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Philips motor technology 
turns great ideas 

into reality... 

==111. 141'l'llJ 

This Chessell multi -pen chart recorder uses six low -inertia DC motors for 
pen drive and a steer as paper drive. 

1 

...Ask IMPEX 

.."re! 
.. . ; 

Because they're part of Philips with a range of small 
electric motors and technology second to none, and 
because they're part of Philips they can bring all the 
weight and kncw -how of Philips R &D to your project, 
whether your project is on -going or merely a glimmer in 
the eye of your Senior Design Engineer. 

Contact Impex right away and find out how they can turn 
your dreams into reality. Being simply years ahead, 
Philips can brirg you today the answers to tomorrow's 
problems, and that's worth knowing. 

¡mcx 
WW --001 FOR FL-RTHER DETAILS 

IMPEX ELECTRICAL 
Market Road, Richmond, Surrey 
Telephone 01 -876 1047/8 Ext 8202 
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Front cover shows an Intel 
microprocessor chip, incor- 
porating a -to -d conversion, 
compared with a string of 
pearls. Photographerl Paul 
Brier!ey. 

IN OUR NEXT ISSUE 

Microprocessor trainer is a 
new version of the Nano - 
comp which uses a newer 
micro, the 6809, and a cas- 
sette interface. 

Digital speech storage and 
analysis. The start of a series 
which explains the techni- 
ques of handling digit!) sig- 
nals. 

New coaxial cable de- 
velopment. A cross bet seen 
conventional coaxial cable 
and waveguide offers ,ower 
losses and better power 
handling. 

Current issue price 60p, bapk is- 
sues (if available) £1.00, atBetail 
and Trade Counter, Units 1 & 2, 
Bankside Industrial Centre, Mop- 
ton Street, London SE1. Avail- 
able on microfilm; please 
contact editor. 
By post, currently issue 96p, 
back issues (if available) f11.50, 
order and payments to EEP 'Gen- 
eral Sales Dept., Quadrant 
House, The Quadrant, Sutton, 
Surrey SM2 5AS. 
Editorial & Advertising o ces: 
Quadrant House, The Quadrant, 
Sutton, Surrey SM2 5AS. 
Telephones: Editorial 01 -661 
3500. Advertising 01 -661 3129. 
Telegrams/Telex: 89 ?084 
BISPRS G. 
Subscription rates: 1 year £10.00 
UK and $33.80 outside UK. 
Student rates: 1 year £5.00 UK 
and $16.00 outside UK. 
Distribution: 40 Bowling Green 
Lane, London EC1R ONE. Tele- 
phone 01 -837 3636. 
Subscriptions: Oakfield Hose, 
Perrymount Road, Haywerds 
Heath, Sussex RH16 3DH. Tele- 
phone 0444 59188. Please notify 
a change of address. 
USA mailing agents: Expedjters 
of the Printed World Ltd, 527 Ma- 
dison Avenue, Suits 1217, New 
York, NY 10022. 2nd -class 
postage paid at New York. 
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td, 

wireless 
world 

ELECTRONICS /TELEVISION / RADIO /AUDIO 

JUNE 1981 Vol 87 No 1545 

31 Ranks of files 

32 Millivoltmeter with I.e.d. display 
by D. H. E. King 

36 World of amateur radio 

37 Designing with microprocessors -8 
by D. Zissos 

40 Morse -code lock 
by J. Hruska 

42 Video system for interference pattern display 
by E. Hywarren and P. D. Loly 

45 Letters to the editor 
Multipath distortion /Magnetic recording /Ethics in action 

50 'Electronic thermometers 
by A. S. Henderson 

53 Waves 

54 Optics and communication theory 
by V. Srinivasan 

59 Variable frequency inverter 
by B. M. Banerjee and S. Chowdhury 

62 News of the month 
Electronics in defence estimates /C.b. specification /School micros 

66 Circuit ideas 
Matching complementary transistors /Voltage -controlled oscillator 

69 Accurate sine -wave oscillator 
by N. Darwood 

73 Tracking elliptical -orbit satellites 
by J. M. Caw 

77 Remote keyboard interface 
by M. D. Alger and B. Benson 

79 Voltage- controlled filter 
by Alan A. Thomas 

82 New products 



2 WIRELESS WORLD JUNE 1981 

WILM SLOW p 0p 
C 

HI -FI 
DRIVE 
UNITS 

he firm for Speakers he firm for Speakers 

AUDAX HD12. 9D25 
AUDAX HD11 P25EBC 
AUDAX HD20825H4 
AUDAX HD13D34H 
AUDAX HD24S45C 
AUDAX WFR15S 
CHARTWELL CEA205 
COLES 4001 
COLES 3000 
COLES 3100 
COLES CE2000 61/2" 
CELESTION HF1300 II 
CELESTION HF2000 
DALESFORD 010 tweeter 
DALESFORD 010 ferrofluid 
DALESFORD D30/110 
DALESFORD D50/153 
DALESFORD D50 /200 
DALESFORD Dt00 /250 
DALESFORD 0300 
DECCA London Horn 
ELAC 6NC204 61/2" 
ELAC 8NC298 8" 
EMI type 350, 13" x 8 ", 4 ohm 
EMI 14A/770, 14" x 9 ", 8 ohm 
ISOPHON KK8 /8 
ISOPHON KK10/8 
JORDAN WATTS Module 
JORDAN WATTS Module Mk Ill 
JORDAN WATTS HF kit 
JORDAN 50mm Unit 
JORDAN crossover each E15.95 
KEFT27 £9.45 
KEFB110 £12.25 
KEFa200 £13.50 
KEFB139 £27.75 
KEFDN12 £9.40 
KEFDN13 £8.75 
LOWTHER PM6 £63.00 
LOWTHER PM6 Mk I £87.75 
LOWTHER PM7 £99.00 
PEERLESS K010DT £10.95 
PEERLESS DTIOHFC £10.50 
PEERLESS K040MRF £13.80 
RICHARD ALLAN CG8T £13.50 
RICHARD ALLAN CG 12T Super £29.50 
RICHARD ALLAN HP8B £20.75 
RICHARD ALLAN LP8B £14.50 

RICHARD ALLAN HP12B E33.50 
RICHARD ALLAN 0720 E9.95 
RICHARD ALLAN 0730 £10.75 
SEAS H107 E9.95 
SEAS H211 ferrofluid £10.95 
SHACKMAN ES units E136 pair 
SHACKMAN ES units with cabs. £170 pair 

E8.75 
£7.50, 

£14.95 
E12.95 
E21.95 
E23.95 

pair £81.25 
E7.65 
E7.85 
E7.95 

E14.95 
E12.50 
113.60 
£8.45 
£8.95 

£11.25 
£12.25 
£12.25 
£29.95 
£35.75 
£79.95 

E7.50 
£8.95 
£9.45 

£19.50 
£8.15 
£8.45 

£24.95 
£28.50 
£10.50 
£31.50 

SWIFT 
OF WILMSLOW 
The firm for Hi -Fi 
5 Swan Street 
Wilmslow, Cheshire 

PA GROUP & 
DISCO UNITS 

CELESTION G12 /50TC £19.50 
CELESTION G12/80CE £24.50 
CELESTION G12 /80TC £23.75 
CELESTION G12/ 1 25CE £42.00 
CELESTION GI5/ 100CE £37.95 
CELESTION G15/ 100TC £38.50 
CELESTION G18 /200 £84.75 
CELESTION Powercel 12/150 £68.00 
CELESTION Poweroel15 /250 E88.00 
FANE CLASSIC 45 12" £13.95 
FANE CLASSIC 55 12" £15.50 
FANE CLASSIC 80 12" £19.75 
FANE CLASSIC 85 1 5" £26.00 
FANE CLASSIC 1 50 1 5" £37.95 
FANE CLASSIC 125 18" £43.95 
FANE CLASSIC 175 18" £47.95 
FANE GUITAR 80L 12" £28.25 
FANE GUITAR 808/2 12" £27.25 
FANE DISCO 100 12" £28.75 
FANE PA85 12" £26.75 
FANE BASS 100 1 5" (39.00 
FANE CRESCENDO 12E 12" (57.50 
FANE CRESCENDO 15E 15" £74.50 
FANE CRESCENDO 18E 18" E94.75 
FANE COLOSSUS 15E 15" £99.95 
FANE COLOSSUS 18E 18" £107.00 
FANE J44 £8.90 
FANE J73 £10.90 
FANEJ104 £15.95 
FANEJ105 £23.95 
GAUSS 3181A 10" 150 watts £115.00 
GAUSS 4281 12" 300 watts E146.00 
GAUSS 4581 15" 300 watts £162.00 
GAUSS 4583A 15" 400 watts £162.00 
GAUSS 4882 18" 400 watts £220.00 
GOODMANS 8PA £5.05 
GOODMANS PP12 £22.50 
GOODMANS DI12 £25.50 
GOODMANS GR12 £24.95 
GOODMANS 18P £48.45 
GOODMANS HIFAX 5OHX £21.85 
GOODMANS HIFAX 100HX E24.50 
McKENZIE C12100GP £24.45 
McKENZIE C12100TC E24.45 
McKENZIE Cl 2100 bass E24.45 
McKENZIE C12125GP £39.95 
McKENZIE C12125TC £39.95 
McKENZIE GP15 E35.10 
McKENZIETC15 £35.10 
McKENZIE C15 bass £59.60 
MOTOROLA PIEZO HORN 31" E8.50 
MOTOROLA PIEZO HORN 2" x 6" E12.25 
RICHARD ALLAN HD8T £20.25 
RICHARD ALLAN HD 107 E21.75 
RICHARD ALLAN HD12T £29.75 
RICHARD ALLAN HDI5 £52.75 
RICHARD ALLAN HD 1 5P E52.75 
RICHARD ALLAN 15" £77.00 
RICHARD ALLAN 18" E96.00 

EVERYTHING IN STOCK 
FOR THE SPEAKER 
CONSTRUCTOR, 

BAF, LONG FIBRE WOOL. FOAM, 
CROSSOVERS. FELT PANELS, COM- 
PONENTS, SPEAKER STANDS. 
BRACKETS, ETC. 
LARGE SELECTION OF GRILLE 
FABRICS. 

(Send 22p in stamps for grille fabric 
samples) 

i 
WILMSLOW 
AUDIO 

KITS FOR MAGAZINE DESIGNS 

Kits include drive units, crossovers, 
BAF /long fibre wool, etc, for pair of 
speakers 

Carriage £3.95 
unison otherwise stated 

Practical Hi Fi & Audio PRO9.TL 
including felt panels and level controls 

£152.75 
carriage ES 

Hi Fi Answers Monitor £146.00 
Hi Fi News State of the Art £169.00 
Hi Fi News Midiline E99.75 
Hi Fi News Miniline £49.00 
Hi Fi News Tabor with J4 bass units 

£66.00 
Hi Fi News Tabor with H4 bass units 

£70.00 
Hi Fi for Pleasure Compact Monitor 

£116.00 
Hi Fi for Pleasure E.C.M. ( includng felt 
panels, foam etc) £77.50 

carriage £5 
Popular Hi Fi Jordan System 1 £125.00 
Popular Hi Fi Mini Monitor £77.00 
Popular Hi Fi Round Sound 
including complete cabinet kit £74.00 
Practical Hi Fi and Audio BSC3 £65.00 
Practical Hi Fi and Audio Monitor 

£180.00 
Practical Hi Fi and Audio Triangle 

£120.00 
Practical Hi Fi & Audio DBS4 £85.00 

carriage ES 
Everyday Electronics EE20 E29.50 
Everyday ELectronics EE70 £150.00 

carriage £5 
Wireless World T.L. KEF £125.00 
Wireless Workf T.L. RADFORD £190.00 

Smart badges FREE with all the 
above kits (to give that professional 
touch to your DIY speakers). 
Reprints /construction details of the 
above designs 10p each. 

WILMSLOW AUDIO BA1 
sub bass amplifier/ 
crossover kit £37.95 

plus El carriage 

ALL PRICES INCLUDE VAT @ 15% 

and are correct at 1/2/81 

SEND 50p FOR 56 -PAGE CATALOGUE 
'CHOOSING A SPEAKER' 

(or price list only free of charge) 
Export Catalogue £1 or 83 U.S. 

Tel. 0625 529599 for speaker drive units, kits, PA equip- 
ment, mail order enquiries, and all export 

enquiries. 

Tel 0625 526213 for Hi -Fi equipment and complete 
speaker enquiries. 

Lightning service on telephoned credit card orders ! ® 

SPEAKER 
K ITS 

PRICES PER PAIR 
CARRIAGE £3.95 

UNLESS OTHERWISE STATED 

COLES NIMBUS KIT £69.00 
(mounted on baffle) 
DALESFORD SYSTEM 1 E54.00 
DALESFORD SYSTEM 2 E57.00 
DALESFORD SYSTEM 3 £104.00 
DALESFORD SYSTEM 4 £110.00 
DALESFORD SYSTEM 5 £142.00 
DALESFORD SYSTEM 6 £95.00 
DALESFORD 'D' KIT (including cabinet) 

£79.95 
KEF Reference 104a8 kit 

£133.00 plus £5 carriage 
KEF Cantata kit £199.00 plus £5 carriage 
LS3 Micro Monitor kit £78.00 
LOWTHER PM6 kit £132.75 
LOWTHER PM6 Mk 1 kit £139.95 
LOWTHER PM7 kit E199.00 
RADFORD Studio 90 £181.00 
RADFORD Monitor 180 £243.00 
RADFORD Studio 270 £309.00 
RADFORD Studio 360 £450.00 
RICHARD ALLAN Tango Twin £55.50 
RICHARD ALLAN Maramba £77.50 
RICHARD ALLAN Charisma £111.00 
RICHARD ALLAN Super Triple £102.50 
RICHARD ALLAN Super Saraband II 

£159.95 
RICHARD ALLAN RA8 kit E62.75 
RICHARD ALLAN RA82 kit E98.75 
RICHARD ALLAN RA82L kit £108.00 
SEAS 223 E42.50 
SEAS 253 £67.00 
SEAS 403 £79.95 
SEAS 603 £134.95 
WHARFEDALE DENTON XP2 kit £31.45 
WHARFEDALE SHELTON XP2 kit £40.40 
WHARFEDALE LINTON XP2 kit £56.20 
WHARFEDALE L60 kit E52.50 
WHARFEDALE L80 kit 
WHARFEDALE L100 kit 
WHARFEDALE E50 kit 
WHARFEDALE E70 kit 
WHARFEDALE E90 kit 

£72.00 
£87.00 

£129.00 
£160.00 
£249.50 

CARRIAGE & INSURANCE 
Tweeters/Crossovers 70p each 
Speakers 
4" to 61/2" 90p each 
8" to 10" £1.10 each 
12 ". 13" x 8 ", 14" x 9" £2.00 each 
15" £3.00 each 
18" £5.00 each 
Speaker Kits £3.95 pair 
Mag. Design Kits £3.95 pair 

unless otherwise stated 

WILMSLOW' 
L. ' The firm for Speakers 

35/39 Church Street 
Wilmslow, Cheshire 

WW - 058 FOR FURTHER DETAILS 
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Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 1 50V. Current gains are 

checked from 11µA to 100mA. Breakdown voltages up to 
100V are meaured at 10µA, 100µA and 1 mA. Collector to 
emitter saturation voltage is measured at 1 mA, 10mA, 30mA 
and 100mA foi I C/I B ratios of 10, 20, 30. The instrument is 

powered by a 9IV battery. 

TRANSISTOR RANGES (PNP OR NPN) 

I C B O& I E BO F 

10nA,100nA, 1µA, 10µA and 100µA f.s.d. 
acc. ±2 %f.s.d. +1% at voltages of 2V, 5V, 
10V, 20V, 30V, 40V, 50V, 60V, 80V, 100V, 
120V, and 150V acc. ±3%±100mV up to 
10µA with fall at 10011A < 5 % +250mV. 

110V or 100V f.s.d. acc ±2 %f.s.d. +1% at 
currents of 104A, 10011A and 1 mA ±20%. 

10nA, 100nA, 1 µA... 10mA f.s.d. acc. ±2% 
f.s.d. +1% at fixed I E of 1 pA, 10µA, 100µA, 

BVCBO 

Ie: 

hFE: 

VBE: 

1 mA, 10mA, 30mA, and 100mA acc. ±1%. 

3 inverse scales of 2000 to 100, 400 to 30 and 
1100 to 10 convert I B into hFE readings. 

1 V f.s.d. acc. ±20mV measured at conditions 
Ion hFE test. 

VCE(sat) 1Vf. s. d .acc.±20mVatcollectorcurrentsof 
1 mA,10mA, 30mA and 100mA with I C/I B 

selected at 10, 20 or 30 acc. ±20 %. 

DIODE Et ZENER DIODE RANGES 
IDR: 
VZ: 

VDF: 

As I 
E B O transistor ranges. 

Breakdown ranges as BV C Bo for transistors. 

1 V f.s.d. acc. ±20mV at I D F of 1 µA, 104A, 
100µA, 1 mA, 10mA, 30mA and 100mA. 

type £ 1 60 TM1 2 

Optional extras are leather cases and mains power units. Prices are ex works, V.A.T. extra in U.K. 

DON'T GAMBLE 

WITH PERFORMANCE 

BUY 

LEVELL TESTERS 

A logarithmic 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 O to 1 OT O (1013 f0) at 250V, 500V, 750V and 1 kV. 

1M 0 to 1T O at 25V, 50V and 100V. 

100k 0 to 100G O at 2.5V, 5V and 10V. 

10k0to10G0at1V. 
Accuracy +15% +800 0 on 6 decade logarithmic scale. 

Accuracy of test voltages ±3 %±50mV at scale centre. 

Fall of test voltages < 2% at 1011A and < 20% at 100µA. 

Short circuit current between 504A and 3mA. 

CURRENT RANGE 
100pA to 100µA on 6 decade logarithmic scale. 

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 10G 0 across 1 µF on 50V to 500V. 

Discharge time to 1% is 0.1 s per µF on CAL position. 

RECORDER OUTPUT 
1V per decade ±2% with zero output at scale centre. 

Maximum output ±3V. Output resistance 1 k O. 

type £1 7 0 TM14 

LEVELL ELECTRONICS LTD. 
MOXON STREET, BARNET, HERTS., EN5 5SD. 

TEL : 01-449 5028/440 8686 

WW -009 FOR FURTHER DETAILS 



The 
Electronic 
Brokers 

GUARANTEE 

Unless otherwise stated, 
all test equipment sold 

by us carries a 12 month 41 

warranty; For VDUs and 
Teletypes we offer a 90 

days warranty, and 
computers are offered 

with on site acceptance 
and diagnostic tests 

(which may qualify them 
for independent on- 
going maintenance). 
When you buy from 

Electronic Brokers you 
know the equipment is 
in `top notch' condition. 

It is refurbished in our 
own service laboratories 
and checked to meet the 
original manufacturer's 

sales specifications. And 
it's serviced by our own 

high y qualified 
technicians. 

A copy of our Trading 
Conditions is available 

on request. 

¢c romc o ¢n- crop¢ s r¢m 

SUPERLATIVE U 
CAL RATED TO 

June 198 

ANALOGUE VOLTMETERS 
AND MULTIMETERS 
Boonton. 
93A True RMS Voltmeter. Bandwidth 10Hz- 
20MF' +00FSD £375.00 

Fluke. 
-- 883AB AC /DC 

Voltmeter. 
,Taür,=si 20HZ- IOOKHZ. I mV- 

I IWV. Very high 
accuracy £975.00 

895A DC Differential Voltmeter. 0-1100V. Null 
sensitivity. 1001.V -I00V. Very high accuracy 

£950.00 
Hewlett Packard. 
400E AC Millivoltmeter. I 0Hz- I OMHz. I m V- 
300V DC o/p proportional to Up £235.00 
48I 5A Vector Impedance Meter. 500KHz- 
108MHz. 0 -360' in 2 ranges. Z range 
10- 100KS2 in 9 ranges ... £2150.00 
7563A DC Log Voltmeter Amplifier. Single i/p 
range 360µV -100V 0/P 0-I. I V @ IOmV /dB 

£250.00 
8405A Vector Voltmeter. I - 1000MHz. 0 -360' 
in 4 ranges £1985.00 
Marconi. 
TF2604 Electronic Voltmeter. AC 
20Hz -I 5GHz. 300mV -IKV. DC 10mV -IKV 
0.20-500MR £350.00 j Philips. 
PM24548 AC Millivoltmeter. 10Hz- I 2MHz 
ImV -300V £195.00 

ANALYSERS 
Blomatlon. 
1650D I6 Channel Logre Analyser Displays 
Timing, Map. hex. octal. Clock rate 
50MHz. Supplied with display for 
Hameg HM3 12-8 oscilloscope .. £2500.00 
General Radio. 
191 IA Sound and Vibration Analyser. C/W 
Graphic leve recorder. 4.5Hz -25KHz 1/3 or 
I/10 octave £950.00 
8407A/841 2A Network Analyser. C/W 
8600A/860I A sweeper. 0. I - I I OMHz 

£3500.00 
Hewlett Packard. 
141T-8552B-85548 Spectrum Analyser. 
100KHz-1250MHz. + 10 to -122dBm. 
Variable percistence display £4950.00 
1417-8552A-8554L Spectrum Analyser. 
500KHz- 1250MHz. Sensitivity -I 17dBM. Scan 
width 20KHz- 1250MHz 3500.00 
310A Wave Analyser I.5KHZ -t 5MHz 10µV- 
100V F.S. Dynamic range > 75dB .. f1050.00 
3580A LF Spectrum Analyser 5Hz- 50KHz. 
30nV sensitivity . . ....... . ..... £1950.00 
358 IA Wave Analyser with Internal Sweep. 
15Hz-50KHz. IOOnV -30V F.S. Dynamic range 
> 80dB. Frequency indicated by 5 digit LED 
readout £1500.00 
8553L Spectrum Analyser RF Section. I KHz- 

I I0MHz Sensitivity -120dBM. Scan width 
200HZ -10MHZ £1000.00 
Marconi. 
TF2330 Wave Analyser. 20Hz- 20KHz. 30µ V- 
300V £395.00 
Tektronix. 
7L I8 Spectrum Analyser Module. I .5- I 8GHz 
with Internal mixer. 18-60 5GHz with external 
mixer. Sensitivity - I t 9dBM max reducing 
with frequency £6900.00 
491 Spectrum Analyser. I OMHz-2GHz direct. 
Up to 40GHz with.optional mixers, £2700.00 
Wayne Kerr. 
RA200 Frequency Responce Analyser. 
Frequency range 20Hz -30KHz or 200Hz- 
200KHz II in. GI display £850.00 

Latest Test Equipment .... . 

BRIDGES & COMPONENT 
TESTERS 
Boonton. 
63H Inductance Bridge. 0- 110mH. Bridge 
frequency S- 500kHz £1250.00 
General Radio. 
1608A LCR Bridge. Accuracy 0.05 %. 0.0SpF- 
1 I00µF. 0.051.4H -1 I00H. 0.05mO -1.1 M4 

£925.00 
Marconi. 
TF I 245-TF 1 246 -7 1 247 'O' Meter and 
Oscillators. O 5 to 500. 40KHz-300MHz 

£950.00 
TF 1313 LCR Bridge. Accuracy 0.25%. 0 I pF- 

1 10µF. 0.1µH -1 I OH. 3mO- l 10MS2 £395.00 
Rohde & Schwarz. 
LRT (SNE 1 001 Inductance Meter. I pH- 100µH. 
2.2- 285KHz £395.00 
Soiarton. 
7055 Microprocessor DMM. Scale Length 
20.000. AC /DC volts. resistance. 114V 

resolution £600.00 
Wayne Kerr. 
B64I 0.196 LCR Bridge. 0.002pF. 50.000µF. 
200nH -SMH, 2mR-50.000MR, 20pv-500v 

£445.00 

CALIBRATION EQUIPMENT 
Fluke. 
332A DC Voltage Calibrator. 0 to 
11 11.1110V. 0.1 ppm resolution. 0 003% 
calibration accuracy £1495.00 
760 Meter Calibrator. DC /AC Volts and current 

£2150.00 
Tektronix. 
191 Constant Amplitude Generator. 350KHz- 
100MHz £350.00 

DVM's AND DMM's 
Datron. 
1051 5V, Digit DMM. AC /DC Volts. 
Resistance. True RMS. 0. IpV resolution 

£750.00 
Fluke. 
8800A 51/2 Digit DMM. AC /DC volts. 
resistance. !kV resolution £450.00 
Hewlett Packard. 
3490A 5' Digit DMM. AC /DC volts. 
resistance, 1µV resolution. 30day warran 

£375.00 
Philips. 
PM2527 41/2 Digit DMM. AC /DC volts. current 
and resistance. I0µV resolution. True RMS 

£400.00 
Solartron. 
A243 51/2 Digit DMM. AC /DC volts, resistance. 
14V resolution. 30 day warranty .... £375.00 
7055 plus processor control and RS232 
interface £900.00 
7065 Microprocessor DMM. Scale length 
1,400.000. AC/DC volts, resistance £695.00 
7065 plus processor control and RS232 
interface £995.00 

FREQUENCY COUNTERS 
Advance. 
TC 15 & PI Frequency Counter. DC - 
500MHz. 9 digits £275.00 
Fluke. 
1900A -01 Frequency Counter. 5Hz- 80MHz. 6 

digits. Mains / battery operation £ 195.00 
1925A Frequency Counter. 5Hz-I25MHz, 9 
digits. EMI proof case £375.00 
Philips. 
PM6664 Fully Auto Frequency Counter. 101-1z- 

520MHz, B digits £250.00 
Racal. 
9905 Timber Counter DC- 200MHZ. 8 digits 

£235.00 

MULTIMETERS 
Avo. 
Test Set Number I. 20KR /volt, very 

£75.00 
Full lead kit £6.25 
S.E.I. 
Super 50 Selecrest 20KS2 /volt. £77.00 

OSCILLOSCOPES 
Hewlett Packard. 
1707A Dual Trace Portable Oscilloscope. 
DC - 75MHz Full delayed sweep. 30 day 
warranty £450.00 

1 7075 Dual Trace Portable Oscilloscope. DC - 75MHz. IOmV -5V /div. Full delayed sweep 
£675.00 

Philips. 
PM3212 Dual Trade Portable Oscilloscope DC 

25MHz. 2mV -10V /div £575.00 
SE Labs. 
SM I21 6 Channel Monitor. IT crt. Internal 
sweep £395.00 
Tektronix. 

432 Dual Trace 
Portable Oscilloscope. 
DC - 25MHz. I mV 
sensitivity. 20nS -55. 

tts -gg 
25 

m//` 

input 
Auto se[0ä0V ains 

(510.00 
4S4Á Dual I race Portable Oscilloscope 
DC - 150MHz. 2mV -5V /div. 
Full delayed sweep £1200.00 
455 Dual Trace Portable Oscilloscope - 
DC - 50MHz. 5mV -SV /div. Full delayed 
sweep. Super condition £925.00 
464 Dual Trace Portable Storage Oscilloscope. 
DC - 100MHz. 5mV -5V /div. Full delayed 
sweep. Max writing speed 110 div /µS 

£2250.00 
465 Dual Trace Portable Oscilloscope- DC - 
100MHz. 5m V -S V /div. Full delayed sweep 

£1195.00 
466 Dual Trace Portable Storage Oscilloscope. 
Spec as per 464 but max writing speed 
3000div /µS £2875.00 
475 Oscilloscope DC- 200MHz 
2mV-5V /div. Delayed sweep £1495.00 
485 Oscilloscope DC - 350MHz 
5mV -5V /div. Delayed sweep £2350.00 
521 A PAL Vectorscope. Measures Luminance 
Amplitude. Chrominance Phase. Chrominance 
Amplitude. Differential Phase and Gain. As 
new condition £2650.00 
T93SA Oscilloscope DC - 35MHz 
2mV -IOV /div. Delayyed sweep £595.00 
7603 Oscilloscope C/VV 2 off 7426 and 7B53Á. 
4 Trace. DC - 100MHz £2295.00 

7633 Storage Main 
Frame c/w. 2 Off 
7A26, I Off 7853A. 
4 Trace. DC- I 00MHz. 
Full delayed sweep. 

. Max writing speed 
I000cm /µS . £4495.00 

7613 Storage Oscilloscope CAN 2 off 
7A26 and 7653A. DC - 100 MHz 4 Trace. 
delayed sweep. max writing speed 4.9 cm /µs 

£3575.00 
7704A Main Frame C/W 7A26, 7880. 7885. 
Dual Trace DC - 200MHz £3550.00 
Telequipment. 
D32 Dual Trace battery/mains Portable 
Oscilloscope. DC- 10MHz. 10mV -5V /div 

£310.00 
D63 Dual Beam Oscilloscope c/w 2 Off V4 
Modules. 4 Traces. DC-1 5MHz. 5m V -2d 

£725.00 
0V /iv 

D83 Oscilloscope Main Frame C/W V4 and 
52A plug -in units. DC - 50MHz. 5mV- 
20V /div 
Full delayed sweep. Very large CRT £725.00 
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SED EQU PMENT 
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June 198 
OSCILLOSCOPE PROBES 
EB90 XI Probe. 1.2 mtr length DC - 20M Iz 

£ 00 
EB91 X10 Probe. 1 -2 mtr length DC - 
I00MHz El 100 
EB95 X I. X10 Probe. 1.2 mtr length DC - 
10MHzorDC- I00MHz £1 100 

POWER SUPPLIES 
Advance. 
MG5-60 5V @ WA switching 
MG 5 -20 5V @ 20A switching 
MG5 -10 5V @ 10A switching 
MG24 -12 24V @ 12A switching 

Weir. 
762 Power Supply Unit 
0-30V at 2A. Metered output.. . 

£ 160-00 
£ 12000 
£95 00 

£130 00 

£90.00 

RECORDERS 
Racal. 
Store 7D Tape Recorder 
7 channels FM electronics DC - 20KHz. 
' s/, e -60ips £4500,00 
S. E. Labs. 
3006/12 I2 Channel UV Recorder. Grid and 
timing lines. 6 paper £550700 
6012 50 Channel UV Recorder. Servo paper) 
drive upto 5 metrs/sec. 12' paper... £1100.00 
Watenabe. 
MC641 6 Channel Chart Recorder. I mV- 
100V.250mmscanwidth £1495.)0 
Yokagawa. 
3047 2 Channel Chart Recorder. 0.5mV -100V. 
2cm /hr -60cm /min £435.í)0 

SIGNAL SOURCES 
Avo. 
HF I36 AM /FM Signal Generator. 4.0 -120M z. 
0 -I00mV in 20d8 steps plus fine control. 0/ 
Z = 750 £410:70 
Hewlett Packard. 
203A Variable Phase Oscillator. 0.005Hz- 
60KHz. 0-360° £450.00 
4204A Decade LF Oscillator. I0Hz -1 MHz. 
I mV -I OV into 60052 £695.00 
6068 AM Signal Generator. 50KHz-65MHz. 
AMO -95% - £850.80 
6I2A AM /PM UHF Generator. 450- I230MHr.. 
0.IPV -0.5V £775.00 
6168 UHF Signal Generator. 1.8 to 4 2GHz. I it 
pulse Mod £1000.00 
6208 SHF Signal Generator. 7- I I GHz. 
0.IPV -0.224V into 500. Internal PM & FM 

£2100.00 
6518 Test Oscillator. 10Hz- 10MHz. 
0.ImV -3.16V £415.60 
3310A Function Generator. 0.0005Hz -5MHz 
I SV pk -pk into 500. Sine, square, triangle. 

ramp and + or - pulse waveforms . £385.00 
8600A + 8601 A RV Sweeper + Markers. 
100KHz- 110MHz £1500.00 
8614A UHF Signal Generator. 800-2400 MHz. 
Max 0/P + I OcIBM into 500. Mt square wave. 
mod. Ext AM -FM. pulse mod. £195000 
8616A UHF Signal Generator. 18W -45W 
MHz. Max O/P + 10dBM from 1800 -3000 
MHz. + 3dBM 3000MHz-4500 MHz. Mod as 
per 8614A £ 1950.Qp 
86406 Phase Locked Signal Generator 
0.5 to 520MHz £3200. 

AM/FM VHF Signal Generator. 
10-520MHz. 0.7PV -0.7V into 500. AM 
0-90 %. FM 0-100KHz. Mod rate 400Hz and 
IKHz £895. 
Marconi. 
TF 144H/4 AM Signal Generator. 10KHz- 
72MHz.20V -2V £750.001 
TF995B/5 AM/FM Sgnal Generator. 200KHz- 
220MHz. 1W- 200mV. Narrow deflation for 
mobiles £695.00 

TF 1370A Wide Range RC Oscillator. l0Hz- 
10MHz. Sine wave. square wave upto I00KHz 

£275.00 
TF20028 AM /FM Signal Generator. 10KHz- 
88MHz.0.10V -I V. 20Hz -20KHz Mod 
frequency 

£1200.00 
TF2005R 2 Tone Signal Source. 20Hz- 20KHz. 
0-II1dB in 0.IdB steps £295.00 
TF2006 AM /FM Modular Signal Generator. 
4- I000MHz. 0.2W- 200mV. 0/P Z = 500 

£1100.00 
TF2100 AF Oscillator. 20Hz- 20KHz 0.05% 
distortion £150.00 
Philips. 
PM6456 Stereo Generator. Separate L and R 

Signals. Carrier frequency I00MHz x I %. RF 
0/P 3mV pk -pk £250.00 
Radiometer. 
SMGiC Stereo Generator. Separate L and R 

Signals. Camer frequency I00MHz. RF 0/P 
I ÓpV -I00mV into 750 £375.00 
Tektronix. 
2101 Pulse Generator. 2.5Hz- 25MHz. + and - 0/P £375.00 
148 PAL TV Insertion Generator. 
Provides all required signals to test and 
measure on video TX systems. Immaculate 

£2500.00 
1481C PAL Waveform monitor 
In as new condition £2275.00 

SOUND LEVEL METERS 
General Radio. 
1981 Sound Level Meter. 70- 12008. Digital 
and analogue reading. Peak hold. A weighting 

£300.00 
1983 Sound Level Meter. 70 -l2db. A 
weighting £195.00 

TRANSMISSION 
MEASURING ECUIPMENT 
Marconi. 
TF2332 AF Transmission Test Set. 20Hz -20KHz 

£425.00 
Siemens. 

111N t,v-; 
02040 Selective Level 
:Analyser and 
ï Voltmeter. I 0Hz- 
60KHz. - I I0dBto 
+ 50d8. 3W -300V Lin 
and log indication. 5 
digit frequency readout 

11200.00 
D2072 + W2072 Level Meter and Oscillator. 
50KHz- 100MHz. - t 10d8-0dB. Receive 
bandwidth 3.1 and IOKHz £2200.00 
W2006 + D2006 Carrier Level Test Set. IOKHz- 
17MHz. -100 to + I0dB £.1650.00 
W2007 + D2007 Carrier Level Test Set. 
6KHz- 18.6MHz. -120 to + 2068 £ 1800.00 
Wandel and Golterman. 
PF- I Digital Error Rate Measuring Set. 
Consisting of PFM -I Digital Error Rate Meter 
and PFG -1 Pettern Generator £2490.00 
PS0-5 and PMO-5 Level Measuring Set. 
10KHz- 36MHz. -110 to + 20dB. C/W AZD- I 

Scale expander £2050.00 
SPM-6 and PS -6 Level Measuring Set. 
6KHz- 18.6MHz. -I I0dB to + 20dB. Mains / 
battery operation £2150.00 
Andimat IPSM -4 2MHz Automatic PCM 
Testing Systems composed of the following 
PCM - I PCM Test Set, PDA-64 PCM Signalling 
Analyser, PMD -1 Digital Level and Noise 
Measuring System. PDG-1 Digital Signal 
Generator, PDA- PCM Digital Signal 
Anayser, PSM-4 Level Measuring Set. MU-4 
Scanner. R I -I computer interface £6500.00 

Elecic Broke 
61/65 Kings Cross Road 
London WC1X 9LN Englan 
Telephone: 01 -278 3461 
Telex: 298694 Elebro G 

MISCELLANEOUS 

Data Laboratories. 
DL905 Transient Recorder with Pre-Trigger 
facility. Ideal for viewing single shot voltage 
transients E990.00 

Dranetz. 
606 -3 Power Line Disturbance Monitor. Ideal 
unit for computer maintenance and installation 
engineers £2600.00 

Ferrograph. 
RTS2 Recorder Test Set Measures Wow & 
Flutter. Distortion, Gain £345.00 
RTS2 + ATU- I Recorder Test Set and auxiliary 
test set. £375.00 

Hewlett Packard. 
33I A Distortion Meter. 5Hz- 600KHz. 
0.1%-100% FS £615.00 
334A Auto Nulling Distortion meter. 5Hz- 
600KHz. 0.1 %-100% FS. AM detector I/P 

£800.00 
432A Power Meter with 478A Thermistor 
Head. I OMHZ- I OGHz. 100N W- 10m W 

£450.00 
4329A Insulation Resistance Meter. Range 
500K0 to 2 x I0' .0 £500.00 
8745A S Parameter Test Set. Fitted with 
11604A Universal Arms 0. I -2GHz.. £2750.00 

Marconi. 
TF791 D Deviation Meter. 4- 1024MHz 

£195.00 
TF2162 MF Attenuator 
DC- IMHzO -I I IdB 
Impedance 750 £135.00 
TF2331 AF Distortion Meter 
20Hz- 20KHz. 0.1%-100% 

I mV -30V voltage range...... ... £395.00 

Rohde and Schwarz. 
MSC Stereo Coder. 30Hz -I5KHz £500.00 

Radiometer. 
BKF 10 Automatic Distortion Analyser. 20Hz- 
20KHz.0.02 % -l0% £950.00 

Tektronix. 
TM515 Main Frame 

£ 150.00 
TM504 Main Frame 

£100.00 
DC503 100MHz 
Counter £195.00 
DM502 31/2 Digit DMM 

£150.00 
FG503 0. I Hz -3MHz 
Function Generator 

£195.00 
PS503A Power Supply 

£265.00 
SC502 Dual Trace 

1 5MHz Oscilloscope 
£575.00 

Hours of Business: 9 a.m.-5 p.m. Mon -Fri. 
Closed lunch 1 -2p.m. 
ADD 15% VAT TO ALL PRICES 
Carriage and Packing charge extra on all 
Items unless otherwise stated. 

WW -200 for further 
details 

Electronic Brokers is Europe's largest 
specialist in quality, second user test 
equipment. computers and associated 
peripherals. Established 14 years ago, 
we have pio'leered the second user 
concept in Britain, and many overseas 
territories. 

To support our growth we have 
a skilled team. This includes trained 
sales staff, wiose role is not only to 
sell, but provide a helpful information 
service to our many customers. Backin< 
this team is our own service laboratory 
where technicians monitor each item o 
equipment we sell. Our maxim is 

service, and those who have dealt wit£ 
s will know that we endeavour to 
'ways live up to our reputation. 

Wherever your business is - UK, 
urope, in fact anywhere in the world, 
he Electronic Brokers Organisation is 

just a telephone or telex call away! 

i -yours of Business » ', p m Mn, Fri 
Closed lunch 1 -2p rrl 
ADD IS %VAT TO Ai i PRICES 
Carriage and Pack ir.q charge extra on all 
items unless otherwise stated. 
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Electronic Brokers- Europe's Prem 

SUPERLATI VE U 
EQUIPMENT -AS 

June 1981 
PDP I 1 SYSTEMS DEC 

d 

PDP11 C.P.U.s 
DEC. 

POP! 1 /34A 128KB MOS. KY 1 I-LB 
Programmers Panel. DL I I W 
Interface, 2 x RLOI Disk Drives 
and Controller, 6ft. Cabinet. 
VT100Console £11,500.00 
POP I I /34A 128 KB MOS, KY I I -LB 
Programmers Panel. DL I I W 
Interface, RKOSJand RKOSF Disk 
Drives and Controller. 6ft. Cabinet. 
DECwriter IV Console £9,950.00 
PDP I I /34A 256KB MOS, KY I I -LB 
Programmers Panel. DL I I W 
Interface, 2 x RKO / Disk Drives 
and Controller. 6ft. Cabinet 
VT100Console £19,750.00 
PDPI I/34A I28KBMOS. KY11iB 
Programmers Panel, DL I 1 W 
Interface, 2 x RLO2 Disk Drives 
and Controller. 6ft. Cabinet. 
VT100Console £12,750.00 
PDPI I /60 System with 2 RKO7 
Disk Drives and Controller, choice 
of Console P.O.A. 

PDP1 I /03-SD Processor in 3 Vi 
- 

chassis complete with 16K W MOS 
memory and E I S option. 
BRAND NEW - ONLY £1495.00 
POP I I /04 Processor in 101/2' ' chassis complete with I 6K W MOS 
memory and DL I I W Interface. 
BRAND NEW can be enhanced to 28KW) £3950.00 
PDP I I /34A Processor. 10%: in chassis 128KB MOS. KY I I -LB 
Programmers Panel. DL I I W Interface £6,250.00 

PDP11 MEMORY 
DEC. 
MF I I L 8KW core memory c/w 9 -slot system unit ... £975.00 
MM I IL 8KW core memory 
MM 1 I LP 8KW parity core memory £750.00 
MM I I DP I 6KW core (ex DEC -maintained I I /34 systems) 
BARGAIN OFFER - ONLY £395.00 
MM I I UP I6KW Parity core memory complete with 9 -slot system 
unit E1500.00 
MM I I UP 16KW parity core memory Ipre-requisite MF I I UP) 

£1250.00 
MSI IJP I6KW MOSmemory £675.00 
MSI I -LB I28KBMOS £1,995.00 
MSI I -LD 256KB MOS £3,500.00 
MSV I I C I6KW MOS memory )LSI I I) £495.00 
MJ1 I -BE 64KW 11/70 memory £4500.00 
MK I I -BE 64KW MOS memory for 11/70 £3950.00 
MS 1 I -MB 256KB ECC MOS memory for 11/44 )NEW) £3942.00 

DISKS 

DEC. 
RK05J add-on disk drive 21/2 meg 
Exchangeable cartridge type. 
From £1,500.00 

RKO6 -ED Add-on 14 Meg disk drive £2,750.00 
RK61 1 -ED Unibus Controller + I RKO6 drive £4,500.00 
RKO7 -ED Add-on 28 Meg disk drive £4,750.00 
RK71 I -ED Unibus Controller + I RKO7 disk drive £6,500.00 
RMO3- Add-on 67 Meg disk drive £7,500.00 
RX I 1-BD RXO I Dual floppy + Unibus Controller £1,350.00 
RLO I -AK Add -on 5 Meg disk drive £ 1,975.00 
Cohtrollers usually available for above drives. 

MAGNETIC TAPE 
DEC. 
Available from time to time - TU I 0, TU4S. TE 16 TS03 etc. 

Latest Computer Equipment 
PDP1 1 OPTIONS 
DEC. 
AA I I D VTOI Controller with 4 -slot System Unit El 25.00 
BA I I -KF expander Box £ 1,395.00 
DD I I A 4 -slot System Unit £125.00 
DD 11 B 4 -slot System Unit El 50.00 
DD I I -DK 9 -slot backplane £465.00 
DLI I Serial Interface £250.00 
DL 1 I WA/8 Serial Interface /Line Clock £395.00 
DR I IC General Purpose Interface . ............. £250.00 
DRV I I B 16 -bit Parallel Interface £225.00 
DZ I I A 8-Iine E I A MUX £1395.00 
DZ 11-B 8 -Line Expander MUX £995.00 
FP I I A Floating Point £ 1750.00 
KL I I TTY Interface £150.00 
KW 1 IL Real Time Clock Et 50.00 
KW 1 I P Programmable Clock £345.00 
M 105 Device Selector £30.00 
M792 ROM Diode Matrix £195.00 
M920 Unibus Connector £12.00 
M9301 -YB Bootstrap £325.00 

POWER SUPPLIES 
DEC. 
H720 Power supply for BA I 1 Expander Box, BRAND NEW 
SURPLUS.. £175.00 

PDP8A C.P.U. 
DEC. 
PDP8A Processors, systems and add -on memory usually available. 

PDP8A MEMORY 
DEC. 
MM8AA 8KW Core £750.00 
MM8A8 I6KW Core £995.00 
PDP8E CPU, MEMORY, OPTIONS 
DEC. 
DP8EB Communications Adaptor £395.00 
KABE Positive 1/0 Bus...... £95.00 
KDBE Databreak £145.00 
KL8E Asynchronous Interface.. £250.00 
KP8E Power fail/auto restart £95.00 
MM8E 4KW Core memory stack £350.00 
TAKE Dual Cassette Drive and Controller £525.00 
VTBE Set graphics Control Modules. £250.00 

TERMINALS 
DEC. 
LA34 DECwriter I V 30cps desk -top terminal. 132 columns. 
upper /lower case ASCII £495.00 

LA36 DECwriter I I Keyboard 
Printer Terminal. The Terminal that 
has become an industry standard. 
with 132 column upper /lower case 
printing and switch- selectable 
speeds of 10. 15 & 30cps. Available 
with either 20mA or RS232 
interface. NOW ONLY £595.00 
VT 52 SPECIAL PURCHASE of this 
outstanding Video Display 
Terminal featuring full upper /lower 
case ASCII character set. 24 x 80 
display. auxiliary keypad. direct 
cursor addressing and tabulation. 
scroll or hold screen mode with 
X -off facility. 9 switch- selectable 
baud rates (75 -9600 baud) choice 
of 20mA or RS232 interface. 
BRAND NEW SURPLUS. 
ONLY £450.00 

LS- I20 High speed keyboard terminal. I32- column printer with 
adjustable tractor feed and full upper and lower case ASCII printing 
(7 x 7 dot matrix). 180 cps print speed and operator -selectable baud 
rates up to 4800 baud. Integralstand. RS232 interface. BRAND 
NEW SURPLUS (limited quantity). ONLY £750.00 
VT 100 - limited quantity in as-new condition. £650.00 
DECwriter I V Desktop terminal complete with tractor feed, paper - 
out. cable and keypad options £495.00 

PRINTERS 
Centronics 101. 

GPBO Graphics. 

ÑEW 

Heavy Duty Matrix printer with 64 
ASCIf upper case character set. 165 
cps operation. 132 print positions 
with adjustable tractor feed. 
Parallel input. ONLY £495.00 

BRAND NEW - LOW COST 
MATRIX PRINTER IDEAL FOR 
MICROPROCESSOR USERS SUCH 
AS HOBBYISTS & 
EDUCATIONALISTS OR ANY 
LOW-BUDGET APPLICATION 

* Full upper/lower case ASCII 
PLUS GRAPHICS Mode 

* 80column printing wrth 
adjustable tractor feed 

* Standard and double -width 
characters (I 2 cpi and 6 cpi) 

* 30 cps pont speed with I-line 
buffer 

,* Standard parallel (Centronics - 
type) interface 

* Optional interfaces available for 
RS232, IEEE488. Tandy, PET, 
Apple II 

* ONLY £199.00 
(Mail order total £240.35) 

GP80 Optional Interfaces: 
RS232 £55.00 
IEEE £55.00 
PET £55.00 
Apple £55.00 
Tandy £35.00 

GPBO Fanfold Paper 
Box of 2000 x 8in sheets £15.00 

GE Terminet 1 200. 
RO printer, 80 columns. tractor feed. upper/lower case, ASCII. 20mA 
Interface £325.00 
Hazeltine. 
Thermal printer, 80 columns. 30 cps silent RO with parallel TTL input 

£395.00 
Tally 1602. 
Matrix printer, parallel input, upper/lower case. tractor feed. as new 

£995.00 
Teletype. 
Reconditioned ASR33 Teletype Terminals with paper tape punch 
and reader, even panty keyboard and RS232 interface. 
SPECAAI OFFER - CASH AND CARRY ONLY £295.00 

! 

Texas. 
733 ASR terminal utilisí zig high performance twin cassette drive for 
fast time -saving transmission and off -line storage. 
* Silent operation 
* Switch- selectable transmission speeds 10, 15. & 30 cps 
* Full tape editing capability 
* High -speed duplication and rewind 
* Standard RS232 interface £1375.00 
745 LIGHTWEIGHT )131bs) terminal with integral acoustic coupler. 
10/30 cps. carrying case £750.00 

Low Cost Printer Offer. 
Teletype 33 printer mechanism 
including case but no keyboard or 
electronics, 64 upper case ASCII, 
10 cps. pinfeed platen, ideal for the 
electronic hobbyist ONLY . £85.00 
Texas. 
745 Portable Data Terminal 
including keyboard. printer. 
integral acoustic coupler and 
carrying case. Total weight only 
13lbs £750.00 


