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Philips motor technology
turns great ideas
INto reality...
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..Ask IMPEX

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.

This Chessell multi-2en chart recorder uses six low-inertia DC motors for
pen drive and a steoer as paper drive

IMPEX ELECTRICAL
Market Road, Richmond, Surrey
Telephone: 01-876 1047/8 Ext 8202

WW-001 FOR FURTHER DETAILS
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Front cover shows an intel
microprocessor chip, ‘/ncor—
porating a-to-d convegrsion,
compared with a strTvg of
pearls. Photographer| Paul
Brierley.

IN OUR NEXT ISSUE |

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

Digital speech storage and
analysis. The start of a serles
which explains the techni-
ques of handling digital sig-
nals. Er

New coaxial cable| de-
velopment. A cross between
conventional coaxial mble
and waveguide offers lower
losses and better power
handling.

|

sues (if available} £1.00, at Retail
and Trade Counter, Units 1 & 2,
Bankside Industrial Centre, [Hop-
ton Street, London SE1. Avail-
able on microfilm; plgase
contact editor.

By post, currently issue |96p,
back issues (if available} f1.50,
order and payments to EEP Gen-
eral Sales Dept., Quadrant
House, The Ouadrant, Sutton,
Surrey SM2 5AS.

Editorial & Advertising oﬂces:
Quadrant House, The Quadrant,
Sutton, Surrey SM2 5AS. |
Telephones: Editorial 01-661
3500. Advertising 01-661 3149
Telegrams/Telex: 892084
BISPRS G.

Subscription rates: 1year £10.00
UK and $33.80 outside UK.
Student rates: 1 year £5.00 UK
and $16.00 outside UK.
Distribution: 40 Bowling Gleen
Lane, London EC1R ONE. Tele-
phone 01-837 3636.
Subscriptions: Oakfield Hduse
Perrymount Road, Haywerds
Heath, Sussex RH16 3DH. Tele-
phone 0444 59188. Please n tlfy
a change of address.

USA mailing agents: Expedﬁrs
of the Printed World Ltd, 527
dison Avenue, Suits 1217, Jew
York, NY 10022. 2nd-class
postage paid at New York. ‘

© |IPC Business Press [Ltd,
1981 ISSN 0043 6062 |

Current issue price 60p, b?k is-

wireless
world

ELECTRONICS/TELEVISION/RADIO/AUDIO

JUNE 1981 Vol 87 No 1545

31 Ranks of files

32 Millivoltmeter with l.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

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
sampies)
AUDAX HD12.9D25 €8.75 | CELESTION G12/50TC £19.50 | PRICES PER PAIR
AUDAX HD 11P25EBC €7.50 | CELESTION G12/80CE £24.50 KITS FOR MAGAZINE DESIGNS CARRIAGE £3.95
AUDAX HD20825H4 €14.95 | CELESTIONG12/80TC £23.75 o y ) UNLESS OTHERWISE STATED
AUDAX HD13D34H €12.95 | CELESTION G12/125CE €42.00 | Kits include drive units, crossovers,
AUDAX HD24545C €21.95 | CELESTION G15/100CE £37.95 BAF/long fibre wool, etc. forapsirat | (. o \iveis T £69.00
AUDAX WFR15S £23.95 CELESTION G15/100TC £38.50 spoakers 3 {mounted on baffie)
CHARTWELL CEA205 pair £61.25 | CELESTION G18/200 £64.75 Camiage £3.95 DALESFORD SYSTEM 1 £54.00
COLES 4001 €7.65 | CELESTION Powercel 12/150  £66.00 | unless otherwise ststed DALESFORD SYSTEM 2 £57.00
COLES 3000 £7.65 CELESTION Powercel 15/250 £88.00 DALESFORD SYSTEM 3 £104.00
COLES 3100 £7.95 FANE CLASSIC 45 12 £13.95 .- DALESFORD SYSTEM 4 £110.00
COLES CE2000 6% £14.95 | FANE CLASSIC 55 12 £15.50 Practical Hi Fi & Audio PRO9-TL DALESFORD SYSTEM 5 £142.00
CELESTION HF1300 11 £12.50 FANE CLASSIC 80 12'* £19.75 including felt panels and level controls DALESFORD SYSTEM 6 £95.00
CELESTION HF2000 £1360 | FANECLASSIC85 15 £26.00 £152.75 DALESFORD D’ KIT (including cabinet)
DALESFORD D10 tweeter £8.45 | FANE CLASSIC 150 15" £37.95 carriage £5 €79.95
DALESFORD D10 ferrofluid €8.95 | FANECLASSIC 125 18" £43.95 HiFy Answers Monitor £196°00 KEF Reference 104aB kit ’
DALESFORD D30/ 110 £11.25 | FANE CLASSIC 175 18" £47.95 HiFiNews State of the At £189.00 £133.00 plus £5 carriage
DALESFORD D50/ 153 €12.25 | FANE GUITAR 8OL 12" £26.25 Hi Fi News Midiline £99°25 KEF Cantata kit £199.00 plus £5 carriage
DALESFORD D50/ 200 £12.25 | FANE GUITAR 80B/2 12" £27.25 Hi Fi News Minifine. £39°00] 1S3 Micro Monitor kit £76.00
DALESFORD D100/ 250 £28.95 | -FANE DISCO 100 12" £28.75 Hi Fi News Tabor with J4 bass units LOWTHER PM6 kit £132.75
DALESFORD D300 £35.75 | FANEPA85 12" £26.75 ) ) £66.00 LOWTHER PM6 Mk 1 kit £139.95
DECCA London Horn £79.95 FANE BASS 100 15" £39.00 Hi Fi News Tabor with H4 bass units LOWTHER PM7 kit £199.00
ELAC 6NC204 6%’ €7.50 | FANECRESCENDO 12E 12 £57.50 . _E70 RADFORD Studio 90 £181.00
ELAC BNC298 8'/ €8.95 | FANECRESCENDO 15E 15" £74.50 Hi Fi for Pleasure Compact 'V'°”"£°1'1 6.00 RADFORD Monitor 180 £243.00
EMI type 350, 13" x 8", 4 oh €9.45 | FANE CRESCENDO 18E 18" £94.75 ) -
EMI ?fﬁ. 770, 14" % 9" 8 o £19.50 | FANE COLOSSUS 15€ 15 £99.95 Hi Fi for Pleasure E.C.M. (includng felt 2285823 g:ﬁg:g gég Sggfgg
ISOPHON KK8/8 £8.15 | FANECOLOSSUS 18E 18" £107.00 panels, foam etc) ?77-2 RICHARD ALLAN Tango Twin £55.50
ISOPHON KK10/8 £8.45 FANE J44 £6.90 ) calliage;
JORDAN WATTS Module £24.95 ’ FANE J73 £10.90 Popular Hi Fi Jordan System 1 £125.00 2:8:2:3 ﬁtﬁﬁ ('\:Ahaar:g‘r:: efﬁ?,‘.?
JORDAN WATTS Module Mk [l £28.50 | FANEJ104 £15.95 Popular Hi Fi Mini Monitor £77.00 RICHARD ALLAN Super Triple  £102.50
JORDAN WATTS HF kit £10.50 | FANEJ105 £23.95 Popular Hi i Round Sound RICHARD ALLAN Super Saraband 11—
JORDAN 50mm Unit £3150 | GAUSS3181A 10" 150 watts  £115.00 including complete cabinet kit~ £74.00 i £159.95
JORDAN crossover each £15.95 | GAUSS428112" 300 watts  £146.00 |  Practical Hi Fiand Audio BSC3  £65.00 RICHARD ALLAN RAB kit £62.75
KEF T27 £9.45 | GAUSS 458115 300 watts  £162.00 Practical Hi Fi and Audio Monitor RICHARD ALLAN RAB2 kit £98.75
KEFB110 €12.25 | GAUSS4583A 15" 400 watts  £162.00 £180.00 RICHARD ALLAN RAB2L kit £108.00
KEF B200 £13.50 GAUSS 4882 18" 400 watts £220.00 Practical Hi Fi and Audio Triangle SEAS 223 £42'50
KEFB139 €27.75 | GOODMANS 8PA £5.05 £120.00 SEAS 253 £67.00
KEF DN12 £9.40 | GOODMANS PP12 £22.50 Practical Hi Fi & Audio DBS4 £85.00 SEAS 403 £79'95
KEF DN13 €6.75 | GOODMANS DI12 £25.50 carriage £5 SEAS 603 €134.95
PM6 3.00 GOODMANS GR12 £24.95 Everyday Electronics EE20 £29.50 :
LOWTHER £63. WHARFEDALE DENTON XP2 kit~ £31.45
LOWTHER PM6 Mk | €67.75 | GOODMANS 18P £48.45 |  Everyday ELectonics EE70 £150.00 WHARFEDALE SHELTON XP2 kit £40.40
LOWTHER PM7 £99.00 GOODMANS HIFAX 50HX £21.85 carriage £5 WHARFEDALE LINTON XP2 kit £56.20
PEERLESS KO10DT £10.85 | GOODMANS HIFAX 100HX £24.50 Wireless World T L. KEF £125.00 WHARFEDALE L60 kit £52.50
PEERLESS DT10HFC £10.50 McKENZIE C12100GP £24.45 Wireless World T.L. RADFORD £190.00 WHARFEDALE L80 kit £72.00
PEERLESS KO4OMRF £13.60 MCKENZIE C12100TC £24.45 WHARFEDALE L100 kit £87.00
RICHARD ALLAN CG8T £13.50 McKENZIE C12100 bass £24.45 WHARFEDALE ES50 kit £129.00
RICHARD ALLAN CG12T Super  £29.60 | McKENZIE C12125GP £€39.95 | Smart badges FREE with all the || \iligeenn e £70 it £160.00
RICHARD ALLAN HP8B £20.75 McKENZIEC12125TC £39.95 above kits (to give that professional WHARFEDALE EQO kit £249.50
RICHARD ALLAN LP8B £14.50 McKENZIE GP15 £35.10 touch to your DIY speakers)
RICHARD ALLAN HP12B  £33.50 | MCKENZIETC15 £35.10 | Repnnts/construction details of the —
RICHARD ALLAN DT20 £9.95 | MCKENZIE C15 bass £59.60 above designs 10p each CARRIAGE & INSURANCE
RICHARD ALLAN DT30 £10.75 MOTOROLA PIEZO HORN 3" £8.50 9 P Tweeters / Crassovers 70p sach
SEAS H107 £9.95 MOTOROLA PIEZO HORN 2 x 6'* £12.25 | Speakers
SEAS H211 ferrofluid £10.95 | RICHARD ALLAN HD8T £20.25 WILMSLOW AUDIO BA1 4" 10 6%" 90p each
SHACKMAN ES units £136 pair | RICHARD ALLAN HD10T £21.75 sub bass amplifier / 81010 £1.10 each
SHACKMAN ES units with cabs. €170 pair ::g:ﬁgg ﬁtm: :g} gT gg;: crossover kit £37.95 127,137 x 8", 14" x 9" £2.00 each
. juus £1 154 £3.00 sach
RICHARD ALLAN HD15P £52.75 B e 18 £5.00 aach
RICHARD ALLAN 15:: £77.00 Speaker Kits £3.95 pair
RICHARD ALLAN 18 £96.00 Mag. Design Kits £3.95 pair
| uniess otherwise stated |
ALL PRICES INCLUDE VAT @ 15%
and are correct at 1/2/81
SEND 50p FOR 56-PAGE CATALOGUE
2 L
CHOOSING A SPEAKER
(or price list only free of charge)
Export Catalogue £1 or $3 U.S.
Tel. 0625 529599 for speaker drive units, kits, PA equip- f WIl"smw
ment, mail order enquiries, and all export
OF WILMSLOW enauires. RAUDIN
The firm for Hi-Fi Tel 0625 526213 for Hi-Fi equipment and complete L The firm for Speakers J
speaker enquiries
5 Swan Street R P , - 35/39 Church Street
Wilmslow, Cheshire Lightning service on telephoned credit card orders ! [, § Wilmslow, Cheshire

WW - 058 FOR FURTHER DETAILS
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DON'T GAMBLE
WITH PERFORMANCE
BUY

LEVELL TESTERS

.Tests bipolar transistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current gains are
. checked from 1pA to 100mA. Breakdown voltages up to

100V are mea?ured at 10pA, 100pA and 1mA. Collector to

emitter saturation voltage is measured at 1mA, 10mA, 30mA
and 100mA fot | /I g ratios of 10, 20, 30. The instrument is
powered by a 9V battery.

TRANSISTOR RANGES (PNP OR NPN)
lcego &lego 10nA, 100nA, 1pA, 10pA and 100pA f.s.d.
acc. +2%f.s.d. +1% at voltages of 2V, 6V,
110V, 20V, 30V, 40V, 50V, 60V, 80V, 100V,
1120V, and 150V acc. £3% +£100mV upto
10pA with fall at 100pA <5%+250mV.

10Vor100Vfsd.acc +2%fs.d £1%at
currents of 10uA, 100pA and 1mA +20%.

Ig: 10nA, 100nA, 1pA ... 10mAf.s.d. acc. £2%
(f.s.d. £1%atfixed | of 1uA, 10pA, 100uA,
1mA, 10mA, 30mA, and 100mA acc. +£1%.

hege: 3inverse scales of 2000 to 100, 400 to 30 and
1100to 10 convert | g into h g readings.

BVcgo:

Vge: 11V f.s.d. acc. £20mV measured at conditions
jon hegtest
Vee (sat)’ 1V f.s.d. acc. £20mV at collector currents of

1mA, 10mA, 30mA and 100mA with 1~/ g
|selected at 10, 20 or 30 acc. £20%.

DIODE & ZENER DIODE RANGES

Ipgr: |As | g g g transistor ranges.
Vz: Breakdown ranges as BV ¢ g i for transistors.
Vpe: 1Vf.s.d.acc. £20mV atlp g of 1pA, 10pA,

100pA, TmA, 10mA, 30mA and 100mA.

w: £160

Fihi NSULATOK TRETER
¥ig Sy

G
«

etacant

[ R

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 Q1o 10T Q (1073 Q) at 250V, 500V, 750V and 1kV.
1M Qto1T Qat 25V, 50V and 100V.

100k Qto 100G Q at 2.5V, 5V and 10V.

10kQt010G Qat1V.

Accuracy +15% +800 Q on 6 decade logarithmic scale.
Accuracy of test voltages +3% +50mV at scale centre.
Fall of test voltages < 2% at 10pA and < 20% at 100pA.
Short circuit current between 500pA and 3mA.
CURRENT RANGE

100pA to 100pA on 6 decade logarithmic scale.
Accuracy of current measurement +15% of indicated value.
Input voltage drop is approximately 20mV at 100pA, 200mV
at100nA and 400mV at 100pA.

Maximum safe continuous overload is 50mA.
MEASUREMENT TIME

< 3s for resistance on all ranges relative to CAL position.
< 10s for resistance of 10G Q across 1 pF on 50V to 500V,
Discharge time to 1% is 0.1s per uF on CAL position.
RECORDER OUTPUT

1V per decade +2% with zero output at scale centre.
Maximum output +3V. Output resistance 1k Q.

e £170

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

LEVEL LIRS

MOXON STREET, BARNET, HERTS., EN55SD.

TEL: 01-449 5028/440 8686

WW —009 FOR FURTHER DETAILS
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CALIBRATED TO

The
Electronic
Brokers

GUARANTEE

Unless otherwise stated,
all test equipment sold
by us carries a 12 month
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-
g0ing maintenance).
When you buy from
Electronic Brokers you

know the equipment is
in ‘top notch’ condition.

Itis 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.

une

ANALOGUE VOLTMETERS
AND MULTIMETERS

Boonton.
93A True RMS Voltmeter. Bandwidth 1 0Hz
20MHz TmV-300 FSD £375.00

Fiuke.

883AB AC/DC
Ditterenual Voltmeter
20H¢z-100KHz. ImV-
1100V Very high
accuiacy £975.00
895A DC Differential Voltmeter. 0-1100V. Nuit
sensitivity 100uV-100V . Very high accuracy
£950.00

Hewlett Packard.

400E AC Millivoltmeter 10Hz- 10MHz. TmV-
300V DC ofp proporiional (o i/p £235.00
4815A Vector Impedance Meter. 500KHz-
108MHz. 0-360° in 2 ranges. Z range
1$2-100KR 1IN 9 ranges £2150.00
7563A DC Log Voltmeter 1 Ampittier Single i/p
range 360uV-100V O/P 0-1 1V @ 10mVidB

£250.00
8405A Vector Voitmelter. 1-1000MHz 0 360°
N 4 ranges £1985.00
Marconi.

TF2604 Eiectroric Volitmeter. AC
20Hz-1.5GHz. 300mV- 1KV DC 10mv-IKV.
0.29-500M8 £350.00
Philips.

PM2454B AC Millivolimeter  |0Hz-1 2MHe
imv-300V £195.00

ANALYSERS

Biomation.
16500 16 Channel Logic Analyser. Displays
Timing. Map. hex. octal Clock rate upto
SOMHz. Suppiled with display formatter and a
Hameg HM312-8 oscilioscope £2500.00
General Radlo.
1911A Sound and Vibrauon Anaiyser. C/W
Graphic leve recorder. 4.5Hz-25KHz 1/3 or
1/10 octave £950.00
8407A78412A Network Analyser. C/W
8600A/8601A sweeper. 0.1-1 |OMHz
£3500.00
Hewlett Packard.
1417 8552B-85548 Specirum Analyser
{00KHz-1 250MHz. + 1010 —122dBm
Vanable perastence display £4950.00
1417 B552A-B554L Spectrum Analyser
500KHz-1250MHz. Sensitvity — 1 17dBM Scan
widih 20KHz-1250MHz 3500.00
310A Wave Analyser 1.5KHz-1.5MHz 1 0uV-
100V F.S. Dynamic range > 75dB - £1050.00
3580A LLF Spectrum Anaiyser SHz-5S0KHz
30nV sensitivity £1950.00
3581 A Wave Analyser with Internal Sweep
15Hz-50KHz. 100nV-30V F.S. Dynamic range
> 80dB Frequency indicated by 5 mgu LED
readout £1500.00
85531 Spectrum Analyser RF Section. | KHz-
110MHz Sensitivity — 1 20dBM. Scan width

200HZ-10MHz £1000.00
Marconl.

TF2330 Wave Analyser. 20Hz-20KHz. 30uV-
300v £395.00
Tektronix.

7118 Spectrum Analyser Moduie. 1.5-18GHz
with Internal mixer. 18-60.5GHz with external
mixer. Sensitivity — i 19dBM max reducing
with frequency £6900.00
491 Spectrum Analyser. 10MHz-2GHz uirect
Up 10 40GHz with optional mixers. £2700.00

Wayne Kerr.

RAZ00 Frequency Responce Analyser
Frequency range 20Hz-30KHz or 200Hz
200KHz. 11 n_crt display £850.00

B1.....

SUPERLATIVE

BRIDGES & COMPONENT
TESTERS

Boonton.
63H Inductance Bridge. 0-1 10mH. Bridge
frequency 5-500kHz £1250.00

General Radio.

1608A LCR Bridge. Accuracy 0.05%. 0.05pF-

1 100uF. 0.05uH-1100H.0.05mQ-1. 1MQ
£925.00

Marconl.

TF1245-TF1246-TF 1247 'Q° Meter and

QOsciilators. Q 5 to 500. 40KHz-300MHz
: £950.00

TF1313 LCRBridge. Accuracy 0.25% . 0.1 pF-

110uF 0.1uH-110H. 3mQ-11OMQ .. £395.00

Rohde & Schwarz.

LRT [BN6100) Inductance Meter. 1pH- lOOyH

2.2-285KHz £395.00

Solarton.

7055 Microprocessor DMM. Scale Length

20.000. AC/DC volts. resistance. 1uV

resoiution

\Xayne Kerr.

B641 0 1% LCR Bridge. 0.002pF. 50.000uF

200nH-5MH. 2mQ-50.000M¢. 20pu- SOOu

5.00

CALIBRATION EOUIPMENT
Fluke.

332A DC Voltage Caiibrator. O to

L1110V 0.Tppmresoiution. 0.003%
calibration accuracy .. £1495.00
760 Meter Caiibrator. DC/AC Volts and current

£600.00

£2150.00
Tektronix.
191 Constant Amplitude Generator. 350KHz-
100MHz £350.00
DVM’'s AND DMM'’s
Datron.

1051 5%z Digit DMM. AC/DC Volts.
Resistance. True RMS. 0.1uV resolution

£750.00
Fluke.
8800A 5%z Digit DMM. AC/DC volis,
resistance uV resolution £450.00

Hewlett Packard.
3490A 5Y2 Digit DMM. AC/DC vaolts.
resistance, 1uV resolution. 30 day warranty

. 3 £375.00

Philips.
PM2527 42 Digit DMM. AC/DC volts, current
and resistance. 10uV resolution. True RMS

. £400.00

Solartron.

A243 5Y2 Digit DMM. AC/DC volts, resistance
1uV resoiution. 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 contro!l and RS232

interface £995.00
FREQUENCY COUNTERS
Advance.

TC15&Pi Frequency Counter. DC —
SOOMHz. 9 digits . . £275.00
Fluke.

1900A-01 Frequency Counter. 5SHz-BOMHz. 6
digits. Mains / battery operaton £195.00
1925A Frequency Counter. SHz-125MHz. 9

digits. EMI proof case £375.00
Philips.
PM6664 Fully Auto Frequency Counter. IOHz
520MHz. 8digits £250.00
Racal.

9905 Timber Counter DC-200MHZ. 8 digl[i
= = . £235.00

Latest Test Equipment.....

MULTIMETERS
Avo.
Test Set Number 1. 20KQ/voit. very robust

B £75.00
Full lead kit . .. £6.25
S.EL
Super 50 Seiectest. 20KQ/volt . . £77.00
OSCILLOSCOPES

Hewlett Packard.

1707A Duai Trace Portable Oscilloscope

DC — 75MHz Full delayed sweep. 30 day
warranty £450.00
17078 Dual Trace Portable Osc:lloscope DC
— 75MHz. 10mV-5V/div. Full delayed sweep

£675.00
Phlllps.
PM3212 Dua! Trade Portabie Oscilloscope. DC
— 25MHz. 2mV-10V/div £575.00
SE Labs.
SM121 6 Channel Monitor. 12° crt. Internal
sweep £395.00
Tektronix.

432 Dual Trace
Portable Osciloscope
DC — 25MHz. ImV
sensitvity. 20nS-5S.
Auto setting mains
nput 100-Z50v
£510.00
454A Dua! [race Portable Osculloscope
DC — 150MHz. 2mV-5V/div.
Full delayed sweep £1200.00
455 Dual Trace Portable Oscnnoscope
DC — S0MHz. SmV-5Vidiv. Full deiayed
sweep. Super condition. £925.00
464 Dual Trace Portable Storage Oscilloscope
DC — 100MHz. SmV-5V/div. Full delayed
sweep. Max wnting speed [ 10 diviu$
£2250.00
465 Dual Trace Portable Osc:lloscope BC=
100MHz. 5mV-5Vi/div. Full delayed sweep
. £1195.00
466 Dual Trace Portable S[orage Oscitioscope.
Spec as per 464 but max writing speed

3000div/uS £2875.00
475 Oscilloscope DC-200MHz

2mV-5Vidiv. Delayed sweep. . £1495.00
485 Oscilloscope DC — 350MHz

SmV-5Vidiv. Delayed sweep. £2350.00

521 A PAL Vectorscope. Measures Luminance
Amplitude. Chrominance Phase. Chrominance
Ampiitude, Differential Phase and Gain. As

new condition £2650.00
T935A Oscilloscope DC — 35MHz
2mV-10V/div. Delayed sweep. £595.00

7603 Oscllioscope C/W 2 off 7426 and 7B53A.
4 Trace. DC — 100MHz. . .. £2295.00
7633 Storage Main
Frame c/w. 2 Off
7A26. 1 Off 7B53A.
4 Trace. DC-100MHz.
Full delayed sweep.
Max whnting speed
1000cm/uS - £4495.00
7613 Storage Oscilloscope CAWW 2 off
7A26 and 7653A. DC — 100 MHz 4 Trace.
delayed sweep, max writing speed 4.9 cm/us
. 75.00
7704A Main Frame C/W 7A26. 7880. 7BBS
Dual Trace DC —~ 200MHz £3550.00

Telequipment.
D32 Dual Trace battery/mains Portable
Oscilioscope. DC-10MHz. 10mV-5V/div

. .£310.00
D63 Dual Beam Oscnloscope w2 Off V4
Modules. 4 Traces. DC-15MHz. SmV-20V/div

£725.00

D83 Oscmoscope Main Frame C/W V4 and
52A plug-in units. DC — 50MHz. 5mV-
20Vv/dv.
Full delayed sweep. Very large CRT. . £725.00
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OSCILLOSCOPE PROBES

EB91 XIO Probe. 1-2 mtr length DC —
100MHz £11.00
EB9S Xl X10Prabe 1.2 mir Iengm DC =

TOMHz or DC — 100MHz £1500
POWER SUPPLIES

Advance.

MG5-60 5V @ 60A switching . £160:00
MG5-205V @ 20A switching £120:00
MG5-105V @ 10A switching ... .« £95/00
MG24-12 24V @ 12A switching . .. £130/00
Weir, ‘
762 Power Supply Unit

0-30V at 2A. Metered output £95000
RECORDERS

Racal.

Store 70 Tage Recorder

7 channels FM electronics DC — 20KHz. |
'Y, 4-60ips. .. . £4500/00

S.E.Labs.

3006/1212 Channel UV Recorder. Grid and
timing fines. 6" pa : £550
601250 Channel Uv Recorder. Servo paper|
drive upto 5 metrs/sec. 12° paper. . £1100.00

\Watenabe.

MC641 6 Channel Chart Recorder. 1mV- |
100V. 250mm scan width . £1495.50
Yokagawa.

3047 2 Channel Chart Recorder. 0.5mV-10CV.
2em/nr-60emimin. L £435.00

SIGNAL SOURCES

Avo.

HF 136 AM/FM Signal Generator. 4 0-1 ZOMI;%
0-100mV in 20dB steps plus fine controt. O/F
2=759 .. .. £410.00

Hewlett Packard.
203A Variabie Phase Oscillator. 0.005Hz- |
60KHz.0-360° . £450.00
4204A Decade LF Oscillator. 10Hz- lMHz
ImV-10V into 600Q £695.00
6068 AM Signal Generator. 50KHz- 65MHz
AMO95% . .. 00
612A AM/PM UHF Generalor 450-1 ZEOMH,.
0.1uV-0.5V . £775.00
6I68 UHF S:gnal Generator 18104 ZGHZ The
puise Mod . £1000.
620B SHF Signal Generator. 7-11GHz [
0.1uV-0.224V into 508 Internal PM & FM
. - B EZIOO.QO
6518 Test Oscillatcr. 10Hz-10MHz.
0.1mv-3.16V £415.60
3310A Function Generator. 0.0005Hz-5MHz
15V pk-pk into 508, Sine, square. tnan g
ramp and + or — pulse waveforms . £385.¢0
8600A + B601A RV Sweeper + Markers !
100KHz-1 lOMHz . £1500.C0
8614A UHF Signal Generator 800-2400 MHz.
Max O/P + 10dBM mto 508. Int square wave
mod. Ext AM-FM, puise mod 950.C0
8616A UHF Signal Generator. 18004500 |
MHz. Max O/P + 10dBM from 1800-3000 |
MHz. + 3dBM 3000 MHz-4500 MHz. Mod as!
oer 8614A. . £1950.00
86408 Phase Locked Sngnai Generator I
0510520MHz. ... ... ... £3200.00
8654 A AM/FM VHF Srgnal Generator.
10-520MHz 0.7uV-0 7V into 502. AM
0-90% FM O-100KHz. Mod rate 4OOHz and

IKHZ 95.0D
Marconl.

TF 144H/4 AM Signal Generator. vOKHz-
72MHz. 2uV-2V £750.00

TF995B/5 AM/FM Signal Generator. 200KHz-
220MHz. 1uV-200mV. Narrow denation for
mobiles . . £695.00

TF1370A Wide Range RC Oscillator. 10Hz-
10MHz. Sine wave. square wave.upto 100KHz

... £275.00
TF 20028 AM/FM Signal Generator. 10KHz-
88MHz 0.1uV-1V. 20Hz-20KHz Mod
frequency

£1200.00

TF2005R 2 Tone chnal Source. 20Hz-20KHz.
O-111dBin0.1dBsteps . .. - £295.00
TF2006 AM/FM Modular Signal Generator.
4-1000MHz. 0.2uV-200mV. O/P Z = 500
£1100.00
TF2100 AF Oscillator. 20Hz-20kHz. 0 05%
distortion . .. £150.00
Phillps.
PM6456 Stereo Generator Separate L and R
Signats. Carrier frequency 100MHz + 1% . RF
GiP 3mV pk-pk. £25C.00
Radiometer.
SMGIC Stereo Generator. Separate L and R
Signals. Carrier frequency 100MHz RF O/P

1 OpV-100mV into 7582 £375.00
Tektronix.

2101 Pulse Generator. 2.5Hz-25MHz. + and
—0Omr..... . .. ...... £375.00

148 PAL TV Insertion Generator
Provides all required signais 1o test and
measure on video TX systems. Immaculate

. . 2500.00
1481C PAL Waveform monitor
In as new condition. £2275.00
SOUND LEVEL METERS

General Radlo.
1981 Sound Level Meter. 70-120d8. Digita
and analogue reading. Peak hold A wenghru;g

1983 Sound Level Meter. 70-12db. A

weighting . ... . £195.00
TRANSMISSION
MEASURING ECUIPMENT
Marconl.
TF2332 AF Transmission Test Set. ZOHz ZOKHz
5.00
Slemens
-, D 2040 Selective Leve
FQ Anatyser and
. Voitmeter. 10Hz-
5 vk 60KHz. —110dB to
Moy X e NG= 5 +500B. 3uV-300V Lin
\—-J\'_;\_: and log indication. 5
dgit frequencz readaGut
1200.00

D2072 + W2072 Leyel Meter and Oscillator.
50KHz-100MHz. — F10dB-0dB. Receive
bandwidth 3.1 and 10KHz £2200.00
W 2006 + D2006 Carrier Level Test Set. 1 OKHz-
17MHz. —100t0 + 1008 .. £1650.00
W2007 + D2007 Carier Level Test Set
6KHz-18.6MHz. —120t0 + 20dB . £1800.00

Wandet and Golterman.

PF-1 Digital Error Rate Measunng Set.
Consisting of PFM-1 Digital Error Rate Meter
and PFG-1 Pettern Generator . .. .. £2490.00
PSO-5 and PMO-5 Level Measuring Set
10KHz-36MHz. —110to + 20dB. C/W AZD- |
Scale expander . £2050.00
SPM-6 and PS-6 Level Measunng Set.
6KHz-18.6MHz. —110dBto + 20dB. Mains/
battery operation . .. £2150.00
Andimat (PSM-4 2MHz Automatic PCM
Testing System) composed of the following
PCM-1 PCM Test Set. PDA-64 PCM Signalling
Analyser. PMD-1 Digital Level and Noise
Measuring System. PDG-1 Digital Signa!
Generator. PDA-1 PCM Digital Signal

Analyser, PSM-4 Level Measuring Set. MU-4
Scanner, R1-1 computer interface. . . £6500.00

@ ‘.
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est Equipment Company offer

) EQUIPMENT
ORIGINAL SPECS

MISCELLANEOUS

Data Laboratories.

DL905 Transient Recorder with Pre-Tngger
facility. Ideal for wewung single shot voltage
transients . £990.00

Dranetz.

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

Ferrograph.

RTS2 Recorder Test Set Measures Wow &
Flutter, Distortion. Gain . . £345.00
RTS2 + ATU-1 Recorder Test Set and auxmary
test set. . £37

Hewlett Packard.
331A Distortion Meter. 5Hz-600KHz.
0.1%-100% FS. £615.00
334A Auto Nuing Distortion meter. 5Hz-
600KHz. 0 1%-100% FS. AM detector I/P
... £800.00

432A Power Meter with 478A Thermistor
Head. 10MHz-10GHz. 100pW-10mW

... . £450.00
4329A Insulation Resrstance Meter. Range
500KQto2x 10'¢Q. ... ... ... . £500.00
8745A S Parameter Test Set. Fitted with
11604 A Universal Arms 0.1-2GHz. . £2750.00

Marconi.
TF791D Deviation Meter. 4-1024MHz

TF2162 MF Attenuator
DC — IMHzO-111dB

impedance 75Q- - £135.00
TF2331 AF Distortion Meter.

20Hz-20KHz. 0.1%-100%

ImV-30V voitage range. ... .. £395.00
Rohde and Schwarz.

MSC Stereo Coder. 30Hz-15KHz .. ... £500.00

Radiometer.
BKF 10 Automatic Distortion Analyser ZOHz
20KHz. 0 02%-10% 0.00

Tektronix.

TM515 Main Frame
£150.00
TM504 Main Frame
...... £100.00
DC503 100MHz
Counter.  £195.00
DM502 3Y: Di lt DMM
! 50.00
' FG5030.1Hz- EMHZ
Function Generator
£195.00
PS503A Power Supply
.. £265.00
$C502 Dual Trace
15MHz Oscilloscope
£575.00

Hours of Business: 9 a.m.-5 p.m. Mon-Frl.
Closed funch 1-2p.m.

ADD 15% VAT TO ALL PRICES

Carriage and Packing charge extraon alt
Items uniess otherwise stated.

W\/-200 for further
detalis
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Hours of Business: 2a.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 uniess otherwise stated
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PDP11 SYSTEMS  Dec

PDP11/34A 128KBMOS, KYT1-LB
Programmers Panel. DL11W
Interface. 2 x RLO! Disk Drives
and Controller. 6ft. Cabinet,
VTi100Console ... . £11,500.00
PDP11/34A 128 KBMOS.KY11-LB
Programmers Panel. DL 1W
Interface. RKOS5J and RKOSF Disk
Dnves and Controlier. 6ft. Cabinet,
DECwriter 1V Console £9,950.00
PDP11/34A 256KBMOS. KY11-LB
Programmers Panel. DLI W
Intertace. 2 x RKO7 Disk Drives
and Controtter. 6ft Cabinet,
VT100Console ... . £19,750.00
PDPI11/34A 12BKBMOS. KY11-LB
Programmers Panel. DL11W
Interface. 2 x RLO2 Disk Drives
and Controlter. 6ft Cabinet.
VT100 Console .. £12,750.00
PDP11/60 System with 2 RKO7
Disk Drives and Controller. choice
of Console . . P.O.A.

PDP11 C.P.U.s

DEC.

PDP11/03-SD Processor in 3%2" chassis complete with i 6KW MOS
memory and E 1S opuon.

BRAND NEW — ONLY £1495.00
PDP11/04 Processor In 10Y2" chassis compiete with 16KW MOS
memory and DL1 I W interface

BRAND NEW (can be enhanced to 28KW) £3950.00
PDP1 1/34A Processor, 10Yzin chassis 1 28KB MOS. KY 11-LB

Programmers Panei. DL1 1 W Interface 6,250.00
PDP11 MEMORY

DEC.

MF 1 1L 8KW core memory C/w 9-slot system unit £975.00
MM 1L 8KW core memory £795.00
MM 1 ILP 8KW parity core memory £750.00

MM 1DP 16KW core [ex DEC-maintained 11/34 systems)
BARGAIN OFFER — ONLY £395.00
MM 1 1UP 16KW Parity core memory complete with 9-slot system

£1500.00
MMI 1UP 16KW parity core memory (pre-requisite MF 1 1TUP)

£1250.00
MS11JP 16KW MOS memory .£675.00
MS11-LB 128KB MOS £1,995.00
MS1[-LD 256KB MOS £3,500.00
MSV 11C 16KW MOS memory (LSIT 1} £495.00
MJI 1-BE 64KW 1 1/70 memory £4500.00
MK | 1-BE 64KW MOS memory for 11/70 £3950.00
MS11-MB 256KB ECC MOS memory for 1 1/44 [NEW| £3942.00

DISKS

DEC.
RKOSJ add-on disk drive 22 meg.
Exchangeable cartndge type

From. £1,500.00
RKO6-ED Add-on 14 Meg disk dnve. £2,750.00
RK611-ED Unibus Controller + 1 RKO6 drnive £4,500.00
RKO7-ED Add-on 28 Meg disk diive £4,750.00
RK711-ED Unibus Controller + 1 RKO7 disk drnive £6,500.00
RMO3-Add-on 67 Mey disk dnve £7,500.00

RX11-BDRXO1 Dual floppy + Unibus Controiler
RLO!-AK Add-on 5 Meg disk dnve
Cohtrollers usually availabie for above drnives.

MAGNETIC TAPE
DEC.
Avatable from ume to time — TU10. TU45. TET6 7503 etc

£1,350.00
£1,975.00

PDP11 OPTIONS

DEC.
AATID VTOI Controller with 4-slot Sysrem Unit

- £125.00
BAI1-KFexpanderBox . ... .. £1.395.00
DDA 4-siot System Unit. . .. £125.00
DD118B 4-slot System Uit -£150.00
DD I-DK 9-slot backptane £465.00
DL!1 Senal interface .. . ... . £250.00
DLI1WA/B Senial Interface/Line Clock .. .. £395.00
DR11C General Purpose Interface . £250.00
DRV 11B | 6-bit Paraliel Interface . ... £225.00
DZ11A8-ine E1AMUX o £|39500
DZ11-B 8-Line Expander MUX £995.00
FP11A Floatung Point. . £1750.00
KL1T1 TTY interface . ... £150.00
KW I1ILReai TmeClock . .. .. . £150.00
KW 11P Programmable Clock . . . £345.00
M105 Device Selector. . ... £30.00
M792 ROM Diode Matrix .. £195.00
M9 20 Unibus Connector . .. £12.00
M9301-YB Bootstrap £325.00
PO\X/ER SUPPLIES
H720 Power supply for BAT1 Expander Box. BRAND NEW
SURPLUS £175.00
PDP8A C.P. U
PDPBA Processors. systems and add-on memory usually avaitable.
PDP8A MEMORY
DEC.
MMBAA 8KW Core . . £750.00
MMBAB 16KW Core £995.00
PDP8E CPU, MEMORY OPTIONS
DEC.
DP8EB Communicaucns Adaptor £395.00
KASE Posiive | /0 Bus £95.00
KDB8E Databreak £145.00
KL8E Asynchronous interface £250.00
KP8E Power fail/auto restart £95.00
MMBE 4KWw Core memory stack £350.00
TA8E Dual Cassette Drive and Controiler £525.00
VT8E Set graphics Control Modules £250.00

TERMINALS

LA34 DECwnter 1V 30cps desk-top terminal. |32 columns.
upper/lower case ASCI £4

ol g ]
o ——

95.00
LA36 DECwniter 11 Keyboard
Prnter Terminal. The Terminal that
has become an industry standard.
with 132 column upper/iower 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 featunng tuli upper/iower
case ASCil character set. 24 x 80
display. auxitiary keypad. direct
Cursor addressing and tabulaton.
scroll or hold screen mode with
X-off facilty. 9 switch-selectabie
baud rates {75-9600 baud) choice
of 20mA or RS232 intertace
BRAND NEW SURPLUS.

ONLY £450.00
LS-120 High speed keyboard terminal.  32-column punter with
adjustable tractor feed and full upper and lower case ASCH printing
{7 % 7 dot matnix). 180 cps print speed and operator-selectable baud
rates up to 4800 baud Integrai stand RS232 nterface. BRAND
NEW SURPLUS {limited quanuty]. ONLY £750.00
VT 100 — imited quantty in as-new condition £650.00
DECwriter 1V Desktop termmnai complete with tiactor feed. paper-
out. cable and keypad options £495.00
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PRINTERS

Centronlcs 101. Heavy Duty Matrix printer with 64
’ ASCIlupper case character set. 165
cps operation. 132 print positions
with adjustable tractor feed.
Parallelinput. ONLY. . . .. £495.00

BRAND NEW — LOW COST
MATRIX PRINTERIDEAL FOR
MICROPROCESSOR USERS SUCH
ASHOBBYISTS &
EDUCATIONALISTS OR ANY
LOW-BUDGET APPLICATION

# Full upperflower case ASCH
PLUS GRAPHICS Mode

* 80-column pnnnn? with
adjustabie tractor feed

Standard and double-width

characters {12 ¢pi and 6 ¢pi)

30 cps pnnt speed with 14ine

buffer

Standard paralie! (Centronics-

type} interface

Opuonal interfaces avaiable for

RS232. IEEE488. Tandy. PET.

Apple il
« ONLY . £199.00

{Mait order total £240.35)
GP80 Optional Interfaces:
RS232. ... . ;. vt - E . £55.00
IEEE . - - . £55.00
PET . -+ . . . £55.00
Appie Lo . . . £55.00
Tandy. . £35.00
GP80 Fanfold Paper
Box of 2000 x 8in sheets £15.00

GE TermInet 1200.
RO printer. 80 columns. tractor feed. upper/lowercase ASCH. 20mA

Interface . £325.00

Hazeitine.

Thermal pnn(er 80 cotlumns, 30 cps silent RO with parallel TTL input
. TR X EXEX - £395.00

Taly 1602,

Matrix printer. parallel input. upper/iower case. tractor feed, as new

Teletype

Reconditioned ASR33 Teletype Terminals with paper tape punch
and reader. even panty keyboard and RS232 interface.

SPECIAL OFFER — CASH AND CARRY ONLY ... .. .. £295.00
Low Cost Printer Offer.
Teletype 33 printer mechanism
including case but no keyboard or
efectronics. 64 upper case ASCHH,

10 cps. pinfeed piaten. ideal for the
electronic hobbyist ONLY . £85.00
Texas.

745 Portable Data Terminal
inciuding keyboard, printer.
integral acoustic coupler and
camying case. Total welghx only
13bs..... ... £750.00

Texas.

733 ASR terminal utilising high performance twin cassette dnve for
fast time-saving transmission and off ine storage.

* Silent operdtion

* Switch-selectable transmission speeds 10. 15. & 30 ¢ps

* Full tape editing capability

* High-speed duplication and rewind

* Standard RS232 interface . ... £1375.00
745 LIGHTWEIGHT (1 3ibs) terminal with mtegral acoustic coupler.
10/30 ¢cps. carrying case . ... .. - £750.00



