. 

R.f radiation 
Not all doubts surrounding possible be- 
havioural ("non -thermal") effects of r.f. 
radiation have disappeared despite re- 
peated efforts by the National Radiologi- 
cal Protection Board to stress that the only 
proven hazards of non -ionizing radiation 
are thermal, and that the safety limit of 
10mW'cm2 is entirely adequate. The con- 
sultative document issued by NRPB in 
December 1982 proposes a reduced limit 
of 1mW/cm2 between 30 and 100MHz, 
where dipole resonances of the body re- 
duce the safety factor. It even accepts that 
"an auditory effect occurs for some indi- 
viduals when exposed to intense and sharp 
pulses of microwave radiation" but adds 
that "there appear to be no harmful effects 
resulting from this phenomenon". 

At ICAP3 last April, however, Leonard 
S. Taylor of the department of electrical 
engineering and radiation oncology of the 
University of Maryland devoted part of his 
paper on "Therapeutic applications of 
electromagnetic radiation" to a balanced 
appraisal of conflicting views on whether 
long-term exposure to very low-level 
microwave radiation can be harmful. In 
doing so he presented a viewpoint signifi- 
cantly different from that of NRPB, al- 
though he accepts that "the significance of 
much of the experimental evidence is ques- 

tionable". He notes the evidence of in- 
creased calcium ion efflux both in vitro 
and in vivo chick and cat brain tissues at 
levels down to 0.05mW/cm2 and considers 
this substantiates the influence of u.h.f. 
and microwave fields on the brain -cell 
microenvironment. 

Here and there 
Apart from the Syledis and Maxiran posi- 
tion -locating radio-naviagational systems, 
the 430 to 440 MHz amateur band (with its 
"secondary" status in the UK) appears to 

be coming under increasing pressure from 
other users, including the Ministry of De- 
fence. MoD have established a radio -com- 
munications network ("Mould") connec- 
ted with civil defence between 433.0 and 
433.5MHz. There have also been un- 
confirmed rumours that the Belgian 
authorities have reduced their amateur al- 

location to 435 to 439MHz and closed all 

microwave bands to Belgian amateurs. 
By the time these notes appear, the Os- 

car 10 satellite, the first of the Phase 3 

series, launched last June, should be in its 
final high orbit. The apogee motors were 
due to be fired about July 14. An early 
problem with the solar array also needs to 
be overcome or Oscar 10 could have an 
operational life of only a few months. The 
c.w. beacon is on 145.81MHz. 

In brief 
The RRL membership has confirmed 
overwhelming opposition to code -free 
licences even on v.h.f. bands.... At the 
annual Dayton, Ohio convention two 
operators were able to read Morse at 68 

words per minute, 4 word/min short of 
Ted McElroy's pre-war "world record" of 
72 word/min.... A draft new constitution 
for the International Amateur Radio 
Union was drawn up at an Administrative 
Council meeting in Tokyo and is to be 
further considered at a second meeting 
later this year.... A "wireless museum" 
in Orkney features radio communications 
equipment of World War 2 as used by the 
Services in Orkney during that period. 
Research and restoration was carried out 
by James McDonald, GM88FG.... New 
Zealand amateurs have made a 545km 
contact on 3.4GHz between Cape Reinga 
(North Island) and Mount Egmont using 
one -watt output and 4 ft dish aerials 

Since May 22, American phone 
allocations in the 14MHz have extended 
down to 14,150kHz with 14,150 to 
14,175kHz reserved for "extra class' 
licences 14,175 to 14,225kHz reserved for 
"advanced" and "extra" licences.... The 
Scottish Amateur Radio Convention is to 
be held on August 27 at Cardonald Col- 
lege, Mosspark, Glasgow followed by a 

dinner/dance at the Bellahouston 
Hotel.... The Welsh Amateur Radio 
Convention is at Oakdale Community Col- 
lege, Blackwood on September 25. 

PAT HAWKER, G3VA 
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Mental handicap 
and electronics 

Stemming from enquiries into human behaviour during unexpected emergencies - 
reported in the author's previous Crisis Control article - R. E. Young writes of his 

investigations into the alleviation of the communication breakdown of hyberautism with 
the help of electronic systems, and proposes a new specialized mental handicap unit. 

What was little more than an abstract idea 
has been taken to a development -backed 
set of proposals for setting up an opera- 
tional complex. A project that grew on an 
ever-increasing scale from its mental -han- 
dicap base to make contributions in other 
fields, both humanitarian and technologi- 
cal, and in its own right, progressed to- 
wards the establishment of a research - 
based care unit for the severely handi- 
capped'. The aims of this unit are firstly to 
arrest the deterioration (regression) which 
is almost without exception taken to be 
inevitable with these 'most disadvantaged' 
people; and secondly to proceed to rehabi- 
litation, with their development continu- 
ing from within. 

In view of the picture of mental handi- 
cap presented by the media it would seem 
that to attempt to stop the retreat into the 
isolation of the blank -look shell of non - 
talker is just not 'on', still less 'on' is any 
effort to reverse the trend. Nevertheless, 
these things have been done, albeit on a 
limited basis. In the two-part article in 
Wireless World, where mental handicap 
was linked with the stress conditions of 
crisis control2, a brief outline was given of 
some of the methods adopted to bring -out 
the handicapped and, in particular, to help 
them to communicate from within. This 
question of communication is vital, and, as 
shown on the flow chart (phase 3) the 
statement of mental handicap being in es- 
sence a communication problem consti- 
tuted the beginning of a defined research 
programme on the disability. 

This does not mean that the work of 
phases 1 and 2 was not research nor that it 
was relatively unimportant. In the event, 
the development of the main project has 
demonstrated how far-reaching this earlier 
work has proved to be. Primarily it 
brought out the fact that there were people 
in the UK and other countries, notably 
Australia, who - by virtue of their own 
thinking and observation - held the 
conviction that "something was there" 
with even the most severely handicapped. 
Two major points emerged during this 
period. 

O These people were almost invariably 
widely separated from one another (i.e. 
were isolated), and in general were sur- 
rounded by quite understandable scep- 
ticism. Despite these and other adverse 
factors, they had persisted in their be - 

by R. E. Young 
B.Sc. (Eng.), F.I.E.E., M.R.Ae.S. 

lief; and the importance of this cannot 
be over -emphasized, especially in rela- 
tion to the almost insuperable diffi- 
culties of building -up any real obser- 
vational data on mental handicap (see 
next section). 

O Not only had this observational data to 
be gathered purely on a human basis, 
but it also had to be expressed in these 
human terms. 

The full implications of this statement 
do not become clear until one looks at the 
circumstances surrounding these potential 
`witnesses'. First, because of their isolation 
and the difficulty of putting words to phe- 
nomena which very often they had seen 
only fleetingly, 'data acquisition' could not 
be carried out by direct questioning. It had 
to be a matter of establishing contact in 
some way, a problem in itself, and then 
almost literally waiting for the information 
to 'come out'. The other, much more obs- 
tructive, aspect was the natural reticence 
to talk about something which was almost 
totally intangible and in addition was sur- 
rounded by incredulity. An associate of 
some years' standing - and responsible 
for the highly descriptive name of `false 
handicap' - recently admitted that he had 
had moments of doubt - "have I got it 
wrong?" when thinking over some mani- 
festation he had seen of the person behind 
the handicap. 

Another major obstacle was the 'set- 
back' of regression which is so easily 
brought about without the cause being 
obvious; and which, unless countered, 
made positive observation impossible. 

But this basic information did emerge 
from these early activities, and it says 
much for the `quality' (and even more for 
those who produced it) that the resulting 
statements remain, in effect, as some of the 
guidelines in the proposals for the unit. 
Furthermore, the point was reached 
where, as indicated for phase 3, it ap- 
peared possible to attempt to make an at- 
tack on mental handicap from an entirely 
new base. 

The position at the end of phase 1 was 
that considerable insight had been gained 

into this "most mysterious of all human 
complaints"; but that the evidence would 
remain intangible until, as a minimum, a 
"language" (technical vocabulary) had 
been evolved to enable some of the features 
of the disability to be identified and conse- 
quently described. In yet other words pro- 
duced at the time: "If we had something to 
get hold of we could at least talk about it." 

This was one of the first occasions on 
which it was possible to combine the 
`thinking' from independent sources and 
to link this with the technological ap- 
proach to the problem which had begun to 
take shape and which was eventually to 
form part of the `human electronics' 
around which the remainder of this article 
is centred. 

Human electronics 
The term system modelling and hyper -au- 
tistic effects such as `delay time', and 
distortion of speech by `inversion', are re- 
presentative of the technical vocabulary 
shown as being developed in phase 3; but 
the outstanding importance of them is that 
they had been predicted from the results of 
system modelling. In one sense this 
process came into being with the de- 
velopment of the concept of mental handi- 
cap being a communication engineering 
problem; and which, in common with 
others of these concepts, was introduced 
initally as a form of extended working 
hypothesis. But it soon became evident 
that the `communication approach' was 
opening up other lines of attack which 
could be linked with the observations of 
phases 1 and 2; and, not only reinforced 
them but - most significantly - began to 
explain them. Thus it was in the context of 
electronically -based communication that 
`clutter' - as a new concept - was de- 
veloped. 

Clutter, with the definitions it carried, 
provided an important bridge between 
electronic technologists and those who 
were looking for `something to get hold of' 
in the intangibility of mental handicap. It 
was, however, the `human electronics' 
contribution that was then built up which 
produced the full electronic approach and 
which has been recognized by non -techno- 
logists as virtually the only way in which 
the `deceptive' nature of mental handicap 
could have been overcome, certainly 
within an acceptable time. Full tribute 
must be paid to the medical authorities 
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Human electronics - project flow chart for mental handicap 
Taken up to the point of publication of the proposals for a new 'Research Care Unit' for the 
mentally handicapped 

Phase 1 

Build-up of 
observational 
data 

Phase 2 
'Enlarging 
the view' 

Phase 3 
Establishing 
technological base 
(essentially electronic) 

Phase 4 
Statement of 
areas of 
research 

Phase 5 
Development and 
assessment of 
specialised techniques 

Direct 
Project 
Action 

Making 
contact with 
'witnesses' 

Bringing -in 
'associates' 
outside the 
immediate 
field 

Statement of main 
concepts, initially 
'a communication 
problem' 

Identification 
of electronic -type 
'mechanisms' 
involved, including 
'system modelling' 

Construction of 
electronically -based 
equipment, and trials 
under 'research care' 
conditions 

Developing original 
'technical' vocabulary 
and overall picture 

Full coordination 
of this work and 
all observational 
results 

Expansion of main 
concepts, production of 
integrating reports 

Indirect 
Project 
Acton 

Analysis of 
'Human' 
position 

Feed -in of 
'human' aspect 
into direct 
project 

First-largely 
exploratory - 
publications 
in the press 

Correlation with 
'outside' areas 
e.g. deafness and 
geriatric care 

Extension of 
correlation to other 
fields, particularly 
with 'crisis control'; and 
with maximum two- 
way 'spin-off' flow 

Second-selective 
publications in 
the press 

who, despite all these difficulties, had set 
up the facilities which already existed in 
the UK. That the 'new thinking' has been 
made possible - and has taken place - is 
largely by virtue of the environment so 
soundly established by these authorities in 
the past. 

The human electronics has been des- 
cribed, again by a non -technologist, as 
providing the equivalent of a ". . micro- 
scope on mental handicap". System 
modelling is shown on the project flow 
chart (phase 4) as being concerned with the 
"identification of (electronic -type) mech- 
anisms" ' involved in such effects as 
'thinking fatigue' and `delay in response'. 
Although system modelling does not 
appear on the chart until phase 4, investi- 
gation and analysis of this kind had been 
going on during the earlier phases. It was 
not until phase 4 that sufficient correlation 
of the information has been obtained for 
this process to be regarded as a 'firm' sec- 
tion of the work. 

Examples of these early findings in- 
cluded the identification of (telegraph - 
type) 'start -stop' working and 'thinking 
fatigue'. The first -mentioned has been 
selected to show how a comparatively 
minor point was made to yield confirma- 
tory and other information for application 
in the main programme. First, the un- 
derlying principle is simple: for commu- 
nication, the transmission of a message 
entails the sending of a start alerting signal 
and of a corresponding stop signal for 'end 
of message'. It was found that a similar 
practice could be useful in certain circum- 
stances when communicating verbally with 
the severely handicapped; and this in- 
formation was fed in to, and coordinated 
with, the other data which was beginning 
to give a picture of some of the elements 
entering the hyper -autistic condition. Also 

it had been possible, even at the stage, 
to "separate -out" some of the factors 
involved in the hyper -autistic state; and, as 
such an identified factor, `start -stop' 
brought clarification both in itself and in 
respect of other effects as exemplified by 
the various aspects of clutter. 

It will be realized that the work heavily 
depended on observation, and - not so 
obviously - on the way in which the 
findings were translated into action with 
(`handling') the individual. Thus, continu- 
ing with start -stop as a representative 
example, it was vital that usage of it should 
not be imposed on the person, but should 
be introduced only when it corresponded 
with something 'coming from within'. 

A large number of interlocking issues 
are involved here; and some of these are 
examined later in the context of a 
specialised unit and in relation to its staf- 
fing. This treatment is preceded by des- 
criptions of some of the new methods and 
techniques which have been used in the 
various phases of the project, and which 
form much of the basis for the Proposals 
for the unit. 

To complete this brief review, it is rele- 
vant to show how the role of the observer, 
while remaining central to the whole pro- 
ject, changed in character as electronics 
moved more and more into what had be- 
come an entirely unique form of systems 
engineering. 

Initially, observation had to be accepted 
as being 'passive' in that near -infinite 
periods could elapse between any mani- 
festations of the person behind the handi- 
cap. Indeed the only way to overcome the 
randomness of these occurrences was to 
provide "utterly continuous observation" 
(ref. 1); and in other than exceptional cases 
only parents were in a position to approach 
this. The whole attitude to mental handi- 

cap was such that any suggestion by them 
of the existence of concealed capability was 
almost certain to have been dismissed, 
bearing in mind the evidence available and 
(always present) the dangers of raising 
false hopes. 

The first step was therefore to set up 
conditions for the controlled observation 
which favoured occurrence and also made 
detection much more likely. The last- 
mentioned point was made a matter of 
giving some indication of where and when 
to look for these occurrences, and which 
was made possible by elementary system 
modelling, itself founded on the correlated 
(observational) information which by then 
was available. 

Thus in phase 4, it had been established 
that interconnected gating type systems - 
'gating interfaces' - appeared to be 
involved in the thinking process in such a 

way that the physical condition of mental 
handicap reduced the transfer efficiency 
between interface levels and also, in effect, 
reduced the isolation between channels re- 
quired for 'multi -channel' thinking2. 
When correlated with direct observation in 
this and other fields such as crisis control 
emergencies, there were two far -reading 
conclusions. 

That 'inversion' of speech could take 
place largely as the result of 'imperfect 
read-out'. Inversion as used here covers a 
variety of distortion effects, including stut- 
tering. In one relatively common form, 
syllables in a single word are transposed, 
sometimes with a loss of one or more, e.g. 
"poose" may be "spoon". As in all work 
on inversion, these transpositions are diffi- 
cult to detect, particularly with loss of part 
of the original word (they are not, in gen- 
eral, classical spoonerisms); but even more 
difficult to pick out is the composite word 
made up of the end of one word and the 
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beginning of the next. A specific example 
which combined the features of both cases 
was afforded by "byer" which was traced 
to "fire burn". Of course, distortion may 
be so great that only what appears to be a 
noise or succession of noises is produced. 
Here again, as shown later (see full system 
modelling) detection may be achieved, es- 
pecially if a benign atmosphere can be set 
up to encourage attempts at communica- 
tion. 3 

The other major aspect - 'data 
marshalling' - which arises here has 
effects such as `delay in response' and 
`thinking fatigue' associated with it, and 
from the point of view of the outside world 
is seen as a condition ranging from a severe 
lack of confidence to the shell of the total 
non -talker. This aspect is therefore linked 
with the stress condition under which the 
mentally handicapped can live for long 
periods; and which can be explained in 
relation to system modelling, largely in 
terms of data marshalling. 

Data marshalling (refs 2 and 4) may be 
defined in the present context as the 
"streaming" and "sorting" of "masses of 
data". A full definition also includes the 
systematic presentation of the data, and it 
is in this final transfer outward that the 
handicapped often find the most difficulty. 

Only just recently this last problem was 
demonstrated most dramatically by a 
young man who is easily driven into the 
non -talking state. On this occasion he 
selected a gramophone record which, from 
the sleeve, he knew to be of a piano; but 
instead of saying the word as usual he 
mouthed it - there is no ambiguity when 
lip-reading "piano". Although he could be 
sensed to be making an intense effort to 
achieve the transfer to voice production 
the pressures were such that he found it 
impossible. 

Apart from its importance in providing 
direct evidence of something that cannot 
be detected in most circumstances - the 
failure to transfer - this incident carries a 
number of other important implications. 
Outstanding is the single aspect of delay - 
time which it covers (the "microscope" 
mentioned earlier). This specific element 
is part of the general build-up of delay 
which seems to be associated with the 
checking process of streaming and sorting 
which enter into data marshalling in the 
hyper -autistic condition. The evidence is 
sufficiently widespread to justify the state- 
ment that every new step - even for an 
action - has to be checked and re -checked 
before the individual feels that he can carry 
it out, unless some assurance which is 
acceptable has been given beforehand. 
However, the main reason for quoting this 
incident is that it gives an example of the 
"control" which is a feature of full system 
modelling. The chances of picking up an 
isolated event of this character are infinite- 
simal without some control of the atten- 
dant circumstances. To set up such 
controlled circumstances demands predic- 
tion by "primary" system modelling; and 
in this case the use of the gramophone 
provided a form of control (see later for an 
account of this approach) while experience 
combined with knowledge of the indi- 
vidual gave a likely time for observation. It 

is the inability to obtain repetition of such 
incidents which has made it so difficult to 
maintain continuous lines of research. 
This difficulty has been fully recognised as 
one of the problems facing the specialised 
unite and in effect forms one of the "design 
criteria" for it. 

Similar lines of argument had to be fol- 
lowed to derive the remainder of these 
design criteria or the equivalent; and that 
the course of their development was linked 
with: 
- the corresponding phases of the project 

itself and 
- the progress of the trials which have 

been carried out with electronically - 
based techniques and equipment and 
which have underlain, and have been 
correlated with, the project as outlined 
in the foregoing description. 

It is hoped that this has given at least an 
indication of the difficulties facing anyone 
entering this field and having to assimilate 
all the new concepts which have been in- 
troduced. Again briefly, it does seem that 
the only real solution is through on-the-job 
study and experience (see ref. 2 for link 
with training for emergency control) so 
that overall perspective and atmosphere 
can be gained. This general requirement 
has been covered in the proposals for the 
specialised unit in that allowance is made 
for high -calibre learners to work alongside 
the permanent research -care staff. These 
learners would thus be favourably placed 
for "... coming to grips with so many 
new concepts" and " ... in building up 
their own know-how" (ref. 1). It is en- 
visaged that they would spend at least a 
year in the nominal learning role, and then 
as part of the general policy for the unit 
would undertake the passing -on of their 
know-how and relevant experience to 
others. 

How these possibilities would be rea- 
lized in the unit is perhaps best shown by 
giving some account of the techniques and 

Christina at work with the magnetic 
board - tutorial techniques being 
established in parallel. 

equipment which have already been de- 
veloped. This account is concluded with a 
description of an advanced language 
laboratory which would provide facilities 
- already tried out in principle - to ena- 
ble individual aspects of hyper -autism to 
be investigated in the controlled circum- 
stances of total system modelling. 

It cannot be stressed too highly that, 
although the laboratory would provide 
unique facilities for research into various 
aspects of mental handicap which have 
already been "separated out", the basic 
objective would remain to develop ever - 
improving care for the handicapped. And 
in so doing to remove the worry and the 
other pressures from them, which is 
utterly obligatory if this work is to be at all 
successful - quite apart from the humani- 
tarian issues which arise. It has been sug- 
gested that the present methods could be 
expanded and could feed this "source" 
information into a health authority organi- 
zation "concerned with all vulnerable 
members of the community" 

Magnetic board 
The first piece of equipment specially de- 
signed to provide research -based care ("re- 
search -care") facilities for a young woman 
who suffered from a mental handicap and 
multiple physical handicap was the magne- 
tic board. Full tribute must be paid to the 
staff who worked with Christina. They had 
established a rapport despite her inability 
to do more than make a small range of 
noises, while communication through the 
hands was near -impossible because of 
severe malformation of her wrists. 

Nevertheless, it did seem that the 
last-mentioned avenue of communication 
might be investigated, and that this might 
even yield some spin-off; and full acknow- 
ledgement must be made to the head of the 
unit in that this spin-off was of a major 
character especially in terms of some basic 
principles that have been brought into the 
design of the advanced language lab. 

The so-called magnetic board consisted 
of a square of sheet iron faced with 0.2mm- 
thick plastics over which converted mag- 
netic door -latch pieces could be moved by 
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a magnetic stick. The first decision taken 
- to have "words" rather than individual 
letters as the movable pieces - though 
simple, was of major importance in other 
applications. Thus in practice, the speed of 
selection was found to be matched to 
Christina's concealed capability and - as 
confirmed by other examples - the alter- 
native of letter -by -letter build-up was te- 
dious and time-consuming. This is of in- 
terest in those control systems employing 
speech synthesis4 and, as will be seen, in 
the human electronics of the advanced lan- 
guage lab. 

In the same way, the results of the attack 
on the problem of the physical handicap - 
to enable the pieces to be moved by 
Christina - were of wider interest because 
severe mental handicap is frequently ac- 
companied by some form of physical disa- 
bility and, as with Christina, this calls for 
courage and determination of the highest 
order. (The mentally handicapped have 
been described as "the most courageous 
people on earth".) 

Similar considerations also applied to 
the development of the "ruggedized gra- 
mophone" (see below), where one of the 
aims was to enable those with an apprecia- 
ble degree of physical handicap to do 
something, hitherto accepted as quite im- 
possible, themselves. Furthermore, as has 
been shown to be crucial for progress and 
to help offset the effects of their difficult 
circumstances, they are working with a 
mature objective.' 

As a practical example of the attention 
needed for the apparently simple compo- 
nent design required in these instances, 
with their human implications, it may be 
useful to consider the "magnetic stick" as 
finally adopted. As the result of a series of 
trials - which helped Christina to supple- 
ment her own efforts to improve her com- 
mand of the stick - its dimensions, found 
to be quite critical, were 25cm long and a 
diameter of 8mm. The actual configura- 
tion was tee -shaped with a croupier -type 
end tipped with a small permanent mag- 
net. The magnet was selected, in conjunc- 
tion with the rake end, to provide the 
push/pull action required to move the 
words against the magnetic "sticktion" of 
the board. 

Ruggedized gramophone 
In its do-it-yourself role, the ruggedized 
gramophone is noteworthy for the large 
amount of spin-off that was gained from it. 
Developed specially for this application, 
the basic design aim was to provide a unit 
which could be operated by the most 
severely handicapped individual; and, as 
implied by its original title, would stand 
up to any form of clumsy handling that 
could be envisaged. Provision was made to 
restrict access to the turntable and pick-up 
when a record was being played. Thus the 
mechanical design of the box was ex- 
tremely robust with power interlocks on 
the lid which had to be shut before 
playing. On the operational side, "start" 
was by a plunger -type control external to 
the box; while an alternative cone -shaped 
spindle provided easy juke-box centring 
for compatible records where physical 

handicap made this difficult. 
When this unit was brought into service 

a definite break-out from the shell was 
produced with every member of the group 
concerned, and that this could be re- 
peated. This meant that concealed capabil- 
ity could be demonstrated effectively "to 
order" for the first time. This depended 
upon the maintenance of stable conditions 
i.e. by preventing disturbance, particu- 
larly by avoiding intrusion by strange visi- 
tors.2 

That this point had been reached was of 
particular significance in terms of intensi- 
fying research, because it proved that it 
was possible to set up the equivalent of the 
controlled conditions which were being 
evolved even then, on the basis of rather 
more indirect evidence; and not to have to 
depend entirely on random - passive - 
observation for firm vital data. 

On the human (care) side a summary of 
the position is perhaps best achieved by 
quoting from statements made by the staff 
at the time: 

"It (the gramophone) has given them 
great satisfaction being able to do something 
completely by themselves" and 

. expressions change and the 
mentally handicapped start to communicate 
more freely than they have ever done be- 
fore". 

The statement that " ... people there 
was little hope for, who remained silent 
throughout long periods ... progress 
from gestures to more comprehensive 
sounds and words ... and more awareness 
of what is going on around them" is given 
as being representative of the evidence that 
has been collected from many witnesses. 
However in this instance there are two 
vital differences: firstly that the evidence is 
for all of a group and secondly that it has 
been obtained in a controlled, non-random 
fashion. 

The last statement quoted also includes 
a reference to ". . . clearer voices . . . 

(when progress is being made with com- 
munication). These may be regarded as 
being early manifestations of "second 
voice" (and "super -second voice" effects 
which are covered elswhere.3 By their very 
nature they are difficult to detect, but 
work continues on this aspect of "the per- 
son underneath". 

On the technical side, the bringing into 
operation of the gramophone may be said 
to have marked the beginning of system 
modelling proper. The composite system 
- planned to produce certain research 
answers - consisted of the individual with 
a "thinking mechanism" sub -system, the 
sound -track "data content" of the record 
and the instructions (roughly software) 
given to the student. 

With regard to this last aspect, one ele- 
ment in the control programme was that 
the student selected "his" record by 
looking for his photograph on the sleeve 
which also carried his name (for possible 
"subliminal" recognition); and, for in- 
stance, information could be obtained on 
delay time which was "tied" to a specific 
parameter and set of circumstances. 

Continuing with this example, the next 
step now could be to look into gating in- 
terface blockages, for example, when suffi- 

cient linking information had become 
available. Thus, analysis of delay times in 
telephone communication with, say, varia- 
tion in side -tone content could be made - 
assuming isolation had been achieved from 
such effects as "back -comparison" time. 

The crystal transducer and amplifier 
unit were used with a small hand-held 
loudspeaker unit for the original speech 
reinforcement development. In the pro- 
posed advanced language lab application, 
the speech output would be fed into the 
laboratory loudspeaker system (page 00); 
and it is of interest that a similar arrange- 
ment might be adopted for the main 
operating space for "two-tier" full emer- 
gency control.2 

The unit gave remarkably good quality, 
and as far as the main problem of acoustic 
feedback was concerned, this could be 
kept below the howl -back threshold for all 
but the maximum loudspeaker volume. 
The initial speech reinforcement require- 
ment was set at a minimum of increasing 
the intelligibility -content of sounds pro- 
duced by the less -heavily mentally handi- 
capped who were prevented physically 
from making almost any form of utterance. 
(Precedents with the non -mentally handi- 
capped have been seen.) Accompanying 
this initial requirement was the hope that 
the work would encourage attempts to 
produce sounds which were more speech - 
like; and in the trials that were possible 
this did indeed take place. 

With regard to improvement of speech 
sound production a basis was established 
the work planned in this area for the a.l. 
lab. Taking advantage of the early magne- 
tic board findings, it appeared possible to 
"fill-in" words such as those produced as 
little more than exclamations by a word on 
the board and vice versa. 

This has been taken further in planning 
to include in the a.l. lab. a `talking type- 
writer' for `filling -in' by the handicapped 
person with words instead of individual 
letters on the keys - following the prin- 
ciple accepted for the magnetic board. 
This does mean that only a very restricted 
vocabulary is available; but in many cases 
this is desirable, especially in cases where 
system modelling is being carried out and 
where mental search time has to be kept to 
a minimum. 

The lightly handicapped occupy a 
special place in the proposals in that it is 
suggested that they should be made part of 
the unit's back-up staff, acting as contact 
helpers. Information has been collected 
from a variety of sources on their ability to 
interpret the distorted (e.g. inverted) 
speech of those at a lower level of attain- 
ment; and in undertaking this work they 
would derive enormous benefit for them- 
selves from doing something that is adult, 
carries recognizable responsibility, and - 
perhaps for the first time - shows them 
that they can be successful at doing this 
mature work. Experience can be quoted 
than the resultant enthusiasm is then 
transmitted to the others; and this access 
of confidence - as opposed to a dread of 
`getting it wrong' - can be seen in their 
ability to act as team -leaders to the more 
handicapped. They are, in fact, achieving 
the equivalent of rehabilitation in bringing 
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themselves and their team out of the 
hyper -autistic shell. 

Such a successful arrangement should 
not be disturbed; continuity and hence 
stability are vital even for those at the 
higher levels of attainment if they are to 
retain this position. Also, they still require 
highly sensitive guidance and particularly, 
encouragement, as with all the handi- 
capped. 

Language laboratory 
tutorial scheme 
As envisaged the first application of the 
tutorial system would be to the talking 
typewriter scheme. It is assumed that the 
move to this scheme would be preceded by 
a build-up of contact experience where 
interpretation would become increasingly 
tripartite in character, i.e. students, 
helpers and main care staff would develop 
more and more mutual understanding, and 
as time went on more and more interde- 
pendent. 

Such an arrangement could be made 
more formal with, say, the d.i.y. gramo- 
phone operating with a definite team pro- 
gramme. To prepare for the final scheme, 
individual members of the team might be 
introduced to basic language lab. condi- 
tions with the use of the telephone under 
controlled conditions2. Thus, providing 
the telephone is accepted, the student can 
be expected to gain in confidence and in 
facility of verbal communication. 

This question of acceptance of the unfa- 
miliar (with the anxiety it may cause) is 
perhaps where the helper can make his 
greatest contribution. Association of ideas 
effects are often enough to prevent such 
acceptance in these circumstances; but the 
trust placed in the helper may enable him 
to smooth the way to compliance. It should 
be added that non-compliance usually 
takes the form of entrance into the isola- 
tion of the shell for an indefinite period 
(and which should not be confused with 
sulking). 

With this background, it becomes more 
than evident that human considerations 
must always be given absolute priority in 
the design of these systems and in planning 
their operation. Thus human electronics 
takes on its full meaning; with failure even 
to avoid, say, an unsuitable shape of a 
control liable to vitiate the whole scheme. 

Something of the way in which these 
principles are applied may be seen with the 
talking typewriter development. This 
scheme is centred round a word -keyboard 
speech synthesizer with software arranged 
to display the words being keyed -in. In the 
word mode, the words would be spoken as 
they were keyed -in. In the phrase mode, 
they would still be displayed word -by- 
word, but not put out as speech until a 
speak button was pressed for the group of 
words to be transmitted out from store. 

Insert mode would have two sub -modes. 
In the first, this button would bring in a 

throat microphone worn by a tutor to give 
an insert (interject) facility for 'filling -in'. 
In the second sub -mode, this interject fa- 
cility would be made available to both 
tutor and student so that the tutor could 
back up any attempts made by the student 
to produce coherent speech by mixing his 

own sounds into the controlled, synthe- 
sized speech. In general this would only be 
used by lightly handicapped students (they 
will accept the throat microphone) particu- 
larly by those who were potential tutors; 
but as the result of experience it might be 
possible to evolve a simplified version of 
this system for the more handicapped. 

The aim throughout is to develop 'subli- 
minal' methods for learning to read, com- 
bined with improvement of speech. Not 
long ago it would have seemed astonishing 
that systems of this kind were being sug- 
gested for the mentally handicapped. 
Now, as has been shown, more than suffi- 
cient evidence exists to justify further 
extension of these advanced methods; and 
in the last system to be described, the 
extension is taken into 'visual mathemat- 
ics'. This concept has been evolved in the 
context of mental handicap, and not least 
in the light of an interest in numbers that 
has been detected. 

The ideas entering into this concept 
come from several areas, and started with 
an aerospace calibrated display systems. 
This continued with the suggestion that 
this system - essentially for multi -channel 
'histogram' working - would be made in 
single -channel form to meet a specific re- 
quirement in crisis control. A further de- 
velopment for operation under 'survival' 
control conditions6 appeared to offer pos- 
sibilities in the evolution of visual mathe- 
matics; and in view of the interest being 
shown in this area, the principle was ap- 
plied to the tutorial side. As in other in- 
stances of this kind, spin-off flow built up 
in both directions. 

In its original form the calibrated 
display enabled the time -division 
multiplexed output from several transduc- 
ers - appearing as a histogram - to be 
shown simultaneously with an adjustable 
calibration line on a c.r.t. display. Histo- 
gram and calibration line were shown on 
alternate strokes of the time base, and thus 

'Tutorial' position in advanced language 
laboratory as envisaged for the talking 
typewriter. Tutor operating with throat 
microphone and 'interject' button. 
Demonstration/teaching c.c. tv camera and 
microphones overhead. 

measurements in terms of calibration fre- 
quency were made on common equip- 
ment. The calibration - and therefore the 
accuracy of measurement - were thus 
independent of changes in the chain be- 
cause the calibration and histogram signal 
were fed into it at the same point. 

This same basic principle is used in the 
crisis control application. Here the raw 
data output from a single 'frequency' 
transducer is measured by moving the cali- 
bration line to coincide with the top of the 
pulse representing the transducer output 
value. In the illustration, the pulse is 
shown as repeated in order to read more 
easily through 'locked' interference; while 
the sine wave shown below the calibration 
line is a direct representation of the 
transducer output. 

This last feature has been added for 
visual mathematics where the idea of 
number might be associated initially with 
this picture of a variable -frequency tone 
reproduced on a loudspeaker. This would 
be related to the numerical value shown on 
the calibration adjustment control at a suit- 
able point as judged by the tutor, with this 
followed appropriately by interchange of 
setting and reading between him and the 
student. It is envisaged that this facility 
might be extended to more computer -like 
displays; but this would only be after a 
protracted exploratory period. And the 
outcome of this work might only reveal a 
logical aptitude; but this alone would be 
worthwhile, as in a comparable case when 
one discovers that a non -communicator is 
making himself understood with words 
which it was not known that he had mas- 
tered. 
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Project summary 
The position now reached with this project 
as shown in the five phases of the flow 
chart can be stated in terms of `research - 
care' and the developments which have 
stemmed from the establishment of a 
technological (essentially electronic) base 
- phase 3. 

The growth in the wider aspects of re- 
search -based care has been maintained 
throughout the project; the most impor- 
tant element in it continuing to be in- 
formation (observational data) obtained 
from witnesses at all levels, and giving 
direct insight into the concealed capability 
of the mentally handicapped. The work of 
interpretation of these reports and their 
correlation has been strengthened with the 
development of the required technical 
vocabulary; and has been increasingly in- 
terlocked with the results of trials which it 
has been possible to carry out, particularly 
during the latter part of the programme. 

It has become increasingly clear with the 
progress of the project that over-riding 
priority must always be given to the 
human considerations. Thus, although the 
accepted research -care is an abbreviation 
of research -based care, and although re- 
search is fundamental to the whole concept 
of the unit, it must be made subordinate to 
care at all times. This principle has already 
been stated with regard to the design of 
electronic equipment for use by the handi- 
capped themselves, where disregard of 
their special requirements is quite likely to 
result in non -acceptance and consequent 
entry into the shell. 

Therefore, broadening this principle not 
only to include system design but also to 
include the planning of any research it 
becomes clear that a close watch must al- 
ways be kept for any signs of the de- 
velopment of set -back, not least for the 
serious economic penalty that can be in- 
curred with the inordinate amount of time 
and effort that may have to be expended to 
restore the position. 

Precautions can be taken to reduce the 
chances of set -back conditions being set 

Laboratory equipment arranged for 
'visual mathematics' display. In tutorial 
use, auxiliary traces would be shown on 
separate displays. Photo by Manchester 
Polytechnic. 
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up; and one part of this approach is to 
make sure that a step forward in a pro- 
gramme is not taken until the current step 
has been understood and accepted. This is 
vital, particularly where research is being 
carried out by indirect methods designed 
to pick up answers to questions arising 
from, say, system modelling, and where it 
is difficult to separate -out the factors. 

Some of this has already been outlined 
in the earlier sections on tutorial tech- 
niques; and can be seen in more detail by 
taking the case of the young man who 
failed to make the final transfer to audible 
speech. The question of "Could failure to 
transfer always be traced to the last in- 
terface (or at others?" could be tackled by 
an indirect approach using suitable facili- 
ties available in the advanced language lab. 
These might well include observation of 
delay time with the 'talking typewriter' 
and the telephone with its side -tone 
effects; and would involve finding how 
representative these students were, in 
order to avoid causing distress to indi- 
viduals not immediately capable of using 
these pieces of equipment. 
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Original calibrated display for multi- 
channel working. 

Such a research investigation would be 
complex, but could be kept under control; 
and could give valuable information in a 
number of fields such as ordinary autism 
and geriatric ability to speak, and, of 
course, for getting a better picture of this 
aspect of mental handicap communication. 
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RTTY on a Nascom 
Now that home microcomputers are replacing the old-style electromechanical 

teleprinters, interest in transmitting teleprinter messages by amateur radio (RTTY) is on 
the increase. lan Wade describes how a Z80 -based Nascom microcomputer can be used 
for RTTY, and includes full details of the special hardware and software required. Most of 

the techniques apply to any micro -based system. 

Despite the fact that the Z80 -based Nas- 
com microcomputer was first introduced 
several years ago, many of these excellent 
machines are still in use today in amateur 
radio stations. About two years ago I de- 
cided to build a rtty system around a Nas- 
com, and this article describes how it was 
done. The package started life as a small 
collection of rudimentary subroutines 
performing little more than conversion be- 
tween the ascii and Baudot character 
codes, but as operational experience in- 
creased, more and more software and 
hardware facilities were progressively 
added until the system eventually assumed 
its present form. The panel opposite lists 
the features now incorporated in the 
system. 

The first part of this article summarizes 
the basic operation of the system, and then 
covers suggested hardware modifications 
to make the Nascom function as a rtty 
terminal. Each of the modifications is ac- 
companied by a short test program, so that 
the changes can be checked out indi- 
vidually before running the rtty program 
proper. The second part describes the soft- 
ware in detail, and includes a machine 
code listing of the rtty program. Whilst 
some of the material is naturally specific to 
the Nascom, most of the techniques des- 
cribed are equally applicable to any micro - 
based rtty system, and may be adapted for 
use on other machines. 
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RTTY system 
Starting at the top left-hand corner of the 
simplified block diagram, Fig. 1, the two- 
tone audio output from the receiver is 
passed through the terminal unit, in this 
case a home-made version of the well- 
known ST5 design. The output from the 
terminal unit is a stream of ±5 volt pulses, 
-5V corresponding to a mark (1445Hz) 
and +5V corresponding to a space tone 
(1275Hz). These serial pulses, represent- 
ing Baudot characters, are then input to 
the uart in the Nascom. The rtty software 
now takes over, converting the Baudot 
characters into their ascii equivalents, and 
saving them in the ascii text buffer. From 
there they are sent to the tv screen, and 
optionally, to a printer connected to the 
parallel interface (p.i.o). In the reverse 
direction, characters to be transmitted are 
typed in at the keyboard and saved in the 
ascii text buffer. These characters are 
displayed on the screen and again optio- 
nally printed, before being converted to 
Baudot for transmission, via the uart, to 
the two-tone generator' The audio output 
from the generator is connected to the 

Nascom microcomputer 

uart 

T 
Tx/Rx control 
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Fig. 1. G3NRW rtty system features 
Centronics -type interface, real-time clock 
for time stamping, automatic control of 
transmit/receive changeover, and station 
identification in Morse code. 
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The author 
Meng with other holders of G3N 
cailsrgns, Ian Wade is fast approaching 
his first quarter century as a licensed 
amateur, and has dabbled in most 
aspects of this fascinating hobby at one 
time or another. His particular interest is 
in data communication, satellites and 
very low power operation, but other 
obsessions include photography, music 
(from Bach to Heavy Metal, but drawing 
the line at Harpsichords) and linguistics. 
Professionally, he is managing director 
of the software house Dowermain Ltd, 
specializing in industrial, process 
,control and telecommunication 
systems, 

microphone input of the transmitter, 
which operates in vox mode. 

The single -bit drive output from the 
Nascom (normally used to control a cas- 
sette tape recorder motor when saving 
programs on tape) is used in the rtty 
system to switch the two-tone generator on 
and off. When DRIVE is asserted low, the 
generator operates normally, sending mark 
and space tones to the transmitter. When 
DRIVE is asserted high, however, no 
tones are generated at all. Thus the drive 
output controls transmit/receive change- 
over, and when used in conjunction with 
vox there is no need to make any direct 
control ccinnection to the transceiver. In 
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FEATURES OF THE G3NRW NASCOM RTTY SYSTEM 
+5V 

The my program runs on a basic Nas- 
com t or 2 microcomputer, under the 
standard Nas-Sys Monitor, and occu- 
pies just 896 bytes of user ram (in the 
address range OC80 to OFFF). 

Only minor hardware changes are re- 
quired to the Nascom hardware, to 
make the uart handle five -bit characters 
at 45.45baud. An alternative uart clock 
generator covering all the standard 
rates is also described. 

Supports an external real-time clock, 
operating under interrupt, allowing the 
current time to be displayed on the tv 
screen and to be included in messages. 

Supports a Centronics -compatible prin- 
ter via the parallel i/ò (p.i.o.) interface, 
also operating under interrupt, to pro- 
vide hard copy of all transmitted and 
received messages. 

Uses the drive output from the Nascom 
to control transmit/receive changeover, 
and to transmit the station callsign in 
Morse code for identification. 
When transmitting, provides: 

- keyboard buffering, allowing type - 
ahead 

- automatic carriage return/line feed in- 
sertion, to prevent overprinting at the 
end of a line 

-- automatic insertion of shift character 
after a space 

- automatic transmission of a pre -de- 
fined message (e.g. a CO call) 

When receiving, provides: - automatic carriage return/line feed in- 
sertion 

- facility to insert a Letter Shift or 
Figure Shift character into incoming 
text, to correct characters being re- 
ceived in the wrong shift 

- automatic testing of uart status, with 
rejection of invalid characters (i.e. 
characters having overrun or framing 
errors) 

- facility to set up a message for later 
transmission 

Received message text is displayed on 
the tv screen in lower case letters, and 
transmitted text in upper case, to allow 
easy distinction between incoming and 
outgoing messages. 

addition, the system has a command which 
causes the drive output to be keyed with 
the station's callsign in Morse code, for 
identification. 

The optional real-time clock interrupts 
the processor at regular intervals, and 
forms the basis of a time -of -day clock 
which is displayed on the screen and which 
can also be transmitted as part of a message 
if desired. 

The computer in my system is a basic 
Nascom 1, with 896 bytes of user memory, 
and running under the standard Nas-Sys 
Monitor program. All of the options listed 
above work in this system, but any of them 

Master clock 

can be omitted if the corresponding 
hardware is not available. 

Hardware modifications 
The essential modifications to the Nascom 
are 
- to provide a uart clock running at 

727Hz for 45.45baud operation (or 
800Hz for 50baud), and 

- to set up the uart control inputs for 5 

bits per character and 11 stop bits. 
The remaining modifications (i.e. for the 
printer, real-time clock and drive control) 
are optional, but once fitted can be used in 
a wide range of other applications apart 

: 422 
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0 

(to real-time clock 
see tig.6.l 
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08 
Q7 

02 

C 4040 
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16 _ 

13 9 

4 11 

12 

7 10 

2 

3 

4 

5 

TIMER 

*- CIF 

* * 0 switch closed 
1 switch open 

14 

4082 

S3 S2 S1 SO 
prate docklHzl 

0 0 0 0 45.45 727 
0 0 0 1 4545 727 

0 0 1 0 50 800 

0 0 1 1 75 1200 

0 1 0 0 134.5 2130 

0 1 0 1 200 3200 

0 1 1 0 600 9600 
0 1 1 1 2400 38400 
1 0 0 0 9600 153600 

1 0 0 1 4800 76800 
1 0 1 0 1800 28800 
1 0 1 1 1200 19200 

1 1 0 0 2400 38400 
1 1 0 1 300 4800 
1 1 1 0 150 2400 
1 1 1 1 110 1742 

13 5 

3 

0 

1/2 4013 

C 

1/2 4013 

R29 1k 

R30 

10k 

C12 

3 To uart clock 

727/800 inputs (via 
Hz IinkLK41 

Remove original capacitor 122ní 
and replace with 47n 

Fig. 2. Modification to 555 clock generator 
to run the uart at 44.45/50baud. 
Component numbers refer to those in the 
Nascom 1 manual. 

from rtty. The modifications are described 
in detail below, and are suitable for both 
the Nascom 1 and 2 computers. The test 
programs to check out the changes are 
keyed in from the keyboard, using the 
Nas-Sys modify memory (M) command, 
and they all start at address 0080; i.e. 
execution is started with the command 
EC80. All references to memory addresses 
and their contents, here and elsewhere in 
the article, are in hexadecimal. 

UART clock 
Two methods of providing a uart clock are 
described. The first involves a minor mod- 
ification to the existing 555 clock generator 
(which normally runs at 1760Hz for 
110baud operation), and the second is an 
external clock which produces all of the 
standard clock rates from 45.45 to 
9600baud. 

To make the 555 clock run at 727 or 
800Hz, it is only necessary to replace the 
existing 22nF timing capacitor (C12 in Fig. 
2) with a 47nF capacitor. This should be a 

727 H z 

12 

4013 pins 4,6,7,8,10: ground 
pin 14:+5V 

4307200Hz 

6 

2 4576MHz -- --- 
T56P 10M 

7 

T56 

-_ 4702B 

+5V 

16 

15 

14 

13 

12 

11 

10 

S1 S 

To uart 
clock inputs 

Fig. 3. External uart clock generator is based on c-mos 47028 'baud rate' generator, whose 
output frequency is selected by switches Soto S3 - see table. 
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polycarbonate film type or similar to re- 
duce thermal drift. It is then a matter of 
adjusting the preset, ideally using a fre- 
quency counter, until the desired fre- 
quency is achieved. This modification was 
used successfully for several months, but 
does of course have the minor disadvan- 
tage that it is not then possible to revert to 
110baud operation without having some 
means of switching the timing capacitor 
back to its original value. 

To overcome this disadvantage, an 
external uart clock generator was de- 
veloped (Fig. 3). This is based on the cmos 
4702B `baud rate' generator chip, whose 
output frequency can be selected by means 
of the four s.p.s.t. switches SO to S3, 
according to the table shown in the dia- 
gram. The basic 4702B chip provides all of 
the standard clock rates for operation from 
50 to 9600baud, and the three addi- 
tional cmos chips produce the clock for 
45.45baud by dividing the master clock 
frequency (307200Hz) by a factor of 422. 
The four clock select switches do not re- 
quire pull-up resistors. Pin 4 of the 4702B 
chip is normally left unused, but if it is 
grounded the clock output on pin 10 is 
disabled. 

The unit can be built on a small piece of 
stripboard and requires no setting up. 
After construction, the output frequency 
should be checked with a frequency coun- 
ter for each of the 16 possible combina- 
tions of the clock select switches, and 
should be within a few Hz of the values 
given in the table. The `unusual' frequen- 
cies for 110 and 134.5baud arise from limi- 
tations in the design of the chip, but are 
still well within acceptable limits for the 
uart. 

UART control 
The uart control inputs (pins 35 to 39) 
need to be set up for five -bit character 
operation. This requires these pins to be 
connected as follows (corresponding to 5 

data bits, 11/2 stop bits, no parity): 

Pin 35: 
36: 
37: 
38: 
39: 

high 
high 
low 
low 
high or low (does not matter). 

To achieve this, it is required first to 
remove the existing connections to these 
pins, if necessary by breaking the p.c.b. 
tracks. Then the pins can be connected to 
s.p.s.t. switches with pull-up resistors, as 

shown in Fig. 4, so that any combination 
of control inputs can be set up. 

Printer interface 
The rtty program will drive a Centronics-. 
compatible printer to provide hard copy of 
all received and transmitted messages (Fig. 
5). The printer is connected to port B of 
the p.i.o. and operates under interrupt. 
When the printer is ready to receive a 

character, its acknowledge output (and 
therefore the BSTB input to the p.i.o.) 
goes low, thus causing the interrupt. The 
data strobe from the p.i.o. to the printer is 

connected to the B7 data pin of the p.i.o. 
because the print strobe is generated by 
software. 

+5V 
p.i.o. Port B 

BSTB B7 B6 B5 B4 B3 B2 Bt BO GND 

. 

5 x 10k 

39 

uart 

EPE 

CLS2 

CLS1 
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L 

17 

A 

34 

V 

33 32 

V 

31 

V 

30 29 28 

V 

27 

- 

J 
p.i.o. 

38 Mi-- 
37 -- 
36 - SBS connector 

35 
6402 PI 10 8 7 6 5 4 3 2 19-26 

ACK 6 5 4 3 2 DATA ONO DATA DATA 

STRWWE 7 

SA Centronics printer 

Switch settings for rtty 
SA 

SB 

SC 

Sn 

SE 

Open 

Open 

Closed 

Closed 

Open or closed Fig. 4. 

To test the printer, load the program 
listed in Table 1, and start it running with 
the EC80 command. Then type any char- 
acters on the keyboard. As each key is 

struck, the program outputs the corre- 
sponding character via the p.i.o. to the 
printer. Having accepted the character, 

Table 1. Printer test program. 

OC 80 : 

OC 88: 
OC 90: 
OC 98: 
OC AO: 

OC A8: 

OCB 0: 
OCB 8: 

21 86 OC 

D3 07 3E 

D3 07 3E 

FB DF 7B 

D3 05 CB 

D3 05 18 
B9 OC 32 

4D 

E5 

AC 

OC 

32 
BF 

EC 

F9 

ED 4D 3E 

D3 07 3E 

ED 47 ED 

B9 OC CB 

D3 05 CB 

AE OC 08 
OB 08 FB 

OF 

87 
5E 

FF 

FF 

3A 

ED 

the printer should then respond with an 
interrupt, and the interrupt service routine 
in the test program now echoes the charac- 
ter at the top right-hand corner of the 
screen. If no characters are echoed, the 
printer is not interrupting correctly. Note 
that although the characters are echoed on 
the screen, nothing is actually printed until 
carriage return is typed (or 132 characters 
have been input). 

Real-time clock 
A real-time clock can be connected if de- 
sired to the ASTB input of the p.i.o. The 
clock could be at 50Hz, derived via a suit - 

4040 

8 

+5V 

16 

11 

Real-time clock 

1200Hz 

10 

Master clock 
from tig.3.I 

307200Hz 

Fig. 5. Program will drive a Centronics - 
compatible printer to provide hard copy of 
messages. 

able step-down transformer from the 
mains, or could be generated by a crystal 
oscillator. Any frequency in the range 1Hz 
to about 1500Hz could be used, provided 
that it is accurately known and stable. In 
the G3NRW system, the clock is obtained 
from the uart master clock, which is 

divided by 256 to give a square -wave out- 
put at 1200Hz; see Fig. 6. This frequency 
was chosen to allow the Nascom to run 
Amtor, but that is another story! 

To test the clock, first load the program 
listed in Table 2, setting locations OCAC 
and OCAD (indicated by Y and X in the 
program) to correspond to the clock fre- 
quency in use. X is the most significant 
byte of the frequency and Y is the least 
significant byte. Examples of the hexadeci- 
mal values of X and Y for various clock 
frequencies are shown in Fig. 6. Now start 
the program with the EC80 command. If 
the clock is working correctly, the two - 
byte counter at locations 0BF7 and OBF8 
will be decremented after every individual 
clock interrupt, and the counter at location 
OBF9 will be incremented once per 
second. As these three memory locations 
correspond in fact to the last three charac- 
ter positions on the top line of the tv 
screen, the counters can be observed very 
easily. Thus the first two of these charac- 
ters will be changing at the clock rate (and 
hence will be quite blurred except for very 
low clock frequencies), whereas the last 
character on the top line will only change 
once per second. If these characters do not 
change at all, the clock is not interrupting 
correctly. 

p.i.o. P¡ortA 

ASTB 

Real-time clock program 
constants 

Frequency 

Hz 

Hexadecimal 

X Y 

1 00 01 

25 00 19 

50 00 32 

100 00 64 

1000 03 E8 

1200 04 BO 

Fig. 6. Real-time clock could be driven by 
any accurate frequency between 1Hz and 
1500Hz; in the G3NRW set-up clock is 
obtained from uart and divided by 256 to 
give rectangular -wave output at 12O0Hz. 
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Table 4. G3NRW rtty program to run under Nas-Sys 3. To run 
under Nas-Sys 1, change location OCDE from 7C to 82 and OD8E 
from 80 to 86. Real-time clock frequency XY is at OFDO (Y) and 
OFE1 (X). Callsign constants occupy locations OFD4 to OFDF. 
OC80: 21 98 OC E5 ED 4D OD OA 20 54 49 4D 45 20 30 30 

0C90: 30 30 20 55 54 43 20 20 2E OE 11 91 OC 3E 30 CD 

OCAO: C4 OF 23 CD C4 OF 2E 86 11 CA 08 01 12 00 ED BO 

OCBO: AF CD 56 OE 2A 86 OC 22 F7 08 3E DB 32 CO OE CD 

OCCO: CD OF 3E OF D3 06 D3 07 ED 47 3E 87 D3 06 D3 07 

OCDO: 3E CO D3 04 D3 06 3E C2 D3 07 ED 5E FB 3E 7C CD 

OCEO: 34 OE CF 4F FE 20 38 39 FE 74 CA 8D OD FE 6C 28 

OCFO: 4C FE 66 28 43 FE 7A 28 18 FE 78 28 lE 3A F9 OB 

0000: B7 28 DF 2A OE OC 3E F7 95 20 02 2E DC 71 23 22 

0010: OE OC 18 CE 3E OD CD 56 OE 18 C7 AF 32 F9 OB 18 

0D20: Cl DB 02 E6 OE 28 04 3E 20 18 23 47 79 87 28 82 

OD30' FE 1F 28 09 FE 18 20 OD 21 61 OF 18 03 21 41 OF 

0040: 22 10 OC 18 9D 2A 10 OC 09 7E FE OA 28 94 CD 68 

0050: OE F3 DF 65 FB FE OD 20 89 CD 50 OE 3E OA 18 EE 

0060: AF 4F 21 84 OF 16 08 5E 83 28 2C CB 13 38 16 CB 

0070: 79 CB F9 20 04 F3 DF 5F FB AF 06 06 CD 40 00 15 

0080: 20 E9 23 18 EO CB 79 CB B9 28 EE 18 E8 3E 80 CD 

0090: 34 OE 3E 1F 32 1D OC DF 5F DF 62 30 30 FE 69 28 

ODAO: BF FE 72 28 23 FE 68 20 01 AF CD 68 OE FE OD 20 

0080: 07 CD 50 OE 3E OA 18 F2 FE OA 20 04 3E 20 18 EA 

ODCO: FE 20 20 09 3E 1F 18 E2 DF 5F C3 DD OC DB 02 E6 

ODDO: 40 28 5E 2A 12 OC ED 5B 14 OC CD AD OE FB 28 31 

ODEO: ED 53 14 OC 22 12 OC 4F FE 1F 28 31 FE OD 20 04 

ODFO: 3E 08 18 29 FE OA 20 04 3E 02 18 21 06 00 21 61 

0E00: OF 09 7E 21 1D OC CB 7F 28 OB CB 56 28 OF CB 96 

0E10: 7E D3 01 18 1C CB 56 20 04 CB D6 18 F3 D3 01 79 

0E20: FE 1F 28 04 F3 DF 65 FB 3A 12 OC CD 9F OE 32 12 

0E30: OC C3 99 OD 32 75 OC 21 2E OC 22 16 OC 22 12 OC 

0E40: 22 18 OC 21 41 OF 22 10 OC AF 32 lE OC 32 F9 OB 

0E50: 3E CO 32 1C OC C9 32 F9 08 21 DC OB 22 OE OC 06 

0E60: 1B 3E 2E 77 23 10 FC C9 F3 4F 21 1C OC 34 20 OA 

0E70: 06 FF 70 FE 20 20 03 3E OD 4F ED 58 16 OC 12 78 

0E80: CD 9F OE 32 16 OC 5F 3A lE OC 87 20 OF 3C 32 lE 

0E90: OC 79 B7 28 04 ED 53 18 OC CD 34 OF 79 F8 C9 3C 

OEAO: FE 61 20 03 3E 2E C9 FE FA CO 3E CA C9 F3 3A 16 

DEBO: OC 95 C8 7E B7 CO CB 54 28 08 7D CD 9F OE 6F 11 

DECO: DB OB ED 18 E8 09 08 DD E5 3E CA 32 CO OE 2A OC 

OEDO: OC 28 22 OC OC AF 47 4F ED 42 20 2D CD CD OF 3A 

OEEO: F9 OB ED 44 32 F9 08 21 1F OC 34 3E 3C BE 20 19 

OEFO: AF 77 21 D5 OB 06 04 DD 21 BB OF 34 7E DD 23 DD 

OFOO: BE 00 20 05 36 30 28 10 F2 DD El 08 D9 F8 ED 4D 

0F10: D9 08 2A 18 OC ED 5B 1A OC CD AD OE 28 11 ED 53 

OF20: 1A OC CD 34 OF 7D CD 9F OE 6F 22 18 OC 3E 01 32 

OF30: 1E OC 18 D7 CB FF D3 05 CB BF D3 05 CB FF D3 05 

OF40: C9 00 65 OA 61 20 73 69 75 OD 64 72 6A 6E 66 63 

OF50: 6B 74 7A 6C 77 68 79 70 71 6F 62 67 00 6D 78 76 

OF60: 00 00 33 OA 2D 20 27 38 37 OD 24 34 27 2C 21 3A 

OF70: 28 35 2B 29 32 23 36 30 31 39 3F 26 00 2E 2F 3D 

OF80: 00 04 8D 85 94 89 00 9A 85 8F 92 00 91 8C 83 9C 

OF90: 9D 96 97 93 81 8A 90 95 87 86 98 8E 9E 8F 9E 92 

OFAO: 99 00 03 19 OE 09 01 OD lA 14 06 OB OF 12 1C OC 

OFBO: 18 16 17 OA 05 10 07 lE 13 1D 15 11 3A 36 3A 33 

OFCO: C5 OE 10 OF ED 67 12 18 ED 67 12 1B C9 2A ED OF 

OFDO: 22 OC OC C9 3A 88 OE E8 AB 88 E8 BA 2E EO 00 00 

OFEO: BO 04 B8 AA 56 FC FA 08 48 OC 79 02 88 01 OC OC 

OFFO: 6B 07 OC OC 00 00 34 OC FC 03 35 00 FD 03 05 00 

Table 2. Real-time clock test program. 
Clock frequency=XY. 

OC80: 21 86 OC E5 ED 4D 3E OF 

OC88: D3 06 3E 9E D3 06 3E 87 
OC90: D3 06 3E OC ED 47 ED 5E 
OC98: AF 47 4F FB 18 FE AO OC 

OCAO: 2A F7 OB 28 2 F7 OB ED 

OCA8: 42 20 OA 21 í 22 F7 
OCBO: OB 21 F9 08 4 : ED 4D 

Drive control 
To control the transmit/receive changeover 
of the transceiver, and to allow the callsign 
to be sent in Morse code, the drive output 
from the Nascom can be used to switch the 

tone generator on and off. The output is 
- intermittently low and high when 

sending the callsign (low corresponds to 
the 'on' or audible elements of the call - 
sign) 

- continuously high during receive 
- continuously low during transmit. 

To check for proper operation of the 
drive and generator outputs, load die 
program listed in Table 3, press the reset 
key and start the program running withe 
EC80 command. Then strike any key on 
the keyboard. This should cause the drive 
l.e.d. to light, indicating that the drive 
output is low, and the tone generator 
should be enabled. Then strike another 
key. Now drive should go high, the drive 
l.e.d. should go out, and the tone genera- 
tor output should be inhibited. Repeated 

entry of keyboard characters in this man- 
ner will toggle the drive output from high 
to low and back again as many times as 
required. 

Table 3. Drive output test program. 
OC80: DF 61 30 FC DF 5F 18 F8 

RTTY software 
The main features of the rtty program are 
described followed by the operating in- 
structions, illustrating the start-up of the 
program and the various commands used 
in transmitting and receiving messages. 
The machine code version of the rtty 
program is listed in Table 4. Copies of the 
full assembly listing, which runs to some 
20 pages, are available direct from the 
author 

Receive mode 
The main functions of the receive section 
of the rtty program are to translate incom- 
ing Baudot characters to ascii, to deposit 
them in the ascii text buffer, and to display 
them on the tv screen. In addition, the 
characters can be output from the text 
buffer to the printer. Several features have 
been included in the receive section of the 
program to allow error correction and to 
allow reply messages to be prepared for 
later transmission. 
O The program tests the uart status as 

each character is received. If a status 
error (i.e. framing or overrun error) is 
detected, the received character is 
discarded and replaced by a space char- 
acter. This is very useful under noisy 
conditions, or when receiving charac- 
ters at the wrong speed, considerably 
reducing the number of garbled charac- 
ters displayed and printed. 

O If an incoming letter shift or figure shift 
character is corrupted so that subse- 
quent characters are displayed in the 
wrong shift, it is possible to inject a 
shift correction character via the key- 
board to restore the correct shift. For 
example, if a series of numbers are 
displayed, and it is suspected that they 
should be letters, the <SHIFT> L 
(lower case L) command can be typed. 
This inserts a Baudot letter shift into 
the character stream, and all following 
characters will then be displayed as let- 
ters (until, of course, a figure shift char- 
acter is received, or a <SHIFT> F 
command is typed at the keyboard). 
This feature is again extremely useful 
under noisy conditions particularly 
when the transmitting station sends line 
after line of plain text without shift 
characters. 

O The program automatically inserts car- 
riage return/line feed (CRLF) into the 
incoming message stream, at the first 
space following the first 64 characters 
on a line. Thus when using the printer, 
overprinting at the end of the line is 
prevented. 

O All received message characters are 
displayed in lower case on the screen to 
distinguish them from transmitted 
characters which are displayed in upper 
case. 

O When receiving messages, it is possible 
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Morse 

00 1 1;1 0 1 0 1 0 0 0:1 0 0 0 0000;1 110 11101000 1010;1011 1 Binary 

Hex 3 A 8 8 0 E E 8 A B 

Terminator byte 

Morse M M MIIIM M 
1 1 1 0,1 

. . 

0 0 0 1 0 1 1,1 0 1 0 0 0 1 0,1 1 1 0 11100000 00000000 Binary 

Hex E 8 8 A 2 E E 0 0 0 

Fig. 8. Morse callsign program constants for DE G3NRW' are loaded into memory from 
location OFD4. 

to set up a one -line reply or calling 
message on the top line of the screen, 
Fig. 7. When transmitting, this 
heading message can be sent automat- 
ically, by simply typing the <SHIFT> 
H command. This can be repeated as 

many times as required. The first half 
of the line contains the time (updated 
every minute by the real-time clock), 
and the second half contains the mes- 
sage, which can be any string of charac- 
ters which fit into the available space; 
e.g. `CQ DE G3NRW' or 'EA5CNG 
DE G3NRW'. This message can be 
changed at any time whilst receiving, in 
readiness for the next transmit over. 

Time 

II 

Flashing message input indicator 

Message area 

TIME 1315 UTC TEST DE G3NRW ZLO8A BEOS...f 

Fig. 7. When receiving a one -line heading 
message can be set-up at the top which can 
be transmitted automatically by keying 
'shift' H. 

Transmit mode 
When transmitting, the program invokes 
several further features which simplify 
operation. 
O Message characters typed in at the key- 

board are buffered, so that it is possible 
to type much faster than the characters 
are transmitted. The characters are not 
echoed on the screen until the instant 
they are actually sent, so that it is pos- 
sible to monitor the progress of the 
transmission. 

O Baudot letter shift and figure shift char- 
acters are inserted automatically into 
the message. 

O After each of the space characters is 
transmitted, the program automatically 
inserts a shift character. Thus even if a 

particular word is received in the wrong 
shift, because an earlier shift character 
was garbled, the next word should be 
received properly. 

O As on receive, CRLF is inserted auto- 
matically into outgoing messages at the 
first space after the first 64 characters 
on a line. This allows the operator to 
type long messages without needing to 
consider when to start a new line, thus 
preventing overprinting on his own 
printer and on the printer at the other 
end. In fact, the CRLF sequence con- 
sists of four characters: carriage return, 

line feed, space and letter shift. The 
space is a pad character to allow addi- 
tional time for the receiving printer to 
complete the mechanical movement to 
the left margin, and the letter shift 
character ensures that the new line 
starts in a known shift state, in case the 
shift was corrupted in the previous line. 

O When no message characters are being 
transmitted, the program automatically 
sends null (i.e. blank) characters, 
rather than just a continuous mark or 
space. This ensures that there are a 

regular transitions between mark and 
space all the time, even when the 
system is idling. This can be helpful to 
a receiving station equipped with a ter- 
minal unit containing separate mark 
and space amplitude demodulators, as 
opposed to the more usual f.m. discri- 
minator; it is claimed that such an a.m. 
terminal unit can perform better than 
an f.m. unit under noisy conditions, 
provided that the demodulators are 
kept `topped up' by regular transitions 
between mark and space3. 

O As mentioned above, a one -line heading 
message can be set up on the screen 
whilst on receive, and then transmitted 
with the <SHIFT> H command. This 
can save considerable typing effort for 
repetitive messages, such as CQ or test 
calls, as once the message has been set 
up it is only necessary to type 
<SHIFT> H each time the message is 
to be transmitted. 

O At any time it is possible to transmit the 
station's callsign in Morse code. 

O Any spurious output from the receive 
section of the uart is discarded when 
transmitting. This was found to be 
necessary because random noise gener- 
ated in the terminal unit was oc- 
casionally treated by the uart input as 
valid characters. These characters were 
regarded by the transmit program as 
keyboard characters, and consequently 
transmitted along with genuine key- 
board characters. 

Tailoring the rtty program 
Before the rtty program can be used cer- 
tain memory locations need to be set up to 
make it applicable to the hardware options 
actually fitted to the system. This is a 

once -only job. That is, the rtty program 
listed in Table 4 is loaded into memory, 
then the necessary modifications are made, 
and finally the modified version is saved on 
cassette tape for future use. If, on the other 
hand, none of the options are fitted, the 
program listed in the table can be used 
without any changes. 

Binary Hex 

0 1 1:.1 0 0 0 

B 8 

0000 
0001 

0010 

0011 
0100 

0101 

0 

1 

2 

3 

4 

5 

0110 6 

0111 7 

1000 8 

1001 9 

1010 A 

1011 B 

1100 C 

1101 D 

1110 E 

1111 

The three areas of the program which 
may require setting up are: 

a. two Nas-Sys table pointers (Nas-Sysl 
only) 

b. real-time clock frequency 
c. callsign in Morse code. 
No changes are required if a printer is not 
connected. 
Running under Nas-Sys. The rtty 
program listed in Table 4 runs under the 
Nas-Sys 3 Monitor, which is the version 
now normally supplied with the Nascom. 
To run the program under the earlier Nas- 
Sys 1 Monitor, just two modifications are 
required: 
- change location OCDE from 7C to 82 
- change location OD8E from 80 to 86. 

Setting up the real-time clock. If a real- 
time clock is fitted, the clock frequency 
XY is set up in locations OFEO (Y) and 
OFE1 (X), in the same way as in the real- 
time clock test program listed earlier. 
Callsign generation. Locations OFD4 to 
OFDF are set up with constants which 
correspond to the on and off elements of 
the Morse characters of the callsign. As an 
example, Fig. 8 shows how the constants 
for the message `DE G3NRW' are derived. 
First, the individual dots and dashes are 
drawn on squared paper, with each square 
representing a single dot -time. The usual 
rules for Morse code timing are followed: 
- individual elements of a character are 

separated by one dot -time 
- a dash is three dot -times 
- individual characters are separated by 

three dot -times 
- individual words are separated by 

seven dot -times. 
Then, the squares are grouped into fours, 
and each group is allocated a hexadecimal 
digit, according to the table in Fig. 8. 

Finally, these hexadecimal digits are 
grouped into pairs. These pairs are the 
constants which are stored in memory 
from location OFD4 onwards. The con- 
stants occupy 12 locations, giving a total of 
96 dot -times. If the callsign requires less 
than this, the trailing bits should be set to 
zero, and the callsign will terminate when 
the first all -zero byte is encountered. If the 
callsign contains many dashes, it may be 
necessary to omit the initial `DE' to make 
it fit into 96 bits. The speed of callsign 
transmission is controlled by the software 
delay constant at location OD7B. The value 
of 06 corresponds to about 12 words per 
minute, with the c.p.u. clock running at 
2MHz. If the c.p.u. clock frequency is 
4MHz, this constant should be doubled to 
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OC. Larger values of the constant will re- 
duce the speed of callsign transmission, 
and smaller values will increase it. 

Using the program 
The rtty program is now ready for use. 
After loading it into memory, strike `reset' 
and start the program running at address 
0080, using as usual the EC80 command, 
followed by the time in hours and minutes 
(24 -hour clock) if the real-time clock is 
fitted; 

for example: EC80 1715. 
The time, as set up above, will be 
.displayed on the top line of the screen and 
will be updated every minute thereafter. If 
the clock is not fitted, simply type the 
EC80 command by itself to start the 
program. 

Program command summary 
To start the program 

EC80 time 
Receive commands 
<SHIFT>L inser. Baudot letter shift 
<SHIFT>F insert Baudot figure shift 
¿SHIFT>Z start building a heading mes- 

sage 
<SHIFT>X finish building a heading mes- 

sage 
<SHIFT>T change to transmit 

Transmit commands 
<SHIFT>H transmit the heading 
<SHIFT>I transmit the Morse code callsign'` 

Receiving rtty messages 
On start-up, the program goes automat- 
ically into receive mode, and incoming 
Baudot characters are translated to ascii 
and displayed in lower case on the screen. 
If the printer is fitted, the ascii characters 
will also be printed. 

When in receive mode, there are five 
command characters which can be entered 
from the keyboard. Each of these charac- 
ters is a shift character; that is, to enter a 
command, hold down the <SHIFT> key, 
strike the command key, then release the 
<SHIFT> key. The commands are 

<SHIFT>L: insert Baudot letter shift 
into the incoming message 
<SHIFT>F: insert Baudot figure shift 
into the incoming message 
<SHIFT>Z: start building a heading 
message 
<SHIFT>X: finish building a heading 
message 
<SHIFT>T: change to transmit. 

The <SHIFT> L and <SHIFT> F com- 
mands are very useful for changing the 
Baudot shift of incoming message charac- 
ters when previous shift characters have 
not been received correctly. 

The <SHIFT> Z and <SHIFT> X 
commands are used to set up the one -line 
heading message on the top line of the 
display. This message can then be 
transmitted later when in transmit mode. 
To set up the message, input the 
<SHIFT> Z command. This causes a 
flashing arrow to appear at the top right 
hand corner of the screen, signifying that 
the system is ready to accept a new mes- 
sage. Also, a row of dots is displayed on 

the top line, indicating the maximum 
extent of the message area. 

Now type in the message. As each char- 
acter is input, it will appear on the top line. 
When the end of the line is reached, the 
next character will appear back at the 
beginning of the message area. If a typing 
mistake is made, give the <SHIFT> Z 
command again and retype the line from 
the beginning. 

When the message is complete, input 
the <SHIFT> X command. The flashing 
arrow will then disappear, and any further 
keyboard characters (except commands) 
will be ignored. 

The heading message can be set up or 
changed at any time whilst in receive 
mode. Note that when setting up the mes- 
sage, incoming Baudot characters are still 
displayed on the remaining lines of the 
screen without interruption. Therefore it 
is possible to tune in to a station, ascertain 
its callsign, then set up an appropriate 
reply, all without missing any incoming 
characters. 

Transmitting rtty messages 
The <SHIFT> T command changes 
the program from receive to transmit 
mode, whereupon the drive output from 
the Nascom goes low. To send a message, 
simply type in the required text at the 
keyboard. As. each character is transmitted 
via the uart, it appears in upper case on the 
screen, and hard copy is produced on the 
printer. 

In transmit mode there are three com- 
mand characters: 

<SHIFT>H: transmit the heading 
message 
<SHIFT>I: transmit the station iden- 
tification in Morse code 
<SHIFT>R: change to receive mode. 

The <SHIFT> H command causes the 
top line of the display to be transmitted 
(the whole line, including the time, if the 
real-time clock is fitted, or the message 
only if the clock is not fitted). The com- 
mand causes the line to be transmitted 
once; to transmit it more than once, simply 
type <SHIFT> H as many times as re- 
quired. 

The <SHIFT> I command causes the 
program to transmit the Morse callsign to 
identify the station, and can be used at any 
time whilst transmitting. 

The <SHIFT> R command causes the 
program to change back to receive mode, 
and the drive output goes high. 

The final test 
Before using the rtty program on the air, it 
can be tested using a cassette recorder in 
place of the transceiver. That is, messages 
are `transmitted' to the recorder, and then 
`received' by playing back the tape. This 
method of operation was used extensively 
when developing the program, to make 
sure that the message characters were be- 
ing transmitted exactly as expected (and 
this technique has proved to be even more 
useful in developing other data commu- 
nications programs such as Amtor which 
transmit and receive synchronous bit 
streams). 

Experience 
On the air, the system described in this 
article has been in regular use at G3NRW 
for over a year, and many very interesting 
contacts have been made on h.f. and v.h.f. 
Low power operation on 20m has been 
particularly rewarding - you simply can't 
beat the thrill of getting a 539 report from 
Italy when running 50 milliwatts of rtty to 
a dipole - and the many features built in 
to the program have more than proved 
their worth. 

There are, of course, limitations in the 
software, arising mainly from the very 
small memory available. With not one 
single byte to spare there was just no room, 
for example, to store a library of standard 
messages (such as `RYRYRY' or station 
description), which would considerably re- 
duce typing effort on transmit. However, 
the whole exercise has been extremely in- 
structive, in that it forced me to find out 
exactly how Nas-sys works and how it 
could be used to maximum efficiency in 
supporting the required input/output 
functions. 

On the hardware front, few problems 
were experienced in making the computer 
system work by itself, but the fun really 
started when the system was attached to 
the h.f. transceiver. On receive, r.f. hash 
from the computer virtually blotted out all 
but the strongest signals, and on transmit 
an output power greater than about 15 
watts caused the computer to stop run- 
ning. Eventually, after much experimenta- 
tion with ferrite beads, decoupling capaci- 
tors, r.f. chokes and screened leads, almost 
all of the interference in both directions 
was cured by connecting a single 150pF 
capacitor between the + 12V d.c. supply 
and ground. A simple remedy, but it took 
a long time to find. 

Finally a special thankyou to Bob, 
EASCNG (perhaps better known in the 
UK as G3FXG). Bob has been using the 
program on his Nascom 2 for several 
months and has provided much useful 
feedback and suggestions for further de- 
velopment. Incidentally, the program it- 
self was originally transmitted to Bob over 
the air, Nascom to Nascom on 20m, and 
since then several other experiments in 
direct computer -to -computer communica- 
tion between the UK and Spain have been 
carried out. But that is yet another story! 

References 
1 `RTTY The Easy Way'. A popular 

booklet describing how to build simple 
rtty terminal units and two-tone genera- 
tors. Published by the British Amateur 
Radio Teleprinter Group (BARTG) at 
£1.15 including packing and postage. 
Available from the BARTG Secretary, 
27 Cranmer Court, Richmond Road,. 
Kingston-upon-Thames, Surrey. 

2 Assembly listing of the G3NRW RTTY 
Program. Available direct from the 
author at £2 to cover stationery, photo- 
copying and mailing at 7 Daubeney 
Close, Harlington, Dunstable, Beds. 

3 `Two-tone terminal unit'. A three-part 
article describing an a.m. terminal unit, 
published in the BARTG Newsletter: 
March/June/September 1979. 

WIRELESS WORLD SEPTEMBER 1983 35 



Common -mode 
rejection explained 

Common -mode -rejection ratio character- 
izes the ability of a differential amplifier to 
discriminate between the differential - 
mode and the common -mode components 
'of a signal. It is often conveniently ignored 
in amplifier circuit analysis because in 
many op -amp applications - perhaps the 
majority - the non -inverting input is con- 
nected to earth and a large amount of d.c. 
negative feedback forces the inverting in- 
put to be close to earth, so the common - 
mode component is insignificant, even in 
second -order calculations. But there are 
some practical op -amp circuits, such as 

direct -coupled voltage followers, in which 
the finite c.m.r.r. cannot be ignored. This 
article clarifies the c.m.r. properties of an 
op -amp - its origin and meaning, its 
graphical interpretation and its representa- 
tion by a voltage generator for circuit cal- 
culations. A second article deals with 
practical aspects of c.m.r. and explains 
how c.m.r.r. can be measured directly. 

Classification of op -amps 
An understanding of the origin of com- 
mon -mode rejection of a real op -amp can 
be built up by introducing a classification 
system. Postulate initially the existence of 
an almost perfect op -amp having the 
symbol shown in Fig. 1(a). This symbol is 

almost the same as that used for any dif- 
ferential voltage amplifier but the vertical 
side of the triangle is thickened to denote 
that the amplifier characteristics depart 
from the conventional `ideal' (infinite in- 
put impedance output admittance and 
bandwidth) in that there is a finite voltage 
gain A. The total instantaneous input sig- 
nal V+ and V_ can be considered as two 
parts, (b), a c.m. component Vo given by 
(V++V_)/2, and a d.m.c. VD defined as 

V+-V_. There is general agreement in 
the literature that the meaning of c.m.c. is 

the algebraic average of V+ and V_, as just 
defined. There is an alternative choice for 
d.m.c. of (V+-V_)/2 which corresponds 
to VD/2. This is certainly useful in 

analysis, as shown by redrawing (a) in the 
form of (c). 

The quasi -perfect op -amp, which I shall 
term a Class 1, is completely specified by a 

single transfer characteristic, (d). For all 

values of Vc this is a straight line aobo with 
slope + A that passes through the origin of 
co-ordinates on a plot of Vo vs VD. So 

Vo=AVD. A is clearly the d.m. gain, i.e. 
A= AD. In elementary analyses a Class 1 

op -amp is implied, usually with the addi- 
tional assumption AD --I co corresponding 
to a transfer characteristic coincident with 
the vertical axis. 

The gain Ac for the c.m.c. is zero. Thus 

by B. L. Hart 

+(Vo/2) 

Vo 

7"-V =Vc (Vo / 2) 

V_ 

(b) 

áo 
Vo Slope+A 

¡for oU Vc 

vo 

0 

11 Id) 

Fig. 1. Symbol for 'quasi -perfect' op -amp 
uses thickened line to denote non -ideal 
behaviour (a). Signals V+ and V_ can be 
split into common -mode component Vc 
and differential component Vo (b). 
Redrawn version (c) emphasizes 
significance of Vc and VD. This class 1 op - 
amp is completely specified by transfer 
characteristic (d). 

v+ 

vo 

Fig. 2. Common -mode gain for class 1 op - 
amp is zero so if V+ and V_ have the form 
indicated, Vois an amplified version of Vo 

only. 

if V+ and V_ have the form indicated in 
Fig. 2, Vo is an amplified version of VD 

only; Vc is totally rejected. This is an ideal 
never achieved in practice. The reason for 
this rejection is that though V+ and V_ are 
applied at different input points to the 
amplifier they undergo identical magnifi- 
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Fig. 3. Common -mode signal is rejected 
due to identical magnifications, though the 
signal paths are different, as indicated. 

cation in their passage through it. (Magni- 
fication means an increase in signal ampli- 
tude without regard to polarity.) To 
emphasize the fact that the initial signal 
paths are different we can imagine the op - 
amp as comprising three separate units for 
which AD=A=AIAo, Fig. 3. 

Class 2 
A second class of op -amp is best defined 
graphically. For all magnitudes of Vc there 
is a single transfer characteristic - a 

straight line albs with slope +A and in- 
tercept OX1 on the VD axis, Fig. 4. By 

definition OXi, arbitrarily shown as posi- 
tive, is the input offset voltage and its 

38 
WIRELESS WORLD SEPTEMBER 1983 



Va 

V100 Slope A =Ao for all Vc 

, o 

Fig. 4. Class 2 op -amps have straight-line 
transfer characteristic with intercept on the 
VD axis, equal to the input offset voltage, 
Vloa, arising simply from small differences 
in the active devices. 

Vo - V 00 

lol 

Vioo/2 
V, 

VI00/2 
Vo - VI0 

lb) 

Fig. 5. Class 2 op -amp is represented by a 

class 1 with an offset voltage generator in 
either of its inputs (a). Alternatively, for 
analysis, offset voltage can be split into 
equal components one in series with each 
input (b). 

Fig. 6. Unequal magnifications of V+ and 
V_ together with offset voltage are taken 
into account in this class 3 equivalent 
circuit. 

magnitude is Vloo. The cause is due to a 
number of factors, including the nature of 
the active devices used in the amplifier and 
it could arise merely through a small dif- 
ference in the emitter areas of two 
otherwise identical bipolar junction tran- 
sistors forming part of a long-tailed pair in 
the input stage. 

A Class 2 op -amp can be represented by 
a Class 1 op -amp with an offset voltage 
generator in series with either of its input 
terminals as shown in Fig. 5(a), in which 
the non -inverting input terminal is arbi- 
trarily chosen. For analytical convenience, 
Vroo can equally well be split into two 
equal components, one in series with each 
input terminal, as in Fig. 5(b). Then 

Yu=A{V+-(V10012)} - 
A{V_+(V100/2)} 

and substituting for V+ and V_ gives 

Vo=AD(VD-VI00). (1) 

Notice that AD(=A) now relates to changes 
in Vo and VD i.e. AD=AVOIAVD V100, 
unless zero, causes a d.c. offset at the out- 
put. Vc is still completely rejected as V+ 
and V_ are magnified equally in passing 
from input to output. 

Class 3 
Complications must be expected when the 
signals V+ and V_ are magnified by un- 
equal amounts in their passage through the 
amplifier, as is the case in practice. Taking 
VI00 into account, the equivalent circuit 
representation of a Class 3 op -amp is 
shown in Fig. 6. In this case 

Vo=A0{V+-(V10 /2)}- 
Ao{V_ -(V100)/2}A1'. 

Substituting for V+ and V_ 

Vo={A0(AI+AI')/2} {VD-V100} + 
Ao(AI-AI')Vc 

which can be rewritten 

Vo= AD(Vc-Vtoo)+AcVc 

where by definition 
AD=d.m. gain 

=AVO/AVD with Vc constant 
{Ao(AI+AI')/2} =NA' 

Ac=c.m. gain=OVo/AVc VD const. 

=Ao(AI-AI')=ADOAI. 

(2) 

The voltage Vo contains an undesirable 
c.m.c. because of the existence of a non- 
zero gain difference AAI. This arises 
through unbalanced passive and active 
component parameters. 

A quantitative description of the extent 
to which a differential amplifier rejects the 
c.m.c. in favour of the d.m.c. is the com- 
mon -mode rejection ratio p or kcMR, the 
usual definition of which is 

P =IAD/Ac 

Thus p=1ÄD/DAI 

(3) 

(4) 

Although this indicates an origin for 
c.m.r.r. its potential usefulness to a device 
designer or circuit engineer for calculating 
p to any degree of accuracy depends on the 
particular amplifier configuration. One 
circuit for which this is applicable is the 
single -stage resistively -loaded fet long- 
tailed pair differential amplifier shown in 
Fig. 7, in which the output in question is 
taken from the drain of Tr2. 

The low -frequency incremental output 
resistance of the tail current generator is 
assumed infinite: the nominally matched 
n -channel j-fets have voltage amplification 
factors µ1 and µ2. It can be shown (see Part 
2, in which a derivation is given for com- 
pleteness) that 

Ai =?lµ1/(l +µl) and A1' =412/(1 +µ2) 

where X is a constant fixed by a resistor 
ratio. Putting 

(µi+µ2)/2= g>>1) and µi-µ2=Sµ(«µ) 
it follows that 

1/p= S1,/121. (5) 

As µ usually only weakly depends on 
operating current, so does p. Equation 5 

will be familiar if you recall the use of 
matched thermionic valves in d.c. ampli- 
fiers for biomedical applications. Accord - 

Fig. 7. Typical circuit for which common - 
mode rejection is quantitatively given by 
the ratio of the mean amplifier gain to the 
difference in gains. 

V,00 Vc/P=V,/P 
V, 

IVO A 

o 
V 

vo 

Fig. 8. Effect of finite c.m.r. can be allowed 
for by including a voltage generator Vc/p in 
series with one of the inputs. 

ing to Middlebrook', effectively the same 
result was obtained - though by a dif- 
ferent analytical technique - for a valve 
stage by, among others, Parnum2 as long 
ago as 1945. What is perhaps not generally 
appreciated is that this equation also ap- 
plies to the case of a single -stage resisti- 
vely -loaded and voltage -driven long-tailed 
pair amplifier using bipolar transistors. 
This can be shown by an extension of the 
proof given in the Appendix, or alterna- 
tively follows from a different approach3. 

For the case of bipolar transistors 
µ=gmrce where g,,,- 40IcmS, the quiescent 
collector current Ic being expressed in mA, 
and rCe in kit is the low frequency collector 
incremental output resistance with base - 
emitter voltage drive. Values for rd, for a 
fet and rCe for a bipolar transitor are nor- 
mally comparable in magnitude but 
gm»gfs at similar operating current levels. 
As a result, for a modern planar bipolar 
transistor, p, is considerably greater than 
that for a fet, typically about 5000. Conse- 
quently, for a given percentage match in µ, 
p for the bipolar stage exceeds that for the 
fet stage. Actually, the majority of op -amp 
input stages are not simple long-tailed 
pairs: ingenious circuit design techniques 
attempt to obtain a p superior to that given 
by equation 5. Nevertheless equation 4 is 
still a useful relationship from a system 
viewpoint. As specified by device manu- 
facturers, p is obtained from mea- 
surements on production samples and is 
commonly expressed in dB: even low-cost 
op -amps typically have p-80dB. 

Equations 2 and 3 give a clue to the 
equivalent circuit representation of c.m.r. 
as we can combine them to obtain 

Vo=AD{VD-V100+Vc/P} (6) 

Like offset voltage, the effect of finite 
c.m.r.r. can be allowed for by including a 
voltage generator (Vc/p) in series with one 
of the input terminals of the op -amp, as in 
Fig. 8. The positive sign for the third 
term, as with the negative sign for the 
second, arises through an arbitrary choice. 
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Fig. 9. 'Three dimensional' characteristic 
plane displays functional dependence of Vo 

on the two dependent variables Vo and Vc. 
As AD and Ac are constant, equation for Vo 

is the plane surface defined by two parallel 
lines. 

V 
ov, 

al 
G2' 

a1 

Vo 

b2 ib, 
b, 

b2 

Fig. 10. With V,00 constant, the incremental 
form of the Vo equation is as shown. 

oVoz= 
Ac AVc 

oVo, _ 

AD oVo 

at a, 
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Fig. 11. Transfer characteristic of class 3 
op -amp comprises a series of parallel lines, 
two of which are shown, corresponding to 
the projection of lines such as a'213'2 on the 
plane 

The way in which the sign -uncertainty is 
dealt with in practice will be considered 
later (Part 2). For calculation, equation 6 is 
unnecessarily complicated and can be sim- 
plified. Thus from equation 6 

V+-V_ =VD=(VWAD)+ Vice- Vdp 

or V_ =V+ -(Vo/AD)-Vtoo+Vc/P 

substituting V_=2Vc-V+ in this expres- 
sion gives 

Vc=V+-(VG/2AD)-(V1O0/2)+Vc/2p 

or Vc= [V+-(VaI2Ap)-V1oW2J/[ 1-1/2P] 

Typically, Vo<10V, AD>80dB, p»1, 
V---1mV. Hence, if V+»V, then Vc=V+ 
and Vc/p,-----V+/p. 

Mathematically, equation 2, unlike 1, indi- 
cates that Vo is a function of two de- 
pendent variables, VD and Vc. So to 
display the functional dependence we must 
plot in three dimensions. In Fig. 9 the axis 
for VC is perpendicular to the Vo and VD 
axes. As AD and Ac are presently assumed 
constant, equation 2 is the equation of a 
plane surface that is defined by any two 
parallel straight lines such as a1b1, corre- 
sponding to Vc=O and a2'b2' for Vc=Vc, 
that cut the plane Vo=0 at points X1 and 
X2' respectively. As V1O0 is constant the 
incremental form of equation 2 is 

AVO=ADAVD+AcAVc. (7) 

A geometrical interpretation is given in 
Fig. 10, in which a2b2 is the projection of 
a2'b2' on the plane Vc=0 and a1'b1' is the 
projection of a1b1 on the plane Vc=Vc-. 
Suppose, initially, we are biased at the 
point P. Then an increase in both VD and 
Vc can be imagined to occur in two 
separate steps. The change from P to Q 
with Vc constant (at zero) gives 
AVol(=ADAVD): similarly, the change 
from Q to R at constant VD gives 
ÁV02(=AcAVc). Point S is the projection 
of R on the plane Ve=O. 

The transfer characteristics of a Class 3 

op -amp comprise a series of parallel 
straight lines - two of which are shown in 
Fig. 11 - corresponding to the projection 
of lines such as a2'b2' on the plane Vc=0. 
The lines are equally spaced because IAcI 
is constant: a2b2 is drawn to the left of a1b1 
because we are assuming Ac>0. The con- 
struction in Fig. 12 not only gives informa- 
tion about the spacing of the parallel char- 
acteristics but also leads to an alternative 
defmition of c.m.r.r. that is useful for 
measurement. 

Suppose we operate at V0=0 corre- 
sponding to Vc=0 and VD= V100, i.e. 
point X1. If AV0=0 when VD and VC both 
change, then the path traced out is X1 to T 
(VD constant, Vc changes) and T to X2 (VC 
constant, VD changes). From equation 7, 

0=ADLVD+AcLVc 

The spacing of the characteristics in Fig. 
12 is thus 

IAVDI=IAVc/PI'--"IAV+/PI 

The same result would, of course, be ob- 
tained had we started with Vo=V0'=0 and 
again made changes in VD and VC, this. 
time for AV0'=0. Now VD for Vo=0 is 
defined as the input offset voltage V10, so 
the reciprocal of p is the rate of change of 
input (offset) voltage with common mode 
input voltages. Thus 
1/p=1AVD/AVcI for V0 constant at zero 

=IAVl J Vc1 (8) 
On data sheets the input offset voltage is 
commonly given two subscripts, e.g. Vo, 
or V10: an additional subscript (0) is used 
in this article to refer to the usual practical 
measurement condition Vc=O. In general 

V1O= VIoo±Vc/P-VIoo±V+/p. 

The negative sign applies for 3,A,>0. 
Notice for comparison, that in a Class 2 

opamp V=f(Vc) so for that case the line 

Fig. 12. Construction not only gives 
information about line spacing but also 
leads to an alternative definition of 
common -mode rejection that is useful for 
measurement. 

tiz 

Fig. 13. Class 4 op -amps are defined by 
non -planar characteristic surface such as 
that shown. 
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Fig. 14. Family of Class 4 transfer 
characteristics associated with Fig. 13 
obtained by projection onto the plane 
Vc=0 are now neither straight nor parallel. 

XIX2' in Fig. 9 would be parallel to the Vc 
axis. 

Class 4 
A fourth class is defined by a non -planar 
characteristic surface such as that shown in 
Fig. 13. The associated family of transfer 
characteristics obtained by projection on to 
the plane Vc=0 are now neither straight 
nor parallel, Fig. 14. 

AD, Ac and p are all dependent on the 
d.c. operating conditions but can be con- 
sidered sensibly constant if the changes in 
V0i VD and Vc about the selected bias 
point are small enough for the characteris- 
tic surface to be well -approximated by a 
tangent plane. Then 

AD=aVO/aVD at constant VC 
Ac=aV0/aVC at constant VD 
1/p=laVDs/aVc1 at constant V0. 

To be continued 
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Current dumping 
review - 1 

Crossover distortion is a problem in designing any class B audio amplifier. Bias current 
provides the basis for the usual solution, but introduces the threat of thermal instability. 
Current dumping is an alternative to bias current, aiming to abolish crossover distortion 

without further difficulty. 

In his original article in this periodical 
(December 1975), P. J. Walker explains a 
new technique for abolishing crossover 
distortion in audio amplifier output stages. 
His ideas are backed by the commercial 
success of the Quad 405 amplifier, and the 
subsequent 1978 Queen's Award for 
technological achievement. 

Seven years have now passed, but the 
discussion continues unabated. The early 
contributions in these pages were from 
practitioners in the audio field, including 
many well-known names, while later 
material has come from universities over 
the world. This article presents in good 
order the results so far obtained. The 
discussion reads rather like an epic, full of 
sudden reversals of fortune. 

As the new method is often referred to 
as something of a mystery, it will first be 
related in terms of familiar ideas. Walker's 
own explanation is in terms of the circuit 
of Fig. 1. For small output currents the 
driver amplifier A itself supplies the load 
ZL directly, via Z3. Larger currents turn 
on a dumper, and as Z4 is chosen to be 
small the dumper then supplies the bulk of 
the output current. Then A never has to 
supply much power, and so it can operate 
in class A, with no crossover distortion. 
Indeed, A is just the usual driver 
amplifier, and we shall refer to it as such. 

It is therefore appropriate to call the 
output transistors in Fig. 1 the "current 
dumpers", and the substantial distortion 
which remains will be their crossover 
distortion. Walker has shown how to 
choose circuit values that result in 
complete cancellation of this distortion. It 
is this choice which is the heart of the 
matter. 

Feedback explanation 
To start detailed discussion of Fig. 1 with 
an intuitive idea of its working, that 
offered by P. Baxandall (July 1976) relies 
on the most familiar ideas. 

He starts from a circuit similar to that of 
Fig. 2, with S1 closed and Z4 shorted as 
drawn. Now imagine Z3 removed. There 
will be no feedback, and the Vow/Vin 
characteristic will look like that of Fig. 3, 
except that the central segment will be 
horizontal. This occurs while V. makes 
progress across the dead region, while the 
output of A is traversing the voltage gap 

by Michael McLoughlin 

between the levels required to drive the 
transistor bases. Adding Z3 assists matters: 
while this gap is being crossed there is still 
some output to the load, as shown by the 
reduced but positive slope of the central 
segment. 

Now open S1 of Fig. 2, to provide 100% 
voltage feedback to A. The variation in 
open -loop gain shown will be violently 
assaulted, and the ratio of the gains in the 
dumpers -off and dumpers -on regimes will 
be very close to unity. There is now 
scarcely any crank between the three 
segments of Fig. 3. (Also the horizontal 
scale has changed dramatically.) 

Baxandall observes that there is now a 

way to make all three segments line up 
perfectly. All that is needed is a little extra 
feedback in the dumpers -on regime, to 
reduce the gain slightly to that found at the 
central segment. Then the outer segments 
tilt gently on their point of meeting with 
the central section, to provide a perfect 
straight line! 

To provide the extra feedback it suffices 
to remove the short on Z4. When the 
dumpers are off this resistor has no 
influence on feedback, but when they are 
on the hotter end of Z4 carries more output 
voltage than the load itself. So there is now 
extra feedback when the dumpers are on, 
as required. Naturally, Z4 must be chosen 
with care to produce just the correct 
flexing in Fig. 3. 

If desired, Z2 may be connected 
between N and B in Fig. 2. It is however 
clearly quite unnecessary. Indeed its 
contribution to total feedback at N is 
retrograde, actually feeding back more of 
Vot when the dumpers go off. But if Z2 is 
inserted, its harmful effect can readily be 
cancelled by an increase in Z4, to boost the 
desired feedback as necessary. 

When the correct Z4 is in circuit the 
transfer characteristic is perfectly linear. 
As a result the grounded terminal of the 
signal source \Tin may now be connected 
instead to V0, t, and the signal source made 
to float. Of course, much less signal will 

Michael McLoughlin is a mathematics teacher 
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now be required for a given output. 
Following Baxandall closely we have 

arrived at Walker's circuit in Fig. 1, with 
S1 as drawn. And when S1 is switched the 
essential invention now appears as the 
introduction of Z4, to provide a little extra 
feedback in the dumpers -on regime to 
counter the extra gain introduced into the 
system when the dumpers bypass Z3. 

Algebra 
Baxandall's intuitive explanation can easily 
be extended into algebra, to derive the 
Walker balance condition on the four 
bridge components. The discussion will 
now centre on Fig. 1, taking the floating 
"zero volts" rail as zero for the discussion 
of all voltages. It should be helpful initially 
to think of this line as "earth", and to 
regard Z3 and Z4 as amplifier load resistors 
connected to this. 

We shall study the total load current I 

flowing to "earth", and deduce the balance 
condition in three short paragraphs. 
Before starting define F as that fraction of 
output voltage across Z3 fed back to the 
negative input terminal of A. And recall 
that for an amplifier of infinite gain the 
closed -loop gain is inversely proportional 
to F. 

(A) When a dumper is on, its base - 
emitter junction cannot support voltage 
variations, so F=1. But when the dumper 
goes off the junction is an open circuit, and 
F=Z1/(Z1+Z2). So F has been multiplied 
by this last fraction. As A has infinite gain, 
the closed -loop gain to B promptly 
multiplies by the inverse fraction, namely 
1+Z2/Z1. 

(B) However, as the dumper goes off the 
load impedance which controls I rises from 
Z3IIZ4 to Z3. Dividing, we see that load 
impedance has been multiplied by 
(Z3+Z4)/Z4, which is 1+Z3/Z4. 

(C) There is no charge in gain through to 
I when the dumper goes off if the gain 
multiplies by the same factor as the load 
impedance. The relevant factors are at the 
ends of the two previous paragraphs, and 
concur if the Walker condition is met: 

Z2/Z1=Z3/Z4 (1) 

Actually the argument neglects two minor 
factors. When F was established for the 
dumpers -off condition in (A), the effect of 
Z4 on the potential division was neglected. 
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Fig. 1. Walker's basic current dumping circuit. It is a standard class B circuit with elaboration 
of the feedback network, and floating signal source. (Zp means Z1/Z21 

It should be added io numerator and 
denominator in the fraction for F. 
Secondly, when the dumpers go off the 
output impedance is not exactly Z3 as 
stated in (B); there is a second parallel 
path, and the symbols 11(Z2+Z1+Z4) 
must be juxtaposed to Z3. Both these 
factors are clearly minimal. In fact some 
straightforward reworking of the argument 
now shows that they cancel out perfectly, 
proving (1) exactly. So much cancelling 
suggests that we are not yet looking at the 
problem in the simplest possible way. 

Lifting the circuit up and down on the 
floating rail cannot falsify V,, by definition 
of that quantity. Nor will it disturb the 
inputs to A, both of which are carried up 
and down together. But it will normally 
falsify the output volts of A, because any 
amplifier delivers its output relative to its 
negative rail, and not with respect to a hot 
point chosen for our convenience in the 
calculation. In this case, however, we can 
take refuge in the infinite gain of A. Fig. 4 
should make the point clear. 

Bridge explanation 
It is now clear that with current dumping 
there need be no gap between intuition 
and algebra: one passes naturally into the 
other. It has to be admitted, however, that 
the argument so far has depended on a 
simple on/off transistor model, which is 
not really valid at the edges of the 
crossover region. We assumed that the 
base -emitter junction of a dumper either 
clamped like a short circuit, or passed no 
current as an open circuit. But the level of 
intuitive understanding can be extended to 
include the edges of the crossover region as 
well, most simply by using an idea of 
Vanderkooy and Lipshitz (June 1978). 

They model the dumpers of Fig. 1 as a 
voltage source V having zero internal 
impedance, but varying throughout the 
cycle just as does the real dumper Vbe. 

. They then redraw the circuit as a bridge, 
Fig. 5. The current envisaged as flowing 
through V in that figure is the dumper 
emitter current. 

Actually only the base current flows in 

the upper battery arm, but this difference 
can be ignored as A has zero output 
impedance. Otherwise the voltages and 
currents remain undisturbed by the 
substitution of this "battery". Reduction 
of current in the upper battery arm is 
noted by Vanderkooy and Lipshitz as a 
flaw in their argument. This is because 
their amplifier has been taken as a perfect 
current amplifier with infinite output 
impedance, and so alteration of its output 
current is unthinkable. Then there is no 
way of tidying up the current discrepancy, 
and it follows that in their model the 
potentiometer rules we are about to use 
can have no validity. 

Suppose now that an arbitrary increase 
AV arises in V of Fig. 5, quite unrelated to 
the input V, which remains unaltered for 
the moment. Well, V, has not changed, 
and the voltage between the input 
terminals of A must remain zero, so VN 
remains unchanged. (A can readily secure 
this by raising the potential at B suitably, 
while the voltage at D falls sufficiently to 
make up the remainder of AV.) 

Now the point E delivers current I, and 
that current may be calculated on the basis 
that E is a generator of the e.m.f. that 
would arise there if the line to I were cut, 
while the volts at B & D were unchanged. 
The generator must also be thought of as 
having output impedance Z3MMZ4. 

Then the output current I will not 
change if the open -circuit e.m.f. just 
mentioned does not change in response to 
AV. We know that the change at VN was 
zero, so in requiring zero change of this 
e.m.f. we are simply requiring a bridge 
balance: Z2/Zt=Z3/Z4. 

Meet this condition. Then arbitrary 
changes in V do not affect output current. 
If this is true for arbitrary changes of V, 
then it will be true for that particular track 
followed by V during the signal cycle. This 
completes our first rigorous proof of the 
Walker balance condition (1), where any 
transistor behaviour is allowed for, even 
that found at the corners of the crossover 
region. 

The proof can readily be extended to the 
real case, where A is finite. When AV 

arises, the amplifier will again control the 
redistribution of potentials. Indeed for 
every millivolt that VN falls, the amplifier 
will insist on a rise of A (mV) at B. Thus 
the point of zero voltage change is no 
longer at VN, but is 1/(A+1) of the way up 
Z2. So the open -circuit e.m.f. at E 
mentioned above will not change if 

A 

Z3 A+ 1 Z2 

Z4 
Zi+ 

A+1 
.Z2 

(2) 

Thus even when A is finite there is no 
difficulty in choosing Z4 to obtain perfect 
freedom from dumper distortion. Of 
course (2) can be tidied in various ways. 
Notice that when A becomes large it tends 
to (1). 

When VN falls 1 mV, B rises A mV, 
both measured relative to the floating zero 
volts rail of Fig. 5. This floating rail causes 
no embarrassment to the inputs of A, 
which are both equally affected. But in fact 
the output of A is produced relative to its 
negative supply rail, and not relative to any 
floating rail. This time the difficulty can be 
deflected by observing that our condition 
sets AI=O, so no voltage difference arises 
between "zero volts" and ground. 

It is still essential to assume zero output 
impedance in the driver amplifier, to cope 
with the varying deficiencies in the upper 
battery arm current as AV arises. Of 
course in a voltage amplifier this output 

Vin 

V out 

v«< -------- 

O 

QJ 

ti 

vDc- 

vin 

Figs 2& 3. When Z3 is present in this class 
B output circuit the output transistors could 
be called "current dumpers" just as in Fig. 
1. Transfer function is shown bottom at Fig. 
3. 
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impedance will be very small. In terms of 
algebra this bridge model is very powerful, 
and also in terms of intuition. Fig. 5 with 
an inductor at Z4 and a capacitor opposite 
shows that the basic idea is just to balance 
a traditional LC bridge, according to 
L=R1R3C. 

Feedforward explanation 
It may seem strange that current dumping 
claims to cancel distortion completely. 
Certainly in normal correction of error by 
negative feedback the distortion can never 
be totally eliminated because a residue 
must be left to be sensed and so drive the 
amplifier into opposing the source of 
distortion. But what if one sensed the 
distortion in the output current (by 
comparing it with input voltage) before it 
was fed into the load, and then injected a 

further correction current into the load, 
but forward of the sensing element? The 
difficulty disappears, because correction 
does not now reduce sensing and so perfect 
cancellation of error is then theoretically 
possible. For example, the crossover 
distortion of a heavy-duty class B amplifier 
can be corrected perfectly in principle by a 
small class A amplifier of high quality. 

In practice resistor tolerances do impose 
serious limitations, though these do not 
often seem to be analysed. In contrast to 
feedback, this type of error correction is 
called feedforward, and has sometimes 
been aired here (May 1972, October 1974, 
twice in May 1978). But suppose only four 
5% resistors are used in the defining 
chains. Then the correction may be 20% 
out. One would do better to increase the 

vs 

"zero volts' rail 
2 

vont 

Fig. 4. Amplifier of infinite gain must 
produce V/ equal to Vs even when a voltage 
source drives the floating "zero volts" rail 
with respect to which these quantities are 
measured. Think what would happen if V/ 
fell short. 

vs 

"zero volts" roil 

3 

Fig. 5. Modelling the dumpers of Fig. 1 as a 
voltage source V1 Vanderkooy & Lipshitz 
redraw the circuit as a bridge. 

gain of the main amplifier by a factor of 
five, and then use feedback to cut it back 
again. And this is a great deal easier to do. 
Nevertheless, the idea of feedforward 
demonstrates that a claim to perfection of 
error correction is not objectionable in 
principle. 

Does current dumping use feedforward? 
Following Baxandall we have presented it 
entirely :n terms of feedback. Imagine Z4 
of Fig. 1 shorted: then the transfer 
characteristic returns to the style of Fig. 3. 
The solution was to consider the slope of 
the central section as basic, and to insert 
just the right Z4 to adjust into line the gain 
of the outer segments. The picture is one 
of negative feedback being adjusted during 
the cycle, to make the gain conform to its 
value at the centre. This is not classical 
feedback, because the feedback fraction is 
varied during the cycle, but it is negative 
feedback, and no further picture is 
required. 

Walker's explanation 
In his original article, however, Walker 
gives a perfectly valid discussion of Fig. 1, 
which is entirely feedforward in style. He 
regards Z4 as the output sensing element, 
and compares V, with the sensor voltage 
I4Z4. His argument may be simplified and 
presented as follows. 

A is taken to have infinite gain, so the 
voltage between its input terminals is zero. 
Now think of both input terminals as a 
new "zero volts" point for reference. 
Viewed from here, -V,+I4Z4 appears at 
the far end of Z1. As usual when such a 

signal is fed to the negative input terminal 
of an amplifier, it reappears at the output 
terminal but multiplied by -Z2/Z1. To 
obtain this output voltage relative to the 
floating rail of Fig. 1, it is only necessary to 
add V, again. (Ignore the expression Vg in 
Fig. 1.) 

So Vs-I4Z4 is heavily amplified, and if 
14Z4 is at all sluggish in following Vs a large 
protest voltage will appear at the output of 
A, forcing extra current through Z3 
forward of the sensing element Z4. We 
have just found the output voltage, so we 
may choose Z3 and then write down 13. 

Then add I4 to obtain the total output 
current, which is just 

Z3[Z1 
(VS-I4Z4)+VS]+I4. 

It is now clear that if Z3 is chosen 
according to (1) then I4 actually cancels out 
in this expression! Whatever particular I4 

the dumpers choose to allow at any 
particular time, the output current will 
remain untouched, provided just the right 
Z3 has been fitted. 

The language used here is entirely 
feedforward, though the situation is not 
classical, for two reasons. Firstly, the 
protest volts generated by A do actually 
power the sensing element Z4 as well as the 
sensor bypass Z3. Also Z3 is not a pure 
bypass element, but reports back to the 
amplifier via Z2, as can be seen clearly in 
the dumpers -off condition. 

Mr Walker's accompanying discussion 
seems to take as basic the gain when the 

dumpers are on, feeding current through 
Z3MMZ4. Of course there will be a short 
departure from these arrangements during 
crossover. And during this brief period of 
error a suitable correction will be fed 
through Z3. The whole picture is perfectly 
valid, and indeed nothing more than this 
feedforward is required to explain current 
dumping. 

Much binding 
Suppose a tuned circuit is energized at its 
resonant frequency. Then the circulating 
current is large, compared with its value at 
adjacent frequencies. Bloggs explains that 
this is because C is cancelling the high 
impedance offered by L. Smith objects 
that this could not be more false. It is L 
that is cancelling the high impedance 
offered by C! And so they rattle on. 

Obviously high farce has effected an 
entry. This illustration establishes the 
principle that a complex situation may 
sometimes be viewed quite validly in 
alternative ways. In this case the fullest 
understanding seems to be obtained when 
one has seen both explanations, seen that 
they are both valid, and grasped that they 
are complementary views of the same 
situation. 

There seems to have been a similar 
division of opinion about the operation of 
Walker's amplifier: does it use feedback or 
feedforward? In good part the discussion 
seems to stem from a resolve to class a new 
and hybrid idea as one or the other of the 
two existing categories. But a major factor 
might be a failure to realize that a complex 
idea can sometimes be explained in several 
different ways. Our own view is that 
current dumping may be adequately 
explained by feedback, or by feedforward, 
or as a bridge, or as a measuring 
instrument (see below). 

Everyone agrees that use of (1) aligns the 
three segments of Fig. 3. But it is fruitless 
to argue whether this is because the correct 
Z4 has been chosen to make the outer 
segment slope equal to that found at the 
centre (feedback), or because the correct 
Z3 has been chosen to ensure that the 
central section slope concurs with the 
outer parts (feedforward). We followed 
Baxandall initially as a matter of taste 
(indeed so does Walker in November 
1976): the feedback ideas involved are 
more familiar. 

In their most recent article (cited later) 
Vanderkooy and Lipshitz again insist that 
feedforward alone is the only correct 
explanation. Their argument consists of a 

logical structure presenting a "conceptual 
development of current dumping from 
feedforward." But one has to ask "whose 
concepts?" An equally clear set of concepts 
is the basis for Baxandall's feedback 
explanation. (It is a mistake to list 
Baxandall's letter here in support of 
feedforward.) In short, an explanation in 
terms of feedforward, however clear, does 
nothing to exclude other explanations. 

An objection 
In Fig. 1 the value of Z4 is carefully chosen 
to yield the correct additional feedback 
when the dumpers are on. But how can a 

single value of Z4 cancel perfectly the 
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Fig. 6. Millman's theorem allows ready 
calculation of the voltage E at which a 
junction will settle. Strictly speaking it is 
result (a), stated in terms of admittances, 
and it is useful to abolish denominators in 
difficult algebra. Form (b) is more useful in 
easier cases. 

peculiar vagaries of dumper Vbe? And how 
can anyone assert such a thing without 
examination of the vagaries concerned? 

The objection could easily be met by 
observing that the result is already secured 
by different thinking. But it can also be 
met directly and on the intuitive level by 
presenting the circuit as a measuring 
instrument. The dumper behaviour from 
instant to instant is measured by Z4, which 
controls the feedback accordingly to hold 
the gain constant. Naturally any talk of 
gain variation within a cycle refers to 
incremental gain. This intuition is built 
into a rigorous proof below. We shall not 
impose the detail on the printer, and all 
except enthusiasts are urged to bail out at 
once, as far as the next heading. 

Replace the dumpers of Fig. 1 by a 
resistor R, to stand for the small -signal 
emitter input resistance of the operating 
dumper; this variable R connects from Z2 
to Z4. Now measure all voltages relative to 
the floating zero rail. Then for unit 
increment of VB there will be an increment 
of VN given by 

Z4+ Z +Z 
[R//(Z1+Z2)] 

I z 

Z4+R//(Z 1 -1-Z2) 

Add 1/A to this to yield AV,. Now the AI 
resulting from the unit change in VB is just 
the reciprocal of the impedance from B to 
E: write down this simpler expression. 
Then solve AV,=KAI in such a way that 
K does not depend on the varying R. This 
constant proportionality will provide an 
undistorted output. Provided it is noticed 
early that R only occurs as RII(ZI+Z2) 
and this quantity is labelled x, a page of 
work will produce a rigorous proof of (2). 
This time, Z4 has been regarded as a 
measuring instrument, noting how much 
current R passes in response to changes of 
voltage at B, and then controlling gain 
accordingly. 

There is the usual fallacy in that 
argument, which it is easier to correct after 
deriving the result. If the output volts of A 
rise one unit relative to the floating 
conductor, then relative to true ground 
they rise an additional ZLAI. This must be 
taken into account when calculating AV,, 
which must therefore be augmented by a 
further ZLAI/A. But this addition does not 
contain R and is already proportional to 

AI, so provided K has the value found as 
above a relationship of proportionality will 
still prevail between AV, and AI. 

This analysis is really an extension of 
Baxandall's feedback approach, showing 
that it can be extended to include any 
transistor behaviour, even when A is 
finite. 

Algebraic explanations 
In an attempt to dispel mystery the above - 
mentioned arguments have remained close to 

intuition, even at the cost of complexity. 
But we shall now study straight algebra, 
and discover much simpler arguments. 

The obvious method of studying Fig. 1 

is to regard Z2 and Z1 as a potential 
divider, whose lower end is at I4Z4 volts 
and whose upper end is maintained a 

further I3Z3-I4Z4 volts higher. Ignoring 
the expression in Fig. 1 an expression for 
VN is therefore 

IaZa+ ZIZIZz (I3Z3-14Z4). 

Take A large: then this can be taken as an 
expression for V, and tidied: 

_ZIZ313+ZZZ4Ia 
VS 

ZI+Zz 

Suppose now Z1Z3=Z2Z4 as in (1). Then 
the coefficients of I3 and I4 are equal in this 
expression for V,. So the output current 
(13+14) has been locked into a 
proportionality relation with Vs, and the 
output is undistorted. 

An even briefer analysis seems to 
underlie the remarks of J. Halliday (April 
1976). He appears to rely on the circuit 
theorem of Fig. 6, which gives in two 
convenient forms the potential adopted at 
the meet of several impedances. We shall 
rely heavily on this theorem henceforward. 

When Fig. 6 (form b) has been 
mastered, it will be easy to verify the 
expression for VN marked in Fig. 1, where 
only two arms Z1 and Z2 are connected to 
marked voltages. Now Vs= VN because the 
gain of A is large. Simply by looking at 
that expression for Vs= VN it is clear that if 
Z4/Z1=Z3/Z2 then V, and (I3+I4) are 
trapped in a linear relation. 

Given the expressions of Fig. 1, the last 
sentence provides a fifth proof that 
cancellation of distortion is possible, and 
gives the condition for it. 

Output current 
For practical reasons Z4 is much smaller 
than Z3, and provided the balance 
condition holds then 

Z3»Z4>Z2»Z1>Zp=,Z1 

(Strictly speaking the first four symbols 
should have modulus signs.) So the 
Vs= VN of Fig. 1 flow simplifies to 

Vs=VN=(I3+I4}ZZ4 .Zp 
1 

and if I=I3+14 we have 

V,=1Z4 (3) 

In other words the output current can be 
calculated simply by supposing that V, is 

applied to Z4, and it can be modelled by 
the output current I in the emitter follower 
circuit of Fig. 7 (with SI as drawn.) 

The operator H 

Before entering on our conclusions we 
have a duty to look at the difficult article of 
H. S. Malvar (March 1981). Its early 
algebra can be much simplified, as shown 
by K. G. Barr (June 1981). The article 
relies heavily on a multiplier B, which it 
will be safer here to call H, and it is used to 
relate two voltages of our Fig. 1 according 
to VD=HVB. This H is the most general 
possible multiplier, and it changes with VB 
as necessary, to maintain the above 
equation true to what happens in an 
amplifier. Certainly if one makes a 
printout of these two voltages at small 
increments of either, then H could be 
listed in a third column. Indeed for a given 
amplifier H could be presented as a list 
opposite small increments of input signal 
to the amplifier. But of course such a 
system leaves the list for H violently 
dependent on any variations in driver gain 
that are being considered. 

Well, briefly, there is no need to 
consider what happens when H is off - 
course by AH. The course is defined as 
above by what H does, and it cannot be 
off -course. AH is meaningless and should 
be set at zero throughout (equation 8 
misleading). If this is not liked, then an 
alternative description of H must be given. 
Also it is clear from the above equation 
that one may not reason on the basis that 
H=0 when the dumpers are off (equation 
12 wrong). And when A is allowed to tend 
to infinity, then his (6) requires either that 
R3 does likewise, or R4 tends to zero 
(equation 9 wrong). Finally, once it is 
admitted that a change in driver gain will 
cause shifts in H, the Maclaurin expansion 
used is not only incorrectly computed 
(equation 10 wrong) but quite invalid in 
method (H has been treated as a constant 
in the differentiation.) 

Quad 405 
Walker explains that he takes (1) as the 
basic design equation for the Quad 405 
design, with Z1 =RI and Z3=R3, so that 
both are straight resistors. But Z4 is an 
inductor L and Z2 is a capacitor C. 
Ingeniously enough, substituting the 
necessary jwL and 1/jcoC in (1) yields 
nevertheless the frequency -independent 
balance condition found in the bridge 
model: 

L=RIR3C (4) 

This ensures that the coefficients of I3 and 
I4 found at VN in Fig. pare equal and will 
stay equal to each other at all frequencies. 

But it does nothing to ensure that these 
coefficients remain constant as frequency 
varies, and disaster has in fact struck at 
this point. Indeed, simply by looking at (3) 
one can see that if Z4 is an inductor then 
output current is inversely proportional to 
frequency. In circuit terms, what happens 
to the frequency response in Fig. 7 if Z4 is 
an inductor? 

This conclusion can be confirmed by 
substituting RI, 1/jwC, R3 and jwR1R3C 
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for the four bridge values in VN of Fig. 1 

and simplifying, to obtain 

rIwR1R3C I. 

The bracketed factor is almost constant 
when w is large, but its modulus does fall 
with frequency. Indeed, with R1=50051 
and C=120pF as in the Quad 405, the 
denominator is essentially unity below 
1MHz. Hence VN varies as f in the audio 
range, and output varies as 1/f there. 

The use of L and C in the bridge has 
resulted in a ferocious dependence of gain 
on frequency. The solution applied is the 
use of massive negative feedback, applied 
in the usual way by switching S1 in Fig. 1. 

This can be modelled by switching 
similarly in Fig. 7. In this figure Z4 now 
causes no attenuation of output across ZL 
at low frequencies, but at 20kHz it may 
reduce output noticeably. Suppose we 
decide that at 20kHz we will tolerate a 
0.1% reduction in output volts. Then if 
ZL=811, Z4=0.36S/ inductive, so 
L=2.84H. Actually 34H is fitted. 

Many pairs of L and C would satisfy (4), 
and there has been no explanation of the 
choice made. It seems that feedback is 
unable to overcome the effect on gain if L 
is any larger, even when the amplifier gain 
is infinite. It follows that above 20kHz the 
performance of this amplifier must begin 
to deteriorate, and this explains the 
exhortation not to make tests with square 
waves. 

Somersaults 
The operation of the circuit in Fig. 1 may 
now be summarized in a sentence. Firstly 
bridge values are balanced to ensure that 
VN«I, and then the driver amplifier is 
used to ensure that VN=VS, thus locking 
into proportionality VS and I. 

This full discussion of current dumping 
equips us to examine the controverted 
points, and we shall now witness three 
successive somersaults before the end of 
this article. 

Firstly Halliday, supported by Olsson 
(July 1976), rides in from the flank. He 
agrees with all that has been said, but 
points out that it is entirely superfluous. 
We have just seen that the method 
depends on deriving a feedback VN 
proportional to (13+I4). Then why not 
derive it from a small resistor in series with 
the load at r in Fig. 1? 

Indeed, supposing that (1) holds and 
examining VN of Fig. 1, the value of r 
required to give identical feedback voltage 
is readily seen to be ZpZ4/Z1Z4. (The 
accurate figure is Z3MMZ4.) And J. G. 
Bennett (April 1976) drives the nail home. 
Such an r will provide feedback strictly 
proportional to I, but Walker's bridge 
owing to tolerances cannot be expected to 
balance perfectly the two coefficients in 
VN in Fig. 1. The bridge will not produce 
a feedback strictly proportional to I, and 
current dumping is actually worse than the 
simpler conventional approach proposed. 

Walker in his reply does not oppose 
these arguments. He points instead to the 
real case where A is finite, and quotes 

result (5) below, in a slightly different 
algebraical form. The result may readily be 
derived, by noting that if A is finite then a 
voltage VB/A exists between the input 
terminals of A in Fig. 1. This yields a 
second expression for VN, given on the left 
below and equated to that of Fig. 1: 

VS-I3Z3 -( 13Z3 
+ 

1424 
)Zp 

A Zz Z1 

VS=Zp[I3(Zzp+A)+I4.4] 

So V, is again locked linearly to (I3+I4) if 

Z4 = Z3 Z3 
Z4 Zz +AZp 

(5) 

The usual difficulty arises from the 
floating zero -volts rail of Fig 1. The real 
output voltage of the amplifier is not just 
VB: in fact (I3+I4)ZL needs to be added. 
Divide by A and use the result to alter the 
figure used above for volts between the 
amplifier input terminals. But the extra 
term has I3 and I4 already balanced, 
leaving unaltered the above balancing 
requirement (5). 

Thus the current dumping circuit can 
still provide freedom from crossover 
distortion with finite A. Further, fixing an 
eye on (5) and examining VN of Fig. 1, it is 
now clear that the coefficients of I3 and I4 
in that expression are no longer equal. 
Hence VN cannot now be derived from a 
resistor in series with the load. Current 
dumping is sound after all, because 
Halliday's objection only applies when A is 
infinite. 

But Walker does not go on to revise his 
explanation of the Quad 405 to show how 
he has used (5) instead of (1). Indeed, it 
would appear that he did use the last 
mentioned. For a start, his explanation is 
in terms of (1), and also of (4) which is a 
form of it. Further, the driver in the Quad 
405 is a current output device whose 
working load adopts three values over the 
cycle. According to (5) there is still a 
solution: make the gain very large, and 
then the last term can be dismissed, 
together with its several gyrations. Then 
variations in A during the cycle will not 
upset the bridge balance. Now whether 
one thinks of A as infinite or merely as 
large, neglect of the third term of (5) 
means that the coefficients of VN of Fig. 1 

are set equal. And so identical feedback 
can be derived from the small resistor 
mentioned earlier. Halliday's criticism is 
sound: the Quad 405 would work better 
without its current dumping. These 
matters will recur in Part 2. 

Fig. 7. Dumper output model. 

Vout 

In principle, however, current dumping 
is now once more of value, provided that A 
is not taken as large, but is allowed instead 
to influence (5). The dumpers may do as 
they please as the cycle progresses, 
provided only that A is not given too much 
work. So any crossover distortion caused 
by the dumpers, or indeed any other 
harmonics, noise, hum or delays that they 
introduce into the circuit will all cancel 
perfectly. 

Tolerances 
All that is theory, however, and the 
position is reversed for the third time when 
practical considerations are taken into 
account. Components do not have their 
nominal values, but are produced to 
tolerances. It follows that if A is large, the 
designer cannot give any serious weight to 
the last term in (5), whose contribution 
will be overrun by tolerance errors in the 
other terms. He might as well specify 
Z4/Z1=Z3/Z2, and once this is done 
Halliday's observation on VN recovers all 
its power. Such an amplifier would do 
better to abandon current dumping. 

What sort of amplifier could use current 
dumping with advantage? Certainly not 
one where A is so high that the third term 
of (5) disappears under the tolerance of its 
predecessor. If this has happened then a 
designer attempting to allow for the third 
term will actually do harm to a proportion 
of his production run. The critical value of 
A is the figure which reduces the third 
term in (5) to 10% of the value of the 
previous term, because the third term is 
then getting inside the 10% uncertainty of 
its predecessor. (We are assuming 5% 
components, as in the Quad 405.) 

Indeed the noose can now tighten, if 
variation of the first term of (5) is taken 
into account. Now the third term must not 
fall below 20% of its predecessor. So the 
critical value of A satisfies 

Z3 -1 Z3A 5Z2 5Z3 
AZp 5 ZZ Z1 Z4 

(where really the moduli are under 
consideration). 

We are kinder to current dumping if this 
upper limit on A is set high. But Z4 cannot 
really be made smaller than 0.111, or the 
resistance of the soldered joints will get 
into the act. And Z3 might be 4711 as in the 
Quad 405. In which case the upper limit 
on A is around 2,500 or so. If A exceeds 
this no designer can allow for it because of 
tolerances. In particular, the circuit is no 
use if the driver is an op -amp. 

To recapitulate, if A is thought of as 
large and the last term of (5) neglected, the 
current dumping circuit is actually worse 
than normal negative feedback. Indeed, 
even if A is linear, and known, and used in 
(5), tolerances defeat the designer's efforts 
unless A is under 2,500 or so. There might 
just be a window of gain up to this figure 
where current dumping could be useful. 
This point is pursued in part 2 of this 
article. Meanwhile, it appears that reactive 
components should be kept out of the 
bridge. 

To be continued 
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100n 

Automatic 'loudness' compensation 
uses microphone 
Using a microphone -derived control signal 
to adjust the response of electronic filters, 
Swede Eric Jansson has produced a circuit 
that gives loudness compensation at all 
listening levels, regardless of the listening 
environment, source -signal levels and 
loudspeaker impedance. 

Sound pressure is sensed by the 
microphone and the amplified signal recti- 
fied to feed a voltage -controlled loudness - 
compensation filter which processes the 
source signal. The output signal is now 
compensated for the equal -loudness 
contours but so are sound pressure levels 
sensed by the microphone, so to correct 
this a subfilter whose function is the 
inverse of the main filter is connected be- 
tween the microphone and rectifier. Out- 
put of the active subfilter also depends on 

A microphone -derived signal controls the 
electronic loudness filter and a further 
voltage -controlled filter removes loudness 
compensation from the microphone signal. 

Loudness compensation governed by 
sound pressure levels and independent of 
listening environment, source level and 
loudspeaker impedance is claimed for this 
circuit. 

C1 R1 

0 u t o-f 11--i- \ A, 
10y 12k 

178' í- 
-v 

17 

the control voltage so the signal feeding the 
rectifier is effectively uncompensated. 

Positioning of the microphone is not 
critical as loudness compensation mainly 
affects frequencies below 1kHz. Compo- 
nents C1 and R1 form a 48Hz high-pass 
filter before the voltage amplifier which 
feeds the subfilter. Output of the subfilter 
feeds rectifier IC2c. A comparator, IC2B, 
causes analogue switch IC3 to short the 
control voltage at C to point A when sound 
pressure level is above 86dB. When these 
points are shorted the control voltage is 

Left in 
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zero and both filters have a flat amplitude 
response. Resistor R2 sets the control 
voltage; at 0dB sound pressure level the 
voltage over points A and C should be 
310mV and above 86dB the reading should 
be zero. Circuit ICI is a quad voltage - 
controlled filter; two sections of the device 
are loudness filters for each channel and a 
third section forms the subfilter. 

The circuit is designed for a microphone 
sensitivity of 0.56mV/µbar. Jansson has 
applied for a patent for his circuit. 
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Assembly 
programming 

Emphasizing the use of flow diagrams to aid programming, Bob Coates illustrates how 
microprocessors perform arithmetic in his sixth tutorial. 

Flow charts provide a pictorial representa- 
tion of a procedure. A simple program- 
ming loop illustrates how flow charts are 
applied as an aid to assembly -language 
programming, see diagram below. Pro- 
grammers use flow charts to help program 
writing and to provide documentation for 
future reference. When constructing flow 
charts, one must first decide how much 
detail is required; charts can range from a 
brief outline to a highly detailed descrip- 
tion. Textbooks often expound that the 
`correct' method for program writing is to 
draw up a neat flow chart using all the 
proper symbols - of which there are many 
- but in practice few programmers work 
in this way. Flow charts are an aid to 
writing programs and should be con- 
structed in the way that suits you. 

If a section of a chart proves difficult to 
sort out it is useful to consider the section 
as one block and to work the block out 
later using a second flow chart. Things can 
get a little disjointed but it doesn't matter 
as long as you understand what is happen- 
ing. The time to write a flow chart 
conforming to the rules for future refer- 
ence is when the program works correctly. 

Summing numbers 
As a first example, consider a simple loop- 
ing program. Requirement of the program 
is to sum eight -bit binary numbers stored 
in successive memory locations and store 
the result in a specified 
number of binary values is 
value in a memory location. 
tions for the Picotutor* are 

024 
050 
051 
052 
053 
054 

start of program 
result store 
number of values 
first 8 -bit value 
second 8 -bit value 

location. The 
specified by a 
Memory loca - 

and so on. Flow diagram `Summing of 
numbers' represents the operation re- 
quired, and you can see how this chart 
corresponds to the basic structure shown 
earlier. The job of this program is to circu- 
late the loop section once for each eight -bit 
value, adding each value to the result. 
Using the index register as a pointer, as- 

*Picotutor is a low-cost assembly -language 
trainer described in Wireless World December 
1982 and January 1983. A Picotutor kit is avail- 
able from Magenta, see advertisers index. 

by R. F. Coates 

Program loop structure 

( Start 

Initialisation section 

Process section 

Loop control section 

o 

Concluding section 

C Finish ) 
sembly language for the program is shown 
in List 1. 

Two instructions which clear the sum- 
ming register and set the pointer to the 
first data -byte location form the initialisa- 
tion section of the program. The process- 
ing section is the single ADD instruction 
which adds the contents of the memory 
location addressed by the index register to 
the accumulator. INCX updates the 
pointer so that the next iteration adds the 
next value to the summing register. To 
keep track of the number of iterations still 
to be carried out, DEC VALUE decre- 

Summing of numbers 

( Start 

Clear summing register 

Initialize a pointer 
with address 

of first 8bit value 

Add 8bit value pointed at 
to summing register 

Increment pointer 

Decrement counter 

o 

Store result 

(lump to monitor) 

ments the location containing the number 
of values. BNE causes a branch if the zero 
flag is not set. Offset is a twos complement 
number which when added to the program 
counter causes a branch to the address of 
label LOOP. If the zero flag is set the next 
instruction in sequence, STA RESULT, is 
executed. The last instruction affecting the 
zero bit before the branch instruction is 
DEC VALUES and branching continues 

List 1. Assembly language for summing numbers on the Picotutor. 
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until this instruction causes the location 
called `values' to decrement from 01 to 00. 
If the initial content of location `values' is 
02, two loops will be performed hence two 
numbers added. 

Try filling the data locations with these 
values 

052 08 
053 13 

054 2A 
055 1C 

and set the values location 051 to 04. Re- 
sult location 050 should contain 61 when 
the program is completed and control is 
returned to the monitor. 

Reassembling the program as shown in 
Lists 2 and 3 allows it to run on systems, 
using 6800 and 6809 microprocessors. The 
only significant difference is that there is 
no INX register incrementing instruction 
in the 6809. A more versatile load effective 
address instruction, LEA, replaces it. 
Here the effective index -register address is 
formed from the index -register value plus 
the twos complement offset. With an offset 
of one, one is added to the index register as 
with INX but the register is incremented 
or decremented using a single instruction 
which is not possible with the 6800 or 
6805. 

List 
6800. 

2. Summing numbers using the 

1000 4F CLRA 
1001 281')52 --': 

1004 A30. '_COP ARCA 
1006 08 :N 
1007 7A:.,D 1 DEC 
10cÁ - 

1G02 ,7A 

List 3. Summing numbers using the 
6809. 

A22A 
-A,, 

2-2 

o;.. 

All of the examples shown depict just 
one way of performing a given operation 
and even the simplest programs may be 
reconstructed to perform the same opera- 
tion. Generally, examples given are chosen 
because they indicate clearly what is hap- 
pening. They are not necessarily the most 
efficient solutions. It may be wise to mod- 
ify programming techniques for different 
processors, as can be seen by applying the 
summing example to the Z80, List 4. 

With the Z80 there is no specific clear - 
accumulator instruction but it is possible 
to perform an exclusive -or function on the 
accumulator and any other register - in- 
cluding the accumulator. An exclusive -or 
operation on a number with itself gives all 

List 4. Z80 number summing program. 
2000 3A5520 _D A. U.,a_uEs: 
2003 47 9,9 

2004 AF >(CR A 

2005 215220 LD 

2009 23 _OCP ADD A. HL) 
2009 23 INC 

200A :GF_ DJNZ _OOP 
2000 _35020 LD 

200E C3C05C -P 

A x A mnlfinlìrnfinn 

( Start ) 

Multiplicand in addr $60, 
multiplier in address $61, 

product in address 
$621$63 =0 
Count = 8 

Product = 2 x product 
shift left one bit ) 

Multiplier = 2 x multiplier 
( shift left one bit ) 

o 

Product = 

product+ multiplicand 

Count = ount -1 

o 

(lump to monitor) 

zeros so performing exclusive -or on the 
accumulator, XOR A, has the effect of 
clearing the accumulator. Secondly condi- 
tional jump DJNZ decrements the B regis- 
ter and causes a relative jump if the B 
register does not hold zero. This instruc- 
tion replaces two in the 6800 -series 
programs. The B register cannot be loaded 
on its own, only as a pair with the C regis- 
ter, so the A register is loaded with data 
which is subsequently transferred to the B 
register. 

Four basic arithmetic functions are fre- 
quently carried out in further examples. 
Sixteen -bit addition and subtraction has 
already been illustrated, leaving multipli- 
cation and division to be explained. 

8 -bit multiplication 
An algorithm for 8 -by -8 bit multiplication 
in which two eight -bit numbers in loca- 
tions 60 and 61 are multiplied and the 
eight most -significant bits of the result 
placed in location 62 is illustrated in the 
multiplication flow diagram. Eight bits of 
location 63 are set to one. How one can 
multiply when the processor can only add 
and subtract needs explaining. Consider 
these binary numbers 

0101 multiplicand 
0110 multiplier 

To multiply these numbers, for each bit 
in the multiplier the multiplicand must be 
shifted left to realign with the bit in the 
multiplier. If the bit in the multiplier is set 
the shifted multiplicand is added to the 
value in a result register and if the bit is 

rlPar nn addition takes nlace. For the first 
bit in the multiplier the multiplicand is 

shifted left by one bit to give binary 1010 
which is stored as a partial product. For 
the second bit the multiplicand is shifted 
left again to give 10100 which is added to 
the partial product, i.e. 

first shift 1010 
second shift 10100 

total 11110 

resulting in lE (5x6=30 decimal giving 
lE hex.). Consequently one only needs to 
shift and add in order to multiply. 

Details in the flow -chart differ from this 
slightly because shifting an eight -bit 
multiplicand eight times would require a 

further byte to shift the value into. Instead 
the multiplicand is added to the product 
store and that is shifted left, saving a byte 
of ram. Program derived from the flow 
chart for the 6805 is shown in List 5. 

List 5. Multiplication program for the 
6805. 

024 3F32 
0^6 3FB3 
028 AE06 
02A 3903 
02C 3902 
02.2 2B6: 

030 2408 
032 9660 
034 9363 
032 9763 

47 
2222 

C_F 

L2 

ROL 
LEL 
BCC 
_DA 
ADD 
:A 

7_ ?RED 
710E 

ORO: 
P50D.. 
#E 

PROD+1 
PROD 
:PLIER 

YCAND 
730E+1 
PROD.: 

Sixteen -bit register PROD and PROD +1, 
which is initially cleared, holds the result. 
Counting is carried out by the index regis- 
ter which is set to the number of bits in the 
multiplier, in this case eight, to determine 
how many times the program will run. 

Shifting of the 16 -bit product store is 
required in the first part of the looping 
section but only eight -bit registers can be 
shifted (except with 6801/3 processors) so 
shift and rotate are used to give the same 
effect. Program section LSL PROD +1 
shifts the first eight bits of the product left, 
placing bit seven into the carry position. 
ROL PROD then rotates the most -signifi- 
cant eight bits left and the previous carry 
indication moves into bit zero of PROD, 
resulting in a 16 -bit left shift. 

Next, the multiplier is shifted left to 
place each of its bits in the carry location 
where they can be tested for one or zero on 
each loop. A digital one causes the 
multiplicand to be added to the 16 -bit par- 
tial product, the result being returned to 
the partial product locations, and a zero 
causes the add section to be skipped over 
by the BCC instruction. Decrementation 
of the loop counter then takes place and 
the program loop restarts if all eight bits of 
the multiplier have not been tested; 
otherwise looping ends with the partial - 
product locations containing the final re- 
sult value. 

15 -by -7 -bit division 
Division on a microprocessor can be car- 
ried out using a series of trial subtractions. 
For each step in the division it must be 
determined whether or not the divisor can 
be subtracted from the remainder of eight 
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Yes 

15 x7 divide 

( Start ) 

Dividend in address 
$60 /$61 

Divisor in address $62 
quotient = 0 count = 8 

Shift -left dividend 
Shift -left quotient 

Divisor 
> 8 m.s. bits 
of dividend ? 

Subtract divisor from 
8 m.s. bits of dividend 
and increment quotient 

Decrement count 

o 

Remainder in address $60 
Quotient in address $61 

(lump to monitor 

most -significant bits of the dividend with- 
out causing a borrow. If the divisor can be 
subtracted the corresponding bit in the 
quotient is one, if not, the bit is zero. 
Dividend and quotient are correctly 
aligned by shifting them left one bit before 
each trial subtraction. 

In this example dividend and quotient 
occupy the same 16 -bit register at locations 
60 and 61. This is possible because the 
algorithm, see flow diagram, clears one bit 
of the dividend at the same time as it deter- 
mines one bit of the quotient, leaving an 
integer quotient and the remainder, i.e. 
what is left of the dividend. Program for 
the 6805 derived from the algorithm is List 
6. To try the program, a 15 -bit or less 
dividend is entered in locations 60/61 and a 
seven -bit divisor placed in address location 
62. After running the program, location 61 
will contain the quotient and location 60 
the remainder. This simple program only 
allows an eight -bit quotient and only 

works if the dividend/divisor combination 
give an eight -bit or less quotient. As an 
example, using dividend 1234 (4660) and 
divisor IF (31) gives quotient 96 (150) 
remainder A (9). 

Decimal arithmetic 
All arithmetic functions so far discussed 
operate on binary numbers but manipula- 
tion of decimal numbers is more accepta- 
ble to humans. There are two ways to 
accommodate decimal numbers; one is to 
write arithmetic routines that handle deci- 
mal numbers, the other to convert decimal 
input numbers to binary. I will cover both 
methods. 

True decimal routines. Some modern 
processors contain instructions which 
perform decimal or binary-coded decimal 
(b.c.d.) arithmetic directly, but not those 
that we are considering. To enable one to 
write decimal arithmetic routines, the fun- 
damental requirement is addition of b.c.d. 
numbers. An eight -bit binary number can 
contain two b.c.d. digits but as the greatest 
decimal digit is nine, the greatest binary 
value is 1001. 

With 6800/09 and Z80 processors, if the 
accumulator holds two b.c.d. digits which 
are added to another two b.c.d. digits, i.e. 

LDAA $99 
ADDA $49 

the processor produces the result E2 in 
binary form. Binary numbers in the accu- 
mulator can be converted back to b.c.d. 
after an add or add -with -carry instruction 
using DAA, the decimal adjust accumula- 
tor instruction. Using DAA the result is 48 
and the carry bit is set, indicating 148, so 

LDAA $99 
ADDA $49 
DAA 

allows b.c.d. numbers 99 and 49 to be 
added correctly. 

The 6805 has no DAA instruction but 
b.c.d. addition can be performed by using 
a subroutine which is the equivalent of 
DAA. Explaining this subroutine also ex- 
plains how the DAA instruction works. To 
perform a decimal correction it is neces- 
sary to know whether a bit -seven carry 
took place in the addition, indicated by the 
condition -code register (c.c.r.) carry bit, 
and if there was a carry from bit three to 
bit four indicated by the c.c.r. half -carry 
bit, bit H. Only ADD and ADC instruc- 
tions affect the half -carry bit in Motorola 
processors but decimal subtraction with 
the Z80 is simplified as this bit and the 
add/subtract flag are affected. Normally 
the half -carry bit is only used by the DAA 
instruction but on the 6805 there are two 
conditional branch instructions, branch -if - 
half -carry -set and branch -if -half -carry -set, 
which partly compensate for the absence of 

List 6. 15 -by -7 -bit division using the 6805. 

a DAA instruction. 
Decimal correction is shown in the flow 

diagram. If the carry -bit is set or the 
number is greater than 99 then high -digit 
correction by adding 60 to the number is 
necessary. Low -digit correction by adding 
six to the number is required when the 
half -carry bit is set or the units half of the 
byte is greater than nine. Adding 99 and 49 
shows how this works 

99 
+49 

total E2 

Adding two nines gives two and sets the 
half -carry indication, and adding nine, 
four and the carry gives E. Applying the 
decimal -adjust algorithm, result E2 is 

Decimal addition correction 

Start 

Clear correction register, 

save input value 

Yes 

No 

Add 60 to correction register 

Yes 

o 

Add L to correction resister 

Add correct on register 
to input value 

Wac. 

C bit set 
when routine 

entered? 

Set C bit 

No 

Returr'iom ^terruc.t 
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greater than 99 so 60 is added and the half - 
carry bit is set so a further six is added. 
With correction of 66 added, result E2 
becomes 148, i.e. 48 with the carry indica- 
tion set. 

Because this algorithm is often used and 
ram space in Picotutor is limited the 
subroutine for this shown in List 7 is in- 
cluded in eprom at address 33. I used a 
different assembler for this program so 
entering of hexadecimal numbers is dif- 
ferent; numbers entered are prefixed with 
H. List 8 illustrates how 99 and 49 are 
added using this subroutine. When the 
first SWI instruction is encountered, press 
the register key and check that the H bit is 
set, that the C bit is clear and that the 
accumulator contains E2. Leave register 
mode and press the cn key to continue the 
program. Pressing the register key should 
now indicate that the H bit is clear and the 
carry bit is set. The accumulator now con- 
tains 48 and multiple -precision addition 
may be carried out as described earlier 
using the carry indication. 

Number conversion 
Converting a decimal number to binary, 
manipulating it and converting it back to 

List 8. Adding two numbers using the 
simulator of List 7. 

E 2387 
__ 3C 

List 9. Converting decimal 2748 to binary 
form using Picotutor. 
024 0627 LOA #427 

026 º714 STA POINT 
025 A949 LDA #848 
0P4 B718 STA POINT+: 

02C REGO LOX #480 

02E BD89 JSR SCD8IN 

030 úC80 JMP START 

List 10. Assembly language for Picotutor subroutine BCDBIN. 

404 7F 
4:'5 6F01 
407 131D 
409 BG1A 
408 44 
40C 44 

40D 44 
40E 44 
4OF 871C 
4:1 ÁD47 
4:3 270A 

4:5 A603 
417 FB 
4.8 F7 
415 A6E8 
4:B AD32 
41D 26F6 

4:F B63A 
421 A40F 
(23 071C 
425 AD33 
427 270G 

42E A634 
428 AD22 
42D 2SFA 

42F BOIS 
431 44 
422 44 
433 44 
434 44 
435 B712 
437 ÁD21 
439 270G 

438 AGUA 
43D ADIO 
43F 23FA 

441 8618 
443 A40F 
(45 AD'3 
447 ADOG 

442 96 
44A 031201 
44D SS 
44E 81 

44F 9801 
451 E701 
453 A800 
455 FE 
456 F7 
457 3AIC 
459 B1 

45A A109 
45C 2302 
45E 1212 
460 4D 
491 81 

841 BCDBIN - CONVERTS A 4 DIGIT PACKED BCD NUMBER IN 
842 POINT TO 14 8I7 BINARY. AND PLACES 
843 RESULYT IN 0.6/1,6. BCD NUMBER 
844 UNALTERED. SETS CARRY IF A NON -DECIMAL 
B45 DIGIT ENTERED. 
846 

431 847 BCDBIN CLR 0.6 CLEAR RESULT REGISTERS 
432 848 CLR 1,6 
433 849 BCLR I,BITSTR CLEAR OVERFLOW FLAG 
434 850 LDA POINT PUT 1000'S DIGIT' IN POINTS 
435 851 LSRA 
438 852 LSRA 
437 853 LORA 
438 954 LSRA 
439 855 STA POINTS 
440 856 85R BCDCHK CHECK DIGIT. IS :=9 
441 857 BED 8262 BRANCH IF DIGIT = 0 

858 
442 859 BCB1 LDA 03 ADD H'300' '0 RESULT 
443 860 ADD 0.6 
444 961 STA 0.6 
445 862 LDA 8H'28' ADD H'E8' TO RESULT 
446 863 BSR BCDADD (TOTAL ADD=>'3E8'. 1000 DEC) 
447 B64 BNE BC81 BRANCH IF 1000'5 NOT ZERO 

865 
866 

448 867 BCB2 LDA POINT PUT 100'2 0:GI' IN POINTS 
449 898 AND 04'F' 
450 869 STA POINTS 
45: 870 B9: SCDCXK 
452 871 BEG SCB4 BRANCH IF DII:IT = C 

972 
453 873 9283 LDA 4H'34' ADD 4'54' (1E0) TC.RESL'LT 
454 874 BSR SCCAD 
455 875 BNE 2223 

87C 
977 

458 878 9264 LDA POINT*: PUT 10'S DIGIT. IN POINTS 
457 679 LSRA 
458 880 LSRA 
459 881 LORA 
460 882 LSRA 
46: 883 STA POINTS 
462 864 259 BCDCHK 
463 885 SEG SCES 

886 
464 887 8285 LOA MH'A' ADD H'A' (:0) -0 RESULT 
465 888 85R BCDADD 
466 889 BNE DC85 

930 
B91 

487 892 
468 693 
469 894 
470 805 

8E6 
9E7 

471 8E8 
472 899 
473 900 
474 001 

902 
903 
904 

475 S05 
476 906 
477 907 
478 908 
479 909 
480 910 
481 911 

S/C 
913 
9:4 

482 915 
493 916 
484 917 
485 918 BCDCHI 
486 518 

List 7. Simulation of the 6800 DAA instruction included in the Picotutor. 

13586 

BC87 

BCDADD 

BCDCHK 

LDA 
AND 
BSR 
BSR 

PIINT'1 ADD 1'S TC RESULT 
4H'F' 
BCDCHK 
BCDADD 

CLC 
SRCLR 1,8ITSTR.BCB7 BRANCH IF NC ERROR 
SEC SET CARRY AS NON -DECIMAL NG. 
RIS RETURN, CONVERS:ON COMPLETE 

ADD 
STA 
LIA 
ADC 
STA 
DEC 
RTS 

CMPA 
BLS 
BSET 
TSTA 
RTS 

DAA - THIS ROUT:NE SIMULATES THE DAA INSTRUCTION OF THE 
a 8800 ETC. IT SHOULD BE CALLED AFTER AN ADD OR ADC 

INSTRUCTION AS.... JSR DAA. 
º UPON EXIT. A IS BCD CORRECTED AND C IS SET FOR 

MULTIPRECISION BCD ADD. 

3F'8 871E DAA STA 
388 8FIF SIX 

38A 5F 
388 101D 

38D 2508 
38F 1110 
391 Ai99 
393 2302 
355 AESO 

397 2908 
399 A4OF 
3F1B A109 
3'.'D 2304 
39F 9F 

3A0 ABOG 
3A2 37 

3A3 
3A4 
3AG 
3A9 
3AA 
3AD 
3AE 

9F 
BB1E 
BE1F 
2504 
011001 
99 
81 DAA2 

TEMPA 
TEMPX 

SAVE INPUT VALUE 

* CALCULATE CORRECTION FACTOR 

CLRX BUILD CORRECTION :N ;< 

BSET O,BITSTR SET CARRY STORE 

BCS DAAHS 
BCLR O,BITSTR BUT CLEAR CARRY STORE IF CARRY ISN'T SET 

CMP #H'99' 
BLS DAALOW INPUT -=H'E9' 
LDX #H'SO' HIGH NIBBLE NEEDS CORRECTION 
u 

DAALOW BHCS DAALG 
AND #H'F' 
CMP M9 
BLS DAADNE NO LOW NIBBLE CORRECTION 

DAALG TXA 
ADD #H'G' LOW NIBBLE CORRECTION 
TAX TOTAL ADJUST BACK TO X 

n 

* CORRECT ACCUMULATOR NOW 

DAADNE TXA CORRECTION 30ES INTO A 

ADD TEMPA AND IS ADDED TO nPGIXAL VALE 
LD;( TEMPX 
GCS DAA2 ?RANCH CUT :7 CAR R'.' .._READ`( SET 

BRCLR o,B:T9TR,AA2 CR IF IT WASCLEAR' DN ENTRY 
SEC BUT SET CARRY _F :T WAS CN ENTRY, 

RIS 

1,6 ADD NUMBER IN A TO RESULT 

M1 MO 
0.`( PASS CN CARRY 
0,6 
POINTS DECREMENT TKE DEC:MAL DIGIT 

M9 SCT ERROP FLAG :F DIGIT 'S 
BCDCHI 
1,BI'STR SET FLAG 

decimal form is the second alternative. 
These conversions are often used, for in- 
stance the d.v.m. program referred to in 
the January issue obtains an eight -bit bi- 
nary value equivalent to the input voltage 
and converts it to decimal form for display. 
Subroutines for converting numbers in 
both directions are included in the Picotu- 
tor monitor as `system calls'. How b.c.d. is 
converted to binary in its BCDBIN 
program is illustrated in the flow diagram 
shown. Here, for each of the thousands, 
hundreds and tens digits the equivalent 
hexadecimal number is added to a result 
register by the number of times equal to 
the number of the digit. Finally, units are 
added to the result. Table 1, system calls, 
shows that the b.c.d. number should be 
placed in POINT and POINT+ 1, the first 
being the ram register used by the monitor 
at address 1 A and the last the next loca- 
tion, 1B. As these locations are used by the 
monitor they cannot be set up by the 
memory -open command (mo) which uses 
POINT for other purposes but must be set 
up within the user program. Setting up of 
the index register is also required so that it 
points to where the result of the conversion 
is to be placed. 
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BCD -to -binary conversion 

( Start 1 

Clear result registers 

Yes 

Add $308 (1000 dec ) 

to result 
decrement 1000 s digit 

Yes 

Add $64(100 dec.lto result, 

decrement 100's digit 

Yes 

Add $A (10 dec l to result 
decrement ?0's digit 

Add i's digit to result 

Ceturn from subroutine 

List 9 is a program example for convert- 
ing 2748 to binary for representation in 
hexadecimal form. First POINT and 
POINT+ 1 are set up with the decimal 
value then the index register is loaded to 
point to result location 60. Subroutine 
BCDBIN is then called to convert the 
number to decimal and return control to 
the monitor. Examination of locations 60 
and 61 using the memory -open key should 

Table 1. System calls. 

Add Name Function Add Name Function 

80 START Re-enter monitor. 
83 DISKEY Refreshes display 

with data in DISBUF 
then calls KEVIN. 

86 KEVIN Scans keypad and 
returns with key code 
in A, 00 if no key 
pressed. Sets c.c.r. C 
bit if same key 
pressed, clears 
otherwise. 

89 DISGET Repeatedly calls 
KEVIN until a new key 
is pressed, returns 
with key code in A. 

8C DISHEX Calls DISGET and 
converts key code to 
hex. if a 0-9 or A -F key 
and clears C bit. If 
non -hex., returns with 
original key code and 
sets C bit. 

8F HEXCON Converts key -code in 
A to hex (00-0F) and 
clears carry. If non - 
hex. key, returns with 
original code in A and 
sets carry. 

92 BADDR Builds three -digit 
address entered by 
keypad in 
POINT/POINT +1. 

98 THEX Gets two hex. digits 
from keypad and 
combines in A. Puts 
seven -segment 
equivalent of two 
digits in 0,X/1, X. Non - 
hex. keys cause jump 
to START. 

9B LSEG Converts m.s. nibble 
in A to seven -segment 
code. 

9E RSEG Converts I.s. nibble in 
A to seven -segment 
code. 

AD ERIROR Puts 'Error' in display 
until any key pressed 
then jumps to START. 

BO CLRDIS Clears display buffer 
ram DISBUF. 

B3 DAA Simulates the 6800 
DAA instruction. 

B6 BINBCD Converts a 14 -bit 
binary number in 
POINT/POINT+1 to a 

four -digit packed 
b.c.d. number in 0, 
X/1,X. Sets C if an 
overflow occurs. 

B9 BCDBIN Converts a four -digit 
packed b.c.d. number 
in POINT/POINT+1 to 
a 14 -bit binary 
number in 0,X/1,X. 
Sets C bit if a non - 
decimal digit entered. 

BC BUILD4 Gets four hex. digits 
from keypad and 
packs them in 
POINT/POINT+ 1. 

Jumps to START if 
non -hex. key pressed. 

BF ADD Adds two 16 -bit 
binary numbers in 
POINT/POINT+1 and 
TEMPX1 /TEMPX2. 
Result in 
POINT/POINT+ 1. 

C2 SUB Subtracts 16 -bit 
number in 
TEMPX1/TEMPX2 
from 16 -bit binary 
number in 
POINT/POINT+ 1. 

Result in 
POINT/POINT+1. 

C5 MUL Multiplies two eight - 
bit binary numbers in 
TEMPX1/TEMPX2. 16 - 
bit result in 
POINT/POINT+1. 

C8 DIV Divides 15 -bit binary 
number in 
POINT/POINT+1 by 
seven -bit binary 
number in TEMPX1, 
puts quotient in 
POINT+1, remainder 
in POINT. 

CB DVM Digital voltmeter 
program (see Jan. 83 
issue) 

CE VGEN Voltage generator 
program (see Jan. 83 
issue). 

reveal the result OABC. List 10 is the 
b.c.d.-to-binary program in Picotutor. Try 
modifying the program to convert from 
binary in hexadecimal form to b.c.d. using 
Picotutor subroutine BINBCD. 

System calls 
Because of limited ram in Pictotutor a col- 
lection of useful subroutines, or system 
calls, such as BCDBIN are included in the 
monitor eprom, Table 1. By linking these 
to your programs fairly complex programs 

Table 2. Reserved memory. 

Address Bytes Name Function 

10 6 DISBUF Store for seven -segment codes for each digit of display. 
16 1 TIMEV Timer interrupt vector. Program will jump to the direct 

address given here when a timer interrupt occurs. 
17 1 IROV Same as TIMEV but for hardware interrupt. 
18 1 LASKEY Used by DISKEY. 
19 1 POINTP Used by monitor 
1A 2 POINT Used by monitor and for arguments of some system calls. 
1C 1 POINTS Used by monitor. 
1D 1 BITSTR Single bit flag store. Bit 0 used by DAA, bit 1 used by BINBCD 

and BCDBIN. Bits 2 to 7 reserved for future use. 
1E 1 TEMPA Used by monitor. 
1F 1 TEMPX Used by monitor. 
20 1 TEMPX1 Used by monitor and for arguments of some system calls. 
21 1 TEMPX2 Used by monitor and for arguments of some system calls. 

can be used despite the small ram. In- 
cluded are the routines for addition, 
subtraction, multiplication and division al- 
ready described. Other routines will be 
described later; the list is included now to 
allow you to experiment. 

Addresses of each call are only three 
bytes apart because the address merely 
contains a jump instruction which causes a 

jump to the actual routine address. There 
are two reasons for this. Firstly all these 
jumps can be contained in page zero eprom 
locations which allows direct addressing 
and saves memory space. Secondly minor 
program modifications which alter address 
locations may be made without altering the 
jump addresses. An area of ram reserved 
for use by the monitor is also used by some 
of the system calls, indicated in Table 2. 

0 

Bob Coates concentrates on the 6805 and 
reveals some of Picototors secrets in his next 
article. 
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TER 
DESIGN COMPETITION 
In case anyone who has entered your design 
competition is still undecided about what to do, 
I would like to make a suggestion. 

In a noisy environment the normal ear can 
shut out the unwanted sound, enabling a 

conversation to be carried on without much 
difficulty. 

Interpose a hearing aid or any microphone - 
amplifier - receiver combination for that mat- 
ter and the ability to discriminate is lost. All we 
hear is the loudest noise. 

Anyone who can overcome this will earn the 
undying gratitude of the hard of hearing. 
D. Wattson 
Hayfield 
Derbyshire 

Over the years there have been several methods 
for the disabled to signal help when they are in 
difficulties - cords, bells, lights, whistles, etc. 
and, of course, the telephone. They are all so 
limited that they are virtually useless for the 
very people for whom they are most needed - 
the very severely disabled, including the frail 
elderly. When they fall to the floor, or are in 
similar difficulty, they are helpless; they cannot 
reach any of the communication aids presently 
suggested. 

What is needed is a portable fail-safe alarm, a 
device that can be worn round the wrist or neck 
which the person can immediately operate, ac- 
tivating automatically the telephone or similar 
means of communication to an outside source of 

help. I have to say that there are one or two such 
devices on the market, but they, too, are limited 
and, I think, expensive. 

If something really suitable could be pro- 
duced it would be a tremendous boon for the 
increasing numbers of disabled people. There 
would be an enormous market amongst them, 
and Social Services department, especially with 
the increasing emphasis on community care. 

I hope this will be taken up. 
E. M. Cohen 
Southend-on-Sea 

'WASTE' OF A 
RESOURCE 

May I suggest a new cause that Wireless 
World with its new-found sense of social res- 
ponsibility may care to take up? 

This is the almost incredible waste of a 

precious natural resource - the radio spectrum 
- on what can only be described as pap at its 
mildest and sheer rubbish at its worst. If one 
tunes across the medium -waveband in any part 
of this country today, all that can be heard is the 
same type of "chat -show, DJ, phone-in", re- 
peated ad nauseam from what seems to be 
hundreds of stations, all identical except for 
their names and the occasional reference to 
some local event or other. Some put out adverts 
for local businesses and call themselves "inde- 
pendent" stations, others advertise themsehes 
and claim to be the BBC. Radio 4 has absconded 
to long -wave, Radio 3 has been relegated tc a 

single frequency and ruined by continuous fad- 
ing even in daylight, and the scene is not even 
enlivened by the occasional "good music" sta- 
tion, as in the USA. In fact, as a frequent visitor 
to the USA, it seems to me that from a situation 
20 years ago where we could be rightly proud of 
what the BBC was doing, we have completely 
degenerated to the point where almost any large 

American city has more real choice than we do. 
What I object to is the sheer waste of frequen- 

cies. We have been told repeatedly over many 
years whenever some new form of public service 
broadcasting was suggested that the real prob- 
lem was lack of frequencies, so they never came 
to anything, yet now we seem to have found (by 
magic, apparently) that there are in fact huge 
numbers of channels totally unoccupied and just 
waiting for another pap station to occupy them. 

I have in mind, particularly, continuous 
weather broadcasting of the "Airmet" variety. 
"Airmet", you; may remember, was a long -wave 
station that transmitted continuous weather re- 
ports for a large number of stations throughout 
the UK, interspersed with interpretation by a 
forecaster. Nominally for the benefit of aircraft, 
it was chased off the air in 1950 by, supposedly, 
the Copenhagen Plan, which re -allocated its fre- 
quency (245 kHz) to Copenhagen. There was a 

considerable outcry at the time, quietened down 
somewhat by the reassurance that as soon as an 
alternative frequency could be found it would 
be re -instated. Needless to say it has not been. 

Now this was a particularly useful bit of true 
public service broadcasting. Being in plain lan- 
guage, on an easily accessible frequency, it 
needed no specialised equipment and eliminated 
all the business we now have of trying to re- 
member at what time on what channel the 
weather forecast is. Unless you happen to have 
specialised knowledge and can use the h.f./s.s.b. 
civil and military weather broadcasts, there is 
still no way to get up-to-date actual weather 
reports country -wide. And yet, how many disas- 
ters do we still have attributed to some poor 
chap's lack of knowledge of how the weather 
was developing? A continuous broadcast on the 
medium waveband might just prevent some of 
those hikers or sailors starting out in the first 
place, and save the expenditure of large sums by 
the rescue services. 

Of course, none of the existing broadcasters 
would want to organise it - it is unglamorous 
and might not pay - but how about the Gov- 
ernment itself doing it? 

This is only one example, but there are many 
others. Come on, Wireless World, this one might 
even have a better chance of success than some 
of your other causes! 
W. Blanchard 
Dorking 
Essex 

TELECINE SCANNING 
Is it not time that, even now, after all these years 
of the growth of tv, something could be done 
to adjust more sensibly the 35mm telecine scan- 
ners of both BBC and the IBA companies. I 

have the impression that for a large number of 
years the SMPTE standard has been used, but 
unfortunately this results in excessive un- 
derscanning of the film frame, titles becoming 
far too close to the picture edges, in some cases 
even being partially cut off. Credits such as 
"irected by" at times being the result. Even 
famous names have been "shortened" on oc- 
casion. 

In cinemas in pre-CinemaScope days when 
screens were all 4 x 3 ratio this problem did not 
arise. When one considers that domestic tv 
receivers almost always overscan the picture 
tube (all the ones I've seen - except mine - 
do) the present excessive underscanning by the 
broadcasting authorities telecines is completely 
unwarranted. 

Surely the solution is to line up to the tradi- 
tional scanning area of standard 35mm pro- 
jectors. This will result in correct framing and 
compostion as intended by the original film 
makers. Incidentally there would be an added 
bonus (albeit only marginal) in that the defini- 
tion would be improved. 

Who will pursue this? 
Arthur Dungate 
Hounslow 
Middlesex 

BINAURAL RECORDING 
I want to give some comment on Mr Kirkham's 
letter in WW June, 1983. First of all I want to 
deal with the "oddities" he discovered in the 
schematic diagram given in my article in WW 
November, 1982. 

Driver stage for the 600f2 load 
This stage was designed to operate with 1Vpeak 
input voltage, with an overload margin of some 
10 dB, and a flat frequency response up to 50 
kHz. Therefore the output can make excursions 
between the power supply -lines. This require- 
ment cannot be met by most op -amps, hence the 
class -B output stage. This opened the way to the 
use of a somewhat "funny" amplifier, the LM 
3900, which is a Norton amplifier. This reduces 
the number of switch contacts, and reduces the 
number of resistors. The a.c. analysis of a 
typical Norton amplifier is given below. 

This shows that the amplification of the first 
stages is 3 in both modes, and that the third 
stages are 1 x amplifiers in both modes. 

Second amplifier stage 
The second amplifier has to have the following 
characteristics: low noise, because the output of 
the cross -feed circuit is 0.01 x the input signal; 
frequency characteristic flat up to 50 kHz. 
These demands are met by the LM387, which 
has an equivalent noise voltage of 7nV/\/Hz. 
This single supply amplifier however has a 

somewhat peculiar behaviour. The input pre- 
sents a 1.2V d.c. level, which by means of d.c. 
feedback controls the d.c. output level. This 
explains the split between d.c. and a.c. feed- 
back, and the lµ capacitor on the input. Mr 
Kirkham is correct however, when he indicates 
that the switch was wrongly positioned. This 
was corrected in WW of January 1983. 

The circuit as published in my article (WW 
Nov 1982) can be approved upon by using 
TL074 (or equivalent) because LM3900 is 
prone to high frequency instability, which gen- 
erates noise. However, the circuitry has to be 
changed considerably, else you will end up with 

R 

RI 
uo= - 

R2 
u¡ 

Ui 
hn 

R2 

uo= Ri, hence uo=u = R2 
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R2 R2=3R1for the input stage 
R2 -R1 for the third stage 

wrong amplification factors. Part of the circuit 
is given below. 

Now about the use of the circuit described in 
WW November, 1982. It is intended to give 
loudspeaker -like reproduction on headphones, 
or headphone -like reproduction on loud- 
speakers. This is something totally different 
from what Mr Kirkham is looking for. He is 
looking for some "gadget" that enlarges the 
stereo -base. The circuit he provides does just 
that, and nothing more. 

When Mr Kirkham suggests that a simple 
roll -off at 1kHz would very likely generate the 
same audible effect as my circuit, I think this 
will not be the case. This is caused by the fact 
that no account is given to the difference in 
arrival -time of the sound of a single source on 
the left and right ear, and that no account is 
given to the high frequency lift generated by the 
presence of the head. Because of the cross -feed 
circuit used by me (and developed by Mr Bauer 
of CBS in 1961) does just that, one ends -up with 
a good reproduction of dummy -head (kunstkopf) 
recordings via loudspeakers, and loudspeaker - 
like reproduction of conventional stereo via 
headphones. These are facts that the circuit 
given by Mr Kirkham cannot achieve. 
J. H. Buijs 
Huizen 
Holland 

WAVES IN SPACE 
I refer to the correspondence in the August issue 
concerning Catt's "Waves in Space", (March, 
1983). 

Ivor Catt has, for some years, been proposing 
new explanations of electrical phenomena which 
many regard as already fully explained by classi- 
cal e -m theory; theory which unfortunately has 
become dogma because few have bothered to 
question its tenets in those areas where its teach- 
ings give rise to curious and unexplained 
paradoxes. 

Correspondents who try to put Catt down 
generally throw up a dogmatic smokescreen 
whilst often failing competely to address them- 
selves to the apparently paradoxical events he 
has attempted to explain. The latest correspon- 
dence concerning "Waves in Space" is no ex- 
ception. R. T. Lamb's letter gives no real expla- 
nation of the phenomena that Catt discussed 
and simply fluffs the issue of pulse duration 
with a remark about the charged line being an 
energy storage device rather than a source of 
e.m.f. 

Timothy C. Webb's letter puts a finger on 
one important issue when he asks why Catt's 
contra -moving waves are not destroyed by line 
losses, but he fails to ask whether conventional 
energy dissipation due to line loss applies to 
these contra -moving waves. I suspect Catt 
thinks otherwise and it would be interesting to 
have his views. 

In other respects Mr Webb's letter falls into 
the dogma trap. There is a resounding bit about 

"The great body of scientific and engineering 
knowledge that has amply demonstrated ..." 
etc., etc. Dr Catt has quite reasonably asserted 
that the great body of scientific and engineering 
knowledge has singularly failed amply to 
demonstrate some of the things it purports to 
explain! At the end of his letter Webb gives 
what I found to be an incomprehenisble expla- 
nation of the pulse duration problem and then 
rounds this off with a remark about the 
"pleasing aspect of this argument ..." etc. I 

was not very pleased because I could not make 
head nor tail of it! 

Hodge's letter is perhaps more thoughtful but 
again it does not seem to explain the phenomena 
which Catt discussed in his article. 

Catt's theories may be wrong but he is cer- 
tainly right to shine lights into some of the dark 
and deceiving corners of classical e.m. theory. 
One would like to see more reasoned arguments 
advanced in refutation and less reliance on the 
"dogma must be right" approach which, inci- 
dentally, rather neatly mirrors the discussion on 
the "closed loop arguments", (said to be used to 
support relativistic dogma), given in an unre- 
lated letter from A. H. Winterflood in the same 
issue of Wireless World. 

Anyone who thinks he knows all about 
electricity should also read Professor Jennison's 
article on making a charge from a radio wave! 
M. G. T. Hewlett 
Midhurst 
W. Sussex 

CRAFT AND 
TECHNOLOGY 
In your July issue, under the above heading, Dr 
Smith purports to "discuss the role of the in- 
dustrial designer". As a craftsman myself, with 
some experience in engineering and industrial 
design, I was disappointed to fmd that the 
discussion amounted to one paragraph, where 
he says that "a well structured p.c.b. with all 
the components colour -coded and laid out for 
strictly functional use can be aesthetically 
(though unintentionally) very pleasing (but) 
many mass-produced goods disguise themselves 
in poor design, however good the technology 
incorporated in them". 

The main body of the article is entirely de- 
voted to a "bracket clock of modern design, 
with fine traditional metalwork mounted in a 
handcrafted case of amber -tinted transparent 
acrylic (with) silvered chapter ring, brass span- 
drels and finials ... finely engraved and hand 
finished ... (giving) the impression of being a 

traditional English timepiece while using mod- 
ern materials. 

The maker of this article, which is shown in 
an illustration said, in answer to a question: 
"Contemporary artists and craftsmen must use 
modern materials and mould them to give a 

message of what we are doing now". The author 
justifies the printing of this article in Wireless 
World by saying that the clock "although it 
originated in a cottage industry established by a 
craftsman, uses a very up-to-date quartz drive 
.. (and) bridges the gap between fine indi- 

vidually made objects and anonymous mass- 
produced (although highly technological 
goods". He says "the success of this design 
encourages me". 

Well, it doesn't encourage me! What if some- 
one were to make a modern electric locomotive 
look like a steam loco. Or an automatic washing 

machine like an old dolly -tub, or a steam 
smoothing iron look like the old flat -irons? 

As a matter of contemporary fact, mass-pro- 
duced pseudo -traditional clocks very like this 
handcrafted piece are the most astonishing fea- 
ture of a modern city shopping centre. Indust- 
rial design seems to have by-passed clocks, ex- 
cept for the occasional pocket digital alarm - 
cum -stop -watch -cum -almost -everything in 
precision timing. 

An instrumentation engineer myself, with 
somewhat disused craft skills of my own, I just 
love old clocks and measuring instruments, and 
the fine old instrument work that still lingers in 
a few old college laboratories. But this kind of 
modern mechanism deliberately dressed up in 
old clothing is the very antithesis of real crafts- 
manship, which in every age has always used the 
very best techniques and materials available at 
the time, and allowed the craftsman to express 
himself superbly without a single note of 
falseness or deference to an archaic tradi- 
tionalism. 

Does anyone suppose that clocks and other 
artefacts like the one described in this article 
will be admired by connoisseurs, or reproduced 
by artist -craftsmen one or two hundred years 
hence? 

I am sure we are in for a resurgence of fine 
craftsmanship (if we survive long enough), if 
only to fill in the time of our structural unem- 
ployed. But I am equally sure it will not be 
dissipated in copying antique objects of beauty, 
or clothing high technology in resurrected 
`traditional' forms. 
R. Gill 
Derby 

RECORDING TELETEXT 
Speaking recently by telephone to one of your 
technicians doubt was expressed about the pos- 
sibility of recording teletext pages and subtitles 
on a domestic video recorder. 

I thought that it might be of interest that I 

have quite successfully recorded using a teletext 
decoder from Ayr Viewdata of Byfleet, who 
advertise in your journal, this being simply 
tuned through a spare channel on my Toshiba 
V8600 video recorder. 

There is a slight reduction in quality by using 
an adaptor rather than a teletext tv and, though 
pages are in full colour, subtitles are in black 
and white to save cost on the decoder. Results 
are pretty good and quite acceptable to the 
viewers. 

This facility is valuable to people who are 
suffering from hearing problems and particu- 
larly those who would like to record a subtitle 
programme being shown at an unsociable hour 
or clashing with one on another channel. 

Since it is available at approximately one third 
of the current price of a 22 inch teletext tv, I am 
amazed that manufacturers and dealers are not 
pressing sales of the decoder for people who 
already have a modern tv without the teletext 
facility. 
N. Gibson 
Burgess Hill 
W. Sussex 

IMPOSSIBLE 
LOYALTIES 
Referring to your May editorial, the ethical 
problems of conflicting loyalties may have come 
to Wireless World's attention only in 'the 
perilous 1980s', but people have been grappling 
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with these questions for some thousands of 
years. To make a useful contribution, Wireless 
World should perhaps give them rather more 
careful thought than is evident in the editorial. 

There seems no case for saying that loyalty 
can exist only between people. Loyalty is given 
to ideas and principles, not to people as 
structures of flesh, bones and hair nor to organi- 
zations as management structures. Ideas and 
principles may be embodied by organizations as 
much as by people: surely an organization such 
as The Red Cross must be allowed as an 
example of this. 

The argument that organizations are moti- 
vated only by self-interest can be applied 
equally to people. One can say that any person's 
good action is done ultimately for the resulting 
glow of self-satisfaction, but this is a sterile line 
which puts an end to any useful debate. 

Wireless World seems very ready to judge for 
us whether our loyalties are worthy or not. Are 
you, or is anybody, really in a position to 
dismiss as unacceptable the possible loyalty of a 

wife to her mass -murderer husband? In any case 
you are really suggesting only the replacement 
of conventional allegiances by loyalty to the 
concept of 'Engineers Against Evil.' If some 
engineers decided to uphold their principles 
with action rather than just words, you might 
even find yourselves advocating loyalty to a ter- 
rorist group! 
D. P. Leggatt 
Farnham, 
Surrey. 

DEATH OF ELECTRIC 
CURRENT 
I believe Ivor Catt bases his theory on Heavi- 
side's "the current in the wire is set up by the 
energy transmitted through the medium around 
it." 

Chapter ten of Hertz's book 'Electric Waves' 
is a reprint of his paper 'On the Propagation of 
Electric Waves by Means of Wires' first pub- 
lished in 1889, a year after the experiments 
which made him famous. The purpose behind 
the experiments described in this later paper 
was to test Heaviside's and Poynting's theory 
that, as Hertz wrote, "the electric force which 
determines the current is not propagated in the 
wire itself, but under all circumstances pene- 
trates from without into the wire...." Hertz 
went on to say "As a matter of fact the theory 
was found to be confirmed by the experiments 
which are now to be described; and it will be 
seen that these few experiments are amply suffi- 
cient to support the conception introduced by 
Messrs Heaviside and Poynting." 

Hertz then described a set of experiments 
which used his invention of the coaxial cable 
and the balanced feeder or transmission line, 
and concluded his paper, "On studying the ex- 
periments above described, the mode in which 
we have interpreted them, and the explanations 
of the investigators referred to in the introduc- 
tion, one difference will be found especially 
striking between the conception here advocated 
and the usually accepted view. (Weber's theory 
of electricity carried by charged particles acting 
instantaneously at a distance.) In the latter, 
conductors appear as the only bodies which take 
part in the propagation of electrical disturbances 
- non-conductors as bodies which oppose this 
propagation. According to our conception, or 
the other hand, all propagation of electrical dis- 
turbances takes place through non-conductors 
and conductors oppose this propagation with a 

resistance which, in the case of rapid alterna- 

tions, is insuperable. We might almost feel 
inclined to agree to the statement that 
conductors and non-conductors should, accord- 
ing to this conception, have their names 
interchanged ... ' 

Hertz was even more specific in his Supple- 
mentary Note No. 24. "By the experiments in 
the following paper it is pretty plainly proved 
that in the case of rapid variations of current the 
changes penetrate from without into the wire. It 
is thereby made probable that in the case of a 
steady current as well, the disturbance in the 
wire itself is not, as has hitherto been assumed, 
the cause of the phenomena in its neighbour- 
hood; but that, on the contrary, the dis- 
turbances in the neighbourhood of the wire are 
the cause of the phenomena inside it." 

Catt's critics have a choice: either Hertz was a 

crank and a crackpot, or he was, as an experi- 
menter and detective, in the same class as Fa- 
raday. If Hertz's diagnosis of his experiments 
with a transmission line is correct, the effect we 
call a current is caused by "the disturbances in 
the neighbourhood of the wire," what, in the 
neighbourhood of the wire, is being disturbed? 
Maxwell's ether? 
M. G. Wellard 
Kenley Surrey 

ELECTROMAGNETIC 
DOPPLER 
If two objects have a relative velocity then the 
distance between them is changing (by defini- 
tion). Anything that trávels from one object to 
the other at regular intervals will travel different 
distances on successive trips. If the two objects 
are travelling away from each other then each 
trip will be longer (in distance) and will take 
longer (in time) unless the thing making the trip 
(wave crest, photon, bullet, or jogger for that 
matter) increases its speed to compensate for the 
increased distance. The fact that consecutive 
trips take longer (in time) means that consec- 
utive arrivals are further apart (in time) than the 
corresponding departures. This is called the 
Doppler effect. 

Special Relativity and Newtonian physics 
predict different values for the Doppler effect: 
they do not invoke different mechanisms. The 
mechanism is that unless you increase your 
speed you'll take longer to travel a greater 
distance. 

You don't have to like Special Relativity but 
you must accept that it "explains" Doppler shift 
just as well as Newtonian physics does - in- 
deed, the "explanation" is the same for both 
systems. 

In your July issue, S. Kennaugh derives a 
formula for the magnitude of the Doppler 
effect. He describes his derivation as common- 
sense, elegant, but heretical. His derivation is 
Newtonian and relies on two assumptions (velo- 
cities can be added like pure numbers, and 
wavelength of a electromagnetic wave is con- 
stant to all observers) that are valid for Newto- 
nian but not for special Relativistic physics. 
Neither of these assumptions is needed - I 

offer the following: Observer B is receiving 
radio signals transmitted by A at frequency f. A 
is moving at velocity v relative to B. "Wave 
crests" are transmitted at intervals of 1/f, during 
which time the distance from A to B increases 
by v/f. This extra distance is covered in time v/fc 
(c being the velocity of radio waves measured, 
like v, relative to B). Wave crests arrive at B at 
intervals of (1/f + v/fc) which corresponds to a 

frequency of fc/c+v - a Doppler frequency 
shift factor of c/c+v. 

This derivation is correct for both Newtonian 
and Special Relativistic physics - provided that 
all values are observed by B. Note that (aside 
from the symbol 'c' for speed of wave propaga- 
tion) there is nothing specific to electromagnetic 
Doppler in this derivation; it is equally correct 
for sound waves, or for any periodic transmis- 
sion across an increasing distance. 

In your July issue, J. Kennaugh raises 
another aspect of Special Relativity: suppose 
that the same radio wave is observed by two 
observers who are moving relative to each other. 
They each observe a different frequency for the 
wave but they observe the same propagation 
speed (c). Since V = D. holds good for all ob- 
servers, these two observers obtain different 
wavelengths for the same wave. The two ob- 
servers disagree about the length of the same 
physical "object". J. Kennaugh, it seems, does 
not like this prediction of Special Relativity. 
Although I can only agree with JK that Newto- 
nian physics is simpler in many ways than 
Special Relativity, that doesn't make it correct. 

In case your readers should think that I'm 
trying to avoid discussing the more disturbing 
predictions of Special Relativity, let me return 
briefly to the question of observed wavelengths. 
Special Relativity predicts (as pointed out by 
JK) that two observers of the same wave will see 
different wavelengths. Imagine now that one 
observer measures the time taken by the radio 
wave to travel between two objects at a distance 
of say in wavelengths apart. The other observer 
times the same radio wave travelling between 
the same two objects. Now Special Relativity 
predicts that the two observers measure a dif- 
ferent distance (between the same two objects) 
traversed by the same wave at the same speed. 
They measure a different amount of time for the 
same physical event! 

Predictions like these may be hard to under- 
stand and even harder to believe but it is impor- 
tant to realise that they are not contrary to logic. 
I'm sure that nothing I can say will shift JK (and 
many many others) from his view that Special 
Relativity contains some basic logical flaw, but 
if you are happy to continue publishing our 
letters then I am happy (for a while, at least) to 
continue defending Special Relativity. 

Before I finish this letter I must challenge two 
things raised by James L. Smith also in your 
July issue. Firstly he suggests that the existence 
of a wave propagation medium (ether) changes 
the observed Doppler effect; as I've already 
explained, this is not true. Secondly he offers a 
choice between "Einsteinian" and "Non- 
Einsteinian" systems; this is 'á ludicrous 
oversimplification - Einstein proposed at least 
two systems (Special and General Relativity) and 
there are almost unlimited alternative (non- 
Einsteinian) systems - some predict an 
"ether", others do not. 
S. J. Hobson 
Hampton 
Middlesex 

HERETICS' GUIDE 
It is reassuring to hear that the idea of the 
wave/particle duality or complementarity of 
light, "current half a century ago" (and chosen 
by Niels Bohr as his motto when knighted by 
the King of Denmark), is no longer a required 
belief in modern physics. Yet Mr Coleman (July 
'Letters') continues to rely on the duality 
concept, even in this letter. In his fifth 
paragraph he refers to Doppler shift, a wave 
phenomenon (incidentally, is it really the ordi- 
nary conductivity electrons that radiate with 
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this Doppler shift, and how is it measured, 
please?); then he speaks of "a photon hitting the 
surface of a metal" and of "an area comparable 
with the square of its wavelength" in the same 
sentence. Duality may be dead but it seems 
reluctant to lie down! 

I asked earlier why it was that only one of 
these (millions of) electrons is ejected by the 
impact of a single photon. Mr Coleman says the 
answer is simple, but he does not supply it. The 
work function (escape energy of a conductivity 
electron) from a metal surface is measurable, 
and no visible or ultra-violet photon carries 
more than a few times this escape energy. If that 
energy were distributed equally or even ther- 
mally among millions of electrons not one of 
them would have enough energy to escape - 
yet one of them does. Why? The quantumt 
theory does not try to explain this but, charac- 
teristically, side-steps the real question by as- 
suming the observed result. 

The bunching of visual photons measured by 
Dontsov & Baz' (WW Letters, May, 1983) may 
perhaps assist in accounting for the interference 
phenomenon, but it is not required in order to 
explain the so-called "diffraction" of electrons 
or gamma -rays. (I have not felt entitled to ig- 
nore such facts - indeed, the early articles were 
concerned with little else!). The mechanism 
need not be wavelike. In a pin -ball game the ball 
bearings follow preferred tracks and finish up in 
preferred places that are predictable statistically 
but unpredictable individually. This is just what 
is observed when electrons and photons pass 
through crystals and are "diffracted". A pin - 
table doesn't look much like a diffraction grat- 
ing to me. 
W. A. Scott Murray 
Kippford-by-Dalbeattie 
Galloway 

Dr Scott Murray on page 35 of the May 1983 
issue of Wireless World uses the seepage of 
water through sand as an analogy for the tunnel 
effect. A more satisfactory analogy is that of 
frustrated total internal reflection of light 
waves. 
N. A. de Bruyne 
Princeton 
New Jersey 
USA 

DARLINGTON 
DEVIATION 
Mr Gray has pointed out (WW, March, 1983, 
p.62) the limitation of the Darlington in satura- 
tion and the advantage of the independent emit- 
ter -follower drive. When the main transistor is a 
power switch, and more especially when it is 
one of the devices which is operated at Ib = Ic/5, 
an intermediate configuration offers advantages. 

The general form is shown in Fig. (a), and 
(b). In Fig. (a), R2 and R3 form the load to be 
heated. It is obvious that R2 carries the total 
current in the two transistors. Provided that the 
first transistor is robust enough to accept a wide 

(a) lb) 

tolerance of current, the drop in R3 need only be 
(VcE sat i + VBE2 - VCE Sat 2)3 about half a volt, 
and the load current is then, for the typical case, 
increased by some 10-15%. The introduction of 
R1 gives better control at the price of lower 
efficiency, 

When an output transformer is used, the cir- 
cuit of Fig. (b) allows the drive transistor to be 
limited to anywhere between Vcc, for the emit- 
ter follower form, and 2Vcc for the Darlington. 
T. Roddam 
Arundel 
W. Sussex 

SATELLITE TV AERIAL 
ALIGNMENT 
I must agree with all the difficulties that N. L. 
H. Cresdee describes in directing a satellite 
aerial dish. The problems are especially acute 
using the 12GHz band, with necessarily large 
dishes at present in use. In addition, if the 
receiving lens or reflector is slightly off -focus or 
boresight, the lobe pattern of the aerial is quite 
disturbed and you can easily end up optimising 
for a false or poor maximum. 

However, there is one invaluable aid, both to 
directing and focusing that was not mentioned, 
and that is the sun. Far from the rarity it would 
appear to be in the UK, a visual sighting of the 
sun reflected on to your receiver lens will give 
you a positional fix close to that of the satellite 
orbit. The accuracy of this fix depends solely on 
your ability to know or calculate the local Solar 
Time. 
J. Emmett 
Supervisory Engineer 
Thames Television 
Sundials: Their Theory and Construction. A. E. 
Waugh, Dover. 

RECHARGEABLE H.T. 
BATTERY 
OVER recent months it has been my task to sort 
over the "debris" of 60 years of life of one 
family in the one house. One particular item 
that I have "found" is a Milnes rechargable h.t. 
battery (6 x 120 volt) that I know for fact has not 
been recharged or used in any way at all since 
1956 - and almost certainly was last charged 
not later than 1952. Imagine my astonishment 
when a quick check with a multimeter revealed 
that several of the individual cells still - after 
30 years or so - show a potential of at least one 
volt. I am writing to your journal because I 

know that your circulation penetrates those 
institutions where the "brains" are. Someone, 
somewhere - possibly engaged in storage bat- 
tery research - could well be interested in this 
Milnes unit. I feel it would be criminal of me to 
cast it onto the rubbish heap without first mak- 
ing the effort to put it where it perhaps could be 
of use. I had over 35 years in radio communica- 
tion and I only ever saw just two Milnes in my 
life - this one that my father bought sometime 
in the 1930's and one other where I first worked 
in 1943 at Somerton Radio Station: there cannot 
be very many in existence. I feel that a high 
percentage of those engaged in radio and 
electronics today would not even know what it 
was if one showed it them - hence my ap- 
proach to you. 
W. B. Pash 
Somerton 
Somerset 

FORTH COMPUTER 
In his article on a Forth Computer, Brian 
Woodroffe takes the dangerous step of compar- 
ing microprocessor c.p.us by preparing a 

number of examples of small isolated sections of 
code. 

Whilst I do not wish to take a standpoint in 
favour of any particular device I would like to 
point out that this sort of comparision is, at 
best, worthless and can be misleading. To quote 
one counter example, the 8088 '+' operation 
could be carried out via the instructions: 

POP AX 
MOV BP, SP 
ADD [BP] AX 

equal to the 6809 in terms of instructions or, if 
BP has a fixed relation to SP as is the case in 
most executing programs: 

POP AX 
ADD [BP +a] AX 

where X is an assembly time constant. I hasten 
to point out that I am not trying to challenge his 
choice of processor but simply to point out that 
his reasoning is flawed (I have no doubt that any 
software engineer (sorry Mr Catt) familiar with 
the other c.p.u. mentioned could improve upon 
the quoted examples. 
J. O'Connor 
Crewe 

BBC ENGINEERING 
May I reply to R. G. Brown (June 'Letters') 
whose letter I certainly take as constructive 
criticism rather than abuse. 

First of all, most non -news recording in the 
BBC today is effected on 1 in helical machines, 
the earlier 2 in quadruplex equipment being 
progressively phased out. The technical quality 
obtained with the 1 in helical system is unques- 
tionably superior to that on quadruplex. 

Secondly, a lower standard of recording qual- 
ity is sensibly accepted for e.n.g. work, in the 
interest of portability. But e.n.g recording qual- 
ity could not possibly be matched by a domestic 
video recorder. 

So equipment and engineering standards can 
certainly not be blamed for Mr Brown's dissatis- 
faction. 

On the other side of the coin, programme 
makers will always push their technical facilities 
to the limit. Any improvements in effective sen- 
sitivity (ie signal/noise ratio) or other technical 
parameters will tend to be exploited to give 
additional programme flexibility in the way of 
darker or higher -contrast scenes, even more 
multi -generation dubbing for editing purposes, 
and more complex special effects. This push for 
flexibility is very proper and it is the business of 
engineering to continue with improvements 
which offer it; but of course a balance must be 
struck between programme flexibility and tech- 
nical quality, such that the major part of our 
audience is pleased with the former and content 
with the latter. I'm sorry if to Mr Brown's eye 
we have overstepped the line at times but the 
final judgements are subjective. 

As engineers we remain continually vigilant 
to see that the flexibility/quality balance is about 
right. Comments such as those of Mr Brown are 
useful aids to this vigilance. 
D. P. Leggatt 
Engineering Information Department 
BBC 
London 
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Process control by 
personal computer 
Although most of the general-purpose process control systems still use proportional - 

integral -derivative algorithms, control techniques which have been too expensive or too 
complicated to implement not long ago are now made possible using a microcomputer. 

This article covers the operation, design 
procedures and the applications of a 
microcomputer -based digital dynamic. 
control system (d.d.c.) and underlines how 
the addition of a simple analogue interface 
on a small personal computer allows the 
designer to be come familiar with the digi- 
tal dynamic control techniques in a real 
(not simulated) environment. The system 
described consists of an eight multiplexed 
input a -to -d converter, a d -to -a converter 
with power outputs and a six input adder. 
Thus multiple feedback controlling only 
one output variable is possible. Alternative 
interfaces are also described; their object is 
acquiring data and simplifying the soft- 
ware which the microprocessor needs to 
make data conversion. 

Digital process control ousts 
analogue 
The history of automatic control, from the 
use of ingenious pneumatic controllers to 
the present-day d.d. control systems, has 
spanned almost half a century. This evolu- 
tion has not been the result of a continuous 
transformation but the consequence of an 
acceleration -stop process which has been 
technology's main characteristic since the 
second World War. 

Neither has this evolution occured with- 
out controversy: the technological changes 
have originated many and sometimes 
serious polarizations in the designer's 
opinion. They can be classified into two 
main controversial groups, the first being 
an immediate consequence of the techno- 
logical change. Concerning the control 
hardware selection, it is generally solved 
assuming that the ultimate decision is 
purely a marketing decision. Innovations 
in hardware often act like perturbations in 
the decision system. 

The theory -practice gap evident in many 
applications constitutes the second contro- 
versy and is the most relevant characteris- 
tic in the recent history of automoatic 
control. On the other hand, theory and 
technology have evolved side by side; from 
the idea of feedback as a starting point, 
control theory has developed powerful 
analytical tools and efficient controllers 

Professor Bertrán and colleagues are in the De- 
partment de Sistemas de Control, Escuela 'rich - 
rica Superior de Ingenieros de Telecomunica- 
ción, Barcelona, where they teach circuit theory 
and systems control. 

design techniques. Paradoxically, the im- 
pact of these achivevments has been almost 
insignificant in the field of industrial appli- 
cations. Thus p.i.d. action - which has 
been the main process control algorithm 
since the beginning of automatic control - 
still has worldwide acceptance. An inquiry 
made in USA in 1978 into the control type 
used by the analogue controllers then in 

by E. Bertrán, L. Martinez, 
J. Miguel and I. Munilla 

use revealed that 34 out of 37 listed 
controllers were p.i.d., either exclusively 
or with options for proportional -integral or 
proportional actions. Satisfactory perform- 
ance in the properly tuned p.i.d. control- 
lers caused other control options to be 
relegated, whereas electronic technology 
could have made them possible. 

It has not been exclusively a problem of 
mistrust in the theoretical proposals; an 
algorithm more sophisticated than p.i.d. 
implies a more complex and expensive 
analogue controller. The close relationship 
between algorithm and hardware complex- 
ity didn't allow the practical application of 
most theoretical models until the introduc- 

Fast sampling equipment 
together with rest of the microcomputer 
system - Rockwell Aim 65 keyboard, 
external memory, power supply and 
oscilloscope. 

tion of the digital computer. But not until 
few years ago could designers count on a 
real, economical and flexible alternative to 
the use of p.i.d. analogue controllers. 
Thus microcomputer -based digital control 
is competitive even in the area of small 
applications. 

In a direct digital control system the 
microprocessor performs the controller 
tasks. The control becomes control by 
program instead of hardware control by 
analogue filter. Algorithm complexity is no 
longer related to the system price but to 
the computation time, namely to the out- 
put delay which constitutes a basic param- 
eter in closed -loop systems. Neither does 
control sensitivity depend on filter compo- 
nent tolerance, but on computation accur- 
acy (round -off, number of bits represent- 
ing every coefficient, etc.). Old restictions 
disappear while new design factors arise. 
And finally, software flexibility allows 
selection of the appropriate algorithm, 
adoption of a control strategy which allows 
alternatives (for instance, starting and 
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steady-state), program linearization of 
transducer characteristics, etc. 

The small personal computer is a very 
useful tool for designers' practical initia- 
tion into d.d.c. techniques and it is mostly 
used for running either standard programs 
(e.g. video -games, file -handling) or the 
users program. Its outer communication is 
basically limited to the input and storage of 
data and programs, and to the display. By 
adding appropriate input/output devices 
and by means of a special program, this 
computer can perform the real-time 
control of any outer device. The small 
personal computer can therefore be used as 
a calculator (analysis or design programs), 
as a simulator (simulation programs with 
graphical results), and as a controller (real- 
time control programs). 

Equipment scheme 
and performance 
An analogue control interface for the 
Rockwell Aim -65 microcomputer system 
has been implemented though the design is 

easily adaptable to any other computer. It 
uses eight multiplexed inputs and one out- 
put, and has been designed to control low - 
power devices. Its structure corresponds to 
the very general functional scheme of Fig. 
1 

The analogue input consists of several 
modules whose performance is controlled 
by the microcomputer through an input/ 
output port. The multiplexer selects one 
of its input signals and applies it to the 
sample and hold circuit whose aim is 
holding a sample at a fixed voltage during 
the a -to -d conversion time interval. The 
converter provides a digital representation 
of the value of every sample by using a 
limited number of bits (eight in this case). 
A decoder allows the microcomputer to 
read the digital samples through a specific 
memory address which belongs to the 
memory space not occupied by rom, ram 
or other addressable devices. The analogue 
output consists basically of a d -to -a 
converter. The microcomputer writes the 
digital values in an output port which is 
connected to the above -mentioned d -to -a 
converter. Finally, an analogue adder 
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Figs 1 & 2. Functional scheme of the 
analogue interface (above) together with 
its detailed system performance (below). 

(E)with three adding and three substract- 
ing inputs has been incorporated. 

The microcomputer system performs 
the control of the analogue input through 
the so-called v.i.a., a set of programmable 
input/output ports, owing to the use of the 
AIM -65 system. The sequence of tasks for 
the acquisition of one sample is given 
below: 
1 Programming of v.i.a. port A, implies 
that PA0, PA1, PA2 and PA4 will be the 
outputs and PA5the input. 
2 Selection of an analogue input. According 
to the binary combination PA1, PA0, PA2, 
one of the eight possible inputs is chosen. 
3 Order of sampling: A 'one' is loaded in 
PA3. 
4 Acquisition time. A minimum time to of 
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Level 

adaptor 
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g 

hold 

/o port 

i;o port 

51as is needed to ensure that the sample 
and hold output be equal to the input. 
5 Order of holding. A `0' is loaded in PA3. 
6 Delay of opening. A minimum time tH of 
lµs is required to ensure a fixed voltage in 
the sample and hold output. 
7 Beginning of conversion. Once the input 
signal analogue sample is obtained, i.e., tH 

microseconds after the `hold' order, the 
microcomputer gives the order `begin of 
conversion' to the a -d converter by loading 
a `0' in PA4. 
8 End of conversion. The microcomputer 
remains in a waiting state until the end of 
digitization, indicated through PA5. 
Therefore it will test either continuously 
that bit state. By varying the jumper posi- 
tion, the microcomputer may execute 
other program tasks without making any 
test since it would receive the end of 
conversion indication as if it were an in- 
terrupt request. 
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9 Reading of the sample. Once the end of a- 
to -d conversion is verified, the microcom- 
puter reads the results in a memory posi- 
tion whose address is determined by the 
logical decoder. This decoder also activates 
the tristate buffer connected between the 
a -d converter ouput pins and the data bus. 
Fig. 2 shows the system performance when 
the sampling period is fixed by an external 
clock and the jumper applies the signal 
'end of conversion' to PAS. Port A is 
assumed to be initially programmed. 
Whenever a new clock edge is applied, the 
task (main program) is interrupted to exe- 
cute the a -to -d conversion subroutine. As 
regards the analogue output, the R -2R d -a 
converter is directly coupled to v.i.a. port 
B which is output -programmed. 
Therefore, an analogue signal extracting 
program is an instruction or a set of in- 
structions that can modify the contents of 
Port B. A detailed scheme of the acquisi- 
tion and extracting modules for analogue 
signals is shown in Fig. 3. 

O 

Design alternatives 
A similar equipment incorporating two 
cascaded monostables is shown in Fig. 4. 
Once the microcomputer gives the order of 
sampling, the orders `hold' and `beginning 
of conversion' are automatically generated 
after the necessary opening and holding 
times. This solution however, is not always 
optimal. In fact, in many cases it can be 
much more interesting not to use the mo- 
nostables even at the cost of generating 
successively all the orders by microcom- 
puter. 

Fig. 3. Under control of port A, analogue 
input signals are processed by the 
multiplexer, amplifier and sample and hold 
circuit, and digitized by the ÁD570. Sample 
digital codes reach the data bus through 
the three -state 74245. DAC-08 performs the 
d -a conversion. An error adder is built 
separately with standard op -amps 
(LM324). 
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Another contribution of this equipment is 
the presence of a programmable gain am- 
plifier which offers greater versatility by 
conforming the optimal range of the 
sample and hold performance to different 
possible multiplexor inputs. 

Reading the digital code corresponding 
to the input analogue signal can be made in 
different ways. Fig. 5 describes the two 
most important ones, consisting either in 
the reading of the data as though it were a 
ram position, or in the reading through an 
i/o port. Choice of the method will depend 
on the application and, above all, on the 
limitations of the microcomputer. 
In some applications, like supervision or 
processes identification, it can be interest- 
ing to dispose of a sampling unit with 
specific services. Fig. 6 shows the func- 
tional block diagram of an equipment for 
fast sampling which has been developed in 
the Department of Systems Control 
(E.T.S.I.T., Barcelona). Its performance 
also differs from the former because the 
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microcomputer initializes a counter by 
loading the number of consecutive wanted 
samples from the input signal. These 
samples are stored in the consecutive posi- 
tions of a ram at the maximum speed 
allowed. While the input signal is being 
sampled, a d.m.a. controller carries the 
microcomputer to a state of waiting, this 
taking place only if the computer tries to 
accede to the ram, which is shared both by 
the computer and the acquisition system. 
Thus the information loss coming from the 
multiplexer is avoided. 
With this equipment the rate of sampling 
can also be selected either automatically or 
by hand. It also allows sporadic transient 
phenomena to be registered in the ram, 
and pulse trains as well as different anal- 
ogue signals to be generated. 

Real time control constitutes the most 
stringent demand of the afore -described 
equipments. Computation lags, conversion 
times and operation accuracy now acquire 
a relevant design significance. So the basic 
criteria determining the microcomputer 
assignment can be classified as follows: 

Precision grade - is proportional to 
the number of bits representing 
samples and coefficients. Quantization 
is modelled like an added noise to the 

Fig. 4. Modified acquisition system 
automatically provides the delayed hold 
and beginning of conversion signals which 
follow the microcomputer sampling order. 
Two options of end -of -conversion 
indication can be switch -selected: a flag 
(bit 5) in the i/o port or an interrupt 
generation. 

Fig. 5. Digital code -reading options: 
memory mapped or i/o mapped. 

Fig. 6. This fast sampling equipment 
exploits the automatic generation 
conversion signal shown in Fig 4. The 
samples can be acquired by blocks of 
selectable length under control of the 
direct memory access arbiter. 

o 
o 
o 
o 
o 
o 

Multiplexer 

o 

Demulhpiexer 
Sample 

a 
hold 

One shot 
1 

a - to -d 
converter 

Start 

One sha 
2 

0 1 2 

Analog input 

la) Memory mapped. 

(b) i!o mapped' 

Sample 

hold 

s/h 

One shot 
1 

a -to -d 
converter 

6 7 

Input level 
adaptor 

Start 

Oie shot 
2 

Iute rupt 

rum 

Adjustable 

End of conversion 

Address 
counter 

Re et 

-1 

Hg 5 

- J 

Address bus 

Data bus 

Address 

Control 

d.m.a 
control 

Wait 

Samples Address JGtG 

counter bus bus 

Port 
Microcomputer 

WIRELESS WORLD SEPTEMBER 1983 57 



designed ideal filter. It represents the 
round -off and truncation, both from 
calculations and from the filter coeffi- 
cients effective value. 
Maximum processing speed - is the 
inverse of the minimum possible sam- 
pling period. This period is calculated 
by considering the a -to -d conversion 
time, the control algorithm computa- 
tion time and the d -to -a conversion 
time. 

Precision criteria 
By assuming a uniform distribution of the 
input samples along the whole amplitude 
range, an equation can be derived by relat- 
ing the number of bits (n) used in the a -to - 
d conversion to the quantization signal-to- 
noise ratio in the input filter: 

6n (dB). 

This equation applies exactly to an eight - 
bit converter. In general, the noise caused 
by internal operations can be neglected 
because calculations are usually made with 
a bigger precision (number of bits) than 
that used in converters. As regards the 
filter coefficients, if these have been calcu- 
lated with a Q digits precision, P bits must 
be used to maintain that precision. This 

Fig. 7. From the digital filter specification, 
D(z), its corresponding recurrence equation 
can be obtained. This equation can be 
written in a more convenient form, 
substituting each digital sample by its N -bit 
twos -complement representation. 
Computations will be greatly simplified 
using preculculated values of F as a 
function ofxk, yk-1 (xk being the j -bit 
of the digital sample x(k), etc.). 

Fig. 8. Using distributed arithmetic, the 
processing speed of an 8 -bit 
microcomputer can be easily multiplied by 
a factor of 100.16 -bit microcomputers 
normally include a powerful set of 
instructions that reduces the differences 
between the distributed and conventional 
arithmetic processing. Digital signal 
processing microprocessors are devices 
specially suited to signal processing, 
reaching thus the highest possible speed. 
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yields the following condition: 

P3.3Q. 

To express the sign, a supplementary bit is 
used so coefficients internally will need 
P+ 1 bits. 

If a high -order filter is implemented, 
then it will be useful to decompose it into 
second -order sections, either series or 
parallel -coupled. Thus, global filter behav- 
iour will be less sensitive to quantization 
errors in computations or in coefficients. 

Speed criteria 
By using a high-level language (Basic, For- 
tran, PL1, Pascal, etc.) internal operations 
are made with great accuracy, and as a 
consequence processing speed is reduced. 
On the other hand, using assembler lan- 
guage makes the speed increase at the ex- 
pense of implementing operations with 
large arrors. This is due to the limitation to 
eight or 16 bits in the internal representa - 

Lion, which simplifies the operations; 
otherwise, speed would be also reduced. 

A high processing speed without loss of 
precision can be obtained by means of a 
distributed arithmetic. Multiplications are 
substituted by accesses to table containing 
calculated values and additions, Fig.7. 
Therefore, the best services of an eight -bit 
standard microprocessor can be obtained 
at the expense of employing a great 
memory space (look -up tables). Thus, the 
antonym speed -precision changes into 
memory occupation -precision while main- 
taining the speeds. An example of the 
effective minimum sampling times with 
the AIM 65 and the equipment of Fig. l are 

- 0,2 seconds (Basic and conventional 
arithmetic) 

- 1 millisecond (assembler and eight -bit 
distributed arithmetic). 

These times include the conversions and 
the internal processing of a second -order 
correcting filter. 
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The microcomputer services can be 
evaluated when implementing a second - 
order filter; on the other hand, the 
microcomputer maximum processing 
speed for an nth -order filter will result 
from extrapolation as follows: 

n 
T.=--,2- T2. 

This equation means that the processing 
time of an nth -order filter (Tn) will be 

approximately n12 times the processing 
time of a second -order filter (T2). Decom- 
position in second -order sections, which is 

reasonable from the point of view of sensi- 

bility, justifies this estimation. 
The process bandwidth (B) is a particu- 

larly useful parameter in the analysis of the 
microcomputer applicability to a particular 
case. This gives a measure of the process 
response speed to the control signal; a res- 

ponse time of 1 second implies B= 1Hz; 1 

millisecond corresponds to B~ 1kHz. 

According to the sampling theorem, this 

bandwidth will be related to the processing 
time as 

1 1 B<- 
This condition allows the maximum band- 
width to be determined once the process- 

ing time of a second order filter (T2)and 
the correct order are known. Figure 8 

shows the results obtained in an approxi- 
mate evaluation for different microproces- 
sors. An important factor in the evaluation 
of B is the margin for the Nyquist's condi- 
tion. For instance, B<1/1OnT2 implies 
that the consequences of the delay compu- 
tation on the controlled -system perform- 
ance can be neglected. 

Application examples 
The main connections in the equipment in 
Fig. 3 are used for position control of a 

d.c. servomotor in Fig.9. Position feed- 
back is obtained through the potentio- 
meter transducer. 

Fig.1O represents the functional block dia- 
gram of the control system. By using the 
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Fig. 11. Motor responses to a six -volt step 
in the set -point (p=1.5;31 - (a) compared 
with (k=0.02, 0.03, 0.58) -(b). 
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Fig. 9. Schematic representation of a laboratory experience intended to test the 

performance of the equipment described in Fig. 3 in the position control of a d.c. 

servomotor. 

Fig. 10. Functional model block diagram of the control system implementation of Fig. 9(a). 
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bilinear transformation a lag -lead control- 

ler has been programmed in the microcom- 
puter, with the transfer function 

Ga(s)=K s+p 

Finally motor responses to a six -volt 
step in the set -point have been obtained for 
different values of p, Fig.11(a), and K, 
(b). In spite of the simplicity of this 
system, it has not been difficult to verify 

the importance of the computation time 
which must be reflected as a transport lag 

in the system. In fact, if the mechanical 
time constant of the motor is 0,38 seconds 
and the controller program execution time 
0,16 seconds, Nyquist's condition will be 

only strictly accomplished. By comparing 
the real with the simulated response plots, 
it can be verified that only one of those 
simulated is correct - the one considering 
computation delay. íwi 
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August 25-28 
Acorn Computer Show (including the 
launch of the Electron); Cunard 
International Hotel, Hammersmith 
Broadway, London. Details from Susan 
Phipps, Telephone: 01-3901612. 
September 2-4 
September Satellite Weekend: organised 
by the Institute of Broadcast Sound at the 
BBC Engineering Training Department, 
Evesham. Details from Jeff Baker, 14 

Meadow Close, Marlow, Bucks. 
September 2-11 
Funkausstellung 83: International audio 
and video fair. Exhibition grounds and 
International Congress Centre, Berlin. 
AMK Berlin, Postfach 1917 40, 
Messedamm 22 D-1000 Berlin 19. 

September 5-9 
Many local further education colleges are 
enrolling for Radio Amateurs' Courses 
during this week. 

L Radio Spectrum Conservation 
Techniques: IEE International 
conference, University of Birmingham. 
IEE, Tel: 01-2401871 Ext 222. 

September 6-8 
Electronic Displays, Exhibition and 
conference, Frankfurt Intercontinental 
Hotel. Network Exhibitions. Tel: 028 02 

5226. 

September 6-10 
Inteltec 83/Swissdata 83. Two exhibitions 
at the Swiss Industries Fair Halls, Basle, 
on industrial and technical electronics and 
on data processing in technical 
applications: SMB, CH -4021 Basel, 
Messeplatz, Switzerland. 

September 13-15 
Testmex 83: Test and measurement 
instrumentation technology, exhibition at 

the Grosvenor House Hotel, Park Lane, 
London. Details from Evan Steadman 
Communications, Tel: 0799 22612. 

Continued on page 72 

WIRELESS WORLD SEPTEMBER 1983 
59 



Merriman reports 
More public accountability is needed in 
the allocation of slices of the radio spec- 
trum. This is one of the conclusions of the 
Independent Review of the Radio Spec- 
trum, chaired by Dr James Merriman. 
The main conclusion of the Merriman Re- 
port is that there should be a more positive 
approach to the regulation of the spectrum 
and this has already resulted in the trans- 
ferrence of the Radio Regulatory Division 
(RRD) to the Department of Trade and 
Industry from the Home Office. 

One of the main reasons for having the 
enquiry was to find extra space for land 
mobile bands and the Report says that 
although there is enough room to cope up 
to the late 1980s, problems thereafter are 
likely to become acute unless significant 
use can be made of other bands and/or use 
of 'new technology'. No mention is made 
of where these other bands may be found 
although the earlier, interim, Report re- 
allocated Bands I and III to land mobile 
use after the demise of the 405 -line tv 
service. 

For broadcasting it is recommended that 
the demand from the "enlarged commu- 
nity of programme makers" should be 
taken into account in policy formulation, 
and that the broadcasters should be en- 
couraged to make the maximum use of the 
existing bands to accommodate their ancil- 
lary requirements. But there is "no justifi- 
cation for the provision of additional spec- 
trum for terrestrial tv or sound services .. . 

in the light of the undoubted emergence of 
alternatives" [i.e. cable and satellite]. 
(Public broadcasting in the UK has the 
smallest allocation of frequencies in 
Europe.) 

Despite outside criticism that the mili- 
tary are somewhat profligate with their 
frequency allocations, the Review body 
finds that "there is little scope for the 
reduction in defence spectrum usage". 

Facing that saturation point is likely to 
be reached soon for fixed services, the 
Report recommends that early special ar- 
rangements be made with all parties con- 
cerned to review the policy and practice of 
frequency spectrum management so that 
an overall strategy may be developed. 

In general the Report concludes that 
there is no prospect of any significant re- 
serves of unused or underused spectrum 
being identified in the 30 to 960MHz range 
and reallocated, so any fundamental deci- 
sions need to be taken early on the relative 
priorities to be given to different services. 

In the public accountability and in- 
formation area the main recommendations 

of the Review are to: 
produce an RRD annual report re- 

viewing spectrum policy and manage- 
ment together with explanatory 
material 

institute regular reviews related to 
specific user groups 

publish the frequency allocation table 
establish a high-level advisory com- 

mittee 
use spectrum costing and cost/benefit 

analysis in management decisions 
review defence usage by a small com- 

mittee of Privy Councillors 
adjust licence fees periodically to give 

financial incentive to use more efficient 
equipment in less congested bands 

allocate adequate resources to spec- 
trum monitoring to aid efficient usage 
and effective management. 

Decisions of responsibility, wherever 

practicable, should be delegated to com- 
mon interest groups, reporting back to the 
RRD. Services should have some priority 
over individuals and fixed -term assign- 
ments could be adopted, as could short- 
term provisional assignments, to increase 
planning and development efficiency. 

Because the RRD is understaffed and 
overworked, according to the Report, it is 
recommended that sufficient resources be 
made available for the Division so that it 
may carry out its duties, especially those 
activities in cooperation with the Science 
and Engineering Research Council and the 
Specially Promoted Programme into Radio 
Communications Systems. 

Finally, the report recommends that 
radio regulation remains within Govern- 
ment, rather than being made the respon- 
sibility of a non -government body. There 
should be a separate ministerial depart- 
ment responsible for telecommunications 
or, failing that, responsibility for telecom- 
munications be concentrated in a distinct 
unit with its own Minister, within an exist- 
ing Government department. 

Crack detection in offshore rigs 
A method of testing for cracks in offshore 
platforms has been developed by British 
Gas at their Engineering Research Station. 
Hitherto it has been necessary clean back 
to the bare structure; removing all marine 
life and mineral deposits, but a new ap- 
proach considers that important cracks are 
only those that let in water. To test if a rig 
member is full of water, an ultrasonic 
probe is clamped to the member magne- 
tically and pulses transmitted by cable 

from a remote controller on the surface. In 
a normal air -filled structure the only echo 
received is from the nearest surface. But if 
water is present inside, a second echo will 
be received from the opposite wall. The 
method requires the minimum of cleaning 
from the surface of the steel structure and 
can be handled by divers with no previous 
experience of n.d.t. Each test takes about a 
minute and a whole structure can be sur- 
veyed in a few days as opposed to months 
using former methods. The equipment, 
sensor and remote control/recorder, is be- 
ing manufactured under licence by Wells- 
Krautkramer Ltd. 

Non-destructive ultrasonic echo 
testing of offshore platform detects 
water -filled members. 

L. Back face 

Back face echo 

Front face 
echo 
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Book -size cornputer 
growth 'exponential' 
Portable computers - those that fit into a 

carrying case with a keyboard, display and 
internal memory with stand-alone ability 
- are going to have an exponential in- 
crease in sales, according to a market re- 
search study by Venture Development. 
The provision of hard -copy as a built-in or 
add-on printer will be an important factor 
in differentiation between products, as will 
the operating system. The amount of 
memory storage is also considered to be 
important and yet users are demanding all 
this in as small a space as possible. This 
has resulted in the production of `book - 
size' computers, the first of which on the 
market has been the Epson HX20. Many 
similar types will be introduced soon, but 
as they get smaller, users will need to 
choose between size and ease of use. 

The survey found that the majority of 
users were in the scientific and engineering 
fields. A large proportion also used them 
for word processing, although portable 
computers with their inherently small 
displays do not seem to be particularly 
suitable for this. Business users like graph- 
ics displays for bar graphs and pie charts 
and the demand for graphics capabilities 
will increase. The use of electronic mail on 
portable computers is forecast to increase 
rapidly over the next five years. The full 
report, The portable briefcase computer and 
terminal industry: A strategic analysis, is 

published by Venture Development Cor- 
poration, 1 Washington Street, Wellesley, 
Massachusetts 02181, USA. 

News in brief 
The opening of a £1M factory marked the 
culmination of a business that started nine 
years ago in a kitchen sink. Brian Howard 
and John Edwards started by making small 
batches of printed circuit boards. As busi- 
ness expanded they moved to larger 
premises and eventually acquired Circuit 
Techniques Ltd. The new factory at Ash- 

ford, Middlesex, has two computer -aided 
design systems for the plotting and de- 

signing of multi -layer p.c.b.s. The plant 
also includes n.c. drilling equipment and 
the mechanical and optical devices needed 
to photo -print, align and bond all the 
layers. The company claims to produce a 

prototype single -layer board from a de- 

signer's sketch in 72 hours, and a 50 -off 
preproduction set of boards within four 
weeks. 

Button cell manufacture in Washington, 
Tyne & Wear, will no longer be carried out 
by the Timex Corp, as they have sold the 
factory to Ray -o -Vac, the US manufac- 
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More US -UK cable tv bids 
A bid for a major share in the cable tv 
market in Britain has been launched by 
Plessey Scientific-Atlanta with the intro- 
duction of a so-called multistar distribu- 
tion system designed to meet Government 
requirements for both 12 and 20 -year fran- 
chises. The system is based on the conven- 
tional tree architecture, but can be up- 
graded to switched -star if required. 

The basis of PSA's network is a three- 
tier hierarchy of switching nodes capable 
of servicing various sized groups of homes. 
A key element in the switched -star version 
is a new subscriber switch capable of de- 
livering to 20 households as many as three 
simultaneous tv channels plus the entire 
88-108MHz f.m. broadcast band. The 
three television channels are carried as 
system I PAL signals in the band 5 - 
88MHz, the lower portion of which is allo- 
cated to two-way data communications and 
a `reverse' video channel allowing contri- 
butions to be fed back to the head -end. 
With some reconfiguration, the switch 
could also carry the C -MAC transmission 
format developed by the IBA. 

Besides radio -frequency equipment, the 
unit incorporates a number of micropro- 
cessors - one for every three households 
for control purposes, plus another to relay 
information from the cable system's cen- 
tral computer. Subscribers can be billed 

turer of miniature batteries for use in 
electronic watches, calculators and hearing 
aids. Much new equipment is to be 
installed and the jobs of 85 employees are 
secure, say Timex. 

The 1983 recipient of the Marconi Interna- 
tional Fellowship is Francesco Carassa, 
professor of electrical engineering at the 
Polytechnic of Milan. The award recog- 
nises his `outstanding contribution to 

radio -frequency communications, includ- 
ing both land and satellite communications 
using microwaves'. His experiments in 
v.h.f. satellite communications culminated 
in the launch of the Italian Sirio satellite 
which led to the use of new satellite 
technologies. 

An agreement on basic specifications for 
magnetic discs to be used in electronic 
still -picture cameras has been reached by 
20 companies in electronics, camera and 
magnetic tape industries. Over three quar- 
ters of the companies involved are Japa- 
nese but the alliance includes 3M, Philips 
and RCA and the specifications are being 
considered for submission to international 
organizations. 

automatically for the `pay -per -view' pro- 
grammes and access to individual channels 
can be permitted or denied. Non -payers 
may be cut off instantly against loss of 
revenues through unauthorised use of the 
system without the signal degradation of- 
ten associated with scrambling devices. 
The computer software for the switch is 

capable of handling a variety of additional 
services such as home banking and 
`teleshopping'. 

In view of the signal radiation problems 
experienced with some cable systems 
abroad, PSA's choice of frequencies for the 
subscriber drops should go some way to- 
wards allaying the fears of other spectrum 
users. The method of construction of the 
company's demonstration system may be 
reassuring too: the electronic modules and 
their switched -mode power supplies are 
enclosed in separately screened boxes and 
the outer casing of each unit is sealed with 
an r.f.-tight gasket. 

Upstream from the subscriber switch 
would be a further node capable of hand- 
ling 160 households; and above that in a 

full switched -star system there would be a 

1500 -point switch. Coaxial cable is to be 
used for the feeders initially, though the 
company envisages a change -over to opti- 
cal fibre when costs have fallen. The capa- 
city of the switching nodes is dictated by 
typical housing densities in the United 
Kingdom. 

It is expected that the Government will 
award first batch of cable franchise during 
the autumn and PSA hopes to have system 
components ready for the successful appli- 
cants from the end of the year onward. 
The first networks could begin operation 
in mid -1984. 

Plessey Scientific-Atlanta Ltd is owned 
jointly by Plessey Telecommunications 
and the American corporation Scientific- 
Atlanta, from which many of the system's 
components will at first be imported. 
However, the company intends to transfer 
production of the distribution equipment 
to England, leaving only a few specialised 
items for the network head -ends to come 
from the United States. 

Another Anglo-American alliance in the 
cable tv field has been formed by GEC - 
McMichael and the Jerrold division of the 
General Instrument Corporation. GEC 
Jerrold's activities are to include the design 
and supply of both switched -star and tree - 
and -branch systems. The new company 
will also be concentrating on business 
users, with products such as a video 
teleconference system which uses data -rate 
compression to obtain bandwidth reduc- 
tion of up to 40:1. 
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C.7 

Oric springs Forth 
After what seems an interminable wait, 
some useful software has been published 
for the Oric-1 computer. There are the 
inevitable arcade games involving shooting 
things in space, though some of these do 
demonstrate the high -resolution colour 
graphics and high quality sound available. 
One package which caught our attention is 
an Oric Forth cassette program with an 
operation handbook. With it, the Basic - 
based system runs Forth. Standard FIG 
Forth is implemented with some addi- 
tional words specific to the Oric. Programs 
may be stored in blocks of memory called 
screens, and a screen editor program is 
provided. When completed programs can 
be compiled into the Forth `dictionary' or 
list of instructions and executed; they are 
not separate entities but part of Forth it- 
self. Each instruction is linked to its com- 
ponent parts, which in turn are linked to 
their component parts, down to the 
machine -code primitives. This is why 
Forth is called a `threaded interpretive lan- 
guage' - each instruction is threaded to 
others. 

In addition to the Forth core and the 
screen editor, the cassette includes a 

machine -code assembler to create primi- 
tive Forth words from assembly language 
mnemonics. This incidentally illustrates 
the efficiency of Forth; the assembler, 
written in Forth, occupies less than 4K of 
memory and yet includes all the 6502 mne- 
monics, allows the use of labels and macro - 
assemblies. 

A further addition is the `extension' 
program which is mostly concerned with 
specific commands for high -resolution 
graphics and three -voice music. This is 
extended by a music demonstration 
program, Tunesmith, which enables music 
to be entered very easily and includes a 
demonstration tune in three-part har- 
mony. 

Loading from tape is slow but only a 

temporary discomfort as Forth is really 
designed to be run on disc and a Sin, 100K 
drive is to be added to the range. 

Another addition is a £ 160 printer/plot- 
ter based on the Alps ball -pen mechanism. 
This has limitations; it is slow (eight char- 
acter/s) and uses 120mm-wide paper. But 
it is low cost, has four colours and has a 
very clear print-out even in the tiny 80 
characters/line mode. 

Computer 
display for 
partially -sighted 
The portable reading aid for the partially - 
sighted, Viewscan, has been extended to 
include an information handling system. 
Viewscan has been coupled to an Epson 
HX20 portable computer. The system may 
be used, as before, to scan printed text and 
produce an enlarged image on the screen 
(News, March 1982). The improvement 
means that the text so displayed may also 
be stored in the computer memory and 
text may also be entered through the key- 
board, viewed on the screen, and edited 
and stored. The system would seem to be 
particularly useful to those wishing to 
gather information from libraries. The 
combined unit can be carried in a briefcase 
and can operate from battery or mains. 
Wormald International, 7 Musters Road, 
West Bridgford, Nottingham. 

Standardisation in 
gate arrays 

Although semi -custom i.cs are all indi- 
vidual many of them have certain elements 
in common. Professor Carver Mead and 
Lynn Conway of Xerox's Palo Alto Re- 
search Centre devised an approach to 
v.l.s.i. design which has been adopted in 
many universities and in the (American) 
technical press. The system treats parts of 
a design as building blocks which may 
then be arranged to produce the required 
design. The building blocks themselves 
are given hierarchical values and are ar- 
ranged topologically to keep interconnec- 
tions to a minimum. In a report on the 
Mead -Conway approach and other routes to 
user -designed i.cs, the analogy is drawn that 
designing an i.c. is like designing a house; 
in a conventional custom i.c, the aim 
would be to get all the rooms into the least 
possible space and the first items to be 
designed would be the bricks and fittings. 
As a number of designers might be 
involved, the rooms could be of quite dif- 
ferent styles and there may be no immedi- 
ate connection between the dining room 
and the kitchen. Services and drains may 
be spread all round the house. By contrast, 
the Mead -Conway `house' would start with 
blocks to represent the main rooms, as 
functional blocks and then move these 

around so that there is minimal intercon- 
nection, with the services together. Device 
manufacturers are largely ignoring these 
methods but the report points out that 
with the appropriate c.a.d, design is pass- 
ing into the hands of the customers who 
can use the structured methodology intro- 
duced by Mead and Conway. The report 
was prepared by Mackintosh Consultants 
Ltd, and is published by Benn Electronics 
Publications, Luton. 

Full -page cable 
teletext 
A version of their full -channel teletext 
system has been developed by Jasmin 
Electronics for use on the switched -star 
multi -channel cable tv system designed by 
Rediffusion. The use of a full channel 
rather than the unused lines of a tv raster 
enables the transmission of 500 pages per 
second. Another advantage is a very large 
database capacity. The system can accept 
pages from Prestel and other data services 
and can decode the CeefaxiOracle signals 
that would be transmitted by the public 
networks. A subscriber scheme is en- 
visaged and the service would provide at 
least 1000 pages. 

Better stereo 
The article scheduled for this issue on in- 
creasing low -frequency spatial impression 
in stereo reproduction by Y. Hirata has 
unavoidably been held over. We received 
further information in particular details of 
a circuit applying Dr Hirata's technique 
too late to include in the article. 
Did WW get it right? In Alan Chester's 
study of the statistical background to the 
Morse code on pages 62-64 of the August 
issue, two lines were inadvertently not 
typeset. So in line 14 of column 2, fol- 
lowing `eight bits', please insert: "On this 
basis a bit count for all letters of the ...", 
and in line 13 of the text on page 64, 
column 1, after `sending the passage nor- 
mally', insert "in a given time. For ran- 
dom code letters are ..." Finally, in line 
14 of column 3 on page 62, 1 word/ 
min=50/60baud, and not 50 to 60. 

Crossword solution CCCEEEEE 
C' C' C C C' C' C C 

A' A A' A A' A A' A 

F' D' B' 

F''D' B 

F' D B' 

F' D B 

F 

F 

F 

D B' 

D' B 

D B' 

D B 

Clues 

B' D' E' F' = 6 A B D F' = 6 

B'D E F =4 B'D E =6 

B D E F'=6 A D'E F=3 
B D E F=6 C E F= 8 

N. Darwood's numerical crossword 
appeared on page 62 of the August 
issue. 
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Typewriter printer 
In the July issue Neil Duffy showed how an electronic daisywheel typewriter could be 

fitted with an RS232 interface to enable it to double as a printer for a computer. This article 
describes a few simple changes to the circuit to provide it with a Centronics -compatible 

parallel interface so that it can be used with micros that don't provide a serial output port. 

The design described in the July edition 
can be readily adapted to enable the type- 
writer/printer to be driven from a Centron- 
ics -compatible parallel port on a personal 
computer. The connection between the 
computer and the interface is designed to 
use a 26 -way ribbon cable with alternative 
wires grounded to prevent cross talk be- 
tween the signal cores. A 26 -way insula- 
tion -displacement connector at the in- 
terface end is used rather than the more 
conventional Amphenol 36 -way plug be- 
cause of its lower cost and its compatibility 
with the Centronics port on the BBC 
Micro. As with the RS232 interface, cor- 
rect operation of the handshake between 
the computer and the typewriter relies on 
the computer outputting both a line feed 
and carriage return character at the end of 
each line. 

The main change to the original circuit 
consists of replacing the uart and the data 
rate generator (IC2 and" IC3) with octal 
buffer IC12 to buffer the incoming parallel 
data from the computer before feeding it to 
the existing eprom. The clear -to -send sig- 
nal originally generated by Tr2 is no longer 
needed and the handshake timer circuitry 
associated with IC5 is modified to handle 
the strobe and acknowledge signals asso- 
ciated with the Centronics interface. 

Circuit operation 
The interface described here is Centronics - 
compatible, that is, it uses a minimum 
subset of the signals available on a full 
Centronics port. The signals actually used 
are 

- seven data lines Do to D6 which are 
active high and which carry data from 
the computer to the interface 

- a strobe line driven from the computer 
and which pulses low to indicate that 
valid data is available 

- an acknowledge signal sent from the 
interface to the computer. This signal 
pulses low to indicate that data has been 
received and that the typewriter is 
ready for the next data strobe. 

Relationships during a data transfer to the 
typewriter are shown in the timing dia- 
gram. When a strobe pulse is received 
from the computer the latch formed by 
IC13 is set and Tr3 is turned off. After 
approximately 63ms (t1) capacitor C3 

charges up to the threshold level of timer 

by Neil Duffy 

IC5 causing its output to go low and reset 
the latch. Transistor 3 is now turned on 
again and discharges C3 through R26. After 
a further period of 63ms (t2) the voltage on 
C3 falls below the trigger level of the timer 
and its output goes high again. This causes 
R24 and C13 to generate a 10µs pulse which 
is buffered by one of the gates of IC13 and 
sent to the computer as the acknowledge 
signal. 

Latches IC10 in the original circuit gen- 
erate a halt signal during a typewriter car- 
riage return or when the paper has run out. 
These latches are now clocked on the ris- 
ing edge of the timer output signal. The 
halt signal is fed to flip-flop IC14 which 
delays it until the next data word (a line 
feed) is transferred from the computer. 
The delayed signal on the output of IC14 is 
used to prevent the subsequent acknow- 
ledge pulse from being generated until the 
halt condition is removed. This happens 

ó Strobe(L) 2 

o DO 

o 

o 

o 

IC8 

4 

6 

+5V 

20 

4 16 

6 14 

8 

Acknowledge 

8k2 

C13 

10n 
IC13 

74LS132 

13 

12 

when the line -feed -complete switch on the 
typewriter operates or when the paper -out 
condition is removed. 

Period ti t2 in the timing diagram de- 
termine the maximum speed of data trans- 
mission between the computer and the 
typewriter. Because of the tolerance of C3 

it may be necessary to change the value of 
R5 to set the speed to around eight charac- 
ters per second. 
Strobe tl 

63ms 

Timer IC5 pin 3 l' 63ms 

Acknowledge 

Halt 

10ps 

Ina Centronics parallel interface a strobe 
pulse from the computer signals that valid 
data is available. The computer must 
receive an acknowledge pulse from the 
peripheral device before any further data 
transfer can take place. 

1 

LinkS 

From IC8pin8 

IC13 

R2 

10k 

74 LS 74 

Items not required 
IC1, IC2, IC3, IC11 

R1. R3, R4, R5, R19, R20, 
R22, R23 
Ci, C2, C11, C12 
D2, Tr1, Tr2, crystal, CN1, 
CN2 

4 

Tr 3 

BC 107 

8 
To iC9 

13 pins2,12 

12 
11 

IC8 

To ICtppins 3,11 
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Forth computer 
Exceeding Brian Woodroffe's earlier expectations, his 6809 -based Forth computer can be 

used with disc drives requiring high data -transfer rates - including Sony's microdrive 
and Bin floppy -disc drives. Access times for standard drives can also be reduced using a 

minor hardware modification. 

After using the computer for a while I 

became discontented with the disc system 
because the software caused a one second 
delay each time access to the disc was re- 
quired. This waiting time is needed to 
allow the drive to reach its operating speed 
- the software doesn't know whether the 
disc is running or stopped before access - 
and much of the benefit of the virtual 
memory system is lost because of this de- 
lay. Forth keeps data from a number of 
disc sectors in memory. When data from a 
sector that is not in the main memory is 
requested by the program, Forth overw- 
rites one of the buffers with the required 
data. But if data in the buffer has been 
changed Forth first sends the data back to 
the disc so there can be two is delays for 
one disc call. 

Keeping the disc constantly rotating is 
the easiest way of avoiding this delay but 
this was rejected because it shortens the 
life of the drive even though the motor is a 
brushless d.c. type. The method chosen 
relies on the fact that disc access operations 
are not uniform in time i.e., they are likely 
to come in bursts, especially when loading 
or listing screens from a disc and as a result 
of the virtual -memory buffer replacement 
algorithm described above. Keeping the 
drive running for a short while after a disc 
access is made means that it is likely that 
the disc will be running when the next disc 
access is required. 

Normally, the disc -drive motor is 
turned off by the disc -select signal going 
false (p.i.a. A port, D6, O to 1) when the 
program finishes using the drive. In the 
modification the drive motor enable signal 
is held true for five seconds after the drive - 
select signal goes false by a monostable 
multivibrator triggered by the trailing edge 
of the p.i.a. signal. As the software always 
assumes that the drive is up to speed and 
available, even though the monostable i.c. 
might have completed its cycle, a means of 
ensuring that the WD1793 controller 
doesn't try to access the drive during the 
motor start period is required. During this 
period the ready signal is held false by ra 

further monostable multivibrator fired by 
the drive -motor start signal. A low-pass 
filter after the NOR gate combines the two 
sources of motor -on signal to allow for the 
set-up time of the 5s monostable. 

This small hardware modification, con- 
sisting of two s.s.i. devices relieves the 
software of all considerations of motor - 
start latency. To prevent erroneous trig - 

Brian Woodroffe works in research and de- 
velopment at Hewlett Packard. 

RUT 
BLANKS 
-FIND 
LITERAL 

11Sß:. 

LOAD 
FNDlF 
END 
SPACES 
.R 

DUMP 
DRD 
UPDAIL 
MOOR 

by B. Woodroffe 

gering the two monostable multivibrators 
should be grounded separately. 

Interfacing 8in drives 
I found it galling that my 1.5MHz 6809 
Forth system could not be interfaced with 
faster 8in drives, especially as these are 
often available second-hand at bargain 
prices. I have not yet got an 8in drive but I 
have been fortunate enough to try one of 
the sub-5in drives from Sony which has 
the same data rate as 8in drives. There is as 
yet no de jure standard for microfloppy- 
disc drives' but within Hewlett Packard, 
the Sony drive is the de facto standard. The 
first problem is to build a data -service rou- 
tine that services the disc at a rate better 
than 11µs/byte. Although nominal disc - 
data transfer normally takes 16µs/byte, 
Western Digital specify 11 and 13µs worst - 
case service times for write and read res- 
pectively. 

The previously used software loop 
(Wireless World, June 1983) achieves far 
worse than 11µs, even with the M6809 
direct -page register modified to make the 

List 1. In this design the following Forth 
words are available. 

controller i.c. accessible through direct 
addressing. Analysing the software loop 
shows that two functions are being carried 
out - a byte is transferred between the 
WD1793 controller and ram, and bytes are 
counted to determine when the sector 
operation is completed. If the second func- 
tion could be dispensed with the remaining 
loop would be much smaller and faster. 
There would be a small penalty in that the 
ability to read from and write to consec- 
utive sectors would be lost as no byte count 
is kept. The problem now is how to break 
out of the disc -service software loop. For- 
tunately the controller gives hardware help 
here in that the IRQ line is activated on 
completion of every command; the DRQ 
line is activated for each byte transfer. 
DRQ, connected to the M6809 FIRQ line, 
is used in the data transfer loop to make 
the processor clear its SYNC state, thus 
synchronizing controller/processor trans- 
fers operations. 

Interrupt request IRQ is tied to one of 
the other M6809 interrupt lines so that 
when a read or write -sector command is 
complete the processor aborts its current 
data -transfer loop activity and commences 
the interrupt routine. On application of 
the FIRQ signal the processor does not 
abort the data transfer loop and carry out 
the FIRQ routine because the program 
inhibits the FIRQ interrupt by holding the 
FIRQ mask bit in the condition -code re - 

LIT EXECUTE BRANCH OBRANCH (LOOP) 
(DO) I J K DIGIT 
ENCLOSE EMIT KEY ?TERMINAL CR 
U( Ux U/ AND OR 
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Drive Density WD1793 Data 
(pin24) separator 

8 in 
Double 2MHz 8MHz 

Single 2MHz 4MHz 

Shin Double 1MHz 4MHz 

Single 1MHz 2MHz 

Additional circuits shown by tone 

8MHz 
O 

NMI (pin 2) 

M 6809A 

FIRO (pin 4) 

8in 

LS74 

I 

PIA -A 06 

Vcc_ 

38 

4 

INTR 

ORO 

WD1739 

CK READY 

2 

J 

5 Yf 

7 

10 

9 

CI< 

LS161 

Disc interface modification speeds up 
overall access time by keeping the drive 
motor running for five seconds after the 
computer tells it to switch off. This 
significantly reduces the effect of a one 
second delay required for the motor to 
start up since disc -access operations tend 
to come in bursts. 

14 _2 

13 

U.h.f. modulator connects to the video - 
controller circuit output (see June issue) so 
that the computer can be used with a 
standard tv set. 

12 i 

gister set. The controller interrupt -request 
line IRQ, being connected to the proces- 
sor's non-maskable interrupt input NMI, 
can never be masked so when this line is 
true the processor must be interrupted and 
goes to the routine requested by IRQ. The 
processor IRQ interrupt -request input 
could have been used but I wanted to leave 
it free for expansion. 

For sector read and write operations the 
disc controller interrupts on transfer of the 
last byte. In the case of a sector -write 
operation the data -transfer routine is fin- 
ished when the last byte is written into the 
controller. In sector read operations the 
data transfer routine is finished not when 
the last byte is read from the controller, 
but when it is written into the ram sector 
buffer. So when a sector is written the 
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video in 
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tant. 

<> 75 

4k7 
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controller interrupts after all data transfers 
have taken place but when sectors are read 
the controller causes a jump out of the 
software loop before the last memory -sto- 
rage operation is carried out. Worse still, 
latency before the controller interrupt is 
variable so when an interruption is made, 
whether or not the memory has been up- 
dated remains in doubt. The solution I 

chose was to code the data -transfer loop so 
as to maximize the time between reading 
data from the controller and writing it into 

1k5 1k5 

5k 

500 

/i 
Astec 

, UM1231 

modulator 

47P Set 0 85V 

h f skt 

the memory. Inclusion of a no -operation, 
NOP, increases the data -transfer loop time 
to just under the allowable maximum of 
13µs to ensure that the controller always 
interrupts before the processor can write 
the byte into memory; the first operation 
of the interrupt routine is to write that byte 
into memory. Unfortunately this writing 
operation done outside the data -transfer 
loop means that the interrupt routines for 
sector reading and writing must be dif- 
ferent. 
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MEMORY SOURCE 

ADDRESS CONTENTS LINE 
0000 I`.,4 VECTOR6 RMB 2 NMI used by 1r. 

1028 6E 9F100C 

F873 7D C000 
F876 8E F871 
F879 9F OC 
F878 39 
1137C 7D C000 
F87F 3B 

FA4D FA4F 
FA4F 8E FA64 
FÁ52 C6 82 
FÁ54 34 08 
FA56 8D 1E 

FÁ58 D7 00 
FA5A 20 02 
FA5C A7 80 
FASE 13 
FASE 96 03 
1861 12 

FÁ62 20 ra 

FA64 A7 84 
FÁ66 32 61 
FÁ68 06 00 
FA6A 35 08 

rA6C 4r 
FA6D 36 06 
FA6F BD 1373 
FA72 

F876 86 CO 
F878 OF 98 

FA7A 0D 00 
F87C BF 0001 
'447F 73 41 

ERRO 37 02 
FA8.3 97 02 
FAR`. AE l:t 
F 81:17 27 02 
FAE9 CA Oli 
FA86 37 ii 
FARD 39 

298 VECrOR6E 3MP IVECTOR61 NMI hw uses NMI fur I 

1745 SAFE 
1746 
1747 
1748 
1749 SAFNMI 
1750 

TST FDC 
LUX iSAFNMl 
STX JECTOR6 
RTS 
TST FDC 
RTI 

any read 

Through 
1 

This code executes 
an indirect jump 

of the "DC kill, an., IRO 

read the status register to 

FIC NMI and return 
11 

1875 # BL3CK-READ, BLOCK -WRITE accept the following pavane tere 
1076 m sector where to start reading from 
1977 0 side - which aide 
1878 + addr - memory address where the data is ro be reao Fron / written to 

1875 s addr,side,sector BREAD/BWRTTE 
1884 o On return if no problem B=0 
1891 * else B= !:. tatu!:, register value 
1882 M for Bin double density must acheive the fallowing tines: 

1983 .a 13.5pS READ, :l.SpS WRITE 

1889 BREAD FOR C+2 
1890 LDX *148MI 
1891 LOB *0828 
1892 PSHS DP 

addr,side,sector -- O;good, >0 .;tatos error 

single sode, single record, Bide 0 

save DF 

1893 BIR CMNDSET read sector start 
1894 SETDP OCOH tell assembler value of direct page painter 
1895 "t this loop reads bytes from the FDC, X=pointer to storage 
1896 a maximum NMI latency is 3ps, GO loop is arranged to give maximum time 
1897 o 'betwenn FDC read and the store to memory. The many orrg write to RAM 
1898 a is done outside the luoir 

1899 BREADI STD FDC set FDC going by oip cumnand 
1900 BRA BREADS jump into middle of loop 
1901 BREAD2 STA O,X+ 7 store ,t away 
1902 BREAD. SYNC.. 2 wait 'tit inter opt 
1903 LOA FDC+3 4.25get the darn 
1904 NOP 2 this mop to allow FDC rs. NMI 
1905 BRA BREAD2 3 loop =18.25cycles @ 1.5M11.=12,208 
1906 a will exit by NMI to NMIVE:CTOR which posies ttatns onto return stark 
1907 RNMI STA 4,X hanging write, :;tore last byte away 
1908 WNMI LEAS 12,5 delete saved parameters 
1909 LDB CDC get status 
1910 BRIDES PULS DP restore DP 
1911 SETDP 000 tell assembler what DP i, 

1912 CL.RA B=se-r=e , -or fl au 
1913 PSHU D push ;leg 
1914 3010 SAFE ye' a safe nro vector 
1915 NEXT 
17'16 

1917 CMNDSET LDA COCON 
1919 TFR A,DP 
1919 SETDP 0148 
1920 IST FOC 
1921 STX 9E:CFOR6 
1722 L.EAU 1,U 
1923 nIILU A 
1924 STA E110C,2 

1925 LDX O.U++ 
72. PLO CifND_1T2 

1927 ORB *8 
1729 CMNDST2 PULU 
1"29 RTf: 

FF1.' E.32A 2523 

Notes 

114 
ECTOR6E1,. 

user stack=addr,side,secto 

set up DP 
tell assembler what value or DP to use 
clear any FDC tru 
fi. sup 

s 

i t. vector 
delete,ector .rob 

gel sector number 
store in FDC 
test for side 

,et -fur s,de:. 

get ,lie iam I,ointer 

N' - 

To 

On application 
of n.m.i., M 6809 

- Pushes all registers 
onto 'S' stack 

- Fetches jump 
address from 

And jumps 

to ' 

- By changing contents of location 'vectorh' the write routine 
exits from its loop to location 'WNMI' 

- Vector6 is in ram, oll other locations are eprom 

The processor starts its interrupt sequ- 
ence by pushing appropriate registers onto 
the stack and jumping to code pointed to 
by a vector in high memory. In this Forth 
system high memory is eprom so the in- 
terrupt vectors cannot be changed to point 
to different routines. I remedied this by 
making the interrupt vectors point to code 
which executes a jump to a location deter- 
mined by a value stored in ram. By chang- 
ing data in the ram location the non -mas - 
kable interrupt vector can be altered 
during program execution. This practice is 

unstructured and therefore unfashionable, 
but it is highly effective. 

Normally an interrupt routine is com- 
pleted by a return -from -interrupt instruc- 
tion which restores processor register 
values to those prior to the interrupt, i.e. 
restore context. In this case the interrupt 
vector is being used as a jump instruction 
to jump out of the data -transfer loop so the 
first operation in the NMI routine is to 

Diagram of program flow during a sector 
read on the Forth computer. 
delete saved registers (LEAS 12,S). As the 
controller is connected to the non-maska- 
ble interrupt line there is the potential for 
the occurrence of an interrupt when one is 
not required. To prevent this the NMI 
vector points to a safe routine when not in 
use which reads the controller status regis- 
ter, clearing the cause of the interrupt be- 
fore carrying out a more normal return 
from interrupt, RTI, operation. 

Extra signals to the disc drives, e.g. 
track 42, should be inverted and buffered 
using standard t.t.l. open -collector drivers 
(7438) as used for the WGATE signal. 
Extra input signals from the drive such as 
READY should be buffered using say two 
LS 14 gates, and terminated as previously 
shown. I should have used the drive's 
ready signal, eliminating one of the monos - 
table multivibrators connected to the index 
line but I did not. Also I connected my 

motor -on signal (5.25in drive, pin16) to 
the Sony drive head -load line, pin 14, 
whereas I should have used hold, HLD on 
pin 28 of the controller. These minor mod- 
ifications were made because I still intend 
to use 5.25in drives as they currently offer 
better value for money than the Sony 
drives at one-off prices. 

The matter of write-precompensation 
has not yet been resolved. I found by trial 
and error that for the Sony drive at least 
write-precompensation is not mandatory. 
It might be necessary for older Bin drives, 
and in commercial products to minimize 
the number of attempts to read the disc. 
Details of precompensation circuits are 
given in the Western Digital handbook 
and reference two. 

For drives that keep the disc rotating, 
such as Sony's and most Bin drives, the 
disc speed-up hardware previously des- 
cribed should not be fitted but the drive 
should be connected with the motor -on 
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List 2. Forth words specific to this sYstent 
Note the movement of data onto and off the stack is shown thus 

si s2 ..ABC.. rl r2 r3 
Forth word 'ABC' takes two values o+'f the stack (s2 -top of stack) and produces 
three results (r3 -new top of stack). 
VEMIT,VKEY,V?TER -- a user variable containing the execution vector for 

EMIT,KEY, ?TERMINAL respctively 
..VEMIT,.addr ..VKEY..adu'Ir ..V?TER..addr 

DPMAX - a user variable containing the maximum address for the 

dictionary. 
..DPMAX..addr 

SMAX. = a user variable containing the maximum depth of data 
stack allowed for this user 

.,SMAX..addr 
Pt,PB - a WORD to store a byte to, read a byte from une of the 

user ports 
data addr..Pr.. addr.. PB.. data 

DENSITY -- a constant -0 for single density; -1 fur double density 
.. DENSITY..boolean 

DR --SEL = a WORD to select the drive value top of stack 
value..DR--SEL.. 

DE -SEL. = a WORD to deslect the disc: drives 
..DE -SEL.. 

VERIFY - a variable which if true causes a read after write 
verify of disc writes 
..VERIFY-addr 

SIDE/DISC = a constant returning the number of sides per disc 

..SIDE/DISC..valoe 
SEC/TRK,TRK/SIDE -- constant, returning the number of sector, per track and 

tracks per disc respectively. 
..SEC/TRK..value .,TRK/SIDE..value 

SIDE a WORD to select the side of the disc depending on the 

value at top of stack 
value ..SIDE.. 

?WRITE - if ri se is write -protected issue error Me,' -aye 10 and 
abort execution to return to terminal node 
..?WRITE.. 

CMND - a WORD 1u execute "" " command at top of stack 
value ..CMND.. 

RAIE - a CONSTANT which equals the disc drive ,.,teppiny rate as 

coded fur the WD1793 
..RATE., value 

SEEK - steps the floppy drive to seek the track that 9s at top 

of stack 
value ..SEEK.. 

STEP = a WORD to stepthe floppy disc, IN if TOS= -1 
OUT if TOS= -1 

sane direction if TOS=0 
value ..SEEK.. 

R -ADS -- reads the address mark off the dis.r , either reiurns 
a/ flail -true if unsucce,',ful (-staiu.. of Wó17931 
b/.ser tor_type, sector, side, track , false flay 
..R--ADR., type sector side track 0 or 

..R-ADR., true 
HRLAD,BWRITE - similar to FORTH FLOCK READ, BLOEK_WR1TE except 

r- addittonal parameters are included, sector within 
track. 
rei urn, WD1793 status 0.-succesful 
address, side -,error ..BREAD.. status 

SEC-R/W - similar to FORTH R/W exte'p1 no limit ther.kiuy is done. 

Return: to top of ,ta, k a clay. O '-trrce,-,ful operation 
l.crc error 

-eek error 
.3 --not ready 

addr ',er tii flay ..'EC-R/W.. .,taro. 

TNR-MR - d WORD to write a whole track. to dis,. used u, for Mat tiny 

a disc:. lake.fron the ::tar -k the address of 
iMnaye. Return WD1793 tales, O.,. nrcc-,sful 

addr ..TRK»-WR.. stare'. 

TRK-PLD - a WORD to Build in memory a byte inaye of a it atk prior 

to be written out by TRK--Wk'. Take, a., input the side and 

track number whose 11a9e t,:, 10 be Funned and pr, ode, e,. 

the acldress of where the ind.ie u'-. 
,.ide track .TRK-BI D.. d,), 

?DiSE - a WORD 1d find our wham son i of di-,, nn tir. drive. 
sets CONSTANT., B/B11F ,DLNSIIY,+FC-FRK io suit. 

.?DISC.. 
MS a WORD to delay exe.,ut ton by lire number 

that is top of stack 
value .. MS.. 
currently , nn Opera nn not ,i that tanbe I,.,t, bed t 
al I ow ,re Cl 1.'a o,rnl of 11.= 

. 

et nor,. when form 
1.11,1,11,1,1d u,, ,,aq, i i1ra, et wtli n,,,1.tfy th. ,, i,.; 
currently AI t.. of .tack. 

t, -tor uo .'u.I w ..t lorr n, 

.Ir1W 

a 

the track 

signal permanently true, i.e. grounded. 
Software issued (first revision) assumes 

the presence of disc speed-up hardware 
and includes the faster data -transfer loop. I 

will supply a drive pin connection list and 
format program for the Sony drive that can 
be modified for Bin drives to readers 
sending an s.a.e. to me at 632 Queensferry 
Road, Edinburgh. The Forth word BLD- 
TRK in eprom is only suitable for mini - 
floppy disc drives. 

Thanks to Hewlett Packard for the use 

of their test equipment and Sony for the 
loan of a microdrive. Software used, based 
on the FIG model, was prepared on an 

HP64000 microprocessor development 
system. 

Integrated circuits 87 and 88 were miss- 
ing from last month's components list. 
They are 2114 static rams. In the photo- 

graph of power -supply spikes, vertical sen- 
sitivity for all but the clock signal is 

0.5V/diva 
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1. J. Bovin, Floppy incompatibility, Systems 
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Software, disc controller and power supply 
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Complementary 
current mirror 
Current mirrors with transistors of the 
same type of conductance are well known' 
and widely used in integrated circuits2. It 
is possible to create the configuration with 
similar properties using complementary 
transistors also, Fig. a. Accepting the 
usual assumptions2 that 

IC1=Is1eXP VBEt /VT 

IC2 = Is2exPVtBE2/VT 

IB1=IC1/ßF1 

and I82=Is2/42, the output current is 

IC2 - 
(1+ 1 ) I51+1 

Ia 

ßF1 IS2 ßF2 

with IVBEII=VBE2. If the technology 
allows two complementary transistors with 
Isl=Is2 then 

1 

Io 1 1 

IC2 
1 1 

Io 1 

ß -+- 
¡ 

F1 ßF2 

QFl ßF2 

as in the ordinary current mirror. Usually 
n -p -n and p -n -p transistors in an inte- 
grated technology are produced by dif- 
ferent methods and parameters Isl and I52 

+VCC VCC 

(ol l b) 

Complementary transistor current mirror 
with matched transistor (a) and matched 
emitter resistances (b). 

are not matched. But the discrete current 
mirror with matched resistors in emitter 
circuits works reasonably well, Fig. b. In 
this circuit 

1E,R+ 
1 VBEI I = VBE2+IE2R 

and 

VBEII-VBE2, 
IE1=1E2+ R 

If transistors are designed for complemen- 
tary operation, say 2N4401 and 2N4403, 
and emitter resistors are matched to within 
1% the error is 2 to 3% without pre- 
liminary transistor matching. The gain QFt 
of a discrete p -n -p transistor is usually high 
and the collector currents happen to be 
matched also. - I. M. Filanovsky, Uni- 
versity of Alberta. 

1. F.J. Lidgey. Looking into current mirrors. 
Wireless World, October, 1979, vol. 68, pp. 51- 
58. 
2. P. Gray, R. Meyer. Analysis and design of 
analog integrated circuits. Wiley, 1977. nCiin% 
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555 mark/space 
control 
The frequently used 555 astable circuit' 
with one capacitor (a) has the disadvantage 
that the capacitor C is charged through Ri 
and R2 and is discharged through R2. Any 
variation of R2 will change both the charge 
and discharge time. 

A circuit where the same capacitor is 
charged and discharged by independently 
controlled currents is shown at (b). In the 
first quasi -stable state C is charged by the 
current source Tr1i Tr2 when the switch 
Tr5 is closed and the transistor Tr3 of the 
discharging current source is off (the inner 
switch of the 555 timer is open). Charge 
current is Ic--(V-0.7)/R1 and the mark 
duration is Ti = VC/3Ic. Capacitor C will 
be charged up to 2V/3. Then the inner 
switch of the 555 timer (pin 7) closes. 
Simultaneously the switch Tr5 opens and 
the circuit flips to its second quasistable 
state. Potential on pin 7 becomes close to 
OV. Capacitor C starts to discharge. The 
discharge current 

(Vcc-0.7) R4 
Id- 

(R2+ Re) R3 

and the space duration is T2=VC/3Id. 
When C discharges to Vcc/3 the circuit 
returns to the first quasistable state. 

This circuit can be used without 
matched transistors in the current source 

(al 

Tr1,Tr2. In this case we have to introduce 
resistors2 in the emitter circuits of Tr, and 
Tr2 as in Tr3 and Tr4 (the emitter resistor 
of Tri in this case can be used for fre- 
quency control as well). For the current 
source Tr3,Tr4 the resistor R3 and R4 are 
necessary to compensate for the saturation 
voltage of the 555 inner switch (this 
voltage can be as large as 0.1V). 

Mark/space ratio for this circuit is 
T,/T2=Id/Ic. It is easily controlled, and 
T2/T1 of the order of 10-3 can be achieved 
without difficulty, taking into consider - 

(b) 

ation practical limitations for transistor 
currents. 
I. M. Filanovsky, V. A. Piskarev 
University of Alberta 
Canada 
1. J.L. Linsley Hood 555 -Type integrated cir- 
cuits. Wireless World, April 1982, pp. 41-43. 
2. U. Tietze, Ch. Schenk. Advanced Electronic 
Circuits. Springer -Verlag, 1978. 
3. F.J. Lidgey. Looking into current mirrors. 
Wireless World, October 1979, pp. 57, 58, 68. 

Predictable relay oscillator. Switch S 
of this circuit in the August issue was 
the one at the top of the diagram. 

Acoustic timer with 
bargraph display 
Devised to monitor the response time of 
an acoustic impulse system, the start pulse 
in this circuit is derived from the stimula- 
tion and the stop pulse from a pressure 
sensor. As several supposedly identical 
sources were triggered simultaneously, 
and the important parameters were output 
phase and reapeatability rather than abso- 
lute delay, a multiple bargraph display 
gave the best visual readout. 

The most attractive feature is that only 
one control wire is needed to each bar - 
graph display; no current -limiting resistors 
are needed and each display takes only 
40mA of current irrespective of the 
number of segments lit. Calibration is un- 
necessary, device tolerances being well 
within the 10% display resolution. 

The ZN425E is used in the counting d - 
to -a mode, and will accept clock rates of up 
to 1MHz. Using the internal 2.55V refer- 
ence, one clock pulse gives an output step 
of 10mV. With full scale on the D634P 
needing 1.0V, this corresponds to 100 
clock pulses; a 100kHz clock gives a full 
scale of lms, and the scale can be changed 
merely by changing the clock frequency. 

The m.s.b. output will go high at a 
count of 128 (=1.28V). By or-ing this with 
the stop input, the display will always give 
a "full house" reading when the stop pulse 

is missing or outside the pulse window. 
For measuring such items as pulse jitter 

about a mean, the effective accuracy of the 
display can be increased by introducing a 
fixed delay in the start pulse to bring it 
closer to the stop pulse, and increasing the 
clock frequency. 
Trevor S. Smith 
Stag Electronics 
Hebden Bridge 
W. Yorkshire 

J-LStop 

Don't waste good ideas 
We prefer circuit ideas with neat drawings 
and widely -spaced typescripts, but we 
would rather have scribbles on "the back 
of an envelope" than let good ideas be 
wasted. 

Submissions are judged on originality or 
usefulness - not excluding imaginative 
modifications to existing circuits - so 
these points should be brought to the fore, 
preferably in the first sentence. Minimum 
payment of £20 is made for published cir- 
cuits, normally early in the month fol- 
lowing publication. 

IS Reset 

Enable 2 
+SV- 

74LS02 

_FL Start 

D 

P 
74LS74 

CK 

3 

13 

mS.b 
15 Ref 

ZN425E 

An 

3 

2 LS 

220n 

out 

+5V 

Clock 

C 

14 

4 

74LS08 

D634P 

Bargraph 

Note : The AEG 0634P 

has 7 green and 3 red 

Le d s and 15V supply. 

D630P has 10 red l.e.d s 

and 12V supply. 
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Simpler combination 
lock 
This simple and cheap circuit has been 
in use for over three years on an entrance 
door to a clean -room and has suffered only 
one breakdown caused by "infant mortal- 
ity" of a leaky BC108 transistor. 

Three push -buttons have to be operated 
in sequence to open the lock. Pressing an 
incorrect button inhibits lock operation for 
approximately 20 seconds. A person trying 
to gain access without knowing the combi- 
nation would not know how long to wait 
between attempts, and therefore might 
miss the successful combination. There are 
700 possible combinations of 3 different 
keys from 10, so waiting 20 seconds be- 
tween entries will take approximately 10 

hours to try them all. If an authorized 
person hits a wrong key, the 20 seconds is 

not too long to wait until a new attempt 
can be made. Of course, the time delays or 
even the number of keys can be altered as 

appropriate for the security level required. 
The code for the lock can be hard -wired 

by connecting the push -buttons directly to 
the circuit, or can be changed as shown in 
the circuit diagram by routing the connec- 
tions through a 28 -pin d.i.l. socket or any 
other appropriate patch plug. The three 
active push -buttons are jumpered across 
the first, second and third digit inputs, and 

+12V 

1k 

First 
digit 

Second H digit 

Third j' 
digit 

O 
1A 

O 

24 
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RF notch filter has wide 
range 
Designed to operate from the low to the 
high radio -frequency range, this notch 
filter provdes -76dB stopband attenua- 
tion. Basically a common -gate amplifier, at 

the notch frequency f = 1/27( VLC, the 
parallel -tuned LC circuit effectively iso- 

lates the gate from ground and gain falls 

steeply at this frequency. L1 and L2, bifi- 
lar-wound broadband toroid transformers, 

L1 

10n 

5OII input p 4---,94.9Q.9 0404 M/--- 
0-6000060-u 100 

1:4 

can be replaced by simpler resistive coupl- 
ing. Attenuation and Q are dependent on 
choice of fet, LC characteristics and circuit 
layout. A Q of 30 and stopband attenua- 
tion of -76dB were obtained at a cut-off 
frequency of 30MHz using an MPF102 
field-effect transistor. 
A. Achong 
University of the West Indies 
Trinidad 

+nv 

L2 

0000000 

.--27 OP= 60 0 

4.1 

loo 

i 
100n 

1 o 5011 output 

the remainder are wired in parallel to the 
inhibit input. Note that push -buttons with 
separate access to both switch contacts 
must be used, and not the encoded matrix 
arrangement used on calculators etc. 

The circuit could be extended for 

C04001 
pin 14 +12V 
pin 7 OV 

11 

10k 

Door solenoid 

-PS-6000` 

greater security by adding further push- 
buttons across the inhibit input, or by 
adding another quad nor -gate for up to 
four more keys in the code chain. 
A. F. Abbey 
Stoney Stanton, Leics 

+12V- 

Other digits 

1 T t (1_, 26 

H ' 1 -I H H H 

C5 

-,12V 

RS548-908 

1k 

4-12V 

8SX84 or 
BF Y51 

Relay contacts 

1N4000 

P/B1{ 

pi B2 

P/b3{ 

P/ b4 

P/B5 -C 

P/B6 { 

P/87{ 

28 -pin dil socket 
for code patch 

28 

14 15 

B 

Inhibit 

Inhibit 

J Digit 1 

}Digit 2 

-Digit 3 

}P/Bq 

)-P/B8 
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General-purpose 
microcomputer 

board 
Designed to perform secondary tasks in a larger system, this single -board microcomputer 

based on the 8085 processor has serial i/o through a uart - data rates up to 9600 baud 
are selected by software. 

As presented, this single -board microcom- 
puter transmits and receives characters for 
teleprinters and other terminals using a 
usart but the board has numerous applica- 
tions including modem, c.r.t. and instru- 
ment control. Test software given demons- 
trates sending and receiving of characters 
in RS232/20mA loop form and proves the 
hardware construction. The board's first 
application was in traffic control: data on 
traffic received by telephone in four -bit 
hexadecimal form is converted and sent to 
a remote terminal in serial 300 baud ASCII 
code or binary form at RS232 levels. 

Four main elements of the circuit are 
c.p.u., memory, serial i/o and timer sec- 
tions. Features of the 8085 processor are 
five interrupt levels, integral clock, two 
serial i/o lines (SID and SOD), seven regis- 
ters and 71 instructions, 69 of which are 
8080 compatible. An 8251 universal synch- 
ronous/asynchronous receiver/transmitter, 
or usart, was used for serial i/o instead of 
the serial capability of the processor to 
keep software to a minimum and reduce 
the load on the processor, but apart from 
this there is no reason why the 8085 serial 
i/o lines shouldn't be used. 

Most of the control bus is buffered to 
provide extra drive necessary when the 
computer is connected to external systems. 
Decoder 74LS142, connected to the high - 
order byte of the address bus, is used for 
selecting ram, eprom, usart and the timer. 
Four additional external devices may be 

Test program for transmitting to a teletype terminal 

r . . .... .. r ,.. 1 t, 

w, U85 
I4 n 

by Michael Shragai 

Table 1. Values used with software 
control words to determine data rates 

Rate 
(baud) 

Number loaded 
CNTR1 CNTR2 

110 163 10 
300 40 3 
600 140 1 

1200 200 0 
2400 100 0 
4800 40 0 

9600 20 0 

selected using spare capacity of this de- 
coder. Memory devices may be 2-8K static 
ram and 2-8K eprom, and their start 
address may be either 0 and 20000 octal or 
20000 and 0 respectively. Usually, eprom 
uses addresses 0 to 20000 and ram starts at 
20000. 

Restart interrupt inputs RST 5.5 and 
RST 6.5 of the processor are connected to 
the usart transmitter and receiver -ready 
outputs. Alternatively polling may be used 
to test the status word of the usart. The 
receiver/transmitter can work in synchro- 
nous and asynchronous modes; in this ap- 
plication the device is used to receive or 
transmit data at rates up to 9600 baud 
which are determined by software using 

Test programs for transmitting data to 
teleprinter terminal, left, and for 
receiving then transmitting characters, 
right. 

TT`!ntrT: 
nvnr 

Michael Shragai works in R&D 
Laboratories as a senior electronics 
technician at the Chief Scientists Office 
of Israel's Ministry of Communications, 
Tel Aviv. 

only six instructions. Initiation of the usart 
and timer are included in the program 
example, List 1, and values of control 
words used to set the data rate assuming a 
6.144 MHz clock are given in Table 1. 

Data can be transmitted or received in 
RS232 or 20mA current loop form using 

MMT 
OUT 
MVT 
CUT 
M.T 
OUT 
My/ 
nIT 
MVT 
n'iT 
M"T 
ATM 

TTyTt.. 
ANT 
.r! 
TN 
Mflt 
TN 
ANT 

nn^ 
CiIT 

»MU Ill' Ir 
.1'1!I' 

Echoing program 

77,t; ,.: i?,;Le i..d. mod,. uf Line 
93 
cNTPI,n 
90 
CtITt';',A lutti, oPPr J.rt. r..te 
°.0 

) 

PO", 
T ,T.; 

0r1-1 

,f.J 

,rt.E,a.c- .i, trai..r.itr.ar 
;Ir r t. 
>C1,.`{ 

s1 ,L. 
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opto -couplers, data transmission being 
indicated by an led. 

The prototype was connected to the 
outside world using four connectors - a 
44 pin edge connector for address, data 
and control signals, a 16pin dil socket con- 
nected to the decoder, a 26 pin flat -cable 
connector carrying status signals and a 
lOpin connector for RS232/20mA signals. 
Automatic power -on reset is included, i.e. 
the program always starts from the begin- 
ning when the computer is switched on. 

Software was developed on a PDP11/40 
minicomputer and translation to machine 
code carried out by a MAC80 cross assem- 
bler. In my application ram is loaded from 
the host computer using a `front panel' 
system. Loading is done in direct memory 
access mode after defining the memory 
region and the file name of the program to 
run in real time on the target microproces- 
sor. The front panel has tracing and 
breakpoint capabilities to help debugging 
of the program. 

Data -conversion 
application 
This software and interface developed 
for the general-purpose microcomputer 
board were used to convert four -bit 
hexadecimal telephone traffic -control 
data into 300 baud RS232 serial data for 
sending to a remote terminal in ASCII 
or binary. 

Inputs to the conversion 
interface are four bits 
representing a 
hexadecimal word, 
punch -instruction select 
signal, ASCII/binary 
select and a signal 
representing operating 
mode, set using the 
unmarked switch. 

o 
To flat cable socket pin 15 

IR 74L532 74L 532 13 
2 

DO 10 

Data bus 

D7 

11 

12 

13 

14 

15 

16 

17 

To flat cable socket pin 2 

o 14 
1N914 < 

+ 5V 

11 

LXI 24000,SP 
JMP INIT 
.BLR 66 ;E:lank. ti.l address 74 oct. 

INTR: JMP MSC ;Restart 7.5 address 
INIT? MVI 77,A ;Set time for 300x16 baud 

OUT 43 
MVI 40,A 
DUT 40 
MVI 3,A 
OUT 90 

MVI 372,A ;Set cart for even parity 
DUT 1 

MVI 41,41 

OUT 1 

MVI 13,A ;Enable restart 7.5 only 
BYTE 60 
EI ;Enable interrupt 
LXI HFADER',H ;Print header 
CALL TTYO 
JMP CPU- ;Print CR and LF 

EOM: DCR B ;if R CFI every 80 char. 
MOO 0, A 
JZ CRLF 
MVI 113,A ;SOD low (ready signal) 
.BYTE 60 
HLT ;HALT: wait for interrupt 
IMP EOM 

MSG: TN 1 ;Ready to transmit? 
ANI 001 
J7 MSC 
MVI 313,A ;SUD high (out ready) 
.BYTE 60 
IN 100 ;Input status 
RAL :Rota. to cheek carry (switch pos.) 
.JC ASCII ; J..mp al,ulding to switch position 
JNC BINAR 

ASC'TI: TN 100 ;input parallel word 
ANT 17 land transmit serial ASCII 
ADS 60 
OUT 0 

FI 
RFT 

BINARI IN 100 ;'input parallel word 
ANT 17 ;and transmit serial binary 
OUT 0 

EI 
RET 

CRLF: IN 1 ;Print CFi and LF 
ANI 001 
JZ CRI,F 

MVI 12,A 
OUT 0 

121 IN 1 

ANI 001 
JZ S2 
MVI 15,A 
OUT 0 

MVI e0.,E: 
JMP EOM 

HEADER: .BYTE 12.15 ;Header transmit subroutine 
.ASC /TRAFFIC MEASUREMENT DEVICE/ 
.BYTE 12,15 
.ASC /TELECOMMUNICATION RESEARCH CENTER/ 
.BYTE 12,15 
.ASC /llllllxxxxxxx xxxxx lilixxxxxxliillxx/ 
.BYTE 12,15.0 

TTYD: IN I 

ANI 001 
J7 TTYD 
MOV M,A 
OUT 0 

INX H 
ANA A 

RZ 
JMP TTYD 
.END 

Switch 
n c 

C 

n.ó.1 

+5V 

All resistors 100k 

40N914 1N914 

44 

Mode 

ASCII 

1 
Binary 

PI 
Continued from page 59 

September 16-17 
Television tomorrow - costs and 
quality. Royal Television Society 
Convention, Kings College, Cambridge. 
RTVS Tel: 01-387 1970. 
September 17-25 
The great home entertainment 
spectacular: home entertainment 
electronic show. Olympia, London, 
Montbuild, Tel: 01-486 1951. 

September 20-22 
Sensors and their applications: European 
conference and exhibition at University of 
Manchester Institutes of Science and 
Technology. Organised by the Institute of 
Physics, Tel: 01-235 6111 

September 26- 28 
International electrical, electronics 
conference and exposition; Automotive 
Building, Exhibition Park, Toronto, 
Canada. Sponsored by the Canadian 
Region of the IEEE, 1450 Don Mills 
Road, Don Mills, Ontario M3B 2X7, 
Canada. 
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BRITISH PRINTER 
FOR SCHOOLS AND 
SHIPS 
Walters WM200 dot-matrix printer 
incorporates many of the features 
that make printers emanating from 
the Far East attractive. It has 9 by 9 
dot-matrix printer head that prints 
in either direction at a speed of 120 
characters/s. Four character sizes 
are available and much thought has 
been put into the design of the 
typeface which is very clear and 
legible. Sprocket -fed paper can be 
up to 254mm wide. The printer is 
provided with a Centronics, RS232 
or IEEE488 interface and may be 
easily converted from one to 
another by changing a slot -in p.c.b. 
a 750 -character internal buffer is 

supplied which may be expanded to 
1800 characters. The printer's 
development was partly funded by 
the Department of Industry's 
Microprocessor Applications 
scheme and has been selected for 
use in schools as part of the 
extension to the `micros in schools' 
project, and by the Ministry of 
Defence. £395 from Walters 
Microsystems International Ltd, 
Cetec House, Lincoln Road, 
Cressex Industrial Estate, High 
Wycombe, Bucks HP12 3QU. 
WW 301 

FAST -RISE PULSE 
GENERATOR 
Rise and fall times of 150ps are 
provided in Avtech pulse 
generators. AVMR-1 has a pulse 
width variable between 10 and 
200ns and a repeat frequency of 
5MHz which may be increased to 
10MHz with a rise time of Ins. 
AMVR-2 is similar but provides 
high pulse amplitude to 20V with 
300ps rise time at 5MHz or 3ns at 
10MHz. Both models are available 
as a bench instrument with internal 
clock, a line -powered instrument 
with external trigger or a compact 
module requiring 24V direct power 
and an extenal trigger. Prices start 

WW305 

at £700. Lyons Instruments, 
Hoddesdon, Herts. 
WW 302 

MAGNETIC 
HYSTERESIS 
MEASURED 
A B -H meter which can be used 
directly to check the quality of 
magnetic recording tape and discs 
is the 7500A meter which can be 
used for process control by 
manufacturers of magnetic media. 
The microcomputer -controlled 
meter may be programmed (though 
two floppy discs) for a variety of 
applications. Analogue B and H 
measurements are digitised, stored, 
sorted and scaled in order to 
measure the desired parameter. A 
50 or 60Hz magnetizing field is 
applied to the sample and a 
graphical plot of the Hysteresis 
curve is displayed on the c.r.t. 

INIONO, 

WW302 

WW304 

along with the computed 
parameters. The curves and data 
may be stored for later use or 
printed out on the optional printer - 
plotter. All fits into a convenient 
desk -sized unit. LDJ Electronics 
Inc. Unit 2, The Midlands, Holt, 
Trowbridge, Wilts BA14 6RU. 
WW 303 

MICRO -CONTROLLED 
D.V.M. 
A digital voltmeter with an 81/2 - 

digit readout with a resolution 
down to lOnV has been announced 
by Solartron. The heart of the 
system is a patented pulse -width 
modulated a -to -d converter. The 
scale length can be selected to give 
five or eight significant digits, each 
with a different integration time. 
On d.c. ranges the meter is claimed 
to have an accuracy to within 1.2 
p.p.m. over a 24 -hour period. The 
performance has been achieved, say 
Solartron, by close attention to the 
ageing of such components as zener 
diodes and resistors, with 
compensation circuits to allow for 
temperature stability of the zeners. 
True r.m.s. alternating voltages can 
be measured with six significant 
figures, resistances from 101.1f2 to 
1400Mf2. The lowest ohms range 
has the means of measuring any 
spurious e.m.f. and then 
compensating for this to give a 'true 

ohms' reading. The control 
circuitry allows eight different ratio 
measurements and 17 data 
processing programs to calculate 
such parameters as the mean, 
standard deviation and variance of 
measurements, or for checking 
results against pre -defined limits. 
1500 results may be stored and used 
for analysis or display. The meter 
has IEEE488 and RS232 interfaces 
and calibration may be carried out 
through these. The makers see the 
meter as of use in calibration labs 
and in automatic test gear as well as 
general lab and workshop use. The 
7081 is from Solartron 
Instrumentation Group, Victoria 
Road, Farnborough, Hants GU 14 

7PW. 
WW 304 

FLAT -SCREEN 
SCOPE WITH DVM 
A combination of the functions of 
an oscilloscope, a transient recorder 
and a digital multimeter are all 
fitted into one portable unit. The 
31/2 -digit multimeter has 32 ranges 
of current, voltage and resistance 
measurement. A flat screen liquid 
crystal display oscilloscope can run 
for up to eight hours on the internal 
battery. The transient recorder uses 
the integrated l.c.d, and there are 
two independant 0.5K -byte 
memories. Folding for carriage and 
storage the instrument is useful in 
the laboratory, workshop or for the 
field engineer. The M2050 costs 
£975 and can be provided with a 

printout when it would cost £1150. 
John Minster Instruments Ltd, 137 
Sandgate Road, Folkestone, Kent 
CT20 2DE. 
WW 305 

REMOTE CONTROL 
A four -channel infra -red remote 
control costing £38.50 for both 
receiver and transmitter is 
available. The control provides a 

latched push-on/push-off function 
which may be used to operate 
several functions. Power switching 
relays may be added if required. 
Maximum operating range is 20m. 
The receiver preamplifier is fitted 
into a screened box mounted on to a 

p.c.b. with the remaining 
components, and a stabilized power 
supply which operates from 12 to 
14V alternating supplies. Immunity 
from interference is provided with 
the use of coded signals. The 
transmitter uses four power infra- 
red I.e.ds with reflectors and is 

powered by a 9V battery, all fitting 
into a hand-held case. The 
Velleman control is available from 
Electronic and Computer 
Workshop Ltd, 171 Broomfield 
Road, Chelmsford, Essex, CM 1 

1RY. 
WW 306 
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16 -BIT FORTH 
A Forth implementation for the 
Sage II computer includes an 
assembler for the 68000 processor 
which enables machine code 
languages to be developed through 
Forth. The versatility of Forth is 
illustrated by the development of 
the package; "To write this version 
of Forth we had to use an assembler 
that had certain shortcomings," 
says Tim Moore of Kuma. "We 
wrote a verbosely coded Forth and 
then used it to write a real 
assembler. Using that, we wrote the 
foral version of Forth". Kuma 
intends to implement the Forth on 
as many different 68000 -based 
computers as popular demand 
requires and are willing to 
undertake `custom' versions for 
such applications as industrial 
robotics. The kernel conforms to 
FIG -Forth standard, the 68000 
assembler uses standard 
mnemonics, a screen editor is 
provided and the system is 
supported by a tutorial manual. 
Kuma Computers Ltd, 11 York 
Road, Maidenhead, Berks SL6 
1SQ. 
WW 307 

C -M 0 S 8086 
A world first c-mos 16 -bit processor 
is claimed for the Harris 80086, a c- 
mos version of the Intel 8086. The 
80086 is completely compatible 
with its pattern and has the added 
advantages of lower power 
requirements, greater reliability 
and a wide temperature -operating 
range. The operating current of 
IOmA compares with 340mA for 
the 8086. This means that high 
speed portable computers may be 
manufactured with the full facilities 
of standard computers. The 
operating frequency of 5MHz is 
available now for versions with 
commercial, industrial or military 
temperature range requirments. 
8MHz versions will be introduced 
toward the end of the year. Harris 
Systems Ltd, 153 Farnham Road, 
Slough, Berks SLI 4XD. 
WW 308 

8085 COMPUTERS 
USE Z80 SOFTWARE 
... if a simple adaptor is used to 
replace the 8085 microprocessor 
with an NSC800 and a matching 
circuit. The plug-in unit fits the 
8085 socket and itself has a socket 
for the NSC800. One drawback is 
that the serial input and serial 
output pins of the 8085 may not be 
used. The adaptor costs £ 12.90 
from F. Braunschmid, 
Inzerdorferstrasse 119, A-1100 
Vienna, Austria. 
WW 309 

WW310 

MICRODRIVE - 
AT LAST 
Announced as 'coming soon' when 
the Sinclair ZX Spectrum was 
launched, the ZX Microdrive has 
just been launched, about a year 
later. The recording medium turns 
out to be a continuous loop of tape 
sealed in a removeable cartridge. 
Each cartridge can store over 
85Kbytes with a typical access time 
of 3.5s and the Microdrive behaves 
rather like a miniature floppy disc 
drive. It interfaces with the 
computer through ZX Interface 1, 
which contains the control circuitry 
for up to eight Microdrives, giving 
a total storage capacity of 680K - 
bytes. Interface 1 also provides an 
RS232 interface so the Spectrum 
can communicate with other 

networked Spectrums, or with 
other computers or peripherals. 
Transmission rates are software - 
selectable up to 19200baud. The 
local area network can link up to 64 
Spectrums; it transmits at 100baud. 
Each transmitting terminal can 
select a receiver or broadcast to all 
open receivers. File exchanges and 
peripheral (i.e. printer) sharing are 
allowed for. 

The ZX Microdrive costs £49.95, 
Interface 1 is £29.95 if bought with 
Microdrive or £49.95 on its own. 
Each cartridge costs £4.95. There is 
unlikely to be any available in the 
shops for a while; they are being 
offered, mail order, to the owners 
of ZX Spectrums in the order in 
which they were purchased. 
Sinclair Research Ltd, 25 Willis 
Road, Cambridge CB1 2AQ. 
WW 310 

HIS MAESTRO'S 
VOICE 
The speech synthesiser chip used in 
the BL Maestro car is now available 
to design engineers as an evaluation 
and support package. The 
Europcard Speechpak board is 
based on the Hitachi HD61885 
speech synthesiser and includes an 
audio amplifier. Words and phrases 
can be input through a keyboard, 
or through an RS232 data link. It 
costs £180. There is also a software 
development service available and 
the distributors can provide 
production -quantity boards with 
the on -board rom mask - 
programmed to any requirement. 
Dialogue Distribution Ltd, 
Watchmoor Road, Camberley, 
Surrey GUIS 3AQ. 
WW 311 

WW311 

FAST FORTH FOR Z80 
A CP/M disc version of Forth for 
the Z80 processor claims to be the 
only version which can compile 
high-level threaded code definitions 
into machine code primitives. This 
gives a two- to five -fold increase in 
speed according to the Quanta 
Corporation, who developed 
Q4TH. The standard Forth -79 set 
is implemented along with an 
interpreter, screen editor, 
assembler (using Zilog mnemonics) 
and the machine code compiler. 
The system is available in a number 
of disc formats and is supported by 
an update and newsletter scheme. 
A package of various utilities is 
included. Quanta Corporation, 
2510 Sunset Boulevard, Los 
Angeles, California 90026, USA. 
WW 312 

If you would like more 
information on any of the items 
featured here, enter the 
ppropriate WW reference 

number(s) on the mauve reply - 
aid card bound in this issue. 
verseas cards require a stamp. 
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Testing.. Testing.. Testing 
anywhere! 
FM/AM 1100S 
with Spectrum Analyser. 
The most sophisticated portable 
Communications Service Monitor 
from IFR, with an unrivalled 
versatility of integrated functions. 

For a practical demonstration to prove our point contact: 
Mike Dawson on 01-897 6446. 

Fieldtech 
Heathrow 

Fieldtech Heathrow Limited 
Huntavia House 420 Bath Road 
Longford Middlesex UB7 OLL 
Telex 23734 FLDTEC G 

WW - 016 FOR FURTHER DETAILS 

Hitachi Oscilloscopes 
performance, reliability, value 

New Models! 
immediate delivery! 

aim 

New from Hitachi are three low-cost bench 'scopes with bigger screens 

and extra features in a new slimline ultra -lightweight format. 
The range now extends to 13 models: - 

4 dual trace single timebase models 20MHz to 40MHz 
2 dual trace sweep delay models 20MHz and 35MHz 
2 dual timebase multi -trace models 60MHz and 100MHz 
2 miniature field portable models, 20MHz and 50MHz 
3 storage models, one tube storage, two digital storage 

Prices start at £295 plus vat (model illustrated) including 2 probes and 

a 2 -year warranty. We hold the range in stock for immediate delivery. 

For colour brochure giving specifications and prices ring (048016357)). 

Reltech Instruments, 46 High Street, Solihull, W. Midlands, B91 3TB 

WW 055 FOR FURTHER DETAILS 

l 
IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING 

PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI- 

TIES OF COMPONENTS BECOME REDUNDANT. WE ARE 

CASH PURCHASERS OF SUCH MATERIALS AND WOULD 

APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE. 

WE PAY TOP PRICES AND COLLECT. 

BROADFIELDS & MAYCO DISPOSALS 
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner 

Telephone 445 2713/0749 

WW - 027 FOR FURTHER DETAILS 
1 

10 OUTLE 
DISTRIBUTION 
IMIPLIF ER 3 

A compact mains -powered unit with one 
balanced input and ten a.c. and d.c. iso- 
lated floating line outputs. 
*Exemplary R.F. breakthrough speci- 

fications giving trouble -free operation 
in close proximity to radio telephones 
and links 

*Excellent figures for noise, THD, static 
and dynamic IMD 

*Any desired number of outlets may be 
provided at microphone level to suit 
certain video and audio recorders 
used et press conferences 

*Meets IEC65-2, BS415 safety and 
I.B.A. 'signal path' requirements 

Also available as a kit of parts less the 
case and all XLR connectors for one or 
ten outlets. 
Broadcast Monitor Receiver 150kHz- 
30MHz *Stereo Disc Amplifier 3 and 4* 
Moving Coil Preamplifier * Illuminated 
PPM Boxes * PPM Drive Boards and 
Ernest Turnar Movements * Stabilizer 
and Frequency Shifter Boards * Peak 
Deviation Meter * Programme and De- 
viation Chart Recorders * PPM5 20 pin 
DIL hybrid * Stereo Microphone Ampli- 
fier 

SURREY ELECTRONICS LIMITED 
The Forge, Lucks Green 

CronNigh, Surrey GUS 7BG 
Tel: 0483 275997 
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TEST EQUIPMENT 
10cm Variable Airlines £26 
20cm Variable Airlines 136 
Electrohome 19" B&W X -Y Monitors -- NEW (details available) 125 
Philips PM3244 4 Channel 50MHz Sweep Delay Scope 1196 
Talequipment D54 Dual Channel 10MHz Scope £150 
Tek. 465B 100MHz Scope with DM44 Option - complete we alt probes, temp. 

probe, manuals and pouch - as new £1800 
Tek. Type 113 Delay Cable £50 
Tek. 7L18 Spectrum Analyser Plug-in 1.5 to 60GHz - as new £7250 
Tek. 2213 60MHz Scope - as new £725 
Tek. 7313 25MHz Storage Scope Mainframe £896 
Philips 2522A 41/2 digit DMM £145 
Fluke B000A 31/2 digit DMM £86 
Fluke 8030A B ttery/Mains 31/2 digit OMM .. £86 
Fluke 8600A 492 di it DMM £155 
Systron Donner 6260A 8 digit Timer Counter BCD output £136 
Hewlett Packard 69208 Meter Calibrator, DC, AC, V & I £186 
Telonic 1205A Sweep Generator DC to 1500MHz. Fitted with ell usual TV servicing 

frequency markers £1395 

Sinclair ZX81 Computer with 64K Memopak £90 
Telonic Type 121 12" Display Unit £195 
Philips PM5508 TV Colour Bar servicing generator £95 
Racal 9076 416 digit DVM £50 
H.P. 71006 Z pen chart recorder with 17500A & 17505A P £316 
Avometers Model 8 Mk. 5 - as new 
Avometers Model 8 Mk. 3 £85 
Avometers Model 7 Mk. 2 £80 
Racal 9514 100MHz Timer Counter with IEEE interface £396 
Leader LB05104MHz sing le channel Scopes - NEW £95 
Marconi TF144H Signal Generator 20KHz to 72 MHz £195 
Marconi TF2410 8 digit 120MHz Counter with 100 MHz Video Amp, 600MHz Converter 

and 3.4 GHz Converter P.I. units £196 
Tek. Type M 4 Channel Plug-in £80 
Tek. Type CA, Z, P Pflug -ins £25 
Tek. 564 10MHz Storage Scope with 3B3 & 2867 Plug ins £200 
Tek. 5646 10MHz Storage Scope with 383 and 2667 Plug ins E£ 25 
Hewlett Packard 140 Scope complete 
Talequipment D83 large screen 50MHz delayed sweep scope £316 
Tek. 3A7 Differentia; Plug-in £40 
Tek. 3A3, 363 and 2867 Plug -ins £35 
Rhode & Schwarz Inductance Meter Type LRT 0.101-1H £195 
Tek. Type 184 Time Mark Generators (Lge. Oty. Available) £125 
Tek. Type 191 Constant Amplitude Generators (L.Q.A.) £115 
Tek. Type 106 Fast Rise Pulse Generators (L.Q.A.I £95 
Tek. Type 2901 Pulse Generators (Quantity available) £196 
Tek. Standard Amplitude Calibrators IL.Q.A.I £95 
Singer Synchro Resolver Test Set £695 
Hedìn Furnace - 20' to 150' £295 
H.P. 184C 50MHz Storage Scope . 1825A & 1801A P.I £795 
Tek. 2215 60MHz Scope - as new £795 
Flann 0-90dBs X Band Variable Attenuators -- unused £175 
Selectest Super 50 Multimeter £45 
R & S DPU 0-110dB 50 ohm Variable Attenuators 1.5GHz £45 
Houston DP10 Incremental Plotters £175 
Tek. 661 Sampling Scope with 5T3 & 4S1 Plug -ins £185 
Bendix Digitiser Complete with 3' x 4' Table £250 
DRI Series 30 2.5 MegaByte Disk Drives £100 
Full Size Draughtsman Table - Neolt £125 
Leader LFR-5600 Frequency Response Recorder £595 

Carriage additional. All prices exc. V.A. r 

TIMEBASE 
94 ALFRISTON GARDENS, SHOLING, SOUTHAMPTON SO2 8FU 

TELEPHONE: 43132310703 ) 
Callers welcome 

Access/Bercleycard:Telephone your order 

a11ML41rA10 

WW - 058 FOR FURTHER DETAILS 

PRECISION DUAL AXIS 
CONTROL STICK 

Suitable for use with Computers, Robotics, Machine Tools 
Widely used by Government departments and industry 

SUPER SMOOTH PRECISE ACTION SEPARATE FINE TRIM 
ADJUSTMENT ACCURATE CENTRING LONG -LIFE 

MOULDED NYLON PARTS 
Available in kit form - easily assembled. Standard version 
- Carbon track pots. 1 off £8.50, P&P 75p. De luxe version - 
Conductive plastic film pots. 1 off £12.80, P&P 75p. Send SAE 

for full details of sticks and servos suitable for Robotics. OEM 
and trade enquiries invited, Barclaycard and Access 
accepted. 

SKYLEADER, DEPT 9, AIRPORT HOUSE. PURLEY WAY 
CROYDON, SURREY CRO OXZ. 01-686 6688 

WW - 057 FOR FURTHER DETAILS 

=1:3 

PM COMPONENTS LTD 
VALVE & COMPONENTS SPECIALISTS 

INTEGRATED CIRCUITS SN76860N 0.80 
SN76668N 0.70 
TA7061AP 3.96 
TA7108P 1.00 
TA7120P 1.65 
TA7130P 1.50 
TA7146 2.96 
TA7176AP 3.95 
TA7203 2.96 
TA7204P 2.16 
TA7205AP 1.60 
TA7222AP 1.80 
TA7227P 4.25 
TA7310P 1.80 
TA7313AP 2.96 

AN124 2.50 
AN2140 2.50 
AN240P 2.90 
AN612 2.15 
AN7150 2.95 
BA521 3.35 
CA3123E 1.36 
ETT6016 2.50 
HA1551 2.95 
HA1156W 2.50 
HA1366W 1.95 
LA1230 1.15 
LA4031P 2.70 

MC1495 3.00 
MC1496 1.25 
MC14011BCP 

0.32 
MC145106P 

7.96 
MC1723 0.50 
MC3357 2.25 
ML231B 1.75 
ML232B 2.50 
ML237B 1.96 
ML238B 420 
ML920 4.12 

LA4102 2.95 MSM5807 6.75 TA7321P 2.25 
LA4400 4.15 PLLO2A 6.75 TA7611AP 2.96 
LA4422 2.50 SAA1025 7.25 TAA550 0.25 
LC7120 3.25 SAA5000A 3.05 TAA570 1.95 
LC7130 3.50 SAA5010 8.35 TAA661 B 1.20 
LC7131 5.50 SAS5605 1.75 TAA700 1.70 
LC7137 5.50 SAS570S 1.75 TAA6305 3.50 
LM56CH 0.95 SAS580 2.85 TBA120B 0.95 
LM324N 0.45 SL901B 4.65 TBA1205 0.70 
LM380N 0.95 SL917B 8.85 TBA120SA 0.70 

LM383T 2.95 SL1310 1.80 T8A12050 0.70 

LM390N 1.95 SL1327 1.10 TBA120T 1.05 
M51513L 2.30 SL1327Q 1.10 TBA120U 1.00 
M51515L 2.95 SN76003N 1.96 TBA231 1.25 
M5152L 1.50 SN76013N 1.96 TBA395 1.50 
MB3712 2.00 SN76013ND TBA396 0.75 
MCI 307P 1.00 1.96 TBA440N 2.56 
MC1310P 1.50 SN76023N 1.66 TBA4800 1.25 
MC1327 0.95 SN76033N 1.85 TBA510 2.50 
MC13270 0.96 SN76110N 0.89 TBA5100 2.50 
MCI 330P 0.76 SN76131N 1.30 TBA520 1.10 
MC1349P 1.20 SN76226DN 1.55 TBA520Q 1.10 

MC1350P 0.95 SN76227N 1.05 TBA530 1.10 
MC1351P 1.50 SN76532N 1.40 TBA530Q 1.10 
MC1352P 1.25 SN76533N 1.65 TBA540 1.25 
MC1357 2.35 SN76544N 1.65 TBA5400 1.35 
MC1358 1.58 SN76650N 1.15 TBA5500 1.45 

SEMICONDUCTORS 
BD159 0.85 
BD166 0.55 
BD179 0.72 
60182 0.70 AAY12 0.25 BC1730 0.10 

AC126 0.22 BC174 0.09 80201 0.83 
AC127 0.20 BC174A 0.09 BD202 0.85 
AC128 0.20 BC177 0.15 BD203 0.78 
AC128K 0.32 BC178 0.15 BD204 0.70 
AC141 0.28 BC182 0.10 BD222 0.48 
AC 141 K 0.34 8C182LB 0.10 BD223 0.48 
AC142K 0.30 BC183 0.10 BD225 0.48 
AC176 0.22 BC183L 0.09 BC232 0.35 
AC176K 0.31 BC184LB 0.09 BD233 0.35 
AC187 ' 0.25 BC204 0.10 130234 0.35 
AC187K 0.28 BC2078 0.13 80236 0.45 
AC188 0.25 BC2080 0.13 BD237 0.40 
AC188K 0.37 BC212 0.09 BD238 0.40 
AD142 0.79 BC212L 0.09 BD241 0.40 
AD143 0.82 BC212LA 0.09 80242 0.50 
AD149 0.70 BC213 0.09 80246 0.60 
AD161 0.39 BC213L 0.09 BD376 0.32 
AD162 0.39 BC214 0.09 BD410 0.55 
AD161/2 0.90 BC214C 0.09 60434 0.55 
AF115 0.75 BC214L 0.09 BD437 0.50 
AF124 0.34 BC237 0.10 BD438 0.60 
AF125 0.35 BC237A 0.09 BD506 0.50 
AF126 0.32 BC237/3 0.09 80508 0.40 
AF127 0.32 BC238 0.09 80520 0.65 
AFI 39 0.40 BC239 0.12 80538 0.66 
AF150 0.42 BC251A 0.12 BD597 0.75 
AF239 0.42 BC252A 0.15 BD697 1.10 
AU106 2.00 BC258 025 80698 1.10 
AU107 1.75 BC258A 0.39 BD707 0.80 
AU110 2.00 BC284 0.30 80X32 1.50 
AU113 2.95 BC300 0.30 80057 1.65 
BC107A 0.11 BC301 0.30 BF115 0.35 
BC1076 0.11 BC303 026 BF127 0.24 
BC108 0.10 BC307 0.09 BF154 0.12 
BC108A 0.11 BC307A 0.09 BF158 0.22 
BC108B 0.12 BC307B 0.09 BF160 0.27 
BC109 0.10 BC327 0.10 BF167 0.24 
BC1098 0.12 BC328 0.10 BF173 0.22 
BC109C 0.12 BC337 0.10 BF177 0.38 
BC114 0.11 BC338 0.09 BF178 0.28 
BC116A 0.15 BC347A 0.13 BF179 0.34 
BC117 0.19 BC461 0.35 BF180 0.29 
BC119 0.24 BC478 020 BF181 0.29 
BC125 0.26 BC527 020 BF182 0.29 
BC139 0.20 BC547 0.10 BF183 0.28 
BC140 0.31 BC548 0.10 BF184 0.28 
BC141 0.25 BC549A 0.08 BF185 0.28 
BC142 0.21 BC550 0.09 BF194 0.11 
BC143 0.24 BC557 0.08 BFI% 0.11 
BC147 0.09 BC557A 0.08 BF196 0.11 
BC1478 0.09 BC557B 0.08 BF197 0.11 
BC148A 0.09 BC558 0.10 BF198 0.18 
BC148B 0.09 BCY33A 1.80 BF199 0.14 
BC149 0.09 BD115 0.30 BF200 0.40 
BC157 0.12 BD116 0.60 BF241 0.15 
BC158 0.09 BD124P 0.59 BF245 0.30 
BC159 0.09 80131 0.32 BF246 0.28 
BC160 0.28 60132 0.35 BF256/LC 0.28 
BC161 028 BD133 0.40 BF257 0.28 
BC170B 0.15 130135 0.30 BF258 0.28 
BC171 0.09 BD136 0.30 BF259 0.28 
BC171A 0.10 130137 0.32 BF271 0.28 
BC171B 0.10 BD138 0.30 BF273 0.13 
BC172 0.10 BD139 0.32 BF336 0.34 
BC1728 0.10 80140 0.30 BF337 0.29 
BC172C 0.10 BD144 1.10 BF338 0.32 

DIODES 
80199 0.40 
80206 0.14 

144004 0.05 
N4005 0.05 
N4006 0.06 

AA119 0.08 
BY208-800 0.33 
B0210-800 0.33 144007 0.06 

BA102 0.17 BY223 0.90 N4148 0.02 
BA115 0.13 B0298-400 0.22 N4448 0.10 
BA145 0.16 B0299-800 0.22 N5401 0.12 
BA148 0.17 BYX10 020 N 5402 0.14 
BA154 0.06 BYX36.150R N5403 0.12 
BA155 0.13 0.20 N5404 0.12 
BAI 56 0.15 80X38 -600R N5405 0.13 
BA157 0.30 0.60 N5406 0.13 
BAX13 0.04 BYX55-600 0.30 N5407 0.16 
8AX16 0.06 130071-600 0.60 N5408 0.16 
B81058 0.30 BZY95C30 0.35 T744 0.04 
BT151 0.79 0A47 0.09 T7923 0.15 
BY126 0.10 0690 0.05 772002 0.10 
80127 0.11 OA91 0.06 
60133 
80164 
BY176 
BY779 
80182 
BY 184 

0.15 
0.45 
1.20 
0.63 
0.55 
0_35 

0A95 0.06 
0A202 0.10 
IN914 0.04 
IN4001 0.04 
I144002 0.04 
IN4003 0.04 

74LS SERIES 
Prices 

available 
on request 

TBA560C 1.45 
TBA560C0 1.45 
TBA570 1.00 
TBA641Al2 

2.50 
TBA6418X1 

3.00 
TBA651 1.75 
TBA720A 2.45 
TBA7500 2.66 
TBA800 0.89 
TBA810AS 1.36 
TBA8200 1.46 
TBA890 2.50 
TBA920 1.85 
TBA9200 1.85 

TDA2522 1.96 
TDA2523 1.95 
TDA2524 1.85 
TDA2530 1.96 
TDA2532 1.95 
TDA2540 1.25 
TDA2541 2.15 
TDA2560 2.15 
TDA2571 1.95 
TDA2581 225 
TDA2590 2.96 
TDA2591 2.95 
TDA2593 2.96 
TDA2600 3.50 
TDA2610 2.50 
TDA2611A 1.95 

TBA950/2X 2.36 TDA2640 2.60 
TBA990 1.49 TDA2690 1.35 
TBA9900 1.49 TDA3560 3.96 
TBA1441 2.15 TDA3950 1.96 
TCA270 1.10 UPC566H 2.96 
TCA270S0 1.10 UPC575C2 2.75 
TCA650 2.50 UPC1025H 2.50 
TCA800 2.15 UPC1028H 1.95 
TCA830S 1.40 UPC1 156H 2.75 
TCA940 1.65 UPC1167C2 
TDA440 2.20 1.15 
TDA1004A 2.20 UPC1181H 1.25 
TDA1006A 2.50 UPC1182H 2.95 
TDA1010 2.15 UPC1185H 3.95 
TDA1035 2.50 UPC1350C 2.96 
TDA1037 1.96 UPC2002H 1.95 
TDA1170 1.86 ZTK33B 0.50 
TDA1170S 1.95 555 0.35 
TDA1190 2.15 556 0.42 
TDA12700 3.95 723 0.50 
TDA1327 1.70 741 0.35 
TDA13528 1.43 747 0.50 
TDA1412 0.85 748 0.36 
TDA2002 1.95 4042 0.50 
TDA2020 2.45 7805 0.60 
TDA2030 2.80 

BF355 0.37 OC81 0.50 
BF362 0.38 R20088 1.70 
8F363 0.38 R201013 1.70 
BF371 0.20 R2322 0.58 
BF394 0.19 R2323 0.88 
BF422 0.32 R2540 2.48 
BF457 0.32 RCA16334 0.90 
BF458 0.28 RCA16335 0.80 
BF459 0.36 SKE5F 1.45 
BF595 0.23 TIP29 0.40 

8F597 0.25 TIP29C 0.42 
BFR39 023 TIP30C 0.43 
BFR40 023 TIP31C 0.42 
BFR41 028 TIP32C 0.42 
BFR81 0.25 TIP33B 0.75 
BFR88 0.30 TIP34B 0.76 
BFR90 1.50 TIP41A 0.46 
BFR91 1.75 TIP41C 0.45 
BFT42 0.28 TIP42C 0.47 
BFT43 0.28 TIP47 0.85 
BFW92 0.85 TIP120 0.80 
BFX29 0.30 TIP125 0.66 
BFX84 0.26 T1P142 1.75 
BFX85 0.32 TIP146 2.76 
BFX86 0.30 T1P161 2.95 
BFX88 0.25 11P2955 0.80 
BFY50 021 TIP3055 0.55 
BFY51 021 TIS91 0.20 
BFY52 025 TV106/2 1.50 
BFY90 0.77 2142219 0.29 
BLY48 1.75 2N2905 0.40 
86100 0.26 2N3053 0.40 
BR701 0.30 2N3054 0.58 
BRC4443 0.85 2N3055 0.52 
BT106 1.49 2N3702 0.12 
BT108 1.49 2N3703 0.12 
BT116 1.20 2N3704 0.12 
BT119 1.86 2N3705 0.12 
BT120 1.85 2N3706 0.12 
BU105 1.22 2N3708 0.12 
BU108 1.89 2N3773 1.95 
BU124 1.26 2143792 1.35 
BU125 £125 2N4427 1.50 
BU126 1.60 2144444 1.16 
BU204 1.55 2N5294 0.42 
BU205 1.30 2N5296 0.48 
BU208 1.39 2N5298 0.80 
BU208A 1.52 2145498 0.66 
BU326 1.20 2SA715 0.60 
8U407 1.24 2SC495 0.80 
BU500 2.26 2SC496 0.80 
BU526 1.90 2SC1096 0.80 
BUY69B 1.70 2SC1172Y 220 
MJ3000 1.88 2SC1173 1.16 
MJE340 0.40 2SC1306 1.00 
MJE520 0.48 2SC1307 1.50 
MPSA12 0.20 2SC1449 0.80 
MPSA13 0.20 2SC1678 125 
MPSA92 0.30 2SC1945 2.10 
MRF450A 12.50 2SC1953 0.95 
MRF453 17.50 2SC1957 0.80 
MRF454 23.50 2SC1969 1.85 
MRF475 2.50 2SC2028 1.15 
MRF477 10.00 2SC2029 1.95 
0C23 1.50 2SC2078 1.45 
0C42 0.55 2SC2091 0.86 
0C44 0.75 2SC2166 1.95 
0045 0.55 2SC2314 0.80 
0070 0.45 2SD234 0.50 
OC71 0.40 3N211 1.96 

CRT TUBES 
A selection available. 
Prices on request. 
3BPI £13.50 D10 -210tH £45 
DG7-32 £42 DH7-91 £59 
DP7-6 f35 DP7-11 f35 
SE4DP7 £45 95447 £135 

M17-151GVR £220 

DATA & EQUIV. BOOKS 

Transistor Data 
Books includ- 
ng Japan- 

ese types. Two 
books, £8.50 
pair. 

I.C. DATA 
BOOKS 

TOWERS £9.95 
each 
LIN 2 covering 
Reegg.95 lators 
£4 each 
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PHONE P. M. COMPONENTS LTD TELEX 
0474 813225 SELECTRON HOUSE, WROTHAM ROAD 966371 

"s, 

3 LINES MEOPHAM GREEN, MEOPHAM, KENT DAI3OQY PM COMP !- 
1.06 RG3-1250A - VR37 1.50 68X6 0.48 10.2 95A1 6.50 HK80 PCL85 0.80 342 3.96 

A SELECTION FROM OUR HL2K 3.50 PCL86 0.85 52.50 VR75/30 3.00 3A3A 3.96 6BX7GT 3.50 10F1 0.75 108C1 1.50 

STOCK OF BRANDED VALVES HL23DD 4.00 
HL41 3.50 

PCL200 1.60 
PCL800 0.80 

RK2K25 8250 
RG41000 

VR91 1.50 
VR101 2.00 

344 1.10 
3ÁL5 0.95 

6626 2.00 
6827 2.95 

100K6 1.95 
10P14 2.50 

15082 
150C2 

3.95 
1.50 

HL41DD 3.50 PCL805 0.80 10.00 VR105/30 1.50 3AT2 3.35 8828 0.95 10P18 0.78 150C4 2.15 
A1714 18.60 EAA91 0.60 EF731 1.80 HL42DD 3.60 P0500 3.50 RK -20A 12.00 VR150/30 1.05 3AW2 3.35 6C4 0.80 101011 1.00 155UG 25.00 
A1998 11.50 EA8C80 0.88 EF732 1.80 HL90 0.70 P0510 3.66 131.16 1.50 VT52 2.50 382 3.00 6C5 1.95 1OLD12 0.65 1858T 1.50 
A2087 11.50 EAC91 2.50 EF800 11.00 HL92 1.50 PEN40D 2.00 -RPL16 12.00 VU39 1.50 387 4.50 6C8 0.50 11E2 16.50 205F 12.00 
A2134 14.96 EAF42 1.20 EF8046 11.50 H1133/DD 3.50 PEN25 2.00 RPY13 2.50 VX8120 6.00 3824 7.50 6C8G 1.50 11E3 56.00 257A 6.00 
A2293 8.50 EAF801 1.40 EF805S 13.60 HR2 4.00 PEN4000 2.50 RPY43 2.60 VX9133 6.00 3828 12.00 6C11 2.50 12ÁE6 0.85 307 5.00 
A2521 21.00 5834 1.50 EF806S 14.60 HY90 1.00 PEN45 3.00 RPY82 2.60 VX9181 6.00 3C4 1.00 6C15 2.50 12ÁG8 1.50 329 5.00 
A2599 37.50 5841 3.00 EF812 0.66 HVR2 3.00 PEN4500 3.00 RR3-250 37.00 W77 6.00 3C45 17.50 6C18 2.50 12AL5 1.00 388A 17.50 
A2900 11.50 5891 0.52 EFL200 1.60 K3118 85.00 PEN46 2.00 R133-1250 06.00 W729 100 3CN3A 2.50 6CA4 0.60 12ÁT6 0.59 42545 8.00 
A3042 24.00 EBC33 2.50 EH90 0.72 KTBC 7.00 PFL200 125 RS613 45.00 W739 1.60 3CX3 2.50 6CA7 4.50 12ÁT7 0.95 431U 2.00 
A3283 24.00 EBC41 1.95 EK90 0.72 KT33C 3.50 PL21 2.50 RS885 64.86 X24 1.00 3D21A 29.50 6C86 1.50 12AT7WA 2.50 5728 35.00 
AC/HL/DD 4.00 EBC81 0.85 EL32 0.96 KT36 2.00 P133 125 RS688 52.16 X661 4.96 3D22 19.50 6CD6GA 4.50 12AU6 1.50 705A 8.00 
ACP 4.00 513030 0.75 EL33 4.00 KT44 4.00 P138 0.95 S6F17 6.96 X76M 1.86 3J1875 399.00 6CF6 1.50 12AU7 0.55 7084 8.00 
AC/THI 4.00 EBC91 0.75 EL34 2.26 KT45 4.00 PL38 1.50 S6F33 28.96 X79 3.50 3J187G 398.00 6CH6 10.35 12AV6 0.80 715A 6.00 
ACT22 59.75 E8F33 2.50 E134 Philips KT63 2.00 P181 0.72 S11E12 38.00 XCI2 1.50 3W4GT 2.50 6CL6 3.50 12AX4GT 1.00 715C 45.00 
ACNP2 4.00 EBF80 0.50 3.16 KT66 USA 7.15 PL81A 0.72 S30/2K 12.00 XC15 1.50 485518 115.00 6CL8A 2.00 124X7 0.65 725A 275.00 
AC/52 PEN 3.50 EBF83 0.50 EL36 1.50 KT66 GEC PL82 0.80 5104/1K 1000 XC25 0.50 4-85A 59.00 6CM5 1.60 12AX7WA 2.50 801A 2.00 
AH221 39.00 58F85 0.95 E137 9.00 10.50 PL83 0.62 5109/1K 16.00 XE3P 2.60 4-250A 86.00 6CS6 0.76 12AYZ 4.00 803 14.95 
AH238 39.00 EBF89 0.70 5138 8.00 K177 Gold lion PL84 0.86 S130 5.95 XFW47 1.50 4C27 25.00 6CW4 7.25 12AZ7A 1.95 805 39.00 
AL60 6.00 EBF93 0.95 EL42 2.00 9.50 PL88 1.00 S130P 5.95 XFW50 1.50 4C28 25.00 8CY5 1.00 12B4Á 3.50 807 1.50 
ARP12 0.70 EBL7 2.50 EL81 3.96 KT81 7.00 PL95 1.75 SC1/800 5.00 XG5-500 22.50 4CX25051 37.50 6DC6 2.00 12BÁ6 1.50 810 55.00 
ARP34 1.25 E8L21 2.00 EL82 0.58 KT88 USA 9.00 P1302 1.00 SC1/1200 5.00 XL1-5V 1.50 4CX250R 48.60 6DK6 1.16 128E6 1.05 811A 12.96 
ARP35 2.00 EC52 0.75 EL84 0.69 KT88 Gold Lion PL345 12.50 SC1/2000 9.00 XNP12 2.50 4CX350A 71.50 6005 2.30 128H7A 1.80 813 18.50 
BL63 2.00 EC70 0.75 EL85 4.50 13.50 PL500 0.96 SP2 1.50 XNP28 2.50 4GS7 225 60068 2.50 12816 0.70 813 USA 59.50 
BS450 67.00 EC80 4.25 EL86 0.85 KTW61 2.00 PL504 0.96 SP41 5.00 XP1002 29.00 40W 225 6DR7 2.00 128Y7A 2.75 833A 115.00 
CIK 16.00 5C81 4.50 EL90 1.25 KTW62 2.00 PL508 1.96 SP42 3.00 XR1-1600A 4X150A 25.00 6EA8 2.50 12CX6 120 866A 3.50 
C3JA 16.00 
C1108 55.00 

EC86 1.00 
EC88 1.00 

EL91 6.00 
EL95 0.70 

KTW63 2.00 
KTZ63 2.50 

PL509 4.65 
PL519 4.96 

ST11 1.50 
STV280/40 

49.50 
XRi-3200A 

5A1 52M 9.00 
5Á163K 10.00 

65E18 1.75 
6EU8 1.75 

12E1 17.95 
12E14 28.00 

872A 
873 

19.00 
80.00 

C1134 32.00 EC90 0.70 EL183E 3.50 L63 120 P1802 5.50 11.95 79.60 5A170K 6.98 6EW6 1.50 12GN7 3.95 884 5.50 
C1148A 115.00 EC91 7.00 ELI 83P 3.50 1102/2K 8.95 PL802T 326 STV280/80 XR1 -6400A SANS 120 6F1 2.00 12HG7A 3.95 954 0.50 
C1149/1 130.00 EC92 1.25 EL360 7.96 L120/2K 12.00 PL820 2.95 19.95 99.50 5AR4 2.00 6F6G 2.00 12J7GT 0.70 955 0.90 
C1150/1 135.00 EC93 0.80 EL500 1.40 M502A 136.00 PL5557 29.50 SU42 4.96 XSG2-0 3.00 5AU4 1.50 6F12 1.60 12K5 1.00 9584 0.90 
C1534 32.00 EC95 7.00 EL504 1.40 M537A 180.00 PY32 0.60 T82.5/3000 Y63 1.50 58.110M 10.00 6F13 3.00 12K7GT 0.80 1299A 0.60 
CBL31 2.00 EC97 1.10 EL509 5.25 M5143 155.00 PY33 0.50 60.00 Y85 8.96 5B -254M 14.50 6F14 1.00 12K8 1.10 1625 3.00 
CCA 2.80 503010 8.00 EL519 6.95 M8079 8.00 PY81 0.70 T82-300 45.00 Y802 12.00 56-255M 14.50 6F17 2.75 1207GT 0.50 2050W 9.50 
CC3L 0.90 ECC32 3.00 EL802 3.85 M8082 7.50 PY82 0.70 TD1-100A YJ1060 266.00 5B -257M 9.00 6F18 1.50 12SA7GT 1.00 2050 7.00 
CL33 2.00 ECC33 3.50 EL821 10.35 M8083 3.25 PY83 0.70 19.00 YL1020 29.00 58-258M 14.50 6F19 0.48 12SH7 1.00 3545 4.00 
CMG25 9.00 ECC35 3.50 EL822 12.95 M8091 7.50 PV88 0.52 TD03-10D YL7070 115.00 5022 40.00 6F21 2.50 12SK7 1.00 4313C 4.00 
CV Nos Prices ECC40 3.00 EM1 9.00 M8096 3.00 PY500A 1.79 35.00 Y11071 109.00 5R4G8 2.80 6F22 0.70 12SJ7 0.80 5642 8.50 

on request ECC81 0.95 EM4 9.00 M8098 3.20 PY800 0.79 T003 -10E YL1370 5.50 5R4GY 2.80 6F23 0.00 12SN7GT 1.85 5651 3.20 
D63 1.20 ECC82 0.55 E1135 1.50 M8099 4.00 PY801 0.79 28.00 VL1371 5U4G 1.00 6F24 1.25 12U7 1.50 5654 1.95 
DAF91 0.45 ECC82 Philips EM80 0.70 M8100 2.85 013-110BA TD03-10F 1.20 5U4GB 2.50 6F25 1.25 1303 3.20 5670 3.50 
DAF96 0.86 1.10 EM81 0.70 M8136 7.00 47.50 28.00 Z302C 12.00 5V4G 0.75 6F28 1.25 1307 3.20 5675 23.50 
DC70 1.76 ECC83 0.65 EM84 1.10 M8137 5.50 083-300 30.50 103-12 4.00 Z303C 9.00 5Y3GT 0.90 6F33 17.00 13E1 115.00 5687 3.50 
DC90 120 ECC83 Mollard EM85 1.10 M8161 5.50 0E03-10 3.50 TP25 1.60 Z505S 15.00 5Z4GT 0.86 6FG5 1.96 1457 1.00 5692 3.50 
DCX4-1000 1.35 EM87 2.50 M8162 5.50 0E08-200 TSP4 7.00 Z520M 4.00 6/3012 0.70 6GHBA 0.80 15E 1.00 5696 3.50 

12.00 ECC83 Philips EN10 8.00 M8163 3.95 130.00 TT11 1.50 2521M 8.00 6A/203K 9.00 6GK5 1.50 17DW4A 1.75 5718 6.50 
DCX4.5000 1.10 EN32 13.60 M8190 3.85 0P25 1.00 TT15 34.95 27000 3.00 6Á8G 1.50 6GK6 2.00 17JZ8 2.75 5725 2.50 

25.00 ECC84 0.50 EN91 1.10 M8195 3.00 00E02-5 12.75 TT21 19.50 Z749 0.80 6487 0.60 6GV7 2.50 1803 1.80 5726 2.50 
DET10 6.00 ECC85 0.60 EN911S0) 2.50 M8196 3.25 QQE03-12 9.50 TT22 19.50 Z759 19.85 6488 0.81 6GW6 2.50 19AQ5 1.15 5727 2.50 
DET22 28.00 ECC86 1.45 EN92 4.50 M8204 2.00 00E03-20 TY2-125A Z8000 3.00 6AC7 2.00 6H3N 1.10 19G3 17.00 5749 2.50 
DET24 39.00 
DET25 22.00 

ECC88 0.85 
ECC91 2.00 

551500 115.00 
ET1 11.00 

M8223 2.00 
M8224 2.00 00E06-40 

'00 46.00 
TY4-400 65.00 

Z801U 3.00 
2803U 18.95 

6AF4A 2.50 
6ÁG5 1.50 

BH6 1.35 
6H601 120 

19H4 23.95 
1906 9.00 

5750 
5751 

2.00 
3.50 

OF91 0.70 ECC180 0.72 EY51 0.80 M8225 2.00 39.98 TY6-800 185.00 ZA1000 9.00 6AG7 1.95 6J4 1.10 2042 10.50 5763 4.95 
DF92 0.80 ECC189 0.78 EY81 1.50 ME1400 4.00 QQVO2-6 12.75 TV7-6000A ZA1001 1.50 6ÁH6 1.50 6J5 1.95 2001 0.70 5814A 3.25 
DF96 0.65 ECC801S 3.50 EY83 1.50 ME1401 29.50 QQVO3-10 5.50 385.00 ZA1002 1.50 6FÚ4 2.00 6J5G 1.50 2004 1.75 5840 3.50 
DH63 1.20 ECC803S 3.50 EY84 6.95 ME1402 29.50 00V03-20 TY8-600W ZC1040 8.00 6AJ7 2.00 6J6 0.65 201F6 3.50 5842 6.50 
DH77 0.90 ECC804 0.60 EY84W 10.00 ME1501 14.00 18.50 365.00 ZM1000 8.96 BAKS 1.00 6J86A 3.95 2011 0.95 5879 3.90 
DH79 0.56 ECC807 2.50 EY86/87 0.50 MH4 3.50 00V03 -20A TYS2/250 ZM1001 6.00 6ÁK6 2.00 6JE6C 3.50 20P1 0.55 5881A 4.60 
DH149 2.00 ECC2000 12.00 EY88 0.55 MHLD6 4.00 17.00 375.00 ZM1005 8.00 6415 0.52 6JS6C 3.50 20P3 0.80 5894 39.50 
DK91 0.90 ECF80 0.85 EY91 5.50 MS4B 5.50 OQV03-20E U18-20 2.75 ZM1020 8.96 6AM4 325 6K7G 0.70 20P4 1.05 5899 4.50 
DK92 1.20 ECF82 0.85 EY500A 1.50 MU14 1.50 32.00 U19 11.95 ZM1021 8.00 6ÁM5 6.00 6K8Y 3.95 20P5 1.15 5963 2.00 
DK96 2.50 ECF86 1.70 EY802 0.70 N37 13.50 QQV0640A U24 2.00 ZM1023 7.95 6ÁM6 120 6KD6 4.50 21LU8 2.50 5965 2.25 
DL35 1.00 ECF200 1.85 EZ35 0.75 N78 14.95 18.00 U25 0.90 ZM1041 14.00 6AN5 3.95 611 2.50 25L6G7 1.75 5993 8.00 
DL63 1.00 ECF202 1.85 5240 1.25 0A2 0.85 00V07-50 U26 0.90 ZM1050 14.00 6AN8A 2.16 61.19 3.95 25806 1.76 6005 1.95 
DL70 2.50 ECF801 0.85 5241 1.25 OA2WA 1.50 83.50 U37 9.00 ZM1082 9.00 6405 1.20 6L80C 2.75 29C1 19.50 6012 16.00 
DL73 2.50 ECF804 6.00 E280 0.80 OA3 2.50 00203-20 U41 8.95 ZM1084 10.00 6408 0.98 6L6GT 1.15 30 2.85 6021 3.95 
DL91 1.50 ECF805 2.50 5281 0.80 OB2 0.98 42.50 U50 2.00 ZM1177 9.00 6AR5 2.00 6L7G 0.75 30C1 0.70 6057 2.50 
0192 0.60 ECF806 10.25 5290 0.96 OB2WA 1.25 0020640A U54 4.50 ZM1202 55.00 6AR8 2.00 61020 0.80 30C15 0.40 6059 3.75 
DL93 1.10 ECH3 2.50 F6064 2.95 0C2 2.50 46.25 U82 3.00 2M1263 4.00 6ÁS5 1.50 6LF6 2.95 30C17 0.40 6060 2.25 
DL94 2.50 ECH4 3.00 FW4/800 2.00 0C3 1.50 0572/20 1.50 U191 0.70 ZM1612 3.00 6AS6 1.50 6106 2.95 30C18 1.48 6062 4.50 
DL96 2.50 ECH35 1.60 G1/371K 30.00 OD3 1.70 0S75/40 3.00 U192 1.00 271011 29.00 6AS7G 7.50 -6N7 2.50 30F5 0.95 6063 2.00 
DLS10 8.00 ECH42 1.00 G55/1K 9.00 0M4 1.00 QS92/10 5.00 U193 086 1AC6 1.20 6AT6 0.75 6N7GT 1.50 30FL1 1.00 6064 3.25 
DLS16 10.00 ECH81 0.58 G180/2M 9.00 0M58 3.00 0595/10 4.85 U251 1.00 1B3GT 1.96 6AU4 2.00 6P15 0.80 30FL2 1.00 6067 1.95 
DM70 1.10 ECH83 0.78 G240/2D 9.00 OM6 1.75 0S108/45 4.00 U291 0.80 185 2.50 6ÁU6 0.85 6P25 4.00 30FL12 0.95 6072 4.20 
DM160 2.75 ECH84 0.69 G400/1K 14.00 OM9 4.00 0S150/15 5.00 U301 0.55 1822 10.00 6AV6 0.72 6P28 2.00 30FL13 1.10 6080 5.75 
DY51 1.00 ECH2000 1.50 GC10B 17.50 ORP43 2.50 05150/30 1.16 U801 0.75 1624 14.96 6AW8A 2.95 607 1.20 30FL14 1.25 6080WA 8.50 
DY80 1.20 ECL80 0.60 GC10D 17.50 ORP50 3.95 08150/45 7.00 UABC80 0.86 1C1 1.20 608G 1.50 60701 1.29 3011 0.45 6096 2.85 
DY86/87 0.85 ECL82 0.65 GC10/4B 17.50 P61 2.50 051200 3.86 UAF42 1.00 1C5GT 1.00 6BÁ6 0.89 657 1.10 301.15 0.80 6132 10.00 
DY802 0.72 ECL83 2.50 GC10/4E 17.50 1141 2.50 0S1202 3.96 UBF80 0.50 105 100 68A6W 1.50 6SA7GT 1.00 30117 0.80 6136 2.50 
E1T 9.00 ECL84 0.74 GC12/46 17.50 PABC80 0.50 QS1203 415 UBC41 1.75 1FD1 0.90 6647 4.50 6SC7 1.50 30P4MR 1.00 6146A 6.95 
580CC 7.00 ECL85 0.69 GD86W 6.00 PC86 0.75 0S1205 195 UBC81 1.50 1G3GT 1.00 68A8Á 3.50 6SG7 120 30P12 1.00 61468 6.45 
E80CF 10.00 ECL86 0.74 GDT120M 5.00 PC88 0.75 0S1206 1.05 UBF89 060 11.4 0.60 6BC8 1.00 6SH7 1.20 30P18 0.80 6201 6.95 
E80F 13.50 ECL805 0.69 0E10 9.00 PC92 3.50 001207 0.90 UBL21 1.76 116 1.50 6804 1.50 65J7GT 120 30P19 1.00 6211 2.50 
E80L 11.50 ECLL800 18.95 GN4 6.00 PC97 1.10 QS1208 0.90 UC92 1.20 1LA8 1.00 61306 1.00 6SK7 0.60 30PL1 2.50 6267 1.50 
E81CC 3.50 ED5100 3.50 GN10 15.00 PC800 1.10 QS1209 2.00 UCC84 0.70 1N5GT 2.50 68E6 0.72 6SK7GT 1.20 30PL13 0.80 6350 2.00 
581L 12.00 E 7A 2.00 GR10G 4.00 PC900 0.75 OS1210 1 50 UCC85 0.60 1S2 0.55 68F5 1.60 6S1.70T 0.72 30PL14 1.75 6360 5.50 
E82CC 3.50 EF39 1.00 GR10J 4.00 PCC84 0.40 0S1211 1 50 UCF80 1.00 1T4 0.45 6806G 1.25 6SN7GT 0.69 31JS6A 4.15 6386 14.50 
E83CC 3.50 EF41 3.50 GS10C 12.00 PCC85 0.54 OS1212 320 UCH21 1.20 1U5 100 6BH6 1.96 6607 0.80 3545 4.50 6545 8.50 
E83F 3.50 EF42 3.50 GS1OH 12.00 PCC88 0.70 OS1213 5 00 UCH41 1.20 1X28 1.15 6BH8 1.50 6557 1.95 35L6GT 2.00 6550A 7.00 
586C 9.50 EF50 1.50 GS12D 12.00 PCC89 0.70 051215 2.10 UCH42 1.36 2AS15A 10.00 6BJ6 120 6U4GT 1.75 35W4 0.70 6870 11.50 
E88C 7.95 EF55 2.25 GT1C 17.00 PCC189 0.70 QS1218 500 UCH81 0.85 2C21 1.00 68K4 4.00 6U5G 1.50 3523 1.95 68838 13.95 
E88CC 2.60 EF71 1.50 GT1 C S/S 13.00 PCC805 0.70 0U37 9 50 UF85 1.20 2C39A 23.50 6BK7A 1.96 6U8 0.85 38HE7 4.50 6973 3.75 
E9OCC 5.00 EF72 1.20 GTE175M 8.00 PCC806 0.80 0U37 11 50 UF41 1.15 2C398A 39.50 6BM8 0.58 6U8A 1.50 40KD6 4.50 7025 2.50 
E90F 7.95 EF73 1.00 GTR150W 1.00 PCE82 0.80 QVO3-12 4.95 UF42 1.15 2C40 37.00 68N4 1.65 6V6GT 0.80 47 6.00 70274 4.65 
591H 4.50 EF80 0.55 GU20 70.00 PCF80 0.65 OV05-25 1.75 UF80 0.80 2C40A 55.00 68N6 1.65 6X2N 1.00 5085 1.50 7032 2.00 
E92CC 225 EF83 3.50 GXU1 13.50 PCF82 0.80 0V06-20 29.50 UF89 2.50 2C42 29.50 66N7 4.60 6X4 0.96 5005 0.95 7059 2.50 
599F 6.99 EF85 0.50 GXU3 24.00 PCF84 0.66 0V08-100 UL41 3.50 2C43 29.50 6BN8 2.75 6X5GT 0.50 50CD6G 1.15 7189 2.50 
5130L 19.96 EF86 1.50 GY501 1.20 PCF86 1.20 118.50 U184 0.85 2C51 0.75 6605 0.69 6X5GTY 1.00 52KU 2.00 7199 3.95 
E180CC 6.50 EF86 Special GY802 1.00 PCF87 0.40 0Y3-125 54.95 UU5 2.50 2C53 32.00 61307A 0.72 6X84 2.25 61SPT 4.50 7247 2.00 
5182CC 9.00 quality 2.50 0230 1.00 PCF200 1.80 QY4-250 6500 UU7 800 287 1.50 6BL7GTA 3.95 747 2.00 7581 1.50 7360 7.50 
5180F 8.50 EF89 0.85 GZ31 1.00 PCF201 1.80 0Y4-400 71.95 UY41 3.50 2021 0.95 6BC8 0.65 7A07 1.75 75C1 1.70 7475 5.00 
5186F 8.50 EF91 1.25 GZ32 1.00 PCF800 0.40 R10 4.00 UY85 0.70 21321W 2.50 6805 0.70 787 1.40 8341 7.00 7551 4.50 
5280F 19.50 EF92 2.50 GZ33 4.50 PCF801 1.35 R76 12.00 V339 3.50 2E26 7.96 6807 4.15 7C5 3.00 84 3.00 7558 11.50 
E283CC 10.00 EF93 0.89 GZ34 2.15 PCF802 0.80 R17 1.50 V2351AK 249.50 2J42 93.00 6BR8 2.15 7C6 2.50 8541 6.50 7581A 3.00 
5288CC 13.50 EF94 0.85 GZ37 4.50 PCF805 1.25 R18 2.50 VLS631 10.95 2K25 24.95 68R8Á 2.15 7H7 2.00 8542 2.00 7586 9.00 
5810F 18.00 EF95 1.00 HAA91 1.00 PCF806 100 R19 6.95 VP28 2.50 3A/107B 12.00 6SS7 4.50 707 2.00 90AV 10.00 7591A 3.95 
51148 1.00 EF97 0.90 HABC80 0.90 PCF808 1.25 R20 120 VP4A 4.50 3A/1098 11.00 68S8 2.50 7S7 3.00 90C1 2.70 7609 47.00 
51524 6.95 EF98 0.90 HBC90 0.75 PCH200 1 10 RG1-125 4.95 VP4B 4.50 3A/1108 12.00 6BW4 1.50 7Y4 1.85 90CG 13.50 7868 3.95 
EA50 1.00 EF183 0.65 HBC91 0.80 PCL82 0.80 RG1-2404 VPS 2.50 3A/141K 11.50 68W6 6.35 8F07 1.96 91AG 9.00 8012 4.20 
EA76 1.95 EF184 0.65 HF93 0.75 PCL83 2.50 14.50 VP41 2.50 3A/147J 7.50 68W7 1.50 1007 5.50 92AG 12.50 8136 1.00 
EA79 1.95 EF730 1.80 HF94 0.60 PCL84 0.85 RG3-250A 3.50 VP133 2.00 3A/167M 10.00 6BW8 4.00 10C2 0.70 92AV 12.50 8296A 4.95 

8417 
9001 
9006 
18042 
18045 

5.95 
0.90 
0.90 

10.00 
10.00 

WIREWOUND RESISTORS BASES ETC. ZENER DIODES CALLERS WELCOME 
* ENTRANCE ON 

50 YDS SOUTH OF MEOPHAM 
A227 

PREFERRED VALUES 
4R7 -1K8 0.15 
2K2 -6K8 0.18 

4 Watt 10K 024 

B7G 0.15 
B7G Skirted 

0.30 
88G 0.70 
B9A 0.20 
894 Skirted 

BZX81 0.15 
6V2 7V5 8V2 9V1 10V 11V 12V 13V 
15V 16V 18V 20V 22V 24V 27V 30V 
33V 36V 39V 47V 51V 56V 88V 75V 

BZY88 0.07 GREEN 
R47 -4K7 0.18 
5K6 -12K 0.19 

0.30 
8108 0.16 

2V7 3V 3V3 3V8 3V9 4V3 4W 5V1 
6V6 6V2 6V8 7V5 8V2 9V1 10V 11V CAR PARKING AVAILABLE 

7 Watt 15K -22K. 020 
8138 0.50 
8 Pin DIL 0.14 

12V 13V 15V 18V 20V 24V 27V 30V OPEN MONDAY TO FRIDAY 9a.m.-5.30p.m. 
1R -10K 0.2r 14 Pin DIL 0.15 

14 Pin 1311í0 TNIiTiAt IIAMtS 
* 24 HOUR ANSWERPHONE SERVICE * 

ACCESS AND BARCLAYCARD ORDERS WELCOME 
11 Watt 15K -22K 0.24 0.30 

16 Pin DIL 0.17 * MANY OTHER ITEMS AVAILABLE * 
VA1040 0.23 7V Power Mike 

1R -10K 026 

17 Watt 
OCTAL 0.35 
CANS 0.27 

VA1058S 023 
VÁ1104 0.70 

batteries 
TR175 11.40 ea UK ORDERS P&P 50p PLEASE ADD V.A.T. AT 15% 

15K -22K 028 B9A PCB 0.15 VA8650 0.48 other prices on 
85 0.75 VA1097 0.26 request EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST 
89G 0.38 
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EuroCUBE 6502/6809-EuroBEE6-BEEBEX 
The expanding range of CUBE control boards 

EuroCUBE is just one small 100x 160mm Eurocard -but it is a 

single -board computer of exceptional power and versatility. 

6809 or 6502 Microprocessors available. 
Four memory sockets, each 28 pin. Supports RAM, ROM, 

EPROM -from 2KB to 32KB each. 
Battery Back-up for CMOS RAM 

Dual CPU clock mode -2 MHz for memory, 1 MHz for i/o 
VIA provides 20 digital i/o channels. 
ACIA provides a bi-directional RS -232, 423 '422 serial port. 

On -board programmable baud -rate generator. 
PROM address decoding. 
Machine Operating System included free of charge. 

EuroBEEB-EuroCUBE with BBC BASIC -The MOS included 

on EuroCUBE, provides an environment in which languages 
can be run, and is available in two main versions: 

MOS A - supports ATOM BASIC 

MOS B- supports BBC BASIC 

EuroCUBE fitted with MOS B can run BBC BASIC. to its sim- 

plest form, with 4KB RAM fitted for work space, a BBC BASIC 

program in EPROM could control the two 8 -bit ports and the 

serial interface, in addition to any other cards connected to the 

CUBE expansion bus. 

BEEBEX, another recent addition to the CUBE range, is a sim- 

ple, low-cost Eurocard which interfaces to the 1 MHz bus con- 
nection on the BBC Microcomputer, enabling it to communi- 
cate with the entire range of CUBE Acorn Euroc&ds. 

EuroCUBE £ 139.00 
One-off price excluding VAT 

No charge for Operating System Software 

CUBE RANGE 
includes video, analog & digital 

i/o, prom programming, disks, etc. 

Control Universal's new 150 page catalogue and technical overview is now available free 

of charge. Explanatory leafletsare also available on the CUBE range, and on our Eurocard 
extensions to the BBC Microcomputer. 

,ei Control Universal Ltd 
The Hardware House 

Unit 2, Andersons Court, 
Newnham Road, Cambridge CB3 9EZ 

Telephone (0223) 358757 

Telex 995801-G (C13) 

WW - 030 FOR FURTHER DETAILS 

28 RANGES, EACH WITH FULL OVERLOAD PROTECTION 

OTHER features: Auto polarity, auto zero, 
battery low indicator, ABS plastic case 
with tilt stand, battery and test leads in- 
cluded, optional carrying case. 

Accurate Digital Multimeters at Exceptional Prices 

6010 & 7030 MODELS 
SPECIFICATION 

10 amp AC/DC 
" Battery: single 9V drycell. Lite: 200 

hrs 
Dimensions: 170 x 89 x 38mm. 

" Weight: 400g inc. battery. 
Mode Select: Push Button 
AC DC Current: 200µA to 10A 
AC Voltage: 200mV to 750V 
DC Voltage: 200mV to 1000V 

" Resistance: 20011 to 20M11 
Input Impedance: 10M11 
Display' 31/2 Digit 13mm LCD 

0/load Protection: All ranges 

ARMON ELECTRONICS LTD. 
Cottrell House, 53-63 Wembley Hill Road 
Wembley, Middlesex HA9 8BH, England 
Telephone: 01-902 4321 13 lines'. TELEX No- 923985 

WW - 006 FOR FURTHER DETAILS 

ANALOGUE NA11028Z WITR CONTINUITY 
BUZZER ANO BATTERY SCALE 

DC Voltage: 0-25, 1, 2 5, 10, 25, 100. 

250, 1000 volts 20,000 
ohms/volt. 

AC Voltage: 0-10. 25, 100, 250, 1000 
volts 10,000 ohms/volt. 

Decibels: -20 to +22dB 
DC Current: 0-50, 500µA, 0-5, 50, 

500mA 
Ohmmeter 0-6 Megahms in 4 

ranges. 
30 ohms Centre Scale. 

Power Supply: One 1.5V size 'A. 
battery lino') 

Size & Weight: 135 x 91 N 39mm, 
280gr. 

Quantity discount for trade on application 
Add 15% to your order for V.A.T. P&P is free of charge 

Payment by cheque with order 

accepted 

METAL FILM RESISTORS 
II 

100R 1k 10k 100k 
1105 
1205 

1k1 
1k2 

11k 
12k 1200kk 

1308 1k3 13k t30k 
1508 1k5 15k 150k 
1605 Ike 16k 160 
180R 1k8 16k 180k 
2005 2k 20k 200k 
2205 2k2 22k 220k 
2405 2k4 24k 240k 
2705 2k7 27k 
3005 3k 30k 
330R 3k3 33k 330k 
3608 3k6 36k 
3908 3k9 39k 
4308 4k3 43k 
4705 4k7 47k 470k 
5105 5k1 51k 
5605 5k6 56k 560k 
6205 6k2 62k 
680R 6k8 68k 880k 
75OR 745 754 
8205 8k2 82k 820k 
9105 941 91k 1M 

1/4 Watt, 1% tolerance, 3p each. 89 
Values, E24, see left. Minimum 
order £2C. Minimum 10 pcs per 
value. VAT, P&P incl. 

SPECIAL OFFER 
10 pcs of each value, 890 pcs 

£25 30 

SPECIAL 'POP' PACK 
100 pcs: 1008, 1K, 4K7, 10K, 47K, 

100K, 1M. 50 pcs: 330R, 470R, 1K5, 

2K2, 3K3,. 22K. Total 1000 pcs. £28.50. 

One of each 
pack £50 only 

ELECTRON GUNS 
TV TUBE COMPONENTS 
If you are Rebuilding or Manufacturing TV Tubes - We are the 
leading suppliers of Electron Guns and TV Tube Components to the 
TV Tube Industry. We specialise in all aspects of Electron Mount 
Technology. 
Our product range includes more than 250 gun types for Colour, In 

Line, Mono and Display Tubes along with Mount Parts, Bases, Get- 
ters, Sealoffs, and all other associated items for TV Tube Production. 
A Full Technical Back-up and Advisory Service is available to all 
customers Worldwide. 

Please request our current catalogues and Data Information. 

GRIFTRONIC 
ma EMISSION LTD 
Telephone (0789) 764852/764100. Telex: 312354 Grifem G 

2 SWAN STREET 
ALCESTER 
WARWICKSHIRE 
B49 5DP 
ENGLAND 

ORION SCIENTIFIC LTD -16 Orange Street - London WC2H 7ED 

WW - 054 FOR FURTHER DETAILS 
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE 

RECORD DECKS 
SINGLE PLAY 
Large Turntables 
240 volt AC. Post £2 

Make Model Drive 
BSR P170 Rim 
BSR P232 Belt 
GARRARD 6200 Rim 
GARRARD Delux Belt 

Cartridge Price 
Ceramic £20 
Ceramic £24 
Ceramic £22 
Magnetic £40 

BSR P232 12 volt Magnetic £24 

AUTOCHANGERS 240 VOLT 
BSR Budget Rim Ceramic £16 
BSR Delux Rim Ceramic £18 
BSR Delux Rim Magnetic £26 

MAINS PRE -AMP FOR MAGNETIC CARTRIDGES to -low 
gain amplifier lomv to 1 volt, mono £5, stereo £7.P&P £1 

HEAVY METAL PLINTHS Post £1 

Cut out for must Garrard decks. Black or 
£4 silver grey finish. Size 16x 133/4in. 

DECCA TEAK VENEERED PLINTH. Post £1 
£5 Superior finish with space and panel for 

small amplifier. Board is cut for B.S.R. 
183/4in. x 141/4in x4in. Black/chrome facia trim. Also with 
boards cut out for Garrard £3. Tinted plastic cover £5 

TINTED PLASTIC COVERS Post £1 
179áx131/ex31/4in. £5 181/4x121 121/2x 3in. £5 
171/4x9%x31 in. £3 14%x 121/2x 27/ein. £5 
161/2x in. £5 165/ex13x4in. £5 
17x127ráx31 in. £5 141/2x £5 
22%x 137/ex 3in. 25 171/4x1349x41/4rin. £5 
211/2x £5 21x137/ex41/áin. £5 
233/4x14x37/ain. £5 303/4x 133/ex 31/4in. £5 

THE "INSTANT" BULK TAPE ERASER £10.50 Post 95p 
Suitable for cassettes and all sizes of tape 
reels. AC mains 200/250V. Hand held size 
with switch and lead (120 volt to order). 4 % 1 

Will also demagnetise small tools 
and computer tapes. 
Tape Head Demagnetiser only £5 "' 

BATTERY ELIMINATOR MAINS to 9 VOLT D.C. 
Stabilised output, 9 volt 400 m.a. U.K. made in plastic 
case with screw terminals. Safety overload cut out. Size 
5x31/4x21 in. Transformer Rectifier Unit. Suitable 
Radios, Cassettes, models, £5. Post £1. 

DRILL SPEED CONTROLLER/UGHT DIMMER KIT. Easy 
build kit. Controls up to 800 watts AC mains with plastic 
case 4 x 3 x 11 in, f5, less case £4. For brush motors, 
power tools, drills and lighting. Post 65p. 

R.C.S. LOW VOLTAGE STABILISED 
POWER PACK KITS £3.95. Post 65p 
All parts and instructions with Zener diode printed cir- 
cuit, mains transformer 240V a.c. Output 6 or 71/2 or 9 or 
12V d.c. up to 100mA or less. Please state voltage 
required. 

RELAYS. 6V DC 95p. 12V DC £1.25. 16V £1.25. 24V £1.30 
ALUMINIUM CHASSIS. 21/2in deep 6x4-£1.75; 8x6-£2.20, 
10x7-62.75; 12x8-63.20; 14x9-23.60; 16x6-23 
16x10-£3.80; 12x3£2.20; 14x322.50; 13x9£2.80. 
ALUMINIUM PANELS. 6x4 -55p; 8x6 -90p; 14x3 -90p; 
10x7-61.15; 12x8-21.30; 12x5 -90p; 16x6-61.30; 
14x9-21.75; 12x 12-21.80; 16x 10-62.10. 
ALUMINIUM BOXES. 4x4x11/2 £1.20. 4x21/2x2 £1.20. 
3x2x1 £1.20. 6x4x2 £1.90. 7x5x3 £2.90. 8x6x3 £3. 
10x7x363.60. 12x5 x3£3.60, 12x8x3£4.30. 
ALI ANGLE BRACKET 6x 3/4 x 3/4i n. 30p. 
BRIDGE RECTIFIER 200V PIV 2a £1. 4a £1.50. 6a £2.50. 
TOGGLE SWITCHES SP 40p. DPST 50p. DPDT 60p. 
MINIATURE TOGGLES SP 40p. DPDT 60p. 
RESISTORS. 1Ofl to 10M. 1/4W, 1/2W, 1W, 2p; 2W 10p. 
Low ohm 1 watt 0.47 to 3.9 ohm 10p. 
HIGH STABILITY. 1/2w 2% 10 ohms to 1 meg. 102. 
WIRE -WOUND RESISTORS 5 watt, 10 watt, 15 watt 20p. 
PICK-UP CARTRIDGES SONOTONE 9TAHC £3.80. 
BSR Stereo Ceramic SC7 Medium Output £2. SC12 £3. 
PHILIPS PLUG-IN HEAD. Stereo Ceramic. AU1020 (G306 - 

GP310-GP233-AG3306, E2. A.D.C. QLM 30/3 Magnetic E6.50 
STYLUS most Ceramic Acos, Sonotone, BSR, Garrard 
Philips Diamond £1.50 ea. 
MAGNETIC STYLUS, Sony, JVC, Sanyo, Goldring, etc. £4. 
LOCKTITE SEALING KIT DECCA 118. Complete £1. 
VALVE OUTPUT Transformers push/pull 15 watt £14; 
30W £18;50W £20; 100W £24. Post £2. 100V/Line 20W £3.75. 
MICROSWITCH, 50p, Miniature 65p. SPDT. 
ANTEX SOLDERING IRON 'C' 15W £5.25. 25W 'X25' £5.50. 
WAFER SWITCHES. 11/4" dia. 60p ea. 
1P 12W; 2P 2W; 2P 6W; 3P 4W; 4P 2W; 4P 3W. 
FERRITE ROD. 6" x 1/2", 6" x 3rá", 8 x she" 50p 
XLR Lead Plug £2.40. Lead socket £2.75 
XLR Chassis Plug £2.20. Chassis Socket 22.55. 
BANANA 4mm Plugs/Sockets, red/black 20p 
JACK PLUGS Mono Plastic 25p; Metal 30p. Sockets 25p. 
JACK PLUGS Stereo Plastic 30p; Metal 35p. Sockets 30p. 
FREE SOCKETS - Cable end 30P Metal 45p. 
2.5mm and 3.5mm JACK SOCKETS 25p. Plugs 25p. 
DIN TYPE CONNECTORS 
Sockets 3 -pin, 5 -pin 15p. Free Sockets 3 -pin, 5 -pin 25p. 
Plugs 3 -pin 20p; 5 -pin 25p; Speaker plugs 25p; Sockets 15p. 
PHONO PLUGS and SOCKETS ea. 20p; Double sockets 30p. 
Free Socket for cable end 20p. Screened Phono Plugs 25p. 
B.N.C. PLUGS £pp1. Sockets £1. Free £1.10. 
U.H.F. PLUG 50 Socket 50p. Reducer 20p. Coupler 50p. 

yd. 
300 ohm t300 

ohm 
o 75 

INhmBON 
AERIAL MATCHING TRANSFORMER £1. 

U.H.F. COAXIAL CABLE SUPER LOW LOSS, 75 ohm 25p yd. 
COAX PLUGS 30p. COAX SOCKETS 20p. Lead Sockets 65p. 
NEON INDICATORS 250V, round 40p. Rectangular 45p. 
MORSE CODE TAPPER AND BUZZER SET £3. 
CAR CASSETTE MECHANISM. 12V Motor Stereo Head E5. 

POTENTIOMETERS Carbon Track 
5k12 to 2Mtl. LOG or LIN. L/S 50p. DP 90p. Stereo L/S 
£1.10. DP £1.30. Edge Pot 5K. SP 45p. 

T, 2- MINI -MULTI TESTER NEW 
r 

.;''''', 
De luxe pocket size precision moving 
coil instrument. Impedance + Capacity 

4000 o.p.v. Battery included. 
' 11 instant ranges measure: 
DC volts 5.25, 250, 500. £7.50 

. AC volts 10, 50, 500, 1000. 
' DC amps 0-2509A, 0-250mA. Post 65p 

I Resistance 0 to 600K ohms. 
s 

' 

De Luxe Range Doubler Model £19.50 
Post £1 ,50,000o.p.v.7x5x2in. 

43 Ranges, 1,000V, AC -DC, 20 meg, etc, 

PANEL METERS 
50µa, 10Cµa, 500µa, 1 ma, "°"' 
5ma, 50ma, 100ma, 500ma, 1 oc « 
amp, 2 amp, 25 volt, VU g,,, 
21/4x2x11/4. Stereo VU 
31/4x1%x1in.£4.50 Post 50p 

RCS SOUND TO LIGHT CONTROL BOX 
Complete ready to use with cabinet size 9x3x5in. £27 3 channel, 1000 watt each. For home or disco 
OR KIT OF PARTS 619.50 Post El 
LIGHT BOXES, 20x9x9in, red, yellow, blue, green, £15' 
D.D. £2. 
Disco bulbs 100 watt, blue, green, yellow, red, amber, 
screw or bayonet £2 each. Post £1.50 per six. 
"FUZZ" lights, red, blue, green, amber, 240V, E28. Post £1. 
200 Watt Hear Reflecting White Light Bulbs. Ideal for 
Disco Lights, Edison Screw. 6 for £4, or 12 for £7.50. Post 
£1.50. Suitable panel mounting holders 85p. 

RCS "MINOR" 10 watt AMPLIFIER KIT £14 
This kit is suitable for record players, guitars, tape 
playback, ellectronic instruments or small PA systems. 
Two versions available: Mono, £14; Stereo, £20. 
10W per channel; size 91/2x SAE details. 
Full instructions supplied. 240V AC mains. Post E1. 

RCS STEREO PRE -AMP KIT. All parts to build this 
pre -amp. In:auts for high, medium or low imp £3.50 
per channel, with volume control and PC Board post 650 
Can be ganged to make multi -way stereo mixers 

MAINS TRANSFORMERS Post 
250-0-250V 80mA, 6.3V 3.5A, 6.3V lA E6.00 f2 
350-0-350V 253mA. 6.3V 6A CT £12.00 E2 
220V 25ma 6V lamp £3.00 220V 45ma 6V 2 Amp £4.00 E1 

250V 60mA, 6V 2A £4.75 £1 

Step -Up 115V to 240V 150W ES. 250W £10. 500W212.00 E2 

GENERAL PURPOSE LOW VOLTAGE 
Tapped outputs available Price Post 
2 amp. 3. 4, 5, 5, 8, 9, 10, 12, 15, 18, 25 and 30V £5.00 f2 
1 amp. 6, 8, 10. 12, 16, 18. 20, 24, 30, 36, 40, 48, 60 £6,00 E2 

2 amp. 8, 8, 10. 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £10.50 E2 

3 amp. 6, 8, 10. 12, 18, 18, 20, 24, 30, 36, 40,48, 60 £12.50 E2 

5 amp. 6, 8, 10. 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £16.00 E2 

5-8-10-16V. leamp. £2.60 E1 15-0-15V. 1 amp £4.00 E1 

BV. 1R amp. £2.00 f1 15-0-15V.2 amps £4.60 E1 

6-0-8V. 11/2 amp. £3.50 f1 20V 1 amp £4.00 Et 
9V 400ma. £1.50 E1 20-0-20V 1 amp £4.50 E1 

9V. 3 amp £4.50 E1 20-40-60V 1 amp £4.50 E2 
9-0-9V. 50ma £1.50 f1 25-0-25V 2 amps £5.50 f1 
9-0-9V. 1 amp £3.50 E1 28V 1 amp Twice £6.00 E2 
10-0-10V. 2 amps £4.00 f1 30V 11 amp £4.50 E1 

10-30-40V. 2 amps £4.50 E1 30V 5 amp and 
12V. 100ma £1.60 E1 17-0-17 2a £5.50 £2 
12V. 750 ma £2.50 E1 35V 1 amps £4.50 VI 
12V 3 ampo £4.50 E1 TOROIDAL 30-0-30V 4a 
12-0-12V. 2 amps £4.50 £1 and 20-0 20V 1Ra £10.00 f2 
CHARGER TRANS Post RECTIFIERS Post 
6-12 volt 3a 24.60+E2 6-12 volt 2a £1.10í 80p 
6-12 volt 4a £16.60+E2 6-12 volt 4a £2; +OP 

OPUS COMPACT 
SPEAKERS £22 pair Post £2 
TEAK VENEERED CABINET 
11x81 x7in,15watts 
50 to 14,000 cps. 4 ohm, 8 ohm or 16 ohm 
OPUS TWO 15x 101/2x 73/4in 25 watt 
2 -way system £39 pair. Post £3 

LOW VOLTAGE ELECTROLYTICS Wire ends All 10p ea. 
1 mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100 
mf, 250 mf. All 15 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47 
mf/10v; 50 mf/6v; 68 mf/6v/10v/16v/25v; 100 mf/10v; 150 
mf/6v/10v; 200 mf/10v/16v; 220mf/4v/10v/16v; 330 
mf/4v/10v; 500 mf/6v; 680 mf/6v/10v; 1000 mf/2.5v/4v/10v; 
1500 mf/l0v;2200 mf/6v/10v; 3300 mf/6v; 4700 mf/4v. 
500mF 12V 15p; 25V 20p; 50V 300. 1200m F 76V 809. 
1000mF 12V 20p; 25V 35p; 50V 50p; 100V £1.20. 
2000mF 30V 42p; 40V 60p; 100V £1.40; 1500m 100V £1.20. 
2200mF 63V 90p. 2500mF 50V 70p; 3000mF 50V 65p; 
4700mF 30v 75p; 40v £1; 63v £1.80. 
NON POLARISED CAPACITORS - REVERSIBLE 
lmF 250V 25p; 1.5mF 100V 25p; 2.2mF 250V 30p; 3.3mF 
100V 40p; 4.7mF 100V 40p; 10mF 63V 40p; 32mF 50V 25p. 
HIGH VOLTAGE ELECTROLYTICS 
2/500V 45p 32+32+16/350V 90p 8+16/450V 75p 
8/450V 45p 100+100/275V 50p 16+16/350V 80p 
16/350V 45p 150+200/275V 50p 32+32/350V 85p 
32/500V 95p 32+32+32/325V 50p 32+32/500V £2 
32/350V 50p 50+50+50/350V 95p 50+50/300V 50p 
50/450V 95p 8+8/500V £1 50+50/350V 80p 
CAPACITORS WIRE END High Voltage 
.001, .002, .003, .005..01..02..03..05 mfd 400V 10p. 
.1 MF 400V 14p. 600V 15p. 1000V 25p. 
.22MF 350V 12p. 600V 20p. 1000V 30p. 1750V 609. 
.47MF 150V 102.400V 25p. 630V 30p. 1000V 60p. 
TRIMMERS 303F, 50 F, 10p. 100pF, 150pF 20p. 500pF 30p. 
MICROSWITCHI SINGLE POLE CHANGEOVER 40p. 
GEARED TWIN GANGS 365+365+25+25pF £2. 
BRASS SPINDLE EXTENDERS 85p. Couplers 65p. 
VERNIER DRIVE DIALS, 36mm £2.50, 50mm £3 
SLOW MOTION DRIVE 6:1 £1.50. Reverse Vernier drive 90p. 
TRANSISTOR "WIN GANG. Japanese Replacement £1 
SOLID DIELEC-RIC 100pf £1.50 

HEATING ELEMENTS, WAFER THIN (Semi Flexible) 
Size 11x 9 x Inin. Operating voltage 240V, 250W approx. 
Suitable for Heating Pads, Food Warmers, Convector 
Heaters, Propagation, etc. Must be clamped between 
two sheets of metal or ceramic, etc. 
ONLY 60p EACH (FOUR FOR E2) POST 50p. 

RADIO -COMPONENT SPECIALISTS 

NEW baker Star sound 
high power full range quality 
loudspeakers. British made. 
Ideal for Hi-Fi, music P.A. or 
discotheques. These loud- 
speakers are recommended 
where high power handling 
and quality is required. 
MODEL INCHES OHMS WATTS TYPE 
MAJOR 12 4-8-16 30 HI-FI 
SUPERB 12 8-16 30 HI-FI 
AUDITORIUM 12 8-16 45 HI-FI 
AUDITORIUM 35 8-16 60 HI-FI 
GROUP 45 12 4-8-16 45 PA 
DG 75 12 4-8-16 75 PA 
GROUP 100 12 8-16 100 Guitar 
DISCO 100 12 8-16 100 Disco 
GROUP 100 15 8-16 100 Guitar 
DISCO 100 15 8-16 100 Disco 

PRICE POST 

£26 
£24 
£37 
£16 
420 
£26 
£26 
£35 
£35 

BAKER AMPLIFIERS BRITISH MADE 

i ... 

¿ baker 
d.-. 

+ +. 150 PA 

11J a. _.. e:, 

NEW PA150 MICROPHONE PA AMPURER £129 
4 channel 8 inputs, dual impedance, 50K-600 ohm 4 channel 
miring, volume, treble, bass. Presence controls, Master volume 
control, echo send return socket. Slave sockets. Post £3. 

BAKER 150 Watt AMPLIFIER 4 Inputs £99 
For Discotheque, Vocal, Public Address. Three speaker outlets 
for 4, 8 or 16 ohms. Four high gain inputs, 20 mv, 50K ohm. 
Individual volume controls "Four channel" mixing. 150 watts 8 

ohms R.M.S. Music Power. Slave output 500 M.V. 25K.ohm. 
Response 25 Hz - 20kHz ± 3dB. Integral Hi-Fi preamp separate 
Bass & Treble. Size - 16"x8"x51/2". Wt - 141b: Master 
volume control. British made. 12 months' guarantee. 240v A.C. 

mans or 120V to order. All transistor and solid state. Post £2. 

100 Volt Une Model £114. MONO SLAVE £90. 

New Stereo Slave 150 + 150 wett 300 watt Mono £125. Post £4. 

BAKER MOBILE PA AMPUFIER. All transistor, 60 -watt RMS, 12v 

DC & 240-v AC, 4 inputs 50K, Aux + 2 mica + 1 phono, 4-8-16 
ohm + 100 volt line, £M p.n. £2 

BAKER PORTABLE DISCO 150W. Twin console + amplifier + 
mike and headphones + twin speakers £330. 300 watt version 
Complete. £399. Carriage £30. Concole with pre -amp only £107 

ELECTRONIC ECHO CHAMBER £85. Post £2 
BBD Delay System 30 m/sec to 200 m/sec. Variable echo 
and direct sounds. Maintenance free. 240V AC. 

DISCO GRAPHIC MIXER EQUALISER £108. Post £2 
4 Channel stereo, 5 band graphic, red + green LED, VU 
display, headphone monitor or Deluxe Model £119. 

PA CABINET SPEAKERS, Complete. 8 ohm 60 watt 
17x15x9in. £25. Post f4. 4 or 8 or 16 ohm 75 watt 
23 x 15 x 11 in. £50. 90 watt 32x 15x 11 in. 263. 120 watt 
£77. Carr- £10. Black vinyl -covered with handles. 
WATERPROOF HORNS 8 ohms 25 watt £20. 30 watt 
£23.40 watt £26. 40W plus 100 volt line £32. Post £2. 

R.C.S. 100 watt R.M.S. 
VALVE AMPLIFIER 

.y 

4 Cl.annel mixing. Master 
treble, bass and volume 
controls. 5 Speaker outlets, '. 

suits 4, 8,16 ohm. Disco 
group. £125. Carr. & ins. £15. 
60 WATT VALVE AMPLIFIER, 
3 m nor inputs, 4-8-16 ohm, 100 volt line. 5 controls, 2 mic inputs 
plus 1 input switchable for mic, phono, aux. Treble and bass and 
3 volume controls, 7 valves. £69. Post £3. 

FAMOUS LOUDSPEAKERS 
"SPECIAL PRICES" 
MAKE 
WHARFEDALE 
PEEIIESS 
AUDAX 
AUDAX 
SEAS 
AUDAX 
GOODMANS 
GOODMANS 
GOODMANS 
WHARFEDALE 
CELESTION 
GOODMANS 
GOODMANS 
GOODMANS 
GOODMANS 
GOODMANS 

MODEL SIZE WATTS 
TWEETER 4in 30 
TWEETER 34'4in 60 
TWEETER 4in 30 

MID -RANGE 4in 50 

MID -RANGE 41 in 100 
WOOFER 51 25 
HIFAX 7/x41/4 100 
WOOFER 8in 25 

HB WOOFER 8in 60 
WOOFER 8in 30 
DISCO/GROUP 10in 50 
HPG/GROUP 12in 120 
GR12/GROUP 12in 90 
HPD/DISCO 12in 120 
HP/BASS 15 in 250 
HPD/BASS 18in 230 

HMS PRICE POST 
£7.50 £1 

£6.50 £1 
£6.50 £1 

£7.50 £1 

£14.50 £1 

£10 £1 

/8/16 f30 £2 
/8 £7.50 £1 

£12.50 £1 

£9.50 £2 
/16 £19 £2 
/15 £29.50 42 
/15 £27.50 f2 
/15 £29.50 £2 

£72 £3 
£84 £4 

SPEAKER COVERING MATERIALS. Samples Large S.A.E. 

B.A.F. LOUDSPEAKER CABINET WADDING 181n wide 35p ft. 

MOTOROLA PIEZO ELECTRIC HORN TWEETER, 349ín. square £5 
100 Netts. No crossover required. 4-8-16 ohm, 73/4x31Ain. £10 

CROSSOVERS. TWO-WAY 3000 c/s 30 watt £3. 100W £4. 
3 -way 950 cps/3000 cps 40 watt rating, £4.60 watt £6. 100W £8. 
LOUDSPEAKER BARGAINS. Please enquire, many others. 
4ohm, 5in. 7x4in, £2.50; 61/2in. 8x 5in, £3; 8in, £3.50.61/2in 20W,E7.50. 
8 ohm, 25í1en, 3in, £2; 5 x 3in, 6x 4in, 7 x4in, 5m, £2.50; 61/m, 20W £7.50 
8x 5in. f3; 8in, £4.50; 10in, f5; 12in, f6. 8in 25W £6.50 
15 ohm, 21/ein, 31/2in, 5 x3in, 6x4in, £2.50.61hin IOW £5. 8in £4. 10in £7. 
25 ohm, 3in, f2; 5x 3in, 6 x4in, 7x4in, £2.50. 120 ohm, 31/4in dia. £1. 

EMI 131/2x8in. LOUDSPEAKERS 
Model 450A, 10 watts R.M.S. with moving 
coil tweeter and two-way crossover; 3 ohm £8 Or 8 ohm. "Final Clearance". Post 21.50 
SUITABLE BOOKSHELF CABINET 
Teak Veneers £6.50. Size 18x 11 x6in. Post £1.50. 

Dept 1, 337 WHITEHORSE ROAD, CROYDON 
Open 9-6. Closed all day Wed. Open Sat. 9-5. 

Books and Components Lists 32p stamps. (Minimum post/packing charge 65p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH. Cash prices include VAT. 
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GETTHE COMPLETE PICTURE 

* STILL THE 

ONLY 

CATALOGUE FOR 

THE COMPLETE 

RANGE OF 

COMPONENTS. 

BATTERIES, 

CRYSTAL 

FILTERS, RF 

POWER, 

MOSFET, TOKO 

COILS, CHOKES, 

ALPS PLOTTERS, 

SOLENOID 

CASSETTE 

MECHS ETC. 

-ORDER YOUR COPY NOW- 

COMPONENTS FOR 
ELECTRONICS, COMMUNICATIONS & COMPUTING 

am bit= 
INTERNATIONAL 

WORLD OF RADIO & ELECTRONICS -CATA LC) GIJE- 

s 

y4ts 

3f 
auraar 

* FIRST WITH 

ON-LINE 

COMPUTER 

SHOPPING 

* FIRST FOR 

INNOVATION 

* FIRST FOR 

VALUE 

* FIRST FOR 

CHOICE 

* FIRST FOR 

SERVICE 

O 

amiINTERNATIONAL 

200 North Service Road, Brentwood, Essex CM14 4SG 
Tel: (Consumer Sales/Enquiries) 0277-230909. 
Tel: (Industrial Sales/Enquiries) 0277-231616. 
Tlx: 995194 AMBIT G. Data 24hrs (RS232/300 baud) 0277-232628. 

WW - 060 FOR FURTHER DETAILS 

ICOM ICR7O 
à10,4 `.-.' Ella ._ 

.. 

0 .i, ..m.C--iC^s..y 

The professional communications receiver for point to 
point, ship to shore, and general coverage radio work. 
RANGE 100KHz-30MHz * MODES AM, SSB, CW, RTTY 
and optional FM * CPU based 10Hz step digital PLL 
synthesizer with DUAL VFO's * Frequency display 6 digit 
to 100Hz * STABILITY less than 50Hz after one hour * 
POWER SUPPLY 117 or 235V AC and optional 12V DC * 
IF - 1st 70.4515MHz, 2nd 9.0115MHz, 3rd 455KHz, 4th 
9.0115MHz * Optional transceive units and filters avail- 
able. 

THIS SUPERB RECEIVER IS PRICED AT 
£433.91 + VAT 

Contact us for more details on this and other ICOM 
professional communications equipment. 

PMR - MARINE - AMATEUR 
Dealer enquiries welcome 

Thanet Electronics 
143 Reculver Road, Herne Bay, Kent 
Tel: 02273 63859. Telex 965179 

cip ICOM 

ELECTRÖVA[LFE 
Understandably 

Britain's most popular 
and relied -upon 

suppliers of 
SEMI -CONDUCTORS 

I.C.s 
COMPONENTS 

COMPUTING EQUIPMENT 
TOOLS, BOXES, CONNECTORS 

and much, much more 
OUR SUMMER PRICE LIST TELLS ALL 

Send /or your FREE copy by return 
BETTER PRICES, BETTER CHOICE, BETTER SERVICE 
Don't forget to mention WIRELESS WORLD with your request 

ELECTROVALUE LTD. 
Head Office: Mail Order Dept. and Shop 

28 St Judes Road, Englefield Green, Egham, Surrey TWO 20 OHB 
Telephone Egham (STD 0784; London 87) 33603; Telex 264475 

Also in Manchester for personal shoppers at: 
680 Burnage Lane, Burnage, Manchester M19 1NA. Telephone 061-432 4945 

Computing Shop: 
700 Burnage Lane, Manchester. Telephone 061-431 4886 

WW - 034 FOR FURTHER DETAILS 
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hi! 1x'rii1n1u111l' hi! competitive hi! 

EMS POWER 
SYSTEMS 

THE EASY SOLUTION TO 

YOUR POWER 

REQUIREMENTS 

Your previous Inverter/Charger require- 
ments can now be sourced from the 
EMS Range. 

EMS STANDBY 
POWER PACKS 
are suitable for 
any business 
machines in- 
cluding cash 
registers (in- 
cluding Scan- 
ners), weigh 
scales and small 
or large compu- 
ters, in fact any 
equipment re- 
quiring constant 
AC power. 

EMS STANDBY 
POWER PACKS 
- with auto- 
matic switching 
are designed to 
keep your 
electrical/elec- 
-tonic equipment 
running when 
there is no 
mains power, 
i.e. power 
failure, mobile 
or remote site. 

Some typical Inverter types are: 
351E 12V DC INPUT 35 Watts square 
wave output 115/230V AC 
1201E 12V DC INPUT 100 Watts square 
wave output 115/230V AC 
2501E 12V DC INPUT 250 Watts square 
wave output 115/230V AC 
200IS 12V DC INPUT 200 Watts sine 
wave output 115/230V AC 
500IS 12V DC INPUT 500 Watts sine 
wave output 115/230V AC 
1000IS 24V DC INPUT 1000 Watts sine 
wave output 115/230V AC 

We also manufacture U.P.S. systems, 
power supplies and chargers. 

For further details please contact: 
E.M.S. Manufacturing Limited 
Chairborough Road 
High Wycombe, Bucks. 
Tel: (0494) 448484 

MORE 
people 

are TRIO buying 

*** FOR *** 

MORE DISPLAY s 
nearly 50% more with the NEW LARGE 6 inch 
rectangular CRT with illuminated inner face 

graticule, 6KV accelerator voltage for a brighter, 
higher resolution display with 

guaranteed accuracy. 

MORE SENSITIVITY =. 

*** 

1 milli Volt per cm in the vertical axis, valuable for 
observing complex low level waveforms 

especially with 20 nano sec per cm Sweep Speed. 

*** 

MORE FACILITIES 
like push-button MODES inc. Add, Sub, Alt and 
Chop -V mode trigger SOURCE - NEW super 

video sync - Front panel control of Astig, Trace 
rotation, Scale ilium and X-Y-Chan I O/P, 

Int. Mod etc, etc. 

20 MHz 1 mV/cm 
CS 1022 Dual Trace 
CS 1020 Single Trace 

10 MHz 1mV/cm 
CS 1012 Dual Trace 
CS 1010 Single Trace 

AT REAL VALUE FOR MONEY PRICES 
*** 

Fully Guaranteed for 2 years inc. 

Free 'pick up' and 'return' 

VISA 
tOse In a hurry? Then 

ring (0799) 24922 

House of Instruments. 
Clifton Chambers. 62 High Street. 
Saffron Walden. Essex CB10 tEE 
Telephone (0799) 24922 Telex 818750 

TRIO 

Ask for FREE DATA to, 
hi! (/1111111') i l i V(' Ili! House of Instruments Ltd. 

WW - 063 FOR FURTHER DETAILS 
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01-4521500 TE( HNOMATI(; LTi) 01-450 6597 
BBC Micro Computer System 
OFFICIAL DEALER 
Please phone for availability 

BBC Model B £399 
(incl. VAT) 
Carr £8/unit 
Model A to Model B 
upgrade kit £50 
Fitting charge £15 
Individual upgrades also 
available 
TELETEXT ADAPTOR £195 
WORDWISE 8K ROM £39 
TORCH Z80 DISC PACK £780 
WORD PROCESSOR 'VIEW' 
16K ROM £52 

BUSINESS, EDUCATION AND FUN SOFTWARE IN STOCK- 

FLOPPY DISC INTERFACE 
incl. 1.2 Operating System 

£95 & £20 installation 
BBC FLOPPY DISC DRIVES 
Single Drive 51/4" 100K £230+£6 carr. 
Double Drive 51/4" 800K £699+f8 carr. 
BBC COMPATIBLE 51/4" DISC DRIVES 
These drives are supplied in BBC matching colour 
cases. 
SINGLE DRIVES: 100K £150; 200K f215 400K f265 
SINGLE DRIVES: with PSU 100K £185; 200K £260*; 400K 
£330 
DUAL DRIVES: with PSU 200K £355; 400K f475*; 800K 
£595 
*These drives are provided with a switch to change 
between 40 and 80 tracks. 
DRIVE CABLES: SINGLE f8, DUAL f12. 
DISC MANUAL & FORMATTING DISKETTE £17.50 

Phone or send for our BBC leaflet 

CASSETTE RECORDER 
SANYO Data Recorder DR101 
A superior quality data recorder with dedicated 
computer output and monitoring facility on 
both record and play 
£39.50 + £1.50 cary. 
SLIMLINE Cassette Recorder complete with 
counter and remote control 
£24.50 + £1.50 care. 
Computer Grade Cassettes 
£0.50 each. £4.50 for 10 + £1 carr 
Cassette lead £3.50. 

MONITORS 
MICROVITEC 1431 14in Colour Monitor £249+f8 carr 
MICROVITEC 2031 20in Colour Monitor £319+f8 carr 
KAGA 12in RGB Monitor £255+£8 carr 
Lead for KAGA/SANYO RGB £10 
SANYO HI RES GREEN MONITOR £99+£6 carr 
SANYO HI RES RGB MONITOR £445+£8 carr. 

BBC BOOKS (no VAT; p&p £1) 
Basic on BBC £5.95 
30 House Basic £5.95 
Programming the BBC Micro £6.50 
BBC Micro An Expert Guide £6.95 
Assy Lang Prog. for BBC £8.95 
6502 Machine Codes for Beginners £6.95 

NEC PC 8023 BE -C 
100CPS, 80 cols 
Logic Seeking, Bi- 
directional 
Forward and Reverse 
Line Feed. 
Proportional Spacing, 
Auto Underline, 
Hi -Res and Block 
Graphics, Greek Char. 
Set. 
Only f320 + £8 carr. 

PRINTERS 
SEIKOSHA GP 100A 
80 cols 30 CPS 
Full ASCII and Graphics 
10" wide paper 
Now only £175 + £6 carr. 
GP250A £235 +£8 carr. 

Parallel Printer lead for BBC/Atom to most printers £13.50 
Variety of interfaces, ribbons in stock. 
2,000 fan fold sheets 9'/2" x 11" £13.50+£3 p&p 

EPSON RX80 and FX80 
RX 80 100CPS 80 col 

Tractor Feed £290 

FX80 160CPS 80 col 
F & T Feed £389 

MX100 F/T3 £425 
(Carr./printer £8) 

Full specifi- 
cation on request 

RUGBY ATOMIC CLOCK 
This Z80 micro controlled clock/calendar receives 
coded time data from NPL Rugby. The clock never 
needs to be reset. The facilities include 8 indepen- 
dent alarms and for each alarm there is a choice of 
melody or alternatively these can be used for 
electrical switching. A separate timer allows 
recording of up to 240 lap times without interrupt- 
ing the count. Expansion facilities provided. 

See July/August '82 ETI for details. 
Built and tested £145+£2 p&p. 

I.D. CONNECTORS 
(Speedblock Type) 

No of Header Recep- Edge 
ways Plug tacle Conn. 

10 90p 86p 120p 
20 145p 125p 195p 
26 175p 150p 240p 
34 200p 180p 320p 
40 220p 190p 340p 
50 235p 200p 390p 

MICROTIMER 
6502 Based Programmable clock timer with * 224 switching times/week cycle * 24 -hour 7 -day timer * 4 independent switch outputs directly 

interfacing to thyristor/triacs * 6 digit 7 seg. display to indicate real time, 
ON/OFF and Reset times * Output to drive day of week switch and 
status LEDs. 

Full details on request. Price for kit £57 

D CONNECTORS 
No of ways 

9 15 25 37 

MALE 
Solder 80p 105p 180p 250p 
Angled 150p 210p 250p 365p 

FEMALE 
Solder 105p 160p 200p 335p 
Angled 185p 215p 290p 440p 
Hoods 90p 8p 90p 100p 
IDC 25 -way plug 385p. Socket 450p 

1 end 
2 ends 

CONNECTOR SYSTEMS 
JUMPER LEADS 
24" Ribbon Cable with Headers 

1 end 
2 ends 

14 -pin 16 -pin 24 -pin 40 -pin 
145p 165p 240p 350p 
210p 230p 345p 540p 

24" Ribbon Cable with Sockets 
20 -pin 26 -pin 34 -pin 40 -pin 
160p 200p 280p 300p 
290p 370p 480p 525p 

Ribbon Cable with D. Conn. 
25 -way Male 500p Female 550p 

TEXTOOL ZIF 
SOCKETS 24 -pin E5.75 
28 -pin E8.00 40 pin E9.75 

DIL SWITCHES 
4 -way 70p 8 -way 90p 
6 -way 85p 10 -way 140p 

DISC DRIVES FOR THE FORTH COMPUTER 
51/4" Teac FD55 Slim Line Mechanisms. 
FD55A 40 track SSDD 250kbytes unformatted 

Bare: £135; Cased: £155 
2 x FD55A 40 track SSDD 500kbytes unformatted 

Cased x psu £350 
FD55E 80 track SSDD 500kbytes unformatted 

Bare: £180; Cased: £205 
2 x FD55E 80 track SSDD 1 Mbyte unformatted 

Cased + psu £475 
51/4" Mitsubishi M4853 Slim Line mechanism 80 track 
DSDD 1 Mbyte unformatted Bare: £225; Cased: £245 
2 x M4853 2 Mbytes Cased + psu £590 
Single drive cable £8; Dual Drive cable £12 
Other parts for FORTH COMPUTER available send SAE 
for details. 

NEW COMPREHENSIVE CATALOGUE AVAILABLE 
PLEASE SEND FOR PRICE LIST 

RS 232 JUMPERS 
125 -way Dl 

24" Single end Male E5.00 
24" Single end Female E5.25 
24" Female -Female E10.00 
24" Male -Male E9.50 
24" Male -Female £9.50 

DIL HEADERS 
14pin 
16pin 
24pin 
40pin 

Solder Type IOC Type 
4050pp 

1110p 
í00p 150p 
200p 225p 

AMPHENOL 
CONNECTORS 

36 -way plug Centronics Parallel 
Solder £5.25 IDC £4.95 
36 -way socket Centronics Parallel 
Solder £5.50 IDC £5.20 
24 -way plug IEEE Solder E5 

IDC £4.75 
24 -way socket IEEE Solder £5 

RIBBON 
CABLE 
(Grey/meter) 

10 -way 40p 
16 -way a0p 
20 -way 850 
26 -way 120p 
34 -way 1000 
40 -way l000 
50 -way 2000 
64 -way 280p 

EURO 
CONNECTORS 

DIN 41617 Plug Skt. 
21 -way 160p 165p 
31 -way 170p 170p 

DIN 41612 
2x 32 -way St. Pin 220p 275p 
2x32 -way Ang Pin 275p 320p 
3x 32 -way St. Pin 280p 300p 
3x32 -way Ang. Pin 375p 350p 

TEST CLIPS 
14 -pin 275p 16 -pin E3 

40 -pin EB 

SOFTY II INTELLIGENT PROGRAMMER 
The complete microprocessor development system for Engineers and 
Hobbyists. You can develop programs, debug, verify and commit to 
EPROMS or use in host computer by using softy as a romulator. Power- 
ful editing facilities permit bytes, blocks of bytes changed, deleted or 
inserted and memory contents can be observed on ordinary TV. 
Accepts most +5v Eproms. 
Softy II complete with PSU, TV Lead and Romulator lead £169 

UV ERASERS 
UV1B up to 6 Eproms E47.50 
UV1T with Timer £60 
UV140 up to 14 Eproms 
E61.50 
UV141 with Timer E78 
(Carr £2/eraserl 
All erasers are fitted with 
mains switches and safety in- 
terlocks. 

'WIRELESS 
WORLD' 

PROJECTS 
Semiconductors inc. 
I.Cs., Transistors, 
Displays, Connectors and 
Sockets for most projects 

are stocked by us 

2x 18 -way 
2x 22 -way 
2x 23 -way 
2x 25 -way 
2x 28 -way 
lx 43 -way 
2x 43 -way 
1 x 77 -way 
5100 Conn 

EDGE 
CONNECTORS 

0.1" 0156 
140p 

190p 240p 
175p - 

225p 220p 
190p 
260p 

365p 
6009 

ú00p 

* SPECIAL OFFER 

2532 
2732 
2764-25 
27128-25 
4164-2 
6116P-15ONS 

350p 
350p 
450p 

£25 
450p 
350p 

BOOKS 
INo VAT p&p £11 

CRT Controller H/Book £8.50 
Programming the Z80 £11.50 
Z80 Microcomp Handbook £6.95 
Programming the 6502 £10.25 
6502 Assy. Lang £12.10 
6502 Applications £10.20 
6502 Software Design £9.05 
6502 Games £10.25 
Large selection of databooks, interfac- 
ing books, books on BBC, etc in stock. 
Ask for our list. ww-12 
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7400 114 
7401 lip 
7402 114 
7403 12p 
7404 12p 
7405 154 
7406 184 
7407 184 
7408 149 
7409 149 
7410 149 
7411 lap 
7412 14p 
7413 18p 
7414 189 
7416 184 
7417 144 
7420 149 
7421 189 
7422 20p 
7423 1 

7425 18844 

7426 
7427 1sp 
7428 184 
7430 1449 
7432 189 
7433 22p 
7437 22p 
7438 22p 
7439 25p 
7440 15p 
7441 55p 
7442A 30p 
7443 704 
7444 704 
7445 509 
7446A SO4 
7447A 36p 
7448 45p 
7450 15p 
7451 159 
7453 15p 
7454 159 
7460 154 
7470 30p 
7472 26p 
7473 254 
7474 189 
7475 24 
7476 25p 
7480 484 
7481 1209 
7482 Np 
7483A 3$p 
7484A 604 
7485 609 
7486 189 
7489 1709 
7490A 20p 
7491 35 
7492A 269 7A 244 

7495A 35p 
7496 á5p 
7497 909 
74100 80p 
74104 50p 
74105 554 
74107 22p 
74109 259 
74110 309 
74111 55p 
74112 170p 
74116 504 
74118 55p 
74119 609 
74120 60p 
74121 25p 
74122 309 
74123 34 
74125 30p 
74126 30p 
74128 369 
74132 309 
74136 28p 
74141 554 
74142 1769 
74143 200p 
74144 200p 
74145 40p 
74147 759 
74148 80p 
74150 509 
74151A 36p 
74153 344 
74154 509 
74155 3114 
74156 40p 
74157 30p 
74159 75p 
74160 409 
74161 409 
74162 404 
74163 40p 
74164 459 
74165 45p 
74166 44 
74167 1509 
74170 120p 
74172 250p 
74173 509 
74174 564 
74175 509 
74176 Op 
74177 464 
74178 70p 
74179 709 
74180 40p 
74181 1159 
74182 409 
74184 909 
74185A 904 
74186 470p 
74188 2509 
74190 45p 
74191 454 
74192 454 
74193 454 
74194 404 
74195 404 
74196 409 
74197 404 
74198 8 

74199 
74221 
74251 
74259 
74265 
74273 
74276 
74278 
74279 
74283 
74284 
74285 
74290 
74293 
74298 
74351 
74365A 
74366A 
74367A 
74368A 
74376 
74390 
74393 
74490 

804 
554 
489 1 

1209 
904 

1009 
404 
504 

180p 
160p 

759 
80p 1 

10Op 

90p 
95p 

MOM 
741500 
741501 
741502 
741.503 
741.504 
741505 
741508 
741-509 
741510 
741511 
741.512 
741513 
741514 
741515 
741520 
741521 
741522 
741526 
74LS27 
741528 
741.530 
741.532 
741533 
741537 
741$38 
741-540 
741542 
74/547 
741.548 
74/551 
741554 
74/355 
741583 
74LS73 
74LS74 
741575 
741576 
741583 
741.885 
741$86 
741590 
741591 
741592 
741.893 
741395 
741596 
741$107 
7413109 
7415112 
7415113 
7415114 
7415122 
7415123 
7413124 
7415125 
7415126 
7415132 
7415133 
7415136 
7415138 
7415139 
7415145 
7413148 
7415151 
7415153 
7415154 
7415155 
7415156 
7415157 
741-S158 
741$160 
7415161 
7413162 
7415163 
74LS1M 
7413165 
7415166 
74/S158 
74/S159 
7415170 
7415173 
7415174 
7415175 
7415181 
7415183 
7415190 
7413191 
7413192 
7415183 
741-5194 
7415195 
7413198 
7413197 
7415221 
7415240 
7413241 
7415242 
7415243 
74LS244 
74LS245 
74LS247 
7415248 
74/S249 
7413251 
741S253 
7413256 
7413257 
7415258 
7415259 
7415261 
7415260 

11p 
11p 

12p i 
1 i 
18p 

12P 

12p 

im 

1 
149 

15p 

46p 

14p 

12Óp 

18p 
lap 
17p 
36p 
404 
164 

664 

22p 
404 
504 

ñ p 

22p 
284 
34p 

249 
254 
349 
25p 

27p 

704 
754 
404 
40p 
804 
304 
3119 
25p 

38p 

31p 

40p 

00p 
86p 

704 
55p 
404 
404 

12Op 

384 
304 
389 

359 
489 
459 

6p 
5564 
Np 
504 
704 
504 
564 

304 

15Op 
304 
35p 
554 

138p 
20p 

7415266 204 4029 
7415273 1104 4030 
7413275 2254 4031 
74/5279 304 4032 
7415280 100p 4033 
7418283 404 4034 
7415290 464 4035 
7415293 40p 4036 
74LS295 1304 4037 
7415297 9004 4038 
74LS298 904 4039 
7415299 1804 4040 
7415321 1504 4041 
7415323 1804 4042 
74LS324 160p 4043 
7413348 904 4044 
7415352 804 4045 
74LS353 804 4046 
741.5356 2504 4047 
741S383 140p 4048 
7415364 140p 4049 
7415365 Z7p 4050 
7415366 27p 4051 
7415387 274 4052 
7415368 Z7p 4053 
74LS373 86p 4054 
7415374 554 4055 
7415375 44 4046 
74LS377 604 4059 
7415378 604 4060 
7415379 954 4063 
7415390 44 4066 
7415393 464 4067 
7415395 904 4068 
74LS399 1804 4069 
741S540 909 4070 
7415541 804 4071 
7415608 700p 4072 
7416810 519 4073 
741S612 519 4075 
74LS624 904 4076 
7415626 150p 4077 
7415628 1504 4078 
7415629 904 4081 
741S640 104 4082 
7413641 1004 4086 
7415643 1004 4089 
74LS644 100p 4093 
7416645 1004 4094 
7415670 1404 4095 
7415682 4004 4096 
7415684 4004 4097 
7415687 4004 4098 

4099 
4500 
4502 
4503 
4504 
4505 
4506 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4522 
4526 
4527 
4528 
4532 
4534 
4536 
4538 
4539 
4543 
4553 
4555 
4556 
4557 
4560 
4566 
4568 
4569 
4572 
4583 
4584 
4585 
40014 
40085 
43097 
40102 
40103 
47105 
40106 
40109 
40110 
40163 
40174 
40175 
40193 
40244 
40245 
40257 
40373 
40374 
14411 
14412 
14416 
14419 
14490 
14495 
14500 
14599 

74S00 249 
74502 24p 
74504 304 
74505 804 
7745013 604 

1Ó 40p 
74511 504 
74520 404 
74522 504 
74530 404 
74532 704 
74537 804 
74551 759 
74574 754 
74585 3004 7804 
745N112 90p 
745113 904 
745114 90p 
745124 300p 
745132 110p 
745133 60p 
745138 110p 
745139 120p 
74S151 1804 
745153 1804 
745157 2504 
745158 1954 
745163 3004 
745174 2504 
745175 3204 
745194 320p 
745195 300p 
74S196 3004 
745197 3004 
745225 5109 
745240 2504 
745241 300p 
745244 3004 
745251 2504 
745257 250p 
745258 2504 
745260 709 
745261 300p 
745262 8504 
745373 400p 
74S374 400p 

74C SERIES 

74C244 1809 
74C245 1809 
74C373 1609 
74C374 1609 

MIMES. 
4000 104 

4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 

12p 
1504 
14p 
384 
249 
249 
11p 
169 

484 
40p 

3p 
454 
254 
484 
404 
45p 
13p 
32pp 

Np 
20p 
409 

454 
15p 

1254 
1104 

1Óp 

2769 
110p 
1 

404 
404 
404 

146p 
50p 

130p 

24p 

60p 

90p 

90p 

66p 

297p p 

le 
144 

14p 

14p 
149 
459 

116pp 

14p 
154 
554 

1254 

904 

704 
2904 

904 

576p 

4664 
754 

I lie 
40p 
509 1 
50p 

400p 2 
7 
75p 2 

300p 

1Óp 

>74p 

90p 

7464 

90p 

14Óp 
1 

110p 

100p 

80p 

76p 
75p 

1 1 
700p 
800p 

2509 

300p 
700p 
290p 

74192® 
74C926 E5 
74C928 E8 
72168 E22 
ZN1040 870p 

OIL 
SWITCHES 

4 -way 909 
8 -way 1209 
6 -way 106p 
10 -way 1509 

LINEAR ICs 

AD7581 E14 
ÁÑ0808 990p 0200p 

AY1-5050 994 
AY3-1270 7504 
AV3-1350 350p 
AY3-8910 3609 
AY3-8912 500p 
A95-3600 800p 
AY5-4007D 

520p 
CA3028A 120p 
CA3019 BOp 
CA3046 70p 
CA3048 220p 
CA3059 2854 
CA3060 3504 
CA3080E 704 
CA3086 
CA3089E 20Op 
CA3090A 

376p 
CA3130E 904 
CA3130T 1/0p 
CA3140E 40p 
CA3140T 904 
CA3160E 1009 
CA3161E 1504 
CA3162E 460p 
CA3189E 3009 
CA3240E 110p 
CA3280G 200p 
D7002 390p 
DACO800 E2 
DAC0808 E2 
DG308 300p 
HA1366 190p 
HA1388 2504 
IC17106 7004 
IC17650 400p 
ICL7880 200p 
IC17611 954 
IC18038 3004 
ICM7217 750p 
1CM7555 80p 
ICM7556 1404 
LC7120 300p 
LC7130 325p 
LC7137 270p 
1E347 1504 
1E351 41p 
1E353 96p 
LF356P 96p 
LF357 1109 
1F13331 3504 
LM10C 325p 
LM301A 25p 
LM307 50p 
1M308N 75p 
1M310 1209 
15.1311 70p 
LM318 1509 
LM319 2164 
1.51324 30p 
LM334Z 904 
LM335Z 140p 
1M339 404 
LM348 Np 
LM358P Np 
LM377 1714 
LM380 75p 
LM381AN 1804 

LM382 120p 
LM386 90p 
1M387 1204 
LM389 95p 
LM391 150p 
LM392N 6134 
1M393 1004 
1M394CH 300p 
LM709 34 
1M710 SOy 
LM711 704 
LM725 300p 
LM733 609 
LM741 18p 
LM747 70p 
LM748 359 
LM1011 480p 
LM1014 150p 
LM1801 300p 
LM1830 250p 
LM1871 300p 
1M1872 3009 
LM1886 E5 
LM1889 360p 
1M2917 200p 
LM3302 759 
LM3900 SO4 
LM3909 Np 
LM3911 125p 
LM3914 2004 
LM3915 200p 
LM3916 2269 
15413600 1109 
M51513L 230p' 
M51518/ 6009 
MB3712 2009 
M63730 4004 
MC1310P 1504 
MC1413 754 
MC1458 34p 
MC1493 1004 
MC14951_ 3504 
MC1496 709 
MC3340P 120p 
MC3401 509 
MC3403 65p 
MF1OCN 320p 
MK50240 900p 
MK50398 700p 
ML920 800p 
MM57160 8204 
MN8221 A 6004 
NE531 1404 
NE544 1509 
NE555 164 
NE556 45p 
NE564 4209 
NE565 120p 
NE566 155p 
NE567 140p 
NE570 410p 
NE571 4009 
NE592 609 
NE5532 130p 
NE5533 1404 
NE5534P 1109 
NE5534AP 1254 
PLLO2A 5009 
RC4136 604 
S566B 2254 
SAA1900 516 

VOLTAGE REGULATORS 

V 5V 7805 404 7905 464 
8V 7806 40p 7906 45p 
SV 7808 404 7908 45p 

12V 7812 404 7912 469 AD161/2 
15V 7815 404 7915 45p 8C107/8 
18V 7818 404 7918 464 BC1" 
24V 7824 404 7924 46p 
5V 100mA 78105 30p 79105 45p 
6V 100mA 781013 304 
8V 100mA 781_08 30p 

12V 100mA 78112 30p 79L12 50p 
15V 100mA 78115 304 79L15 549 

SAD1024A 
850p 

SFF96364 8004 
SN78488 4509 
SN76489 480p 
SN76495 4004 
SP0256AL 510 
TA7120 150p 
TA7130 1604 
TA7204 1504 
TA7205 90p 
TA7222 1504 
TA7310 150p 
T8A231 120p 
TBA800 80p 
T8A810 1004 
T8A820 80p 
TBA950 225p 
TC9109 750p 
TCA210 250p 
TCA220 350p 
TCA270 3509 
TCA940 175p 
TCA965 120p 
TDA1004A E3 
TDA1008 320p 
TDA1010 200p 
TDA1022 500p 
TDA1024 1204 
TDA1170 300p 
TDA2002 325p 
TDA2003 325p 
TDA2006 350p 
TDA2020 320p 
TDA7000 3504 
71.064 95p 
71071/81 254 
71072/82 464 
71074 1004 
71083 75p 
71084 904 
71094 200p 
71170 se 
TL430C 70p 
UA1003-3 935p 
UA2240 1204 
UAA170 1704 
ULN2003A 754 
ULN2004 75p 
ULN2068 290p 
ULN2802 200p 
ULN2803 150p 
ULN2804 150p 
UPC575 275p 
UPC592H 2O0p 
UPC1156H 

UPC1185H2759 E5 

XR2206 
XR2211 
XR2240 
ZN414 
ZN419C 
ZN423E 
ZN424E 
ZN425E 
ZN426E 
ZN427E 
ZN428E 
ZN429E 
ZN450E 
ZN459 
ZN1034E 
ZN1040E 
ZNA134 
ZNA234 

300p 

120p 
Bop 

1 

130p 
130p 
340p 
300p 
690p 
450p 
210p 
710p 

200p 
670p 

E23 
850p 

TRANSISTORS 

N4 

11/1309K lA 5V 1404 78905 900p 
LM317K 703 25119 78H12 8504 
1M3177 1011978HGKC 6004 
1M3377 2259 78H05KC 550p 
LM323K 3A 5V 460p 78GUIC 200p 
19.4350T 368p79GUIC 2254 
LM723N 31479HGKC 700p 
71494 304ICL7660 250p 
71497 E3 LM305AH 250p 
78840 2259 S03524 300p 

'Tt1 ELECTRONICS 

2N5777 404 
OCP71 180p 
ORP12 1209 
011960 1204 
ORP61 1209 

TIL32 55p 
TIL78 554 
TIL31A 120p 
TIL81 909 
TIL100 rap 

IMZEIRMELIKEI 
ILD74 1309 711111 70p 
MCT26 1004 111112 7e 
MCS2400 1909 111113 704 
MOC3020 150p 111116 704 
11074 1904 

0.12® 
111209 Rad 1op 
TIL211 Gr 12p 
711212 Vii 154 

111220 Red 109 
114.222 Gr 129 
111_228 Val 154 
Rectangular 
LEDsIR,G,V/309 

DM 
DL707 Red 1409 

FND357 1204 
FND500 140p 
FND507 140p 
MAN4640 200p 
MAN8910 2500 

NSB5881 570p 
T1L311 6009 
111312/3 110p 
111321/3 130p 
111330 1404 
7750/60 2004 
Bargraph 2254 

ILEUM 
9368 2504 
9370 3000 

BC169C 
BC172 
BC177/8 
BC179 
BC182/3 
BC184 
BC187 
BC212/3 
BC214 
8C237 
BC327 
BC337 
OC338 
BC461 
BC477/8 
BC516/7 
BC547B 
BC548C 
BC549C 
BC5578 
BC559C 
BCY70 
BCV71 
BD131 
BD132 
BD135/6 
60139 
BD140 
BD189 
80232 
BD233 
BD235 
130241 
130242 
BD379 
BD380 
80677 
BF2448 
BF256B 
8F257/8 
89337 
BFR39 
BFR40/1 
8FR79 
BFR80/1 
BFR96 
BFX29 
BFX30 
BFX84/5 
BFXN/7 
BFX88 

TEcH\ONIATIc LTD 
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) 

305 EDGWARE ROAD, LONDON W2 

143p p 
14p 

1 1 
10p 
114 

14 
159 

lip 
164 
25p 
304 

14P 
12p le 
16p 
184 
22p 

80p 

40p 

640Op 

80p 
76p 
Np 

OOp 
60p 

40p 
36p 

32p 

25p 

25p 
25p 

1 

40p 
Z7p 

270 
279 

COMPUTER COMPONENTS MODULATORS 

CPUs 
1802CE 
2650A 
6502 
65024 
6800 
6802 
6809 
68809 
6809E 
8035 
8039 
8080A 
8085A 
8086 

6 
50Op 
2254 
2504 
6504 

E12 
E12 

360p 

25Op 
3509 

E22 

8748 E18 
IN58060 E11 
TMS1601 E12 
TMS9980 E20 
TMS9995 E12 
28 £24 
Z80A 300p 
Z80AS10/0/1 

M. 
Z80AS10/2/9 

E9 
Z80B E8 

SUPPORT 

DEVICES 
2851 512 
3242 
3245 

8004 

6520 
6522 310p 
6522A 550p 
6532 5509 
6551 NOp 
6821 1004 
68821 220p 
6829 E12.50 
6840 3754 
68840 600p 
6850 110p 
68B50 2204 
6852 
6854 7004 
681354 8004 
6875 5704 
8154 9604 
8155 330p 
8156 350p 
8205 226p 
8212 1109 
8216 1004 
8224 1104 
8226 250p 
8228 
8243 2704 2009 
8250 850p 
8251 250p 

8255 
8256 238 
8257 400p 

8271 á 

8279 
8284 350p 
8288 E11 
8755 5111 
9901 E10 
9902 t3 
11.404500 514 
TMS5220 512 
TMS9909 E8 
TMS9911 £11 
280910 2509 
Z80AP10 200p 
Z8OCTC 250p 
Z80ACTC 2009 
Z8OADART 

Z80ADMA Ó 
Z80S10/1/2 51 

MEMORIES 

2102-3L 
2111A 
2112-A 
2114-21 
2147 
4027-3 
4116-15 
4116-20 
4118-3 
4164-2 
4184-15 
4416-15 
4532-20 
4816AP-3 2704 
5101 3004 
5516 7504 
6116-3 4209 
6116LP-3 5504 
6514-45 200p 
6810 120p 
745189 1504. 
745201 350p 
745289 1509 
93415 »Op 
93425 8009 
931422 960p 

120p 
app 
10Op 

300p 
120p 

450p 
4o5p 
4509 

6Óp 

ROMs 

PROMS 

745188 1409 
745287 200p 
745288 1409 
745387 226p 
74S473 960p 
745474 6609 

EPROMs 

2532 3509 
2532-30 7009 
2564 
2708 300p 
2716 2609 
2732 3609 
2732A-35 4609 
2764-25 54.50 
27128-25 622 

CRT6545 »Op 
CRT5027 518 
CRT8037 E18 
5E9365 534 
5E9366 E31 
MC6845 
MC68455P L1 
MC6847 
SFF96364 Ell 
TMS1S10 d0 
TMS1927 514 
TMS9928 E20 
TMS9929 E15 

IN11EHCACE 

IC 

AD558CJ 776p 
AD561J 520 
AM25510 366p 
AM25LS2521 

52 
AM26LS31 

1259 
AM281S321259 

[2C 
275p 
2504 
>pP 
1 

140p 
250p 
225p 
150p 
2625p5p9 

4S6p 

D7002 
DAC80 
DM8131 
098304 
OS3691 
DS8830 
058831 
DS8832 
008633 
DS8636 
D58838 
LF13.z01 
MC1488 
MC1489 56p 
MC3418 950p 
MC3446 2504 
MC3459 4504 
MC3470 650p 
MC3180 8504 
MC3486 5004 
MC3487 300p 
MC4024 u6p 
MC404.4 326p 
MC14411 878p 
MC14412 7509 
75107 904 
75110/12 1404 
75114/15 1804 
75121/22 1404 
75150P 120p 
75154 1409 
76159 2209 
75385 1504 
76461/2 724 
75453/4 72p 
75491/2 80p 
8726 1204 
8728 1204 
8795.'96 1104 
8797'98 904 

LOW PROFILE SOCKETS 8Y Ti 

8 pin 9p 18 pin 18p 24 pin 24p 
14 pin 10p 20 pin lip 28 pin 20p 
16 pin 119 22 pin 22p 40 pm 30p 

BFX89 180p 
8E750 24F 
8FY51/2 Z4p 
BFV56 33p 
BFV90 80p 
BRV39 45p 
BSX19/20 24p 
BU104 2269 
BU105 1904 
BU108 2509 
BU109 2254 
BU126 1504 
BU180A 1204 
BU205 200p 
BU206 200p 
BU406 1459 
BUX80 8004 
BUV69C 3504 
5310 60p 
MJ802 4009 
MJ2501 224 
MJ2955 904 
MJ3001 2264 
MJ4502 4004 
MJE340 SOp 
51JE2955 1004 
MJE3055 704 
MPF102 40p 
MPF103/4 304 
MPF105 304 
MPSA06 304 
MPSA12 504 
MPSA13 504 
MPSA20 509 
MPSA42 SO4 
MPSA43 504 
MPSA56 324 
MPSA70 504 
MPSA93 44 
MPSUO6 634 
MPSUO7 804 
MPSU45 904 
MPSU65 784 

71P29A 
359 

P29C 404 
TIP30A 354 
TIP30C 404 
TIP31A 404 
TIP31C 469 
TIP32A 464 
TIP32C 404 
TIP33A 709 

7134CA 9o4 
TIP34C 120p 
T1P35A 1204 
71P35C 140p 

11P36A 140p 
71P38C 1504 
TIP41A 504 
71P41C 56p 
71P42A 11104 

71P42C 664 
01954 1804 
119120 75p 
119121 74 
TIP122 80p 
719142 1204 
TIP147 1209 
7192955 74 
7194055 704 
TIS93 309 
VN10KM 609 
VN66AF 90p 
VNSBAF E1 
ZTX108 12p 
ZTX300 134 
ZTX452 444 
ZTX500 159 
ZTX502 10p 
2TX504 1114 
ZTX552 Np 
ZTX652 804 
ZTX752 704 
2N897 254 
2N698 45p 
2N706A 304 
2N708 304 
2N918 4129 
2N930 14 
2N1131/2 38p 
2N1813 25p 
2N1711 29p 
2N2102 70p 
2N2180 360p 
2N2219A Zip 
2N2222A 26p 
2N2369A 17p 
2N2454 25p 
2212648 40p 
2N2904/5 29p 
2N2908A 26p 
2N2907A 26p 
2N2926 9p 
2N3053 269 
2N3054 66p 
2N3055 364 
2N3442 140p 
2N3553 
2N3584 260p 
2N3643/4 48p 
2N3702/3 104 
2N3704/5 104 
2N3706/7 10p 

811 
81LS97/98 80p 
88LS120 360p 
9602 220p 
9637AP 1804 
ZN425E-8 360p 
2N426E-8 3504 
2N427E E6 
ZN428E-8 4609 

DISC 

-uNTHOL 
IC 

8271 
8272 
F01771 
FD1791 
F01793 
FD1795 
FD1797 
F02793 
FD2797 
WD1691 
WD2143 

536 
QO 
120 
522 
E23 
E25 
121 
542 
E42 
E15 

5504 

CHARACTER 

GENERATORS 

603-2513 
U.C. »Op 
LC. 700p 
DM88564 E12 
MC66760 7509 
SN74S262AN 

E10 

KEYBOARD 

ENCODER 

AV5-2376 9504 
74C922 500p 
74C923N 500p 

BAJO RAFE 

GENERATORS 

MC14411 700p 
C0M8116 800p 
47028 7509 

UARTs 

AV -3-1015P 

AV-5-10139 
»Op 

COM8017 
IM6402 »Op 
TR1602 3004 

ZIF SKIS 
(TEX TOOL/ 
24 pin 6759 
28 pin 8004 
40 pin 975p 

6MHz UHF 
3759 

BMHz UHF 
4404 

CRYSTALS 

32.768KHz 

100KHz 
200KHz Z009 
Hp in MHz 
1.0 
1.008 275p 
1.8432 2109 
2.00 2254 
2.45760 210p 
2.5 2504 
2.662 2504 
3.276 150p 
3.5795 1004 
3.686 300p 
4.00 

4 
15 

2000p9 4.19 
443 110p 
4608 250p 
4.9 0p15 25 
5.0 1754 
5.068 E2 
8.0 1504 
8.144 1504 
7: 

540188 17Np 
8.00 1754 
8.88 1754 
10.00 1754 
10.5 250p 
10.7 1509 
12.00 1504 
14.318 1754 
14.756 250p 
15.00 200p 
16.00 200p 
17.7 2009 
18.00 2004 
18.432 1504 
19.968 150p 
20.00 200p 
24.00 E2 
26.690 150p 
38.6667 175p 
48.0 175p 

z116 300p 
145.80 2504 

REAL TIME 
CLOCK 

MK3805 »BA 
MM58174 7000 
MSM58323604 

CFI FTE%T 

DECODER 

SAA5020 6004 
SAA5030 700p 
SAA5041 516 
SAA5050 900 

WIRE WRAP SOCKETS BY TI 

pin 259 18 pin 509 24 pin 70p 
14 pin 359 20 pin 609 28 pin 80p 
16 pin 404 22 pin 869 40 pin 100p 

2N3798 104 
2N3773 2004 
2N3819 204 
2N3823 304 
2N3886 104 
2N3902 7009 
2N3904 14 
2N3906 lip 
2N4037 86p 
2N4058 Np 
2N4123/4 Z7p 
2N4125/6 27p 
2N4401/3 
2N44.27 90p 
2N4871 60p 
2N5007 27p 
2N5019 27p 
2N5172 27p 
2N5191 96p 
2N5246 40p 
2N5401 90p 
2N5459 >p 
2N5440 Np 
2N54H5 38p 
2N5875 260p 
2N6027 31p 
2N6052 380p 
2N6059 3259 
2N6107 854 
2N6247 1904 
2N6254 1304 
2N6210 Np 
2SC1306 1004 
2SC1307 150p 
2SC1157 90p 
2SC1969 lSOp 
2SC2028 80p 
2SC2029 200p 
2SC2071 110p 
2SC2335 200p 
2SC2112 200p 
3N121 1204 
3N145 1204 
3N14' 1104 
3N20 1109 
311204 200p 
40290 2504 
40361/2 754 
40405 90p 
40409 1004 
40410 1004 
40591. 1204 
40595 1204 
4067:: 75p 
4087r/2 1004 

DIODES 

BV127 
8Y%36300 
0A47 
0A90/91 
OA95 
0A200 
0A202 
1N914 
1N916 
1N4148 
1N4001/2 
1N4003/4 
1N4005 
1N4006/7 
1N5401/2 
1N5403/4 
1N5404/5 
1N5404/7 
10920 

12p 
20p 
Ó 
9p 
9p 

tOp 

7P 
44 
59 

Op 

12p 

w 
194 
9p 

BRIDGE 
HU. TIFIFRS 

lA 50V 194 
lA 100V 209 
14 400V 254 
1A 600V 30p 
2A 50V 304 
2A 100V 354 
2A 400V 454 
3A 200V 604 
3A 600V 72p 
4A 100V 954 
4A 400V 100p 
6A 50V 80p 
6A 100V 100p 
6A 400V 1204 
10A 400V200p 
25A 400V 400p 

TRIA CS 

PLASTIC 

3A 400V 
6A 400V 
6A 500V 
85400V 
8A 500V 
12A 400V 
12A 500V 
16A 400V 
16A 500V 
728000 
TIC 2060 
TIC 2260 
TIC 2460 

80p 
70p 
88p 
75p 
95p 
85pp 

1109 
1309 
1309 

609 
75p 

110p 

HYRISTORS 

3A 400V 45p 
8A 600V 1809 
12A 400V 180p 
16A 100V 180p 
16A 400V 1804 
C106D 45p 
MCR101 36p 
2N3525 130p 
2N4444 180p 
2N5060 30p 
2N5061 32p 
2N5064 35p 

PCB 

MOUNTING 
RELAYS 

6 or 12V DC 
Coil SPDT 2A 
24V DC 1009 
8 or 12V DC 
Coil DPOT 5A 
24V DC 
240V AC 200p 
6 or 129 DC 
Coil SPOT 10A 
24V DC 
2409 AC 225p 

ZENERS 

2 7V -33V 
400mal 9p 
1W 15p 

PLEASE ADD 40p p&p & 15% VAT 
(E sport no 4 f p&p at ( osi) 

Orders from Government llepis. & Colleges etc. welcome. 

Detailed Price Lin on request. 
Stock items are normally by return of post. 
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RflD1O fiND 
TE1.EV1S1ON 
SERViCiNG 
1982-83 MOD1.S 
Editor: R. N. Wainwright, T. Eng 
(CEI), F.S.E.R.T. 

This volume, like its predecessors, continues to provide 
the only comprehensive reference source for a large 
range of domestic entertainment products currently 
available from retail outlets. 

The first part of this volume contains manufacturers' 
circuits and service information for the main classes in a 
wide selection of colour and monochrome receivers. The 
second section presents a selection from the numerous 
available types of audio equipment, including portable 
and clock radios, in -car units, cassette recorders, 
combinations and unit audio systems. The usual 
addendum gives cross-references to relevant information 
detailed in earlier volumes, together with supplementary 
servicing information abstracted from the technical 
bulletins issued by the manufacturers during the year. 

Price: £22.50 
On sale now 

Previous volumes are still available. 
Enquiries to the Sales Department, 
Macdonald & Co. 

From booksellers, or in case of difficulty, 
please use the coupon below: - 

To: Cash Sales Dept. Macdonald & Co., 
Maxwell House, Worship Street, London 
EC2A 2EN. 

Please send me copy(ies) of RADIO AND 
TELEVISION SERVICING 1982-83 MODELS. 

I enclose a cheque/PO made out to 
Macdonald & Co (Publishers) Ltd for 
Please allow 28 days for delivery. 

Name 

Address 

WW 

Mocdovialu= 
a BPCC plc company 

WW - 065 FOR FURTHER DETAILS 

(pantechnic) THE POWERFET 
SPECIALISTS 

POWERFET AMPLIFIER MODULES 
MODEL POWER RANGE 

(Continuous RMS) 
TYPICAL LOADS PRICES lone off) 

PFA 100 50W -150W 412, 811 £20.65 
PFA 200 100W -300W 412, 812 f27.35 
PFA 500 250W -600W 212, 412, 812 f42.00 
PEA HV 200W -300W 411, 812, 1612 £36.04 

Key features: 
RELIABLE 

LINEAR 

- Powerfet freedom from thermal runaway and 
secondary breakdown 

- TID zero, IM/THO < 0.01% full power (mid -band THD 
down to 0.0015%) 

FAST - Slew rate >30V/µS (45V/µS typical) 
QUIET - Signal to noise ratio 120dB 
BRIDGEABLE - Without extra circuitry 
STABLE - Unconditionally 
LOW COST - 10 watts to 20 watts per f, depending on model and 

quantity 

As they stand these modules suit most P.A. and industrial applications and satisfy 
all foreseeable audiophile requirements. (The HV is aimed at digital audio.) 
Where aspects of performance fail to meet specific requirements (e.g. in speed 
or power) low-cost customising is often a possibility. Alternatively entirely new 
boards can be produced. 

ALSO- 
PAN 20-Ultra-low-noise/distortion, mono preamp board, £7.61 

PAX 2/24 -2 -way active crossover board (24dB/octave) plus regulators, £9.70 

THE HEAT EXCHANGER-New, super -efficient heatsink; handles 300W or 1.2kW 
when blown; lin. x 4in. x 2'/4in., 0.50 

This is just a fraction of the now products available from Pantechnic 
-check us out! 

Prices exclude V.A.T. Carriage 75p 

Price and Delivery 
PANTECHNIC (Dept. WW9) 

17A WOOLTON STREET 
LIVERPOOL L25 5NH 

Tel: 051-428 8485 

Technical Enquiries 
contact 

Phil Rimmer 
on 

01-800 6667 

WW - 064 FOR FURTHER DETAILS 

FILTERS 
Custom-built to YOUR requirements 

Solent Electronic Services Ltd. specialize in the custom design and 
manufacture of L/C and crystal filters in the O-40 MHz range (0-1000 
MHz under development) 

Filters are designed, built and tested to meet the highest specifica- 
tions. including those for telecommunications and defence. 

Production is specifically geared to small quantities - from single 
units to small batches - at relatively low cost. 

Phone or write for further information: 

ASolent Electronic Services Ltd. 
15 Abshot Close Tdchheld Common 
Fareham Hants P014 4LZ 

Tel. 04895-82094 

WW - 068 FOR FURTHER DETAILS 

Give as they Gave 
RA91 WINGS APPEAL 

DURING SEPTEMBER ,., 

l 
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Professionals who know the difference 
prefer Leader peak performance 
oscilloscopes. Versatile, reliable 
and compact instruments. 
The LBO range of dual trace scopes 
includes a battery portable with 
20MHz bandwidth, two low cost 15MHz 
and 20MHz models and 35MHz, 50MHz 
and 100MHz laboratory performance 
models with or without delayed sweep. 

LBO -514A is a dual trace 50MHz 
bandwidth, 1 My sensitivity, low cost 
general purpose oscilloscope. 

LBO -522 is a dual trace 20MHz 
bandwidth 500µv sensitivity 
oscilloscope featuring X -Y, hold off 
variable plus full N triggering. 

aritAd lifts in 

uiäz!Iiiì tie a. 

R 

LBO -523 is a 35MHz dual trace offer- 
ing similar features to the LBO -522 
plus internal graticule dome -mesh 
tube with 7Kv accelerations (pda). 

LBO -524 is a 35MHz dual trace scope 
offering similar features to the 
LBO -523 plus the added facility of 
delayed sweep timebase. 
LBO -517 is a 50MHz quad trace scope 
offering comprehensive triggering 
and timebase options. 
LBO -518 is a 100MHz quad trace 
version of the LBO -517 including 
similar facilities. 
LBO -308s is a small compact 20MHz 
dual trace battery or mains portable 
scope offering full triggering and 
timebase facilities. 

^vom thardar Thandar Electronics Ltd., 
London Road, St. Ives, 
Huntingdon, Cambs. PE174HJ, England. 

ELECTRONICS LIMITED Tel: (0480)64646, Telex: 32250 Test. 

PUTTING THE BEST WITHIN YOUR GRASP THO 

WW - 029 FOR FURTHER DETAILS 
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LINSLEY-HOOD 100 WATT POWER SLEY-HOOD 
AMPLIFIER 111300 

SERIES AMPLIFIERS 

30 Watt Complete Kit EFI5 

35 Watt Complete Kit. MosFet 0/P £79.110 

45 Watt Complete Kit. MosFet 0/P £83.50 
Reprints of 30 Watt Article from 'Hi-Fi News' 50p 
Reprints of MosFet Postscript to above 38p 

'P.W. WINTON' TUNER AND AMPLIFIER 

AT. Complete KR. 
sr.Complete Kit 

ENO 

Amplifier Reprint £125 

SOLENOID CONTROLLED HI FI/DIGITAL 
CASSETTE MECHANISM 

Front loading deck with full solenoid control of all function. 
including optional read in fast wind modes. 12 volt operatior. 
Fitted 3 -digit memory counter and Hall IC Motion Sensor. Star - 
dard erase and stereo R/P Heads. Cheapest price ever for a I 

these features. Or ly E38.90 plus VAT. Full technical specificatio T 

Included. 

Please Note: New Phone Number: (0691) 652894 

Our complete kit for this brilliant new design is the same size as 
our Linsley -Hood Cassette Recorder 2. Kit includes all parts for 
two wer amplifiers with large heatsink area, huge power 
supply and speaker protection circuit. Total cost of all parts is 
E114.48 but our special introductory price for all parts bought 
together is only Et05.50. 

THIS MONTH'S SPECIAL OFFERS 

DOLBY'S' NOISE REDUCTION IC LM1011 
Marvellous opportunity for home experimenters, build your 
own noise reduction system. Supplied complete with circuit 
showing typical application. Absolute knockout prim only 
E3.50 for two Inc. VAT and post. 

COMPLETE STEREO CASSETTE DECK 
Brand new high quality top -loading Cassette Deck complete 
with Record/Play electronics. Supplied with connection data 
and circuit diagram. Automatic chrome/ferric switching. Only 
needs 9v DC supply. Total price only E18.34 Inc. VAT and 
post 

COMPLETE STEREO TUNER MODULE 

Three band LW/MW/FM Stereo Tuner fully assembled on PCB 
165 x 85mm. Supplied with Ferrite rod aerial and band switch 
fully wired. Facility provided to drive tuning meter and stereo 
LED. Only needs 12v DC supply. FM sensitivity. 2.5uV. Prim 
only £7.99 inc. VAT and post 

SUPER SLIM FLOPPY DRIVE 

Very latest low consumption 51/4in Disk Drives. Fit two in the 
space previously taken by one) Compatible with major stan- 
dards. Connects directly to BBC and other microcomputers 
fitted with disk interface. The 80 track drive can be made 
switchable to read 40 or 83 track disks, very useful when upgrad- 
ing to higher density storage. 

40 Track Drive E154. 80 Track Drina E214 

Personal callers are always very welcome but please 
note that we are closed all day Saturday 

HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 

! 
Do your tapes lack treble? A worn heed could be the problem. 
Fitting one of our replacement heads could restore performance 
to better than newt Standard mountings make fitting easy and 
our TC1 Test Cassette helps you set the azimuth spot-on. We are 
the actual importers which means you get the benefit of lower 
prices for prime parts. Compare us with other suppliers and see) 
The following is a list of our most popular heads, all are suitable 
for use on Dolby machines and are ex -stock. 
HC20 Parmaloy Steno Head. This is the standard head fitted as 
original equipment on most decks £425 
HM90 High Seta Pannalloy Head. A hard-wearing, higher per- 
formance head with metal capability £620 
HS18 Sendust Alloy Super Heed. The beat head we can find. 
Longer life than Permalloy. higher output than Ferrite, fantastic 
frequency response £820 
110561 4 -Track Heed for auto -reverse or quadrophonic use. Full 
specification record and playback head £1.40 
Please consult our list for technical data on these and other 
Special Purpose Heads. 

HART TRIPLE -PURPOSE TEST 
CASSETTE TC1 

One inexpensive test cassage enables you to set up VU level, 
head azimuth and tape speed. Invaluable when fitting new 
heads. Only E3.90 plus VAT and 50p postage. 

Tape Head Demagnetiser. Handy size mains operated unit 
prevents build up of residual head magnetisation causing noise 
on playback £3.08 

Full details of the entire range of HART products is contained in 
our illustrated lists. 
Ask for your FREE copy NOW. 
Enquiries for lists are also welcome from overseas but please let 
us have three IRCs to cover the cost of surface post or 5 IRCs for 
airmail. 
In a hurry? A telephone order with credit card number placed 
before 3 p.m. will be despatched THAT DAY! 
Please add part cost of post, packing and insurance as follows: 

INLAND 
Orders up to £10 - 50p 
Orders E10 to E49 - E1 

Orders over E50 - E1.50 

OVERSEAS 
Postage at cost plus £2 
documentation and handling 

PLEASE ADD VAT 

TO ALL PRICES 

orn reprints 
If you are interested in a particular article/ 
special Feature or advertisement published in 
this issue of 

WIRELESS WORLD 
why not take advantage of our reprint service. 
Reprints can be secured at reasonable cost to 
your own specifications providing an attractive 
and valuable addition to your promotional 
material. (Minimum order 250.) 
For further details contact 
Michael Rogers, Electrical -Electronic Press. Phone 01- 
661 3457 or simply complete and return the form 
below. 

To Michael Rogers, Reprints Department 
Quadrant House, The Quadrant 
Sutton, Surrey SM2 5AS 

I am interested in copies of the article/ 
advertisement headed featured in 

WIRELESS WORLD 
on page(s) . . in the issue dated 

Please send me full details of your reprint service by 
return of post. 

Name 

Company 
Address 

Teletype Modems 
HFISSB 

Selective Calling 
Systems 
SOLID STATE 500W -1000W 

Linear 
Amplifiers I.. .¡. . 

-/ 
...__ööö...-. 

COMPATIBLE WITH MOST EXISTING HF/SSB SYSTEMS. 

AEL Aero Electronics (AEL) Ltd. 
Gatwick House. Honey. Surrey. England RH6 9SU 
Telephone Horley 10293415353 Telex 87116 lAero Gl 
Cables Aerocon Telex Horley 

WW - 031 FOR FURTHER DETAILS 

Modem Kit 
Only £39.95 

* CCITT standard * 300 baud full duplex * Direct connection - greatly reduces data loss associated 
with acoustic couplers * Powered from phone lines therefore no power supply 
required * Opto coupled data in and data out for intrinsically safe 
operation. 

Build it yourself for £39.95 including VAT and postage (note 
case not included). 

Racom Ltd., Dept. B 
81 Cholmeley Road, Reading, Berks RG1 3LY 

Tel: 0734 67027 

Tel. No 

86 

WW - 020 FOR FURTHER DETAILS 
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NESISTOHS 
2 2 19 lip 
22 390 304 
3 3 25 10p 
3 3 40 114 
33 63 12p 
4.7 16 Op 
4.7 25 84 
4 7 40 114 
4 7 63 12D 
4.7 100 144 
10 25 6p 
10 40 12p 

Singh. el.ed 
100 7°0 1. N 
100 220 1.N 
203 114 1.N 
233 220 3.N 
Double sided 
100 160 1.N 
700 220 2.16 
203 - 114 221 
233 220 4.N 
Developer for 
eb ow Ido not use 

292905 260 
2029054 234 
2N2906 25673 11 

2629064 3011 

202907 2511 

2029074 280 
202920 86o 
202923 254 
202924 15p 
252925 15p 
252926 lOp 
203053 12p 

40411 2% 
40112 904 
10 834 
40622 1 N 
40871 799 
40072 79p 
AC125 1!p 
AC126 3 

AC127 32p 
AC128 359 
AC131 61p 
ACt4tX 21p 

BL'5414 14p 
BC5418 14p 
8C548 12p 
BC5460 134 
13C541313110 
BC548C ISp 
BC549 13o 
13C5498 144 
8C549C 154 
BC550 15p 
eC550C 254 
BC557 1511 

'' 
Y Y 

40 Cncklewood Broadway,London 
Here `.. a sell'cilOn from our 

credit card n0 Or bymall 
All in stuck items despatched'5a0lte 

Please add 60p pbp 
OuanUEy'disC011ni511P.gONahIP 

i OD ELECTRON ICS 
NN2 3ET Tel. 014510161 Tlx 914977 

2051 SII 45 1.. 1 

IIr._s ','rr t ire "I0.¡-21,51 I r;Lie51 
order Cd,l.:, ;,,3i :i:r9 All products first grads 

day '.Jf1q .al gn16r5 webpnte fn111, 
. 155, VAT (}yersee`.,rinrp,r.r, VAT h,II411,125C2 

LTD. - 
Order', ll,,,LE phone UUtirr57 

franchised source 
Goof Depis schools. ell 

00 mal pbp 

CARBON FILM 
6% 141 -STAR 
LOW NOISE 
101110106111 

4W E24 2p 
5W E24 254 
1WE12 611 

2W E11 12p 

METAL FILM 
ULTRA STABLE 

04 W EXTRA 

IO 63 144 
10 100 /8p dell 5r?p 

Á101713015545 Wp 
25305510 120p 

AC151K Sep 
AC152 154 

BC5574 180 
8C5578 144 
8C558 144 

Stocking parts other stores cannot reach! 
LOW 50930 Jr/ V 

22 25 1111 

293290 38p 
253251 76p 

ACISI 564 
AC,53K Np 

3C558A 15p 
BC55BB 18p 0430 °.% I I NP . . -. 74156 76P 7/L5263 32p 4516 789 DIODES 

IN3aA no 
10fítplMI! 
2% 024 69 22 40 149 

PricesperMetre 
Solid cor,necng 253439 984 AC176 274 BC558C 17v J3gl 5081800196v 780500 1!7 

TBAS000 3 11 
71157 i992911 7410257 4519 2!9 

1%E24 6p6p 22 63 1 

72 100 21p 
wire 5P 2103440 Oo4 

2743441 1 26 
AC176K 3797p 4 
AC187 750 

8C559 15p 
BC5598 / 

7310 
MJ802 3.% 16821 70P 

6amptylte 
Square with KW) T0A510 7% 

74159 7611 
74180 5914 

7415258 3Sip 
7415259 65p 

4520 46p 
4521 Np 

LOW OHMIC 
25 Hp 

47 40 17p Ca47 ble 
253042 1 36 
NJ015 180 4C169K 254 BC5bOC tb MJ901 7Ó IN914 

3 

49 
PW0111001l 

BA092000 757 PYND712001 /4167 79p 
9110 

11L5266 ltp 4527415761 

80 
6 

6620 

GLAZE SSW 
02211108.21! 

47 
B3 189 

47 17 1SD 

Twin 1 amp 144 
Tynn2'samp164 203406 6.09 

203447 572 
ACI°BK 40p 
011239 55p 

BC560C 25p 
8C850 16p 

MJ1000 7.90 
MJ1001 390 

IN916 6p 
1N4001 4 P 

PWM 14001 Sip 18-5200 7 75 

PWO616001loV 1°A530 255 
14163 39p 
/1184 394 

/41 0773 Mp 
7115275115 

4578 Iap 
6531 690 

024 114 
100 16 ilp 3Core2`oamp lb 2N3M8 {N AF240 190 BC851 189 MJ7800 3.80 

M32500 219 
IN4007 1'4P 
t54003 5P 

25anmlrla 18A5300 17f 
IBA540 277 

74165 39p 7415279 794 
71L5280 

4534 3% 

WIREWOUND 

GE72&ERIESN C 

100 25 l6p 
190 40 12p too 63 26p 

3Core6amp 31D 
3Cwe13amP 

IN7469 1.90 
2N3512 1.%184550 
263553 

BC107 tOp 
BC70]A 12p 
ac 1076 12p 

BCYA 18p 
BC971 l6p 
BCY72 19p 

MJ2901 
1225 

ÌN00Da 5'/rv Metal nlalwllh 
In,lr, 

IBA5400 214 
3 

KO711001 220 

74166 400 
74170125 
74177 2 50 

Np 
741.5283 39v 
7415269 /70 

4536 259 
4538 7811 

4539 89 

2t07WATT 17 17 
110 10 16p Screened Cable 

665 
2.13579 50 
2N36384 704 

BCIUU lop 
BCtNA 

0013I 44P 
80132 44p 

MJ3000 219 
MJ3001 2.25 

1N4006 6hEp 
I54001 74 

IBA5500 3 
Ic021X7D1 230 1BA560C 28] 
00410001 2.N 

14173 5911 
14116 F.1p 

7415790 399 
7115797 79p 

4543 ófp 
4553 1 25 

0'221110 33011 20° 
1to7WATT 120 16 17p 5ngle 1y 

SteneO 27P 
263702 109 
ZN7703 lOp 

12p 
BCINB 1211 BDt35 409 

BD136 409 

MJ4502 3.99 
MJ150034% 

154009 20. 
154148 3p 

TBA570 7 3] 
K0616001790 T13AS70O 21e 

I4115 49p 
/117fi 39v 

1415295 7ap 
1415188 79p 

4555 35o 
4556 35o 

0.4791061)8 334 no 4o 254 Min) Single 124 263704 ,OP BCINC 149 
80137 424 MJ75pM 555 I54150 18p BY WU 7.% /DA 1002 J79 14111 'Se 7615269 1 N d56[l 149 

10to11 WATT 
10to33K 37p 

no 63 30V 
ii0100 409 

MiniStereo lip 
4Core45creens 

253705 100 
2N7706 lOp 

pc p73 lop 
BC 109B 12p BD138 35D 

BD139 

MJ15015 215 
MJ19016331 

IN41d9 2ID 
IN5400 12p 

354 400v 7.% TDAIOpJ 7% 
TDA1001 1.87 

l/1IB 799 
/4150404 

7415323 159 
7415324 1 45 

4566 119 
45691K 

470 16 Z 449 2N3707 lOp BCIo9C 12P 
80140 MJE340 53p 155401 130 TDAI005 ]M 

2 25 
74181 115 1415375 2% 4584 394 

470 25 ; 
470 40 7 1 Cxe I Screen 

ilp 
203708 1011 

2637N lOp ÓCU, 71°47Y 

k142 
130137 950 
BO2y MJE7855 1 

50 !9vSv 155403155402 lb L T0A102 1 N 
R Ron TDA3611A 2.10 

74182 
/4181 Mr 

7415326 2 39 
141 5377 2 79 

45% 59p 

ROTARY KITS 
S7o 03 8Cxe 6l9 

12 Core 600 
2113710 144 
253711 tOp 19C 143 706 BD2bA p~p MJE3055 69p 

M45Á05 23p 
155 404 1811 
155406 164 G Green T1061 10p 71IB5 7415347 %0 

7415348 LUl,lí. 
LOW N010E 470 180 80p 

1000 18 30p AxWCeble 2773712 1.00 BC147 1 0P 
13D179C 64p 
80240A ` MPSA06 2511 155407 19 4 Y Vnlb,w T1062 50D 

97v 
IIt%1Ñ 
7d169 180 

6/11 
7a1575) ótp CPUs )4" SPINDLES 

E3 SERIES 
4K7to2M LIN 31p 
41(7t42M 

LOG 729 
AS Wove vnth 
DP mains 

1000 25 
1000 40 Np 
,ON 63 669 
2300 16 40p 
2200 25 676 
1380 40 70p 
2200 63 131p 

501lRG584 365 
7511 UHF 364 
750 VHF 20p 
]001! Fia1 104 
Rainbow R,bbon 
Gbla 

Prices foot 

2N37tJ /38 
253714 2.90 
253715 3.31 
2N3716 3.N 
263773 1.N 
2N3815 36p 
253010 3b 

BCla74 tOp 
BC147B top 
BC14JC IOp 
BCIK lOp 
9C,486 12p 
801488 1 >p 
BC1KC I7p 

80140C 77p 
802C14 81v 
BD241C NO 
80211- 869 
60242C 7011 

802430 72p 
802430 

MVSAlO 26o 
MPSA11 
MP5A13 Np 
MPSA16 16 
MPSA 16 p 
MPSAiB BSp 
MPSA20 494 

t65408 20p 
N501a 5211 
1S4d lOp 
84102 ISp 
94115 
06133 10p 
04138 30p 

L.u9+,1e1ns,i1 i1064 
I 5,1 TE 011 255 

R5D 7p i1 077 50v160) 9p 
650 75p 114 11 074 99D 

Y50 159 129 11 N, 15p 
Sm,nlanrn.nil Ti087 ` 
R`0 94 60 21OM 59p 

169 

74190 1 
74191 4Bo 
74197 45p 
]0197 45p 
14194 40p 
/11% 40p 
74196 454 

I015353 8, 
/415367 72s 
/015765 29p 
/41 5366 294 
/41536/ 2!11 
Ia15368 29D 
/4153/3 554 

6 5U 

2650A 11% 
6502 3 20 
6900 2 10 

6907 240 
6809 6X7 

switch 79p 
AaWoveatxee 4X0 16 75p 

4700 25 59p 

per 
BWav 25p 

10Way 
2NJB'!I 1.M 
2N3822 SOP 

9 
BC149B 

104 
ZP 

854 
BD2MA OZp 

MPSA/2 49p 
MPSAa3 49p 84155 104142 5p 4 

U 12p top LAAI10 
y7D 12p IOp LAA190 169 

e69 
74197 39p 
70188 795 

/4157/9 689 
/41578ó 111 89935 060 /090 

N9 

MIESETSPIHER 
IDUSTPROOFI 

RADIALS (PCB 
W1nKoneandl 
MatsusMbonl v 

254 
16Wa,y 3 
20Wav aap 
14 War f2D 
30 Way 755 

494 
253824 170 
ZN3%6 
203903 134 

BC149C 134 

BC153 3° 
BCI51 27D 

802416 1.80 
802454 1.14 
80245C 1.30 
BD1KA 1.111 

80246C 1 50 

MPS/155 I 
MPSA56 90P 
MPSA65 
MPSA66 1407pp 

BA156 38p 
94157 104 
94156 30p 
84159 324 

Mu ro LLN290] 
Rí0 254 12p LPC525C1 250 
G1D 27p 25p L;PC1,56 275 
VID 27p 750 062206 292 

IW 14 1.90 

74221 534 3v/47 //153911 
/415797 

5395 asp 
/4157% 

811804 250 
N1BSA 349 '- SCMPI 2090 
Z80Á 2 90 , f 1 I 

E310017 to 10M0 
Mini Vertical 1 

MiniH7onlal 
194 

60 
SunOardVerl t BP 

PFd v 
10 18 64 
22 10 Bp 
22 16 7p 

32 War 67 p 40Wv 690 
64 War 119 

253904 1311 

263905 130 
2N7906 17p 
2N1090 154 

BC157 ll P 
BL157A 120 
BC 1578 13p 
BC158 1 

BC 1584 

13D249A 290 
60249C 271 
BD150A 211 
BD250C 1.K 

MPSA70 15p 
MP5492 
MPSA93 390 
MPSLOI 43 P 

BA187 1011 

9Á201 1 

0A202 36 
p 84316 254 

Lan In i leu, 
R5C lip 10p 
G5C 1Jp tlp 
v5C lip17 Snl.vhn741503 

Z9419 225 
ZV1034 199 

/61 S39X 2 A 
/41 5399 159 
II1541,. 994 
1a154017 2I0 

IBOB 690 
MEMORIES 

111dr 200r,sr 995 
1532 2% 

101500 11 p 
741501 11 p 

LS02 1111 11 I1 
StanexdHoril 

189 
47 10 7p55p 
47 16 84 
100 10 9p 

HE il'1AHi.' 
BA 1 TE re!)- 

264033 
254032 699 

67c 

17p P 
BC 1588 13p 
BC159 119 

80419 1.39 
80470 137 
BD43J NP 

MPSl51 18p 
MPSUO1 54 
MPSUO4 132 

BA711 
84718 300 
BAVIO 16p 

u,iIi 
",1"i''i"v 
Largr'r0X1 

124 
74L50012P 
74150512p 

/115641114p 
/415640 

6 25 
7164 425 
71oB 225 

1400 11p 

CERMET 20 
TURN PRECISION 

IN 16 lop 
10 

ioPquallty.Dorv1 
IMpw these bal 

204037 
201240 303p0 

BL159A 12p 
8C159B 13P 80435 NR 

MPSU05 55v5v 
MPSU06 560 

04019 1 

BAV20 159 
hoc, 19nri 7401 Ile 
R5U 36p 29p 7402 1111 

14)510 12D 
70 9641 °E4 

4116r521X1,IS101 

110 

PRESETS 
Y."E35enes 

no lop 
no 16 1 

470 10 174 

terieaway pley 
cMr tg1,000 u4 

254347 226 
2N417 15 

BC159C ,811 

BC160 42p 

BD439 909 
80440 9/14) P 

MPSU07 754 
MPSU51 Np 

04513 10p 
88109G 65P 

G5U 424 340 7403 120990 
VSU 42p 740 1400 11p 511 /2 p 

741512 12p 
. ' 1 

' ' 

4118 3 3 25 
4164 4 25 50!í1o500K 85P 470 16 t6p tomes. 254401 27p BC161 104 

BD402 93 
MPSU55 5Bp 09126 20p Recl4n9u1ar 7405 154 

7a06 741513 154 411101 105 510114501s11% 
10o0 10 H211.2AHI 2.10 204402 30p BC167 lOp 

1301674 
P 

BD529 1 XI MPSV56 59p Brt17 22p frackahlrsLLD, a>p 
R61 1711 1407 1911 '415142b 41a11 104 5204 750 

l'AI'S 1000 16 244 HP211AH1 4.76 2N4103 30G 
104 

BC1670 130 MPSU57 1 20 139134 52p 
G6l lap /408 144 /4L515 17p 41017 11 4 6116 385 

7203 1D 34P 
7200 16 44v 

555 
HP11111AH12L 

264409 
3 

13980530 
00188 B13535 754 V61 199 7409 le 741520 130 «Di 1!p 6514 790 CERAMIC 100V 

DISC (PLATE) PP3 I.N 
264410 42p491 

254427 8C1608 104 80536 7511 JUST 1410 159 701511 124 4101/ 144 6810 115 

IH,3yt E12MICRO-MINI C/ler 
79p 

BC168C 10p 8053] °Op /a11 16p 14)572 124 40141 324 7489 165 
typically =5% 

iPFro,OnF 7p FiIHMEHI TYPE 7N4K87ó 
804 

BC 169 ,pp 80538 90p 
80539 800 RELEASED 7417 leD 

7413 154 
141527 l2p 

1578119 
41019 210 74189 4 00 

7415289 3 25 
Aelustabklo6 
of .no HPripe 

264881 9y 
2N4901 16q 

BC 16913 ,Op 
BC169C 104 80539C 1.10 

BD540 85p 
`'' 

ILLUSTRATED 
AY15050 96p 
093 8910 e.N 7416 11p 

741530 15 411111104 
MIII 150 

7415188 225 
1415287 305 

All 240VPIImary 
POLYCARBIt% 6.0.6V_9.0 -9V, abuve £150 264902 165 BC 177 le 

BC177A 1 

NEvY 493°912 404 14I1 199 aL537 14p 4013 1 1415268 225 SIEMEN37.Smm 
781011310C 411 

12Á12V. 
15-0)15V 

TYPE 
qs above Dul 

251903 198 
2N19M I15 

26p 
BCI778 28p BO615 780540C 4 CATALOGUE C43048 115 7470 16, 141531 1 1v 4014 464 

MISC LOGIC ICs 
2BOV t00mAl6p charges 4414 264905 2]5 BCI7B 16p BD676 I7p 

CA309040 7.770 
7421 194 11538 154 4015401E ADC0804 3% 

InF 10608 711 /A 2. N Daltenes 264906 2 99 
BC,78A 24p 80677 78P £ OO If1C. VAT, p8 p 7422 19p 

CA7130E 
141. 500 I74 19D ADC0816 1490 

892to47nF Sp 
56nF to 150nF 10p 

20Á20V 
1 MA E2.% 

taste, E25.96 
TYPE P 

2N4907 3X1 
I51996 3 15 

BC178B 75D 

8C179 700 
BD67B 87p 
BD711 1.32 

67p 7423 19p 
C431301 1 80 7425 190 
r43140E 

'41507 209 
'41 541 354 

4011 720 
4018 45p 

ADCOBt] ,0% 
1N51671 20.80 

100V 
,OOnFt0150nF 

114 

12-0; 12-0 
50VA116 

12-0i120 

PP3 E6.50 
TYPE 
HP71Uplo4at 

2034969 290 
2N49t8 f5p 
254919 754 

BC179A 25p 
BC1978 26p 
eC179C 27p 

60717 1.3i 
BDX32 3.17 
00X6605% 

UP29A 29p 
TIP29C 35v 
TIP90g 35o 

SCR s 

TRIACS 

3fp 7626 194 
..31401 954 7427 104 

"''1bbW 240 1478 26e 
iii358 

'41551 11D 
1d1554 4p 
141555 1011 

4019 259 
4020 42D 
4011' 7911 

1551171 2090 
4025131C 650 
ROZ5IJUC 690 

190nFto270nF t00VAS.% Oumel E5.% 264920 95p 9C,82 1 
BDX61B 5% TIP30C 360 DIACS 2.54 7430 116 

ICL7106 6K 141513 1911 0027 79P S4A50o0 390 
14p 0.6a649r9 2N1921 SSp BC182A 10p 80954 1. 70 

7117314 7432 229 1CL7107 
741570 154 4023 12p SA45010 710 

330nFto390nF 1.78A4.>6 1N4921 69p BC181B 13p BOV55 t.ó 
TIP31C 3 p THYRISTORS !80 I433 22p 

ICL7611 974 
741575 195 4024 32p 5A45012 710 

20p 
470nF to SBOnF 

Thesepoodsare 
Wsendextra heavy X SOL ZN33 

J6 
BC782L 10p 
BC182LA 1311 

BDY% 1.N 
BD957 5.15 TIP314 300 

TIP31C 424 
d.8612AmOs 
TexasT0220 

]OJ7 25p 
ICL9078 2% 
ICL7555 

7478 71p 
741516 19p 
141578 19pS445040 4025 12p 

40,75, 
7!11 

5445020 550 
9.00 

2S9 P&P. Wewnl ERING IRONS 
255087 39 BC162L8 144 BDY58 6.15 TIP33A NP Suffice A 100V 7440 1SP ICL7556 

741583 360 19P 
0445040 15N 

680nF 309 
1pFltOmml 36P265069 

POLYESTER 

credit any 
diHerence 

C240 115W) 4.% 
002401Z5W16.26 
Iron stand 1.75 
C540Ie9Ierlt 

265088 37P 
32p 

255190 

BC183 tOp 
BC1834 11 D 
8C1838 12p 

BF,M 11p 
BF 1211 

BF1% 1211 

8F197 12p 

TIP33C 7Bp 
TIP34A 74p 
T1434C NP 

B 2170V 
C 300V 
0 400V95 

1p450 7441 ye 
LC7120 3.20 1442 32p 
LC7130 3.204030 0443 69p 

)44d Np 

7aLSBS 41P 
741586 18p 
741590 21p 
71159? 28p 

4018 39p 
4079 434 

104 
4031 1 t! 

SAg509i 15.00 
SAA5050 850 
5A-5057 B50 

2NV RADIAL 
1C2N1 

10n11. 150F, 22nF, 

I'' 2.26 

Element 276 
Bite C240 

2845191 7°11 

255193 900 
155194 794 

BC183L 
;7P 

BC183LA 179 
8C18318 lap5F300 

BF169 16p 
169 

719356 1 N 
TIP36A 

M 400V 

TIC1o6B 
44E74p 

1F3471C7137 1.7 
4 7446 

594 
1f357 92 D 7447 39pp 

74)093 
741S95 3/4 
741.5% 9339pp 

4032 The 
4033 1.20 
4034 1.28 

5445070 16.95 
TM56011 3.65 
BT26 954 01"COPPER 

TRACKS 
31FF47nF, 88n 

p 

2.5 3.75 83p 
011 

No. 2lSmelll 869 2N52K 
37p 

BC1831C 149 BF214J 324 
35P 

C 1.39 
71934014 49p 

TIC106C 
44 TIC1060 

LF355 830 7448 494 LF356 92p 
7015101 354 4035 1411 

40361.4! 
124 I 20 

BT% 454 
100nF,7XK7F i 2.5 5 

3.75 3.75 99P 
No.31MedI 56p 
No.6lMicrol 8fp 

255247 1540py 
8C184 Hip 
8C1840 

BF225J 
BF244A 35p 

TIP41C9P 650 TI0106M SIP 1450 15p 1F357 - 1 09 7451 

7415109 I3p 
741511) 224 4037 1 13 884 

370nf,470nF 
104 

6BOnF 
134 

BD 
ipF 326 
15,2172 789 

3.ß.6 1.11 
2.5 . 17 2.N 
3.75 . 17 3.N 
4.79 . 17 4.93 

9tbX5240 
No 501Sma11l859 
No.511Med1 NP 
00.511Lge1 Np 

ZH5248 48p 
IN5249 45p 
2N57fi6 2 88 
2N5293 %p 

lip 
BC1MC 134 
8C1841 10p 
BC194L8 13p 
B01MLC 

BF2448 39p 
BF2454 304 
BF245B 51p 
8F246 624 

TIP42A 
TIP42C 
711749 120 
11050 1.40 

TIC 116AsOp 
TIC116B BBp 

84 TIC116C 71D 
TIC116D 73p 

15p 

M3ú - 7453 15p 
7454 144 

1M349N 1 N4 
7460 lSp 
7470 

7415113 194 
7410114 774 
]41S17? 33v 
7415123 36P 

4035 999 
dOafl 400 
4M1 
4042 390 

8195% 809 
81L3% 559 
131L S97 90P 
B1L5% 854 

VO Board 1.92 SOLDER125pne 
265294 120 lip 

BC186 BF246A 39p TIP53 1.67 
TIC116M 80p LM750K 4.N 

7472 14LS12a 09p 4043 390 5521 7.19 
fEEDTHROUGH Dip Board 7.80 

TrackCutter1.N 
18swg 2.% 205295 13J 

255101 35p 

2 
BC787 BF248B 53p 

BF247A 

TIP54 1.90 
TIP110 24P T1C1264 22 

LM379S 450 7413 
LM380N14 75p 

7410125 2 
7415126 

4044 394 
0(WS 998 

6532 2 5 A 
81 

InF500V 74 
100 Pins bóp 
Vxt>Dlotk 7.90 

22 444.9 3.10 
255415 110 6 BQ12 111p 

BC212A 
3E4 

BC212B 1 

5411 

BF247B 55p 
BF2M 39p 

TIP117 90p 
TIP1 15 814 
TIP117 %p 

TIC126B 72D 
IA TIC,26C 738 

TIC126D77p 

7474 139544 LM390N8 1N 
7470 254 

LM381N10 1b 7476 2511 

731$137 29p 
7115136 2417 

0046 40p 
4041 

8155 190 
8212 110 
6216 9911 

HIGH VOLTAGE 
GE 

pkesaanquire - 
Veto Wiring " L 

2N5418 19p BC212L 10p BF255 4211 
TIP120 89p TIC126M %p LM382N 1.12 7480 39p 7415138 210 4048 39p 

4049 22D 8224 1.10 

0'00 WI"' stock 

Pen Spool 136 
SO4,4 604.01 75p 'D'Conneebn 265449 21p 

26M90 23p 

8C212LA 170 
8C212L8 11p 

BF256A 365 
Bf256B l 48 T1P122 730 

TIP125 Mp 
TRIACS 

Texas400V 
LM383T 3.40 7481 1 19 

LM3MN 140 7482 63p 
7415139 28p 
7015115 69p 4050 73p 

4051 449 

4226 2.50 

8228 2.19 

TANT BEADS 
6p 26W1Y 

SoMer, 
2N5051 26p 
265457 29p 

BC213 lOp 
BC213A 114 

BF256C 624 
BF257 704 TIP127 Mp 

719130 93p 
70220 Case 
T1CX16010AI 56p 

LM386 BBp 1483 

LM38BN 2.43 7484 69D 

7415147 
%Fig 7415148 4052 58p 

Z00ACTC 2.60 
Z69ADART 650 f'l'I: .1/JSV 140 Male 1.N 2NMSB 29D BC213B 13p 8F258 324 

TIP132 93p TIC12501fiA1 71p LM391N60 1.70 7085 60p 415151 77p 4053 19p Z80AOM4 6.70 
.21/35V lap 
.33/365 14p 

MA 1 S Female 2.N 
PCS Win -Wrap 

2N5459 299 
255460 720 

BC213C 13D 
0C213L 10p 

BF259 35p 
57 464 

5811 

TIP135 99p 
414137 999 

TIC226018g1 NP 
TIC736011241 

LM391N80 1 93 
1M723CH 959 

7486 19D 
7489 1 68 

7415153 79p 
7015154 794 W55 b v 

4056 

10041110 2 70 
IN425EB 3.38 

FERRIC .47/350 144 
.88/35V /44 
1.0/36V 11p 

Male 1.N 
Fmmale 1.N 
Covers E1 .N 

265551 375 
255884 5% 
2950% 5% 

BC213LA 134 
BC213LB 13p 
BC213LC 144 

81113E4458 

BF459 62p 
BF469 86p 

714140 /.01 
7I9702 1.M 
TIP145 1.16 

1.16 
TIC2KD1I6AI 

1.22 

1M723C5 35P 
LM725CH 3.40 
LM725CN 3.19 

7490 7017 

Id91 35p 
7492 7SP 

7415155 295 
74LS156 3611 
7415157 240 

79p 
4059 4.35 
4060 424 V HE('S CHLORIDE 

OuiOkdissolving 
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1I9761 /.% 
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1.90 

TIC263DI25A11.11 
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LM741CN 15p 
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71LS758 29p 
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ETCH RESIST 
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6.8/35V Itp 

10/18V 1Bp 
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3. Thin 
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VNIOKM 60p 

DIACS 
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LM1871 31b 74100 711 
LM1872 4.38 711M 500 

74LSIM 40 P 
74LS165 
74L5168 

4070 13p 
4071 139 
4072 /3p 

781244 290 

t Amp T0220 
10/365 274 
15/10V 220 4. Thick bends 

5. 011 

268129 79p 
206130 93p BC137B 12 

P 
8F528 2.% 
60561 1.90 
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8: 
7415169 Sep 
7415170 69 
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7805T 399 
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- 

15118V 30p 
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2N8132 83P 

BC237C 184 
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BC230A 1611 
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/1 :'JI lì 

d0050AnW 

LM2907N 275 
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se 
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4076 13p 
4077 13p 

78151 39p 
78241 39p 

22/18V 2911 8. 0.1 edge cons Asmallsampled 
2.16133 1.4 
1N61N 1.35 8C2388 t8p BF%30 I7v ZTX109 109 

ZT%300 13p E2aSeries 
LM29174 1.90 
LM29t7N 1.N 

74116 
74118 55p 74LS775 3/p 

7415181 
4078 1 

4081 
154 - Negative - 

<7/N 104 

ÁnMiOtu 
ot she. our vast stocks 2N53 

54 
;. BC238C 17v 

80239 15116p BFYBEY51 23p3 ZTX902 1 

1447V ) 
p 

LM3399703N8 1.% 
774119 

554 
0120 59p 

84 
7015183 805 4082 190 79105 

47/63V 344 
47/16V 76D 

00000 35p 2N930st 2op 
2N930A 3011 

2$01300 9%6pp 

2SC2078 1.90 
BC239A 1 5p 
BC239B 179 

BFV52 2311 

BFV53 3111 ZTX903 
27X304 1511 

13Watl 
E245enes 

LM3911 ID7415,90 
LM3914 

74121 25p 
74122 764 

364 
7410191 36 11 

4(IBS 494 
OOee gpp 

79112 19p 
79115 1 9p 

GRADE ONE 100/13V 374 2N1893 494 25349 7.N BC239C lip B5XI9 21p 
ZT%310 36p 3.3-82V 12.N7415192 04 1M3915 2.N 74123 75p 36p 408º 123 

1 Amp 70220 
IN/10V N4 GLASS PCB 252102 394 25380 3.75 BC3o0 , 85X20 249 

ZTX311 32p LM3916 2N 74125 304 
7415193 37p 4093 18p 

409a Np 791ST 11v 
Single Sided 
178 240mm1.50 

2N1117 39p 
251218 33p 

25352 429 
256134 3S0 

BC301 444 
BC302 13p 

BSX21 40p 
BU1M 2.71 

ZTX312 35p 
ZTX313 76P 1'''11'. 

LM13600 
MHO 3.N 

74126 24p 
74128 36p 

7415194 32p 
74LSt% 329 4095 7t4 

4096 894 

79121 11p 
7g15T Mp ELECTROLYTICS 

Mainly Matsushita 
IPana>oniclb 

420 ' 195mm 
l.N 

2522184 25D 
2N7219 27p 

2501135 3.75 
7SK125 1.79 

9C303 470 
BC327 lip 

BU,05 1.70 
BU1N 3.% 

ZTX314 21P 
ZTX320 36p IPIVshownin 

OM335 7.20 7413I 2!9 
74136 279 

74151% 464 
7415197 1811 4097 7.69 

791dT 114 

Sienrt7ns 
AXIALSIWires 

420 245mm 
2.N 

2N2219A 299 
292'120 22y 

30128 1.12 
39140 1.07 

8C326 /14 
BC337 140 

BU109 3.29 
BU1Z8 1.47 2TX330 

210341 26p 
brackets/ 

l'nam51Vp0 

NE531N 1.% 
NE543N 2.N 74141 

553 
74102 1.75 

7415221 5pp 
7415240 66p 

4098 710 
4009 665 !If SOLI' I 

each end) 
Fd V 

DALO ETCH 
RESIST PEN 

2N2711 22P 
2N22114 134 

35200 8.93 
3N271 2% 

BC338 164 
BC440 329 

BU2M 2.26 
BUX15 1.76 ZTX450 Zf% 149 

vVgl i7031 IOp 
NESIIN 1.% 
NE555 18p 70143 1.% 

i41M 1% 
74LS2/1 se 
7415242 66p 

4502 66p 
4503 79p 2d Pin a.35 

.47 03 

.47 100 9p 

spa e nie 909 262222 209 2022224BU2N 259 
40300 300 
40331 fi7p 

BC441 3311 

BC480 32p 

BU206 t.p 
1.N 

BU226 3.N 
ZTX901 14p 
ZTX502 IIp 

YW212001 26p 
w04 KM 28p 
WOB18901 40p 

NE556 46p 
.1E558 1.M 
NE560 3.25 

24/05 7Bp 
74147 Np 

7aL5243 55p 
7415260 
24L5245 

4507 33p 
4506 1.26 
4510 454 

SWI1I:HES 
.67 350 90p 
I 63 Bp 

PHOTO 
BENSITIVEPCO 

252123 7.80 
2N222TA 1,5 40962 67p 

40363 7% 
BCK1 334 
BC518 ye 8U328S 2.36 

1.K 
270503 17p 

.ZTX504 21p 2amptype 
NE565 1.1° 
NE5fi6 /.N 

24148 55P 
24190 199 

69 
7615247 49 4511 48p 

4512 409 
T4'9054151, 91' 
SPST 49v 

1 100 9p 1s1 Class Epoxy 2N236B 254 40406 135 BC517 104 BLI4p6 
B11407 i.K 010510 349 Square wnhnde 1.37 4151 354 7415248 554/ 

4514 1.13 SPOT SSp 
1 500 ye 
22 75 011 

Glass. F. balix 
results then spreY 

2N2388 104 
2023694 20p 

40407 76p 
40008 1.90 

BCM7 17p 
6CMN lOp BU60B 1.36 

2.% 
2TX590 11p74153 
2TX531 259 

NE567 
5p111001 37P NE570 1.07 

7.M 
75pDPDT 

74154 19p 

7115249 550 
7410251 29p K15 1.13 

K18 66p 

69 
DPDT Ci'i BSp 

2.2 69 59 
rig. Expose to UV 1029044 27p 4M10 1.N 005569 ty BU500 

BUr1s5 7.NNESS34A 2TX650 450 5021200I IOP NE5]1 
860 70155 104 4PDT Z]5 
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INSULATION TESTER 

t.EYF.ì,ll INSU.A OO rkSTEA 

ar alta 

TYPE TM14 £190 
+ P&P + VAT 

A Icgarithmic scale covering 6 decades is used to 
display either insulation resistance or leakage current at 
a fixed stabilised test voltage. The current available is 
limited to a maximum value of 3mA for safety and 
capacitors are automatically discharged when the 
instrument is switched off or to the CAL condition. The 
instrument operates from a 9V internal battery. 

RESISTANCE RANGES 
10M St to 10T 11 1101421 at 250V, 500V, 750V and 1kV. 
1M f2 to 1T Si at 25V, 50V and 100V. 
100k f2 to 100G f2 at 2.5V, 5V and 10V. 
10k S2 to 10G f2 at 1V. 
Accuracy ± 15% + 800 f2 on 6 decade logarithmic scale. 
Accuracy of test voltages ±3% ±50mV at scale centre. 
Fall of test voltages <2% at 10µA and <20% at 104.A. 
Short circuit current between 500µA and 3mA. 

CURRENT RANGE 
100pA to 100µA on 6 decade logarithmic sale. 
Accuracy of current measurement ±15 % of indicated 
value. 
Input voltage drop is approximately 20mV at 100pA, 
200mV at 100nA and 400mV at 100µA. 
Maximum safe continuous overload is 50mA. 

MEASUREMENT TIME 
<3s for resistance on all ranges relative to CAL position. 
<10s for resistance of 10Gí2 across 1µF on 50V to 
500V. 
Discharge time to 1% is 0.1s per µF on CAL position. 

RECORDER OUTPUT 
1V per decade ±2 % with zero output at scale centre. 
Maximum output ±3V. Output resistance 1k S2. 

Send for data covering our range of instruments. 

LEVELL ELECTRONICS LTD. Moxon Street, High Barnet, Herts. EN5 5SD 
Tel : 01 - 449 5028f 440 8686 

WW - 005 FOR FURTHER DETAILS 

C X80 COLOUR 
MATRIX PRINTER 

New low price 
£795 + V.A.T. 

At last a low-cost Colour Matrix Printer for 
Text, Graphics, Histograms, Colour VDU 
Dumps, etc. 

Colour printout is quickly assimilated, 
makes graphics more understandable 
and is an ideal medium for the presen- 
tation of complex data or concepts. 

Compatible with most microprocessors, prints in 7 colours - sophisticated internal 
programme makes the CX80 easy to use. 

Dot Addressable + 15 user programmable characters, 96 ASCII and 64 graphics 
characters in rom. Centronics interface with RS232 and IEEE488 options. Apple II 
interface gives dot for dot colour dump. New viewdata interface prints out two pages 
side by side in full colour. See Prestel 200650. 

The CX80 is a product of our own design and development laboratories. It represents 
a British breakthrough in colour printer technology. Colour brochure on request. OEM 
pricing available. 

INTEGREH LIMITED 
Portwood Industrial Estate, Church Gresley 
Burton -on -Trent, Staffs DE11 9PT 
Burton -on -Trent (0283) 215432. Telex: 377106 
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1 

AN OSCILLOSCOPE&DVAL 
POWERSUPPLY 

114ONE 
PRECISION 

INSTRUMENT 

£324 pIusVAT 
You can new 

a dual l à race oso 

red 
and have It 00, 

a..: 
1 

=_ tor Tittle a t have 
rate for , W .... 

can be w' compatibility. 
, , '` X 1S total 24 idos 

trace 
supr-' Ypv 

-' ' .. . A P5 Combined 
oscilloscope Scope dual 

supply 

£98 peVAT 
pp15]/4 & 

/14 Dual p 
scopes fS8 P VAT 

paver supply 

_ 
---- - Stand- JOiEX 

the txtilbscope people 

FOR JUST 

.-. 
kort. .e.M 9,,,, ,; 

made in Britain 

1,40-15 

I+ 

i 

... 

Scopex Instruments United, Pixmore House, 
Plxmore Avenue, Letdiwttl, Herb SG6 1HZ 

Telephone (04526) 72771 

WW - 062 FOR FURTHER DETAILS 

B. BAMBER ELECTRONICS 
Rank Pullin Airport Weapon Detector Type 3 Walk- 
through Cabinet. Complete and good working order. 
f150 plus VAT. 
Marconi HF Spectrum Analyser Type 0A1094A/S com- 
plete with Frequency Convertor Type TM644B and 
mounted on trolley, 0-30 MHz £90 plus VAT. 
Systron Donner Spectrum Analyser Model 805 200 Hz 
- 1.6 MHz. POA. 
Hewlett Packard SHF Signal Generator Type 620B 1 - 
11 GHz, FM, CW, & Square Wave, £120 plus VAT. 
Marconi AM Signal Generator Type TF 801D/8S 10 - 
485 MHz, £95 plus VAT. 
Avo Valve Tester Mark IV complete with instruction 
book, £45 plus VAT. 
Tektronix Oscilloscope Type 545A Mainframes, £85 
plus VAT. 
Tektronix Oscilloscope Type RM45A Rack Mount main- 
frames, £50 plus VAT. 
Tektronix Oscilloscope Type 551 Mainframes with 
Power Unit, £75 plus VAT. 
Tektronix Oscilloscope Type 555 Mainframes with 
Power Unit, £85 plus VAT 
Tektronix Sampling Oscilloscope Type 661, fitted with 
4S1 plug-in, £120 plus VAT. 
Tektronix Plug -In Units Type B, G, H, K, L. £25 each plus 
VAT. 
Ay() Transistor Tester Type 2 with Battery and Mains 
Power Units, £30 plus VAT. 
Solartron Oscilloscope Type CD 1642. 
Solatron Oscilloscope Type CD 1014.3. 
Telequipment Oscilloscope Type D 61. 
Telequipment Oscilloscope Type D 43 R. 
Telequipment Storage Oscilloscope type DM 64. 
Solartron RC Oscillator Type CD 1004 10Hz - 1 MHz. 
£25 plus VAT. 
Advance Oscilloscope Type OS 2100 DC - 30 MHz. 
£185 plus VAT. 
Radiosonde RS 21 Meteorological Balloon Transmitter 
with Water Activated Battery. £5 each plus VAT. 
Pye Industrial pH Monitor Model 539 complete with 
Technical Manual, £30 plus VAT. 
Marconi AM/FM Signal Generator Type TF 995A/5, £250 
plus VAT. 
Meguro Signal Generator Type MG6 - 230E 16KHz - 
50 MHz. £125 plus VAT. 
Philips PAL Colour TV Pattern Generator Type PM 5508, 
£185 plus VAT. 

Good secondhand equipment always wanted for cash 

Pye Europa MF5FM High Band Sets, ideal for 2 M. 5 
watt output 6 Ch, complete but less mike and cradle 
with circuit diagrams, £60 each plus VAT. 
Pye Reporter MF6 AM High Band Sets, single Ch, com- 
plete but less speaker with circuit diagrams, £60 plus 
VAT. 
Pye Motafone MF5AM Mid band 6 Ch, good condition 
with circuit diagram, £15 plus VAT. 
Pye Westminster W15AMD Mid Band Single Ch, com- 
plete but less speaker, mike and cradle, £45 plus VAT. 
Pye Westminster W15AMD Low and High Band Sets, 
complete but less speaker, mike and cradle, £50 plus 
VAT. 
Pye Westminster W30AM Low Band Sets, boot 
mounted, 30 W output, complete but less speaker, mike 
and leads, £25 plus VAT. 
Pye Olympic M201 AM High Band, complete but less 
mike, speaker and cradle. With circuit diagrams. £40 
plus VAT. 
Pye Cambridge AM1OD Low Band, few only £15 plus 
VAT. 
Pye Cambridge AM1OB High Band, few only, £10 plus 
VAT. 
Pye Base Station F27 Low Band, £40 plus VAT. 
Pye Base Station F30 High Band, £180 plus VAT. 
Pye Base Station F401 High Band, £220 plus VAT. 
Pye Base Station F9U UHF. Remote. £90 plus VAT. 
Pye RTC Controller units for remotely controlling VHF 
and UHF fixed station radio telephones over land lines. 
£10 plus VAT. 
Pye PC1 Radiotelephone controller, good condition, £50 
plus VAT. 
Pye Base Station Tx Type T406 100 W Low Band FM. 
£150 plus VAT. 
Pye Base Station Tx Type T100 100W FM 'G' Band 38.6- 
50 MHz, ideal for 6 M. New condition. £100 plus VAT. 
Pye Pocketfone Type PF5, UHF 'T' Band, complete with 
battery, good condition, £45 plus VAT. 
Pye Pocket -lone PF5 Battery Charger Type BC16A, £25 
plus VAT. 
Pye Pocketfone PF1 UHF Receiver, 440-470 MHz, single 
channel, int. speaker and aerial. Supplied complete 
with rechargeable battery and service manual. £6 each 
plus £1 p.p. plus VAT. 
Ni -Cad Batteries for Pye PF1 rx, used but good condi- 
tion, £2 each, PF1 tx Batteries, £3 each plus VAT. 

'LEASE NOTE: All sets are sold less crystals unless 
otherwise stated. Carriage on RT equipment - Mobiles 
£2 each. Base stations £15 each. Red Star available at 
cost. 

SEMICONDUCTORS & VALVES p.p. 50p per order. 
PLEASE ADD VAT. 1N4148 10 for 25p, 741 4 for £1, 555 
4 for £1, Z80 -P10 £1.85, Z80-CTC £1.85, BC108 4 for 50p. 
0C109 4 for 50g, BC113 4 for 50p, BC148 4 for 50p, 
8C149 4 for 50e. 
QQV03 - 10 ex -equip. £1.20, 0QZ03 - 10 new £2.50, 
QQV03 - 20e ca -equip £5, 00V06 - 40a £15, QQZ06 - 
40a ex -equip, £1). 
VIDCON SCAN COILS 1" Transistor type but no details, 
complete with Uidcon base. £3.50 each plus 50p p.p. 
plus VAT. 
Mains isolating transformer, 500VA 240V input, 240V 
C.T. output, noused in metal box. £15 each plus £6 p.p. 
plus VAT. 
Mains isolating transformer, 240V tapped input, 240V 3 
amp, plus 12V C15 amp output, £20 each plus £6 p.p. 
plus VAT. 
Garrard Car Cassette Player Mechanisms, 12 V motor, 
stereo head, brand new, £2.50 each plus 50p p.p. plus 
VAT. 

Lighter IC. plus VAT. 
Test Clips, 28£ way and 40 way, g1 

each 
old plated, plated, £2 each 

plus 30p p.p. plus VAT. 
60 amp Alternatcr and Generator Noise Filters for use 
in vehicles, £1 each plus 50p p.p. plus VAT. 
Computer Grade Electrolytic Capacitors, screw termi- 
nals, 25000 mfd., 33 volt, brand new, £1 each plus 50p. 
p.p. plus VAT. 
Mains Transformers 220 v Pri. 36 v @) 1.5 amp. Sec. £1 
each plus 50p p.p. plus VAT. 
BASF Chromdioxid Video Cassette Tape for use with 
Philips N1500/1700 VCR. LVC30+5, 36 min. long play. 
£5 each plus 50p. p.p. plus VAT. 
Mullard Vari -Cap Tuners Type ELC2003, UHF only, re- 
moved from brand new TV sets. £3.50 plus 5p. p.p. plus 
VAT. 
2N3055 Transistors, Brand New, 4 for £1 plus 20p, p.p. 
plus VAT. 
Beryllium Block Mounts for CCS1 valves. Brand new 
and Boxed, £10 each plus 50p. p.p. plus VAT. 

All prices quoted exclude pip and VAT unless otherwise stated 

BARCLAYCARD 

5 STATION ROAD, LITTLEPORT, CAMBS CB6 1 QE 
PHONE: ELY (0353) 860185 

. 
AlGYSs 

Ate 
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MARK 1983 WITH 
GAPS IN CIRCUIT 

FILES WELL -PLUGGED 
WIRELESS WORLD CIRCARDS last year benefited many 'new generation' 
readers who bought at 1976 bargain prices + 10% discount for 10 sets! 

Most sets are still available although companion volumes 
CIRCUIT DESIGNS 1, 2 and 3 are out of print (CIRCARDS sets 1 to 30). 

m 

wireless world circard Set 14: Digital counters -1 

Iffewhe binan awler. Typel . 
Sow b..u. 

IlV 
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lR. Wolin Mt . Tiyp ............1..d R. L. 
-.POW e rltim e ou.p.n e EnaBiw curtail ro Tr, 

tdap es the e optiw flown IhrosN R. en0 R. 
pin. e.*. e Nast Ib mane. idgl5d 
iMpeplll.Y ter *true sQ 
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neW cow. emu* tint d. ...et 1 Melecow.* 

The Offer stands, 
so order now your 

sets of 127 x 204mm 
cards in plastic wallets. 

These unique circuit 
cards normally contain 

descriptions and 
performance data of 

10 tested circuits, 
together with ideas 
for modifying them 

to suit special needs. 

1 Basic Active filters 2 Switching Circuits, comparators and Schmitts (But these gaps cannot be filled) 
6 Constant current circuits 7 Power amplifiers 8 Astable circuits 9 Optoelectronics 10 Micro power circuits 11 Basic logic 

gates 12 Wideband amplifiers 13 Alarm circuits 14 Digital Counters 15 Pulse modulators 16 Current differencing 
amplifiers - signal processing 17 Current differencing amplifiers- signal generation 18 Current differencing 
amplifiers - measurement and detection 19 Monostable circuits 20 Transistor pairs 21 Voltage -to -frequency converters 

22 Amplitude modulation and detection 23 Reference circuits 24 Voltage regulators 25 RC oscillators - 1 26 RC 

oscillators -2 27 Linear cmos -1 28 Linear cmos -2 29 Analogue multipliers 30 Rms/log/power laws 31 Digital 

multipliers 32 Transistor arrays 33 Differential and bridge amplifiers 34 Analogue gate applications - 1 35 Analogue gate 

applications -2. 
*Photocopies only: 3 Waveform generators 4A.C. measurement 5 Audio circuits @ £3.20 each set. 

To Electrical -Electronic Press Please send me the following sets of 
General Sales Department Circards £2 each, 
Room 108 
Quadrant House £18 for 10 post free. 

Sutton 
Surrey SM2 5AS to BUSINESS PRESS INTERNATIONAL LIMITED 

Name (Please print) 

Remittance enclosed payable 

Company Registered Number: 151537 (ENGLAND). 
Registered Office: Quadrant House, The Quadrant Address (Please print) 
Sutton, Surrey SM2 5AS 
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COMPOTES WAREHOUSE 
THE ALADDIN'S CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT 

HARD DISK DRIVES 
Fully refurbished Diablo/DRE Series 30 2.5 mb hard 
disk drive for DEC RKO5, NOVA TEXAS etc. 

Front load £550.00 - Top load £295.00 
PSU type ME3029 for 2 drives £125.00 

DRE 44A/4000A/B 10 mb 5+5 all configurations from 
£995.00. Call sales office for details. 

5 AMP MAINS FILTERS 
Cure those unnerving hang ups and data glitches 
caused by mains interference. Matchbox size- Up to 5 
amp 240 v load As recommended by the ZX81 news- 
letter. Suppression Devices SD5A £5.95. 

COOLING FANS 
Keep your hot parts COOL and RELIABLE 
with our range of BRAND NEW professional 
cooling fans 
ETRI 99XU01 Dim. 92 x 92 x 25 mm. 
Miniature 240 v equipment fan complete with 
finger guard £9.95. 
GOULD JB-3AR Dim. 3" x 3" z 2.5" compact 
very quiet running 240 v operation. NEW £8.95 
BUHLER 69.11.22. 8.16 v DC micro 
miniature reversible fan. Uses a brushiess 
servo motor for extremely high air flow, 
almost silent running and guaranteed 10,000 
hr life. Measures only 62 x 62 x 22 mm. 
Current cost £32.00. OUR PRICE ONLY 
£12.95 complete with data. 
MUFFIN -CENTAUR standard 4" x 4" x 1.25" 
fan supplied tested EX EQUIPMENT 240 vat 
£6.25 or 110 v at £4.95 or BRAND NEW 240v 
at £ 10.50. 1000's of other fans Ex Stock 
Call for Details Post 8 Packing on all fans £1.60 

DISTEL © 
The UK's FIRST free of charge, 24 hr. public 
access data base. Get information on 1000's 
of stock terns and order via your computer 

and credit card. On line now, 300 baud. 
CCITT tones, full duplex, fully interactive. 

DON'T MISS THOSE BARAAINS 

01krik 

CALL NOW, IT'S FRET á+ßs 
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COMMIS 'CAB' 
All In one quality computer 
cabinet with integral switched 
mode PSU, Mains filtering, and twin fan cooling. 
Originally made for the famous DEC PDPB computer 
system costing thousands of pounds Made to run 24 
hours per day the PSU is fully screened and will deliver a 
massive +5v DC at 17 amps, +15v DC at 1 amp and -15v 
DC at 5 amps The complete unit is fully enclosed with 
removable top lid, filtering, trip switch, 'Power and 'Run' 
LEDs mounted on Ali front panel rear cable entries, etc. 
etc Units are in good but used condition - supplied for 
240V operation complete with full circuit and tech, man. 
Give your system that professional finish for only 
£49.95 +Carr. Dim. 19" wide 16" deep 10.5" high. 
Useable area 1 6"w 10.5"h 11.5"d. 
Also available LESS PSU, with FANS etc. Internal dim. 
19"w. 16"d. 10.5"h. 619.95. Carriage & insurance £9.50. 

8" FLOPPY DISK DRIVES 
Unbelievable value the DRE 7100 8" floppy disk 
drives ut!lise the finest technology to give you 100% 
bus compatibility with most drives available today. The 
only difference being our PRICE and the superb 
manufacturing quality!! The 7100 single sided drive 
accepts hard or soft sectoring IBM or ANSI standard 

formats giving a massive 0.8 MB of storage. Absolutely SHUGART, BASF, 
SIEMENS etc. compatibe. Supplied BRAND NEW with user manual and full 90 

day warranty. 7100 Sirgle sided £225.00 + Carriage and Insurance £10.00. 

Optional accessories: Full technical manual £20.00 alone. £10.50 with drive Refund 
of difference on drive purchase. DC and AC power connector and cable kit £8.45. 50 
way IDC connector £5.50. 50 way ribbon cable £3.20 per metre. 

1 . 0 - SUPER STEAL 
The FABULOUS 25CPS TEC Starwriter 

Daisy wheel printer at a fraction of its original cost. 
RANDN£W AT 'ONLY£4 7 
Made to the very highest 
spec the TEC Starovriter 
FPI500.25 features a 
heavy duty die cast 
chassis and DIABLO type 
print mechanism giving 
superb registration and 
print quality. Micro- 
processor electronics 
offer full DIABLO/QUME 
command compatability 
and full control via CPM Wordstar etc 
Many other features include bi directional 
printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upto 
163 characters per line, friction feed rollers for single sheet or continuous paper. 

I internal buffer, standard RS232 serial interface with handshake. 
Supplied absolutly BRAND NEW with 90 day guarantee and FREE daisy wheel 
and dust cover. Order NOW or contact sales office for more information. 
Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tractor feed 
£140.00. Spare daisy wheel £3.00. Carriage & Ins. (UK Mainland) £10.00. 

DATA MODEMS 
Join the communications revolution with our 
range of EX TELECOM data modems Made to 
most stringent spec and designed to operate 
for 24 hrs per day. Units are made to the 
CCITT tone spec. With RS232 i/o levels via 
a 25 way 'D' skt. Units are sold in a tested 
and working condition with data Permission 
may be required for connection to PO lines 
MODEM 13A compact, async same size as 
telephone base. Up to 300 baud, full duplex 
over 2 wires, but call mode only £75.00 
MODEM 28/C Fully fledged, up to 300 baud 
async, ANSWER & CALL modes, auto answer, 
auto switching, ideal networks etc Just 2 wire 
connection to comma line. £85.00 
MODEM 20-1 Compact unit for use with 
PRESTEL or full duplex 2 wire link 75 baud 
transmit - 1200 baud receive. Auto answer. 
£130.00 
MODEM 20-2 same as 20-1 but 75 baud 
receive 1200 baud transmit £130.00 
MODEM 20-3 Made for data rates up to 1200 
baud in full duplex mode over 4 wire circuit or 
half duplex mode over 2 wires £130.00 
!Carriage 13A £4.50. 2B/C 8 20 f9.50. 
DATA PUMP MODEM compact unit upto 
1200 baud full duplex over 4 wires or half 
duplex over 2 wires. BELL specification with 
data i/o via RS232 25 way D socket, remote 
test etc 240 v operation. Supplied complete 
with data £85.00 carr. £4.50. 

For more information or details of other types 
of ex. stock modems contact sales office. 

A81135 

I/O TMOM RM/S CAR 
Fully fledged industry standard ASR33 data 
terminal. Many features including ASCII 
keyboard and printer for data I/O auto data 

- detect circuitry. RS232 serial interface 110 

/I 
baud, 8 bit paper tape punch and reader for 
off line data preparation and ridiculously 

-cheap and reliable data storage. Supplied in 
'good condition and in working order 

Options: Floor standE 12.50 + VAT 
KSR33 with 20ma loop interfaceEl Zí00 + 

Sound proof enclosurel25.00 + VAT 

SOFTY ß 
The amazing SOFTY 2. The complete "toolkit" 
for the open heart software surgeon. Copies, 
Displays, Emulates ROM, RAM and EPROMS 
of the 2516, 2532 variety. Many otherfeatures 
include keyboard, UHF modulator. Cassette 
interfaceetc Functionsexceedcapabilitiesof 
units costing 7 times the price! Only 
£109.00 pp £ 1.95 Data sheet on request 

SPECIAL MODEM OFFER 
EX TELECOM. Direct cornett. 2 wire, European standard, 75/1200 baud data 
modems. Normally priced at £ 140.00, we have a limited quantity of guaranteed 
working, but cosmetically defective (ie scratches and scuffs on panels etc.) units 
at a super low price of only £49.95. Modems are made to the highest standard 
and conform to the CCITT tone spec. Ideal for MICRONET, PRESTEL or 
DISTEL's forthcoming high speed ports. Standard RS232 data i/o via 25 way 
D skt. With data. 
MODEM 2A Early version of modem 2B/C 300 baud full duplex, send -receive, 
auto answer. RS232 i/o. With data but untested. End of line clearance. 
Only 635.00. Supplied compete with data. Carriage 8 Ins. £9.50 

RECHARCEAILE NICADS 
SAFT VR2C 1.2v 'C' size nicads. 18 
cells in ex equipment pack. Good 
condition - easily split to single cells. 
E! 50 + £ 1.90 post and packing. 

Ill EC MONITORS 
12" CASED. Made by the British KGM Co. 
Designed for continuous use as a data 
display station, unit is totally housed in an 
attractive brushed aluminium case with ON- 
OFF, BRIGHTNESS and CONTRAST 
controls mounted to one side. Much 
attention was given to construction and 
reliability of this unit with features such as, 
internal transformer isolated regulated DC 
supply, all components mounted on two 
fibre glass PCB boards- which hinge out for 
ease of service, many internal controls for 
linearity etc The monitor accepts standard 
75 ohm composite video signal via S0239 
socket on rear panel. Bandwidth of the unit 
is estimated around 20 Mhz and will display 
most high def graphics and 132 x 24 lines. 
Units are secondhand and may have screen 
burns However where burns exist they are 
only apparent when monitor is switched off. 
Although unguaranteed all monitors are 
tested prior to despatch. Dimensions 
approx. 14" high x 14" wide by 11" deep. 
Supplied complete with circuit 240 volt AC 
operation. «M9145.00 PLOS69.50 CARR. 

24" CASED. Again made by the KGM Co 
with a similar spec as the 12" monitor. 
Originally used for large screen data 
display. Very compact unit in lightweight 
alloy case dim. 19" H x 17" D x 22" W. All 
silicon electronics and composite video 
input make an ideal unit for schools, clubs. 
shops etc Supplied in a used but working 
condition. 
ONLPESS.00 PUS E9.50 CARR. 6 INS. 

14" COLOUR superb chassis monitor made 
by a subsidiary of the HITACHI Co. Inputs 
are TTL RGB with separate sync. and will 
plug direct into the BBC micro etc 
Exceptional bandwidth with good 80 col. 
definition. Brand new and guaranteed 
Complete with full data & circuit 240 v AC 
working. Dim. 14" x 13" x 13". 
ONLY 6'99.00 PLUS E9.50 CARR. 

8" WINCHESTER price SUffl 
S100 Bus 19 Mb. Subsystem. A cancelled order and change 
of policy by a major Eritish disk drive manufacturer enables us 
to offer you 'last years model' at a plug in and ready to go 
SUPER LOW PRICE. Our own custom controller pugs direct into 
the S100 bus and will control 2 disk drives, offering a total 
storage of OVER 36 Mbs! and at data transfer rates in excess of 
7 Mb/sec seeing is believing!! Supplied complete with user 
configurable BIOS etc. Save a fortune, Limited quantity only. 
3100 19 Mb. Disk drive £499.00 PSU unit £105.00 
C01100 controller & BIOS £345.00 PSU extension cable E9.95 
Full tech Manual £20.00 

Special SUBSYSTEM prices. 1 x 3100 disk + PSU + Controller E799 00 
or 2 x 3100 disks + 2 PS U + Controller 61295 00 
All prices + VAT and carriage. 90 day guarantee. Data on request. 

PRICES PLUS VAT 

SEMICONDUCTOR 
'GRAB BAGS' 

Mixed Semis amazing value contents 
include transistors, digital, linear. I.C.'s triaca, 
diodes, bridge recs., etc etc. All devices 
guaranteed brand new full spec. with manu- 
facturers markings, fully guaranteed, 
50+12.95 100+ 15.15. 
TTL 74 Series A gigantic purchase of an 
"across the board" range of 74 TTL series 
I.C.'s enables us to offer 100+ mixed 
"mostly UL" grab bags at a price which two 
or three chips in the bag would nnormally 
cost to buy. Fully guaranteed all I.C.'s full 
spec. 100+ E6.90 200+112.30 300 + 119.50 

CALLING DEC 
USERS 

Brand new and boxed 
RSX 11M 3.2 Documentation kits, fill 3 
feet of your bookshelf! Under half price 
only£110.00 carr. £6.50 0 vat on manuals. 
DEC MSV11-DD 32k x 16 bit RAM EI95.00 
We are always keen to buy all types of 
used or surplus DEC equipment. 

All pricesquotedarefcrU.K Mainlandpaidcashwithorderin PoundsStirling PLUSVAT. Minimumordervaluel2.0Q Minimum Credit 
Card order£ 10.00. Minimum BONA FIDE account orders from Government depts., Schools. Universitiesand established companies 
£20.00 Where post ar d packing not indicated please ADD 6Op + VAT Warenouse open Mon -Fri 9.30- 5.30. Sat 10.15 - 5.30 
We reserve the right to change prices andspecifications without notice. Trade, Bulk and Export enquiries welcome. ri cm! I -I_ 32 Biggin Way, Upper Norwood, London SE19 3XF LLCL I_ 11\ 1 II 11 _ Telephone 01-679 4414 Telex 27924 .te 

WW - 066 FOR FURTHER DETAILS 
WIRELESS WORLD SEPTEMBER 1983 91 



ELECTRC 
SHO/CK 

2 WAYS TO RECOVERY 
ACT AT ONCE- DELAY IS FATAL 

ELEtvTRVC SHOCK 
make sure it is safe to approach 

if the casualty is breathing 

if the casualty is NOT breathing 

start artificial respiration-speed is essential 

GET IT - READ IT - PRACTISE 1-4 

BE READY TO SAVE A LIFE. 
SOMEONE MIGHT SAVE YOURS. 

1 

Display the ELECTRICAL 
REVIEW shock first aid 
chart (356x508mm) supplied 
in thousands to destinations 
world-wide. Recent 
deliveries include 
consignments to companies 
in Papua New Guinea, 
Dubai, United Arab 
Emirates, The Philippines, 
apart from UK commercial 
and industrial, educational, 
Central Government, Local 
Authorities' orders. 

Carry the ELECTRICAL 
REVIEW pocket-size shock 
card (92x126mm) designed 
to help safety and training 
officers, medical and 
welfare personnel; all who 
might find themselves 
called to save a life. Always 
pocket your card; there's a 

useful two-year calendar on 
the back. 

ACT AT ONCE DELAY IS FATAL! 

To Electrical -Electronic Press 
General Sales Department 
Room 108 
Quadrant House 
Sutton SM2 5AS 
Surrey 
England 

Company Registered Number: 151537 (ENGLAND) 
Registered Office: Quadrant House, The Quadrant 
Sutton, Surrey SM2 5AS 

Please send copy/copies as indicated 

Pocket Card @ 70p each inc VAT 
Paper Chart @ £1.00 each post free 
Card Chart @ £2.00 each post free 
Plastic Chart @ £3.00 each post free 

Discounts: 100 + copies 10% 
500 + copies 15% 

(Overseas surface and air mail rates supplied 
on application.) 
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Appointments 
Advertsiements 
accepted up to 12 noon 
Tuesday, September 6th, 
for October issue, subject 
to space available. 

DISPLAYED APPOINTMENTS VACANT: £17 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £3.50 per line, minimum £25 (prepayable). 
BOX NUMBERS: £5 extra. (Replies should be addressed to the Box Number in the advertise- 
ment, do Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS). 
PHONE: IAN FAUX, 01-6613033 (DIRECT LINE) 
Cheques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossed. 

ALWAYS AHEAD WITH 
THE BEST! 
£7,000-£20,000 

-* Where does your interest lie: Communications; Computers; 
Weapons; Radar; Sonar; Data-Comms; Signal Processing; Medical; 
Telemetry; Simulation; Satcom; Local Area Nets; ATE? 

* Experienced in: Microprocessor Hardware or Software; Digital and 
Analogue circuitry; RF and Microwave techniques? * There are opportunities in: Design; Test; Sales and Service for 
Engineers and Managers. * Act now: Just di31 100 and ask for FREEPHONE JOBLINE or send 
your c.v. to: 

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED 
Freepost, Barkway, Royston, Herts SG8 8BR 

L .. . 

? 
MEi ........ .... /r. 7 ....3?.}.!A\ç» 'áfa.. .í /.C:....Y, ttd:Nn. 

>., M 

LINK 
SOFTWARE DEVELOPMENT ENGINEER 

A programmer is required to join our development team 
involved with software development of our automated broad- 
cast television products (including processor -controlled broad- 
cast studio colour television cameras). You should be exper- 
ienced in writing assembly language programs for process 
control/automation applications using the NSC800 (a CMOS 
Z80) series of processors or similar. Experience in the use of 
higher level languages would also be an advantage. 

TELEVISION SYSTEMS 

SALES ASSISTANT 
An assistant with a sales engineering background who has the 
ability to progress into the area of writing and costing proposals 
and quotations for the design and construction of broadcast 
television systems (studios and outside broadcast vehicles) is 
required to join our sales team. You should have a knowledge of 
television broadcast engineering, a technical writing ability and 
a financial awareness. 
Competitive salaries are offered together with free permanent 
health insurance, contributory pension scheme and generous 
relocation assistance where necessary. 
Please telephone our Personnel Department on Andover (0264) 
61345 for an application form or alternatively, write to us giving 
us full details of your background and experience. 

LINK 
ELECTRONICS 

Walworth Industrial Estate, Andover, Hampshire, England 
Telephone: Andover (0264) 61345 

(2216) 

RECRUITMENT 

We have been successful in filling both senior and 
junior vacancies from our comprehensive file of 
applicants who have registered with this Company. 
We now wish to extend our file to meet future 
demands and are seeking application for registra- 
tion mainly from those whose qualifications and 
experience fall into the following categories: 

Management staff with engineering 
qualifications and experience in Televi- 
sion and Radio broadcasting or related 
technologies. 
Transmitter installation or operations 
and maintenance engineers and techni- 
cians for Broadcasting and Telecommu- 
nications services. 
Television Studio and Outside Broadcast 
engineers and technicians. 
Graduates with Electronics degree but 
without material practical experience. 

Vacancies occur both for UK based and overseas 
posts. 

If you believe your skills or qualifications meet the 
above broad requirements please contact: 

PERSONNEL & ELECTRONICS LTD. 
Triumph House, 1096 Uxbridge Road 

Hayes, Middlesex 
UB4 80H, England, UK 

Telephone: 01-573 8333. Telex: 934271 (2222) 
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ELECTRONICS APPOINTMENTS 
£6,000 - £16,000 

ANALOGUE, RADIO, MICROWAVE 
DIGITAL, MICROPROCESSOR, COMPUTER 

DATA COMMS, MEDICAL 

Design. Test. Sales and Field Service Engineers - 
to use our free, confidential service and improve your sal- 

ary and career prospects, UK and overseas, contact: 

eTechnomark /tqCuh rnng Kn rurumrrr 

11 Westbourne Grove. London W2 Tel: 01.229 9239 
(1935) 

S 

Laser -Scan Our range of products includes laser -based 
displays, plotters and digitisers. 

Due to Company expansion we invite applications for: 

LASER -SCAN LABORATORIES LIMITED 

We are a leading manufacturer of precision compu- 
ter controlled laser -deflection systems, located on 
the Science Park. 

IN-HOUSE C OMMISSIONING 
ENGINEER 

Required to test and align the Company's precision laser plot- 
ters and digitisers. A working knowledge of TTL is required, and 
experience with microprocessors and/or laser optical systems 
would be an advantage. A minimum qualification of HNC in 
Electrical and Electronic Engineering or equivalent is required, 
coupled with at least two years' industrial experience of both 
digital and analogue circuitry. 

To the successful applicant we can offer pleasant working condi- 
tions, competitive salary and a non-contributory sickness 
scheme. 

Please apply to: 

The Personnel Officer 
Laser -Scan Laboratories Limited 
Cambridge Science Park 
Milton Road 
Cambridge CB4 4BH 
Telephone: (0223) 69872 

(2223) 

INNER LONDON EDUCATION AUTHORITY 
Learning Resources Branch 

Television Centre 
Thackeray Road 

Battersea SW8 3TB 

ENGINEER - ELECTRONIC MAINTENANCE 
Salary range: (ST2) £7,035 to £7,974 plus £1,284 London Weighting 
Allowance. 
The ILEA's Television Centre produces a wide range of educational 
programmes on video and audio cassettes. 
The Maintenance section numbers four persons and a vacancy has arisen 
for an engineer with a sound knowledge of the principles of colour 
television, and preferably a working experience of maintaining broadcast 
type TV equipment. Applicants must wish to specialise on the video side 
(cameras, vision mixers, telecine, etc.), and will receive appropriate 
training. 
An engineering degree, TEC or other equivalent qualifications are 
desirable. 

Application forms from the Education Officer (EO/Estab. 1B), Room 365, 
The County Hall, London SEI 7PB. Please enclose a stamped and 
addressed foolscap envelope. Completed forms to be returned by May 4, 
1983. 
ILEA is an equal opportunities employer. 

12201) 

LOGEX 
ELECTRONICS 
RECRUITMENT 

Specialists in Field & Customer Engineering appoint- 
ments, at locations and disciplines. 

Loges House, Burleigh, Stroud 
Gloucestershire GL5 2PW 

0453 883264 & 01-290 0267 

(24 hours) 

TOWNLEY EMPORIUM 
Bargains for callers 

or send for catalogue 
ELECTRICAL, ELECTRONIC & 
MECHANICAL COMPONENTS 

Vast range of surplus test equipment; 
Diodes; Thyristors; Resistors; 
Terminals; Switches; Relays; Screws; 
ICs; Tools. 
Herehill Street off Burnley Road, 

Todmorden, Llencs OL14 5JY 
(21721 

COLOUR TELEVISION 
If you have experience in television or test equipment engineering, 
there could be an interesting and rewarding future for you at Rediffu- 
sion Consumer Manufacturing Ltd. We are currently producing an 
advanced range of colour television receivers at our factories in 
County Durham and Cleveland and wish to make the following 
appointments: 

PROJECT LEADER - Production Support 
A senior engineer with a sound understanding of television 
systems and receiver circuits is required to lead a team of engi- 
neers and technicians responsible for ensuring that engineering 
standards are maintained during mass production of television 
receivers. 
Responsibilities include investigation of any technical problems 
encountered in production, component fault assessment and 
origination of test/quality specifications. Close liaison is required 
with the design team to ensure that the product conforms to 
design specification. 

PROJECT LEADER - Test Equipment 
Effective testing of television receivers plays an important role in 
ensuring that our very high quality standards are maintained, and 
we now wish to appoint an experienced engineer of proven abil- 
ity, to control a team of engineers and technicians responsible for 
all aspects of production test equipment. 
Responsibilities will include the calibration and maintenance of a 

sophisticated range of test and signal origination equipment, em- 
ploying both digital and analogue techniques. Although some test 
gear is designed and constructed locally, close liaison will be 
required with the design team, based at Chessington, Surrey, 
both to keep abreast of new development and influence the 
design of new equipment in the light of production experience. 

Both positions are based at our factory in Bishop Auckland, County 
Durham, which is within easy reach of attractive countryside and has 
excellent road, rail and air connections. A wide range of good quality 
housing is available and assistance with relocation expenses will be 
made available where appropriate. 

Attractive salaries will be offered, together with the benefits of a good 
pension scheme, free life assurance and 22 days' holiday with a 

choice of leave period. 

If you are interested in either of these positions and would like more 
details, please write to or telephone: 

Mr. D. Abbott 
Engineering Product Manager 
Rediffusion Consumer Manufacturing Ltd. 
Fullers Way South 
Chessington 
Surrey KT9 1HJ 
Telephone: 01-397 5411 

REDIFFUSION (22241 

Leeds Western Health Authority 
THE GENERAL INFIRMARY AT LEEDS 

Senior Electronics 
Technician (Grade III or IV) 
Applications are invited from persons experienced in electronic 
maintenance, preferably with imaging and counting equipment, to work 
in our well-equipped Nuclear Medicine Department. Knowledge of 
computer systems particularly 8080A microprocessors would be an 
additional (or alternative) recommendation. The work is interesting, 
responsible and includes design and development of specialised 
electronic units. A less experienced person may be considered on the 
MPT IV Grade. 

Minimum qualifications are H.N.C. in electronics or equivalent and N.H.S. 
experience is desirable. 

Salary Scale: MPT Ill - £6,132 to £7,926 per annum 
MPT IV - £5,171 to £6,798 per annum 

Application forms and job descriptions are obtainable from The 
Personnel Officer, Leeds General Infirmary, Great George Street, Leeds 
LS1 3EX. Telephone (0532) 432799, ext. 3355. 

Closing date: August 31, 1983. 122181 
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Appointments 
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Television Recording requires Electronics Engineers to 
train in Broadcast Engineering, to support an expanding 
Video Tape and Telecine Operation, which includes complex 
digital and analogue equipment. 

Applicants need not initially possess an in-depth 
knowledge of Television Engineering, as full training will be 
given, but previous academic training must be supported 
by enthusiasm for practical engineering. 

After training, applicants will progress to work involving 
all aspects of Television Recording, 

Ion including in-depth servicing, acceptance 
of equipment, design of 
modifications, and technical '/1 investigations. 

T challenging off 
excellenthese promotional prospectsposts forer the 

self -motivated and committed engineer capable 
of working at the forefront of today's technology. 
Salaries range from £8,129 to £9,200 -this includes 

an allowance for shift working. 
A higher salary will be considered 
in exceptional circumstances. 
Qualifications required are, a 

Degree in Engineering, HND, HNC, 
Full C&G. For further information 
please write, with details of your 
academic and work experience, 
to Bob Neal, BBC, P.O. Box 2 BL, 
London W1 2BL. 

Please quote ref: 83.E.4055/ WW/178 
We are an equal opportunities employer o 
television recording 
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Appointments 

Test & Calibration 
Engineers 

Having introduced an extended new product range, many 

of which are microprocessor based, Marconi Instruments 

has once again confirmed itself as Europe's leading 

manufacturer of sophisticated test and measurement 

systems. Our products are selling throughout the world and we 

are naturally developing further new and innovative designs. 

key role in our organisation is that of our Luton based 
Service Division, where a group of Technicians satisfy 
a very wide range of customer needs in the repair 

and calibration of test equipment. 

hen you join our team you will quickly become 
individually responsible for work assignments 

involving many different kinds of propriety 
products. 

Pan 

rospects are excellent. The Division is part of a large 
companywith its main Instrument DesignlManufacturing 
Base at St. Albans, a Microwave Plant at Stevenage 
d a further substantial Design Manufacturing Group at 

Donibristle in Scotland. The Company is proud of its policy of 

promoting men and women from within, as future Salesmen, 

Managers and Engineers. 

alaries, which are dependent upon experience and ability 
are excellent and regular overtime is normally available. 
Progress for competent engineers and technicians can be 

rapid. Relocation assistance is available in approved 
cases. Special consideration is given to'exforces' personnel. 

hatever your level of experience we would like to 

hear from you. Cut out the coupon and send it to 
John Prodger, Recruitment Manager. Marconi 

Instruments Limited. FREEPOST, 
St. Albans AL4 OBR. Tel: (0727) 59292. i i i i i i ti i i i i 

Name Age 

Address 

Tel. No. 

Years Experience 

Present Salary: £6,000 £7,000 £8,000 Over 

I 1 

£7,000 £8,000 £9,000 £9,000 

Qualifications 

Present Job 
(2143) 

marconi 
instruments 

ADVANCED 
TELECOMMUNICATIONS: 

1 

1 

careers with extensive scope at Cheltenham 

Join the Government Communications Headquarters, one of 
the world's foremost centres for R & D and production in 
voice/data communications ranging from HF to satellite - and 
their security. Some of GCHQ's facilities are unique and there 
is substantial emphasis on creative solutions for solving com- 
plex communications problems using state-of-the-art tech- 
niques including computer/microprocessor applications. Cur- 
rent opportunities are for: 

Telecommunication 
Technical Officers 
Two levels of entry providing two salary scales: 
£5980-08180 and £8065-£9085 

Minimum qualifications are TEC/SCOTEC in Electronics/Tele- 
communications or a similar discipline or C & G Part II Tele- 
communications Technicians Certificate or Part I plus Maths B, 
Telecommunications Principles B and either Radio Line Trans- 
mission B or Computers B or equivalent: ONC in Electrical, 
Electronics or Telecommunications Engineering or a CIE Part I 

Pass, or formal approved Service technical training. Addi- 
tionally, at least four years' (lower level) or seven years' 
(higher level) appropriate experience is essential in either 
radio communications or radar, data, computer or similar 
electronic systems. At the lower entry level first line technical/ 
supervisory control of technicians involves "hands-on" parti- 
cipation and may involve individual work of a highly technical 
nature. The higher level involves application of technical 
knowledge and experience to work planning including imple- 
mentation of medium to large scale projects. 

Radio Technicians 
£5232-£7450 

To provide all aspects of technical support. Promotion pros- 
pects are good and linked with active encouragement to ac- 
quire further skills and experience. Minimum qualifications 
are a TEC Certificate in Telecommunications or equivalent 
plus two or more years' practical experience. 
Cheltenham, a handsome Regency town, is finely -endowed 
with cultural, sports and other facilities which are equally 
available in nearby Gloucester. Close to some of Britain's 
most magnificent countryside, the area also offers 
reasonably -priced housing. Relocation assistance may be 
available. 

For further 'information and your application form, please 
write to . Recruitment Office 

GCHQ Oakley, Priors Road 
Cheltenham, Gloucestershire GL52 5AJ . or phone 0242 21491, Ext. 2269. 

00 
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CAPITAL APPOINTMENTS LTD 
THE UK's No. 1 ELECTRONICS AGENCY 

If you have HNC/TEC or higher qualifications and are 
looking for a job in design, test, customer service, tech- 

nical sales or similar fields: 

Telephone now for our free lobs list 
We have vacancies In all areas of the UK 

Salaries to £15,000 pa 

01-637 5551 or 01-636 9659 
(24 hours) 

Or if you prefer send a FULL CV to: 

CAPITAL APPOINTMENTS LTD 
29-30 WINDMILL STREET, LONDON W1P 1HG 
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Appointments 

GRADUATE STATUS ENGINEERS AND SCIENTISTS 

COME TO 
HIGH-TECH COUNTRY 

IN COMMUNICATIONS R&D 

Hanslope in Buckinghamshire is, we admit, an 
unlikely backdrop for high technology research 
and development. 

Yet a mere stone's throw away from this 
delightful rural village the men and women at 
HM Government Communications Centre are 
applying the very latest ideas in electronics to the 
development of sophisticated communications 
systems and installations, designed to meet 
special Government needs both at home and 
overseas. 

For graduates and near graduates with real 
ability and a genuine passion for creative 
electronics design (the kind of enthusiasm that 
may already have prompted you to design and 
build your own communications equipment), this 
is a superb career environment. 

Technically challenging projects cover a 
wide range of interests including radio (HF to 
microwave, advanced modulation, propaga- 
tion studies and micro -circuitry appli- 
cations); acoustics; magnetics; signal 
analysis; systems engineering. 

The majority of these projects are 
directed towards specific ends, and we have 
our own production facility. So, unlike many 

,f,Ycs2s, slal-, 
.y.°'tst 

other R& D establishments, HMGCC offers 
you the satisfaction of seeing your work right 
through from conception to manufacture. 

With such a broad spectrum of work and 
training facilities at your disposal, HMGCC is an 
ideal environment in which to develop the 
potential you've gained by studying an 
electronics -biased course. What's more, we think 
you'll find the working conditions and location 
very much to your liking. 

Please write to us for further details on the 
work and the remunerations offered at the Centre. 
As our careful selection process takes some time, 
it would be particularly helpful if you could detail 
your qualifications, your personal fields of interest 
and practical experience, and describe the type 
of working environment most suited to your 
career plans. 

Dr. D. Orr, Recruitment Officer, 
HMGCC, Hanslope Park, Hanslope, 

Buckinghamshire MK19 7BH. 

HER MAJESTY'S GOVERNMENT 
COMMUNICATIONS CENTRE 

HANSLOPE PARK 

:_;,.:-. 
trwj 
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Appointments 

Electronics 
Engineers 

Aviation Systems Planning 
IAL you will find worldwide, wherever 
there is a need for Aviation, 
Meteorological, Communications or 
Medical Services. 

The continuing expansion within our 
Aviation Division enables us to offer 

further opportunities to career minded 
electronics engineers. These engineers 
will be based at our headquarters, near 
Heathrow Airport, and will undertake the 
systems planning of ground electronics 
projects for new and existing 
commitments. Dealing with these projects 
will entail an element of overseas travel. 

You should be qualified with a degree, 
HND or HNC and preferably be a 

corporate member of a recognised 
professional institution. As well as systems 
planning your experience should cover 

IAL 

at least one of the following: 
* Radio navigation aids - ILS, VOR, 

DME. 
* HF, VHF and UHF radio and line 

communications for civil and military 
aviation. 

* Primary and/or secondary radar systems 
for airfield control, terminal and long 
range applications. 

* Computerised data handling systems 
for radar display, automatic message 
switching and meteorological 
applications. 
Salary will he in the range of £8,500 to 

£11,500 commensurate with experience. 
Apply to the Senior Recruitment 

Officer, IAL, Aeradio House, Hayes Road, 
Southall, Middlesex, UB2 5N). Tel. 
01-574 5134. Please quote Ref. K 120. 

THE HIGH TECHNOLOGY TASK FORCE 
AVIATION SYSTEMS AND SERVICES 
MEDICAL SERVICES 
COMPUTER SYSTEMS AND SERVICES 
COMMUNICATIONS SYSTEMS -WORLDWIDE 

(2219) 

RADIO ENGINEER : LATIN AMERICA 
To work as a technical adviser with a Latin-American organisation for 
education by radio, with 40 affiliated radio stations in 17 countries. 

The engineer will initially be based in Quito, Ecuador, and will later 
travel to radio stations in other countries. The job consists of planning 
and running training courses for local technicians in maintenance of 
mainly small, short- and medium -wave transmitters, aerials and 
studios. 

Applicants should have radio engineering experience, gained in a 

broadcasting environment; the post will demand skills in training 
people with non -technical backgrounds and in planning and improvis- 
ing equipment. Spanish speakers especially welcome, but language 
training can be provided. 

The post is initially for three years on a basic salary. Because of exten- 
sive travel, it is unlikely to suit applicants with families. CIIR will provide 
orientation and language training, insurance, air fares and various 
allowances. 

For a job description and application form, please send a brief c.v. to 
CIIR Overseas Programme, 22 Coleman Fields, London N1 7AF, quoting 
Ref. WW3. 

22121 

PHONE 
YOUR CLASSIFIEDS TO 

IAN FAUX ON 
01-661 3033 

BOX NOs. 
Box number replies should 

be addressed to: 

Box No 
c/o Wireless World 

Quadrant House 
The Quadrant 

Sutton, Surrey, SM2 5AS 

BORED ? 
Then change your job! 

1) Video/TV Equipment 
Field Service Engineers required with exper- 
ience of analogue/digital/computer based 
equipment. £9-£10,000 - Hants. 

2) Microprocessor -based Control 
Systems 
Commissioning/Servicing Engineers required. 
To £8,500 - Sussex. 

3) Computer Peripherals 
Service Engineers to repair complex PCBs for 
terminals, printers, disc drives, etc. C. £8,000 - 
Surrev 

4) Video/CC TV/Audio Equipment 
Installation/Service Engineers needed with ex- 
perience of audio/video systems. C. £9,000 - 
Surrey. 

5) Service Personnel 
(RAF, RN, Army) 
We have many clients interested in employing 
ex -service fitters and technicians at sites 
throughout the UK. Phone for details. 

6) f500 per week 
We are paying very high rates for contract 
design and test engineers who have a back- 
ground in RF, MICROWAVE, DIGITAL ANAL- 
OGUE or SOFTWARE, at sites throughout the 
UK. Hundreds of other Electronic 

and Computer Vacancies to f12,500 
Phone or write: 

Roger Howard, C.Eng., 
M.I.E.E., M.IE.R.E. 

CLIVEDEN CONSULTANTS 
87 St. Leonard's Road, Windsor, Berks. 

Windsor 107535) 5802215 lines) 
(16401 

CLIVEDEN 
Hammersmith and Fulham Health 

Authority 
CHARING CROSS HOSPITAL 

SENIOR CHIEF 
TECHNICIAN 

Salary scale: £9898-£11,395 p.a. 
Inclusive 

An appointment exists in this modern 
teaching hospital, which carries respon- 
sibility for the day-to-day administration 
of the technical staff in the Medical 
Electronics Department. 
The main duties are associated with 
medical equipment management which 
includes maintenance, electrical safety 
testing and evaluation of new equip- 
ment. Extensive use is made of a 
minicomputer for record keeping and 
work scheduling. 
Applicants should have considerable ex- 
perience of electronic equipment and 
preferably have experience of running 
an equipment maintenance section. The 
successful applicant will probably have 
a degree, HNC or HND in Electronic 
Engineering and will be appointed on 
the Medical Physics Technician I scale. 
Application form and job description 
from the Unit Personnel Dept, Branden - 
burgh House, 116 Fulham Palace Road, 
London W6. Tel: 01-748 2040, eat 2992. 
Closing date: 14 September, 1983. 

122251 

Over the past ten years we have become one of the country's foremost 
leaders in the field of audio pre and power amplifier modules. We now 
wish to extend the existing range together with launching new and 
unassociated products. In order to fulfil this expansion programme, our 
Research and Development Department have the following vacancies: 

AUDIO ENGINEER 
The successful applicant must have previous experience in the Hi-Fi field 
and will be required to tackle all aspects of design, development and 
preproduction of new products (from conception through to launch). 
Salary: Negotiable. 

R.F. ENGINEER 
We require an R.F. Engineer to be involved in a number of new and 
interesting projects. Suitable applicants are expected to be qualified to 
degree level and have some relevant experience in the design of low - 
power R.F. transmission and receiver circuitry from VHF upwards. 
Salary: Negotiable. 
Apply in first instance with full c.v. to: Mrs. Johnson, Personnel Man- 
ageress, ILP Electronics Limited, Graham Bell House, Roper Close, Can- 
terbury, Kent CT2 7EP. 12213) 
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Appointments 

Test Engineers 
and Technicians 

-Wembley, Middlesex 
Racal -BCC are members of the 

highly successful Racal Electronics 
Group and are world leaders in the 
design and manufacture of tactical radio 
communications equipment. We require 
a number of test technicians and test 
engineers to fill a variety of grades within 
the Test Department on both the day and 
night shift. The department is responsible 
for the manual and automatic testing and 

fault finding of the Company's 
equipments at various stages of 
manufacture. 

Applicants should be qualified to 
HNC/HTC level and have experience of 
radio communications equipment. 

We offer excellent conditions of 
service including good basic pay and all 
the benefits you would expect from an 
internationally successful company. 

Racal -BCC 

World leaders in electronics (2217) 

Please apply in writing to: 
Mr. A. Charman, 
The Personnel Officer, 
Racal -BCC, South Way, 
Wembley, Middlesex. 

R A Da 

dm14e 
Philip Drake Electronics Ltd is a growing, successful company that has established itself as a leading supplier of studio communica- 
tions equipment, programme quality sound distribution modules and special "one off" designs to the Broadcast Industry. 

Our continuing expansion has led to a requirement for bigger premises and we are moving from London to Welwyn Garden City 
in the autumn of this year. We are looking for suitable people to fill the following positions which have become vacant or are being 

1, 

created to handle our increasing business. 
As well as attractive salaries, the Company offers a pension scheme and BUPA membership and the new premises being I 

constructed at Welwyn Garden City will provide a pleasant working environment when completed. 

SALES MANAGER 
A manager with proven sales experience in the 

broadcast field and/or sales management experience of 
professional capital products is required. An engi- 
neering background is desirable for handling quota- 
tions and customer's enquiries. 

The manager is responsible for the efficient running 
of the sales department including control of staffing, 
preparation and monitoring of department budgets, 
monitoring of quotation and invoice procedures and 
direct involvement with customer visits, preparation of 
quotations, and checking of quotation output from the 
department. 

The manager will also be involved with exhibitions, 
and sales literature in collaboration with the marketing 
manager. Applicants must possess a clean driving 
licence. 

SALES ENGINEERS 
The Sales Department requires extra staff to cope 

with the increasing amount of work. The department is 
involved in defining customers' requirements, prepar- 
ing quotations, order acknowledgements, invoices, se- 
curing sales and briefing projects engineers on new 
orders. Experienced staff handle all aspects of the work 
but we would consider applicants with only quotation 
experience or sales experience who are able to 
progress to fulfilling the complete task. An electronic 
engineering qualification would bean advantage. 

WIREMEN 
We require wiremen/women able to interpret circuit 

diagrams and wiring schedules and with a minimum of 
construction detail to build and wire control panels, 
racks and bays neatly and quickly to a high standard. 
Good references are essential but those wishing to 
work under contract need not apply. 

PROJECTS ENGINEER 
An additional engineer is required to join our projects 

team. The department deals with system design of 
talkback and intercom equipment, including software 
updates of standard microprocessor controlled 
systems, one-off system designs to customers' require- 
ments, and modifications to customers' audio and 
control equipment. 

The work involves liaison with customer engineers, 
detailed system design, one-off circuit design, pre- 
paration of production and handbook documentation 
and support for manufacturing and test departments. 

Applicants should have a recognised electronic engi- 
neering qualification and two years' experience of 
system/project engineering of professional equipment. 
Previous experience of systems involving software 
control would be an advantage but not essential. 

TEST ENGINEERS 
We are looking for suitably qualified test engineers 

with probably four to five years' experience in testing 
analogue (preferably audio) circuits, who will be 
involved in varied testing, from small batch produced 
modules to complete communication systems, and 
who are abile and willing to adapt to digital technology 
as this is introduced to the Company. 

PRODUCTION 
MANAGER 

A person with a good background in production is 
required to manage our wiring shop and to organise 
the production of metalwork, printed circuit boards and 
assembly work using subcontractors. The person will 
also be expected to oversee the introduction of printed 
circuit assembly in our factory utilising suitable assem- 
bly aids including flow soldering equipment. 

TRACER/JUNIOR 
DRAUGHTSMAN 

A tracer/junior draughtsman is required to assist en- 
gineers with system designs. The work involves close 
liaison with engineers and production staff and produc- 
tion of metalwork, circuit and wiring drawings for both 
manufacturing and customer documentation. The ideal 
applicant would be self -motivated and capable of add- 
ing finer details to the work passed on by the engineer. 
The work is interesting and challenging and provides 
scope for advancement as experience is gained. 

TEST DEPARTMENT 
MANAGER 

A suitably qualified person with a successful record 
in testing both analogue and digital equipment is 
invited to take on the full responsibility of running this 
department. As well as scheduling and controlling the 
work of a small team of test engineers, the successful 
applicant will be required to design test methods and 
jigs, maintain test records and investigate the introduc- 
tion of ATE to the department. 

AUDIO ENGINEERS 
We have vacancies for experienced audio engineers 

to join our Development Department. Candidates 
should have a relevant degree and will probably have 
worked in a design environment. The person will be 
responsible for all aspects of development from initial 
concept to production, and will therefore become 
involved in a variety of tasks. An ability to produce 
innovative but practical designs with minimum supervi- 
sion is essential. 

All posts are open to men and women. Successful applicants may be asked to work at our London premises until we move to Welwyn Garden City at the 

end of September, but this is not an essential requirement. 
Applications in writing and including an up-to-date CV should be addressed to The Personnel Officer, Philip Drake Electronics Ltd., 23 Roden Place, 

London W2 4SA or phone Jill Humphreys on 01-221 1476 for an application form. Please quote ref JH5 
4e 

12226) 
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Appointments 
Premier international electronics companies - very secure and expanding in London and the south of England - require professional senior staff 
(including departmental heads). Relocation allowance up to £3,000. 

ELECTRONIC ENGINEERS 
Electronic engineers required with degree - H.N.C. - tech. cert. - O.N.C. Almost any background required but software and hardware experience will 
bring salary of absolute minimum of £6,500 p.a. and could be up to £11,000 p.a. 

ELECTRONIC DESIGN/DEVELOPMENT 
Engineers required with experience of circuit or component design or development for microwave equipment or digital logic or computer peripherals or 
electronic packaging or film technology or telecommunications. Also above for updating in modern techniques. Salaries up to £1 5,000. 

SOFTWARE PROGRAMMERS & ENGINEERS 
Engineers or mathematicians required for development of commissioning and design proving programmes from assistant to team leader level. Salaries 
up to £12,000 p.a. 

Please contact by telephone, or letter, to discuss companies and possibilities. Watford 49456 anytime. (21461 

GORE MANAGEMENT SERVICES LTD 
SELECTION & TRAINING CONSULTANTS 
218 St Albans Road, Watford, Herts. 
Tel: Watford 49456 

TELECOMMUNICATIONS/ 
SEMI- CONDUCTOR 

Advanced Engineering Applications 
to £14K +Car+Profit Share Home Counties 
The progress of the electronic revolution is now heavily dependent on the 
interfacing of real world analog signals to digital processing. The complex- 
ities of current and future LSI circuitry demands highly sophisticated 
computer controlled AUTOMATIC TEST EQUIPMENT in all phases of 
design and manufacture. 

Our Client, an established world leader in LSI Test Systems has 
created exciting career opportunities for 2 talented Engineers to contribute to 
their success in taking responsibility for the complete application support of 
an interesting and varied client base. 

You will ideally 
Be currently employed in the Telecommunication or Semi -Conductor 
industries. 
Be performing a Design/Testing or Applications role. 
Be experienced with Digital Signal Processing, Digital/Analog LSI 
circuits and/or Testing techniques. 

A high degree of customer contact providing consultancy advice on 
future applications and problem solving demands good presentation, 
communication and organizational abilities. 

The benefits include 3 months product training in the U.K. and 
U.S.A.; a full relocation package where necessary; company car with petrol 
expenses; company profit share and share purchase plan; 23 days holiday; 

family BUPA and Life Assurance. 

For an initial confidential discussion please telephone Bob Rae 
or write to him in strict confidence to: - 

ARCHIBOLD RAE CONSULTANTS LIMITED. 
(High Technology Search and Selection) 

7, London Road, Newbury, Berkshire. 
Tel: Newbury (0635) 33445. 

(22401 

BRIGHTON POLYTECHNIC 
Learning Resources 

VIDEO RECORDING 

STUDIO ENGINEER 
£9,060-£10,539 

Urgently required to join an 
experienced and enthusiastic 
team making educational 
training and distance learning 
video and audio programmes. 
The standard is high (master- 
ing on 1" C -Format) and the 
variety wide (studio, mobile 
and V.T. editing). 
Further details and applica- 
tion forms from the Deputy 
Head of Personnel, Brighton 
Polytechnic, Moulscoomb, 
Brighton BN2 4AT. Tel: 
Brighton 693655 Ext. 2536. 
Closing date, 16th Sep- 
tember. 

(22291 

UNIVERSITY COLLEGE CARDIFF 
Department of Physiology 

ASSISTANT EXPERIMENTAL 
OFFICER/EXPERIMENTAL 

OFFICER 
The department, which has an active neurosci- 
ence -based research programme, requires a per- 
son with design experience to work in collabora- 
tion with the academic staff in the development 
and maintenance of equipment for research 
laboratories. Degree in electronics an advan- 
tage. This post offers a challenging opportunity 
for those interested in developing the latest 
electronic technology in a biomedical environ- 
ment. 

Salary range: OR IB E6,310-E9,875/E10,250- 
E11,615 p.a. Duties to commence as soon as 
possible. 

Applications (two copies), together with the 
names and addresses of two r erses, should be 
forwarded to the Vice -Principal (Administration) 
and Registrer, University College, P.O. Bos 78, 
Cardiff CF1 1XL, from whom further particulars 
mey be obtained. Closing date 14th September, 
1983. Ref: 2860. 

122321 

BUSINESS OPPORTUNITIES 

FOR SALE 
Complete 

Tube Rebuilding Plant 
including automated ovens 

Training available 

All enquiries Box No. 2237 
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FIELD SERVICE 
ENGINEER 

LKB Instruments Limited, the UK subsidiary of a 

major international scientific instrument company, 
require an additional Field Service Engineer for 
their Customer Service Department. 

Applicants should have a sound knowledge of digi- 
tal and analogue electronics, preferably with some 
field experience in the scientific industry. 

The work entails the repair and maintenance of 
instruments situated mainly in Hospitals and Uni- 
versity Laboratories. Preference will be given to 
applicants living between Glasgow and Edinburgh. 

Conditions of employment are excellent and in 
addition to a good basic salary and company car, 
the company have a profit sharing scheme, BUPA 
participation and four weeks' annual holiday. 

Contact Mrs D. Duff for application forms 

LKB INSTRUMENTS LIMITED 
232 Addington Road 
Selsdon, South Croydon 
Surrey CR2 8YD L ( [3 
Tel: 01-651 5313 

12233) 

The Royal Marsden Hospital 
Fulham Road, London, S.W.3 

Medical Physics Technician IV 
required to work in the Physics and Radiotherapy departme its. The 

successful applicant will form part of a team maintaining and 
servicing an interesting variety of radiotherapy equipment. The 
deprtment has three Cobalt treatment machines, 150kV and 300 kV 

X-ray units, a Philips 10MV linear accelerator and a simulatc r. 
Current developments include the installation of a Philips 5MV 
linear accelerator and a caesium Selectron unit. 

Applicants should possess two A levels or equivalent in appropriate 
scientific subjects and have three years' relevant technical 
experience. 

Salary on scale £6,168 to £7,795 p.a. 

Application forms and job descriptions available from the 
Personnel Department (Tel. No. 01-352 8171, extension 446,4471º2111 

LINEAR ACCELERATORS 

FIELD SERVICE ENGINEER 
T.E.M. Instruments Ltd. require an electronics engineer with 
some mechanical knowledge and experience in installing and 
servicing clinical linear accelerators. 
The Engineer will also be expected to work on T.E.M. 
simulators and cobolt units. Training will be provided.. 

The company offers a good basic salary, paid overtime, a 

company car, expenses and pension scheme. 

Applications and C.V. in writing to the service manager 

T.E.M. INSTRUMENTS LTD. 
Gatwick Road, Crawley 
West Sussex RH10 2RG 

(2241) 

Video Engineer 
Dorking 

We have an immediate vacancy for a video 
engineer to work under the supervision of the 
Television Technical Supervisor at our Video Unit 
in Dorking. Applicants should have experience in 

the operation and maintenance of a wide range of 

colour television equipment, including broadcast 
cameras and recorders, and qualifications should 
include ONC or equivalent. A clean driving 
licence is essential. 

Commencing remuneration will be in the 
region of £8,400, together with a non- 
contributory pension scheme, and the usual 
fringe benefits associated with a major clearing 
Bank. The successful candidate will be an 

important member of a small team working in a 

progressive and stimulating environment. 
Please apply in writing, giving details of age, 

education, technical qualifications and practical 
experience, to: - 
J. M. White, Esq. 
Manager, Group Video, 
Midland Bank plc., 
Vidcom House, 
138 South Street, 
Dorking, Surrey 
RH4 2EU. 

L 
; ; Midland 

Bank (2234 

HUNTINGDON HEALTH AUTHORITY 
The new Hinchingbrooke Hospital, situated in Huntingdon is 

currently being commissioned and will open for inpatients 
during the Autumn. The new Bio -Medical Equipment 
Support Unit requires the following staff: 

Technician -in -Charge (MPT I) 
To be responsible for the day-to-day control of this unit, 
which provides the full range of Technical Service Support 
for Anaesthetics, Electro -Medical and associated equipment. 

Medical Physics 
Technician (MPT II) 
For service support for Anaesthetics, Oxygen Therapy and 
providing first line instruments - mechanical support for a 

wide range of equipment. 

Salary Scales: MPT I - £8,901-£10,398 per annum. MPT II - 
£7,386-£9,212 per annum. 

Application forms and job descriptions from District 
Personnel Officer, District Headquarters, Primrose Lane 
Hospital, Primrose Lane, Huntingdon, Cambs PE18 6SE. 

Tel. 0480 50571 ext. 32. 

Closing date for applications 5 September 1983. 
(2236) 

ARTICLES FOR SALE 
BRIDGES, waveform/transistor analysers. Cab- 
bramrs, Standards. Millivoltmeters. Dynamome- 
ters. KW meters. Oscilloscopes. Recorders. Sig- 
nal generators - sweep, low distortion, true 
RMS, audio, FM, deviation. Tel. 040 376236. 

WAVEGUiDE, Flanges and Dishes. All stan- 
dard sizes and alloys (new material only) from 
stock. Special sizes to order. Call Earth Stations, 
01-228 7876, 22 Howie Street, London SWII 
4AR. (2099) 

LAMPS AND CABLE. Largc amount of lamps 
and cable for sale - all types and sizes, domestic 
and industrial. Telephone MIRAGE LIGHTING 
on HITCHIN (0462) 733388 between 10am-7pm. 

(1809) 

Analogue integrated circuit design on a single 
chip Phone Four -D Limited on 0279-29246. 

2159 

MARINE FIELD/BRANCH/SERVICE' 
INSTALLATION ELECTRONIC ENGI- 
NEER required. Must be familiar with commu- 
nication, telex, radar, autopilot, gyro, SAT-NAV 
equipment, etc. and have practical experience. 
Should be based in or near London. Apply in 
writing to Ms B. A. Barnard, Telesonic Markle 
Ltd, 60/62 Brunswick Centre, Marchmont Street, 
London WCI. (2235) 

ENCAPSULATING EQUIPMENT FOR coils, 
transformers, components, degassing silicone 
rubber, resin, epoxy. Lost wax casting for brass, 

bronze, silver, etc. Impregnating cods, transfor- 
mers, components. Vacuum equipment, low cost, 
used and new. Also for CRT regunning metallis- 
ing. Research & Development. Barratts, Mayo 
Road, Croydon CR0 2QP. 01-684 9917. (9678) 
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Classified 
ARTICLES FOR SALE 

TO MANUFACTURERS, WHOLESALERS 
BULK BUYERS, ETC. 

LARGE QUANTITIES OF RADIO. TV AND 
ELECTRONIC COMPONENTS FOR DISPOSA 
SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, 
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. 
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA- 

MICS, PLATE CERAMICS, etc. 
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, 
CABLES, SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFOR- 

MERS, etc. 
ALL AT KNOCKOUT PRICES - Come and pay us a visit ALADDIN'S CAVE 

TELEPHONE: 445 0749/445 2713 
BROADFIELDS & MAYCO DISPOSALS 

21 Lodge Lane, North Finchley, London, N.12 
15 minutes from Tally Ho Corner) (1613) 

24 
COLUMN 
PRINTER 

ONLY 
£69 EACH 

(inclusive) 
Standard 4 -inch 3U mounting; 
inverted 4 double sized print; single 
9V AC or 5V DC power supply; stan- 
dard centronics interface or serial 
data; extends only 40mm behind 
panel. 

For further details contact: 
Benwick Electronics 

9 Doddington Road, Benwick 
nr March, Combs, PE15 OUX 

Telephone: Benwick (0354771471 

INVERTERS 
High -quality DC -AC; also "no 
break" (2ms) static switch, 191n. 
rack. Auto Charger. 

COMPUTER POWER SYSTEMS 

Interport Mains -Store Ltd. 
POB 51, London, W11 3BZ 

Tel: 01-727 1042 or 0225 310916 
191011 

AVO Model 8 
Test Meters. 

Quantity available. 
Brand new with leather carrying case. 
Ex -Government issue, needing slight 
electrical and mechanical adjust- 
ments. £45 each 
Burgess Lane & Co. Ltd., Thornton 
Works, 1A Thornton Avenue, London 
W4 10E. 01-994 5752. 

12194) 
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Pnea1e enquures send 73p in stamps los brochure 

THE QUARTZ CRYSTAL CO. LT/). 

NEW WALDEN. SURREY 
WELLINGTON 

01-9420334CENT &2988 

(8493) 

G3BXI 50ft MAST 
Telescopic, tiltover, ground - 
post, assembly manual, £250 

Ready for collection 
Eric Dowdeswell, G4AR 

Ashtead, Surrey 
Tel: 72515 or 01-661 3604 

12238) 
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THE SCIENTIFIC WIRE COMPANY 
811 Forest Rd, London, E.17. Tel. 01-531 0574 

ENAMELLED COPPER WIRE 
llb 8oz 4oz 

E3.63 £2.09 E1.10 
E382 £2.31 £127 
£6.00 £3.20 £2.25 
£8.67 £580 E3.49 

£15.96 £958 £6.38 

SILVER PLATED COPPER WIRE 
19 to 30 £9.09 £520 £293 E1.97 

TINNED COPPER WIRE 
14 to 30 £3.97 £241 £139 £0.94 
Fluorose Solder £5.90 £3.26 £1.82 £094 
Paces include P.AP. and VAT Orders under £2 add 20p. 

S.a.e. for list of copper and resistance wire. Dealer 
enquiries welcome. 

19063) 

SWG 
81o34 

35 to 39 
48to43 
44to47 
48 

los 
£0.88 
£0.93 
£1 61 

£2.75 
£3.69 

WIrCH 

ELECTRONICS 

1/4w 1% Metal Film pack of 10 O.30p 
1/2w 5% Carbon pack of 10. 0ß0p 
1/4w 5% Carbon pack of 10. 0.10p 
400mw Diodes 50v -1000v 

pack of 5 O.35p 

please add 30p. pfp+15%vat 

other components always available 

Brook House,Cranbrook Rd, 

Hawkhurst,Kent 05805 3816 Mal 

EDWARDS RI -VAC ROTARY 
PUMP & DIFFUSION PUMP 

£138 
Single to 3 -phase converter and 
idler/stabiliser motor £150. Portable Arc 
welder, blower cooled, special for thin 
sections £35. 25 Micron filter/separator 
£10. Centrifuge £49. Rotary burette £20. 
Pye 200,000 Megihhmeter £45. Zenity 
phase -shift transformer £49. Sullivan 
Decade Mica Capacitor total 1µF £45. 
Sullivan Mirror Galvanometer £35. In- 
tertechnique 4 -channel digital recorder 
£75. Weston Electrodynamometer £25. 
Peekel micro -strain gauge apparatus 
£59. Spembly Thermocouple Thermo- 
meter Cr/AI, Fe/Con, Cu/Con, mV, etc. 
£35. Industrial Microscope £98. Tacussel 
PRT 20-2 £75. Crompton Parkinson KW 
Meter £39, etc. 

040 376236 

120161 

LINSLEY HOOD DESIGNS 
75Watt and 100W amps 

Audio Signal Generators 

75Watt amp p.c.b. £2.30 
100Watt Mosfet p.c.b £4.00 

P&P 50p 
S.A.E. for leaflets 

TELERADIO ELECTRONICS 
325 Fore Street, London N9 OPE 

11762) 

EX WD Radio equipment and test equipment. 
Over 500 sets in stock from £8. Send 500pp 

illustrated catalogue (including £1 voucher). 
Weirmead Ltd. 129 St. Albans Road, Watford, 
Hems. Tel: Watford (0923) 49456. (1974) 
FORTY-FIVE HEWLETT PACKARD 5080- 
9747 8k by 16 bit Memory Boards for sale. Each 
board contains 34 tins 4030 ram ICs plus many 
support components. Untested. £5 each, or offer 
for the lot. Contact J. Mathews. Tel: Windsor 
69595. (2228) 

RACAL COMMUNICATION RECEIVERS 
500kc/s to 30mc/s in 30 bands Imc/s wide, RA17 MK11 
£100, RA17L £150, RA117E £225. New metal louvred cases 
for above £25 each. All receivers are au tested and 
calibrated in our workshop. Supplied with manual and 
dust cover, in fair used condition. RACAL SYNTHESIS- 
ERS (Decade frequency generator) MA350B Solid state 
for use with MA79 - RA117 - RA217 - RA1217 ETC, 
£100 to £150. MA250 1.6mc/s to 31,6mc/s £100 to £150. 
MA25116 PRECISION FREQUENCY STANDARD 5mc/s, 
Imc/s 100khz £100 to £150. EDDYSTONE RECEIVER TYPE 
Ec8W3K Solid state, single channel. SSB, mains or 
battery powered, 1.6 to 27.5mc/s and 400, 535khz £100 
with manual. REDIFON SSB RECEIVER TYPE R499 Solid 
state, 10 fixed channels, range 1.510 30mc/s and 255khz 
to 525khz, power mains or battery, complete with ISB 
adaptor ARUIOA, £100 with manual. REDIFON TT11 AU- 
DIO TELEPRINTER CONVERTOR Solid state, tested with 
circuit £25. CREED TYPE 75 TELEPRINTER 50 and 15 
bauds for use with above convertor £25. 

OSCILLOSCOPES 
COSSOR COU150 35mc/s, twin beam, solid state £195 
with manual. TEKTRONIX 422 Solid state, portable with 
internal battery pack, 15mc/s, duel trace £350. CT436 
DUAL BEAM ()oscilloscope, 6mc/s £75. TEKTRONIX MIA 
100mc/s, dual trace, solid state £350 with manual. MAR- 
CONI TF895 SIGNAL GENERATORS From 2mc/s or 
1.5mc/s to 220mc/s AM -FM A2M £100, A3 £100, A5 £150, 
R5 £250 with manuals TF2005R Two tone signal source 
audio £150. TF2606 DIFFERENTIAL DC VOLT METER 0 to 
1100volts £100 112802 AM SIGNAL GENERATOR 10kc/s 
to 72mc/s £400. TF2002AS FM and AM signal generator, 
10kc/s to 72mc/s - £600 TF217213 DIGITAL SYNCHRO- 
NIZER For above £350. TF10668K FM -AM SIGNAL GEN- 
EMTGR 10cm/s to 470mc/s fî00. Tn246 CIRCUIT MAGRI- 
FICATION METER and TF1246 Oscillator £200 X.P. 
SIGNAL GENERATOR 620A7 to 11 gigs floc. X.P. SIGNAL 
GENERATOR 608 10-420me/s £70. MARCONI AF WATT 
METER CT44 NO1 Absorption, 200 microwatts to 6 watts, 
in 10 ranges switched, 2.5ohms to 20K ohms f45, TF09311 
AF WATT METER 1 milliwatt to 10 watts 2.5ohms to 26K 
ohms in 48 steps £65. THYRISTOR TEST SET, CT566 
Voltages up to 2KV E100. TEKTRONIX 4032A GRAPHIC 
COMPUTER TERMINAL with joystick £1200. TEKTRONIX 
4801 Hard copy and for use with above £450. Both units 
for £1550. RACAL DIGITAL COUNTERS, TYPE 001M - 
125mc/s £50. RACAL 030 COUNTER 35mc/s £50. 

VAT AND CARRIAGE ON ABOVE ITEMS EXTRA 
All items are bought direct from H.M. Government, being 

surplus equipment Price is ex works 
SAE for all enquiries. Phone for appointment for demon- 

stration of any item 
JOHN'S RADIO, WHITEHALL WORKS, M WHITEHALL 

ROAD EAST, BIRKENSHAW. BRADFORD BD11 2ER 
TEL 102741 604007 

1848 

POSITIVE 

PRE -COATED BOARDS 
with plastic protection colours 

Any quantity 
Single -sided board 5p per sq. in. 

Double -sided board Bp per sq. in. 
Printed circuits also manufactured 

MAYLAND PCB, Maylandsea 
Chelmsford, Essex CM3 6AB 

Telephone: 106211741560 
122311 

VALVES, PROJECTOR Lamps, 6000 types, list 75p, world wide export. Cox Radio (Sussex) Ltd., The Parade, East Wittering, Sussex. Phone (024 
366) 2023. (1991) 

OPERATIONAL 
AMPLIFIER 

EXPERIMENTAL 
MANUAL 

by G. B. Clayton 
DIGITAL ELECTRONIC 
CIRCUITS & SYSTEMS 
by N. M. Morris £5.50 
ELECTRONIC MUSIC 
CIRCUITS 
by B. Klein £15.00 
THE CATHODE-RAY 
OSCILLOSCOPE AND ITS USE 
by G. N. Patchett £5.50 
VIDEOTAPE RECORDING 
by J. F. Robinson £14.50 
DOMESTIC VIDEO CASSETTE 
RECORDERS 
A SERVICING GUIDE 
by S. Benching £15.00 
MICRO COOKBOOK VOL 1: 
FUNDAMENTALS 
by D. Lancaster £13.50 
AN INTRODUCTION TO 
MICROCOMPUTERS 
VOL 1: BASIC CONCEPTS 
by A. Osborne £10.50 
WORLD RADIO TV 
HANDBOOK 
by J. Frost £12.00 
1983 THE RADIO 
AMATEUR'S H/B 
by A.R.R.L. £10.00 
* ALL PRICES INCLUDE POSTAGE * 

THE MODERN 
BOOK CO. 

£3.50 

BRITAIN'S LARGEST STOCKIST 
of British and American Technical Books 

19-21 PRAED STREET 
LONDON W2 1NP 

Phone 01-402 9176 
Closed Saturday 1 p.m. 

Please allow 14 days for reply or delivery 
(20231 

SMALL BATCH PCB panel assembly to 
drawing or sample. Competitive rates, quick 
turnaround. Delta Engineering, 85 Sewell 'igh- 
way, Coventry (0203)449391 443895. (2227) 

SERVICES 

CIRCOLEC 
THE COMPLETE ELECTRONIC SERVICE 

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A. Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering Service. 
Quality workmanship by professionals at economic prices. Please telephone 01-646 5686 for advice or further details. 

TAMWORTH MANOR 
302-310 COMMONSIDE EAST, MITCHAM 

FOR THE BEST PCB SERVICE 
AVAILABLE 

*Circuit Design & Development 
Digital and Analogue 
*Artwork Layout 
Work of the highest standard by experienced 
draughtsmen. No minimum charge. 
*Board Manufacture 
Prototype to semi -production, excellent ratee, 
24 -hour prototype service from filmwork. 
*Hiking & Assembly 
PCB assembly, wiring and cable forming 
qualified staff. 
*Test 
Full test facilities available. 
One or all services avail- 
able, no order too small. 
Please telephone Chelms- 
ford (02461 357935, or write 
to HCR Electronics, The In- 
dustrial Unit, Parker Road, ' 
Chelmsford. 

by 

11169) 

PCB/ELECTRONIC ASSEMBLY 
to sample or drawing. Short or contin- 
uous runs. Any quantity. 100% 
inspected. Special rates for small 
companies or large quantities. Fast 
turnaround and local deliveries if re- 
quired. 

AUTRONICS, 23 Regency Gardens 
Yardley Wood, Birmingham B14 4JS 

021-474 4638 (2020) 

(13911 

williams 
P.C.B. Artworks 

FAST TURNROUND 
Cost effective specialist layout 

and master artwork 
WILLIAMS ARTWORK 

GRAYS LANE MORETON-IN-MARSH, GLOS. 
Telephone M86 840121 - to 9 p.m. 

(1971) 

TURN YOUR SURPLUS Capacitors, tran- 
sistors, etc, into cash. Contact COLES -HAR- 
DING & Co., 103 South Brink, Wisbech, Cambs. 
0945-4188. Immediate settlement. We also wel- 
come the opportunity to quote for complete fac- 
tory clearance. (9509 

SMALL BATCH PCBs, produced from your art- 
work. also DIALS, PANELS, LABELS. Camera 
work undertaken. FAST TURNAROUND. De- 
tails: Winston Promotions, 9 Hatton Place, London 
ECIN BRU. Tel. 01-405 4127/0960. (9797) 

BATCH PRODUCTION PCB Assembly and 
Wiring to drawings or samples production runs or 
prototype. C.M.J. Electronics, Unit 8, 16 Union 
Mill Street, Horseley Fields, Wolverhampton 
WVI 3DN. Tel. (0902) 871563. (2214) 

PCBS & PANEL LABELS to your require- 
ments. Design - Prototypes - Production. G. 
N. Slee Custom Products, 78 Derry Grove, 
Thurnscoe, Rotherham, Yorks SG3 OTP. Tele- 
phone (0709) 89525. (1892) 
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SERVICES 

Classified 
CAPACITY AVAILABLE 

EPROM 
PROGRAMMING 

From list and/or existing EPROM for most 5v. 

N.MOS types. Charge £2.50 + 12 pence per 32 

words manually entered. Erasing and EPROMS 
also available. 

Bandley Chipware 
28 Boroughgate 

Appleby 
Cumbria CA16 6AG 

Tel: 0930 51027 (2202) 

DESIGN SERVICES. Electronic design de- 
velopment and production service available for 
digital and analogue instruments. RF Transmit 
ters and receivers, telemetery and con_rol 
systems. 20 years' experience. R.C.S. Electronics, 
Wolsey Road, Ashford, Middlesex. Phone Mr 
Falkner 53661. 8341 

MENDASCOPE LTD 
Repair and recalibrate 

oscilloscopes 
All makes - all models 

MENDASCOPE LTD 
Otter House, Weston Underwood 

Olney MK46 5JS 
Tel: Bedford (0234) 712445 

12230) 

uESIGN AND DEVELOPMENT. ANAL- 
OGUE, DIGITAL, RF AND MICROWAVE 
CIRCUIT AND SYSTEM DESIGN. Also PCB 
design, mechanical design and prototype/small 
batch production. - Adenmore Limited, 27 
Longshot Estate, Bracknell, Berks. Tel: 
Bracknell (0344) 52023. (656) 

ARTICLES WANTED 

WANTED 
Redundant test equipment - 
receiving and transmitting equipment - valves, plugs and sockets - synch - 
ros etc. 

Phone: Johns Radio 
0274 684007 

84 Whitehall Road 
East Birkenshaw 

Bradford BD11 2ER (20491 

SURPLUS 
Top prices paid for surplus, redundant 
and obsolete test equipment, factories 
cleared. 
Also quantities of components. 
Immediate settlement. We will call any- 
where in the United Kingdom. 

TIMEBASE 
94 Alfriston Gardens 

Shelling, Southampton SO2 BFU 

Telephone: (0703) 431 323 
11852) 

WANTED 
Test equipment, receivers, 
valves, transmitters, compo- 
nents, cable and electronic 
scrap, and quantity. Prompt 
service and cash. Member of 
A.R.R.A. 

M&BRADIO 
86 Bishopsgate Street 

Leeds LS1 4BB 
0532 35649 

TW ELECTRONICS LTD 
THE PCB ASSEMBLERS 

More and more companies are investi- 
gating the advantages of using a profes- 
sional subcontractor. Such an undertak- 
ing requires certain assurances. 
1W are able to satisfy all of them - 
quality, competitive pricing, firm delivey 
and close co-operation with the cus- 
tomer. 
Assembled boards at 100% inspected 
before flow soldering and reinspected 
after automatic cropping and cleaning. 
Every batch of completed boards is is- 
sued with a signed certificate of confor- 
mity and quality - our final assurance. 
For further details, contact us at our new 
works: 

Blenheim Industrial Park 
Bury St. Edmunds 
Suffolk IP33 3UT 

Telephone: 0284 3931 11466 ) 

PCB/ELECTRONIC 
ASSEMBLY 

* Circuit Design & Development 
* Prototyping 
* Pre -production Consultancy 
* Full Production Capability 
* Component Sourcing & Stocking 
* Complete Test Facilities 

STAGECRAFT (ELECTRONICS) LTD 
3 Churchfield Road 

Acton Central, W3 6BH 
Tel: 01-9931852/3660 

12203) 

Printed Circuit Boards 
to yt.ur specification 
from artwork through to 
finished board. 

W 

a#rsssl jet 
z4;:0011 sf 

a 

QUICK DELIVERY - 
COMPETITIVE PRICES 

ric>i1iBB 

CROFTONo - qaó 
ELEC 
LIMIT 

. . . . A a 

as 

35 Grosvenor Road, 
Twickenham. Middlesex 
TEL 018911923/1513Telex 295093 

FREE PROTOTYPE of the forest quality with 
EVERY P.C.B. artwork designed by us. Compe- 
titive hourly rates, and high standard of work. 
Halstead Designs Limited. Tel: Halstead (0787) 
477408. (2126) 

BATCH PRODUCTION wiring and assembly 
to sample or drawings. Mclean Electricals Lt., 
19b Station Parade, Ealing Common, London 
W5. Tel: 01-992 8976. (169 

CLASSIFIED 
Use this Form 

PLEASE INSERT THE 

To "Wireless World" Classified Advertisement 

Rate £3.50 PER LINE. Average six words per 
line. Minimum £25 (prepayable) 
Name and address to be included in charge 
used in advertisement 
Box No. Allow two words plus £5 

Cheques, etc., payable to "IPC Business 
Press Ltd." and cross "& Co." 

ADVERTISEMENT 

if 

ADVERTISEMENTS 
for your 

INDICATED 

Dept., Quadrant 

NAME 

ADDRESS 

Sales 

House, 

and Wants 
ON FORM BELOW 

The Quadrant, Sutton, Surrey SM2 5AS 

REMITTANCE VALUE ENCLOSED 

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 
r 
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Crotech Oscilloscopes 
Nationwide availability 
local to You 
London & Home Counties 
Audio Electronics 
Carston Electronics 
Kentwood Electronics 
Precision Instrument 
Laboratories 

Wales & West 
Glevum Instruments 

London W2 01-724-3564 
London N1 01-267-5311 
Reading 0734-698040 

London SE15 01-639-4461 

Gloucester 0452-31620 

East Anglia 
Electronic & Computer 
Workshop 
Maplin Electronics 
Ambit International 

Midlands & North 
Northern Instruments 
Universal Instruments 
Electronic Measurement 
Services 
Radio Telephone Service 

Chelmsford 0245-62149 
Rayleigh 0702-552911 
Brentwood 0277-230909 

Leeds 0532-791054 
Leire (Leics) 0455-202391 

Manchester 061-273-4653 
Derby 0332-41235 

Scotland 
RMR Measurements Cumbernauld 02367-28170 

Crotech instruments Liiied 5 Nimrod Way Elgar 
Telephone: (0734) 866945Road 

Reading eBx: 8s4h7073 

POWLIN G 

WW - 032 FOR FURTHER DETAILS 

INDEX TO ADVERTISERS 
Appointments Vacant Advertisements appear on pages 93-103 
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Black Star Ltd 2 
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Cricklewood Electronics Ltd 87 
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Harris Electronics (London) Ltd 7 
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OVERSEAS ADVERTISEMENT AGENTS 
France & Belgium: Norbert Hellin, 50 Rue de Chemin Veat, 
F-9100, Boulogne, Paris. 

Hungary: Ms Edit, Bajusz, Hungexpo Advertising Agency, 
Budapest XIV, Varosliget. 
Telephone: 2251X)8 - Telex: Budapest 22-4525 
INTFOIRE 

Italy: Sig C. Epis, Etas -Kompass, S.p.a. - Servizio Estero, 
Via Mantegna 6, 20154 Milan. 
Telephone: 347051 - Telex: 37342 Kompass. 

Japan: Mr. Inatsuki, Trade. Media - IBPA (Japan), B.212. 
Azabu Heights, 1-5-10 Roppongi, Minato-ku, Tokyo 106. 
Telephone: (03)585 0581. 

United States of America: Ray Barnes, Business Press Inter- 
national Ltd, 205 East 42nd Street, New York, NY 10017 - 
Telephone (212) 867-2080 - Telex: 238327. 

Jack Farley Jnr., The Farley Co., Suite 1584, 35 East Walker 
Drive, Chicago, Illionois 60601 - Telephone (312) 63074. 
Victor A. Jauch, Elmatex International, P.O. Box 34607, Los 
Angeles, Calif. 90034, USA - Telephone (213) 821-8581 - 
Telex: 18-1059. 

Jack Mantel, The Farley Co., Suite 650, Ranna Building, 
Cleveland, Ohio 4415 - Telephone (216) 621 1919. 
Ray Rickles, Ray Rickles & Co., P.O. Box 2028, Miami Beach, 
Florida 33140 - Telephone (305) 532 7301. 
Tim Parks, Ray Rickles & Co., 3116 Maple Drive N.E., 
Atlanta, Georgia 30305. Telephone (404) 237 7432. 
Mike Loughlin Business Press International, 15055, 
Memorial Ste 119, Houston, Texas 77079 - Telephone (713) 
783 8673. 

Canada: Colin H. MacCulloch, International Advertising 
Consultants Ltd., 915 Carlton Tower, 2 Carlton Street, 
Toronto 2 - Telephone (416( 364 2269. 
*Also subscription agents. 
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1 EP8000 EPPROGRAMMER0 
)R 

The new microprocessor controlled 
EP8000 Emulator Programmer will 
program and emulate all EPROMs up to 8k 

x 8 sizes, and can be extended to program 
other devices such as 16k x 8 EPROMs, 
Bipolar PROMs, single chip microproces- 
sors with external modules. 
Personality cards and hardware changes 
are not required as the machine configures 
itself for the different devices. 
The EP4000 with 4k x 8 static RAM is still 
available with EPROM programming and 
emulation capacity up to 4k x 8 sizes. 

EP8000 8k x 8 Emulator Programmer - 
£695 + £12 delivery BSC8 Buffered emu- 
lation cable - £49 SA27128 Program- 
ming adaptor - £69 SA25128 Program- 
ming adaptor - £69 EP4000 4k x 8 
Emulator Programmer - £545 + £12 de- 

ltru ///Nsrtir' 
. 

FEATURES 
Software personality programming/emulation of all 
EPROMs up to 8k x 8 bytes including 2704, 2708, 
2716(3), 2508, 2758A, 2758B, 2516, 2716, 2532, 2732, 
2732A, 68732-0, 68732-1, 68766, 68764, 2564, 2764. 
Programs 25128, 27128 with adaptors. 
No personality cards/characterisers required. 
Use as stand alone programmer, slave programmer, 
or EPROM development system. 
Checks for misplaced and reversed insertion, and 
shorts on data lines. 
Memory mapped video output allows full use of 
powerful editing facilities. 
Built-in LED display for field use. 
Powerful editing facilities include: Block/Byte move, 
insert, delete, match, highlight, etc. 
Comprehensive input/output - RS232C serial port, 
parallel port, cassette, printer O/P, DMA. 
Extra 1k x 8 scratchpad RAM for block moving. 

livery BSC4 Buffered emulation cable - 
£39 BP4 (TEXAS) Bipolar PROM Module 
- £190 Prinz video monitor - £99 
UV141 EPROM Eraser with timer - £78 
GP100A 80 column printer - £225 GR1 
Centronics interface - £65 

VAT should be added to all prices 

DISTRIBUTORS REQUIRED EXPORT ENQUIRIES WELCOME 

GP Industrial Electronics Ltd TTel: elex:42513h 
(0752) 332961 

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN 

WW -002 FOR FURTHER DETAILS 



P8000 - THE PRODUCTION PROGRAMMER 
THAT HANDLES ALL NMOS EPROMS 

Checks, Programs, Compares up to 8 devices simultaneously 
Handles all NMOS EPROMS up to projected 128K designs 
with no personality modules or characterisers - See list 
Easy to use, menu driven operation for blankcheck, program, 
verify, illegal bit check, checksum, self -test 
Constant display of device type, mode and fault codings 
Individual socket LED indicators for EPROM status 
Comprehensive EPROM integrity checks - Illegal bit check, 
data and address shorts, constant power line monitoring 
Full safeguard protection on all sockets 
Automatic machine self -test routine 
RS232C interface supplied as standard 
Powered down sockets 
Cost effective price - £695 + VAT 
Available from stock 

Write or phone for more details 

2704 

2708 

2716(3) 

2508 

2758A 

2758B 

2516 

2716 

48016 

2532 

2732 

2732A 
68732-0 

68732-1 

68766 

68764 

2764 

2564 

MK2764 
25128 

27128 
DISTRIBUTORS REQUIRED EXPORT ENQUIRIES WELCOME 

GP Industrial Electronics Ltd. Telexl 42513h 
(0752) 332961 

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN 

WW -002 FOR FURTHER DETAILS 


